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it SUMMARY
-- ~ 1 4 C _~

Oral Administration of C-HMX (500 mg.kgl) to Rats and Mice
j-

Following oral administration of 14 C-HMX to the rat, radioactivity was
rapidly eliminated mainly in the faeces. Thus during 4 days, 85% was
eliminated in the faeces, 4% in the urine, anJ 0.7% retained in the animal
body. During 48 h ca 0.5% was eliminated as W4CO2 .

Following oral administration of 14 C-HMX to the mouse, radioactivity was
rapidly eliminated mainly in the faeces. Thus during 4 days, 70% was
eliminated in the faeces, 3% in the urine, f•d 0.6% retained in the animal
body. During 48 h ca 1% was eliminated as CO2.

* Following oral administration of 14 C-HMX to the rat and mouse, plasma
levels of radioactivity were very low indeed and at peak plasma levels (6 h
post dose 6-10 Pg.ml') less than 0.1% of the administered dose was present
in the plasma circulation.

Thin layer chromatographic analysis of the radioactivity T•iminated in the
faeces of rats and mice following oral administfition of C-HMX, showed
that faecal radioactivity was mainly unchanged C-HMX.

Intravenous Administration of 4C-HMX (2 mg.kg') to Rats

Following intravenous administration of 14C-HMX to the rat, radioactivity
4 was rapidly eliminated mainly in the urine. Thus during 4 days, 61% had

been eliminated in the urine, 3% in the faeces andl4% retained in the
animal body. During 48 h ca 6% was eliminated as CO2 . A proportion
of the administered radioacivity was even more slowly eliminated. During
3-4 days post dose only 0.6% was eliminated in urine and faeces.

a8 Following intravenous administration of 14C-HMX to the rat, plasma levels
of radioactivity increased during 1 h post dose and peak levels (1 lig

•, equiv.mll male and 0.5 Pg equiv.mll females) were maintained for 6 h. At
24 h levels of radioactivity had fallen significantly (0.2 wg equiv.mli),
thereafter levels of radioactivity in plasma fell very slowly.

A comparison of urine and plasma ly•els of radioactivity following intra-
venous and oral Oministration of C-HMX to rats suggested that <5% of
an oral dose of C-HMX had been absorbed following the oral adminis-
tration.

J~ssue concentrations of radioactivity following an intravenous dose of
C-HMX were generally higher than plasma. Highest concentrations were

observed in liver and kidney and lowest levels in brain.

Examination of the nature of metabolites eliminated in urine and faeces
and retained in tissues and plasma showed significant and rapid metabolism
of 14 C-HMX to very polar components.

l
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INTRODUCTION

As part of the biological safety evaluation of HMX (a high explosive), the
toxicity of the substance has been investigated in rats, mice and rabbits
(IRI Project No. 415669).

NO2I'. I

C H N _ CH,

I
ON-NN--NO 2

NO2
-NN

14e present study investigates the metabolism and pharmacokinetics of
C-HMX in the rat and the mouse.

Investigations in t)e first instance were limited to studies following oral
adminlatration of 1C-HMX. Results of these investigations suggested
that C-HMX was poorly absorbed by the oral route, the studies were
therefore extended to include examination of the pharmacokinetics of 14C_
HMX in the rat following the intravenous route of administration.

The studies were performed according to the following protocols:

415669PK: The pharmacokinetics of 14C-HMX following oral
admiistration to the rat and mouse.

415669PK First Amendment: The pharmacokinetics of 14C-HMX
following intravenous administration to
the rat.

415669PK Second Amendment: Not performed.

415669PK Third Amendment: The pharmacokinetics of 14C-HMX
following intravenous administration to
the rat. Analysis of individual tissues.

415669PK Fourth Amendment: Further investigation of urinary 14 C-HMX
metabol i tes.

415669PK Fifth Amendment: Investigation of the nature of radio-
activity in rat tissyis following a single
intravenous dose of C-HMX.

'.
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These studies were performed at the following locations:

Elphinstone Research Centre, field station of Inveresk Research
International and Inveresk Gate, Musselburgh.

Time of initiation: 17 September 1980
Time of completion: 7 January 1983

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

I V

,'o
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EXPERIMENTAL PROCEDURES

Materials

Carbon-14 labelled HMX, (93.3 mg, Batch No. 1221-068, 5.93 mCi.m mole')
was received from New England Nuclear on 29 August 1980. The compound was
received in the form of a yite crystalline solid and was stored deep
frozen. The structure of 14C-HMX is shown below.

NO2

:,..-.Czl-•N- ý CH2

OpN--N N -N02
.' %?

a:."

N0' N CH 2

NO2

Non-radioactive HMX and RDX were received from the Royal Ordnance Factory
as white suspensions containing approximately 20% (w/w) water foV'the
preparation of analytical standards and for the dilution of the "4C-HMX.
Both HMX and RDX were dried to a constant weight in a water-heated oven
before use.

• ;"Unisolve" liquid scintillation fluid was obtained from Koch-Light
Laboratories Limited, Colnbrook, U.K.

. Dimethylsulphoxide (DMSO) used in intravenous dosing, was supplied by BDH
Chemicals Ltd., Poole, Dorset, U.K.

CarbosorbR CO2 absorbing solution and Permafluor VR scintillation
fluid were used in conjunction with the Packard Tri-Carb 306 sample
oxidiser, and were supplied by Packard Instrument Company Inc., Illinois,
U.S.A.

Standards containing a known amount of carbon-14, used to estimate
efficiencies of combustion, were obtained from the Radiochemical Centre,
Amersham, U.K.

Hypersil, Hypersil ODS (5 Pm diameter), Partasil and Co-Pell ODS (20 .Im
diameter), packing materials for HPLC, were obtained from Shandon Southern
Products Limited, Runcorn, Cheshire.

Mobile phase solvents for HPLC were of HPLC grade.

All other reagents used were of analytical reagent grade.

* 4. .~%
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Pre-coated silica gel TLC plates (60 F2 5 4 , layer thickness 0.25 mm) were
supplied by E. Merck, Darmstadt, Germany.

X-ray film (KodirexR), developer (DX-80) and fixer (FX-40) were obtained
from Kodak Limited, U.K.

Specific Activity and Radiochemical Purity of 14C-HMX
14 C-HMX (93.3 mg) was received from New England Nuclear at a stated

specific activity of 5.93 mCi.mmolV (Appendix 1).

Two batches of 14C-HMX were prepared, one of low specific activity for
oral administration and one of high specific activity for intravenous
administration.

For the low specific activity material 14 C-HMf 4 (49.9 mg) was diluted with
HMX (9.86 g) in acetonitrile to yield 9.79 g C-HMX of specific activity
0.905 4Ci.mg' (26.80 pCi.mmol-).

