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omorandum for: Executive Director. Armed Forces Pest Management Board. Forest Glen Section,
Walter Reed Army Medical Center. Washington. OC 20307-S001

SUBJECT: Phase IV. Range Findings 14-Day and 90-Day Subchronic Feeding Studies. with
N.N-Dipropylcyclohexanecarboxamide in Rats. Study No. 75-$1-0233-g6. December 1986

EXECUTIVE SU4ARY

The purpose and a summary of the recommendations of the enclosed report follow:

a. urnose. This study was conducted to determine the toxicity of N.N-Dipropylcyclo-
hexanecarboxamide following repeated oral exposure to various doses of the technical grade
compound. This evaluation will assist in advising on the health hazards associated with
accidental oral exposure to this material.

b. Essential Findinas. The low food consumption, probably due to the unpalatabllity of
the food mixture, definitely contributed to the decreased rat body weight In high dose groups
througout both studies. The prolonged fasting in the high dose groups created great
SI~hrsiological stress and affected blood clinical chemistry values. Significant increases

-occurred in male rat liver organ-to-bod. w ight ratios in all three dose levels at the 4S
and 90-day necropsies during the 90-day feeding study: A no effect dose was not achieved
during this study. Additional testing would be required to confirm a no effect dose level.
It is concluded that a toxic hazard may exist from a prolonged significant oral exposure to
N.N-Dipropylcyclohexanecarboxamide.

c. haler Recommndations. It is recommended that further evaluation of this compound as
a candidate insect repellent be discontinued due to the deleterious liver involvement caused
by N.N-Dipropylcyclohexanecarboxamide at levels as low as 64 mg/Kg in male rats.
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DEPARTMENT OF THE ARNY
U. 3. ARMY 6NVIONMENTAL HYGIENE AGENCY

ADERKDEN PROVING GROUND. MARYLAND 210104422

HSHB-MO-T

PHASE IV
RANGE FINDING 14-DAY AND 90-DAY SUBCHRONIC FEEDING STUDIES

WITH N,N-DIPROPYLCYCLOHEXANECARBOXAMIDE IN RATS
STUDY NO. 75-51-0233-86

DECEMBER 1986

1. AUTHORITY.

a. Memorandum of Understanding between the US Army Environmental
Hygiene Agency; the US Army Health Services Command; the Department of the
Army, Office of the Surgeon General; the Armed Forces Pest Management
Board; and the US Department of Agriculture, Agricultural Research, Science

'3. "and Education Administration, titled. Coordination of Biological and
Toxicological Testing of Pestictdes, effective 23 January 1979.

b. Letter, US Department of Agriculture. AFPCB, Armed Forces Pest

Control Board, Washington DC. 9 March 1979 with inclosure thereto.

2. PURPOSE.

a. This 14-Day feeding study was designed to determine the
toxicological effects in Sprague Dawley rats from a wide range of doses of
the technical grade N,N-Dipropylcyclohexanecarboxamide received orally for
a period of 14 days.* It was designed as a range finding experiment,
the results were to provide guidance in planning the dose levels for a
subchronic 90-day feeding study.

b. The subchronic study was designed to examine the toxic effects
associatea with continuous oral exposure to N,N-Dipropylcyclo-
hexanecarboxamide in Sprague-Dawley rats over a period of 90 days. It was
designed to provide information on target organs, the possibilities of
accumulation and for establishing safety criteria for human exposure.

* In conduction the studies described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals," US
Department of Health Education and Welfare Publication No. (NIH) 78-23.
revised 1978.
t The studies described in this report were performed in animal
facilities fully accredited by the American Association for the
Accreditation of Laboratory Animal Care.

Use of trademarked names does not imply endorsement
by the US Army, but is intended only to assist In
Identification of a specific product.
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3. BACKGROUND.

a. NN-Dpropylcyclohexanecarboxamide (A13-36326) is a candidate
insect repellent proposed for use by the US Army (paragraph la and lb, this
report). It has shown potential as a substitute or replacement for the
current standard insect repellent N,N-diethyltoluamide (M-DET). This
candidate insect repellent will be used either for topical application to
human skin or as a clothing impregnant. Proposed usage concentrations range
from 6.25 percent to 50 percent in liquid or cream formulations and/or
aerosol sprays. (reference 1).

b. Previous studies performed by this Agency (reference 2 and 3)
showed that technical grade carboxamide was not acutely toxic by ingestion
(3,370 mg/Kg males and 2,400 mg/Kg females). Dermal exposure did not cause
a phototoxic or skin sensitization reaction. It did produce mild primary
skin irritation and slight to mild reversible injury to the cornea and

m*conjunctfva of the eye.

4. MATERIAL AND METHODS.

a. Insect repellent A13-36326, N,N-Dipropylcyclohexanecarboxamide was
synthesized by Terrence P. McGovern, Ph.D., Organic Chemical Synthesis
Laboratory, Agricultural Research Center, US Department of Agriculture,
Beltsville, MD 20705. It is a light tan liquid with a molecular weight of
209, a chemical formula C,3H2 sNO, and a slightly Irritating odor. The
batch samples "F" and "G" were analyzed upon receipt, using infrared (IR)
spectrophotography and gas chromatography (GC) and was found to be free of
any significant impurities (Appendix A). The chemical structure of
A13-36326 is as follows:

O C--.4 (C3H7)2
.0

b. This report and the data generated in these studies are stored in
Toxicology Division's files located in Room 3011, Building E2100, Aberdeen
Proving Ground, in Edgewood, Maryland.

c. 14-Day Feeding

(1) This 14-day feeding study was performed with rats according to
the Toxicology Division standing operating procedure for 14 and 90-Day
Feeding Studies. (reference 4).

2
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(2) Certified Purina Formulab Chow 5008 (Appendix B) was used as
the diet for all rats in the 14-day feeding study. The feed was ground
using a standard Oster® food grinder to a meal size texture and sealed in
Dlastic bags.

(3) Ninety six rats, 48 male and 48 female Sprague Dawley,
Caesarean-Derived, Barrier Restrained rats (6 to 8 weeks old) were
purchased from Charles River Laboratories, Wilmington, Massachusetts.

(4) Animals were randomly divided into 8 groups of 6 each (male
and female). All rats were then sequentially numbered by toe clip
(reference 5). Animals were placed in feeding study cages and allowed to
acclimate to their surroundings for a period of 19 days before to the
test. During the acclimation period animals were allowed ground food and
water ad libitum.

