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Sponsors Histopathology Tables

APPENDIX 1
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ADDENDUM TO REVIEW OF CARCINOGENICITY STUDIES

ADDITIONAL EVALUATION OF TUMOR FINDINGS IN RAT STUDY

Historical control data for a number of tumors were submitted by the Sponsor (Submission Date:
March 30, 2000) as requested by the Reviewer. In addition, for the rat study, an additional trend
test with only data from control group 2 was carried out, as well as a number of pairwise
comparisons. The results were taken into consideration in the following evaluation of
tumorigenicity data in the rat. Note that the carcinogenicity studies were done with =~ SD
rats, and the historical control values were from studies with ~——  SD rats.

Pancreatic acinar cell adenoma in male rats

Incidence 0-0-0-2-3

Nexamined 60-60-45-40-60

Incidence % (per Nexamined) 0%-0%-0%-5%-5%

Incidence % (per n=60) 0%-0%-0%-3.3%-5%

Historical control incidence %  0%-2.1%-0.8%-0%-0%

Historical control range 0%-2.1% (5 studies, rats)

Results trend test: )

Trend test with both controls:  p=0.002 (significant, p< cut off value for rare and common
tumor, 0.025 and 0.005) '

Trend test with control 2 only:  p=0.007 (significant, p< cut off value for rare tumor, 0.025)

The incidences in the mid and high dose groups were outside the historical control range for

' SD rats, and the finding was statistically significant according to a trend test with
both controls and a trend test with control 2 only. There was also a slight increase in the
incidence of acinar cell hyperplasia in mid and high dose males.

Conclusion: In the opinion of this Reviewer the finding of pancreatic acinar cell adenoma in male
rats is significant, and needs to be mentioned in the label.

Thyroid C-cell {calcitonin-producing cell) adenoma in male rats

Incidence 8-7-7-5-13

Nexamine 60-60-49-41-60)

Incidence % (Per Nexamined) 13%-12%-14%-12%-22%

Incidence % (per n=60) 13%-12%-12%-8.3%-22%

Historical control range 3.3%-11.4% (5 studies, — >~ rats)
Results trend test:

Trend test with both controls:  p=0.115
Trend test with control 2 only:  p=0.061
Pairwise test (7 vs. 13) p=0.22

The incidences (per Neamines) Were outside the historical control range for ——————<SD rats in
all dose groups. The finding was statistically not significant. There was a slight increase in the
incidence of thyroid C-cell hyperplasia in mid and high dose males.

Conclusion: This Reviewer feels that the biological significance of the finding of thyroid C-cell
adenoma in male rats is not clear.

Thyroid Cbell adenoma in female rats
incidence: 20-11-4-5-19
Nexamined 60-60-28-23-60)
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Incidence % (per Nexamined) 33%-18%-14%-22%-32%

Incidence % (per n=60) 33%-18%-6.7%-8.3%-32%

Historical control range 1.7%-7.9% (6 studies, ——— rats)

Results trend test:

Trend test with both controls:  p=0.148

Trend test with control 2 only:  p=0.003 (significant, p< cut off value for common tumor, 0.005)
Pairwise test (11 vs. 19) not significant

The incidences (Per Nexamnes) Were outside the historical control range for "SDrats in
all dose groups. The finding was not statistically significant according to a trend test with both
control groups included. However, it was statistically significant when only control group 2 was
lincluded. There was no increase in the incidence of thyroid C-cell hyperplasia in the females.

Conclusion: This Reviewer feels that the data on thyroid C-cell adenoma in males and females
taken together indicate a signal of possible thyroid C-cell tumorigenicity. Mention of the
statistically significant finding vs. control group 2 for female rats in the label is recommended.

Pancreatic islet cell carcinoma in female rats

Incidence: 0-0-0-3-1

Nexamined 60-60-28-21-60
Incidence % (Per Nexamined) 0%-0%-0%-14%-1.7%
Incidence % (per n=60) 0%-0%-0%-5%-1.7%

Historical control incidence %  1.4%-5.7%-4.2%-1.7%-0%

Since this issue was raised at the executive CAC meeting (March 21, 2000) the Reviewer called
the Sponsor on March 31, 2000, to ask if it was possible to analyze the remaining pancreatic
tissues from mid and low dose fema:z rats to obtain a full data set for pancreatic islet cell
carcinoma. In response to this the Sponsor sent a Fax communication form the testing laboratory
(Date April 4, 2000) stating that the pancreatic islet cell carcinomas that were diagnosed
histopathologically were evident at gross necropsy, and that it is very unlikely that a carcinoma
like this would not be evident macroscopically. Thus, we could assume that the total incidence in
the groups of 60 animals is 0-0-0-3-1, i.e., 0-0-0-5%-1.7%. This would mean that the incidence in
the MD group does not exceed the historical control range.

Upon request of the Reviewer the Statistics Reviewer (Dr. M. Ng) performed a pairwise test
(Fisher’'s Exact Test) of the data from the mid dose group versus the concurrent controls. This
test indicated that the finding was statistically significant (p=0.035) when compared to the two
concurrent control groups combined. In this test the incidence of tumors was taken to be per 60
animals per group.

Conclusion: Although the increased incidence of pancreatic islet cell carcinoma in mid dose
female rats was statistically significant according to a pairwise test, this Reviewer feels that the
biological significance of this finding is not clear, since it was seen in the mid dose group and did
not exceed historical control incidence values.

Combined organ schwannoma in_male and female rats

Incidence males: 1-0-0-2-0

Results trend test: p=0.559 (not significant; data from control group 2 used only)
Incidence females: 2-3-4-04

Results trend test: p=0.502 (not significant, data from control group 2 used only)

Conclusion: No biologically or statistically significant increases in schwannomas.
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SUMMARY

hig!

Rat study

* Statistically significant dose-tumor positive linear trend in incidence of benign pancreatic
acinar cell adenoma in male rats (p=0.002). Together with the finding of increased incidence
. of pancreatic acinar cell hyperplasia in mid and high dose males this suggests a significant
effect of colesevelam hydrochloride, or any of its degradants, on pancreatic tumorigenesis.

 Statistically significant dose-tumor positive linear trend in incidence of benign thyroid C-celll
adenoma in female rats, when analysis was done using data from concurrent control group 2
only (p=0.003). Together with the increased incidence of thyroid C-cell hyperplasia and C-cell
adenoma in males this suggests a significant effect of colesevelam hydrochloride, or any of
its degradants, on thyroid C-cell tumorigenesis.

e Statistically significant increase in incidence of pancreatic islet cell carcinoma in the mid dose
female rats, according to pairwise analysis versus combined control groups (p=0.035). Since
the finding was in the mid dose group its significance is unclear.

Mouse Study -

No significant tumor findings. Note, however, that toxicity in the mouse carcinogenicity study dose
groups was minimal, and that the doses used were therefore not optimal.

APPEARS THIS WAY
ON ORIGINAL



CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC-EC) REPORT

.

AND

FDA-CDER RODENT CARCINOGENICITY DATABASE FACTSHEET

P/T REVIEWERC(s):
DATE:

NDA:
DIVISION:

DRUG NAME:
DRUG CODE#:

SPONSOR:
LABORATORY:

CARCINOGENICITY STUDY REPORT DATES:

THERAPEUTIC CATEGORY:
PHARMACOLOGICAL CLASSIFICATION:

GENOTOXICITY/CLASTOGENICITY
OF PARENT COMPOUND:

GENOTOXICITY/CLASTOGENICITY
4 OF FOUR DEGRADANTS:

Gemma Kuijpers
March 21, 2000

21,141

Division of Metabolic and Endocrine drug Products (HFD-
510)

Colesevelam Hydrochloride

GT31-104HB

Geltex Pharmaceuticals, Inc.

June 30, 1999

Bile Acid Sequestrant
Polymer

Ames test (extract): Negative -

In vitro CHO cell clastogenicity test (extract): Positive with
metabolic activation

Mouse micronucleus test: Negative

Ames tests: Negative

In vitro CHO cell clastogenicity tests: Positive for Decylamine
HCl and Aminohexyltrimethyl ammonium chloride HCI
without metabolic activation, negative for other test
compounds and conditions

APPEARS THIS WAY
ON ORIGINAL
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RAT CARCINOGENICITY STUDY (Study GT-02-TX-25)

RAT STUDY DURATION:
STUDY STARTING DATE:
STUDY ENDING DATE:
RAT STRAIN:

DOSING ROUTE:
DOSING COMMENTS:

NUMBER OF RATS:

- Control 1:

- Control 2:
Low Dose (LD):
Middle Dose (MD):
- High Dose (HD):

RAT DOSE LEVELS (g/kg/day):
- Low Dose:
- Middle Dose:
- High Dose:

BASIS FOR DOSES SELECTED:
PRIOR FDA DOSE CONCURRENCE:

RAT CARCINOGENICITY:

RAT TUMOR FINDINGS (significant findings):

RAT STUDY COMMENTS:

104 weeks

November 1996
November 1998
HSD:Sprague-Dawley
Oral (diet), daily
None

60 (Control diet)

60 (Vitamin-supplemented diet)
60 (Vitamin-supplemented diet)
60 (Vitamin-supplemented diet)
60 (Vitamin-supplemented diet)

0.4 g/kg/day

1.2 g/kg/day

2.4 g/kg/day

% of test article in dietHuman-dose multiples

No

Positive (males)

Males: Pancreas acinar cell adenoma

Incidence (Control 1-Control 2-LD-MD-HD): 0-0-0-2-3
Trend analysis: P = 0.002 (statistically significant)

Decreased mortality in HD males

APPEARS THIS WAY
ON ORIGINAL
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MOUSE CARCINOGENICITY STUDY (Study GT-02-TX-24)

MOUSE STUDY DURATION:
STUDY STARTING DATE:
STUDY ENDING DATE:
MOUSE STRAIN:

ROUTE:

DOSING COMMENTS:

NUMBER OF MICE:
- Control 1:
- Control 2:
- Low Dose (LD):
- Middle Dose (MD):
- High Dose (HD):

MOUSE DOSE LEVELS (g/kg/day):

- Low Dose:

- Middle Dose:

- High Dose:
BASIS FOR DOSES SELECTED:
PRIOR FDA DOSE CONCURRENCE:

MOUSE CARCINOGENICITY:

104 weeks
November 1996
November 1998
Crl:CD*-1) (ICR)BR
Oral (diet)

None

50 (Control diet)

50 (Vitamin-supplemented diet)
50 (Vitamin-supplemented diet)
50 (Vitamin-supplemented diet)
50 (Vitamin-supplemented diet)

0.3 g/kg/day
1.0 g/kg/day
3.0 g/kg/day
Diet level/Human dose multiple

No

Negative

MOUSE TUMOR FINDINGS (significant findings): No significant dose-related increases in tumor incidence at

MOUSE STUDY COMMENTS:

any site

None

APPEARS THIS WAY
ON ORIGINAL
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Executive CAC
March 21, 2000

Commiittee: Joseph DeGeorge, Ph.D., HFD-024, Chair
Joseph Contrera, Ph.D., HFD-901, Member
Glenna Fitzgerald,Ph.D., HFD-120, Alterate Member
Ronald Steigerwalt, Ph.D., Team Leader
Gemma Kuijpers, Ph.D., Presenting Reviewer

Author of Draft: Gemma Kuijpers

The following information reflects a brief summary of the Committee discussion and its conclusions.
Detailed study information can be found in the individual reviews.