For the high specific activity material 14 C-HMX was used undiluted. The
* specific activity was measured at IRI and found to be 17.65 pCi.mg• (5.22

mCi.mmoll) and this was the figure used throughout.

Specific activities were determined by U-V spectrophotometry at 225 nm and
scintillation counting.

* The radiochemical purity of both batches of the prepared 14 C-HMX were
estimated using TLC in 2 of the following solvent systems.

a) Dichloromethane:acetonitrile (80:30, v/v)
b) Petroleum ether (60-80 0C):acetone (60:36, v/v)
c) Petroleum ether (40-60'C):acetone:acetonitrile (60:35:20, v/v/v)

The radiochemical purity of the high specific activity material was
assessed as 99.0% and 99.0% pure in solvent systems a and b respectively.
The radiochemical purity of the low specific activity material was assessed
as 98.3% and 99.4% pure in solvent systems a and c respectively.

Animals and Husbandry

Animal Receipt

For studies involving the oral administration of 14C-HMX to rats,
121 and 12ý Fischer 344 rats were received from Charles River U.K.
Limited on 30 September 1980. Mean body weights on arrival were
142 g (4) and 114 g (9). A further 51 and 5ý Fischer 344 rats were
received from Charles River, U.K. Limited, on Wednesday 22 October
1980. Mean body weights on arrival were 150 g (3) and 138 g (Y).

c "i • " •-• -••i-• • - . - .o '. .- -" . o • .- ,•i• ,- :-.,i i• •• •:/; ,; ,o• <
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For studies involving the oral administration of 1 4 C-HMX to mice,
323 and 32! B6C3F mice were received from Charles River U.K. Limited,
on 7 October 1980. Mean body weights on arrival were 21 g (N)
and 18 g (d).

For studies involving the intravenous administration of 1 4C-HMX to
rats, 21d and 199 Fischer 344 rats were received from Charles River
U.K. Limited, on 7 May 1981. Mean body weights on arrival
were 122 g (d) and 120 g (9).

Husbandry

All animals were received at Elphinstone Research Centre, field
station of Inveresk Research International Limited. They were
uniquely earmarked on arrival and were allowed one week acclimatis-
ation period before dosing. Quarantine restrictions were maintained
throughout all animal studies.

After dosing, those animals used in plasma level studies were housed
individually in polycarbonate cages with raised mesh floors to inhibit
coprophagy. Animals used in balanced excretion studies were housed
individually in glass metabowls specially designed for the separate
collection of urine and faeces. Except for an 18 h pre-dose fast
animals were fed on BP Nutrition Rat and Mouse No. 1 Diet. Water was
available ad libitum.

Mean environmental conditions were as follows:-

Rat oral dose studies: Mean temperature was 21°C (range 19-23°C);
mean humidity was 55% (range 50-58%).

Mouse oral dose studies: Mean temperature was 19°C (range 17-21.5°C);
mean humidity was 51% (range 46-57%).

Rat intravenous dose studies: Mean temperature was 22°C (range 18-
24°C); mean humidity was 48% (range 40-55%).

Animal house records are retained in the project archives.

Dose Preparation and Procedure

Oral Administration to Rats

The target dose level or each animal was 500 mg.kg' body weight. Two
•.•. stock suspensions of C-HMX in 0.1% carboxy methyl cellulose (CMC)

solution were prepared at concentrations of ca 23.83 mg.mlV and 250.02
mg.mli. The homogeneity of each suspension Wis maintained throughout
the dosing period by use of a magnetic stirrer. Each animal received
a target of 3 ml of the respective dosing suspension by oral gavage.
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In order to determine the dose delivered to each animal several mock
doses of 3 ml of dose suspension were dispensed throughout the dosing

0 period. These 'mock' doses were subsequently adjusted to a volume of
100 ml with acetonitrile and aliquots were removed for radioactivity
determination. The actual doses received by each animal are given in
Appendix 2.

Oral Administration to Mice

The target dose leve4 for each animal was 500 mg.kg1 body weight. A
stock suspension of ' 4C-HMX in a 1% CMC solution was prepared at a
concentration of ca 23.01 mg.ml 1 and individual doses were dispensed
from this suspension. Due to a significant difference between male
and female mean body weights, the dose volume was different for each

• sex, with the males receiving 0.5 ml and the females receiving
0.42 ml.

Mock doses of both the male and female target dose volumes were
dispensed throughout the dose period for dose determination as above.

* The homogeneity of the dose suspension was maintained throughout the
dosing period by use of a magnetic stirrer. The actual doses received
by each animal are given in Appendix 3.

Intravenous Administration to Rats

The target dose level for each animal was 2 mg.kgi body weight. 14As a
result of different dosing dates, 3 separate dose solutions of C-
HMX in dimethylsulphoxide (DMSO) were prepared. Each rat received 30
wl of the respective dosing solution directly into the saphenous vein
via a 100 0A Hamilton syringe. In order to determine the radio-
activity received by each animal, mock doses were taken throughout the

. dosing period. Each mock dose was subsequently adjusted to 10 ml
with DMSO, and aliquots were removed for radioactivity determination.

This value was used to calculate the dose received by each animal.

The actual doses received by each animal are recorded in Appendix 4.

Note:- Particular oifficulties were associated with the intravenous
administration of `C-HMX. HMX is virtually insoluble in all bio-
logicaly compatible solvents. It was decided therefore to utilise
the miniumum volume of dimethylsulphoxide (DMSO). The normal
procedure of withdrawal of blood into the needle and syringe c?4ld not
be allowed because any presence of aqueous media precipitated C-r HMX. The small volume (30 ul) was injected directly into the vein and
assessment of success was made following the administration as to
whether any of the dose was extravascular.
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Animal Experimentation

Oral Administration to Rats

Ten of the mall rats and 10 of the female rats each received a single
oral dose of ".C-HMX. Following administration, 10 rats (54 and 59

*1 were each placed singly in all glass metabolism cages. In addition,
expired CO2 was collected independently from IS and 19 for a period
of 48 h post dose. Urine for the periods 0-6, 6-24, 24-48, 48-72 and
72-96 h and faeces for the periods 0-24, 24-48, 48-72 and 72-96 h
post dose, were collected and the radioactivity determined. For the
time periods up to 24 h, urine and faeces was collected deep frozen
in solid CO2 cooled containers. At the end of the collection periods,
the animals were sacrificed and the radioactivity in the carcass and
gastro-intestinal tract was subsequently determined.

Blood samples from the remaining 10 rats (51 and 59) were taken from
the tail vein the following times post dose: 0.25, 0.5, 1, 2, 4,
6, 24, 48 and 72 h post dose. Total radioactivity was subsequently
determined in the plasma of each blood sample.

