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SUMMARY

Five groups of 206 and 209 rats of the Fischer 344 strain were
dosed at concentrations of Octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine (HMX) in the diet calculated to give dose

S. levels of 50, 150, 450, 1350 or 4000 mg HMX/kg/day for male
rats and 50, 115, 270, 620 or 1500 mg HMX/kg/day for female
rats. One group of 208 and 209 rats received untreated diet
and acted as contemporary controls. Study duration was
13 weeks, at the end of this period animals were killed and
subjected to full necropsy.

Before dosing commenced and during Week 13 of dosing ophthal-
moscopic examination was performed on all animals.

Haematology and clinical chemistry blood samples were taken
during Weeks 5 and 12 of dosing. Urine samples were taken
from the same animals in the same weeks.

Results may be summarised as follows:

Mortality: Only 3 premature deaths occurred during the
study, all from different treatment

* groups.

Clinical Signs: None was observed which could be attributed
to dosing with HMX.

Body Weights: Body weight gains were reduced in male and
female animals receiving HMX in dose
related fashion.

Food Consumption: Food consumption trends were variable
throughout the study but treated groups
consumed less food than untreated groups
during dosing.

Opthalmoscopy: No abnormalities were detected which could
be attributed to dosing with HMX.

Achieved Dosage: This fell within acceptable limits.

Laboratory The following changes occurred: Reductions
Investigations: in Hb and PCV in male and female high dose

animals in both Weeks 5 and 12. Reduced
* RBC counts in males and females in Week 12.

Slight increase in methaemoglobin in male
and female high dose rats in Week 12.
Significant increase in AP levels in top
dose males and females in Week 5, and
(females only) in Week 12. Significant
increase in
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Laboratory BUN levels in Weeks 5 and 12 of females
Investigations receiving 1500 mg HMX/kg/day. Increased
(continued): albumin and total protein levels in top

dose females in Week 12. Increased albumin
levels in top dose males in Week 5.

Reduced pH and SG with increased volume of
urine in top dose female rats in Weeks 5
and 12. Fern-like crystals were seen in
"Week 12 in urine of top dose males and
females.

Terminal Studies: Two dose related lesions were seen: Toxic
liver change, characterised by enlarged
centrilobular cells with pale nuclei andA' dark cytoplasm, in significant numbers of

A males receiving 450, 1350 or 4000 mg
HMX/kg/day. Tubular kidney change
characterised by focal atrophy and

- .' dilatation in significant numbers of
females receiving 270, 650 or 1500 mg
HMX/kg/day.

Organ Weights: The following changes were seen: Signifi-
cantly reduced absolute and relative
adrenal weights in all treated male groups
with an increase in female groups.
Relative brain weight increased in males
and females receiving 4000 or 1500 mg
"HMX/kg/day. Absolute brain weights
increased in top dose females. Absolute
heart weights increased in male and female
top dose rats.

Female treated rats showed a dose related
increase in relative kidney weights.

Males showed reduction in absolute and
relative spleen weights. Relative liver

% 4and lung weights increased in treated
females. Females showed reductions in
absolute spleen and ovary weights.

Conclusion: Significant toxic liver changes in males
receiving 150 or more mg HMX/kg/day and
tubular kidney changes in females receiving
270 or more mg HMX/kg/day. HMX adminis-
tration tends to reduce red blood cell
parameters and possibly caused methaemo-
globinaemia.

R% W%
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INTRODUCTION

This study was designed to provide information on the toxic
effects of the compound octahydro-l,3,5,7-tetranitro-l,3,5,7-
tetrazocine (HMX) and what doses could be used to give an
indication of suitable dose levels for subsequent studies.
HMX was administered via the diet at concentrations predicted
each week to achieve dose levels of 50, 150, 450, 1350 or 4000
mg HMX/kg/day for male rats and dose levels of 50, 115, 270,
620 or 1500 mg HMX/kg/day for female rats continuously for
13 weeks. Dose levels were selected on the basis of results
from previous studies.

The experiment was undertaken at the Elphinstone Research
Centre of Inveresk Research International Limited within the
Modular Animal Maintenance System (MAMS) complex. It was
begun on 8 December 1980 and necropsies were completed on 19
March 1981.

All data generated and recorded during this study will be
stored in the Scientific Archives of Inveresk Research
International Limited.

14
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MATERIALS AND METHODS

Test Substance

3.95 kg of HMX type B was received on 7 October 1980, a
further 2 batches each of approximately 5 kg were received on
17 December 1980 and 2 February 1981. The compound was stored
at ambient temperature in the dark.

Method

Two hundred and eighty Fischer 344 rats, divided equally by
sex, were obtained from Charles River U.S.A. via Charles River
(U.K.) Limited, Manston, Kent, England on 5 December 1980.
They were ordered in the weight range 40-60 g.

One hundred and twenty males and 120 females were allocated to
treament groups and allowed to acclimatise to their new
environment for 10 days before treatment began.

Pre-Experiment Acceptance Testing

All animals were examined upon receipt for signs of disease.

Ten animals of each sex were selected at random and subjected
to a macroscopic and microbial examination, together with a
histopathological evaluation of main organs. Results
indicated that, despite mild infestation by pinworm, the
animals were acceptable to be used on study.

S~Housing

Rats were housed in a barrier maintained animal room at a
room temperature normally of 21 0 C + 2*C and a target relative
humidity of ca 50% (both automatically controlled), with ca 14
air changes/hour. At 12 h light/dark cycle was controlled by
a time switch, light hours being 0700-1900 h. Room location
was at Elphinstone Research Centre within the MAMS complex.

Caging and Cage Sanitation

Rats were housed one animal per cage in suspended poly-
propylene cages (overall dimensions ca 480 x 150 x 120 mm)
with stainless steel wire grid tops and bottoms. Each cage
had a polypropylene water bottle (total capacity 300 ml) with
rubber washer and melamine cap.

Beneath each cage was a polypropylene tray containing
absorbent paper. This paper was changed as required each
week.

,•..- . • .•- . . .-. . . -. . . ..-. ..... ... _ - . . .*- . - .x .. . .- . . .'V, • •-, •
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* Diet and Water

During the course of the study, tap water and a laboratory
rodent diet (BP Nutrition UK Limited, Expanded Ground
Maintenance Diet) were available to the rats ad libitum.
Typical analyses for both diet and water are presented in

* Appendices 1 and 2.

Animal Room Sanitation

Each morning, before other work in the room began, floors were
mopped with a disinfectant solution (either 1% Tego from T.H.

* Goldschmidt and Company Limited, or 3% Hycogen from Hy-co
Products (Scotland) Limited). Each afternoon, following
completion of all other work, floors were swept then washed
with a disinfectant solution. Once each week walls, ceiling,
benches and racking within the animal room were washed with a
disinfectant solution.

Dose Levels, Treatment Groups and Animal Numbers

Dose levels were chosen on the basis of results from a 14 day
dietary study conducted at IRI. (DAMD 17-80-C-0053.)

* Treatment groups and dose levels were as follows:

Dose Level Animal Dose Level Animal
Group mg HMX/kg/day Numbers mg HMX/kg/day Numbers

(Males) (Males) (Females) (Females)

1 0 601-620 0 721-740

2 50 621-640 50 741-760

3 150 641-660 115 761-780

4 450 661-680 270 781-800

5 1350 681-700 620 801-820

6 4000 701-720 1500 821-840

Distribution of Animals into Treatment Groups

On the day of arrival the animals were distributed at random
into the treatment groups as follows:

Upon receipt the rats were placed in large holding cages.
Male and female rats were divided into 7 body weight ranges of
5 g each.

I0K0
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Twenty sequences of 6 cages were designated. Starting with
the lowest weight range and then the highest, followed by the
second lowest and so on, males were placed in the first cages
of each of the 20 sequences, when these contained one animal
each the second cages in the sequences were used and so on
until 120 cages each contained one male rat.

This procedure was repeated using new cages and female rats.
Each rat was ascribed to a treatment group by the use of
another set of computer generated random number sequences.

)9 Thus any intergroup environmental differences were minimised.

Animal Identification

J Each rat was given a unique earmark which identified it within
the study and corresponded to that animal's study number.

Route and Duration of Treatment

The test compound was administered orally via the diet for at
least 91 consecutive days.

"Diet Preparation

Fresh diets were prepared once each week. The concentration
of test compound was adjusted each week to give as constant a
mg/kg/day level as possible by prediction of mid-week body
weight and weekly food consumption for the week in question.

Diets were prepared by direct admixture of the required amount
of HMX to diet and blending for 20 min in a Winkworth change
drum tumble mixer.

Dietary Sampling

Materials and methods are presented in Appendix 11.

A 100 g sample of diet from each group/sex was taken and
retained immediately after diet preparation at the beginning
of each study week. In addition, 4 samples of 100 g were
taken from each group/sex at the beginning of Weeks 1, 2, 3,
4, 7, 10 and 13. The latter samples were analysed for HMX
levels.

Observations

4.r. Clinical Signs

All animals were checked in early morning and late after-
noon on each day for dead or moribund animals. The onset
and duration of all signs of ill health or reaction to
treatment were recorded after daily examination of the

P..

4..
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4 animals. Each animal was given a detailed physical
examination for clinical signs or external lesions once a
week.

Deaths

0 Animals dying during study were given a detailed macro-
scopic examination and tissues listed under 'Post Mortem
Studies' were preserved.

Body Weight

0 The weight of each animal was recorded at weekly
intervals commencing one week before the start of
treatment up until the end of treatment. In addition,
animals were also weighed on Day 4 of the first 4 weeks.

Food Consumption

The quantity of food consumed by each animal was recorded
once each week commencing one week before the start of
treatment and up to the first day of autopsy. The amount
of food scattered by each animal was also recorded.

R Water Consumption

Water consumption was assessed visually for any intergroup
differences.

Ophthalmic Examination9

All animals were assessed before dosing commenced and
during Week 13 of dosing. Animals' pupils were dilated
with a midriatic (1% tropicamide) and ophthalmoscopy
using an indirect ophthalmoscope was undertaken.

C Laboratory Investigations

Blood samples were taken via orbital sinus under light ether
anaesthesia from 10 males and 10 females from top and control
groups during Weeks 5 and 12 of treatment.

Haematology

The following parameters were measured on whole blood
taken into tubes containing EDTA:

Red cell count (RBC)
White cell count (WBC)
Packed cell volume (PCV)



Haemoglobin concentration (Hb)
Methaemoglobin concentration

Differential white cell count
Reticulocyte count

Clotting time was assessed using the Hepato Quick test on
samples obtained by tail snipping.

Clinical Chemistry

The following parameters were measured on plasma samples
obtained from whole blood taken into tubes containing
heparin.

Aspartate aminotransferase (GOT, AST)
Alanine aminotransferase (GPT, ALT)
Alkaline phosphatase (AP)
Lactate dehydrogenase (LDH)
Blood urea nitrogen (BUN)
Glucose
Albumin
Sodium
Potassium
Protein

Urinalysis

Collections of individual urine samples were made over a
4 h period of food and water deprivation during Weeks 5
and 12 of dosing, on the same animals from which blood
was taken.

The following measurements were made:

Glucose
Blood
Volume
Protein
Ketones
Bile pigments
Colour
pH
Specific gravity
Microscopic examination of the spun deposit.

Pharmacokinetic Sampling

Blood samples were obtained at post mortem by the removal

of at least 3 ml whole blood via the caudal vena cava into

heparinised tubes. Samples were taken from 5 male and 5

r WN V



-- -- -- - -- - 7

9

* female animals selected at random from each group. These
samples were centrifuged and the plasma deep frozen and
stored at IRI.

Terminal Studies

* All animals which died or were sacrificed were necropsied.
The gross dissection and necropsy was performed under the
supervision of a pathologist. The necropsy is defined as
external examination including body orifices, weighing of the
following tissues:

* Brain
Heart
Kidney
Ovaries
Liver
Lungs

* Testes
Adrenals
Spleen

and examination and fixation of the following tissues:

Brain
Spinal cord
Peripheral nerve (sciatic)
Eyes
Pituitary
Thyroid
Parathyroid
Salivary glands (submaxillary)
Heart
Lungs
Spleen
Liver
Pancreas
Adrenals
Lymph nodes (mesenteric

cervical
submaxillary
bronchial)S~Kidneys

Bladder
Testes (plus epididymides)
Prostate
Ovaries (minus fallopian tubes)
Uterus
Fallopian tubes
Stomach

4
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Small intestine (duodenum
jejunum
ii ileum)

Large intestine (caecum
colon
rectum)

Skeletal mucle (thigh)
Skin (abdominal)
Mammary gland
Any gross lesions e.g. tissue masses,

suspected tumours
(including sur-
rounding normal
tissue)

Sternum
Adipose tissue (perirenal)
Nasal tubinate
Trachea
Thymus (where possible)

Samples of the above tissues were taken from all animals and
placed in 10% neutral buffered formalin (except eyes which
were preserved in Davidson's fluid).

The lungs were fixed in their entirety by perfusion with 10%
neutral buffered formalin.

The calvarium was removed and the dorsal-nasal bone removed
for examination of nasal tubinates before fixation. Liver
lobes were sliced and kidneys cut transversley, the cut
surfaces were examined before fixation.

9 Multiple, representative portions of large or variable tissue
masses including surrounding unaffected tissue were fixed.

Femoral bone marrow smears were prepared from all animals at
sacrifice, air dried and fixed in absolute methanol for at
least 5 min.

Carcasses of animals were discarded immediately following
4'autopsy and placing in fixative of all tissues listed above.

Processing of Fixed Tissues

The fixation time was no less than 48 h and not more than
12 weeks.

Tissues were trimmed to a maximum thickness of 0.3 cm forprocessing.

Multiple portions of tumours or masses were submitted if these
were large or variable in appearance. Surrounding normal
tissue was included.
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* Parenchymal organs, e.g. liver, were trimmed to allow the
largest surface area possible for examination.

Mid-transverse sections through the entire cortex and medulla
of each kidney were submitted.

* Entire coronal (a transverse section parallel to the long
axis of the body) sections of both right and left lungs
including main-stem bronchi and bronchial lymph nodes were
submitted.

Three cross sections of brain included:

a) frontal cortex and basal ganglia,
b) parietal and cortex and thalamus, and
c) cerebellum and pons

The spinal cord was sectioned in the thoraco-lumbar region.

Hollow organs were trimmed and blocked to allow a cross
section slice from mucosa to serosa.

Tissues listed below were examined from the highest dose group
and next lowest dose group and controls. Additionally liver

* and kidneys were identified as target organs in this pre-
liminary analysis and were examined in all animals.

Tissues were cut at 4-6 Wm thickness and stained with haema-
toxylin and eosin (H and E).

* Except where otherwise indicated, the following tissues were
examined histologically:

Brain (cerebellum
cerebrum
stem)

Spinal cord (thoraco-lumbar)
Peripheral nerve (sciatic)
Eyes
Pituitary
Thyroid
Parathyroid (if possible)

e Salivary glands (submaxillary)
Heart
Lungs
Spleen
Liver
Pancreas
Adrenals
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Lymph nodes (mesenteric
cerival
submaxillary
bronchial)

Kidneys
Bladder
Testes
Prostate
Ovaries
Uterus
Fallopian tubes (if possible)
Stomach (glandular and non-glandular)
Small intestine (duodenum

jejunum
"iileum)

"Large intestine (caecum
colon
re ctumn)

Skeletal muscle (thigh)
Skin (abdominal)
Mammary gland
Any gross lesions
Sternal marrow
Adipose tissue (perirenal)
Aorta
Nasal tubinate
Trachea
Thymus (where feasible)

Statistical Evaluation

Statistical evaluation of quantitative data was performed
where it seem appropriate. Males were treated independently
of females. The level of probability chosen as significant
was P<0.05, but in any case the actual level is reported. For
evaluation of mean differences a "two tail" distribution was
used.

_/'
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SD g e RESULTS

Dosing commenced: 15 December 1980

Duration of dosing: 13 Weeks
Date of termination: 16 March 1981

S* Mortality

There were only 3 premature decedents in the study as follows:

One male receiving 150 mg HMX/kg/day in Week 9 of dosing.
• One control female which died at blood sampling during

Week 13.
One female receiving 1500 mg HMX/kg/day in Week 1 of
dosing.

Clinical Signs

There was a number of clinical signs seen during the study
which were not thought to be dose related. These included
areas of alopecia, red or black encrusted eyes and yellow or
"brown staining of the fur and were present only in a few
animals from treated and control groups alike. No clinical

* signs were observed which could have been attributed to dosing
with HMX.

Incidence of Palpable Masses

Only one animal developed palpable masses in the study: A
* male receiving 150 mg HMX/kg/day.

Body Weights

Group mean body weights are presented numerically in Table 1
and graphically in Figures 1 and 2.

Males

There was a dose related reduction in group mean body weight in
rats receiving HMX from Day 4 onwards. Body weights were
statistically different from controls (P>0.05 for Group 2 and
P>0.001 for other treated groups) in the first 4 weeks of
study. Thereafter significance reduced at lower dose levels
until termination when significance levels were P>0.05 for
Groups 3 and 4, P<0.01 for Group 5 and P<0.001 for Group 6.
There was a variable degree of statistical significance in
treated groups during the study although Group 6 had statisti-
cally significantly reduced mean body weight (P>0.001) at each
week from the start of the study.

5261
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Body weight gains were 98, 94, 92, 89 and 85% of controls at
the end of the study for Groups 2-6 respectively.

Females

"A similar situation occurred in females as in males, also with
body weights of females receiving 1500 mg HMX/kg/day having a
statistically significantly reduced body weight (P<0.001) each
week from the beginning of the study.

Body weight gains were 101, 73, 87, 89 and 70% of controls for
Groups 2-6 respectively.

Food Consumption

Group mean food consumptions are presented in Table 2.

Food consumption was markedly reduced in Week 1 of study in
both sexes of all groups receiving HMX, the food consumed by
Group 6 male and female rats being 67 and 57% of that consumed
by the respective controls in that week. This difference
reduced as the study progressed until Week 12, in the case of
males, and Week 10, in the case of females, with the treated
groups eating the same as or more than the controls.

Total food consumption over the 13 weeks of treatment was,
however, reduced in a dose related trend compared to control
groups.

Water Consumption

Visual assessment of water consumption revealed no intergroup
"differences.

O•phthalmic Examination

(i) Observations before dosing; These were limited to
"occasional pitting, scarring or opacity of the cornea.
Such abnormalities are typical of laboratory rats at this
developmental stage.

"(ii) Results during Week 13 of treatment: No effects that
could be attributed to dosing with HMX were observed.

Achieved Dosage

Achieved dosages are presented in Table 3.

"I
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The mean achieved dosaqe over the 13 weeks of treatment for each
group receiving HMX fell within 3% of nominal. Palatability
effects meant that significant variations from nominal values
occurred in the first 3 weeks of the study (up to 30% above
nominal).

Analysis of HMX Concentrations in Formulated Diet

Results are presented in Table 4.

Apart from minor discrepancies most found levels in diet
correlated well with theoretical values. There were, however,
2 exceptions. Firstly in Group 69 diet mixed on 15 December

* 1980, which was required to contain 12577 ppm HMX and was found
to contain 4997 ppm HMX. Analysis of the archive sample
revealed a concentration of 4386 ppm HMX. Because all the
records concerned are in order this discrepancy was not readily
explicable. Analysis of Groups 2 and 39 diets sampled on 29
December 1980 showed that there was a distinct possibility of

* the 2 diets having been interchanged, although, because again
records are in order, it is not possible to state where this
interchange took place.

Laboratory Investigations

Laboratory investigations were undertaken on blood and urine
samples taken from 10 males and 10 females in high and control
dose groups during Weeks 5 and 12 of treatment.

Results for haematology are summarised in Tables 5 and 6 while
individual values are presented in Appendices 3 and 4.

Results for clinical chemistry are summarised in Tables 7 and 8
while individual values are presented in Appendices 5 and 6.

Results of urinalysis are summarised in Tables 9 and 10 while

individual values are presented in Appendices 7 and 8.

Haematology

(i) Results during Week 5 of dosing (Table 5, Appendix 3).
Significant reductions in haemoglobin (Hb) levels and
packed cell volume (PCV) (P<0.001) in males and females
receiving 4000 and 1500 mg HMX/kg/day respectively were
seen. Other parameters fell within normal ranges except
for isolated cases.

9631
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(ii) Results during Week 12 of dosing (Table 6, Appendix 4).
Significant reductions were seen in Hb, PCV and red blood
cell (RBC) levels (P<0.Ol) in females receiving the high
dose level of HMX, with corresponding reductions, though
not significant, in the same parameters in males. Slight
rises in methaemoglobin in both males and females

receiving high dose of KMX were seen, significant
(P<0.05) in males only. Female white blood cell (WBC)
count was significantly raised (P<0.05) probably
reflecting significant increases (P<0.05) in
neutrophils.

Other parameters fell within normal ranges except for
isolated cases.

Clinical Chemistry

(i) Results during Week 5 of dosing (Table 7, Appendix 5).
There were increased alkaline phosphatase levels in males
and a marginal increase in females (P<0.01 in males only)
receiving 4000 or 1500 mg HMX/kg/day. There was also a
reduced ALT level in males receiving 4000 mg HMX/kg/day
"(P<0.01). A significant increase was also seen in BUN
levels of females receiving 1500 mg HMX/kg/day. Albumin
levels were also increased in males receiving 4000 mg
HMX/kg/day (P<0.001). Except for isolated cases other
parameters were considered to fall within normal
reference ranges.

(ii) Results during Week 12 of dosing (Table 8, Appendix 6).
Significant increases were seen in AP levels in males
(P<0.001) and females (P<0.05) receiving the top dose
level of HMX and also in albumin levels in females
(P<0.001). The male control value for AP was rather
lower than normally anticipated for animals of this age
and thus the results should be interpreted with caution.
Total protein levels of females receiving 1500 mg
HMX/kg/day also showed a slight increase (P<0.05) in line
with the raised albumin levels. BUN levels were also
"raised significantly (P<0.001) in females receiving 1500
mg HMX/kg/day. Other parameters were considered to be
within normal ranges except for isolated cases.

Urinalysis

* (i) Results during Week 5 of dosing (Table 9, Appendix 7).
Females rats receiving 1500 mg HMX/kg/day showed a

C-• reduced pH and specific gravity (SG) with a corresponding
increase in urinary volume. Males did not show this
trend. Other parameters were considered to fall within

-. ~normal ranges.

'.V

. . -
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S(ii) Results during Week 12 of dosing (Table 10, Appendix 8).
Female rats receiving 1500 mg HMX/kg/day showed a reduced
pH and SG with a corresponding increase in volume. In
addition to this effect fern-like crystals were noted in
urine of males and females receiving 4000 or 1500 mg
HMX/kg/day but not in controls.

Terminal Studies

Gross and Histopathological Findings

Findings for individual animals are presented in
* Appendix 9.

No macroscopic lesions were observed which could be
attributed to dosing with HMX. There were a number of
lesions found on histopathological examination of the 2
highest dose and control groups but these were consistent

* with the age and strain of rats.

There were, however 2 lesions found which exhibited a
dose related trend. These were found in liver and
kidneys which were recognised as target organs and
histopathologically examined in all other animals (see

* below).

Toxic changes in the liver were characterised by enlarged
cells, mainly in centrilobular areas, with large, pale
nuclei and dark, granular, eosinophilic cytoplasm. In
some areas there was dilation of the sinusoids and small

* foci of necrosis.

This liver effect was most marked in males, all males
receiving 450 or 4000 and 90% of males receiving 1350 mg
HMX/kg/day exhibiting the condition.

* Only one female receiving 270 mg HMX/kg/day showed the
effect.

Tubular changes in kidneys were seen mostly in females
receiving the higher dose levels of HMX and were
characterised by focal atrophy and dilation of the
tubules. Males also exhibited this condition but to a
considerably lesser extent and one female control rat
also showed this change.

UV
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"Toxic Liver and Tubular Kidney Changes

Group 1 2 3 4 5 6

Males
Dose Level 0 50 150 450 1350 4000
(mg/kg/day)

No. Examined 20 20 19 20 20 20
S~Toxic Liver

Change 0 0 2(11) 20(100) 18(90) 20(100)

Tubular
Kidney Change 3(15) 0 2(10) 1(5)

Females

Dose Level
(mg/kg/day) 0 50 115 270 620 1500

No. Examined 20 20 20 20 20 19

Toxic Liver
Change 1(5) 0 0

Tubular 1(5) 0 1(5) 4(20) 13(65) 10(50)
Kidney Change

(Figures in brackets are % figures)

Organ Weights

Group mean absolute and relative organ weights are pre-
sented in Tables 11 and 12 while individual absolute
values are presented in Appendix 10.

Males

"Body weights of males were reduced in a dose related trend
being statistically significant in males receiving 1350
(P<0.05) or 4000 mg HMX/kg/day (P<0.001) at termination.
Consequently a number of organs showed changes in absolute
weights not seen relative to body weight. Absolute
adrenal weights in all treated groups were significantly
reduced (P<0.001) while relative adrenal weights showed a
reduction but at variable and dose independent signifi-
"cance leve.:s.

4 0399
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There was a dose related increase in relative brain
weight, significant in animals receiving 1350 (P<0.01)
or 4000 (P<0.001) mg HMX/kg/day; thus increase was
not shown by absolute values.

Absolute heart and kidney weights were also reduced
* significantly at the 2 highest dose levels but these

changes were not seen in relative weights.

There was a dose related reduction in absolute spleen
weight, significant in groups receiving 150, 450, 1350
or 4000 mg HMX/kg/day (P<0.001). This trend was also
seen in relative spleen weights, the weights being
significantly different from controls in animals
receiving 50 (P<0.05), 150, 450 (P<0.01), 1350 or
4000 (P<0.001) mg HMX/kg/day.

Testes showed a dose related reduction, significant in
all treated groups (P<0.001), compared to control
animals. This trend was not seen relative to body
weight.

Females

Body weights were significantly reduced in females
receiving 1500 mg HMX/kg/day (P<0.001) and so once
more changes were seen in absolute weights which were
not reflected relative to body weight. Relative
adrenal weights in all treated groups were signifi-
cantly different from controls but at variable levels
of significance, this trend was also seen in absolute
weights but significance was very variable.

Absolute brain weights were significantly increased
in females receiving 115, 270, 620 (P<0.01) or 1500
(P<0.05) mg HMX/kg/day. Relative brain weights also
showed a dose related increase in rats receiving 270
(P<0.01), 620 or 1500 (P<0.001) mg HMX/kg/day.
Absolute heart weights showed a reduction, signifi-
cant in rats receiving 620 (P<0.05) or 1500 (P<0.001)
mg HMX/kg/day; this was not seen in relative weights.
Absolute kidney weights were significantly increased
in female rats receiving 115 and reduced in females
receiving 1500 mg HMX/kg/day both (P<0.05) while
relative kidney weights showed a dose related in-
crease in females receiving 115 (P<0.05), 270 (P<0.01),
620 or 1500 (P<0.001) mg HMX/kg/day. Relative liver
weights were increased in females receiving 115
(P<0.05), 620 or 1500 mg HMX/kg/day (P<0.01) this
was not seen in absolute weights.

6
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Lungs showed a significant increase in weight in rats
receiving 1500 mg HMX/kg/day (P<0.05) relative to
body weight but not in absolute terms.

Females receiving 1500 mg HMX/kg/day showed reduction
in absolute spleen (P<0.05) and ovary (P<0.001)
weights not seen when expressed relative to body
weight.

No other dose related effects were seen in any other
organs.

5,-
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* DISCUSSION AND CONCLUSIONS

There was a treatment relatee reduction in growth rate in male
and female rats receiving HMX but the significance reduced
after the first 4 weeks of the study. The high statistical
significances at the beginning of the study were probably due

* to unpalatability of the high concentrations of HMX in the
diet. This theory is backed up by the food consumption
figures which were very low at the start of treatment but
improved throughout the study. Total food consumed was
reduced in a dose related fashion mainly because of the low
intake in the first 4 weeks of treatment.

Haematological examination revealed evidence of reductions in
Hb, PCV and possibly RBC. The consistency of the observations
suggests the effects were real and probably attributable to
HMX. The alterations were not, however, very great and are
unlikely to be of much biological significance per se. The

• increase in methaemoglobin at Week 12 could be attributable to
HMX since its nitrate content could lead to methaemoglobin
formation in broadly the same manner as sodium nitrate. The
changes in leucocyte counts were neither large nor consistent
and since rapid changes in these parameters can occur for a
wide variety of reasons the evidence that they were the result

* of treatment of rats with HMX is rather tenuous.

Clinical chemical observations showed an increase in alkaline
phosphatase activity. This could have been associated with
the liver changes identified histopathologically although the
liver changes in females were much less apparent than in males

* while generally speaking AP activity showed less evidence of a
difference between the sexes.

The increase in BUN in female rats was very slight but could
be consistent with the presence of renal damage. There was
little evidence of either change in male rats. Increases in
total protein and albumin occurred sufficiently consistently
to suggest a relationship to dosing with HMX. While it is
possible to hypothesise a relationship with renal and hepatic
changes, there are insufficient data to speculate construc-
tively on the nature of that link.

The increases in urine volume, lower pH and lower SG found on
urinalysis of the females might be anticipated when the
histopathological changes are taken into consideration.
Neither effect occurred in male rats suggesting a difference
between the sexes in response to dosing with HMX.
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When significant body weight changes occur it is extremely
difficult to interpret organ weight changes (either absolute

h or relative). The majority of changes reflected to some
degree the body weight trends, and thus the significance of
the minor changes seen in spleen, adrenal, testes and ovary
weights, is questionable. However, female brain weights were
increased and while a change in proportionate body weight is
not normally expected (brain weight tends to be related to age
rather than body weight) the rise can be interpreted either as
an effect of the compound or an effect of a lower than normal
control group brain weight. Regrettably there are insuf-
ficient background data in this laboratory to support or
refute the latter contention.

Histopathological evaluation indicated hepatic changes in male
rats and renal changes in female rats. These seemed to
correlate with AP activity increases (though both males and
females displayed this) and the urine changes in female rats
(increased volume, lower pH and lower SG). There was no
evidence of toxic liver change in male rats at 50 mg/kg/day or
of renal effects in the female rats at 115 mg/kg/day or of
renal effects in the female rats at 115 mg/kg/day or less.
The different target organs in the 2 sexes could be due to a
difference in metabolism of HMX between them.

In conclusion, dosing of HMX to male and female F344 rats for
90 days via the diet results in a slight reduction in red cell
parameters and possible methaemoglobinaemia. The most
significant changes were toxic liver damage in male rats at
doses of 150 mg HMX/kg/day and above and renal tubular damage
in female rats at 270 mg HMX/kg/day and above. Other effects
were of doubtful significance or most likely to be secondary
to the hepatic and renal damage.

!I .
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TABLE 4

HMX: 13 Week Toxicity Study in Rats

Analysis of HMX in Dietary Formulations

Id
• 9

Date Deviation Deviation
Concentration (ppm) from Concentration (ppm) from

Nominal Nominal
Group Nominal Found M Nominal Found M

2 420 409 2.6 415 438 5.5

3 1250 1274 1.9 864 877 1.5

15 December 1980 4 3930 3936 0.2 2305 2309 0.2
Week 1 5 11520 11293 2.0 5151 5019 2.6

6 33600 32925 2.4 12577 4997 *

2 450 426 5.3 431 408 5.3

3 1400 1419 1.4 1080 1149 6.4

22 December 1980 4 4345 4357 0.3 2916 2795 4.2
Week 2 5 12921 13166 1.9 6526 6721 3.0

"6 37538 36915 1.7 15833 16580 4.7

2 480 482 0.4 467 964 *

3 138• 1494 7.6 1062 540 *

"29 December 1980 4 4288 4655 8.6 2527 2776 9.9
Week 3 5 12764 12959 1.5 5654 5929 4*9

6 36500 34104 6.6 13065 13817 5.8

2 506 549 8.5 474 533 12.4

3 1482 1449 2.2 1114 1156 3.8

5 January 1981 4 4500 4532 0.7 2614 2487 4.8
Week 4 5 13331 13775 3.3 5850 6020 2.9

6 38000 36757 3.3 13893 13607 2.1

2 659 607 7.9 561 598 6.6

3 1982 1811 8.6 1294 1272 1.7

26 January 1981 4 5732 5308 7.4 3076 3056 2.7
Week 7 5 17441 16966 2.7 7027 7011 0.2

6 49325 46616 5.5 16565 15033 9.2

2 715 698 2.4 606 590 2.6

% 3 2158 2115 2.0 1377 1345 2.3

16 February 1981 4 6448 62r8 2.7 3348 3297 1.5
Week 10 5 19105 16582 13.2 7372 7295 1.0

6 53864 52468 2.6 18289 17463 4.5

S2 729 716 1.8 618 661 7.0
3 2214 2157 2.6 1377 1350 2.0

9 March 1981 4 6385 6437 0.8 3499 3553 1.5Week 13 5 18942 18744 1.0 7678 7617 0.8

6 54105 55405 2.4 17520 17730 1.2

= See results section

AZ
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FIGURE I

HMX: 13 Week Toxicity Study in Rats

Group Mean Body Weights (Males)
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FIGURE 2

HMX: 13 Week Toxicity Study in Rats

Group Mean Body Weights (Females)
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APPENDIX 1

Diet Analysis

D.P. NUTRITION (U.K.) LTD.

SPECIAL GUALITY CONTROL OF LABORATORY ANIMAL DIETS

CERTIFICAT .E OF ANALYSISC 310EC98
PRODUCT: RAT & 14OUSE NO. 1 (MODIFIED) EXPANDED E'INiE GROUN4D.........

BATCH NO: 1021 PRkEMIX BATCH NO: P120

DATE OF MANUFACTURE: 27TH NOVEMBER 1980 FudLmto

Nutrient Found Analysis 0wontainant Aondlsi Demciton

Moisture 8.7 %Floorine 5.3 Mgrko 10.0 mngfkg

Crude Fat 3.4' % Nitrate as NaNO3 41.0 mg/kg 1.0 mgfkg

Crude Pirweion 15.4 %Nitrite as NaNO2 1.4 mg/kg 1.0 mg/kg

Crude Fibre 2.9 %Lead A.1.0 mg/kg 1.0 mg/kg

*Ash 4.6 %Arsenic 0.11 mg/kg 0.2 mglkg

Calcium 0.88 % Cadmium 0.25 mg/kg 0.2 mg/kg

Phosphorus 0.611 % Mercury 'L0.01 mg/kg 0.01 mg/hg

-- diumn 0.19 % Selenium 0.13 mg/kg 0.02 mg/kg

Chlorine 0.51 %

Pollss~iur 0.92 %

Magnesium 0.16 % Total Aftatoxins NONE DETECTED ug/kg I ug/kg
each of

roin 173 Mpng 81.82,131,132

Copper 12 mg11,g

Manganese 52 rg"02
Zn36og Total P.C B. NONE DETECTED mg/kg 0.001 mg/kg

*Zn36Total DODT. 0.005 mng/kg 0 001 mg/kg

Oseldrin 0.001 mgtkg 0 001 rng.'g

Ltndane 0.004 mg/kg 0.001 mg/kg

Heptachlor NONE DETOCTED mg/kg 0.001 rn.)/kg

Malathion NONE DETECTED mg/kg 0 C2 mgNg

Vitamn A 5~Q iit~g Total Viable3
Viai 50iig Organisms (1.0 x 10 3 per grin tODO/g

V tamin E 70 mngfkg

Vitamin C mng/kg Mesophilic 2
spores 2.5 x 10 per grin 1001i;

"repeat 3.5 Salmonella@
Species NONE DETCCTEO per grin Absent in

20 grin

PresuptveAbsent in

E- Coll Type I HONE DETECTED Per gri 10 grin

Fungal Units NONE DETECTED per grmn Absent in

Antibiotic 10 grin

Srric -, .P. Nutrition (U K) Limited
2ao .. 2z ,L/.• -1, ig.......... Stepfield.

Dau~a .. Witham.

f,0PýV Bn''reg~pi, ce A& .C -p... M M 0- n,, 4 'ihn

ne
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! APPENDIX 2

5'.*. Water Analysis

• I i i I *. . I*

' " - , I "

•- -q• .

. -• . .• . --I 2.,
Ik ., -~ -i - -

i.ii . - v

"-S I : ii !

L *'. - i I• : .,

S I.-°•
!-I, " ' 4'

[_,__ 
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APPENDIX 2 (continued)

Organochlorine Pesticides

alpha - B.H.C. HULT 5 ng/1
gamma - B.E.C. NDLT 5 ng/l.
Heptachlor NULT 10 ng/1
Aidrin NULT 10 ng/J.
Dield~rin NULT 20 ng/h
p.p.-D.D.T. NULT 10 n&/A

Polyruclear Aromatic Hydrocarbons

Fluorantheno NDLT 5 cg/1
B ernzo (ghi) perylene NDLT 1 ng/h
Benzo Wk fluoranthen. NULT I ng/
2,13.2 - phenylenepyrene NULT 1 noh
Benzo (b) fluoranthene NULT I ng/i
Benzo (a) pyren. NULT 1 no/

Total PAH NULT 10 ng/ti

Polychlorinated biphenyis

N`DLT 200 n&' expressed an AROCHIOR 1248

NDLT = Not detected, lesa than

Sign~ed:

'p ~P.S. WA?7IICtSE,
for: I .C .L.S. LABORATCRIES LIKqTE
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APPENDIX 9

HMX: 13 Week Toxicity Study in Rats

.4 Clinical Signs, Gross and Histopathology for

Individual Animals

Abbreviations Used:

KIE - Killed in extremis

FD - Found Dead

TK - Terminal Kill

NAD - No Abnormalities Detected

HE - Haematoxylin and Eosin

"N.B. In all instances only those tissues showing abnormality
are reported.

S0873
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APPENDIX 11

HMX: 13 Week Toxicity Study in Rats

Analysis of HMX in Formulated Diets

Materials

1,3 Dinitrobenzene (Organic Analytical Standard Grade) BDH
Chemicals Ltd, Poole, England.

Acetonitrile (HPLC Grade) Rathburn Chemicals Ltd, Walkerburn,

Scotland.

Method

A suitable weight of diet (2.5 g or 5 g) was weighed accurately
into clean glass 8 oz jars. To this was added I ml of internal
standard solution (dinitrobenzene in acetonitrile at a suitable
concentration) and 50 ml of acetonitrile as extracting solvent.
The jars were shaken mechanically for 1 h then left to settle,
preferably overnight. A suitable aliquot was transferred to a
sample vial and analysed by HPLC.

Standard solutions of HMX were prepared by adding a known
amount of HMX (equivalent to that of the group being analysed) •.
to a sample of untreated diet. These were treated with
internal standard solution and extracting solvent as described
for the formulated diet samples. v
Three quality control samples were included with each batch of
test samples and standards. For this purpose a solution of HMX
in acetonitrile was prepared by an independent analyst and
these solutions used by the analyst to spike blank diet samples
in exactly the same way as the standards. -:*

HPLC Conditions

Instrument: Hewlett Packard 1084B with variable wave-
length detector and automatic sampler.

Column: 100 x 5 mm stainless steel packed with ODS

Hypersil (5 g).

Solvent: Acetonitrile:Water (40:60 v/v).

Flow: 1.5 ml/min.

-*A5%
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APPENDIX 11 (continued)

Oven Temperature: 400 C.

Wavelenth: 228 ran.
-'S

Attenuation: 25-28.

Chart Speed: 0.5 cm/min.

0647
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APPENDIX 12

Methods and Units used in Laboratory Investigations

Haematology

* Parameters Method Units

Haemoglobin: (Hb) Drabkin, D.L. and Austin, J.H.
J. Biol. Chem., 98, 719, (1932). g/dl

Total Red Blood Coulter Counter, Coulter 12
* Cell Count: (RBC) Electronics Ltd. x 10 /1

Packed Cell Modified Strumia, M.M. et al,
Volume: (PCV) Amer. J. Path., 24, 1016,--(-954). %

Absolute Values:0

Mean Cell
Volume: (MCV) fl

Mean Cell
Haemoglobin: Haematological Slide Rule

S(MCH) pg

Mean Cell Haemo-
globin Concen-
tration: (MCHC) g/dl

* Reticulocyte Visual appraisal using new
Count: methylene blue vital staining. %

Total White Blood Coulter Counter, Coulter 9
Cell Count: (WBC) Electronics Ltd. x 10 /1

Differential White Visual appraisal of stained
Cell Count: film. (May-Grunwald and 9

Giemsa Stain.) x 10 /1

Hepato Quick: Tryding, N.u.a., Farmakoterapai,
(Boehringer) 25, 27, (1969). sec

•1113

- .
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APPENDIX 12 (continued)

Clinical Chemistry

Parameters Method Units

Urea: (BUN) Karmen, A., J. Clin. Invest.,
34, 131, (1955). Adapted for
centrifugal analysis. mmol/1

Glucose: Barthelmai, W. and Czok, R.,
Klin. Wochschr., 40, 585, (1962). mmol/1

Aspartate Trans- Enzyme Commission of the German
aminase: (GOT) or Society for Clinical Chemistry.
(AST) Z. Klin. Chem. Klin. Biochem.,

10, 281, (1972). Adapted for
centrifugal analysis. IU/I

Alanine Trans- Enzyme Commission of the German
aminase: (GPT) or Society for Clinical Chemistry.
(ALT) Z. Klin. Chem. Klin. Biochem.

10, 281, (1972). Adapted for
centrifugal analysis. IU/I

Lactate Dehydro- Enzyme Commission of the German
genase: (LDH) Society for Clinical Chemistry.

Z. Klin. Chem. Klin. Biochem.,
10, Jg., 281-291, (1972).
Adapted for centrifugal analysis. IU/i

Sodium: (Na) I.L. flame photometer mmol/1

Potassium: (K) I.L. flame photometer mmol/l

Total Protein: Henry, R.J., Sobel, C. and
Berkman, S., Anal. Chem., 29,
1491, (1957). Adapted for

. centrifugal analysis. g/l

Albumin: Rodkey, F.L., Clin. Chem., i1,
"478, (1965); Dow, D. and Pinto,
P.V.C., Clin. Chem., 15, 1006,
(1969). g/l

Alkaline Enzyme Commission of the German
Phosphatase: (AP) Society for Clinical Chemistry.

Z. Klin. Chem. Klin. Biochem.,
10, 251, (1972). Adapted for
centrifugal analysis. IU/I

0347
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APPENDIX 12 (continued)

Urinalysis

Parameter Method

pH: Boehringer BM8 Test Strips

Specific Gravity: Refractometer

Protein: Boehringer BM8 Test Strips

Glucose: Boehringer BM8 Test Strips

Ketones: Boehringer BM8 Test Strips

Blood: Boehringer BM8 Test Strips

Bilirubin: Boehringer BM8 Test Strips

Urobilinogen: Boehringer Test Strips

Microscopy: Urine samples centrifuged at 1,000 rpm for
10 min and spun deposit examined for:

epithelial cells (E)
crystals (CR)
white blood cells (W)
erythrocytes (R)
organisms (0)
casts (C)
abnormal constituents (A)

For the sake of clarity only the initials
E, CR, W, R, 0, C and A are used in the
tables of results.

NB Scoring for qualititative urine tests is:

0 = negative
I = trace amount
2 = small amount
3 = large amount

Colour: Y = yellow
G = green
P = pale
D = dark

5019
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