.NDA # 21,141
Drug Name: Colesevelam Hydrochloride {Welchol)
Category: Bile acid sequestrant
Sponsor: Geltex Pharmaceuticals, Inc., MA

1. Rat Carcinogenicity Study

104-week study

Doses: 0,0,0.4,1.2,2.4 g/kg/day ;

Discussed were mortality data, body weight data, dose levels and tumor findings. Histopathology
examination was carried out of all animals in groups 1 and 2 (controls) and group 5 (high dose group),
and of preterminally sacrificed or dead animals in groups 3 and 4 (low and mid dose groups). All
macroscopic abnormalities and all organs/tissues were evaluated by histopathological examination.

Colesevelam was associated with an increase in survival in high dose male rats, and a slight decrease in
body weight in mid dose and high dose male rats. In the male rats, survival was 18% and 32% in control
groups 1 and 2, respectively, and 58% in the high dose group. There was a statistically significant linear
trend in survival distribution among the dose groups in the male rat. In the mid and high dose groups,
body weight was 97% and 93%, respectively, of control group 2 in male rats, at 104 weeks. There was no
effect on body weight in female rats. .

Test article concentrations in the diet of the high dose groups reached 5% for males in week 46-47 and
4% for females in week 62 of the study. 80% and 90% of this diet percentage level was reached for males
in weeks 10 and 20, and for females in weeks 6 and 14.

There was a significant dose-tumor positive linear trend for benign pancreatic acinar cell adenoma in
male rats (p=0.002). In males, there was an increased incidence of thyroid C-cell adenoma as compared
to control groups 1 and 2, and in females there was an increased incidence of thyroid C-cell adenoma as
compared to control group 2 but not control group 1. There was also an increased incidence of pancreatic
acinar cell hyperplasia and thyroid C-cell hyperplasia in mid and high dose males, both as compared to
control 1 as well as control 2. Thyroid C-cell hyperplasia was not increased in females.

The Committee considered the dose levels adequate as the dietary concentrations had reached at least
85% of the maximum by study week 20. The question was raised whether the statistical analysis of tumor
incidence was carried out with the data for the two control groups pooled, and it was suggested to do the
analysis with only the data from control group 2. The Committee was concerned about the pancreatic
findings (tumors, nodules and hyperplasia) in the males, and the thyroid C-cell adenoma in both sexes.
The Committee was further concerned about a possible increased incidence of combined organ
schwannomas, and an increased incidence of pancreatic islet cell carcinoma in the mid dose females
(0/60 in control groups, and 3 out of 21 in mid dose group). It was suggested to ask the Sponsor to
analyze the remaining low and mid dose animals. A question was also raised about the nature of the non-
neoplastic lung granulomas with increased incidence in high dose males. The Committee also noted that
the compound and/or some of its degradants had positive reactions in the CHO chromosomal abemration
assay and asserted to not neglect these findings since they have not been shown to be irreproducible.
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2. Mouse Carcinogenicity Study

104-week study

Doses: 0, 0, 0.3, 1.0, 3.0 mg/kg/day

Discussed were mortality data, body weight data, dose levels and tumor findings. Histopathology
examination was carried out of all animals in all groups and of and all organs/tissues.

Colesevelam had no significant effect on mortality. Body weight was decreased in the high dose males
and females at the end of the study. Another drug-related adverse effect appeared to be a decrease in
the serum vitamin E levels in mid and high dose animals. :

Test article concentrations in the diet of the high dose groups reached 2.1% for males in week 24 and
1.7% for females in week 23 of the study. 90% of this diet percentage level was reached for males in
week 7, and for females in week 18.

There were no significant increases in the incidence of any tumor type in male or female mice.

The Committee judged that on the basis of the trends in body weight the doses used in this study were
adequate. There was no concern about the tumorigenicity of the test compound in mice.

Conclusions: '

Rat study: In a 104-week rat carcinogenicity study with colesevelam hydrochioride there was a statistically
significant increase in the incidence of pancreatic acinar cell adenoma in male rats. There also appeared
to be an increased incidence of thyroid C-cell tumor incidence in male and female animals. Additional
statistical analysis was recommended to come to a more comprehensive conclusion on the thyroid tumor
findings. '

Mouse study: In a 104-week mouse carcinogenicity study with colesevelam hydrochloride there appeared
to be no effects on tumor incidence in any organ in either male or female mice.

Joseph DeGeorge, Ph.D.
Chair, Executive CAC

cc\
/Division File, HFD-510
/G. Kuijpers, HFD-510
/R.Steigerwalt, HFD-510
/R. Hedin, HFD-510 APPEARS THIS WAY

IA. Seifried, HFD-024 ON ORIGINAL

69



BEST POSSIBLE COPY

GENETIC TOXICOLOGY

The genotoxicity of colesevelam hydrochloride has been assessed in a battery of three assays, a
bacterial reverse mutation assay, an in vitro mammalian cytogenetics assay, and an in vivo
mouse micronucleus assay. In addition, Sponsor has evaluated the genotoxic potential of 4
degradants, decylamine HCI, didecylamine HCI, decylamino-6-hexytrimethyl ammonium chioride
hydrochloride (decylaminoquat), and aminohexyltrimethylammonium chloride hydrochloride
(aminoquat). These degradants appear at levels approaching —% in the drug substance and
product during long-term stability studies. The source of these degradants are the mono- and
dialkylated amines in the drug substance.

Table £3-26: Genotoxicity Studies

SECTION STUDY TITLE . | IPECTES | TREAT DOSE [~ 8
NUMBER ’ MENT

DURA-

TION

%331 |Micronucicos Cytogeneiic Assay in Mice Mouse [ 2Days | 5000 mghg | Yes
{Study No. GT-02-TX-26) -

£3.82 Baciaillmmioumymmludod - - 100pL/ml | Yes
with 2 leat article extract (Stady No. GT-02-

TX-29)

85353 | Chromosomal Aberration in the Clrinene - - 100pL/ml | Yes
Harmater Ovary (CHO) Ceils conduxctod with
& Test Article Extract {Study No. GT-02-

TX-31)

£354 [ Bacterial reverse Mutation Assay with - - 5000 Yeu
Decylamine HCL (Study No. GT-0069-TX- pgplaic
1)

L3585 | Bacterial reverse Mutation Amsy with - - 5000 Yes
Aminohexyltrimetby! snzmoniom chlaride Hg/platc
bydroctloride (Study No. GT-0070-TX-1) |

8355 | Bacterial reverae Mutation Asasy with - - 1000333 | Yes
Didecylsmine HCL (Stndy No. GT-0073- kgplote
TXA)

5357 | Bacterisl reverac Mutstion Assey with - - 5000 Yes
Decylamino-6-hexyltrimethy! smmonium pg/piaic
chioride bydrochlaride (Study No. GT-0071-

TX-1)

8358 |/avitw Mammalise Chroowsome - - 15030 Yeu
Abecrration Test with Decylamine HCL HCL pg/ml
(Study Na. GT-0069-TX-2)

5359 |/nwroNsmmalisn Clromosme - - 5000 pg/mi. | Yea
Abcuration Test with Aminohexylirimethy!

No. GT-0070-TX-2)

53510 |/ w0 Memmalise Chromosome - - 4012 | Yen
Abcrration Test with Didecylamine HCL wefml
{Shady No. QT-0073-TX-2)

S3.811 | /w viows Mammatisn Chromomme - - 4000 | Yeu
Abcmation Test with Decylamino-6- 4500yg /ml
X imethyl i chionid
hydrochloride (Sauty No. aT-0071-TX-2)
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BACTERIAL REVERSE MUTATION ASSAY CONDUCTED WITH A TEST ARTICLE EXTRACT

Study Title:

Study No:
Study Type:
Volume #, Page #:

Conducting Laboratory:

Study Initiation Date:

Study Completion Date:

.GLP Compliance:
QA- Reports:
Drug Lot Number:
Study Endpoint:

METHODOLOGY
- Strains:

Negative Controls:
Positive Controls:

Bacterial reverse mutation assay conducted with a test article
(colesevelam hydrochloride) extract
GT-02-TX-29

Mutation assay

Electronic submission
\_—__——/—_‘
August 07, 1998

May 4, 1999

Yes

Yes (x) No ()

TLMC004-1839

In vitro mutagenesis

Salmonella typhimurium TA1535, TA1537, TA98 and TA100,
Escherichia coli WP2uvrA pKM101
0.1 N HCI (extraction blank)

Positive Controls
S9 Strains Positive control Concentration
Activation (ug/plate)
- TA 98 2-Nitrofluorene 1.0
- TA100 Sodium Azide 1.0
- TA 1637 9-Aminoacridine 75.0
- TA 1535 Sodium Azide 1.0
- WP2uvrA MMS* 1000
+ TA 98 2-Aminoanthracene 1.0
+ TA 100 2-Aminoanthracene 1.0
+ TA1537 2-Aminoanthracene 1.0
+ TA 1535 2-Aminoanthracene 1.0
+ WP2uvrA 2-Ammoanthraoene 10.0

*MMS = methyl methanesulfonate

Preparation of extract:

Doses used in assay:

Metabolic activation system:

Assay method:
Plating method:

Two (2) g of test article was extracted with 40 mi 0.1 N HCI for
three days at 50°C, and extract was decanted and stored at room
temperature. 0.1 N HCI extraction blank was prepared without
test article addition.

A minimum of five dose levels of test article extract with
appropriate vehicle (extraction blank) and positive controls were
plated with the tester strains, in absence and presence of S9 mix.
The maximum dose level was 100 ul of undiluted test article
extract per plate. All dose levels and controls were plated in
triplicate.

Aroclor 1254-induced rat liver S9 mix.

Plate incorporation method (Ames et al, 1975)

0.5 ml S9 or Sham mix, 100 ul of tester strain and 100 ul of
extraction blank or test article extract, were added to 1 ml of top
agar. Mixture was overiaid onto a surface of 25 mi bottom agar.
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ANALYSIS:
Scoring method:

Cytotoxic endpoints:
Genetic toxicity endpoints:

Statistical methods:

Criteria for Positive Results:

Criteria for Valid Test:

RESULTS:

Positive controls were 50 ul aliquots. Plates were incubated for - -
48-72h at 37°C. The experiment was done in duplicate (B1, B2)? C-

Mean and standard deviation of the number of revertants per
plate were counted automatically or by hand and calculated. Test
article extract toxicity (background lawn) and precipitate were
evaluated and scored relative to the vehicle control plate
according to a coding system.

Condition of bacterial background lawn

Number of revertant colonies per plate

N/A

A positive response is defined as a dose-related increase in the
mean revertants per plate of at least one tester strain with a
minimum of two increasing concentrations of test article extract.
For TA1535 and TA1537 the increase at the peak of the dose
response must be equal to or greater than three (3) times the
mean vehicle control value. For TAS8, TA100 and WP2uvrA the
increase at the peak of the dose response must be equal to or
greater than two (2) times the mean vehicle control value.

Mean number of spontaneous revertants in the vehicle

controls should be within the characteristic value range of :
TA98, 10-50;, TA100, 80-240; TA1535, 545; TA1637, 3-21;
WP2uvrA, 10-60. Mean of each positive control should be at
least three-fold the vehicle control value. A minimum of 3 non-
toxic dose levels are required to evaluate assay data. A dose
level is toxic if either there is a >50% reduction in the mean
number of revertants as compared to control, or there is a
reduction in the background lawn.

Table 11 summarizes the results. Data are from Experiment B2.