IT'* (5) Dose levels for the eight test groups of each sex were

determined as fractions of the Oral LDs.,values. Table 1 shows daily
doses used for the test.

TABLE 1. PREDICTED DAILY DOSES (14-DAY FEEDING STUDY)

Group No. Male Rats Female Rats Fraction of LDso

1 6,740 mg/Kg 4,800 mg/Kg 2
2 3,370 mg/Kg 2,400 mg/Kg 1
3 1,685 mg/Kg 1,200 mg/Kg 1/2
4 843 mg/Kg 600 mg/Kg 1/4
5 422 mg/Kg 300 mg/Kg 1/8
6 211 mg/Kg 150 mg/Kg 1/16
7 105 mg/Kg 75 mg/Kg 1/32
8 (0 liter acetone) ( liter acetone) Control

(6) Calculations of compound/food mixture were done in accordance
with Toxicology Division SOP (reference 4) and recorded in laboratory
notebook No. 85. The following is an example of the dosage calculation.

E0ster is a registered trademark of Oster Division, Sunbeam Corp, r

Milwaukee, Wisconsin.
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Dose mg/Kg/day

Avg daily food consumption for female rats as determined
during the control period - 15 g/rat/day

15 g/rat/day - 44.8 g/Kg/day
0.335 Kg avg rat weight

Dose - 1500 mg/Kg/day - 33.5 mg/g food
44.8 g/Kg/day

67 g compound mixed in 2 Kg food.

This method of calculation was followed for each dose level except the
control group which received ground food mixed with acetone only.

(7) The test diet was prepared according to the Toxicology
Division SOP (reference 4), by mixing the required amount of test compound
added to each 2.0 Kg of food in 1.0 liter of reagent grade acetone. This
solution was added to 2.0 Kg of food in a commercial HobartO food blender
and agitated slowly for 15 minutes to be sure of a homogeneous mixture. The
acetone was evaporated from the mixture on a steam table. The dry food was
sifted through a fine wire mesh to break up any lumps. Prepared food was
placed in large glass jars and sealed. Samples of each dose were level
collected for analysis to assure proper concentration of test material.
Samples from each batch were analyzed using liquid chromatography by the
Organic Environmental Chemistry Division, US Army Environmental Hygiene
Agency. Ground food and tap water were available ad libitum during the
acclimation period and also during the entire study.

(8) There was a staggered introduction of test material to each
sex. Test food was given initially to male rats on Monday and to the
female rats on Tuesday of the initial test week.

(9) Body weight and food consumption were measured and recorded
every other day throughout the 14-day study. At the time of weighing, food
and water containers were refilled and reweighed. Animals were observed
for signs of toxicity on a daily basis.

(10) On the final days of each study (male and female) blood
samples were collected by intracardiac puncture from all rats from each
dose group. Tables 2 and 3 list the clinical chemistry and hematological
values that were examined on 3 rats from each dose group.

®Hobart is a trademark of Hobart Corp., Troy, Ohio 45374.
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TABLE 2. CLINICAL CHEMISTRY

SERUM GLUTAMIC OXALOACETIC TRANSAMINASE (SGOT)
SERUM GLUTAMIC PYRUVIC TRANSAMINASE (SGPT)
ALPHA-HYDROXYBUTYRIC DEHYDROGENASE (HBDH)
GLUTAML TRANSPEPTIDASE (GGTP)
ALKALINE PHOSPHATASE
TOTAL LACTIC DEHYDROGENASE (LDH)
BLOOD UREA NITROGEN (BUN)
BILIRUBIN
TOTAL SERUM PROTEIN

TABLE 3. HEMATOLOGY

HEMATOCRIT
?-' HEMOGLOBIN

ERYTHROCYTE COUNT
TOTAL AND DIFFERENTIAL LEUKOCYTE COUNTS
PLATELET COUNT

(11) All surviving rats were sacrificed upon completion of the
study by decapitation and necropsied. The brain, liver, kidney, testes
(male) and spleen were weighed. Organ to body and organ to brain weight
ratios were calculated. These organs plus bone marrow, thymus and lymph
node, heart, sternum, tibia/femur, vertebra and ovary (females) were saved
for histological examination.

d. 90-Day Feeding Study.

(1) This 90-day feeding study was performed in rats according to
the Toxicology Division standing operating procedure for 14 and 90-Day
Feeding Studies. (reference 4).

(2) NIH07 (rat food) from Agway, Inc. (Appendix A) was ground and
used as the diet in this feeding study. The feed was ground using a
standard Oster food grinder to a meal size texture and sealed in plastic
bags, as in the previous 14-day feeding study.

(3) One hundred and thirty rats, (65 male and 65 female Sprague
Dawley, Caesarean-Derived, Barrier Restrained rats (5 to 6 weeks old) were
purchased from Charles River Breeding Laboratories, Wilmington,
Massachusetts. These animals were randomly divided into test groups of 15
rats each (male and female). All rats were then sequentially numbered by
toe clip (reference 5). Animals were placed in feeding study cages and
allowed to acclimate to their surroundings for a period of 7-days before
the test. During the acclimation period ground food and water were
available ad libitum.

5
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(4) Dose levels for the 90-day feeding study were determined from
the 14-day preliminary feeding study. The high dose level (3,000 mg/Kg)
was the highest expected concentration that would not cause death. The
lowest dose level (120 mg/Kg) was the highest dose not expected to cause
any effects. The middle dose level (600 mg/Kg) was the lowest dose where
any significant weight changes occurred. Dose levels for the four test
groups of each sex are listed in Table 4.

TABLE 4. DAILY DOSES (90-DAY FEEDING STUDY)

Group No. # Male Rats # Female Rats Dose

1T, 1- 15 15 3,000 mg/Kg

2 15. . 15 600 mg/Kg
3 15 15 120 mg/Kg
4 15 15 Control

(acetone only)

(5) Calculations of compound/food mixture were done in accordance
with Toxicology Division SOP (reference 5) and are recorded in laboratory
notebook No. 99. An example of the dosage calculations can be found in the
previous 14-day study (Paragraph 5, section c,(6)). This method of
calculation was followed for each dose level except the control group which
received ground food plus acetone only.

(6) The test diet was prepared as described in the proceeding
14-day feeding study (Paragraph 5, section c,(7)).

(7) There was a staggered introduction of test material to each
sex. Test food was given introduced to male rats on Monday and to the
female rats on Wednesday of the initial test week.

(8) Body weight and food consumption were measured and recorded
three times a week (Monday, Wednesday and Friday). At the time of
weighing, food and water containers were refilled and reweighed.
Observations of animals for signs of toxicity were done on a daily basis.

(9) Appropriate action was taken to minimize the loss of animals
during this study (e.g., necropsy or refrigeration of animals found dead
and isolation or sacrifice of weak or moribund animals).

6
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(10) Urine was collected from selected rats at the midpoint and
termination of the study. Rats were randomly selected from each test group
and placed in metabolism cages one day before necropsy. The parameters
included in the analysis of the urine samples were specific gravity, pH,
protein, glucose, ketones, bilirubin and urobilinogen.

(11) On the final days of the study (male and female) blood samples
were collected by intracardiac puncture from all rats from each dose
group. Tables 2 and 3 list the clinical chemistry and hematological values
to be examined on rats from each dose group. The serums from the other
rats from each dose group were frozen and saved for possible antibody titer.

(12) Selected rats (five from each test and control group) were
necropsied on the 45th day of the study. All surviving rats were
necropsied on the 90th exposure day. Animals were sacrificed by
decapitation. The brain, liver, kidney, gonads, thymus, and spleen were

,..oweighed and organ-to-body weight ratios calculated. The following organs
..-and tissues.of each animal were harvested for processing and examination by

light microscope (reference 5): all gros; lesions, brain (at least 3
levels), eye, pituitary, salivary gland, heart, thyroid (with parathyroid),
lungs with mainstem bronchi, lymph node, trachea, esophagus, stomach, small
and large intestines, adrenals, pancreas, liver, kidneys. urinary bladder,
testes, prostrate, ovaries, corpus and cervix uteri, bone (with marrow) and
skeleton muscle. Sections of bone (with marrow when present) were taken
from sternebrae, vertebrae, or the tibia-femoral joint (the last was also
Include attached muscle). Tissue slide preparation and histological
examination were done by contract.

5. RESULTS.

a. 14-Day Feeding.

(1) Appendix B is a comparison of the predicted daily doses versus
the actual daily doses for the 14-day feeding study. Rats in the highest
dose groups lowered their food consumption considerably (Appendix 0). The
highest male dose group actually received 525 mg/Kg even though they had a
predicted dose of 6,740 mg/Kg. The highest female dose group actually
received 1,985 mg/Kg even though they had a predicted dose of 4,798 mg/Kg.
The unpalatability of the food mixture may have been directly related to
this result (paragraph 7, section b).

(2) Test data collected during this 14-day feeding study (body
weights, food consumption, organ-to-body weight ratios, organ-to-brain
weight ratios and blood chemistry values) were statistically compared with
the data from their respective control groups using the Student "t" test at
the .05 and .01 levels of significants (Appendix E to I).

(3) The highest test group of male rats (525 mg/Kg) exhibited
minimal alopecia appearing about 12 days into the study.

7
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(4) Table 5 displays the survival rate of the male and female rats
during the 14-day feeding study.

TABLE 5. RAT SURVIVAL RATE (14-DAY FEEDING STUDY)

Group Male Rats Deaths/ Female Rats Deaths/
No. Predicted (Actual) Total Rats Predicted (Actual) Total Rats

Dose Per Group Dose Per Group

1 6,740 ( 525) mg/Kg 6/6 4,800 (1,995) mg/Kg 6/6
2 3,370 (1,436) mg/Kg 1/6 2,400 (1,630) mg/Kg 0/6
3 1,685 (1,141) mg/Kg 0/6 1,200 ( 674) mg/Kg 0/6
4 843 ( 543) mg/Kg 0/6 600 ( 389) mg/Kg 0/6

i-'-5 .422 ( 247) mg/Kg 0/6 300 ( 191) mg/Kg 0/6
6 211 ( 126) mg/Kg . 0/6 . 150 ( 87) mg/Kg 0/6
7 105 ( 60) mg/Kg 0/6 75 ( 43) mg/Kg 0/6
8 (1 liter acetone) 0/6 0 liter acetone) 0/6

(5) Blood clinical chemistry values (Appendix E) showed
significant changes when compared to their respective control groups.
These significant changes (SGOT, HBDH, GGTP, and BUN) were also found in
the lowest dose group (60 mg/Kg) of the male rats. LDH values in the two
highest surviving male groups (1,141 and 1,436 mg/Kg) were significantly
decreased compared to the control values. Female rats also exhibited
significant decreases in blood LDH values starting at the 300 mg/Kg dose
group. These significant blood clinical chemistry changes were not dose
related and could not be-related to the ingestion of the test material.

(6) Examination of blood hematology values revealed significant
changes mainly in the male rat WBC counts compared to control group values
(Appendix F). Although these significant variations in the WBC values were
found in the male rats as low as 126 mg/Kg they were not dose related.

(7) Significant decreases occurred in mean body weights in the two
highest groups of male (1,436 and 525 mg/Kg) and female (1,630 and 1,986
mg/Kg) rats as compared with their controls throughout the study (Appendix
G). Significant decreases In body weight also occurred in the male rats at
1,141 mg/Kg and female rats 191 and 674 mg/Kg on day 2 after the initial
introduction of test compound.

(8) Significant liver organ-to-body weight ratios and organ-
to-brain weight ratios occurred In all male rat test groups starting at 60
mg/Kg dose (Appendix H and I). Significant increases occurred in the
female liver organ-to-body weight ratios In the top four dose groups (389,
674, 1,630 and 1,985 mg/Kg). Female rats showed significant organ-to-body

8
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weight ratios as compared to controls for the brain at 1,630 and 1,985
mg/Kg, and for kidney and thymus at 1,985 mg/Kg. Significant female
organ-to-brain weight ratios were also seen in kidney, spleen and thymus at
1985 mg/Kg.

(9) There was no consistent pattern of gross necropsy observations
which could be associated with compound administration.

(10) The only histopathologic lesions which were considered to be
associated with compound administration were in the hematopoietic system,
specifically the bone marrow, spleen and thymus (reference 6).

(11) Bone marrow lesions consisted of fatty change, hemorrhage and
hematopoietic atrophy. In fatty change, a portion of the marrow cavity was
occupied by mature lipocytes, with resultant exclusion of hematopoietic
elements. Bone marrow hemorrhage consisted of accumulations of freshly

I? '-*extravasated blood, sometimes to the extent that the entire marrow cavity
was filled with blood. Less-severe hemorrhages affected smaller areas of

the marrow cavity. Hematopotetic atrophy was the term applied to a marrow
lesion which involved loss of a substantial percentage of all cell types
which are normally present in the marrow. Affected bone marrow was
noticeably pancytopenic, with no discernible reduction in any specific cell
type.

(12) Splenic lymphoid atrophy consisted of a marked reduction in
the cellularity of the lymphoid follicles. Such changes were seen only in
males of the two highest dose groups. Rats with splenic changes also
exhibited severe hematopoietic atrophy of the bone marrow.

(13) Two of the examined high dose females had lymphoid atrophy of
the thymus.

(14) Hematopoietic lesions suspected to be compound-related were
seen only in the two highest dose groups (male 1,436 and 525 mg/Kg) (female
1,630 and 1,985 mg/Kg) of both sexes.

b. 90-Day Feeding Study.

(1) Appendix J is a comparison of the predicted daily doses verses
the actual daily doses for the 90-day feeding study. Male and female rats
in the highest dose groups, reduced their food consumption considerably
during the first week of the 90-day study (Appendix K). The unpalat-
ability of the food mixture may have been directly related to this result
(paragraph 7, section b). The target doses for the three test groups were
reduLed one week into the study. Appendix 3-1 is a comparison of predicted
daily doses versus the actual daily doses during the first week of the
90-day study. Appendix 3-2 is a comparison of the predicted daily doses
versus the actual daily doses from week two throughout the remainder of the
90-day study.

9
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(2) Test data collected during this 90-day feeding study (body
weight, organ-to-body weight ratios, organ-to-brain weight ratios and blood
chemistry values) were statistically compared with the data from their
respective control groups using the Student "t" test at the .05 and .01
levels of significants (Appendix L to P).

(3) Table 6 displays the survival rate of the male and female rats
during the 90-day feeding study.

(4) Blood clinical chemistry values (Appendix L) at the 45-day and
90-day examinations demonstrated some significant changes when compared to
their respective control groups. Although changes were not dose related.
the major deviations (HBDH, GGTP, ALK PHOS, LDH, BUN and Bilirubin)
occurred in the high dose male (1,192 mg/Kg) and the high dose female
(1,330 mg/Kg) rats. Significant changes were also seen at 90-days in SGOT.
HBDH and BUN in the males and BUN and Bilirubin values in the females at

-300 mg/Kg.

(5) The blood hematology values revealed no dose related
significant changes in either the 45-day or 90-day female or 45-day male
rats (Appendix M). The hematology values (Hct, Hgb, and RBC) of the 90-day
males were significantly decreased in all three dose groups (64, 352 and
1,192 mg/Kg) when compared with their respective controls.

TABLE 6. RAT SURVIVAL RATE (90-DAY FEEDING STUDY)

Group Male Rats Deaths/ Female Rats Deaths/
No. Predicted (Actual) Total Rats Predicted (Actual) Total Rats

Dose Per Group Dose Per Group

1 1,500 (1,192) mg/Kg 3/15' 1,500 (1,330) mg/Kg 0/15

2 300 ( 352) mg/Kg 0/15 300 ( 367) mg/Kg 0/15

3 60 ( 64) mg/Kg 0/15 60 ( 88) mg/Kg 0/15
4 (1 liter acetone) 1/15"" (1 liter acetone) 0/15

' Deaths occurred during the first week of 90-day Study.
" Rat found dead with head stuck in feeder.

(6) Three male rats died during the first week of the 90-day
study. This was caused by the rats drastic decrease in food consumption
The only toxic signs exhibited after the first week of the 90-day study
were weight loss and slight alopecia. A significant decrease in body
weight occurred in the high dose (1,192 mg/Kg) male rats starting

10
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iediately following the introduction of test food and the medium dose
(352 mg/Kg) on day +2 and +21, then starting again on day +26 and
continuing throughout the 90-day study (Appendix N). Female rats showed a
significant decrease In body weight in the high dose group (1.330 mg/Kg)
starting Imediately following the introduction of the test material and
continuing throughout the study. These decreases in rat body weights can
be directly correlated with decreased food consumption primarily during the
first week of the study (Appendix K-I and K-4).

(7) Dose related significant increases in liver organ-to-body
weight ratios (Appendix 0) occurred in all three male rat test groups at
both the 45 and 90-day necropsies. These dose related Increases were also
seen in liver organ-to-brain weight ratios (Appendix P) in the medium and
high (352 and 1,192 mg/Kg) 45-day and all three (64, 352 and 1,192 mg/Kg)
90-day male rat test groups. Significant brain and testes organ-to-body
weight ratio increases at 45-day and brain, kidney and testes at 90-day
-occurred In the high dose male rats. These significant Increases were also
found in the high dose (1,330.mg/Kg) female brain and kidney organ-to-body
weight ratios at the 45 and 90-day necropsies. Aside from the liver
organ-to-brain ratios, only the female spleen organ-to-brain weight ratio
in the high dose (1,330 mg/Kg) 90-day necropsy was significantly decreased
compared to its control group.

(8) Urinalysis values were unremarkable and showed no significant
dose related changes.

(9) There was no consistent pattern of gross necropsy observations
which could be associated with compound administration.

(10) A large percentage of animals from both the 45- and 90-day

sacrifices had mild centrilobular cytomegaly in the liver. This change
consists of enlargement and tinctorial alteration of the centrilobular
hepatocytes. The change included no overt evidence of necrosis. The
highest incidence of centrilobular cytomegaly was seen in the highest dose
groups, with an apparent dose-associated lower Incidence in the lower dose
groups (reference 7).

(11) Lymphoid depletion was seen in the thymus and spleen of a
small number of rats, sacrificed at 45-days. in the high dose groups (1.192
mg/Kg male and 1.330 mg/Kg female) (reference 7)

(12) The kidneys of a few rats had interstitial infiltrations of
lymphocytes and plasma cells, sometimes associated with atrophy of tubula,
epithelium and very mild interstitiai fiotoplasia The lesions were g.ade3
as minimal in all cases, but there was an increased incidence in the dosed
males of both the 45- and 90-day studies (reference 7,

11
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6. DISCUSSION.

a. Throughout the 14- and 90-day feeding studies, it was difficult to
successfully roach the predicted oral exposure of N.N-Dipropylcyclo-
hexanecarboxamide in the high dose groups. This test material was not
found to be acutely toxic by ingestion. The male and female oral LDso
values were 3,370 mg/Kg for male rats and 2,400 mg/Kg for female rats
(reference 3). It was difficult to add sufficient test compound to the food
during the feeding studies to reach the target oral doses. As the rats
increased in weight and the addition of larger quantities of compound was
necessary, the rats decreased their food consumption significantly.

b. The low food consumption due to the unpalatability of the food
mixture definitely contributed to the significant differences in rat body
weight gain in the high dose groups of the preliminary 14-day and the
subchronIc 90-day feeding studies. Prolonged fasting has also been shown
*to create great stress and affect blood clinical chemistry values.
(reference 8)

c. The hepatic centilobular cytomegaly seen following the 90-day study
was similar to that seen following administration of compounds which induce
enzyme systems In the liver (reference 7). During the preliminary
assessment of the relative toxicity of NN-Dipropylcyclohexanecarboxamide
(reference 3) evidence was also found suggesting the induction of
microsomal enzymes by the action of this compound on the liver. The changes
seen in the present study were considered to represent an adaptation on the
part of the liver, rather than a degenerative change per so.

d. The kidney lesions found in the males rats sacrificed at 45- and
90-days, suggest that exposure to N,N-Dipropylcyclohexanecarboxamide may
increase the incidence nephropathy (reference 7).

e. The lymphocytic changes seen in the thymus and spleen of
intercurrent death rats were similar to those seen following severe stress.
(reference 8) thus the lymphoid depletion/lymphocytolysis seen in the
present study cannot be attributed to a direct effect of the compound
Rats which survived to termination of the study had no detectable residual
lesions in the thymus or spleen.

7. CONCLUSION.

a. Food ronsumption decreased in the high dose rats causing a drastic
decrease in body weight gain during the 14- and 90-day studies This was
probably due to the unpalatability of the cOmpound food mi ture

b Significant increases Occurred in male rat liver organ-to-body
weight ratios In all three dose levels at the 45- and 9C-day necropsy
during the 90-day feeding study A no effect dose was not achieved duilng
this study Additional testing would be required to confirm a no effect
dose level

6.
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c. It is concluded that a toxic hazard may exist from an extended oral
exposure to the candidate insect repellent
NN-Dipropylcyclohexanecarboxamide.

8. RECOMMENDATIONS. The following recommendations are based upon
professional judgement of the investigators. Recommend discontinuation of
further evaluation of this compound as a candidate insect repellent due to
the deleterious liver involvement caused by
N,N-Dipropylcyclohexanecarboxamide at levels as low as 64 mg/Kg.

9. REFERENCE. See Appendix Q for a listing of references.

JOSEHA MACKO, JR
BIOLOGIST
TOXICOLOG DIVISION

WILLIAM T. MUENS M
SGT, USA
ANIMAL CARE SPECIALIST

APPROVED:

MAURICE H. WEEKS
Chief, Toxlcology Division
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APPENDIX A

SAMPLE ANALYSIS USING INFRARED SPECTROPHOTOGRAPHY AND
GAS CHROMATOGRAPHY
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APPENDIX B

STANDARD RAT CHOW
(LABEL INFORMATION)

NIH 07
Stock No. 63-8760

Bid No. 263-84-B(81)-0071
NiH-ll-133i

GUARANTEED ANALYSIS

Crude Protein (min) ............................................ 23.5%
Crude Fat (min) ................................................ 4.5%
Crude Fiber (max) .............................................. 4.5%

- "INGREDIENTS

Ground #2 yellow shelf corn, ground hard winter wheat, soy bean meal, fish
meal, wheat midlings, dried skimmed milk, alfalfa meal, corn gluten meal,
vegetable oil, brewers dried yeast, dried molasses, dicalcium phosphate,
salt, vitamin A acetate, D-activated animal sterol (source of vitamin D3),
vitamin E supplement, choline chloride, niacin, riboflavin, menadione
sodium bisulfate complex (source of vitamin K activity), pyridoxine
hydrochloride, thiamine mononitrate, calcium pantothenate, folic acid,
biotin, vitamin b,; supplement, iron sulfate, manganous oxide, zinc
oxide, copper sulfate, calcium iodate, cobalt carbonate.

NET WEIGHT 50 LBS.

Manufactured by
AGWAY, INC.

St. Marys, Ohio 45885

B-1
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APPENDIX C

PREDICTED VERSUS ACTUAL DAILY DOSES
(14-DAY FEEDING STUDY)

Dose Male Rats Dose Female Rats
mg/Kg/day mg/Kg/day

Predicted Actual Predicted Actual

1 6,744 525 4,798 1,985
2 3,372 1.436 2,399 1,630
-3 1,686 1,141 1,200 674
4 843 543. 600 389
5 422 247 300 191
6 211 126 150 87
7 105 60 75 43
8 Control (acetone only) Control (acetone only)

II
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APPENDIX F

HEMATOLOGY (MALE RATS)
(14-DAY FEEDING STUDY)

Dose (mg/Kg)
Predicted Hct Hgb RBC WBC MCV
(Actual) % g/dl lO'/mm3  103/mm3  u3

CONTROL x 41.36 15.04 7.23 7.32 56.80
sd 2.36 .66 .41 .90 .84

105 x 38.83 14.87 6.75 7.00 57.00
(60) sd .74 .61 .32 2.56 1.73

t 1.75 .37 2.04 .27 1.36
df 6 6 6 6 6

211 x 39.50 15.27 6.08 10.73 56.67
(126) sd 1.82 .60 .35 2.25 .58

t 1.16 .48 1.18 3.13* .24
df 6 6 6 6 6

422 x 39.00 14.30 6.90 11.17 56.67
(247) sd 1.25 .17 .13 3.16 1.53

t 1.57 1.84 1.66 2.68* .16
df 6 6 6 6 6

843 x 41.30 15.07 6.92 12.00 60.00
(543) sd 2.12 .84 .38 .36 .00

t .04 .05 1.37 8.40** 6.41l*
df 6 6 6 6 6

1,686 x 35.10 15.43 7.21 13.53 57.00
(1,141) sd 18.00 .45 .25 6.38 .00

t .81 .90 .41 2.27 .40
df 6 6 6 6 6

3,372 x 40.53 14.83 7.08 11.70 57.67
(1,436) sd 1.31 .55 .25 3.10 1.53

t .55 .45 .88 3.10* 1.06
df 6 6 6 6 6

6,744 x All animals dead at conclusion of study
(525) sd

t
df

St
* - Significantly different than controls (P-0.05)
** -Significantly different than controls (P.0.0I)

x - Mean

sd - Standard deviation
t - t value
df - degrees of freedom

F-1
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APPENDIX F

HEMATOLOGY (FEMALE RATS)
(14-DAY FEEDING STUDI)

Dose (mg/Kg)
Predicted Hct Hgb RBC WBC MCV
(Actual) 1k g/dl I0'/um' I0'1/m, u

CONTROL x 37.97 12 73 6 80 12.70 56 00
sd .75 4.02 .12 2.87 1,0C

75 x 39.63 15.33 7.03 8 93 56 33
(43) sd 1.44 .64 .35 1.56 1.15

t 1.78 1 11 1.06 2.00 .38
df 4 4 4 4 4

150 x 38.23 14.63 6.80' 7.03 56.67
(87) sd 1.33 .40 .17 3.67 2.08

t .30 .82 .06 2.11 .50
df 4 4 4 4 4

300 x 37.33 14.77 6 73 7.53 56.0c
(191) sd 1.59 .31 .16 2.02 2.00

t .62 .87 .60 2.55 0
df 4 4 4 4 4

600 x 37.73 14.87 6.80 8.43 56.33
(389) sd 1.00 .46 .3' 1.27 1.15

t .32 .91 .04 2.35 .38
df 4 4 4 4 4

1,200 x 37.97 1493 6.80 11 ' 56 33
(674) sd 1.50 .61 .3C 2.18 1.53

t .00 .94 .02 40 .3:
df 4 4 4 4 4

2,399 x 40.30 16.15 7.14 14.80 56.5:
(1,630) sd 2.26 .64 .30 2.97 .71

t 1.77 1.13 1.80, .79 .6r'
df 3 3 3 3 3

4,798 x 35.60 16 25 6.68 14.75 54.0,
(1,958) sd 2.40 .78 .56 1 34 1 41

t 1.71 1.16 .42 .91 1.90 b

df 3 3 3 3 3

* Significantly different than controls (P-O 05)

' -Significantly different than controls (P-O 01)
x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom"

F-2•i9
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APPENDIX I

ORGAN-70-BRAIN WEIGMT RATIO
(MALE RATS)

(14-DAY FEEDING STUDY)

DOSAGE (mg/kg) Terminal
Predicted Brain weight KIDNEYS LIVER SPLEEN TESTES THYMUS
(Actual) _

CONTROL 1 1.98 1 21 6.02 .32 1.47 .28
so .08 .18 .75 .03 .03 .08

105 1.98 1.28 7.07 .38 1.54 .41
(60) sd .10 .14 .57 .05 .12 .10

t .12 .76 2.71' 2.57' 1.37 2.5! °

df 10 Ic 10 10 10 10
r

211 1 .97 1.30 7.28 .33 1.54 .40
(126) sd .06 .14 .78 .05 .09 .08

t .33 1.00 2.83' .29 1.76 2.55'
df 10 10 10 10 10 10

422 x 2.01 1.26 7.20 .34 1.57 .39
(247) sd .09 .17 .90 .04 .10 .08

t .50 .52 2.48' .68 2.42' 2.44'

df 10 10 10 10 10 10

843 2.01 1.35 8.82 .35 1.64 .32
(543) sd .11 .08 .78 .04 .29 .08

t .54 1.72 6.30* 1.38 1.42 .85
df 10 10 10 10 10 10

1,686 x 1.99 1.22 8.88 .30 1.51 .35
(1,141) sd .06 .07 .87 .05 .13 .07

t .12 .11 6.10 *  .85 .68 1.58
df 10 10 10 10 10 9

2,733 x 1.91 1.27 9.39 .26 1.43 .25
(1,436) sd .04 .14 1.81 .07 .13 .07

t 1.80 .65 4.18'' 2.13 .80 .64
df 9 9 9 9 9 9

6,744 x ALL DEAD
(525) sd

t
df
sd

- Significantly different than controls (P.O 05)
- Significantly different than controls (P.O 01)

x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom

I-I1
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APPENDIX I

ORGAN-TO-BRAIN WEIGHT RATIO
(FEMALE RATS)

(14-DAY FEEDING STUDY)

DOSAGE (mg/kg) Terminal
Predicted Brain Weight KIDNEYS LIVER SPLEEN THYMUS
(Actual)
CON4TROL x 1.82 .88 4.70 .27 .32

sd .05 .04 .27 .04 .05

75 x1.83 .83 4.31 .26 .30
(43) sd .08 .12 .90 .05 .07

t .22 .95 1.04 .51 .72
df 10 10 10 10 10

10 x 1.91 .92 4.65 .26 .35
(87) sd .06 .09 .38 .05 .04

t 2.93* 1.00 .26 .57 .99
df 10 10 10 10 10

300 x 1.84 .90 4.63 .28 .33
(191) sd .08 .06 .48 .03 .03

t .39 .37 .32 .18 .26
df 10 10 10 10 10

600 x1.81 .95 5.52 .27 .38
(389) sd .08 .08 .72 .05 .10

t .18 1.66 2.60' .13 1.29
df 10 10 10 10 10

1,200 x 1.85 .86 5.62 .25 .35
(674) sd .05 .06 .82 .05 .10

t 1.12 .70 2.59' 1.02 .57
df 10 10 10 10 10

2,399 x 1.80 .87 5.95 .24 .28
(1,630) sd .05 .09 .73 .04 .12

t .87 *.34 3.91'' 1.47 .75
df 9 9 9 9 9

4,798 x 1.71 .69 5 33 .15 .14
(1,985) sd .13 .05 .96 .05 .06

t 1.99 6.,41'' 1.55 4.87'' 4.95''
df 8 8 8 8 8

Sinfcnl ifrn ta otos(--5

-Significantly different than controls (P001)

-mean

sd - Standard deviation
t - t value
df - degrees of freedom

1-2
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Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX J

PREDICTED VERSUS ACTUAL DAILY DOSES
(90-DAY FEEDING STUDY)

(Week One)

Dose Male Rats Dose Female Rats
mg/kg/day mg/kg/day

Predicted Actual Predicted Actual

I 3,000 1,230 3,000 563
2 600 468 600 398
3 120 64 120 109

'I
J-1

N!



Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX 3

PREDICTED VERSUS ACTUAL DAILY DOSES
(90-DAY FEEDING STUDY)

(Week Two Thur End of Study)

Dose Male Rats Dose Female Rats
mg/kg/day mg/kg/day

Predicted Actual Predicted Actual

'. .1I:1,500 1,192 1,500 1,330
2 300 352. 300 367
3 60 64 120 88

J-2
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Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX M4

HEMATOLOGY (MALE RATS)
(45-DAY FEEDING STUDY)

Dose (mg/Kg)
Predicted Hct Hgb ROC wBC MCV
(Actual) %g/dl 10'/Im, 101/mm' ul

CONTROL x 35.70 15.08 6.74 11.66 53.60
sd 2.03 .81 .35 3.58 .89

60 x 36.42 15.32 6.87 7.60 53.60
(64) sd .64 .51 .08 .94 .55

t .76 .56 .82 2.45* .00
df 8 8 8 8 8

300 x 37.28 14.68 6.98 9.30 53.80
(352) Ad 2.00 .53 .35 2.06 .84

t 1.24 .92 1.09 1.28 .37
df 8 8 8 8 8

1,500 x 38.25 15.30 7.13 9.25 54.25
(1,192) sd 2.95 .48 .34 2.52 1.26

t 1.54 .48 1.72 1.13 .91
d~f 7 7 7 7 7

*-Significantly different than controls (P-0.05)
-Significantly different than controls (P-0.01)

x - Mean
sd - Standard deviation
t - t value
d~f - degrees of freedom

M- 16



Study No. 75-51-0233-86. Jun 84 - Dec 86

APPENDIX M

HEMATOLOGY (FEMALE RATS)
(45-DAY FEEDING STUDY)

Dose (mg/Kg)
Predicted Nct Hgb RBC WBC MCV
Actual) % g/d1 lO'/mm] 10 3/mm3  u

CONTROL x 36.74 14.70 6.84 5.52 54.00
sd 2.17 .61 .33 .68 1.00

60 x 35.68 14.30 6.67 5.25 54.00
IT, *(88) d 1.47 .62 .24 2.58 .82

t .83 .97. .86. .23 .00
df 7 7 7 7 7

300 x 34.22 14.22 6.45 7.38 53.00
(367) sd 1.39 .44 .23 5.07 1.52

t 2.19 1.42 2.18 .81 .49
df 8 8 8 8 8

1,500 x 34.78 14.55 6.53 6.18 53.75
(1,330) sd 1.49 .70 .24 1.18 .50

t 1.53 .34 1.58 1.05 .45
df 7 7 7 7 7

* - Significantly different than controls (P-0.05)
- Significantly different than controls (P-O.01)

x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom

M-2



Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX M

HEMATOLOGY (MALE RATS)
(90-DAY FEEDING STUDY)

Dose (mg/Kg)
Predicted Hct Hgb RBC WBC MCV
(Actual) %. g/dl 106 /MM 3  101/MM3  u 3

CONTROL x 40.10 16.21 7.59 8.38 53.67
sd 2.50 .69 .36 2.03 1.00

60 x 37.52 15.29 7.17 7.04 53.20
v * -(64) sd 1.52 .53 .23 3.92 .92

t 2.75* 3.29 *- 3.04** .92 1.06
df 17 17 17 17 17

300 x 35.94 15.15 6.89 9.44 53.10
(352) sd 2.48 .53 .41 2.09 .88

t 3.64** 3.76** 3.91** 1.12 1.32
df 17 17 17 17 17

1,500 x 35.97 14.81 6.92 9.81 53.00
(1,192) sd 1.09 .20 .19 2.38 .82

t 4.06** 5.12** 4.38** 1.30 1.43
df 14 14 14 14 14

-Significantly different than controls (P=0.05)
0*-Significantly different than controls (P-0.01)

x - Mean
sd - Standard deviation

t-tvalue
df - degrees of freedom

m- 3



Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX M

HEMATOLOGY (FEMALE RATS)
(90-DAY FEEDING STUDY)

Dose (mg/Kg)
Predicted Hct Hgb RBC WBC MCV
(Actual) % g/dl 0/mm3  103/mm3  u3

CONTROL x 37.43 14.69 7.02 6.17 54.22
sd 1.70 .59 .24 1.85 .67

,60 x 36.95 14.54 6.90 4.21 54.50
IT (88) sd 1.90 .9,6 .36 1.25 .85

t .58 .40' :84 2.72* .79
df 17 17 17 17 17

300 x 37.16 14.61 7.00 3.99 54.00
(367) sd 1.98 .69 .32 1.40 .67

t .32 .27 .12 2.91** .73
df 17 17 17 17 17

1,500 x 35.20 14.30 6.68 5.66 53.50
(1,330) sd 1.83 .60 .27 2.74 .76

t 2.61* 1.35 .55 .54 2.09
df 15 15 15 15 15

* - Significantly different than controls (P-O.05)

- Significantly different than controls (P0.0l)
x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom

M-4
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Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX N

BODY WEIGHTS (MALE RATS)
(90-DAY FEEDING STUDY)

g

Dose (mg/Kg)
Predicted Day+84 Day+86 Day+89
(Actual)

CONTROL x 533.56 533.78 525.44
sd 20.53 25.94 20.49

60 x 509.32 510.20 515.00
(64) sd 17.54 16.94 17.57

t 2.78* 2.37* .82
df 17 17 17

300 x 493.40 498.10 502.70
(352) sd 23.47 24.14 25.61

t 3.95** 3.11** 2.12*
df 17 17 17

1,500 x 415.71 414.43 416.57
(1,192) sd 37.25 40.34 38.10

t 8.09"* 7.20** 7.36**
df 14 14 14

* - Significantly different than controls (P=0.05)

- Significantly different than controls (P=0.01)
x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom

N-4
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Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX N

BODY WEIGHTS (FEMALE RATS)
(90-DAY FEEDING STUDY)

g

Dose (mg/Kg)
Predicted Day+84 Dey+87 Day+89
(Actual)

CONTROL x 306.20 316.10 313.40
sd 20.90 21.26 20.52

60 x 299.30 302.80 303.60
(88) sd 34.89 34.40 34.72

t .54 1.04 .77
df 18 18 18

300 x 292.70 295.50 294.40
(367) sd 26.93 28.48 25.29

t 1.25 1.83 1.84
df 18 18 18

1,500 x 247.00 250.13 248.63
(1,330) sd 20.04 18.98 20.19

t 6.08"* 6.85** 6.70**
df 16 16 16

- Significantly different than controls (P-0.05)
- Significantly different than controls (P-0.01)

x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom

N-8
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Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX P

ORGAN-TO-BRAIN WEIGHT (FEMALE RATS)
(45 DAYS INTO 90-DAY FEEDING STUDY)

Dose (mg/Kg) Terminal Organ-to-Brain Weight Ratios
Predicted Brain Weight KIDNEYS LIVER SPLEEN THYMUS
(Actual)

CONTROL x 1.86 105.21 539.76 31.05 32.37
sd 0.07 11.51 69.62 3.02 2.72

60 x 1.82 99.68 580.14 31.34 27.87
(88) sd 0.13 14.42 69.90 9.88 5.17

t 0.18 0.67 0.91 0.06 1.72
df 8 8 8 8 8

300 x 1.87 95.47 620.62 32.56 29.62
(367) sd 0.04 7.97 79.39 5.60 9.10

t .17 1.56 1.71 0.53 0.65
df 8 8 8 8 8

1,500 x 2.02 97.22 736.48 25.00 24.87
(1,330) sd 0.09 14.16 127.04 5.68 9.95

t 2.81* 0.94 2.98* 2.07 1.64
df 7 7 7 7 7

* - Significantly different than controls (P=0.05)

- Significantly different than controls (P=0.01)
x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom
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APPENDIX P

ORGAN-TO-BRAIN WEIGHT (MALE RATS)
(90-DAY FEEDING STUDY)

Dose (mg/Kg) Terminal Organ-To-Brain Weight Ratios
Predicted Brain Weight KIDNEYS LIVER SPLEEN TESTES THYMUS
(Actual)

CONTROL x 2.11 155.16 646.42 32.33 169.43 20.13
sd 0.08 13.52 49.90 4.59 17.60 3.58

60 x 2.11 157.05 820.65 35.76 167.84 22.52
(64) sd 0.10 19.49 105.62 5.74 14.25 4.26

t 0.06 0.24 4.51 1.40 0.21 1.26
df 17 16 16 16 16 15

300 x 2.08 153.06 958.14 33.99 170.13 20.44
(352) sd 0.06 9.59 56.32 12.62 14.89 4.70

t 0.76 0.39 12.91 0.37 0.09 0.16
df 17 17 17 17 17 17

1,500 x 2.04 157.10 1134.79 29.89 182.32 19.72
(1,192) sd 0.05 14.77 123.27 7.11 13.39 6.00

t 1.90 0.26 10.88** 0.81 1.52 0.17
df 14 13 13 13 13 13

Significantly different than controls (P=0.05)
- Significantly different than controls (P=0.01)

x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom

P-3



Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX P

ORGAN-TO-BRAIN WEIGHT (FEMALE RATS)
(90-DAY FEEDING STUDY)

Dose (mg/Kg) Terminal Organ-To-Brain Weight Ratios
Predicted Brain Weight KIDNEYS LIVER SPLEEN THYMUS
(Actual)

CONTROL x 1.92 98.46 527.59 28.29 22.05
sd 0.09 55.63 9.20 3.08 3.61

60 x 1.87 99.02 542.20 28.68 22.26
-.(88) sd 0.11 12.56 80.23 3.90 4.70

t 0.97 0,11 0.47 0.25 0.11
df 18 18 " 18 18 18

300 x 1.95 99.04 578.37 26.51 19.24
(367) sd 0.11 8.49 73.23 4.63 4.32

t 0.77 0.15 1.75 1.01 1.58
df 18 18 18 18 18

1,500 x 1.97 92.89 714.28 22.69 19.94
(1,330) sd 0.09 5.96 57.78 2.56 3.87

t 1.06 1.48 6.95** 4.12** 1.19
df 16 16 16 16 16

Significantly different than controls (P=0.05)
- Significantly different than controls (P=0.01)

x - Mean
sd - Standard deviation
t - t value
df - degrees of freedom

P-4

.1*l



Study No. 75-51-0233-86, Jun 84 - Dec 86

APPENDIX Q

REFERENCES

1. Letter, AFPCB, Armed Forces Pest Control Board, Washington DC,
29 November 1979, subject: Toxicological Testing of Candidate Repellent
Compounds.

2. Letter, HSE-LT/WP, (USAEHA), IF July 1980, subject: Topical Hazard
Evaluation Program of Candidate Insect Repellents A13-36325, 1-(cyclo-
hexylcarbonyl)hexahydro-IH-Azepine, A13-36326, N,N-Dipropylcyclohexane-
carboxamide, and A13-36328, 1-[(6-methyl-3-cyclohexen-l-yl)carbonyl]-
Pyrrolidine, Study Nos. 75-51-0833-80, 75-51-0834-80, 75-51-0835-80,
October 1975 - April 1980.

-3. Report, HSHB-OT/WP, USAEHA, 31 March 1983, subject: Phase I,
Preliminary Assessment of the, Relative. Tpxicity of N,N-Dipropylcyclo-
hexanecarboxamide, A13-36326, in Laboratory Animals, Study No.
75-51-0233-83, November 1979 - August 1982.

4. SOP, HSHB-OT/WP, August 1983, subject: 14-day Range Finding and 90-day
Feeding Study in Rats.

5. Toxicology Division Standing Operating Procedure, US Army Environmental
Hygiene Agency (USAEHA), 1980-1982.

6. Report, George A. Parker, D.V.M., 10 Sept 1984, subject: Final
Pathology Report, 14-Day Feeding Study in Rats, Study No. 75-51-0233-84.

7. Report. George A. Parker, D.V.M., 13 May 1985, subject: Final Pathology
Report, 90-Day Feeding Study in Rats, Study No. 75-51-0233-84.

9. Henry and Bernard, Clinical Diadnosis and Management by Laboratory
Methods, 16th Edition, 1979.

Q-1



I.

I

A

I -~


