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EXECUTIVE SUMMARY

DIMP

The oral LD50 values of DIMP were calculated to be 1125 and 826
(747-914) mg/kg in male and female rats, respectively, and 1041
(903-1201) and 1363 (1165-1594) mg/kg in male and female mice,

respectively.

No evidence of toxicity resulted from dietary administration of
DIMP to rats at levels of 300, 1000, and 3000 ppm for 90 days or
to mice at levels of 210, 700, and 2100 ppm for 90 days.

Feeding of DIMP to male and female dogs for 14 days at 150, 500,
and 1500 ppm did not lead to development of evidence of toxicity.

The Draize Eye Irritation Test revealed significant signs of
temporary irritation by the test compound following its applica-
tion to the conjunctival sacs of albino rabbits. Some irritation
occurred in spite of irrigation two or four seconds after the
application, but only in the absence of irrigation was its degree
important. In all but one case the irritation had cleared by the
seventh day postexposure. That one was clear on Day 8.

Application of DIMP to the intact and abraded skin at doses of
0.2, 0.63, and 2.0 g/kg produced only minimal skin irritation.
Death occurred in 3/4 at the highest dosage and in 1/4 at the

intermediate dosage.

The test material, DIMP, was administered orally to rats at 3000
ppm in the diet for 4 days. The duration of hexobarbital-induced
sleeping time measured on the 5th day was larger in control than
in DIMP treated rats. Body weights and liver weights were not
altered by treatment with DIMP. It was concluded that DIMP was a
liver enzyme inducing agent.

DIMP should not be considered a strong sensitizer in guinea pigs.

DIMP was absorbed following oral administration to mice, rats, and
dogs. Peak plasma levels occurred in 15 minutes in mice and in
two hours in rats and dogs. Storage of DIMP was found in the skin
of mice and rats at 72 hours and in the gall bladder of dogs.
Excretion appeared to be primarily via the urine in all three spec

—————
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but there was some indication of biliary excretion in dogs. Eighty-
five to 100% of the administered radioactivity appeared in urine and
feces within 24 hours in all three species. Some 1 to 3% of the
radioactivity in the urine was in the form of DIMP. The remainder
appeared to be in the form of one major metabolite, in all three
species. This metabolite was more polar than DIMP and was rot
conjugated.

0CPD

The oral LD50 values of DCPD were calculated to be 520 (420-645) and
378 (303-473) mg/kg in male and female rats, respectively, and 190
(125-289) and 250 (170-368) mg/kg in male and female mice, respec-~
tively.

No evidence of toxicity resulted from dietary administration of DCPD
to rats at levels of 80, 250, and 750 ppm for 90 days or to mice at
levels of 28, 91, and 273 ppm for 90 days.

Feeding of DCPD to male and female dogs for 14 days at 40, 125, and
375 ppm in the diet did not lead to development of evidence of
toxicity.

The Draize Eye Irritation Test revealed signs of temporary irritation
by the test compound following its application to the conjunctival
sacs of albino rabbits. Irritation was limited to the conjunctive,
but occurred in spite of irrigation at two or four seconds after the
application. In all cases, the irritation was absent by Day 3.

Application of DCPD to the intact and abraded skin at doses as high
as 2.9 g/kg produced only minimal skin irritation and no signs of
systemic intoxication.

The test material, DCPD, was administered orally to rats at a dietary
level of 750 ppm for 4 days. The duration of hexobarbital-induced
sleeping time measured on the 5th day was comparable in control and

in DCPD treated rats. Body weights and liver weights were not altered
by treatment with DCPD. It was concluded that DCPD was not a liver
enzyme inducing agent.

DCPD is not a sensitizer in guinea pigs.