Subsequent to the above a fu1)her 6 male and 6 female rats were each
given a single oral dose of C-HMX. Two male rats and two female
rats were sacrificed at 12, 18 and 24 h post dose by chloroform
inhalation. Blood was removed via the inferior vena cava into
heparinised tubes at sacrifice. Total radioactivity was subsequently
determined in the presence of each sample.

A summary of the above procedures is outlined in Appendix 2.

Oral Administration to Mice

Following administration to 10 mice (54 and 59), each animal was
placed individually in all glass metabolism cages. Expired CO, was
collected from one male and one female animal for a period of 8 h
post dose. Urine for the periods 0-6, 6-24, 24-48, 48-72 and 72-96 h
and faeces for the periods 0-24, 24-48, 48-72 and 72-96 post dose were
collected and the radioactivity determined. For the time periods up
to 24 h, urine and faeces were collected deep frozen in solid CO2
cooled containers. At the end of the collection periods the animals
were sacrificed and the radio-activity in the carcass and gastro-
intestinal tract was determined. A furtherRroup of 48 mice (241 and
"249) were each given a single oral dose of 'C-HMX as described
previously. Six animals (34 and 39) were sacrificed at each of the
following times post dose: 0.5, 1, 2, 4, 8, 24, 48 and 72 h. Blood
was removed from the inferior vena cava and total radioactivity was
determined in the plasma.

A summary outlining the above procedures is recorded as Appendix 3.

,,& __ _
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Intravenous Administration to Rats

T~n rats (54 and 59) were each given a single intravenous dose of
' C-HMX and placed independently in all glass metabolism cages.
Urine for the periods 0-6, 6-24, 24-48, 48-72 and 72-96 h and faeces
for the periods 0-24, 24-48, 48-72 and 72-96 h post dose were collect-
ed and the radioactivity determined. For the time periods up to 24 h,
urine and faeces were collected deep frozen in solid CO2 cooled
incubators. In addition, expired CO2 was collected for 48 h from 2
animals (11 and 19). At the end of excreta collection the 5d and 59
rats were sacrificed. In 34 and 39 rats radioactivity was separately
determined in the carcass and gastro-intestinal tract. In the remain-
ing 4 rats the levels of radioactivity in the following tissues were
determined: gastro-intestinal tract, whole blood, plasma, brain,
lung, heart, liver, kidney, thymus, spleen, fat, skeletal muscle,
bone, testes/seminal vesicles, ovaries/uterus and remaining carcass.

A fyther 10 rats (5d and 59) each received a single intravenous dose
of 'C-HMX. Blood was removed from the tail veins of these animals
at the following times post dose: 2, 7, 15, 30 min, 1, 2, 4, 6, 24,
48 and 72 h. Total radioactivity was determined in the plasma.

[4ght rats (41 and 49) each received a single intravenous dose of
C-HMX. Four rats (21 and 29) were each sacrificed at 2 min and

24 h post dose. Blood was removed from the inferior vena cava for
radioactivity determination. In addition the level of radioactivity
in the following tissues was determined: gastro-intestinal tract,
whole blood, plasma, brain, lung, heart, liver, kidney, thymus,
spleen, fat, skeletal muscle, bone, testes/seminal vesicles,
ovaries/uterus, and the remaining carcass.

A summary outlining the above procedures is recorded as Appendix 4.

Storage of Samples

All biological samples were stored in individual uniquely identifiable
containers, and all samples except plasma were stored deep frozen (-20°)
until taken for analysis. Plasma samples were stored at 4CC for the
minimum time prior to sampling. After sampling, plasma samples were stored
deep frozen.

Quantitation of Radioactivity

Quantitation was analysed using a liquid scintillation analyser (Philips,
Holland), with automatic quench correction by external standard-channels
ratio. Each individual sample was counted for 10 min or for the time taken
to detect 900,000 counts. Where possible, samples were measured at least
in duplicate. Vials were allowed to heat and light stabilise overnight
prior to analyses. Prior to calculation of each result, a background count
rate was determined and subtracted from each sample count rate. A limit of

ig
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reliable determination of 30 dpm above the background count rate has been
instituted in these laboratories. On statistical grounds, errors associ-
ated with the mean of duplicate determinations above this value are less
than 12% (CV). Where results have arisen from data below the limit of
reliable determination the fact is so noted. Similarly, when a result has
arisen from data less than 10 dpm above background, the error is such that

"-* the individual result is outside the 95% confidence limit (i.e. the result
is not significantly different from background). Data resulting from
estimations of less than 10 dpm above background are identified.

Samples were prepared for analysis as follows:

Liquid Samples

Aliquots of urine, plasma, dose determination and residue solutions
were made up to 1.0 ml or 4.0 ml with distilled water if necessary and
mixed with "Unisolve" scintillator (10 ml).

Whole Blood

Whole blood samples (ca 0.2 g-0.5 g) were combusted usim a Packard
"Tri-carb 306 automatic-sample oxi iser. The resultant P2 was col-
lected by absorption in Carbosorb , to which Permafluor VI' scintil-
lation fluid was added. Combustion of standards showed recovery
efficiencies to be in excess of 94% throughout.

Solid Samples

"Whole carcasses of rats and mice were finely chopped prior to homogen-
isation with the addition of CMC (carboxy methyl cellulose) as a
stabiliser.

Faeces and gastro-intestinal tract samples were homogenised in water
with CMC added. Two samples were removed from each, and each subsample
was analysed in duplicate. Aliquots of homogenate (ca 0.5 g) were com-
busted as described for "Whole Blood" above.

Organs and tissues were finely chopped. Duplicate aliquots (ca 0.5 g)
were taken from each, and combusted as described above.

,#.1 TLC Absorbent

Bands of absorbent corresponding to radioactive areas on TLC plates
were removed into scintillation vials containing distilled water (4
ml). The resulting mixture was subjected to ulstrasonication to
disperse the solid phase and "Unisolve" (10 ml) was added to produce a
thixotropic gel suitable for scintillation counting.

.. N P.

.1'• ."
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Examination of the Nature of Radioactivity in Urine, Faeces, Plasma
and Tissue Sample

Urine and faeces obtained from the oral and intravenous dosing studies in
the mouse and rat for the time periods 0-6, 6-24, 24-48, 48-72 and 72-96 h
were pooled separately for male and female animals. Unchanged test sub-
stance was determined in the animals. Additionally the pattern of meta-
bolites was determined in those of the above samples that contained the
highest proportion of radioactivity.

Plasma samples for unchanged test substance analysis were obtained from 8
animals (4W and 4W) at the peak plasma level (for oral dosed animals) or 2
min (for intravenous dosed animals) and 24 h.