APPEARS THIS WAY
ON ORIGINAL
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BEST POSSIBLE COPY

Salmonella/E. coli Mutagenicity Assay
Summary of Results

Table 11

Test Arcicle Ld :. Colesevelam hydrochloride
Study Number . G98AX80.502203 Experiment No : B2
Extraccion Medium : 0.1 N HC1

Average Revertants Per Plate * Standard Deviation
Liver Microsomes: None

Dose {uL) TA98 Tal00 TA1535 TA1537 WF2 uvrA
0.0 22 * 3 159 t 13 10 + 6 5 + 3 13 t 3
3.3 20 + 6 182 + 7 11 + 4 Gt 3 17 7
10 28 ¥ 6 196 ¢ 9 9 + 1 5 + 1 10 4 2
R N 25 + 9 181 t 17 9 t 3 7 2 3 14 4
SU 21 £ 4 171 + 7 9 + 6 5 % 1 12 4 4
100 14 * 3 185+ 11 8 * 3 6+ 3 15 1 4
Pos 306 + 18 485 2. 5 255 % 15 40Y + 103 152 ¢ 4
Liver Microsoumes: Rat liver §9

Dose (L) TAYSE TA100 TA1535 TAI1S3/  WP? uvrA
(.4 24 * 5 185 ¢ 27 9+ &4 4 1 13 + 4
3.2 26 4 8 196 + 7 13 + 3 5 3 2 14 ¢ 4
16 29 + Yy 182 + 6 11 ¢ 4 5 3 10 ¢ 1
33 25 % 6 199 t 5 11 + 5 64 2 15 + G
50 26 & 158 + 23 12 + 3 6 % 1 16 t 4
100 17 ¢ 7 202 £ 35 12+ 6 ] 4 1 13 * 7
Pos 266 £ 38 565 - 40 103 + 14 46 F 13 41n & 33

......................................................................

LU - Vehtule platang aliguot of 100 al
Pos - Fositive Cotitrul concentrations as specified in Materiels snd Merhods section

APPEARS THIS WAY
ON ORIGINAL
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Study Outcome:

1. Data shown are from Experiment B2. In Experiment B1, an undefined error precluded
evaluation of the results.

2. According to the criteria of evaluation of the background lawn and number of revertants per
plate no toxicity was observed at any dose level for any of the strains.

3. Precipitate was observed for all tester strains at concentrations of >3.3 ul per plate. Therefore,
all plates were counted manually.

4. In Experiment B2 no positive responses were observed with any of the tester strains in the
absence or presence of S9 metabolic activation.

Study Validity:

The study was valid:

1.

The mean number of spontaneous revertants in the vehicle controls were within the
characteristic value ranges specified in the methods.

2. The mean number of revertants for each positive control was at least three-fold the vehicle
control value.

3. A minimum of 3 non-toxic dose levels was available for all tester strains and conditions to
evaluate the assay data.

SUMMARY:

Under the conditions of the assay, colesevelam hydrochloride was negative in the Ames bacterial
reverse mutation assay with and without metabolic activation.

APPEARS THIS WAY
ON ORIGINAL
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BACTERIAL REVERSE MUTATION ASSAY WITH DECYLAMINE HYDROCHLORIDE

Study Title:
Study No:
Study Type:
Volume #, Page #:
Conducting Laboratory:
Study Initiation Date:
Study Completion Date:
GLP Compliance:

: QA- Reports:
Drug Lot Number:
Study Endpoint:

METHODOLOGY
Strains:

Negative Controls:

Positive Controls:

Positive Controls

Bacterial reverse mutation assay
GT-0069-TX-1

Mutation assay

Vol. 1.18 (Appendix 5-22)
February 19, 1999

June 7, 1999

Yes

Yes (x) No ()

P-1039-174A7

In vitro mutagenesis

Salmonelia typhimurium TA1 535, TA1537, TASS8 and TA100,
Escherichia coli WP2uvrA pKM101
Distilled water

Positive control Concentration

S9 Strains
Activation (ug/plate)

- TA 98 2-Nitrofluorene 1.0
- TA100 Sodium Azide 1.0
- TA 1537 9-Aminoacridine 75.0
- ‘TA 1535 Sodium Azide 1.0
- WP2uvrA MMS* 1000
+ TA 98 2-Aminoanthracene 1.0
+ TA 100 2-Aminoanthracene 1.0
+ TA1537 2-Aminoanthracene 1.0
+ TA 1535 2-Aminoanthracene 1.0
+ WP 2uvrA 2-Aminoanthracene 10.0

Preparation of test article:
Doses used in assays:

Metabolic activation system:
Assay method:

Plating method:

*MMS = methyl methanesuifonate

Test article (decylamine HC!) was dissolved in water

In a preliminary toxicity test ten (10) dose levels of the test article
were plated (1 plate/dose) with/out S9 activation in order to
establish the dose range for the main assay.

In the main assay a minimum of five dose levels of test article
with appropriate vehicle and positive controls were plated with
the tester strains, in absence and presence of S9 mix. The
maximum dose level was estabished from the preliminary toxicity
test (5000 ug per plate). All dose levels and controls were plated
in triplicate.

Aroclor 1254-induced male rat liver S9 mix.

Plate incorporation method (Ames et al, 1975)

0.5 mi S9 or Sham mix, 100 ul of tester strain and 50 ul of
vehicle or test article, were added to 1 ml of top agar. Mixture
was overlaid onto a surface of 25 ml bottom agar. Positive
controls were 50 ul aliquots. Plates were incubated for 48-72h at
37°C. The experiment was done in duplicate (B1, B2)?
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ANALYSIS:
Scoring method:

Cytotoxic endpoints:
Genetic toxicity endpoints:
Statistical methods:

. Criteria for Positive Results:

Criteria for Valid Test:

RESULTS:

Mean and standard deviation of the number of revertants per .
plate were counted automatically or by hand and calculated. Test
article extract toxicity (background lawn) and precipitate were
evaluated and scored relative to the vehicle control plate
according to a coding system.

Condition of bacterial background lawn

Number of revertant colonies per plate

N/A

A positive response is defined as a dose-related increase in the
mean revertants per plate of at least one tester strain with a
minimum of two increasing concentrations of test article extract.
For TA1535 and TA1537 the increase at the peak of the dose
response must be equal to or greater than three (3) times the
mean vehicle control value. For TA98, TA100 and WP2uvrA the
increase at the peak of the dose response must be equal to or
greater than two (2) times the mean vehicle control value.

Mean number of spontaneous revertants in the vehicle

controls should be within the characteristic value range of :
TAS8, 10-50; _TA100, 80-240; TA1535, 545; TA1537, 3-21;
WP2uvrA, 10-60. Mean of each positive control should be at
least three-fold the vehicle control value. A minimum of 3 non-
toxic dose levels are required to evaluate assay data. A dose
level is toxic if either there is a >50% reduction in the mean
number of revertants as compared to control, or there is a
reduction in the background lawn.

Results of preliminary toxicity test showed toxicity at doses >667 to >3333 ug per plate.
Precipitation was not observed. The maximum dose plated in the main assay was 5000 ug per

plate.

Table 17 summarizes the results of the main assay. The data are partly from Experiment B1 and

partly from Experiment B2.

APPEARS THIS WAY

ON ORIGINAL
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BEST POSSIBLE COPY

Salmonella/E. coli Mutagenicity Asgay
Summary of Resulcs

Table 17

Test Article Id : Decylamine HCL
Study Number : AA1258.502.8TL Experiment Nos : Bl/B2

Average Revertants Per Plate * Standard Deviation
Liver Microsemes: None

Dose (ug) TASE TA100 TA1535 TA1537 WP2 uvrA
0.0 19+ 4 2363% S 10+ 3 6 1 3 15t 3
7.5 13+ 2 225 2 .11+ & 43 3
25 192 4 212+ 19 l6 + 4 3+ 2
75 121+ 1 234 ¢ 12 13t 3 5 3 20 s
200 13¢ 6 217 ¢+ 130 16 £ 13 s+ 1 14 5
600 3¢ 1 33+ 16 6+ 3 2 3 12+ 4
1800 0o+ o 0+ 0 6 O o0 o0 1+ 1
5000 g o
Pnx 490 + AS A72 3 14 71V + 63 4/ ¢ & 198 + 12
Liver Microsomes: Rat liver S9

Dose (ug) TA%8 TALIO0 TA1535 TA1537 WEP2 uvrA®
0.0 25 + 7 224 % 32 16 3 g+ 5 19 8
7.5 22+ 8 227+ 20 15+ 8 8t 5 18t 7
25 21+ 2 225+ B8 14+ 1 9+ 3 11t 4
75 19 2 243+ 10 12+ 5 11+ 0 16 £+ 8
200 19+ 3 215+ 13 10+ 1 8§+ 2 15+ 5
600 3 2 147 x 29 9 3 3+ 3 11+ 1
1800 o+ 0 Ox 0 o 1 cox O 6t 5
5000 0+ 0
Pos 412 + 35 675t SO 86 + 8 59 + 15 543 £ 62

----------------------------------------------------------------------

0.0 = Venicle plating aliquot of 30 ad
ros = Poaitive Control concentrations as meu:m in Haterials and Methods sectiom.
a > Dats fxve Exparimeant B2

PPEARS THIS WAY
A ON ORIGINAL

77

hiy!



Study Outcome:

1. In Experiment B1 there was excessive toxicity with tester strain WP2uvrA. Therefore, data for
this strain are from Experiment B2.

2. According to the predefined criteria toxicity was observed at doses 2 600 ug per plate for all
Salmonella tester strains and at >1800 ug per plate for the E. coli WP2uvrA strain.

3. No positive responses were observed with any of the tester strains in the absence or
presence of S9 metabolic activation.

hei!

Study Validity:
The study was valid:

:1.  The mean number of spontaneous revertants in the vehicle controls were within the
characteristic value ranges specified in the methods.

2. The mean number of revertants for each positive control was at least three-fold the vehicle
control value.

3. A minimum of 3 non-toxic dose levels was available for all tester strains and conditions to
evaluate the assay data.

SUMMARY:

Under the conditions of the assay, decylamine hydrochloride was negative in the Ames bacterial
reverse mutation assay with and without metabolic activation.

APPEARS THIS WAY
ON ORIGINAL
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BACTERIAL REVERSE MUTATION ASSAY WITH DIDECYLAMINE HYDROCHLORIDE

Study Title: Bacterial reverse mutation assay

Study No: GT-0073-TX-1

Study Type: Mutation assay

Volume #, Page #: Vol. 1.18 (Appendix 5-24)

Conducting Laboratory: -

Study Initiation Date: April 01, 1999

Study Completion Date: June 22, 1999

GLP Compliance: Yes

QA- Reports: Yes (x) No ()

-Drug Lot Number: —= 154-171

Study Endpoint: . In vitro mutagenesis

METHODOLOGY

Strains: Salmonella typhimurium TA1535, TA1537, TA98 and TA100,
Escherichia coli WP2uvrA pKM101

Negative Controls: Ethanol (vehicle)

Positive Controls:

Positive Controls :
S9 Strains Positive control Concentration
Activation (ug/plate)
- TA 98 2-Nitrofluorene 1.0
- TA100 Sodium Azide 1.0
- TA 1537 9-Aminoacridine 75.0
- TA 1535 Sodium Azide 1.0
- WP2uvrA MMS* 1000
+ TA 98 2-Aminoanthracene 1.0
+ TA 100 2-Aminoanthracene 1.0
+ TA1537 2-Aminoanthracene 1.0
+ TA 1535 2-Aminoanthracene 1.0
+ WP2uvrA 2-Aminoanthracene 10.0

*MMS = methyl methanesulfonate

Preparation of test article: Test article (didecylamine HCI) was dissolved in ethanol to a
maximum stock concentration of 400 mg/mi
Doses used in assays: In a preliminary toxicity test ten (10) dose levels of the test article

were plated (1 plate/dose) with/out S9 activation in order to
establish the dose range for the main assay.

In the main assay a minimum of five dose levels of test article
with appropriate vehicle and positive controls were plated with
the tester strains, in absence and presence of S9 mix. The
maximum dose level was estabished from the preliminary toxicity
test (100 ug per plate for all strains with/out S9, and 333 ug for
WP2uvrA with §9). All dose levels and controls were plated in

triplicate.
Metapolic activaticn system: Aroclor 1254-induced male rat liver S9 mix.
Assay method: Plate incorporation method (Ames et al, 1975)
Plating method: 0.5 ml S9 or Sham mix, 100 ul of tester strain and 50 ul of

vehicle or test article, were added to 1 mi of top agar. Mixture
was overlaid onto a surface of 25 ml bottom agar. Positive
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ANALYSIS:
Scoring method:

Cytotoxic endpoints:

: Genetic toxicity endpoints:
Statistical methods:

Criteria for Positive Results:

Criteria for Valid Test:

RESULTS:

controls were 50 ul aliquots. Plates were incubated for 48-72h at
37°C. The experiment was done in duplicate (B1, B2)?

Mean and standard deviation of the number of revertants per
plate were counted automatically or by hand and calculated. Test
article extract toxicity (background lawn) and precipitate were
evaluated and scored relative to the vehicle control plate
according to a coding system.

Condition of bacterial background lawn

Number of revertant colonies per plate

N/A

A positive response is defined as a dose-related increase in the
mean revertants per plate of at least one tester strain with a
minimum of two increasing concentrations of test article extract.
For TA1535 and TA1537 the increase at the peak of the dose
response must be equal to or greater than three (3) times the
mean vehicle control value. For TAS8, TA100 and WP2uvrA the
increase at the peak of the dose response must be equal to or
greater than two (2) times the mean vehicle control value.

Mean number of spontaneous revertants in the vehicle

controls should be within the characteristic value range of :
TA88, 10-50; TA100, 80-240; TA1535, 545, TA1537, 3-21;
WP2uvrA, 10-60. Mean of each positive control should be at
least three-fold the vehicle control value. A minimum of 3 non-
toxic dose levels are required to evaluate assay data. A dose
level is toxic if either there is a >50% reduction in the mean
number of revertants as compared to control, or there is a
reduction in the background lawn.

Resuits of preliminary toxicity test showed toxicity at >33 or 267 ug per plate in the absence of S,
and at 267 or 2100 ug per plate in the presence of S9. Precipitation was generally observed at
233 or 267 ug per plate. Based on the toxicity findings, the maximum doses plated in the main
assay were 33 ug per plate with WP2uvrA in the presence of S9, and 100 ug per plate with all the
other tester strains and conditions.

Table 16 summarizes the results of the main assay. The data are partly from Experiment B1 and

partly from Experiment B2.

APPEARS THIS WAY
ON ORIGINAL
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BEST POSSIBLE COPY

Salmonellas/E, coli Mutageniclty Assay
Summary of Results

Table 16

Test Arcticle Id : Didecylamine
Scudy Number : AAL4PA,502.BTL Experiment Nos : Bl/B2
b Jum——.—m-l--w- - - _
Average Revertants Per Plate t Standard Deviation
Liver Microsomes: None

Dose (ug) TA98 TA100 TA1535 TAL537 WP2 uvrA
0.0 15 2z 1262 7 7% 3 62 2 10 8
0,33 20 = 3 160+ L4 10 ¢ 3 8 = 1 13 ¢ J
1.0 12 4 120+ 12 10+ 1 8 2 15% &
3.3 18+ 4 1% + 2 9+ 1 6+ 1 Lt 2
10 18 6 125% 12 121 2 2% 1 113 4
33 16 ¢ 3 128+ 17 8 ¢ 2 4 * 1 17 & 4
100 1=+ 1 21 + 4 1L 2 1 o= 0 4 * 1
Pos 441 = 46 699 Lt 76 527 ¢t 9 1922 t 116 177+ 24
Liver Microsomes Rat livar S9 )

Dose (as) TADS TAL00 TAL153S TAISY? TALIS3?:  wp2 mA
0.e 232 2 1222 12 15 » 3 4z 1 12 2 4 3= 1
0.9 102 4 123 15 sz s st x & 108 1
1.0 23 S 1352 321 11: 3 7s 3 1%: & 262 2
3.3 24 2 7 el x 20 10 = 2 | 23 4 12 = ] Itz 3
1¢ 292 4 832 8 13:= & 6z 2 12 6 17 2
3 26 32 8 1% s 17 a2 2 wz 3 e ? 13 = L}
ko 0+ 8

7% =z &

1co 30 = 8 118 = [} 8= 4 6 = 2 52 4 13z 2
150 Sz 3 .
333 (- [}
Fos 802137 232+ 72 SB: ¥ M s 9 & 33 & 67

e I e e S

0.0 = Vehiels plating sliquot of 30 ul
Pos = Positive Contzol comsentretions as specified :n Materisls and Mathode seation.
e = Data from Expesiment B2

APPEARS THIS WAY
ON ORIGINAL
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Study Outcome:

1.

wN

In Experiment B1 a maximally 2.5-fold non-dose responsive increase in the number of
revertants was observed with tester strain TA1537 in the presence of S9 activation.
Therefore, Experiment B2 was performed in which nine doses of test article were tested up to
150 ug per plate. In this experiment no positive response was observed with this strain in the
presence of S9 activation.

. According to the predefined criteria toxicity was observed at doses >33 or >100 ug per plate.

Precipitate was observed for all tester strains at concentrations of 100 ug per plate in the
absence of S9 activation.

According to the predefined criteria, no positive responses were observed with any of the
tester strains in the absence or presence of S9 metabolic activation.

Study Validity:

The study was valid:

4. The mean number of spontaneous revertants in the vehicle controls were within the
characteristic value ranges specified in the methods.

5. The mean number of revertants for each positive control was at least three-fold the vehicle
control value.

6. A minimum of 3 non-toxic dose levels was available for all tester strains and conditions to
evaluate the assay data.

SUMMARY:

Under the conditions of the assay, didecylamine HCI was negative in the Ames bacterial reverse
mutation assay with and without metabolic activation.

APPEARS THIS WAY
ON ORIGINAL
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BACTERIAL REVERSE MUTATION ASSAY WITH AMINOHEXYLTRIMETHYL AMMONIUM
CHLORIDE HYDROCHLORIDE

Study Title:

Study No:

Study Type:
Volume # Page #:

Conducting Laboratory:
Study Initiation Date:
Study Completion Date:

. GLP Compliance:

'QA- Reports:
Drug Lot Number:
Study Endpoint:

METHODOLOGY
Strains:

Negqative Controls:
Positive Controls:

Bacterial reverse mutation assay
GT-0070-TX-1

Mutation assay

Vol. 1.18 (Appendix 5-23)

February 19, 1999
June 7, 1999

Yes

Yes (x) No ()
0171-251

In vitro mutagenesis

Salmonella typhimurium TA1535, TA1537, TA98 and TA100,
Escherichia coli WP2uvrA pKM101
Distiled water

eyt

Positive Controls .
S9 Strains Positive control Concentration
Activation (ug/plate)
- TA 98 2-Nitrofluorene 1.0
- TA100 Sodium Azide 1.0
- TA 1537 9-Aminoacridine 75.0
- TA 1535 Sodium Azide 1.0
- WP 2uvrA MMS* 1000
+ TA 98 2-Aminoanthracene 1.0
+ TA 100 2-Aminoanthracene 1.0
+ TA1537 2-Aminoanthracene 1.0
+ TA 1535 2-Aminoanthracene 1.0
+ WP 2uvrA 2-Aminoanthracene 10.0

*MMS = methyl methanesuifonate o

Preparation of test article:
Doses used in assays:

Metabolic activation system:

Assay method:
Plating method:

Test article (aminohexyltrimethyl ammonium chloride
hydrochloride) was dissolved in water ‘

In a preliminary toxicity test ten (10) dose levels of the test article
were plated (1 plate/dose) with/out S9 activation in order to
establish the dose range for the main assay.

In the main assay a minimum of five dose levels of test article
with appropriate vehicle and positive controls were plated with
the tester strains, in absence and presence of S9 mix. The
maximum dose level was established from the preliminary toxicity
test (5000 ug per plate). All dose levels and controls were plated
in triplicate.

Aroclor 1254-induced male rat liver S9 mix.

Plate incorporation method (Ames et al, 1975)

0.5 mi S9 or Sham mix, 100 ul of tester strain and 50 ul of
vehicle ar test article, were added to 1 ml of top agar. Mixture
was overiaid onto a surface of 25 ml bottom agar. Positive
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ANALYSIS:
Scoring method:

Cytotoxic endpoints:

: Genetic toxicity endpoints:
Statistical methods:

Criteria for Positive Results:

Criteria for Valid Test:

RESULTS:

controls were 50 ul aliquots. Plates were incubated for 48-72h at
37°C. The experiment was done in duplicate (B1, B2)?

Mean and standard deviation of the number of revertants per
plate were counted automatically or by hand and calculated. Test
article extract toxicity (background lawn) and precipitate were
evaluated and scored relative to the vehicle control plate
according to a coding system.

Condition of bacterial background lawn.

Number of revertant colonies per plate

N/A

A positive response is defined as a dose-related increase in the
mean revertants per plate of at least one tester strain with a
minimum of two increasing concentrations of test article extract.
For TA1535 and TA1537 the increase at the peak of the dose
response must be e'c'qual to or greater than three (3) times the
mean vehicle control value. For TAS8, TA100 and WP2uvrA the
increase at the peak of the dose response must be equal to or
greater than two (2) times the mean vehicle control value.

Mean number of spontaneous revertants in the vehicle

controls should be within the characteristic value range of :
TA98, 10-50; TA100, 80-240; TA1535, 545, TA1537, 3-21;
WP2uvrA, 10-60. Mean of each positive control should be at
least three-fold the vehicle control value. A minimum of 3 non-
toxic dose levels are required to evaluate assay data. A dose
level is toxic if either there is a >50% reduction in the mean
number of revertants as compared to contro, or there is a
reduction in the background lawn.

Results of preliminary toxicity test showed no toxicity. Precipitation was not observed. The
maximum dose plated in the main assay was 5000 ug per plate.

Table 16 summarizes the results of the main assay. The data are partly from Experiment B1 and

partly from Experiment B2.