DCPD was absorbed after oral administration to mice, rats, and dogs.
Peak plasma levels occurred in 2 hours in mice and dogs, and in 6
hours in rats. DCPD was widely distributed in all three species at

1 to 2 hours with the highest Tevels in urinary bladder, gall b’adder




and body fat in mice, in gall bladder and bile in dogs, and in

body fat, adrenals and urinary bladder in rats. Excretion

appeared to be primarily via the urine in all three species. About
85% of the administered radioactivity was accounted for in urine
and feces within 24 hours. Urine from mice and dogs showed two
radioactive components while rat urine also contained a third. All
of these seemed to differ from DCPD on TLC, but none has yet been
identified.




FOREWORD

By agreement with the project officer for the US Army Medical
Bioengineering Research and Development Laboratory, this report

does not include the results of mutagenesis or demyelination

tests. Several considerations, most important being impurities

in the samples of diisopropyl methyliphosphonate and dicyclopen-

tadiene provided to Litton Bionetics, Inc. for mutagenesis

testing, make interpretation of the results ambiguous. Muta-

genesis tests have been repeated using highly purified samples

of both compounds and will be reported under Contract DAMD17-77-C-7003.

Because results of the demyelination test with diisopropyl methyl-
phosphonate were also ambiguous, Litton Bionetics, Inc. has repeated
the test after thoroughly researching the method, and results of the
follow-up study will also be reported under the latter contract.

In conducting the research described in this report, the investi-

gator(s) adhered to the "Guide for Laboratory Animal Facilities and

Care," as promulgated by the Committee on the Guide for Laboratory

énima]}Resources, National Academy of Sciences-National Research
ouncil. _

The method of euthanasia consisted of overdosage with carbon dioxide
by inhalation in the case of group sacrifices or overdosage of pento-
barbital sodium intraperitoneally or intravenously when one or a few
individuals were sacrificed at a given time.
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PART I - SECTION A

INTRODUCTION AND MATERIAL
DIMP

INTRODUCTION

The toxicity of DIMP has been studied acutely by the oral, dermal, and
eye exposure routes in laboratory animals as well as in repeated
subchronic exposure in rats, mice, and dogs. Special studies on liver
enzyme induction activity, mutagenesis, and neurotoxicity have also
been conducted. From the information gathered, dosages can be set

for evaluation of DIMP in chronic studies.

Preliminary information on the rate of absorption, distribution, and
execretion has been gained from pharmacokinetic studies. This can
be used as background for the further evaluation of metabolic fate.
The pharmacokinetic studies together with the toxicity work can form
an understanding of the safe use and risk of DIMP with respect to
human exposure.

MATERIAL

DIMP (Diisopropylmethylphosphonate) was obtained as a custom synthesis
from Richmond Organics, 7342 Forest Hill Avenue, Richmond, Virginia 23225.
Three separate orders were placed and three shipments were received and
designated as follows:

Receipt Date Quantity LBI No.
8/5/75 500 g 755A
12/15/75 500 g 776A
2/16/76 500 g 781A

DIMP was analyzed using an OV-17/Reoplex 400 column as described in
the procedure for analysis of DIMP in water samples used by Shell
Chemical Company and the Cclorado Department of Health. DIMP had a
retention time of 6.2 minutes. Two impurities were observed, one

at 5.2 minutes and the other at 11.8 minutes. Content was calculated
on a total peak area basis.

Impurity
LBI No. DIMP #1 #2
755A 95.2% 3.1% 1.7%
776A 89.6% 5.6% 4.8%
781A 88.0% 6.7% 5.3%




MATERIAL (Continued)

Because of poor water solubility, solutions were prepared for
administration to animals by dissolving DIMP in polyethylene
glycol 400 (PEG 400) "Carbowax" obtained from Fisher Scientific
Company.




PART I - SECTION B
ACUTE ORAL TOXICITY STUDY IN RATS

DIMP
LBI PROJECT NO. 2558

SUMMARY

The or§1 LDS0 values of DIMP were calculated to be 1125 and 826 (747-914)
mg/kg in male and female rats, respectively.

1. OBJECTIVE

The objective of this study was to evaluate the acute toxicity of
DIMP when administered orally to rats.

2. MATERIAL
Refer to Part I - Section A.

3. EXPERIMENTAL DESIGN

Sprague-Dawley rats were received from ARS/Sprague-Dawley, Madison,
Wisconsin. These test animals were housed individually in hanging
wire cages and acclimated to laboratory conditions. Water and Purina
Laboratory Chow (ground) were provided ad 1ibitum with the exception
of the night before treatment when the food was removed from the cages.

Single graded doses of the test material, DIMP, dissolved in polyethylene
glycol 400 (PEG 400) at a concentration of 195.2 mg/ml, were administered
by gastric intubation to the test animals. Following treatment, the
animals were observed frequently on the day of treatment and daily
thereafter.

The animals were weighed on the day of treatment, and on Days 7 and 14
following treatment. Gross necropsies were performed on all animals
that died during the study and on the surviving animals that were killed
14 days after treatment.




4. RESULTS

The data have been summarized as follows:

Deaths Total
Dose Day Mortality
(mg/kg) 1 2 3 4 5-14 Deaths/Treated
MALES
430 0 00O 0 0/10
632 0 0 0O 0 0/10
928 0 00O 0 0/10
1362 10 0 0 O 0 10/10
2000 9 1 0 0 0 10/10
FEMALES
430 0 00O 0 0/10
632 0 00O 0 0/10
928 5 3 0 0 0 8/10
1362 10 0 0 O 0 10/10
2000 9 1 0 O 0 10/10

The LD50 values (and 95% confidence 1imits) calculated by the method
of Horn (Biometrics, 12:311, 1956) were 1125 mg/kg for male (the data
do not permit calculation of confidence limits) and 826 (747-914)
mg/kg for female rats, respectively.

Signs of intoxication in both males and females included decreased
activity, occasional ataxia and prostration within one to four hours
after dosing.

At necropsy of the survivors, all tissues appeared normal. Necropsy
findings in animals of all levels dying during the study included
hyperemia of the lungs, but most showed no abnormalities.

5.  CONCLUSIONS

Following the oral administration of graded doses of DIMP to fasted male
and female rats, the LD50 values were 1125 and 826 (747-914) for males
and females, respectively.
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PART I - SECTION C
ACUTE ORAL TOXICITY STUDY IN MICE

DIMP
LBI PROJECT NO. 2559

SUMMARY

The oral LD50 values of DIMP-were calculated to be 1041 (903-1201) and

1363

(1165-1594) mg/kg in male and female mice, respectively.

OBJECTIVE

The objective of this study was to evaluate the acute toxicity of
DIMP when administered orally to mice.

MATERIAL

Refer to Part I - Section A.

EXPERIMENTAL DESIGN

Swiss Webster mice were received from Camm Research, Wayne, New Jersey.
These test animals were housed in groups of five by sex in solid bottom
plastic cages and acclimated to laboratory conditions. Water and
Purina Laboratory Chow (ground) were provided ad libitum with the
exception of the night before treatment when the food was removed from
the cages.

Single graded doses of the test material, DIMP, dissolved in Polyethyl-
ene Glycol 400 (PEG 400) at a concentration of 58.56 mg/ml, were
administered by gastric intubation to the test animals. Following treat-
ment, the animals were observed frequently on the day of treatment and
daily thereafter.

The animals were weighed on the day of treatment, and on Days 7 and 14
following treatment. Gross necropsies were performed on all animals
that died during the study and on the surviving animals that were killed
14 days after treatment.

(e}
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4. RESULTS

The data have been summarized as follows:

Deaths Total
Dose Day Mortality
- (mg/kg) 1 2 3 4 5-14 Deaths/Treated
MALES
430 0 00O 0 0/10
632 0 00O 0 0/10
928 1 0 00 2 3/10
1362 9 0 0 O 0 9/10
2000 10 0 0 O 0 10/10
FEMALES
430 01 0O 1 2/10
632 0 00O 0 0/10
928 2 000 0 2/10
1362 3 000 0 3/10
2000 10 0 0 O 0 10/10

The LD50 values (and 95% confidence limits) calculated by the
method of Horn (Biometrics, 12:311, 1956) were 1041 (903-1201)

and 1363 (1165-1594) mg/kg for male and female mice, respectively.