Selected urine samples were subjected to enzymatic and chemical decon-
jugation procedures.

SwW •,• - •.'•%f -,,? - .' - ... ' ,. . •... ..-- -. : . .. .- -, , . • , • -% . . , .
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RESULTS

The Pharmacokinetics of Radioactivity Following Oral Administration of
C-HMX (500 mg.kg') to the Rat and Mouse

Rates and Routes of Excretion of Total Radioactivity

Following single oral administration of 14C-HMX (500 mg.kg') to the
rat, radioactivity was rapidly and significantly eliminated mainly in
the faeces. Thus after 96 h, 85% had been eliminated in the faeces,
4% in the urine and only 0.7% retained in the gastQ-intestinal tract
and carcass. (Table 1, Figure 1). In 2 animals, tCO? was col-
lected during the first.8 h post dose. In these 2 animals a mean of
0.5% was eliminated as CO (Table 3). There appeared to be no
difference in the results obtained from male or female rats.

Following single oral administration of 14 C-HMX (500 mg.kgi) to the
mouse, radioactivity was rapidly eliminated in the faeces with only a
small proportion eliminated in the urine. Thus after 96 h, 70% had
been eliminated in the faeces, 3% in the urine and only 0.6% re-
tained in the gastro-intestinal tr#4t and carcass (Table 2, Figure 1).
Similarily in the 2 animals where CO2 was collected~guring the
first 48 h post dose a mean of 1.1% was collected as CO2.

Thus in the rat and the mouse, radioactivity, following oral adminis-
tration, was rapidly eliminated in the faeces. Observed levels in
the carcass and in the urine, however showed that at least a
proportion of the administered dose had been absorbed following oral
administration.

Plasma Levels of Total Radioactivity

Following an oral dose of 1 4C-HMX (500 mg.kg') to rats and mice,
levels of radioactivity in plasma increased slowly during the first 6
h post dose (Tables 4 and 5, Figure 2). Plasma levels of radio-
activity were very low indeed (relative to the dose administered) and
for both species peaked between 6 and 12 pg equiv.ml (Tables 4 and 5,
Figure 2). Assuming a plasma volume of 45 ml.kgl, plasma concen-
trations at peak accounted for only 0.07% of the administered dose in
the whole plasma circulation.

During 24 h to 72 h post dose, levels of radioactivity fell slowly to
(in many cases) below the limit of reliable determination.

A more detailed interpretation of the pharmacokinetics of total radio-
activity is difficult because of data variability with observed levels
being close to the limit of reliable determination.

Note: During the period 6-24 h post dose, peak levels of radio-
activity probably occurred. Additional animals were used to examine
plasma concentration during this period to observe whether these were
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significantly higher than those observed at 6 h ( Table 4b). Levels
of radioactivity observed in these limited numbers of animals were
within the expected range for kinetic animals at 6 h post dose.

Durjig this phase, therefore, the results suggest that the proportion
of 'C-HMX absorbed may be low. This suggestion is supported by the
observation of the low levels of radioactivity in urine and plasma.
An alternative interpretation, however, would be: significant absorp-
tion followed by rapid elimination in the bile. The second alter-
native seemed unlikely since plasma levels and urine levels were low.
It was appropriate however to extend the in-ve-stigations of the pharma-
cokinetics of 'C-HMX following a systemic route of administration
in one of the species:

The route chosen was intravenous.
The species chosen was the rat.

The dose level chosen was 2 mg.kgl (as opposed to 500 mg.kg-' oral).
This dose level may be considered as representative of the absorbed

0 portion of the dose following oral administration.

Examination of the excretion and plasma pharmacokinetics, following
"the intravenous dose, would confirm (or otherwise) the poor absorption
following oral administration.

99 ThePharmacokinetics of Radioactivity Following Intravenous Administration
of -- C-HMX (2 mg.kgi) to the Rat.

Rates and Routes of Excretion of Total Radioactivity

* Following single intravenous administration of 14C-HMX to the rat,
* radioactivity was rapidly and significantly eliminated mainly in the

urine. Thus after 96 h, 61% had been eliminated in the urine, 3% in
the faeces and 5% retained in the gastro-intestinal tract and carcass
(Table 6, Figure 3). In 2 animals expired air was trapped for CO2
during 48 h poi dose and approximately 6% of the radioactive dose was
eliminated as 'CO 2 (Tables 6 and 7). There appeared to be no
difference in the results obtained from male or female rats.

Thus in the rat, systemically administered radioactivity is rapidly
"and significantly eliminated in the urine. However, the rate of
elimination is rapid only at early time periods. During 72-96 h,
only 0.6% was eliminated whilst 5% was retained in the carcass (Table
6).

Recoveries of radioactivity were low (70-80%) 14C0 2 was collected
"from only 2 animals during the first 2 days post dose. However,
during 2- Ndays post dose (outside the period of measurement) elimin-
"ation of CO may have been significant and other possible
volatile metagolites (e.g. 14CH4 ) were not collected. This may
"have contributed to the low recoveries observed.
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Plasma Levels of Total Radioactivity

Following intravenous administration of 14C-HMX (2 mg.kg') to 5 male
and 5 female rats radioactivity increased during the first hour post
dose and generally maintained a plateau of radioactivity for up to
6 h post dose at a concentration of 1 ug equiv.ml' (males) or 0.5 Pg
equiv.ml' (females). See Tables 8 and 9.

During 6-24 h post dose, levels of radioactivity fell significantly
and both male and female rats maintained similar levels of radio-
activity (0.2 ug equiv.mli) at 24 h post dose. Thereafter plasma
levels of radioactivity fell more slowly and at 72 h post dose, levels
of 0.05 wg equiv.mli were circulating in plasma.

The unusual observation of increasing concentration of radioactivity
following an intravenous dose can be generally attributed to the rapid
formation of a metabolite with a smaller volume of distribution than
the parent compound administered.

Assuming a plasma volume of 45 ml.kg•, at peak plasma concentrations
(1-6 h post dose) a mean of ca 4% of the administered radioactive dose
was circulating in plasma.

14Comment on the Systemic Absorption of an Oral Dose of C-HMX
Administered to Rats

Estimates of the systemic absorption of radioactivity following an
oral dose may be made by comparing the urinary levels of radioactivity
following oral and intravenous administration, viz:

Proportion absorbed = % dose in urine (p.o. admin) x 100
% dose in urine (i.v. admin)

. 6%

Alternatively the areas under the plasma profiles following intra-
venous and oral administration may be compared giving the bioavaila-
bility of total radioactivity. However, in the present study, levels
of radioactivity in plasma were at or below the limits of reliable
determination at later time periods. Thus, comparison of peak or
plateau levels may be more appropriate, viz:

"Bioavailability' = 'Peak' oral/oral dose x 100
of the oral dose 'Peak' intravenous/intravenous dose

= 8/500 x 100

"Mi -"4%
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It may be considered that following oral administration of 1 4C-HMX
0 (500 mg.kg') to rats that approximately 5% was absorbed into the

systemic circulation.

Tissue Levels of Radioactivity Following Intravencus Administration of
I-IC-HMX (2 mg.kgi)

* Following single intravenous administration of 14 C-HMX (2 mg.kg') to
6 male and 6 female rats, radioactivity was measured in tissues and
organs of separate animals. Tables 10, 11 and 12 outline the results
from animals sacrificed at 2 min, 24 h and 96 h post dose
respectively.

* At 2 min post dose highest levels of radioactivity were observed in
lung and heart with lowest levels in the brain. During 24 h post dose
levels in tissues fell considerably with major concentrations detected
in liver and kidney. During 96 h post dose, levels of radioactivity
fell further with maximum levels in kidney and liver, the major organs
of metabolism and elimination. At all times post dose levels in the

* brain were very low indeed. Selected mean tissue concentrations are
outlined below and Figure 5.

Radioactivity (uig equiv.gl)
2 min 24 h 96 h

* Whole blood 2.15 0.22 0.07
Plasma 1.58 0.18 0.05
Lung 15.39 0.32 0.19
Liver 4.25 0.83 0.26
Kidney 3.96 0.74 0.36
Skeletal muscle 1.28 0.22 0.08

* Brain 0.22 0.09 0.04

Total recoveries of radioactivity in the rat body at 2 min, 24 h and
96 h post dose were 90%, 17% and 5% respectively (Table 13).

Tissue to plasma ratios of radioactivity are detailed in Tables 14, 15
* and 16 and summarised below.

Tissue/Plasma Radioactivity Ratios
2 min 24 h 96 h

Whole blood 1.5 1.2 1.5
Lung 7.6 1.8 4.3
Liver 2.3 4.6 6.1
Kidney 2.2 4.1 8.1
Skeletal muscle 0.7 1.2 1.7
Brain 0.1 0.5 0.8

N 0
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Thus the proportionate distribution of radioactivity changed signifi-
cantly with time. With the particular exception of lung (at 2 min),
the tissue to plasma ratios of radioactivity increased with time. In
the particular case of lung at 2 min it must be stated that lung
"tissue1 is the first tissue to meet N bolus of intravenously adminis-
tered C-HMX. At 2 min post dose C-HMX could be out of equi-
"librium with plasma and other tissues.

Determination of the Level of Unchanged 14C-HMX in Urine, Plasma and
Faeces

Thin Layer Chromatography of Urine and Faeces Extracts From Rats and
Mice Following ORAL Administration of 44 C-HMX (500 m•.kgi)

Male and female 6-24 h rat and mouse urine collection and male and
female rat and mouse faeces were separately pooled. Pooled urine
samples (2-20 ml) were extracted with 10 volumes of acetonitrile.
Pooled faeces samples (ca 3 g) were extracted with 2 x 5 ml aceto-
nitrile. Each urine anTfaeces extract was reduced to dryness in
vacuo, recovery of radioactivity was virtually quantitative.
Elachi-dry residue was redissolved in a minimal volume of aceto-
nitrile prior to thin layer chromatography in dichloriwethane:aceto-
nitrile (80:30 v/v). After development the level of C-HMX and
major separate components were determined by excision of the approp-
riate areas of silica gel corresponding to the major areas of radio-
activity (detected by apposition autoradiography).

The proportions of each separated component in each extract are

detailed in Table 17a.

Examination of the results showed that almost a14 of the radioactivity
eliminated in faeces was excreted as unchanged C-HMX. Urine
samples contained only a very small proportion of radioactivity com-
pared to faeces thus the qualitative result§ for urine must be viewed
with caution (i.e. the high proportion of `C-HMX in some urine
samples may be caused by transfer of faecal radioactivity to urine
during separation and collection).

Table 17b converts the proportion of radioactivity attributable to
each component to a percentage of the administered dose.

From the pr¶jeding sections it is clear that only a very small pro-
"p•rtion of C-HMX is absorkd following oral administration of
""C-HMX to rats and mice. "C-HMX is eliminated for the most part

unchanged in the faeces. However a significant (if small) prop ',.tion
of C-HMX is absorbed following oral administration (as evidenced
by urine and particularly plasma levels of radioactivity). It is
important to describe the fate of this proportion of radioactivity
absorbed without the hindrance of low levels of radioactivity and
possible contamination of eliminated urine with high levels of un-
absorbed radioactivity in the faeces.

I1.

-N*% . 1 f. ~ I



17

Examination of 1 he metabolites following systemic administration of
a low dose of 1 C-HMX followed, and the disposition or extent of
metabolism of -HMX in this situation may be related to the fate
of the absorbed 4C-HMX following oral administration.

Thin Layer Chromatography of Ujne Extracts from Rats Following
INTRAVENOUS Administration of C-HMX (Z mg.kg')

Urine samples (0-6 h, 6-24 h and 24-48 h) were pooled for male and
female animals separately. Samples were extracted with 10 volumes of
acetonitrile and reduced to dryness by thin film rotory evaporation.
Each dried extract was transferred to small vials using a minimum
volume of 90% methanol:10% water. Extracts were reduced to dryness
under nitrogen and redissolved in a minimum volume of 90% methanol 10%

* water. Recovery of radioactivity using this technique was almost
quantitative (87-98%).

Thin layer chromatography of the above extracts was performed using
silica gel TLC plates developed in dichloromethane:acetonitrile (80:30
v/v). Each sample was co-chromatographed with HMX. Areas of silica
gel corresponding to high levels of radioactivity were visualised
using apposition autoradiography.

Four significant radioactive components were detected, HMX (RF 0.51),
two minor metabolites at RF 0.08 and 0.03 (Met 1 and 2 respectively)
and material retained at the origin. The areas corresponding to these

• components were excised and measured for total radioactivity and the
proportions corresponding to each calculated (Table 18a). Thus the
minor metabolites (1 and 2) accounted for only 1-2% of total radio-
activity in both male and female urine with approximately equal pro-
portions of HMX and polar (origin) material making up the remainder.
The proportion of radioactivity corresponding to HMX generally de-
creased with time and the proportion of HMX in the pooled female urine
samples analysed contained higher proportions of HMX than corres-
ponding male urine. A quantitative estimate of the amount of each
component eliminated is given in Table 18b by reference to the propor-
tion of the administered dose detected in each sample. Thus during
48 h the following amounts of each component had been eliminated.

Percentage Dose Eliminated (0-48 h urine)
Male Rats Female Rats

HMX 24.5 37.8
Met 1 0.2 0.2
Met 2 1.0 1.0
Origin 28.3 16.7

Later urine samples and faeces samples were not analysed because of
the lower levels of radioactivity observed in these samples.
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"High Performance Liquid Chromatography of Plasma Extracts of Rats
Following INTRAVENOUS Administration of 14C-HMX (Z mg.kgl)

-7 Terminal plasma samples collected at 2 min and 24 h following intra-
venous administration to male and female rats were analysed for C-
HMX separately.

Each plasma sample was extracted with 2 x 5 volumes of acetonitrile.
The acetonitrile extracts of plasma at 2 min post dose contained
greater than 90% of the original radioactivity. Extracts of plasma at
24 h post dose contained 15-30% of the total radioactivity (Table 19).
Extracts were reduced to dryness under nitrogen and reconstituted in

AN' a minimal volume of 90% methanol:10% water and subjected to reverse
phase HPLC analysis using the following system.

Column (1) 4 x 0.5 cm Co-Pell ODS
(2) 25 x 0.8 cm Hypersil ODS

"Mobile Phase 25% acetonitrile in water at 2 ml.min1

14
Control plasTN samples containing unchanged C-HMX were similarly
processed. C-HMX was quantitatively extracted.

Eluate was collected at the retention time of authentic 14C-HMX and
the radioactivity associated with this fraction compared with the
total eluate. Recovery from the column was quantitative. Results are
given in Table 19.

Thus at 2 min post dose most of te radioactivity circulating in
"" plasma corresponds to unchanged C-HMX (0.7-1.8 pg.mlP) whereas at

1 h only ca 10% of the circulating radioactivity corresponded to
"C-HMX corresponding to ca 0.02 pg.mll.

Following the observation that low recoveries of radioactivity oc-
curred following extraction of 24 h plasma samples, these samples were
subjected to further investigation. Extraction with methanol :water
(90:10 v/v) did not significantly improve extractability and most of
the radioactivity was associated with the precipitated protein
fraction. Hydrolysis with 2M NaOH1 gid improve extractability but this
treatment also degraded unchanged ' C-HMX. Much of the radio-

* •activity observed in plasma at 24 h post dose may be strongly bound or
incorporated into plasma protein.

Analysis of the Nature of Radigictivity in Urine and Faeces Following
INTRAVENOUS Administration of "C-HMX to Rats Using HPLC

Thin layer chromatographic (TLC) analysis had shown previously that
,idioactivity in rat urine consisted of 2 major radioactive components

C-HMX and highly polar material. (See page 18.) Low levels of
radioactivity in later urine samples and all faeces samples precluded
the examination of these samples by TLC. HPLC was used to confirm the
results in urine observed previously by TLC and to extend this

*%4%
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examination to faeces extracts and to extracts of urine samples
Wgllected at later times following an intravenous administration of

pu"•C-HMX. Previously pooled urine and faeces samples collected
"following a single administration of 1 C-HMX were extracted with 5
volumes of acetonitrile. The extracts were reduced to dryness and

= taken up in a minimum volume of 90% methanol in water for subsequent
HPLC analysis:

9 Column (1): 4 x 0.5 cm Co-Pell ODS
(2): 25 x 0.8 cm Hypersil ODS (5 iim)

Mobile: 25% acetonitrile in water at 2 ml.min'
Detection (1): u.v. absorbance at 280 nm

(2): Berthold LB 503 HPLC radioactivity detector
with 200R l homogeneous flow cell and

* UnisolveR scintillator at 5 ml.min'

Each sample was co-chromatographed with HMX.

Radioactive components detected in the HPLC eluate of each sample
were quantitatively collected by fraction collecting and analysed

~ •by scintillation counting.

Typically 2 major radioactive components were detected in each sample
".4 analysed (Figure 6) although 3 minor components were also detected.

The pattern of metabolites was similar for urine and faeces in all
4 •samples analysed (Table 20a). Samples only varied in the proportion

one to another. Thus 2 major components were detected. Unchanged
C-HMX (at a retention time of 22 min) accounted for between 68%

and 11% of the total radioactivity in each sample. The other major
component represented highly polar unchanged material which was un-
resolved from the solvent front, and accounted for between 14% and 82%

* Oof the total radioactivity in each sample.

The proportion of radioactivity associated with HMX in each sample
generally decreased with time post dose (Table 20a) and samples from
female animals generally had higher concentrations of radioactivity
than male animals (Table 20a).K' The 3 minor components (A, B and C) accounted for only a small pro-
portion (<2%) of each urine extract. However in faeces the proportion
of one of these metabolites was significant (MetC, I0%). The levels
of radioactivity eliminated in faeces however only accounted for a
very small proportion of the administered dose. Proportions of each
component were converted to a percentage of the administered dose
(Table 20b). Thus a full account of the extent of metabolism and the
proportion of each component could be assessed.

'". Thus during 0-96 h the following amounts of each component were elimi-
nated in urine (and 0-24 h faeces). See also Table 20b.

.r:

L'"-. ..
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% Dose Eliminated

Male Rats Female Rats

HMX 25.1 40.7
Met A 0.4 0.3
Met B 0.4 0.2
Met C 0.7 1.0
Polar material 29.4 20.1

The polar material however was unresolved from the solvent front
and maybe equated with the polar material unresolved from the origin
during TLC analysis (See page 18).

Further attempts were made to separate and examine the nature of the
polar material by further HPLC analysis and by hydrolysis. See
following section.

14
Examination of the Nature of the Polar Unknown Metabolite of C-HMX
ýresent in Urine and Faeces of Rats Following a Single Intravenous Dose of
S•C-HMX

It has previously been shown that the main metabolite of 14C-HMX in rats
following a single intravenous dose is a polar compound. This material was
"essentially unretained in the HPLC system used for investigation. This
section details the results of further investigations by HPLC to separate
or further characterise this component.

The HPLC column system was that used previously:

"Column (1): 4 x 0.5 cm Co-Pell ODS
(2): 25 x 0.4 cm Hypersil ODS (5 pm)

Experimental mobile phases varied from (A) water at pH 2.5 with aceto-
nitrile up to 67%, to (B) mixtures of between 4 and 67% acetonitrile (v/v)
in water at pH 2.5 in each case with the addition of sodium lauryl sulphate
(SLS) at 0.4% (w/v) as an ion-pair reagent. The flow rate was 1.3 ml.min'.

* Radioactive components in the HPLC eluate were detected using either a
Berthold LB 503 radioactivity detector with a 200 pl homogeneous flow cell
and simultaneously pumped scintillation fluid or eluate collected as frac-
tions for subsequent scintillation counting.

Figures 7-9 show typical radio-HPLC profiles of male rat urine (6-24 h)
using a reversed phase ion-pair HPLC system. Figure 10 depicts a non-ion
paired reversed phase radio-HPLC profile of male rat urine (24-48 h).

The polar material was found to chromatograph consistently at or close to
' the solvent front confirming the high polarity of the material. No system

investigated yielded adequate retention of the metabolite.

mp*m
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In order to investigate the possibility that the highly polar metabolite is
a conjugate, an aliquot of urine was incubated in an equal volume of 2M

0 hydrochloric acid for 1 h at 100IC. At the end of incubation the samples
were allowed to cool before being neutralised, frozen, dried in a desic-
cator and reconstituted in methanol for HPLC as follows:

Column (1): 4 x 0.5 cm Co-Pell ODS
(2): 25 x 0.8 cm Hypersil ODS

• Mobile: 20% acetonitrile in water at pH 2.5 containing
SLS at 0.4%

Detection of radioactivity in the HPLC eluate was by fraction collection
followed by liquid scintillation counting.

0 On both a qualitative and quantitative basis no real difference was noted
in the metabolic pattern of urine as a result of the acid hydrolysis
(Figure 11).

Examination of the Nature of Radioactiv{jy Detected in the Tissue of Rats
Following a Single Intravenous Dose of -C-HMX

Selected tissues from male and female rats sacrificed at 2 min, 24 h and
96 h post dose were pooled on the basis of weight and extracted by homo-
genisation in 5 volumes of methanol. The homogenates were centrifuged and
the pellets were re-extracted with a further 5 volumes of methanol. The
combined methanol extracts were reduced in vacuo and redissolved in a

d small volume of methanol for HPLC analysis as follows:

Column (1): 4 x 0.5 cm Co-Pell ODS
(2): 25 x 0.8 cm Hypersil ODS

Mobile: 20% acetonitrile in water at pH 2.5 containing
SLS at 0.4%

Detection of radioactivity in the sample eluates was by use of the radio-
activity monitor and by fraction collection as described previously.

The metabolic profile of each sample, with the exception of the 2 min liver
extract, contained only HMX and/or the polar component (Table 21).
The polar metabolite had similar characteristics to the metabolite
previously detected in urine and faeces. In the 2 min liver extracts, a
further minor component was observed (Figures 12 and 13) with retention
characteristics close to that of HMX. This pattern was confirmed when
radiodetection was conducted using fraction collection. This component was
not observed in other samples analysed.

At 2 min, radioactivity was well extracted from tissue using the above
techniques (Table 21) 1ind at this time almost all the radioactivity was
present as unchanged C-HMX. In liver, however, even at 2 min post dose,
a significant proportion of radioactivity extracted (ca 30% see Table 21)
was present as the polar component.
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K• At later time periods levels of radioactivity in the tissue were much lower
- and as such only a limited number of the highest level tissues could be

examined. In general, however, the extractability of radioactivity from
tissue at later time periods was lower and at later time periods there was
a much higher proportion of the polar component (Table 21)
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DISCUSSION

Following oral administration of 14C-HMX (500 mg.kg') to rats and mice,
radioactivity was poorly absorbed into the systemic circulation. Levels of
radioactivity observed in plasma were very low Indeed and much of the
administered dose was eliminated as unchanged "C-HMX in the faeces. A
small but significant proportion (<5%) of an oral dose had been absorbed
and therefore the disposition of the absorbed material may be important.
Studies in the rat were extended to include intraven Rs administration of a
low dose (2 mg.kg') of 14C-HMX. The disposition of C-HMX following
this route of administration may h considered representative of the
systemically absorbed portion of •C-HMX which was observed following
oral administration.

* Following intravenous administration of 14 C-HMX to rats, radioactivity
was rapidly distributed to the tissues. Tissue concentrations, however,
fell rapidly with time and radioactivity was rapidly eliminated in the
urine. Highest concentrations of radioactivity were associated with the
organs of metabolism and elimination (liver and kidney), and no unusual
sites of accumulation or retention were identified. It was interesting to
note, however, that the lowest levels of riioactivity were observed in
brain tissue, suggesting poor transfer of C-HMX or its metabolites
across blood/brain barrier.

Examination 5 the nature of radioactivity in tissue and urine samples
showed that C-HMX was metabolised to very polar components and that the
proportion of metabolites increased with tjWe. This suggests that there
was a more rapid elimination of unchanged "C-HMX1han the metabolites.
It is clear, however, that sincl4a proportion of 1 C-HMX was metabolised
to COZ that ring cleavage of 4C-HMX had occurred with further
metabolic degradatio Pto intermediary products. These products may be
further degraded to C02 or indeed be incorporated into body tissues
as natural products.

-*....*•-. -. .-..,..3....\-...-...-,..•..\.....L...-.......-.....- ,..........-. ......-.............. • ...............-..-...-....-.
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TABLE 1

The Pharmacokinetics of 1 4 C-HMX Following Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:

Cumulative Excretion of Total Radioactivity from 10 Rats for the Period 0-96 h Following a

Single Oral Dose of 1 4 C-HMX at 500 mg.kg9l

(Results Expressed as % of Dose)

Time Id I 2d I 3d I I 6d 139 149 159 169 I 219 Mean
(h) IIII

Urine I I I I I I I I I I I
o0-6 I0.64 10.78 1.08 10.57 10.83 10.56 10.42 10.53 0.55 10.52 0.65
0-24 12.63 1.79 I 3.10 I 1.75 2.46 2.10 1.42 I 2.06 I 2.31 I 1.73 I 2.14
0-48 I 3.15 I 2.17 14.21 I 3.39 12.97 13.23 2.74 12.61 I 4.31 12.56 I 3.13
0-72 I 3.25 12.43 14.45 13.73 I 3.10 I 3.62 I 3.31 I 2.81 I 5.43 I 2.97 I 3.51

,0o-96 3.29 2.55 .5 3.81 3.15 3.77 3.48 2.88 5.85 3.08 3.64
FaecesI

0 0-24 177.32 173.33 153.79 165.95 172.77 158.85 164.97 147.35 165.46 155.67 1 63.56 I
S0-48 185.50 182.06 176.85 180.38 185.31 180.13 184.79 177.84 195.00 170.49 1 81.84 I
1 0-72 185.61 183.15 177.81 182.01 185.44 181.84 186.00 190.58 197.92 171.05 1 84.15 1
1 0-96 185.63 183.31 177.92 183.42 185.47 181 .89 189.57 190.60 198.18 171.09 J84.72

Cage I I I I I I I I I
Wash 0.27 1.46 10.44 1.77 10.81 1.68 10.96 10.22 10.72 1.68I 1.00

GI Tract 0.06 0.07 0.09 I 0.06 0.06 0.06 0.05 0.03 0.12 I 0.07 0.07

Carcass 0.05 10.83 10.88 0.67 10.57 0.44 10.60 10.43 10.61 0.42 I 0.55

Total I I I I I I I I I I
0-6 I 0.64 0.78 I 1.08 10.57 10.83 10.56 1 0.42 I 0.53 I 0.551 0.52 1 0.65 1

1 0-24 179.95 175.12 156.89 167.70 175.23 160.95 166.39 149.41 I 67.77157.40 1 65.69

0-48 188.65 184.23 181.06 183.77 188.28 183.36 187.53 180.45 I 99.31173.05 1 84.97
1 0-72 188.86 185.58 182.26 185.74 188.54 185.46 189.31 193.39 1103.35174.02 1 87.65 1
1 0-96 188.92 185.96 182.43 187.23 188.62 185.66 193.05 193.48 1104.03174.17 1 88.35 11 o ° 1 1 1 1 1 1 1 1 1 1 1
1 Total lI I II I Il i IIII _

I Recovery 189.30 188.22 183.84 189.73 190.06 187.84 194.66 1 94.161105.48176.34 1 89.98 1

,4

S.%
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TABLE 2

The Pharmacokinetics of 1 4 C-IH1X Following Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:

Cumulative Excretion of Total Radioactivity from 10 Mice for the Period 0-96 h Following a

Single Oral Dose of 1 4C-+MX at 500 mg.kg-l

(Results Expressed as % of Dose)

I J J 1
Ti I 1i I 23 I 3 1316 5d 1339 I 349 I 359 369 I 379 I Mean

UrkineI l I I I I
0-6 0.15 I 0.46 I 0.36 I 0.26 0.38 10.16 0.41 10.68 I 0.62 10.50 0.41
0-24 1.02 11.42 10.99 10.64 0.87 2.401 2.63 12.22 11.24 2.09 1.65

* 0-48 3.02 12.05 I 1.42 I 0.70 1.59 I 3.76 2.74 13.58 I 2.601 3.77 2.73
0-72 3.61 I 2.52 I 2.49 I 0.93 1.70 I 4.01 I 2.95 13.97 3.17 I 4.12 3.17

I0-96 j4.20 j2.58 j2.88 j+ 1l.78j 4.21 j2.99 4.06 ~3.24 4.31 j3.361
Faeces I I II I

0-24 126.95 171.47 147.39 154.38 162.84 186.18 181.12 179.37 139.29 146.66 I 60.14 1

0-48 139.81 174.00 151.84 171.82 170.65 190.46 188.96 181.57 150.97 154.83 1 67.49

1 0-72 153.51 176.39 153.68 172.53 172.64 190.74 189.06 181.68 151.26 155.34 I 69.68 1
1 0-96 157.55 177.04 155.19 1 + 172.76 190.91 189.13 181.74 155.49 155.83 j 70.18 1

"I Cage Washl 6.53 1 3.23 1 3.37 14.47 2.94 1.57 2.62 0.54 15.62 12.34 I 3.20

GI Tract 0.19 0.24 0.16 I 3.43 I 0.48 10.17 1 0.07* 1 0.07 1 0.04*1 0.04**1 0.16
S--i n i I I I I I I I____

Carcass I 0.83 I 0.36*1 0.51*1 1.74 1 0.39*1 0.47*1 0.13**1 0.214*1 0.32*1 0.29**1 0.39

Total I I I I I I I I I I
IExcreted I I I I I I I I I
1 0-6 1 0.15 10.46 10.36 10.26 I 0.38 10.16 0.41 10.68 I 0.62 I 0.50 0.41
1 0-24 128.01 172.89 148.38 155-02 163.71 188.58 183.75 181.59 140.53 148.75 1 61.80 1

1 0-48 142.87 176.07 153.26 172"52 172.24 194.22 191.70 185.15 153.37 158.70 1 70.01

1 0-72 157.16 178.93 156.17 173.46 174.34 194.75 192.01 185.65 154.43 159.46 72.54

1 0-96 161.79 179.64 158"07 I + 174.54 195.12 195.12 192.12 185.80 160.14 1 73.59 1
_ _ _ _ II I I _ _ I
Total I I I I I I1I

I Recovery 169.30 183.45 162.11 183.10 178.35 197.33 194.94 186.62 161.06 162.47 1 77.291

+ = Mouse 31d was found dead in Its cage at end of 72 h period (excluded from mean)
, = Data der ived from dpm less than 30 above background

= Data derived from dpm less than 10 above background

a,

J

.i

* 4 . ~ ...
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TABLE 3

The Pharmacokinetics of 1 4 C-HMX Fol lowing Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:

Cumulative Excretion of Total Radioactivity Following a Single Oral Dose of
1 4 C-HMX to Rats and Mice (500 mg.kgl)

(Results Expressed as Mean + S.D.% dose recovered)
Mean + S.D. of 5d and 5V rats
Mean + S.D. of 4d and 59 mice

Time
(h) J Rat [ Mouse+

IUrine
0- 6 0.65 + 0.20 0.41 + 0.18
0-24 2.14 + 0.50 1.65 + 0.68
0-48 3.13 + 0.69 2.73 + 0.90

S0-72 3.51 + 0.87 3.17 + 0.83
0-96 3.64 + 0.95 3.36 + 0.89

"fFaeces I I
I 0-24 I 63.56 + 9.58 60.14 + 20.93
S0-48 i 81.84 + 6.53 I 67.49 + 18.30

I 0-72 I 84.15 + 7.17 I 69.68 + 16.14
, 0-96 I 84.72 _ 7.35 I 70.18 _ 15.42

1Cage Washi 1.00 + 0.61 I 3.20 + 1.87

SGI Tract I 0.07 + 0.02 I 0.16 + 0.14* _____I ____________I____________

I Remaining) i
Carcass 0.55 + 0.16 0.39 + 0.20

Total

Excreted
0- 6 0.65 + 0.20 0.41 + 0.18
0-24 65.69 + 9.58 61.80 + 21.39

0-48 84.97 + 6.82 69.76 + 18.51
I 0-72 87.65 4 7.54 72.54 +16.17

"'0-96+ 88.35 " 7.79 73.59 + 15.40

I2Total* I 89.98 + 7.54 I 77.29 + 14.17

t I C02
I0-48 0.49 I 1.11

Excluding 14C02 which was only measured for 2 animals

of each species
t = Mean of Id and 19 animal

+ = