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Disclaimer
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 209963 are owned by Genus Life Sciences Inc or are 
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Any information or data necessary for approval of NDA 209963 that Genus Life 
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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 209963.
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reproductive and developmental toxicity study findings are believed to be the results of 
not just Cmax, but also AUC, and exposures margins for these studies are based on 
AUC comparisons.  As adequate AUC data were not generated, the exposure margins 
for the reproductive and developmental toxicity study findings in the labeling will be 
based on body surface area   Granted, 
use of body surface area will likely result in lower exposure margins and an 
overestimate of concern; however, Cmax comparisons are not appropriate and AUC data 
were not generated.  As such, we are limited to calculating exposure margins based on 
human equivalent dose conversions based on body surface area.

Review of the submitted studies that address endpoints consistent with fertility and early 
embryonic development studies indicated that cocaine can alter female reproductive 
hormones and cyclicity.  These changes are likely to have an impact on a dedicated 
female fertility and early embryonic development study and should be included in 
labeling.  Fertility data in females were not found in the literature cited by the Applicant.  
A dedicated female fertility study should be completed as a post-marketing requirement.  
In terms of male fertility, the collective published studies suggest that cocaine treatment 
of younger males can have adverse effects on the testes.  These data suggest that 
effects are not likely to occur after a single dose; however, the published studies do 
collectively address testicular histopathology, sperm morphology, and fertility in male 
rats, typical endpoints in a modern male fertility study.  The greater impact on juvenile 
testes should also be noted in labeling.  A new dedicated male fertility study that 
includes toxicokinetic data does not appear to be necessary given these findings.  In the 
absence of adequate exposure data, given these findings, male reproductive endpoints 
should be included in the juvenile animal studies.

Review of the submitted published literature to inform embryo-fetal development is also 
complicated by the lack of adequate bridging exposure (AUC) data.  Nonetheless, the 
existing studies indicate that cocaine can have adverse effects on fetal development.  
Hydrocephalus, cryptochordism, hydronephrosis, hemorrhage, and delays in 
ossification were noted in several studies at doses of cocaine that were 1.7-times the 
human reference dose of 58 mg (estimated amount of cocaine absorbed from the 
pledgets).  Various other malformations have also been reported in these studies.  The 
Applicant maintains that these effects occur only at lethal or near lethal maternally toxic 
doses; however, maternal toxicity was not noted in the mouse studies.  Many of the 
studies submitted include some, but not all, of the standard endpoints for a valid 
embryo-fetal study and therefore, although these adverse effects should be included in 
labeling, dedicated embryo-fetal studies in the rat and rabbit are recommended as post-
marketing requirements not only to provide valid GLP studies but also to obtain 
adequate toxicokinetic data and further inform labeling.

Although complete pre- and post-natal development (PPD) studies have not been 
published in the literature.  Collectively, there are several published studies that 
examined the impact of gestational exposures to cocaine on the offspring and include 
most of the endpoints that would be captured in a dedicated modern PPD study.  
However, none of the studies included exposure of the offspring to drug that may be 
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present in breast milk (during lactation period prior to weaning) as would typically be 
done in a modern PPD study.  Nonetheless, the existing data in the nonhuman primate 
suggest little to no adverse effects at 1-times the daily human reference dose (HRD) 
based on body surface area comparisons whereas at 6.7 times the HRD deficits in 
orientation, attention, and motor function were noted.  Rat studies generally always 
tested doses that were within the maternally toxic range making interpretation difficult, 
nonetheless, significant adverse behavioral effects were rarely reported.  The existing 
data fail to test reproductive capacity of the offspring, a standard endpoint in a modern 
PPD study.  Although the existing literature does capture many of the standard 
endpoints of a PPD study, given the lack of reproductive testing, lack of drug exposure 
via lactation, evidence for drug accumulation in milk, and lack of adequate toxicokinetic 
data to fully inform these endpoints, a dedicated rat PPD study is recommended as a 
post-marketing requirement.

The Applicant submitted 15 published studies that tested the effects of cocaine in 
juvenile and/or adult animals and conclude that the types of effects noted in juvenile 
animals are similar to those seen in adults.  Their exposure comparisons, when present, 
are based on plasma levels rather than AUC and therefore are significantly greater than 
those based on body surface area.  Although the applicant cited and summarized 
several papers that tested the effects of cocaine in younger animals, these select 
references do not appear to be a full evaluation of the existing literature.  Further the 
literature does not contain exposure data (AUC) that allows for dose comparisons 
across species.  Their literature review and analysis does not specifically address the 
impact of cocaine on the developing brain.  A comprehensive evaluation that includes 
histopathology plus functional behavioral assessments to support pediatric studies is 
recommended.  As agreed in the pediatric study plan (PSP) dedicated juvenile animal 
studies will be completed.  The studies should be designed to test the effects of cocaine 
on the early brain development as well as adolescent brain development and will be 
completed prior to clinical studies in pediatric patients.  Therefore, dedicated juvenile 
animal studies are recommended to be completed as post-marketing requirements.

However, it is noted that the Applicant only summarized a limited number of articles in 
the public domain and, during the review of these cited studies, the review team noted 
that there are a considerable number of publications that address the developmental 
effects of cocaine that were not submitted or reviewed by the Applicant.  For example, a 
PubMed search for “cocaine and ‘brain development’ and animal” alone conducted on 
October 31, 2017 resulted in 67 publications retrieved.  Due to time constraints, an 
independent search, retrieval, and analysis of these publications could not be 
completed in this cycle.

1.3 Recommendations
1.3.1 Approvability
From a nonclinical pharmacology toxicology perspective, given the extensive history of 
clinical use of this marketed unapproved drug product, the NDA may be approved 
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pending agreement on the proposed drug product labeling and with the postmarketing 
requirements listed below.

1.3.2 Additional Nonclinical Recommendations
Should the NDA be approved in this cycle, we recommend the following postmarketing 
requirements:

1. Conduct a juvenile animal study to characterize the impact of cocaine on brain 
development and male reproductive tissue and development to support pediatric 
dosing in children under 3 years of age.

2. Conduct a juvenile animal study to characterize the impact of cocaine on brain 
development and male reproductive tissue and development to support pediatric 
dosing in children 3 years of age to less than 17 years of age.

3. Conduct a female fertility and early embryonic development study in the rat 
model to adequately characterize the effect of cocaine on female fertility and 
early embryonic development.

4. Conduct an embryo-fetal development study in the rat model to characterize the 
teratogenic potential of cocaine.

5. Conduct an embryo-fetal development study in the rabbit model to characterize 
the teratogenic potential of cocaine.

6. Conduct a pre- and post-natal development study in the rat model to characterize 
the impact of cocaine on development, including exposure during lactation to 
weaning, growth and development, functional assessments, and reproductive 
capacity of the offspring.

7. Submit a complete histopathological assessment from the 14-day rat intranasal 
toxicology study testing  (Study Number 256501 or 558503) and 
revise the final study report accordingly.

1.3.3 Labeling
The following changes to the Applicant’s proposed labeling are recommended in the 
table below (deletions are highlighted in red strikethrough and additions are highlighted 
in purple).  Refer to the action letter for final drug product labeling.

Applicant’s proposed labeling Reviewer’s proposed changes Rationale for changes
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Applicant’s proposed labeling Reviewer’s proposed changes Rationale for changes
Data Data

Animal Data

Formal animal reproduction and 
development studies have not 
been conducted with intranasal 
cocaine hydrochloride.  
However, reproduction and 
development studies with 
cocaine have been reported in 
the published literature.  
Exposure margins for the 
following published studies are 
based on body surface area 
conversion using a human 
reference dose (HRD) of 58 mg, 
which is 36% of the maximum 
recommended human dose of 
160 mg that is estimated to be 
absorbed from the pledgets.

Cerebral hemorrhage, 
hydrocephalus, limb anomalies, 
and incomplete ossification of 
femoral bones were observed 

Data source:  (Abdel-Rahman 
and Ismail, 2000)
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Applicant’s proposed labeling Reviewer’s proposed changes Rationale for changes
when pregnant mice were 
administered 20 mg/kg/day 
cocaine intravenously (1.7 times 
the HRD) from Gestation Day 6 
to 15. No maternal toxicity was 
observed.

In another intravenous study, 
incomplete ossification (sternum 
and supraoccipital bone), 
hydrocephalus, hydronephrosis 
and cryptochidism were reported 
when pregnant mice were 
administered 20 mg/kg/day of 
cocaine (1.7 times the HRD) 
from Gestation Day 9 to 12.  No 
adverse effects were observed 
following 10 mg/kg/day of 
cocaine (0.84 times the HRD).  
No maternal toxicity was 
observed.

In different strains of mice, 
immaturely developed cerebral 
ventricles, hydronephrosis, 
dilated or cystic ureters, and cleft 
lip/palate were noted at doses 
greater than 40 mg/kg/day (3.4 
times the HRD) when 
administered from Gestation Day 
6 to 10 to pregnant females.  
These adverse findings were not 
present at a dose of 20 
mg/kg/day (1.7 times the HRD).  
No evidence of maternal toxicity 
were noted.

Following a single subcutaneous 
injection of cocaine at 60 mg/kg 
(5 times the HRD) to pregant 
mice between Gestation Day 7 
to 12, exencephaly, 
cryptochidism, hydronephrosis, 
anophthalmia, and delayed 
ossification were reported.  In 
addition, visceral malformations 
that included limb anomalies, 
cerebral and intra-abdominal 
hemorrhage were observed at 
this dose.  No significant 
maternal toxicity was noted at 
this dose.

In pregnant rats administered 

Data source:  (Mehanny et al., 
1991)

Data source:  (Finnell et al., 
1990)

Data source:  (Mahalik et al., 
1980)

Data source:  (Church et al., 
1988)
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Applicant’s proposed labeling Reviewer’s proposed changes Rationale for changes
cocaine subcutaneously (40-90 
mg/kg/day) from Gestation Day 
7 to 19, dose-dependent 
increase in incidences of fetal 
and maternal mortality and 
decreased body weight were 
observed at doses greater than 
60 mg/kg/day (10 times the 
HRD).  Fetal edema, 
hemorrhage were observed in 
cocaine-treated litters at 10 
times the HRD and 
microencepahly at 15 times the 
HRD.  No adverse effects were 
noted following 50 mg/kg/day 
(8.3 times the HRD).

In another rat study, fetal and 
maternal deaths, decreased fetal 
body weights, edematous 
fetuses and single incidences of 
cleft palate and hypertrophic 
ventricle were observed after 
intraperitoneal cocaine injection 
at 60 mg/kg/day (10 times the 
HRD) from Gestation Day 8 to 
12.  No adverse effect level for 
fetal and maternal toxicity was 
noted at 50 mg/kg/day (8.3 times 
the HRD).

Following single injection of 
cocaine at a dose of 50 
mg/kg/day or higher (8.3 times 
the HRD) during Gestation Day 
9 to 19, hemorrhage and edema 
was observed when only 
external malformations were 
evaluated.  Increased 
resorptions were noted at doses 
higher than 70 mg/kg/day (12 
times the HRD) when 
administered on Gestation Day 
16.  No adverse effects were 
reported at a dose of 40 mg/kg 
(6.7 times the HRD).

Data source:  (Fantel and 
Macphail, 1982)

Data source:  (Webster and 
Brown-Woodman, 1990)
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Applicant’s proposed labeling Reviewer’s proposed changes Rationale for changes

In published rat studies, prenatal 
cocaine administration produced 
hypoactivity in the pups and 
abnormal open field activity (5 
times the HRD) and deficits in 
associational learning (6.7 times 
the HRD) in the absence of 
maternal toxicity.  Decreased 
birth weights, pup body weight 
gain (6.7 to 10 times the HRD) 
and increased still births and 
postnatal mortality (13 times the 
HRD) were noted in the 
presence of maternal toxicity 
(decreased body weights and 
mortality).

A published study reported 
decreased body weights, overall 
body length and crown 
circumference of offspring from 
pregnant Rhesus monkeys 
treated with escalating doses up 
to 7.5 mg/kg cocaine TID 
intramuscularly per day for 5 
days per week from prior to 
conception to term (7.5 times the 
HRD)

In other published studies, there 
were no adverse effects on 
physical development or 
cognitive testing of the offspring 
from pregnant Rhesus monkeys 
treated with 0.3, 1.0, or 
escalating doses up to 8.5 mg/kg 
TID intramuscularly per day 
cocaine from Gestation Day 28 
to term five days per week (0.3, 

Data source:  (Johns et al., 
1992a, Johns et al., 1992b)

Data Source:  (Church and 
Overbeck, 1990, Church et al., 
1990)

Data Source:  (Morris et al., 
1997)

Data Source:  (Morris et al., 
1996a, Morris et al., 1996b)

Reference ID: 4192384
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Applicant’s proposed labeling Reviewer’s proposed changes Rationale for changes
1.0, or up to 8.6 times the HRD).  
There was no evidence of 
maternal toxicity in these studies 
under the conditions tested.

In another published study, 
behavioral alterations in primate 
infants as assessed by a primate 
neonatal behavioral assessment 
battery were demonstrated 
following 10 mg/kg BID oral 
cocaine administration to 
pregnant Rhesus monkeys from 
GD 40 to 102 (6.7 times the 
HRD).

Data Source:  (He et al., 2004)

8.2 Lactation 8.2 Lactation

We defer to the Clinical and 
Maternal Health Team 
regarding the adequcy of the 
human lactation labeling 
proposed.

Reference ID: 4192384
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cocaine (2.5 times the HRD) daily 
for at least 28 days prior to mating 
demonstrated increased 
apoptosis of germ cells.  Studies 
in younger male rats 
demonstrated more pronounced 
effects [See 8.4 Pediatric Use]. 

In a second published study in 
older male rats (16 weeks) 30 
mg/kg cocaine SC (5 times the 
HRD) for 72 days prior to mating 
did not alter male fertility or alter 
male reproductive tissue 
histopathology but did increase 
the incidence of abnormal sperm 
and resulted in hyperactivity of 
next generation offspring.

Data Source:  (Abel et al., 
1989)

Acute parenteral administration of 
cocaine to female rats increased 
luteinizing hormone and 
progesterone by approximately 2-
fold at 0.3 to 2.5 times the HRD.     

Data Sources: (Mello et al., 
1990, Mello et al., 1993, 
Quinones-Jenab et al., 2000, 
King et al., 2001)   

We recommend moving this up 
to be above the female data on 
cyclicity.

2 Drug Information
2.1 Drug
CAS Registry Number:  53-21-4

Generic Name:  Cocaine hydrochloride

Code Name

Reference ID: 4192384
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Chemical Name:  Ecgonine methyl ester benzoate hydrochloride 3β - hydroxy-1αH, 5αH 
- tropane - 2β-carboxylic acid methyl ester benzoate hydrochloride

Molecular Formula/Molecular Weight:  C17N21NO4∙HCl/339.1

Structure or Biochemical Description

Pharmacologic Class

Currently there is no established pharmacologic class (EPC) for cocaine.  The EPC in 
drug product labelling is intended to provide the health care professional information a 
drug and how it relates to other therapeutics.  The EPC must be represented by a term 
or phrase that is scientifically valid and clinically meaningful.  Per the FDA guidance, the 
pharmacologic class is defined based on these attributes of a drug: mechanism of 
action (MOA), physiologic effect (PE), and chemical structure (CS).  This Reviewer is 
proposing that a pharmacologic class be instituted based on cocaine’s MOA.  It is 
recommended that an EPC for cocaine to be “ester local anesthetic”.  Chloroprocaine 
and tetracaine are both ester local anesthetics and their EPC has been designated as 
such.  We feel it is logical to employ the same EPC for cocaine.  Chloroprocaine and 
tetracaine are both ester local anesthetics and their EPC has been designated as such.  
We feel it is logical to employ the same EPC for cocaine.  Cocaine is an ester local 
anesthetic indicated for local anesthesia of nasal tissues.  

In discussion with the clinical review team, the clinical review team concurs with the 
nonclinical review team proposed established pharmacologic class for cocaine.

2.2 Relevant INDs, NDAs, and DMFs

Status Division Indication Stamp Date Applicant
INDs

118527 Active DAAAP Local anesthesia for diagnostic procedures 
and surgeries on or through the accessible 
mucous membranes of the nasal cavities

05/02/12014 Genus Life 
Sciences Inc

NDAs
209963 Active DAAAP Anesthesia prior to diagnostic procedures or 

surgery of the accessible mucous membranes 
of the nasal cavities

11/23/2016 Genus Life 
Sciences Inc

DMFs
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Impurity Structure Proposed 
Specification

Acceptable? 
(Rationale)

Reviewer’s Comments

Yes; does 
not exceed
ICH Q3A(R2)
qualification 
threshold

Yes; does 
not exceed
ICH Q3A(R2)
qualification 
threshold

Yes; does 
not exceed
ICH Q3A(R2)
qualification 
threshold

No; exceeds
ICH Q3A(R2)
qualification 
threshold 
(see safety 
justification 
discussion 
below).

Yes; does 
not exceed 
ICH Q3A(R2) 
identification 
threshold

Safety Justification for 

In several interactions with the Division, the Applicant was repeatedly advised to qualify 
any impurity that was above qualification thresholds.   

 has a specification of NMT %, which exceeds ICH Q3A(R2) 
qualification threshold of %.  Therefore, the Applicant conducted a full genetic 
toxicology battery that included an Ames assay, a chromosomal aberration assay, and 
an in vivo combined micronucleus and alkaline comet assay, which are reviewed in 
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1 (for fetal toxicity with maternal toxicity)
5 (for fetal toxicity without maternal toxicity or 
teratogenic effects with maternal toxicity)
10 (for teratogenic effect without maternal 
toxicity)
X (for genotoxicity or carcinogenicity or 
neurotoxicity concerns)

F5 (if no NOAEL was established) 1 if NOAEL established
Up to 10 if LOAEL only available pending 
severity of toxicity

Reference ID: 4192384
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The proposed specification for the levels of  is adequately justified.
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1 Based on calculations in ICH Q3C(R5): Impurities:  
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Drug Product Degradants

Impurity Structure Proposed 
Specification

Acceptable? 
(Rationale)

Reviewer’s 
Comments
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Impurity Structure Proposed 
Specification

Acceptable? 
(Rationale)

Reviewer’s 
Comments

identification 
threshold

Container Closure System:

The figures below illustrate the container closure system (Applicant’s  
Report, page 4).  The drug product will be packaged in a container closure system 
which consists of a 0.5 oz amber glass bottle and a cap fitted with a 

 liner.

The manufacturer and DMF for the proposed components of the container closure 
system for the cocaine hydrochloride topical solution is described in the table below.
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Elemental Impurities

The Applicant evaluated the final drug product for the presence of elemental impurities 
in accordance with ICH Q3D.  In addition, the potential for elemental impurities via the 
container closure system was also examined.  The analysis demonstrated that all 
elemental impurities were adequately control within ICH Q3D permissible levels. 
 

2.6 Proposed Clinical Population and Dosing Regimen
The drug product is an aqueous solution of 4% cocaine hydrochloride that is indicated 
for use as a local anesthetic for diagnostic and surgical procedures on or through the 
mucous membranes of the nasal cavities in adults.  It is administered at the time of the 
surgical procedure as a single, 160 mg intranasal dose is a solution using specific sized 
pledgets (2 pledgets per nare, each pledget 1.3 cm x 4 cm).  Each of the four pledgets 
absorbs 1 mL of solution.  The total dose for any one procedure is 160 mg cocaine 
hydrochloride.
 
The maximum human recommended dose is two pledgets per nare, each containing 40 
mg of cocaine hydrochloride, applied to each nasal cavity for a total dose of160 mg/day.  

Reference ID: 4192384
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reference list at the end of the document for the citations leveraged to support this 
application.

3.2 Studies Not Reviewed 
None

3.3 Previous Reviews Referenced
None

4 Pharmacology
4.1 Primary Pharmacology
The Applicant did not conduct any new nonclinical pharmacology studies in support of 
their cocaine hydrochloride product.  The Applicant submitted a summary of the 
pharmacology of cocaine from the published literature.  The pharmacology information 
from the published literature is summarized as follows:

Mechanism of action:

Local Anesthesia

Cocaine’s mechanism of action has been well described in the published literature 
(Noorily et al., 1995).  Cocaine is a local anesthetic of the ester type.  Cocaine produces 
its local anesthetic effects by reversibly binding to and inactivating sodium channels; 
thus, preventing the transient rise of sodium conductance essential for the generation of 
an action potential (Matthews and Collins, 1983, Crumb and Clarkson, 1990).  Because 
of this block, the ion exchange which is normally responsible for the electrical signals 
cannot be propagated along the axon, thus the sensory messages are not received in 
the central nervous system and sensation is loss.

4.2 Secondary Pharmacology
The Applicant did not conduct any secondary pharmacology studies to elaborate on the 
binding profile of cocaine.  Instead, they are relying upon the published literature to 
characterize the secondary pharmacological effects of cocaine.  

Vasoconstriction

As per the Applicant, the  vasoconstrictive properties of cocaine are mediated via the 
effect on sodium channels and via its action as a monoamine uptake inhibitor (Schwartz 
et al., 2010).  norepinephrine neurotransmitter signaling pathway.  Cocaine is a potent 
indirect-acting sympathomimetic agent; it interferes with the uptake of norepinephrine by 
adrenergic nerve terminal and increases the concentration of norepinephrine at 
postsynaptic receptors in blood vessels to produce vasoconstriction which reduce 
congestion, swelling and bleeding at the site of application.
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Stimulant

The central and peripheral effects of cocaine lie in its actions on the monoamine 
neurotransmitters.  Cocaine binds differentially to the dopamine, serotonin, and 
norepinephrine transport proteins and directly prevents the re-uptake of dopamine, 
serotonin, and norepinephrine into pre-synaptic neurons, subsequently, elevating the 
synaptic concentrations of these neurotransmitters (Wise, 1984).

Reward

The euphoric effect of cocaine is primarily mediated via its action on dopamine in the 
reward pathway of the brain (Tella, 1995).  However, dopamine alone is not entirely 
responsible for the rewarding effects of cocaine and cocaine is still self-administered in 
DA knockout mice (Sora et al., 1998).  The primary effects of cocaine on the reward 
pathway are depicted in the figure below.  Cocaine enhances the level of dopamine in 
the ventral tegmental area, the nucleus accumbens and the caudate nucleus by binding 
to the dopamine transporters on the pre-synaptic membranes of dopaminergic neurons.  
Cocaine binding inhibits the removal of dopamine from the synaptic cleft and its 
subsequent degradation by monoamine oxidase in the nerve terminal.  Dopamine 
remains in the synaptic cleft and binds to the post synaptic membrane, producing 
further nerve impulses.  The increased activation of the dopaminergic reward pathway 
leads to the feeling of euphoria associated with cocaine.

Figure 1. Cocaine action on dopaminergic neurons (Source CNSforum.com).

The Applicant also cited literature references that suggest cocaine can also have 
antagonistic effects at muscarinic M2, glutamate, sigma, NMDA, and kappa opioid 
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receptors; whoever, the significance of any interactions with these receptors, if any, is 
unclear (Lluch et al., 2005, Riezzo et al., 2012).

4.3 Safety Pharmacology
The Applicant did not conduct any safety pharmacology studies.  Also, the Applicant 
stated that “no ICH-compliant GLP Safety Pharmacology studies have been conducted 
on cocaine HCl per ICH S7A.”  However, the Applicant identified numerous published 
reports in the literature that evaluate the safety pharmacology of cocaine.

Although the drug is intended to act locally, systemic absorption of the drug does occur 
which can alter key physiological systems.

Neurological effects:  The neurological effects of cocaine have been characterized in 
several studies performed in rodents and primates.  Studies conducted in rats and mice 
have shown that cocaine produce psychomotor stimulant effects.  At high doses 
cocaine induces lethality and convulsions.  A summary of these studies is provided 
below.

CNS Safety Pharmacology
Author(s) Key Findings

(Katz et al., 
1992)

Species/strain:  Mice/Swiss Webster
Doses: 10 mg/kg to 102 mg/kg
Route: IP
Number/Sex/Group:6-8/male/group

• Cocaine stimulated motor activity (ED50 = 0.92 mg/kg), 
• Convulsion were produced at doses from 55 to 80 mg/kg (HED 

of 165 to 240 mg/kg based on body surface area; ED50 = 59 
mg/kg).

