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Background Comments:
The pharmacology/toxicology reviewer and team leader in the Division of
Pulmonary, Allergy and Rheumatology Products reviewed the nonclinical
information for aclidinium bromide and found it adequate to support approval
from a pharmacology/toxicology perspective for the indication listed above.
The applicant conducted two 2-year carcinogenicity studies in rats and mice.
These studies were reviewed by the division and the Executive Carcinogenicity
Assessment Committee. The Committee found that the studies were acceptable
and that there were no drug-related neoplasms.
The sponsor and reviewer have recommended pregnancy category C for
aclidinium bromide. Aclidinium bromide was not teratogenic in rats or rabbits.
Some impairment of fertility and reproductive performance was noted in rats,
although this occurred in the presence of paternal toxicity.
Conclusions:
I concur with the Division pharmacology/toxicology recommendation that this
NDA can be approved. Calling aclidinium bromide an anticholinergic for its
Established Pharmacologic Class is consistent with other drugs in the class. I
reviewed the proposed labeling and discussed it with the
pharmacology/toxicology reviewer and team leader. I concur with the labeling
changes suggested in the pharm/tox review.
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DATE:

March 19, 2012

I concur with the conclusions and recommendations of Dr. Grace Lee’s Review dated
March 15, 2012. The review recommends approval of the application from the
nonclinical perspective.
Aclidinium bromide, a new molecular entity, is a long-acting, anti-muscarinic (anticholinergic) agent proposed for the long-term, maintenance treatment of bronchospasm
associated with chronic obstructive pulmonary disease (COPD), including chronic
bronchitis and emphysema.
The Applicant conducted a complete, nonclinical safety program for aclidinium bromide
that included pharmacology, safety pharmacology, toxicology, genotoxicity,
carcinogenicity, and reproductive toxicology studies. A brief summary of the Applicant’s
nonclinical program is described below. See Dr. Lee’s review for further details.
Pharmacology: Aclidinium bromide has similar affinity to the subtypes of muscarinic
receptors M1, M2, M3, M4 and M5. The M3 receptors on airway smooth muscle cell in
the lungs mediate the bronchoconstriction in response to acetylcholine and are critical
to COPD airway pathology. Thus, aclidinium bromide may have important
pharmacological effects in preventing cholinergic-mediated bronchoconstriction by
blocking the binding of acetylcholine with muscarinic receptors. The inhibitory effects of
aclidinium bromide on acetylcholine-induced airway contraction were demonstrated
using both in vitro and in vivo nonclinical models. Aclidinium bromide was not specific
for M3 receptor.
Safety pharmacology: Effects of aclidinium bromide on neurological, cardiovascular,
pulmonary, respiratory, renal, salivary and gastrointestinal function were assessed.
Neurological effects were observed in mice, rats, and dogs that included mydriasis,
decreased tear production, and/or tremor. Increased heart rate was consistently
observed in conscious dogs in single and repeat dose studies. No significant effects on
respiratory function were identified. Aclidinium bromide showed a dose-responsive
inhibitory effect on pilocarpine-induced salivation in mice and rats.
ADME: Aclidinium bromide was rapidly metabolized to two main metabolites,
LAS 34823, an alcohol metabolite, and LAS 34850, an acid metabolite. The plasma
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concentrations of LAS 34850 were significantly greater than the parent compound,
whereas the plasma levels of LAS 34823 were lower than the parent compound. In vitro
and in vivo metabolism of LAS 34273 was qualitatively similar among nonclinical test
species and humans.
Toxicology: Chronic toxicology studies were conducted in rats and dogs. There were
four major 6-month toxicity studies in rats (2 inhalation toxicity studies, 1 inhalation
mechanistic investigative study and 1 subcutaneous toxicity study), whereas one 9month toxicity study was conducted using dogs. Target organs of toxicity were eyes
(mydriasis), lungs (judged to rat-specific), Harderian gland and parotid gland in rats, and
heart (increased heart rate) and eye (decreased tear production, keratitis, conjunctivitis)
in dogs. The Harderian gland has no analogous structure in the human. Effects on the
lung as well as mortalities that occurred in rats were judged to be the results of
exaggerated pharmacological effects (i.e., inhibition of salivary gland secretions led to
inadequate moistening of food with subsequent aspiration of food or impaction of food in
the esophagus). These findings were considered specific to rats and have little or no
relevance to humans. Clinical signs in eyes, increased heart rate and parotid gland
findings (acinar hypertrophy and basophilic foci) were considered to be clinically
monitorable and were not used in safety factor determinations for the proposed clinical
dose. See Dr. Lee’s review for further details.
Safety margins for the proposed clinical dose of 400 µg BID with respect to the
maximum tolerated dose (MTD) identified from 6-month inhalation toxicology studies in
rats and the LOAEL identified in the 9-month inhalation toxicology study in dogs with
respect to systemic and local toxicities were judged to be adequate.
Genotoxicity: Aclidinium bromide was positive in the Ames bacterial mutation assay and
in the mouse lymphoma assay, but it was negative in the in vivo mouse micronucleus
study and the in vivo/in vitro unscheduled DNA synthesis assay in male rats. It is noted
that aclidinium bromide was not carcinogenic (see below).
Carcinogenicity: No statistically significant test article-related tumor findings were
observed in 2-year carcinogenicity studies in mice and rats at achieved inhaled doses
up to 2.4 mg/kg/day and 0.2 mg/kg/day of LAS 34273, respectively.
Reproductive Toxicity: Reproductive and developmental toxicity studies of LAS 34273
using the inhalation route of administration were as follows: fertility and early embryonic
developmental toxicity study in rats, embryo-fetal developmental toxicity studies in rats
and rabbits, and a pre- and postnatal development study in rats. Additionally, embryofetal developmental toxicity studies in rabbits using the oral route of administration were
conducted. The results showed that LAS 34273 impaired several fertility and
reproductive performance indices (See Dr. Lee’s Review for further details). No
evidence of structural alterations was observed in rats and rabbits exposed to aclidinium
bromide by the inhalation route during the period of organogenesis. However, increased
incidences of additional liver lobes (3-5%), as compared to 0% in the control group, and
decreased fetal body weights were observed in the embryo-fetal development study
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with rabbits using the oral route of administration. In addition, decreased pup weights
were observed from dams treated during the lactation period in the pre- and postnatal
study with rats. Findings in reproductive toxicity studies are conveyed in the product
label.
Dr. Lee’s Chemistry Consultation Review dated March 13, 2012 determined that the
(b) (4)
proposed specifications for
impurities, and foreign particulate were reasonably safe. Potential leachable and/or
(b) (4)
extractables
were also found to be
reasonably safe.
Dr. Lee’s Review makes recommendations for changes in the product labeling in
Sections 8.1, 8.3, 12.1, and 13.1.
There are no outstanding PharmTox issues.
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Disclaimer
Except as specifically identified, all data and information discussed below and
necessary for approval of NDA 202-450 are owned by Forest Laboratories, Inc. or are
data for which Forest Laboratories, Inc. has obtained a written right of reference.
Any information or data necessary for approval of NDA 202-450 that Forest
Laboratories, Inc. does not own or have a written right to reference constitutes one of
the following: (1) published literature, or (2) a prior FDA finding of safety or effectiveness
for a listed drug, as reflected in the drug’s approved labeling. Any data or information
described or referenced below from reviews or publicly available summaries of a
previously approved application is for descriptive purposes only and is not relied upon
for approval of NDA 202-450.
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Recommendations

Aclidinium bromide DPI specifications for
impurities, and foreign particulate, are considered reasonably safe and qualified
from a toxicologic perspective.
(b) (4)

No extractables were detected in the
studies of
. No leachables were detected from the drug product stability
testing. Thus, potential extractables identified by the applicant are not safety concerns
for the aclidinium bromide DPI.
(b) (4)

2

Drug Information

2.1

Drug

(b) (4)

CAS Registry Number: 320345-99-1
Trade Name: TUDORZA® PRESSAIR
Generic Name: Aclidinium Bromide
Code Name: LAS 34273
Chemical Name: (3R)-3-[(hydroxy)di(thiophen-2-yl)acetyloxy]-1-(3-phenoxypropyl)-1λ5azabicyclo[2.2.2]octan-1-ylium bromide
Molecular Formula/Molecular Weight: C26H30NO4S2 Br/ 564.56
Structure or Biochemical Description

Pharmacologic Class: Muscarinic antagonist

2.2

Relevant INDs, NDAs, BLAs and DMFs

IND 68,653 (LAS 34273 for the treatment of COPD, Forest Laboratories, Inc)
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Methods
Strains: TA98, TA100, TA1535, TA1537 and TA102
Concentrations in definitive study: See Table 4 below for final concentrations
(b) (4)
of
tested for Experiments 1-3;
Experiment 3 was performed in strains
TA98, TA1535, TA1537 and TA102 only in
the presence of S9 using lower
concentrations due to extensive toxicity in
Experiment 2 when including a preincubation step.
Basis of concentration selection: An initial toxicity Range-Finder Experiment
was only performed in strain TA100 ± S9,
(b) (4)
using final concentrations of
at
1.6, 8, 40, 200, 1000 and 5000 μg/plate,
plus negative (vehicle) and positive
controls. Toxicity (ranging from a slight
thinning of the background bacterial lawn to
a complete killing of the test bacteria) was
evident at ≥1000 μg/plate
Negative control: Dimethyl sulfoxide (DMSO)
Positive control: See Table 5 below
Formulation/Vehicle: Dimethyl sulfoxide (DMSO)
Incubation & sampling time: Plates were incubated for 3 days with or
without 10% S9. Since the results of
Experiment 1 were negative,
Experiment 2 in the presence of S9 and
Experiment 3 in the presence or absence of
S9 included a pre-incubation step (1 hr).
0.1 mL volume additions of test article
solution were used for all plateincorporation treatments, whereas 0.05 mL
volume additions were used for all preincubation treatments due to the vehicle
(DMSO) used in this study. It is stated that
DMSO and some other organic vehicles are
known to be near to toxic levels when
added at volumes of 0.1 mL in the assay
system when employing the pre-incubation
methodology.
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(b) (4)

Concentrations tested [directly from the study report]
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repeated Experiment 1 for TA102 and low concentrations in Experiment 3. For
the repeated Experiment 1 for TA102, which were conducted parallel to
Experiment 2, data of formulation analyses showed that achieved concentrations
for 0.016 and 0.08 mg/mL were 459 and 17% of the nominal test article
concentrations, respectively. 459% of 0.016 mg/mL is equivalent to
approximately 92% of a 0.08 mg/mL concentration, whereas 17% of 0.08 mg/mL
is equivalent to 85% of a 0.016 mg/mL concentration. This suggests that the
sample plots for concentrations of 0.016 and 0.08 mg/mL were not correctly
labeled. For Experiment 3, the achieved concentrations at 0.08-0.75 mg/mL for
the initial and 0.5-2 mg/mL for the repeated assays fell between 42% and 89% of
the nominal concentrations. These concentrations were used for relatively low
dose levels of the experiments, and higher dose levels fell within 100±10% of the
nominal test article concentration.
(3) In each experiment, triplicate plates were used for each strain, except for
quintuplicate plates for negative controls (solvent).
(4) Colonies were counted electronically or manually where confounding factors
such as bubbles or splits in the agar affected the accuracy of the automated
counter.
(5) The report states that counts of revertant colonies in the vehicle control group for
strain TA102 +S9 in Experiment 1 and strain TA100 +S9 in Experiment 2 were
outside the historical control ranges. Thus, these data were considered invalid
(data not reported), and the experiments were repeated. For all reported
experiments in the study report, the frequency of revertant colonies in the
negative control fell within the normal range (historical mean value), and positive
controls produced expected increases of revertant colony counts.
Overall, the reviewer considered the study valid.
Table 6 Lowest dose levels (μg/plate) with decreased revertant numbers due to
evidence of toxicity (T) and/or precipitation (P) of the test article
TA98
-S9
+S9

TA100
-S9
+S9

TA1535
-S9
+S9

TA1537
-S9
+S9

TA102
-S9
+S9

5000
1000 1000
5000
5000
5000
5000
200a
1000b
(T)
(T)
(T)
(T)
(T)
(T)
(T)
(T)
Experiment 2
1250
625
800
5000
1250
2500
1250
625
625
(T+P)
(T)
(T)
(T)
(T+P)
(T)
(T+P)
(T)
(T+P)
Experiment 3
800
NT
NT
NT
800
NT
800
NT
600
(T)
(T)
(T)
(T)
When revertant numbers were lower than the historical 99% reference ranges, it was
considered “reduction in revertant number”.
a
Revertant number was decreased, but toxicity was observed at ≥1000 μg/plate
b
Results from Experiment 1, including an additional test. An additional test was performed for
TA102 due to extensive toxicity resulting in only four analyzable concentrations in the initial
Experiment 1.
NT= not tested
Experiment 1

5000
(T)
5000
(T)
NT
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Methods
Strains: TA98, TA100, TA1535, TA1537 and TA102
Concentrations in definitive study: See Table 7 below for final concentrations
(b) (4)
of
tested for Experiments 1-3
Basis of concentration selection: An initial toxicity Range-Finder Experiment
was only performed in strain TA100 ±S9,
(b) (4)
using final concentrations of
at
1.6, 8, 40, 200, 1000 and 5000 μg/plate,
plus negative (vehicle) and positive
controls. However, due to invalidated data
in the presence of S9 (revertant counts in
the vehicle group were below the historical
control range for this strain), these data
were not included in the report.
Negative control: Dimethyl sulfoxide (DMSO)
Positive control: See Table 8 below
Formulation/Vehicle: Dimethyl sulfoxide (DMSO)
Incubation & sampling time: Plates were incubated for 3 days with or
without 10% S9. Since the results of
Experiment 1 were negative,
Experiment 2 in the presence of S9 and
Experiment 3 in the presence or absence of
S9 included a pre-incubation step (1 hr).
0.1 mL volume additions of test article
solution were used for all plate
incorporation treatments, whereas 0.05 mL
volume additions were used for all preincubation treatments.
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(b) (4)

Concentrations tested [directly from the study report]
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the nominal test article concentration, except for 0.016 mg/mL in Experiment 1
(75% of the nominal concentration) and 0.959 and 1.917 mg/mL in Experiment 2
(88 and 89% of the nominal concentrations, respectively).
(3) In each experiment, triplicate plates were used for each strain, except for
quintuplicate plates for negative controls (solvent).
(4) Colonies were counted electronically or manually where confounding factors
such as precipitation of the test article or damage to the plate affected the
accuracy of the automated counter.
(5) The frequency of revertant colonies in the negative control fell within the normal
range (historical mean value), and positive controls produced expected increases
of revertant colony counts in definitive studies.
Overall, the reviewer considered the study valid.
Table 9
Lowest dose levels (μg/plate) with decreased revertant numbers due to
evidence of toxicity (T) and/or precipitation (P) of test article
TA98
- S9 + S9

TA100
- S9
+ S9

TA1535
- S9
+ S9

TA1537
- S9
+ S9

TA102
- S9
+ S9

5000 5000
1000
1000
5000
5000
5000
5000
200a
1000
(T)
(T)
(T)
(T)
(T)
(T)
(T)
(T)
(T)
Experiment 2
3068 1534 766.9 766.9
3068
766.9
3068
766.9 766.9 766.9
(T)
(T+P)
(T)
(T)
(T)
(T+P)
(T)
(T+P)
(T)
(T+P)
Experiment 3 1500b 625b
NT
400b
NT
625b
NT
400b
NT
400b
(T)
(T)
(T)
(T)
(T)
(T)
When revertant numbers were lower than the historical 99% reference ranges, it was
considered “decreased revertant number”.
a
Revertant number was decreased, but toxicity was observed at ≥1000 μg/plate
b
The highest dose tested in Experiment 3, which showed slight thinning of background bacterial
lawn, however, revertant numbers were not decreased.
NT= not tested
Experiment 1

Results
Evidence of toxicity ranging from of a slight thinning of the background bacterial lawn to
a complete killing of the test bacteria was observed at the higher test concentrations in
all five strains in the absence and presence of S9.
Revertant colony counts for TA98, TA100, TA1535, TA1537 and TA102 were
(b) (4)
unaffected following treatment with
at doses up to 5000 μg/plate ± S9 for
TA100, TA1535, TA 1537 and TA102 and up to 6135 μg/plate ± S9 for TA98.
(b) (4)
did not induce mutagenicity under the conditions tested.

11

Integrated Summary and Safety Evaluation

For the Aclidinium bromide DPI, safety evaluations were conducted for proposed
(b) (4)
specifications of
impurities, and
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bromide DPI formulation was determined relative to the EPA standards. Results are
presented in the following table.
EPA
Weight of particulate
over 24-hr
µg

% of EPA 24-hr Acceptable Particulate Material Set by the PM-2.5 and
PM-10 Standard
PM-2.5
PM-10
35 µg/m3
150 µg/m3
15 µg/m3
(b) (4)

Assuming a density of 1, the mass of particulate material ranged from
of
(b) (4)
acceptable levels by the PM-2.5 standard and
of acceptable levels by the PM-10
standard. Assuming a density of 7.86 (assuming all particles were iron with the heaviest
(b) (4)
density), the mass of particulate material ranged from
of acceptable
(b) (4)
levels by the PM-2.5 standard and from
of acceptable levels by the PM-10
standard.
(b) (4)

Daily exposures to foreign particles ≤10 µm from the aclidinium bromide DPI are
considered safe relative to the 8-hr threshold limit values for selected individual
components and 24-hr particulate concentrations set by the PM-2.5 and PM-10
standards. For the calculations of the volume and weight of the particles, it was
assumed that all the particles were 10 µm in diameter. The total weight of the particles
only included the number of particles ≤10 µm. In determining the exposure to individual
components, calculations were made on the assumption that particles were 100%
titanium dioxide, iron, or silicon carbide although there was actually a mixture of
(b) (4)
particles. For the aclidinium bromide DPI, daily exposure to
foreign particles
≤10 µm is considered acceptable.
Conclusion: The specification limits for foreign particles in the aclidinium bromide DPI
are considered acceptable.
ADI values for Extractables
The applicant presented the potential extractables associated with device components
of the aclidinium bromide DPI with the proposed acceptable daily intake (ADI) value for
each extractable.
The applicant also submitted a literature-based toxicological
evaluation, which was used for determination of these ADI levels. As per a request from
the CMC reviewer Dr. Yong Hu, these ADI levels were evaluated by PharmTox. The
PharmTox reviewer does not agree with the applicant’s approach of the determination
of ADI levels for the following reasons. First, several ADI levels were determined based
on inadequate animal studies having a shorter duration of studies (< 90-day of the
dosing period) and/or limited examined endpoints. Second, due to the lack of available
(b) (4)
information for some compounds (e.g.,
), the safety assessment was
performed using information from structurally similar compounds for the determination
of the ADI for the compound of interest.
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These extractables, however, are not safety concerns for the aclidinium bromide DPI as
the Pharm/Tox and CMC teams agree that the safety of the device component is
assured by the following:
1. The device component materials including the mouthpiece that are in contact
with the drug powder or the patient's mucous membranes comply with the
relevant food contact regulations. The plastic materials comply with USP <87>
and the plastic material for the mouth piece also complies with USP <88>.
(b) (4)
2.
studies of device components did not detect any of the
extractables of concern. This most closely assesses potential human exposure.
3. Extractables specification will be put in place as routine extractable controls for
the device components and to ensure that the extractable and leachable profiles
remain constant.
4. Leachables studies were performed to evaluate compounds that leach out of the
Almirall inhaler components or its packaging into the dry powder formulation. No
leachables were detected in the drug product stability testing.
For more detailed information, see the NDA 202450 CMC review dated February 24,
2012.
Conclusion: Aclidinium bromide is a DPI. Extractables and leachable are not generally a
(b) (4)
safe concern for DPIs. No extractables were detected in the
studies of
device components including the mouthpiece. No leachables were detected from the
drug product stability testing. Thus, potential extractables identified by the applicant are
not safety concerns for the aclidinium bromide DPI. The Sponsor’s ADI values for
extractables were not evaluated; as noted above, the Reviewer identified several
problems with the ADI determinations although they do not impact the safety evaluation.
Recommendations: Aclidinium bromide DPI specifications for
impurities, and foreign particulate are acceptable from
(b) (4)
a safety perspective. No extractables were detected in the
studies of
device components including the mouthpiece. No leachables were detected from the
drug product stability testing. Thus, potential extractables identified by the applicant are
not safety concerns for the aclidinium bromide DPI.
(b) (4)

12

Appendix/Attachments

Appendix 1. Emails from the ONDQA Reviewer Dr. Yong Hu requesting Consultations.
Appendix 2. PharmTox Review of IND 68653 dated June 2, 2005
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Emails were received from the CMC Reviewer Dr. Yong Hu, on November 17 and 23,
2011, January 28, 2012, February 1, 2012 and February 24, 2012 requesting
(b) (4)
consultations for toxicologic assessments of impurities
(specification
limits and also impurities possessing structural alerts for genotoxicity, adequacy of
(b) (4)
allowable daily intake levels of extractables, impurities
, and foreign
(b) (4)
particles
respectively.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW
2.6.1 INTRODUCTION AND DRUG HISTORY
IND number: 68653
Review number: 5
Sequence number/date/type of submission: 0017/March 30, 2005/N-017-IT
0018/April 12, 2005/N-018-IT
EOP2 package (March 28, 2005)
Information to sponsor: Yes ( x ) No ( )
Sponsor and/or agent:
(b) (4)
Almirall Prodesfarma, S.A. agent:
General Mitre, 151
08022 Barcelona, Spain
Reviewer name: Gary P. Bond, Ph.D., DABT
Division name: Division of Pulmonary and Allergy Drug Products
HFD #: 570
Review completion date:
June 2, 2005
Drug: LAS 34273
Drug class: Anticholinergic (M3 muscarinic) antagonist
Indication: COPD
Route of administration: inhalation (dry powder inhaler

(b) (4)

Proposed clinical protocol: In the EOP2 package, sponsor indicated they were interested
in conducting two Phase III clinical trials in COPD patients of up to 1 year at 200 ug/day.
Introduction and drug history: LAS 34273 is a new molecular entity (NME) in a class
of anticholinergic drugs described as muscarinic antagonists specific for the M3 receptor
(neuromuscular junction).
Background:
N-017-IT
Reproductive toxicity - As part of the review of the original submission
(November 21, 2003) and amendment N/011/IT (May 12, 2004) contained in
PharmTox reviews 1 and 4, respectively, the sponsor was informed that the
embryo-fetal study in rabbits should be repeated at higher doses that allow
determination of potential embryo-fetal effects. We concluded that a proposed
second dose range-finding study was not considered appropriate for providing an
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indication of adequate dose levels being tested in the initial confirmatory study so
it was recommended that the sponsor conduct the proposed dose range-finding
study and a second confirmatory study in order to characterize the potential
embryo-fetal effects of treatment with LAS 34273 at a dose-range for which there
is at least some minimal toxicity in treated dams. Included in this current
submission is the dose range-finding study results with proposed doses for the
second confirmatory study. Related toxicokinetic data is provided in a separate
report.
Hypersensitivity - Also in PharmTox Review 1, the sponsor was informed that as
the drug will be administered repeatedly by inhalation, a test for hypersensitivity
was recommended. Hypersensitivity assay reports have been included in this
submission.
Splenic effects observed in 9 month dog study- No NOAEL could be identified
based on possible splenic effects (see review #2 of March 19, 2005 - incidence of
2/12, 3/8, 4/12, & 5/12 for combined male and female control, LD, MD, & HD,
respectively). On that basis, the sponsor was asked to provide historical data
regarding spleen findings (e.g., congestion) in Beagle dogs and to provide
explanation of the toxicological relevance of observed splenic effects observed in
that study. An expert report addressing this request is included in this submission.
N-018-IT
Genotoxicity - As part of the review of genotoxicity reports for the original
submission (November 21, 2003) contained in PharmTox review 1, the sponsor
was informed that the in vitro Ames assay results were inconclusive as some
tested doses yielded increase in number of small or “pin point” colonies, which
are usually associated with toxicity/deterioration of background lawn and not
mutagenicity. As such colonies were not replated in order to determine if
mutation had actually not occurred, assay is inconclusive. In addition, the in vitro
Mouse Lymphoma assay results were inconclusive due such issues as inadequate
dose, only a 50% control plating efficiency, and lack of precipitation in the
culture media. On this basis, the sponsor was informed that the two in vitro
genotoxicity assays should be repeated according to generally accepted
methodologies/protocols in order for future proposed repeated clinical trials to be
allowed to proceed. Repeat assay results are included in this submission.
For both amendments, the sponsor requests that the Agency respond as to the
acceptability and adequacy of the submissions.
EOP2 Package
Section II of package, Toxicology Topics for End of Phase II Meeting, included
references to studies contained in amendments 17 & 18. Sponsor's question in the
package re nonclinical issue(s) was whether submitted chronic rat and dog studies
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support planned clinical trial in COPD patients of 1 year at 200 ug/day LAS
34273. At the meeting on April 26, 2005, sponsor was informed that planned
clinical trial, not yet formally proposed in protocol form, was considered safe to
proceed from a nonclinical standpoint in regard to safety of dose and duration
based on chronic rat and dog studies. Included in this review is the rationale
behind this decision. In addition, update of nonclinical data required prior to
Phase III clinical trials was provided to sponsor in the End of Phase II meeting
except for the details of the genotoxicity issue. This information in contained in
the Summary and Conclusions section of the review.
Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise. Genotoxicity assay results and rabbit embryo-fetal pharmacokinetic data
are reported in tables provided by the sponsor
Studies reviewed within this submission:
Chronic Toxicity:
Splenic Congestion in Beagle Dogs:
Expert Opinion with Historical Control Data
by Dr. Klaus Weber (February 28, 2005)
(b) (4)

Genetic Toxicology:
Bacterial reverse mutation assay with micronized LAS 34723 batch no. T003M001
(b) (4)
(b) (4)
(
report no. AA93FW.503
)
(b) (4)
Bacterial reverse mutation assay with LAS 34723 batch no. MG-0764-47 (
(b) (4)
report no. AB02VH.503
)
Salmonella plate incorporation mutagenicity assay with LAS 34723 batch nos. MG-0805(b) (4)
(b) (4)
63 & U003R1 (
report no. AA93FW.501
)
(b) (4)
Bacterial reverse mutation assay with LAS 34723 batch no. MG-0805-50 (
(b) (4)
report no. AB02VJ.503
)
(b) (4)
(b) (4)
Bacterial reverse mutation assay with
(
report no.
(b) (4)
AB02VE.503
)
(b) (4)
(b) (4)
Bacterial reverse mutation assay with
(
report no.
(b) (4)
AB02VF.503
(b) (4)
(b) (4)
Bacterial reverse mutation assay with
(
report no.
(b) (4)
AB02VG.503
In vitro mammalian cell gene mutation test (L5178Y/TK+/- Mouse Lymphoma Assay)
with LAS 34273 batch nos. MG-0805-63, U003R1, MG-0764-47, MG-0805-50
(b) (4)
(b) (4)
(
report nos. AA93FW, AB02VH, & AB02VJ.702.
In vitro mammalian cell gene mutation test (L5178Y/TK+/- Mouse Lymphoma Assay)
(b) (4)
with LAS 34273 batch no. T003M001 (
report no.
(b) (4)
AA93FW.704.
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Reproductive and Developmental Toxicology:
LAS 34273: Dose Range-Finding Inhalation Study for Effects on Embryo-Fetal
(b) (4)
Development in the Himalayan Rabbit
Study Number 854462)
LAS 34273 (Dry Powder Formulation): Dose Range-Finding Inhalation Study for Effects
on Embryo-Fetal Development in the Himalayan Rabbit. Plasma Level
(b) (4)
Determination and Toxicokinetic Study (Report No. B.34273.26 from
Study
Number 854462)
Special Toxicology Studies:
Assessment of the Possible Sensitising Effect of LAS 34273 Administered Chronically
(b) (4)
by Inhalation in Rats (
Report No. FD0312JL – non GLP)
Assessment of the Possible Sensitising Effect of LAS 34273 Administered by Inhalation
(b) (4)
to guinea Pigs
Report No. FD0405JL – non GLP)
LAS 34273 Micronized: Local Lymph Node Assay (LLNA) in Mice (Identification of
(b) (4)
Contact Allergens)
Study Number 855049)
Studies not reviewed within this submission: none
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Adequate assessment of the embryo fetal effects of LAS 34273 in rabbits would be
achieved if similar effects occur at the proposed doses in the definitive embryo-fetal
study.
Special toxicology:
The possible sensitizing properties of LAS 34273 were assessed by testing the ability of
serum samples from rats treated with the compound during 4 months to produce an
anaphylactic reaction in the passive cutaneous anaphylaxis (PCA) test. None of the
tested serum samples produced any reaction, suggesting that LAS 34273 dose not possess
any sensitizing activity.
The possible sensitizing properties of LAS 34273 were assessed via inhalation by testing
guinea pigs that received two induction doses of ovalbumin (days 0 & 7) then challenge
doses of LAS 34273 7 days after the second induction dose. LAS 34273 did not show
any inhalatory sensitizing potential when ovalbumin-induced guinea pigs were
challenged, thereby suggesting that LAS 34273 does not have respiratory sensitizing
activity, the dosing route to be used in clinical trials.
Mice were treated topically for three consecutive days with LAS 34273 at three dose
levels and evaluated using the local lymph node assay (LLNA) for contact allergens.
Radio-labeled thymidine was injected into the mice five days after the first topical dose
Draining auricular lymph nodes were collected with pooled lymph node cells suspensions
being evaluated for the incorporation of the radio-label. Slight skin irritation was
observed at the high dose, but LAS 34273 was not found to be a sensitizer in the mouse
LLNA.
================================
2.6.6.3 Repeat-dose toxicity
Study title:

Splenic Congestion in Beagle Dogs – Expert Report by K. Weber in
reference to LAS 34273: 39-Week Inhalation (Dry Powder Formulation)
(b) (4)
Toxicity Study in the Dog (
report # 81808)

Volume #, and page #: 1 of 1, tab 7 (amendment #17)
Summary analysis: In a report reviewed previously in PharmTox review 2, it was
reported that NOAELs could not be determined based on concern for the possible
increased incidence of splenic congestion in treated groups. In the study, male and
female dogs/group were administered LAS 34273 by inhalation at pulmonary deposited
doses of 0 (lactose control), 0.006 (LD), 0.044 (MD), & 0.32/0.16 (HD) mg/kg for 39
weeks (delivered doses of 0.03, 0.22 & 1.6 mg/kg). Most notable effects of treatment
were in the HD group with increased restlessness during exposure, increased heart rate,
reduced tear production in MD and HD groups, and possible splenic effects. Congested
spleens were observed in 1/6 (17%), 1/4 (25%), 2/6 (33%), & 2/6 (50%) males and 1/6
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(17%), 2/4 (50%), 2/6 (33%), & 3/6 (50%) females in control, low dose, mid-dose, &
high dose groups, respectively, with increased spleen weights in all treated groups. The
sponsor responded by providing historical values for splenic congestion in dogs in 82
studies conducted from 1998 to 2003. The overall historical control mean values for
splenic congestion were 22% ± 24% with incidence ranging from 0-100%. Control dogs
in ten of the studies exhibited ≥ 50% incidence congested spleens. Based on historical
control data, the observed splenic effects in this study are not considered to be treatment
related. On this basis, the 9 month dog inhalation study NOAEL for LAS 34723 is 0.044
mg/kg (pulmonary deposited dose).
================================
2.6.6.4 Genetic toxicology
Study title: Bacterial Reverse Mutation with LAS 34273 Micronised (Batch no.
T003M001)
Key findings:
•
•

•

no appreciable toxicity or precipitate observed in initial toxicity-mutagenicity test
and confirmatory test up to 5000 ug/plate
for TA 98 +S9 (only strain affected)
o at 5000 ug/plate, 2.2x increase in revertant colonies in initial toxicitymutagenicity test and 1.9x increase in revertant colonies in confirmatory
test
LAS 34273 (batch no. T003M001) was genotoxic in Ames Bacterial Mutation
assay

Study no:
AA93FW.503.
Volume #, and page #: volume 1 of 1, tab 3, amendment 18
Conducting laboratory and location:
(b) (4)

(b) (4)

(b) (4)

Date of study initiation: September 2, 2004 (report date April 8, 2005)
GLP compliance: yes (USFDA, USEPA, UK, Japan, OECD)
QA reports: yes ( x ) no ( )
Drug, lot #, radiolabel, and % purity: T003M001, NA, 99.6%
Formulation/vehicle: white crystalline powder, DMSO
Methods:
Strains/species/cell line: Salmonella typhimurium TA98, TA 100, TA1535,
TA1537, Escherichia coli WP2uvrA
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 1.5, 5, 15, 50, 150, 500, 1500, & 5000 ug/plate
Test agent stability: stable (2-8oC in the dark with desiccant)
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Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 33, 100, 333, 1000, 3333, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
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- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity or precipitate observed in initial toxicitymutagenicity test and confirmatory test up to 5000 ug/plate
- for TA 98 +S9 (only strain affected)
- at 5000 ug/plate, 2.2x increase in revertant colonies in initial
toxicity-mutagenicity test and 1.9x increase in revertant
colonies in confirmatory test
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory)
- while sponsor did not consider results a positive mutagenic response as
not dose responsive and both tests not ≥2x increase in revertant
colonies, sponsor indicated that further study was warranted
- reviewer considers results as positive as ~2x increase in revertant
colonies with generally consistent dose response effect
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Study no:
AB02VH.503
Volume #, and page #: volume 1 of 1, tab 4, amendment 18
Conducting laboratory and location:
(b) (4)

(b) (4)

(b) (4)

Date of study initiation: November 29, 2004 (report date March 21, 2005)
GLP compliance: yes (USFDA, USEPA, UK, Japan, OECD)
QA reports: yes ( x ) no ( )
Drug, lot #, radiolabel, and % purity: MG-0764-47, NA, 100%
Formulation/vehicle: white powder, DMSO
Methods:
Strains/species/cell line: Salmonella typhimurium TA98, TA 100, TA1535,
TA1537 Escherichia coli WP2uvrA
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 1.5, 5, 15, 50, 150, 500, 1500, & 5000 ug/plate
Test agent stability: stable (2-8oC in the dark with desiccant)
Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 50, 150, 500, 1500, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
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Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity (some at 5000 ug/plate in TA100 –S9) or
precipitate observed in initial toxicity-mutagenicity test and
confirmatory test up to 5000 ug/plate
- for TA 98 +S9 (only strain affected)
- at 5000 ug/plate, 1.9x increase in revertant colonies in initial
toxicity-mutagenicity test and 2.1x increase in revertant
colonies in confirmatory test
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory test)
- while sponsor did not consider results a positive mutagenic response as
not dose responsive and both tests not ≥2x increase in revertant
colonies, sponsor indicated that further study was warranted
- reviewer considers results as positive for genotoxicity as ~2x increase in
revertant colonies with generally consistent dose response effect
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Volume #, and page #: volume 1 of 1, tab 5, amendment 18
Conducting laboratory and location:

(b) (4)

Date of study initiation: January 18, 2005 (report date February 17, 2005)
GLP compliance: no (per GLP guideline)
QA reports: yes ( ) no ( x )
Drug, lot # and % purity: MG-0805-63 (100%) and U003R1 (99.8%)
Formulation/vehicle: white crystalline powders/DMSO
Methods:
Strains/species/cell line: Salmonella typhimurium TA98
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 1.5, 5, 15, 50, 150, 500, 1500, & 5000 ug/plate
Test agent stability: stable (2-8oC in the dark with desiccant)
Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: 1 ug/plate of 2-aminoanthracene in DMSO vehicle
Comments: no dosing solution analysis
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: none
Study design: single study with TA 98 +S9 at doses used in previous initial
toxicity mutagenicity tests
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 2x that of vehicle control for TA 98
Summary of individual study findings:
Study validity: not valid as not GLP, no QA and only tested 1 strain, but assay
and conditions same as in other valid assays. Data considered reliable for
tested strain
- tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree (no confirmatory
assay)
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TA1537, Escherichia coli WP2uvrA
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 1.5, 5, 15, 50, 150, 500, 1500, & 5000 ug/plate
Test agent stability: stable (2-8oC in the dark with desiccant)
Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 50, 150, 500, 1500, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
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- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity (some at 5000 ug/plate in TA100 –S9) or
precipitate observed in initial toxicity-mutagenicity test and
confirmatory test up to 5000 ug/plate
- no increases in revertant colonies as a result of treatment
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory)
- LAS 34273 (batch no. MG-0805-50) was not genotoxic in the Ames
Bacterial Mutation assay (see tables)
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Study no:
AB02VE.503
Volume #, and page #: volume 1 of 1, tab 7, amendment 18
Conducting laboratory and location:
(b) (4)

(b) (4)

(b) (4)

Date of study initiation: November 29, 2004 (report date March 21, 2005)
GLP compliance: yes (USFDA, USEPA, UK, Japan, OECD)
QA reports: yes ( x ) no ( )
Drug, lot # and % purity: 01802572 and 99.4%
Formulation/vehicle: clear. colorless liquid, DMSO
Methods:
Strains/species/cell line: Salmonella typhimurium TA98, TA 100, TA1535,
TA1537, Escherichia coli WP2uvrA
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 0.0015, 0.005, 0.015, 0.05, 0.15, 0.5, 1.5, 5, 15, 50,
150, 500, 1500, & 5000 ug/plate
- toxicity at 5000 ug/plate for salmonella (decreased revertants compared
to control or lower doses); lawn reduction at higher doses
Test agent stability: stable (2-8oC in the dark)
Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 50, 150, 500, 1500, 1800, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
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Date of study initiation: November 29, 2004 (report date March 21, 2005)
GLP compliance: yes (USFDA, USEPA, UK, Japan, OECD)
QA reports: yes ( x ) no ( )
Drug, lot # and % purity: MG-0805-73, 98.7%
Formulation/vehicle: beige powder, DMSO
Methods:
Strains/species/cell line: Salmonella typhimurium TA98, TA 100, TA1535,
TA1537, Escherichia coli WP2uvrA
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 1.5, 5, 15, 50, 150, 500, 1500, & 5000 ug/plate
Test agent stability: stable (2-8oC in the dark with desiccant)
Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 50, 150, 500, 1500, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
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exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity (some at 5000 ug/plate in TA100 –S9) or
precipitate observed in initial toxicity-mutagenicity test and
confirmatory test up to 5000 ug/plate
- no increases in revertant colonies as a result of treatment
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory)
(b) (4)
(b) (4)
(b) (4)
an impurity
, was
not genotoxic in the Ames Bacterial Mutation assay
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Exposure conditions:
Incubation and sampling times: 10-14 days for growth and detection of mutant
frequencies (+ trifluorothymidine)
Study design: guidelines
Analysis:
No. of replicates: 1 in preliminary toxicity, 2 for initial mutagenesis test and
independent repeat test
Counting method: automatic counter; manually if necessary
Criteria for positive results: dose dependent increase in MF with at least one
dose level, with ≥ 10% total growth, with
MF ≥ 100 mutants/10+6 clonable cells
above solvent control (induced MF)
Summary of individual study findings:
Study validity: valid
- percent survival rate (%RS)/relative total growth (RTG) was between
10-20%
- vehicle control cultures exhibited a mean cloning efficiency of 50% or
greater
- vehicle control cultures gave a mean mutant frequency less than
100/10+6 clonable cells and at least 20/10+6 clonable cells
- positive control MF at least 100 mutants/10+6 clonable cells above
solvent control value
- positive controls exhibited appropriate responses
- concentrations were appropriate in that either a positive mutant
frequency response or an 80% reduction in %RS/RTG (relative
total growth) or a persistent precipitate was achieved
- colony size distribution for positive control showed both large and small
colonies
Study results:
- no difference between control and treated mutant frequency after 4 hour
and 24 hour exposure –S9 with observation of visible precipitate
and reduced total growth
- initial mutagenesis test (see table)
- 4/10 cloned cultures from 4 hour +S9 group exhibited mutant
frequencies from 55-99 more than control at 10+6 clonable
cells
- not dose responsive
- precipitate visible at higher doses and reduced total growth
- independent repeat assay (see table)
- 5/11 cloned cultures from 4 hours +S9 exhibited mutant
frequencies ≥ 100 more than control at 10+6 clonable cells
- 6/11 cloned cultures from 4 hour +S9 group exhibited mutant
frequencies from 55-99 more than control at 10+6 clonable
cells
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- U003R1 – 250, 500, 550, 600, 650, & 700 ug/mL
- MG-0764-47 – 10, 50, 100, 250, 500, & 750 ug/mL
- MG-00805-50 – 10, 50, 100, 250, 500, & 750 ug/mL
Analysis:
No. of replicates: 2
Counting method: automatic; manually if needed
Criteria for positive results: dose dependent increase in MF with at least one
dose level, with ≥ 10% total growth, with
MF ≥ 100 mutants/10+6 clonable cells
above solvent control (induced MF)
Summary of individual study findings:
Study validity: not valid as non-GLP with no QA report and only 1 exposure time
used, but study conducted consistent with other valid studies by this
laboratory
- percent survival rate (%RS)/relative total growth (RTG) was between
10-20%
- vehicle control cultures exhibited a mean cloning efficiency of 50% or
greater
- vehicle control cultures gave a mean mutant frequency less than
100/10+6 clonable cells and at least 20/10+6 clonable cells
- positive control MF at least 100 mutants/10+6 clonable cells above
solvent control value
- positive controls exhibited appropriate responses
- concentrations were appropriate in that either a positive mutant
frequency response or an 80% reduction in %RS/RTG (relative
total growth) or a persistent precipitate was achieved
- colony size distribution for positive control showed both large and small
colonies
Study results:
- negative control MF ranged from 48-133/10+6 surviving cells
- greater than upper level standard of 100, but acceptable based on
treated cultures results of clearly positive
- 5-9 of 10 cultures scored for each batch exhibited increases in mutant
colonies ≥ 100 per 10+6 colonies
- see tables for individual batch results
- results not dose responsive, but results considered positive due to the
number of positive cultures
- increase frequency of small colonies for treated and positive control
compared to negative control groups
(b) (4)
(batch nos. MG-0805-63, U003R1, MG-0764-47, MG00805-50) were genotoxic in the Mouse Lymphoma assay with
metabolic activation
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LAS 34273 did not cause sensitization in rats using the passive cutaneous
anaphylaxis (PCA) test in a non-GLP study

Study no.: FD0312JL
Volume #, and page #: 1 of 1 (tab 2)
(b) (4)
Conducting laboratory and location:
Date of study initiation: March 2003
GLP compliance: no
QA reports: yes ( ) no ( x )
Drug, lot #, and % purity: R001, not reported
Formulation/vehicle: plasma from LAS 34273 treated rats; LAS 34273 in saline
Methods
Study design:
1) Serum from 4 male and 4 female rats of
study no. 845322 from lactose
control group or dosed with LAS 34273 for 26 weeks by inhalation at 140
ug/kg/day (2.0 mg/kg delivered dose) was used in the passive cutaneous
anaphylaxis (PCA).
2) positive control group of 1 mg/kg ovalbumin in 5% Freund's complete
adjuvant and 2% aluminum hydroxide in 0.9% saline. Plasma collected 14
days later for use as positive control.
3) serum from LAS 34273-treated and control rats was tested in 3 sites in 3
different male rats and plasma from ovalbumin-sensitised rats was tested in 6
sites in 6 different rats.
4) plasma/serum from ovalbumin-, LAS 34273- or lactose-treated control
animals was injected intradermally (50 ul) in the back of untreated male
Wistar rats. Twenty three hours later, the rats received ovalbumin or LAS
34273 at 0.1 and 1 mg/kg intravenously in a solution containing Evans blue
dye (20 mg/kg) dissolved in 0.9% saline. Sixty minutes later, animals were
sacrificed and dermal wheels were measured by using the ellipse formula.
(b) (4)

Results: Plasma from ovalbumin-sensitised rats produced positive responses to the PCA
test. No positive responses were observed for lactose control or LAS 34273 treated
animals in the PCA test.
================================
Study title:

Assessment of Possible Sensitising Effect of LAS 34273 Administered
by Aerosol to Guinea Pigs

Key study findings:
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LAS 34273 did not show any inhalation sensitizing potential when it was
administered by inhalation for both induction and challenge doses in male guinea pigs
in a non-GLP study
LAS 34273 is not a respiratory sensitizer.

Study no.: FD0405JL
Volume #, and page #: 1 of 1, tab 3, amendment 17
Conducting laboratory and location:
Date of study initiation: July-August 2002
GLP compliance: no
QA reports: yes ( ) no ( x )
Drug, lot #, and % purity: R001; not reported
Formulation/vehicle: polyethylene glycol 300, 20% in 0.9% saline

(b) (4)

Methods
Doses: 1 or 3 mg/mL for LAS 34723 and 3 mg/mL for ovalbumin
Study design: Five male Hartley guinea pigs/group were administered LAS 34273,
ovalbumin (positive control), or vehicle for one minute (30 seconds at time 0 and 30
seconds 5 minutes later) on days 0 and 7. One week after the second exposure, the
animals were challenged by inhalation with the corresponding compound and observed
during this 5 minute challenge. Concentrations used were 1 or 3 mg/mL of LAS 34273
or 3 mg/mL for ovalbumin.
Results: Ovalbumin positive control, but not LAS 34273 or vehicle treated animals,
exhibited airway responsiveness upon challenge dose.
================================
Study title:

LAS 34273 Micronized: Local Lymph Node Assay (LLNA) in Mice
(Identification of Contact Allergens)

Key study findings:
•
•
•

LAS 34273 was negative in the mouse local lymph node assay (LLNA) as stimulation
indexes were 1.4, 1.3, & 1.0 for 2.5%, 5%, & 10% dose groups compared to control,
respectively.
Slight skin irritation at both sites starting on day 3 of dosing and persisting for 3 days.
LAS 34723 not a sensitizer in mouse local lymph node assay for contact allergens

Study no.: 855049
Volume #, and page #: 1 0f 1, tab 3, amendment 17
Conducting laboratory and location:
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Date of study initiation: July 7, 2004 (August 11, 2004 report date)
GLP compliance: yes
QA reports: yes ( x ) no ( )
Drug, lot # and % purity: T003M001 and 99.6%
Formulation/vehicle: solid/acetone:olive oil 4:1
Methods
Doses: 25 ul of vehicle control, 1%, 2.5%, and 10% LAS 34273 to 4 female
CBA/CaOlaHsd mice/group. Dose selection based on pretest. Dose solution of
10% is highest soluble concentration.
Study design: Dosing of dorsal surface of each ear lobe once daily for 3 consecutive
days. Five days after first topical dose, tail vein injection of 250 ul of 3H-methyl
thymidine (77.2 uCi/ml). Five hours after treatment with radiolabel, sacrifice mice and
excise draining lymph nodes and pool for preparation of single cell suspensions of lymph
node cells. Level of 3HTdR measure with β-scintillation counter. Values of 3x control
(stimulation index) with dose response and local toxicity evaluated. Clinical signs
observed daily and body weight on days 1 and 6.
Results: Stimulation indexes of 1.4, 1.3, & 1.0 for 2.5%, 5%, & 10% dose groups
compared to control, respectively. Slight skin irritation at both sites starting on day 3 of
dosing and persisting for 3 days. LAS 34723 not a sensitizer in mouse local lymph node
assay for contact allergens.
================================
OVERALL CONCLUSIONS AND RECOMMENDATIONS
Summary:
Hypersensitivity - LAS 34273 is not considered a sensitizer based on lack of a
sensitization response in the rat passive cutaneous anaphylaxis (PCA) test , guinea pig
inhalation induction and challenge test, and mouse local lymph node assay (LLNA) for
contact allergens.
Splenic effects in 9 month dog study - Based on Division request for an explanation of
possible increased incidence of splenic effects in the dogs in the 9-month inhalation study
(initial review in PharmTox review 2- incidence of 2/12, 3/8, 4/12, & 5/12 for combined
male and female control, LD, MD, & HD, respectively), sponsor submitted a report that
included historical control data for congested spleens from 1998 to 2003 for 82 studies
and explanations that occurrence of congested spleen may vary based upon anesthetic
used and the time between anesthesia and bleeding. The congested spleen occurrence
related to anesthetic used and time to bleeding could not be confirmed as no data was
provided. The historical control incidence for congested spleen was comparable with
what was observed in the dogs treated with LAS 34273 by inhalation for 9 months.
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Recommendations:
1) planned Phase III clinical trials of 1 year in COPD patients at 200 ug/day and 400
ug/day are considered safe to proceed after resolution of the items to follow and
submission and Division and review of a formal protocol.
2) nonclinical data submissions are required to support any Phase III clinical trials
a. repeat of embryo-fetal study in rabbits (segment II)
- proposed inhalation doses appear adequate, but must elicit adequate
maternal toxicity in definitive in order to allow assessment of potential
embryo-fetal effects. If this result is not achieved, sponsor is
recommended to consider oral dosing to achieve such effects.
b. male and female fertility studies (segment I)
- need to satisfy dosing requirements for paternal effects in order to assess
3) genotoxicity of LAS 34723 needs to be further evaluated: :
a. for chronic clinical trials in COPD patients
i. genotoxicity/carcinogenicity studies can be addressed in the NDA
submission
b. for multiple-dose clinical trials with other than COPD patients, conduct
one of the following before any such clinical trials
i. repeated dose micronucleus test
ii. SHE cell assay
iii. p53 assay
iv. 2-year carcinogenicity study
c. sponsor should be reminded to continue to include genotoxicity statement
in informed consent agreement as agree in fax of December 24, 2003.
Recommendations ##s 1 and 2b have been conveyed to the sponsor at EOP2
meeting of April 26, 2005
Internal comments: none
External comments (to sponsor):
We have reviewed your nonclinical submissions of March 30, 2005 and April 12, 2005
and have the following additional and modified comments and recommendations to those
made at the EOP2 meeting of April 26, 2005:
1) For clinical trials in COPD patients, genotoxicity/carcinogenicity issues can be
addressed in the NDA submission. For any other multiple-dose clinical trials in other
than COPD patients, conduct one of the following testing options to address the
genotoxicity/carcinogenicity issue to support such clinical trials: 1) repeated dose
micronucleus test, 2) SHE cell assay, 3) p53 assay, or 4) 2-year carcinogenicity study.
2) Proposed inhalation doses for embryo-fetal study in rabbits (segment II) appear
adequate. Adequate maternal toxicity should be elicited in definitive study in order to
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allow assessment of potential embryo-fetal effects. If this result is not achieved, consider
oral dosing to achieve such effects.
3) Segment II embryo-fetal study in rabbits, and segment I fertility testing should be
completed and submitted prior to initiation of the proposed Phase III chronic clinical
trials.
3) Continue to include genotoxicity statement in informed consent agreement as we
requested in fax of December 23, 2003 and you agreed to in fax of December 24, 2003.
Signatures (optional):
Reviewer Signature
Supervisor Signature

Gary P. Bond, Ph.D., DABT
C. Joseph Sun, Ph.D.
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organized in accord with current regulations
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begin?
2 Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?
3 Is the pharmacology/toxicology section
legible so that substantive review can
begin?
4 Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
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during pre-submission discussions?
9 Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m2 or comparative
serum/plasma levels) and in accordance
with 201.57?
10 Have any impurity – etc. issues been
addressed? (New toxicity studies may not
be needed.)
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1.1

Introduction
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Forest Research Institute, Inc. (Forest), has submitted a 505(b)(1) New Drug
Application (NDA) for aclidinium bromide, a NME. The proposed indication is “the longterm, maintenance treatment of bronchospasm associated with chronic obstructive
pulmonary disease (COPD), including chronic bronchitis and emphysema.” The
proposed dose is an oral inhalation dose of 400 μg, twice daily.
Aclidinium bromide (also referred to as LAS 34723 during the review), a new molecular
entity, is a long-acting, antimuscarinic agent. It has similar affinity to the subtypes of
muscarinic receptors M1, M2, M3, M4 and M5. The M3 receptors on airway smooth
muscle cell in the lungs mediate the bronchoconstriction in response to acetylcholine
and are critical to COPD airway pathology. Thus, aclidinium bromide may have
important
pharmacological
effects
in
preventing
cholinergic-mediated
bronchoconstriction by blocking the binding of acetylcholine with muscarinic receptors.

1.2

Brief Discussion of Nonclinical Findings

The complete, nonclinical safety program for aclidinium bromide included
pharmacology, safety pharmacology, toxicology, genotoxicity, carcinogenicity, and
reproductive toxicology studies.
In vitro pharmacology data showed that LAS 34723 showed similar affinities for all five
human receptors for muscarinic M1, M2, M3, M4 and M5 receptors, respectively. The
anti-muscarinic activity of LAS 34273 was assessed in several in vitro and in vivo
models. The inhibitory effects of LAS 34273 on acetylcholine-induced contraction were
observed in isolated trachea of guinea pigs and humans. The long-acting duration of
antimuscarinic action of LAS 34273 was also demonstrated in in vitro studies (activity
>24 hr). In vivo studies also showed LAS 34273 inhibited acetylcholine-induced
bronchoconstriction in guinea pigs and dogs.
Safety pharmacology studies were conducted to assess the neurological,
cardiovascular, pulmonary, respiratory, renal, salivary and gastrointestinal effects of
LAS 34273. Neurological effects of LAS 34273 included decreased bite induction,
palpebral ptosis, abnormal quietness, abnormal posture, clonic convulsions, dyspnea
and/or mydriasis in mice; mydriasis in rats; decreased tear production, restlessness,
decreased activity, tremor, collapse, and/or sporadic buckling of the hindlimbs in dogs.
In an in vitro study with guinea pig purkinje fibers, there was a significant decrease in
action potential amplitude and maximum upstroke velocity in at concentrations of 3 and
10 μM of LAS 34273, suggesting potential sodium channel blockage. Increased heart
rate was consistently observed in conscious dogs in single and repeat dose studies.
LAS 34273 showed a dose-responsive inhibitory effect on pilocarpine-induced salivation
in mice and rats. LAS 34273 also produced a dose-dependent decrease in fecal output
in rats.
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ADME studies demonstrated that LAS 34273 was rapidly metabolized to two main
metabolites, LAS 34823, an alcohol metabolite, and LAS 34850, an acid metabolite.
The plasma concentrations of LAS 34850 were significantly greater than the parent
compound, whereas the plasma levels of LAS 34823 were lower than the parent
compound. In vitro and in vivo metabolism of LAS 34273 was qualitatively similar
among species (mouse, rat, dog, rabbit, and human).
In vitro studies showed that LAS 34273 and LAS 34823 competitively inhibited CYP2D6
activity, whereas CYP3A4/5 activity was slightly inhibited by LAS 34273. In addition,
LAS 34273 competitively inhibited activities of acetylcholinesterase and
butyrylcholinesterase and slightly inhibited carboxylesterase activity. LAS 34823 also
slightly inhibited activities of acetylcholinesterase and butyrylcholinesterase.
LAS 34273 and LAS 34850 did not appear to be P-glycoprotein (P-gp) substrates, and
LAS 34823 was a weak or non P-gp substrate, whereas LAS 34273, LAS 34823 and
LAS 34850 did not appear to be inhibitors of P-gp in vitro.
Chronic toxicology studies were conducted in rats and dogs. There were four major 6month toxicity studies in rats (2 inhalation toxicity studies, 1 inhalation mechanistic
investigative study and 1 subcutaneous toxicity study), whereas one 9-month toxicity
study was conducted using dogs. Target organs of toxicity were eyes (mydriasis), lungs,
Harderian gland and parotid gland in rats and heart (increased heart rate) and eye
(decreased tear production, keratitis, conjunctivitis) in dogs. The Harderian gland has
no analogous structure in the human. Effects on the lung as well as mortalities that
occurred in rats are judged to be the results of exaggerated pharmacological effects
(i.e., inhibition of salivary gland secretions led to inadequate moistening of food with
subsequent aspiration of food or impaction of food in the esophagus). These findings
were considered specific to rats and have little or no relevance to humans. Clinical
signs in eyes, increased heart rate and parotid gland findings (acinar hypertrophy and
basophilic foci) were considered to be clinically monitorable and were not used in safety
factor determinations for the clinical dose. Systemic exposures to LAS 34273 and its
major metabolites, LAS 34823 and LAS 34850, were confirmed in the chronic
inhalational studies, however, it appears that plasma levels of the parent drug and its
metabolites were generally subjected to a high degree of variability when compared
across studies.
For safety margin determination for systemic toxicity, the dose ratios for the maximum
tolerated dose (MTD) identified in the chronic rat studies and the LOAEL identified in the
chronic dog study versus the proposed clinical dose in humans (800 μg/day given as
400 μg bid) were based on the summed AUCs of parent drug (LAS 34273) and major
metabolites (LAS 34823 and LAS 34850) in rats and dogs versus humans. This yielded
safety margins of 8-fold and 17-fold in rats and dogs, respectively. Since the lung
findings in rats are judged to be the rat-specific and results of exaggerated
pharmacological effects, which were also confounded with other factors as described
above, the exposure margin was also determined based on the highest dose (a
pulmonary deposited dose of 0.24 mg/kg/day) tested in the 6-month inhalation toxicity
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studies in rats, which yielded 61-fold. The exposure margin was 5.5-fold when it was
based on the MTD (a pulmonary deposited dose of 0.02 mg/kg/day). The exposure
margin for local toxicity in dogs was 8.4-fold based on the LOAEL in the 9-month study.
Safety margins for systemic and local toxicity are judged to be adequate.
Aclidinium bromide (LAS 34273) was positive in the Ames bacterial mutation assay and
in the mouse lymphoma assay, but it was negative in the in vivo mouse micronucleus
study and the in vivo/in vitro unscheduled DNA synthesis assay in male rats.
No statistically significant test article-related tumor findings were observed in 2-year
carcinogenicity studies in mice and rats at achieved inhaled doses up to 2.4 mg/kg/day
and 0.2 mg/kg/day of LAS 34273, respectively.
Reproductive and developmental toxicity studies of LAS 34273 using the inhalation
route of administration were following: fertility and early embryonic developmental
toxicity study in rats, embryo-fetal developmental toxicity studies in rats and rabbits, and
a pre- and postnatal development study in rats.
Additionally, embryo-fetal
developmental toxicity studies in rabbits using the oral route of administration was also
conducted. The results showed that LAS 34273 impaired several fertility and
reproductive performance indices (increased number of days to mate, decreased
conception rate, decreased number of corpora lutea, increased pre-implantation loss
with consequent decreased numbers of implantations and live embryos). These
adverse fertility effects were observed in the presence of paternal toxicity as evidenced
by mortality and decreased body weight gain. No evidence of structural alterations was
observed in rats and rabbits exposed during the period of organogenesis to inhaled
doses ≤5.0 and ≤3.6 mg/kg/day, respectively. However, increased incidences of
additional liver lobes (3-5%), as compared to 0% in the control group, were observed at
oral doses ≥150 mg/kg/day, and decreased fetal body weights were also observed at
oral doses ≥300 mg/kg/day. These fetal findings were observed in the presence of
maternal toxicity. In addition, decreased pup weights were observed from dams treated
during the lactation period to inhaled doses ≥0.2 mg/kg/day in the pre- and postnatal
study. The maternal toxicity was also observed at inhaled doses ≥0.2 mg/kg/day.

1.3
1.3.1

Recommendations
Approvability

From a PharmTox perspective, the application is recommended for approval.
1.3.2

Additional Non Clinical Recommendations

None
1.3.3

Labeling
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Drug Information

2.1

Drug
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CAS Registry Number: 320345-99-1
Trade Name: TUDORZA® PRESSAIR
Generic Name: Aclidinium Bromide
Code Name: LAS34273
Chemical Name: (3R)-3-[(hydroxy)di(thiophen-2-yl)acetyloxy]-1-(3-phenoxypropyl)-1λ5azabicyclo[2.2.2]octan-1-ylium bromide
Molecular Formula/Molecular Weight: C26H30NO4S2 Br/ 564.56
Structure or Biochemical Description

Pharmacologic Class: Muscarinic (Anticholinergic) antagonist

2.2

Relevant INDs, NDAs, BLAs and DMFs

IND 68,653 (LAS 34273 for the treatment of COPD, Forest Laboratories, Inc)

2.3

Drug Formulation
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LAS 34273 (Aclidinium Bromide) Affinity to Human
Muscarinic Receptor M5
(b) (4)
L0708
LAS 34273 (Aclidinium Bromide) Affinity to Human M2
and M3 Muscarinic Receptors at Equilibrium
(b) (4)
3
L0709
H-Aclidinium: Affinity and Kinetic Studies in Human
Muscarinic Receptors M1, M2 and M3
(b) (4)
3
L0830
H-Aclidinium: Affinity and Kinetic Studies in Human
Muscarinic Receptors M5
(b) (4)
L0904
LAS35040: Affinity for Human Muscarinic Receptors
M1 M2 and M3
(b) (4)
L0823
LAS34823 and LAS34850 (Aclidinium Hydrolysis
Metabolites): Affinity for Human Muscarinic M1, M2,
M3, M4 and M5 Receptors
(b) (4)
L0711
Pharmacological Profile of Muscarinic Receptor
Antagonists in the Electrically-Stimulated Guinea-Pig
Trachea
(b) (4)
L0706
Relaxant Effects of Long-Acting Muscarinic Receptor
Antagonists (LAMA) in Human Isolated Airways
(b) (4)
L0705
Comparative Study to Assess the Potency and
Duration of Action of Inhaled LAS 34273, Tiotropium
Bromide and Ipratropium Bromide in AcetylcholineInduced Bronchoconstriction in Guinea Pigs
(b) (4)
L0805
Study to Assess the Potency of Inhaled LAS35040 in
Acetylcholine-Induced Bronchoconstriction in Guinea
Pigs, in Comparison with LAS 34273
(b) (4)
L0710
Comparative Effects of Aclidinium vs. Tiotropium on the
Acetylcholine-Induced Bronchoconstriction and in Heart
Rate in Beagle Dogs
(b) (4)
L0704
LAS 34273: Muscarinic M3 Receptor Antagonist.
Acetylcholine-Induced Bronchoconstriction in
anesthetised Guinea-Pig: Potency and Onset of Action
Secondary Pharmacology
805019 (or
Study of the Effects of FD-71 (Tiotropium) and FD-27
a
FD0218EX)
(LAS34273) on Various Enzyme Activities
4042 (or
Study of Three Compounds in Various Receptor
FD0001EX)
Binding Assays
805002 (or
Study of FD-27 in Various Receptor Binding Assays
a
FD0010EX)
805033 (or
In Vitro Pharmacology-Study of FD-73 and FD-74
a
FD0237EX)
(b) (4)
L0820
Pharmacological Profile of Muscarinic Receptor
Antagonists in the Electrically-Stimulated Guinea-Pig
Left Atria
Safety Pharmacology
Effects on the cardiovascular system
FD.34273.07 a Comparative Effects of LAS 34273, LAS 34823, LAS
(b) (4)

L0824
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4.2.1.1
4.2.1.1
4.2.1.1
4.2.1.1
4.2.1.1
4.2.1.1
4.2.1.1
4.2.1.1
4.2.1.1

4.2.1.1
4.2.1.1
4.2.1.1

4.2.1.2
4.2.1.2
4.2.1.2
4.2.1.2
4.2.1.1

4.2.1.3

NDA # 202-450
B.34273.25
B03E or
Report No.
B.34273.22
B.34273.40
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In Vitro Study to Investigate the Metabolism of [14C]LAS 34273, [14C]-LAS 34823 and [14C]-LAS 34850 in
Human Liver Microsomes
Identification of the Human Esterase Responsible for
the Enzymatic Hydrolysis of LAS 34273

In vitro Study to Examine the Stability of LAS 34273 in
Human and Rat Extrahepatic Subcellular Fractions
B.34273.24
In vitro Study to Examine the Effect of LAS 34273,
LAS 34823 and LAS 34850 on Human Hepatic
Cytochrome P450 Activities
B.34273.N
In vitro Study to Examine the Effect of LAS 34273,
LAS 34823 and LAS 34850 on Human Esterase
Activities
PRD-RPTInvestigation of Potential P-glycoprotein Substrate
EXP-0049
Activity of Aclidinium Bromide (LAS 34273) and its
Metabolites Using Caco-2 Cell Monolayers
PRD-RPTInvestigation of Potential P-glycoprotein Inhibitory
EXP-0050
Activity of Aclidinium Bromide (LAS 34273) and its
Metabolites Using Caco-2 Cell Monolayers
General Toxicology
Repeat Dose Toxicity
(b) (4)
A25896
LAS 34273 micronized: 14-day intravenous (bolus)
&
toxicity study in the Wistar rat & Plasma level
B.34273.37 b
determination and toxicokinetic study
b
T.34273.01
2 Week subchronic oral toxicity study of LAS 34273 in
Sprague Dawley rats
T.34273.02 & 4 Week subchronic oral toxicity study of LAS 34273 in
(b) (4)
34273/00 Sprague Dawley rats & Determination of LAS 34723
013
and two metabolites LAS 34823 and LAS 34850 in rat
plasma samples collected during the toxicity study
referenced T0008: subchronic toxicity study of
LAS 34723 by the oral route in Sprague-Dawley rats for
4 weeks
(b) (4)
845322
LAS 34273: 26-week inhalation toxicology study in rats
& B.34273.18 for mechanistic investigations on previously detected
lung lesions & Determination of LAS 34273 and its two
metabolites, LAS 34823 and LAS 34850, in plasma
(toxicokinetic evaluation), lung samples and bronchoalveolar lavage fluids- Addendum
(b) (4)
848410
LAS 34723 micronized: 26-week subcutaneous toxicity
& B.34273.21 study in the Wistar rat & Plasma level determination
and toxicokinetic study - Addendum
T03/2004 (or
Effects of LAS 34273 Administered Subcutaneously (5
T.34273.05)
or 10 mg/kg/day) for 28 Days to Wistar Rats with
Diurnal Access to Food
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4.2.2.4
4.2.2.4
4.2.2.4
4.2.2.4
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4.2.3.2
4.2.3.2
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4.2.3.2
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848358
& B.34273.19
(b) (4)

FD0411JM
(b) (4)

A26021

&
B.34273.36 b
(b) (4)
758283 b

(b) (4)
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LAS 34273: 26-Week Inhalation Toxicity Study in Rats
with Two Different Batches of Test Item &
Determination of LAS 34273 and its two metabolites,
LAS 34823 and LAS 34850, in plasma (toxicokinetic
evaluation) and lung samples
Effects of LAS 34273, Daily Administered by
Subcutaneous Route, on Intrathoracic Pressure and
ECG in Freely Moving Wistar Rats
LAS 34723: 14-day intravenous (bolus) toxicity study in
the beagle dog & Plasma level determination and
toxicokinetic study
LAS 34273: 2-week oral (capsule) toxicity study in the
dog & Determination of LAS 34273 and its two
metabolites LAS 34823 and LAS 34850 in dog plasma
samples collected during the toxicity study referenced
(b) (4)
project 758283
LAS 34273: 28 day oral (capsule administration)
toxicity study in the dog & toxicokinetic report

655/118 &
(b) (4)
34273/00
010
Genetic Toxicology
(b) (4)
LAS 34273: Measurement of Unscheduled DNA
Synthesis in Rat Liver Using an in Vivo/in Vitro
655/142
Procedure
Reproductive and Developmental Toxicology
(b) (4)
A35381
LAS 34273: Inhalation Study for Effects on Pre- and
Postnatal Development Including Maternal Function in
the Han Wistar Rat
Local Tolerance
(b) (4)
S02305
LAS 34273 Micronized: Primary Skin Irritation Study in
Rabbits (4-Hour Semi-Occlusive Application)
(b) (4)
S02316
LAS 34273 Micronized: Primary Eye Irritation Study in
Rabbits
a
These studies are re-evaluated in the context of NDA review
b
Major findings are incorporated in the summary of each section

4.2.3.2

4.2.1.3
4.2.3.2
4.2.3.2

4.2.3.2

4.2.3.3

4.2.3.5

4.2.3.6
4.2.3.6

The following studies were previously reviewed under IND 68,653 or in a separate
review under NDA 202-450.
Study #
Title
PharmTox
Review Date
Pharmacology
Primary Pharmacology
FL 1/02
Affinity of the compound LAS 34273 for different
2/5/2004 (I)
muscarinic receptors
Fl 10/01
Muscarinic M3 receptor antagonism. Guinea pig
2/5/2004 (I)
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trachea assay
FL 2/02
Effect of LAS 34273 in the bronchospasm induced
by acetylcholine in anaesthetised guinea pigs.
Dose response study
Secondary Pharmacology
FD0001EX, and
Study of three compounds in various receptor
FD0010EX
binding assays
FD0237EX
Binding profile and enzymatic activity of LAS
34283 and LAS 34850 (two main metabolites of
LAS 34273)
FD0218EX
Study of the effects of LAS 34273 and tiotropium
on various enzyme activities
FL 9/01
Muscarinic M3 receptor antagonism. Rabbit iris
assay
Safety Pharmacology
Effects on the cardiovascular system
FD.34273.01
Haemodynamic effects of LAS 34273
administered intravenously in anaesthetised
Beagle dogs
FD.34273.07
Action potential duration in piglet isolated cardiac
Purkinje fibres
FD0124EX
LAS 34273 and tiotropium: in vitro effect on HERG
current (IKr) expressed in Human Embryonic
Kidney (HEK) cells
FD0240EX
LAS 34823 and LAS 34850 (two main metabolites
of LAS 34273) and tiotropium: in vitro effect on
HERG current (IKr) expressed in Human
Embryonic Kidney (HEK) cells
FD0111JG
Comparative tachycardia time-course effects of
LAS 34273 and tiotropium administered
intravenously to conscious beagle dogs
FD0225JG
Comparative effects of LAS 34273 and ipratropium
on the QTc interval of the ECG in anaesthetised
guinea pigs
FD0304JG
Comparative effects of LAS 34273, its main
metabolites, LAS 34823 and LAS 34850,
ipratropium, tiotropium, and tolterodine
intravenously administered on right ventricular
systolic pressure and systemic blood pressure in
anaesthetised closed-chest wistar rats
FD0303JG
Comparative effects in pulmonary artery pressure
of LAS 34273, tiotropium and ipratropium
administered intravenously to anaesthetised
closed-chest pigs
Effects on the central nervous system
FD.34273.02
Study of the acute behavioral toxicity of oral LAS
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2/5/2004 (I)

2/5/2004 (I)
2/5/2004 (I)
2/5/2004 (I)
2/5/2004 (I)

2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)

2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)

2/6/2004 (I)

2/6/2004 (I)
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(b) (4)

34273/00005

(b) (4)

34273/00007

(b) (4)

34273/00011

(b) (4)

34273/00012

B.34273.04
B 34273.15
B.34273.05
B.34273.07
B.34273.09
B.34273.11
B.34273.12
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metabolites LAS 34823 and LAS 34850 in dog
plasma samples collected during the toxicity study
(b) (4)
referenced
project 754312 (8 day inhalation):
Preliminary inhalation (dry powder formulation)
toxicity in the dog
Determination of LAS 34273 and its two
metabolites LAS 34823 and LAS 34850 in rat
plasma samples collected during the toxicity study
(b) (4)
referenced
project 765325: 14-day inhalation
toxicity study in rats
Determination of LAS 34273 and its two
metabolites LAS 34823 and LAS 34850 in dog
plasma samples collected during the toxicity study
(b) (4)
referenced
project 754323: 2-weeks
inhalation (dry powder formulation) toxicity study in
the dog
Determination of LAS 34273 and its two
metabolites LAS 34823 and LAS 34850 in dog
plasma samples collected during the toxicity study
(b) (4)
referenced
project 780388: 4 week inhalation
(dry powder formulation) toxicity study in the dog
Determination of LAS 34273 and its two
metabolites LAS 34823 and LAS 34850 in rat
plasma samples collected during the toxicity study
(b) (4)
referenced
project
780772: 4 week inhalation (dry powder
formulation) toxicity study in rats
LAS 34273: 6-month inhalation toxicity study in
rats. Plasma level determination and toxicokinetic
study
6-month inhalation toxicity in rats. Plasma level
determination and toxicokinetic study
LAS 34273: Inhalation study for effects on
embryo-fetal development in the Han Wistar rats.
Plasma level determination and toxicokinetic study
LAS 34273: 39-week inhalation (dry powder
formulation) toxicity study in the dog.
Plasma level determination and toxicokinetic study
LAS 34273: A 13-week inhalation toxicity study in
the mouse. Plasma level
determination and toxicokinetic study
LAS 34273: Dose range-finding inhalation study in
the non-pregnant rabbit. Plasma level
determination and toxicokinetic study
LAS 34273: Inhalation study for effects on
embryo-fetal development in the Himalayan rabbit.
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2/6/2004 (I)

2/6/2004 (I)

2/6/2004 (I)

2/6/2004 (I)

2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)
2/6/2004 (I)
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(b) (4)

810808
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39 weeks inhalation toxicity in dogs

Genetic Toxicology
in vitro
(b) (4)
(b) (4)
Salmonella typhimurium reverse mutation assay
656100
(Ames test)
(b) (4)
(b) (4)
Cell mutation assay at the thymidine kinase locus
663200
(tk ±) in mouse lymphoma L5178Y cells with
LAS 34273 (Mammalian cell mutation test)
(b) (4)
Bacterial reverse mutation assay with micronized
(b) (4)
AA93FW.503.
LAS 34723 batch no. T003M001
(b) (4)
Bacterial reverse mutation assay with LAS 34723
(b) (4)
AB02VH.503.
batch no. MG-0764-47
(b) (4)
Salmonella plate incorporation mutagenicity assay
(b) (4)
AA93FW.501.
with LAS 34723 batch nos. MG-080563 & U003R1
(b) (4)
Bacterial reverse mutation assay with LAS 34723
(b) (4)
AB02VJ.503.
batch no. MG-0805-50
(b) (4)
In vitro mammalian cell gene mutation test
AA93FW,
(L5178Y/TK+/- Mouse Lymphoma Assay) with
AB02VH, &
LAS 34273 batch nos. MG-0805-63, U003R1, MG(b) (4)
AB02VJ.702.
0764-47, MG-0805-50
(b) (4)
In vitro mammalian cell gene mutation test
(b) (4)
AA93FW.704.
(L5178Y/TK+/- Mouse Lymphoma Assay) with
LAS 34273 batch no. T003M001
in vivo
(b) (4)
(b) (4)
–
Micronucleus assay in bone marrow cell of the
691000
mouse. (Mouse Micronucleus test)
Carcinogenicity
(b) (4)
852075
LAS 34273: 104-Week Oncogenicity Inhalation
Study in Mice
(b) (4)
852076
LAS 34273: 104-Week Oncogenicity Inhalation
Study in Rats
Reproductive and Developmental Toxicology
(b) (4)
826626
Dose range finding inhalation study on embryofetal development in Han Wistar Rat – noted in
full study review
(b) (4)
838765
Dose range finding inhalation study for effects on
embryo-fetal development in Himalayan rabbit
– noted in full study review
(b) (4)
826637
Inhalation study for effect on embryo-fetal
development in Han Wistar rat
(b) (4)
838776
Inhalation Study for Effects on Embryo-Fetal
Development in Himalayan rabbit
(b) (4)
854462
LAS 34273: Dose Range-Finding Inhalation Study
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6/2/2005 (I)
6/2/2005 (I)
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2/6/2004 (I)
12/5/2011 (N)
12/5/2011 (N)
2/6/2004 (I)
2/6/2004 (I)
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for Effects on Embryo-Fetal Development in the
Himalayan Rabbit
(b) (4)
854462
LAS 34273 (Dry Powder Formulation): Dose
Range-Finding Inhalation Study for Effects on
Embryo-Fetal Development in the Himalayan
Rabbit. Plasma Level Determination and
Toxicokinetic Study
(b) (4)
A10934
LAS 34273: Inhalation Study of Fertility and Early
Embryonic Development to Implantation in the
Rat
(b) (4)
A17098
LAS 34273: Dose-Range Finding Oral study for
Effects on Embryo-Fetal Development in the
Himalayan Rabbit – noted in full study review
(b) (4)
A19056
LAS 34273: Oral study for Effects on EmbryoFetal Development in the Himalayan Rabbit
Special Toxicology Studies
(b) (4)
Report No.
Assessment of the Possible Sensitising Effect of
FD0312JL
LAS 34273 Administered Chronically by
Inhalation in Rats
(b) (4)
Report No.
Assessment of the Possible Sensitising Effect of
FD0405JL
LAS 34273 Administered by Inhalation
to Guinea Pigs
(b) (4)
855049
LAS 34273 Micronized: Local Lymph Node Assay
(LLNA) in Mice (Identification of Contact
Allergens)
Other Toxicity Studies
Impurities
(b) (4)
(b) (4)
Bacterial reverse mutation assay with
(b) (4)
AB02VE.503.
(b) (4)
(b) (4)
Bacterial reverse mutation assay with
(b) (4)
AB02VF.503.
(b) (4)
(b) (4)
Bacterial reverse mutation assay with
(b) (4)
AB02VG.503.
(b) (4)
8225349 LAS 187806: Reverse Mutation in Five HistidineRequiring Strains of Salmonella typhimurium
(b) (4)
8225350 LAS 188998: Reverse Mutation in Five HistidineRequiring Strains of Salmonella typhimurium
(I) = IND 68,653; (N) = NDA 202-450

3.2

6/2/2005 (I)

9/28/2006 (I)
9/28/2006 (I)
9/28/2006 (I)
6/2/2005 (I)
6/2/2005 (I)
6/2/2005 (I)

6/2/2005 (I)
6/2/2005 (I)
6/2/2005 (I)
3/13/2012 (N)
3/13/2012 (N)

Studies Not Reviewed

The rest of the submitted studies were not reviewed because 1) they were not relevant
for the safety evaluation of this application, 2) similar or more complete studies were
available for review or had previously been reviewed, or 3) they do not provide pivotal
information in the nonclinical safety evaluation of the application.
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Previous Reviews Referenced

Appendix 1: PharmTox Review 1 of IND 68,653 dated February 6, 2004
Appendix 2: PharmTox Review 2 of IND 68,653 dated March 19, 2004 (including Mouse
and Rat SPA)
Appendix 3: PharmTox Review 3 of IND 68,653 dated April 14, 2004
Appendix 4: PharmTox Review 2 (Addendum) of IND 68,653 dated May 10, 2004
Appendix 5: PharmTox Review 4 of IND 68,653 dated June 10, 2004
Appendix 6: PharmTox Review 5 of IND 68,653 dated June 2, 2005
Appendix 7: PharmTox Review of IND 68,653 dated September 28, 2006

4

Pharmacology

4.1

Primary Pharmacology

See PharmTox reviews of IND 68,653 dated February 6, 2004. See below for summary
of pharmacology studies and additional pharmacology studies evaluated within this
review.
Aclidinium bromide showed affinities for all five human receptors with affinity values of
0.09, 0.1, 0.12, 0.25 and 0.24 nM for muscarinic M1, M2, M3, M4 and M5 receptors,
respectively (Table 2). Dissociation rates of LAS 34273 from human M2 and M3
receptor subtypes were faster than tiotropium [~2-fold], but slower than ipratropium
[~40- and 90-fold for M2 and M3, respectively]. Half-lives of LAS 34273 for the M3
receptors were 29 hours, which dissociates faster from M1 and M2 receptors than from
M3. The 3H-LAS 34273 M3/M2 and M3/M1 kinetic ratios were 6 and 4, respectively.
Table 2 Affinity values measured as Ki (inhibition constant) for human M1, M2, M3, M4
and M5 receptors with a 2-hr incubation time. Results are shown as the mean ± SEM of
(b) (4)
(b) (4)
2 or 3 different assays. [values taken directly from Study Nos.
L0701 and
L0824]
Aclidinium
bromide
(LAS 23473)
Tiotropium
bromide
Ipratropium

M1 (nM)
0.09 ± 0.002

M2 (nM)
0.1 ± 0.002

M3 (nM)
0.12 ± 0.002

M4 (nM)
0.25 ± 0.02

M5 (nM)
0.24 ± 0.02

0.13 ± 0

0.09 ± 0.004

0.14 ± 0.003

0.38 ± 0.06

0.93 ± 0.12

1.29 ± 2.11

1.01 ± 0.092

1.25 ± 0.11

2.11 ± 0.03

3.77 ± 0.15

The anti-muscarinic activity of LAS 34273 was assessed in several in vitro and in vivo
models. In super-perfused electrically-stimulated preparation of guinea pig and human
trachea, the potency of inhibitory effects of LAS 34273 on acetylcholine (ACh)-induced
contraction was comparable to other approved muscarinic antagonist compounds,
tiotropium bromide and ipratropium bromide. The long-acting duration of antimuscarinic
action of LAS 34273 was demonstrated in isolated guinea pig trachea with a T1/2 offset
value of >8 h and in isolated human bronchus with a T1/2 offset value of 334 min.
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The inhibitory effect of LAS 34273 on Ach-induced bronchoconstriction was also
examined in in vivo studies. In anaesthetized guinea pigs, inhaled doses of LAS 34273
inhibited ACh-induced bronchoconstriction in a concentration-response manner with the
maximum activity observed at 2 hr, and the duration of action (measured as time to
decrease 50% maximal effect of submaximal doses for 1 h [T1/2]) was 29 h, which was
longer than ipratropium (T1/2= 8h), and shorter than tiotropium (T1/2= 64h). The onset of
action of LAS 34273 was similar to that of ipratropium (30 min), but faster than
tiotropium (80 min). However, LAS 34273 was 2- and 3-fold less potent than tiotropium
and ipratropium, respectively, in anaesthetized guinea pigs. The inhibitory effect of
LAS 34273 on Ach-induced bronchospasm was also observed in anaesthetized dogs
administered an aerosol of LAS 34273.
In in vitro binding displacement study for determining the affinity of two metabolites,
LAS 34823 and LAS 34850, for human M1, M2, M3, M4 and M5 receptors, either
LAS34823 or LAS34850 at a concentration of 10 μM did not block or minimally blocked
these muscarinic receptors. The affinity of LAS 35040, (S)-enantiomer of aclidinium
bromide, for human M1, M2 and M3 receptors was also assessed in comparison with
LAS 34273. LAS 35040 had affinities of 45.5 nM, 16 nM and 154.8 nM for M1, M2 and
M3 receptors, respectively, showing an affinity ratio (IC50 LAS 35040 / IC50 LAS 34273)
of 325, 94 and 910 times for M1, M2 and M3, respectively, indicating that LAS 35040
was less potent than LAS 34723. In an in vivo study in guinea pigs inhaled LAS 35040
or LAS 34273 using aerosols up to 1000 μg/ml, LAS 35040 reached a maximal effect of
37% inhibition on Ach-induced bronchoconstriction at 1000 μg/ml, and the EC50 could
not be assessed under the test condition. In comparison, LAS34273 inhibited the ACh–
induced bronchoconstriction with an EC50 of 2.9 μg/ml and a maximal effect of 96% at
100 μg/ml.

Title: LAS 34273. Human Muscarinc Receptor Studies: Affinity and Binding
(b) (4)
Kinetic Profile [Study No.
L0701]
Methods: To determine affinity and dissociation time to human muscarinic receptors of
LAS 34273 in comparison with tiotropium and ipratropium, experiments were carried out
with membranes from CHO cells expressing human muscarinic receptors M1, M2, M3
or M4. For determination of Ki (inhibition constant) values of test compounds for M1-M4
subtypes, 1-[N-methyl-3H] scopolamine methyl chloride ([3H]-NMS) as a radioligand and
test compounds were incubated with membranes expressing M1, M2, M3 or M4
receptors for 2 hours, and then bound and free [3H]-NMS were separated, and
radioactivity were quantified using a Microbeta microplate scintillation counter. In
addition, the dissociation of test compounds from M3 and M2 receptors was estimated
indirectly by measuring the association rate of [3H]-NMS. Membranes expressing
human M2 or M3 receptors were preincubated with test compounds for 4 hours and
then [3H]-NMS were added. Specific [3H]-NMS binding association was measured at
different time intervals.
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Results: LAS 34273 showed a subnanomolar affinity for human muscarinic receptors,
with being equipotent for M1, M2 and M3 and slightly less potent for M4 (Table 3).
LAS 34273 showed similar affinity to tiotropium and 10 times higher than ipratropium
(Table 3). Dissociation rates of LAS 34273 from human M2 and M3 receptor subtypes
were faster than tiotropium [~2-fold], but slower than ipratropium [43- and 93-fold for M2
and M3, respectively] (Table 4).
Table 3 Affinity values measured as Ki for human M1, M2, M3 and M4 receptors.
Results are shown as the mean ± SEM of 2 different assays. [taken directly from the
study report]

Table 4 Kinetic parameters of LAS 34273, tiotropium and ipratropium for human M2 and
M3 receptors. Results are shown as the mean ± SEM of 3 different assays. [taken
directly from the study report]

Title: LAS 34273 (Aclidinium Bromide) Affinity to Human Muscarinic Receptor M5
(b) (4)
[Study No.
L0824]
Methods: To determine affinity to human muscarinic receptor M5 of LAS 34273 in
comparison with tiotropium and ipratropium, 1-[N-methyl-3H] scopolamine methyl
chloride ([3H]-NMS) as a radioligand and test compounds were incubated with
membranes obtained from CHO cells expressing human muscarinic receptor M5 for 2, 4
or 6 hours, and then bound and free [3H]-NMS were separated, and radioactivity were
quantified.
Results: LAS 34273 has a subnanomolar affinity for M5 receptors, and it is similar to
tiotropium and up to 30 times higher than ipratropium (Table 5).
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Table 5 Affinity values measured as Ki (nM) for human M5 receptor. Results are shown
as the mean ± SEM of 3 different assays. [taken directly from the study report]

Title: LAS 34273 (Aclidinium Bromide) Affinity to Human M2 and M3 Muscarinic
(b) (4)
Receptors at Equilibrium [Study No.
L0708]
Methods: To determine the affinity as a function of time of LAS 34273 to muscarinic
receptors in comparison with ipratropium bromide and tiotropium bromide, 1-[N-methyl
3
H]-scopolamine methyl chloride ([3H]-NMS) was used in radioligand displacement
assays using membranes from CHO-K1 cells expressing human muscarinic receptor
M2 or M3. All assays were incubated in polypropylene 96 deep well plates with the
membrane solution at a final assay concentration of 25 μg/ml (5 μg/well and 10 μg/well
for M2 and M3, respectively) and a mix of unlabelled test compounds and [3H]-NMS
used at a final concentration of 1 nM. Experiments were conducted at different time
intervals (from 0.5 to 120 min and from 1.5 min to 25 hr for M2 and M3 receptors,
respectively) to measure the amount of [3H]-NMS-bound to receptor.
Results: The affinities of LAS 34273 (measured as IC50) to M2 and M3 receptors were
roughly equivalent. Its affinity values were equivalent to those of tiotropium, but
approximately 10-fold higher than those of ipratropium (Figure 1 and Table 6). Affinities
varied with the incubation time, being higher at earlier times and converging to a
constant value as incubation time was extended (Figure 1). Ipratropium reached
equilibrium faster than the other test compounds, with aclidinium taking approximately
half the time required by tiotropium (Table 6).
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Figure 1 Variation of IC50 with time for aclidinium, ipratropium and tiotropium at (a)
human M2 receptor (b) human M3 receptor. Results are shown as the mean ± SEM of 3
independent assays [taken directly from the study report]
Table 6 Affinity values at equilibrium. Results are shown as the mean ± SEM of 3
different assays. [taken directly from the study report]

Title: 3H-Aclidinium: Affinity and Kinetic Studies in Human Muscarinic Receptors
(b) (4)
M1, M2 and M3 [Study No.
L0709]
Methods: To determine the affinity at equilibrium and the kinetic constants (Kon and
Koff) for M1, M2 and M3 human muscarinic receptors of 3H-aclidinium in comparison
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with 3H-N-methyl-scopolamine ([3H]-NMS), 3H-ipratropium and 3H-tiotropium, assays
were conducted with membranes obtained from CHO-K1 cells expressing human
muscarinic receptors, M1, M2 or M3. Radioligand binding experiments were conducted
by adding the membrane solution (200 μl) to a mix of radioligand (2 μl) with or without
atropine (2 μl). Non-specific binding (NSB) was measured in the presence of 10 μM
atropine. Specifically, saturation binding using a range of concentrations, association
assays conducted at different time intervals and at three radioligand concentrations and
dissociation kinetic experiments were performed. For the dissociation kinetic
experiments, after incubating radioligand concentration, dissociation was initiated by
addition of 2 μl of atropine to obtain a final assay concentration of 10 μM. Dissociation
of radioligand was monitored by taking samples at different times.
Results: Affinity values as measured by Kd are presented in Table 7 and dissociation
values as measured by Koff are presented in Table 8. Half-lives for the M3 receptors
were 29.24, 0.466, 2.516 and 62.193 hours for 3H-aclidinium, 3H-ipratropium, 3H-NMS
and 3H-tiotropium, respectively (Table 9). All test compounds dissociate faster from M1
and M2 receptors than from M3. The 3H-aclidinium M3/M2 and M3/M1 kinetic ratios
were 6.3 and 4.2 respectively.
Table 7 Radiolabeled muscarinic antagonists affinities measured as Kd and Bmax.
Results are shown as the mean ± SEM of 3 different assays. [taken directly from the
study report]

Table 8 Radiolabeled muscarinic antagonists dissociation from muscarinic receptors
measured as Koff. Results are shown as the mean ± SEM of 3 different assays. [taken
directly from the study report]

30
Reference ID: 3102539

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

Table 9 Radiolabeled muscarinic antagonists dissociation from muscarinic receptors
measured as half-life. Results are shown as the mean ± SEM of 3 different assays.
[taken directly from the study report]

Title: 3H-Aclidinium: Affinity and Kinetic Studies in Human Muscarinic Receptors
(b) (4)
M5 [Study No.
L0830]
Methods: To determine the affinity and binding kinetic dissociation profile of 3Haclidinium bromide for human M5 muscarinic receptor in comparison with 3Hipratropium bromide and 3H-tiotropium bromide, assays were conducted with
membranes obtained from CHO-K1 cells expressing human muscarinic receptor M5.
Radioligand binding and the dissociation kinetic experiments were conducted in a
(b) (4)
similar way as described in Study No.
L0709.
Results: 3H-Aclidinium has subnanomolar affinity for M5 receptor, comparable with 3Htiotropium and approximately 6-fold higher than 3H-ipratropium (Table 10). 3HAclidinium dissociates faster than 3H-tiotropium, but more slowly than 3H-ipratropium.
Half-lives obtained for the M5 receptors were 11.76, 0.792 and 55.27 hrs for 3Haclidinium, 3H-ipratropium and 3H-tiotropium, respectively (Table 11).
Table 10 Radiolabeled muscarinic antagonists affinities measured as Kd and Bmax.
Results are shown as the mean ± SEM of 3 different assays [taken directly from the
study report]
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Table 11 Radiolabeled muscarinic antagonists dissociation from muscarinic M5
receptor measured as Koff and half-life. Results are shown as the mean ± SEM of 3
different assays. [taken directly from the study report]

Title: LAS35040: Affinity for Human Muscarinic Receptors M1, M2 and M3 [Study
(b) (4)
No.
L0904]
Methods: To determine the affinity of LAS35040, which is (S)-enantiomer of aclidinium
bromide, for M1, M2 and M3 muscarinic receptors in comparison with aclidinium
(LAS 34273), 1-[N-methyl 3H]-scopolamine methyl chloride ([3H]-NMS) was used in
radioligand displacement assays using membranes from CHO-K1 cells expressing
human muscarinic receptor M2 or M3. Assays were incubated with the membrane
solution and a mix of unlabelled test compound and [3H]-NMS. Non-specific binding
was measured in the presence of 1 μM atropine. Bound and free radioligands were
separated, and radioactivity was quantified.
Results: LAS35040 has affinities of 45.5 nM, 16 nM and 154.8 nM for M1, M2 and M3,
respectively. LAS35040 is less potent than LAS 34273 in all the receptors tested
showing an affinity ratio (IC50 LAS35040 / IC50 LAS 34273) of 325, 94 and 910 times for
M1, M2 and M3, respectively (Table 12).
Table 12 Affinity values of LAS35040 and aclidinium (LAS 34273) measured as IC50 for
human M1, M2 and M3 receptors. Results are shown as the mean ± SEM of 2 or 3
different assays. [taken directly from the study report]

Title: LAS 34823 and LAS 34850 (Aclidinium Hydrolysis Metabolites): Affinity for
(b) (4)
Human Muscarinic M1, M2, M3, M4 and M5 Receptors [Study No.
L0823]
Methods: To determine the affinity of two major metabolites LAS 34823 and LAS 34850
for M1, M2, M3, M4 and M5 muscarinic receptors, 1-[N-methyl 3H]-scopolamine methyl
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chloride ([3H]-NMS) was used in radioligand displacement assays using membranes
from CHO cells expressing human muscarinic receptor M1, M2, M3, M4 or M5. Assays
were incubated with the membrane solution and a mix of unlabelled LAS 34823 or
LAS 34850 and [3H]-NMS. Non-specific binding was measured in the presence of 1 μM
atropine. Bound and free radioligands were separated, and radioactivity was quantified.
Results: Both LAS34823 or LAS34850 at a concentration of 10 μM did not block or
minimally blocked (10% or less) the specific binding of [3H]-NMS to the human
muscarinic receptors M1, M2, M3, M4 and M5 (Table 13).
Table 13 Affinity of LAS 34823 and LAS 34850 for human M1- M5 receptors. Results
are shown as the mean ± SEM of 3 different assays [taken directly from the study
report]

Title: Pharmacological Profile of Muscarinic Receptor Antagonists in the
(b) (4)
Electrically-Stimulated Guinea-Pig Trachea [Study No.
L0711]
Methods: To determine the potency and the duration of action of LAS 34273 in
cholinergic contraction evoked by electrical field stimulation (EFS) and to compare its
activity with that of tiotropium and ipratropium, isolated tracheas from male Dunkin
Hartley guinea pigs were used in the study. The relaxant potency of test compounds
was measured as the concentration required to induce a 50% inhibition of the EFSinduced contraction (EC50), which was calculated from the cumulative concentrationresponse curves. In addition, tracheal strip preparations were incubated in the presence
of a dose of test compounds yielding a sub-maximal relaxation of 80-90% with 45 min of
incubation. The duration of action of LAS 34273, which was determined as the time
from the end of an EC50 of drug administration to achievement of 50% of relaxation
recovery (T50 offset), was calculated using non-linear regression analysis of the time
course of recovery of contraction.
Results: The potency of LAS 34273 (EC50=5.3) was comparable to that of ipratropium
(EC50= 3.0) and tiotropium (EC50= 3.0; Table 14). The duration of action of LAS 34273
was comparable to tiotropium with a T50 offset value of >8h, unlike ipratropium (T50= 31
min; Table 15).
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Table 14 In vitro potency of test compounds on the relaxation of electrically stimulated
guinea-pig tracheal strips, each value representing the mean ± SEM [taken directly from
the study report]

Table 15 In vitro on set (T50 onset) and duration of action of test compounds inhibiting
the EFS-induced contraction in guinea-pig tracheal strips, each value representing the
mean ± SEM (n=6-13 preparations) [taken directly from the study report]

Title: Relaxant Effects of Long-Acting Muscarinic Receptor Antagonists (LAMA)
(b) (4)
in Human Isolated Airways [Study No.
L0706]
Methods: To determine relaxant effects of muscarinic antagonists in human airways,
human isolated bronchial rings were first contracted with acetylcholine (ACh) and then
concentration-response curves to Ach were generated using different concentrations of
test compounds. In addition, onset and offset of test compounds were also estimated
on superfused electrically-stimulated preparation of human bronchus.
Results: LAS 34273 showed similar potency values to tiotropium and ipratropium on
relaxant effects on ACh-induced contraction (Table 16-17). The rate of onset of the
inhibitory action of LAS 34273 on contraction induced by electrical stimulation is similar
to that of ipratropium and faster than that of tiotropium (Table 18). The rate of recovery
of the inhibitory action of LAS 34273 after washout is significantly slower than that of
ipratropium (Table 18).
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Table 16 Potency of test compounds against acetylcholine-induced contractions in
human isolated trachea [taken directly from the study report]

Table 17 Potency of test compounds as inhibitors of the constrictor responses induced
by electrical field stimulation of human isolated bronchus. The potency values are
expressed as pIC50 values. [taken directly from the study report]

Table 18 Effects of test compounds in experiments to assess the rate and extent of
inhibition and recovery of the contraction of electrically-stimulated human isolated
bronchus. [taken directly from the study report]
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Title: Comparative Study to Assess the Potency and Duration of Action of Inhaled
LAS 34273, Tiotropium Bromide and Ipratropium Bromide in Acetylcholine(b) (4)
Induced Bronchoconstriction in Guinea Pigs [Study No.
L0705]
Male Dunkin-Hartley guinea-pigs were administered vehicle or test
Methods:
compounds by inhalation at different concentrations (0.1-1000 μg/ml, 1-3000 μg/ml and
0.1-300 μg/ml for LAS 34273, ipratropium and tiotropium, respectively). The antibronchonstrictory activity of test compounds was assessed at different times postdose
(1, 2, 4, 18, 24 and 48 h with some additional time points specific for each compound).
Animals were anesthetized and trachea was cannulated for recording of airway
resistance and dynamic compliance to monitor airflow. A tube was inserted into the
esophagus to measure transpulmonary pressure. Carotid artery and jugular vein were
cannulated for blood pressure monitoring and administration of Ach, respectively. The
bronchoconstrictory response induced by ACh was used to calculate the inhibitory effect
of each treated group.
Results: LAS 34273 inhibited ACh-induced bronchoconstriction in a concentrationresponse manner, with an EC50 of 2.5 μg/ml at the maximum activity observed at 2h.
Tiotropium and ipratropium showed similar potency to LAS 34273. At the highest
concentration studied, the duration of action (measured as time to decrease 50%
maximal effect of submaximal doses for 1 h) of LAS 34273 (T1/2= 29h) was longer than
ipratropium (T1/2= 8h), and shorter than tiotropium (T1/2= 64h).
Table 19 EC50 values (μg/ml) of LAS 34273, tiotropium and ipratropium at different
times, based on inhibition effect of pulmonary resistance response in an Ach-induced
bronchoconstriction [taken directly from the study report]
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Table 20 Estimation of time needed to reach 50% of the maximum effect for a specific
dose of LAS 34273 (100 μg/ml), tiotropium (10 μg/ml) and ipratropium (30 μg/ml)
against Ach-induced bronchoconstriction in guinea-pigs [taken directly from the study
report]

(b) (4)

Title: Study to Assess the Potency of Inhaled
in Acetylcholine-Induced
Bronchoconstriction in Guinea Pigs, in Comparison with LAS 34273 [Study No.
(b) (4)
L0805]
]
Methods: To determine the potency of
in acetylcholine (ACh)-induced bronchoconstriction, male Dunkin-Hartley guinea pigs
(b) (4)
were administered vehicle or
(100-1000 μg/ml) by inhalation and
bronchoconstriction was induced by intravenous ACh at 4 hr after exposure to
(b) (4)
(b) (4)
The anti-bronchonstrictory activity of
was assessed by a similar
(b) (4)
procedure described in Study No.
L0705.
(b) (4)

Results:
reached a maximal effect of 37% inhibition at 1000 μg/ml, and EC50
could not be assessed under the test condition. LAS 34273, by contrast, inhibited the
ACh–induced bronchoconstriction in a concentration response manner, with an EC50 of
(b) (4)
2.9 μg/ml and a maximal effect of 96% at 100 μg/ml (data from report
L0705).
(b) (4)

Title: Comparative Effects of Aclidinium vs. Tiotropium on the AcetylcholineInduced Bronchoconstriction and in Heart Rate in Beagle Dogs [Study No.
(b) (4)
L0710]
Methods: Male beagle dogs were anaesthetized and mechanically ventilated with room
air. Responses of the bronchial musculature were measured by means of a
pneumotachograph.
Bronchospasm was induced by an intravenous dose of
acetylcholine (ACh) and then dogs were administered aerosolized test compounds (5 or
0.25 μg/kg of aclidinium and tiotropium, respectively) by inhalation. Pulmonary
resistance and heart rate was continuously acquired and analyzed.
Results: Aclidinium and tiotropium showed similar inhibitory effects on ACh-induced
bronchospasm in dogs (Table 21). Aclidinium produced a maximum increase in heart
rate of 55% at 1 hr postdose, while tiotropium produced a maximum of 99% at 2 hrs
postdose (Table 22).
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Table 21 Inhibitory effects of aclidinium and tiotropium on acetylcholine-induced
bronchospasm in anaesthetised dogs at different time course. Aclidinium and
tiotropium were administered by aerosol. [taken directly from the study report]

Table 22 Time course effects of aclidinium and tiotropium on heart rate in Beagle dogs
[taken directly from the study report]

38
Reference ID: 3102539

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

Title: LAS 34273: Muscarinic M3 Receptor Antagonist. Acetylcholine-Induced
Bronchoconstriction in anesthetised Guinea-Pig: Potency and Onset of Action
(b) (4)
[Study No.
L0704]
Methods: Male guinea pigs were anaesthetized and mechanically ventilated with room
air. Maximal bronchoconstriction was induced by repeated intravenous dose of
acetylcholine (ACh). After 5 min of last Ach dose, guinea pigs were administered test
compounds by inhalation. The concentration range was 0.1-1 mg/ml for LAS 34273 and
0.03-0.3 mg/ml for ipratropium and tiotropium. After treatment with test compounds,
Ach doses were given at 5, 10, 20, 30, 40, 60, 80, 100 and 120 min and the antibronchoconstrictory effect of test compounds was calculated as a percentage of
inhibition of the basal response.
Results: The onset of action of LAS 34273 on ACh-induced bronchoconstriction was
similar to that of ipratropium (30 min), but faster than tiotropium (80 min). EC50 of
LAS 34273, tioptropium, and ipratropium were 140, 68 and 45 μg/ml, respectively.
LAS 34273 was 2- and 3-fold less potent than tiotropium and ipratropium, respectively.
The inhibitory peak effect of LAS 34273, tioptropium, and ipratropium at the highest
concentration tested was 88, 94 and 83%, respectively.

4.2

Secondary Pharmacology

See below for summary and secondary pharmacology studies evaluated within this
review.
In a study of the effects of LAS 34273 on various enzyme activities, the results showed
that most enzyme activities were inhibited by less than 10% inhibition, and a few
enzyme activities were inhibited by 10-26% at 10 μM of LAS 34273. However, in
radioligand binding assays, inhibitory effects of LAS 34273 and its metabolites on
various receptors were examined using 10 μM. Beside M receptors, the inhibitory
effects were observed on the following receptors: α1, NE uptake, H1, NK1, NK2, opiate,
5-HT, σ with 43-98% inhibition by LAS 34273; α1, B1, ETB, kainate, σ and choline
transporter with 22-68% inhibition by LAS 34823; and kainate, V2 and choline
transporter with 19-33% by LAS 34850.
In electrically-stimulated preparation of guinea pig left atria, the potency of positive
inotropic effect of LAS 34273 on Ach-induced muscular relaxation was comparable to
ipratropium, and slightly lower than that of tiotropium, and the duration of action of
LAS 34273 (T1/2 = 102 min) was longer than ipratropium (T1/2 = 4 min) but shorter than
tiotropium (T1/2 = 184 min). In addition, LAS 34273 showed its ability to protect against
Ach-induced contraction of the carbachol-induced contraction of rabbit iris smooth
muscle in an in vitro system.
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Table 23 Effects of the test compounds on the specific radioligand binding to the
receptors examined and IC50 values for the reference compounds [taken directly from
the study report]
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Title: Study of FD-27 in Various Receptor Binding Assays [Study No. 805002 (or
FD0010EX)]
Methods: The affinity of FD-27 (LAS 34273) for 8 receptors was assessed by
radioligand binding assays. FD-27 (LAS 34273) was tested in each assay at 0.1, 1 and
10 μM in duplicate, along with the respective reference compound using at a minimum
of 8 concentrations in duplicate.
Results: FD-27 (LAS 34273) at 10 μM exerted inhibitory effects on receptors with 2196% inhibition as listed in Table 24.
Table 24 Effects of FD-27 (LAS 34273) on the specific radioligand binding to the
receptors examined and IC50 values for the reference compounds [taken directly from
the study report]

Title: In Vitro Pharmacology-Study of FD-73 and FD-74 [Study No. 805033 (or
FD0237EX)]
Methods: The affinity of LAS34273 metabolites, FD-73 (LAS 34823) and FD-74
(LAS 34850), for 68 receptors was assessed by radioligand binding assays. The test
compounds were tested in each assay at 10 μM in duplicate, along with the respective
reference compounds using a series of concentrations in duplicate.
Results: Among the binding assays conducted, there was 51% and 19% inhibition of M
receptors at 10 μM of FD-73 (LAS 34823) and FD-74 (LAS 34850), respectively, and
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68% inhibition of σ receptors at 10 μM of FD-73 (LAS 34823).
inhibitory effects of the test compounds are listed in Table 25.

See some other

Table 25 Effects of the test compounds on the specific radioligand binding to the
receptors examined
Receptor

α1 (non-selective)
B1
ETB
Kainate
M (non-selective)
σ (non-selective)
V2
Choline transporter
“-“ = minimal % inhibition

% Inhibition of Control Specific
Binding
FD-73
FD-74
(LAS 34823)
(LAS 34850)
26
22
25
22
33
51
19
68
25
31
19

Title: Pharmacological Profile of Muscarinic Receptor Antagonists in the
(b) (4)
Electrically-Stimulated Guinea-Pig Left Atria [Study No.
L0820]
Methods: The positive inotropic effect of LAS 34273 was examined by determining
potency and duration of action of LAS 34273 on inhibiting the negative inotropic effect of
carbachol in electrically stimulated atria in comparison with tiotropium and ipratropium.
Isolated left atria from male Dunkin-Hartley guinea pig were electrically stimulated,
carbachol (carbamylcholine chloride) was added to induce a negative inotropic effect,
and then test compounds (0.01-1000 nM) were added to inhibit the negative inotropic
effect of carbachol. Inhibitory effects of test compounds on carbachol-induced
relaxation were measured as an EC50. The duration of action of test compounds was
measured as a half-life (the time from the end of antagonist effect [before carbachol
washes] to achieve 50% recovery of the maximal relaxant effect of carbachol).
Results: The potency of LAS 34273 (EC50=17.4 nM) was comparable to that of
ipratropium (EC50=19.9 nM), but slightly lower than that of tiotropium (EC50= 11.8 nM).
The duration of action of LAS 34273 (T1/2 = 102 min) was longer than ipratropium (T1/2 =
4 min) but shorter than tiotropium (T1/2 = 184 min).

4.3

Safety Pharmacology

See PharmTox reviews of IND 68,653 dated February 6, 2004. See below for summary
and additional safety pharmacology studies evaluated within this review.
A battery of safety pharmacology studies were conducted with aclidinium bromide that
included assessments of neurological, cardiovascular, and respiratory effects.
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Neurological effects - In mice that received LAS 34273 at oral doses of 30, 100 and
300 mg/kg to assess neurological effects of aclidinium bromide, a slightly decreased
bite induction was observed at all doses, and mydriasis was observed in one animal of
the 100 mg/kg dose group. In an acute toxicity study in mice administered LAS 34273 at
oral doses of 500, 1000 and 2000 mg/kg, palpebral ptosis, abnormal quietness,
abnormal posture, clonic convulsions, dyspnea, and/or mydriasis were observed.
Mydriasis was observed in rats at oral single doses of 500-2000 mg/kg in a single dose
study and rats at lower repeated doses in short-term and chronic studies using different
routes of administration, including inhalation. Isolated incidences of restlessness,
decreased activity, tremor, collapse, and/or sporadic buckling of the hindlimbs were also
observed in dogs with relatively high doses in the repeat dose studies using oral,
intravenous and inhalation studies. Decreased tear production was also seen in some
of these studies.
Cardiovascular effects - In an in vitro hERG assay in transfected HEK293 cells,
LAS 34273 produced a dose-related inhibition of hERG channel with an IC50 value of
19.7 μM, and the alcohol metabolite LAS 34823 also caused similar, but lesser effects
on hERG channel in HEK cells. A significant decrease in action potential amplitude and
maximum upstroke velocity in guinea pig purkinje fibers treated with 3 and 10 μM of
LAS 34273 suggested potential sodium channel blockage. The two main metabolites,
LAS 34823 and LAS 34850, also caused similar effects of lower magnitude in guinea
pig purkinje fibers. In inhalation studies in dogs given LAS 34273, an increase in heart
rate (usually 20-50%) and associated slight decreases in PQ/QT intervals and/or slightly
increased P wave amplitude were observed when the measurements were taken at
different days throughout the studies. The changes were attributed to increased heart
rate. The changes in heart rates and ECG parameters were observed at 2 hours after
the exposure to the drug, but were usually reversed by 24 hours postdose. Similar
effects were noted in the conscious dogs when LAS 34273 was given by different routes
of administration (e.g., iv and sc). It should be noted that dogs are potentially more
sensitive to cardiovascular effects induced by anti-cholinergic drugs, compared to other
laboratory animals.
Pulmonary effects – LAS 34273 did not alter pulmonary resistance, tidal volume, and
respiratory rate evaluated by whole body plethysmography up to 4 hours in conscious
male guinea pigs at an inhaled dose of 1 mg/kg. LAS 34273 also did not significantly
alter mucociliary transport in an in vitro study using isolated piglet trachea or in vivo
study using anesthetised guinea pigs that received an intravenous dose of LAS 34723.
Renal/urinary effects - LAS 34723 did not alter renal function in male rats at
subcutaneous doses up to 1000 μg/kg, female guinea pigs at intracheal doses up to
100 μg/kg, and anaesthetized male dogs at an intravenous dose of 1000 μg/kg.
Salivary gland effects - LAS 34273 showed a dose-responsive inhibitory effect on
pilocarpine-induced salivation in male mice at inhalational doses of 10-3000 μg/ml and
male rats at subcutaneous doses of 0.1-1000 μg/kg.
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Gastrointestinal effects - LAS 34273 produced a dose-dependent decrease in fecal
output in male rats at subcutaneous doses of 10, 100 and 1000 μg/kg. However,
LAS 34273 did not alter colonic contractility in male guinea pigs at subcutaneous doses
up to 1000 μg/kg.
Effects on the Cardiovascular System
Title: Comparative Effects of LAS 34273, LAS 34823, LAS 34850 and Tiotropium
on Action Potential Parameters from Piglet Isolated Heart Purkinje Fibre [Study
No. FD.34273.07; GLP]
Methods: The effects of LAS 34273, its metabolites LAS 34823 and LAS 34850, and
tiotropium on female piglet heart Purkinje fibres action potential at concentrations of 0.1,
0.3, 1.0, 3.0 and 10.0 μM was determined. Each preparation was stimulated at a
supramaximal voltage with a cycle length of 1000 ms and 1 ms duration. Increasing
concentrations (0.1- 10 μM) of LAS 34273, LAS 34823, LAS 34850 or tiotropium were
superfused following a 30-min period at a constant rate of 7 ml/min. The diastolic
membrane potential (DMP), amplitude (AMP), maximum rate of depolarization (MRD)
and action potential duration at 30, 60 and 90% repolarisation (APD30, APD60 and
APD90) were recorded.
Results: LAS 34373 up to 10 μM did not produce relevant effects on DMP, APD30, and
APD90, however, there was a statistically significant decrease in AMP and APD60 at
10 μM. A concentration-dependent, statistically significant decrease in MRD was
observed at 3 and 10 μM.
LAS 34823 had a tendency to increase APD60 and APD90, but there were no significant
changes at the concentration-range assayed.
LAS 34850 at the concentration-range assayed, showed statistical significant decrease
in MRD at 10 μM. The other parameters were not affected.
Tiotropium did not show any significant difference on the examined parameters.
Title: Effects of LAS 34273 and Ipratropium Administered Intravenously on
Haemodynamic Parameters including Blood Pressure, Heart Rate and ECG in
Conscious Telemetered Beagle Dogs [Study No. FD.34273.05; GLP]
Methods: Four telemetered beagle dogs were intravenously administered with vehicle,
LAS 34273 (100 μg/kg) and ipratropium (100 μg/kg) with a washout period of at least
7 days between treatments. The hemodynamic parameters and electrocardiogram were
measured in conscious dogs before dosing (basal) and at 15-min intervals up to 24 hrs
postdose.
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Results: An increase in mean and diastolic blood pressure (up to ~ 7hr postdose for
both) was observed after administration of LAS 34273 and ipratropium. Similarly,
increased heart rate was observed with treatment of LAS 34273 (up to 20 hr or longer)
and ipratropium (up to 24 hrs).
Both LAS 34273 and ipratropium produced slightly changes in the following ECG
parameters: decreased PR and QT intervals, increased QRS interval, and an increase
in QTc interval using Bazett, but not with correction by Fridericia or Van de Water
formula. The changes were minimal, and these changes were attributed to increased
heart rate.
There was no treatment-related effect on locomotor activity.
Table 26 Least square means (tukey correction) of the different parameters studies in
conscious telemetered beagle dogs treated with LAS 34273 and Ipratropium (both at
100 μg/kg, iv) and the vehicle [taken directly from the study report]

Title: Comparative Effects of LAS 34273 and Risperidone on the ECG in
Anaesthetised Wistar Rats [Study No. FD0310JG; non-GLP]
Methods: The effect of LAS 34273 on the QTc prolongation was evaluated in
anesthetized male Wistar rats administered intravenously at 1 and 3 mg/kg of
LAS 34273, in comparison to a positive reference compound Risperidone.
Results: There was an (slight 15-60 min) increase in heart rate at 1 mg/kg of
LAS 34273, whereas a decrease in heart rate at 3 mg/kg persistent. Risperidone at
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10 mg/kg produced a marked persistent decrease in heart rate and also expected QTc
prolongation. There were no effects on QTc prolongation with LAS 34273. There were
no effects on PR and QRS intervals from LAS 34273 or Risperidone.
Rats are a poor model for an assessment of drug-induced effects on cardiovascular
parameters such as heart rate and QTc prolongation.
Title: Effects of Inhaled LAS 34273 (2 mg/kg/day) Administered as a Dry Powder
Aerosol During Four Months, on Right Systolic Ventricular Pressure, Systemic
Blood Pressure and Heart Rate, Assessed in Anaesthetised Wistar Rats [Study
No. FD0305JM; non-GLP]
Methods: The rats assigned for broncho-alveolar lavage procedure for the 26-week
(b) (4)
inhalation study (
Study No. 845322) were used in this study to measure right
systolic ventricular pressure, systemic blood pressure and heart rate. These rats were
administered daily inhaled dose of LAS 34273 (2 mg/kg/day) for 4 months. Immediately
after the last exposure to the drug, these rats were anaesthetized and catheters were
inserted into the right ventricle and left carotid artery for measurement of right
ventricular pressure and systemic blood pressure, respectively. Heart rate was
determined using the peaks of the right ventricular pressure.
Results: There were no test article-related effects on right systolic ventricular pressure,
mean arterial blood pressure and heart rate.
Rats are a poor model for an assessment of drug-induced effects on cardiovascular
parameters such as heart rate.
Title: Comparative Effects of LAS 34273, Ipratropium and Tiotropium
Intravenously Administered on Haemodynamic Parameters Including Blood
Pressure, Heart Rate, Coronary Blood Flow and Pulmonary Pressure in OpenChest Anaesthetised Beagle Dogs [Study No. FD.34273.08; GLP]
Methods: Telemetered beagle dogs were intravenously administered LAS 34273,
ipratropium, tiotropium or vehicle by a catheter inserted into the right cephalic vein by
slow perfusion for at least 3 minutes at increasing cumulative doses from 1, 10, 100 and
1000 μg/kg with a 15-minute interval between doses. Each group consisted of 4 dogs.
20% Polyethylene glycol 300 in distilled water was the vehicle of test compounds and
this stock solution was further diluted in 0.9% NaCl saline. The following parameters
were assessed: systemic blood pressure, heart rate, pulmonary blood pressure, heart
contractility, cardiac output, coronary blood flow, coronary, pulmonary and total
peripheral vascular resistances and blood oxygen saturation.
Results: LAS 34273, ipratropium and tiotropium produced slight, transient or no effects
in the haemodynamic parameters assessed. The most noticeable effect was decreased
heart rate at 1000 μg/kg of all test compounds, but a greater change was observed with
LAS 34273.
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Anesthetized dogs are a poor model for assessment of drug-induced effects on
cardiovascular parameters.
Effects of the Renal/Urinary System
Title: Comparative Effects of LAS 34273 and Tiotropium on Urine Volume and
Urinary Electrolytes in Water-Loaded Wistar Rats [Study No. FD0407JG; non-GLP]
Methods: Male Wistar rats were fasted for 16 hr with water ad libitum up to 30 minutes
before the study, and then were loaded with 40 ml/kg of distilled water by oral gavage
administration. Simultaneously, rats were subcutaneously administered vehicle (saline
0.9%), LAS 34723 (10, 100 and 1000 μg/kg) or tiotropium (1, 10 and 100 μg/kg). Urine
volume was measured during the first hour and up to 6 hours postdose. The urine
samples that were collected up to 6 hours postdose were analyzed for the levels of Na+,
K+ and Cl-.
Results: Urine volume and the levels of Na+, K+ and Cl- were not affected by
LAS 34273. A statistically significant decrease in urine volume (0.70 vs. 2.17 ml/200 g
BW in the control group) at 1 hour postdose and a decrease in Na+ level (56.0 vs.
93.0 μmol/200 g BW in the control group) was observed at 100 μg/kg of tiotropium.
Title: Comparative Effects of Aclidinium, Tiotropium and Ipratropium,
Administered Intratracheally, on Cystometry in Anaesthetised Guinea Pigs [Study
(b) (4)
No.
L0715; non-GLP]
Methods: Female guinea pigs were anesthetized with urethane and tracheotomized to
facilitate respiration. A catheter was inserted to the urinary bladder through the urethra
for bladder filling and measurement of intra-bladder pressure. The peak mictruition
pressure is defined as the maximum intra-bladder pressure during voiding. Once the
baseline is established, guinea pigs were intratracheally administered vehicle (distilled
water), aclidinum, tiotropium or ipratropium. The test compounds were administered at
increasing doses (3, 10, 30 and 100 μg/kg) in a non-cumulative fashion. The intrabladder pressure, volume of urine excreted in each voiding cycle and volume of urine
that remains in the bladder at the end of experiment (after administration of 100 μg/kg)
were measured.
Results: No changes were observed in guinea pigs administered aclidinium up to
100 μg/kg. There were decreases in the peak micturition pressure and the volume of
urine excreted at ≥30 μg/kg of tiotropium or ipratropium and increased the volume of
urine retained in the bladder at 100 μg/kg of tiotropium or ipratropium.
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Title: Comparative Effects of LAS 34273 and Tiotropium on Renal Function in
Anaesthetised Beagle Dogs [Study No. FD0410JG; non-GLP]
Methods: Male beagle dogs were fasted for ~18 hours (with water ad libitum) before
anesthesia with sodium pentobarbital, and these dogs were connected to a respirator
and mechanically ventilated with room air. A catheter was fitted into the carotid artery
for measurement of blood pressure and heart rate using liquid pressure transducer,
whereas catheters were fitted into the right femoral artery for collection of blood
samples to assess plasma levels of the compounds and right femoral vein for perfusion
of creatinine. In dogs creatinine is filtered through the glomerulus but not secreted or
reabsorbed by the renal tubules. Left kidney was exposed by retroperitoneal incision
and an ultrasonic flow probe was implanted around the renal artery, and the
corresponding ureter was cannulated for urine collection. Each dog (N= 4/group) was
administered vehicle (distilled water), LAS 34273 (1 mg/kg) or tiotropium (1 mg/kg) by a
catheter inserted into the right cephalic vein by slow perfusion for 3 minutes.
Creatinine levels in arterial blood and in urine and urine levels of Na+, K+ and Cl- were
determined. The renal parameters evaluated in this study are following: renal vascular
resistance, glomerular filtration rate, filtration fraction, excretion of Na+ (or K+), and
fraction of Na+ excreted (or K+).
Results: A decrease in heart rate and an increase in mean blood pressure were
observed in anaesthetized dogs in the LAS 34273-dosed group. There were no
LAS 34723-related effects on renal function in anaesthetized dogs in the LAS 34273dosed group.
A decrease in renal blood flow with a corresponding slight increase in renal vascular
resistance and a slight increase in flow of urine were observed in anaesthetized dogs in
the tiotropium-dosed group.
Effects of the Salivary Glands
Title: Effects of LAS 34273 in the Pilocarpine-Induced Salivation in Mice [Study
No. FL7/03; non-GLP]
Methods: Male Swiss mice were administered LAS 34273, tiotropium or ipratropium by
inhalation 30 min before the pilocarpine. The dose levels of test compounds were 103000 μg/ml. Animals were anesthetized with pentobarbitone and located over an
inclined plane, which was covered with filter paper. Pilocarpine (1 mg/kg) was
subcutaneously administered to mice and after 30 min, individual spots of saliva on the
paper are cut, dried and weighed.
Results: The report states that the results shown in Table 27 were obtained from three
independent experiments 40627, 40640 and 40642. LAS 34273 inhibited pilocarpineinduced salivation with EC50 being 711 μg/ml.
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Table 27 Effects of LAS 34273, Tiotropium and Ipratropium on the pilocarpine-induced
salivation in mice [taken directly from the study report]

Title: Comparative Effects of LAS 34273 and Tiotropium on the PilocarpineInduced Sialorrhea in conscious Wistar Rats [Study No. FD0412JM; non-GLP]
Methods: After 18-hr fasting with water ad libitum, male Wistar rats were
subcutaneously administered LAS 34273 or tiotropium. The dose levels of test
compounds were 0.1-1000 μg/kg. Pilocarpine (0.5 mg/kg and 1 mg/kg) was
intravenously administered to mice 30 min after administration of the test compound,
and the presence or absence of saliva in the mouth were recorded during the first
15 min after the pilocarpine administration. A filter paper gently pressed on its snout
was spotted for testing the presence or absence of saliva in the mouth.
Results: Both LAS 34273 and tiotropium showed a dose-responsive inhibitory effect on
pilocarpine-induced salivation. The ED50 for LAS 34723 and tiotropium were 38 and
0.9 μg/kg, respectively.
Effects of the Gastrointestinal System
Title: Comparative Effects of Aclidinium and Tiotropium, by Subcutaneous Route,
(b) (4)
on 24-H Fecal Output in Wistar Rats [Study No.
L0714; non-GLP]
Methods: Non-fasted male Wistar rats were subcutaneously administered vehicle
(distilled water), aclidinium or tiotropium. The dose levels of the test compounds were
10, 100 and 1000 μg/kg. The fecal output was monitored by weighing the fecal pellets
produced individually at 24 hours.
Results: Aclidinium and tiotropium produced a dose-related decrease in fecal output in
rats during the 24-hour period postdose, with inhibition of 85% and 60% at 1000 μg/kg
of tiotropium and aclidinium, respectively, relative to the vehicle control group. This is an
expected pharmacological effect of an antimuscarinic agent.
Title: Comparative Effects of Aclidinium and Tiotropium on Colonic Motility in
Anesthetised Guinea Pigs [Study No. FD0408JG; non-GLP]
Methods: Male guinea pigs were anesthetized with urethane and tracheotomized. A
balloon-catheter device was placed in the rectum for measurement of colonic waves.
After one hour of stabilization, guinea pigs were subcutaneously administered vehicle,
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LAS 34273 (10, 100 and 1000 μg/kg) or tiotropium (10, 30 and 100 μg/kg). The colonic
waves were recorded during the first 30 min after dosing.
Results: There were no changes in colonic contractility in the LAS 34273-dosed
groups. A statistically significant decrease in colonic contractility was observed at
100 μg/kg of tiotropium. Note that in the sections of method and results, it states that
the test compounds were given subcutaneously, but in the table, it states “iv dose”.

5

Pharmacokinetics/ADME/Toxicokinetics

See PharmTox reviews of IND 68,653 dated February 6, 2004. See below for summary
and additional PK/ADME/TK studies evaluated within this review.
The absorption, distribution, metabolism and excretion of aclidinium bromide have been
examined in mice, rats, dogs and rabbits. Aclidinium bromide (LAS 34273) is rapidly
metabolized to two main metabolites, LAS 34823, an alcohol metabolite and
LAS 34850, an acid metabolite. ADME of LAS 34273 was extensively evaluated in rats
using the radiolabeled test compounds, [Phenyl-U-14C]-LAS 34273 and [Glycolyl U-14C]LAS 34273. LAS 34823 is the major phenyl-labeled molecule, and LAS 34850 is the
major glycolyl-labeled molecule. Therefore, these two radiolabeled compounds enabled
evaluations of radioactivity distribution and metabolism pathways with respect to the
parent compound, the two main metabolites, LAS34823 [14C-phenyl] and LAS34850
[14C-glycolyl], and associated metabolites.
It is stated that chiral assays were not performed due to the instability of aclidinium
bromide in plasma, the very low levels of the (S) enantiomer detected in the drug
substance and the low likelihood of in vivo chiral inversion.
The Applicant stated that the initial quantification assays developed by
in the freeze/thaw cycles during the validation and during the application of
the method to routine drug analysis showed instability of aclidinium bromide. Thus, the
Applicant developed an improved analytical method for quantification of LAS 34723 and
(b) (4)
(b) (4)
its metabolites by
The initial quantification assays by
showed that levels of drug were considerably lower than those obtained in subsequently
(b) (4)
developed assays by
.
(b) (4)

Absorption: The applicant stated that it is not possible to obtain reliable bioavailability of
LAS 34723 following oral or intratracheal administration due to the low plasma
concentrations of LAS 34723 following administration due to rapid hydrolysis. It should
be noted that there was a high degree of variability in the PK data throughout the
nonclinical development program due to the use of a non-robust method for quantitation
of the test article, particularly in the early stages of the drug development.
In vivo studies in rats and dogs involving the administration of single doses of [14C](b) (4)
aclidinium bromide conducted in order to investigate the
of aclidinium bromide in
rats and dogs demonstrated that aclidinium bromide was rapidly hydrolyzed in plasma
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principally by esterase enzymes with some chemical hydrolysis. Levels of LAS 34273,
LAS 34823 and LAS 34850 were also evaluated using the lung homogenates and
broncho-alveolar lavage (BAL) samples from rats treated with a target achieved dose of
2 mg/kg/day by inhalation in 4 and 26 weeks. The amounts of LAS 34273 recovered
from lung homogenates and BAL fluids indicate that a considerable fraction of nonabsorbed dose remains in the lung during at least 5 hours postdose. The amounts of
the acid and alcohol metabolites were low, relative to the amount of parent compound,
indicating a possible low esterase activity or chemical hydrolysis in the lung. In fact, the
in vitro studies on the hydrolysis of LAS 34273 showed that the formation of LAS 34823
and LAS 34850 in the absence of NADPH were substantially lower in human pulmonary
subcellular fractions than those in human plasma. Similar levels of aclidinium bromide
in the BAL were seen after 1 month or 6 months of treatment in rats, suggesting that
there was no accumulation of the test article within the lung during chronic treatment.
Distribution: The ADME distribution studies performed in rats with [14C]-aclidinium
bromide indicated that after single intravenous, oral or intratracheal nominal doses of
1 mg/kg, radioactivity was extensively distributed throughout most tissues with the
greatest concentrations in the bladder, pancreas, kidneys and tissues of the
gastrointestinal tract. After single intravenous doses, relatively low radioactivity was
measured in the brain. However, by 24 h, concentrations of radioactivity in all tissues
had declined considerably, and by 72 h, were near or below the limit of quantification.
Increased levels of radioactivity were detected in the lungs after intratracheal
administration. There were no significant differences in the distribution data between
male and female albino rats, male pigmented rats and pregnant and non-pregnant rats.
Radioactivity was also detected in the placenta of the pregnant rats. The general
distribution of radioactivity observed in whole body autoradiographs was also in good
agreement with the excised quantitative tissue distribution data.
The evaluation of the placental transfer of aclidinium bromide in pregnant rats showed
that the test article-related radioactivity in fetuses was near or below the limit of
quantification, indicating that fetuses were only slightly exposed to test article-related
material after a single intravenous dose. The results obtained by the same
administration route in lactating Sprague Dawley rats showed that pups would be
exposed to test article-related material in maternal milk with levels up to 161 ng equiv/g
[14C-phenyl] radioactivity and 222.5 ng equiv/g [14C-glycolyl] radioactivity measured at
6 h (milk:plasma ratios up to a maximum of 12.5 at 6 h), decreasing up to 24 h, with
relatively low concentrations compared to the corresponding plasma concentration.
Maximal concentrations were measured in milk at 6 hours postdose and in plasma at
0.25 hours postdose. These data indicate the pups would be exposed to compoundrelated material in maternal milk.
Interspecies plasma protein binding of radiolabeled LAS 34273 was compared in vitro in
mice, rats, rabbits, dogs, and humans using [Phenyl-U-14C]-LAS 34273 and [Glycol-U14
C]-LAS 34273. As noted above, phenyl-labeled LAS 34273 represents metabolite
LAS 34823 and glycolyl-labeled LAS 34273 represents LAS 34850 with the parent
compound being a minor component. The results indicated that 12% to 26% of
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LAS 34823 and 66% to 87% of LAS 34850 in plasma was bound to plasma protein and
the following order of protein binding of LAS 34273 was determined in the different
species: for phenyl, rat (25.6%) > mouse (17.0%) > dog (15.1%) = human > rabbit
(15.1%) and for glycolyl, human (87.3%) > rat (86.7%)> rabbit (85.9%)> mouse (80.4%)
> dog (66.0%). Albumin was determined to be the main plasma protein bound by the
metabolites.
Metabolism: Comparative in vitro studies on [14C]-LAS 34273 with mouse, rat, rabbit,
dog and human liver microsomes, as well as human lung microsomes, showed that the
major route of metabolism was via hydrolysis, producing LAS 34823 (alcohol derivative,
quaternized 3-(R)-quinuclidinol) and LAS 34850 (acid derivative, dithienylglycolic acid).
The applicant also identified minor oxidative pathways, which included hydroxylation of
the parent compound and LAS 34823. The hydrolysis products, LAS 34823 and
LAS 34850, were only detected as metabolites with human lung microsomes.
In human liver microsomes, the major metabolite for [Phenyl-U-14C]-LAS 34273 was the
alcohol derivative LAS 34823 (M2), whose formation was catalyzed by non-enzymatic
hydrolysis and a minor contribution of esterase-mediated hydrolysis. The major
metabolite for [Glycol-U-14C]-LAS 34273 in human liver microsomes was the carboxylic
acid derivative LAS 34850 (m3), formed by ester hydrolysis of the parent compound.
Two minor metabolites m4 and m5 were also observed. The proposed metabolic
pathways for LAS 34273 in human liver microsomes with major as well as minor
metabolites. See Figure 2 below under Study No. B.34273.25.
Metabolite profiling data obtained from the in vivo ADME studies in rats and dogs after
intravenous, oral or intratracheal administration of radiolabeled LAS 34273 were similar
to the in vitro results since the major radioactive component found in plasma and urine
corresponded to LAS 34823 and LAS 34850.
Excretion: The mass balance data from the ADME studies in mice, rats, pregnant
rabbits and dogs support the evidence that LAS 34273 is rapidly cleared as a
consequence of its chemical and enzymatic hydrolysis with rapid excretion of
radioactivity after single intravenous, oral or intratracheal administration: 80% excreted
during the first 48 h following administration. No gender differences were observed in
excretion. For the phenyl-labeled LAS 34273, the feces was the major route of
excretion following intravenous or oral administration in rats and intratracheal
administration in dogs, while the urine was major route of excretion following
intravenous administration in dogs. For the glycolyl-labeled LAS 34273, the urine was
the major route of excretion or comparable to the fecal route of excretion following oral
administration in rats.
In vitro studies using recombinant human cytochrome P450s (CYPs) showed that
LAS 34273 and LAS 34823 competitively inhibited CYP2D6 activity with IC50 of 2.4 μM
and 20.6 μM, respectively. CYP3A4/5 activity was slightly inhibited by LAS 34273 (IC50
~ 90 μM). In addition, in vitro studies using recombinant human esterases showed that
LAS 34273 competitively inhibited acetylcholinesterase and butyrylcholinesterase
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activities with IC50 of 7.5 μM and 9.5 μM, respectively, and slightly inhibited
carboxylesterase activity (IC50 of 43.9 μM).
LAS 34823 slightly inhibited
acetylcholinesterase and butyrylcholinesterase with IC50 values around 100 μM.
In vitro studies using Caco-2 cells indicated that LAS 34273 and LAS 34850 are not Pglycoprotein (P-gp) substrates and LAS 34823 is a weak or non P-gp substrate,
whereas LAS 34273, LAS34823 and LAS34850 are not P-gp inhibitors.

5.1

PK/ADME

Distribution
Title: [Glycolyl-U-14C]-LAS 34273: Absorption, distribution, metabolism and
excretion studies following single doses (1 mg/kg) to male and female albino,
(b) (4)
(b) (4)
pigmented and pregnant rats (
Study No.
07; GLP)
Methods: The study was conducted using albino rats of the Sprague-Dawley strain and
pigmented rats of the Lister-Hooded strain to determine the following endpoints: the
levels of radioactivity in plasma, the rates and routes of excretion of [glycolyl-U-14C]-LAS
34273, and its metabolite(s) following a single dose to male (IV and oral) and female
(IV) albino rats; distribution of radioactivity (14C) following administration of [glycolyl-U14
C]-LAS 34273 following single IV, oral or intratracheal (instilled) doses to male rats,
and single IV doses to female (non-pregnant) and pregnant female rats, the secretion of
radioactivity into milk of lactating female rats following the single IV administration of
[glycolyl-U-14C]-LAS 34273; and the biotransformation of [glycolyl-U-14C]-LAS 34273 in
rats. These objectives were accomplished using 13 groups as described in Table 28.
For all groups, a single dose of 1 mg/kg (40 μCi/kg) was used regardless of the route of
administration.
For plasma PK studies (Groups 1-3), 3 rats from each group were used for each time
point for blood collection. Three rats per group were used for the excretion/balance
study (Groups 4 to 6) to collect samples of urine, feces and expired air. For tissue
distribution studies (Groups 7-12), one rat from each group was used for each time
point, and blood and tissues were analyzed.
In the tissue distribution studies (Groups 7-10) using albino rats, following
tissues/organs were collected: adrenal glands, bone, bone marrow, brain (including
pituitary gland), brown fat, caecum, eyes, heart, kidneys, large intestine, liver, lungs,
lymph nodes (mesenteric), muscle (skeletal), pancreas, prostate, skin, small intestine,
spleen, stomach, testes/ovaries, thymus, thyroid, urinary bladder, uterus, and white fat.
For caecum, large intestine, small intestine and stomach, contents were analyzed
separately.
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For tissue distribution studies for Group 11 using pigmented rats, following
tissues/organs were collected: brain, eyes, heart, kidneys, liver, lungs, skin (nonpigmented and pigmented) and testes.
For tissue distribution studies for Group 12, pregnant rats on GD 17 were administered
a single iv dose of [glycoly-U-14C]-LAS 34273, and following tissues/organs were
collected: amniotic fluid, brain, fetuses (pooled per litter), heart, kidneys, liver, lungs,
mammary glands, ovaries, placenta and uterus.
The distribution of radioactivity in tissues after single doses to males, females and
pregnant females was also evaluated qualitatively using whole-body autoradiography
(Groups 13-17).
For the milk secretion study, female albino rats on lactation day 14 (Group 18) were
administered a single IV dose of [glycoly-U-14C]-LAS 34273. Pups were removed from
dams approximately 3 hours prior to the collection of milk samples. Females received
oxytocin about 2 minutes prior to milk collection, and then milk was collected.
Table 28 Summary of dose groups [taken directly from the study report]
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For metabolite profiling, two faeces pools (0-24 and 24-48 hours) were prepared per
group. The radioactive concentration of the pools was determined by combusting two
aliquots of each pool, whereas extracted samples (extracted with MTBE, evaporated
and reconstituted in acetonitrile) was analyzed by HPLC analysis. Three pooled urine
samples (0-6 and 6-24 hour sample) were analyzed directly by HPLC. Two pooled samples
(one combined 5-15 minutes samples and the other combined 1-3 hour samples) for each
Group 1 and 2 and two pooled samples (one from combining 15-60 minute samples and the
other from combining 2-4 hour plasma sample) from Group 3 were extracted and analyzed.
To determine enzyme hydrolysis of plasma and urine samples, aliquots of each urine
and plasma pool were incubated at 37ºC overnight with either P-glucuronidase/
sulphatase only, or with P-glucuronidase/sulphatase and saccharic acid-1,4-lactone
prior to analysis by HPLC.
Plasma protein binding of radioactivity was measured ex vivo in selected samples using
an equilibrium dialysis procedure.
Results:
Plasma PK studies (Groups 1 to 3):
After a single IV dose of [glycoly-U-14C]-LAS 34273 to albino male rats, a mean peak
concentration of radioactivity in plasma of 573.7 ng equiv./g occurred at 0.08 hours
postdose. After a single intravenous dose of [glycoly-U-14C]-LAS 34273 to albino
female rats, a mean peak concentration of radioactivity in plasma of 724.2 ng equiv./g
occurred at 0.08 hours postdose. The AUC0-48 (ng/g*hr) was measured as 1602.8
(male) and 1577.2 (female), whereas AUCinf (ng/g*hr) was measured as 1731.4 (male)
and 1702.0 (female). The terminal half-lives were determined as 16.2 hours (male) and
16.4 hours (female) after IV administration.
After a single oral dose of [glycoly-U-14C]-LAS 34273 to albino male rats, a peak
concentration of radioactivity in plasma of 80.3 ng equiv./g occurred at 4 hours
postdose. The AUC0-48 (ng/g*hr) was measured as 558.9, whereas AUCinf (ng/g*hr)
was measured as 564.5. The terminal half-life was determined as 7.3 hours after oral
administration. Preliminary data of plasma concentrations obtained from male albino
rats were also similar to these data.
Table 29 PK data following intravenous or oral administration of [glycoly-U-14C]-LAS
34273 in rats [taken directly from the study report]

56
Reference ID: 3102539

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

Excretion
The mean amounts of dose that were excreted in urine, feces and expired air during 7 days
after a single oral or IV dose to male and female albino rats are shown in Table 30.
Excretion of radioactivity was relatively rapid that over 80% was excreted during the
48 hours following dose administration while greater than 90% excreted over 7 days.
Preliminary data of excretion in male albino rats were also similar to these data.
Table 30 Mean amount of dose excreted in urine, feces, and expired air during 7 days
after single dose administration [taken directly from the study report]

Tissue Distribution:
The tissue distribution of radioactivity was examined after single IV doses to male,
female and pregnant female rats, after single oral and intratracheal doses to male albino
and after single oral intratracheal doses to male pigmented rats. Distribution was
evaluated quantitatively using tissue excision with combustion, and qualitatively using
the technique of whole-body autoradiography, as appropriate.
Note that some values were presented with decimal points and some values were not
(e.g., “0 756”, “0.323”, “126 860”) in all tables for concentration of radioactivity in the
study report. However, based on the values from ratios of tissue to plasma, all values
of absolute concentrations of radioactivity should have a decimal point followed by the
thousandth place. Therefore, the values in this section of the review are transcribed as
decimal numbers with the thousandth place regardless of presence or absence of
decimal point in the tables of the study report.
Following the single IV dose administration to both male and female rats, absorbed
radioactivity was detected throughout most tissues, with greatest concentrations
detecting in the kidneys, bladder, pancreas and tissues of the gastrointestinal tract (for
males, 5.668, 126.860, 326.591, 5.389, 11.674 μg equivalents/g wet weight tissue in the
kidney, bladder, bladder content, pancreas and small intestine content, respectively, at
15 min postdose). In addition, high levels were also detected in bone marrow (6.432 μg
equi./g) and thyroid (7.895 μg equi./g) of female rats only at 15 min postdose. Relatively
low levels were measured in the brain (0.047 μg equi./g at 15 min postdose). At 72 hrs,
levels in all tissues were near to, or below, the limit of detection.
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Following single oral doses to male rats, less absorption and distribution of radioactivity
was detected. Highest concentrations were detected in the tissues of the
gastrointestinal tract at 2 hrs postdose (e.g., 54.008, 13.044 and 95.733 μg equi./g in
small intestine content, stomach and stomach content, respectively). Highest values in
the time course for the caecum, caecum content, kidney, pancreas and bladder content
were detected at 4 hrs postdose, and after 24 hrs postdose, concentrations in all tissues
were near to, or below, the limit of detection.
Following single intratracheal doses to male albino rats, high levels of radioactivity were
detected in the kidneys, thyroids, bladder and stomach at 2 hrs postdose and the
increased level of radioactivity was detected in the lungs at 1 hr postdose. By 24 hrs
postdose, concentrations of radioactivity in all tissues were near to, or below, the limit of
detection. Levels of radioactivity were measured from 24 hrs to 21 days postdose
following single intratracheal doses to male pigmented rats, and the highest level of
radioactivity was detected in the liver (0.009 μg equi./g) at 24 hrs postdose.
Radioactivity was also detected in the kidneys, skin (pigmented and non-pigmented)
and whole blood (0.002 - 0.007 μg equi./g) at 24 hrs postdose.
After single IV doses to pregnant rats on GD 17, the distribution and concentrations of
radioactivity in collected tissues were generally similar to those in corresponding nonpregnant females. Radioactivity was detected in the placenta (1.648 μg equi./g at
15 min postdose), and the highest level of radioactivity was detected in the fetuses at
1 hr postdose (0.117 μg equi./g).
The distribution of radioactivity in tissues after single doses to males, females and
pregnant females was evaluated qualitatively using whole-body autoradiography. The
study report states that the observed distribution of radioactivity in the autoradiographs
was essentially similar to that indicated by direct measurement of radioactivity in
excised tissues. In addition to detection of radioactivity in the tissues that were also
collected for direct measurement of radioactivity, relatively high levels of radioactivity
were also detected in ex-orbital lachrymal gland (pregnant and non-pregnant females),
salivary gland (male, pregnant and non-pregnant females), pituitary gland (pregnant
females) at 15 min after a single iv administration.
Milk secretion:
After a single IV dose to lactating dams on lactation day 14, the level of radioactivity
was highest at 6 hrs postdose in milk, whereas at 2 hrs postdose in the maternal
plasma (Table 31).
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Table 31 Concentration of radioactivity in milk and plasma from female lactating albino
pregnant rats following a single intravenous administration of [glycoly-U-14C]-LAS 34273
at a nominal rate of 1 mg/kg [taken directly from the study report]

Mean expressed as ng equivalents/g

Plasma protein binding of radioactivity:
The proportion bound to protein was a range of 50 to 81% following single oral or IV
doses in males and following a single IV dose in a female.
Metabolic profiling:
Chromatographic analysis of plasma extracts showed the major component eluted at
21-24 minutes, which co-chromatographed with LAS 34273 and LAS 34850 (acid
derivative metabolite). Urine and fecal samples showed similar profiles with the major
component eluting at 21-24 minutes and other minor components eluting at different
times. The major (14C labeled) component at the elution time of 21-24 minutes was
confirmed by product ion mass spectra (LC MS/MS) as LAS 34850.
The study report also states that plasma samples were also treated with deconjugation
enzymes prior to extraction, and subsequent analysis by HPLC showed numerous
radioactive components in all samples, including the controls. Since the control
samples showed similar profiles to the enzyme-treated samples, hydrolysis due to
incubation at 37ºC may be the reason for producing metabolites.
Metabolism
Title: In Vitro Study to Investigate the Metabolism of [14C]-LAS 34273, [14C]LAS 34823 and [14C]-LAS 34850 in Human Liver Microsomes [Study
No. B.34273.25; GLP]
Methods: The in vitro metabolism of 14C-LAS 34273 and its hydrolysis derivatives 14CLAS 34823 and 14C-LAS 34850 was examined using human liver microsomes and
various human recombinant CYP450 and FMO enzymes. The in vitro LAS 34273
metabolism was investigated using two radiolabeled forms, 14C-Glycolyl-LAS 34273 and
14
C-Phenyl-LAS 34273.
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Incubation samples were analyzed by reversed-phase HPLC coupled to an on-line
solid-phase extraction system with radiometric detection to detect the formation of minor
metabolites. In addition, selected incubation samples were structurally analyzed by
HPLC-MS/MS.
Results: In human liver microsomes, the major metabolite for [Phenyl-U-14C]LAS 34273 was the alcohol derivative LAS 34823 (M2), whose formation was catalyzed
by non-enzymatic hydrolysis and a minor contribution of esterase-mediated hydrolysis.
Two other minor metabolites termed M3 (loss of thiophene ring) and M4 (hydroxylated
aclidinium bromide at the phenyl ring) were also detected. The alcohol metabolite [14C]LAS 34823 was found to be mainly metabolized to a hydroxylated derivative (M1) in
human liver microsomes via CYP2D6. The major metabolite for [Glycol-U-14C]LAS 34273 in human liver microsomes was the carboxylic acid derivative LAS 34850
(m3), formed by ester hydrolysis of the parent compound. Two minor metabolites m4
and m5 were also observed. In addition, metabolism involving the glycolic portion of the
molecule containing the two thiophene rings and subsequent hydrolysis of the ester
bond was observed. The polar metabolite m2 was identified as 2 thiopheneglyoxylic
acid, whereas the other polar metabolite m1 was identified as hydroxyl-2-thienylacetic
acid. The proposed metabolic pathways for LAS 34273 in human liver microsomes are
presented in Figure 2.

Figure 2 The proposed metabolic pathways for LAS 34273 in human liver microsomes
[taken directly from the study]
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Title: Identification of the Human Esterase Responsible for the Enzymatic
Hydrolysis of LAS 34273 [Study No. B03E or Report No. B.34273.22]
Methods: To investigate the hydrolytic cleavage of ester bond of LAS 34273, the
following experiments were conducted:
(1) incubation mixtures containing 50 mM sodium phosphate and LAS 34273 (50
μM) were incubated at 37ºC in 0.5 ml at different pHs (2, 4, 6, 7, 7.4, 8 and 9).
(2) LAS 34273 (50 μM) was incubated in diluted human plasma, presence of human
hepatic subcellular fractions (microsomes and S9 fraction) or presence of
pulmonary subcellular fractions.
(3) kinetics of the hydrolysis of LAS 34273 in human plasma was evaluated.
(4) effect of selective esterase inhibitors (see Table 32; 1, 10 and 100 μM) on
LAS 34273 hydrolysis in pooled human plasma was determined.
(5) recombinant
human
acetylcholinesterase
and
purified
human
butyrylcholinesterase were incubated with LAS 34273
(6) kinetics of LAS 34273 was evaluated in purified butyrylcholinesterase.
(7) cDNA expressed human CYP450 isoforms (CYP1A1, 1A2, 2B6, 2C8, 2C19,
2D6, 2E1, 3A4, 3A5, 4AF2, 4F3A and 4F3B) or TRIS buffer were incubated with
LAS 34273.
Except for the first experiment with different pH, other parts of the study were conducted
at pH 7.4. The amounts of LAS 34273 and the acid and alcohol hydrolysis products
(LAS 34850 and LAS 34823) were determined by HPLC for Experiments 1, 2 and 7,
whereas amounts of LAS 34273 and LAS 34850 were determined for Experiments 3-6.
Table 32 Selective esterase inhibitors used in the study [taken directly from the study
report]

Results:
Chemical hydrolysis of LAS 34273: The hydrolysis of LAS 34273 was pH-dependent:
LAS 34273 was stable at pH ≤4, but an increase in the hydrolysis rate was observed as
increasing pH. The estimated half-lives of LAS 34273 were 22.9 and 1.22 hrs at pH 6.0
and 7.4, respectively. This experiment indicates that the hydrolysis of LAS 34273
occurs non-enzymatically.
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To investigate the role of human esterases in the enzymatic hydrolysis of LAS 34273
using human plasma and human hepatic or pulmonary subcellular fractions. Esterases
also contributed hydrolysis of LAS 34273 and the hydrolytic activity was found mainly in
human plasma. The apparent mean Km and Vmax values in human plasma were
3.4 μM and 4.4 nmol LAS 34850/min/ml plasma, respectively, using plasma from six
healthy volunteers.
The formation rates of LAS 34850 and LAS 34823 in the absence of NADPH were
quantitatively similar in all subcellular fractions, suggesting that the main hydrolysis
activity observed could be mediated by esterases, non-NADPH-dependent enzymes.
The net enzymatic formation of both hydrolysis products in the absence of NADPH,
calculated as the difference between total hydrolysis and the chemical hydrolysis
obtained in phosphate buffer at pH 7.4 was substantially higher in human plasma,
compared to the other subcellular fractions assayed.
The formation rates of LAS 34850 in liver and pulmonary subcellular fractions in the
presence of NADPH were lower than those in the absence of NADPH (Table 33 and
34).
The formation rate of LAS 34823 in pulmonary microsomes and pulmonary and liver S9
fraction in the presence of NADPH showed similar to those in the absence of NADPH.
In contrast, the formation rate of LAS 34823 in liver microsomes with NADPH showed to
be higher than those without NADPH (Table 34).
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Table 33 Hydrolysis of LAS 34273 in the presence of human liver and pulmonary
subcellular fractions and human plasma [taken directly from the study report]
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Table 34 Net enzymatic formation rate for LAS 34850 and LAS 34823 after incubation
of LAS 34273 in the presence of human liver and pulmonary subcellular fractions [taken
directly from the study report]

In diluted human plasma, the hydrolytic activity was mainly inhibited by specific
chemical inhibitors of type B-esterases. Diisopropyl fluorophosphates (DFP, general
type-B esterase inhibitor) and eserine (specific cholinesterase inhibitor), completely
inhibited the enzymatic hydrolysis of LAS 34273 at inhibitor concentration of ≥1 μM. 4(2-aminoethyl)benzenesulfony fluoride (AEBSF), another general type-B esterase
inhibitor and 1,5-Bis(4-allyldimethylammoniumphenyl)pentan-3-one (BW284c51,
selective acetylcholinesterase inhibitor) inhibited LAS 34273 enzymatic hydrolysis by
about 50% at a concentration of 100 μM. The selective butyrylcholinesterase inhibitor
tetraisopropyl pyrophosphoramide (iso-OMPA) inhibited enzymatic hydrolysis of
LAS 34273 by about 40% at 10 μM and completely at a concentration of 100 μM. Other
inhibitors had little or no effect on the hydrolysis of LAS 34273 at the tested
concentrations.
Butyrylcholinesterase was active in the hydrolysis of LAS 34273: The rate of LAS 34850
formation was increased with increasing concentration of butyrylcholinesterase, with the
apparent Km and Vmax values of 5.0 and 1.0 nmol LAS 34850/min/unit BuChe,
respectively. On the other hand, no enzymatic hydrolysis of LAS 34273 was observed
in the presence of recombinant human acetylcholinesterase.
Changes in the enzymatic hydrolysis of LAS 34273 as measured by the formation of
LAS 34850 and LAS 34823 were not observed in the presence of recombinant CYP450
isoforms and NADPH, compared to the respective control groups (phosphate buffer or
Tris buffer). However, the disappearance rate of LAS 34273 was higher in the presence
of CYP1A1 and CYP2D6, suggesting that these two enzymes are possibly involved in
the oxidative metabolism of LAS 34273.
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Title: In vitro Study to Examine the Stability of LAS 34273 in Human and Rat
Extrahepatic Subcellular Fractions [Report No. B.34273.40; GLP]
Methods: The comparative in vitro metabolism of LAS 34273 was investigated in the
presence of pulmonary, intestinal and renal subcellular fractions prepared from rat and
human by measuring the disappearance rate of LAS 34273 and the formation rate of
the alcohol metabolite (LAS 34823). The incubation buffer was 50 mM potassium
phosphate buffer (pH 7.4) containing 1 mM EDTA and 3 mM magnesium chloride. The
incubations at 37ºC were performed in the absence and presence of NADPH generating
system to evaluate the contribution of esterases or CYP450 in the disappearance of
LAS 34273, respectively.
Results: LAS 34273 was hydrolyzed non-enzymatically in the incubation buffer (see
Figure 3, buffer 1-3). In all subcellular fractions, the rates of disappearance of
LAS 34273 were lower than or similar to that observed in the incubation buffer, except
from human intestinal microsomes in the presence of NADPH. The rates of
disappearance of LAS 34273 from rat pulmonary microsomes and S9 fractions were
lower than those in the incubation buffer without subcellular fractions (Table 35). Lower
rates of disappearance of LAS 34273 were observed with pulmonary subcellular
fractions from smoker in the absence and presence of NDAPH, compared to those from
non-smoker individuals. However, the report states that since the disappearance rate of
LAS 34273 in both smoker and non-smoker was similar to or lower, but not higher than
that in the buffer, the numerical difference is probably the variability of the experiment
and the disappearance rate in pulmonary subcellular fraction of the human smoker is
considered to be similar to that of the non-smoker. The results suggest that LAS 34273
is predominantly eliminated in the human lungs by the non-enzymatic hydrolysis. Data
from rat indicate that enzymes from rat pulmonary subcelluar fraction slow the
disappearance rate of LAS 34273, however, due to a limited number of samples used in
the tests, a definitive conclusion cannot be made from this study.
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Figure 3 Amounts of LAS 34273 and LAS 34823 recovered following 60 min of
incubation of the test compound with different subcellular fractions (mean values, n=2)
[taken directly from the study report]
(a) in the absence of NADPH, (b) in the presence of NADPH
Human intestinal microsomes (HIM); Rat intestinal microsomes (RIM); Human renal
microsomes (HRM); Rat renal microsomes (RRM); Human pulmonary microsomes non-smoker
(HPM-NS); Human pulmonary microsomes smoker (HPM-S); Rat pulmonary microsomes
(RPM); Human pulmonary S9 non-smoker (HPS9-NS); Human pulmonary S9 smoker (HPS9S); Rat pulmonary S9 (RPS9)
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Table 35 Percentage of LAS 34273 disappearance in the incubation buffer (pH 7.4),
human and rat extrahepatic subcellular fractions after 60 min of incubation in the
absence or presence of NADPH. (mean values ± SD, n=2) [taken directly from the study
report]

Title: In vitro Study to Examine the Effect of LAS 34273, LAS 34823 and
LAS 34850 on Human Hepatic Cytochrome P450 Activities [Report No.
B.34273.24; GLP]
Methods: The inhibitory effects of LAS 34273 and its major metabolites LAS 34823 and
LAS 34850 on CYP450 enzymes in human liver microsomes were evaluated. Human
liver microsomes with probe substrates of each CYP450 isoenzyme were incubated
with test compounds at different concentrations (0, 0.1, 0.5, 1, 5, 25, 50 and 100 μM).
Results: The results are shown in Table 36. LAS 34273 and LAS 34823 competitively
inhibited CYP2D6 activity with IC50 of 2.4 μM and 20.6 μM, respectively. CYP3A4/5
activity was slightly inhibited by LAS 34273 (IC50 ~ 90 μM).
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Table 36 The inhibitory effects of LAS 34273, LAS 34823 and LAS 34850 on CYP450
enzymes [taken directly from the study report]

Title: In vitro Study to Examine the Effect of LAS 34273, LAS 34823 and
LAS 34850 on Human Esterase Activities [Report No. B.34273.N; non-GLP]
Methods: The inhibitory effects of LAS 34273 and its major metabolites LAS 34823 and
LAS 34850 on esterases (acetylcholinesterase, butyrylcholinesterase, paraoxonase,
carboxylesterase and arylesterase) in human plasma were evaluated. Pooled human
plasma with probe substrates of each isoenzyme were incubated with test compounds.
Results: The results are shown in Tables 37 and 38 and Figure 4. LAS 34273
competitively inhibited acetylcholinesterase and butyrylcholinesterase activities with IC50
of 7.5 μM and 9.5 μM, respectively. Carboxylesterase activity was slightly inhibited by
LAS 34273 (IC50 of 43.9 μM). LAS 34273 did not inhibit paraoxonase and arylesterase.
LAS 34823 slightly inhibited acetylcholinesterase and butyrylcholinesterase with IC50
values around 100 μM and did not inhibit paraoxonase, carboxylesterase and
arylesterase at 100 μM. LAS 34850 did not inhibit any of the examined esterases.
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Table 37 Effect of LAS 34273 (1, 10 and 100 μM) on esterase activity in pooled human
plasma. Results are expressed as percentage of control activity. [taken directly from the
study report]

Table 38 Effect of LAS 34823 and LAS 34850 (100 μM) on esterase activity in pooled
human plasma [taken directly from the study report]

Figure 4 Inhibition of acetylcholinesterase and butyrylcholinesterase by LAS 34273 at
different concentrations [taken directly from the study report]
Title: Investigation of Potential P-glycoprotein Substrate Activity of Aclidinium
Bromide (LAS 34273) and its Metabolites Using Caco-2 Cell Monolayers [Study
No. PRD-RPT-EXP-0049]
Methods: To evaluate the potential P-gp substrate activity of aclidinium bromide and its
metabolites using the Caco-2 cell model, the following concentrations were used at
pH 5.0: about 0.32, 3.2 and 32 μg/mL of LAS 34273; about 0.193, 1.93 and 19.3 μg/mL
of LAS 34823; and about 0.136, 1.36, and 13.6 μg/mL of LAS34850. It states that these
concentrations were corresponding to 0.1, 1, and 10-fold of the highest dose of 800 μg
of aclidinium bromide in 250 mL aqueous media respectively.
The potential P-gp
substrate activity of aclidinium bromide and its metabolites was further investigated by
determining its Caco-2 permeability in the presence of P-gp inhibitor Cyclosporin A.
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Results: P-gp substrate activity studies in Caco-2 cell line indicated that LAS 34273
and LAS 34850 are not P-gp substrates and LAS34823 is a weak or non P-gp
substrate.
Title: Investigation of Potential P-glycoprotein Inhibitory Activity of Aclidinium
Bromide (LAS 34273) and its Metabolites Using Caco-2 Cell Monolayers [Study
(b) (4)
No.
-RPT-EXP-0050]
Methods: The potential P-glycoprotein (P-gp) inhibitory activity of aclidinium bromide
and its metabolites was investigated by determining the A→B and B→A permeability of
[3H]-Digoxin in presence of aclidinium bromide and its metabolites. The following
concentrations of test compounds were used at pH 5.0: about 0.32, 3.2 and 32 μg/mL of
LAS 34273; about 0.193, 1.93 and 19.3 μg/mL of LAS 34823; and, about 0.136, 1.36
and 13.6 μg/mL of LAS 34850. It states that these concentrations were corresponding to
0.1, 1, and 10-fold of the highest dose of 800 μg of aclidinium bromide in 250 mL
aqueous media, respectively.
Results: The Caco-2 P-gp inhibitory activity studies of LAS 34723, LAS 34823 and
LAS 34850 indicated that these compounds are not P-gp inhibitors.

5.2

Toxicokinetics

Assessment of TK parameters was included with toxicity study reviews. See PharmTox
reviews of IND 686533 dated February 6, 2004, March 19, 2004, and September 28,
2006. See below for the brief summary.
Single- and repeat-dose studies have been performed in the mouse, rat, rabbit and dog
using the inhalation, oral, subcutaneous and/or intravenous routes. Systemic exposure
to LAS 34273 and its two main metabolites LAS 34823 and LAS 34850 was confirmed
in these studies. However, due to instability of aclidinium bromide in initial quantification
(b) (4)
assays developed by
plasma concentrations of LAS 34723 were
usually below the limit of quantitation in several oral toxicity studies. Additionally, it
appears that plasma levels were generally subjected to a high degree of variability. In
inhalation studies, the time to maximum plasma concentration (Tmax) for LAS 34273 in
mice, rats and dogs was 0.08-4 hrs (but usually less than 1 hr), whereas Tmax for LAS
34823 and LAS 34850 was usually 0.08-1 hrs and 0.25-4 hrs, respectively. In chronic
inhalation studies, half-lives (T1/2) of LAS 34273 ranged 0.5-7.2 hrs in rats and 0.08-5
hrs in dogs, whereas T1/2 of LAS 34823 and LAS 34850 ranged 0.44-10 hrs and 1.4-8.7
hrs, respectively, in rats and 0.65-6 hrs and 1.7-7.5 hrs, respectively, in dogs. In repeatdose toxicology studies in mice, rats, dogs, and pregnant rabbits, systemic exposure of
LAS 34273, LAS 34823 and LAS 34850 generally increased with dose levels, without
apparent gender difference or evidence of accumulation in plasma over time. In
general, systemic exposure to LAS 34823 showed to be lower than systemic exposure
to the parent compound, whereas exposure to LAS34850 was significantly greater than
that of the parent compound, dependent on dose, route and species studied.
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See PharmTox review of IND 68,653 dated February 6, 2004.

6.2

Repeat-Dose Toxicity

See PharmTox review of IND 68,653 dated February 6, 2004, March 19, 2004, April 14,
2004, and June 2, 2005. See below for summary and additional toxicology studies
evaluated within this review.
Given that aclidinium bromide will be administered on a chronic basis in clinical setting
for the treatment of bronchospasm associated with COPD, the review focused on
chronic toxicology studies in rats and dogs with brief description of findings from shortterm toxicity studies using different routes of administration. There were four major 6month toxicity studies in rats (2 inhalation toxicity studies, 1 inhalation mechanistic
investigative study and 1 subcutaneous toxicity study), whereas one 9-month toxicity
study was conducted using dogs. Target organs of toxicity were eyes (mydriasis), lungs,
Harderian gland and parotid gland in rats and heart (increased heart rate) and eye
(decreased tear production, keratitis, conjunctivitis) in dogs. The Harderian gland has
no analogous structure in human. Effects on the lung as well as mortalities that
occurred in rats are judged to be the results of exaggerated pharmacological effects
(i.e., inhibition of salivary gland secretions led to inadequate moistening of food with
subsequent aspiration of food or impaction of food in the esophagus). These findings
were considered specific to rats and have little or no relevance to humans.
Note that some of original IND review used delivered doses, which are target doses and
pulmonary deposited doses using 7% and 20% pulmonary deposition factor for rats and
dogs, respectively. To be consistent with other NDA PhamTox reviews, all doses in this
integrated summary are described as estimated achieved doses and pulmonary
deposited doses using 10% and 25% pulmonary deposition factor for rats and dogs,
respectively.
Major findings in rats
In two 6-month inhalation toxicology rat studies, male and female rats were
administered LAS 34723 at achieved doses ranging from 0.010 to 0.24 mg/kg/day
(estimated pulmonary deposited doses of 0, 0.001-0.024 mg/kg/day, respectively, using
10% pulmonary deposition factor). The two control groups received air and lactose,
respectively. LAS 34273-related mortality occurred at ≥0.082 mg/kg, but it was not
dose-responsive. Decreases in mean absolute body weights were observed at
≥0.20 mg/kg. The lungs, Harderian glands, and parotids were considered to be primary
target organs of the LAS 34273-related effect. For the lungs, increases in alveolar
hemosiderin, congestion and hemorrhage were observed in males and females at
≥0.082 mg/kg.
Increased incidence and severity in lungs of pigment-laden
macrophages, macrophage conglomerates and perivasculitis were also observed at
≥0.46 mg/kg. Increased incidence of acinar hypertrophy in the Harderian gland was
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observed at ≥0.035 mg/kg, and increased incidences of acinar hypertrophy and
basophilic foci in the parotid glands were observed in all LAS 34273-treated groups.
The NOAEL for 6-month inhalational toxicity studies in rats could not be identified since
increased incidences of acinar hypertrophy and basophilic foci in the parotid glands
were observed effects in all LAS 34273-treated groups. However, the findings in the
parotid gland are considered clinically monitorable. The Harderian gland findings do not
appear to be relevant to humans since there is no analogous structure to the Harderian
glands in humans. Mortalities and lung findings were judged to be the results of
exaggerated pharmacological effects. These findings were considered rat-specific since
it is likely due to aspiration of food into lungs or food impaction in the esophagus as
described below. In addition, there was no LAS 34273-related increase in mortality in
the 2-year carcinogenicity study in rats with achieved doses up to 0.2 mg/kg/day. Thus,
the maximum tolerated dose (MTD) of an achieved dose of 0.2 mg/kg/day in the second
6-month inhalation toxicity study would be used for safety factor determination for the
clinical dose regarding systemic toxicity.
The detailed description and justification for rat-specific findings were summarized
herein.
Mortalities in rat studies
In rats, non-dose responsive mortalities occurred in the chronic toxicity studies. In two
6-month inhalational toxicity studies, the following number of rats was found dead: 4
males and 4 females at 0.082 mg/kg; 1 female at 0.09 mg/kg; 1 male and 1 female at
0.20 mg/kg; 5 males and 2 females at 0.56 mg/kg; and 2 females at 2.4 mg/kg
(Table 39). The deaths occurred generally after 2 to 4 months of treatment. About half
of these animals had food remnants in the larynx and/or esophagus and almost all
animals had the lung findings including congestion, hemorrhage, alveolar macrophages,
pigment-laden macrophages, and macrophage conglomerates and alveolar and
adventitia hemosiderin (see Tables 40-41). Note that alveolar macrophages and
adventitia hemosiderin were also observed in rats in air and vehicle control groups.
Mortalities seen in rats were not specific to the inhalation route of administration since
two rats were found dead in the 26-week subcutaneous toxicity study. These animals
also had residual food in larynx/ esophagus and lung findings similar to what were
observed in the chronic inhalational studies (see Table 42). The death due to food
remnants in the larynx and/or esophagus and lung findings associated with food
aspiration have been previously observed in nonclinical studies with other
antimuscarinic receptor antagonists.

72
Reference ID: 3102539

NDA # 202-450
Dose
mg/kg/day

2.4 (HD)

Animal

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.
Time of
death

104M

Day 43
(week 7)

106M

Day 31
(week 5)

111M

Day 101
(week 15)

115M

Day 163
(week 24)

261F

Day 166
(week 24)

287F

Day 143
(week 21)
Day 133
(week 19)

312F

Histopathological findings in selected tissues
Parotid glands: Acinar hypertrophy (1)
Harderian glands: porphyrin deposits (2)
Lung: congestion; intra-alveolar ery (3); hemorrhage (2);
vascular mineralize (1); alveolar macrophages (3); pigmentladen macro (P); perivasculitis (3); hemosiderin-advent (2);
hemosiderin-alveolar (3)
Parotid glands: atrophy, diffuse (1)
Harderian glands: porphyrin deposits (3)
Lung: congestion; intra-alveolar ery. (3); perivasculitis (1);
lymphoid hyperplasia (2)
Larynx/esophagus: foreign bodies Larynx level 6; plant
particles in esophagus
Parotid glands: atrophy, diffuse (1)
Harderian glands: porphyrin deposits (1)
Lung: congestion; intra-alveolar ery. (3); hemorrhage (1);
osseous metaplasia (1); alveolar macrophages (2); pigmentladen macro (P); perivasculitis (1); hemosiderin-advent (2);
hemosiderin-alveolar (2)
Harderian glands: porphyrin deposits (1)
Lung: congestion; intra-alveolar ery. (2); hemorrhage (1);
vascular mineralize (1); alveolar macrophages (3); pigmentladen macro (P); perivasculitis (2); hemosiderin-advent (2);
hemosiderin-alveolar (3)
Larynx/esophagus: foreign bodies in larynx level 6; plant
particles in esophagus
Harderian glands: porphyrin deposits (2); inflammation (1)
Lung: congestion; intra-alveolar ery. (3); alveolar
macrophages (2); pigment-laden macro (P); hemosiderinadvent (2); hemosiderin-alveolar (2)
Larynx/esophagus: foreign bodies in larynx level 3 & 6; plant
particles in esophagus
Parotid glands: acinar hypertrophy (1)
Harderian glands: porphyrin deposits (1)
Tissue not present

Lung: congestion; intra-alveolar ery. (3); hemorrhage (2);
erythrophagocytosis (3); alveolar macrophages (3); pigmentladen macro (P); macrophage conglom (P); inflammatory foci
(1); perivasculitis (2); hemosiderin-advent (3); hemosiderinalveolar (3)
Larynx/esophagus: plant particles in esophagus
Harderian glands: porphyrin deposits (2); azinar hypertrophy
(3)
322F
Day 121
Lung: congestion; intra-alveolar ery. (2); alveolar
(week 18)
macrophages (3); pigment-laden macro (P); perivascular
cuffing (2); perivasculitis (1); hemosiderin-advent (2);
hemosiderin-alveolar (3)
Larynx/esophagus: plant particles in esophagus
Harderian glands: porphyrin deposits (2); mononuclear foci
(1); inflammation (1)
Grade 1 = minimal, Grade 2 = slight, Grade 3 = moderate, Grade 4 = marked, P = present
Dose levels expressed as achieved doses
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Table 41 Death of 6-month inhalation toxicity study in rats (Study No.
Dose
mg/kg/day
0.082
(MD-2)

0.20 (HD)

Animal
103M

Time of
death
Day 142
(week 21)

116M

Day 71
(week 11)

117M*

Day 88
(week 13)

127M**

Day 159
(week 23)

273F

Day 90
(week 13)

275F

Day 126
(week 18)

289F

Day 121
(week 17)

302F

Day 128
(week 19)

142M

Day 156
(week 23)

326F

(b) (4)

Histopathological findings in selected tissues
Lung: congestion, hemorrhage (1), vascular
mineralization (1), alveolar macrophages (2); Hemosiderin
advent (2), Hemosiderin macro (2);
Parotid glands: hypertrophy (2)
Harderian glands: Porphyrin deposition (1)
Lung: hemorrhage (3), edema, alveolar (2), vascular
mineralization (1), alveolar macrophages (1)
Parotid glands: hypertrophy (2)
Harderian glands: porphyrin deposition (1)
Lung: hemorrhage (2), vascular mineralization (1)
Parotid glands: hypertrophy (1)
Harderian glands: porphyrin deposition (1)
Lung: vascular mineralize (1); hemosiderin: advent (1);
Parotid glands: atrophy (2); Mononuclear foci (2)
Harderian glands: Porphyrin deposition (3), hypertrophy
(2);
Lung: congestion, Hemorrhage (2), osseous metaplasia
(1), vascular mineralization (1), alveolar macrophages (1),
mononuclear foci (1), hemosiderin: advent (1),
hemosiderin: advent (1), hemosiderin: macro (1)
Harderian glands: porphyrin deposition (2), mononuclear
foci (1)
Lung: congestion, hemorrhage (1), hemosiderin: advent
(1), hemosiderin: macro (1)
Larynx/esophagus: foreign bodies in larynx level 6
Harderian glands: porphyrin deposition (1)
Lung: congestion, alveolar macrophages (1),
hemosiderin: advent (1)
Larynx/esophagus: food in esophagus
Parotid glands: atrophy (2)
Harderian glands: porphyrin deposition (1)
Lung: congestion, vascular mineralization (1), alveolar
macrophages (1)
Larynx/esophagus: foreign bodies in larynx level 6; food
in esophagus
Harderian glands: porphyrin deposition (1)
Lung: tissue not present
Larynx/esophagus: food in esophagus
Parotid glands: hypertrophy (2)
Harderian glands: porphyrin deposition (1)
No tissue

Day 173
(week 25)
Grade 1 = minimal, Grade 2 = slight, Grade 3 = moderate, Grade 4 = marked, P = present
Dose levels expressed as achieved doses
* animal with liver rupture
** sacrificed due to poor health condition
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Table 42 Death of 6-month subcutaneous toxicity study in rats (
Dose
mg/kg/day
1.0

Animal
46

Time of
death
Day 165
(week 24)

(b) (4)

848410)

Histopathological findings in selected tissues

Lung: congestion, hemorrhage (1), alveolar macrophages
(2);; Hemosiderin advent (1), Hemosiderin alveoli. (3)
Larynx: food remnants
Harderian glands: Porphyrin deposition (1)
109
Day 146
Lung: congestion, hemorrhage (1), alveolar macrophages
(week 21) (2); Hemosiderin advent (1), Hemosiderin alveoli. (1)
Larynx: food remnants
Harderian glands: porphyrin deposition (1)
Grade 1 = minimal, Grade 2 = slight, Grade 3 = moderate, Grade 4 = marked, P = present

The applicant conducted two additional investigative rat studies by the subcutaneous
(SC) route in an attempt to clarify the cause of death and lung lesions, pursuant to
deriving further support for the antimuscarinic pharmacological basis for the rat-specific
deaths. In a 28-day SC toxicity study with diurnal access to food, rats were
administered LAS 34273 subcutaneously for a shorter period of time but at higher doses
levels (5 and 10 mg/kg) than those used in the previous chronic studies. Rats were
accessed to food only during the day time (from 9:00 am to 16:30 in the afternoon) and
the feeding behaviors of the animals were closely observed. One female was
preterminally sacrificed in extremis on day 9 after repeated choking episodes that
affected food consumption and body weight gain, but no death occurred in this study,
which might be due to the short duration of the study. After one week of dosing,
animals in the 5 and 10 mg/kg groups exhibited problems with swallowing food and
choking and gasping episodes. When the animals were deprived of water during the
daylight feeding period in week 4, the incidence and severity of choking episodes
increased. A low incidence and slight severity of pigment-laden alveolar and adventitial
macrophages were observed in the LAS 34273-dosed groups. In another SC study,
telemetric transducers were implanted in the wall of the esophagus and changes in the
intrathoracic pressure related to the deglutition pattern activity were observed in rats
given a SC dose of 2.5 mg/kg of LAS 34273 for 25 days, and these rats had food and
water ad libitum during the 25 days of dosing. Animal behavior was video-recorded.
Gasping and coughing episodes were observed in rats in the LAS 34273-dosed group,
with more frequently observed in the dark period of the lighting cycle. An intrathoracic
pressure trace showed that violent swings in pressure during a gasping episode. Rats
were deprived of food with water ad libitum for 24 hours, and then food was given
without water for 5 hours on day 26. During the 5-hour period of the visual observation
on day 26, gasping or retching episode appeared during or immediately after eating,
which suggested that the respiratory difficulties could be due to effects hampering
salivary function and/or esophagus motility. Incidences of gasping and coughing were
decreased during the recovery period. It appears that the airway obstruction caused by
an impacted food bolus would lead to respiratory straining, resulting in focal
hemorrhages in the pulmonary parenchyma, and potentially resulting in death for some
animals by asphyxiation.
In the carcinogenicity study, rats were given achieved inhaled doses of 0.019, 0.069
and 0.20 mg/kg/day, food remnants was noted in the larynx and/or esophagus of a few
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animals (1 female at 0.019 mg/kg, 2 males and 6 females at 0.069 mg/kg and 4 males
and 4 females at 0.20 mg/kg), and almost all these rats also had lung findings (See
Table 43). However, overall incidences of mortality were unaffected by LAS 34273 in
the carcinogenicity study in rats.
Table 43 Microscopic Findings in the lungs of rats with food in the larynx and/or
esophagus in the 2-year carcinogenicity study in rats
Dose
mg/kg/day
0.019 (G3)
0.069 (G4)

Animal

Histopathological findings in the lung

454F
235M

Congestion
Vascular mineralization, focal/multifocal, grade 1;
Hemorrhage, intra—alveolar, focal/multifocal, grade 2;
Alveolar macrophages, focal/multifocal, grade 2
Vascular mineralization, focal/multifocal, grade 1;
Alveolar macrophages, focal/multifocal, grade 1
Alveolitis, subacute/chronic, focal/multifocal, grade 1
Alveolar macrophages, focal/multifocal, grade 1
Congestion
Vascular mineralization, focal/multifocal, grade 1;
Congestion;
Hemosiderin: BALT/connective tissue, grade 1;
Alveolar macrophages, focal/multifocal, grade 1
Congestion
Vascular mineralization, focal/multifocal, grade 1;
Alveolar macrophages, focal/multifocal, grade 1;
Cholesterol granuloma(s), focal/multifocal, grade 1
Congestion
Congestion
Congestion;
Alveolar edema, grade 1;
Hemosiderin: BALT/connective tissue, grade 1;
Hemosiderin: in alveolar macrophages, grade 2;
Macrophage agglomerations, focal/multifocal, grade 1;
Alveolar macrophages, focal/multifocal, grade 2
Alveolar mineralization, focal/multifoal, grade 1;
Congestion
Hemosiderin: BALT/connective tissue, grade 1;
Hemosiderin: in alveolar macrophages, grade 3;
Macrophage agglomerations, focal/multifocal, grade 3;
Alveolar macrophages, focal/multifocal, grade 2
Congestion;
Hemorrhage, intra—alveolar, focal/multifocal, grade 1;
Hemosiderin: BALT/connective tissue, grade 1;
Alveolar macrophages, focal/multifocal, grade 1
Mixed inflammatory cell focus/foci, grade 1
Vascular mineralization, focal/multifocal, grade 1;
Alveolar edema, grade 1;
Hemorrhage, intra—alveolar, focal/multifocal, grade 2;

236M
482F
499F
516F
517F

519F
535F
0.20 (G5)

252M
261M
286M

289M

545F

558F
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Histopathological findings in the lung

Hemosiderin: BALT/connective tissue, grade 1;
Alveolar macrophages, focal/multifocal, grade 1
560F
Vascular mineralization, focal/multifocal, grade 1;
Congestion;
Hemorrhage, intra—alveolar, focal/multifocal, grade 1;
Hemosiderin: BALT/connective tissue, grade 1;
Alveolar macrophages, focal/multifocal, grade 2;
Mixed inflammatory cell focus/foci, grade 1
567F
Grade 1 = minimal, Grade 2 = slight, Grade 3 = moderate, Grade 4 = marked

Microscopic findings in the lung in rats
Increases in alveolar hemosiderin, congestion and hemorrhage were observed in males
and females at ≥0.082 mg/kg. Increased incidence and severity in lungs of pigmentladen macrophages, macrophage conglomerates, perivasculitis and alveolar
hyperplasia were also observed at ≥0.46 mg/kg.
In the 2-year carcinogenicity study, a slight increased incidence of congestion in the
lung was observed in females at 0.069 and 0.20 mg/kg. Macrophage agglomeration
and hemosiderin within bronchus-associated lymphoid tissue (BALT) and macrophage
were slightly increased in males at 0.20 mg/kg and in females at 0.069 and 0.20 mg/kg.
Particularly, these findings were more prevalently observed in lungs of rats that were
found dead or preterminally sacrificed and even higher for rats with food residual found
in the larynx and/or esophagus as described above.
Hemosiderin-laden macrophages accumulate in the alveoli of animals in association
with chronic pulmonary congestion and hemorrhage. Hemosiderin-laden macrophages
in histological sections of the lung represent evidence of previous pulmonary
hemorrhage (Forbes and Acland. Med. Sci Law 44(4):348-52, 2004). An event that
produces pulmonary hemorrhage such as airway obstruction will result in erythrocyte
uptake and degradation by pulmonary macrophages, the predominant phagocytic cell
population. If the subsequent intracellular iron load is sufficient, hemosderin will form,
and the cell will stain with Perls’ Prussian blue, and these cells have been termed
hemosiderin-laden macrophages. In human infants, pulmonary hemorrhage may occur
in heart failure, trauma, coagulation disorders, idiopathic pulmonary hemosiderosis,
anti-alveolar basement membrane antibody-mediated lung injury, milk allergy,
aspiration, vascular malformations and bronchiectasis (Berry. J. Clin Pathol. 52:553-4,
1999). Congestion and septal hemorrhage were highly associated with a diagnosis of
aspiration (Delmonte and Capelozzi, Am J Forensic Med Pathol. 22(2):139-49, 2001).
An in vitro study has shown that alveolar macrophages are slow at both the
phagocytosis of erythrocytes and the subsequent extracellular release of iron,
compared to blood monocytes and cultured macrophages (Custer et al. Am J. Hematol.
13(1):23-6, 1982).
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In the chronic and carcinogenicity studies in rats, there was no evidence of heart failure
since there were no increased heart findings in LAS 34273-treated groups or rats that
were found dead. On the other hand, there is substantial evidence of aspiration of food
in the rats in LAS 34273-treated groups. Thus, the lung findings (congestion,
hemorrhage, pigment-laden macrophages, and macrophage conglomerates and
alveolar hemosiderin) are most likely the consequence of food aspiration in the rats.
These lung findings are likely related to alveolar macrophage-mediated clearance of
aspirated food in the lung, which were observed with other muscarnic receptor
antagonists as previously mentioned. As a result of reduced salivation due to the
pharmacological action of LAS 34273 coupled with the dry food intake, likely in spasms
causing vagal reflex and death. Note that increased water consumption was observed in
rats treated with LAS 34273. Therefore, the mortality and lung lesions observed in the
rat studies are considered the result of exaggerated pharmacological effects (i.e.,
inhibition of salivary gland secretions led to inadequate moistening of food with
subsequent aspiration of food or impaction of food in the esophagus). These findings
were considered rat-specific and not relevant to humans.
Microscopic Findings in Harderian gland in rats
Increased incidence of acinar hypertrophy in the Harderian gland was observed at
≥0.035 mg/kg. The Harderian gland as well as parotid glands were expected target
organs of toxicity of LAS 34723, based on the anticholinergic action of the drug on
glandular tissue, and these glandular effects are considered resultant from test articlerelated reduced secretions (M3 inhibition) with resultant attempt at reversal
(hypertrophy). The relevance of the Harderian gland findings to humans is questionable
since there is no analogous structure to the Harderian glands in humans.
Other findings in rats
Mydriasis was also observed in rats in the short-term studies using intravenous or oral
route, 6-month SC study and one 6-month inhalation study. This finding was not noted
in several inhalation studies because the specific evaluation using opthalmoscopy was
not included in these studies. Increased water consumption and clinical signs including
palpebral ptosis, torpid movements and chromodacryorrhea were also observed in oral
2-week and/or 4-week studies in rats.
Major findings in dogs
In a 9-month inhalation toxicity study, dogs were administered LAS 34273 by inhalation
(snout only) at achieved doses of 0 (lactose control), 0.031 (LD), 0.225 (MD) and
1.662/0.810 (HD) mg/kg/day (estimated pulmonary deposited doses of 0, 0.00775,
0.0563 and 0.416/0.203 mg/kg/day, respectively, using 25% pulmonary deposition
factor) for 39 weeks. The high dose animals were given achieved doses of
1.662 mg/kg/day from days 0 to 33, however, due to marked clinical signs and
increased lethality, these animals were not treated from days 34 to 42, and then
treatment was continued but reduced by half from day 43 to the end of the treatment
period. There were five decedents at the high dose with two occurred after the dose
reduction. Most notable test article-related effects were increased restlessness during
exposure in the HD group, increased heart rate and reduced tear production in MD and
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HD groups. The effect on heart rates was described in the above Safety Pharmacology
section. The NOAEL was identified as an achieved dose of 0.031 mg/kg/day.
However, since tear production and heart rate can be clinically monitorable, LOAEL of
an achieved dose of 0.225 mg/kg/day would be used for safety factor evaluation for the
clinical dose.
Other findings in dogs
Decreased tear production was also observed in 4-week oral toxicity in dogs, and the
finding was associated with conjunctivitis with or without serous discharge and minor
keratitis. Dry oral mucus membranes, a dry nose and/or swelling of the cervical region
as well as decreased activity and some other related clinical signs were also noted in
the 14-day IV (bolus) study in dogs. Increased heart rate was seen all these studies.
Toxicokinetic assessment of LAS 34273 and its major metabolites LAS 43823 and
LAS 34850 was included in the chronic inhalational studies. Apparently, measurements
of plasma drug and metabolite levels were generally subjected to a high degree of
variability. In both rats and dogs, AUC and Cmax of the parent and metabolite
compounds increased with increasing dose, but not strictly proportional to dose. Of the
parent and metabolites, metabolite LAS 34850 was predominant and levels of
LAS 34823 were lower than those of LAS 34273 in rats and dogs. There is neither
apparent gender difference nor accumulation.

Addendum to the original review of “26-week inhalation toxicology study in rats
for mechanistic investigations on previously detected lung lesions" (Study
(b) (4)
number
845322) dated March 19, 2004
At that time of the original review was written, the TK report was not submitted. Thus,
TK data are summarized below.
Toxicokinetics
Blood samples were collected from TK animals on Days 1 and 28 at the following
designated time points: <10 min, 30 min, 1, 2, 4 and 24 h postdose. The plasma
concentrations of LAS 34273 and its metabolites LAS 34823 and LAS 34850 were
determined using the LC-MS/MS method. The values of lower limit of quantification
(LLOQ) in the rat plasma of 100 μl were 0.2 ng/ml for LAS 34273 and LAS 34823 and
2 ng/ml for LAS 34850. TK data from this study were reported separately (Report No.
B.34273.18).
In addition, the concentration of the parent compound and its two metabolites was
measured in broncho-alveolar lavage (BAL) samples from different animals at the time
of sacrifice (1, 2, 3, 4 and 6 months).
Results: TK data from the blood samples are presented in Table 44 and amounts and
percentages recovered in the BAL are presented Tables 45-47. The amounts of
LAS 34273 recovered from BAL fluids indicate that a considerable fraction of nonabsorbed dose remains in the lung during at least 5 hours postdose. The amounts of
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the acid and alcohol metabolites were low, relative to the amount of parent compound,
indicating a possible low esterase activity or chemical hydrolysis in the lung. This is in
direct contrast to the plasma where levels of the metabolite, LAS 34850, were
significantly higher than the parent compound LAS 34723. Similar levels of aclidinium
bromide in the BAL were seen after 1 or 6 months of treatment in rats, suggesting that
there was no accumulation of the test article within the lung during chronic treatment.
Table 44 The TK data of LAS 34273, LAS 34823 and LAS 34850 in rats treated with a
target inhaled dose of 2 mg/kg/day of LAS 34273 on Days 1 and 28 [taken directly from
the study report]
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Table 45 Amounts (μg) and percentages of the dose of LAS 34273 recovered in the
broncho-alveolar lavages (BAL) after 1-, 2-, 3-, 4,- and 6-months of treatment with an
inhaled target dose of 2 mg/kg/day [taken directly from the study report]

Table 46 Amounts (μg) of LAS 34823 recovered in the broncho-alveolar lavages (BAL)
after 1-, 2-, 3-, 4,- and 6-months of treatment with an inhaled target dose of 2 mg/kg/day
of LAS 34273 [taken directly from the study report]
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Table 47 Amounts (μg) of LAS 34850 recovered in the broncho-alveolar lavages (BAL)
after 1-, 2-, 3-, 4,- and 6-months of treatment with an inhaled target dose of 2 mg/kg/day
of LAS 34273 [taken directly from the study report]

Addendum to the original review of “26-week subcutaneous toxicology study with
(b) (4)
rats" (Study No.
848410) dated March 19, 2004
Correction from the original review:
Two animals that were found dead (one male (animal No. 46) and one female (animal
No. 109) in the 1 mg/kg dose group) had food remnants in the larynx.
At that time of the original review was written, the TK report was not submitted. Thus,
TK data are summarized below.
Toxicokinetics
Blood samples were collected from the retro-orbital plexus of Allocation C animals on
Day 1, 28 and in week 13 and 26 at the following designated time points: pre-dose, 15,
30 min, 1, 2, 4 and 24 h postdose. The plasma concentrations of LAS 34273 and its
metabolites LAS 34823 and LAS 34850 were determined using the LC-MS/MS method.
The values of lower limit of quantification (LLOQ) in the rat plasma of 100 μl were
0.2 ng/ml for LAS 34273 and LAS 34823 and 2 ng/ml for LAS 34850. TK data from this
study were reported separately (Report No. B.34273.21).
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The report states that the high concentrations of LAS 34273 were detected at 4 h
postdose for the male rats in weeks 13 and 26, and the partial areas obtained by
applying the trapezoidal rule from 4 to 24 h accounted for greater than 20% of the total
AUC(0-24) values (39% and 36% in weeks 13 and 26, respectively). To avoid the
overestimation of these AUC(0-4) values, the AUC estimated as “AUC=AUC((04)+Conc.4h/lz” was calculated and considered as the correct AUC(0-24) value. The
percentages of the extrapolated areas from 4 h until infinity were 8.7% and 8.1 % in
week 13 and 26, respectively.
The report states that very low but measurable plasma levels of LAS 34273 were
detected in 15 out of 168 samples from animals in the control group, and these results
were probably a consequence of cross contamination during the sample handling after
blood collection, plasma separation and/or sample preparation for analysis. Since the
data from the control animals were not included in the report, these data cannot be
verified.
The TK data of LAS 34273 and its metabolites LAS 34823 and LAS 34850 were
presented in Tables 48-50. The detection of the plasma levels of LAS 34273 and its
metabolites LAS 34823 and LAS 34850 confirmed the systemic exposure of the animals
to the test article and to its metabolites during the dosing period.
Significantly higher Cmax and AUC values of LAS 34273 were observed in week 26,
compared to those on days 1, 28 and week 13 (in general between 3- and 4-fold higher)
as shown in Table 48. Systemic exposure to LAS 34823 was also higher in week 26,
compared to those on days 1, 28 and week 13 (Table 49), whereas higher exposure to
LAS 34850 was observed in week 13 and 26 than on days 1 and 28 (Table 50).
As shown in Table 51, the ratios between the mean plasma concentration of LAS 34273
and its main metabolite LAS 34850 indicated that smaller proportions of the parent
compound were converted to the metabolite in week 26, compared to those on days 1,
28 and 90.
Table 48 TK parameters of LAS 34273 from the 26-week SC toxicity study in rats after
a SC dose of 1 mg/kg/day LAS 34273 [taken directly from the study report]
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Table 49 TK parameters of LAS 34823 from the 26-week SC toxicity study in rats after
a SC dose of 1 mg/kg/day LAS 34273 [taken directly from the study report]

Table 50 TK parameters of LAS 34850 from the 26-week SC toxicity study in rats after
a SC dose of 1 mg/kg/day LAS 34273 [taken directly from the study report]

Table 51 Ratios between the values of the exposure parameters [Cmax, AUC(0-4) and
AUC(0-24)] for LAS 34850 (main metabolite) and LAS 34273 [taken directly from the
study report]
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Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:

0 (vehicle control) 5 and 10 mg/kg
Once daily
Subcutaneous
5 ml/kg
5% (v/v) aqueous solution of dimethyl sulfoxide
Rats, Han:WIST
10
Approximately 6 weeks at arrival
Approximately 150 g at arrival
12/sex/group for 5 and 10 mg/kg dose group for
TK evaluation
Unique study design: Rats were accessed to food only during the day
time (from 9:00 am to 16:30 in the afternoon)
and the feeding behaviors of the animals were
observed closely. The pre-study adaptation
period was included in this study so that rats
were adapted to feed only during the light period
of the daily cycle prior to the dosing period and
the adaptation period lasted 12 days.
Afterwards, adapted animals were treated with
either vehicle or LAS 34273 for 4 weeks. In
week 4, the animals were deprived of water
during the daylight feeding period.

Observations and Results
Mortality
The study report states that viability was checked throughout the study.
One female (animal No. 51) was preterminally sacrificed in extremis on day 9 of
treatment after repeated choking episodes that affected food consumption and body
weight gain.
Main microscopic findings were epithelial hyperplasia in small intestine, lymphoid
atrophy in thymus and spleen, acinar atrophy in submandibular salivary glands, a slight
increased incidence of alveolar macrophages in lungs and the presence of a foreign
body in larynx.
Clinical signs
Clinical observations were performed daily from day 1 to 9 and continuously during the
daylight feeding period from day 10 onwards.
Male and female rats at 5 or 10 mg/kg/day exhibited choking and repeated gasping
episodes. The incidence and severity of these episodes increased in week 4 of the
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study when the animals where deprived of water during the daylight feeding period
(Figure 5).

Figure 5 Total number of choking and gasping episodes (the left figure is male number
and the right figure is female number) [taken directly from the study report]
Body Weights
All animals were weighed daily.
A dose-dependent decrease in mean body weight and body weight gain was observed
at 5 and 10 mg/kg/day, compared to the control group (Table 52).
Table 52 Percent difference of mean body weight gain from the control group in the 28day subcutaneous toxicity study in rats
Dose group
Males
Females
0 mg/kg
5 mg/kg
10 mg/kg 0 mg/kg
5 mg/kg
10 mg/kg
Body weight
256 g
198 g
174 g
185 g
159 g
148 g
on Day 28
(-22.7%)
(-32.0%)
(-14.1%)
(-20.0%)
Body weight
gain
between
Days 1-28

69 g

6g
(-91.3%)

-16 g
(-123%)

27 g

-2 g
(-107%)

-11g
(-141%)

Feed Consumption
Food consumption was recorded daily. The animals had access to food from 9:00 to
16:40 and at this time the food not consumed in each cage was removed and weighed.
A dose-dependent decrease in mean food consumption was observed at 5 and
10 mg/kg/day for the first the weeks in males and for the first week in females. The HD
males had low food consumption throughout the dosing period.
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Water Consumption
Water intake was measured at the following intervals: Days 1-4, 5-11, 12-18 and 19-22.
Five days before scheduled sacrifice, animals were deprived of water during the
daylight feeding period in order to worsen the clinical signs observed.
Increased water consumption was observed at 5 and 10 mg/kg/day of males and
females throughout the dosing period (a range of 28-184% increase in mean water
intake per interval).
Ophthalmoscopy
Not performed
Hematology
Not performed
Clinical Chemistry
Not performed
Urinalysis
Not performed
Gross Pathology
Necropsies were performed after 4 weeks of dosing. Tissues collected at the necropsy
were listed below, and these tissues were fixed in neutral phosphate buffered 4%
formaldehyde solution, with the exception of the eyes and testes, which were fixed in
modified Davidson's solution.
Tissues collected at the necropsy [taken directly from the study report]
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The main macroscopic findings at necropsy were an increased incidence of reduced
thymus size in animals at 5 or 10 mg/kg/day. In addition, higher incidences of lesions
(scabs, hemorrhagic areas together with alopecia) were noted at the injection site in
LAS 34273-treated groups.
Organ Weights
At the scheduled necropsy days, weights were recorded for the following organs:
adrenal glands, brain, epididymides, heart, kidneys, liver, lungs, pituitary gland,
prostate, salivary glands (submandibular and sublingual), spleen, testes, thyroids
glands, and uterus. The combined weight of paired organs was recorded. The thyroids
and pituitary glands were weighed after embedding in formaldehyde.
Consistent with decreased mean body weights in the test article-treated groups, mean
absolute organ weights tended to be lower in many organs of males and females in
these groups. The following changes were observed at 5 and 10 mg/kg: decreased
weights in thymus (males and females) and uterus (females), and increased weights in
lung (males and females), salivary glands (males) and adrenal glands (males).
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Table 53 Relative organ weights in the 28-day subcutaneous toxicity study in rats
Dose group

Males
5 mg/kg
0.124*
(-20.5%)

10 mg/kg
0.086**
(-44.9%)

0.185

0.209**
(+13.0%)

0.392

Adrenal
0.022
gland
%BW
Uterus
%BW
* p<0.05; ** p<0.01

Thymus
%BW
Salivary
gland
%BW
Lung
%BW

0 mg/kg
0.156

0 mg/kg
0.218

Females
5 mg/kg
0.174*
(-20.2%)

10 mg/kg
0.130**
(-40.4%)

0.217**
(+17.3%)

0.204

NC

NC

0.490**
(+25.0%)

0.557**
(+42.1%)

0.481

0.571**
(+18.7%)

0.556**
(+15.6%)

0.028**
(+27.3%)

0.030**
(+36.4%)

0.037

NC

NC

-

-

0.309

0.202**
(-34.6%)

0.159**
(-48.5%)

NC = no or minor change
Histopathology
Histopathological examinations were performed for the tissues listed below. Collected
tissues were processed, embedded in paraffin, cut at a nominal thickness of 2-4 μm and
stained with hematoxylin and eosin. Additional lung sections were stained by Perl's
method to assess hemosiderin.
Tissues subject for the microscopic examination [taken directly from the study report]
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Histological Findings
The main histopathological findings were observed in lungs. There was increased
severity of alveolar macrophages and slightly increased incidence and severity of
adventitial and alveolar macrophage hemosiderin at 5 and 10 mg/kg (Table 54). In
addition, acinar atrophy and epithelial hyperplasia were observed in the Harderian gland
of males and females at 10 mg/kg. Similar findings in the lungs were observed with
inhalation toxicology studies. These findings appear to be independent of route of
administration. These findings were likely due to aspiration of food into the lungs and
attributed to exaggerated pharmacology activity (i.e., inhibition of salivary gland
secretions led to inadequate moistening of food with subsequent aspiration of food or
impaction of food in the esophagus). These findings were considered specific to rats
and have little or no relevance to humans.
Slightly increased incidence of tubular dilation in kidney and ureter and lymphoid
atrophy in the thymus were observed at 5 and 10 mg/kg. Injection site findings,
including epidermal hyperplasia, ulcer, edema, hemorrhage and necrosis were also
observed. Hyperkeratosis in the non-glandular mucosa of the stomach, paneth’s cells
hyperplasia in the small intestine, and acinar atropy in salivary glands were also
observed at LAS 34273-tretaed groups. The toxicological significance of these findings,
including stomach, small intestine, and kidney, was unclear and they were not evident in
longer duration studies.
Table 54 Microscopic findings in the lung in the 28-day SC toxicity study in rats [taken
directly from the study report]

Toxicokinetics
TK assessment was carried out with TK rats (12 males and 12 females) with single SC
doses of 5 or 10 mg/kg/day, and blood samples were collected at 15 min, 30 min, 1, 2, 4
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and 24 hours postdose. The determination of LAS 34273 and its two metabolites
LAS 34823 and LAS 34850 in rat plasma was carried out by a LC/MS/MS bioanalytical
method.
The plasma levels of LAS 34273 and its metabolites LAS 34823 and LAS 34850 found
in the study confirmed a high systemic exposure of the animals to the test article and to
its metabolites. Following administration of 5 or 10 mg/kg, the main metabolite
circulating in plasma was the acid derivative, LAS 34850, achieving AUC(0-24) values
between 5- and 8-fold higher than those for the parent compound. The AUC(0-24)
values of the alcohol metabolite LAS 34823 were lower (about 2-fold) than those of the
parent compound. There was no apparent gender difference.
Table 55 TK Data after single SC doses from the 28-day SC study in rats

Dosing Solution Analysis
The dose formulations were prepared daily and administered shortly after their
preparation. The formulations were analyzed twice during the study.
Results of formulation analyses demonstrated achieved concentrations within 100±11%
of the nominal test article concentration.
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Methods
Achieved Doses: 0 (vehicle control; Group 1), 2.0 (batch
(mg/kg/day) S001R1M1; Group 2) and 1.9 (batch R001;
Group 3)
Pulmonary deposited doses: 0 (Group 1), 0.20 (Group 2) and 0.19 (Group 3)
(mg/kg/day)
Frequency of dosing: Once daily
Route of administration: Nose-only inhalation
Dose volume: 1 hour/day
Formulation/Vehicle: 10% LAS 34273 formulation in lactose (a
nominal concentration of 10% LAS 34273/ 90%
Lactose)
Species/Strain: Rats/ Wistar, HanBrl:WIST
Number/Sex/Group: 20
Age: Approximately 8 weeks and 11 weeks for males
and females, respectively, at arrival
Weight: Approximately 170-200 g for both males and
females, at arrival
Satellite groups: None
Unique study design: Ten rats/sex/group were sacrificed after a 4week treatment period, and 10 rats/sex/group
were sacrificed after a 26-week treatment
period. The concentrations of the parent
compound and its two metabolites were
measured from lungs after 26 weeks of
treatment.
Dosimetry
The achieved doses were 2.0 and 1.9 mg/kg/day for Groups 2 and 3, respectively. The
estimated pulmonary deposited doses were 0. 2 and 0.19 mg/kg/day for Groups 2 and
3, respectively, as shown in Table 56.
Table 56 Exposure characteristics of the 6-month inhalation toxicity study in rats

Target dose level (mg
test article/kg)
Aerosol LAS 34273
concentrationa (μg/ L)
Aerosol mass
concentrationb (μg/ L)
MMAD ± GSDc
Achieved dosed
(mg/kg/day)
Pulmonary deposited
dosee (mg/kg/day)

Group 1
(Control)
0

Group 2
(S001R1M1)
2

Group 3
(batch R001)
2

0

64.9

60.1

471

543

501

4.90 ± 3.40
0

4.42 ± 3.00
2.0

4.79 ± 3.54
1.9

0

0.20

0.19
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a. Reported by the Applicant. LAS 34273 concentrations were determined by HPLC.
b. Aerosol mass concentration is total mass of the formulation in the inhaled air. It included
vehicle for Group 1 and both LAS 34273 and vehicle for Groups 2-3.
c. The mass median aerodynamic diameter (MMAD) and the geometric standard deviation
(GSD) were calculated from the results of the gravimetry determinations using a 7-stage
Mercer cascade impactor.
d. Averages of reported means in males and females reported by the Applicant.
e. Estimated from reported achieved dose and application of additional deposition factor of
0.1.

LAS 34723-related findings are presented in this review.
Mortality: Two males in Group 2 and one female in Group 3 were found dead during
the study. Food remnants in esophagus were noted in two animals. The microscopic
findings in the individual animals were listed below.
Male No. 22 in Groups 2 was found dead on Day 2; the histopathologic findings
included moderate intra-alveolar and multifocal hemorrhage and congestion in the lung.
Male No. 39 in Group 2 was found dead on Day 57; the histopathologic finding included
food in the esophagus and congestion and moderate alveolar macrophages in the lung.
Female No. 117 in Group 3 was found dead on Day 157; the histopathologic findings
included food in the esophagus and congestion, moderate alveolar macrophages,
hemosiderin in alveolar macrophages and macrophage conglomeration in the lung.
The deaths of Male No. 39 and female No. 117 are judged to be the results of
exaggerated pharmacological effects (i.e., inhibition of salivary gland secretions led to
inadequate moistening of food with subsequent aspiration of food or impaction of food in
the esophagus), which were observed in other chronic studies in rats treated with
LAS 34723. The death of male No. 39 after a single treatment was unlikely treatmentrelated and might be attributed to a dosing error.
Clinical signs: The specific examination to look for mydriasis was included in the study,
mydriasis was observed in a majority of males and females in Groups 2 and 3.
Body weight and food consumption: Decreased body weights and food consumption
were observed in males and females in Groups 2 and 3, compared to the control group.
Urinalysis: The relative density and osmolality in urine were decreased in females in
Groups 2 and 3 after the 26-week of treatment.
Organ Weight: Slightly increased lung weight was observed in males and females in
Groups 2 and 3.
Microscopic Findings: The histopathological examination was performed on the
following tissues/organs: respiratory organs, liver, kidneys, heart and Harderian glands
of all animals, all organs/tissues with gross lesions, and all organs and tissues from
animals that were found dead.
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LAS 34273-related increased incidences of microscopic findings were following:
adventitial and alveolar hemosiderin, alveolar hyperplasia, macrophage conglomerates
in the lung (Table 57), basophilic foci, acinar hypertrophy and diffuse atrophy in parotid
glands, acinar hypertrophy in Harderian glands, squamous metaplasia in the larynx, and
hyaline inclusions and epithelial disorganization/degeneration in the nasal cavity. Most
findings were observed at both interim sacrifice after the 4-week treatment and terminal
sacrifice after the 26-week treatment. These finding were observed in other chronic
studies in rats using LAS 34273.
Table 57 Histopathological findings in the lung at terminal sacrifice [taken directly from
the study report]

Toxicokinetics: Blood samples were collected on Day 3 (at <10 min, 30 min, 1, 2 hr for
Groups 2 and 3; at 30-61 min for Group1), after week 4 (at <10 min, 30 min, 1, 2, and
24 hr for Groups 2 and 3; at 32-38 min and 23-24 hr for Group1) and after week 26 (at
15 min, 1, 4, 8 and 22-26 hr for Groups 2 and 3; at 13-64 min and 23-26 hr for Group1).
TK data from this study were reported separately (Report No. B.34273.19).
In addition, the concentration of the parent compound and its two metabolites was
measured in lungs (right caudal lobe) after 26 weeks of treatment at 15 min, 1, 4, 8 and
22-25 hr postdose. It is stated that lungs after 4 weeks of treatment at 24 hr were
analyzed, however, the data cannot be found in the study report.
The plasma levels and TK data showed that a high degree of variability with no relevant
difference that could be attributed to the different batches. The plasma levels of
LAS 34850 were significantly higher than those of LAS 34723, but the plasma levels of
LAS 34823 were lower than those of LAS 34723.
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The concentrations of LAS 34273 and metabolites in the right caudal lobe from lungs of
LAS 34723-treated animals in Groups 2 and 3 showed that the main compound present
in the lung was the parent compound, and the low concentrations of metabolites were
detected in the lung (about 30-fold lower than LAS 34273) (Table 58-60). The
considerable amounts of LAS 34273 were present in the lung up to 24 h postdose
(Table 58, 61). This contrasts to higher exposures to metabolites in the plasma.
Table 58 Concentrations (μg/g), amounts (μg) and percentages of dose of LAS 34273
obtained from lungs after 26 weeks of treatment with an inhaled target dose of 2
mg/kg/day from two different batches of the test substance (S001R1M1 and R001)
[taken directly from the study report]
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Table 59 Concentrations (μg/g), amounts (μg) and percentages of dose of LAS 34823
obtained from lungs after 26 weeks of treatment with an inhaled target dose of
2 mg/kg/day from two different batches of the test substance (S001R1M1 and R001)
[taken directly from the study report]

Table 60 Concentrations (μg/g), amounts (μg) and percentages of dose of LAS 34850
obtained from lungs after 26 weeks of treatment with an inhaled target dose of
2 mg/kg/day from two different batches of the test substance (S001R1M1 and R001)
[taken directly from the study report]
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Table 61 Mean (n=2) concentrations (μg/g) and percentages of dose of LAS 34273
obtained from lungs after 26 weeks of treatment with an inhaled target dose of
2 mg/kg/day from two different batches of the test substance (S001R1M1 and R001)
[taken directly from the study report]

Table 62 Lung/plasma ratios for LAS 34273 found after 26 weeks of treatment with an
inhaled target dose of 2 mg/kg/day from two different batches of the test substance
(S001R1M1 and R001) [taken directly from the study report]
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Title: Effects of LAS 34273, Daily Administered by Subcutaneous Route, on
Intrathoracic Pressure and ECG in Freely Moving Wistar Rats [Study No.
FD0411JM; non-GLP]
Methods: Telemetric transducers were implanted in the wall of the esophagus and
changes in the intrathoracic pressure related to the deglutition pattern activity were
observed in male Wistar rats. Rats were administered at a SC dose of vehicle (0.01 M
phosphate buffer at pH 5) or 2.5 mg/kg of LAS 34273 twice daily, except in the weekend
(once daily) for 25 days, with feed and water ad libitum. After 24-hour of food
deprivation with water ad libitum, any abnormal behaviors such as gasping and
episodes were observed in rats given food without water for 5 hours on day 26. After a
14-day washout period, the rats were observed again for 5 hours in the same manner.
Animal behavior was video-recorded. Intrathoracic pressure and ECG were recorded
48 hours before the first dosing, during the dosing period and at the washout period.
Results: Gasping and coughing episodes were observed in rats in the LAS 34273dosed group, with more frequently observed in the dark period of the lighting cycle.
Decreased body weight gain and food consumption with increased water consumption
were also observed in rats in the LAS 34273-dosed group. Incidences of gasping and
coughing were decreased during the recovery period. An intrathoracic pressure trace
showed that violent swings in pressure during a gasping episode. During the 5-hour
period of the visual observation on day 26, gasping or retching episodes appeared
during or immediately after eating, which suggested that the respiratory difficulties could
be due to inhibitory effects on salivary function and/or esophagus motility. The ECG
records evaluation did not detect any morphologic alteration during the 25 days of
administration nor during the washout period; rats are a poor model for assessment of
drug-induced effects on cardiovascular parameters. Animals in the control group did
not show any episode of gasping or coughing.

7

Genetic Toxicology

See PharmTox review of IND 68,653 dated February 6, 2004, April 14, 2004, May 4,
2004, June 2, 2005. See below for summary and an additional study evaluated within
this review.
The potential genetic toxicity of aclidinium bromide was assessed in in vitro bacterial
mutagenicity assays, in vitro mouse lymphoma assays, in vivo mouse micronucleus
study, and an in vivo/in vitro rat liver unscheduled DNA synthesis (UDS) assay.
Aclidinium bromide (LAS 34273) was positive in the Ames bacterial mutation assay and
in the mouse lymphoma assay, but it was negative in the in vivo mouse micronucleus
study and the in vivo/in vitro UDS assay in male rats.
In the Ames bacterial mutation assay, 3 batches of LAS 34273 at doses up to
5000 μg/plate ± S9 were tested for tester strains TA98, TA 100, TA1535, TA1537, and
WP2uvr, and two batches were positive in the Ames assay, increasing strain TA98
revertant colony counts in the presence of S9 microsomes. Two additional batches of
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Negative control:
Positive control:
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8 and 20 mg/kg
Once
Subcutaneous (SC) injection
10 mL/kg
5% Dimethyl sulfoxide (DMSO)
Han Wistar Crl:WI (Han) rats
8 males/group (4 for 12-14 hr experiment and 4
for 2-4 hr experiment)
3 males for 20 mg/kg TK (systemic exposure
assessment)
An initial range finder experiment was
conducted with SC injection of 20 mg/kg in 3
male and 3 female rats, and the observations
were made over a 2-day period. These rats
exhibited adverse clinical signs including
cyanosis, lethargy, palpebral closure, dilated
pupils, increased rate of breathing, swelling
around injection site, vocalization on handling,
and piloerection and thereby the 20 mg/kg was
determined to be a maximum acceptable dose.
8 mg/kg (~40% of the maximum dose) was used
as a lower dose.
Vehicle (DMSO)
75 mg/kg of 2-acetamidofluorene (2-AAF)
suspended in corn oil for the12-14 hour
experiment and 10 mg/kg of
dimethylnitrosamine (DMN) dissolved in purified
water for the 2-4 hour experiment

Study Procedure
Approximately 12-14 hours (Experiment 1) and 2-4 hours (Experiment 2) after dosing,
livers perfused with collagenase under deep anesthesia and then animals were
sacrificed. Hepatocytes were isolated and the viability was determined by the trypan
blue exclusion assay. Primary hepatocyte cultures were exposed for 4 hours to 3Hthymidine, which was incorporated if DNA repair (unscheduled DNA synthesis)
occurred. The slide preparations were examined microscopically, and net nuclear grain
(NNG) counts were calculated by subtracting mean cytoplasmic grain (CG) counts from
nuclear grain (NG) counts.
Plasma concentration of LAS 34273 and its metabolites (LAS 34823 and LAS 34850)
were collected at 1 hour postdose from TK rats that were given a single SC dose of
20 mg/kg.
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Study Validity
(1) Dose levels, sampling times of liver cells, and incubation period of 3H-thymidine
were appropriate.
(2) No test article was found in the solvent control sample. Results of formulation
analyses demonstrated achieved concentrations within 100±10% of the nominal
test article concentration.
(3) One hundred cells were scored from two slides per animal.
(4) Liver cells from negative control animals had a viability of at least 50%.
(5) Negative control data fell within the normal range (historical mean value), and
positive controls produced expected increases in both NNG and the % of cells in
repair.
(6) Systemic exposure to LAS 34273 was observed. See the Results section.
Results
Mean concentrations of LAS 34273, LAS 34823 and LAS 34850 were 419, 88 and
596 ng/mL, respectively, in rat plasma collected at 1 hour after sc administration of
20 mg/kg of LAS 34273.
A negative result were observed in the 8 and 20 mg/kg dose groups, indicating that
under the test conditions, LAS 34273 did not induce DNA repair that was detectable by
this test.
This assay is known to have a poor sensitivity as not all DNA damage is repaired.

8

Carcinogenicity

See PharmTox Review dated December 5, 2011 for summaries and evaluations of 2year carcinogenicity studies with aclidinium bromide in mice and rats. See the minutes
of the ECAC Meeting dated November 15, 2011 for conclusion regarding the
carcinogenicity of aclidinium bromide in mice and rats.

9

Reproductive and Developmental Toxicology

See PharmTox review of IND 68,653 dated February 6, 2004, April 14, 2004, June 10,
2004, June 2, 2005 and September 28, 2006. See below for summary and an additional
study evaluated within this review.
Reproductive and developmental toxicity studies of LAS 34273 using the inhalation
route of administration were following: fertility and early embryonic developmental
toxicity study in rats, embryo-fetal developmental toxicity studies in rats and rabbits, and
a pre- and postnatal development study in rats. In addition, embryo-fetal developmental
toxicity studies in rabbits using the oral route of administration was also included.
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In an inhalation study of fertility and early embryonic development to implantation in
rats, male and female Wistar rats were administered LAS 34273 by nose only inhalation
for 1 hour, bid, at achieved doses of 0 (air control), 0 (lactose control), 0.78 (LD), 1.98
(MD) and 6.2 (HD) mg/kg/day. This study consisted of two parts: basis study and
extended study. The basis study was to examine the effect of LAS 34273 on the
reproductive performance from treated males and treated females, whereas the
extended study was to examine the effects of LAS 34273 on the reproductive
performance from treated males with untreated females and also from untreated males
with treated females. In the basis study, males were treated for 28 days prior to mating
and through the cohabitation period until one day prior to the actual necropsy at the end
of extended study, whereas females were treated for 14 days prior to mating, through
the cohabitation period and through gestation day (GD) 6. Mortality occurred in all
LAS 34273-treated groups (one male at LD, 3 males at MD, and 2 males and 1 female
at HD), and decreased mean body weight gain was observed in all LAS 34273-treated
groups. Test article-related effects on fertility and reproductive parameters were
following: dose-independent increase in mean precoital time (mean number of days to
mate), a slight decrease in fertility index (82, 82 and 86% in LD, MD and HD groups,
respectively) and mean number of corpora lutea, increased pre-implantation loss with
consequently decrease in mean number of implantations and embryos in all
LAS 34273-treated groups. However, there were no test article-related effects on
sperm analysis and mating index. The NOAEL for fertility and early embryonic
developmental toxicity could not be identified due to the impairment of fertility observed
at all dose levels in basis study.
Because of the adverse effects on fertility and reproductive parameters observed in all
LAS 34273-treated groups in the basis study, the study was extended to examine
whether the fertility and reproductive effects of LAS 34273 observed in the basis study
were due to treatment of males or treatment females. Males in the basis study were
continued to be treated, and these treated males were mated with untreated females in
the extended study. Additionally, another set of females were treated with LAS 34273.
Achieved doses levels for the males and females in the extended study were 0 (air
control), 0 (lactose control), 0.80 (LD), 1.92 (MD) and 4.8 (HD) mg/kg/day. When
treated males were mated untreated females, there were statistically significant, but
slight increases in pre- and postimplantation losses, and a slight decrease in mean
number of embryos at HD, but mating and fertility indices were not affected. When
treated females were mated with untreated males, slight decreases in fertility index, and
mean number of corpora lutea and implantations at MD and HD and slightly decreased
mean number of embryos at HD were observed. The decreased mean number of
corpora lutea and implantations at MD and HD was statistically significant. In the
extended study, the NOAEL for reproductive and early embryonic developmental
parameters was identified as an achieved dose of 1.92 mg/kg/day (AUC0-24hr = 73.2,
50.1 and 1110 ng·hr/mL for LAS 34273, LAS 34823 and LAS 34850, respectively) for
the treated males mated with untreated females, and at an achieved dose of 0.8
mg/kg/day (AUC0-24hr = 62.7, 32,9 and 501 ng·hr/mL for LAS 34273, LAS 34823 and
LAS 34850, respectively) for the treated females mated with untreated males.
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In an inhalational embryo-fetal developmental toxicity study in the rat, time-mated
Wistar rats were administered LAS 34273 by nose only inhalation for 1 hour, bid (at
least 4 hrs apart), at achieved doses of 0 (lactose control), 0.78 (LD), 1.76 (MD) and
5.02 (HD) mg/kg/day from GDs 6 through 17. Decreased mean body weight gain was
observed in dams in all LAS 34273-treated groups (16, 18 and 37% at the LD, MD, and
HD groups, respectively, relative to the control group) during the treatment period,
which was associated with decreased mean food consumption (15, 9 and 18% at the
LD, MD, and HD groups, respectively, relative to the control group). There were no test
article-related effects on embryo-fetal developmental parameters. The NOAEL for
embryo-fetal developmental toxicity was identified as an achieved dose of
5.02 mg/kg/day (AUC0-7hr = 59.1, 21.2 and 454.6 ng·hr/mL for LAS 34273, LAS 34823
and LAS 34850, respectively).
In an inhalational embryo-fetal developmental toxicity study in the rabbit, time-mated
Himalayan rabbits were administered LAS 34273 by nose only inhalation for 1 hour, bid
at achieved doses of 0 (lactose control), 0.40 (LD), 1.14 (MD) and 3.58 (HD) mg/kg/day
from GDs 6 through 19. There were no test article-related effects on maternal or
embryo-fetal developmental parameters. The NOAEL for embryo-fetal developmental
toxicity was identified as an achieved dose of 3.58 mg/kg/day (AUC0-7hr = 10.8, 32.1
and 805 ng·hr/mL for LAS 34273, LAS 34823 and LAS 34850, respectively). However,
at the dose levels tested in this study, insufficient treatment-related effects were
observed in maternal animals to allow interpretation of any potential embryo-fetal
developmental effects.
To achieve a higher systemic exposure to the test article in order to elicit adequate
maternal toxicity, an oral embryo-fetal developmental toxicity study was conducted in
the Himalayan rabbits. Time-mated female rabbits received LAS 34273 at oral doses of
0 (vehicle control: 1% methylcellulose), 150 (LD), 300 (MD), and 600 (HD) mg/kg/day
from GDs 6 through 19. Two females in 600 mg/kg/day dose group were found dead on
GDs 19 and 21. There was a dose-related decrease in mean food consumption in
LAS 34274-dosed groups (decrease of 22, 26 and 35% in the LD, MD and HD groups,
respectively, relative to the control group), however, there was no test article-related
effect on mean body weight or body weight gain. Statistically significant decrease in
mean fetal body weight was observed at ≥300 mg/kg/day, and incidence of additional
liver lobes was higher in all LAS 34273-dosed groups (3-5%) than the control group
(0%). Additional lobes in the liver are considered variation. Although only slightly
increased incidences of additional liver lobes were observed the fetuses in LAS 34273dosed groups, Himalayan rabbits tend to exhibit low background rates of malformations
and variations, compared to other strains of rabbits. The NOAEL for embryo-fetal
development could not be identified due to an increased incidence of additional liver
lobes at all doses. Systemic exposure to the low dose of 150 mg/kg/day (AUC0-24hr =
36.5, 22.3 and 56712 ng·hr/mL for LAS 34273, LAS 34823 and LAS 34850,
respectively).
In an inhalational pre- and postnatal developmental toxicity study in the rat, mated F0
female Wistar rats were administered LAS 34273 by nose only inhalation once daily at
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F1 maternal toxicity was evident by mortality, decreased mean body weight gain
and food consumption. One dam in the MD group was found dead on LD 4. A
dose-related decrease in mean body weight gain was observed in F0 females in
the MD and HD groups during the gestation days 6 and 21 (a decrease of 10.3%
and 14.9%, relative to the control group (87 g), which was associated with
decreased food consumption in these groups. Slightly increased mean body
weight gain was observed in all test article-treated groups (2.3 to 4.7%) during
the lactation period (LD 1-21).
F1 pups in the test article-treated groups had similar birth weights to the control
pups, however, there was a dose-dependent decrease in body weight gain in the
test article-treated groups during the pre-weaning period (decrease of 5, 11 and
16% in the LD, MD and HD groups of combined males and females, respectively,
relative to the control group). After weaning, the mean body weight gain in the
LD and MD group was similar to control group, but the HD group had a slightly
lower body weight gain than the control group. There were no other test articlerelated effects on viability, physical, neurobehavioral, and reproductive
parameters in F1 animals.
There were no test article-related effects on viability of F2 fetuses at any dose
groups, which was examined on GD 14.
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Methods
Achieved Doses: 0 (vehicle control), 0.018 (low dose), 0.20 (mid
dose) and 1.9 (high dose) mg/kg/day
Pulmonary deposited doses: 0 (C), 0.002 (LD), 0.02 (MD) and 0.19 (HD)
mg/kg/day
Frequency of dosing: Once daily
Dose volume: 1 hour/day
Route of administration: Nose-only inhalation
Formulation/Vehicle: 10% LAS 34273 formulation in lactose (a
nominal concentration of 10% LAS 34273/ 90%
Lactose)
Species/Strain: Rats/ Wistar, Han (b) (4) WIST
Number/Group: 22 mated females
Satellite groups: None
Study design: F0 females were treated with lactose (control) or
LAS 34273 from Gestation Day 6 to 20 and from
lactation day 1 to 20. The day of completed
parturition was designated postpartum day
(PPD) 0 [also equivalent to lactation day (LD) 0
or postnatal day (PND) 0]. F1 pups were kept
with their dams until weaning on PND 21.
Developmental, behavioral and reproductive
parameters were monitored for all or selected F1
pups, depending on the tests. Selected F1 pups
were mated at the age of approximately PND
70, and the C-section was performed on GD 14
to examine pregnancy outcomes for F2 offspring.
For reproduction data, group mean values were
calculated both on a litter basis and on a
percentage per group basis. Mean pup weights
were calculated from the individual weights both
on a per group and a per litter basis.
Deviation from study Not included in the study report.
protocol: There are no apparent major issues of the
study.
Selection of dose levels was based on the embryo-fetal developmental inhalation
(b) (4)
toxicity study and a 6-month inhalation study in rats (
Study Nos. 826637 and
845323, respectively).
Dosimetry
The achieved doses were 0.018, 0.20 and 1.9 mg/kg/day for the LD, MD and HD
groups, respectively, and the estimated pulmonary deposited doses were 0.002, 0.02
and 0.19 mg/kg/day for the LD, MD and HD groups, respectively, as shown in Table 63.

109
Reference ID: 3102539

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

Table 63 Exposure characteristics of the pre- and postnatal developmental toxicity
study in rats

Target dose level (mg
test article/kg)
Aerosol LAS 34273
concentrationa (μg/ L)
Aerosol mass
concentrationb (μg/ L)
MMAD ± GSDc

a

Group 1
(Control)
0

Group 2
(LD)
0.02

Group 3
(MD)
0.2

Group 4
(HD)
2.4

0

0.586

6.46

61.3

510

4.65

48.5

581

2.98 ±
2.37
0

1.89 ±
2.23
0.018

2.26 ±
2.02
0.20

3.59 ±
2.46
1.9

0

0.002

0.02

0.19

Achieved dosed
(mg/kg/day)
Pulmonary deposited
dosee (mg/kg/day)

Reported by the Applicant. LAS 34273 concentrations were determined by HPLC.
Aerosol mass concentration is total mass of the formulation in the inhaled air. It included vehicle for
Group 1 and both LAS 34273 and vehicle for Groups 2-4.
c
The mass median aerodynamic diameter (MMAD) and the geometric standard deviation (GSD) were
calculated from the results of the gravimetry determinations using a 7-stage Mercer cascade impactor.
See details under the section of Dosing Solution Analysis.
d
Averages of reported means in males and females reported by the Applicant.
e
Estimated from reported achieved dose and application of additional deposition factor of 0.1.
b

Table 64 Values for the estimated achieved dose levels of LAS 34273 [taken directly
from the study report]

Observations and Results

110
Reference ID: 3102539

NDA # 202-450
F0 Dams

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

Survival: Viability was checked at least twice daily.
One dam in the MD group was found dead in the morning
of LD 4. This dam did not exhibit any abnormal clinical
signs throughout the study until found dead, and also
there were no macroscopic findings. However, the body
weight of this dam on LD 4 was relatively low (230 g),
compared to the mean body weight of the MD group
(252 g) or the control group (255 g). Food consumption
between LDs 1 and 4 was also relatively low
(23.5 g/animal/day), compared to the mean values of the
MD group (28.4 g/animal/day) and control group (28.9
g/animal/day).
Clinical signs: Clinical observations were performed at least twice daily.
The behavior of dams during parturition was observed to
the extent as possible. Nesting and nursing behavior of
dams were observed daily.
There were no test article-related clinical signs.
Body weight: Body weight was measured daily.

A dose-related decrease in mean body weight gain was
observed in the MD and HD groups during the gestation
days 6 and 21 (a decrease of 10.3% and 14.9%, relative
to the control group (87 g), which was associated with
decreased food consumption in these groups. Slightly
increased mean body weight gain was observed in all test
article-treated groups (2.3 to 4.7%) during the lactation
period (LD 1-21).
Feed consumption: Food consumption was measured for the following
intervals: GD 0-6, 6-11, 11-15, 15-21 and PPD (or
lactation day) 1-4, 4-7, and 7-14.
A dose-dependent decrease in mean food consumption
was observed in MD and HD groups during the gestation
days 6 and 21 (a decrease of 6.6% and 13.9%,
respectively,
relative
to
the
control
group
[20.1 g/animal/day]). The decreased food consumption
during the gestation period was associated with the
decrease in mean body weight gain in these groups.
Slightly decreased mean food consumption was also
observed in these dose groups between LDs 1 and 14 (a
decrease of 4.5% and 4.8% in the MD and HD groups,
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respectively,
relative
[46.5 g/animal/day]).

to

the

control

group

Uterine content: Uterine content was examined during the necropsy. Uteri
of all F0 females were stained with an aqueous solution of
ammonium sulfide to examine possible hemorrhagic
areas of implantation sties.
No abnormal findings were recorded.
Necropsy observation: Females were sacrificed and necropsied on LD 21. A
female in the MD that was found dead was also
necropsied.
The female that did not deliver was
sacrificed and evaluated about three days after the
expected date. Organs/tissues with gross lesions were
fixed in neutral phosphate buffered 4% formaldehyde
solution for possible microscopic examination.
There were no macroscopic findings.
Reproductive There were no test article-related effect on reproductive
assessment: parameters (Table 68).
Toxicokinetics: Not performed
Dosing Solution Analysis
The test article or lactose concentrations, particle size distribution, oxygen
concentration, relative humidity and temperature were measured from test atmosphere
samples collected from a port of the exposure chamber. It was stated that airflow rates
were measured during the collection of samples for the determination of concentrations
and particle size distribution using calibrated dry-test meters and pressure gauges.
For determination of the aerosol mass concentration (mass of the formulation in the
inhaled air), gravimetric determinations were performed generally twice daily in all
groups using a Millipore HVLP filter or a Whatman Glass Fibre filter. Results from the
HVLP filters for Groups 1 and 2 and Whatman Glass Fibre filters for Groups 3 and 4
were reported. In addition, to determine the concentration of test article LAS 34273 in
the generated aerosol, chemical analyses were performed using an HPLC method with
two to five samples per week from each of Groups 2 to 4, which were collected from
Whatman Glass Fibre filters for gravimetric determination.
The distribution of particle size in the generated atmosphere in Groups 1 to 4 was
measured by gravimetry three or four times during the treatment period using a cascade
impactor. The samples from Groups 2 to 4 were also analyzed chemically using an
HPLC method. The mass median aerodynamic diameter (MMAD) and the geometric
standard deviation (GSD) were calculated for each group using the results from the
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Mercer impactor. In addition, the group-specific mean MMAD and GSD were calculated
on the basis of the mean stage specific cumulative weight percentages of all impactors
of the respective group.
Temperature, relative humidity and oxygen concentration were stable during the
treatment period. The gravimetrically and chemically determined mean aerosol
concentrations during the entire treatment period were presented in Table 65, and the
number of measurements and its coefficient of variation (CV) were also presented in the
table. The rats in the control group (lactose control) received a similar mean
concentration of the total particulate material as those in the HD group. It was stated
that the aerosol concentration for the HD was the technical limit for the experimental
set-up in this study. The MMAD and the GSD, which describes the aerosol particle sizes
and distribution patterns are presented in the Tables 66 and 67. These data in the
tables are mean values of MMAD and GSD calculated from each sampling time
throughout the treatment period, and their range, which encompass the value at each
sampling time. The MMAD and GSD values were generally acceptable, however, the
high dose group had higher values for chemically determined MMAD (a range of 2.493.64 μm for each sampling day).
Table 65 The gravimetrically and chemically determined mean aerosol concentrations
during the study [taken directly from the study report]

Table 66 The values for gravimetrically determined mass median aerodynamic
diameter (MMAD) and the geometric standard deviation (GSD) for lactose (Group 1)
and LAS 34273 lactose blend (Groups 2-4) in the pre- and postnatal development study
in rats [taken directly from the study report]
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Table 67 The values for chemically determined MMAD and GSD for LAS 34273 in the
pre- and postnatal development study in rats [taken directly from the study report]

Table 68 Reproductive assessment of F0 females
Parameter
No. of pregnant rats
No. of total litters evaluated

0
(control)
22
21

0.018
mg/kg/day
(LD)
22
22

0.20
mg/kg/day
(MD)
21
20*

1.9
mg/kg/day
(HD)
21
21

Mean gestation period (days)
21.3
21.3
21.4
21.5
Litter mean no. of implant sites
13.2
14.1
13.6
13.6
Litter mean no. of total newborns
12.2
12.9
12.3
12.6
Litter mean no. of live newborns
12.1
12.9
12.3
12.6
Fetal sex ratio (M%:F%)
44:56
48:52
49:51
48:52
Viability of F1 pups on Day 0 (%)a
91.4
91.3
90.8
92.7
Viability of F1 pups on Day 4 (%)b
99.6
98.9
99.2
98.9
c
Viability of F1 pups on Day 21 (%)
99.2
99.6
99.2
97.7
Dose levels described as achieved doses
* One litter (out of 21 litters) was excluded for evaluation due to the dam found dead on PND 4
a
Viability of F1 pups on Day 0 (or birth index) (%) = (No. pups born alive/Total No. implants) x
100
b
Viability of F1 pups on Day 4 (%) = (No. live pups on day 4/ No. pups born alive) x 100
c
Viability of F1 pups on Day 21 (or weaning index) (%) = (No. live pups on day 21/ No. live pups
on day 4) x 100
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Survival: Viability was checked at least twice daily.
There were no test article-related effects on survival of F1
animals.

Clinical signs: Clinical observations were performed at least twice daily.
There were no test article-related clinical signs. Possible
hydrocephalus was noted in one HD female on Day 42,
but there were no macroscopic finding in this female at
scheduled necropsy on PND 43.
Body weight: Body weight was measured on Postnatal Day (PND) 1, 4,
7, 14, 28 and 35, and then weekly for reared F1 rats. For
F1 mated females, body weight was measured on GD 0,
6, 11 and 14.
There were no test article-related effects on pup body
weight on PND 1, however, there was a dose-dependent
decrease in mean body weight gain in male and female
pups between PND 1 and 21 (decrease of 5, 11 and 16%
in the LD, MD and HD groups of combined males and
females, respectively; Table 69). After weaning, the
mean body weight gain in the LD and MD group was
similar to control group, but the HD group had a slightly
lower body weight gain than the control group (decrease
of 4.2% in the HD group of combined males and females,
relative to the control from PND 21 to 35), and the lower
mean body weights in the HD group was observed
throughout the study.
Decreased body weight gain from lactation days 1 to 21
appeared to correlate with drug exposure through the
(b) (4)
(b) (4)
dam’s milk [Study Nos.
05 and
07].
Feed consumption: Food consumption was measured in F1 mated females for
the following intervals: GD 0-6, 6-11 and 11-14.
There were no test article-related effects on mean food
consumption of F1 females during the gestation period.
Physical development: All F1 pups were monitored for the following
developmental parameters: pinna unfolding, incisor
eruption, onset of coat development, and eye opening.
Pups selected for examination of the reproduction
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performance were monitored for the following
parameters: testes descent, cleavage of balanopreputial
gland, and vaginal opening.
There were no test article-related findings for external
examinations at first litter check after parturition or any
other physical developmental parameters examined.
A very slight delay in onset of descensus of testes and
balanopreputial separation was observed in a dosedependent manner in test article-treated groups and a
slight delay in onset of vaginal opening at the HD females
was noted, which are associated with the decreased body
weight gain. However, the changes were minimal in
magnitude and thereby the changes were not considered
toxicologically relevant.
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Neurological assessment: One male and one female pup per litter were randomly
selected for following tests on the following days: on PND
14 (±1 day), righting reflex;
on PND 16 (±1 day), palmar grasp ability;
on PND 21 (±1 day), photophobotaxis, cliff avoidance,
negative geotaxis, exploratory locomotor pattern in a
cylindrical cage, direct papillary reflex, and hearing ability.
Two male and two female pups per litter were used for
water maze tests between PNDs 35 and 43.
There were no test article-related effects on the
neurobehavioral assessment.
Reproduction: After weaning on PND 21, 22 male and 22 female pups
were randomly selected from each group, from as many
different litters as possible. F1 animals were examined for
sexual developmental parameters listed in the Physical
development section above.
F1 animals were cohabitated at the age of at least 10
weeks old. Siblings were not paired. F1 females were
sacrificed on GD 14, reproductive data were recorded. If
no implantation sites were evident, the uterus was stained
with an aqueous solution of ammonium sulfide to
observed possible hemorrhagic areas of implantation
sites.
There were no test article-related effects on pre- and
post-implantation losses, number of corpora lutea and
implantation sites.
All normal live embryos were
observed in all groups (table 70).
Other: The remaining F1 pups that were not selected for
behavioral tests or examination of the reproductive
performance were sacrificed and necropsied on PND 21
or shortly thereafter. F1 pups selected for behavioral test
were sacrificed and necropsied after the water maze tests
were completed. F1 paternal males were sacrificed and
necropsied after F1 dams. The following organs/tissues
were fixed in neutral phosphate buffered 4%
formaldehyde
solution
for
possible
microscopic
examination: organs/tissues with gross lesions of F1
paternal animals and F1 pups with malformations or died
during the study.
There were no test article-related macroscopic findings.
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Table 69 Body weights and body weight gains of F1 pups
Parameter
Mean body weights on PND 1
Male
Female
Male + Female
Mean body weights on PND 21
Male

0
(control)

0.018
mg/kg/day
(LD)

0.20
mg/kg/day
(MD)

1.9
mg/kg/day
(HD)

5.8 g
5.6 g
5.7 g

5.7 g
5.5 g
5.6 g

5.9 g
5.6 g
5.7 g

5.7 g
5.5 g
5.6 g

36.9 g

35.3 g
(-4.3%)
34.6 g
(-4.7%)
34.9 g
(-4.6%)
29.3 g
(-5.2%)
102.5 g
(-1.1%)
67.6 g
(+0.9%)

33.6 g
(-8.9%)
33.2 g
(-8.5%)
33.3 g
(-9.0%)
27.6 g
(-10.7%)
99.9 g
(-3.6%)
66.6 g
(-0.6%)

31.6 g*
(-14.4%)
31.3 g*
(-13.8%)
31.5 g*
(-13.9%)
25.9 g
(-16.2%)
95.7 g*
(-7.6%)
64.2 g
(-4.2%)

0.018
mg/kg/day
(LD)
100 (22/22)
95 (21/22)
13.6
12.9
12.1
0
5.3

0.20
mg/kg/day
(MD)
100 (22/22)
100 (22/22)
13.4
12.9
12.2
0
4.1

1.9
mg/kg/day
(HD)
100 (22/22)
100 (22/22)
12.9
12.2
11.5
0
5.6

5.3

5.6

Female

36.3 g

Male + Female

36.6 g

Mean body weight gain PND 1-21
M+F
Mean body weights on PND 35
M+F
Mean body weight gain PND 21-35
M+F
* p<0.05

30.9 g
103.6 g
67.0 g

Table 70 Reproductive assessment of F1 animals
Parameter

0
(control)

Mating index (%)a
100 (22/22)
Fertility index (%)b
100 (22/22)
Mean litter no. of corpora lutea
13.4
Mean litter no. of implantation
12.6
Mean litter no. of live fetuses
12.1
Mean litter no. of dead fetuses
0
Mean preimplantation loss per
5.8
litter (%)
Mean postimplantation loss per
4.0
5.9
litter (%)
a
Mating Index (%) = (No. of pairs copulated/No. of pairs cohabited)
b
Fertility Index (%) = (No. of pregnant females/No. of mated females)

For F2 generation, only viability of fetuses was evaluated on GD 14 as shown in
Table 70.

118
Reference ID: 3102539

NDA # 202-450

10

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

Special Toxicology Studies

See PharmTox review of IND 68,653 dated June 2, 2005. See below for summary and
additional studies evaluated within this review.
The sensitizing potential of aclidinium bromide was investigated in rats, guinea pigs and
mice. LAS 34273 is not considered a sensitizer based on lack of a sensitization
response in the rat passive cutaneous anaphylaxis test , guinea pig inhalation induction
and challenge test, and mouse local lymph node assay for contact allergens. In
addition, LAS 34273 was not irritating to rabbit skin, but caused reversible reddening of
the conjunctivae with mydriasis in rabbit eyes in in vivo local tolerance studies.
In the rat passive cutaneous anaphylaxis (PCA) test (non-GLP; Study No. FD0312JL),
serum from male and female rats in the lactose control group or administered
LAS 34273 for 4 weeks by inhalation at the achieved dose of 2.0 mg/kg/day from the
(b) (4)
26-week inhalation mechanistic investigative rat study (Study No.
845322) was
used. Plasma/serum from ovalbumin- (positive control), LAS 34273- or lactose-treated
control animals was injected intradermally (50 ul) in the back of untreated male Wistar
rats. Twenty three hours later, the rats received ovalbumin or LAS 34273 at 0.1 and 1
mg/kg intravenously in a solution containing Evans blue dye (20 mg/kg) dissolved in
0.9% saline. No positive responses were observed for lactose- or LAS 34273-treated
animals in the PCA test.
In another assay to assess possible sensitizing effect of LAS 34273 (non-GLP; Study
No. FD0405JL), guinea pigs were both induced and challenged by the inhalation route
(induction by administering LAS 34273, ovalbumin (positive control), or vehicle for one
minute on days 0 and 7 and challenge one week after the second exposure to
corresponding compound). Concentrations used were 1 or 3 mg/mL of LAS 34273 or 3
mg/mL for ovalbumin. LAS 34273 did not show any inhalation sensitizing potential,
indicating that LAS 34273 is not a respiratory sensitizer.
In a local lymph node assay (LLNA) in Mice (GLP: Study No.
855049), female
mice were treated daily with vehicle (acetone:olive oil, 4:1 (v/v)) or LAS 34273 at
concentrations of 2.5, 5 and 10% by topical application to the dorsal surface of each ear
lobe for 3 consecutive days. LAS 34273 was negative as stimulation indexes were 1.4,
1.3, and 1.0 for 2.5%, 5%, and 10% dose groups, respectively, compared to control.
Slight skin irritation at both sites was observed starting on day 3 of dosing and
persisting for 3 days. LAS 34723 not a sensitizer in mouse local lymph node assay for
contact allergens.
(b) (4)

Local Tolerance Studies
Title: LAS 34273 Micronized: Primary Skin Irritation Study in Rabbits (4-Hour
(b) (4)
Semi-Occlusive Application) [Study No.
S02305; GLP]
Methods: LAS 34273 (0.5 g) was applied to the intact left flank of each of three young
adult male New Zealand White rabbits. Initially only one animal was used, and 3
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semiocclusive patches were applied sequentially to different test areas for 3 minutes, 1
and 4 hours, respectively. Subsequently, a patch with the test article was applied to
remaining two animals for 4 hours. The scoring of skin reactions was performed 1, 24,
48 and 72 hours after removal of the test article according to the numerical scoring
system listed in the Commission Directive 2004/73/EC, April 29, 2004.
Results: LAS 34273 did not elicit any skin reactions at the application site of any animal
at any of the observation times (all scores 0).
Title: LAS 34273 Micronized: Primary Eye Irritation Study in Rabbits [Study No.
(b) (4)
S02316; GLP]
Methods: LAS 34273 was applied by instillation of 0.1 g into the right eye of each of
three young adult male New Zealand White rabbits for 1 hour. The left eye served as
the negative control. Scoring of irritation effects was performed approximately 1, 24, 48
and 72 hours after instillation. The mean score was calculated from the 3 scoring times
(24, 48 and 72 hours) for each animal for corneal opacity, iris, redness and chemosis of
the conjunctivae, separately.
Results: The individual mean scores for corneal opacity and iris were 0.00 for all three
animals. The individual mean scores for the conjunctivae were 1.00, 0.33 and 0.33 for
reddening (mean value of 0.56 for all three rabbits) and 0.00 for chemosis for all three
animals. Moderate reddening (grade 2) of the conjunctivae was noted in all animals at
the 1-hour reading. Mydriasis was observed in all animals during the observations
performed 1 hour, 24 and/or 48 hours after the administration, and no longer evident at
72 hours.

11

Integrated Summary and Safety Evaluation

Forest Research Institute, Inc. (Forest), has submitted a 505(b)(1) New Drug
Application (NDA) for aclidinium bromide, a NME. The proposed indication is “the longterm, maintenance treatment of bronchospasm associated with chronic obstructive
pulmonary disease (COPD), including chronic bronchitis and emphysema.” The
proposed dose is an oral inhalation dose of 400 μg, twice daily.
Aclidinium bromide represents a new molecular entity, which is a long-acting,
antimuscarinic agent. It has similar affinity to the subtypes of muscarinic receptors M1,
M2, M3, M4 and M5. The M3 receptors on airway smooth muscle cell in the lungs
mediate the bronchoconstriction in response to acetylcholine and are critical to COPD
airway pathology. Thus, aclidinium bromide may have important pharmacological
effects in preventing cholinergic-mediated bronchoconstriction by blocking the
acetylcholine effect on the M3 receptors. It is noted that aclidinium bromide displayed
comparable affinities to M1-M5 and was not selective for M3.
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The complete, nonclinical safety program for aclidinium bromide included
pharmacology, safety pharmacology, toxicology, genotoxicity, carcinogenicity, and
reproductive toxicology studies.
Pharmacology: The mechanism of action of aclidinium bromide has been established.
Primary Pharmacology: Aclidinium bromide showed affinities for all five human
receptors with affinity values (measured as an inhibition constant) of 0.09, 0.1, 0.12,
0.25 and 0.24 nM for muscarinic M1, M2, M3, M4 and M5 receptors, respectively. Halflives of LAS 34273 for the M3 receptors were 29 hours, which dissociates faster from
M1 and M2 receptors than from M3. The 3H-LAS 34273 M3/M2 and M3/M1 kinetic
ratios were 6 and 4, respectively.
The anti-muscarinic activity of LAS 34273 was assessed in several in vitro and in vivo
models. In super-perfused electrically-stimulated preparation of guinea pig and human
trachea, the potency of inhibitory effects of LAS 34273 on acetylcholine (ACh)-induced
contraction was comparable to other approved muscarinic antagonist compounds,
tiotropium bromide and ipratropium bromide. The long-acting duration of antimuscarinic
action of LAS 34273 was demonstrated in isolated guinea pig trachea with a T1/2 offset
value of >8 h and in isolated human bronchus with a T1/2 offset value of 334 min.
The inhibitory effect of LAS 34273 on acetylcholine-induced bronchoconstriction was
also examined in in vivo studies. In anaesthetized guinea pigs, inhaled doses of
LAS 34273 inhibited ACh-induced bronchoconstriction in a concentration-response
manner with the maximum activity observed at 2 hr, and the duration of action
(measured as time to decrease 50% maximal effect of submaximal doses for 1 h [T1/2])
was 29 h. The onset of action of LAS 34273 was 30 min. The inhibitory effect of
LAS 34273 on ACh-induced bronchospasm was also observed in anaesthetized dogs
administered aerosol of LAS 34273.
In in vitro binding displacement study for determining the affinity of its two main
metabolites, LAS 34823 and LAS 34850, for human M1, M2, M3, M4 and M5 receptors,
neither LAS 34823 nor LAS 34850 at a concentration of 10 μM blocked or minimally
(b) (4)
blocked these muscarinic receptors. The affinity of
for human M1, M2 and M3 receptors was also assessed in
(b) (4)
comparison with LAS 34273
had affinities of 45.5 nM, 16 nM and 154.8 nM
(b) (4)
/
for M1, M2 and M3 receptors, respectively, showing an affinity ratio (IC50
IC50 LAS 34273) of 325, 94 and 910 times for M1, M2 and M3, respectively. In an in vivo
(b) (4)
study in guinea pigs inhaled
or LAS 34273 using aerosols up to 1000 μg/ml,
(b) (4)
reached a maximal effect of 37% inhibition on ACh-induced
bronchoconstriction at 1000 μg/ml, and EC50 could not be assessed under the test
condition. In comparison, LAS34273 inhibited the ACh-induced bronchoconstriction with
an EC50 of 2.9 μg/ml and a maximal effect of 96% at 100 μg/ml.
Secondary Pharmacology: In a study of the effects of LAS 34273 on various enzyme
activities, there was no marked inhibition of enzyme activities at 10 μM of LAS 34273.
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Data showed that most enzyme activities were inhibited by less than 10% inhibition, and
a few enzyme activities were inhibited by 10-26%. In radioligand binding assays,
inhibitory effects of LAS 34273 and its metabolites on various receptors were examined
using 10 μM. Beside M receptors, the inhibitory effects were observed on the following
receptors: α1, NE uptake, H1, NK1, NK2, opiate, 5-HT, σ with 43-98% inhibition by
LAS 34273; α1, B1, ETB, kainate, σ and choline transporter with 22-68% inhibition by
LAS 34823; and kainate, V2 and choline transporter with 19-33% inhibition by
LAS 34850.
Safety Pharmacology: A battery of safety pharmacology studies were conducted with
aclidinium bromide that included assessments of neurological, cardiovascular, and
respiratory effects.
Neurological effects - In mice received LAS 34273 at oral doses of 30, 100 and
300 mg/kg to assess neurological effects of aclidinium bromide, a slightly decreased
bite induction was observed at all doses, and mydriasis was observed in one animal of
the 100 mg/kg dose group. In an acute toxicity study in mice administered LAS 34273 at
oral doses of 500, 1000 and 2000 mg/kg, palpebral ptosis, abnormal quietness, and
abnormal posture, clonic convulsions and/or dyspnea were observed. Mydriasis was
observed in rats at oral single doses of 500-2000 mg/kg in a single dose study and rats
at lower repeated doses in short-term and chronic studies using different routes of
administration, including inhalation. Isolated incidences of restlessness, decreased
activity, tremor, collapse, and/or sporadic buckling of the hindlimbs were also observed
in dogs with relatively high doses in the repeat dose studies using oral, intravenous and
inhalation studies. Decreased tear production was also seen in some of these studies.
Cardiovascular effects - In an in vitro hERG assay in transfected HEK293 cells,
LAS 34273 produced a dose-related inhibition of hERG channel with an IC50 value of
19.7 μM, and the alcohol metabolite LAS 34823 also caused similar, but lesser effects
on hERG channel in HEK cells. A significant decrease in action potential amplitude and
maximum upstroke velocity in guinea pig purkinje fibers treated with 3 and 10 μM of
LAS 34273 suggested potential sodium channel blockage. The two main metabolites,
LAS 34823 and LAS 34850, also caused similar effects of lower magnitude in guinea
pig purkinje fibers. In inhalation studies in dogs given LAS 34273, an increase in heart
rate (usually 20-50%) and associated slight decreases in PQ/QT intervals and/or slightly
increased P wave amplitude were observed when the measurements were taken at
different days throughout the studies. The changes were attributed to increased heart
rate. The changes in heart rates and ECG parameters were observed at 2 hours after
the exposure to the drug, but were usually reversed by 24 hours postdose. Similar
effects were noted in the conscious dogs when LAS 34273 was given by different routes
of administration (e.g., IV and SC). It should be noted that dogs are potentially more
sensitive to cardiovascular effects induced by anti-cholinergic drugs as compared to
other laboratory animals.
Pulmonary effects - LAS 34273 did not alter pulmonary resistance, tidal volume, and
respiratory rate evaluated by whole body plethysmography up to 4 hours in conscious

122
Reference ID: 3102539

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

male guinea pigs at an inhaled dose of 1 mg/kg. LAS 34273 also did not significantly
alter mucociliary transport in an in intro study using isolated piglet trachea or in vivo
study using anesthetised guinea pigs an intravenous dose of LAS 34723.
Renal/urinary effects - LAS 34723 did not alter renal function in male rats at
subcutaneous doses up to 1000 μg/kg, female guinea pigs at intracheal doses up to
100 μg/kg, and anaesthetized male dogs at an intravenous dose of 1000 μg/kg.
Salivary gland effects - LAS 34273 showed a dose-responsive inhibitory effect on
pilocarpine-induced salivation in male mice at inhalational doses of 10-3000 μg/ml and
male rats at subcutaneous doses of 0.1-1000 μg/kg.
Gastrointestinal effects -LAS 34273 produced a dose-dependent decrease in fecal
output in male rats at subcutaneous doses of 10, 100 and 1000 μg/kg; this was an
expected pharmacological effect of anticholinergic agent. However, LAS 34273 did not
alter colonic contractility in male guinea pigs at subcutaneous doses up to 1000 μg/kg.
ADME: The absorption, distribution, metabolism and excretion of aclidinium bromide
have been examined in mice, rats, dogs and rabbits. Aclidinium bromide (LAS 34273)
is rapidly metabolized to two main metabolites, LAS 34823, an alcohol metabolite and
LAS 34850, an acid metabolite. For ADME studies, two radiolabeled compounds,
[Phenyl-U-14C]-LAS 34273 and [Glycolyl U-14C]-LAS 34273 were used. LAS 34823 is
the major phenyl-labeled molecule, and LAS 34850 is the major glycolyl-labeled
molecule.
Absorption: The applicant stated that it is not possible to obtain reliable bioavailability of
LAS 34723 following oral or intratracheal administration due to the low plasma
concentrations of LAS 34723 following administration due to rapid hydrolysis. It should
be noted that there was a high degree of variability in the PK/TK data throughout the
nonclinical development program due to the use of a non-robust method for quantitation
of the test article, particularly in the early stages of the drug development.
Single- and repeat-dose studies have been performed in the mouse, rat, rabbit and dog
using the inhalation, oral, subcutaneous and/or intravenous routes. Systemic exposure
to LAS 34273 and its two main metabolites LAS 34823 and LAS 34850 was confirmed
in these studies. However, due to instability of aclidinium bromide in initial quantification
(b) (4)
assays developed by
plasma concentrations of LAS 34723 were
usually below the limit of quantitation in several oral toxicity studies. Additionally, it
appears that plasma levels were generally subjected to a high degree of variability. In
inhalation studies, the time to maximum plasma concentration (Tmax) for LAS 34273 in
mice, rats and dogs was 0.08-4 hrs (but usually less than 1 hr), whereas Tmax for LAS
34823 and LAS 34850 was usually 0.08-1 hrs and 0.25-4 hrs, respectively. In chronic
inhalation studies, half-lives (T1/2) of LAS 34273 ranged 0.5-7.2 hrs in rats and 0.08-5
hrs in dogs, whereas T1/2 of LAS 34823 and LAS 34850 ranged 0.44-10 hrs and 1.4-8.7
hrs, respectively, in rats and 0.65-6 hrs and 1.7-7.5 hrs, respectively, in dogs. In repeatdose toxicology studies in mice, rats, dogs, and pregnant rabbits, systemic exposure of
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LAS 34273, LAS 34823 and LAS 34850 generally increased with dose levels, without
apparent gender difference or evidence of accumulation in plasma over time. In
general, systemic exposure to LAS 34823 was lower than systemic exposure to the
parent compound, whereas exposure to LAS34850 was significantly greater than that of
the parent compound, dependent on dose, route and species studied.
In vivo studies in rats and dogs involving the administration of single doses of [14C]aclidinium bromide conducted in order to investigate the ADME of aclidinium bromide in
rats and dogs demonstrated that aclidinium bromide was rapidly hydrolyzed in plasma
principally by esterase enzymes with some chemical hydrolysis. Levels of LAS 34273,
LAS 34823 and LAS 34850 were also evaluated using the lung homogenates and
broncho-alveolar lavage (BAL) samples from rats treated with a target achieved dose of
2 mg/kg/day by inhalation at 4 and 26 weeks. The amounts of LAS 34273 recovered
from lung homogenates and BAL fluids indicate that a considerable fraction of nonabsorbed dose remains in the lung during at least 5 hours postdose. The amounts of
the acid and alcohol metabolites were low, relative to the amount of parent compound,
indicating a possible low esterase activity or chemical hydrolysis in the lung. In fact, the
in vitro studies on the hydrolysis of LAS 34273 showed that the formation of LAS 34823
and LAS 34850 in the absence of NADPH were substantially lower in human pulmonary
subcellular fractions than those in human plasma. Similar levels of aclidinium bromide
in the BAL were seen after 1 or 6 months of treatment in rats, suggesting that there was
no accumulation of the test article within the lung during chronic treatment.
Distribution: The ADME distribution studies performed in rats with [14C]-aclidinium
bromide indicated that after single intravenous, oral or intratracheal nominal doses of
1 mg/kg, radioactivity was extensively distributed throughout most tissues with the
greatest concentrations in the bladder, pancreas, kidneys and tissues of the
gastrointestinal tract. After single intravenous doses relatively low radioactivity was
measured in the brain. However, by 24 h, concentrations of radioactivity in all tissues
had declined considerably, and by 72 h were near or below the limit of quantification.
Increased levels of radioactivity were detected in the lungs after intratracheal
administration. There were no significant differences in the distribution data between
male and female albino rats, male pigmented rats and pregnant and non-pregnant rats.
Radioactivity was also detected in the placenta of the pregnant rats. The general
distribution of radioactivity observed in whole body autoradiographs was also in good
agreement with the excised quantitative tissue distribution data.
The evaluation of the placental transfer of aclidinium bromide in pregnant rats showed
that the test article-related radioactivity in fetuses was near or below the limit of
quantification, indicating that fetuses were only slightly exposed to test article-related
material after a single intravenous dose. The results obtained by the same
administration route in lactating Sprague Dawley rats showed that pups would be
exposed to test article-related material in maternal milk. Maximal concentrations were
measured in milk at 6 hours postdose and in plasma at 0.25 hours postdose. These
data indicate the pups would be exposed to compound-related material in maternal milk.
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Interspecies plasma protein binding of radiolabeled LAS 34273 was compared in vitro in
mice, rats, rabbits, dogs, and humans. The results indicated that 12% to 26% of
LAS 34823 and 66% to 87% of LAS 34850 in plasma was bound to plasma protein and
the following order of protein binding of LAS 34273 was determined in the different
species: for phenyl-labeled drug, rat (25.6%) > mouse (17.0%) > dog (15.1%) = human
> rabbit (15.1%) and for glycolyl-labeled drug, human (87.3%) > rat (86.7%)> rabbit
(85.9%)> mouse (80.4%) > dog (66.0%). Albumin was determined to be the main
plasma protein bound by the metabolites.
Metabolism: Comparative in vitro studies on [14C]-LAS 34273 with mouse, rat, rabbit,
dog and human liver microsomes, as well as human lung microsomes, showed that the
major route of metabolism was via hydrolysis, producing LAS 34823 (alcohol derivative,
quaternized 3-(R)-quinuclidinol) and LAS 34850 (acid derivative, dithienylglycolic acid).
The applicant also identified minor oxidative pathways, which included hydroxylation of
the parent compound and LAS 34823. The hydrolysis products, LAS 34823 and
LAS 34850, were only detected as metabolites with human lung microsomes.
Hydrolysis mediated by nonenzymatic processes appeared to play a significant role
(Direct exposure of the lung parenchyma to LAS 34273 and its metabolites, LAS 34823
and LAS 34850 was evident).
The proposed metabolic pathways for LAS 34273 in human liver microsomes with major
as well as minor metabolites are presented in Figure 6. In human liver microsomes, the
major metabolite for [Phenyl-U-14C]-LAS 34273 was the alcohol derivative LAS 34823
(M2), whose formation was catalyzed by non-enzymatic hydrolysis and a minor
contribution of esterase-mediated hydrolysis. The major metabolite for [Glycol-U-14C]LAS 34273 in human liver microsomes was the carboxylic acid derivative LAS 34850
(m3), formed by ester hydrolysis of the parent compound. Two minor metabolites m4
and m5 were also observed.
Metabolite profiling data obtained from the in vivo ADME studies in rats and dogs after
intravenous, oral or intratracheal administration of radiolabeled LAS 34273 were similar
to the in vitro results since the major radioactive component found in plasma and urine
corresponded to LAS 34823 and LAS 34850.
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Figure 6 Proposed metabolic pathways for aclidinium bromide in human liver
microsomes [taken directly from the NDA submission]
Excretion: The mass balance data from the ADME studies in mice, rats, pregnant
rabbits and dogs support the evidence that LAS 34273 is rapidly cleared as a
consequence of its chemical and enzymatic hydrolysis with rapid excretion of
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radioactivity after single intravenous, oral or intratracheal administration: 80% excreted
during the first 48 h following administration. No gender differences were observed in
excretion. For the phenyl-labeled LAS 34273, the feces was the major route of
excretion following intravenous or oral administration in rats and intratracheal
administration in dogs, while the urine was major route of excretion following
intravenous administration in dogs. For the glycolyl-labeled LAS 34273, the urine was
the major route of excretion or comparable to the fecal route of excretion following oral
administration in rats.
In vitro studies using recombinant human cytochrome P450s (CYPs) showed that LAS
34273 and LAS 34823 competitively inhibited CYP2D6 activity with IC50 of 2.4 μM and
20.6 μM, respectively. CYP3A4/5 activity was slightly inhibited by LAS 34273 (IC50 ~ 90
μM). In addition, in vitro studies using recombinant human esterases showed that LAS
34273 competitively inhibited acetylcholinesterase and butyrylcholinesterase activities
with IC50 of 7.5 μM and 9.5 μM, respectively, and slightly inhibited carboxylesterase
activity (IC50 of 43.9 μM). LAS 34823 slightly inhibited acetylcholinesterase and
butyrylcholinesterase with IC50 values around 100 μM.
In vitro studies using Caco-2 cells indicated that LAS 34273 and LAS 34850 are not Pglycoprotein (P-gp) substrates and LAS 34823 is a weak or non P-gp substrate,
whereas LAS 34273, LAS34823 and LAS34850 are not P-gp inhibitors.
General Toxicology: Given that aclidinium bromide will be administered on a chronic
basis in clinical setting for the treatment of bronchospasm associated with COPD, the
review focused on chronic toxicology studies in rats and dogs with brief description of
findings from short-term toxicity studies using different routes of administration. There
were four 6-month toxicity studies in rats (2 inhalation toxicity studies, 1 inhalation
mechanistic investigative study and 1 subcutaneous toxicity study), whereas one 9month toxicity study was conducted using dogs. Target organs of toxicity were eyes
(mydriasis), lungs, Harderian gland and parotid gland in rats and heart (increased heart
rate) and eye (decreased tear production, keratitis, conjunctivitis) in dogs. The
Harderian gland has no analogous structure in human. Effects on the lung as well as
mortalities that occurred in rats are judged to be the results of exaggerated
pharmacological effects (i.e., inhibition of salivary gland secretions led to inadequate
moistening of food with subsequent aspiration of food or impaction of food in the
esophagus). These findings were considered specific to rats and have little or no
relevance to humans.
Major findings in rats
In two 6-month inhalation toxicology rat studies, male and female rats were
administered LAS 34723 at achieved doses ranging from 0.010 to 0.24 mg/kg/day
(estimated pulmonary deposited doses of 0, 0.001-0.024 mg/kg/day, respectively, using
10% pulmonary deposition factor). The two control groups received air and lactose,
respectively. LAS 34273-related mortality occurred at ≥0.082 mg/kg, but was not doseresponsive. Decreases in mean absolute body weights were observed at ≥ 0.20 mg/kg.
The lungs, Harderian glands, and parotids were considered to be primary target organs.

127
Reference ID: 3102539

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

Increased in alveolar hemosiderin, congestion and hemorrhage was observed in the
lungs from males and females at ≥0.082 mg/kg. Increased incidence and severity in
lungs of pigment-laden macrophages, macrophage conglomerates and perivasculitis
were also observed at ≥0.46 mg/kg. Increased incidence of acinar hypertrophy in the
Harderian gland was observed at ≥0.035 mg/kg, and increased incidences of acinar
hypertrophy and basophilic foci in the parotid glands were observed in all LAS 34273treated groups.
The NOAEL for 6-month inhalational toxicity studies in rats could not be identified since
increased incidences of acinar hypertrophy and basophilic foci in the parotid glands
were observed effects in all LAS 34273-treated groups. However, the findings in the
parotid gland are considered clinically monitorable. The Harderian gland findings do not
appear to be relevant to humans since there is no analogous structure to the Harderian
glands in humans. Mortalities and lung findings were judged to be the results of
exaggerated pharmacological effects. These findings were considered rat-specific since
it is likely due to aspiration of food into lungs. In addition, there was no LAS 34273related increase in mortality in the 2-year carcinogenicity study in rats with achieved
doses up to 0.2 mg/kg/day. Thus, the maximum tolerated dose (MTD) of an achieved
dose of 0.2 mg/kg/day in the second 6-month inhalation toxicity study would be used for
safety factor determination for the clinical dose.
Other findings in rats
Mydriasis was also observed in rats in the short-term studies using intravenous or oral
route or 6-month SC study. This finding was not noted in the inhalation studies because
the specific evaluation using opthalmoscopy was not included in these studies.
Increased water consumption and clinical signs including palpebral ptosis, torpid
movements and chromodacryorrhea were also observed in oral 2-week and/or 4-week
studies in rats.
Major findings in dogs
In a 9-month inhalation toxicity study, dogs were administered LAS 34273 by inhalation
(snout only) at achieved doses of 0 (lactose control), 0.031 (LD), 0.225 (MD) and
1.662/0.810 (HD) mg/kg/day (estimated pulmonary deposited doses of 0, 0.00775,
0.0563 and 0.416/0.203 mg/kg/day, respectively, using 25% pulmonary deposition
factor) for 39 weeks. The high dose animals were given achieved doses of 1.662
mg/kg/day from days 0 to 33, however, due to marked clinical signs and increased
lethality, these animals were not treated from days 34 to 42, and then treatment was
continued but reduced by half from day 43 to the end of the treatment period. There
were five decedents at the high dose with two occurred after the dose reduction. Most
notable test article-related effects were increased restlessness during exposure in the
HD group, increased heart rate and reduced tear production in MD and HD groups. The
effect on heart rates was described in the above Safety Pharmacology section. The
NOAEL was identified as an achieved dose of 0.031 mg/kg/day. However, since tear
production and heart rate can be clinically monitorable, LOAEL of an achieved dose of
0.225 mg/kg/day would be used for safety factor evaluation for the clinical dose.
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Other findings in dogs
Decreased tear production was also observed in 4-week oral toxicity in dogs and the
finding was associated with conjunctivitis with or without serous discharge and minor
keratitis. Dry oral mucus membranes, a dry nose and/or swelling of the cervical region
as well as decreased activity and some other related clinical signs were also noted in
the 14-day IV (bolus) study in dogs. Increased heart rate was seen all these studies.
Toxicokinetic assessment of LAS 34273 and its major metabolites LAS 43823 and
LAS 34850 was included in the chronic inhalational studies. Apparently, plasma levels
were generally subjected to a high degree of variability. In both rats and dogs, AUC and
Cmax of the parent and metabolite compounds increased with increasing dose, but not
strictly proportional to dose. Of the parent and metabolites, metabolite LAS 34850 was
predominant in rats and dogs. There is neither apparent gender difference nor
accumulation.
For safety margin determination for systemic toxicity, the dose ratios for the maximum
tolerated dose (MTD) identified in the chronic rat studies and the LOAEL identified in the
chronic dog study versus the proposed clinical dose in humans (800 μg/day given as
400 μg bid) were based on the summed AUCs of parent drug (LAS 34273) and major
metabolites (LAS 34823 and LAS 34850) in rats and dogs versus humans. This yielded
safety margins of 8-fold and 17-fold in rats and dogs, respectively. Since the lung
findings in rats are judged to be the rat-specific and results of exaggerated
pharmacological effects, which were also confounded with other factors as described
above, the exposure margin was also determined based on the highest dose (a
pulmonary deposited dose of 0.24 mg/kg/day) tested in the 6-month inhalation toxicity
studies in rats, which yielded 61-fold. The exposure margin was 5.5-fold when it was
based on the MTD (a pulmonary deposited dose of 0.02 mg/kg/day). The exposure
margin for local toxicity in dogs was 8.4-fold based on the LOAEL in the 9-month study.
Safety margins for systemic and local toxicity are judged to be adequate.
Table 71 Safety margins for proposed clinical dose based on MTD of the 6-month
(b) (4)
toxicology study with rats (
845323) and NOAEL of the 9-month toxicology study
(b) (4)
with dogs (
810808)
Compound

Clinical Dose
400 μg BID

Human AUC
LAS 34273
LAS 34823
LAS 34850
Summed
AUC

0.392
ng·hr/ml
1.114
ng·hr/ml
38.26
ng·hr/ml
39.77

ng·hr/mL

6-month rat
MTD = 0.20 mg/kg/day*
Rat AUC**
Exposure
margin
17.25
44
ng·hr/ml
4.80
4.3
ng·hr/ml
310.5
8.1
ng·hr/ml
332.6
8.4
ng·hr/ml
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9-month dog
NOAEL = 0.225 mg/kg/day*
Dog AUC**
Exposure
margin
7.61
19
ng·hr/ml
16.06
14
ng·hr/ml
660.63
17
ng·hr/ml
684.3
17
ng·hr/ml
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Reproductive Toxicology: Reproductive and developmental toxicity studies of
LAS 34273 using the inhalation route of administration were following: fertility and early
embryonic developmental toxicity study in rats, embryo-fetal developmental toxicity
studies in rats and rabbits, and a pre- and postnatal development study in rats.
Additionally, embryo-fetal developmental toxicity studies in rabbits using the oral route
of administration was also conducted. The results showed that LAS 34273 impaired
several fertility and reproductive performance indices (increased number of days to
mate, decreased conception rate, decreased number of corpora lutea, increased preimplantation loss with consequent decreased numbers of implantations and live
embryos). These adverse fertility effects were observed in the presence of paternal
toxicity as evidenced by mortality and decreased body weight gain. No evidence of
structural alterations was observed in rats and rabbits exposed during the period of
organogenesis to inhaled doses ≤5.0 and ≤3.6 mg/kg/day, respectively. However,
increased incidences of additional liver lobes (3-5%), as compared to 0% in the control
group, were observed at oral doses ≥150 mg/kg/day, and decreased fetal body weights
were also observed at oral doses ≥300 mg/kg/day. These fetal findings were observed
in the presence of maternal toxicity. In addition, decreased pup weights were observed
from dams treated during the lactation period to inhaled doses ≥0.2 mg/kg/day in the
pre- and postnatal study. The maternal toxicity was also observed at inhaled doses
≥0.2 mg/kg/day.
Conclusions: The applicant has a complete nonclinical pharmacology and toxicology
program for aclidinium bromide, which supports the safety of the proposed clinical dose
of an oral inhalation dose of 400 μg, twice daily for the long-term, maintenance
treatment of bronchospasm associated with chronic obstructive pulmonary disease
(COPD), including chronic bronchitis and emphysema.
Unresolved toxicology issues (if any): None.
Recommendations: From a nonclinical pharmacology and toxicology standpoint, the
application is recommended for approval.
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Evaluation of labeling:
(b) (4)

Rationale for Changes: The dose ratios for the nonteratogenic inhaled dose of
5.0 mg/kg/day in rats and 3.6 mg/kg/day in rabbits versus the proposed clinical dose in
humans (800 μg/day given as 400 μg bid) were based on the summed AUCs of parent
drug (LAS 34273) and major metabolites (LAS 34823 and LAS 34850) in rats and
rabbits versus humans, as the parent compound rapidly metabolizes to LAS 34823 and
LAS 34850 and the metabolites comprise the majority of total drug exposure in humans.
The finding of decreased pup weights in a pre- and postnatal developmental toxicity
study in rats was stated after description of the teratology study in rats. Toxicokinetic
data for doses used in pre- and postnatal developmental toxicity study with rats was
taken from the 2-year carcinogenicity study with rats (these two studies were both
conducted in relatively the same time frame). It is noted exposures to LAS 34273 and its
metabolites were highly variable between different nonclinical studies due to problems
with the sponsor’s methods for measurement. Thus, dose proportionally was not evident
between the dose of 0.2 mg/kg/day used in the pre- and postnatal developmental
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(b) (4)

Rationale for Changes: Section 12.1 was modified to follow the approved product
labeling for Tiotropium. The Applicant had sufficient pharmacology data to support these
statements.
(b) (4)

Rationale for Changes: The dose ratios for the inhaled dose of 0.20 and 2.4 mg/kg/day
in rats and mice, respectively, versus the proposed clinical dose in humans were based
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on the summed AUCs of parent drug (LAS 34273) and major metabolites (LAS 34823
and LAS 34850) in rats and mice, versus humans as described for section 8.1.
Aclidinium bromide was positive in the in vitro bacterial gene mutation assays as two of
5 batches of LAS 34273 showed increased revertant colony counts in the strain TA98 in
the presence of S9 microsomes.
The applicant only stated the NOAEL in the fertility and early embryonic developmental
toxicity study in rats in the proposed labeling. However, in this study, aclidinium bromide
produced several impairments in fertility and reproductive performance induces,
including increased number of days to mate, decreased conception rate, decreased
number of corpora lutea, increased pre-implantation loss with consequent decreased
numbers of implanatations and live embryos. These findings along with some
descriptions of the study design were included in this section. The dose ratios stated in
this paragraph was based on the summed AUCs parents compound and two
metabolites in rats versus the proposed clinical dose in humans.
Apparently, there was a high degree of variability in the TK data throughout the
nonclinical development program as stated above. As an example, the summed AUC
value for an achieved dose of 5.0 mg/kg/day from the teratology study in rats was
534.9 ng·hr/mL, which yields AUC exposure ratio of 15-fold in rats vs. humans as
shown in Table 73. On the other hand, the summed AUC value for an achieved dose of
0.2 mg/kg/day from the carcinogenicity study in rats was 192.3 ng·hr/mL using TK data
at week 26 from females, and 375.8 ng·hr/mL using TK data at week 52 from combined
males and females. These values yield AUC exposure ratio of 5- and 10-fold,
respectively, in rats vs. humans. As a second example, the summed AUC value for an
achieved dose of 0.8 mg/kg/day from the fertility study in female rats was
596.6 ng·hr/mL, which is similar to the value for an achieved dose of 5.0 mg/kg/day from
the teratology study in rats.
(b) (4)
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Appendix 1: PharmTox Review 1 of IND 68,653 dated February 6, 2004

APPEARS THIS WAY ON
ORIGINAL
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Sequence number/date/type of submission: 0000/November 21, 2003 (CDER stamp date
November 24, 2003)/original
Information to sponsor: Yes (x) No ( )
Sponsor and/or agent:
Almirall Prodesfarma, S.A.
General Mitre, 151
08022 Barcelona, Spain
Manufacturer for drug substance :

Reviewer name : Gary P. Bond, Ph.D., DABT
Division name : Division of Pulmonary and Allergy Drug Products
HFD #: 570
Review completion date: February 5, 2004
Drug:
Trade name: none
Generic name (list alphabetically): none
Code name: LAS 34273
Chemical name: 3-(R)-(2-Hydroxy-2,2-dithiophen-2-yl-acetoxy)-1-1(3phenoxypropyl)-1-azoniabicyclo[2.2.2]-octane bromide
CAS registry number: none
Mole file number: none
Molecular formula/molecular weight: C26H30NO4S2Br/564.56
Structure:

Relevant INDs/NDAs/DMFs: none
Drug class: Anticholinergic (M3 muscarinic) antagonist
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(b) (4)

(b) (4)

Indication: COPD
Clinical formulation: LAS 34273 in lactose
LAS 34273 micronized
α-Lactose monohydrate
Route of administration: inhalation (dry powder inhaler

(b) (4)
(b) (4)

(b) (4)

Proposed clinical protocol: randomized, parallel, placebo (double blind) and positive (openlabel) controlled trial in male and female 204 healthy volunteers (18-45 years old) to assess the
effect of LAS 34273 on QT interval as well as overall cardiovascular safety when administered
by inhalation at 800 ug, administered in 4 inhalers between 8 and 10 am each day, for 3
consecutive days. Additional groups will be placebo and 400 mg moxifloxacin (oral tablet),
1x/day for 3 consecutive days.
Previous clinical experience: Previous clinical trials have been conducted in healthy male
volunteers at single doses of up to 6000 ug and in repeated doses of up to 800 ug/day for 5 days.
A single dose cross-over study in male COPD patients at doses of 0, 100, 300, & 900 ug has also
been conducted.
Introduction and drug history: LAS 34273 is a new molecular entity (NME) in a class of
anticholinergic drugs described as muscarinic antagonists specific for the M3 receptor
(neuromuscular junction).
Studies reviewed within this submission:
PHARMACOLOGY:
Mechanism of action
Affinity of the compound LAS 34273 for different muscarinic receptors (FL 1/02)
Study of three compounds in various receptor binding assays (FD0001EX, and FD0010EX)
Binding profile and enzymatic activity of LAS 34283 and LAS 34850 (two main metabolites of
LAS 34273 (FD0237EX)
Study of the effects of LAS 34273 and tiotropium on various enzyme activities (FD0218EX)
Muscarinic M3 receptor antagonism. Rabbit iris assay (FL 9/01)
Muscarinic M3 receptor antagonism. Guinea pig trachea assay (Fl 10/01)
Bronchodilator activity
Effect of LAS 34273 in the bronchospasm induced by acetylcholine in anaesthetised guinea pigs.
Dose response study (FL 2/02)

SAFETY PHARMACOLOGY:
ii
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Effects on the cardiovascular system
Haemodynamic effects of LAS 34273 administered intravenously in anaesthetised Beagle dogs
(FD.34273.01)
Action potential duration in piglet isolated cardiac Purkinje fibres (FD.34273.07 draft report)
LAS 34273 and tiotropium: in vitro effect on HERG current (IKr) expressed in Human
Embryonic Kidney (HEK) cells (FD0124EX)
LAS 34823 and LAS 34850 (two main metabolites of LAS 34273) and tiotropium: in vitro effect
on HERG current (IKr) expressed in Human Embryonic Kidney (HEK) cells
(FD0240EX)
Comparative tachycardia time-course effects of LAS 34273 and tiotropium administered
intravenously to conscious beagle dogs (FD0111JG)
Comparative effects of LAS 34273 and ipratropium on the QTc interval of the ECG in
anaesthetised guinea pigs (FD0225JG)
Comparative effects of LAS 34273, its main metabolites, LAS 34823 and LAS 34850,
ipratropium, tiotropium, and tolterodine intravenously administered on right ventricular
systolic pressure and systemic blood pressure in anaesthetised closed-chest wistar rats
(FD0304JG)
Comparative effects in pulmonary artery pressure of LAS 34273, tiotropium and ipratropium
administered intravenously to anaesthetised closed-chest pigs (FD0303JG)
Effects on the central nervous system
Study of the acute behavioral toxicity of oral LAS 34273 in male Mice. Irwin test. (FD.34273.02)
Effects of oral LAS 34273 on spontaneous motor activity in mice (FD.34273.03)
Effects on respiratory tract
Comparative effects of LAS 34273 on respiratory rate, tidal volume and specific pulmonary
resistance in conscious guinea pig (FD.34273.06)
Comparative effects of LAS 34273, ipratropium and methacholine on the mucociliary transport
rate in isolated piglet trachea (FD0231JG)
Comparative effects of LAS 34273, ipratropium and methacholine on the tracheal mucociliary
transport rate in the anesthetised guinea pig (FD0236JG)
PHARMACOKINETICS/TOXICOKINETICS:
Pharmacokinetics in rats and dogs:
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in dog
(b) (4)
plasma samples collected during the toxicity study referenced
project
770016: Pharmacokinetic study in the rat by 24-hour (continuous intravenous
(b) (4)
infusion (
34273/00009)
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in dog
(b) (4)
plasma samples collected during the toxicity study referenced
project
770242: Pharmacokinetic study in the unrestrained dog by 24-hour (continuous
(b) (4)
intravenous infusion (
34273/00008)
Multiple dose studies: oral
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in rat
iii
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plasma samples collected during the toxicity study referenced
project
T0008: Subchronic toxicity study of LAS 34283 by the oral route in Sprague(b) (4)
Dawley rats for 4 weeks (
34273/00013)
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in dog
(b) (4)
plasma samples collected during the toxicity study referenced
project
758283: Preliminary inhalation (dry powder formulation) toxicity in the dog
(b) (4)
(
34273/00004)
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in rat
(b) (4)
plasma samples collected during the toxicity study referenced
project
T0001: 2-weeks oral sub-chronic toxicity study in Sprague Dawley rats
(b) (4)
(
34273/00006)
LAS 34273: 28 day oral (capsule administration) toxicity study in the dog.
(b) (4)
Toxicokinetic report. (
34273/00010)
Multiple dose studies: inhalation
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in dog
(b) (4)
plasma samples collected during the toxicity study referenced
project
754312 (8 day inhalation): Preliminary inhalation (dry powder formulation)
(b) (4)
toxicity in the dog (
34273/00003)
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in rat
(b) (4)
plasma samples collected during the toxicity study referenced
project
(b) (4)
765325: 14-day inhalation toxicity study in rats (
34273/00005)
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in dog
(b) (4)
plasma samples collected during the toxicity study referenced
project
754323: 2-weeks inhalation (dry powder formulation) toxicity study in the dog
(b) (4)
(
34273/00007)
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in dog
(b) (4)
plasma samples collected during the toxicity study referenced
project
780388: 4 week inhalation (dry powder formulation) toxicity study in the dog
(b) (4)
(
34273/00011)
Determination of LAS 34273 and its two metabolites LAS 34823 and LAS 34850 in rat
(b) (4)
plasma samples collected during the toxicity study referenced
project
780772: 4 week inhalation (dry powder formulation) toxicity study in rats
(b) (4)
(
34273/00012)
LAS 34273: 6-month inhalation toxicity study in rats. Plasma level determination and
toxicokinetic study. (B.34273.04)
6-month inhalation toxicity in rats. Plasma level determination and toxicokinetic study.
(B 34273.15 draft report)
LAS 34273: Inhalation study for effects on embryo-fetal development in the Han Wistar
rats. Plasma level determination and toxicokinetic study. (B.34273.05)
LAS 34273: 39-week inhalation (dry powder formulation) toxicity study in the dog.
Plasma level determination and toxicokinetic study. (B.34273.07)
LAS 34273: A 13-week inhalation toxicity study in the mouse. Plasma level
determination and toxicokinetic study. (B.34273.09)
LAS 34273: Dose range-finding inhalation study in the non-pregnant rabbit. Plasma level
determination and toxicokinetic study. (B.34273.11)
LAS 34273: Inhalation study for effects on embryo-fetal development in the Himalayan
rabbit. Plasma level determination and toxicokinetic study. (B.34273.12)
LAS 34273: A single-dose inhalation study in the rat. Plasma level determination and
iv
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PHARMACOLOGY/TOXICOLOGY REVIEW
I.

PHARMACOLOGY:
Primary pharmacodynamics:
LAS 34273 is intended to be an antagonist of acetylcholine (ACh) at muscarinic
receptors. More specifically, the drug is intended to competitively block the action
of ACh at M3 muscarinic receptors of airway smooth muscle in the lung resulting in
bronchodilation and improvement in pulmonary function in patients with Chronic
Obstructive Pulmonary Disease (COPD). Although LAS 34273 also binds to M1
muscarinic receptors (parasympathetic ganglia) and M2 receptors (cholinergic
nerve endings), localized effect of treatment should be maximized by direct
inhalation dosing.
Mechanism of action:
LAS 34273 binds to muscarinic receptors, thereby inhibiting binding of
neurotransmitter and/or displacing neurotransmitter. Similar compounds,
tiotropium and ipratropium, also specifically bind to muscarinic receptors. In a
comparative study using Chinese Hamster Ovary cells expressing muscarinic
receptors, inhibitory concentrations for 50% of the receptors (IC50) were
determined for these three muscarinic antagonists as well as for a nonspecific
muscarinic antagonist, atropine. 3H-scopalamine methyl chloride was the
radioligand used in this study. All IC50 values were in the nM range.

The main metabolites of LAS 34273, LAS 34823 and LAS 34850, were reported to
have negligible specific binding to muscarinic receptors in this nM dose range
(sponsor report – no data), but inhibition of muscarinic receptors (nonselective
binding in the uM range) was 101% for LAS 34273, 51% for LAS 34823, and 19%
for LAS 34850 at 10 uM.
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Drug activity related to proposed indication:
LAS 34273 (30 uM), tiotropium (10 uM), and ipratropium (10 uM) were tested in
vitro for their ability to protect against acetylcholine-induced contraction of the
guinea pig trachea and carbachol-induced contraction of rabbit iris smooth muscle.
All three compounds inhibited contraction ~90%, with dissociation constants of
80” and 230” for LAS 34273, 260” and >210” for tiotropium, and 68” and 17” for
ipratropium for guinea pig trachea and rabbit iris, respectively. This data suggests
a 3-fold less potency for LAS 34273 than the other two drugs. Tiotropium was
longer acting for the trachea, ipratropium shorter acting for both tissues, and LAS
34273 shorter acting for the trachea and longer acting for the iris smooth muscle.
LAS 34273 (30 uM), tiotropium (10 uM), and ipratropium (10 uM) were tested in
vivo for their ability to protect against acetylcholine-induced and methacholineinduced bronchospasm in guinea pigs. ACh-induced bronchospasm was inhibited
50% by 260 ug/ml for LAS 34273 with a maximum effect at 60”. Similar values
were 74 ug/ml and 25” for tiotropium, and 32 ug/ml and 30” for ipratropium,
respectively, indicating less potency of LAS 34273. Similar potencies as reflected
by EC50 concentrations causing 50% protection from methacholine-induced
bronchospasm were 14 ug/ml (LAS 34273), 33 ug/ml (tiotropium), and 21 ug/ml
(ipratropium). However, duration of effect (e.g., time to reach 50% protection)
was 20.2 hours for LAS 34273 (150 ug/ml), 45.5 hours for tiotropium (300 ug/ml),
and 16.3 hours for ipratropium (200 ug/ml), indicating differing duration of action
of the three muscarinic antagonists.
Secondary pharmacodynamics:
LAS 34273 and its major metabolites, LAS 34823 and LAS 34850, were studied
for potency of binding to a wide variety of other neuroreceptors such as adrenergic
and nicotinic cholinergic receptors, as well as receptors for serotonin, opiates,
dopamine, GABA, diazepam, hydroxyl tryptamine, and others. For all of these
receptors tested with LAS 34273 and its main metabolites tested at 10 uM, any
binding values that could be determined were in the uM range while reference
compounds, specific for those receptors, exhibited IC50 values in the nM range,
indicating the lack of binding specificity of LAS 34273 and its metabolites for other
than muscarinic receptors.
Effects of LAS 34273, its main metabolites, and tiotropium on different enzyme
activities were investigated for a wide range of enzymes (24 enzymes). Enzymes
included phosphodiesterases I-IV elastase, adenylate cyclase, protein kinase,
phospholipase, tyrosinne kinase, monoamine oxidase, tyrosine hydroxylase,
acetylcholinesterase, and others. At 10 uM, the enzyme inhibition values for LAS
34273 were less than 10% except for phosphodiesterase II (14%), guanylate
cyclase (26%), and ATPase (10%). Tiotropium inhibited 6 enzymes at greater than
10%, the highest being 25%. The main metabolites of LAS 343273 were similarly
inactive in inhibiting most of the enzymes with inhibition from 21-32% for tyrosine
hydroxylase and 22% for monoamine oxidase-B (LAS 34850 only. Again, IC50
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values for the reference compounds were in the nM range, indicating the relative
lack of activity of LAS 34273 and its main metabolites on enzyme activities.
Pharmacology summary: LAS 34273 was shown to be a potent and effective antagonist for
muscarinic receptors, comparable, but less potent to other muscarinic antagonist drugs in this
class, tiotropium and ipratropium. Duration of action is generally tiotropium > LAS 34273 >
ipratropium. LAS 34273, effective in the nM range for specific muscarinic receptor antagonism,
along with its main metabolites, LAS 34823 and LAS 34850, cause less potent effects on other
receptors or enzyme activities with little effect in the uM range compared to activities in the nM
range for reference compounds. In this uM range measured, the potencies for any observed effects
(e.g., nonselective muscarinic receptor antagonism) are LAS 34273 > LAS 34823 > LAS 34850.
In addition, LAS 34273 was less potent than tiotropium and comparable to ipratropium in
preventing muscle contraction in vitro and bronchospasm in vivo. No real separation of selective
potencies on differing muscarinic receptors was evidenced, indicating the importance in the
inhalation dose for COPD patient treatment.
II.

SAFETY PHARMACOLOGY:

Neurological effects:
Male mice were observed for effects on spontaneous motor activity after oral
administration of LAS 34723 at doses of 0, 30, 100, & 300 mg/kg. Diazepam was the
positive control at a dose of 10 mg/kg. Activity was measured by electronic sensor floor
plates. No significant stimulant or sedative effects were observed during observation
period (1-3 hours after dosing). Activity compared to control was -1% (30 mg/kg), +32%
(100 mg/kg), and -23% (300 mg/kg). Diazepam caused a 93% decrease in activity. No
other toxicity was observed due to treatment.
Male mice were observed for acute behavioral toxicity after oral administration of LAS
34723 at doses of 0, 30, 100, & 300 mg/kg for 6 hours. Observations included autonomic
system functions such as consciousness, behavior, motor response, reflexes, and also
general physical observations of ocular/secretory changes and clinical signs. A slightly
decreased bite induction was observed at all doses. No other effects were observed
except for mydriasis in one animal of the 100 mg/kg dose group, which is an expected
effect of the drug and is indicative of systemic absorption.
Cardiovascular effects:
Guinea pig purkinje fibers were tested for potential electrophysiological effects of LAS
34273, its two main metabolites, and tiotropium on the action potential at doses of 0.1, 0.3,
1, 3, & 10 uM in vitro. LAS 34273 caused a significant ↓ in action potential amplitude
and maximum upstroke velocity at 3 & 10 uM. The two main metabolites,
LAS 34823 and LAS 34850 caused lesser effects and tiotropium caused no effects on the
action potential or related observations.
LAS 34273, its two main metabolites, ipratropium, and tiotropium were tested in vitro a
doses from 0.1, 0.3, 1, 3, 10, & 30 uM for the potential to cause blockage of HERG
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channel in human embryonic kidney cells, a purported predictor of possible QT interval
effects. LAS 34273 was the most potent of the chemicals tested and exhibited a doseresponsive increasing inhibition of the HERG channel with an IC50 value of 19.7 uM. The
alcohol metabolite exhibited an IC50 of 30 uM while IC50 values could not be determined
for the other chemicals at the levels tested as no greater than 20% inhibition was observed.
The positive control exhibited an IC50 of 39 nM, indicating the relative lesser potency of
the tested drugs.
No effects on heart rate, QT interval, or QTc after intravenous dosing with 1 mg/kg of LAS
34273 or ipratropium was observed in anesthetized guinea pigs. This dose is reported to
result in plasma levels of LAS 34273 that are at least 60 fold higher than what will be used
in humans.
In anesthetized closed-chest Wistar rats, LAS 34273, caused a dose-responsive increase in
right ventricular systemic pressure over a dose range of 10, 100, & 1000 ug/kg, which
maximized at 32% at 1000 ug/kg. No such effects were observed for the two main
metabolites of LAS 34273, ipratropium, tiotropium, and the two main impurities of LAS
34273. The effect dose is reported to be 500 fold higher than that which will be used
clinically. This effect was not observed in anesthetized, closed-chest pigs over the same
dose range. In another rat study, using injected Evans blue dye, aerosol exposure to 660
ug/kg of LAS 34273 over 8 weeks, did not identify extravasation of cells into the lungs,
suggestive of no increase in pulmonary blood pressure as a result of treatment.
Increased heart rates were exhibited in conscious beagle dogs administered LAS 34273 or
tiotropium intravenously at doses of 1, 10, or 100 ug/kg. At 100 ug/kg, LAS 34273 caused
an increased heart rate of ~115 beats per minute) while tiotropium caused increased heart
rate of ~137 beats per minute) at 10 ug/kg dose. Effects were back to normal in LAS
34273-treated dogs by 3 hours after dosing, but did not return to normal by 6 hours after
dosing for the tiotropium-treated dogs. Blood pressure was not affected in the LAS 34273treated dogs, but increased to 32% above basal in tiotropium-treated dogs by 1 hour postdosing with return to normal by 6 hours post-dosing.
Intravenous administration of LAS 34273 or tiotropium to 3 anesthetized beagle dogs/drug
at escalating doses of 3, 10, 30, 100, & 300 mg/kg resulted in a slight, transient, doserelated ↓ heart rate and blood pressure. These effects were reported to be due to the use of
anesthesia as it is not anticipated based on antimuscarinic effects of these drugs. Maximum
effects for LAS 34273 were 14% ↓ in heart rate, 7% ↓ in blood pressure, 90% ↓ in
vertebral blood flow, 12% ↓ in mesenteric blood flow, and 22% ↑ in renal blood flow.
ECG evaluation after LAS 34273 treatment identified a maximal increase in QT interval of
16% (up to 40 msec), but with little effect on QTc (14 msec). Tiotropium caused similar
effects of a comparable magnitude except for a 23% ↑ in QT interval (up to 50 msec) and
12 % ↑ in QTc (31 msec). Blood gas evaluation identified both drugs caused slight ↓pO2
with slight ↑ in pCO2.
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Pulmonary effects:
LAS 34273 and tiotropium were tested for effects on various pulmonary parameters in vivo
after aerosol administered to conscious male guinea pigs. Pulmonary resistance, tidal
volume, and respiratory rate were evaluated by whole body plethysmography for one
minute pre-dosing and at 0.5, 1, 2, & 4 hours after aerosol dosing for ten seconds at 1
mg/kg in distilled water. There were 6 animals per group in the treated in vehicle control
groups. No effects on the identified respiratory functions were observed after treatment.
Effects of LAS 34273, ipratropium, and methacholine (positive control) on mucociliary
transport at 100, 300, & 1000 uM were tested in vitro using isolated piglet trachea. Three
to 13 tracheas were tested per group. Using active carbon as the marker, mucociliary
transport was increased 4, -2 and -4% (LAS 34723), 0, 6, and 16 % (ipratropium), and 8,
54, and 64% (methacholine) for the three doses, respectively. Similar endpoints were
tested in vivo by intravenous administration of anesthetised guinea pigs with the same three
compounds at doses of 1 mg/kg (LAS 34273 and ipratropium) and 10 ug/kg (methacholine).
5-6 animals were used per treatment group and for PEG solvent (LAS 34723 and
ipratropium) and saline vehicle (methacholine) control groups. Transport, indicated by
Evans Blue dye migration distance, was not significantly increased from control in LAS
34273 (28%) and ipratropium (15%), but increased 59% in methacholine treatment group
at a 100 fold lower dose. These results are consistent with the muscarinic antagonist
effects of LAS 34273 and ipratropium of providing antagonism to contraction of airway
smooth muscle.
Safety pharmacology summary:
No effects on spontaneous motor activity or autonomic nervous system function were
observed in mice treated with LAS 34273. Mucociliary transport in isolated piglet
tracheas (in vitro) and in anesthetised guinea pigs (in vivo) was not affected by treatment
with LAS 34273. Pulmonary resistance, tidal volume, and respiratory rate were not
affected (in vivo) in conscious guinea pigs. Most notable is the potential cardiovascular
effects of LAS 34273. Increases in heart rate, HERG channel blocking, and QT interval
prolongation were observed following treatment of dogs, guinea pigs, pigs and rats in
various in vitro and in vivo experiments. Tiotropium was more potent in causing increase
in heart rate for a longer duration of action than LAS 34273. LAS 34273 was more potent
in causing HERG channel blocking compared to other similar chemicals, by at least 2 fold
but was 1000x less potent than positive controls (uM versus nM range). While similar
results were observed with other muscarinic antagonists, observed effects are considered
significant enough that cardiovascular safety should be addressed early in any clinical
trials.
III.

PHARMACOKINETICS/TOXICOKINETICS:

PK parameters - Absorption, Distribution, Metabolism, and Excretion (ADME):
Absorption, distribution, metabolism, and excretion of LAS 34273 was evaluated in rats and the
absorption, metabolism, and excretion of LAS 34273 was evaluated in dogs using the
radiolabeled test compounds, [Phenyl-U-14C]-LAS 34273 and [Glycolyl U-14C]-LAS 34273. Male
Reference ID: 3102539
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and female rats were dosed with radiolabeled LAS 34723 at a dose of 1 mg/kg by intravenous and
oral (male only) routes. Male and female dogs were dosed with radiolabeled LAS 34723 at a
dose of 1 mg/kg by intravenous and 0.3 mg/kg for intra-tracheal instillation. In addition,
absorption, as determined by plasma levels with associated other PK calculations, was determined
in humans, rats, and dogs as part of human studies or preclinical toxicology studies and are used
for the preclinical safety assessment.
Absorption:
1) After intravenous (rats and dogs), oral (rats only), and intratracheal (dogs only) dosing
with [Phenyl-U-14C]-LAS 34273 or [Glycolyl-U-14C]-LAS 34273 in separate studies,
absorption values were determined by comparing route-specific plasma AUC values to
intravenous values, adjusting for dose levels. In rats, ~5% of phenyl label and ~33% of
glycolyl label were absorbed after oral dosing. In dogs, ~22% of phenyl label and 72%
of glycolyl label were absorbed after intratracheal instillation. These values represent
bioavailability for the respective routes and labeled compounds.
2) PK parameters were determined by HPLC and LC MS/MS for LAS 34273 and the two
main metabolites, LAS 34823 and LAS 34850 as part of radiolabel distribution studies in
dogs and rats after intravenous dosing with 1 mg/kg.
Rats: For male and female rats, PK parameters are reported in the table, with values
averaged for males and females as there were no sex differences. AUC ratios between the
parent and metabolites were ~1:1:4-5 with similar tmax and t1/2.
Table - PK for LAS 34273 and its metabolites after a single intravenous dose in rats
Pharmacokinetic parameters in male and female rats after a single
intravenous dose with LAS 34273 (1 mg/kg)
substance LAS 34273 LAS 34823 LAS 34850
parameter
AUC0-24 (ng.h/mL)
61.65
72.3
318.55
62.5*
73.5
nd
AUC0-∞ (ng.h/mL)
Cmax (ng/mL)
96.35
82.85
221.85
tmax (hours)
0.083
0.083
0.125
t1/2 (hours)
2.6*
2.2
nd
* - male only
nd - not determined
Dogs: For male and female dogs, PK parameters are reported in the table, with values
averaged for males and females as there were no sex differences. AUC ratios between the
parent and metabolites were ~1:35:3000, different from those in the rat and more
comparable to humans than rat data.
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Table - PK for LAS 34273 and its metabolites after a single intravenous dose
in dogs
Pharmacokinetic parameters in male and female dogs after a single
intravenous dose with LAS 34273 (1 mg/kg)
compound LAS 34273 LAS 34823 LAS 34850
parameter
AUClast (ng.h/mL)
3.98
137.7
3421
nd
141.5
3465
AUC0-∞ (ng.h/mL)
Cmax (ng/mL)
29.56
405.15
1942.75
tmax (hours)
0.08
0.08
0.08
t1/2 (hours)
nd
9
1.78
* - male only
nd - not determined
3) PK parameters were also determined for humans in repeated and single dose inhalation
studies. A 5-day repeated dose study in healthy male volunteers was conducted. The
relationship between PK values of parent drug and metabolites were 1:5:173.
Table - PK for LAS 34273 and its metabolites after a single dose by
inhalation in humans
Pharmacokinetic parameters in humans after 5 days dosing
with LAS 34273 at 800 ug/day by inhalation
compound LAS 34273 LAS 34823 LAS 34850
parameter
AUC0-t (ng.h/mL)
0.078
0.396
13.5
nr
nr
13.6
AUC0-∞ (ng.h/mL)
Cmax (ng/mL)
0.115
0.135
2.26
tmax (hours)
0.46
0.5
2.43
t1/2 (hours)
nd
nd
5.18
nd - not determined
4) PK parameters were also determined for LAS 34273 and its metabolites in rats in a 6month repeated dose inhalation study and in dogs in a 9-month repeated dose inhalation
study. The AUC values from these studies will be used in the safety evaluation of the 2and 4- week rat and dog studies that are intended to support the proposed 3-day clinical
study. This situation occurred because the sponsor stated that in the 2- and 4-week
inhalation studies, the results reported for Cmax and AUC were spuriously low. Thereafter,
the Sponsor developed an improved analytical method for quantitation of LAS 34273 and
its metabolites that was included as part of the 6-month and 9-month inhalation studies, the
values of which were reported and used in this preclinical safety evaluation.
Accumulation of LAS 34273 and its metabolites was not reflected as values for Cmax and
AUC did not significantly vary for a given dose over the treatment period. AUC and Cmax
increased with increasing dose. Of the parent and metabolites, metabolite LAS 34850 was
predominant in rats and dogs. AUC values are most relevant to this review and are
reported as follows:
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AUC values for rat (6 month) and dog (9 month) inhalation studies with LAS 34273*
Rats
Dogs
0.007
0.0315
0.14
0.006
0.044
0.32/0.16**
AUC
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
(ng.h/mL)
LAS 34273
3.63
19.9
77.2
0.103
5.49
14.15
LAS 34823
0.362
8.01
33.85
0.606
12.5
79.05
LAS 34850
77.35
412.8
1606
17.65
459.5
1339.5
* - values are lowest values over course of study; average of male and female values
** - dose reduced on day 43 of study to 0.16 mg/kg/day
Distribution:
1) Distribution was evaluated in rats for [Phenyl-U-14C]-LAS 34273 (major labeled
component is LAS 34823, minor labeled component LAS 34273) and [Glycolyl-U-14C]LAS 34273 (major labeled component LAS 34850, minor labeled component LAS 34273):
The tissue distribution was examined after single intravenous doses to male, female
and pregnant female rats. Additionally, oral and intratracheal dosing was examined
in male albino and male pigmented rats. Distribution was evaluated quantitatively
using tissue excision with combustion, and qualitatively using the technique of
whole-body autoradiography, as appropriate.
Intravenous dose – After dosing, absorbed was extensively distributed throughout
most tissues. Greatest concentrations were measured in the bladder, pancreas,
kidneys, and tissues of the gastrointestinal tract. Relatively low concentrations
were measure in the brain. Maximal levels in most tissues apart from those of the
gastrointestinal tract were observed at 0.25 hours after dosing, thereafter,
radioactivity concentrations declined steadily. At 72-168 hours, concentrations in
all tissues were near to, or below the limit of detection.
Oral dose – Following single oral doses to male rats, less absorption and
distribution of radioactivity was observed. Greatest concentrations were measured
in the tissues of the gastrointestinal tract. For [Phenyl-U-14C]-LAS 34273, the
thyroid gland and lymph nodes contained the most radioactivity at 6 hours after
dosing. After 24 hours, concentrations in all tissues were near to, or below, the
limit of detection.
Intratracheal dose – Following single intratracheal doses to male albino rats,
absorption and distribution of radioactivity was similar to that observed in the
orally dosed animals. Evidence of intratracheal administration was shown by
increased levels of radioactivity detected in the lungs. Following single
intratracheal doses to male pigmented rats, concentrations in all selected tissues
were near to, or below, the limit of detection within 24 hours after treatment.
Pregnant rats (placental transfer) – After a single intravenous dose to pregnant
Sprague Dawley rats on day 17 of gestation, the general distribution and
concentrations of radioactivity were similar to those in corresponding non-pregnant
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females and concentrations were generally greatest at 0.25 hours after dosing.
Concentrations of radioactivity were maximal in kidneys, liver, placenta, and lungs.
After 72 hours, concentrations had declined notably in all tissues. While
radioactivity was detected in the placenta and the sponsor indicated that fetuses are
exposed to compound-related material after a single dose, no radioactivity was
observed in the fetuses.
Whole-body autoradiography – The distribution of radioactivity in tissues after
single intravenous doses to males, females, and pregnant females was evaluated
qualitatively using whole-body autoradiography. The observed distribution of
radioactivity in the autoradiographs was generally similar to that indicated by
direct measurement of radioactivity in excised tissues. There was no indication of
any different distribution or accumulation into those tissues not excised for
measurement.
Milk secretion – After a single intravenous dose to lactating Sprague Dawley rats,
radioactivity measured in milk was relatively lower than concentrations in
corresponding plasma samples. Maximal concentrations were measured in milk at
six hours after dosing and in plasma after 0.25 hours after dosing. These data
indicate the pups would be exposed to compound-related material in maternal milk.
2) plasma protein binding
Interspecies plasma protein binding of [14C]-LAS 34273] was compared in vitro in
mice, rats, rabbits, dogs, and humans. The [14C] label was present on the phenyl
and glycolyl moieties of a single compound. Protein binding of intact parent
compound is considered unlikely as hydrolysis is rapid, a situation that mimics the
in vivo situation so is considered relevant in this assay. The extent of plasma
protein binding of the metabolic products of [Phenyl-U-14C]-LAS 34273
(metabolite LAS 34823) and [Glycolyl-U-14C]-LAS 34273 (metabolite LAS
34850) was determined at 6 concentrations (0.05-25 ug/mL plasma) for the
different species after 3 hours of dialysis. As noted previously, mass
balance/metabolism studies indicate that phenyl labeled LAS 34273 represents
metabolite LAS 34823 and glycolyl labeled LAS 34273 represents LAS 34850
with parent LAS 34273 being a minor component. Human serum albumin and α-1
acid glycoprotein binding were also determined at 0.1 & 1.0 ug/mL. Based on
these comparisons, the following order of protein binding of LAS 34273 was
determined in the different species:
Phenyl:

Rat > Mouse > Dog = Human > Rabbit

Glycolyl:

Human > Rat > Rabbit > Mouse > Dog

The results, numerically listed in the following table, indicate that, while the
[Phenyl-U-14C]- and Glycolyl-U-14C]-labeled forms of LAS 34273 binding values
were different, similar plasma protein binding between species was observed per
labeled metabolite. Albumin was determined to be the main plasma protein bound
by the LAS 34273 metabolites as indicated by the similar binding values for spiked
human serum albumin but not spiked α-1 acid glycoprotein. Negligible nonReference ID: 3102539
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specific binding was identified as recovery of radioactivity was >96.5% in the
dialysis system suitability test.
Table – plasma protein binding of LAS 34273

Metabolism:
LAS 34273 is reported to be metabolized (hydrolyzed) in rats, dogs, mice, rabbits, and
humans to its two main metabolites (alcohol – LAS 34823; acid – LAS 34850), one of
which then can undergo glucuronide formation. These results are based on in vitro
incubation of LAS 34273 with the respective species’ microsomes and in vivo studies in
these species. No human-specific metabolites of LAS 34273 were detected (i.e., different
from animal metabolites), reinforcing the similarity in metabolism of LAS 34273 in these
species.
Figure – Basic metabolism of LAS 34273
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Excretion of LAS 34273 – Phenyl- or Glycolyl-radiolabeled molecules*
[Phenyl-U-14C]-LAS 34273
[Glycolyl U-14C]-LAS 34273
species/dose route
urine
feces
urine
feces
rat/intravenous
24.9-33.4 68.1-70.2
53.0-57.5
31.8-34.0
dog/intravenous
77.8-80.7 8.6-11.3
69.4-70.0
3.7-8.0
rat/oral
5
94
43.4
49.4
dog/intra-tracheal
11.0-17.4 54.8-64.6
55.5-72.7
7.8-13.6
* - range of male and female values except for oral rat (male only)
PK/TK summary:
LAS 34273 is extensively hydrolyzed to its main metabolites LAS 34823 (alcohol) and
LAS 34850 (acid). While no real qualitative difference in metabolic profiles across
species were identified, the dog appears to exhibit metabolite to parent ratios most
quantitatively similar to humans. PK data were similar in males and females for the animal
species tested. Comparison of AUC and Cmax values for doses over extended periods of
exposure did not indicate any accumulation of the parent drug or the metabolites.
Tissue distribution was mainly to pancreas, bladder, kidneys and tissues of the
gastrointestinal tract after intravenous dosing of rats with largely gastrointestinal tract
tissue distribution after oral and intratracheal dosing. Maximum values were at 0.25 hours
(iv) and 6 hours (oral and intratracheal) after dosing. Radiolabel was identified in
placenta, but not fetuses of pregnant rats and in milk of lactating rats. Similar plasma
protein binding was similar between species with albumin being the main plasma protein
binding LAS 34273 and its hydrolysis products. Binding was 97-99% for all species
tested except dog, which was ~81%.
Excretion in feces was predominant compared to urine for phenyl labeled drug (LAS
34273 & LAS 34823) after intravenous and oral dosing in rat and intratracheal dosing in
the dog. The reverse was true for phenyl labeled compound administered intravenous in
the dog. For the glycolyl labeled drug (LAS 34273 & LAS 34850), urine was predominant
route of excretion compared to feces after intravenous and intratracheal dosing in dogs.
Urine was slightly predominant after intravenous dosing in rats, and urine and feces were
equivalent routes of excretion after oral dosing in the rat.
IV.

GENERAL TOXICOLOGY:

Study title: LAS 34273 (Pure, Without Lactose): Acute Inhalation Toxicity Study in
(b) (4)
Rats (
project number 762006)
Key study findings: Groups of 5 male and female rats were exposed to pure LAS 34273 by
inhalation at nominal doses of 0.259 (males) or 0.266 (females) mg/kg for 1 hour by nose only
followed by a 14 day observation period. No mortality or clinical signs of toxicity were
observed, the only indices examined.
================================
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(b) (4)

Date of study initiation: March 7, 2000 (report date October 16, 2000)
GLP compliance: yes
QA report: yes (x) no ( )
Drug, lot #, radiolabel, and % purity: Batch number Fr-0276-99, NR, 99.1%
Formulation/vehicle: none
Methods (unique aspects): dose escalation study for 4 days then repeated dose study (one dose)
for 8 days.
Dosing:
Species/strain: Beagle dogs (male and female)
#/sex/group or time point (main study): group 1-1/sex/group (escalation study);
group 2 - 2/sex/group (main study)
Satellite groups used for toxicokinetics or recovery: group 2 animals used
Age: 7 months
Weight: 7.4-9.7 kg
Doses in administered units: group 1 – 0.1, 0.2, 0.3, & 0.4 mg/kg at escalating doses;
group 2 – 0.4 mg/kg.
- Sponsor’s reported doses of 0.5, 1.0, 1.5, & 2.0 mg/kg (group 1) and 2.0 mg/kg
(group 2) were based on 100% pulmonary deposition. The sponsor’s reported
values were adjusted to 20% pulmonary deposition based on an acceptable
deposition factor as referenced in R. B. Schlesinger (1985). “Comparative
deposition of inhaled aerosols in experimental animals and humans: A review.” J.
Toxicol. Environ. Health 15: 197-214.
Route, form, volume, and infusion rate: inhalation (snout only), pure dry powder, group 1
dosed once per day with escalating doses over 4 days; group 2 dosed for 8 days at
0.4 mg/kg; dosing period lasted until entire dose was delivered on a given day.
Dosing times for group 1 averaged ~5” (day 1), ~10” (day 2), ~ 15” (day 3), &
~20” (day 4). Dosing times for group 2 ranged from 10-30” over the 8 days of
exposure at 0.4 mg/kg/day.
Observations and times:
Clinical signs: at least twice daily (include pretest)
Body weights: pretest; first and last day of testing
Food consumption: daily (include pretest)
Ophthalmoscopy: none
EKG: group 1 – day 4, immediately before and after dosing and at 1, 2, 3, & 5 hours
after dosing
group 2 – pretest and 2 and 24 hours after dosing on days 1 and 7
Hematology: group 2 - pretest and day 7 (fasted samples – water only)
Clinical chemistry: group 2 - pretest and day 7 (fasted samples – water only)
Urinalysis: none
Gross pathology: full evaluation at termination
Organs weighed: selected organs weighed on day 4 (group 1) and day 9 (group 2)
(adrenals, brain, heart, kidneys, liver, ovaries, pituitary, prostate, salivary, spleen,
testes with epididymis, thymus, thyroid with parathyroid, and uterus)
Histopathology: full battery of organs fixed, but no evaluation performed
Toxicokinetics: group 2 - day 1 and day 7 at 5, 15, and 30” and 1, 2, and 24 hours after
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exposure
Other: particle sizing
Results:
Mortality: none
Clinical signs: group 1 – increased heart rate observed via palpation and decreased
activity for 0.3 mg/kg group; increased heart rate via EKG
(both animals) and decreased activity and tremors (male only)
for 0.4 mg/kg group;
group 2 – increased heart rate via EKG
Body weights: slight decrease (<10%) day one for both animals (group 1) with nothing
thereafter; slight decrease (<10%) one male and female during treatment
period (group)
Food consumption: group 1 – decreased in male at 0.1 & 0.4 mg/kg; complete
inappetence at 0.4 mg/kg in female
group 2 – 1 male and female marginally to moderate decrease
Electrocardiography: group 1 – heart rate increase 57% (male) and 108% (female) at 0.4
mg/kg with corresponding decreases in P-Q and Q-T
intervals. Gradual recovery not yet complete at 5 hours
post dosing.
group 2 – 46-122% increase heart rate, 2 hours after dosing on day
1 with return to pretest value by 24 hours after dosing.
Day 7 increase 23-78% with 24 hour recovery.
Corresponding decreases in P-Q and Q-T intervals (day
1) and P-Q interval (day 7).
Hematology: nothing remarkable
Clinical chemistry: nothing remarkable
Organ weights: nothing remarkable
Gross pathology: nothing remarkable
(b) (4)
Toxicokinetics: from separate report (
34273/00003) for group 2 only
PK data for LAS 34273 and its two metabolites after 8-Day dosing by
Inhalation in Male and Female Dogs at 0.4 mg/kg/day*
LAS
LAS
LAS
34273
34823
34850
Cmax (ng/mL)
22.45
54.56
0.24
day 1
Tmax (hr)
0.12
0.08
1.06
AUC 0-t (ng.hr/mL)
38.12
214.5
2.13
Cmax (ng/mL)
27.19
57.55
0.19
day
8
Tmax (hr)
0.08
0.08
1.06
AUC 0-t (ng.hr/mL)
69.19
256.5
1.67
* - mean values of males and females
Particle size: MMAD 1.84 um (group 1), 2.1 um (group 2)
================================
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Ophthalmoscopy: during acclimatization period and weekly during treatment
EKG: none
Hematology: before necropsy after 18-hour fast (water only)
Clinical chemistry: before necropsy after 18-hour fast (water only)
Urinalysis: during 18-hour fast (water only)
Gross pathology: at necropsy
Organs weighed: at necropsy (refer to histopathology inventory table at end of General
Toxicology section)
Histopathology: day after last exposure (refer to histopathology inventory table at end of
General Toxicology section). All collected organs of two control and HD
group examined. Respiratory organs, pancreas, and mandibular lymph
nodes examined for all groups.
Toxicokinetics: 2 animals/sex/group/time on days 1 and 14 after exposure at <10”, 20”,
40”, and 1, 2, & 24 hours
Other: none
Results:
Mortality: none
Clinical signs: nothing remarkable
Body weights: nothing remarkable
Food consumption: nothing remarkable
Ophthalmoscopy: nothing remarkable
Hematology: nothing remarkable
Clinical chemistry: nothing remarkable
Urinalysis: increased urine volume (40% LD, 95% MD, 98% HD), decreased osmolality
(28% LD, 47% MD, 38% HD) for females – no kidney pathology
Organ weights: nothing remarkable
Gross pathology: nothing remarkable
Histopathology: inflammation of nasal cavity slight to minimal in 1 female (LD), 2 males
& 2 females (MD), and 2 males & 3 females (HD) at nasal level 1
(closest to nose)
Toxicokinetics: The Sponsor stated that in this inhalation study, the results reported for
Cmax and AUC were spuriously low and not considered valid. Linear regression
analysis was used to calculate AUCs for LAS 34273 and its metabolites at the
NOAEL dose used in this study, 0.029 mg/kg, from the 6-month rat study.
AUC values (ng.hr/mL) at the NOAEL for LAS 34273 and its Metabolites
in a 2-Week Inhalation Study in Rats*
LAS 34273
LAS 34823
LAS 34850
16.94
6.52
56.69
* - AUCs calculated using linear regression analysis of AUC versus dose line from 6month rat inhalation study

Particle size: MMADs of 61. um (lactose control), 4.38 um (LD), 1.6 um (MD), and
1.7 um (HD)
================================
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EKG: pretest, days 3 or 4 of exposure, 2 week after initiation of exposure
Hematology: pretest and at 2 weeks (fasted samples – water only)
Clinical chemistry: pretest and at 2 weeks (fasted samples – water only)
Urinalysis: pretest and at 2 weeks (during fasting)
Gross pathology: after 2 weeks treatment
Organs weighed: day 14 (refer to histopathology inventory table at end of General
Toxicology section)
Histopathology: day 14 (refer to histopathology inventory table at end of General
Toxicology section). All dose groups evaluated.
- male mammary gland, sublingual salivary gland, and vagina
not evaluated as no signs of organ involvement was indicated.
Toxicokinetics: day 1 and day 15 at 5, 15, and 30” and 1, 2, and 24 hours after exposure
Other: none

Results:
Mortality: none
Clinical signs: nothing remarkable
Body weights: decreased 6% (MD female) and 5% & 11% (HD male and female),
primarily in first week.
Food consumption: decreased 11% (MD female) and 29% & 32% (HD male and female),
primarily in first week.
Ophthalmoscopy: nothing remarkable
Electrocardiography: increased heart rate in MD & HD females (effects were observed 2
hours after dosing and were reversed by 24 hour after dosing –
associated decreases in PQ and QT intervals were observed)
- day 3/4: 48 & 70%
- day 14: 44 & 36 %
Hematology: increased rbc, Ht and Hb (HD females) 11%, 8% and 10%
Clinical chemistry: nothing remarkable
Urinalysis: nothing remarkable
Organ weights: absolute and relative salivary weights increased
Percent Increase in Salivary Gland Weights in Dogs Treated with LAS 34273 by
Inhalation for 2 Weeks
absolute weight
relative to body weight
LD
MD
HD
LD
MD
HD
male female male female male female male female male female male female
1.5
9
21
13
28
22
3
4
29
25
43
35
Gross pathology: nothing remarkable
Histopathology: nothing remarkable
Toxicokinetics: The Sponsor stated that in this inhalation study, the results reported for
Cmax and AUC were spuriously low and not considered valid. Linear regression
analysis was used to calculate AUCs for LAS 34273 and its metabolites at the
NOAEL dose used in this study, 0.015 mg/kg, from the 9-month dog study.
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Route, form, volume, and infusion rate: inhalation (nose only), dry powder aerosol,
1 hour/day for 28 consecutive days. Sponsor’s reported doses of 0.16, 2.1, & 4
mg/kg were based on 100% pulmonary deposition. The sponsor’s reported values
were adjusted to 7% pulmonary deposition based on an acceptable deposition
factor as referenced in R. B. Schlesinger (1985). “Comparative deposition of
inhaled aerosols in experimental animals and humans: A review.” J. Toxicol.
Environ. Health 15: 197-214.
Observations and times:
Clinical signs: first day of quarantine, day 1 and 5 of acclimization, at least twice daily
during exposure period
Body weights: day of delivery, day 1 and 5 of acclimization, and days 1, 4, 7, 11, 14, 17,
21, and 28 before exposure during exposure period
Food consumption: per cage of five animals, once during acclimatization and weekly
during treatment
Ophthalmoscopy: once before treatment period and towards end of treatment period for
main study animals
EKG: none
Hematology: before necropsy (18 hour fast – water only)
Clinical chemistry: before necropsy (18 hour fast – water only)
Urinalysis: urine collected during 18 hour fast
Gross pathology: at necropsy
Organs weighed: at necropsy (refer to histopathology inventory table at end of
General Toxicology section).
Histopathology: day after last exposure (refer to histopathology inventory table at end of
General Toxicology section). All collected organs of two control and
HD group examined. Respiratory organs and Harderian glands
examined for LD & MD groups.
Toxicokinetics: day 1 and 28 after exposure (2 animals/sex/group – treated animals)
- <10, 20, 40”, 1, 2, ad 24 hours after exposure
Other: none
Results:
Mortality: none
Clinical signs: nothing remarkable
Body weights: males exhibited changes in body weight gain compared to controls of
-20% (LD), +10% (MD), and -51% (HD); females either maintained same
weight or lost 3-5 grams during the 4-week exposure period compared to a
6-11 gram increase in body weight for controls
Food consumption: food consumption decreased first week of treatment compared to
controls for males (8% LD, 16% MD, 20% HD) and females (14%
LD, 18% MD. 23% HD) with overall decreases for entire study for
males (5% LD, 6% MD, 11% HD) and females (18% LD, 11% MD,
11% HD)
Ophthalmoscopy: nothing remarkable
Hematology: nothing remarkable
Clinical chemistry: decrease absolute and relative α2-globulin (20-24%) in MD and HD
males with no effect on A/G ratio
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(b) (4)

Date of study initiation: August 14, 2000 (report date November 8, 2001)
GLP compliance: yes
QA report: yes (x) no ( )
Drug, lot #, radiolabel, and % purity: Batch number P-001; NA; 100.7%
Formulation/vehicle: lactose for low dose group only
Methods (unique aspects): none
Dosing:
Species/strain: beagle dogs (males and females)
#/sex/group or time point (main study): 3/sex/group
Satellite groups used for toxicokinetics or recovery: main study animals used
Age: 6.5-7.5 months
Weight: 6.6-10.1 kg
Doses in administered units: 0 (air only), 0.025 (LD – in lactose), 0.2 (MD – pure), and
0.24 (HD – pure) mg/kg/day for 4 weeks
Route, form, volume, and infusion rate: inhalation (snout only), aerosolized powder,
dosing period lasted until entire dose was delivered on a given day. Range of
dosing times were ~21-43” (LD), ~10-40” (MD), and ~20-62” (HD). Sponsor’s
reported doses of 0.025, 0.2 & 0.4 mg/kg were based on 100% pulmonary
deposition. The sponsor’s reported values were adjusted to 20% pulmonary
deposition based on an acceptable deposition factor as referenced in R. B.
Schlesinger (1985). “Comparative deposition of inhaled aerosols in experimental
animals and humans: A review.” J. Toxicol. Environ. Health 15: 197-214.
Observations and times:
Clinical signs: at lease twice daily
Body weights: at least once weekly
Food consumption: daily
Ophthalmoscopy: pretest and week 4
EKG: pretest; day 3 and week 4 at 2 and 24 hours post dosing
Respiratory function: pretest and week 3
Hematology: pretest and week 4 - fasted overnight (water only)
Clinical chemistry: pretest and week 4 - fasted overnight (water only)
Urinalysis: pretest and week 4 (during fast)
Gross pathology: at termination (4 weeks)
Organs weighed: day 14 (refer to histopathology inventory table at end of General
Toxicology section)
Histopathology: day 14 (refer to histopathology inventory table at end of General
Toxicology section). All dose groups evaluated.
- male mammary gland, sublingual salivary gland, and vagina
not evaluated as no signs of organ involvement was indicated.
Toxicokinetics: day 1 and day 29 at 5”, 15”, 30”, 1 hour, 2 hours, and 24 hours after
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exposure.
Other: none
Results:
Mortality: none considered treatment related (one LD male found dead day 21)
Clinical signs: nothing remarkable
Body weights: Body weight gains over the exposure period were 0.7, 1.5, 0.3, and 0 kg
for control, LD, MD, and HD males, respectively. Values for females
were 0.6, 0.7, 0.1, and -0.3 kg, respectively
Food consumption: decreased for HD (males 14%, females 8%) compared to controls
Ophthalmoscopy: nothing remarkable – redness of the sclera and mucous ocular
discharge in 2/3 males at HD
Electrocardiography: Heart rate was increased 2 hours after dosing on day 3 for males
(52% - MD, 43% - HD) and females (27% - MD, 52% - HD) with
reversal of effect by 24 hours after dosing. Similar but smaller
effects were observed at 3 hours on week 4 in males (15% MD,
17% HD) and females (30% a- MD, 40% - HD). Associated
decreases in PQ/QT intervals and increased P wave amplitude were
observed.
Respiratory function: nothing remarkable
Hematology: nothing remarkable
Clinical chemistry: nothing remarkable
Urinalysis: nothing remarkable
Organ weights: Absolute and relative salivary gland weights increased for males
(HD – 34% & 42%) and females (MD – 24% & 27%, HD - 40% & 55%)
compared to controls
Gross pathology: nothing remarkable
Histopathology: nothing remarkable
Toxicokinetics: The Sponsor stated that in this inhalation study, the results reported for
Cmax and AUC were spuriously low and not considered valid. Linear regression
analysis was used to calculate AUCs for LAS 34273 and its metabolites at the
NOAEL dose used in this study, 0.025 mg/kg, from the 9-month rat study.

AUC values (ng.hr/mL) at the NOAEL for LAS 34273 and its Metabolites
in a 4-Week Inhalation Study in Dogs
LAS 34273
LAS 34823
LAS 34850
2.65
7.12
229.81
* - AUCs calculated using linear regression analysis of AUC versus dose line from 9month dog inhalation study

Particle size: MMAD 2.59 um (LD), 1.43 um (MD, HD)
================================
Toxicology summary: LAS 34273 was not lethal in rats after single inhalation doses up to 0.263
mg/kg and after oral doses up to 2000 mg/kg. While no clinical signs were exhibited after
inhalation exposure, mydriasis was exhibited by all dose groups in rats after oral dosing.
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Lethality was observed in female, but not male mice, dosed orally with 500 and 1000 mg/kg.
Lethality was not observed at 2000 mg/kg in mice after oral dosing. In addition to dyspnea
observed in all treated groups, one male exhibited clonic convulsions at 1000 mg/kg and all high
dose males and females exhibited other clinical signs that included abnormal quietness and
posture. Clinical signs prior to death included dyspnea, palpebral ptosis, abnormal posture,
pyloerection, abnormal quietness, torpid movements, and abnormal gait.
Additional inhalation testing included 4 day escalation study (dogs), 8 days (dogs) and for 2 weeks
and 4 weeks (rats and dogs). Dose levels used in rats were 0.029, 0.143, & 0.289 mg/kg/day (2
weeks) and 0.11, 0.15, & 0.28 mg/kg/day (4 weeks). Dose levels in dogs were 0.1, 0.2, 0.3, &
0.4 mg/kg (4-day escalation study), 0.4 mg/kg (8 days), 0.0.5, 0.2, & 0.4 mg/kg/day (2 weeks) and
0.025, 0.2, & 0.4 mg/kg/day (4 weeks). No effects were observed in rats after a single exposure
inhalation or oral exposure. Fatalities were observed in mice after oral doses of 1000 mg/kg, but
not at 2000 mg/kg. In repeated dose studies, most notable effects in rats were histopathological in
nature relating to the nasal cavity (minor inflammation) and Harderian glands (acini dilation and
hypertrophy) with NOAELs of 0.029 and 0.011 mg/kg/day, respectively for the 2 week and 4 week
studies. Increased heart rate was the most notable in the dogs with up to 108% increase in heart
rate within 2 hours after single dosing with reversal by 24 hours after dosing in the 4-day dose
escalation/8-day study. In the 2- and 4-week studies with dogs, a 52-70% increased heart rate
was observed at 2 hours after dosing with reversal by 24 hours after dosing on day 3 after
initiation of the studies. Less marked changes were observed at the end of the dosing period.
Relative and absolute salivary gland weights were increased 43-55% in the two- and 4-week dog
studies with no associated adverse histopathology. NOAELs in the two dog studies were 0.015
mg/kg/day (2 weeks) and 0.025 mg/kg/day (4 weeks). Toxicokinetic values relative to preclinical
safety evaluation are reported in section III and are from the 6-month rat and 9-month dog
inhalation studies due to inaccurate methodologies in the 2- and 4-week studies.
================================
Histopathology Inventory for IDA # 68,653

Study

Species
Adrenals
Aorta
Bone Marrow smear
Bone (femur)
Brain
Cecum
Cervix
Colon
Duodenum
Epididymis
Esophagus
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2 week rat
2 week dog 4 week rat
4 week dog
inhalation
inhalation inhalation
inhalation
Study 765325 Study 754323 Study 780772 Study 780388
rat
dog
rat
dog
X*
X*
X*
X*
X
X
X
X
X
X
X
X
X
X
X
X
X*
X*
X*
X*
X
X
X
X
X
X
X
X

X
X
X*
X

X
X
X
X

X
X
X*
X
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Eye
Fallopian tube
Gall bladder
Gross lesions
Harderian gland
Heart
Ileum
Injection site
Jejunum
Kidneys
Lachrymal gland
Larynx
Liver
Lungs
Lymph nodes, cervical
Lymph nodes mandibular
Lymph nodes, mesenteric
Mammary Gland
Nasal cavity
Optic nerves
Ovaries
Pancreas
Parathyroid
Peripheral nerve
Pharynx
Pituitary
Prostate
Rectum
Salivary gland
Sciatic nerve
Seminal vesicles
Skeletal muscle
Skin
Spinal cord
Spleen
Sternum
Stomach
Testes
Thymus
Thyroid
Tongue
Trachea
Urinary bladder
Uterus
Vagina
Zymbal gland
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X

X

X

X

X
X
X*
X

X
X
X
X*
X

X
X
X*
X

X
X
X
X*
X

X
X*
X
X
X*
X*
X
X
X
X
X
X
X*
X
X*

X
X*
X
X
X*
X
X
X
X
X
X
X
X*
X
X

X
X*
X
X
X*
X*
X
X
X
X
X
X
X*
X
X*

X
X*
X
X
X*
X*
X
X
X
X
X
X
X*
X
X

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X

X
X*
X*
X
X*
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X

X
X*
X*
X
X*
X
X
X
X
X
X*
X
X
X*
X*
X*
X
X
X
X*
X
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Positive controls: plate incorporation and preincubation studies
strain
TA98
TA100
TA1535
TA1537
TA 102

S9 mix (-)
positive control
dose (ug/plate)
article
4-NOPD
10
NaN 3
10
NaN 3
10
4-NOPD
50
MMS
5

S9 mix (+)
Positive control
dose (ug/plate)
article
2.5
2.5
2AA
2.5
2.5
10

- 4-NOPD (4-nitro-o-phenylene-diamine); Na 3 (sodium azide); MMS (methyl methane
sulfonate) ; 2AA (2-aminoanthracine)
Comments: range finding study used in plate incorporation results; dosing solutions
not reported to be analyzed, but since clear effects observed, lack of this
reporting has no impact on study results.
Exposure conditions:
Incubation and sampling times: preculture incubation for 3 hours versus usual 8 hours
as bacterial density achieved; pre-incubation for 60”; 48 hour test
incubation before scoring
Doses used in definitive study: 33, 100, 333, 1000, 2500, & 5000 ug/plate (+/-S9)
Study design: toxicity test with TA 98 and TA 100 +/- S9 (plate incorporation), full
plate incorporation test +/-S9, full preincubation test (confirmatory test)
Analysis:
No. of replicates: 3/strain for test article, positive, and negative controls.
Counting method: AUTOCOUNT colony analyzer for revertants or manual when
precipitate and/or lawn condition dictates
Criteria for positive results: mean number of revertant colonies for plates exhibit dose
dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains
TA1535 & TA1537) and ≥ 2x that of vehicle control (other
strains)
Results:

Study validity: valid - tester strain genotypes: ampicillin, crystal violet, tetracycline,
and UV sensitivity or resistance, as appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (not reported, but no
apparent impact)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000 ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study outcome: Increased colonies 2-3x above vehicle controls were observed at 2500
and 5000 ug/plate for TA 98, TA 100, & TA 1537 and associated with effects on
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QA reports: yes (x) no ( )
Drug, lot #, radiolabel, and % purity: FR-0276-99, NA, 99.1%
Formulation/vehicle: DMSO
Methods:
Strains/species/cell line: L5178Y(TK+/- 3.7.2C)
Dose selection criteria: relative total growth (RTG) ~20% or limit of drug solubility
Basis of dose selection: high dose reported at limit of solubility (120 mg/ml with 50
uL dose volume into 10 mL incubation volume = 600 ug/mL dose)
Pre-test toxicity studies: tested 600 ug/mL and 7 arithmetic-based lower doses (300,
150, 75, 37.5, 18.8, 9.4, & 4.7 ug/mL) using short term exposure (4 hr - +/- S9)
and 24 hr (-S9) at 1 plate per dose and condition.
- at highest dose (reported limit of solubility) RTG was 83% (4 hr – S9), 64.1%
(4 hr +S9), and 51% (24 hr –S9)
Test agent stability: analysis done (HPLC) and COA’s provided for test agent stability,
test preparation stability, and dosing preparation concentration
Metabolic activation system: rat phenobarbital-induced S9 mix
Controls:
Vehicle: DMSO
Negative controls: vehicle and untreated
Positive controls: Methyl Methane Sulfonate for -S9 assays – 13 ug/mL
(4 hr & 24 hr)
3-methylcholanthrene for +S9 assays – 3 ug/mL
Comments: sponsor report and methodology not clear/complete
- no solubility data reported (critical for justification of dose selection)
Exposure conditions (microtiter assay):
Incubation and sampling times: incubation- exposure period 4 or 24 hr
sampling: 72 hours incubation for growth
10-15 days incubation for detection of
mutant frequencies (+ trifluorothymidine)
Doses used in definitive study: 4 hr +/–S9 & 24 hr –S9
– 18.8, 37.5, 75, 150, 300, & 600 ug/mL
Study design: guidelines
Analysis:
No. of replicates: 1 in preliminary, 2 for main test
Counting method: manually
Criteria for positive results: currently accepted guidelines for analysis of results.
- dose dependent increase in MF with at least one dose level, with ≥ 10% total
growth, with MF ≥ 100 mutants/10+6 clonable cells above solvent control
(induced MF),
- sponsor’s criteria was = 2x increase in mutant colonies versus control
in each replicate
Criteria for valid study: concentrations were appropriate if one of the following was
observed:
1) an 80% reduction in RTG (relative total growth) or
2) a persistent precipitate was achieved in the culture media
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Results:
Main study: tested 18.8, 37.5, 75, 150, 300, & 600 ug/mL at 4 hr (+/- S9) and 24 hr (-S9)
- RTG ranged from ~40-70% for all high dose groups depending on the
replicate (desired value is 10-20% RTG)
- no precipitate reported in any cultures
- mutant frequency of 2.8x and 1.5x control value for 4 hr replicates –S9
(= 2x control per sponsor’s criteria).
- sponsor control value for second replicate outside historical control range
Table - LAS 34273 Mouse Lymphoma Assay (4 hour exposure)
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Table - LAS 34273 Mouse Lymphoma Assay (24 hour exposure)

Table – Sponsor historical control data

Study validity: inconclusive
- concentrations not appropriate as:
1) lowest RTG for highest dose was ~40% (all exposure conditions) or
2) no precipitate reported under any conditions
- results inconclusive and test requires repeating at appropriate dose levels
================================
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- positive and negative controls sampled at 24 hours
Study design: bone marrow sampling/slide preparation at 24 or 48 hours after single
dose
Analysis:
No. of replicates: at least 1 slide per animal/dose in main study and
stained with May-Grunwald/Giemsa stain
Counting method: - manual
- at least 2000 immature erythrocytes (IE) per slide for presence of
micronucleated immature erythrocytes (MNIE) under
fluorescence
- mature erythrocytes counted (number not reported) and
expressed per 2000 IEs. Ratio of IEs to total erythrocytes can be
determined from sponsor’s data tables.
Criteria for positive results: - statistically significant result (p<0.05) for which the
median number of micronucleated immature
erythrocytes per 2000 cells evaluated should not be
less than 5 or 3 for 24 hour and 48 hour sampling,
respectively.
- Statistical evaluation was performed using the
Jonckheere-Terpstra or Kastenbaum & Bowman
test.
- sponsor used nonparametric MannWhitney U test
Results:
Study validity: valid
- previous pharmacokinetic assessments demonstrated systemic exposure
- not required as limit dose used
- dosing appeared to be adequate based upon the results of the doseranging study
- preparation and administration of the test substance was acceptable
- the species and number of animals/sex/group were acceptable
- tissue sampling and analysis was acceptable
- positive controls exhibited appropriate responses
- the proportion of immature erythrocytes among total erythrocytes was
not less than 20% of the control value
Study outcome: negative at limit dose of 2000 mg/kg
- no increase in micronuclei at 24 or 48 hours after dosing male and
female mice at the limit dose of 2000 mg/kg
- decreased spontaneous activity was observed through 24 hours
after dosing at 2000 mg/kg
================================
Genetic toxicology summary: LAS 34273 was evaluated for potential genotoxicity in vitro in the
Ames bacterial assay, Mouse Lymphoma assay, and in vivo in a Mouse Micronucleus test. Results
were inconclusive in the Ames assay as increases in small, pinpoint colonies under conditions of
cytotoxicity and background lawn effects were not replated to certify lack of genetic
Reference ID: 3102539
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Number/sex/group: 22 mated females/group
Route, formulation, volume, and infusion rate: inhalation (nose only)
Satellite groups used for toxicokinetics: 6/dose for LD, MD, & HD
Study design:
Mating: females housed one to one with proven males with daily determination of
mating
Clinical signs: at least twice daily
Body weights: daily from days 0-21 gestation; litter and fetal weights on day 21
gestation
Food consumption: days 0-6, 6-9, 9-12, 12-15, 15-18, & 18-21 gestation
PK determinations: day 17 gestation at <10”, 30”, & 1 hour after second exposure
Gross necropsy: caesarean section with gross exam of maternal tissues and fetuses
on day 21 gestation
Fetal exams: ½ fetuses fixed in Bouin’s and examined for visceral abnormalities
and ½ fetuses cleared and stained (alizarin red S) for examination
of skeletons
Parameters and endpoints evaluated: standard protocol
Results
Mortality (dams): none
Clinical signs (dams): vaginal discharge in 1 female of MD on day 16 of gestation
Body weight (dams): reduced mean body weight gain during the exposure period (days 6-18 of
gestation) of 16%, 18%, & 37% for LD (36 g), MD (35 g), & HD (27 g) groups,
respectively compared to control group body weight gain (43 g). Similar weight gain was
observed for all groups from gestation days 18-21.
Food consumption (dams): food consumption was reduced 15%, 9%, & 18% for LD (18 g), MD
(19.4),
& HD (17.3) compared to control (21.3 g) during exposure (days 6-18 of
gestation) and increased 6%, 10.3%, & 6% for gestation days 18-21.
Toxicokinetics: data contained in separate report (B.34273.05)
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Table – PK for rats in embryo-fetal study

Terminal and necroscopic evaluations: (C-section data (implantation sites, pre- and postimplantation loss, etc.):
Maternal animals: no remarkable gross findings
Reproduction data: - no effect due to treatment
- 20/22, 16/22, 20/22, & 20/22 with live implantations at termination
for control, LD, MD, & HD, respectively
- 1 female of control group, 4 females of LD, and 2 females of HD
exhibited total post-implantation loss
- post-implantation loss for dams with live fetuses was 5.4%, 6.1%,
8.3% & 7.0% for control, LD, MD, & HD, respectively
- no effects on corpora lutea
Offspring (malformations, variations, etc.):
- nothing remarkable for live and dead fetuses, sex of fetuses, sex ratios, mean fetal
weights (litter basis: 4.8 g, 4.6 g, 4.5 g, & 4.7 or individual basis: 4.7 g, 4.6 g, 4.5 g, &
4.6 g for control, LD, MD, & HD, respectively)
- nothing remarkable in external examination
- one MD fetus with cranioschisis and eventration (liver, stomach, small
intestines), caudally malpositioned hind limbs, and cranially bent tail
- visceral examination: nothing remarkable
- skeletal examination: fetuses with abnormal findings, usually asymmetrically ossified
sternebrae or wavy/fused ribs, and dumbbell-shaped shaped vertebrae bodies were
observed in control (6 fetuses in 1 litters), LD (6 fetuses in 3 litters), MD (3 fetuses in 2
litters) and HD (3 fetuses in 3 litters). Nothing else remarkable.
================================
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Food consumption: every second day from day 0-28 of gestation
PK determinations: day 19 gestation, 4/group after each exposure at <10”, 30”, &
1 hour after respective exposure
Gross necropsy: caesarean section with gross exam of maternal tissues and fetuses
on day 28 gestation
Fetal exams: dissected, examined, sexed, skin removed, cranium examined for
degree of ossification, heads fixed for serial sections, trunks,
cleared and stained (alizarin red S) for skeletal examination.
Parameters and endpoints evaluated: particle size, analytically determined dose level,
clinical signs, food consumption, body weight, caesarean section data, skeletal
examination data, reproduction data (pre-and post-implantation losses, embryonic
and fetal deaths, live and dead fetuses, abnormal fetuses, sex ratios of fetuses, and
fetal body weights.
Results
Mortality (dams): none
Clinical signs (dams): nothing remarkable
Body weight (dams): All groups lost weight during days of exposure (6-20 of gestation),
including controls. No significant or relevant differences between treated and control
groups were identified. Body weight gain was -0.9%, -1.3%, -2.4%, & -1.7% for control,
LD, MD, & HD groups, respectively, not corrected for uterine weight, and within 0.3% of each
other after correction.
Food consumption (dams): Food consumption was reduced in all groups, from days 6-20 of
gestation (exposure period including lactose control). Compared to control food
consumption (53 g), decreases were 21%, 26%, and 25 % for LD (44 g), MD (39 g), &
HD (40 G). For days 28, increased food consumption was observed in LD (10%), MD
(18%), and HD (29%) compared to increase in control food consumption, suggesting a
possible rebound from treatment-related effects.
Toxicokinetics: data contained in separate report (B.34273.11)
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Table – PK for rabbits in embryo-fetal study

Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and postimplantation loss, etc.):
Maternal animals: no remarkable gross findings
Reproduction data: - 20/22, 21/22, 21/22, & 20/22 with live implantations at
termination for control, LD, MD, & HD, respectively
- 1 female of MD exhibited total post-implantation loss
- 2 control, 1 LD, 0 MD, & 2 HD females were not pregnant
- no effects on corpora lutea
Offspring (malformations, variations, etc.):
- nothing remarkable for live and dead fetuses, sex of fetuses, sex ratios, mean fetal
weights and other related observations
- external examination: nothing remarkable
- visceral examination: nothing remarkable
- sectioned head exams: abnormal head sections (dilated brain ventricles), which were
more frequently in treated fetuses compared to controls, were within historical
control values (see table).
- skeletal examination: fetuses with abnormal findings (fused and/or abnormally shaped
vertebrae) were observed in control and treatment groups with increased
frequency in treated groups, but were considered within historical control values
(see table).
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DETAILED CONCLUSIONS AND RECOMMENDATIONS:

Conclusions: LAS 34723 was shown in vitro and in vivo to be a potent, selective, and efficacious
muscarinic receptor. Safety pharmacology studies conducted in vitro and in vivo for potential
cardiovascular, behavioral (CNS), and pulmonary effects of LAS 34273 identified only potential
cardiovascular effects (selective blockage of hERG channel, prolonged QTc interval, ↑ heart
rate), which could be expected after treatment with this muscarinic antagonist. Such adverse
potential cardiovascular effects will be assessed in humans in the proposed clinical
cardiovascular safety study by measuring the heart rate.
Extensive oral and inhalation toxicity testing was conducted, ranging from single dose to 9 months
in duration. Most relevant preclinical tests (i.e., 2- and 4-week studies) for the proposed clinical
trial were inhalation studies where most profound effects observed from treatment with LAS
34273 were histopathological (target organ - Harderian gland) in rats and cardiovascular (target
organ – heart) in dogs. PK values were not attainable in shorter term animal studies due to
analytical issues, but were available for the 6-month rat and 9-month dog inhalation studies and a
5-day human study as reported in the Section III (Pharmacokinetics/Toxicokinetics). Linear
regressions analysis of the dose versus AUC lines allowed calculation of AUC values for the 2and 4-week studies at the NOAEL values. Based on these results, the AUCs are as follows:
AUC values (ng.hr/mL) at the NOAEL for LAS 34273 and its Metabolites in
2- and 4-week Inhalation Study in Rats and Dogs*
study (NOAEL mg/kg)
LAS 34273
LAS 34823
LAS 34850
2-week rat (0.029 mg/kg)
16.94
6.52
56.69
2-week dog (0.015 mg/kg)
1.78
1.31
146.32
4-week rat (0.011 mg/kg)
7.12
2.06
36.28
4-week rat (0.029 mg/kg)
2.65
7.12
229.81
* - AUCs based on linear regression analysis of AUC versus dose from 6-month rat and 9-month
dog inhalation studies. Human AUC values for proposed clinical dose of 800 ug/day are
0.078 ng.hr/mL (LAS 34273), 0.396 ng hr/mL (LAS 34823), and 13.5 ng.hr/mL (LAS 34850)
based on 5-day repeated dose human study
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The Safety Margin is based on the AUC at the NOAEL for the respective repeated dose animal
study and the expected AUC for the proposed clinical dose.

Inhalation
study
duration

Preclinical NOAELs and Safety Margins
for Proposed Clinical Trial with LAS 34273
Safety
Animal
basis for
Safety Margins - AUC ratios**
NOAEL Margin*
NOAEL
(mg/kg)

(mg/kg)

NOAEL
(parent)

NOAEL
(alcohol
metabolite)

NOAEL
(acid
metabolite)

nasal
inflammation

0.029

1.81

217

16

4

↑ heart rate

0.015

0.94

23

3

11

Harderian
histopathology

0.011

0.69

91

5

3

↑ heart rate

0.025

1.56

34

18

17

2 week rat
(0, 0, 0.029,
0.143, & 0.289
mg/kg)

2 week dog
(0, 0.015, 0.2, &
0.4 mg/kg)

4 week rat
(0, 0, 0.11,
0.154, & 0.28
mg/kg)

4 week dog
(0, 0.025, 0.2, &
0.4 mg/kg)

* - Safety Margins for proposed human dose of 800 ug/day (0.016 mg/kg) for 3 days calculated on mg/kg basis for
parent compound only.
** - Safety Margins for proposed human dose of 800 ug/day (0.016 mg/kg) for 3 days calculated on AUC basis
using highest AUC values for LAS 34273 (0.078 ng.hr/mL) and two major metabolites (LAS 34823 = 0.396
ng.hr/mL; LAS 34850 = 13.5 ng.hr/mL) from 5-day human clinical trial (males only) compared to lowest
average (male and female) AUC values at any sampling time point from 6- month rat inhalation study and 9month dog inhalation study using linear regression analysis determination of animal AUCs for 2- and 4-week
dog studies at NOAELs.

Proposed clinical cardiovascular safety study will investigate most common preclinical endpoint
of increase heart rate.
Genotoxicity assays were conducted:
In vitro Ames assay results were inconclusive as some tested doses yielded increase in
number of small or “pin point” colonies, which are usually associated with
toxicity/deterioration of background lawn and not mutagenicity. As such colonies were not
replated in order to determine if mutation had actually not occurred, assay is inconclusive.
In vitro Mouse Lymphoma assay was inconclusive due such issues as inadequate dose,
only a 50% control plating efficiency, and lack of precipitation in the culture media.
Considering deficiencies in the assay, but that possible highest treatment dose may have

Reference ID: 3102539

43

Reviewer: Gary P. Bond, Ph.D. (C-17)

IND No. 68653

been at the limit of chemical solubility, the sponsor should provide an explanation
concerning the dose selection.
The in vivo Mouse Micronucleus test was negative.
Embryo-fetal studies were conducted in rats and rabbits by inhalation. A major goal of embryofetal studies is to determine there were no embryo-fetal toxic effects are observed at appropriate
dose levels. For rats, at the dose levels tested, sufficient treatment-related effects were observed
in maternal animals (decreased weight gain compared to control during exposure period of 1637%) to allow determination for any potential embryo-fetal effects. For rabbits, at the dose levels
tested, insufficient treatment-related effects were observed in maternal animals to allow
interpretation of any potential embryo-fetal effects. Observed fetal abnormalities were considered
within historical control range. On this basis, the segment II reproductive data requirement
(embryo-fetal effects) is not satisfied in rabbits. A repeat of the rabbit embryo-fetal study is
recommended at higher doses.
On the basis of the submitted preclinical data and proposed clinical protocol, the proposed 3-day
clinical study in healthy male and female volunteers is considered safe to proceed. The sponsor
will be conveyed the following for future clinical trials: 1) repeat of Ames assay with replating of
pinpoint colonies reported not to be revertants, 2) repeat Mouse Lymphoma assay with inclusion
of high enough doses to cause precipitation of test material in culture at highest dose or 20%
Relative Total Growth at highest dose, 3) recommendation for hypersensitivity test, and 4) repeat
of embryo-fetal study (segment II reproduction) in rabbits at doses that cause adequate maternal
effects.
General Toxicology Issues: Due to the Ames assay and the Mouse Lymphoma assay being
determined to be inconclusive, those assays must be successfully repeated in order to be able to
consider any future repeated clinical trials. No hypersensitivity test has been submitted for this
drug which will be delivered by inhalation in repeated doses. Insufficient evidence to support the
premise that developmental toxicity has been fully tested requires repeat of the rabbit embryo-fetal
study.
Recommendations: Proposed clinical trial is considered safe to proceed based on preclinical
safety assessment. Deficiencies in the Ames and Mouse Lymphoma assays should be addressed
prior to initiation of further clinical trials. Suggested wording regarding continuing evaluation of
potential genotoxicity of LAS 34273 has been provided to the sponsor as part of the Preliminary
Safety Evaluation for inclusion in the Informed Consent Agreement. The provided, suggested text
is:
Several laboratory tests were conducted to determine whether LAS 34723 can alter or
otherwise damage DNA, the genetic material in the body's cells. These types of laboratory
tests are always conducted to help determine if a new drug has any potential to cause
cancer in humans. These laboratory tests are still being evaluated. Therefore, the
genotoxic potential of the LAS 34273 has not yet been fully determined.
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Draft Text for Letter to Sponsor:
1) The two in vitro genotoxicity assays should be repeated according to generally accepted
methodologies/protocols for future proposed repeated clinical trials:
a) repeat Ames assay with replate of small, pinpoint colonies if any exist
b) repeat Mouse Lymphoma assay with assurance that the highest concentration is
adequate (i.e., ~20% relative total growth or precipitate observed in cultures of
highest dose)
2) As this drug will be administered repeatedly by inhalation, a test for hypersensitivity
is recommended.
3) The embryo-fetal study in rabbits should be repeated at higher doses that allows
determination of potential embryo-fetal effects.

Reviewer signature: Gary P. Bond, Ph.D., DABT
Supervisor signature: Concurrence -

Ching-Long J. Sun, Ph.D.

Non-Concurrence (see memo attached)
X.

APPENDIX/ATTACHMENTS: none
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PHARMACOLOGIST
I concur.
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Appendix 2: PharmTox Review 2 of IND 68,653 dated March 19, 2004 (including Mouse
and Rat SPA)

APPEARS THIS WAY ON
ORIGINAL
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Doses in administered units: 0 (air control – C1), 0 (lactose control – C2), 14
(LD), 42 (MD), & 175 (HD) ug/kg/day
- sponsor reported dose values of 200, 600, & 2500 ug/kg based on 100%
pulmonary deposition. The sponsor’s reported values were adjusted to 7%
pulmonary deposition based on an acceptable deposition factor as referenced in R.
B. Schlesinger (1985). “Comparative deposition of inhaled aerosols in
experimental animals and humans: A review.” J. Toxicol. Environ. Health 15: 197214.
Route, form, volume, and infusion rate: inhalation (nose only) 1 hour/day/90 consecutive
days
Observations and times:
Clinical signs: twice daily
Body weights: twice weekly during first 4 weeks then once weekly during treatment
Food consumption: weekly
Ophthalmoscopy: none
EKG: none
Hematology: 6/sex/group at 13 weeks after 18 hour fast
Clinical chemistry: 6/sex/group at 13 weeks after 18 hour fast
Urinalysis: in units of 4/sex/cage at 13 weeks after 18 hour fast
Gross pathology: at termination
Organs weighed: a termination (refer to histopathology inventory table at end of General
Toxicology section)
Histopathology: at termination (refer to histopathology inventory table at end of General
Toxicology section).
- both control groups and HD fully evaluated.
- all dose groups for gross lesions and from animals that did not
survive to end of study from mains study
- respiratory organs for all main study animals
- lungs from TK animals that were necropsied
Toxicokinetics: day 1 and 92 after exposure at = 5-6”, 30”, 1 hr, 2 hr, 4 hr, & 24 hr
Other: particle size
Results:
Mortality: males (1/12 C1, 1/24 LD, 3/24 HD); females (1/12 C2, 2/24 MD, 3/24
HD) – included toxicokinetic animals
Clinical signs: one female that died from MD (decreased activity) and one female
that died from HD (decreased activity and emaciation). No other relevant clinical
signs were observed in the other animals.
Body weights: - body weight: decrease 4-9% (males) and 3-6% decrease (females)
compared to control over the course of the study
- body weight gain: consistently decreased versus both control groups after
week 3 (HD males), week 4 (MD males and HD females), and week 6
(LD males). LD females did not exhibit any consistent decrease in body
weight gain versus controls – refer to table for changes from day 1/week
1 to day 90/week 13. Consistent statistically significant differences
were exhibited between HD males and control.
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BEST POSSIBLE COPY

Body Weight Gain in 13-Week Mouse Study with LAS 34273 by Inhalation
Percent Differences Between Control and Treated from Day 1 to Day 90
Male Mice
Female Mice
a C-1 C-2
LD
MD
HD
C-1
C-2
LD MD
groups
day 1 to week 27 change (gm)
6.5 5.8 5.4 5.2
4.0
6.6
6.4
6.3
6.7
% difference versus C1
-11 -17 -20 -38**
-3.0 -4.5 +1.5
% difference versus C2
+12
-6.9 -10 -31** +3.1
-1.5 +4.7
a - C-1 (air control), C-2 (vehicle control), LD (low dose), MD (middle dose), HD (high dose)
** - weekly comparisons usually at p<0.01
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BEST
POSSIBLE
COPY

Food consumption: treated males and females exhibited increased food consumption
compared to controls from week 2 and week 3 onward, respectively. Mean of
means over entire study of were increased 14-15% (males) and 5-9% (females)
compared to both control groups without statistical significance.
Hematology: - WBCs were decreased for males up to 61% compared to air and lactose
control and for females up to 31% compared to air controls only.
- Relative segmented neutrophils were increased up to 140% for males and
115% for females compared to both controls.
- Relative and absolute lymphocytes were decreased for males up to 73%
and for females up to 49% compared to both controls.
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Formulation/vehicle: lactose
Methods (unique aspects):
Dosing:
Species/strain: Rat, Wistar, HanBrl:WIST (SPF)
#/sex/group or time point (main study): 20/sex/group
Satellite groups used for toxicokinetics or recovery: 15/sex/treated groups for TK;
10/sex/control for recovery; 10/sex from TK for recovery
Age: 8 weeks (males) and 11 weeks (females) upon receipt – 2 weeks before exposure
Weight: 201.3-249.4 g (males) and 180.2-216.5 g (females) at randomization – 3-5 days
before exposure
Doses in administered units: 0 (lactose control – CG), 0.7 (LD), 2.8 (MD-1),
5.6 (MD-2) & 14 (HD) ug/kg/day
- sponsor reported dose values of 10, 40, 80 & 200 ug/kg based on 100%
pulmonary deposition. The sponsor’s reported values were adjusted to 7%
pulmonary deposition based on an acceptable deposition factor as referenced in R.
B. Schlesinger (1985). “Comparative deposition of inhaled aerosols in
experimental animals and humans: A review.” J. Toxicol. Environ. Health 15: 197214.
Route, form, volume, and infusion rate: inhalation (nose only); aerosol dust, 1 hr/day for
at least 183 days
Observations and times:
Clinical signs: day 1 of acclimatization; at least once daily during study
Body weights: for randomization; days 1, 4, & 8 and weekly thereafter
Food consumption: per cage of five, weekly
Ophthalmoscopy: for main study animals, all during acclimatization and at end of
treatment phase (control and HD only). No ophthalmoscope exam was conducted
as part of clinical sign evaluation to determine existence of mydriasis
EKG: none
Hematology: 3 months, 6 month & recovery on first 10 surviving animals/group after 18hour fast (water only)
Clinical chemistry: 3 months, 6 month & recovery on first 10 surviving animals/group
after 18-hour fast (water only)
Urinalysis: 3 months, 6 month & recovery on first 10 surviving animals/group during 18hour fast (water only)
Gross pathology: full exam on all main study and recovery animals and TK animals
found dead
Organs weighed: at necropsy (refer to histopathology inventory table at end of
General Toxicology section).
Histopathology: day after last exposure (refer to histopathology inventory table at end of
General Toxicology section). All collected organs of control and
HD group examined. Respiratory organs, liver and kidneys, and
Harderian glands examined for LD, MD-1, and MD-2 groups; all organs
with gross lesions.
Toxicokinetics: day 1, week 13, & week 26 after exposure at <5”, 15”, 30”, 1 hr, 2 hr, 4
hr, & 24 hr
Other: particle sizing
11
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BEST POSSIBLE
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Food consumption: Relative food consumption for all main study male and female
treatment groups were generally higher than control, most notably in the second
13
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Urinalysis: first 10/sex/group/main study after 3 months and before necropsy (during
fasting – water only); recovery animals before necropsy (during fasting – water
only)
Gross pathology: at termination
Organs weighed: at necropsy (refer to histopathology inventory table at end of
General Toxicology section).
Histopathology: day after last exposure (refer to histopathology inventory table at end of
General Toxicology section). All collected organs of lactose control and
HD group examined. Respiratory organs, spleen, and Harderian glands
examined for all groups (main and recovery); liver parotid and trachea for all
groups (not recovery); all organs with gross lesions.
Toxicokinetics: day 1 of exposure, after 3 months of exposure, and at end of exposure
period
Other: particle sizing
Results:
Mortality: 10 animals died from treated groups
- LD: week 24 (1 female)
- MD: weeks 5, 7, 15, 17, & 24 (5 males); weeks 21 & 24 (2 females)
- HD: weeks 18 & 19 (2 females)
Clinical signs: nothing remarkable, even in animals that died
Body weights: A dose responsive decrease in body weight and body weight gain was
observed over the entire course of the study for MD and HD groups. For LD
females, decreases occurred after 7 weeks and for LD males near the end of the
study. While recovery animals tended to gain more body weight and a larger
percent body weight gain than controls, they did not reach control body weight
levels by the end of the recovery period. However, this reversal suggests
treatment related effects on body weight. Comparisons between treated and
control groups for the entire treatment is listed in the following tables.
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relative to absolute food consumption were unremarkable. Relative food
consumption was increased in treated animals over the course of the study for main
and recovery animals indicating reduced body weight and body weight gain was
not due to reduced food consumption.
Ophthalmoscopy: nothing remarkable
Hematology: Middle and high dose females exhibited increased total WBC and
lymphocyte counts at 3 months and 6 months and with at least partial reversal
during recovery. Observed changes were as follows:
Increase in Total WBC and Lymphocyte Counts as Percent of Control
in Female Rats in 6-Month Inhalation Study with LAS 34273 (study 810797)1
dose (ug/kg)
31.5
140
42*
50**
WBC
3 months
6 months
67
27
recovery
3
21
51
62
Lymphocytes
3 months
6 months
59
36
recovery
0
27
1 – compared to lowest of control values (air or lactose); * - p<0.05; ** p<0.01
Clinical chemistry: Increased uric acid levels were the only notable differences between
treated and control animals.
Increase in Uric Acid Levels as Percent of Control
in Rats in 6-Month Inhalation Study with LAS 34273 (study 810797)1
males
females
dose (ug/kg)
31.5
140
31.5
140
115
237**
138
177**
uric acid
3 months
6 months
119
236**
147
172*
recovery
-9
177**
149
214**
1 – compared to lowest of control values (air or lactose); * - p<0.05; ** p<0.01
Urinalysis: Osmolality was decreased in high dose animals compared to largest control
value at 3 and 6 months in males – 8.8 and 24%, respectively. Decreases were
observed in females from high dose group at 22, 25, and 22% for 3 and 6 months
and recovery time periods.
Organ weights: Most notable observations for absolute organ weights, using the control
value resulting in the largest difference, were decreased heart and thymus in
males and females, decreased pituitary (females), and increased lung weight
(males only) with no difference between treated and control for recovery animal
absolute organ weights. For relative organ weights, organ to body weight ratios
were increased in treated animals, as expected, due to body weight decreases.
Brain, lungs, kidneys and adrenals were increased in males and females, spleen
and testes were increased in males only, and liver was increased in females only.
Heart, lungs, and kidneys ratios remained statistically different from controls after
recovery period in males only. Specific data is listed on the tables.
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Number of Animals Gross Observation Relating to Lungs
in 6-Month Rat Inhalation Study 810797 with LAS 34273 – Main Study
dose groups
males (n=20)
females (n=20)
(ug/kg)
7
31.5
7
31.5
140
0
0
0
0
(air)
(lactose
(air) (lactose
)
)
organ
lung reddish
0
0
0
6*
8**
0
0
1
2
discoloration
lung foci
1
1
2
0
2
0
0
3
7*
* - p<0.05; ** p<0.01

140

3
3

Histopathology: In the lungs of treated animals, increased frequency and severity of
alveolar and adventitia hemosiderin, alveolar macrophages, perivascular
inflammation, alveolar inflammation, pigment-laden macrophages, and macrophage
conglomerate were observed, which persisted and were not reversed by the end of
recovery period at similar frequencies and severities. Harderian gland acinar
hypertrophy and porphyrin deposition were increased in frequency and/or severity
in treated animals, a situation which persisted at the end of the recovery period.
Parotid acinar hypertrophy was increase in frequency and/or severity in most
treated groups in the main study with some, but not complete reversal during the
recovery period. Pigment deposition (hemosiderin or lipofuscin) was observed
with increased frequency and/or severity in the liver and kidneys and
hepatocellular hypertrophy was observed without relation to dose except
hepatocellular hypertrophy was observed in 3 of 10 HD males in the recovery
group. Nothing additional was observed in animals that died except that remnants
of food were observed in the esophagus and/or laryngeal region of 5 animals that
died, 3 surviving controls, and 7 surviving treated animals.
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#/sex/group or time point (main study): 25/sex/group/control; 50/sex/group/treated
Satellite groups used for toxicokinetics or recovery: 12/sex/treated for TK; 4/sex/group
for broncho-alveolar lavage
Age: 7 weeks (males) and 10 weeks (females) at delivery
Weight: within 12% of the gender mean
Doses in administered units: 0 (lactose control) and 140 ug/kg/day
- sponsor reported a dose value 2000 ug/kg dose values based on 100% pulmonary
deposition. The sponsor’s reported values were adjusted to 7% pulmonary
deposition based on an acceptable deposition factor as referenced in R. B.
Schlesinger (1985). “Comparative deposition of inhaled aerosols in experimental
animals and humans: A review.” J. Toxicol. Environ. Health 15: 197-214.
Route, form, volume, and infusion rate: inhalation (nose-only), aerosol powder for 1
hour/day for at least 182 days
Observations and times:
Clinical signs: at least once daily
Body weights: first day and weekly for acclimatization period; days 1, 4, 8, &
approximately weekly thereafter during exposure period
Food consumption: approximately once weekly per cage of 5-10 animals
Water consumption: approximately 3x per week/cage of 5-10 animals during the last four
week of treatment
Ophthalmoscopy: none
Blood pressure: systemic and right systolic ventricular pressure for broncho-alevolar
lavage at 4 months before sacrifice
Microbiological assessment: serological testing for broncho-alevolar lavage at 4 months
before sacrifice
Hematology: before sacrifice for main study animals (18 hour fast, water only)
Clinical chemistry: before sacrifice for main study animals (18 hour fast, water only)
Urinalysis: before sacrifice for main study animals during 18 hour fast (water only)
Broncho-alveolar lavage: 4/sex/group sacrificed at 1, 2, 3, 4, & 6 months
Gross pathology: animals found dead; surviving animals at 1-, 2-, 3-, 4-, and 6-months
Organs weighed: at all necropsies (brain, heart, lungs, liver and kidneys); added organs
for 6-month sacrifice (parotids, mandibular salivary glands, sublingual salivary
glands) - refer to histopathology inventory table at end of General Toxicology
section
- animals found dead: standard histology list
Histopathology: at necropsy (refer to histopathology inventory table at end of
General Toxicology section).
Toxicokinetics: blood samples taken on days 1 and 8 after exposure and analyzed at
<10”, 30”, 1 hr, 2 hr, 4 hr, & 24 hr; week 26 after exposure using bronchoalveolar lavage animals with analysis <10” and 30”
Other: particle sizing (reported in dosing section: route
Results:
Mortality: 5 males and 2 females from treated group
- week 6, 6, 7, 15, & 24 (males); week 10 & 24 (females)
Clinical signs: dead – none preceding death; animals found dead at first morning
observation
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with no differences between treated and controls at the end of the study in contrast
with the increases of several fold observed at 140 ug/kg/day in the previously
reported 6-month inhalation study .
Organ weights: liver: increased relative to body weight at all time periods 3-14% (males
and 7-14% (females) with some statistically significant increases;
associated with decreased absolute weight at maximum of 16%
(males) and 3% (females)
lungs: increased relative to body weight at all time periods 3-22% (males
and 2-16% (females) with some statistically significant increases;
associated with decreased absolute weight at maximum of 5%
(males) and 3% (females)
brain: increased relative to body weight at all time periods 3-21% (males
and 2-16% (females) with some statistically significant increases;
associated with decreased absolute weight at maximum of 5%
(males) and 3% (females)
Broncho-alveolar lavage: nothing remarkable except possibly total cell counts,
number and types of macrophages, and albumin
- measured indices included interleukin-6, histamine,
tumor necrosis factor-α, total cell count, cell viability, cell
types, ectodermal dysplasia 1 (ED1+) protein antibodies,
albumin, hemosiderin presence
- total number of cells and macrophages were consistently
increased in males (11-185%); magnitude of increases were
not related to time periods as largest increase was observed at
2 months; no consistent changes in females
- pigmented macrophages were predominant type of increased
macrophages versus multinucleated macrophages
- albumin values were increased by 436, 12, & 33% (males)
and 214, 228 & 24% (females) compared to controls,
respectively, at all observation times (3, 4, & 6 months)
- hemosiderin was noted in lungs (adventitia/BALT and/or
alveoli of lungs) of animals with increased albumin and with
increased macrophages
Gross pathology: lungs: dark red lung discoloration in 2/47 treated males, 1/49 treated
females and 3/3 males that died; nothing else remarkable
Histopathology: died during study – increased alveolar macrophages (3/5 males, 1/2
females), hemosiderin in lung (4/5 males, 1/2 females), hemosiderin in
adventitia/BALT (2/5 males, 1/2 females, lung hemorrhage (2/5 males), nasal
inflammatory secretion (1/2 males, 1/2 females), alveolar macrophage
conglomerates (1/5 males), residual food in larynx and/or esophagus (1/5 males,
1/2 females)
survivors - most notable findings in surviving animals were in lungs,
Harderian glands, liver, nasal
cavities, and larynx with the nasal cavity and
larynx
being a possible result of dose route mechanical effects. Increased minimal
severity larynx metaplasia was after 1 month in all treated male and female
groups, a condition which was not observed at the same dose in the previously
reported 6-month inhalation study at 140 ug/kg/day. Larynx metaplasia is not
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Date of study initiation: April 2, 2003 (Draft Report)
GLP compliance: yes
QA report: yes (x) no ( )
Drug, lot #, radiolabel, and % purity: R-001, NA, 98.4%
Formulation/vehicle: aqueous phosphate buffer solution
Methods (unique aspects): subcutaneous study to determine if inhalation study effects in rats are
local to site of administration with sacrifice at 4 weeks and 26 weeks
Dosing:
Species/strain: Rat, Hanlbm:WIST (SPF)
#/sex/group or time point (main study): 10/sex/dose for 28 days or 26 weeks
Satellite groups used for toxicokinetics or recovery: 10/sex/dose for TK
Age: ~6 weeks at delivery (1 week before start dosing)
Weight: 161.0-188.2 g (males), 117.4-175.4 g (females)
Doses in administered units: 0 & 1 mg/kg/day
Route, form, volume, and infusion rate: subcutaneous, liquid, 2 ml/kg
Observations and times:
Clinical signs: 2x daily
Body weights: weekly
Food consumption: weekly
Water consumption: 2x weekly
Ophthalmoscopy: pre-dosing, week 4 and week 26 (treated only); special observation
using ophthalmoscope for mydriasis once weekly starting at week 8 during daily
clinical observation (before dosing and 2 hours after dosing)
EKG: none
Hematology: after 28 days and 26 weeks(18-hour fast, water only)
Clinical chemistry: after 28 days and 26 weeks(18-hour fast, water only)
Urinalysis: after 28 days and 26 weeks(during 18-hour fast, water only)
Gross pathology: necropsy at 28 days and 26 weeks (full exam)
Organs weighed: at necropsy (refer to histopathology inventory table at end of
General Toxicology section).
Histopathology: at necropsy (refer to histopathology inventory table at end of
General Toxicology section). Slides made for kidneys, liver, heart,
lungs, Harderian gland, salivary glands, and gross lesions. Full organ set review
for animals that died.
Toxicokinetics: days 1 & 28, weeks 13 and 26 (predosing, 15 & 30”, 1, 2, 4, & 24 hours)
Other: none
Results:
Mortality: 1 male (day 165) and 1 female (day 146) died from 1 mg/kg group. 1 female
from 1 mg/kg group sacrificed in extremis due to fracture of lumbar vertebral
column
Clinical signs: mydriasis in treated animals after dosing and reversed by next day dosing
(observation not started until week 8, but observed thereafter)
Body weights: decreased at all time periods for treatment males and females compared to
controls. Results were consistent with kinetic group animals.
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Body Weight Changes in Male and Female Rats after Subcutaneous
Administration of LAS 34273 (study # 848410)
males
females
test group
(% change compared to control) (% change compared to control)
absolute
body weight
absolute
body weight
gain
gain
28 day group
-9**
-23
-7**
-26
26 week group
-19**
-30
-14
-31
** - p<0.01
Food consumption: absolute mean of means were reduced over treatment periods while
relative mean of means was reduced for 28 day treatment group but no 26 week
treatment group (see table). No individual or averaged values attained statistically
significant difference from control. Results were consistent with kinetic group
animals.

Food Consumption in Male and Female Rats after Subcutaneous
Administration of LAS 34273 (study # 848410)
males
females
test group
(% change compared to control) (% change compared to control)
absolute
relative to
absolute
relative to
body weight
body weight
28 day group
-12
-4
-12
-8
26 week group
-10
+4
-8
+2
Water consumption: mean of means of absolute and relative water consumption were
increased for all treatment groups compared to controls with no statistically
significant differences. Results were consistent with kinetic group
animals.
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Water Consumption in Male and Female Rats after Subcutaneous Administration
of LAS 34273 (study # 848410)
males
females
test group
(% change compared to control) (% change compared to control)
absolute
relative to
absolute
relative to
body weight
body weight
28 day group
+8
+13
+30
+33
26 week group
+27
+44
+38
+52
Ophthalmoscopy: ophthalmoscope examination started on week 8 – mydriasis observed
after dosing reversed by next day’s dosing with nothing else remarkable observed.
Hematology: nothing remarkable. Sponsor noted 5% increases in RBC (p<0.05), Hb
(p<0.05) , and Ht (p<0.01) for males only of 28 day treatment group compared to
controls. WBCs were increased 26% compared to control for females at 26 weeks
only.
Clinical chemistry: Nothing remarkable and no associated adverse histopathology.
Increased triglyceride week 26 in males (24% , p<0.05) and females (41%,
p<0.05). Increased ALT in males for 28 day (12%, P<0.05) and 26 week (24%,
p<0.05) groups.
Urinalysis: Nothing remarkable. Volume was increased for both treatment groups with
associated decreases in relative density and osmolality, consistent with increased
water consumption. Increased urine volume and associated variable was usually
observed after inhalation exposure with LAS 34273. Significance of decrease in
urinary ketones unknown.
Urinalysis Changes in Male and Female Rats after Subcutaneous Administration of
LAS 34273 (study # 848410)
males
females
test group
(% change compared to control)
(% change compared to control)
volume relative osmol- ketones volume relative osmol- ketones
(mM/L)
(mM/L)
(ml)
density ality
(ml)
density ality
(mosM/
(mosM/
kg)
kg)
28 day
+30
-1
-28**
-69**
+25
group
26 week
+16
-1
-26**
-88**
+2
group
* - p<0.05, ** - p<0.01, a – treated group value of 0

-2**

-30**

-45*

-1

-22**

100*a

Organ weights: Significant decrease in various absolute organ weights were not reflected
in relative organ/body weight ratios due to treatment-related decrease in body
weights. Notable, consistent changes were in lungs, liver, thymus, and spleen at 28
days and lungs, liver and, kidneys at 26 weeks. Only lung effects were confirmed
microscopically relating to increased macrophages and pigment deposition. In a
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- Sponsor’s reported doses of 0.03, 0.22 & 1.6 mg/kg were based on 100%
pulmonary deposition. The sponsor’s reported values were adjusted to 20%
pulmonary deposition based on an acceptable deposition factor as referenced in R.
B. Schlesinger (1985). “Comparative deposition of inhaled aerosols in
experimental animals and humans: A review.” J. Toxicol. Environ. Health 15: 197214.
Route, form, volume, and infusion rate: snout-only inhalation, 20”/day for (10”/day for
0.006 mg/kg groups) for 39 weeks
Observations and times:
Clinical signs: at least twice daily
Body weights: a least twice daily
Food consumption: daily
Ophthalmoscopy: pretest, week 13, week 26, week 39, & week 8 of recovery
Tear test (Schirmer): pretest, day 4/5, week 13, week 26, week 38, & week 8 of recovery
EKG: pretest, week 13, week 26, week 39, & week 8 of recovery
Hematology: pretest, week 13, week 26, week 39, & week 8 of recovery (18 hour fast,
water only)
Clinical chemistry: pretest, week 13, week 26, week 39, & week 8 of recovery (18 hour
fast, water only)
Urinalysis: pretest, week 13, week 26, week 39, & week 8 of recovery (during 18 hour
fast, water only)
Gross pathology: when found dead or sacrificed
Organs weighed: at necropsy (refer to histopathology inventory table at end of
General Toxicology section).
Histopathology: at necropsy for all collected tissues (refer to histopathology inventory
table at end of General Toxicology section). Full organ set review
for animals that died.
Toxicokinetics: day 1, week 14, & week 39 before dosing and at 5, 15, and 30” and 1, 2,
4, & 24 hours after dosing. Week 7 for high dose group when dose reduced.
Other: particle sizing
Results:
Mortality: one HD male died week 2 and was replaced by another male that died week 5.
Three HD males were sacrificed as moribund week 5 (1 male) and week 11 (2
males).
Clinical signs: died – week 2 male exhibited marked restlessness during administration
and stopped breathing after harness removed. Replacement male marked
restlessness during administration and died week 5 during administration. Week 5
male was sacrificed after low food intake, loss of body weight and clinical signs of
dyspnea, uncoordinated movements and bleeding gums. Week 11 males were
sacrificed as couldn’t dose due to marked restlessness.
survivors – increased restlessness was observed during exposure in all
dogs from control and treated groups. Severity grades ranged from 1-3 with grade 3
most prevalent in HD males. Lowest grades were in LD, which received only 10”
exposure versus 20” exposure for other groups, including control. Grade 3 severity
for increased restlessness was more prevalent in HD > MD ≅ control. Nothing else
remarkable.
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Body weights: Some high dose males and females lost some weight during the first 5
weeks of exposure, but absolute body weights were no different between treated
and control.
Food consumption: generally mimicked body weight changes, especially for HD males,
with reversal of decreased food consumption after HD was reduced by ½ after
week 5
Ophthalmoscopy: nothing remarkable
Tear test: tear production was reduced in MD by up to 77% (males) and 84% (females)
with reduction of ~23% by end of study. HD animals exhibited reduced
tear production up to 87% (males) and 68% (females), which was maintained
throughout the exposure period. Tear production returned to normal during
recovery period.
Electrocardiography: Heart rates were consistently elevated at 2 hours after dosing for
HD animals with increases of up to 61% in males and 45% in females. Increases
were essentially reversed by 24 hours after dosing. MD females exhibited
increased heart rates through week 13 and MD males did not exhibit increased
heart rates. 2-Hour P amplitude values increased in HD animals up to 48% (males)
and 27% (females) with effects being consistent throughout treatment period for
males, but only at day 4/5 in females. Values did not always return to normal by 24
hours for HD males. Consistent with increased heart rates, Q-T intervals were
decreased by 11% in HD males and 12% in HD females at 2 hours after dosing on
day 4/5, which were the most notable effects. No differences were observed after
recovery period for any of the indices.
Increases in Heart Rates of Male and Female Dogs Treated with LAS 34273
for 39 Weeks by Inhalation (study #810808)
% change from pretest values in
% change from pretest values in
male dogs after dosing
female dogs after dosing
dose (ug/kg)
44
320/160
44
320/160
-3
+61**
+25
+45**
day 4/5: 2 hours
24 hours
-10
+7
+5
+8
+20
+19
+9*
+17**
week 13: 2 hours
24 hours
-13
+2
+1
+2
-5
+35**
+8
+19*
week 26: 2 hours
24 hours
-10
+5
-5
+4
-3
+19
+3
+23
week 39: 2 hours
24 hours
0
+7
-8
-3
* - p<0.05, ** - p<0.01
Hematology: nothing remarkable
Clinical chemistry: nothing remarkable
Urinalysis: nothing remarkable
Organ weights: nothing remarkable except possibly for spleen weights with increased
weights associated with increased macro- and microscopic effects.
Effects on Spleens in Male and Female Dogs Administered LAS 34273 by
Inhalation for 9 Months
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(ng.h/mL)
* - 320 ug/kg until day 33 then 9-day washout period and 160 ug/kg from day 43 until end of study due to
2 male deaths at 320 ug/kg
BLQ – below limit of quantitation
nc – not calculated

Particle sizing: MMAD of 1.62-5.61 um (control), 1.24-2.02 um (0.006 mg/kg), 1.372.53 um (0.044 mg/kg), & 1.14-3.16 um (0.32/0.16 mg/kg)
- control value determined gravimetrically, others determined chemically
Summary of individual study findings: Groups of 6 male and female dogs/group were
administered LAS 34273 by inhalation at pulmonary deposited doses of 0 (lactose control), 6
(LD), 44 (MD), & 320/160 (HD) ug/kg for 39 weeks (delivered doses of 0.03, 0.22 & 1.6 mg/kg).
For the HD group, dosing was reduced by ½ from day 43 onward due to marked clinical signs and
increased lethality. Two dogs/group were used for an 8 week recovery period. Two HD males
died and 3 were sacrificed as moribund. Two of the sacrificed dogs were sacrificed in week 11,
after the dose reduction. Most notable effects of treatment were in the HD group with increased
restlessness during exposure, increased heart rate, reduced tear production in MD and HD groups,
and possible splenic effects. Congested spleens and higher spleen weights were observed in all
treatment groups. NOAEL cannot be determined pending inquiry to sponsor regarding sponsor’s
historical spleen data and toxicological significance of results of this study.
================================
Histopathology Inventory for NDA #

Study

Species
Adrenals
Aorta
Bone Marrow
smear
Bone (femur)
Brain
Cecum
Cervix
Colon
Duodenum
Epididymis

13 week 6-month rat 6-month
6-month 6-month
9-month
mouse inhalation
rat
rat
rat
dog
inhalation
study – inhalation inhalation subcutaneou inhalation
s
study Study
study –
study –
study –
study
–
Study
number Study
Study
Study
Study
number
845323 number
number
number
number
841849
810797
845322
810818
848410
mouse
rat
rat
rat
rat
dog
X*
X*
X*
X*
X*
X
X
X
X
X
X
X
X
X
X*
X

X
X*
X

X
X*
X

X
X*
X

X
X*
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X
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Epiglottis
Esophagus
Eye
Fallopian tube
Gall bladder
Gross lesions
Harderian gland
Heart
Ileum
Injection site
Jejunum
Kidneys
Lachrymal gland
Larynx
Liver
Lungs
Lymph nodes,
cervical
Lymph nodes
mandibular
Lymph nodes,
mesenteric
Mammary Gland
Nasal cavity
Optic nerves
Ovaries
Pancreas
Parathyroid
Parotids
Peripheral nerve
Pharynx
Pituitary
Prostate
Rectum
Salivary gland
Sciatic nerve
Seminal vesicles
Skeletal muscle
Skin
Spinal cord
Spleen
Sternum
Stomach
Testes
Thymus
Thyroid

IND No. 68653

X
X

X
X

X
X

X
X
X
X*
X

X
X
X*
X

X
X
X*
X

X
X*
X
X
X*
X*
X

X
X*
X
X
X*
X*
X

X
X*
X
X
X*
X*
X

X

X

X
X
X
X
X*
X
X

X
X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*

X
X

X
X

X
X
X*
X

X*
X

X
X*
X
X
X*
X*
X

X
X*
X
X
X*
X*
X

X

X

X

X

X

X

X

X
X
X
X*
X
X*
X

X
X
X
X*
X
X*
X

X
X

X
X
X
X*
X
X*
X

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*

X*
X
X
X
X
X
X
X
X
X*
X
X
X*
X*
X*

X
X
X*

X
X
X

X*
X
X*
X*

X
X

**

X**

X*
X
X*
X

X
X
X
X*
X
X
X
X
X
X*
X
X
X*
X*
X*

X
X*
X*
X*
X
X
X
X
X
X*
X
X
X*
X*
X*
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Tongue
Trachea
Urinary bladder
Uterus
Vagina
Zymbal gland
Standard List
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X
X
X
X*
X

X
X
X
X*
X

X
X
X
X*
X

X
X
X
X*
X

X
X
X
X*

X, histopathology performed
*, organ weight obtained; ** organ weight obtained
only at 6-month necropsy
================================
Overall Toxicology Summary
LAS 34273 has been studied by inhalation in mice (one 13-week dose response study as a dose
range finding study for a proposed 2-year carcinogenicity study), rats (two 6-month dose response
studies as dose range finding studies for a proposed 2-year carcinogenicity study and for repeated
dose clinical trial preclinical safety purposes), and dogs (one 9-month study for repeated dose
clinical trial preclinical safety purposes). In addition, one 6-month inhalation mechanistic study
and one 6-month subcutaneous study have been conducted in rats.
I. Special Protocol Assessments
Mouse Carcinogenicity Protocol - In the 13-week dose range finding study, mice were exposed
to LAS 34273 by nose only inhalation at delivered doses of 0 (air), 0 (vehicle), 0.2, 0.6, & 2.5
mg/kg/day for 13 weeks. No apparent treatment related mortality was observed with clinical signs
of reduced activity being exhibited in only one mid dose and one high dose female of the 11 mice
that died. Reduced body weight gain of up to 38% (males) and 31% (females) was observed at
the high dose. No other treatment related and/or relevant effects were identifiable.
Body Weight Gain in 13-Week Mouse Study with LAS 34273 by Inhalation
Percent Differences Between Control and Treated from Day 1 to Day 90
Male Mice
Female Mice
a C-1 C-2
LD
MD
HD
C-1
C-2
LD MD
groups
day 1 to week 27 change (gm)
6.5 5.8 5.4 5.2
4.0
6.6
6.4
6.3
6.7
% difference versus C1
-11 -17 -20 -38**
-3.0 -4.5 +1.5
% difference versus C2
+12
-6.9 -10 -31** +3.1
-1.5 +4.7
a - C-1 (air control), C-2 (vehicle control), LD (0.2 mg/kg), MD (0.6 mg/kg), HD (2.5 mg/kg)
** - weekly comparisons usually at p<0.01

Based on decreased body weight gain, the MTD is 2.5 ug/kg, which agrees with the sponsor’s
evaluation. Recommended doses are 0.3, 0.8, & 2.5 mg/kg/day. Similar metabolites and protein
binding were identified in mice and humans (IND 68653, 60-Day PharmTox Review 1, original
submission, February 5, 2004), but quantitative ratio relationships of parent to metabolites were
somewhat different between mice and humans, requiring consideration of metabolites in
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Subcutaneous – In this study, male and female rats were treated subcutaneously with 0 and 1
mg/kg LAS 34273 for 28 days or 26 weeks. The intent of this subcutaneous dosing study was to
determine if treatment related mortality observed in rat inhalation studies was due to local lung
effects, specific to inhalation dosing route, and related to decreased salivation with impaired
swallowing resulting in residual food-based asphyxiation. One treated male and one treated
female from the 26 week group died near the end of the study without residual food in the
respiratory tract. Effects on lungs and secretory glands were consistent with that observed in other
studies. While there may be a local effect related to inhalation dosing with LAS 34273, even
though mortalities in this study were not observed to have residual food in respiratory tract, as
only ~50% of animals that died in inhalation studies were observed to have residual food in
respiratory tract, the cause of mortality in inhalation studies can not be strictly identified as one
due to local effects based on route of administration. Comparison of AUC data, not reported in
this study, could provide further insight on this issue as 1 mg/kg subcutaneously could be a
considerably different dose (i.e., larger) than the largest inhalation dose tested (2.0 mg/kg).

III. 9–Month Inhalation Study in Dogs
Dogs were administered LAS 34273 by snout only inhalation at pulmonary deposited doses of 0
(lactose control), 6 , 44 , & 320/160 ug/kg for 10” (low dose) pr 20”/day for 39 weeks (delivered
doses of 0.03, 0.22 & 1.6 mg/kg). For the high dose group, dose level was reduced by ½ from day
43 onward due to lethality and clinical signs of increase restlessness. Two high dose males died
and 3 were sacrificed as moribund with two of those sacrifices being after the dose reduction.
Most notable effects of treatment were increased restlessness during exposure, increased heart
rate, and reduced tear production in the high dose group with, and possible splenic effects in all
dose groups (congested spleens and increased spleen weights). Based on these possible spleen
effects, a NOAEL cannot be determined pending inquiry to sponsor regarding sponsor’s historical
spleen data and toxicological significance of this finding.
CONCLUSIONS AND RECOMMENDATIONS:
Conclusions:
1) Special Protocol Assessments
a. MTD for 13 week mouse inhalation study was delivered dose of 2.5 mg/kg.
Recommended doses for 2-year carcinogenicity study are 0.3, 0.8, & 2.5
mg/kg/day.
b. MTD for 6-month rat inhalation study was delivered dose of 0.2 mg/kg.
Recommended doses for 2-year carcinogenicity study are 0.02, 0.07, & 0.2
mg/kg/day.
2) Mechanistic Studies
a. in the inhalation study, pathogenesis of lung effects was further detailed
b. in the subcutaneous study, lung specific effects observed in the inhalation study
after inhalation dosing as being exclusively responsible for observed increased
mortality could not be determined based on the data provided
3) 9-Month Dog Study - Possible splenic effects needs to be further investigated as to
sponsor’s historical data and toxicological significance of this effect. Without such a
resolution, there is no NOAEL in 9-month dog study.
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Recommendations:
1) Depending on concurrence from the CAC,
a. for the mouse carcinogenicity study, delivered doses of 0.3, 0.8, and 2.5 mg/kg are
recommended
b. for the rat carcinogenicity study, delivered doses of 0.02, 0.07, and 0.2 mg/kg are
recommended
2) Sponsor should be informed of the possible splenic effect in the 9-month dog study and asked
for historical data and other relevant information relating to this issue as to toxicological relevance
of findings in the submitted study.
Reviewer signature: Gary P. Bond, Ph.D., DABT
Supervisor signature: Concurrence -

C. Joseph Sun, Ph.D.

Non-Concurrence (see memo attached)
Letter to Sponsor:
(b) (4)

We have reviewed the 9-month dog study (
study #810808) from your original submission of
November 21, 2003. In addition to the previous recommendations regarding the preclinical
program conveyed to you on February 13, 2004, we have two additional recommendations. 1.
provide historical data regarding spleen findings (e.g., congestion) in Beagle dogs
2. provide explanation of the toxicological relevance of observed splenic effects observed
in this study
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3/19/04 10:04:37 AM
PHARMACOLOGIST

Joseph Sun
3/19/04 12:23:14 PM
PHARMACOLOGIST
I concur.
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(b) (4)

(
34273/00012)
Inhalation study for effects on embryo-lethal development in the Himalayan rabbit (
838776)

(b) (4)

Evaluation: Reports previously reviewed in draft form have been submitted in final form. There
were no changes in the final reports and therefore, no changes in the conclusions. In addition,
minor amendments to several final reports were submitted, which did not change the conclusions
of those reports.
Recommendations: No action indicated.
Reviewer Signature

Gary P. Bond, Ph.D., DABT

Supervisor Signature

C. Joseph Sun, Ph.D.

Concurrence Yes x No ___
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this page is the manifestation of the electronic signature.
--------------------------------------------------------------------------------------------------------------------/s/
--------------------Gary Bond
4/14/04 04:51:50 PM
PHARMACOLOGIST

Joseph Sun
4/14/04 05:00:20 PM
PHARMACOLOGIST
I concur.
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PHARMACOLOGY/TOXICOLOGY COVER SHEET
IND number: 68653
Review number: 2 (Addendum)
Sequence number/date/type of submission: - February 26, 2004, Amendment number 0008,
(SX)
- February 27, 2004, Amendment number 0009,
(SX)
Information to sponsor: Yes ( ) No ( x )
(b) (4)
Sponsor and/or agent:
Almirall Prodesfarma, S.A.
agent:
General Mitre, 151
08022 Barcelona, Spain
Reviewer name: Gary P. Bond, Ph.D., DABT
Division name : Division of Pulmonary and Allergy Drug Products
HFD #: 570
Review completion date: May 4, 2004
Drug: LAS 34273
ADDENDUM:
In addition to the Special Protocols submitted by the sponsor for a Mouse Carcinogenicity Study
(amendment 008 – February 26, 2004) and a Rat Carcinogenicity Study (amendment 009 –
February 27, 2004), reviewed in review 2 (March 19, 2004), sponsor provided rationale as to
why they considered the results of the Ames assay as false positive and of the Mouse Lymphoma
assay as artifacts. These rationale are not sufficient to alter the recommendations that the two in
vitro studies must be repeated, made in review 1 of February 5, 2004 and faxed to sponsor on
February 13, 2004. Sponsor noted in the Special Protocol submissions that the studies were to be
repeated and were scheduled to be completed soon.
Recommendations: No action indicated.
Reviewer signature: Gary P. Bond, Ph.D., DABT
Supervisor signature: Concurrence Non-Concurrence (see memo attached)
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C. Joseph Sun, Ph.D.

--------------------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.
--------------------------------------------------------------------------------------------------------------------/s/
--------------------Gary Bond
5/4/04 11:08:22 AM
PHARMACOLOGIST

Joseph Sun
5/10/04 10:12:11 AM
PHARMACOLOGIST
I concur.
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PHARMACOLOGY/TOXICOLOGY COVER SHEET
IND number: 68653
Review number: 4
Sequence number/date/type of submission: 0011/May 12, 2004/IT
Information to sponsor: Yes ( x ) No ( )
Sponsor and/or agent:
Almirall Prodesfarma, S.A.
agent:
General Mitre, 151
08022 Barcelona, Spain

(b) (4)

Reviewer name : Gary P. Bond, Ph.D., DABT
Division name : Division of Pulmonary and Allergy Drug Products
HFD #: 570
Review completion date: June 10, 2004
Drug: LAS 34273
Background: As part of the review of the original submission (November 21, 2003), sent by
facsimile on February 13, 2004, the sponsor was informed that, "The embryo-fetal study in rabbits
should be repeated at higher doses that allows determination of potential embryo-fetal effects."
The sponsor responded by way of this amendment (N-011-IT), proposing that another dose rangefinding study be conducted at higher doses. The sponsor proposed that if the lowest dose, which is
comparable to the highest dose in the initial confirmatory study, demonstrates that the MTD was
achieved in the initial confirmatory study, another confirmatory study would not be required
relative to characterizing the potential embryo-fetal effects of LAS 34273 in rabbits. In addition,
the sponsor proposed changes in food consumption observed in the initial confirmatory study be
considered an indicator of minimal maternal toxicity in the high dose dams and cited ICH guideline
S5A as a confirmation of its acceptability for determining a maternal effect dose.
Review:
1) According to ICH S5A, minimal toxicity is defined by such parameters as reduction in
bodyweight gain and others, but food consumption is not listed as an individual determinant
of minimal toxicity. In addition, food consumption data was not complementary with any
other relevant, adequate biological index such as body weight changes in the initial
confirmatory study as none were observed. On this basis, as indicated previously, there
was inadequate indication of maternal toxicity demonstrated in the initial confirmatory
study.
2) A second dose range-finding study is not considered appropriate for providing an
indication of adequate dose levels being tested in the initial confirmatory study. Dose
range-finding studies, using reduced numbers of animals (5/dose versus 20/dose in
confirmatory study) and incomplete visceral and skeletal evaluation, cannot substitute for a
confirmatory study. In addition, inconsistencies in the results between the initial dose
range-finding study and the initial confirmatory study underscore the importance of a
conducting the confirmatory study. On this basis, it is recommended that the sponsor
conduct the proposed dose range-finding study and a second confirmatory study in order to
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characterize the potential embryo-fetal effects of treatment with LAS 34273 at a dose-range
for which there is at least some minimal toxicity in treated dams.
3) If adequate dosing cannot be achieved in the rabbit that would satisfy the assessment of
potential embryo-fetal effects by inhalation exposure, a more effective dosing route should
be considered.
Recommendation: The embryo-fetal study in rabbits should be repeated at higher doses that
allows determination of potential embryo-fetal effects.
Draft Text for Letter to Sponsor:
We have reviewed the proposals in your submission of May 12, 2004, to IND 68653 concerning
further testing for potential embryo-fetal effects in rabbits treated with LAS 34273. While it is
considered appropriate to conduct the proposed dose range-finding study at higher doses, such a
study cannot be used to justify the appropriateness of the first definitive study. Furthermore,
solitary changes in food consumption, unassociated with any other relevant, adequate changes in
any biological index such as body weight are not considered to be an indication of maternal
toxicity. On this basis, it is recommended that you conduct the proposed dose range-finding study
and then conduct a second confirmatory study based on the result of the proposed dose rang-finding
study to evaluate the potential embryo-fetal effects of LAS 34273. In addition, if adequate doses
cannot be achieved by inhalation, an alternative dose method should be considered.
Reviewer signature: Gary P. Bond, Ph.D., DABT
Supervisor signature: Concurrence -

C. Joseph Sun, Ph.D.

Non-Concurrence (see memo attached)
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--------------------------------------------------------------------------------------------------------------------/s/
--------------------Gary Bond
6/10/04 03:32:42 PM
PHARMACOLOGIST

Joseph Sun
6/10/04 04:39:48 PM
PHARMACOLOGIST
I concur.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW
2.6.1 INTRODUCTION AND DRUG HISTORY
IND number: 68653
Review number: 5
Sequence number/date/type of submission: 0017/March 30, 2005/N-017-IT
0018/April 12, 2005/N-018-IT
EOP2 package (March 28, 2005)
Information to sponsor: Yes ( x ) No ( )
Sponsor and/or agent:
Almirall Prodesfarma, S.A. agent:
General Mitre, 151
08022 Barcelona, Spain

(b) (4)

Reviewer name: Gary P. Bond, Ph.D., DABT
Division name: Division of Pulmonary and Allergy Drug Products
HFD #: 570
Review completion date:
June 2, 2005
Drug: LAS 34273
Drug class: Anticholinergic (M3 muscarinic) antagonist
Indication: COPD
Route of administration: inhalation (dry powder inhaler –

(b) (4) (b)
(4)

Proposed clinical protocol: In the EOP2 package, sponsor indicated they were interested
in conducting two Phase III clinical trials in COPD patients of up to 1 year at 200 ug/day.
Introduction and drug history: LAS 34273 is a new molecular entity (NME) in a class
of anticholinergic drugs described as muscarinic antagonists specific for the M3 receptor
(neuromuscular junction).
Background:
N-017-IT
Reproductive toxicity - As part of the review of the original submission
(November 21, 2003) and amendment N/011/IT (May 12, 2004) contained in
PharmTox reviews 1 and 4, respectively, the sponsor was informed that the
embryo-fetal study in rabbits should be repeated at higher doses that allow
determination of potential embryo-fetal effects. We concluded that a proposed
second dose range-finding study was not considered appropriate for providing an
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indication of adequate dose levels being tested in the initial confirmatory study so
it was recommended that the sponsor conduct the proposed dose range-finding
study and a second confirmatory study in order to characterize the potential
embryo-fetal effects of treatment with LAS 34273 at a dose-range for which there
is at least some minimal toxicity in treated dams. Included in this current
submission is the dose range-finding study results with proposed doses for the
second confirmatory study. Related toxicokinetic data is provided in a separate
report.
Hypersensitivity - Also in PharmTox Review 1, the sponsor was informed that as
the drug will be administered repeatedly by inhalation, a test for hypersensitivity
was recommended. Hypersensitivity assay reports have been included in this
submission.
Splenic effects observed in 9 month dog study- No NOAEL could be identified
based on possible splenic effects (see review #2 of March 19, 2005 - incidence of
2/12, 3/8, 4/12, & 5/12 for combined male and female control, LD, MD, & HD,
respectively). On that basis, the sponsor was asked to provide historical data
regarding spleen findings (e.g., congestion) in Beagle dogs and to provide
explanation of the toxicological relevance of observed splenic effects observed in
that study. An expert report addressing this request is included in this submission.
N-018-IT
Genotoxicity - As part of the review of genotoxicity reports for the original
submission (November 21, 2003) contained in PharmTox review 1, the sponsor
was informed that the in vitro Ames assay results were inconclusive as some
tested doses yielded increase in number of small or “pin point” colonies, which
are usually associated with toxicity/deterioration of background lawn and not
mutagenicity. As such colonies were not replated in order to determine if
mutation had actually not occurred, assay is inconclusive. In addition, the in vitro
Mouse Lymphoma assay results were inconclusive due such issues as inadequate
dose, only a 50% control plating efficiency, and lack of precipitation in the
culture media. On this basis, the sponsor was informed that the two in vitro
genotoxicity assays should be repeated according to generally accepted
methodologies/protocols in order for future proposed repeated clinical trials to be
allowed to proceed. Repeat assay results are included in this submission.
For both amendments, the sponsor requests that the Agency respond as to the
acceptability and adequacy of the submissions.
EOP2 Package
Section II of package, Toxicology Topics for End of Phase II Meeting, included
references to studies contained in amendments 17 & 18. Sponsor's question in the
package re nonclinical issue(s) was whether submitted chronic rat and dog studies
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Reproductive and Developmental Toxicology:
LAS 34273: Dose Range-Finding Inhalation Study for Effects on Embryo-Fetal
(b) (4)
Development in the Himalayan Rabbit (
Study Number 854462)
LAS 34273 (Dry Powder Formulation): Dose Range-Finding Inhalation Study for Effects
on Embryo-Fetal Development in the Himalayan Rabbit. Plasma Level
(b) (4)
Determination and Toxicokinetic Study (Report No. B.34273.26 from
Study
Number 854462)
Special Toxicology Studies:
Assessment of the Possible Sensitising Effect of LAS 34273 Administered Chronically
(b) (4)
by Inhalation in Rats (
Report No. FD0312JL – non GLP)
Assessment of the Possible Sensitising Effect of LAS 34273 Administered by Inhalation
(b) (4)
to guinea Pigs (
Report No. FD0405JL – non GLP)
LAS 34273 Micronized: Local Lymph Node Assay (LLNA) in Mice (Identification of
(b) (4)
Contact Allergens) (
Study Number 855049)
Studies not reviewed within this submission: none
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Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 33, 100, 333, 1000, 3333, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
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- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity or precipitate observed in initial toxicitymutagenicity test and confirmatory test up to 5000 ug/plate
- for TA 98 +S9 (only strain affected)
- at 5000 ug/plate, 2.2x increase in revertant colonies in initial
toxicity-mutagenicity test and 1.9x increase in revertant
colonies in confirmatory test
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory)
- while sponsor did not consider results a positive mutagenic response as
not dose responsive and both tests not ≥2x increase in revertant
colonies, sponsor indicated that further study was warranted
- reviewer considers results as positive as ~2x increase in revertant
colonies with generally consistent dose response effect

Page 11 of 56
Reference ID: 3102539

Reviewer: Gary P. Bond, Ph.D. (C-17)

IND No. 68653

Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity (some at 5000 ug/plate in TA100 –S9) or
precipitate observed in initial toxicity-mutagenicity test and
confirmatory test up to 5000 ug/plate
- for TA 98 +S9 (only strain affected)
- at 5000 ug/plate, 1.9x increase in revertant colonies in initial
toxicity-mutagenicity test and 2.1x increase in revertant
colonies in confirmatory test
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory test)
- while sponsor did not consider results a positive mutagenic response as
not dose responsive and both tests not ≥2x increase in revertant
colonies, sponsor indicated that further study was warranted
- reviewer considers results as positive for genotoxicity as ~2x increase in
revertant colonies with generally consistent dose response effect
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TA1537, Escherichia coli WP2uvrA
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 1.5, 5, 15, 50, 150, 500, 1500, & 5000 ug/plate
Test agent stability: stable (2-8oC in the dark with desiccant)
Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 50, 150, 500, 1500, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
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- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity (some at 5000 ug/plate in TA100 –S9) or
precipitate observed in initial toxicity-mutagenicity test and
confirmatory test up to 5000 ug/plate
- no increases in revertant colonies as a result of treatment
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory)
- LAS 34273 (batch no. MG-0805-50) was not genotoxic in the Ames
Bacterial Mutation assay (see tables)
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test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- toxicity at 5000 ug/plate for salmonella (decreased revertants compared
to control or lower doses); lawn reduction at higher doses in initial
toxicity-mutagenicity test and confirmatory test
- Strains TA 100 and 1535 affected in dose responsive manner
- see tables 1 (initial) and 2 (confirmatory ) tests
- TA 100
- increased revertant colonies 2.1x and 2.3x in initial and
confirmatory studies –S9, respectively
- increased revertant colonies 1.9x and 2.6x in initial and
confirmatory studies +S9, respectively
-TA 1535
- increased revertant colonies 3.4 x and 8.5x in initial and
confirmatory studies –S9, respectively
- increased revertant colonies 8.4x and 4.8x in initial and
confirmatory studies +S9, respectively
(b) (4)
an impurity of LAS 34273, was genotoxic in the Ames
Bacterial Mutation assay
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Date of study initiation: November 29, 2004 (report date March 21, 2005)
GLP compliance: yes (USFDA, USEPA, UK, Japan, OECD)
QA reports: yes ( x ) no ( )
Drug, lot # and % purity: MG-0805-73, 98.7%
Formulation/vehicle: beige powder, DMSO
Methods:
Strains/species/cell line: Salmonella typhimurium TA98, TA 100, TA1535,
TA1537, Escherichia coli WP2uvrA
Dose selection criteria:
Basis of dose selection: guidelines (top dose of 5000 ug/plate or precipitate)
Range finding studies: 1.5, 5, 15, 50, 150, 500, 1500, & 5000 ug/plate
Test agent stability: stable (2-8oC in the dark with desiccant)
Metabolic activation system: Aroclor 1254-induced male Sprague-Dawley rat
liver S9
Controls:
Vehicle: dimethylsulfoxide (DMSO)
Negative controls: DMSO
Positive controls: DMSO vehicle for all but sodium azide (water)
range finding & main study
S9 mix (-)
S9 mix (+)
strain
positive
dose (ug/plate)
Positive
dose (ug/plate)
control article
control article
TA98
2NF
1
1
TA100
SA
1
1
2AA
TA1535
SA
1
1
TA1537
9AA
75
1
WP2uvrA
MMS
1000
10
- SA (sodium azide); 9AA (9-aminoacridine); 2AA (2-aminoanthracene); 2NF (2nitrofluorene); MMS (methylmethansulfonate)
Comments: dosing solution analyzed by HPLC
Exposure conditions:
Incubation and sampling times: plate incorporation method with 48-72 hour
incubation
Doses used in definitive study: 50, 150, 500, 1500, & 5000 ug/plate
Study design: dose finding test +/- S9 and + controls and main (confirmatory)
test
Analysis:
No. of replicates: 2/strain/dose for initial toxicity-mutagenicity test;
3/strain/dose for confirmatory test
Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate dictates for
revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
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exhibit dose dependent increase over two increasing concentrations and
maximum value at least ≥ 3x that of vehicle control (strains TA1535 &
TA1537) and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity (some at 5000 ug/plate in TA100 –S9) or
precipitate observed in initial toxicity-mutagenicity test and
confirmatory test up to 5000 ug/plate
- no increases in revertant colonies as a result of treatment
- see tables 1 (toxicity-mutagenicity) and 2 (confirmatory)
(b) (4)
(b) (4)
an impurity of LAS 34273, was
not genotoxic in the Ames Bacterial Mutation assay
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Counting method: bacterial suspensions by spectrophotometer for turbidity;
colony analyzer for revertants or manual when precipitate
dictates for revertants and lawn condition
Criteria for positive results: mean number of revertant colonies for two plates
exhibit dose dependent increase over two increasing
concentrations and maximum value at least ≥ 3x
that of vehicle control (strains TA1535 & TA1537)
and ≥ 2x that of vehicle control (other strains)
Summary of individual study findings:
Study validity: valid - tester strain genotypes: ampicillin, crystal violet,
tetracycline, and UV sensitivity or resistance, as
appropriate
- initial and confirmatory assays agree
- no bacterial proliferation in sterility test (sham and S9
mixes and the test article dilutions must contain at
most one contaminant colony per plate)
- at least 3 nontoxic dose levels
- toxicity or mutagenicity at top dose or test up to 5000
ug/plate
- precipitate at top dose or tested up to 5000 ug/plate
- positive controls at least 3x negative controls
- mean values vehicle and positive controls within ± 2SD of
historical values
Study results:
- no appreciable toxicity or precipitate observed in initial toxicitymutagenicity test and confirmatory test up to 5000 ug/plate
- strain TA 1535 was affected in dose responsive manner
- increased TA 1535 revertant colonies 3.8x and 2.4x –S9 and 8.3x and 5x
+S9 in initial and confirmatory studies, respectively
- 3x increase is considered positive
(b) (4)
(b) (4)
an
impurity of LAS 34273 was genotoxic in the Ames Bacterial
Mutation assay
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Exposure conditions:
Incubation and sampling times: 10-14 days for growth and detection of mutant
frequencies (+ trifluorothymidine)
Study design: guidelines
Analysis:
No. of replicates: 1 in preliminary toxicity, 2 for initial mutagenesis test and
independent repeat test
Counting method: automatic counter; manually if necessary
Criteria for positive results: dose dependent increase in MF with at least one
dose level, with ≥ 10% total growth, with
MF ≥ 100 mutants/10+6 clonable cells
above solvent control (induced MF)
Summary of individual study findings:
Study validity: valid
- percent survival rate (%RS)/relative total growth (RTG) was between
10-20%
- vehicle control cultures exhibited a mean cloning efficiency of 50% or
greater
- vehicle control cultures gave a mean mutant frequency less than
100/10+6 clonable cells and at least 20/10+6 clonable cells
- positive control MF at least 100 mutants/10+6 clonable cells above
solvent control value
- positive controls exhibited appropriate responses
- concentrations were appropriate in that either a positive mutant
frequency response or an 80% reduction in %RS/RTG (relative
total growth) or a persistent precipitate was achieved
- colony size distribution for positive control showed both large and small
colonies
Study results:
- no difference between control and treated mutant frequency after 4 hour
and 24 hour exposure –S9 with observation of visible precipitate
and reduced total growth
- initial mutagenesis test (see table)
- 4/10 cloned cultures from 4 hour +S9 group exhibited mutant
frequencies from 55-99 more than control at 10+6 clonable
cells
- not dose responsive
- precipitate visible at higher doses and reduced total growth
- independent repeat assay (see table)
- 5/11 cloned cultures from 4 hours +S9 exhibited mutant
frequencies ≥ 100 more than control at 10+6 clonable cells
- 6/11 cloned cultures from 4 hour +S9 group exhibited mutant
frequencies from 55-99 more than control at 10+6 clonable
cells
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- U003R1 – 250, 500, 550, 600, 650, & 700 ug/mL
- MG-0764-47 – 10, 50, 100, 250, 500, & 750 ug/mL
- MG-00805-50 – 10, 50, 100, 250, 500, & 750 ug/mL
Analysis:
No. of replicates: 2
Counting method: automatic; manually if needed
Criteria for positive results: dose dependent increase in MF with at least one
dose level, with ≥ 10% total growth, with
MF ≥ 100 mutants/10+6 clonable cells
above solvent control (induced MF)
Summary of individual study findings:
Study validity: not valid as non-GLP with no QA report and only 1 exposure time
used, but study conducted consistent with other valid studies by this
laboratory
- percent survival rate (%RS)/relative total growth (RTG) was between
10-20%
- vehicle control cultures exhibited a mean cloning efficiency of 50% or
greater
- vehicle control cultures gave a mean mutant frequency less than
100/10+6 clonable cells and at least 20/10+6 clonable cells
- positive control MF at least 100 mutants/10+6 clonable cells above
solvent control value
- positive controls exhibited appropriate responses
- concentrations were appropriate in that either a positive mutant
frequency response or an 80% reduction in %RS/RTG (relative
total growth) or a persistent precipitate was achieved
- colony size distribution for positive control showed both large and small
colonies
Study results:
- negative control MF ranged from 48-133/10+6 surviving cells
- greater than upper level standard of 100, but acceptable based on
treated cultures results of clearly positive
- 5-9 of 10 cultures scored for each batch exhibited increases in mutant
colonies ≥ 100 per 10+6 colonies
- see tables for individual batch results
- results not dose responsive, but results considered positive due to the
number of positive cultures
- increase frequency of small colonies for treated and positive control
compared to negative control groups
- LAS 34273 (batch nos. MG-0805-63, U003R1, MG-0764-47, MG00805-50) were genotoxic in the Mouse Lymphoma assay with
metabolic activation
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LAS 34273 did not cause sensitization in rats using the passive cutaneous
anaphylaxis (PCA) test in a non-GLP study

Study no.: FD0312JL
Volume #, and page #: 1 of 1 (tab 2)
(b) (4)
Conducting laboratory and location:
Date of study initiation: March 2003
GLP compliance: no
QA reports: yes ( ) no ( x )
Drug, lot #, and % purity: R001, not reported
Formulation/vehicle: plasma from LAS 34273 treated rats; LAS 34273 in saline
Methods
Study design:
1) Serum from 4 male and 4 female rats of
study no. 845322 from lactose
control group or dosed with LAS 34273 for 26 weeks by inhalation at 140
ug/kg/day (2.0 mg/kg delivered dose) was used in the passive cutaneous
anaphylaxis (PCA).
2) positive control group of 1 mg/kg ovalbumin in 5% Freund's complete
adjuvant and 2% aluminum hydroxide in 0.9% saline. Plasma collected 14
days later for use as positive control.
3) serum from LAS 34273-treated and control rats was tested in 3 sites in 3
different male rats and plasma from ovalbumin-sensitised rats was tested in 6
sites in 6 different rats.
4) plasma/serum from ovalbumin-, LAS 34273- or lactose-treated control
animals was injected intradermally (50 ul) in the back of untreated male
Wistar rats. Twenty three hours later, the rats received ovalbumin or LAS
34273 at 0.1 and 1 mg/kg intravenously in a solution containing Evans blue
dye (20 mg/kg) dissolved in 0.9% saline. Sixty minutes later, animals were
sacrificed and dermal wheels were measured by using the ellipse formula.
(b) (4)

Results: Plasma from ovalbumin-sensitised rats produced positive responses to the PCA
test. No positive responses were observed for lactose control or LAS 34273 treated
animals in the PCA test.
================================
Study title:

Assessment of Possible Sensitising Effect of LAS 34273 Administered
by Aerosol to Guinea Pigs

Key study findings:
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Date of study initiation: July 7, 2004 (August 11, 2004 report date)
GLP compliance: yes
QA reports: yes ( x ) no ( )
Drug, lot # and % purity: T003M001 and 99.6%
Formulation/vehicle: solid/acetone:olive oil 4:1
Methods
Doses: 25 ul of vehicle control, 1%, 2.5%, and 10% LAS 34273 to 4 female
CBA/CaOlaHsd mice/group. Dose selection based on pretest. Dose solution of
10% is highest soluble concentration.
Study design: Dosing of dorsal surface of each ear lobe once daily for 3 consecutive
days. Five days after first topical dose, tail vein injection of 250 ul of 3H-methyl
thymidine (77.2 uCi/ml). Five hours after treatment with radiolabel, sacrifice mice and
excise draining lymph nodes and pool for preparation of single cell suspensions of lymph
node cells. Level of 3HTdR measure with β-scintillation counter. Values of 3x control
(stimulation index) with dose response and local toxicity evaluated. Clinical signs
observed daily and body weight on days 1 and 6.
Results: Stimulation indexes of 1.4, 1.3, & 1.0 for 2.5%, 5%, & 10% dose groups
compared to control, respectively. Slight skin irritation at both sites starting on day 3 of
dosing and persisting for 3 days. LAS 34723 not a sensitizer in mouse local lymph node
assay for contact allergens.
================================
OVERALL CONCLUSIONS AND RECOMMENDATIONS
Summary:
Hypersensitivity - LAS 34273 is not considered a sensitizer based on lack of a
sensitization response in the rat passive cutaneous anaphylaxis (PCA) test , guinea pig
inhalation induction and challenge test, and mouse local lymph node assay (LLNA) for
contact allergens.
Splenic effects in 9 month dog study - Based on Division request for an explanation of
possible increased incidence of splenic effects in the dogs in the 9-month inhalation study
(initial review in PharmTox review 2- incidence of 2/12, 3/8, 4/12, & 5/12 for combined
male and female control, LD, MD, & HD, respectively), sponsor submitted a report that
included historical control data for congested spleens from 1998 to 2003 for 82 studies
and explanations that occurrence of congested spleen may vary based upon anesthetic
used and the time between anesthesia and bleeding. The congested spleen occurrence
related to anesthetic used and time to bleeding could not be confirmed as no data was
provided. The historical control incidence for congested spleen was comparable with
what was observed in the dogs treated with LAS 34273 by inhalation for 9 months.
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Recommendations:
1) planned Phase III clinical trials of 1 year in COPD patients at 200 ug/day and 400
ug/day are considered safe to proceed after resolution of the items to follow and
submission and Division and review of a formal protocol.
2) nonclinical data submissions are required to support any Phase III clinical trials
a. repeat of embryo-fetal study in rabbits (segment II)
- proposed inhalation doses appear adequate, but must elicit adequate
maternal toxicity in definitive in order to allow assessment of potential
embryo-fetal effects. If this result is not achieved, sponsor is
recommended to consider oral dosing to achieve such effects.
b. male and female fertility studies (segment I)
- need to satisfy dosing requirements for paternal effects in order to assess
3) genotoxicity of LAS 34723 needs to be further evaluated: :
a. for chronic clinical trials in COPD patients
i. genotoxicity/carcinogenicity studies can be addressed in the NDA
submission
b. for multiple-dose clinical trials with other than COPD patients, conduct
one of the following before any such clinical trials
i. repeated dose micronucleus test
ii. SHE cell assay
iii. p53 assay
iv. 2-year carcinogenicity study
c. sponsor should be reminded to continue to include genotoxicity statement
in informed consent agreement as agree in fax of December 24, 2003.
Recommendations ##s 1 and 2b have been conveyed to the sponsor at EOP2
meeting of April 26, 2005
Internal comments: none
External comments (to sponsor):
We have reviewed your nonclinical submissions of March 30, 2005 and April 12, 2005
and have the following additional and modified comments and recommendations to those
made at the EOP2 meeting of April 26, 2005:
1) For clinical trials in COPD patients, genotoxicity/carcinogenicity issues can be
addressed in the NDA submission. For any other multiple-dose clinical trials in other
than COPD patients, conduct one of the following testing options to address the
genotoxicity/carcinogenicity issue to support such clinical trials: 1) repeated dose
micronucleus test, 2) SHE cell assay, 3) p53 assay, or 4) 2-year carcinogenicity study.
2) Proposed inhalation doses for embryo-fetal study in rabbits (segment II) appear
adequate. Adequate maternal toxicity should be elicited in definitive study in order to
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allow assessment of potential embryo-fetal effects. If this result is not achieved, consider
oral dosing to achieve such effects.
3) Segment II embryo-fetal study in rabbits, and segment I fertility testing should be
completed and submitted prior to initiation of the proposed Phase III chronic clinical
trials.
3) Continue to include genotoxicity statement in informed consent agreement as we
requested in fax of December 23, 2003 and you agreed to in fax of December 24, 2003.
Signatures (optional):
Reviewer Signature
Supervisor Signature

Gary P. Bond, Ph.D., DABT
C. Joseph Sun, Ph.D.
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Concurrence Yes x No ___

--------------------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.
--------------------------------------------------------------------------------------------------------------------/s/
--------------------Gary Bond
6/2/05 04:28:48 PM
PHARMACOLOGIST

Joseph Sun
6/2/05 05:29:22 PM
PHARMACOLOGIST
I concur.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW
2.6.1 INTRODUCTION AND DRUG HISTORY
IND number: 68,653
Review number: N/A
Sequence number/date/type of submission: S023/March 29, 2006/Pharm/Tox Data
Information to sponsor: Yes (X) No ()
Sponsor and/or agent:
Almirall Prodesfarma, S.A.
General Mitre, 151
08022 Barcelona, Spain
Manufacturer for drug substance:
Reviewer name: Jean Q. Wu
Division name: Division of Pulmonary and Allergy Products
HFD #: 570
Review completion date: September 27, 2006
Drug:
Generic name:
Code name: LAS 34273
Relevant INDs/NDAs/DMFs: DMF

(b) (4)

Drug class: Long-acting anti-cholinergic
Intended clinical population: Chronic Obstructive Pulmonary Disease (COPD) patients
Clinical formulation: LAS 34273 in lactose
Route of administration: Inhalation (dry powder inhaler)
Proposed clinical protocol: N/A
Previous clinical experience: Clinical studies M/34723/06 and M/34273/11 (refer to the
previous clinical and nonclinical reviews)
Studies reviewed within this submission:
1. LAS 34273: Inhalation Study of Fertility and Early Embryonic Development to
Implantation in the Rat
2. LAS 34273: Dose-Range Finding Oral study for Effects on Embryo-Fetal
Development in the Himalayan Rabbit
3. LAS 34273: Oral study for Effects on Embryo-Fetal Development in the Himalayan
Rabbit
Studies not reviewed within this submission: None
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2.6.2

PHARMACOLOGY

2.6.3

PHARMACOLOGY TABULATED SUMMARY

2.6.4

PHARMACOKINETICS/TOXICOKINETICS

2.6.5 PHARMACOKINETICS TABULATED SUMMARY
2.6.6

TOXICOLOGY

2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development
Study title: LAS 34273: Inhalation Study of Fertility and Early Embryonic
Development to Implantation in the Rat
Key study findings:
One male died at 0.4 mg/kg, 3 males died at 1.0 mg/kg, and 2 males and 1 female died at
2.4 mg/kg;
Slight body weight loss (from -2.6 to -5.3%) correlated with reduced food consumption
up to 3rd day of exposure at all treated dose levels;
Body weight gain decreases ranged between 25- 52% in males in preparing period and
after mating period and 20 - 80% in females in preparing period at all treated groups;
Test article related effects on precoital time, conception rate, pre-implantation loss,
implantation and number of embryos observed in all treated groups in basis study;
In extended study, the significant increase in pre- and post implantation losses, and
reduced number of embryos observed in treated males at 2.4 mg/kg dose level;
In extended study, the significant reduced conception rate, corpora lutea and implantation
sites observed in treated females at 1.0 and 2.4 mg/kg dose levels;
Due to the severe toxicity (mortality) observed before the end of mating period in male
and female high dose groups in basis study, and the mortality observed in the treated
males at all treated groups from basis study to extended study, the direct test articlerelated effects on fertility and early embryonic development could not be determined for
the high dose treated males and females in basis study, and for the high dose treated
males mated with untreated females in extended study.
The NOAEL for fertility and early embryonic could not be identified for the treated
males mated with the treated females due to the impairment of fertility observed at midand low-dose treated groups in basis study. The NOAEL was identified in extended study
at 1.0 mg/kg (pulmonary deposited dose of 0.1 mg/kg) bid (AUC0-24hr = 73.2 ng.hr/mL)
for the treated males mated with untreated females, and at 0.4 mg/kg (pulmonary
deposited dose of 0.04 mg/kg) bid (AUC0-24hr = 62.7 ng.hr/mL) for the treated females
mated with untreated males.
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81.3/69.8

3.1

2.4

Satellite groups used for toxicokinetics:
10/sex/ test article group, 4/sex/control group
Study design:
In the basis study, animals were dosed with inhalation at dose levels of 0, 0.4, 1.0 and 2.4
mg/kg bid. Males were treated for 28 days prior to mating and through the mating period
until one day prior to the actual necropsy at the end of extended study (no specific study
day was indicated in the report. The scheduled necropsy date was Oct. 20, 2005 which
was approximately 106 days post the initial exposure date for males, July 4, 2005).
Females were treated for 14 days prior to mating, through the mating period and through
Day 6 post coitum. In the extended study, females were treated with the test article via
inhalation at dose levels of 0, 0.4, 1.0 and 2.4 mg/kg bid. These treated females were
mated with the untreated males. The treated males from the basis study were mated with
untreated females.
During the mating period, male and female rats were mated using 1:1 ratio. The females
were removed and housed individually if the daily vaginal smear was sperm-positive, or a
copulation plug was observed. The day of mating was designated day 0 post coitum. If a
female was not mated during the 14-day paring period, the female was paired with other
male of the same group which mated already successfully. If mating was not recorded
during this additional pairing period of maximum 14 days, the female was sacrificed.
Parameters and endpoints evaluated:
Mortality/Moribundity was observed at least twice daily for all animals. Body weights for
treated animals were recorded daily until necropsy. Body weights for untreated males
were recorded on day of initiation of mating and on the day of necropsy. Body weights
for untreated females were recorded on the day of initiation of mating, on days of 0, 7
and 14 post coitum, or on the day of necropsy. Food consumption was recorded weekly
during the preparing period and after the mating period. No food consumption was
recorded during the mating period. Food consumption of mated females was recorded for
the periods of day 0-7 and day 7-14 post coitum.
Mated females on day 14 post coitum and unmated females 14 days after termination of
the mating period were sacrificed for necropsy. The number of implantation sites, live or
dead embryos and corpora lutea were counted and recorded. Organs showing gross
lesions and ovaries and uteri of the females were microscopically examined. Males were
sacrificed for necropsy after the necropsy of the females. The following organ weights
were recorded: testes, epididymides, seminal vesicles and coagulating gland, and
prostate. The right testis and epididymidis, as well as seminal vesicles and any organs
showing gross lesions were preserved and microscopically examined. Sperm motility,
morphology, spermatid count, fertility and reproductive performance were evaluated.
Results
Mortality: A total number of 7 animals died during the course of the study. At 0.4 mg/kg,
one male died on day 53 of exposure, at 1.0 mg/kg, each male died on day 92, 95 or 102
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of exposure, and at 2.4 mg/kg, each male died on day 39 or 82 of exposure, and one
female on day 13 of exposure. As no death was reported in the control group, the
observed mortality was considered a test article-related effect. No mortality was observed
in a 28-day inhalation toxicity study in rats (review of Dr. Gary Bond dated February 06,
2004) at doses of 0.16, 2.1 and 4 mg/kg/day. However, the mortality was also observed in
a 26-week inhalation toxicity study in rats (review of Dr. Gary Bond dated March 19,
2004) at all test article doses of 0.1, 0.45 and 2 mg/kg/day with males at mid-dose died in
week 5, 7, 15, 17 and 24 (total 5 males) and females at low, mid and high doses died in or
after week 18.
Clinical signs: No significant clinical observations were reported in any group.
Body weight: There was a temporary body weight loss (ranged -2.6 to -5.3%) up to the
3rd day of exposure at all treated dose groups (males and females) which was correlated
to the food consumption reduction and dose-dependent. From day 4 of the preparing
period up to the end of the study, body weight gains were noted in all groups. Over the
whole preparing period, body weight gain decreases were 39%, 42% and 25% of the
control in males, and 50%, 20% and 80% in females, at 0.4, 1.0 and 2.4 mg/kg bid,
respectively. There was no significant change in body weight gain for males in mating
period and females during gestation period. The body weight gain decreases were 52%,
43% and 48% of the control for males after mating period at 0.4, 1.0 and 2.4 mg/kg bid,
respectively.
The TK group males and females showed similar pattern to the main group animals
regarding to the body weight loss (ranged between -2.0% to -4.4%) up to 3rd day post
dosing and body weight gain from day 4 post dosing. The body weight gain decreases in
males of TK group were 47%, 46% and 53% of the control at 0.4, 1.0 and 2.4 mg/kg bid,
respectively, over the entire study period for TK group. There was no significant body
weight gain change for TK group females over the study period.
Food consumption: In basis study, there was a reduction of food consumption during the
1st recording period (days 1-8) of the preparing period. The reduction was dose
independent and ranged between 10.3 - 12.3% in males and 15.7 – 25.0% in females. The
increase in males and females during the 2nd recording period (days 8-15) was considered
to be a compensatory reaction. No further differences between control and treated groups
were noted during the other periods.
The TK group males showed a reduction in food consumption of 14.6%, 12.1% and
16.2% at doses of 0.4, 1.0 and 2.4 mg/kg, respectively over the entire study period. The
TK group females showed a reduction in food consumption of 20.5%, 13.6% and 16.7%
at doses of 0.4, 1.0 and 2.4 mg/kg, respectively over the entire study period
Toxicokinetics: The TK parameters were listed in the table below.
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Necropsy: No test article-related findings were reported in the animals (parental data)
which died and which survived until scheduled necropsy in basis and extended studies.
Organ Weights: In basis study only, no primary test article-related effects on male organ
weights were noted. The differences noted were considered the consequence of the
reduced terminal body weights.
Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):
Basis study:
As listed in the tables below, the evaluation of the reproduction data resulted in doseindependent increase in precoital times, reduction in conception rate (conception rates of
81.8%, 81.8% and 85.7% at 0.4, 1.0 and 2.4 mg/kg, respectively) and number of corpora
lutea, increase in pre-implantation losses with consequently reduced implantations and
embryos in all treated groups. The mortality in high dose males and females was
observed before the end of mating period in basis study, which indicated that the
impairment of the fertility at high dose groups may be secondary to the toxicity observed
at high dose. However, the impairment of the fertility at low and mid dose levels was still
considered a direct test article-related effect since the mortality at low and mid dose
levels was observed after the mating period in the basis study. Therefore, the impairment
of the fertility for both high dose treated male and females could not be determined in the
basis study. The NOAEL could not be determined due to the impairment of fertility at
low and mid dose groups. The study was extended to clarify if the fertility of the males or
the females were affected. The motility of sperms and morphology were similar in all
groups. The sperm head count performed for the males of groups 1 and 4 were similar.
Table-1 Reproductive Data in Basis and Extended Studies

7

Reference ID: 3102539

Reviewer: Jean Q. Wu

IND No. 68,653

Extended study--- males treated
The reproductive data was shown in Table 1 above. The mean precoital time of untreated
females mated with the treated males ranged was 2.0, 2.7, 1.5 and 3.0 days at dose levels
of 0, 0.4, 1.0 and 2.4 mg/kg, respectively. The conception rate was 100% in other groups
but 90.9% (20 pregnant out of 22 mated) in group 4. The reduction was considered
incidental since the two males which mated with two untreated females were successful
during the 1st mating period with treated females. The exclusive maternal reproduction
data of the untreated females (mean number of corpora lutea) were similar in all groups.
The significant increase in pre- and post implantation losses in high dose group resulted
in a reduction of the mean number of embryos in high dose group, which was also noted
in the basis study. However, due to the mortality observed in males of all treated groups,
the impairment of male fertility could not be determined at high dose in the extended
study, either. Although the mortality was also observed in low and mid dose treated
males, there was no significant effect on impairment of fertility observed in the low and
mid dose treated males mated with untreated females.
Extended study --- females treated
The mean precoital time was similar in control and treated groups. As shown in Table 1
above, the conception rate was reduced in 1.0 mg/kg (90.9%, 20 pregnant out of 22
mated) and 2.4 mg/kg (95.5%, 21 pregnant out of 22 mated) groups, which was
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coitum. Additional satellite groups (1 for control, 3/treated group) were used for
TK measurements.
(b) (4)

Dose selection was based on a rabbit dose range-finding study (
study No.
A17098, Vol. 1, Section 3, Pages 1-112) in which 5 mated females/group were
treated with vehicle control and LAS 34273 via oral gavage at dose levels of 500,
1000 and 1500 mg/kg/day from day 6 to day 19 post coitum. Treatment with
LAS 34273 at doses 1000 and 1500 mg/kg/day resulted in mortality (2 females in
1500 mg/kg dose group), moribund sacrifice (1 female in 1500 mg/kg and 1
female in 1000 mg/kg group) and severe clinical observations including lateral,
ventral, ventrolateral recumbency, bradypnea and apathy. Two female at 1500
mg/kg and 1 female at 1000 mg/kg aborted on day 28 and day 27 post coitum,
respectively. Food consumption was dose-dependently reduced during the
treatment period. The correlated body weight development was affected slightly.
There were no body weight gain at 500 mg/kg and a marginal body weight loss at
1000 mg/kg. There was a dose-dependent body weight loss based on the data of
the corrected body weight gain (body weight gain corrected by weight of uterus).
There were no test article related effects on the relevant reproduction data
(number of live fetuses per dam, post implantation loss) in the four dams at 500
mg/kg and the single dam at 1000 mg/kg. There were no test article-related effects
on the fetal parameters (fetal body weights, sex ratio, external and fresh visceral
examination).
Mortality/Moribundity and clinical observations were checked at least twice daily
for all animals. Body weights were recorded from day 0 until day 28 post coitum.
Food consumption was recorded for the following periods: day 0-6, 6-11, 11-15,
20-24, and 24-28 post coitum. On day 28 post coitum, females were sacrificed
and the fetuses were removed by Caesarean section. Macroscopic examinations of
all internal organs for the females focused on uterus, uterine contents, position of
fetuses in the uterus and number of corpora lutea. The uteri (and contents) of all
females with live fetuses were weighed at necropsy. In necropsy of dams, only
tissues with abnormal findings were retained. Fetuses were weighed individually
and sacrificed for gross examination of external abnormalities and preparation for
internal examinations.
TK samples were collected at pre-dose, 0.5, 1, 2, 4, 8 and 24 hours post dose on Day 6
and Day 19 post coitum.
Parameters and endpoints evaluated: Embryofetal development.
Results
Mortality (dams): Two females in 600 mg/kg/day dose group died on day 19 and day 21
post coitum.
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Clinical signs (dams): There were no test article-related clinical observations in any
survived females. One control female aborted on day 24 post coitum, which was
considered incidental.
Body weight (dams): Body weight loss (-10.6% and -7.6%, respectively) were noted in
two found dead animals. There was no significant difference for body weight changes
and the corrected body weight gain between groups.
Food consumption (dams): Food consumption was dose-dependently reduced in the
treated groups (-22.3%, -26.3% and -35.0%, respectively, compared with the control).
The difference reached statistical significance from day 15-20 post coitum at 150 and 300
mg/kg/day, and from day 6-20 post coitum at 600 mg/kg/day. After the treatment period,
food consumption was slightly increased in groups of 150 and 300 mg/kg/day and similar
in the group of 600 mg/kg/day, comparing that in the control group.
Toxicokinetics: The TK parameters were summarized in the table below:

Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and postimplantation loss, etc.):
There were no test article-related effects on mean post-implantation loss, and number of
live fetuses per dam.
In two found dead females, similar abnormal gross findings were noted, which included
stomach and intestines containing gas and fluid, colon containing hardened feces, and
cecum containing green-black fluid (female No. 72 only).
In scheduled necropsy, hardened feces was noted in one female of 300 mg/kg/day and
one female of 600 mg/kg/day, and gas in the colon was noted in one female of 600
mg/kg/day. These findings were consistent with the typical anti-cholinergic effects.
Offspring (malformations, variations, etc.):
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Body weight: The mean fetal body weight (male and female) was reduced in a dosedependent pattern as listed below. When compared to the control group, the reduction
was 3.7%, 9.0% and 12.7% at dose of 150, 300 and 600 mg/kg, respectively, in which the
reductions in mid and high dose groups reached statistical significance.
Sex Ratio: There were no test article-related effects on fetal sex ratios.
External and Visceral malformations and variations:
Most findings from external and fresh visceral examinations of fetus were either
comparable between the control and treated groups or within the range of the historical
control data of Himalayan rabbits provided by the sponsor. The findings with the
incidence rate higher than the control or out of the historical range were listed below.
However, there was no dose-dependent pattern for the finding of white lesion in liver
lobes and the incidences in mid- and high dose groups were comparable to the control.
The finding of additional liver lobe in median cleft was not listed in the sponsor’s
historical control data. The incidence of this finding was 3-5% in all treated groups with a
weak dose-dependent relationship when comparing to 0% in the concurrent control
group, and 0 incidence of 14995 fetal evaluations and of 1784 litter evaluations in the
historical control database (as of July 27, 2006) of a Joint Project of Middle Atlantic
Reproductive and Teratology Association (MARTA) and Midwest Teratology
Association (MTA) for any strain of rabbit. Although there was no similar finding
(b) (4)
observed in the dose range-finding study (
study No. A17098, Vol. 1, Section 3,
Pages 1-112), the number of fetus in dose groups of 500 mg/kg (n=26) and 1000 mg/kg
(n=7) for evaluation was too small (n=7) to support that the additional lover lobe finding
is not test article-related. Therefore, this result was considered a test article-related effect
with unknown functional consequences and survival ability. The incidence of the finding
for left renal vein was slightly higher in the treated group than the control and historical
control database, which did not show a clear dose-dependent pattern and was not
considered significant toxic effects.
Parameters
Fetuses/Litters examined
Additional liver lobe in median cleft
White lesion at caudal margin of right
lateral or median liver lobes
Left renal vein duplicated/branched

0
100/17
0%
15%

150 mg/kg
133/19
3%
33%

300 mg/kg
122/17
3%
16%

600 mg/kg
110/17
5%
18%

12%

16%

16%

19%

There were no test article related findings from fetal head section examinations.
Skeletal malformations and variations: The incidence of pelvic girdle bilateral
displacement (cranial/caudal) was slightly higher in 600 mg/kg group (3%) than the
control (1%) and above the historical control range (0-2%). It may not be a direct toxic
effect on fetus as the severe maternal toxicity (mortality) was observed at 600 mg/kg. The
incidence of fetus with minimum two abnormal findings was higher in 150 mg/kg group
(5%) when compared to the control group (3%). However, this finding at mid and high
dose levels was comparable to the control group. Due to the lack of dose-dependency for
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this finding and the small magnitude of the difference, it was not considered a significant
test article related effect. Other findings were either comparable to the control group or
within the historical control range.
OVERALL CONCLUSIONS AND RECOMMENDATIONS
Summary:
In the inhalation study of fertility and early embryonic development to implantation in
the rat, male rats were dosed 28 days prior to mating. Based on the review of 4-week rat
inhalation study in the original IND submission (reviewed by Dr. Gary P. Bond of
February 4, 2004), except the findings of Harderian glands at nominal doses of 2.1 and 4
mg/kg/day, there were no histopathologic findings in male reproductive organs at
nominal doses up to 4 mg/kg/day (pulmonary deposited dose of 0.28 mg/kg/day).
Therefore, the premating administrating period in this study is acceptable. The NOAEL
for fertility and early embryonic development could not be identified for the treated
males mated with the treated females due to the impairment of fertility observed at all
treated groups in basis study. The NOAEL was identified in extended study at 1.0 mg/kg
(pulmonary deposited dose of 0.1 mg/kg) bid for the treated males mated with untreated
females, and at 0.4 mg/kg (pulmonary deposited dose of 0.04 mg/kg) bid (AUC0-24hr =
62.7 ng.hr/mL) for the treated females mated with untreated males. Due to the severe
toxicity (mortality) observed before the end of mating period in male and female high
dose groups in basis study, and in the high dose treated males from basis study to
extended study, the direct test article-related effects on fertility and early embryonic
development could not be determined for the high dose treated males and females in basis
study, and for the high dose treated males mated with untreated females.
In the oral study for effects on embryo-fetal development in the rabbit, the test article
related effect of LAS 34273 for additional liver lobes in rabbit was observed from dose of
150 mg/kg/day. The fetal weight loss was observed at 300 mg/kg/day and above. The
AUC of 36.5 ng.hr/ml for the parent drug product at 150 mg/kg/day is ~848 fold of the
human AUC in repeated dose at 200 mcg/day (clinical study M/34273/11, based on the
previous review of June 2, 2005 by preclinical reviewer, Dr. Gary P. Bond).
The phase III clinical protocol was submitted in the EOP-2 meeting package. The dose of
200 mcg/day was considered safe to proceed by EOP-2 meeting of April 26, 2005
(referred to the review of June 2, 2005 by Dr. Gary P. Bond). The subjects include males
and non-pregnant, non-lactating females. If females is of childbearing age, two medically
approved contraceptive measures must be used and the pregnancy test at screening must
be negative.
Recommendation: Inform the medical reviewer of the following reproductive findings
and recommend revealing of the fertility and teratogenic effects of LAS34273 in the
informed consent.
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1. In the rat inhalation study of fertility and early embryonic development, the
NOAEL for fertility and early embryonic development could not be identified for
treated males mated with treated females due to the direct test article-related
effect on impairment of fertility at all test article-treated doses in basis study. The
NOAEL was identified at 1.0 mg/kg bid for the treated males mated with
untreated females, and at 0.4 mg/kg bid for the treated females mated with
untreated males.
2. In the oral rabbit study of embryo-fetal development, the NOAEL could not be
identified due to the test article related effect on additional liver lobes at all test
article-treated doses. The lower fetal weight was observed at dose of 300
mg/kg/day and above.
Letter to the sponsor:
We have reviewed your reproductive studies submitted in IND 68,653, Serial No. 0023
dated March 29, 2006 and noted the following findings:
1. In the rat inhalation study of fertility and early embryonic development (Study
No. A10934), the test article-related impairment of the fertility was observed in
both treated males and females at all test article-treated doses.
2. In the oral rabbit study of embryo-fetal development (Study No. A19056), the
additional liver lobes of fetus were observed at all test article-treated doses, and
lower fetal weight was observed at dose of 300 mg/kg/day and above.
We recommend you to update the informed consent with appropriate language to reflect
the reproductive effects of LAS 34273 observed in the preclinical studies.

Signatures (optional):
Reviewer Signature ___________________________________
Supervisor Signature_____________________________ Concurrence Yes ___ No ___
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observed reductions of absolute body weights (roughly >10% [or >8 %] as compared to
the air control groups).
Aclidinium bromide was determined to be not tumorigenic in both mice and rats (no
findings of statistically significant test article-related tumors). See ECAC meeting
minutes dated November 15, 2011.
The non-neoplastic target organ of toxicity in both mice and rats was the nasal cavities,
however, the findings in the nasal cavities are not relevant to human use of the drug
(oral inhalation). Increased incidences of squamous metaplasia in the larynx were
observed in male and female rats, however, the finding is a rat-specific finding
(attributed to mechanical irritation and commonly observed in inhalation studies with
rats). In addition, increased incidences in the macrophage agglomeration and
hemosiderin within the bronchus-associated lymphoid tissue (BALT) and increased
macrophage were observed in the lungs of rats at achieved doses of 0.07 and
0.2 mg/kg/day. Increased incidences of Harderian gland hyperplasia and congestion in
the tracheobronchial lymph node were also noted in male rats.
Systemic exposure to LAS 34273 increased with increasing dose with no clear
difference between males and females in both mice and rats.
The plasma
concentrations of the acid metabolite LAS 34850 were significantly greater than the
parent compound, whereas the plasma levels of the alcohol metabolite LAS 34823 were
lower than the parent compound.

2

Drug Information

2.1

Drug

CAS Registry Number: 320345-99-1
Generic Name: Aclidinium Bromide
Code Name: LAS 34273
Chemical Name: (3R)-3-[(hydroxy)di(thiophen-2-yl)acetyloxy]-1-(3-phenoxypropyl)-1λ5azabicyclo[2.2.2]octan-1-ylium bromide
Molecular Formula/Molecular Weight: C26H30NO4S2 Br/ 564.56

7
Reference ID: 3054087

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

decrease in mean body weight were observed throughout the study until week 76
in all test article-treated groups of males and until week 100 in the HD group of
males.
Appropriateness of Test Models


This was a 2-year carcinogenicity study in B6C3F1 mice with drug administered
by nose-only inhalation. The B6C3F1 mouse is a standard model for assessment
of carcinogenic potential. The route models inhalation administration used in the
clinical setting. Concurrence for the study dose levels obtained from the ECAC
(March 30, 2004).

Evaluation of Tumor Findings


There were no test article-related neoplastic findings in mice.
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Methods
Achieved doses: 0 (air control), 0 (vehicle control), 0.29 (low dose),
0.79 (mid dose) and 2.4 (high dose) mg/kg/day
Pulmonary deposited doses: 0 (AC), 0 (VC), 0.03 (LD), 0.08 (MD) and 0.24 (HD)
mg/kg/day
Frequency of dosing: Once daily
Exposure Duration: 1 hour/day for at least 104 consecutive weeks,
except reserve animals that replaced study animals
that died during the first 4 weeks of the study
Route of administration: Nose-only inhalation
Formulation/Vehicle: 10% LAS 34273 formulation in lactose (a nominal
concentration of 10% LAS 34273/ 90% lactose); the
vehicle-control received 100% lactose
Basis of dose selection: Doses were based on the findings from the previous
(b) (4)
13-week inhalation study in mice (
Study No.
841849), which were followed by FDA’s ECAC
recommendation.
Species/Strain: Mouse, B6C3F1/Crl
Number/Sex/Group: 60
Age at delivery: Approximately 4-5 weeks for the first delivery batch
Approximately 10-12 weeks for the second delivery
batch, consisting of 10 males and 10 females that
were retained for the replacement of animals
Animal housing: Mice in control groups and mice in LAS 34273treated groups were housed in different rooms.
Animals were housed individually in Makrolon® type2 cages with wire mesh tops and standard softwood
bedding.
Paradigm for dietary restriction: Animals had ad libitum access to pelleted standard
Kliba-Nafag 3433 rat maintenance diet and tap
water.
Dual control employed: One control group was for the air control and the
other control group was for the vehicle control
(lactose).
Interim sacrifice: None
Satellite groups: 12/sex/control group; 28/sex/LAS 34273-treated
group for toxicokinetic (TK) evaluation
Deviation from study protocol : On a few isolated occasions, there were no
recordings of temperature, relative humidity and
oxygen concentration during exposure, and no
determination of gravimetric and chemical aerosol
concentration.
According to the amendment of the study protocol,
animals in poor condition were treated for less than
104 consecutive weeks. See the Clinical Signs
section for details.
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Observations and Results
Dosimetry
The achieved doses were 0.29, 0.79 and 2.4 mg/kg/day for the LD, MD and HD groups,
respectively, and the estimated pulmonary deposited doses were 0.03, 0.08 and
0.24 mg/kg/day for the LD, MD and HD groups, respectively, as shown in Table 2.
Table 2 Exposure characteristics of the carcinogenicity study in mice

Target dose level (mg
test article/kg)
Aerosol LAS 34273
concentrationa (μg/ L)
Aerosol mass
concentrationb (μg/ L)
MMAD ± GSDc

Group 1
(AC)
0

Group 2
(VC)
0

Group 3
(LD)
0.3

Group 4
(MD)
0.8

Group 5
(HD)
2.5

0

0

5.50

14.7

45.4

0

282

35.9

102

290

-

2.61 ±
2.80
0

1.89 ±
2.53
0.29

2.10 ±
2.42
0.79

2.46 ±
2.52
2.4

Achieved dosed
0
(mg/kg/day)
Pulmonary deposited
0
0
0.03
0.08
0.24
e
dose (mg/kg/day)
a. Reported by the Applicant. LAS 34273 concentrations were determined by
HPLC.
b. Aerosol mass concentration is total mass of the formulation in the inhaled air. It
included vehicle for Group 2 and both LAS 34273 and vehicle for Groups 3-5.
c. The mass median aerodynamic diameter (MMAD) and the geometric standard
deviation (GSD) were calculated from the results of the gravimetry
determinations using a 7-stage Mercer cascade impactor. See details under the
section of Dosing Solution Analysis.
d. Averages of reported means in males and females reported by the Applicant.
See Table 3.
e. Estimated from reported achieved dose and application of additional deposition
factor of 0.1.
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Table 3 Values for the estimated achieved dose levels of LAS 34273 throughout the
study in the carcinogenicity study in mice [taken directly from the study report]

Mortality
Viability was checked twice daily, once before and once after exposure.
There was no test article related-effect on mortality.
A total of 196 from 755 mice (26%), including TK animals, were sacrificed in extremis or
died prior the scheduled necropsy. For main study animals, there were 162 early
decedents from a total of 600 (27%) mice, and the distribution of mortality rates across
groups is shown in Table 4.
The LD group of males exhibited a lower survival rate during the entire treatment period
and the MD group of males also showed a lower survival rate within the first 6 month of
the treatment period, compared to the control groups (Figure 1). The Applicant stated
that these deaths were attributed almost exclusively to urinary tract inflammation and/or
obstruction since the principal microscopic findings in these animals were
pyelonephritis, pyelitis, hydronephrosis, cystitis and chronic active inflammation of the
prostate gland and/or seminal vesicles. The incidence of cystitis in the urinary bladder in
male decedents were 3/14, 2/13, 19/28, 11/16 and 3/11 in the AC, VC, LD, MD and HD
groups, respectively. The incidence of chronic active inflammation in the prostate gland
in male decedents were 2/14, 2/13, 18/27, 11/17 and 1/11 in the AC, VC, LD, MD and
HD groups, respectively. The incidence of chronic active inflammation in the seminal
vesicles also showed a similar pattern to the findings in the urinary bladder and prostate
gland. The reviewer would not consider the increased deaths in the LD and MD males
test article-related since the HD group of males and all test article-treated groups of
females showed comparable survival rates to the control groups.
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Table 4 The distribution per group and sex of the main study mice which were sacrificed
in extremis or died before the scheduled necropsy [taken directly from the study report]

Figure 1 Kaplan-Meier survival plot during the 104-week treatment period in the
carcinogenicity study in mice [generated by the FDA; The first figure is males and the
second figure is females]
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Clinical Signs
Animals were observed at least once daily for the first 4 weeks, weekly from weeks 5 to
16, and every second week thereafter. In addition, detailed palpation for tissue masses
was performed every second week, starting in week 18.
There were no test article-related clinical signs or test article-related increased
incidences of masses.
Clinical signs observed in this study (e.g., hair loss, swelling, eye findings [missing,
injured, shrunk, opacity or white], missing or broken incisors and/or emaciated
condition) were common to laboratory mice and had relatively low incidences across all
groups, including the air and vehicle control groups. Decreased activity, labored
respiration, and/or hunched posture were also observed in a few occasions across all
groups.
Poor condition was occasionally observed in VC males, MD males, HD males, AC
females. VC females and LD females between week 1 and 28. The incidence was less
than 5% for these groups, except the female VC group on weeks 3 and 4 (5-15%). The
study report states that animals in a poor condition were not treated during the week 4

16
Reference ID: 3054087

NDA # 202-450

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

of the treatment period (August 25, 2004-August 30, 2004). However, not all animals
were sufficiently recovered by August 30, 2004, and treatment of these animals were
continued at the discretion of the Study Director.
Body Weights
Animals were weighed once weekly up to week 16 and once every four weeks
thereafter.
The differences in mean body weight in males and females in test article-treated
groups, relative to the respective air control groups, are shown in Table 5. There was a
dose-related decease in mean body weight (2.2, 5.4 and 7.9% decrease in males of the
LD, MD and HD groups, respectively and 8.0, 10.9 and 12.4% decrease in females of
the LD, MD and HD groups, respectively at the end of the treatment period [week 104]).
The vehicle control females also showed a slight decrease in mean body weight,
compared to the air control females (5.3% decrease at week 104). Although the
decreases in mean body weight in males in test article-treated groups were less than
10% as compared to the air control group at the end of the treatment period, the
decreases in mean body weight were greater than 10% throughout the study until
week 76 in all test article-treated groups of males and until week 100 in the HD group of
males.
Body weight curves for male and female AC and VC groups were comparable. Body
weight curves for males and females in the test article-treated groups were clearly lower
than the AC and VC groups (Figure 2).
Table 5 Percent difference of mean body weight from the air control group in the
carcinogenicity study in mice
Groupa

Wk 24
Wk 52
Wk 76
Wk104
a

Males
0
(AC)
35.4 g
40.7 g
41.5 g
36.9 g

0
(VC)
-3.7%
-2.2%
-2.9%
0%

0.3
(LD)
-7.3%
-13.5%
-10.6%
-2.2%

Females
0.8
(MD)
-11.3%
-14.0%
-12.8%
-5.4%

2.5
(HD)
-13.8%
-17.4%
-17.6%
-7.9%

Dose levels described as target doses
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0
(AC)
28.3 g
34.3 g
36.7 g
33.8 g

0
(VC)
-2.5%
-4.1%
-4.6%
-5.3%

0.3
(LD)
-3.2%
-12.2%
-12.8%
-8.0%

0.8
(MD)
-3.9%
-12.5%
-14.2%
-10.9%

2.5
(HD)
-5.3%
-14.0%
-18.3%
-12.4%
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Figure 2 Body weight for males and females in the carcinogenicity study in mice [taken
directly from the study report]

Feed Consumption
Food consumption was recorded once weekly up to week 16 and once every four
weeks thereafter for main study animals.
There were no test article-related changes in mean food consumption during the entire
treatment period (Figure 3).
Figure 3 Food consumption in the carcinogenicity study in mice [taken directly from the
study report]
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Water Consumption
Water consumption was recorded once weekly up to week 16 and once every four
weeks thereafter for main study animals.
An increase in mean water consumption was observed in females and males in all test
article-treated groups in a non-dose related manner during the first month of the
treatment period (14-45% increase in males and 10-79% increase in females, compared
to the respective air control males and females), except the second week for males.
This might be attributed to the anti-muscarinic properties of the test article. Over the
entire treatment period, there were no test article-related changes in mean water
consumption in males and females (Figure 4).
Figure 4 Water consumption in the carcinogenicity study in mice [taken directly from the
study report]

Ophthalmoscopy
Ophthalmoscopic examinations were conducted for the first 10 main study males and
females in Groups 1 to 5 during acclimatization and the first 10 main study males and
females in Group 2 (VC) and Group 5 (HD) towards the end of the treatment period.
At the end of the treatment period, anophthalmus was observed in one male in the HD
group. Because only one animal was affected (out of 10 males and 10 females
examined at HD) and this finding was not observed in other general toxicity studies
including 26-week rat studies and 39-week dog study, this finding was likely incidental.
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Hematology
Blood samples for hematology evaluations were collected from the retro-orbital plexus
of approximately 10 main study animals per sex from each group at 52 weeks and
before necropsy. The animals were fasted in metabolic cages in groups of four for
approximately 18 hours before blood sampling.
There were no test article-related changes in hematology parameters.
A decrease in mean monocyte counts in the HD females (40% decrease in absolute
counts and 45% decrease in relative counts, relative to the AC females) before
necropsy was considered incidental since there were no other changes associated with
this finding in females and males.
Clinical Chemistry
Blood samples for clinical chemistry evaluations were collected from the retro-orbital
plexus of 10 main study animals per sex from each group with the next higher animal
numbers at 52 weeks and before necropsy. The animals were fasted in metabolic
cages in groups of four for approximately 18 hours before blood sampling.
There were no test article-related changes in clinical chemistry parameters.
An increase in mean values of alanine aminotransferase in males and females in the
HD group before necropsy (87 and 51%, respectively, relative to the respective AC
groups) and creatine kinase in females in the HD group at 52 weeks and before
necropsy (51 and 35%, respectively, relative to the AC group) was considered incidental
since this increase was mainly due to a single animal with a extremely high value for
each parameter.
Urinalysis
Urine samples for urinalysis were collected from the 20 main study animals per sex from
each group at 52 weeks and before necropsy. Urine was collected during the 18-hour
fasting period into specimen vials as pooled samples from 4 animals per cage.
An increase in mean urine volume was observed in all test article-treated groups of
males and females at week 52 and 104 as shown in Table 6. There were no other test
article-related effects on urinalysis.
Table 6 Changes in urinalysis parameters in the carcinogenicity study in mice
Groupa
Parameter

Vol/
18h
ml
a

Wk
52
Wk
104

Males

Females

0
(AC)

0
(VC)

0.3
(LD)

0.8
(MD)

2.5
(HD)

0
(AC)

0
(VC)

0.3
(LD)

0.8
(MD)

2.5
(HD)

3.6

3.7
(+3%)

5.1*
(+42%)

5.3**
(+47%)

5.8**
(+61%)

4.1

3.8
(-7%)

5.0**
(+22%)

5.3**
(+29%)

5.0**
(+22%)

2.3

3.2
(+39%)

4.2
(+83%)

3.3
(+43%)

5.1
(+122%)

3.7

4.6
(+24%)

4.9
(+32%)

5.6
(+51%)

5.4
(+46%)

Dose levels described as target doses
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*Statistical significance was achieved, p<0.05, relative to the vehicle group
**Statistical significance was achieved, p<0.01, relative to the vehicle group

Gross Pathology
All animals of all groups that were moribund or found dead and all surviving main study
animals were necropsied. The surviving and all moribund animals were anesthetized by
an intraperitoneal injection of sodium pentobarbitone and followed by exsanguination.
Tissues listed below were collected from all animals at necropsy and fixed in neutral
phosphate buffered 4% formaldehyde solution unless otherwise stated.
There were no test article-related macroscopic findings.
Tissues collected at the necropsy [taken directly from the study report]
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Organ Weights
At study termination, weights of the organs listed below were recorded for the main
study animals. The combined weight of paired organs was recorded.
Organ weights collected at the necropsy [taken directly from the study report]

There were no test article-related changes in organ weights.
Consistent with decreased mean body weights in the test article-treated groups, mean
organ weights (absolute and brain ratio) tended to be lower in many organs of males
and females in these groups.
The mean weight of the pituitary gland appears to be higher in females in the air control
group, compared to other groups (0.00810 g in AC group vs. 0.00307, 0.00328,
0.00274, 0.00301 g in the VC, LD, MD and HD groups, respectively). The higher mean
weight of the pituitary gland in the AC group was due to two females with benign
adenomas in the pituitary gland (with high organ weights of 0.03850 g and 0.15240 g).
Similarly, increased spleen weights in the vehicle control and mid-dose groups of
females were due to a few females (4 in VC and 3 in MD) with tumors in the spleen with
high organ weights. The mean weights of ovaries were also increased in the vehicle
control and all test article-treated groups, but these increases were also due to two
females in each of these groups that had extremely large watery or hemorrhagic cyst(s).
One female in the MD group also had large nodules with chronic active inflammation,
which also attributed to the increased mean ovary weight in this group.
Histopathology
Mammary glands were not examined for males.
Peer Review: A peer review of the pathology report and selected histological sections
(b) (4)
was performed by
Neoplastic
There were no test article-related tumor findings.
The statistical analyses were conducted by the FDA statistician Dr. Matthew Jackson,
and there were no statistically significant test article-related neoplastic findings.
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The incidences of adenomatous polyps in the duodenum were increased for females in
the MD and HD groups; however, statistical significance was not achieved. The
incidence of endometrial adenocarcinoma was increased for females in the HD group;
however, statistical significance was not achieved (Table 7).
Table 7 Neoplastic findings in mice dosed with LAS 34273 for up to 104 weeks
Dose Groupa
Organ/Tissue

0
(AC)

Males
0
0.3
0.8
(VC) (LD) (MD)

Duodenum
-total examined
60
59
54
-Adenomatous polyp
0
1
0
Uterus
-total examined
-adenocarcinoma,
endometrial
a
Dose levels described as target doses

Females
0
0.3
0.8
(VC) (LD) (MD)

2.5
(HD)

0
(AC)

2.5
(HD)

55
0

58
0

60
0

60
0

56
0

58
1

58
2

-

-

60
0

60
0

60
0

60
0

60
2

Non-Neoplastic
In general, there was a dose-related increase in incidence of intraepithelial eosinophilic
inclusions in nasal cavities (level I-III) in the test article-treated groups of males and
females (Table 8). Apparently, the findings in the nasal cavities were also influenced by
the vehicle (lactose). However, the findings in the nasal cavities in mice were judged to
not be relevant to the humans since the drug is administered via oral inhalation in
patients.
Table 8 Non-neoplastic findings in mice dosed with LAS 34273 for up to 104 weeks
Dose Groupa
Organ/Tissue
Nasal cavities (Level I)
total examined
-Intraepithelial
eosinophilic inclusions
minimal
slight
moderate
marked
-Dilated submucosal
glands
minimal
slight
-Focal rhinitis
minimal
slight

Males
0.3
0.8
(LD) (MD)

0
(AC)

0
(VC)

60
2

60
12

60
16

1
1
0
0
0

5
7
0
0
0

0
0
0
0
0

0
0
1
0
0

0
(AC)

0
(VC)

60
20

60
37

60
32

59
38

60
48

60
53

60
57

6
8
2
0
0

11
7
2
0
0

16
19
2
0
0

11
19
2
0
0

10
17
11
0
2

12
12
24
0
2

1
15
30
7
3

8
14
28
7
1

0
0
3
1
1

0
0
1
0
0

0
0
2
1
0

0
0
1
0
1

0
2
1
1
0

2
0
1
1
0

0
3
0
0
0

1
0
3
1
2
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Dose Groupa
Organ/Tissue
moderate
-Focus(i) of regenerating
epithelium
minimal
slight
-Fibro-osseous lesion
minimal
slight
moderate
Nasal cavities (Level II)
total examined
-Intraepithelial
eosinophilic inclusions
minimal
slight
moderate
marked
-Dilated submucosal
glands
minimal
-Focal rhinitis
minimal
slight
moderate
-Focus(i) of regenerating
epithelium
minimal
moderate
-Intraluminal foreign
body (present)
Nasal cavities (Level
III)
total examined
-Intraepithelial
eosinophilic inclusions
minimal
slight
moderate
marked
-Dilated submucosal
glands
minimal
slight
-Focal rhinitis
minimal
slight

Males
0.3
0.8
(LD) (MD)
1
1
0
0

0
(AC)
0
0

0
(VC)
1
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

58
1

60
10

1
0
0
0
0

0
(AC)
0
1

0
(VC)
0
1

0
0
0
0
0
0

0
0
0
0
0
0

1
0
2
2
0
0

1
0
3
1
2
0

1
0
2
0
2
0

0
0
3
0
2
1

2
3
4
0
3
1

60
8

60
22

60
32

60
34

59
44

59
50

58
53

60
60

4
5
1
0
0

1
5
2
0
0

17
5
0
0
0

19
9
4
0
0

14
11
9
0
0

15
16
13
0
2

10
12
28
0
1

3
7
42
1
2

3
4
48
5
4

0
0
0
0
0
0

0
2
0
1
1
0

0
1
0
0
1
0

0
0
0
0
0
0

0
5
4
0
1
3

0
1
0
1
0
1

2
0
0
0
0
0

1
1
1
0
0
0

2
0
0
0
0
0

4
1
1
0
0
1

0
0
0

0
0
0

0
0
1

0
0
1

2
1
1

1
0
0

0
0
0

0
0
0

0
0
0

1
0
0

60
0

60
10

60
3

59
12

60
20

60
22

60
40

60
51

60
54

60
59

0
0
0
0
0

4
5
1
0
0

0
2
1
0
0

6
6
0
0
0

12
7
1
0
0

11
10
1
0
2

12
12
14
2
16

9
9
32
1
20

3
6
45
0
29

2
9
48
0
49

0
0
0
0
0

0
0
0
0
0

0
0
1
0
1

0
0
0
0
0

0
0
3
2
0

2
0
0
0
0

11
5
0
0
0

16
4
0
0
0

20
9
0
0
0

17
32
0
0
0
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Females
0.3
0.8
(LD) (MD)
0
0
1
0

2.5
(HD)
1
0

2.5
(HD)
0
5
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Dose Groupa
0
(AC)
0

0
(VC)
0

Males
0.3
0.8
(LD) (MD)
0
0

2.5
(HD)
1

0
(AC)
0

0
(VC)
0

Organ/Tissue
moderate
Prostate glandb
total examined
60
60
59
60
60
-Chronic active
5
5
20
13
1
inflammation
minimal
0
0
0
1
0
slight
1
0
5
3
0
moderate
3
5
10
7
0
marked
1
0
4
1
1
severe
0
0
1
1
0
-Urethritis
1
0
6
3
1
minimal
0
0
1
1
0
slight
0
0
3
0
0
moderate
1
0
2
2
1
Seminal vesiclesb
total examined
60
60
59
60
60
-Chronic active
5
3
19
9
3
inflammation
slight
1
1
2
2
2
moderate
3
2
14
5
1
marked
1
0
1
0
0
severe
0
0
2
2
0
Urinary bladderb
total examined
60
60
60
59
59
59
-Cystitis
5
6
20
12
3
1
minimal
1
1
0
3
0
0
slight
1
2
2
4
1
0
moderate
3
1
17
4
2
1
marked
0
2
1
1
0
0
-Focal ulceration
0
2
6
1
1
0
slight
0
0
3
1
0
0
moderate
0
2
3
0
1
0
-Dilatation (present)
4
2
19
13
7
0
-Intraductal calculus(i)
0
0
6
3
0
1
(present)
-Focus(i) of peritonitis
0
0
3
0
0
0
minimal
0
0
1
0
0
0
slight
0
0
1
0
0
0
moderate
0
0
1
0
0
0
a.
Dose levels described as target doses
b.
Most incidences of findings in these organs in the LD and MD
decedents prior to the scheduled necropsy.
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Females
0.3
0.8
(LD) (MD)
0
0

2.5
(HD)
0

-

-

-

-

-

-

-

-

60
0
0
0
0
0
0
0
0
3
0

60
0
0
0
0
0
0
0
0
5
0

60
0
0
0
0
0
0
0
0
4
0

60
0
0
0
0
0
0
0
0
2
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

male groups were from
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Toxicokinetics
Blood samples were collected from TK animals at the following designated time points:
for the test article-treated groups, <10 min, 30 min, 1, 2, 4, and 24 hours postdose on
Day 1 and <10 min, 30 min, 1 and 24 hours postdose after 26 and 52 weeks; and for air
and vehicle control groups, <10 min, 30 min postdose on Day 1 and after 26 and 52
weeks. The plasma concentrations of LAS 34273 and its metabolites LAS 34823
(alcohol metabolite) and LAS 23850 (acid derivative) were determined using the LCMS/MS method. The quantitative measurements in 50 μl of mouse plasma were within
the concentration range of 0.2-25 ng/ml for LAS 34273, 0.5-25 ng/ml for LAS 34823 and
5-500 ng/ml for LAS 34850.
Systemic exposure to LAS 34273 increased with increasing dose with no clear evidence
of accumulation (Table 9). It appears that there is no exposure difference between
males and females. Lower TK values for LAS 34273 after week 26, compared to those
on Day 1 and after week 52, were observed in the LD an MD groups and to less extent,
in the HD group. It was stated that plasma levels were generally subjected to a high
degree of variability.
Following the administration of LAS 34273, the main metabolite circulating in plasma
was LAS 34850, achieving AUC(0-24) values between 26- and >100-fold higher than
those of the parent compound (Table 10). The plasma levels of the alcohol metabolite
LAS 34823 were lower than those of the parent compound.
It was stated that plasma concentrations of LAS 34273, LAS 34823 and LAS 34850
were not found in any of the samples from animals in the air or vehicle control groups.
However, the data from these control animals were not included in the study report and
thus, the data could not be verified.
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Table 9 Toxicokinetic parameters of LAS 34273 and its metabolites LAS 34823 and
LAS 34850 in the carcinogenicity study in mice [taken directly from the study report]

Table 10 Ratios between Cmax or AUC values for LAS 34850 (main metabolite) and
LAS 34273 in the carcinogenicity study in mice [taken directly from the study report]
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Dosing Solution Analysis
The test article or lactose concentrations, particle size distribution, oxygen
concentration, relative humidity and temperature were measured on test atmosphere
samples collected from a port of the exposure chamber. It was stated that airflow rates
were measured during the collection of samples for the determination of concentrations
and particle size distribution using calibrated dry-test meters and pressure gauges.
For determination of the aerosol mass concentration (mass of the formulation in the
inhaled air), gravimetric determinations were performed generally once daily in
Groups 2 to 5 using Millipore® Durapore filters (type HVLP) from a medium level of the
exposure system. Filters from the top and the bottom levels were also collected
simultaneously on two occasions during the course of the study to determine possible
differences in the aerosol concentrations within the exposure systems. In addition, to
determine the concentration of test article LAS 34273 in the generated aerosol for
Groups 3 to 5, chemical analyses were performed at least once weekly using an HPLC
method with the filter samples used for gravimetric determination.
The distribution of particle size in the generated atmosphere in Groups 2 to 5 was
measured by gravimetry using a 7-stage Mercer cascade impactor at the start of
exposure and every second month thereafter. In Groups 3 to 5, the samples were also
analyzed chemically using an HPLC method. The mass median aerodynamic diameter
(MMAD) and the geometric standard deviation (GSD) were calculated for each group on
the basis of the results from the Mercer Impactor.
Temperature, relative humidity and oxygen concentration were stable during the
treatment period. The gravimetrically and chemically determined mean aerosol
concentrations during the entire treatment period were presented in Table 11, and the
number of measurements and its coefficient of variation (CV) were also presented in the
table. The MMAD and the GSD, which describe the aerosol particle sizes and
distribution patterns, are presented in the Tables 12 and 13. These data in the tables
are mean values of MMAD and GSD calculated from each sampling time throughout the
treatment period, and their range, which encompass the value at each sampling time.
The MMAD and GSD values were acceptable.
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Table 11 Gravimetrically and chemically determined mean aersol concentrations during
the entire treatment period in the carcinogenicity study in mice [taken directly from the
study report]

Table 12 The values for gravimetrically determined mass median aerodynamic diameter
(MMAD) and the geometric standard deviation (GSD) for lactose (Group 2) and
LAS 34273 lactose blend (Groups 3-5) in the carcinogenicity study in mice [taken
directly from the study report]

Table 13 The values for chemically determined MMAD and GSD for LAS 34273 in the
carcinogenicity study in mice [taken directly from the study report]
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indicated lower body weights for all test article-treated groups of males and
females.
Appropriateness of Test Models


This was a 2-year carcinogenicity study in Wistar rats with drug administered via
nose-only inhalation. The Wistar rat is a standard model for assessment of
carcinogenic potential. The route models inhalation administration used in the
clinical setting. Concurrence for the study dose levels was obtained from the
ECAC (March 30, 2004).

Evaluation of Tumor Findings


There were no test article-related neoplastic findings in rats.
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Methods
Achieved doses:
Pulmonary deposited doses:
Frequency of dosing:
Exposure Duration:
Route of administration:
Formulation/Vehicle:

Basis of dose selection:

Species/Strain:
Number/Sex/Group:
Age at delivery:
Animal housing:

Paradigm for dietary restriction:
Dual control employed:
Interim sacrifice:
Satellite groups:
Deviation from study protocol:

Reviewer: Grace S. Lee, Ph.D., D.A.B.T.

0 (air control), 0 (vehicle control), 0.019 (low
dose), 0.069 (mid dose) and 0.20 (high dose)
mg/kg/day
0 (AC), 0 (VC), 0.002 (LD), 0.007 (MD) and
0.02 (HD) mg/kg/day
Once daily
1 hour/day for at least 104 consecutive weeks
Nose-only inhalation
10% LAS 34273 formulation in lactose (a
nominal concentration of 10% LAS 34273/ 90%
lactose); the vehicle-control received 100%
lactose
Doses were based on the findings from the
previous 6-month inhalation studies in rats
(b) (4)
(
Study No. 810797 and 845323), which
were
followed
by
FDA’s
ECAC
recommendation
Rats, HanBrl:WIST
60
Approximately 5 weeks
Rats in control groups (in two rooms) and rats
in LAS 34273-treated groups were housed in
different rooms (in other two rooms). Animals
of same sexes were housed in groups of
maximum five in Makrolon® type-2 cages with
wire mesh tops and standard softwood
bedding.
Animals had ad libitum access to pelleted
standard Kliba-Nafag 3433 rat maintenance
diet and tap water.
One control group was for the air control, and
the other control group was for the vehicle
control.
None
5/sex/control group; 15/sex/LAS 34273-treated
group for toxicokinetic (TK) evaluation
On a few isolated occasions, there were no
recordings of temperature, relative humidity
and oxygen concentration during exposure..
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Observations and Results
Dosimetry
The achieved doses were 0.019, 0.069 and 0.20 mg/kg/day for the LD, MD and HD
groups, respectively. The estimated pulmonary deposited doses were 0.002, 0.007 and
0.02 mg/kg/day for the LD, MD and HD groups, respectively, as shown in Table 14.
Table 14 Exposure characteristics of the carcinogenicity study in rats

Target dose level (mg
LAS 34273 /kg)
Aerosol LAS 34273
concentrationa (μg/ L)
Aerosol mass
concentrationb (μg/ L)
MMAD ± GSDc

Group 1
(AC)
0

Group 2
(VC)
0

Group 3
(LD)
0.02

Group 4
(MD)
0.07

Group 5
(HD)
0.2

0

0

0.660

2.34

6.73

0

44.8

4.85

16.7

44.7

-

2.28 ±
2.37
0

1.97 ±
2.11
0.019

1.73 ±
2.01
0.069

2.16 ±
2.25
0.20

Achieved dosed
0
(mg/kg/day)
Pulmonary deposited
0
0
0.002
0.007
0.02
e
dose (mg/kg/day)
a. Reported by the Applicant. LAS 34273 concentrations were determined by
HPLC.
b. Aerosol mass concentration is total mass of the formulation in the inhaled air. It
included vehicle for Group 2 and both LAS 34273 and vehicle for Groups 3-5.
c. The mass median aerodynamic diameter (MMAD) and the geometric standard
deviation (GSD) were calculated using the results of the gravimetry determination
using a 7-stage Mercer cascade impactor. See details under the section of
Dosing Solution Analysis.
d. Averages of reported means in males and females reported by the Applicant.
See Table 15.
e. Estimated from reported achieved dose and application of additional deposition
factor of 0.1.
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Table 15 Values for the estimated achieved dose levels of LAS 34273 throughout the
study in the carcinogenicity study in rats [taken directly from the study report]

Mortality
Viability was checked twice daily, once before and once after exposure.
There was no test article-related increase in mortality rate (Table 16 and Figure 5).
A total of 172 from 710 rats (24%), including TK animals, were sacrificed in extremis or
died prior the scheduled necropsy. For main study animals, there were 154 early
decedents from a total of 600 (26%) rats, and the distribution of mortality rates across
groups is shown in Table 16.
Food remnants noted macroscopically and/or microscopically in the larynx and/or
esophagus of a few main study animals (1 female of Group 3, 2 males and 6 females of
Group 4 and 4 males and 4 females of Group 5) may have led to deaths and could be
linked to the test article. These findings might be attributed to the anti-muscarinic
properties of the test article (e.g., due to the blockade of salivary gland secretions, the
food is not properly moistened for swallowing and tends to get caught/trapped in the
esophagus. The animals can potentially asphyxiate). However, overall incidences of
mortality were unaffected by the test article.
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Table 16 The distribution per group and sex of the main study rats which were
sacrificed in extremis or died before the scheduled necropsy [taken directly from the
study report]

Figure 5 Kaplan-Meier survival plot for the carcinogenicity study in rats [generated by
the FDA; the first figure is males; the second figure is females]
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Clinical Signs
Animals were observed at least once daily for the first 4 weeks, weekly from weeks 5 to
16, and every second week thereafter. In addition, detailed palpation for tissue masses
was performed every second week, starting in week 18.
There were no test article-related clinical signs or test article-related increased
incidences of masses.
Clinical signs observed in this study (e.g., hair loss, swelling of ear, head, and/or paw,
and crust in the different regions of the body, white eye, and emaciated condition) were
common to laboratory rats and had relatively low incidences across all groups, including
the air and vehicle control groups. Ventral recumbency and/or hunched posture were
also observed in a few occasions across the groups. Labored respiration was observed
only in the HD males (with less than 5% of animals around from week 41 to week 67),
but due to the relatively small incidence, this finding was also considered incidental.
Body Weights
Animals were weighed once weekly up to week 16 and once every four weeks
thereafter.
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Mean absolute body weights were decreased in males and females in test articletreated groups generally in a dose-dependent manner throughout the treatment period
as shown in the Table 17 and Figure 6. At the end of the treatment period (week 103),
magnitudes of the decrease in mean absolute body weights relative to the respective
AC groups were following: for males, 12.8, 17.1 and 19.0% in LD, MD and HD groups,
respectively, and for females, 6.9, 4.9 and 9.4% in LD, MD and HD groups, respectively.
Mean absolute body weights in males and females in the VC group were comparable to
those in the respective AC group.
Body weight curves (Figure 6) also show that mean body weights for males and females
in AC and VC groups were comparable. Body weight curves for males and females in
test article-treated groups were clearly lower the AC and VC groups.
Table 17 Percent difference of mean body weight from the air control group in the
carcinogenicity study in rats [taken directly from the study report]
Groupa
Wk 24
Wk 52
Wk 76
Wk103
a

0 (AC)
447.9 g
536.8 g
574.7 g
594.5 g

0
(VC)
-4.0%
-5.0%
-2.6%
-1.4%

Males
0.02
(LD)
-10.0%
-13.4%
-12.1%
-12.8%

0.07
(MD)
-12.4%
-15.7%
-15.0%
-17.1%

0.2
(HD)
-12.4%
-18.1%
-18.1%
-19.0%

0
(AC)
257.2 g
290.6 g
323.4 g
345.3 g

0
(VC)
+0.9%
+1.3%
+2.4%
+1.1%

Females
0.02
(LD)
-3.8%
-4.3%
-5.0%
-6.9%

0.07
(MD)
-4.6%
-7.2%
-7.4%
-4.9%

0.2
(HD)
-5.2%
-8.1%
-9.0%
-9.4%

Dose levels described as target doses (mg/kg/day)

Figure 6 Body weight for males and females in the carcinogenicity study in rats [taken
directly from the study report]
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Feed Consumption
Food consumption was recorded once weekly up to week 16 and once every four
weeks thereafter for main study animals.
In general, there was a slight decrease in mean food consumption in males in all test
article-treated groups, with a greater and more persistent change during the first 6
months of the treatment period (see Table 18 and Figure 7). It was noted that that the
mean food consumption in the VC males was also slightly lower than in males in the AC
group, (but usually higher food consumption than in test article-treated males). Slightly
decreased mean food consumption was only noted in test article-treated females during
the first week of the treatment period.
Table 18 Percent difference of mean food consumption from the air control group
(g/animal/day) in the carcinogenicity study in rats [taken directly from the study report]
Groupa
Wk 1/2
Wk 20/21
Over
treatment
(wk 0-103)
a

0
(AC)
19.3 g
21.2 g
21.5 g

0
(VC)
-0.5%
-5.7%
-4.2%

Males
0.02
0.07
(LD)
(MD)
-7.8%
-9.3%
-7.5% -10.4%
-7.0%
-8.8%

0.2
(HD)
-8.8%
-8.0%
-7.4%

0
(AC)
14.3 g
14.4 g
15.2 g

0
(VC)
+2.8%
+2.0%
+0.7%

Females
0.02
0.07
(LD)
(MD)
-5.6% -9.1%
+0.7% -2.8%
-2.0% -3.9%

0.2
(HD)
-11.2%
0%
-3.3%

Dose levels described as target doses (mg/kg/day)

Figure 7 Food consumption in the carcinogenicity study in rats [taken directly from the
study report]
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Water Consumption
Water consumption was recorded once weekly up to week 16 and once every four
weeks thereafter for main study animals.
Slightly increased mean water consumption over the entire treatment period was
observed in males in the MD and HD groups (7.1 and 16.7%, respectively, relative to
the respective AC group [25.2 g/animal/day]) and HD females (11.3% relative to the
respective AC group [23.9 g/animal/day]).
Ophthalmoscopy
Ophthalmoscopic examinations were conducted for the first 10 main study males and
females in Groups 1 to 5 during acclimatization and the first 10 main study males and
females in the Group 2 (VC) and Group 5 (HD) towards the end of the treatment period.
There were no test article-related ophthalmoscopic findings.
Hematology
Blood samples for hematology evaluations were collected from the retro-orbital plexus
of 10 main study animals per sex from each group with the lowest animal numbers at
weeks 52 and 104 (before necropsy. The animals were fasted in metabolic cages for
approximately 18 hours before blood sampling.
There were no test article-related effects on hematology parameters.
Slight increases in mean counts of white blood cells, neutrophils and basophils in
females in test article-treated groups would not be considered of toxicological
significance since the changes were slight and/or not dose-related (see Table 19).
Table 19 Changes in the hematology parameters from the carcinogenicity study in rats
Groupa
Parameter
White
blood cells
G/l
Neutrophil
s G/l
Basophils
G/l
a

Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104

0
(AC)

0
(VC)

NC

NC

NC

Males
0.02
(LD)

0.07
(MD)

0.2
(HD)

0
(AC)

0
(VC)

NC

NC

NC

2.95

2.93

NC

NC

NC

NC

3.39

3.67

1.38

1.29

1.05

1.14

NC

NC

1.52
(+10%)
1.49
(-6%)
NC

0.63

1.63

1.54
(+12%)
2.40
(+52%)
NC

0.67

1.58

1.94*
(+41%)
1.86
(+18%)
NC

0.0060

0.0050

NC

NC

NC

NC

NC

0.0125

0.0140

Dose levels described as target doses (mg/kg/day)
Value in parentheses represents % difference from the air control group
*Statistical significance was achieved, p<0.05, relative to the vehicle group
**Statistical significance was achieved, p<0.01, relative to the vehicle group
NC= No change

39
Reference ID: 3054087

Females
0.02
(LD)
3.35
(+14%)
3.97
(+17%)
0.80
(+19%)
1.50
(+43%)
0.0070
(+17%)
0.0130
(+4%)

0.07
(MD)

0.2
(HD)

3.40
(+15%)
5.34
(+58%)
0.65
(-3%)
2.69
(+156%)
0.0070
(+17%)
0.0245*
(+96%)

3.94*
(+34%)
4.02
(+19%)
1.00**
(+49%)
1.58
(+50%)
0.0110*
(+83%)
0.0195
(+56%)
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Clinical Chemistry
Blood samples for clinical chemistry evaluations were collected from the retro-orbital
plexus of the same 10 main study animals per sex from each group that were used for
hematology evaluation at 52 weeks and before necropsy. The animals were fasted in
metabolic cages for approximately 18 hours before blood sampling.
A slightly higher level of uric acid was observed in the HD males at week 52 and HD
females at weeks 52 and 104. Slightly increased levels of globulins (e.g. alpha-2, beta
and gamma globulins) and total protein were observed in mainly in MD and HD males
and females at week 52 and occasionally at week 104 (Table 20). The toxicological
significance on these changes is unknown.
Table 20 Changes in the clinical chemistry parameters from the carcinogenicity study in
rats
Groupa
Parameter
Urea
mmol/l
Uric acid
μmol/l
Total
Protein
g/l
A2-Glob
g/l
B-Glob
g/l
B-Glob
rel. l
G-Glob
g/l
G-Glob
rel. l
A/G ratio

a

Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104
Wk
52
Wk
104

Males
0
0
(AC)
(VC)
5.26

5.25

5.12

4.60

11.5

9.7

17.2

15.6

68.42

68.57

68.59

67.25

4.84

4.84

NC

NC

14.02

13.24

15.33

14.94

0.205

0.193

0.224

0.222

1.85

1.81

3.02

2.53

0.027

0.026

0.044

0.038

1.07

1.13

NC

NC

0.02
(LD)

0.07
(MD)

0.2
(HD)

5.60
(+6%)
5.46
(+7%)
10.0
(-13%)
15.0
(-13%)
70.66
(+3%)
68.19
(-0.6%)
5.06
(+5%)
NC

5.93
(+13%)
5.57*
(+9%)
11.2
(-3%)
19.7
(+15%)
72.10**
(+5%)
68.17
(-0.6%)
5.40*
(+12%)
NC

6.13*
(+17%)
5.47
(+7%)
17.0
(+48%)
17.8
(+3%)
73.63**
(+8%)
70.47*
(+3%)
5.55**
(+15%)
NC

14.21
(+1%)
15.08
(-2%)
0.201
(-2%)
0.221
(-1%)
2.36
(+28%)
3.05
(+1%)
0.034
(+26%)
0.045
(+2%)
1.09
(+2%)
NC

15.49**
(+10%)
15.60
(+2%)
0.215
(+5%)
0.229
(+2%)
2.70**
(+46%)
3.66*
(+21%)
0.038*
(+41%)
0.054
(+23%)
1.03
(-4%)
NC

16.77**
(+20%)
16.53
(+8%)
0.228
(+11%)
0.234
(+4%)
2.73**
(+48%)
4.00**
(+32%)
0.037*
(+37%)
0.057
(+30%)
0.95*
(-11%)
NC

Females
0
0
(AC) (VC)
6.39

6.31

NC

NC

8.4

6.9

12.9

14.0

72.29

71.22

72.30

69.82

4.44

4.44

5.20

4.66

10.87

10.54

13.14

12.02

0.150

0.148

0.182

0.172

2.45

2.85

3.60

3.41

0.034

0.040

0.050

0.049

1.53

1.58

NC

NC

Dose levels described as target doses (mg/kg/day)
Value in parentheses represents % difference from the air control group
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0.02
(LD)

0.07
(MD)

0.2
(HD)

6.79
(+6%)
NC

7.26*
(+14%)
NC

6.66
(+4%)
NC

8.8*
(+5%)
12.9
(0%)
74.21
(+3%)
72.30
(0%)
4.67
(+5%)
4.87
(-6%)
11.57*
(+6%)
13.40
(+2%)
0.156
(+4%)
0.186
(+2%)
3.08
(+26%)
4.01
(+11%)
0.042
(+24%)
0.056
(+12%)
1.52
(-0.7%)
NC

8.9*
(+6%)
15.5
(+20%)
74.59
(+3%)
74.02
(+2%)
4.70
(+6%)
5.27*
(+1%)
11.99**
(+10%)
14.11*
(+7%)
0.161
(+7%)
0.191
(+5%)
3.38
(+38%)
4.79*
(+33%)
0.045
(+32%)
0.065*
(+30%)
1.42*
(-7%)
NC

11.7**
(+39%)
19.7
(+53%)
75.97**
(+5%)
74.93*
(+4%)
4.81
(+8%)
4.70
(-10%)
13.06**
(+20%)
14.33**
(+9%)
0.172*
(+15%)
0.191*
(+5%)
3.59
(+47%)
4.75*
(+32%)
0.047
(+38%)
0.063
(+26%)
1.38*
(-10%)
NC

NDA # 202-450
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*Statistical significance was achieved, p<0.05, relative to the vehicle group
**Statistical significance was achieved, p<0.01, relative to the vehicle group
NC= No change

Urinalysis
Urine samples for urinalysis were collected from the 10 main study animals per sex from
each group that were used for the evaluation of hematology and clinical chemistry after
52 weeks of treatment and before necropsy (week 104). Urine was collected during the
18-hour fasting period into specimen vials.
There were no test article-related changes in urinalysis parameters.
Increased levels of bilirubin and erythrocytes in test article-treated males and HD
females were observed (Table 21), however, the toxicological significance of these
changes is unknown without correlating histopathological findings (e.g., in the
extrahepatic bile duct, kidneys), particularly since the increase was observed in a few
animals in each group.
Table 21 Changes in the urinalysis parameters from the carcinogenicity study in rats
Groupa
Parameter
Bilirubin
μmol/l
Erythrocytes
Per μl
a

Wk
52
Wk
104
Wk
52
Wk
104

0
(AC)

0
(VC)

NC

NC

2

3

11

11

10

16

Males
0.02
(LD)

Females
0.02
0.07
(LD)
(MD)

0.07
(MD)

0.2
(HD)

0
(AC)

0
(VC)

0.2
(HD)

NC

NC

NC

NC

NC

NC

NC

NC

3
(+50%)
11
(0%)
36
(+260%)

9
(+350%)
13
(+18%)
86
(+760%)

9
(+350%)
19
(+73%)
61
(+510%)

NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

7

4

1
(-86%)

1
(-86%)

56
(+700%)

Dose levels described as target doses (mg/kg/day)
Value in parentheses represents % difference from the air control group

Gross Pathology
All animals of all groups that were moribund or found dead and all surviving main study
animals were necropsied. The surviving and all moribund animals were anesthetized by
an intraperitoneal injection of sodium pentobarbital and followed by exsanguination.
Tissues listed below were collected from all animals at necropsy and fixed in neutral
phosphate buffered 4% formaldehyde solution unless otherwise stated. The lungs were
instilled with fixative at a hydrostatic pressure of 30 centimeters of water.
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Tissues collected at the necropsy [taken directly from the study report]

There were slight increases in incidences of foci, nodules or discoloration in the several
organs (e.g., lungs, clitoral glands, bronchial lymph node, Harderian glands) in the test
article-treated groups; however, the changes were slight in magnitude (Table 22). Lung
focus/foci may correlate with non-neoplastic findings of macrophage agglomeration and
hemosiderin within bronchus-associated lymphoid tissue (BALT) and increased
macrophages. Focus/foci in Harderian glands may correlate with microscopic findings of
hyperplasia, whereas discoloration in the bronchial lymph node correlated with
microscopic finding of congestion in the HD males.
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Table 22 Macroscopic Findings from the rats that were sacrificed at the scheduled
necropsy days
Groupa

0
(AC)

0
(VC)

42

44

14
(33%)

0.2
(HD)

0
(AC)

0
(VC)

47

45

49

39

43

47

43

46

14
(32%)

28
(60%)

18
(40%)

25
(51%)

9
(23%)

14
(33%)

15
(32%)

9
(21%)

22
(48%)

-

-

-

-

-

1
(3%)

1
(2%)

1
(2%)

2
(5%)

6
(13%)

2
(5%)

2
(5%)

5
(11%)

6
(13%)

10
(20%)

6
(15%)

4
(9%)

5
(11%)

3
(7%)

5
(11%)

4
(10%)

7
(16%)

8
(17%)

9
(20%)

5
(10%)

4
(10%)

3
(7%)

5
(11%)

10
(23%)

15
(33%)

1
(2%)

3
(7%)

3
(6%)

3
(7%)

6
(12%)

0

0

0

0

0

Clitoral glands
Nodule(s)
Bronchial Node
Discoloration
Harderian
glands
Focus/Foci
Ex. Lacrimal
gland
Discoloration
a

Females
0.02
0.07
(LD)
(MD)

0.07
(MD)

Organ/Tissue
-total examined
Lung
Focus/Foci

Males
0.02
(LD)

0.2
(HD)

Dose levels described as target doses (mg/kg/day)

Organ Weights
At the scheduled necropsy days, weights of the organs listed below were recorded for
the main study animals. The combined weight of paired organs was recorded.
Organ weights collected at the necropsy [taken directly from the study report]

There were no test article-related changes in organ weights.
Decreased mean weights of the pituitary gland in the LD and MD males and LD, MD
and HD females were correlated with lower incidences of adenoma in the pituitary gland
of these groups (Table 23). The incidences of adenoma in the anterior pituitary gland
were 19, 16, 10, 8 and 14 in the AC, VC, LD, MD and HD groups of males, respectively,
and 31, 29, 19, 23 and 7 in the AC, VC, LD, MD and HD groups of females,
respectively. Similarly, increased weights were also seen for the thymus and ovaries in
some groups, due to a few animals with hyperplasia, or benign or malignant tumors in
these organs.
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Table 23 Relative organ weights of rats at week 104
a

0
(AC)

0
(VC)

Males
0.02
(LD)

0.07
(MD)

0.2
(HD)

0
(AC)

0
(VC)

0.00544

0.00497
(-9%)
0.0249
(+50%)
-

0.00276
(-49%)
0.0479
(+189%)
-

0.00319
(-41%)
0.0137
(-18%)
-

0.00668
(+23%)
0.0147
(-11%)
-

0.02229

0.02140
(-4%)
0.0820
(-21%)
0.0964
(+123%)

Group

a

Organ
Pituitary
%BW
Thymus
%BW
Ovaries
%BW

0.0166
-

0.1037
0.0433

Females
0.02
(LD)
0.01234
(-45%)
0.1106
(+7%)
0.0648
(+50%)

0.07
(MD)

0.2
(HD)

0.01323
(-41%)
0.0220
(-79%)
0.3077
(+611%)

0.00768*
(-66%)
0.0235
(-77%)
0.4778
(+1004%)

Dose levels described as target doses (mg/kg/day)

Histopathology
A histopathological examination was performed for all organs and tissues as described
under the Gross Pathology section from all main study animals of all groups and from all
TK animals which were found dead or preterminally sacrificed due to moribund
condition. However, the mammary gland was not examined in males, except two air
control males.
Peer Review: A peer review of the pathology report and selected histological sections
(b) (4)
was performed by
.
Neoplastic
There was no test article-related increase in tumor incidences.
The statistical analyses were conducted by the FDA statistician Dr. Matthew Jackson,
and there were no statistically significant test article-related neoplastic findings.
The increased incidences in tumor findings in the test article-treated groups relative to
the control groups are listed in Table 24, however, due to a very few occurrences, the
relationship to the test article cannot be established and these findings are considered
incidental.
Table 24 Neoplastic findings in rats dosed with LAS 34273 for up to 104 weeks
Dose Groupa
Organ/Tissue
Ovaries
total examined
-sertoli cell tumor
-sertoli cell tumor metastatic
-thecoma
-metastatic carcinoma
Uterus
total examined

Males
0
(VC)

0.02
(LD)

0.07
(MD)

0.2
(HD)

0
(AC)

0
(VC)

0.02
(LD)

0.07
(MD)

0.2
(HD)

-

-

-

-

-

60
0
0
0
0

60
1
0
0
0

60
0
0
0
1

60
0
0
0
1

59
2
1
1
1

-

-

-

-

-

60

60

60

60

59
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0
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Dose Groupa

Males
0
(AC)

Organ/Tissue

0
(VC)

0.02
(LD)

Females
0.07
(MD)

0.2
(HD)

0
(AC)

0
(VC)

0.02
(LD)

0.07
(MD)

0.2
(HD)

3
0
3

8
0
8

9
1
10

5
1
6

8
1
9

-Stromal polyp
-Stromal sarcoma
-total (polyp+sarcoma)
a
Dose levels described as target doses (mg/kg/day)

Non-Neoplastic
A slight increased incidence of congestion in the lung was observed in the MD and HD
females. Macrophage agglomeration and hemosiderin within bronchus-associated
lymphoid tissue (BALT) and macrophage were slightly increased in the HD males and
MD and HD females (Table 25).
Slightly higher incidences of nematodes found in the colon were observed in HD males
and females.
Increased incidences of Harderian gland hyperplasia were observed for males in all test
article-treated groups.
Congestion in the tracheobronchial lymph node was increased for males in the HD
group.
Increased incidences of granulosa cell hyperplasia were observed in the ovaries of test
article-treated females as well as vehicle control-treated females. Due to the high
incidence in the vehicle control group, this finding might be attributed to the vehicle
effect.
Increased incidences of squamous metaplasia in the larynx were noted in the test
article-treated groups of males and females (these are rat-specific findings attributed to
mechanical irritation and commonly observed in inhalation studies with rats).
In general, there were a dose-related increase in incidence of hyaline inclusions in nasal
cavities (level I-VI) in the test article-treated groups of males and females. However, the
findings in the nasal cavities in rats were not relevant to the humans since the drug is
administered via oral inhalation in patients. Any other findings listed in Table 25 were
considered incidental.
Table 25 Non-neoplastic findings in rats treated with LAS 34273 for up to 104 weeks
Dose Groupa
Organ/Tissue
Nasal cavities
(Level I)
total examined
-Hyaline inclusions

Males

Females

0
(AC)

0
(VC)

0.02
(LD)

0.07
(MD)

0.2
(HD)

0
(AC)

0
(VC)

0.02
(LD)

0.07
(MD)

0.2
(HD)

60
1

60
1

60
1

60
1

60
3

60
1

60
1

60
5

60
3

60
9
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Dose Groupa
Organ/Tissue
Nasal cavities
(Level II)
total examined
-Hyaline inclusions
Nasal cavities
(Level III)
total examined
-Hyaline inclusions
Nasal cavities
(Level IV)
total examined
-Hyaline inclusions
Larynx (Level VI)
total examined
-Squamous
metaplasia
Lung
total examined
-Congestion
-Hemosiderin: BALT
-Hemosiderin:
macrophage
-Macrophage

Males

Females

0
(AC)

0
(VC)

0.02
(LD)

0.07
(MD)

0.2
(HD)

0
(AC)

0
(VC)

0.02
(LD)

0.07
(MD)

0.2
(HD)

60
1

60
3

60
8

60
10

60
26

60
2

60
4

60
11

60
16

60
23

60
9

60
9

60
17

60
16

60
32

60
11

60
15

60
27

60
30

60
38

60
13

60
12

60
22

60
20

60
32

60
11

60
15

60
21

60
29

60
38

42
16

45
9

47
20

46
24

48
25

38
5

43
4

48
10

41
15

47
16

60
2
0
0

60
4
0
0

60
2
0
0

60
2
1
0

60
4
8
10

60
0
1
0

60
1
2
0

60
2
6
0

60
7
9
3

60
9
30
17

0

0

0

0

8

0

0

0

2

13

13

12

10

13

7

9

60
16

60
2

60
3

60
0

60
3

59
9

60
4

60
8

60
13

60
16

60
15

59
14

6

0

0

2

0

2

-

60
5

60
18

60
11

60
14

59
17

59
14

58
6

60
6

57
6

57
5

59
6

60
20

60
1

60
2

60
2

60
4

60
4

agglomeration
-Alveolitis
3
1
15
15
Colon
total examined
59
60
60
60
-Nematodes
2
4
2
4
Kidneys
total examined
60
60
60
60
-Medullar
0
0
6
4
mineralization
-Pyelonephritis
2
2
1
3
Ovaries
total examined
-Granulosa cell
hyperplasia
Tracheobronchial
lymph node
total examined
57
57
57
55
-Congestion
3
3
6
6
Harderian glands
total examined
60
60
60
60
-Hyperplasia
3
1
12
11
a
Dose levels described as target doses (mg/kg/day)
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Toxicokinetics
Blood samples were collected from the caudal vein of the TK animals after the daily
exposure on Day 1, after/at weeks 26, 52 and 104 at the following designated time
points: <10 min, 30 min, 1, 2, 4, and 24 hours postdose for the test article-treated
groups, and <10 min, 30 min postdose for the AC and VC groups. The plasma
concentrations of LAS 34273 and its metabolites LAS 34823 and LAS 23850 were
determined using the LC-MS/MS method. The quantitative measurements in 100 μl of
rat plasma were within the concentration range of 0.2-30 ng/ml for LAS 34273 and
LAS 24823, and 2-100 ng/ml for LAS 34850.
Systemic exposure to LAS 34273 increased with increasing dose, with no clear
exposure difference between males and females (Table 26). The mean plasma levels
observed in weeks 52 and 104 were higher than those observed on Day 1 and in week
26. It was stated that in week 104, the concentrations found at the LD in males at 24 h,
and in females at 4 and 24 h, differed significantly from the other values of the
concentration-time profile and thus these values were not used for the calculation of
Cmax, Cmin or AUC(0-24) to avoid the overestimation of these parameters.
The systemic exposure of the metabolite LAS 34850 tended to be higher than the
parent compound LAS 34273, generally achieving AUC(0-24) values between 5- and
36-fold higher than those of the parent compound (Table 27). The plasma levels of the
alcohol metabolite LAS 34823 were lower than those of the parent compound.
It was stated that no plasma concentrations of LAS 34273, LAS 34823 and LAS 34850
were found in any of the samples from animals in the air or vehicle control groups.
However, the data from these control animals were not included in the study report and
thus, the data could not be verified.
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Table 26 Toxicokinetic parameters of LAS 34273 and its metabolite LAS 34823 and
LAS 34850 from the carcinogenicity study in rats [taken directly from the study report]
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Table 27 Ratios between Cmax or AUC values for LAS 34850 (main metabolite) and
LAS 34273 (parent compound) from the carcinogenicity study in rats [taken directly from
the study report]

Dosing Solution Analysis
The test article or lactose concentrations, particle size distribution, oxygen
concentration, relative humidity and temperature were measured from test atmosphere
samples collected from a port of the exposure chamber. It was stated that airflow rates
were measured during the collection of samples for the determination of concentrations
and particle size distribution using calibrated dry-test meters and pressure gauges.
For determination of the aerosol mass concentration (mass of the formulation in the
inhaled air), gravimetric determinations were performed generally once daily in
Groups 2 to 5 using Millipore® Durapore filters (type HVLP) from a medium level of the
exposure system. Filters from the top and the bottom levels were also collected
simultaneously on three occasions during the course of the study to determine possible
differences in the aerosol concentrations within the exposure systems. In addition, to
determine the concentration of test article LAS 34273 in the generated aerosol for
Groups 3 to 5, chemical analyses were performed at least once weekly using an HPLC
method with samples collected from Whatman Glass Fibre filters (type GF/C).
The distribution of particle size in the generated atmosphere in Groups 2 to 5 was
measured by gravimetry using a 7-stage Mercer cascade impactor at the start of
exposure and every second month thereafter. The samples from Groups 3 to 5 were
also analyzed chemically using an HPLC method. The mass median aerodynamic
diameter (MMAD) and the geometric standard deviation (GSD) were calculated for each
group using the results from the Mercer impactor.
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Temperature, relative humidity and oxygen concentration were stable during the
treatment period. Slightly higher relative humidity values in the HD group (mean 8.5%
vs. 2.9% in the AC group and 4.4% in the VC group) were not considered to impact the
integrity of the study. The gravimetrically and chemically determined mean aerosol
concentrations during the entire treatment period were presented in Table 28, and the
number of measurements and its coefficient of variation (CV) were also presented in the
table. The MMAD and the GSD, which describes the aerosol particle sizes and
distribution patterns are presented in the Tables 29 and 30. These data in the tables
are mean values of MMAD and GSD calculated from each sampling time throughout the
treatment period, and their range, which encompass the value at each sampling time.
The MMAD and GSD values were acceptable.
Table 28 Gravimetrically and chemically determined mean aerosol concentrations
during the entire treatment period in the carcinogenicity study in rats [taken directly from
the study report]

Table 29 The values for gravimetrically determined mass median aerodynamic diameter
(MMAD) and the geometric standard deviation (GSD) for lactose or LAS 34273 lactose
blend from the carcinogenicity study in rats [taken directly from the study report]

Table 30 The values for chemically determined MMAD and GSD for LAS 34273 from
the carcinogenicity study in rats [taken directly from the study report]
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Non-neoplastic target organ of toxicity in both mice and rats was nasal cavities,
however, the findings in the nasal cavities were judged to not be relevant to human use
of the drug. Increased incidences of squamous metaplasia in the larynx were noted in
male and female rats, however, this finding is a rat-specific finding (attributed to
mechanical irritation and commonly observed in inhalation studies with rats). In
addition, increased incidences in the macrophage agglomeration and hemosiderin
within bronchus-associated lymphoid tissue and macrophage were observed in the
lungs of rats. Increased incidences of Harderian gland hyperplasia and congestion in
the tracheobronchial lymph node were also noted in male rats.
Systemic exposure to LAS 34273 increased with increasing dose with no clear
difference between males and females in both mice and rats.
The plasma
concentrations of the acid metabolite LAS 34850 were significantly greater than the
parent compound, whereas the plasma levels of the alcohol metabolite LAS 34823 were
lower than the parent compound.
In the table below, exposures achieved in the mouse and rat carcinogenicity studies are
compared to the exposure achieved in humans with the clinical dose of 400 μg BID.
Note that TK data in week 52 from both mouse and rat studies were used for exposure
margin calculations although the last TK data collection in the rat study was week 104.
As described in the Toxicokinetics section of the rat study, significantly higher plasma
levels were observed at several different time points in week 104, and these values
were not used for the calculation of TK parameters to avoid the overestimation. Thus,
the TK data from week 52 in rats appear to be more reliable for exposure margin
calculation. Exposure margins for mouse to human are greater than 1. Exposure
margins for rat to human are greater than 1 for LAS34273; however, exposure margins
are less than 1 for metabolites at low and/or mid dose.
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Table 31 Exposure ratios of clinical exposure
Study

Achieved
Dose
(mg/kg/day)

2-year
mouse
2-year
rat

0.29
0.79
2.4
0.019
0.069
0.20

Study

Achieved
Dose
(mg/kg/day)
2-year
0.29
mouse
0.79
2.4
2-year
0.019
rat
0.069
0.20
Study

Achieved
Dose
(mg/kg/day)
2-year
0.29
mouse
0.79
2.4
2-year
0.019
rat
0.069
0.20

LAS 34273
AUC @wk 52 Cmax @wk 52
(ng.hr/ml)
(ng/ml)
M
21.6
47.9
50.9
5.16
11.8
22.1

F
18.1
44.6
50.0
10.9
14.5
25.4

Human AUC
=0.392
ng.hr/ml
M
F
55
46
122
114
130
128
13
28
30
37
56
65

Human
Cmax =0.077
ng/ml
M
F
17
25
47
48
171
87
13
39
16
45
109
164

8.08
16.8
25.3
0.455
0.623
8.00

Human AUC
=1.114
ng.hr/ml
7.3
8.7
15
24
23
0.4
0.08
0.6
6.4
7.2

Human
Cmax =0.071
ng/ml
18
15
28
70
44
8.5
3.0
12
16
35

1136
2582
3815
14.1
68.7
358

Human AUC
=38.26
ng.hr/ml
15
30
35
67
65
100
0.09
0.4
2.2
1.8
8.7
9.4

Human
Cmax =1.936
ng/ml
23
47
67
108
104
153
2.3
2.7
4.8
5.2
13
13

M
F
1.30
1.90
3.62
3.73
13.2
6.67
0.981
3.01
1.24
3.43
8.42
12.6
LAS 34823
AUC @wk 52 Cmax @wk 52
(ng.hr/ml)
(ng/ml)
9.70
26.7
0.088
7.13

BLQ
1.31
1.05
2.01
4.99
3.12
BLQ
0.606
0.211 0.830
1.17
2.49
LAS 34850
AUC @wk 52 Cmax @wk 52
(ng.hr/ml)
(ng/ml)
570
1348
2506
3.32
84.2
331

45.4
129
201
4.43
9.27
24.5

91.7
210
296
5.18
10.1
26.1

The AUC and Cmax values of human dose of 400 μg BID, which are the overall mean values
extrapolated from those obtained in young and elderly COPD patients (n = 24) on day 3 of
treatment with an inhaled daily dose of 400 μg QD (clinical study No. M/34273/09).
“-”: not applicable because all plasma levels were below the limit of quantification
BLQ = below the limit of quantification

The Exec CAC had the following conclusion for the 2-year rat and mouse
carcinogenicity studies with aclidinium bromide (see meeting minutes dated November
15, 2011 for additional details):
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Appendix/Attachments

Appendix 1: ECAC Meeting Minutes dated March 30, 2004
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