Signs of intoxication included decreased activity and prostration q
within one to four hours after dosing.

At necropsy of the survivors, all tissues appeared normal. Necropsy

of animals of all levels dying during the study revealr nothing
attributable to the treatment.

5.  CONCLUSION

b Following the oral administration of graded doses of DIMP to
' fasted male and female mice, the LD50 values were 1041 (903-1201)
and 1363 (1165-1594) for males and females, respectively.
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PART I - SECTION D
90-DAY TOXICITY STUDY IN RATS

DIMP
LBI PROJECT NO. 2563

SUMMARY

No evidence of toxicity resuited from dietary administration of DIMP to rats
at levels of 300, 1000, and 3000 ppm for 90 days.

1. OBJECTIVE

The purpose of this study was to characterize the subchronic toxicity
of DIMP by administration in the diet of rats over a 90-day period.

2. MATERIAL

Refer to Part I - Section A.

3.  EXPERIMENTAL DESIGN

A. Animals
The study was carried out in rats obtained from ARS/Sprague-Dawley,
Madison, Wisconsin, with body weights averaging 83.6 grams for
males and 84.1 grams for females at initiation.

B. Animal Groups

The rats were randomly assigned to the following groups:

Group No. ggiéof Ag;$:%: Dietary Levels
1 32 32 Zero - Control
2 32 32 Low - 300 ppm
3 32 32 Medium - 1000 ppm
4 32 32 High - 3000 ppm

C. Diet Preparation

The rats were fed Purina Rat Chow in meal form into which the test
compound was blended at the designated levels. Fresh diets were
prepared weekly.

1




3.  EXPERIMENTAL DESIGN (Continued)

D.

Observations

Bodx weights and food consumption were recorded weekly. Daily obser-
vations for mortality were made and weekly records were maintained of
appearance, behavior, and signs of toxic or pharmacologic effects.
Entries were made in records only when abnormalities were noted.

Special Examinations

Ophthalmoscopic examination of each animal was performed by an
experienced veterinarian before compound administration was begun
and again during the final week of the study.

Clinical Laboratory Measurements

The following determinations were made on five rats of each sex from
the control and each test level:

4 Wks 13 Wks

Hematocytology:

Erythrocyte count

Packed cell volume
Hemoglobin

Leukocyte count

Differential leukocyte count

xX X X X X
X X X X X

Blood Biochemistry:

Glucose

BUN

SGOT

Alkaline phosphatase
SGPT

Sodium

Potassium

Chloride

1 X X X X
X X X X X X X X

Acetylcholinesterase:

Cells and plasma
Brain - X




3.  EXPERIMENTAL DESIGN (Continued)

F.

Clinical Laboratory Measurements

4 Wks 13 Wks
Urinalysis:
Color X X
Specific gravity X X
pH X X
Sugar = X
Protein (albumin) X X
Ketones (acetone) X X
Microscopic examination of sediment X X

Terminations

A11 survivors were killed after 13 weeks. The planned 2 and 4
week recovery period was eliminated by agreement with the
Project Officer since no effects had been seen.

Postmortem Examinations

Each animal was subjected to a gross necropsy and any observed
abnormalities were recorded. The organs listed below were weighed.

kidney heart adrenals (after fixation)
Tiver gonads thyroid (after fixation)
spleen brain

Generous samples of each of the following were collected and held
frozen for chemical analysis as indicators of tissue storage:

liver brain eye
kidneys skeletal testes
body fat muscle

Suitable samples of the following organs were preserved in 10%
neutral formalin:

thyroid small intestine seminal vesicles
Tung large intestine bone marrow
heart kidneys brain
mesenteric lymph adrenal glands pituitary

node urinary bladder thoracic spinal cord
liver testes with epididymis rib junction
spleen or ovary eye
pancreas uterus/prostate nerve with muscle
stomach any unusual lesions

13




3.

4,

EXPERIMENTAL DESIGN (Continued)

I.

Histopathologic Examination

The following tissues were examined microscopically from five
male and five female rats in the control and high Tevel test
groups:

thyroid small intestine seminal vesicles
lung large intestine bone marrow
heart kidneys brain
mesenteric lymph adrenal glands pituitary

node urinary bladder thoracic spinal cord
liver testes with epididymis rib junction
spleen or ovary eye
pancreas uterus/prostate nerve with muscle
stomach any unusual lesions

RESULTS

A.

Drug Administration

No difficulty was encountered with the preparation of the diets
according to plan or with their acceptance by the rats.

Observations

One control male died in the ninth week, one Tow dose male was found
dead on the day it was scheduled for sacrifice, and two high dose
males were found dead--one in the tenth and one in the twelfth

week. All females survived. The average values for body weights
for each of the various groups are presented in Table I-D-1.

The occasional significant differences between control and treated
groups are scattered and show no relationship to dosage or duration
of treatment. They are judged to be of no toxicologic importance.
Food consumption values are presented similarly in Table I-D-2. No
important differences from controls were seen in either sex at any
dosage. Other signs of toxicity were not noted.

Special Examinations

Ophthalmoscopic examinations during the week before termination
revealed a total of 12 rats with some opacity of the lens.
Incidence ranged from 2 to 5 per sex/dose group of 32. Discussion
with a veterinary ophthalmologist elicited the opinion that this
can be considered normal. This is not believed to be an important
finding, but warrants attention in longer term studies.

14
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4.

RESULTS (Continued)

D. Clinical Laboratory Measurements

The observed values for hematocytology at the four-week interval

and at termination are presented in Table I-D-3. Only group means
and standard errors are presented. Differential white cell counts
are not analyzed statistically. The few instances of statistically
significant differences from corresponding controls are so scattered
as to be of no toxicologic importance.

The recorded values for various blood biochemistry measures at the
four-week interval and at termination are tabulated in Table I-D-4.
There are instances of statistically significant differences from
control but they are judged to be of no toxicologic importance.

Urinalysis values obtained at four weeks and at termination are
presented in Table I-D-5. No important deviations from normal
were noted.

RBC, plasma, and brain cholinesterase values are presented in
Tables I-D-6 and I-D-7. No compound effect is apparent except in
the plasma from females at 13 weeks where the control values are
exceptionally high when compared to other intervals.

E. Recovery Phase

The two- and four-week recovery phases of the study proved to be
noncontributing since no toxic effects developed, no "recovery"
could be expected.

[ Postmortem Examination

The weights of various organs collected at terminal necropsy are
presented in Table I-D-8 as recorded, and in Table I-D-9 calcu-
lated as percentages of body weight. Again no important
differences were noted.

G.  HISTOPATHOLOGIC EXAMINATION

The tissues listed in 3H above were processed in the conventianal
manner for preparation of sections stained with hematoxylin

and eosin for examination of a staff pathologist. The pathologist's
own summary is attached. No important abnormalities were noted.

CONCLUSIONS

No evidence of toxicity resulted from dietary administration of DIMP
to rats at levels of 300, 1000, and 3000 ppm for 90 days.

15




90-DAY TOXICITY STUDY IN RATS

DIMP
LBI PROJECT NO. 2563
PATHOLOGY SUMMARY

The microscopic lesions observed in this study were those
routinely encountered in rats and mice.

They appeared in all dosed groups and did not differ
significantly from those seen in the controls.

F. M. Garner, D.V.M.
Veterinary Pathologist
Veterinary Sciences Division
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