• Cocaine produced lethality at doses ranging from 70 to 102 
mg/kg (HED of 510 – 900 mg/kg, BSA; ED50 = 81 mg/kg) 
convulsions (ED50 = 59 mg/kg)

(George, 1991) Species/strain:  Rats/ ACI, F344, LEW, and NBR
Doses: 20, 40, 60, 80, or 100 mg/kg
Route: IP
Number/Sex/Group:6-8/male/group

• Results showed that cocaine increased locomotor activity and 
produced lethality in all four strains of rats.  There was a 
genetic difference between the strains for cocaine-induced 
lethality.

• The NBR strain was the most sensitive to the lethal effects of 
cocaine; and the LEW strain was the least sensitive to cocaine-
induced lethality
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CNS Safety Pharmacology
Author(s) Key Findings

(Matsuzaki and 
Misra, 1977)

Species/strain:  Primates/Rhesus monkeys (M. Mulatta)
Doses: Cocaine: 3 to 8 mg/kg; Pseudococaine: 3 to 7 mg/kg
Route: Intravenous
Number/Sex/Group:6/male/group

• Results showed that cocaine and pseudococaine induced 
convulsions.  Cocaine-induced clonic convulsions occurred in a 
dose-dependent manner; all doses produced convulsions.  A 
dose of 3 mg/kg in the Rhesus monkey is equivalent to 36 
mg/kg in the human based on body surface areas (37 times the 
typical human dose of 58 mg/60 kg person).  Cocaine-induced 
clonic convulsions were accompanied by marked increase in 
heart and respiratory rate with mydriasis and excessive 
salivation.

• EEG analysis showed that the cocaine-induced convulsions 
were followed by low-voltage fast waves associated with 
behavioral hyper-excitation.

• Cocaine and pseudococaine produced a similar pattern of 
clonic convulsions.  Pseudococaine at 4 to 7 mg/kg was more 
potent than cocaine in producing convulsions.

Cardiovascular Effects.  The sympathomimetic effects of cocaine on the cardiovascular 
system are well documented.  Cocaine causes vasoconstriction, cardiac 
inochronotropism, hypertension and escalating myocardial oxygen demand.  Cocaine’s 
central and peripheral stimulatory effects may result in inotropic and chronotropic effects 
which increase cardiac activity and cause tachycardia.  The Applicant submitted 
numerous published articles that evaluated the cardiovascular effects on the 
cardiovascular system in several animal models.  Studies in experimental animal 
models have examined the mechanism of cocaine-induced increases in arterial 
pressure, and heart rate; and its effects on the coronary and peripheral vasculature.  
The acute and repeat dose pressor effects of cocaine have been studied in a number of 
different species, including monkeys (Wilson et al., 1976, Matsuzaki, 1978, Shannon et 
al., 2000), dogs (Bedotto et al., 1988, Schwartz et al., 1988, Seifen et al., 1989, 
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cocaine through the submucosal tissues, the epithelial cell layer of the nasal mucosa 
was enzymatically removed from the submucosa.  Cocaine was evaluated at 1, 2, or 5 
mM.  Cocaine transport across the nasal mucosa was predominately via passive 
diffusion and highly significant differences were observed between transports in the 
olfactory nasal respiratory tissues.  Results also showed that cocaine flux across the 
olfactory and respiratory mucosa increased in a linear fashion with cocaine 
concentration in both the mucosal-to-submucosal and submucosal-to-mucosal direction.  
No statistically significant differences were observed when the mucosal-to submucosal 
and submucosal-to-mucosal values were compared at each concentration. 

The absorption of cocaine from the nasal cavity to the central nervous system was 
assessed in Sprague-Dawley rats (Chow et al., 1999).  A cocaine solution was 
intranasally administered at a dose of 16.7 mg/kg.  Sixty minutes post-dosing, the 
cocaine content in various brain regions were measured.  Results showed that cocaine 
was transported directly from the nasal cavity to the olfactory bulb and olfactory tract. 

Distribution

The distribution of cocaine HCl has been studied in nonclinical studies after topical, 
inhalation, intraperitoneal, and intravenous route of administration.  Applicant identified 
in the literature nonclinical studies that evaluated the tissue distribution of cocaine, 
radiolabeled cocaine and/or metabolites in rodents and dogs following various routes of 
administration.  Study reports that were considered relevant to the proposed route were 
reviewed and summarized below.

Study Title:  Direct Transport of Cocaine from the Nasal Cavity to the Brain 
Following Intranasal Cocaine Administration in Rats (Chow et al., 1999)

Study Objective:  To evaluate the PK of cocaine in plasma and brain tissues in rats 
after intravenous and intranasal administration.

Methods.  Adult male Sprague-Dawley rats were anesthetized and the nasal cavity was 
isolated from the respiratory tract.  Animals (n = 4-5/time point/route) were intravenously 
administered 5 mg/kg cocaine over 30 seconds or intranasally (16.7 mg/kg) into one of 
the nares.  Rats were euthanized at 1, 2, 4, 8, 15, 60, and 120 minutes.  Blood was 
collected from the vena cava and plasma.  The olfactory tract, olfactory bulb, and 
remaining parts of the brain were collected.  Cocaine was quantified in plasma and 
tissue homogenates using an HPLC-UV method.

Key Study Findings

Brain-to-plasma AUC ratios in the different region of the brain and respiratory tract are 
summarized in the author’s table below.

Reference ID: 4192384



NDA 209963 Reviewer:  BeLinda Hayes, PhD

53

• Cocaine concentrations in the brain exceeded those in the plasma across the time 
course following intravenous and intranasal administration.

• Following intravenous administration, brain and plasma cocaine concentration levels 
peaked at 1-2 minutes post-dosing.  Olfactory bulb cocaine concentration reached 
peaked levels between 15 and 60 minutes following intravenous administration.

• Following intranasal administration, brain and plasma levels increased gradually to 
peak levels, and declined as a function of time.

• Results from the intranasal study suggest that cocaine is transported directly from 
the nasal cavity to the olfactory bulb in the brain.  Cocaine was rapidly distributed to 
the olfactory bulb following intranasal administration.  Olfactory bulb cocaine 
concentrations peaked at 1 minute after intranasal administration and gradually 
declined over the time course.  In contrast, after intravenous administration, cocaine 
concentration peaked in the olfactory bulb 60 minutes post-dosing.

• Cumulative olfactory tract-to-plasma ratios decreased initially then began to 
increase; reaching plateau levels by 120 minutes post-dosing.

Study Title:  Cocaine Inhalation in the Rat: Pharmacokinetics and Cardiovascular 
Response (Boni et al., 1991)

Study Objective:  To evaluate the PK profile of cocaine in plasma following intravenous 
and inhalation administration.

Methods.  Adult male Sprague-Dawley rats were administered [3H]-cocaine 
intravenously by bolus injection in the tail vein at 6 (n = 2) and 10 mg/kg (n = 3) or by 
inhalation.  Inhalation route was via a volatilization and inhalation system optimized to 
deliver a constant and reproducible delivery of cocaine vapor for 1.5 and 5 minutes (n = 
5 rats/exposure time for plasma PK).  Blood samples were collected from the animals 
prior to dosing and at multiple time points up to 8 hours post-dosing.  Rats (n = 4-8/time 
point) were euthanized at various time points following inhalation of cocaine; brain, 
heart, and lung were collected.  Assessment of whole body radioactivity exposure, 
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including unabsorbed drug deposit in the nose or pulmonary tract, showed that the rats 
in the inhalation group was exposed to 1.05 mg/kg and 1.4 mg/kg for the 1.5- and 5-
minute exposure time.  Cocaine in plasma and selected tissues were quantitated by GC 
with mass spectrometric detection (GC/MS).

Key Study Findings

• Cocaine was rapidly absorbed following inhalation exposure; maximum plasma 
concentration was observed 45 seconds after exposure.

• Increasing the inhalation exposure time significantly enhanced the bioavailable dose 
of inhaled cocaine.

Study Title:  Local Transfer of Diazepam but not of Cocaine, from the Nasal 
Cavities to the Brain Arterial Blood in Rats (Einer-Jensen and Larsen, 2000) 

Study Objective:  To evaluate the tissue distribution and metabolic distribution of 
cocaine in rats after acute and chronic administration.

Methods.  Surgically-instrumented male Sprague-Dawley rats (n = 10/group) were 
administered [3H]-cocaine (adjusted to obtain 800 dpm/mL) into the nasal catheter or 
the femoral vein (control group).  Blood samples were collected simultaneously from the 
two arterial catheters at various times through 10 minutes post-dosing.  [3H]-Cocaine 
radioactivity levels were quantitated for head and heart samples.  “The “head” samples 
represented blood modified during passage from the other carotid artery through the 
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cavernous sinuses and the circle of Willis.  The “heart” samples represented ‘non-
modified” arterial blood.”  Radioactivity was quantitated by LSC.

Key Study Findings

• Following intranasal administration, [3H]-radioactivity plasma levels increased in a 
linear fashion over the time course, while plasma [3H]-radioactivity plasma levels 
remained constant after intravenous administration.

• “The ratio of ‘head’ to ‘heart’ carotid plasma radioactivity concentrations was similar 
after both routes of administration and were not significantly different from 1.”  

• Findings from this study suggest that there was not a preferential first-pass 
distribution to the brain following nasal administration of cocaine.

Study Title:  Physiological Disposition and Biotransformation of [3H]-Cocaine in 
Acutely and Chronically Treated Rats (Nayak et al., 1976) 

Study Objective:  To evaluate the distribution of nasally administered [3H]-cocaine in 
the brain tissue distribution and metabolic distribution of cocaine in rats after acute and 
chronic administration.

Methods.  Male Wistar rats (n = 3/time point/group) were administered a single dose of 
8 mg/kg intravenous bolus or 20 mg/kg subcutaneous dose of [3H]-cocaine.  In the 
chronic phase, rats were administered a subcutaneous injections of 20 mg/kg cocaine 
twice daily for 3 weeks followed by subcutaneous injections of 20 mg/kg of [3H]-cocaine 
twice daily for two days.  Rats were euthanized at 0.25, 0.5, 1, 2, and 4 hours after the 
intravenous dose and at 0.5, 1, 2, 4, 6, 12, and 24 hours after the subcutaneous dosing 
(acute and chronic).  Radioactive concentrations were determined for the blood, and 
select tissues.

Key Study Findings

Single dose of [3H]-cocaine Intravenous bolus:
 
• As depicted in the authors table below, the highest concentrations of [3H]-cocaine 

were observed at the first sampling point (0.25 hours post-dose) in brain, plasma, 
and other tissues; levels declined rapidly thereafter.  Tissue concentrations 
exceeded those in plasma at all time points.

• Relative maximum concentrations in tissues were observed in the following order: 
spleen > kidney > lung > brain > testes ≈ intestine > liver > fat > muscle > heart.
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Chronic subcutaneous dosing of [3H]-cocaine:
 
• As depicted in the author table below, [3H]-cocaine increased in plasma and tissues 

1 to 2 hours after chronic dosing and declined thereafter.

• Relative maximum concentrations in tissues were observed in the following order: 
lung > fat > kidney > spleen > brain > intestine > testes > heart > liver > muscle.
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Study Title:  The Distribution of [11C]-cocaine in Normal and Cocaine-Sensitization 
Mice (Mizugaki et al., 1994) 

Study Objective:  To evaluate the uptake and tissue distribution of [11C]-cocaine 
following a single intravenous dose in naïve mice and in mice previously sensitized to 
cocaine.

Methods.  Sensitized mice received repeated intravenous injections of 10 mg/kg 
cocaine for 14 days prior to being administered [11C]-cocaine.  Mice were euthanized at 
1, 5, 15, 30, and 60 minutes post-dosing and analyzed by PET.  Distribution of [11C]-
radioactivity was analyzed in various brain regions.

Key Study Findings

• [11C]-Concentrations were comparatively higher in lung and kidney tissue than in 
brain tissue at 1 minute after dosing.  [11C]-Concentrations declined thereafter 
across the time course in lung and brain.  Kidney [11C]-concentrations peaked at 5 
minutes post-dosing before declining.

• [11C]-Concentrations increased with time in the liver and small intestine, reaching 
peak at 30 minutes post-dosing, and decreased over the 30 to 60 minutes post-dose 
period.
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• The eight brain sections showed a high affinity for [11C]-radioactivity with 
concentrations higher than plasma across the time course.  At 5 minutes post-
dosing, the frontoparietal cortex, posterior cortex, and mid-brain had high levels of 
[11C]-radioactivity.  [11C]-Radioactivity levels in each brain section increased to a 
maximum concentration at 5 minutes followed by rapid decline.

• In mice previously sensitized to cocaine, uptake of [11C]-radioactivity was increased 
by 5 minutes post-dosing, and showed no discernible differences in regional uptake.

Study Title:  Binding of Cocaine in the Liver, Olfactory Mucosa, Eye, and Fur of 
Pigmented Mice (Brittebo, 1988) 

Study Objective:  To evaluate the in vivo distribution and in vitro binding of [3H]-
cocaine to tissue in mice.

Methods.  Adult C57B1 (pigmented) mice were administered a single intravenous 
injection of 0.3 or 1 mg/kg of [3H]-cocaine.  Whole-body was sectioned for 
autoradiography.  Autoradiograph images were generated on X-ray film.  In vitro studies 
were performed in individual livers and ethmoturbinates from 10 mice.

Key Study Findings

• Autoradiography showed that [3H]-radioactivity was rapidly distributed throughout the 
body and selectively localized in the liver, olfactory mucosa, pigmented tissues of 
the eye and in the fur.

• The highest concentration of [3H]-radioactivity were present in the eye; the lowest 
concentrations of [3H]-radioactivity were in the liver, and ethmoturbinates containing 
the olfactory mucosa.

• Results from the in vitro studies showed that the liver and ethmoturbinates 
metabolized [3H]-cocaine into products that become bound to the tissue.

• The author proposed that the nasal olfactory mucosa and pigmented tissues of the 
eye are potential target sites for cocaine toxicity.

Metabolism

The metabolism of cocaine has been evaluated in in vivo studies in rats, mice, and 
dogs; and in vitro studies in several species and human.  Results from the animal 
studies have shown that cocaine is rapidly metabolized by both hydrolytic and oxidative 
pathways and by non-enzymatic hydrolysis.  Enzymatic hydrolysis occurs primarily in 
the liver and in other organs, in plasma by butyrylcholinesterase, or through oxidative 
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metabolic processes (cytochrome P450 or FAD-containing monooxygenase) in liver and 
other organs.  Cocaine is metabolized to two major metabolites; ecgonine methyl ester, 
and benzoylecgonine.  Cocaine is also metabolized to the minor pharmacologically 
active metabolite norcocaine.  Ecgonine methyl ester is produced by hydrolysis of 
cocaine via serum cholinesterase (also referred to as plasma pseudocholinesterase) 
and hepatic esterase.  Benzoylecgonine, the major metabolite in plasma after all routes 
of administration, is produced by hydrolysis (enzymatic and nonenzymatic) in the liver, 
plasma and other tissues.  Norcocaine, a pharmacologically active metabolite, is formed 
by N-demethylation in liver microsomes via CYP3A4.  Cocaine also undergoes 
oxidation and combined oxidation-hydrolysis to yield minor metabolites.  In the present 
of ethanol, cocaine and ethanol undergoes transesterification via benzoylecgonine to 
form cocaethylene (ethylcocaine).  Cocaethylene is pharmacologically active with higher 
potency and toxicity profile compared to cocaine.

The metabolic pathways for cocaine across species are depicted in the figure below.

Figure 2.  Significant Metabolic Pathways for Cocaine

Excretion
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Excretion of cocaine has been well characterized both in humans and in animals.  
Cocaine is rapidly excreted from the body in humans, with half-life values reported in 
the literature in the range of 1 hour.  Renal excretion is the primary route of elimination 
of cocaine.  Fecal elimination is minor; approximately 4% to 6% is excreted in feces.  
Cocaine is rapidly excreted by the kidneys with 85% to 90% of the dose being 
recovered in the urine.  Unchanged cocaine represents a small percentage of the 
recovered dose in urine; 1% to 5%.  Following intravenous, intranasal, and smoking 
routes, cocaine is rapidly excreted in the urine.

Nayak and colleagues (1976) conducted a study to evaluate the tissue distribution and 
metabolic disposition of cocaine in male Wistar rats after acute and chronic 
administration (Nayak et al., 1976).  In the acute phase, rats (n = 3/time point/group) 
were administered a single intravenous bolus (8 mg/kg) or a subcutaneous (20 mg/kg) 
dose of [3H]-cocaine.  In the chronic phase, rats were administered subcutaneous 
injections of 20 mg/kg of non-labeled cocaine twice daily for 3 weeks followed by 
subcutaneous injections of 20 mg/kg of [3H]cocaine twice daily for 2 days.  Urine and 
feces were collected for one week after the administration of the single dose in the 
acute phase, and after the last dose in the chronic phase (n = 5 rats/group).  
Benzoylecgonine, benzoyl norecgonine, ecgonine methyl ester, and ecgonine were 
identified as the primary urinary metabolites in both acute and chronic animals.  
Unchanged cocaine was excreted in small amounts in rat bile; approximately 36% of the 
dose (5 mg /kg IV) was excreted as metabolites 3.5 hours post-dosing.  Excretion of 
free cocaine in urine and feces after 20 mg/kg (SC) dose in acutely and chronically 
treated rats was 1.2% and 1.5%, respectively.

Excretion of 3H-cocaine was characterized in a study conducted by Misra (Misra et al., 
1976).  The disposition, metabolism, and excretion of 3H-cocaine in Beagle dogs after 
acute and chronic administration.  In the chronic phase, dogs were administered a 
subcutaneous injection of 5 mg/kg of non-labeled cocaine twice daily for 6 weeks 
followed by an intravenous injections of 5 mg/kg of [3H]cocaine twice daily for 2 days.  
The elimination profile of [3H]-cocaine suggest that urinary excretion has a major role in 
the elimination of cocaine.  Norocaine, benzoylnorcocaine, benzoylecgonine, ecgonine, 
norecgonine, ecgonine methyl ester were the primary metabolites identified in the 
urinary in both groups.  In the acutely treated dogs, benzoylnorecgonine and ecgonine 
were excreted in higher amounts and benzoylecgonine and norecgonine in lower 
amounts compared to the acutely treated dogs.

Pharmacokinetics
The pharmacokinetics of cocaine has been extensively investigated in humans and well 
described in the published literature.  The Applicant conducted a single-dose 
subcutaneous injection pharmacokinetic study of cocaine and its metabolites and is 
reviewed below.
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Methods
Doses: 16 and 32 mg/kg/day

Frequency of dosing: Single-dose
Route of administration: Subcutaneous

Dose volume: 5 mL/kg
Formulation/Vehicle: Solution/phosphate buffered saline

Species/Strain: Adult and young Sprague Dawley Crl:CD(SD) 
rats and juvenile or weanling Sprague Dawley 
Crl:CD(SD) rat pups born from time mated 
female rats

Number/Sex/Group: 6 – Adults
6 – Young adults
18 – Weanlings
26 – Juveniles

Age: Adults: 10 weeks old
Young Adults: 42 days old (PND 42)
Weanling: 23 days old (PND 23)
Juvenile: 7 days old (PND 7)

Weight: Adult Male: 367 to 431g
Adult Female: 234 to 282 g
Young Adult Male: 166 to 214 g
Young Adult Female: 139 to 182 g
Weanling Male: 43.6 to 82.1 g
Weanling Female: 47.0 to 82.6 g
Juvenile Male: 8.1 to 191.5 g
Juvenile Female: 8.9 to 19.8 g

Satellite groups: None
Unique study design: None

Observations and Results
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Mortality
No treatment-related deaths occurred during the study.  

Clinical Signs
Applicant’s tables for clinical signs observed following the subcutaneous administration 
of cocaine are reproduced below.  Subcutaneous administration of cocaine elicited a 
similar clinical profile in the weanling, juvenile and adult rats.  Clinical signs related to 
cocaine included hyperactivity and/or hyper-reactivity to touch, and vocalization and 
were observed in all dose groups at all ages.  These clinical signs occurred immediately 
after dosing in weanling and juvenile animals.  The onset of these clinical signs in young 
adult and adult rats was 15 to 30 minutes following the administration of cocaine.
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Weanling Rats.  Tremors were also noted at 15 to 30 minutes after dosing in one male 
and one female at 32 mg/kg; these clinical signs persisted up to approximately 2 hours 
after dosing.  Walking on tip toes was observed 12 hours post-dosing in males and 
females at 16 and 32 mg/kg.

(Applicant, page 26)

Juvenile Rats.  At time of dosing, tremors, hyperactivity, and vocalization were 
observed in both male and females in the 16 mg/kg and 32 mg/kg groups; these clinical 
signs persisted up to approximately 2 hours after dosing.
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(Applicant, page 27)

Adult Rats.  Hunched posture was noted at 15 to 30 minutes after dosing in both male 
and females in the 16 mg/kg and 32 mg/kg groups.  Walking on tip toes, dilated pupils, 
and/or exophthalmos were also observed 15 to 30 minutes after dosing. 
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(Applicant, page 24)

Young Adult Rats.  Hunched posture was noted at 15 to 30 minutes after dosing in 
both male and females in the 16 mg/kg and 32 mg/kg groups.  Walking on tip toes, 
dilated pupils and/or exophthalmos were also observed 15 to 30 minutes after dosing.

(Applicant, page 25)
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Body Weights
Individual body weights were recorded on the day of dosing for the purposes of dose 
calculations and were not recorded throughout the study.

Pharmacokinetics

(Applicant submission, page 30)
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(Applicant submission, page 30)

(Applicant submission, page 31)

Pharmacokinetic parameters for cocaine, benzoylecgonine (BE), and ecgonine methyl 
ester (EME) in plasma are summarized in the Applicant’s tables above.  Dose-related 
exposures to cocaine, BE, and EME were observed in this single-dose study.  Systemic 
exposure, Cmax and AUC0-last, to cocaine and metabolites was achieved in all juvenile, 
weanling and adult animals following subcutaneous administration of 16 and 32 mg/kg 
of cocaine.  Exposures to cocaine, BE, and EME was generally similar in females and 
males at all ages and both dose levels; differences were < 2-fold.  However, results 
suggest that cocaine exposure in terms of AUC0-last differed in the juvenile (PND 7) 
animals.  In juvenile animals, cocaine exposure was 2- to 3-fold higher relative to the 
other animal groups except for the 16 mg/kg group where AUC0-last for adults and 
juvenile animals were similar; but 2-fold higher in weanling (PND 23) and young adults 
(PND 42) animals.  Following the 32 mg/kg dose, the AUC0-last value in juvenile animals 
was 1.5-fold higher than in adults.  Exposure to BE in terms of AUC0-last was similar at 
all ages.  Exposure to EME in terms of AUC0-last and Cmax was similar at all ages.

As depicted in the Applicant generated table, mean peak plasma concentration of 
cocaine was obtained within 0.25 to 2 hours after dosing.  Compared to cocaine, the 
peak plasma concentration of BE and EME was delayed.  Mean peak plasma 
concentration of BE and EME was obtained at 1 or 2 hours post-dosing, and at 2 or 6 
hours post-dosing, respectively.  “There was no clear trend relating Tmax to animal age 
at dosing or dose level” (Reviewer concurs in general with the Applicant; however, 
except for a 6 hour Tmax for BE in the male adult 32 mg/kg group).
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AUC0-last for cocaine increased in a dose proportional manner in males of all age groups 
and in PND 7, PND 23, and PND 42 female groups but in a less than dose proportional 
manner in adult females.  For the metabolite BE, the increase in plasma AUC0-last was 
essentially dose proportional in all males and female age groups.  AUC0-last for the 
metabolite EM increased in an approximate dose proportional manner in males aged 
PND 7, PND 23, and PND 42, but increased in a less than dose proportional manner in 
adult male animals.  The increase in plasma AUC0-last was essentially dose proportional 
in all female age groups.

Drug Interaction

Study title:  In vitro evaluation of cocaine, benzoylecgonine (BE) and 
ecgonine methyl ester (EME) as inhibitors of cytochrome P450 (CYP) 
enzymes in human liver microsomes

Study no.: XT165027
Study report location: Module 4.2.2.6

Conducting laboratory and location:
Date of study initiation:

GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Cocaine - Lot № 15-CS0041, 98.8 purity
Benzoylecgonine - Lot № 204-1B14.1, 
99.305% (±0.015%) purity
Ecgonine methyl ester - Lot № 
205.1B13.1, 98.859 purity

Key Study Findings
• Cocaine is an inhibitor of the human cytochrome enzymes CYP2D6 with an IC50 

of 1.2 mcM (approximately 364 mcg/mL).

• Benzoylecgonine and ecgonine methyl ester did not inhibit any of the CYP 
enzymes.

• Cocaine, BE, and EME showed no evidence of time-dependent or metabolism-
dependent inhibition of any the CYP enzymes.

Study Objective.  To evaluate whether cocaine, benzoylecgonine (BE), or ecgonine 
methyl ester (EME) are direct, time-dependent, and metabolism-dependent inhibitors of 
the major CYP enzymes (CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C10, 
CYP2D6, CYP2E1, and CYP3A4/5) in human liver microsomes.
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Methods - A mixed-gender pool of 200 individual human liver microsomal samples was 
used for this in vitro study.  The concentration of cocaine, BE, and EME as a direct 
inhibitor of all human CYP enzymes are listed in the Applicant’s tables below.  The 
ability of the test articles to act as a metabolism-dependent or time-dependent inhibitors 
of CYP enzymes are also listed in the tables below.  The same concentrations of the 
test articles used in the direct inhibition assay were evaluated.  Incubation of test article 
with human liver microsomes was performed in duplicate for 30 minutes.  After the 30 
minutes pre-incubating period, NADPH and the appropriate marker for the CYP isoform 
was added.  The ability of the test articles to act as a time-dependent inhibitor of CYP 
enzymes, the same concentrations of the test articles used in the direct inhibition assay 
was evaluated in the absence of NADPH.  After the 30 minutes pre-incubating period, 
the appropriate marker for the CYP isoform was added.  Samples were analyzed with 
LC-MS/MS

(Applicant’s submission, page 27)

(Applicant’s submission, page 28)
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(Applicant’s submission, page 28)

Results:

Cocaine.  As depicted in the table below, cocaine directly inhibited CYP2D6 with an 
IC50 value of 1.2 mcM; 86% maximum inhibition was observed.  It is predicted that at 
relatively high systemic levels of cocaine (at mcg/mL2 levels) a potential drug-drug 
interaction with the co-administration of dextromethorphan would occur.  Cocaine did 
not cause time-dependent or metabolism-dependent inhibition of any CYP enzyme as 
evidence by the lack of change in the IC50 value associated with the inhibition of 
CYP2D6.  Thus, suggesting that one would not expect a potential clinical drug-drug 
interaction to occur with known co-administration drug metabolized by these CYP 
isoforms.

(Applicant’s submission, page 31)

2 Cmax at the maximum recommended human dose of 160 mg is approximately 43 
ng/mL (geometric mean)
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BE and EME.  As depicted in the table below, BE and EME did not directly inhibit any of 
the CYP enzymes, IC50 values for BE and EME were > 40 mcM and > 30 mcM, 
respectively.  BE and EME also did not cause time-dependent or metabolism-
dependent inhibition of any CYP enzymes.  Thus, suggesting that one would not expect 
potential clinical metabolite-drug interaction to occur with known co-administered drugs 
metabolized by these CYP isoforms.  

(Applicant’s submission, page 32)

(Applicant’s submission, page 33)
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Intranasal instillation of excipient placebo, test article vehicle (200 proof ethanol), 
 (30 mg/kg/day) in ethanol, or  (0.15, 1.5, or 9 mg/kg/day) 

in ethanol to Crl:CD(SD) rats for 14 consecutive days produced the following results:

1.  (30 mg/kg/day) and  (0.15, 1.5, and 9 
mg/kg/day) had no direct effects on both hematological and clinical chemistry 
parameters.

2. There was no test article-related or excipient placebo-related macroscopic 
changes.

3. Histopathological changes were observed in the nasal cavity following the 
intranasal administration of test article vehicle,  (30 
mg/kg/day) and  (0.15, 1.5, and 9 mg/kg/day).  The 
histopathological changes were most prominent in nasal passages in sections 
N2 through N4; and include necrosis, acute regeneration, squamous 
metaplasia, respiratory epithelium degeneration, olfactory epithelium atrophy, 
and respiratory hyperplasia.  These histological changes were correlated to 
the vehicle; 200 proof ethanol was the vehicle and these histological findings 
were also observed in the test article vehicle animals.  After the recovery 
period, these histological changes were partially reversible.

4. A local NOAEL could not be established as the adverse effects in the nasal 
cavity from the ethanol vehicle were not different from the treatment groups.

5. A systemic NOAEL could not be established as the histopathological 
evaluation did not include the standard battery of tissues, which omitted 
notable organs including sex organs, pancreas, bone, lymph nodes, spinal 
cord, thymus etc.
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appears the Applicant tested concentrations of  that were too high.  In 
addition, it is unclear whether solubility studies were conducted 

Instillation of 0.15 mL/kg of the test article vehicle (200 proof ethanol) in the nasal 
passage of Group 2 animals caused adverse injury to structures within the nasal cavity.  
However, as depicted in the table, the observed findings were similar in both males and 
females but they were more pronounced in females (reviewer assessment, Applicant 
stated that it was more pronounced in males.).  Microscopic findings Nasal Section 2 in 
animals instilled with 0.15 mL/kg of the test vehicle (200 proof of ethanol) resulted in:

• Minimal to moderate necrosis (focal ulcerations/erosions and denuded epithelial 
surface) in 8/10 males and 9/10 females

• Minimal to moderate acute regeneration in 10/10 males and 3/10 females

• Mild to severe squamous metaplasia (expansion of the stratified squamous 
epithelium dorsally along the lateral wall and nasal septum) in 10/10 males and 
9/10 females

• Mild to moderate degeneration of respiratory epithelium (characterized by 
vacuolation, loss of cilia, and cellular disorganization) in 5/10 males and 6/10 
females

• Minimal to moderate respiratory epithelium hyperplasia (characterized by taller 
pseudostratified columnar epithelial cells crowded together) in 3/10 males and 
4/10 females

Histopathological findings observed in Nasal Section 3 following the intranasal 
administration of the test vehicle included:

• Minimal to severe olfactory epithelium atrophy (characterized by a decreased 
thickness/cellularity in the epithelium lining of the dorsal medial meatus) in 10/10 
males, and 9/10 females

• Necrosis (males: 7/10, females: 3/10)

• Acute regeneration (males: 7/10, females: 2/10)

• Respiratory epithelium degeneration (males: 7/10, females: 6/10)

The predominant histopathologic findings observed in Nasal Section 4 was (minimal to 
moderate) olfactory epithelium atrophy in 9/10 males and 3/10 females.  Similarly, the 
predominant histopathologic finding in Nasal Section 5 was minimal to moderate 
olfactory epithelium atrophy in 5/10 males.

Test Article Groups.
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Food consumption:  

Single-Dose Phase.  There were no benzoylecgonine-related effects on food 
consumption.

Repeat-Dose Phase.  No treatment-related changes were observed on food 
consumption.

Ophthalmoscopy:  Ophthalmoscopy evaluation was not performed.

ECG:  ECG evaluation was not performed.

Hematology and Coagulation: 

Single-Dose Phase.  There were no remarkable benzoylecgonine-related changes in 
hematology and coagulation parameters after a single intranasal administration.

Repeat-Dose Phase.  There were no remarkable changes in hematology and 
coagulation parameters after 14 days of intranasal administration of benzoylecgonine.  
A slight decrease in mean red blood cell counts (3.2%) was observed on Day 14 in 
males.  The Applicant did not consider this difference to be treatment-related because 
these values were reported to be within the  historical control reference 
range.  Historical control data were not submitted.  The Reviewer concurs with the 
Applicant.

Clinical chemistry: 

Single-Dose Phase.  Benzoylecgonine intranasal administration significantly increased 
mean albumin (2.7%), and total protein (3.4%) levels in males.  In females, mean 
potassium (7.6%) level was significantly reduced in females.  These changes are not 
considered to be treatment-related because these values were reported to be within the 

 historical control reference range.  Historical control data were not 
submitted.

Repeat-Dose Phase.  There were no remarkable changes in serum chemistry 
parameters following repeated dosing of benzoylecgonine.

Urinalysis:  

Single-Dose Phase.  There were no benzoylecgonine-related changes at the end of 
the treatment period.  However, benzoylecgonine intranasal administration significantly 
decreased mean total volume (63.0%) levels in males.  This change was not considered 
to be treatment-related because it was reported to be within  historical 
control reference range.  Historical control data were not submitted. 
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Single-Dose Phase.  There were no related effects on food consumption.

Repeat-Dose Phase.  No treatment-related changes were observed.

Ophthalmoscopy
Ophthalmoscopy evaluation was not performed.

ECG
ECG evaluation was not performed.

Hematology
Single-Dose Phase.   intranasal administration produced a slight 
statistically significant reduction in red blood cell counts (3.1%) in males on Day 14.  
There were no remarkable changes in hematology and coagulation parameters after a 
single intranasal administration of  compared to control in females.  
According to the Applicant, individual female values were within the historical control 
reference range; historical control data were not submitted.  This finding was not 
observed at the end of the recovery period.

Repeat-Dose Phase.  There were no remarkable changes in hematology and 
coagulation parameters after 14 days of intranasal administration of   A 
slight increase in mean prothrombin time (6.2%) was observed on Day 14 in females.

Clinical Chemistry
Single-Dose Phase.  There were no remarkable changes in serum chemistry 
parameters at 14 days following a single intranasal dose of  in both males 
and females.

Repeat-Dose Phase.   intranasal administration significantly increased 
SDH (62.5%) levels in males.  Mean albumin (4.5%), mean total protein (5.7%), mean 
globulin (2.4%) levels were reduced in females.  These changes are not considered to 
be treatment-related because these values were reported to be within the historical 
control reference range.  Historical control data were not submitted.

Urinalysis
Single-Dose Phase.  There were no apparent related changes at the end 
of the treatment period.

Repeat-Dose Phase.  No apparent related changes at the end of the 
treatment period were observed.

Gross Pathology
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Table 7.  Microscopic findings observed in male and female rats following 
intranasal administration of a single dose of 
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mutagenic in the in vitro reverse mutation assay using strains of Salmonella 
typhimurium and Escherichia coli with or without enhanced metabolic enzymes.

Methods
Strains: Salmonella typhimurium TA100, TA1535, 

TA98, and TA1537 and Escherichia coli 
WP2uvrA

 Concentrations in definitive 
study:

50, 150, 500, 1500 and 5000 mcg/plate

Basis of concentration selection: A preliminary dose-range finding toxicity 
mutation assay was conducted to 
establish the cocaine hydrochloride doses 
to be used for the definitive mutation tests.  
Using the test strains TA98, TA100, 
TA1535, TA1537 and WP2uvrA in the 
presence and absence of S9 mix, ten 
concentrations of  (6.67, 10, 
33.3, 66.7, 100, 333, 667, 1000, 3333, and 
5000 mcg/plate) were assayed.  Neither 
precipitation nor background toxicity was 
observed up to 5000 mcg/plate.

Negative control: Vehicle = ethanol (100 mcL/plate)
Positive control: 2-nitrofluorene (2-NF), sodium azide 

(NaAZ), methyl methane sulfonate (MMS), 
9-aminoacridine (9AA), and 2-
aminoanthracene (2AA) were selected for 
positive controls based on the bacterial 
strain as indicated in the following table:

Positive Control Substance 
(mcg/plate)Test Strain -S9 +S9

TA100 NaAZ (1.0) 2AA (2.0)
TA1535 NaAZ (1.0) 2AA (1.0)
TA98 2-NF (1.0) 2AA (1.0)
TA1537 9AA (75.0) 2AA (2.0)
WP2uvrA MMS (1,000.0) 2AA (15.0)

Formulation/Vehicle: Cocaine was dissolved in ethanol.
Incubation & sampling time: The definitive mutagenicity test was 

performed using the plate-incorporation 
method.  Triplicate plates for positive 
controls, negative controls, and cocaine 
hydrochloride concentrations were 
prepared for each bacterial strain in the 
presence and absence of S9 mix.  The S9 
metabolic activator, the tester strain, and 
the test article were combined in molten 
agar which is overlaid onto the minimal 
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agar plate.  When the agar had set, the 
plates were inverted and incubated for 48 
to 72 hours at 37°C, and observed for 
compound insolubility and cytotoxicity, and 
scored.

Study Validity
The study is valid for the following reasons: 1) the appropriate strains were 
tested, 2) the appropriate controls were used, and 3) the positive control 
substances produced positive and reliable results.  The test article was 
considered to be positive if it caused a dose-related increase in the mean 
revertants per plate of at least one tester stain over a minimum of two increasing 
concentrations of the test article.  The assay methods, positive and negative 
controls, and the concentrations of drug used for the definitive study were 
adequate.

Results
Cocaine hydrochloride was evaluated at the following concentrations: 50, 150, 
500, 1500 and 5000 mcg/plate in the mutagenicity assay with or without S9 
metabolic enzyme activation.  No precipitation or cytotoxicity was observed at 
any concentration level.  As depicted the Applicant’s table (page 62) below, 
compared to the vehicle control groups, cocaine hydrochloride did not result in an 
increase in revertant bacterial colonies in the Salmonella typhimurium strains 
(TA987, TA100, TA1535 or TA1537) or the Escherichia coli test strain (WP2uvrA) 
in the presence or absence of the metabolic activator which would be indicative 
of its mutagenic potential.

Table 8.  Definitive Bacterial Mutation Assay Results
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Methods
Strains: Salmonella typhimurium TA100, TA1535, 

TA98, and TA1537 and Escherichia coli 
WP2uvrA

 Concentrations in definitive study: 50, 150, 500, 1500 and 5000 mcg/plate
Basis of concentration selection: A preliminary dose-range finding toxicity 

mutation assay was conducted to establish 
the  doses to be used for the 
definitive experiments.  Using the test 
strains TA98, TA100, TA1535, TA1537 and 
WP2uvrA in the presence and absence of 
S9 mix, ten concentrations of  
(6.67, 10, 33.3, 66.7, 100, 333, 667, 1000, 
3333, and 5000 mcg/plate) were assayed.  
Neither precipitation nor background toxicity 
was observed up to 5000 mcg/plate.

Negative control: Vehicle = ethanol (100 mcL/plate)
Positive control: 2-nitrofluorene (2-NF), sodium azide 

(NaAZ), methyl methane sulfonate (MMS), 
9-aminoacridine (9AA), and 2-
aminoanthracene (2AA) were selected for 
positive controls based on the bacterial 
strain as indicated in the following table:

Positive Control 
Substance (mcg/plate)Test Strain -S9 +S9

TA100 NaAZ (1.0) 2AA (2.0)
TA1535 NaAZ (1.0) 2AA (1.0)
TA98 2-NF (1.0) 2AA (1.0)
TA1537 9AA (75.0) 2AA (1.0)

WP2uvrA MMS 
(1,000.0)

2AA (15.0)

Formulation/Vehicle:  was dissolved in ethanol. 
Incubation & sampling time: The mutagenicity test was performed using 

the plate-incorporation method.  The S9 
metabolic activator, the tester strain, and 
the test article were combined in molten 
agar which is overlaid onto the minimal 
agar plate.  The agar plate was incubated 
at 37ºC for 48 to 72 hours.  The vehicle 
control, positive control and all doses of the 
test article were plated in triplicate.

Study Validity
The study is valid for the following reasons: 1) the appropriate strains were tested, 2) 
the appropriate controls were used, and 3) the positive control substances produced 
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positive and reliable results.  The assay methods, positive and negative controls, and 
the concentrations of drug used for the definitive study were adequate.

Results
 was evaluated at the following concentrations: 50, 150, 500, 1500 and 

5000 mcg/plate in the mutagenicity assay.  In the mutagenicity assay, the positive 
controls induced an increase in mutation frequencies as expected; the mean revertants 
per plate were within historical control data for the laboratory.  Compared to the vehicle 
control groups,  did not result in an increase in revertant bacterial colonies 
in the Salmonella typhimurium strains (TA987, TA100, TA1535, or TA1537) or the 
Escherichia coli test strain (WP2uvrA) in the presence or absence of the metabolic 
activator which would be indicative of its mutagenic potential.  No precipitation or 
cytotoxicity was observed at any concentration level.

Table 9.  Definitive Mutation Assay Results

(Applicant’s table, page 62)

Under the conditions of the study,  was negative in the bacterial reverse 
mutation assay.

7.2 In Vitro Assays in Mammalian Cells

Study title:  (Yu et al., 1999)  In Vitro Micronuclei (MN), Chromosomal 
Aberrations (CA), hgprt gene mutation assay, and Sister-chromatid 
Exchange (SCE) Assays
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GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Cocaine hydrochloride, 100%

Key Study Findings
Cocaine was reported positive in these in vitro studies, primarily in the presence of 
S9.  

For the micronuclei study, the effect was largely abolished by co-incubation with 
superoxide dismutase or catalase, suggesting the mechanism of action is indirect via 
the generation of oxygen radicals.

Methods
Cell line: Chinese hamster ovary K1 cells

 Concentrations in definitive study: MN:  0.2, 0.4, 0.6, 0.8, and 1 mg/mL
CA:  0.5, 1, 1.0, 1.5, 2, 2.5, and 3 mg/mL 
hgprt:0, 0.1, 0.2, 0.4, 0.8, 1.0 mg/mL
SCE:  0.25, 0.5, 0.75, 1.0 mg/mL

Basis of concentration selection: For MN, none of the concentrations resulted 
in significant reduced cell viability (>80% 
viability).

Negative control: Presumably vehicle
Positive control: None

Formulation/Vehicle: McCoy’s 5A medium with 10% fetal bovine 
serum.

Incubation & sampling time: 2 hour treatments with cocaine with or 
without S9. Cells were then washed and 
replated for an additional 24 hours (MN), 13 
hours (CA), three subcultures every other 
day (hgprt), or 22 hours (SCE).

Study Validity
The studies do not appear to have employed any positive controls.  Cytotoxicity was 
tested and the highest concentrations tested in the assay did result is some degree of 
cytotoxicity.  Given the clear responses in the studies, the lack of a positive control 
does not seem to negate the utility of the study.
Results
In vitro cocaine significantly increase the number of micronucleated CHO cells as 
noted in the figure below reproduced from the publication.  The effect was largely 
abolished by co-incubation with superoxide dismutase or catalase, suggesting that the 
effect was largely due to generation of superoxide radicals.  
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In vitro cocaine increased chromosome aberrations in CHO cells in the presence of 
metabolic activation with S9, as noted in the table below, reproduced from the 
publication.

Reference ID: 4192384



NDA 209963 Reviewer:  BeLinda Hayes, PhD

109

Reference ID: 4192384

            
   

    
  

      
 

  
 
        

        
        

        
        

        
        

 
        

        
        

        
        

        
        

  
 
        

        
        

        
        

        
       

 
        

        
        

        
        

        
        

              
            

              
           

             
           

              
            

      
        
         

         
             

       



NDA 209963 Reviewer:  BeLinda Hayes, PhD

110

In vitro cocaine 
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Cell line: Peripheral blood lymphocytes obtained from 
healthy non-smoking adult female

 Concentrations in definitive study: 4 h (-S9 and +S9): 100, 200, and 317 
mcg/mL
20 h (S9): 100, 200, and 300 mcg/mL 

Basis of concentration selection: Based on results from a preliminary toxicity 
assay.  Highest dose tested was 1 mM as 
per ICH S2(R1) with two intermediate 
doses.

Negative control: Ethanol
Positive control: Mitomycin C (MMC) and cyclophosphamide 

(CP)
Formulation/Vehicle:  was dissolved in ethanol

Incubation & sampling time: Cells were incubated with or without 
metabolic activation in a cell culture 
incubator at 37oC in a humidified 
atmosphere of 5% CO2 in air

Treatment 
Condition

Treatment
Time
4 hNon activated

(-S9) 20 h
Activated (+S9) 4 h

Study Validity
The study appears valid for the following reasons:  1) Appropriate positive controls were 
employed and produced expected results 2) Appropriate number of cells was evaluated 
and two replicates of eat test concentrations were tested 3) A minimum of 200 
metaphase spreads were examined 4) The condition of the assay was appropriate 
given the use of the limit dose of 1 mM.

Results
Mitotic inhibition greater than 50% and precipitation were not observed at any dose level 
in any of the treatment groups.  

In the initial assay of the non-activated 4-hour and 20-hour exposure groups, the 
percentage of cells with structural or numerical aberrations in the test article-treated 
groups were not increased relative to the vehicle control at any dose levels (see 
Sponsor’s summary table below).  The percentage of structurally aberrant cells in the 
positive control group (MMC) was significantly increased.  In the S9-activated 4-hour 
exposure group, the percentage of cells with structural aberrations (3.5%) was 
significantly increased relative to vehicle control in the high dose group (317 mcg/mL).  
The percentage of structurally aberrant cells in the positive control group (CP) was 
statistically increased.  As a positive response with the test article was observed, a 
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confirmatory assay was conducted and a statistical increase in the percentage of cells 
with structural aberrations (4.5%) in the S9-activated 4-hour exposure high dose group 
was replicated and confirmed.  The positive and vehicle control results produced 
expected results and fulfilled the requirements for a valid assay.  

Summary of Initial Chromosome Aberration Assay

Summary of Confirmatory Chromosome Aberration Assay
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In conclusion,  was negative for inducing structural chromosomal 
aberrations in the absence of S9 activation when incubated short term (4 h) or long term 
(20 h) but tested positive for the induction of structural chromosome aberrations in the 
presence of S9 activation.

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Study title:  (Salvadori et al., 1998)

GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Cocaine, 99% pure

Key Study Findings

Cocaine did not result in a statistically significant increase in micronucleated 
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polychromatic erythrocytes (MNPCE) compared to negative controls; however, 
there was a positive trend toward an increase in MNPCE.  

Methods
Doses in definitive study: 0, 2, 4, and 8 mg/kg, IV

0, 18, 37, and 75 mg/kg IP
Frequency of dosing: Single dose, sacrificed at 24 or 48 hours post 

dose
Route of administration: IV and IP

Dose volume:
Formulation/Vehicle: Cocaine was diluted in saline

Species/Strain: Male Swiss mice
Number/Sex/Group: 10 males/group

Satellite groups:
Basis of dose selection: Doses were described as being 12.5, 25, and 

50% of the cocaine LD50 for each route based 
on literature.

Negative control: Saline
Positive control: Cyclophosphamide, 50 mg/kg, IP

Study Validity
The high dose selected did appear to result in convulsions in some animals, 
therefore, the doses appear to have reached the maximum tolerated dose.  The 
positive control was clearly positive.  The study appears to be have employed an 
adequate number of animals and counted an adequate number of cells.  The 
statistical analysis used a Chi Square test.  Historical control data were not 
provided.  
Results

The ratio of polychromatic erythrocytes (PCE) to normochromatic erythrocytes 
(NCE) in the bone marrow following IP and IV administration of cocaine are 
presented in the figures below, reproduced from the submission.  According to the 
publication, the IP cocaine treated groups were not statistically different from the 
negative controls, although they report a significant trend for increased PCE at both 
sampling times.  Likewise, in the IV cocaine studies, there was not a significant 
difference between cocaine treatment and the negative controls, but a trend was 
noted at the 24-hour time point.  
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Methods
Doses in definitive study: 0, 12.5, 25, 50, 200 mg/kg/day

Frequency of dosing: Three consecutive days
Route of administration: Oral administration

Dose volume: 10 mL/kg
Formulation/Vehicle: 1% carboxymethyl cellulose with 0.5% Tween 

80 in deionized water.
Species/Strain: Sprague-Dawley (Hsd:SD) rats; for the definitive 

study:  animals were approximately 6-weeks old 
at initiation, and weighed between 158.1-179.0 g 
(males) and 132.6-149.2 g (females) at 
randomization.

Number/Sex/Group: 6 animals in the main study group and 3 animals 
in the positive control

Satellite groups: None
Basis of dose selection: Dose selection was based on the results of the 

dose-range finding assay in which 3 animals/sex 
were orally administered 50, 100, and 200 
mg/kg/day.  “Clinical signs were observed in all 
three test article groups and mortality was 
observed in the mid and high dose groups in 
male and female rats.”  Due to mortality (50 
mg/kg/day: 0/3/sex); 100 mg/kg/day: 2/3/sex; 
200 mg/kg/day: 3/3/sex) and clinical signs of 
piloerection, hyperactivity, convulsions, tremors 
and irregular breathing observed in the mid- and 
high dose groups (see Applicant’s tables below, 
pages 30 and 31), the highest dose selected for 
the definitive assay was based on an estimated 
maximum tolerated dose (MTD) of 50 
mg/kg/day.

Negative control: 1% carboxymethyl cellulose with 0.5% Tween 
80 in deionized water

Positive control: 200 mg/kg ethyl methanesulfonate (EMS)
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The study met the criteria specified for a valid test described below and was a valid 
assessment for cocaine-related micronuclei formation.