APPEARS THIS WAY
ON ORIGINAL
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Salmonella/B. coli Mutagenicity Assay
Summary of Rasults

Table 16

Test Article Id : Aminohexyltrimethyl apmonium chloride hydrochlorid
Study Number : AA12SR.502.BTL Bxperiment Nos : B1/B2

Average Revertants Per Plate % Standard Deviation
Liver Microsomas: None

Dose (pg) TA98 TAl00  TAlS535 TALS37  WP2 uvraA

0.0 15 + 1 203+ 12 8 + 3 5+ 3 13+ 4
100 15+ 2 193 % 22 7+ 1 6 2 19+ 4
333 . 18 3 193+ 2 9+ 3 7* 2 .23 % 1
1000 18+ 2 180 % 8 11+ 4 8 + 2 22 + 5
3333 15t 2 183t 26 11+ 3 4 + 1 2 S
5000 15 2 179 + 21 12+ 3 8+ &4 22 % 9
Pos 415 + 80 821 + 27 633+ 583 788 + 319 193 * 20
Livar Microgomes: Rat liver $9

Dose (pg) TA98 TA1002 TA1535 TA1537 WP2 uvraA
0.0 20+ 3 190+ 28 15% 4 12 # 3 21 9
100 18+ & 172+ 30 14 % 3 8 + 3 22 % 6
333 20 2 186 % 19 14t s 10 ¢ 3 21 % 2
1000 28+ 6 192+ 17 112+ 13 9+ 3 18 4
3333 22 * 2 1934+ 13 19+ 2 8 2 19+ 4
5000 20 11 202+ 20 15 # 3 9 + 2 20 + 1
Pos ) 368+ 67 605 F 31 59t 13 43 + 10 507 + 73

----------------------------------------------------------------------

0.8 ~ Vohiale plating aliquot of 50 ul
Pos = Positive Control concentrations as speckfied in Materials and Methods section.
a2 = Data froam Experiment B2

APPEARS THIS WAY
ON ORIGINAL
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Study Outcome:

4. In Experiment B1 there was an unacceptable positive control value for the experiment with
tester strain TA100 with metabolic activation. Therefore, data for this strain in the presence of
S9 mix are from Experiment B2.

5. According to the predefined criteria no toxicity was observed at any dose level for any strain.

6. No positive responses were observed with any of the tester strains in the absence or
presence of S9 metabolic activation.

Study Validity:

The study was valid:

:7. The mean number of spontaneous revertants in the vehicle controls were within the
characteristic value ranges specified in the methods.

8. The mean number of revertants for each positive control was at least three-fold the vehicle
control value.

9. A minimum of 3 non-toxic dose levels was available for all tester strains and conditions to
evaluate the assay data.

SUMMARY:

Under the conditions of the assay, aminohexyltrimethyl ammonium chloride
hydrochloride was negative in the Ames bacterial reverse mutation assay with and without
metabolic activation.

APPEARS THIS way
ON ORIGINAL
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BACTERIAL REVERSE MUTATION ASSAY WITH 6-DECYLAMINOHEXYLTRIMETHYL
AMMONIUM CHLORIDE HYDROCHLORIDE

Study Title:
Study No:

Study Type:
Volume #, Page #:

Conducting Laboratory:

Study Initiation Date:

Study Completion Date:

:GLP Compliance:
QA- Reports:
Drug Lot Number:
Study Endpoint:

METHODOLOGY
Strains:

Bacterial reverse mutation assay
GT-0071-TX-1

Mutation assay

Vol. 1.18 (Appendix 5-25)
e U

April 01, 1999

June 9, 1999

Yes

Yes (x) No ()
—4198-129

In vitro mutagenesis

Salmonella typhimurium TA1535, TA1537, TA98 and TA100,
Escherichia coli WP2uvrA pKM101

Negative Controls: Distilled water

Positive Controls:

Positive Controls

S9 Strains Positive control Concentration
Activation (ug/plate)

- TA 98 2-Nitrofluorene 1.0

- TA100 Sodium Azide 1.0

- TA 1537 9-Aminoacridine 75.0

- TA 1535 Sodium Azide 1.0

- WP 2uvrA MMS* 1000

+ TA 98 2-Aminoanthracene 1.0

+ TA 100 2-Aminoanthracene 1.0

+ TA1537 2-Aminoanthracene 1.0

+ TA 1535 2-Aminoanthracene 1.0

+ WP2uvrA 2-Aminoanthracene 10.0

*MMS = methyl methanesulfongte

Preparation of test article:

Doses used in assays:

Metabolic activation system:

Assay method:
Plating method:

Test article (6-decylaminohexyltrimethy! ammonium chloride
hydrochloride) was dissolved in water

In a preliminary toxicity test ten (10) dose levels of the test article
were plated (1 plate/dose) with/out S9 activation in order to
establish the dose range for the main assay.

In the main assay a minimum of five dose levels of test article
with appropriate vehicle and positive controls were plated with
the tester strains, in absence and presence of S9 mix. The
maximum dose level was established from the preliminary toxicity
test (5000 ug per plate). All dose levels and controls were plated
in triplicate. ‘

Aroclor 1254-induced male rat liver S9 mix.

Plate incorporation method (Ames et al, 1975)

0.5mi S9 o?%am mix, 100 ul of tester strain and 50 ul of
vehicle or tést article, were added to 1 ml of top agar. Mixture
was overlaid onto a surface of 25 ml bottom agar. Positive
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ANALYSIS:
Scoring method:

Cytotoxic endpoints:
: Genetic toxicity endpoints:
Statistical methods:

Criteria for Positive Results:

Criteria for Valid Test:

RESULTS:

controls were 50 ul aliquots. Plates were incubated for 48-72h at
37°C. The experiment was done in duplicate (B1, B2)?

Mean and standard deviation of the number of revertants per
plate were counted automatically or by hand and calculated. Test
article extract toxicity (background lawn) and precipitate were
evaluated and scored relative to the vehicle control plate
according to a coding system.

Condition of bacterial background lawn .

Number of revertant colonies per plate

N/A

A positive response is defined as a dose-related increase in the
mean revertants per plate of at least one tester strain with a
minimum of two increasing concentrations of test article extract.
For TA1535 and TA15637 the increase at the peak of the dose
response must be equal to or greater than three (3) times the
mean vehicle control value. For TAS8, TA100 and WP2uvrA the
increase at the peak of the dose response must be equal to or
greater than two (2) times the mean vehicle control value.

Mean number of spontaneous revertants in the vehicle

controls should be within the characteristic value range of :
TA98, 10-50; TA100, 80-240; TA1535, 545; TA1537, 3-21;
WP2uvrA, 10-60. Mean of each positive control should be at
least three-fold the vehicle control value. A minimum of 3 non-
toxic dose levels are required-to evaluate assay data. A dose
level is toxic if either there is a >50% reduction in the mean
number of revertants as compared to control, or there is a
reduction in the background lawn.

Results of preliminary toxicity test showed toxicity at >3333 or at 5000 ug per plate. Precipitation
was not observed. The maximum dose plated in the main assay was 5000 ug per plate.

Table 16 summarizes the results of the main assay. The data are from Experiment B1.

APPEARS THIS WAY
ON ORIGINAL
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Salmonella/R. colfi Mutagenicity Assay
Summary of Results

Table 16
Test Article Id 6-decylaninohexyltrimethyl ammonium chloride
hydrochloride
Study Number : AAL4NZ.502.BTL Expariment No : Bl

Average Revertants Per Plate & Standard Deviation

: Liver Mlcrusumes. Nupe

Dose (ug) TA98 TA100 TA1535 TA1537 WP2 uvra

0.0 12+ 3 125 % 12 9+ 2 7+ 2 16 + 2
25 12+ 0 145+ 11 12+ 4 & + ] 16 £+ 2
75 n+x 1 119+ 11 -1 2 5+ 3 13 & 1
200 13+ 1 132+ 8 17+ 2 52 2 16 + 2
600 4ot 2 112+ 1D 11+ 3 4% 2 15 5
1800 10+ 89+ 1 10+ 2 6+t 9 7t 2
5000 6+ 1 12+ 0 g+ 3 9+ 2 Jxr 1
Pos 301 £ 16 663 & 26 324 + 60 1092 + 266 207 t 23
Liver Microsomes: Rat liver §9

Doae (ug) TA9S8 TA100 TA1535 TALr537 WP2 uvrA
0.0 16 % 3 137 ¢+ 19 11t 4 8+ 1 13+ 13
25 17 % 1 115 # 7 i1 + 1 9 =+ 3 17 t 2
75 16 *+ 1 136 + 11 6+ 3 5+ 1 g = 2
200 18+ 4 127 %+ 12 9% 4 6+ 1 18 & 2
500 12 + 2 119 + 10 9% 3 5+ 2 14 2
1800 2+ 2 96 + 33 10 4 8+ 5 10 + 3
5000 7+ 5 27+ 2 8+ 3 4 2 7 % 6
Pos 274 + 56 687 + 83 7 2 11 B0 ¥ 16 229 ¢ 78

......................................................................

0,0 = Vahicla plating sliquot of 50 y4L
Fos = Poditive Coutrol concentrations ss spscifios in Materisls md Methods section.

APPEARS THIS WAY
ON ORIGINAL
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Study Outcome:
7. According to the predefined criteria toxncnty was generally observed at 21800 or at 5000 ug

per plate.
8. No positive responses were observed with any of the tester strains in the absence or
presence of S9 metabolic activation.

Study Validity:’
The study was valid:
10. The mean number of spontaneous revertants in the vehicle controls were within the
characteristic value ranges specified in the methods.
.11. The mean number of revertants for each positive control was at Ieast three-fold the vehicle
control value.
12. A minimum of 3 non-toxic dose levels was available for all tester strains and conditions to
evaluate the assay data.

SUMMARY: )

Under the conditions of the assay, 6-decylaminohexyltrimethyl ammonium chloride
hydrochloride was negative in the Ames bacterial reverse mutation assay with and without
metabolic activation.

' APPEARS THIS WAY
ON ORIGINAL

90



CHROMOSOME ABERRATIONS IN CHINESE HAMSTER OVARY (CHO) CELLS
CONDUCTED WITH A TEST ARTICLE EXTRACT

Study title:

Study No:

Study Type:

Volume #, Page #:
Conducting Laboratory:
Study Initiation Date:
Study Completion Date:
:GLP Compliance:

QA- Reports:

Drug Lot Number:
Study Endpoint:

METHODOLOGY
Cell line:
Vehicle control (solvent):

Negative Controls:

Positive Controls:

Preparation of extract:

Dosing solutions used:

Metabolic activation system: .
Aberration assay method:

Cell exposure:

Cell collection:

ANALYSIS:
Scoring method:

Cytotoxic endpoints:

Chromosome aberrations in chinese hamster ovary (CHO) cells
conducted with a test article (colesevelam HCI) extract
GT-02-TX-31

Cytogenetics assay

Vol. 1.17 (Appendix 5-21)

— e —

January 25, 1999

May 20, 1999

Yes

Yes (x) No ()

TMACO015-1868

In vitro clastogenesis

Chinese Hamster Ovary cells (CHO cells)

0.1 N HCL (extraction blank control).

0.1 N HC!

Mitomycin C (MMC) (non-activated assay); Cyclophosphamide
(activated assay)

Two (2) g of test article was extracted with 40 ml 0.1 N HCl for
three days, and extract was decanted and stored at room
temperature.

Test article extract concentrations used in the aberration assays
were based on cell growth inhibition in concurrent toxicity tests.
Maximum concentrations used were not allowed to induce more
than ca. 70% of growth inhibition. In the definitive assay three
dose levels were selected from the resuits of the concurrent
toxicity tests. Test article extract concentrations in dosing
solutions were expressed as ul/ml, which means ul extract/ml
solvent.

Aroclor 1254-induced rat liver S9

Duplicate cultures of CHO cells were exposed to test article
extract, positive or extraction blank controls by adding 500 ul of
dosing solution to 4.5 mi cell medium with/out S-9 mixture.

Cells in non-activated assay were exposed for 4h or
continuously for 20h. Colcemid was added to duplicate flasks
(0.1 ug/ml) and flasks returned until cell collection.

Cells in S-9 activated study were exposed for 4h, washed,
returned to incubator and treated with Colcemid two hours before
collection.

Two h after colcemid addition, metaphase cells were harvested
by === Cells were collected approximately 20h after
treatment initiation, fixed, and mounted on slides.

Mitotic index was determined for each group. A minimum of 200
metaphase spreads (100 per duplicate flask) were scored for
chromatid-type and chromosome-type aberations. If a positive
result was Syéined in the non-activated 4h exposure group, the
20h group was not evaluated for aberrations.

Cell growth inhibition
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Genetic toxicity endpoints: Number and types of aberrations/100 cells, % of structurally and
numerically damaged cells, mean aberrations per cell. Gaps are
not included in the % of cells with aberrations or in the frequency
of structural aberrations/cell.

Statistical methods: Fisher's exact test. Test was used to compare pairwise the %
aberrant cells between treatment and control groups. When the
Fisher test was positive at any dose level, the Cochran-Armitage
test was used to measure dose-responsiveness.

Criteria for Positive Results: A positive response is defined as a dose-responsive increase in

~ the % of cells with aberrations, with one or more concentrations
: being statistically significant.

Criteria for Valid Test: (1) Frequency of cells with structural chromosome aberrations in
the extraction blank control in the range of the historical negative
control. (2) Percentage of cells with aberrations in the positive
control statistically increased (p < 0.05, Fisher’s test) relative to
extraction blank control.

RESULTS:

Precipitate/Osmolality

Visible precipitate was present in treatment medium at all dose levels tested. Osmolality of
treatment medium of the highest concentrations tested (100 ug/ml) was 259 mmol/kg. Osmolality
of extraction blank medium was 262 mmol/kg. The pH of the highest concentration treatment
medium was 6.5.

Aberration test results

The following Tables (Table 2, Table 4, Table 6) show the results of the three aberration assays:
Table 2: Without metabolic activation, 4h treatment, 16h recovery

Table 4: With metabolic activation, 4h treatment, 16h recovery

Table 6: Without metabolic activation, 20h treatment

Table 7 summarizes the results.

APPEARS THIS WAY
ON ORIGINAL
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BEST POSSIBLE copy

TABLE 2

CYTOGENETIC ANALYSIS OF CHO CELLS TREATED WITH fhE EXTRACT OF Colesevelsm hydrochloride In THE
ABSENCE OF EXOGEMOUS METASOLIC ACTIVATION -

4 HOUR TREATNENT, 14 HOUR RECOVERY PERICD

Mnber of Strctursl Aberrations Avarmpe
Mitotic Cells Cells with Aberrationa’ Chrometid-tvpe: . Chromogome-type® Seversly  Structursl
Treatment''  Flaek Inded® Scorad ) Bapa fresks £xch Rreeks Dic Ring Ooveged Aberrations
Numerical Structural Cells Por Celtl’
0.8 Mt A 2.4 100 2 2 0 2 0 o 0 @ 0 0.020
[ 5.2 0o 2 o 0 1] L] /] '] 0 Q 0,000
Colacevelam hydrochioride sxtract
13 it/m. A 5.0 100 1 5 0 1 0 2 2 0 1] 0.050
L] 3,6 100 . R 2 1 1] 0 ¢ 3 [ 0 0.030
Y- NV N A 3.3 100 1 1 1 0 (] ] 1 Q [/ 0.010
L] 2.8 100 ] $ 2 s 0 [ 4 ] 0 0.03%0
50 /i A 3.4 100 3 5 1 3 0 1 1 ] 0 0.050
[ ] 1.6 100 0 1 o 1 0 9 ] [} [ ] 0.010
e A 4.4 100 -] ] 1 S (] Q 1 [+ 0 0,050
0.9% pormt B 34 100 3 7 b & 3 t 8 o o 0.070
Y 230 cells ware treatedt for 4 Nours at 37X1°C in the sbsence of an sxXogencus source of metabolic sctiveticn.
"3 Mitotic index = maber mitotlc flgures x 100/300 cells counted.
: Numerfcal: includes polypiotd and endorecpt icated cells.; Structurel: excludes catls with only gaps.

Chranatid bresks fnclude chromstid end isochrometid bresks end frepments; chromatfd oxchange figures (Exch) include
quadeiradisis, triradists and coMpiax rearrsngeoents.

Chramosome breske fncluxde bresks and scentrio fregments; dic, dicentric chromosone.

Soverely cameged celts fncludes colla with sne or wore pulverized chromcaomes end cellx with 10 or more abarrations,
Sevarcly caneged cells and pulverizations wers counted s 10 aberrations.

An additionel dose Level of 7 tA/al usg tetted og o safegusrd against excesaive toxicity at higher doce levals but wss
nat required for microscopic exssinetion. Dose level 100 pt/el. wes not anelyzed due to excessive taxicity,

- N e

APPEARS THIS WAY
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JABLE &

CYTOGENETIC ANALYSIS OF CRO CZLLE TREATED VITH THE EXTRACT OF Colesevelam hydrochloride In THE
PRESENCE OF EOCEROUS METASOLIC ACTIVATION

& HOUR TREATMENT, 16 NOUR RECOMERY PERIUD

Average
nitotic Cells  Calls with Aberretions’ - Chromoeame-tyoe® Severely  Structurst
Treatvent'®  Flask Index sScored . Gaps Breake Exch Orsaks Dic Ring  Damaged  Abecrations
Humerical Structursl cells’ Per Cell”’
0.18 Wt A 2.8 100 2 [} 0 (] 0 [} Q 0.000
| ] 3.4 100 3 ] -0 ¢ ] 0 ¢ -4¢ Q 0.000
: Cotesevelam hydrochloride extract
25 uL/ml A 8.5 100 4 1 ] ] 1] ] 1 Q a 0.0tg
8 7.8 100 3 L 0 ] [} e 0 1 0 0.010
50 pL/m A 5.8 100 2 1 2 0 [} 0 3 0 [} 0.010
B 7.2 100 3 1 3 ] 1 ¢ 0 o o 0.010
100 pL/wt A 4.2 100 3 3 2 [} -] o .2 1 a 0.030
8 4.2 100 2 [} } ., 2 ] 1 1 0 4] 0.060
c?, A 2.0 100 2 12 e 7 4 | IR | [} 0.140
10 ug/mt [ ] 2.2 100 3 13 ] 11 é e ] ] 4] 0.210

O celle were treated for & hours at 3721°C in the tﬂnm' of an mwpencus source of metabolic activation.

. Mitotic index » mmber mitotic figures x 1007500 cells counted.

sumertcal: includes polyplofd and endoreduplicated cells.; Structural: excludes cells with only gepe.

Chremetid bresks include chronetid and fsochrometid bresks and fregmants; chramtid exchange figures (Exch) include
quadriradfals, triradiais snd conplex resrranganents.

Chromoscme breaks include broaks and ecentric fragments; dic, dicemtric chromosome.

Soversly dameged cells Inciudes cells with one of more pulverized chromcecnes and celts with 10 or more sberrations.
Sevarely demsged cells and pulverizations were counted e 10 sberrations,

Additionel dose (evels of 7 and 13 UL/el were tested as a safopuerd againet excessive toxicity at higher dose levels
but wers not required for microscopic examination,

APPEARS THIS WAY
ON ORIGINAL
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TARLE ¢

CYTOLENETIC AMALYSIS OF CHO CELLS TREATED ULTR THE EXTRACT OF Colesovelam hydrochloride IN THE
ABSENCE OF EXOGENCUS METABOLIC ACTIVATION

20 NOUR CONTINUOUS TREATRENT

wﬂm Average

e Mitotie Calls  Colls with Aberrations’ 1g- Chromoeona-type' Seversly  Structurst

Treatment’” Flask lndc.u:i Scored (X3 Gups Breeks Exch Sreaks Dic Ring D kberntio”
t

sumricel Structurat Colls Per Col
0.1 8ct A 30 100 3 0 ® o o 0. 0 0 0.000
5 36 100 ‘ 1 -0 o0 o 0 1V o 0 0.010

Colesavelan hydrochloride extrect
7 s A S, 100 3 1 2 o o o 1 o 0 0.010
$ 78 100 3 1 1 o o o 1 o 0 0.010
13 pr/at A S8 100 ‘ 1 e o o 1 0 0 o 0.610
8 46 100 4 ] ¢ o o 5 o o o 0.000
5 A 40 10 2 0 2 0 o 6 0 o 0 0,000
5 32 100 2 1 T 1 e o o0 o e 0.01D
e A 28 Wb ‘ 1 0 4 4 1 2 o ° 0.110
.55 porm s 20 W0 3 9 1 8 0 ' 2 9 o 0118

CHO cotls were treated for 20 hours st 37:1°C in the sbsence of an sxogencus source of metabolic sctivation,

Mitotic Index = ramber mitotic figures x 100/500 pells counted,

huserical: fnctudes polyploid and endorsduplicated cells.: structuraly excludes cells with only pape.

Chromatid breaks fnclude chrometfd and fsochromatid breaks and fragments; ehrometid exchange figures (Exch) include
quedriradisls, triradisle and complex rearrangements.

Chronosone breeks inciude bresks snd acentric fragunts; dic, dicentric chromosome.

Severely dameged cetls includes cells with one or more puiverized chromosames and cetis with 10 or more sberrations.
Seversly demeged celis and pulverizations were counted as 10 sberrationa.

Dose Levets 50 end 100 pL/ml were not snelyzed dus to excesafve toxicity,

- .-

« o w
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TABLE 7

SUMMARY
] lberr-tiovll Cells With Aberratione’

Treatment 9 Treatwent'  Nitotic  Cells Per Cell _

Activation Time Indox Scored  (Mean t $D) Numerical = Structurat

CHours)

0.IN HCt - 4 3.8 200 €.010 £ 0.100 2.0 1.0
Colesevelam hydr\ochlortdo extract
13 /mb 4 4.3 200 0.040 t 0.22% 1.5 3.5
25 1/mil - b 3.3 200 0.030 £ 0.171 . 1.0 3.0
50 (ii/ml - 4 2.9 200" 0.035 ¢ 0,210 1.5 3.0
MNC, - 4 4.0 200 0.065 £ 0.247 4.0 §. 5%
0.15 pg/al
0.1¥ Hct + 4 3.1 200 0.000 + 0,000 2.5 0.0
Colcuvelun hydrocblorldt extract -
5 /e 4 8.2 200 0.010 £ 0.100 3.5 1.0
SO L/ + 4 8,5 200 0.010 & 0.100 2.3 1.0
100 (4 /mi. + [ 6.2 200 0,045 + 0.208 2.5 4,5
e, + 4 2.4 200 0.175 & 0.544 2.5 12,50
10 pg/mi
0.1M HCL - 20 3.3 200 0.005 +« 0,071 3.5 0.5
Colesevelam hydrochloride extract
7 mm/m - 20 8.7 200 0.010 > 0,100 3.0 1.0
13 ;a/mb - 20 5.2 200 0.005 + 0.071 4.0 0.5
25 pl/mb - 20 3.6 200 0.005 ¢ 0,071 2.0 0.5
e, - 20 2.3 200 0.110 £ 0.3%4 3.5 10,0
0.08 pg/ntl

T cetla from all treatment conditions were harvested at 20 hours after the initiastion of the treatments.

' Severoly domeged cells were counted ay 10 aberrations.
, p50.05; %, ps0.01; Fisher’s exoct test.

APPEARS THIS WAY
ON ORIGINAL
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Study Qutcome:

1.

Assay without metabolic activation, 4h treatment, 16h recovery: Growth inhibition was 69% at
50 ug/ml. Mitotic index at the highest dose level evaluated of 50 ug./ml was 34% reduced as
compared to extraction blank control. There was no statistically significant elevation in the
percentage of cells with structural or numerical chromosome aberration.

Assay with metabolic activation, 4h treatment, 16h recovery: Growth inhibition was 52% at
100 ug/ml. Mitotic index at the highest dose level of 100 ug/mi was not reduced as compared
to extraction blank control, but was reduced by 48% as compared to the lowest extract dose
level. There was a statistically significant elevation in the percentage. of cells with structural
chromosome aberrations at the dose level of 100 ug/ml (p < 0.01, Fishers'’s test). There was
also a statistically significant positive dose-response for the % of cells with structural
aberrations (Cochran-Armitage test, p < 0.05). There was no statistically significant elevation
in the percentage of cells with numerical chromosome aberrations.

Reviewers Comment:

For the assay with metabolic activation (4h treatment, 16h recovery), the Sponsor noted that
the % of structurally aberrant cells found at the 100 ug/ml dose level (4.5%) was within the %
of aberrant cells observed in the historical negative control range (0-6.5%), see APPENDIX).
Therefore, the Sponsor concluded that the statistically significant increase in the % of
aberrant cells at this dose level was not biologically relevant. This however is not in
agreement with the Sponsor's own criteria for a positive result, and this Reviewer does not
agree with their conclusion.

Assay without metabolic activation, 20h treatment: Growth inhibition was 55% at 25 ug/mil.
Mitotic index at the highest dose level of 25 ug./ml was not reduced as compared to extraction
blank control. There was no statistically significant elevation in the percentage of cells with
structural or numerical chromosome aberrations

Study Validity:
The study was valid:

(1) The frequencies of cells with structural chromosome aberrations in the extraction blank

controls were in the range of the historical negative controls.

(2) All three positive controls (MMC in the two assays without metabolic activation; CP in the

assay with metabolic activation) showed a significant elevation in the percentage of cells with
structural chromosome aberrations.

Reviewers Comment. Guidelines recommend that relatively insoluble substances should be
tested up to the limit of solubility. In this assay precipitate was observed at all dose levels (7-
100 ug/mi). For this reason one might disqualify the findings of all three assays. However, this
Reviewer feels the findings cannot be dismissed for this reason. At all dose levels precipitate
was present, yet only at the high dose of 100 ug/ml in the test with metabolic activation a
positive response was observed. Therefore it seemed that the presence of precipitate per se
did not cause an artificial dose-dependent increase in chromosome aberrations.

SUMMARY:

Under the conditions of the assay, colesevelam hydrochloride extract was negative in the

chromosome aberration in Chinese Hamster Ovary (CHO) cells without metabolic activation.

Under the conditions of the assay, colesevelam hydrochloride extract was positive in the

chromosome aberration in Chinese Hamster Ovary (CHO) cells with metabolic activation.

s
!
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APPENDIX

IN VITRO MAMMALIAN CYTOGENETIC TEST USING
CHINESE HAMSTER OVARY (CHO) CELLS

HISTORICAL CONTROL VALUES
STRUCTURAL ABERRATIONS
1995-1997
NON-ACTIVATED TEST SYSTEM
w
Historical Aberrant Cells
Values = IR
Untreated Solvent Positive Control?
Control - Control!
Mean 1.1% 1.2% 27.5%
Standard Deviation 1.0% 1.3% 19.1%
Range 0.0% t0 4.5% | 0.0% t0 6.0% | 7.0% to 100.0%
S9-ACTIVATED TEST SYSTEM
Historical Aberrant Cells
Values
Untreated + Solvent Positive Control®
Control Control!
Mean 1.3% 1.5% 390% |
Standard Deviation 1 12 1.4% 22.8%
Range 0.0% t0 5.5% | 0.0% t0 6.5% | 6.5% to 100.0%

'Solvents include water, saline, dimethylsulfoxide, ethanol, acetone, non-standard solvents

and Sponsor-supplied vebicles. .

*Positive control for non-activated studics, tricthylenemelamine (TEM, 0.25-0.5 pg/ml,)
N-methyl-N’-nitro-N-nitrosoguanidine (MNNG, 0.75-2 ug/ml), and Mitomycin C
(MMC, 0,08-0.15 pig/mi).

*Positive control for S9-activated studies, cyclophosphamide (CP, 10-50 pg/mi), and
benzo(a)pyrene, (B[a]P, 30 pg/ml).
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IN VITRO MAMMALIAN CHROMOSOME ABERRATION WITH DECYLAMINE
HYDROCHLORIDE

Study Title:

Study No:

Study Type:
Volume # Page #:
Conducting Laboratory:
Study Initiation Date:
Study Completion Date:
:GLP Compliance:

QA- Reports:

Drug Lot Number:

Study Endpoint:

METHODOLOGY
Cell line:

Vehicle control (solvent):

Negative Controls:
Positive Controls:

Preparation of test article:

Doses used in assays:

Metabolic activation system:

Aberration assay method:

Cell exposure:

Cell collection:

ANALYSIS:
Scoring method:

Cytotoxic endpoints:
Genetic toxicity endpoints:

In Vitro Mammalian Chromosome Aberration Test
GT-0069-TX-2

Cytogenetics assay

Vol. 1.18 (Appendix 5-26)

February 18, 1999
May 28, 1999

Yes

Yes (x) No ()
P-1039-174A7

In vitro clastogenesis

Chinese Hamster Ovary cells (CHO cells)

Distilled water

Water

Mitomycin C (MMC) (non-activated assay), Cyclophosphamide
(activated assay)

Test article (decylamine HCL) was received from Sponsor and
was dissolved in water. Dosing solutions were adjusted to
compensate for the free-base portion of the test article {— gof
free base/g test article) ¢

Preliminary toxicity tests to determine cell growth

inhibition were performed to select the dose levels to be tested in
the aberration assays. Maximum dose in these tests was 5000

. ug/ml. Concurrent toxicity tests with the selected dose levels

were then performed to determine the dose levels to be tested in
the definitive chromosome aberrations asssays.

Aroclor 1254-induced rat liver S9

Duplicate cultures of CHO cells were exposed to test article,
positive control or solvent alone by adding 500 ul of dosing
solution to 4.5 mi cell medium with/out S-9 mixture.

Cells in non-activated assay were exposed to extract for 4h or
continuously for 20h. Colcemid was added to duplicate flasks
(0.2 ug/mi) and flasks returned until cell collection.

Cells in S-9 activated study were exposed for 4h, washed,
returned to incubator and treated with Colcemid two hours before
collection.

Two h after colcemid addition, metaphase cells were harvested
by ————— . Cells were collected approximately 20h after
treatment initiation, fixed, and mounted on slides.

Mitotic index was determined for each group. A minimum of 200
metaphase spreads (100 per duplicate flask) were scored for
chromatid-type and chromosome-type aberations. If a positive
result was obtgined in the non-activated 4h exposure group, the
20h group w7z not evaluated for aberrations.

Cell growth 1hhibition

Number and types of aberrations/100 cells, % of structuraily and
numerically damaged cells, mean aberrations per cell. Gaps are
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not included in the % of cells with aberrations or in the frequency
of structural aberrations/cell.

Statistical methods: Fisher's exact test. Test was used to compare pairwise the %
aberrant cells between treatment and control groups. When the
Fisher test was positive at any dose level, the Cochran-Armitage
test was used to measure dose-responsiveness.

Criteria for Positive Results: A positive response is defined as a dose-responsive increase in
the % of cells with aberrations, with one or more concentrations
being statistically significant.

Criteria for Valid Test: (1) Frequency of cells with structural chromosome aberrations in
‘ the extraction blank control in the range of the historical negative
control. (2) Percentage of cells with aberrations in the positive
control statistically increased (p < 0.05, Fisher's test) relative to
extraction blank control.

RESULTS:

Precipitate/Osmolality

Test article was soluble in treatment medium at all concentrations tested. Osmolality of treatment
medium of the highest concentrations tested (30 ug/ml) was 291 mmol/kg. Osmolality of the
solvent (water) in treatment medium was 293 mmol/kg. The pH of the highest concentration
treatment medium was ca. 7.0.

Preliminary toxicity tests
Based upon the results of these toxicity tests the dose levels selected for testing in the aberration
assay were as follows:

Treatment Treatment Time Recovery Time Dose Levels (ug/ml)
Condition
-S9 4h 16h 2,4,8 13,15, 23,30
-S9 20h Oh 05,1,2,4,8,13,15
+S9 4h 16h 2,4,8,13, 15,23, 30
Aberration test results

The following Tables (Tables 5, 7, 9) show the results of the three definitive aberration assays:
Table 5: Without metabolic activation, 4h treatment, 16h recovery

Table 7: With metabolic activation, 4h treatment, 16h recovery

Table 9: Without metabolic activation, 20h treatment

Table 10 summarizes the results.

APPEARS THIS WAY
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TABLE 5

CYTOGERETIC ANALYSIS OF CHO CELLS TREATED UITH Decylamine WCI IN THE
ABSENCE OF EXOGERUUS METABOLIC ACTIVATION

& WOUR TREATMENT, 16 FOUR RECOVERY PERIOD

treatment’?  Flask Index’ Scored

Rusber of stoyctursl Abercations Average

U
Nitotse Cetis Cells with Ablrrlt'lﬂ’wj;;m_ mmm Severely structursl
X) Gaps Brasks

Exch B8resks Oic Ring  Dameged  Aberrstioms

Wunerfcal Structursl . Cells®  Per colt’’

vater A 76 100 3 0 °© o ¢ e o U 0 0.000
s 90 100 3 0 ¢ 0 o6 o o o ° 0.000

Decytanine HCL
8 sa/mt A 5.0 100 2 3 t 3 0 o @ o 0 0.030
8 34 W0 § 1 ® 1 o0 o o o ] 0,010
13 po/m. A 38 1 s 0 e o o o o o 0 0.000
5 30 100 9 1 1 0 o o @ ° 0.0%0
15 s, A 24 7 5 ¢ ¢ o 0o 0 0 0.050
¢ 32 10 s ] U S 3 0 o ° 0.080
A A 60 100 4 s ¢ & 3 1 0 e ° 0.100
0.08 ug/nt 8 84 00 3 8 ¢ 7 3 e 1 1 0 - o120

CHO cells were troated for 4 hours at 3721°C in the absence of an edogerwus source of metabolic activation,

Nitotic ncex = member mfvotic figures x 300/500 celis counted.

Sumericel: includes polyplold and endoceduplicated cells.; Structurel: excludes cells with only gsps.

Chromatid breske fnclude chrometid snd fsochrometid bresks snd fregments; chromatid exchenge figures (Exch) Inclwde
quedriradfale, triradials and complex rearrsngesents.

Chromosone breaks {nclude bresks and acentric frsgments; dic, dicentric chromosome.

Severely dameged calls inciudes calls uith one or more pulverized chromocomes and cells with 10 or more sberrstions.
Severely dasaged cells and pulverizations were counted as 10 mberrations.

Additionsl dose levels of 2 snd & pg/mb were teited as o safepuerd againet sncessive toxicity at higher dose lovels but
ware ot required for microscopic exsmination. dose levels 23 and 30 pg/ml uwere not anslyzed chie to excessive roxicity.

APPEARS THIS WAY
ON ORIGINAL
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TABLE 7

CYTOGENETIC ABALYSIS OF CHO CELLS TREATED VITR Oecylmmine HCL IN THE
PRESENCE OF EXOGENOUS NETABOLIC ACTIVATION

4 WOUR TREATMENT, 14 WOUR RECOVERY PERIGD

Averoge
Mitotdg Calls  Oells with Aberretions’ é%iq-i‘g W teversly  Structurst
Trestmant'®  Flesk 1 Scored (N Gaps Sroeks Bxch #r dicRing’ Damaged  Aberrations
. . Colls |

Murerical Structursl Per Cel
Vater A 4.8 100 3 [] [} 9 0 0 0 [} 0.000
2 118 100 5 1 (] [} 0 d 2 O q 0.020

veylaming ucl
& vg/wt A 4.0 100 4 H 0 1 1 (] 0 '] 0 0.020
] 3.0 100 4 ] )] 1] 9 [ ] 9 ] 9 0.000
8 passt. A 5.8 100 5 { g- ¢ 0 0 ) [ [ 0.010
[} 5.4 100 4 1 0 0 ] 0 1 [ [ 0.010
13 pe/ndt. A 2.4 100 4 3 & & 0 ] [} 0 [} 0.080
'} 1.4 160 [ 1 1 1 9 o 0 0 0 0.010
P, A 1.6 100 4 13 1 & 10 ] [3 2 [} 0.200
10 pg/ni 8 2.2 160 3 15 ‘2 9 2 2 1 [} 0 09.170

CHO cells were treated for & hours at 3T°C in the prasence of an exogencus scurce of metabolic activation,

nitotic Index « rumber witotic figures x 1007500 cells counted.

Nuwerical: includes polyplefd and endorecdiplicated cells.; Structurals exclisies cells ufith enly gapa.

Chromatid bresks Include chromstid and fsochromatid breaks snd frogmentss chrometid exchange figures (Exch) Include
qudrirsdials, triradials and conplex rearrangaments.

Chromosone bresks include bresks and scentric fragments; dic, dicentric chromosome.

Seversly dumnged ceile Includes cells with one or more pulverized chromosomss and calls with 10 or nore serrations.
Sovaretly dameged ceils and pulverizations were counted ac 10 aberrations.

An additionst doss lavel of 2 vg/ml was tested as & safeguard sgainst excessive toxicity at higher dote levels but was
not required for microscopic axaminetion. Doze leveis 13, 23, and 30 pgy/st were not anelyzed due to excess{ve toxicity.

- -

@ v oW

APPEARS THIS WAY
ON ORIGINAL
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TARE 9

CYTOGERETIC ANALYSIS OF CHO CELLS TREATED WITH Decylamine RCU 1N THE
ADSENCE OF EXOGENOUS METASOLIC ACTIVATION

20 WOUR CONTINUOUS TREATMENT

Avetage
Hitotig c.uo Calls with Aberrations’ Eﬁg}iiﬁ W Severely  Structural
Trestment!? Flask index’ {X) Seps Breaks Exch B bic Ring D-mood Aberratf{ g
Numerficsl Structursl cetls per Cell®
Hater A 5.8 100 2 0 ~0 o 0 6 0 0 0 0.000
[} 7.2 100 2 ] 0 ] ] o 0 o 0 0.000
Décylatiing HCL
& pgret A 6.0 100 5 ] 0 1 4 0 0 1 0 g.020
[ | 8.2 100 1 1 0 0 [ 1 0 0 0 0.010
a pyg/mk A $.2 100 2 [ 0 1  } 2 ] "] 4] 0.040
[ ] 5.8 100 1 2 1 2 ] 1t 2 © [ 0.050
13 et A 38 100 3 0 0 o0 o o 0 0 0 0.000
| 5.8 100 1 2 0 3 ] 10 0 0 0.020
A 4.4 100 3 1¢ 0 10 é 2 ] 1] ] 0.180
0.08 po/mt [ ] 3.8 100 [ 2 o 2 o o 0 0 0.130

! o0 cells were treated for 20 hours at 3721°C ip the sbx of sn exopencus source of metabolfc activation.

7 pitetic index = mber mitotle mum X 100/500 cafis counted.

3 umerfcels includes po J‘puu sndoredupl jcated cetls.; Structursl: excludes cetls with only gaps.

* chrovetid brewks Include chromatid and Ssochrometid breeke and frageents} chrometid exchange flgures (Each) include
gwrirmsu, tricadials and complex rearrangements.

s ooks Include brosks and acentric frmenu dic, dicemric chromoacme.

' Sevarsly dasaged celis Includes cells with one or more pulverized chromosomes and cells with 10 or mors sberrations.

7 sSevarsly demaged cells and pulverizstions wers counted as 10 sberrsticne.

¥ additional dose Levels of 0.5, 1, and 2 yg/ml were testod s o safeguerd sgainst excessive toxicity st b!mr dose levels
but were not required for microscopic exsmination. Dose level 15 pg/wl. was ot snelyzed cdue to excessive texicity.

APPEARS THIS WAY
ON ORIGINAL
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BEST POSSIBLE COPY

TABLE 10
SUMMARY
Aborntlorr Calls With Aberretions’

Treatment 89 Treatmont!  Mirotfe  calls Per Call {

Activation Tine Enciex Scoced {Nean : $0) Numerical S$teuctural

(Hours)
“.t.r - ‘ B-J m o-m b 3 0.0@ 3.0 o-n
Decylamine NCL - .
8 o/t - 4 4.2 200 0.020 + 0,140 3.0 2.0
13 pg/at. - 3 3.4 200 0.003 + 0,071 B.5* a.5
15 pa/nl » & 2.8 200 0.043 2 0.318 5.0 5.0
i, - 4 7.¢ 200 3,710 £ 0.43 5.3 8.0
0.08 vg/mL
Vater + 4 9.3 200°  0.010 2 0.141 5.0 6.5
- Decylonine HCL ’

& pg/nl * 3 3.9 200 0.010 £ 0,100 4.0 1.0
8 yarat 1 4 L ) 200 0.010 £ 0.100 4.3 1.0
13 g/t + 4 1.9 200 0.025 1 0,188 5.0 2.0
cpP, L4 4 1.8 200 0.185 + 0.522 3.5 146.00
10 pg/mt.
Vater - 20 6.5 200 0.000 & 0.000 2.0 0.0
Decylamine HCI
§ yo/st, - Fst] 6.1 200 0.013 £ 0.158 3.0 1.0
8 pasel - 20 5.5 200 0.045 ¢ 0.2n9 1.5 3.0*
13 i/t - R0 3.6 200 0.010 2 0,1D0 2.0 1.9
m - 20 ‘.0 200 0-155 & 0.‘38 1-5 '3-0"
0.08 pg/sei.

, Cellas from ol treatment conditions were hervested st 20 hours

2 Severoly dameged cellis were counted as 10 aberrations.
? », p20.05; *%, p<0.01; Fisher's exact test.

APPEARS THIS WAY

ON ORIGINAL

/

after the Initiation of the treatments.
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Study Outcome:

M

Assay without metabolic activation, 4h treatment, 16h recovery: Growth inhibition was 52% at
15 ug/ml. Mitotic index at the highest dose level evaluated of 50 ug./ml was 66% reduced as
compared to vehicle control. There was a statistically significant elevation in the percentage of
cells with structural chromosome aberrations at 15 ug/ml (p <0.01). The dose-response test
for the % of cells with structural aberrations was also statistically significant (p <0.05). There
was also a statistically significant elevation in the percentage of cells with numerical
chromosome aberrations at 13 ug/ml. The dose-response test for the % of cells with
numerical aberrations was also positive (p <0.05).

Reviewers Comment.

The Sponsor concluded that, since the % of structurally aberrant ce!ls found at the 15 ug/ml
dose level (5.0%) in this study was within the range of structurally aberrant cells observed
with the historical solvent control (0-6%, see APPENDIX), the statistically significant increase
in the % of aberrant cells at this dose level was not considered biologically relevant. This is
not in agreement with the Sponsor’s own criteria for a positive result, and this Reviewer does
not agree with their conclusion.

The Sponsor also concluded that, since the % of numencally aberrant cells found at the 13
ug/ml dose level (8.5%) was only 2% outside the range of the % of aberrant cells observed
with the historical solvent control (0-6.5%) , the statistically significant increase in the % of

~ aberrant cells at this dose level was not considered biologically relevant. In the opinion of this

(2

(3

Reviewer, the significance of the increase in numerical aberrations in this test is unclear.
Assay with metabolic activation, 4h treatment, 16h recovery: Growth inhibition was 63% at
13ug/ml. Mitotic index at the highest dose level of 13ug./ml was 80% reduced as compared to
the vehicle control. There was no statistically significant elevation in the percentage of cells
with structural or numerical chromosome aberrations.

Assay without metabolic activation, 20h treatment: Growth inhibition was 58% at 13 ug/ml.
Mitotic index at the highest dose level of 13 ug./ml was 45% reduced as compared to vehicle
control. There was a statistically significant elevation in the percentage of cells with structural
chromosome aberrations at the mid dose of 8 ug/mi (p <0.01). However, the dose-response
test for the % of structurally aberrant cells was not statistically significant. There was no
statistically significant elevation in the percentage of cells with numerical chromosome
aberrations.

Reviewers Comment. "

The Sponsor concluded that, since the % of structurally aberrant cells found at the 8 ug/mi
dose level (3.0%) in Study (3) was within the % of aberrant cells observed in the historical
negative control range (0-6.5%, see APPENDIX), the statistically significant increase in the %
of aberrant cells at this dose level was not considered biologically relevant. In the opinion of
the Reviewer, however, it can be concluded that the test results was negative on the basis of
the other criterion, i.e., the dose-response test being negative.

Study Validity:

The study was valid:

3
4

®

The frequencies of cells with structural chromosome aberrations in the vehicle controls were
in the range of the historical negative controls.

All three positive controls (MMC in the two assays without metabolic activation; CP in the
assay with metabolic activation) showed a significant elevation in the percentage of cells with
structural chromosome aberrations.

For evaluation of numerical aberrations, stylé study appears to be inadequate. The positive
controls did not induce significant increases in the % of cells with these types of aberrations.
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SUMMARY:

Under the conditions of the assay (4h treatment, 16h recovery), the chromosome aberration test
with decylamine HCI in CHO cells without metabolic activation was positive.

Under the conditions of the assay (20h treatment), the chromosome aberration test with
decylamine HC! in CHO cells without metabolic activation was negative.

Under the conditions of the assay, the chromosome aberration test with decylamine HCI in CHO
cells with metabolic activation was negative.

APPEARS THIS WAY
ON ORIGINAL
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APPENDIX

IN VITRO MAMMALIAN CYTOGENETIC TEST USING
CHINESE HAMSTER OVARY (CHO) CELLS

HISTORICAL CONTROL VALUES
STRUCTURAL ABERRATIONS
1995-1997

Untreated Solvent Positive Contm
Control Control}

1.1% 2% | 27w |

1.0% 1.3% 19.1% |

0.0% 10 4.5% | 0.0% 0 6.0% | 7.0% to 100.0% I
$9-ACTIVATED TEST SYSTEM

Untreated
Control

1.3% 1.5% 39.0%
| Standard Deviation 1.2% 1.4% 22.8% |
0.0% to 5.5% | 0.0% t06.5% | 6.5% 100.0% A’

'Solvents include water, saline, dimethylsulfoxide, ethanol, acetons, non-standard solvents

and Sponsor-supplied vehicles.

*Positive control for non-activated studics, triethylenemelamine (TEM, 0.25-0.5 pg/ml,)
N-methyl-N’-nitro-N-nitrosoguanidine (MNNG, 0.75-2 pg/ml), and Mitomycein C
(MMC, 0.08-0.15 pg/mi).

*Positive control for S9-activated studies, cyclophosphamide (CP, 10-50 pug/ml), and

benzo(ar)pyrene, (B[P, 30 pg/ml).

APPEARS THIS WAY
ON ORIGINAL
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