Positive  mutagenic response criteria: The test article is considered to have a positive 
response if: a) “at least one of the test article doses exhibited a statistically significant 
increase when compared with the concurrent vehicle control (p ≤0.05)”, b) “when 
multiple doses were examined at a particular sampling time, the increase was dose 
related (p ≤0.01) and”, c) “ results of the group mean or of the individual animals in at 
least one group were outside the 95% control limit of the historical control data.”

Test acceptance criteria:
1. “The group mean frequency of MnPCEs should ideally be within the 95% control 

limits of the distribution of the historical negative control database.  If the 
concurrent negative control data fall outside the 95% control limits, they may be 
deemed acceptable as long as these data are not extreme outliers (indicative of 
experimental or human error).

2. The positive controls must be significantly greater than the concurrent vehicle 
control (p ≤ 0.05) and should be compatible with those observed in the historical 
positive control database.

3. At least three doses were tested. Five animals/sex/group were available for 
analysis with the exception of positive control groups.

4. At least 4000 PCEs/animal were scored for the presence of micronuclei 
(MnPCEs).  In addition, at least 500 total erythrocytes (PCEs + NCEs) were 
scored per animal to determine the proportion of PCEs as an index of bone 
marrow cytotoxicity.  A reduction in the PCE proportions to less than 20% of the 
vehicle control was considered excessively cytotoxic, and the animal data were 
excluded from evaluation.”

Comet Assay

The study met the criteria specified for a valid test described below and was a valid 
assessment for cocaine-related DNA damage.

Positive genotoxic response criteria: The test article is considered to have a positive 
response if: a) “at least one of the test article doses exhibited a statistically significant 
increase when compared with the concurrent vehicle control (p ≤0.05)”, b) when 
multiple doses were examined at a particular sampling time, the increase was dose 
related (p ≤0.01) and”, c) “results of the group mean or of the individual animals in at 
least one group were outside of the historical control database for that tissue.”

Test acceptance criteria:
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Comet Assay.  Comet tail migrations (distance from the perimeter of the Comet head to 
the last visible point) and % tail DNA (% DNA fragments present in the tail) were 
calculated.   was negative for genetic toxicity in an in vivo single gel 
(Comet) assay that utilized cells from the liver of male and female rats treated for three 
days.

Males.  Relative to the vehicle control, the presence of ‘cloud’ in the  group 
(≤ 1.8%) was higher than the % of clouds in the vehicle control group (0.5%).  A dose-
dependent increase in the % Tail DNA was observed following the oral administration of 

 (Applicant’s Table, page 36).  Relative to the vehicle control the % Tail 
DNA in males orally administered 50 mg/kg of  was statistically significant 
higher.  Statistically significant response in the % Tail DNA (DNA damage) in the test 
article group (50 mg/kg/day) was observed relative to the concurrent vehicle control 
group.  However, this increase was within the historical control range (See Sponsor’s 
Table below).  The positive control, EMS, induced a statistically significant increase in % 
Tail DNA in liver cells as compared to the vehicle control and was within the historical 
control range.
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Male Vehicle Negative Control Data (2011 to 2014*)

3 Average (mean) of the median Comet Assay parameters 
measured per animal for the total number of animals used 
during the period*
4 Minimum and maximum range of median Comet Assay 
measurements
5 95% Confidence is calculated by the mean of the median 
Comet parameter ± 2 standard deviations
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Additional, more recent, historical control data were requested to put the above findings 
into perspective.  Data from  historical controls are depicted below:

The above data are tighter, however the findings in the study are still within the 
historical control range.  In fact, the highest % Tail DNA in males (0.13) is the mean of 
the historical control data.

Females.  Relative to the vehicle control, the presence of ‘cloud’ in the  
group (≤ 2.2%) was higher than the % of clouds in the vehicle control group (1.3%).  No 
dose-dependent increase in the % Tail DNA was observed following the oral 
administration of cocaine (Applicant’s Table, page 42).  Relative to the vehicle control, 
the % Tail DNA in females orally administered cocaine showed no statistically 
significant response.  Historical control data was provided by the Sponsor (See 
Sponsor’s Table below).  The positive control, EMS, induced a statistically significant 
increase in % Tail DNA in liver cells as compared to the vehicle control and was within 
the historical control range.
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Female Vehicle Negative Control Data (2008 to 2014*)

3 Average (mean) of the median Comet Assay parameters 
measured per animal for the total number of animals used during 
the period*
4 Minimum and maximum range of median Comet Assay 
measurements
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clinical signs observed following the 
administration of cocaine (see Applicant’s table 
below).  Based on the clinical observations 
observed at the high dose, the maximum 
tolerated dose for the definitive comet assay 
was set at 50 mg/kg.

Negative control: 0.9% saline
Positive control: 200 mg/kg ethyl methanesulfonate (EMS)

Incubation and sampling times
Rats were subcutaneously administered vehicle or test article on two consecutive days.  
The positive control was administered once approximately 3 to 4 hours prior to being 
euthanize on Day 2.  Immediately following the scheduled euthanasia, the liver was 
removed and collected.  A section of the liver was cut and fixed in formalin for possible 
histopathology analysis.  Another section of the liver was placed a chilled mining 
solution (Hanks’ balanced salt solution with EDTA and DMSO) in preparation of cell 
suspensions and Comet slides.  Slides were stained the DNA stain Sybr-gold™.

Study Validity
The study met the criteria specified for a valid test described below and was a valid 
assessment for cocaine-related DNA damage.

1. “The group mean for the % Tail DNA for each tissue analyzed should ideally be 
within the distribution of the historical negative control database for that tissue, 
and the positive control group must be significantly greater than the concurrent 
vehicle control group (p ≤ 0.05) and should be compatible with those observed in 

Reference ID: 4192384



NDA 209963 Reviewer:  BeLinda Hayes, PhD

129

the historical positive control data base. 

2. At least three test article doses were tested for at least one sampling time. Five 
animals/sex/group were available for analysis (with the exception of the Comet 
positive control animal group). 

3. At least 150 cells/organ/animal were scored for % tail DNA. In addition, at least 
150 cells/organ/animal were scored to determine the proportion of hedgehogs as 
an indication of cytotoxicity.”

Test acceptance criteria:

a) “at least one of the group mean for the % tail DNA of the test article doses 
exhibited a statistically significant increase when compared with the concurrent 
negative control (p ≤ 0.05), and

b) when multiple doses were examined at a particular sampling time, the increase 
was dose-related (p ≤ 0.01) and 

c) results of the group mean or of the individual animals of at least one group were 
outside the distribution of the historical negative control database for that tissue.”

Results

Clinical Signs.  No mortality was attributed to cocaine treatment occurred over the 2 
days of treatment.  Cocaine-related clinical signs were observed in the low dose, mid 
dose and high dose groups.  As depicted in the Applicant’s tables (submission pages 24 
and 25) below, the primary treatment-related clinical signs observed after dosing were 
hyperactivity, irregular breathing, head circling and warm to the touch (after sacrifice).
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Comet Assay.  Comet tail migrations (distance from the perimeter of the Comet head to 
the last visible point), % tail DNA (% DNA fragments present in the tail) and tail moment 
(product of the amount of DNA in the tail and the tail length) were calculated.  Cocaine 
was negative for genetic toxicity in the in vivo single gel (Comet) assay that utilized cells 
from the liver of male and female rats treated for two days.

Males.  Relative to the vehicle control, the presence of ‘cloud’ in the cocaine group (≤ 
1.2%) was higher than the % of clouds in the vehicle control group (0.7%).  No dose-
dependent increase in the % Tail DNA (DNA damage) was observed following the 
subcutaneous administration of cocaine (Applicant’s submission table, page 27).  No 
statistically response in % Tail DNA was observed in the cocaine groups relative to the 
concurrent vehicle control group.  Relative to the vehicle control, no statistically 
significant response in the % Tail DNA was observed in the cocaine groups.  The 
positive control (EMS) produced the expected response.  Compared to the vehicle 
control group, EMS induced a statistically significant increase in the %Tail DNA in liver 
cells.
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Male Vehicle Negative Control Data (2011 to 2014*)

3 Average (mean) of the median Comet Assay parameters 
measured per animal for the total number of animals used 
during the period*
4 Minimum and maximum range of median Comet Assay 
measurements
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5 95% Confidence is calculated by the mean of the median 
Comet parameter ± 2 standard deviations

Females.  Relative to the vehicle control, the presence of ‘cloud’ in the cocaine group (≤ 
1.2%) was comparable with the % of clouds in the vehicle control group (1.8%).  A 
positive dose-dependent increase in the % Tail DNA was observed following the 
subcutaneous administration of 50 mg/kg cocaine (Applicant’s submission table, page 
33).  Relative to the vehicle control, there was a statistically significant increase in % 
Tail DNA.  However, this increase was not considered to be biologically relevant 
because this increase was within the historical control range (see Sponsor’s Table 
below).  The presence of ‘clouds’ was observed in the cocaine groups (≤ 1.2%) which 
was comparable with the % of clouds observed in the vehicle control group (1.8%).  The 
positive control (EMS) produced the expected response.  Compared to the vehicle 
control group, EMS induced a statistically significant increase in the %Tail DNA in liver 
cells.
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Female Vehicle Negative Control Data (2008 to 2014*)

3 Average (mean) of the median Comet Assay parameters measured per animal 
for the total number of animals used during the period*
4 Minimum and maximum range of median Comet Assay measurements
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5 95% Confidence is calculated by the mean of the median Comet parameter ± 2 
standard deviations

8 Carcinogenicity
Carcinogenicity studies were not required to support the safety of cocaine hydrochloride 
topical solution since the product will be indicated for acute use.  Long-term studies 
evaluating the carcinogenic potential of cocaine have not been conducted.

The Applicant proposed to include results from a tumor promotion study in their product 
labeling.  Salvadori et al. (1988) examined the effect of 6-week treatment with cocaine 
(5 or 10 mg/kg IV twice a week) on diethylnitrosamine promoted tumor growth.  
Although no effects on tumor promotion were noted (Salvadori et al., 1998), this study is 
not an adequate carcinogenicity study as it does not expose the animals to an adequate 
duration of treatment and should not be included in product labeling.

9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development

Standard fertility and early embryonic development studies have not been conducted in 
animals with cocaine to understand the effects of cocaine on male and female 
reproductive functions (i.e., development and maturation of gametes, mating behavior 
and fertilization).  Thus, the male reproductive toxicity (i.e., damage to the reproductive 
organs, endocrine regulation of gamete maturation and release, reduction in sperm 
count, alteration in sperm motility or morphology, mating behavior, ability to mate, 
endocrine function, or overall reduction in fertility) induced by cocaine is unknown.  Also, 
the female reproductive toxicity (i.e., aberrant mating behavior, altered ability to mate or 
overall reduction in fertility) induced by cocaine is unknown. 

Rather, the Applicant summarized the existing literature on male and female fertility.  
The literature references were grouped into hormonal effects, fertility and reproduction 
effects, and testicular effects.  These studies are reviewed below.

Hormonal Effects

In terms of effects on female reproductive hormones, published studies do not provide a 
clear characterization of the potential impact of cocaine on female hormones.  These 
studies typically study ovariectomized rats.  These studies suggest that a single dose 
cocaine to ovariectomized rats could result in transient elevations in LH and 
progesterone.  
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Table 10:  Acute Effects of Cocaine on Female Reproductive Hormones
Effect Reported Species Dose HED (per 60 

kg person)
Estimated 
Exposure 
Margin 
Based on 
BSA

Citation

Increased LH within 
10 minutes (2 fold)

Ovariectomized 
female rats

2 mg/kg IV 19 mg 0.3x (King et al., 2001)

Increased LH (1.5 to 2 
fold)

Ovariectomized 
female rats

10 or 20 
mg/kg SC

97 -194 mg 1.7-3.3x (Steger et al., 1981)

Increased 
progesterone within 
30 minutes

Rats 15 mg/kg IP 145 mg 2.5x (Quinones-Jenab et 
al., 2000)

Elevation of LH 
(~59%) in early 
follicular phase & 
elevation of estradiol 
at high dose (28%)

Monkey 0.4 or 0.8 
mg/kg, IV

7.7 or 15.4 0.13 or 
0.27x

(Mello et al., 1990)
(Mello et al., 1993)

Collectively, these studies do not define NOAELs, but do suggest the potential for an 
acute dose of cocaine to alter female reproductive hormones.  

Table 11:  Repeat-Dose Effects on Cocaine on Female Reproductive Hormones
Effect Reported Species Dose HED (per 

60 kg 
person)

Estimated 
Exposure 
Margin 
Based on 
BSA

Citation

Reduced plasma LH & 
Alterations in NE and 
5HT in hypothalamus

Rats 10 mg/kg 
SC (6 
weeks)

97 mg 1.7x (King et al., 1990)

Altered estrous 
cyclicity and ovulation 

Rats 10 mg/kg 
(7 days)

97 mg 1.7x (King et al., 1990)

Reduced serum LH, 
decreases ovulation 
and disrupts estrous 
cycle

Rats 1 mg/kg SC 
(NOAEL)
5 mg/kg 
10 mg/kg
20 mg/kg
(6 weeks)

48 mg
97 mg

0.8x
1.7x

(King et al., 1993)

Blockage of LH surge Rabbits 40 mg/kg 
SC (5 days)

774 mg 13.3x (Kaufmann et al., 
1992)

Reduced basal LH, 
FSH and estradiol, 
reduced ovulation and 
altered estrous 
cyclicity

Monkey 4 mg/kg IV, 
Days 2 to 14 
of estrus 
cycle

77 mg 1.3x (Potter et al., 1998)

Reduced ovulation and 
altered estrous 
cyclicity

Monkey 1 mg/kg IV 19 mg 0.3x (Potter et al., 1999)

Slight increase in 
plasma prolactin 

Monkey 1-4 mg/kg IV 19-77 mg 0.3 to 1.3 x (Honore et al., 2001)
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during last few days of 
cycle, disrupted 
menstrual cyclicity, 
suppression of 
ovulation

(Days 2 – 14 
of menstrual 
cycle)

Collectively, these data support the conclusion that cocaine can alter female 
reproductive hormones and can impact the female reproductive cycle.  These data 
support the conclusion that definitive fertility and early embryonic development studies 
should be completed.  Given the lack of definitive fertility studies, these hormonal 
effects are appropriate for labeling.

Table 12:  Acute Effects of Cocaine on Male Reproductive Hormones
Effect Reported Species Dose HED (per 

60 kg 
person)

Estimated 
Exposure 
Margin 
Based on 
BSA

Citation

Increased testosterone 
levels followed by 
decreased 
testosterone levels.

Rats 7.5 to 30 
mg/kg IP

72.5 to 290 
mg

1.3x - 5x (Gordon et al., 1980)

Initial increase then 
decrease in 
testosterone

Decreased LH

Rats 40 mg/kg IP

10 mg/kg IP

387 mg

193.5 mg

6.7x

3.3x

(Berul and 
Harclerode, 1989)

Elevated LH Monkey 0.8 mg/kg IV 15.5 mg 0.27x (Mello et al., 2004)

Fertility and Reproduction

While the standard fertility and early embryonic development studies have not been 
conducted, several published reports in the literature have studied the effects of cocaine 
on some endpoints typically covered by standard fertility studies.  

The table below summarizes the literature references supplied by the Applicant and 
comments on their utility with respect to typical fertility and early embryonic 
development study endpoints.

Table 13:  Effects of Cocaine on Female Fertility Endpoints
Effect 
Reported

Species Treatment 
Period

Dose HED 
(per 60 
kg 
person)

Estimated 
Exposure 
Margin 
Based on 
BSA

Citation Comment

Really a 
juvenile animal 
study:  

Female 
Mice

PND 22 – 
35 prior to 
mating

20 mg/kg 
BID SC (40 
mg/kg/day)

195 
mg/day

3.4x (Chen and 
Vandenbergh, 
1994)

Only includes fertility 
endpoint, not early 
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Cocaine 
delayed first 
estrus but did 
not impact 
fertility rate

NOAEL not 
defined

embryonic 
development

Reduced 
oocytes

Female 
Rat

Untimed; 
no mating

10 mg/kg
(6 weeks)

97 mg 1.7x (King et al., 
1990)

No mating, not a 
fertility study and 
early embryonic 
development study

Disrupted 
cyclicity and 
reduced 
ovulation

Female 
Rat

Untimed; 
no mating

1
5
10
20 mg/kg 
SC
(4 weeks)

9.7
48 mg
97 mg
194 mg

0.2x
0.8x
1.7x
3.3x

(King et al., 
1993)

No mating, not a 
fertility and early 
embryonic 
development study

Blockage of 
LH surge and 
ovulation

Female 
Rabbits

5 days prior 
to mating

40 mg/kg 
SC 

774 mg 13.3x (Kaufmann et 
al., 1992)

Inadequate duration 
of treatment; no early 
embryonic exposure

Increased 
ovulation, no 
effect on fetal 
or placental 
weights or 
preterm 
delivery

Rabbits Single dose 
of Day 1, 8, 
15, 22 or 29 
of 
pregnancy

4 mg/kg IV 77.4 mg 1.33x (Atlas and 
Wallach, 
1991)

Not adequate dosing 
for a standard fertility 
and early embryonic 
development study

No impact on 
implantation, 
but reduced in 
vitro embryo 
development

Rabbits 6 hourly 
injections 
on Day 1 of 
pregnancy
“Binge 
Model”

4 mg/kg IV 77.4 mg 1.33x (Atlas and 
Wallach, 
1991)

Not adequate dosing 
for a standard fertility 
and early embryonic 
development study

As noted in the table above, none of the submitted studies included appropriate dosing 
intervals or endpoints to be considered adequate to address the fertility and early 
embryonic development requirements for cocaine.  

Testicular Effects

The Applicant’s literature search identified many articles examining the impact of 
cocaine administration on testes.  These are summarized in the table below with more 
detailed analysis of several key studies presented thereafter.

Effect Reported Species Dosing 
Regimen

HED 
(per 60 
kg 
person)

Estimated 
Exposure 
Margin 
Based on 
BSA

Citation Comment

Reduced Stage 
VII tubules, 
Sertoli cells, and 
elongated 
spermatids.
Increased 
apoptotic Leydig 
cells

Mice (either 
21 days old 
or 60 days 
old = pubertal 
or adult, 
respectively)

Crack 
cocaine, 
Inhalation, 
approximately 
5 minutes per 
day for 8 
weeks

Unclear Plasma 
levels 
(212.5 
ng/mL are 
~5X 
human but 
AUC data 

(Pires et 
al., 2012)

57.7% pure cocaine – 
study difficult to 
interpret given purity 
issues.  Data are 
crack cocaine are not 
considered 
appropriate for 
labeling.
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not 
available

Reduced volume 
of seminiferous 
tubules, reduced 
spermatogonia

Mice 30 mg/kg IP 
(3 x 10 mg/kg 
for 13 days)

146 mg 2.5x (Gonzalez 
et al., 
2015)

Duration not 
adequate; but adverse 
effects still 
demonstrated
No NOAEL.

No change in 
sexual behavior 
(e.g., latency to 
first intromission, 
number of 
intromissions 
until ejaculation, 
latency to 
ejaculation) or 
fertility.
No 
histopathological 
changes to 
testes.
Increased 
abnormal sperm 
morphology at 
30 mg/kg.
Increased 
hyperactivity of 
offspring.

Long Evans 
Rats (114-
117 days old 
= ~ 16 weeks 
old) 
Allowed to 
mate with 
untreated 
females

15 or 
30 mg/kg, SC
(72 days)

145 mg
290 mg

2.5x
5X

(Abel et 
al., 1989)

Duration of treatment 
is appropriate; 
included fertility, 
sperm motility studies, 
testes histopathology 
data.  Even have 
assessment of 
offspring for potential 
paternally mediated 
effects.
A reasonable male 
fertility study.  Rats 
older than typically 
used for fertility 
studies.

Necrosis of 
interstitial cells 
and 
seminiferous 
tubules at Day 
15, progressed 
to Day 90.
No 
histopathology 
at Day 7 
reported.

Wistar Rats 
(“adult”) 
(based on 
body weight 
reported, 
estimated to 
be ~6 weeks 
old)

30 mg/kg, IP
(sacrificed on 
Days 7, 15, 
30, 45, 60, 
75, and 90)

290 mg 5x (Barroso-
Moguel et 
al., 1994)

No NOAEL identified, 
suggests repeated 
exposure necessary 
to histopathological 
changes.  

Reduced 
pregnancy rates; 
reduced birth 
weights of pups; 
reduced 
diameter of 
seminiferous 
tubules, reduced 
thickness of 
germinal 
epithelial cells, 
reduced Step VII 
spermatids

Rats (30 
days old)

15 mg/kg SC
(Daily for 100 
days & twice 
weekly for 
150 days 
prior to 
mating)

145 mg 2.5x (George 
et al., 
1996)

Duration appropriate, 
endpoints for male 
fertility reasonable.
See below.  This 
study seems 
adequate to substitute 
for a male fertility 
study.
No NOAEL identified.

Reduced 
seminiferous 
tubule diameter 
and thickness of 

Rats (25 
days old)

15 mg/kg SC
(100 days)

145 mg 2.5x (Li et al., 
1997)

Assessed morphology 
of testes, appropriate 
duration of study. 
No NOAEL identified.
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germinal 
epithelium, 
increased 
degeneration of 
germ cells, 
failure to release 
mature 
spermatids
Testicular germ 
cell apoptosis
Reduced serum 
testosterone
Greater effects 
in the younger 
rats (3 and 6 
week old 
animals)

Rats (21, 42, 
or 84 days 
old = 3, 6, or 
12 weeks 
old)

15 mg/kg SC
(28 days)

145 mg 2.5x (Yang et 
al., 2006)

Adequate duration for 
male fertility study
No NOAEL identified.

Collectively, the published literature on the effects of cocaine in adult male rats is not 
entirely consistent.  Abel et al. report no adverse effects of adult males treated for 72 
days via the SC route at doses up to 5 times the maximum daily dose based on body 
surface area.  In contrast, Barroso-Moguel et al. (1994) report necrosis of male 
reproductive tissues after 7 days of this dose given IP.  In theory, it is possible that IP 
could result in higher Cmax values compared to SC, there could be strain differences, or 
the Wistar rats tested by Barroso-Moguel may have been younger than those tested by 
Abel.  Most likely, given the other data reported by Yang et al., 2006, age may have 
been the best explanation for this discrepancy.  

The literature does report consistent adverse effects in peripubertal rats (George et al., 
1996, Li et al., 1997).  Specifically, in peripubertal male rats treated with cocaine, 
morphometric analysis of the testes showed a decrease in mean diameter of 
seminiferous tubules in peripubertal male rats administered cocaine daily for 100 days 
and twice weekly.  Similarly, the thickness of the germinal epithelium was decreased in 
peripubertal males administered cocaine daily for 100 days and twice weekly.  Cocaine 
also had significant effects on spermatogenesis in peripubertal rats; the number of 
spermatids was reduced (Step VII).  Further, in their proposed labeling, the Applicant 
proposes that any adverse effects in adult male rats requires at least 7 days to manifest, 
suggesting that a single exposure is not likely to alter male fertility and reproductive 
performance, apparently based on the data in Barroso-Moguel et al. (1994).
  

Abel et al., 1989

Abel and colleagues (1989) examined the effects of cocaine hydrochloride on 
reproductive function and sexual behavior of adult male rats and their offspring.  Three 
groups of Long-Evan rats were subcutaneously administered cocaine at doses of 0, 15, 
or 30 mg/kg for a minimal of 72 days.  Rats in the 0 and 15 mg/kg groups were pair-fed 
with animals receiving the 30 mg/kg dose to account for reduced food intake.  A fourth 
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group served as a non-treated ad libitum-fed control.  Male endpoints evaluations 
included: hormones (estradiol, LH, FSH, and T level), sexual behavior, fertility, sperm 
test (conducted 6 hours after the sexual behavior test), testis weight and histology, and 
effects on offspring.  Offspring endpoint evaluation included: birth weight, litter size, 
postnatal mortality, weight at age Day 21, behavior (activity at 16 days of age, passive 
avoidance at 17 day of age, spontaneous alternation (T-maze test at 33 to 35 days of 
age, and sperm morphology at 58 days of age.  Body weight and estradiol level and 
T/estradiol ratio were decreased in a dose-dependent manner by the subcutaneous 
administration of cocaine to male rats.  Cocaine administration increased locomotor 
activity in a dose-dependent manner.  Results from this study suggested that cocaine 
had no effects on male reproductive function, sexual behavior, or fertility.  As depicted in 
the tables below reproduced from the publication, cocaine did affect sexual behavior or 
fertility as measured by the number of days to impregnate 2 females.  Relative to 
control, a slight decrease in seminal vesicle (7.1%) weight was observed in the HD 
males (Table 2 below, page 8).  An increase in the percentage of spermatozoa with 
heads separated from the tail was associated with the high dose of cocaine.  Cocaine 
also did not affect weights of the testis or accessory organs, histology of the testis, 
number of implantations, resorptions, fetal or newborn weight of offspring, or offspring 
weight at 21 days of age.  Cocaine had no effect on the behavior of the offspring as 
measured in the passive avoidance and T-maze models.

George et al., 1996

The effects of chronic administration of cocaine on spermatogenesis and fertility were 
evaluated in prepubertal male Sprague-Dawley rats (George et al., 1996).  Four groups 
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of male rats (25 day of age) were subcutaneously administered a single dose of cocaine 
(0 or 15 mg/kg) either daily or twice weekly (Saturday and Sunday) for 100 days.  
Male’s endpoints evaluation included: sexual behavior, fertility, sperm test (conducted 6 
hours after the sexual behavior test), testis and epididymides weight and histology, 
hormonal analysis (follicle stimulating hormone, luteinizing hormone, and serum 
testosterone levels), histological examination of the testes (quantitative and qualitative 
morphologic assessment of the seminiferous tubules to assess the effect on the various 
stages of spermatogenesis), Sertoli cell count, and spermatid count.  Pregnancy weight 
and birth weights were evaluated.  Offspring endpoint evaluation included: birth weight 
and weight at 10 days of age.

Results from the study suggested that cocaine adversely affected male fertility after 
chronic administration.  Compared to the control (86%) group (p<0.05), only 33% (3/9) 
of the female in the daily cocaine group became pregnant after 10 days of mating.  After 
20 days of mating, the pregnancy rate in the daily cocaine group was 50% compared to 
a pregnancy rate of 100% in the control group (p<0.05).  Cocaine treatment on 
weekends only had no effect on fertility; pregnancy rate in the weekend cocaine group 
was not significantly different from the control group after 10 days (100% vs 100%) of 
dosing and 20 days of dosing (100% vs 86%).  The birth weights of offspring from the 
group receiving daily cocaine were 12% less than that of controls (p < 0.05), but by 10 
days there was no difference between groups.  The weight of the testis and epididymis 
was not affected by cocaine exposure.  There was no significant difference in the levels 
of testosterone, FSH, or LH among the cocaine treated groups and the controls.  
Morphologic analysis suggests that cocaine produced significant effects on 
spermatogenesis.  Compared to the control group, the mean diameter of seminiferous 
tubules in the daily and twice weekly cocaine groups was significantly (p<0.05) reduced.  
The mean diameter of the tubules in the daily cocaine group was 213.16 ± 2.66 mcm 
and in the control group it was 272.95 ± 5.35 mcm.  In the weekend-treated group the 
mean diameter was 230.36 ± 5.63 mcm, and controls showed 250.19 ± 4.26 mcm.  
Similarly, compared to the control, the thickness (height) of the germinal epithelium was 
also significantly (p<0.05) reduced in the cocaine-treated groups.  The thickness of the 
germinal epithelium in the daily treated group was 70.80 ± 1.34 mcm. (control 89.71 ± 
2.0 mcm.) and in the weekend treated group was 78.98 ± 1.53 mcm. (control 86.92 ± 
1.76 mcm).  However, there was no evidence of sloughed Sertoli cells or germ cells in 
the tubular lumen or epididymis.  Cocaine treatment of prepubertal rats adversely 
affected spermatids.  The number of step VII spermatids was reduced in both daily and 
twice weekly cocaine groups, a difference that was statistically significant (p < 0.05).  
Step VII spermatids) in the daily cocaine group was 89.33 ± 3.92 compared with 110.83 
± 5.69 in the control (p < 0.05).  In the weekend cocaine group the number was 80.57 ± 
2.14, and in the controls it was 95.8 ± 4.63 (p <0.05).

Li et al., 1997

The histological effects of chronic administration of cocaine on the testes were 
evaluated in prepubertal male Sprague-Dawley rats (Li et al., 1997).  Four groups of 
male rats (25 day of age) were subcutaneously administered a single dose of cocaine (0 
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or 15 mg/kg) either daily or twice weekly (Saturday and Sunday) for 100 days.  Male 
endpoint evaluations included:  histological examination of the testes (quantitative and 
qualitative morphologic assessment of the seminiferous tubules to assess the effect on 
the various stages of spermatogenesis), Sertoli cell count, and spermatid count.  
Compared to the control group, the mean diameter of seminiferous tubules in the daily 
and twice weekly cocaine groups was significantly (p<0.05) reduced.  The mean 
diameter of the tubules in the daily cocaine group was 70.80 ± 1.34 mcm compared to 
89.71 ± 2.00 mcm from the control animals.  In the weekend-treated group the mean 
diameter was 78.98 ± 2.54 mcm, and tubule thickness in control animals was 86.92. ± 
1.76 mcm.  Compared to the control, the thickness (height) of the germinal epithelium 
was also significantly (p<0.05) reduced in the cocaine-treated groups.  The thickness of 
the germinal epithelium in the daily treated group was 70.80 ± 1.34 mcm. (control 89.71 
± 2.0 mcm.), and in the weekend treated group was 78.98 ± 1.53 mcm. (control 86.92 ± 
1.76 µm).  There was evidence that the number of degenerating germ cells was 
significantly greater in the cocaine-treated animals compared to the control animals.  
However, there was no evidence of sloughed Sertoli cells or germ cells in the tubular 
lumen or in the epididymis.  The cocaine-treated animals also failed to release mature 
spermatids.

Yang et al., 2006

Yang et al. compared the effect of 15 mg/kg SC cocaine for 28-days treatment of male 
Sprague-Dawley rats of different ages (3 weeks, 6 weeks, or 12 weeks) (Yang et al., 
2006).  They report that cocaine induced apoptosis (via testicular DNA fragmentation), 
decreased testosterone, increased estrogen, and reduced testicular weights in an age-
dependent manner.   The youngest rats were clearly more susceptible to the adverse 
effects of cocaine, presumably due to the greater dependence on testosterone in the 
developing younger male rats.

Summary
As per ICH S5(R2), fertility and early embryonic development studies are intended to 
test for toxic effects of a compound resulting from treatment prior to mating (males and 
females) through mating and implantation.  For females, the studies should characterize 
effects on the estrus cycle, tubal transport, implantation, and development of 
preimplantation states of the embryo as well as mating behavior and fertility 
assessments.  The acceptable dosing regimen is to dose females at least 2 weeks prior 
to mating through implantation (for rats, implantation is generally by Gestation Day 6-7 
or pregnancy).  For males, the studies should evaluate the impact of a drug on 
functional effects (e.g., libido, epididymal sperm maturation) that may not be detected 
via histopathological examination of the male reproductive tissues.  Although 
spermatogenesis in the rat lasts 63 days, acceptable dosing regiments require that the 
rats be tested for at least 28 days prior to mating.  

Male rodents are considered sexually mature at approximately 50 days of age (7 
weeks).   However, male rodents do not have sperm in the cauda epididymis until Day 
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70 (Week 7).  As such most standard study protocols test males between 10 and 12 
weeks of age.  As noted in the table above, most of the published studies actually 
tested juvenile animals and as such, these findings are relevant to pediatric indications 
and should be included in Section 8.4.  

Evaluation of the dosing regimens and endpoints examined in the literature cited above 
indicates that a GLP female fertility and early embryonic development study with 
cocaine is warranted because the appropriate endpoints have not been fully 
characterized.  Nonetheless, some of the information in the literature is appropriate for 
labeling.  In terms of male fertility, histopathological evaluation of the testes, as well as 
fertility assessment and sperm morphology data do appear in the published literature.  
These studies do not clearly define a NOAEL but do characterize potential toxicity for 
peripubertal rats.  These data clearly suggest a greater risk for younger male rats than 
older male rats.  Further they do suggest that repeated exposures result in more 
significant adverse effects.  

9.2 Embryonic Fetal Development
Applicant did not conduct standard embryonic fetal development studies.  However, the 
Applicant selected several embryo-fetal development studies that characterize cocaine-
induced toxicity, which included studies conducted in mice, rabbits, and rats.  As per 
ICH S5(R2), embryo-fetal development studies are intended to detect adverse effects 
on the pregnant female and development of the embryo and fetus consequent to test 
article exposure of the female implantation to closure of the hard palate.  The studies 
should characterize the toxicity profile of the test article compared to nonpregnant 
females as well as assess embryofetal death, altered growth and structural changes 
(including soft tissue and skeletal examination).  The acceptable dosing regimen is to 
dose pregnant females from implantation to the closure of the hard palate (GD 6 to 18 
for mice and rats; GD 6-20 for rabbits) and then perform Cesarean section on females 
one day prior to parturition (GD 18 mice; GD 20-21 rats; GD 29 rabbits).  At terminal 
examination, the following endpoints are recorded:  macroscopic examination of all 
adults (histological evaluation), corpora lutea number, number of live and dead 
implantations, individual fetal body weight, fetal abnormalities (soft tissue and skeletal 
changes), and gross evaluation of the placenta. 

The published nonclinical literature identified by the Applicant are summarized below 
with those studies that included standard embryofetal study endpoints in more detail.

Mice

The developmental toxicity of cocaine administration was evaluated in several strains of 
mice using intravenous, subcutaneous, and intraperitoneal routes during the early 
period of organogenesis.  These studies show that cocaine at low multiples of clinically 
relevant doses produced skeletal and visceral malformations in mice.  The primary 
malformations observed included urogenital defects that included hydronephrosis and 
cryptorchidism.  The primary malformations observed following subcutaneous injection 
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of cocaine included ocular defects, such as anophthalmia and microphthalmia, as well 
as various defects in skeletal ossification.  

Mehanny et al., 1991

Mehanny et al. (1991) treated pregnant mice intravenously in the tail with 10 or 20 
mg/kg cocaine and/or 20 and 40 mg/kg diazepam from Gestation 9 to 12 to examine 
maternal and fetal toxicity (Mehanny et al., 1991).  No maternal toxicity was observed.  
Findings from this study suggest that cocaine alone and in combination with diazepam 
is a teratogen as evidenced by skeletal and visceral malformations in the treatment 
groups.  Teratogenic effects observed at 20 mg/kg cocaine consisted of hydronephrosis 
(5 fetuses) and cryptorchidism (3 fetuses).  Incidences of hydronephrosis and 
cryptorchidism were increased in the diazepam/cocaine combination (20/10 or 20/40); 
11 and 12 fetuses in the 20/10 and 20/40 groups and 20/10 group, respectively.  
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As skeletal and visceral abnormalities were associated with intravenous administration 
of cocaine at 20 mg/kg, the developmental NOAEL < 10 mg/kg/day, which corresponds 
to an exposure margin of 1.7-times the maximum recommended dose of 160 mg/60 kg 
person in which 36% of cocaine that remains in the pledgets (58 mg) is absorbed 
completely by the nasopharynx following intranasal administration based on body 
surface area.
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Mahalik et al., 1980

Mahalik et al. (1980) evaluated the teratogenic effects of cocaine once daily by 
subcutaneous injection in pregnant CF-1 mice that were divided into one of thirteen 
groups of eight mice (Mahalik et al., 1980).  Six groups were subcutaneously 
administered a single dose of 60 mg/kg cocaine on Day 7, 8, 9, 10, 11, or 12.  Dose 
selection was based on dose range-finding studies that demonstrated that doses of 70 
mg/kg and higher resulted in convulsions and doses of 100 mg and higher resulted in 
mortality.  Six groups received a single administration of saline on Day 7, 8, 9, 10, 11, or 
12.  One group of mice was untreated and served as a control group.  Pregnant mice 
were sacrificed on Day 18 prior to the termination of gestation.  After Cesarean section, 
uterine horns were examined grossly for fetal swellings and resorption sites.  Fetal 
endpoint evaluation included body weight, sex, gross examination for external fetal 
malformations, visceral examination in every other fetus.  Relative to vehicle control, no 
significant difference in maternal body weight was observed.  There were no maternal 
mortalities or convulsions.  The only clinical signs reported at this dose were described 
as mild excitatory responses and a Straub tail.  Significant differences were noted in 
resorption on Day 10 and sex ratio on Day 9 when compared to vehicle control.  Results 
from the study are presented in the Applicant’s tables below.  Compared to controls, 
soft tissue abnormalities were observed on each day of cocaine treatment.  On Days 7 
to 9, cocaine showed a significant increase in skeletal abnormalities compared with the 
vehicle control.  Following subcutaneous administration of cocaine hydrochloride (2%) 
at 60 mg/kg/day, a significant incidence of fetuses with exencephaly, cryptorchidism, 
hydronephrosis, anophthalmia, malformed or missing lenses, delayed ossification of the 
skull, paws or centrum, extra ribs, malformed or crankshaft sternebrae and split or 
butterfly xiphoid processes were reported.  Cocaine alone group showed a significant 
increase in visceral malformations as compared to control group, such as cerebral 
hemorrhage, hydrocephalus, intra-abdominal hemorrhage, and anomalies of the limb.  
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A developmental NOAEL was not identified in this study as only one dose, which 
produced adverse embryofetal effects, was tested.  This dose of 60 mg/kg/day is 5-
times the maximum recommended dose of 160 mg/60 kg person in which 36% of 
cocaine that remains in the pledgets (58 mg) is absorbed completely by the 
nasopharynx following intranasal administration based on body surface area. 

Finnell et al., 1990

Finnell et al., (1990) evaluated the teratogenic effects of cocaine following 
intraperitoneal administration (Finnell et al., 1990).  Two inbred mouse strains (SWV 
and DBA/21) of pregnant mice were treated with cocaine (0, 20, 40, or 60 mg/kg) either 
on Gestational Days 6 to 8 or 8 to 10.  The pregnant mice were sacrificed one day prior 
to parturition (Day 18).  There was no clear evidence of maternal toxicity.  The uterine 
contents, the number of dead (stillborn) and live fetuses, number of implants as well as 
incidences of resorption were recorded.  Living fetuses were weighed and examined for 
congenital malformations, soft tissues abnormalities, and skeletal abnormalities.  There 
were no significant effects of cocaine on maternal weight gain compared to saline 
treated controls in either strain tested.  As depicted in Table 1 from the article, cocaine 
had no adverse effect on the rates of implantation, resorption or fetal weights.  A 
significant increase in anomalies in the neural and urinary tract in both the DBA and the 
SWV inbred strains were observed.  As depicted in the table below (table 3 from the 
article) below, statistically significant increase soft tissue abnormalities were observed in 
the neural tissues and urinary tract in fetuses from the mid- and high-dose groups.  
These abnormalities included dilated or immaturely developed cerebral ventricles, 
hydronephrosis, dilated or cystic ureters, and distended bladders.  The authors also 
reported (listed as miscellaneous abnormalities) that cleft lip with and without cleft 
palate, open eyes and deformations were also observed in some fetuses.  These 
findings suggest the potential for teratogenicity in fetuses exposed to cocaine during 
critical periods of early gestation.  The developmental NOAEL is 20 mg/kg/day due to 
embryofetal toxicity evident by increased fetal soft tissue anomalies at 40 and 50 
mg/kg/day.  Based on a body surface area comparison, the dose of 20 mg/kg in a 
mouse (60 mg/m2) is 1.7-times the maximum recommended dose of 160 mg/60 kg 
person in which 36% of cocaine that remains in the pledgets (58 mg) is absorbed 
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completely by the nasopharynx following intranasal administration based on body 
surface area.
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Abdel-Rahman and Ismail, 2000

Abdel-Rahman and Ismail (2000) studied the teratogenic effect of either ketamine (50 
mg/kg) alone, cocaine alone (20 mg/kg), or a combination of both ketamine and cocaine 
(50:20 mg/kg ketamine:cocaine) once daily by intravenous injection in 60 pregnant CF-1 
mice that were divided into four equal groups (Abdel-Rahman and Ismail, 2000).  
Treatment started from Gestation Day 6 to Gestation Day 15 in all groups.  The 
pregnant mice were sacrificed on Day 18.  There was no clear evidence of maternal 
toxicity (only a 2.3% decrease in body weight gain compared to controls).  Caesarean 
examination included counting the number of live and dead fetuses, and the number of 
resorptions.  Fetal endpoint assessment included body weight, crown-rump length, 
gross examination for external fetal malformation, visceral examination in one-half of the 
fetuses from each litter and skeletal examination in one-half of the fetuses from each 
litter.  Results from the study are presented in the Applicant’s table below.  Relative to 
vehicle control, no significant decrease in intrauterine mortality rate (resorptions and 
fetal data) or fetal body weight was observed following intravenous administration of 
cocaine.  Findings from this study suggest that cocaine alone and combination is a 
potential teratogen as evidenced by the skeletal and visceral malformations.  Cocaine 
(20 mg/kg) alone group showed a significant increase in skeletal malformation relative 
to the control group that included incomplete ossification of femoral bones and wide 
separation of parietal bones as well as a significant increase in visceral malformations 
that included cerebral hemorrhage, hydrocephalus, intraabdominal hemorrhage, and 
anomalies of the limb.  Therefore, a developmental NOAEL was not identified in this 
study.  The lowest cocaine dose of 20 mg/kg produced adverse effects to the fetus at 
1.7-times the maximum recommended dose of 160 mg/60 kg person in which 36% of 
cocaine that remains in the pledgets (58 mg) is absorbed completely by the 
nasopharynx following intranasal administration based on body surface area.
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Rabbits

Prenatal cocaine exposure by continuous infusion had no effect on the incidence of 
spontaneous abortions, maternal death, fetus growth, and did not produce any external 
malformations.  However, the ratio of stillborn fetus to all delivered birth was significantly 
increased among the cocaine does.  Overt clinical signs were observed in does 
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administered cocaine, which include convulsive activity, mild autonomic and skeletal 
effects and stereotypic behaviors.  A limitation of all the rabbit literature studies was that 
skeletal and visceral examinations of the fetuses were not conducted.  As such, neither 
of these studies are adequate evaluations of embryo-fetal development and are not 
considered appropriate for labeling.

Weese-Mayer et al., 1991

Weese-Mayer et al. (1991) treated pregnant New Zealand White rabbits subcutaneously 
via a minipump with 30 mg/kg/day cocaine from Gestation Days 10 to 32 to examine 
maternal and fetal toxicity (Weese-Mayer et al., 1991).  The study consisted of the 
following study groups: cocaine (CC), pair-fed (PF) and free-fed (FF).  Pregnancy 
outcomes included assessment of incidence of stillbirth, maternal death, and 
spontaneous abortion.  Fetal endpoint assessment included: body weight (at 4 and 5 
days of age), crown (head)-rump length, head circumference from snout to occiput, 
gross examination for external fetal malformation, kidneys examined for gross defects.  
Cocaine subcutaneously administered via minipump resulted in mean plasma 
concentrations of 519.4 ng/mL and 632.4 ng/mL for cocaine and its metabolite 
benzoylecgonine, respectively.  Cocaine concentration decreased progressively 
throughout the pregnancy (614 ng/mL on Day 14 to 396 ng/mL on Day 28) while the 
concentration of benzoylecgonine progressively increased (458 ng/mL on Day 14 to 
1055 ng/mL on Day 28).  Number of stillbirths was significantly (p<0.04%) increased 
relative to all delivered births among cocaine does (18%) compared to pair-fed (6%), 
and free-fed does (7%).  Pre-natal cocaine exposure by continuous infusion did not 
increase the incidence of spontaneous abortions, litter size, pup growth, and external 
malformations compared to control.  “External and renal malformations and postnatal 
weight, crown-rump length, and snout-occiput head circumference for pups aged 4 and 
5 days of age did not differ among groups.”  There was one incidence of hemorrhagic, 
enlarged kidney, unilaterally in a cocaine-exposed pup.  Based on a body surface area 
comparison, the dose of 30 mg/kg/day in rabbits (360 mg/m2) is 10-times the maximum 
recommended dose of 160 mg/60 kg person in which 36% of cocaine that remains in 
the pledgets (58 mg) is absorbed completely by the nasopharynx following intranasal 
administration based on body surface area.

Murphy et al., 1995

Murphy et al. (1995) treated pregnant Dutch-belted rabbits intravenously with 4 mg/kg 
BID cocaine from Gestation Days 8 to 29 to examine fetal behavioral toxicity (Murphy et 
al., 1995).  Pregnancy outcome measures included assessment of maternal weight (GD 
0, GD 8, GD 13, GD 20, and GD 27), number of litters, number of live fetuses per litter, 
sex ratio, number of aborted fetuses, and number of fetal deaths during the first 
postnatal week or euthanized due to illness.  Fetal endpoint assessment included:  body 
weight gain (PND 10, PND 20, PND 30, PND 40, PND 50, and PND 120), gross 
malformation (on randomly selected fetus), gross necropsy on all animals found dead or 
euthanized due to illness.  Fetuses were euthanized at birth and at various intervals up 

Reference ID: 4192384



NDA 209963 Reviewer:  BeLinda Hayes, PhD

153

to 6 months of age to assess anatomic, neurochemical, behavioral, and cardiovascular 
effects.  High incidences (average score of 3.2) of convulsive responses and/or motor 
impairment were observed on GD 8.  Relative to vehicle control, no significant 
difference in weight gain, number of fetus born per litter, or survival following the 
intravenous administration of cocaine was reported.  Relative to vehicle control, no 
increase in incidence of abnormalities/developmental defects (gross malformations) 
were observed.  Based on a body surface area comparison, the dose of 8 mg/kg/day in 
rabbits (360 mg/m2) is 2.7-times the maximum recommended dose of 160 mg/60 kg 
person in which 36% of cocaine that remains in the pledgets (58 mg) is absorbed 
completely by the nasopharynx following intranasal administration based on body 
surface area.

Rats

The Applicant is relying upon the published literature to characterize the effects of 
cocaine on embryo-fetal development.  Several embryo-fetal development studies were 
identified in the published literature (Fantel and Macphail, 1982, Church et al., 1988, 
Webster and Brown-Woodman, 1990, el-Bizri et al., 1991).  The embryo-fetal 
developmental studies were evaluated in Sprague-Dawley and Long-Evans rats using 
subcutaneous, and intraperitoneal routes during organogenesis.  These studies support 
the conclusion that cocaine was found to be teratogenic in rats following subcutaneous, 
and intraperitoneal administration.  These studies are summarized below. 

Study title:  The Teratogenicity of Cocaine (Alan G. Fantel and Bonita J. 
Macphail, 1982)

Key Study Findings

Female rats were treated with cocaine hydrochloride (0, 50, 60, and 75 mg/kg/day) on 
Gestation Days 8-12 with the following findings:

1. Treatment-related mortalities were observed in maternal rats intraperitoneally 
administered cocaine at 75 mg/kg/day.

2. Maternal and fetal body weight was significantly reduced at 60 mg/kg/day.

3. Fetal edema, increased resorption and single incidences of cleft palate and 
hypertrophic left ventricle, and severe autolysis of the fetus were observed at 60 
mg/kg/day of cocaine.

4. Maternal and developmental NOAEL = 50 mg/kg/day (HED = 8.1 mg/kg or 484 
mg/60 kg person based on body surface area) was defined (based on decreased 
fetal body weight, resorption and edema findings at the 60 mg/kg dose).
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5. Based on a body surface area comparison, the dose of 50 mg/kg in a rat 8.3-
times the maximum recommended dose of 160 mg/60 kg person in which 36% of 
cocaine (58 mg) is completely absorbed from the nasopharynx following 
intranasal administration.

Methods
Doses: 0, 50, 60, 75 mg/day (rats); 60 mg/kg/day (mice)

Frequency of dosing: Daily on Gestation Days 8-12 (rats); Daily on 
Gestation Days 7-16 (mice)

Dose volume: Unknown
Route of administration: Intraperitoneal

Formulation: Cocaine HCl was dissolved in Hank’s Balanced 
Salt Solution

Species/Strain: Rats/Sprague-Dawley; Mice/Swiss Webster
Number/Sex/Group: Rats

0 mg – 8 litters
50 mg – 12 litters
60 mg – 9 litters
75 mg – 0 litters (lethal) 

Mice
0 mg – 8 litters
60 mg – 8 litters

Observations and Results
Examination of Embryo and Fetuses

Cesarean/Necropsy Day 20 of gestation (rats); Day 18 of gestation 
(mice)

Cesarean Section The number of corpora lutea, early and late 
resorptions, dead and live fetuses, placental 
weight of live fetuses

Fetal Observations Each fetus was weighed, sexed and examined 
for external alterations

Skeletal Examination Examined for external malformations.  Fetuses 
were fixed in a 3:1 ratio in Bouin’s solution and 
95% ethanol and subsequently cleared with 
potassium hydroxide and stained with alizarin red 
for skeletal examination.  

Mortality

Cocaine was lethal at the high dose (75 mg/kg/day).  All maternal dams died on or 
before Gestation Day 14.

Body Weight
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The mean body weight of dams intraperitoneally administered cocaine at 50 mg/kg/day 
during the gestation period was comparable to the vehicle-treated dams.  Treatment-
related effects on the mean body weight were observed in the dams administered the 
high dose (60 mg/kg/day).  Relative to control, the mean body weight was statistically 
(p<0.025) significantly decreased by 18% on Gestation Day 20.

Gestation Day 20 Laparohysterectomy Data 

In the low-dose group, a total of 136 fetuses were delivered in 12 litters.  Body weight 
was comparable in the fetuses from the low dose group.  Nine resorptions occurred. 
In the mid-dose group, a total of 94 fetuses were delivered in nine litters; 79 of these 
fetuses were normal.  Compared to control fetuses, fetal weight was reduced; the 
growth retardation was correlated with the reduced maternal weight at this dose.  
Relative to control, a significant number (p<0.001) of resorptions was observed; 38 
resorptions were observed in fetuses from the mid-dose dams.  As depicted in the table 
below, mean fetal weight was reduced approximately 27% in fetus born in the 60 
mg/kg/day group.

-

Offspring (malformations, variations, etc)

No treatment-related effects in the type or incidence of gross external, soft tissue or 
skeletal malformations were noted following intraperitoneal administration of cocaine in 
the low dose group that received 50 mg/kg/day.  Treatment-related effects were 
observed in fetuses from the mid-dose group that included single incidences of cleft 
palate and hypertrophic left ventricle, and severe autolysis of a fetus.  It was also noted 
that in the mid-dose group that two litters had 13 fetuses with edema.  

Study title:  Effects of Cocaine on Rat Embryo Development in Vivo and in 
Cultures (Hiba el-Bizri, Ian Guest, and Daya Varma, 1991)

Key Study Findings
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Pregnant SD rats were treated with cocaine hydrochloride (0, 1.9, 3.8, 7.6, 15, and 30 
mg/kg, IP) on Gestation Days 0-19 with the following findings:

1. Treatment-related mortalities were observed in maternal rats intraperitoneally 
administered cocaine 30 mg/kg/day.

2. Maternal and fetal body weight was significantly reduced ≥ 15 mg/kg/day.

3. Cocaine caused a dose-dependent increase in soft tissue genitourinary tract 
findings, which include hydronephrosis and enlarged bladder.

4. Maternal NOAEL = 7.6 mg/kg/day (based on mortality and decreased body 
weight).  

5. A developmental NOAEL was not identified as hydronephrosis was observed at 
all doses tested.

Methods
Doses: 0 (saline), 1.9, 3.8, 7.6, 15 and 30 mg/kg/day

Frequency of dosing: Once daily on Gestation Day 0 to 19
Dose volume: Unknown

Route of administration: Intraperitoneal
Formulation: Cocaine was dissolved in saline

Species/Strain: Rats/Sprague-Dawley
Number/Sex/Group: 5 to 13 litters/group

Observations and Results
Examination of Embryo and Fetuses

Cesarean/Necropsy Day 20 of gestation (rats)
Cesarean Section The number of corpora lutea, resorption sites, 

dead and live fetuses, number of runts or 
edematous fetuses, and fetal and placental 
weights were recorded.

A number of pregnant rats treated with saline or 
15 mg/kg cocaine were allowed to deliver 
spontaneously.

Fetal Observations Each fetus was weighed, sexed and examined 
for external alterations.

Fetal Examination Day 20 fetuses were either fixed in Bouin’s fluid 
for internal organ examination or in ethanol for 
skeletal examination after staining by Alizarin 
Red.  

Overt cocaine-induced toxicity included excitation that occurred 15 to 30 minutes 
following treatment after dosing 5 to 6 days in the dose range of 1.9 to 3.8 mg/kg.  In the 
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30 mg/kg group, the animals appeared lethargic, and 3 out of the 5 animals died within 
15 to 30 minutes after dosing on Day 6 or 7 of treatment; convulsions preceded the 
death of these 3 animals.  At 30 mg/kg, all implants were loss.  Maternal and fetal 
results from the study report are presented in the author’s table below.  Relative to 
vehicle control, a small but significant decrease in food consumption and body weight 
was reported.  Prenatal cocaine exposure did not affect gestational duration nor the 
growth pattern.  At 30 mg/kg, all implants were loss and three of the five dams died after 
six to seven injections.  

Cocaine did not affect mean fetal and placental weights, although it increased the 
number of runts and edematous fetuses.  Three pups born to one cocaine-treated 
animal died 20 days after birth.  Brain catecholamine levels, which includes dopamine, 
epinephrine, and norepinephrine, were measured from Gestational Day 20 fetuses and 
newborn pups and were slightly elevated but were not significantly different compared 
to control animals.  Cocaine caused a dose-dependent increase in soft tissue 
genitourinary tract findings, which include hydronephrosis and enlarged bladder as well 
as cerebral hemorrhage.  Results from this study suggest that cocaine is a potential 
teratogen as evidenced by visceral malformations.  
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Effects of cocaine (1 mcM – 1 mM) on the growth of embryos in culture were studied to 
find out if cocaine's fetal toxicity is correlated with the maternal toxicity.  In the in vitro 
embryo culture study, rats were mated during a 2-hour period.  Embryos (10-12 somite 
stage) was harvested from 10.5 day pregnant rats were cultured for 48 hours.  Embryo 
size, mortality (absence of heart beat), and protein content were assessed at the end of 
the incubation period.  Results are shown in the study report figure below.  Cocaine 
elicited a concentration-dependent inhibition of embryo development in culture and was 
lethal to all embryos at a concentration of 300 mcM.  Results from the in vitro embryo 
culture assay suggest that cocaine can exert direct fetal toxicity but may act 
independent of interactions with catecholamines as procaine a local anesthetic was also 
embryotoxic suggestive of a class effect.    
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Study title:  Dose-dependent consequences of cocaine on pregnancy 
outcome in the Long-Evans rat (Michael W. Church, Barbara A. Dintcheff, 
Peter K. Gessner, 1988)

Key Study Findings
Timed-pregnant nulliparous female rats were treated with cocaine hydrochloride (0, 40, 
50, 60, 70, 80, and 90 mg/kg/day) from Gestations Day 7 - 19 with the following 
findings:

1. Cocaine-induced maternal and fetal mortality occurred between 10 to 13 days of 
treatment.

2. Fetal edema, abruption placental, autolysis, and hemorrhage were associated 
with fetuses that were stillborn.
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3. 50 mg/kg/day (HED = 8.1 mg/kg or 484 mg/60 kg person based on body surface 
area) was defined (based on decreased fetal body weight, resorption and edema 
findings at the 60 mg/kg dose) as the NOAEL.  The Applicant defined the 50 
mg/kg/day as the NOEL and the NOAEL at 60 mg/kg/day.

4. Based on a body surface area comparison, the dose of 50 mg/kg in a rat is 8.3-
times the maximum recommended dose of 160 mg/60 kg person in which 36% of 
cocaine (58 mg) is completely absorbed from the nasopharynx following 
intranasal administration.

 
Methods

Doses: 0 (saline), 40, 50, 60, 70, 80, or 90 mg/kg/day
Frequency of dosing: Twice daily on Gestation Days 7-19

Dose volume: Volumes greater than 0.30 mL were injected into 
multiple sites

Route of administration: Subcutaneous
Formulation/Vehicle: Distilled water (2% solution)

Species/Strain: Rats/Long-Evans
Number/Group: 4 to 6 litters/group

Observations and Results

Clinical Observation (Female) Body weight (daily)
Food Consumption (daily)
Water Consumption (daily)

Cesarean/Necropsy Day 20 of gestation
Cesarean Section The number of implants, dead and live 

fetuses.
Dead fetuses were categorized as 
implantation sites, early deaths or late 
deaths.

Fetal Observations Each fetus was weighed, and examined for 
external alterations

Skeletal Examination Not performed

Mortality

Significant (p<0.005) treatment-related dose dependent increase in maternal mortality 
was observed.  A total of 12 cocaine-induced maternal mortality occurred among the 23 
dams administered cocaine at doses ≥ 60 mg/kg/day; 33%, 40%, 50%, 83% occurred 
among the dams in the 60, 70, 80 and 90 mg/kg/day groups, respectively.  The 12 
fatalities (83%) occurred late in the treatment period (gestation days; 17-19 inclusive, 
i.e., after 11-13 days of treatment.  LD50 was 74 mg/kg/day.

Body Weight
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A significant (p<0.05) treatment-related dose-dependent decrease in maternal weight 
gains relative to Day 7 (initiation of dosing) was observed on gestation Day 20 (after 13 
days of dosing).  Ad Lib, control, 40, 50, 60, 70, 80, and 90 mg/kg/day groups, the mean 
body weight gain was 91, 86, 66, 61, 47, 43, 18, and 19 respectively.  The average (± 
S.D.) weights for the dams in the Ad Lib, saline, 40, 50, 60, 70, 80 and 90 mg/kg/day 
groups were 296 ± 23, 285 ± 26, 271 ± 17, 294 ± 27, 272 ± 15, 273 ± 14, 268 ± 18, and 
270 ± 22 g, respectively.

Significant (p < 0.001) treatment-related dose dependent decrease in food consumption 
was observed.  Significant (p < 0.001) reduction in water consumption by 21.8% was 
observed in the 90 mg/kg/group.

Gestation Day 20 Laparohysterectomy Data

The author’s fetal data are presented in the table below.  Results suggest that cocaine 
induces fetal death.  A decrease in number of live fetuses occurred in a dose-dependent 
manner reaching statistical significant (p = 0.002) at the 70, 80, and 90 mg/kg/day dose 
levels.  Fetus mortality rate was comparable to maternal mortality rate; LD50 of 71 
mg/kg/day was established.  Fetal mortality was correlated with maternal fatalities.  
Compared to control fetuses, fetal weight was reduced.  A significant dose-dependent 
decrease in mean body weight was observed reaching statistical significance at the high 
dose level (p = 0.05).

Offspring (malformations, variations, etc)

Fetal edema occurred in cocaine treatment at doses ≥ 60 mg/kg/day.  Hemorrhagic 
areas were grossly observed in 10 cocaine litters and involved a total of 23 fetuses.  
Hemorrhage was observed in fetuses from the ≥ 60 mg/kg treated dams.  Hemorrhages 
was not correlated with the observed edema.  Hemorrhage in the cephalic region was 
observed in fetuses (16 of 23 fetuses) in which pregnancies were terminated 
prematurely in maternal fatalities.  Pronounced vasodilation of the head and face were 
observed in these fetuses

Two incidences of birth anomalies were reported that included unilateral anophthalmia 
(40 mg/kg/day) and microencephaly (90 mg/kg/day) with no birth defects noted in the 
Ad Lib or saline control groups.  The authors noted that the incidence of microencephaly 
may have been due to the restricted intra-uterine space rather than cocaine 
embryotoxicity.  The authors noted that the fetus that had anophthalmia was 
underweight (2.4 g) on Gestational Day 20 and could not rule out that this was test-
article related and further stated that incidences of anophthalmia have been reported in 
other studies with CF-1 mice that were exposed prenatally to cocaine.  
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Church et al., 1990

Church et al. (1990) evaluated the teratogenic effects of cocaine following 
intraperitoneal administration (Church et al., 1988).  Pregnant Long-Evan rats were 
treated with cocaine (0, 40, 60, 80 or 100 mg/kg/day) on Gestational Days 7 to 19.  The 
pregnant rats were sacrificed on Gestational Day 20 and the fetuses were examined.  
Two pair-fed (80 and 100 mg/kg/day) and untreated control groups served as 
comparison groups.  Signs of physical maturation (eye and ear opening, testicular 
descent, and incisor disruption) were assessed.  Results showed evidence of 
developmental delays in several physical maturation hallmarks after prenatal exposure 
to cocaine.  Ear opening (receding of the ear flap covering the auditory meatus) was 
significantly delayed in 60, 80, and 100 mg/kg cocaine groups.  Pair-fed 100 mg/kg 
group also showed a delay in ear opening that was comparable to the 80 and 100 
cocaine-treated groups.  Eye opening was delayed in all cocaine-treated groups and the 
100 mg/kg pair-fed group.  Vaginal opening was delayed in the 80 and 100 mg/kg/day 
cocaine groups.  Prenatal cocaine exposure had no effects on testicular descent or on 
gestational length.  Cocaine exposure during organogenesis increased maternal 
mortality in a dose-dependent manner.  Dose-dependent decrease in birth weight and 
postnatal weight gain were observed in both the cocaine and pair-fed groups.  Cocaine-
induced fetal abnormalities were observed in the 80 mg/kg/day cocaine group that 
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included incidences of unilateral anophthalmia (n = 1), deformed paws-comptodactyly 
and bradydactyly (n = 1), thymic hemangioma (n= 1), duploid spleen (n= 1), and 
splenomegaly (n= 1).  Developmental NOAEL was 40 mg/kg/day (HED = 6.5 mg/kg or 
387 mg/60 kg person based on body surface area) based on decreased maternal body 
weight gain, delay physical maturation findings at the doses ≥ 60 mg/kg/day).  Based on 
a body surface area comparison, the dose of 40 mg/kg in a rat is 6.7-times the 
maximum recommended dose of 160 mg/60 kg person in which 36% of cocaine (58 mg) 
is completely absorbed from the nasopharynx following intranasal administration.
  

Physical Development
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Gestation Day 20 Laparohysterectomy Data
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Webster and Brown-Woodman, 1990

Webster and Brown-Woodman (1990) evaluated the teratogenic effects of cocaine in 
pregnant Sprague-Dawley rats as a single or multiple doses following intraperitoneal 
administration in three different studies (Webster and Brown-Woodman, 1990).  
Subsequently, the fetuses were examined at various times post-dose for evidence of 
hemorrhage and external malformations. 

Dose-Response Study.  Pregnant Sprague-Dawley rats received a single dose (0, 
(distilled water) 40, 50, 60, 70, or 80 mg/kg) on Gestational Day 16.  Forty hours post-
dosing, the fetuses were examined with a dissecting microscope for external 
malformations and cleft palate.  As suggested in the table below, cocaine-induced 
maternal lethality occurred at the highest dose (80 mg/kg).  Percent of implants 
resorbed was significant increased by cocaine exposure to 70 mg/kg relative to vehicle 
control.  Teratogenicity was observed in a dose-dependent manner over a narrow dose 
range.  A single dose of cocaine on Gestation Day 16 induced severe hemorrhage in 
the fetuses which primarily affected the footplates of both forelimbs and hindlimbs, and 
distal part of the tail.  Hemorrhage was visible in the fetuses 2 hours after dosing.  The 
hemorrhages were also observed in the genital tubercle, and the upper lip and adjacent 
part of the nose.  “Less severe damage was restricted to the distal parts of the middle 
digits of the limb and the distal part of the tail.”

Treatment Interval Study.  On Gestation Day 16, rats were given two injections of 50 
mg/kg cocaine at intervals of 1, 2, 3, or 4 hours.  Forty hours post-dosing, the fetuses 
were weighed and examined.  Percent of implants resorbed was significant increased 
by cocaine exposure to 70 mg/kg relative to vehicle control.  Findings suggested that 
when two doses of cocaine (50 mg/kg) were administered 1 to 4 hours apart, the 
incidence of affected fetuses increases as the time interval between the two doses 
decreased.  “When two doses were given 1 hour apart, the number of affected fetuses 
increased to 29.5%, two doses 2 hours apart affected 23%, and two doses 3 hours 
apart affected 17%.”
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Stage of Pregnancy Study.  Pregnant rats were given two intraperitoneal injections of 
50 mg/kg cocaine at 2 hour intervals on Gestation Day 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, or 19.  The pregnant rats were sacrificed on Gestational Day 21 and the fetuses 
were weighed and examined.  Another group of pregnant rats were given two injections 
of 50 mg/kg cocaine at 1 hour apart on either Gestation Day 13, 14, 15, 16, 17, 18, or 
19.  Findings showed that this marginally teratogenic dose of cocaine (50 mg/kg) 
induced a low incidence of externally visible malformations, and was restricted to litters 
exposed to cocaine.

For this study, a NOAEL of 40 mg/kg was identified (HED = 6.5 mg/kg or 387 mg/60 kg 
person based on body surface area), which was based on hemorrhage, edema and 
external malformations at doses ≥ 50 mg/kg/day).  Based on a body surface area 
comparison, the dose of 40 mg/kg in a rat is 6.7-times the maximum recommended 
dose of 160 mg/60 kg person in which 36% of cocaine (58 mg) is completely absorbed 
from the nasopharynx following intranasal administration.

Summary

The table below summarizes the literature references supplied by the Applicant and 
comments on their study design, adequacy with respect to typical embryofetal 
development study endpoints, and utility for labeling language.
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Effect Reported Specie
s

Treatment 
Period

Dose*
(mg/kg)

HED 
(per 60 
kg 
person) 
of 
NOAEL/
LOAEL

Estimate
d 
Exposur
e Margin 
Based 
on BSA

Citatio
n

Comment

Hydronephrosis, 
cryptorchidism, 
incidence of 
skeletal 
anomalies and 
visceral 
anomalies were 
increased

CF-1 
mice

GD 9 - 12 0, 10, 
20 (IV)

49 mg 0.84x (Mehan
ny et 
al., 
1991)

Sample size is small.  
Maternal toxicity was 
not observed.  Dosing 
period does not span 
organogenesis (GD 6-
17).  This study utilized 
IV dosing, so exposures 
are likely higher than 
with proposed clinical 
product.  A NOAEL was 
not identified.

Exencephaly, 
cryptorchidism, 
hydronephrosis, 
anophthalmia, 
delayed 
ossification

CF-1 
mice

Single 
administrat
ion on GD 
7, 8, 9, 10, 
11 or 12

60 (SC) 293 mg 5x (Mahali
k et al., 
1980)

Sample size is small.  
Maternal toxicity was 
not observed.  Dosing 
period does not span 
organogenesis (GD 6-
17) but study is 
informative as adverse 
effects are observed 
after single dose.  Only 
a single dosing group 
was evaluated.  As 
adverse findings were 
observed, a NOAEL 
was not identified.

Immaturely 
developed 
cerebral 
ventricles, 
dilated or cystic 
ureters, 
cryptorchidism 
(SWV strain 
only), 
hydronephrosis, 
cleft lip, cleft 
palate, eye 
findings, ileal 
atresia

SWV 
and 
DBA 
mice

GD 6-8 or 
GD 6-10

0, 20, 
40, 60 
(IP)

98 mg 1.7x (Finnell 
et al., 
1990)

Sample size is small.  
Maternal toxicity was 
not observed.   Dosing 
period does not span 
organogenesis (GD 6-
17).  

Incomplete 
ossification, 
cerebral 
hemorrhage, 
hydrocephalus, 
limb anomalies, 

CF-1 
mice

GD 6 - 15 20 (IV) 98 mg 1.7x (Abdel-
Rahma
n and 
Ismail, 
2000)

This study seems 
adequately designed as 
an embryofetal study.  
However, sample size is 
small.  In addition, only 
a single dosing group 
was evaluated.  As 
adverse findings were 
observed, a NOAEL 
was not identified.
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No adverse 
findings 
reported.

New 
Zealan
d White 
rabbits

GD 10 - 32 30 (SC 
via 
minipum
p)

581 mg 10x (Wees
e-
Mayer 
et al., 
1991)

Not adequate as 
Cesarean section as 
well as skeletal and 
visceral examination 
were not performed.  

No adverse 
findings 
reported.

Dutch 
belted 
rabbits

GD 8 - 29 8 mg/kg 
(IV)

155 mg 2.7x (Murph
y et al., 
1995)

Not adequate as 
Cesarean section as 
well as skeletal and 
visceral examination 
were not performed.  

Fetal edema, 
increased 
resorption, single 
incidences of 
cleft palate and 
hypertrophic 
ventricle.  
Maternal toxicity 
was observed at 
the 60 
(decreased body 
weight) and 75 
mg/kg/day dose 
(death) groups.  

Spragu
e-
Dawley 
rats

GD 8 - 12 0, 50, 
60, 75 
mg/kg 
(IP)

484 mg 8.3x (Fantel 
and 
Macph
ail, 
1982)

Sample size is small.  
Dosing period does not 
span organogenesis  
(GD 6-17).  Maternal 
toxicity was observed at 
the 60 and 75 
mg/kg/day dose groups.  

Hydronephrosis, 
cerebral 
hemorrhage, 
fetal edema

Spragu
e-
Dawley 
rats

GD 0 - 19 1.9, 3.8, 
7.6, 15, 
30 
mg/kg 
(IP)

18.4 mg 0.32x (el-Bizri 
et al., 
1991)

Sample size is small.  
Dosing started earlier 
than typical 
organogenesis period 
(GD 6-17).  A 
developmental NOAEL 
was not identified as 
hydronephrosis was 
reported at all doses.  

Findings were observed 
at lower doses and may 
have been due to the 
initiation of dosing prior 
to implantation.  As all 
other studies were 
initiated at GD 6 or later, 
the results of this study 
will not be included.  

Fetal edema, 
stillborn fetuses, 
fetal mortality

Long-
Evans 
rats

GD 7 - 19 0, 40, 
50, 60, 
70, 80, 
90 
mg/kg 
(SC)

484 mg 8.3x (Churc
h et al., 
1988)

Cesarean section as 
well as skeletal and 
visceral examination 
were not performed.  

Delays in ear 
opening, eye 
opening and 
vaginal opening 

Long-
Evans 
rats

GD 7 - 19 0, 40, 
60, 80, 
100 
mg/kg 
(SC)

387 mg 6.7x (Churc
h et al., 
1990)

Cesarean section as 
well as skeletal and 
visceral examination 
were not performed.  

Hemorrhage, 
fetal edema, limb 
defects

Spragu
e-
Dawley 
rats

Single 
administrat
ion on GD 
9, 10, 11, 
12, 13,14, 
15, 16, 17, 
18 or 19

0, 40, 
50, 60, 
70, 80 
mg/kg 
(IP)

387 6.7x (Webst
er and 
Brown-
Wood
man, 
1990)

Cesarean section as 
well as skeletal and 
visceral examination 
were not performed.  
Sample size is small.  
Dosing period does not 
span organogenesis 
(GD 6-17) but study is 
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informative as adverse 
effects are observed 
after single dose.

* Bolded dose is a NOAEL.  Bolded and underline dose is a developmental NOAEL.

Evaluation of the literature cited above indicates the dosing regimens and endpoints 
examined are not consistent with ICH S5A study designs and therefore GLP 
embryofetal development studies with cocaine are warranted.  Nonetheless, some of 
the information in the literature are appropriate for labeling.  Collectively these studies 
demonstrate that cocaine can produce teratogenic effects at multiples of clinically 
relevant doses and it is also noted that many of the studies did not clearly define a 
developmental NOAEL.  The Applicant based margins in the proposed labeling on Cmax 
data, however, exposure margins are based on AUC exposure levels and therefore 
human equivalent doses based on body surface area are used to calculate margins.  
The resulting calculations likely underestimate exposure margins as systemic exposure 
after intranasal administration appears limited, however, data will be required to 
calculate margins based on AUC exposure levels.  Taken together, these data suggest 
that cocaine administration during organogenesis as well as a single high exposure of 
cocaine can result in significant adverse effects to the fetus and mother.  Therefore 
these data should be included into labeling until more definitive GLP studies are 
conducted.

9.3 Prenatal and Postnatal Development

GLP standard prenatal and postnatal development (PPD) studies have not been 
conducted.  The Applicant submitted several published reports in the literature to 
characterize the effects of cocaine on pre- and postnatal development in rats and 
primates.  

The table below summarizes the literature references submitted by the Applicant.  The 
reviewer has commented on the utility of these studies with respect to typical prenatal 
and postnatal development study endpoints.  As per ICH S5, PPD studies are intended 
characterize the effects of a drug on the pregnant/lactating female and on development 
of the conceptus and the offspring after exposure of the female from implantation 
through weaning.  Endpoints in the maternal animals should include clinical signs and 
mortality, food intake and body weight changes, duration of pregnancy, and partition.  
Endpoints in the offspring include macroscopic examinations at necropsy, 
abnormalities, number of live/dead offspring, body weight (at birth, pre- and post-
weaning), survival and growth, maturation and fertility of the offspring, physical 
development, sensory function and reflexes, and behavior.  Specific functional testing 
methods is not outlined by ICH S5; however, studies that assess sensory function, 
motor activity, and learning and memory are recommended.  

In rats, NOAEL for material toxicity was not demonstrated.  Adverse fetal effects were 
noted at doses that exceed the predicted human exposure based on body surface area 
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comparisons.  In primates, data suggest that prenatal cocaine exposure can induce 
subtle neurobehavioral deficits at doses that likely exceed the human exposures based 
on body surface area

Effect 
Reported

Species Treatment 
Period

Dose/NOAE
L

HED 
(mg/da
y per 
60 kg 
person)

Estimate
d 
Exposure 
Margin 
Based on 
BSA

Citation Comment

Decreased 
birth weights 
and postnatal 
weight gain in 
pups at al 
doses.

Decreased 
litter size
Increased still 
births and 
postnatal 
mortality at 80 
mg/kg.  

Delays in 
physical 
maturation at 
40 and above.

Adverse 
effects difficult 
to interpret 
given 
maternal 
toxicity.

Pregnan
t Long 
Evans 
Rats 
(90-days 
old)

GD 7 – 20 

Cocaine did 
result in 
maternal 
toxicity 
(decreased 
food 
consumption
, body 
weight gain, 
increased 
mortality).  
Maternal 
NOAEL < 40 
mg/kg 

40, 
60, 
80 or 
100 
mg/kg/day 
SC 
(dose split in 
half)

NOAEL for 
fetal effects = 
<40 mg/kg

387 mg
580 mg
774 mg
967 mg

6.7x
10x
13.3x
16.7x

(Church 
et al., 
1990)

Not a true PPD 
study.  Dosing 
appropriate 
during gestation 
but there was 
no dosing 
during lactation 
period.

No impact on 
negative 
geotactic 
reaction.

Hypoactivity 
in PND 20 
and PND 49 
pups in the 80 
and 100 
mg/kg group

No effect on T 
maze 
performance 
PND 21 or 80.

No effect on 
the 
acquisition of 
task learning 
(passive 
avoidance 
test).

Pregnan
t Long 
Evans 
Rats 
(90-days 
old)

GD 7 – 20 

Maternal 
toxicity 
confounds 
the 
interpretatio
n of the 
data.

40, 
60, 
80 or 
100 
mg/kg/day 
SC 
(dose split in 
half)

NOAEL for 
fetal 
behavioral 
effects = 60 
mg/kg

387 mg
580 mg
774 mg
967 mg

6.7x
10x
13.3x
16.7x

(Church 
and 
Overbeck
, 1990)

Same as 
above.

Collectively the 
Church 
publications do 
evaluate many 
standard 
endpoints in a 
PPD study.  
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Effect 
Reported

Species Treatment 
Period

Dose/NOAE
L

HED 
(mg/da
y per 
60 kg 
person)

Estimate
d 
Exposure 
Margin 
Based on 
BSA

Citation Comment

Retention of 
task learning 
was poor on 
Day 80 in the 
offspring in 
the 100 mg/kg 
group.
No effect on 
offspring body 
weights, 
physical 
maturation, 
live births.

Deficits in 
learning of an 
odor/milk 
association

Increased 
locomotor 
activity, 
attenuated 
response to 
footshock 
without 
change in 
sensitivity to 
shock 
suggesting 
cognitive 
deficit

Female 
Sprague 
Dawley 
Rat

GD 8 – 20

No maternal 
toxicity 
reported.

40 mg/kg SC

NOAEL for 
effects on 
pups was not 
identified.

387 
mg/day

6.7x (Spear et 
al., 1989)

Not a complete 
PPD study
No dosing 
during lactation 
period
No maternal 
toxicity 
reported. 

Daily prenatal 
cocaine did 
not clearly 
affect righting 
reflex or eye 
opening, 
however, did 
produce 
hypoactivity 
during first 15 
minutes of 
activity test. 

Intermittent 
cocaine 
caused 
hypoactivity in 
offspring.

Pregnan
t 
Sprague 
Dawley 
Rats

GD 1 – 20

No maternal 
toxicity 
noted.

15 mg/kg SC
Cocaine-D: 
injected twice 
daily
Cocaine-I: 
injected twice 
daily on 2 
consecutive 
days at 5-day 
intervals (on 
days 2, 3, 8, 
9, 14, 15, 19, 
and 20) 
(“weekend 
users”)

290 
mg/day

5x (Johns et 
al., 
1992a)

Not a complete 
PPD study
No dosing 
during lactation 
period 
Examined litter 
weight, survival, 
righting reflex, 
eye opening, 
behavioral 
measures 
(spontaneous 
locomotor 
activity, 

Daily prenatal 
cocaine 
exposure 
resulted in 
failure to 
enter open 

Pregnan
t 
Sprague 
Dawley 
Rats

GD 1 – 20 15 mg/kg  SC
Cocaine-D: 
injected twice 
daily
Cocaine-I: 
injected twice 

290 
mg/day

5x (Johns et 
al., 
1992b)

Not a complete 
PPD study.
The study 
examined 
prenatal 
cocaine 
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Effect 
Reported

Species Treatment 
Period

Dose/NOAE
L

HED 
(mg/da
y per 
60 kg 
person)

Estimate
d 
Exposure 
Margin 
Based on 
BSA

Citation Comment

field 
(neophobia) 
at PND 60 or 
PND 180. 

Intermittent 
prenatal 
exposure to 
cocaine 
caused 
hyperactivity 
in rats at PND 
60.  

No effect on 
learning and 
memory in 
water maze 
test on PND 
30 or PND 60.

daily on 2 
consecutive 
days at 5-day 
intervals (on 
days 2, 3, 8, 
9, 14, 15, 19, 
and 20)
(“weekend 
users”)

exposure on 
spontaneous 
alternation 
behavior, 
performance on 
a water maze 
working 
memory task, 
open-field 
entrance and 
activity in 
adolescent and 
young rats.

Maternal 
Indices:  No 
effect on body 
weights, 
length of 
pregnancy

Infant Indices:  
No effect on 
body weights, 
overall length, 
crown-rump, 
rump-heel, 
biparietal 
diameters, or 
crown 
circumference
, or infant 
reflexes

Pregnan
t 
Rhesus 
Monkey
s 
(n=3 per 
group)

GD 1 to term LD = 0.3  
mg/kg IM TID
HD = 1 mg/kg 
IM TID
ESC =  
escalating 
doses 1 
mg/kg to 8.5 
mg/kg 
(3x/day for 5 
consecutive 
days [22.5 to 
25.5 
mg/kg/day])
IM

Offspring 
NOAEL = 
25.5 mg/kg

19.4 
mg/day
58 
mg/day

435 to 
493 
mg/day

0.3x per 
day
1x per 
day

7.5 to 
8.6x per 
day
Up to 2.8x 
per 8.5 
mg/kg 
dose

(Morris et 
al., 
1996a)

Not a standard 
PPN study as 
no lactational 
stage 
exposures.  

Nonetheless, 
the exposures 
are similar to 
the exposures 
in humans.  
The authors 
note that they 
have data that 
IM and IN 
cocaine 
exposures are 
comparable.

No effects on 
the offspring 
acquisition of 
operant 
behaviors.

Pregnan
t 
Rhesus 
Monkey
s
(n=3 per 
group)

GD 1 to term LD = 0.3 
mg/kg IM TID
HD = 1 mg/kg 
IM TID
ESC = 
escalating 
doses 1 
mg/kg to 8.5 
mg/kg 
(3x/day for 5 
consecutive 
days [22.5 to 
25.5 
mg/kg/day])
IM

19.4 
mg/day
58 
mg/day

435 to 
493 
mg/day

0.3x per 
day
1x per 
day

7.5 to 
8.6x per 
day

(Morris et 
al., 
1996b)

This paper 
described the 
functional 
effects on 
offspring:  
behavioral 
training and 
testing in the 
NCTR operant 
testing battery 
(initiated at 6 
months of age) 
testing 1) 
learning, 2) 
color and 
position 
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Effect 
Reported

Species Treatment 
Period

Dose/NOAE
L

HED 
(mg/da
y per 
60 kg 
person)

Estimate
d 
Exposure 
Margin 
Based on 
BSA

Citation Comment

Offspring 
NOAEL = 
25.5 mg/kg

Up to 2.8x 
per 8.5 
mg/kg 
dose

discrimination, 
3) time 
estimation task, 
4) short-term 
and attention, 
and 5) 
motivation

No material 
toxicity

Infant toxicity 
included:
Reduced 
body weight, 
overall body 
length, and 
crown 
circumference

No change in 
infant reflexes 
when 
examined at 
birth

Pregnan
t 
Rhesus 
Monkey
s
(n-10 
per 
group)

Prior to 
conception 
throughout 
gestation 

Escalating 
doses up to 
7.5 mg/kg IM 
TID, 5 
consecutive 
days per 
week
(22.5 
mg/kg/day)

145 mg 
TID

435 
mg/day 

2.5x

7.5x

(Morris et 
al., 1997)

Not a typical 
PPD study, 
dosing earlier 
than typical and 
no lactational 
exposures.
Detailed 
assessments of 
offspring.

Reduced 
offspring 
survival

Of surviving 
offspring, no 
change in 
heart rate o 
Apgar scores.

Pregnan
t 
Rhesus 
Monkey
s

GD 24 to 
term

0.3 mg/kg/h 
cocaine SC 
via mini-
osmotic 
pump (7.2 
mg/kg/day)

5.8 
mg/h

139 
mg/day

0.1x

2.4x

(Howell 
et al., 
2001)

Not a standard 
PPD study, no 
lactational 
exposure.

Endpoints 
included fetal 
survival, heart 
rate, body 
weight, 
biparietal 
diamerter, body 
length and 
“Apgar scores”

Prenatal 
cocaine 
exposed 
offspring 
showed 
deficits in 
orientation, 
state control, 
and motor 
cluster 
endpoints 
during the 2nd, 
3rd and 4th 
weeks of life 
and increased 
tremulousnes
s and 

Pregnan
t  
Rhesus 
Monkey
s

GD 40 – 102 
animals 
allowed to 
deliver at 
term
(Term is 165 
days)

No maternal 
toxicity 
noted (food 
intake, 
weight 
gains)

10 mg/kg 
(twice 
daily)/Orally 
in fruit

No NOAEL 
for fetal 
effects 
demonstrated
.

387 
mg/day

6.7X (He et al., 
2004)

Not a standard 
PPD study, as 
no lactation 
exposure
Neurobehaviora
l tests similar to 
human 
neonatal infant 
assessments  
were used to 
evaluate these 
4 categories: 
orientation, 
state control, 
motor maturity, 
and activity
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Effect 
Reported

Species Treatment 
Period

Dose/NOAE
L

HED 
(mg/da
y per 
60 kg 
person)

Estimate
d 
Exposure 
Margin 
Based on 
BSA

Citation Comment

impaired 
attention 
(reduced time 
in toy 
manipulation) 
were also 
noted.

Several of the published nonclinical literature identified by the Applicant are summarized 
in greater detail below.  A search of the literature identified a follow-up paper to the 
Morris et al. 1996 study, which is also included.

Study title:  The effect of chronic exposure during pregnancy on maternal 
and infant outcomes in the rhesus monkey (P. Morris, Z. Bintenda, M.P 
Gilliam, M.R. Harkey, C. Zhou, C.L. Henderson, M.G. Paule, 1996.  
Neurotoxicology and Teratology 18(2): 147-154)

GLP compliance: Unknown
Drug, lot #, and % purity: Cocaine hydrochloride, unknown, and 

unknown

Key Study Findings

Pregnant female rhesus monkeys were treated with 0 (saline), 0.3, 1.0 mg/kg TID via IM 
injection or escalating doses (started at 1.0 then escalated up to 8.5, 8.5, 7.5 
mg/kg/injection at term) of cocaine for approximately 4 months during gestation 
(treatments were 3 times per day for 5 days out of the week) that produced the following 
findings:

1. Cocaine prenatal exposure during pregnancy had no significant effects on 
maternal and infant indices.  Relative to control infants, infants of mothers treated 
with cocaine showed comparable body weight and physical size at birth.

2. No developmental toxicity was observed in the offspring.

Methods
Doses: 0.3, 1.0 mg/kg/injection or escalating doses 

starting at 1.0 and slowly escalated up to 8.5 
mg/kg/injection at term
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Frequency of dosing: 3 times/day for 5 days/week from approximately 
1 month of gestation to term (approximately 4-5 
months)

Dose volume: 0.1 mL/kg
Route of administration: Intramuscular

Formulation/Vehicle: Saline
Species/Strain: Primates/Rhesus monkey

Number/Sex/Group: 3/female/group

Observations and Results

Clinical Observation (Female) Body weight at term, 
Body weight gain at term, 
body weight gain during pregnancy, 

Fetal Observations Body weight
Overall length
Crown-to-rump length
Rump-to-heel length
Biparietal diameter
Crown circumference

Infant’s Behavioral Measures (at 
birth)

The following reflex measured once: vocalization (the presence of 
spontaneous vocalization by the infant), rooting (the infant directs its 
mouth toward an index finger placed on its cheek near the corner of 
the mouth), eye blink to air puff (the infant blinks in response to a puff 
of air directed at its face), eye blink to a glabellar tap (the infant blinks 
in response to the tap of an index finger on its forehead between the 
eyes), pupillary response (the infant’s pupils contract in response to a 
bright examination light), nystagmus (the presence of uncoordinated or 
asymmetric movements of the infant’s eyeballs), visual orientation (the 
infant directs its gaze at different objects in the visual field), visual 
following (the infant follows the movement of an index finger across the 
visual field), auditory orientation (the infant turns its head toward the 
sound of a lips-smack made at the side of the head), auditory startle 
(the infant exhibits startling to a loud shout), placing (the infant places 
its hand/foot on the surface of the examining table in response to the 
stroke of an index finger on the dorsum of its hand/foot), prone 
progression (the infant attempts to move forward/backward when 
placed prone on the surface of the examining table), plantar grasp (the 
infant grasps an index finger placed on the palmar surface of its hand), 
Hoffman sign (the infant flexes its thumb in response to the stretch of a 
finger) Moro reflex (the infant struggles to remain upright when held 
supine and its head is suddenly unsupported), and Babinski reflex (the 
infant flexes its toes in response to the stroke of an index finger across 
the plantar surface of its foot).

Toxicokinetic Analysis Not performed.  However, hair sample was collected from the mothers 
and infants to measure cocaine and benzoylecgonine level at birth.

Mortality
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No treatment mortality was observed in the dams.

Maternal Indices

Maternal indices data are presented in the authors’ table above (Table 4, page 152).  
No significant treatment-related effects on maternal indices were observed.

Infant Indices.

Infant indices data are presented in the authors’ table below.  No significant treatment-
related effects on infant indices were observed.

The infant reflexes in infants exposed to cocaine during gestation were comparable to 
control infants during gestation.

Reference ID: 4192384



NDA 209963 Reviewer:  BeLinda Hayes, PhD

177

Toxicokinetic Analysis

The level of both cocaine and its major metabolite, benzoylecgonine, increased in both 
maternal and infant hair in a dose-dependent manner.

Study title:  The effect of chronic exposure during pregnancy on maternal 
and infant outcomes in the rhesus monkey (P. Morris, Z. Bintenda, M.P 
Gilliam, J Klein, K. McMartin, G. Korean, H.M. Duhart, W. Slikker JR. Paule, 
1997.  Neurotoxicology and Teratogenicity 19(1): 47-57.)

GLP compliance: Unknown
Drug, lot #, and % purity: Cocaine, unknown, and 100%

Key Study Findings

Pregnant female monkeys were treated with escalating doses of cocaine hydrochloride 
up to 7.5 mg/kg three times per day, 5 consecutive days per week, prior to conception 
and throughout gestation with the following findings:
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Cocaine and benzoylecgonine levels were detected in the maternal hair and infant hair 
at the end of the gestation period.

1. Cocaine prenatal exposure during pregnancy had no significant effects on 
maternal indices.

2. Significant effects at birth were observed in the following infant indices: body 
weight, overall length, and crown circumference.

3. There were no changes in infant reflexes at birth.

4. Based on observed effects on fetal body weight, length, and crown 
circumference, the fetal LOEL was defined at 15.6 mg/kg (average dose at term).  

5. Based on a body surface area comparison, the dose of 15.6 mg/kg in primates 
(HED of 302 mg/day) is 5.2-times the MHD of 58 mg/day.  

Methods
Doses: 0 (saline), escalating doses was initially started 

at 1.0 mg/kg (1-2 weeks), followed by 1.5 mg/kg 
(1 to 2 weeks), the dose was gradually 
increased to as much as 2.5-3.0 mg/kg/injection 
in some monkeys

Frequency of dosing: Prior to conception and throughout gestation, 
three times per day, 5 consecutive days per 
week

Dose volume: 0.1 mL/kg
Route of administration: Intramuscular

Formulation/Vehicle: Saline
Species/Strain: Primates/Rhesus monkey

Number/Sex/Group: 10/female/group

Observations and Results

Clinical Observation 
(Female)

Body weight at term
Body weight gain at term
Body weight gain during pregnancy

Fetal Observations Body weight
Overall length
Crown-to-rump length
Rump-to-heel length
Biparietal diameter
Crown circumference

Infant’s Behavioral 
Measures (at birth)

The following reflex measured once: vocalization (the presence of 
spontaneous vocalization by the infant), rooting (the infant directs its 
mouth toward an index finger placed on its cheek near the corner of 
the mouth), eye blink to air puff (the infant blinks in response to a 
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puff of air directed at its face), eye blink to a glabellar tap (the infant 
blinks in response to the tap of an index finger on its forehead 
between the eyes), pupillary response (the infant’s pupils contract in 
response to a bright examination light), nystagmus (the presence of 
uncoordinated or asymmetric movements of the infant’s eyeballs), 
visual orientation (the infant directs its gaze at different objects in the 
visual field), visual following (the infant follows the movement of an 
index finger across the visual field), auditory orientation (the infant 
turns its head toward the sound of a lips-smack made at the side of 
the head), auditory startle (the infant exhibits startling to a loud 
shout), placing (the infant places its hand/foot on the surface of the 
examining table in response to the stroke of an index finger on the 
dorsum of its hand/foot), prone progression (the infant attempts to 
move forward/backward when placed prone on the surface of the 
examining table), plantar grasp (the infant grasps an index finger 
placed on the palmar surface of its hand), Hoffman sign (the infant 
flexes its thumb in response to the stretch of a finger) Moro reflex 
(the infant struggles to remain upright when held supine and its head 
is suddenly unsupported), and Babinski reflex (the infant flexes its 
toes in response to the stroke of an index finger across the plantar 
surface of its foot).

Toxicokinetic 
Analysis

Not performed.  However, at end of gestation, hair sample was 
collected from the mothers and infants to measure cocaine and 
benzoylecgonine level.

Mortality

No treatment mortality was observed in the dams.

Maternal Indices

Reference ID: 4192384



NDA 209963 Reviewer:  BeLinda Hayes, PhD

180

As depicted in the author’s table (Table 5, page 54) above, no significant treatment-
related effects in maternal primate indices were reported.  “There were no significant 
correlations between any of the indices of maternal outcome and any of the indices of 
infant outcome.”

Infant Indices

Infant indices data is presented in the authors’ table (Table 6, page 54) above.  At birth, 
body weight (-12.2%), overall length (-7.1%), and crown circumference (-4.2%) were 
significantly (p<0.05) reduced compared to control infants.  No significant treatment-
related effects in infant indices at birth with respect to: crown-to-rump length, rump-to-
heel length, and biparietal diameter.  The infant reflexes in infants exposed to cocaine 
during gestation were comparable to control infants.  No significant differences in the 
cumulative score were observed.
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Toxicokinetic Analysis
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Hair analysis data is presented in the author’s figure (Figure 1, page 2 above).  
Detectable levels of cocaine and benzoylecgonine were measured in all samples of 
maternal and infant hair from the cocaine treatment group.  Hair cocaine levels were 
approximately 44 and 9 ng/mg, respectively, for the mothers and the infants 
respectively.  Cocaine and benzoylecgonine were detected in maternal plasma.  Plasma 
cocaine levels increased rapidly reaching Cmax at approximately 175 ng/mL at 15 
minutes following intramuscular injection;  then steadily declined to approximately 30 
ng/mL by 120 minutes after injection.  The Cmax level correspond to approximately 4 
times the human plasma level of 43 ng/mL following use of this product.  AUC data in 
the primate study were not provided.

Study title:  Fetal development in rhesus monkeys exposed prenatally to 
cocaine (Howell LL, Schama KF, Ellis JE, Grimley PJ, Kitchens AJ, Byrd 
LD. 2001.  Neurotoxicology and Teratology 23:133-140)

GLP compliance: Unknown
Drug, lot #, and % purity: Cocaine, unknown, and unknown

Key Study Findings

Pregnant female monkeys were treated with 0.3 mg/kg/h via SC osmotic minipump from 
postconception Day 24 to birth (Group 1) and conception through Day 42 of gestation 
(Group 2) with the following findings in the offspring delivered at term (Howell et al., 
2001):
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1. No evidences that prenatal cocaine exposure were associated with abnormal 
physical growth.

2. No developmental toxicity was observed.

3. Survival rate of maternal animals was significantly affected in both early- and late- 
exposure to cocaine.

Methods
Doses: Continuous SC infusion of Saline or cocaine 0.3 

mg/kg/h via Alzet osmotic minipumps
Frequency of dosing: Postconception Day 24 to gestation (Group 1); 

Conception through Day 42 of gestation (Group 
2)

Dose volume: Not specified
Route of administration: Subcutaneous (osmotic minipump)

Formulation/Vehicle: Saline
Species/Strain: Primates/Rhesus monkey

Number/Sex/Group: 18/female/group 1; Group 2: n =12 (treatment 
group, n= 8 (vehicle control group)

Observations and Results

Clinical Observation 
(Female)

Food consumption (daily)
Body weight (weekly) throughout gestation; Body weight at term

Fetal Observations Diagnostic ultrasonography (at 28-day intervals) to visualize and 
confirm implantation of the fertilized ovum and to monitor utero 
development throughout gestation
Implantation and development of the blastocyst 24 days after 
breeding, Development and positioning of the umbilical cord
Visualization of the heart beat and cardiac activity
Head circumference (biparietal diameter)

Postnatal Development 
at Birth (immediately 
after upon removal from 
their mothers and at two 
subsequent 30-min 
intervals)

Gestational age
Body weight
Biparietal diameter
Body length (crown to rump)
Apgar scale (heart rate, respiratory effect, muscle tone, 
behavioral state and color) was used to allow early assessment 
of neonate physical and behavioral states

Toxicokinetic Analysis Maternal blood sample.

Mortality

No treatment mortality was observed in the dams.
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Maternal Data

As depicted in the author’s figure (Figure 3, Page 137) above, body weight increased 
during pregnancy (Gestation Day 24 to birth, Gestation Day 0-42).  There were no 
significant differences in weight gain of the cocaine groups and saline groups.  The 
mean body weight in animals exposed to cocaine was 9.2 ± 0.3 kg from Day 24 
postconception through gestation.  The average body weight in animals exposed to 
cocaine from conception through Day 42 of gestation was 9.8 ± 0.2 kg.

Fetuses Data

Survival rates were significantly lower in cocaine-exposed fetuses when results were 
combined for the late- and early-exposure groups.  In the late-exposure group, 61% 
resulted in live births compared to 78% of live births in the control group.  Similarly, in 
the early-exposure group, 67% resulted in live births compared to 75% in the pair-fed 
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control group.  Four fetuses and two fetuses spontaneously abortion occurred in the 
cocaine-exposed group and control group, respectively.  In the cocaine-exposed group, 
one fetus was spontaneously aborted, one was resorbed and two were born dead.  One 
fetus was spontaneously aborted and one was born dead in the control group.

As depicted in the author’s table (Table 6, page 138) below, fetal heart rate was in the 
normal range.  Also, fetal biparietal diameter increased normally during gestation.
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As depicted in the author’s table above (Table 7, page 138), mean gestational length 
was within normal range for both cocaine and saline groups. No significant differences 
between control and cocaine groups were observed on body weight, biparietal diameter, 
and body length.

At birth, no significant differences in Apgar scores were observed between cocaine and 
control groups.
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Toxicokinetic Analysis

Mean maternal plasma level was 151 ng/mL, approximately 3.5 times the reported 
human plasma levels.  However, AUC data were not provided.

Reviewer Comment:  The results of this study are consistent with those of 
Morris et al.  The use of continuous infusion pumps confounds the clinical 
relevance of the findings.

Study Title:  Neurobehavioral Deficits in Neonatal Rhesus Monkeys Exposed to 
Cocaine In Utero.  (He N, Champoux M, Suomi SJ, and Lidow MS.  2004.  
Neurotoxicology and Teratology 26:13-21)

Key Study Findings:  Pregnant monkeys were treated orally with 10 mg/kg cocaine 
twice a day from GD 40 to GD 102 and allowed to deliver the offspring at term with the 
following key findings:

1. Prenatally exposed offspring showed deficits in orientation, state control, 
and motor activity in the first several weeks after birth.  

2. Prenatal cocaine exposure was also associated with tremulousness and a 
reduced devotion to toy manipulation, which the Authors suggest is 
evidence of impaired attention. 
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Methods:  Drug was administered to pregnant Rhesus monkeys BID orally via fruit 
treats.  Food consumption and body weights were monitored.  Animals were nursery 
raised to eliminate maternal rearing contributions to the outcome.  

Infants were evaluated via a primate neonatal neurobehavioral assessment (PNNA) 
which was adapted to primates from the human Neonatal Behavioral Assessment Scale 
(NBAS) which is used to assess human infants over the first 3-4 weeks of life.  The 
PNNA includes the following parameters:
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PNNA testing was completed on Post Conception Day 171, 177, 183, and 189 (within 
the first, second, third, and fourth weeks of life; full term is generally 165 days).  As 
noted in the table above, to evaluate the results, the above parameters were scored 
between 0 (weakest expression) and 2 (strongest expression) and individual 
parameters were clustered into four clusters:  orientation, motor maturity, activity, and 
state control clusters.  Composite scores were generated and plotted over time.

Results were as follows:

Offspring of cocaine treated animals demonstrated reduced mean body weights 
compared to drug naïve animals; however, they also were delivered a mean of 2 days 
earlier (still within normal timeframes), as noted in the table below:

Results of the behavioral endpoints are shown below:
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The above data suggest that cocaine exposure in utero resulted in reduced behavioral 
scores in the orientation, state control, and motor maturity clusters as various points in 
the first few weeks of life.

Several parameters not included in the clusters were also noted to be impacted by 
cocaine exposure in utero, including tremulousness and duration of toy manipulation, as 
follows:
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PPD Overall Conclusions
As noted in the data summarized above, although the primate studies conducted by 
NCTR were not traditional PPD studies, they did dose over the entire duration of 
gestation typically covered by a traditional PPD study and did include evaluations of the 
offspring, including cognitive assessments even more detailed than would be completed 
in rats.  These data suggest no adverse effects at 1 times the human reference dose 
(58 mg) based on body surface area.  Additional primate data suggest behavioral 
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deficits in the offspring of effects at exposures that are likely to exceed the human 
exposures (6.7x).  The existing rat data also suggest adverse effects on the offspring in 
terms of survival and development at exposures approximately 6 times the MDD and 
above.  The existing data fail to test reproductive capacity of the offspring, a standard 
endpoint in a modern PPD study.  Although the existing literature does capture many of 
the standard endpoints of a PPD study, given the lack of reproductive testing, lack of 
exposure via lactation, evidence for drug accumulation in milk, and lack of adequate 
toxicokinetic data to fully inform these endpoints, a dedicated rat PPD study is 
recommended as a post-marketing requirement.

10 Special Toxicology Studies
Juvenile Animal Studies

Juvenile animal studies were not completed by the Applicant to support this application.  
Rather, the Applicant conducted a literature review to address the safety of the drug 
product for use in pediatric patients.  During the review of the proposed pediatric study 
plan (PSP), the Division agreed to review the submitted literature and if the literature 
were deemed adequate, no new juvenile animal studies would be required.  However, 
the literature would have to adequately define a NOAEL and characterize the 
toxicological profile of cocaine on neonatal and adolescent brain development or 
dedicated juvenile animal studies would be required.

Juvenile animal studies are intended to obtain safety data for pediatric clinical dosing.  
They are generally targeted toxicity studies focusing on the developing organ systems 
of concern for a specific drug and are recommended if the target organ of toxicity for a 
given drug is undergoing significant changes in the indicated patient population.  
Cocaine is a CNS active drug and the Division and PeRC have concluded that the drug 
may have utility in pediatric patients down to birth, assuming there are adequate data to 
support its safe use.  The CNS undergoes dramatic changes over the course of 
development and is potentially uniquely vulnerable over the entire age range from prior 
to birth to 20 plus years of age.  Given the known CNS target of the drug, juvenile 
animal studies are recommended to characterize the impact of cocaine during critical 
periods of brain development.  

The Applicant cited the following publications in their summary for the Juvenile Toxicity 
section of the Toxicology Written Summary:
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Of these publications, none of the publications evaluate the CNS histopathologically and 
most do not provide adequate functional assessments to determine a NOAEL and 
safety margins for adverse changes in reflex ontogeny, sensory, motor and cognitive 
function.

As summarized in the table below, to characterize the impact of cocaine on human 
brain development from birth to < 17 years of age, studies in rats would have to dose 
from PND 7 to approximately PND 49 (Semple et al., 2013).  
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Figure 3:  Semple et al. (2013) Summary of Key Developmental Processes Across 
Comparable Ages in Humans and Rodent

The publications identified and discussed by the Applicant are summarized in the table 
below.  As the human pediatric dose is not yet determined (although a 4% solution will 
be used, the size of the pledget will be smaller, hence the total daily dose will be lower), 
exposure margin estimates are not provided at this time.

Key Findings 
Reported

Species Ages Tested Dosing 
regimen and 
NOAEL if 
applicable

Citatio
n

Comment

Reduced locomotor 
response to cocaine 
in 3 of 4 strains of 
adolescent mice 
compared to adults

Male Mice

C57BL/6J
BALB/cByJ
FVB/NJ
DBA/2j

PND 30 
(Adolescent)

PND 65 
(Adult)

15 mg/kg or
30 mg/kg IP
Single Dose

(Zombe
ck et 
al., 
2010b)

Compared locomotor 
activity following cocaine 
administration at two 
different ages in four 
strains of mice.
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Key Findings 
Reported

Species Ages Tested Dosing 
regimen and 
NOAEL if 
applicable

Citatio
n

Comment

Body weight 
not provided 
(can estimate 
22 and 32 
grams, 
respectively)

Locomotor activity 
was correlated with 
c-fos in several brain 
areas within 
adolescent and adult 
groups; adolescents 
had a significantly 
greater induction of 
c-fos for a given 
amount of locomotor 
activity in key brain 
regions (dorsal 
caudate, lateral 
caudate and nucleus 
accumbens) at 30 
mg/kg cocaine.

Male mice
C57BL/6J

PND 30-35 
(adolescent)

and 

PND 69-74 
(young adult)

Body weight 
not provided

15 mg/kg IP

30 mg/kg IP

(Zombe
ck et 
al., 
2010a)

Compared cocaine 
effects on locomotor 
differences and patterns 
of neuronal activity (c-fos) 
in adolescent vs. adult 
male mice.

Cocaine increased 
motor activity (~2-4-
fold) at all ages; 
increased motor 
activity was more 
pronounced at older 
ages.

Cocaine-induced 
behavioral 
sensitization was 
only evident on PD 
21

Sprague-
Dawley 
Rats

preweanling 
(PND 12, PND 
16, or PND 
20), 

preadolescent 
(PND 24), or 

adolescent 
(PND 34) 

Single dose of 
30 mg/kg IP 
(pretreatment 
day), followed 
by 20 mg/kg 
the next day

(Kozani
an et 
al., 
2012)

Not a standard juvenile 
animal study.  
Developmental 
parameters and 
neurobehavioral 
assessment were not 
performed.  This study 
assessed the effect of 
cocaine on locomotor 
activity in PND. 

Dose-dependent 
reduction in survival 
rate was observed 
(60 and 80 mg/kg). 

All doses reduced 
body weight

No effects on the 
mass of total brain or 
forebraln, 
cerebellum, or 
brainstem.

Sprague-
Dawley 
Rats 
(Neonates)

PND 4 – PND 
9/SC

Corresponds 
to third 
trimester in 
humans

40, 60, 80 
mg/kg SC

No NOAEL 
based on body 
weight 
reductions

(Chen 
et al., 
1993)

Dosed during brain 
growth spurt in rat.  
Measured survival rate, 
somatic growth, and brain 
development (brain 
weight only)

Crude brain 
assessments, not 
appropriate for labeling.

Neonatal cocaine 
exposure resulted in 
deficits in motor 
balance and 
coordination in 
neonatal rats at 19 to 
21 of age and 38 to 
48 of age.

Sprague-
Dawley 
Rats 
(Neonates)

PND 4-10 

Tested at PND 
21-24 or PND 
60-70

20, or 60 
mg/kg, PO

LOEL = 20 
mg/kg

(Barron 
et al., 
1994)

Developmental 
parameters and 
neurobehavioral 
assessment were not 
performed.  The effects of 
third trimester cocaine 
exposure on motor 
coordination and balance 
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Key Findings 
Reported

Species Ages Tested Dosing 
regimen and 
NOAEL if 
applicable

Citatio
n

Comment

Walking gait was 
examined in 38-48-
day-old neonates.  
Both doses of 
cocaine produced 
gait disturbances in 
38- to 48-day-old 
offspring
Neonatal cocaine 
exposure was 
associated with a 
narrower stance 
width. However, 
there were no 
differences across 
neonatal treatment 
groups on step angle 
or stride length.

were examined using a 
rodent model.

Results suggest that 
neonatal cocaine 
exposure does not 
alter activity in either 
age group.

Sprague-
Dawley 
Rats 
(Neonates)

PND 4-PND 9 20 or 40 mg/kg 
, PO

NOAEL = 20 
mg/kg

(Barron 
et al., 
1994b)

Developmental 
parameters and 
neurobehavioral 
assessment were not 
performed.  The effects of 
third trimester cocaine 
exposure on motor 
activity were examined 
using a rodent model.

Neonatal cocaine 
exposure had no 
effect on suckling 
measures or passive 
avoidance learning. 
Activity was 
increased in the 60 
mg/kg per day 
cocaine group 
relative to controls.

Sprague-
Dawley 
Rats 
(Neonates)

PND 4-PND 9 20 or 60 mg/kg 
, PO

NOAEL = 20 
mg/kg

(Barron 
and 
Irvine, 
1995)

Developmental 
parameters and 
neurobehavioral 
assessment were not 
performed.  Neonatal 
from cocaine treatment
groups were examined 
for suckling performance 
(PND 13), passive 
avoidance learning (PND 
23-24), activity (PND 18-
21), or spontaneous 
alternation (PND 21).

Neonatal cocaine 
exposure did not alter 
activity patterns over 
a 48-hr test period

Sprague-
Dawley 
Rats 
(Neonates)

PND 4-PND 9 20 or 40 mg/kg, 
PO 

LOEL = 20 
mg/kg

(Barron 
et al., 
1996)

Developmental 
parameters and 
neurobehavioral 
assessment were not 
performed.  Activity of 
neonates was tested at 
PND 38-40 in an 
automated running 
wheel. 

Pups exposed to 
cocaine from PND 1-
10 showed an 
enhanced startle 
response as adults 
(PND 50-52).
There were no 
effects of pre-

Sprague–
Dawley 
rats

PND 1–10 or 
PND 11–20

15 mg/kg, x 4 
per day at 2-hr 
intervals (60 
mg/kg/day)

(Vorhee
s et al., 
2000)

Evaluated the effects of 
cocaine exposure during 
early postnatal exposure 
on in the Morris water 
maze and on tests of 
activity, startle, scent 
marking, swimming 
immobility, and 
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Key Findings 
Reported

Species Ages Tested Dosing 
regimen and 
NOAEL if 
applicable

Citatio
n

Comment

weaning cocaine 
exposure on motor 
activity, or 
performance in the 
Morris maze, the 
Cincinnati maze, or 
the forced swim test.

sequential learning were 
evaluated.

Cocaine exposure 
during PND 1-10, but 
not PND 11-20, 
resulted in a small 
increased ASR 
amplitude on the 
second day of 
testing, a finding 
consistent with an 
alteration in long-
term habituation.

Sprague–
Dawley 
rats 
(female 
only)

PND 1–10 or 
PND 11–20

Corresponds 
to third 
trimester and 
first two years 
of life in terms 
of brain 
development 

50 mg/kg, SC (Dow-
Edward
s and 
Hughes
, 1995)

Examined acoustic startle 
response (ASR)

Publication:  Vorhees et al. (2000) Evaluation of Neonatal Exposure to Cocaine on 
Learning, Activity, Startle, Scent Marking, Immobility, and Plasma Cocaine 
Concentrations.  Neurotoxicology and Teratology 22:255-265.

Charles Vorhees and colleagues examined the effects of cocaine administration to 
Sprague Dawley rats on PND 1 to 10 and PND 11-20.  From a brain perspective, these 
age ranges are believed to correspond to human brain development Weeks 23 to 40 of 
gestation, which does include the peak brain growth spurt, and from birth to about 2-3 
years of age.  As such, this study characterizes the potential effects of cocaine on 
neonates.  Endpoints in the study did not include histopathology, but did include an 
extensive battery of functional assessments far more than what are typically done in 
GLP toxicology studies.

Key Study Findings:

1. Body weights and growth curves were negatively impacted by cocaine 
treatments.

2. Of the functional assessments completed, cocaine augmented the acoustic 
startle response and the performance in the Morris Water Maze in PND 1-10 
animals, the latter being an effect primarily in males.  The latter effect cannot be 
attributed to faster swimming or hyperactivity as these endpoints did not appear 
to be altered.  The mechanism is unknown; however, it may be due to enhanced 
learning and memory or increased attention to the task.

3. The study can be used to inform safety in human neonates to approximately 2-3 
years of age and does not suggest significant adverse effects other than an 

Reference ID: 4192384



NDA 209963 Reviewer:  BeLinda Hayes, PhD

199

enhanced acoustic startle response.  Increased startle reflex has been suggested 
to be correlated with increased anxiety (Poli and Angrilli, 2015).

Methods

Animals:  Dams were female Sprague Dawley rats bred in house.  Parturition was 
designated E22 (PND 0).  Litters were culled and balanced for sex.  Litters were 
weaned on PND 28 and two randomly selected males and females were retained from 
each litter.  Animals were weighed from PND 0 to PND 21 daily and weekly thereafter 
until PND 91.  

Dose: 15 mg/kg cocaine x 4 dose administration at 2-h intervals (total daily dose of 60 
mg/kg/day).  

As these were smaller animals and are intended to be used to study neonates, the HED 
must be calculated using the formula4:

HED = Animal dose in mg/kg x (animal weight in kg/human weight in kg)0.33

At birth, most animals were approximately 7 grams as estimated from the graphs 
presented in the manuscript.  By PND 11, animals were around 22 grams (0.022 kg); 
PND 21 females were ~ 44 grams and males were ~48 grams (average 46 g = 0.046 
kg).  Humans at birth are approximately 4 kg at the upper extreme and about 26-28 
pounds at 2 years of age (~12 kg).

Thus, the HED at PND 1 could be estimated as follows:

HED = 60 mg/kg x (0.022 kg/4 kg)0.33 = 0.69 mg/kg at birth x 4 kg = 2.77 mg/day
HED = 60 mg/kg x (0.046 kg/12 kg)0.33 = 0.62 mg/kg at PND 21 = 7.4 mg/day

Plasma levels of cocaine were obtained from separate animals at 0.25, 0.5, 1, 2, 6, and 
10 hours after cocaine administration on PND 1 or PND 11.  

Functional assessments included the following:

Acoustic Startle PND 50-52
Short-term locomotor activity (horizontal activity, rearing, hole 
pokes)

PND 53-57

Straight Channel (timed in water channel with wire ladder at 
end) to determine swimming proficiency and motivation

PND 60

Morris Water Maze Unclear post PND 60
Cincinnati Maze Unclear post PND 60
Scent Marking PND 80

4 As reported in Appendix A of the guidance for industry, Estimating the Maximum Safe Starting Dose in 
Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers
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Porsolt Forced Swim (to assess conditioned immobility) PND 82-83
Long-term Locomotor Activity PND 84-88

These endpoints were chosen based on publications in the literature that suggested 
prenatal cocaine altered these endpoints.

Results
Mortality:  There was no mortality in the study.

Body Weights:  Cocaine treatment did impact body weight during treatment, as depicted 
in the figures below.  The effect of cocaine on male offspring was more pronounced 
than on female offspring.  Growth post-treatment in the animals treated from PND 1-10 
was slower than in the other groups, with effects noted through PND 91 in males.
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Functional Assessments

In the acoustic startle response on Day 51, cocaine early group demonstrated an 
enhance response amplitudes and reduced latency compared to controls, as depicted 
graphically below from the publication.  No effects were noted on PND 50 (first day of 
test), or PND 52 (the last day of the test).
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In the Morris Water Maze, cocaine-early group males had shorter latency, path lengths, 
and less cumulative distance than controls or cocaine-late animals.  However, post hoc 
analysis did not demonstrate any significant effects compared to controls.  
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There were no significantly different responses noted in the short-term locomotor 
activity assessment, straight channel, Cincinnati maze, scent marking, Porsolt forced 
swim, or long-term locomotor activity assessments.

Toxicokinetics

Plasma levels of cocaine in the PND 1-10 group were higher than the PND 11-21 group 
despite body weight dosing of the animals.  The data below are after the fourth dose.  
Differences were thought to be due to differences in volume of distribution, rate of 
clearance, and/or rate of metabolism.  As the blood brain barrier is less defined in the 
younger animals, it is likely that brain levels were also higher in the PND 1-10 group.

As adult human plasma levels of cocaine are approximately 43 ng/mL, the doses tested 
are far more than the levels that would likely be obtained in the clinical setting 
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 this is considered qualified for systemic safety.  The local 
tissue toxicity study provided adequate safety justification for local effects.

The Applicant’s toxicological risk assessment on the residual solvents included a 
summary of the results from several studies reported in the literature.  For the residual 
solvent  the Applicant provided a summary of available single dose, multiple 
dose, reproductive and developmental, genotoxicity and carcinogenicity toxicity studies.  
Results from in vitro and in vivo genotoxicity studies suggest that  is not 
genotoxic.  In a 13-week repeated dose toxicity study in rats, catalytically reformed 

 was administered via inhalation at doses of 0, 410, 1970 or 8050 mg/m3.   The 
NOAEL was established to at 8050 mg/m3 based on minimal increase in liver and 
kidney organ weight.  The reviewer chose to use this study to estimate the PDE as per 
ICH Q3C.  Based on the calculation of PDE in accordance with ICH Q3C, the toxicology 
study (inhalation) and the clinical use of the drug product (i.e., instillation), found the 
safety margin

The Applicant’s toxicological risk assessment for the  was 
based on review of available toxicological (single- and multiple-dose studies) data, 
reproductive and developmental, genotoxicity, and carcinogenicity toxicity studies.  
However, these studies were not submitted for review.  Results from in vitro genotoxicity 
studies suggest that  is not mutagenic; however, there were positive 
studies reported in the mouse lymphoma assay.  In a 2-year carcinogenicity study in 
B6C3FC1 mice, mice were orally administered in drinking water at 
concentrations 1300, 25000, and 6500 ppm.  Histopathology examination showed a 
significant increase in proliferative lesions of the liver and lung in male mice.  In the 2-
year carcinogenicity study in rats. F344 rats were orally administered  in 
drinking water at concentrations of  ppm.  In male rats, a statistically 
significant increase in adenomas of the adrenal gland was observed although these 
were not dose dependent.  Due to the absence of a dose-dependent the results suggest 
that  is not a carcinogen.  

EPA established an oral RfD based on the rat 2-year study findings which the Reviewer 
used to calculate the PDE for .  Based on the calculation of PDE in 
accordance with ICH Q3C, the toxicology study (inhalation) and the clinical use of the 
drug product (i.e., instillation), found the safety margin to be .

Extractables and Leachables

The Applicant’s assessment of theoretical leachables was based on the predicted 
leachables that would be expected to be released from components of the closure 
system that is in direct contact with the drug product.  Based on the assessments there 
does not appear to be significant risk from exposure to these predicated potential 
leachables.

Reproductive Toxicology 
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The standard Segment I, Segment 2, and Segment 3 reproductive toxicology studies 
have not been conducted in animals with cocaine to understand the effects of cocaine 
on male and/or female reproductive functions.  The Applicant addressed cocaine’s 
potential reproductive effects from the published literature.  While the standard fertility 
and early embryonic development studies have not been conducted, several published 
reports in the literature have studied the effects of cocaine on male fertility.  Results 
from these studies have provided evidence that chronic administration of cocaine did 
not affect sexual behavior or fertility in adult male rats.  Chronic cocaine administration 
to peripubertal rats did adversely affect the testes.  Findings from these studies 
provided evidence that cocaine administration can have deleterious effect on 
spermatogenesis and fertility although shorter term exposures are less likely to be 
adverse in males.  Findings from these studies have suggested that an acute dose of 
cocaine can alter female reproductive hormones and that cocaine may affect testicular 
function.  However, the submitted studies did not adequately address cocaine effects on 
fertility and early embryonic development.

The Applicant did not conduct standard embryo-fetal development studies; but 
submitted select articles from the published literature that characterized cocaine 
exposure in mice, rats, and rabbits.  Cocaine was found to be teratogenic in mice and 
rats.  Following intravenous, subcutaneous, and intraperitoneal administration, the 
primary malformations observed included urogenital defects such as hydronephrosis 
and cryptorchidism.  The primary malformations observed following subcutaneous 
injection of cocaine included ocular defects such as anophthalmia and microphthalmia, 
and various defects in skeletal ossification.  Embryo-fetal developmental studies were 
evaluated in Sprague-Dawley and Long-Evans rats using subcutaneous, and 
intraperitoneal routes during organogenesis. Findings from these studies support the 
conclusion that cocaine was found to be teratogenic in rats following subcutaneous, and 
intraperitoneal administration.  The clinical significance of these studies is difficult to 
interpret without adequate toxicokinetic data.

The standard prenatal and postnatal development (PPD) study has not been conducted.  
The Applicant submitted several published reports in the literature to characterize the 
effects of cocaine on pre- and postnatal development in rats and primates.  Adverse 
fetal effects were noted at doses that exceed the predicted human exposure based on 
body surface area comparisons.  Findings in primates suggest that prenatal cocaine 
exposure can induce subtle neurobehavioral deficits at doses that likely exceed the 
human exposures based on body surface area.

Juvenile Animal Studies

The Applicant addressed the cocaine potential effects in juvenile animal from the 
published literature.  The published literature summarized by the Applicant did not 
adequately address the safety of cocaine in pediatrics.  The standard endpoints in 
juvenile studies were not addressed in most of the published literature; the potential 
adverse effects in reflex ontogeny, sensory, motor, and cognitive function are unknown. 
Also, the impact of cocaine during critical periods of brain development is unknown.  
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

Content Parameter Yes No Comment
7 Has the applicant submitted a statement(s) 

that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations?

X

8 Has the applicant submitted all special
studies/data requested by the Division 
during pre-submission discussions?

X

The Applicant conducted genotoxicity 
studies with cocaine and  as 
well as a 14-day intranasal toxicity study 
with   and 
placebo excipients.  Extractables/leachables 
data for the container closure system were 
provided.  The adequacy of the submitted 
data and information will be a review issue.

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?

X

The applicant performed a literature search 
of cocaine on reproduction and 
development per the Pregnancy Lactation 
and Labeling Rule. 

10 Have any impurity, degradant, 
extractable/leachable, etc. issues been 
addressed?    (New toxicity studies may not 
be needed.)

X

11 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted?

Not applicable.

12 If the applicant is entirely or in part 
supporting the safety of their product by 
relying on nonclinical information for 
which they do not have the right to the 
underlying data (i.e., a 505(b)(2) application 
referring to a previous finding of the agency 
and/or literature), have they provided a 
scientific bridge or rationale to support that 
reliance? If so, what type of bridge or 
rationale was provided (e.g., nonclinical, 
clinical PK, other)?

X

The Applicant did not provide a scientific 
rational. The Applicant is relying on the 
safety of this marketed unapproved cocaine.  

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ____Yes____

If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.
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(b) (4)

(b) (4)

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



PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

None.

Reference ID: 4044411



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
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signature.
---------------------------------------------------------------------------------------------------------
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----------------------------------------------------

BELINDA A HAYES
01/19/2017
PharmTox filing review for NDA 209963

NEWTON H WOO
01/20/2017

RICHARD D MELLON
01/20/2017
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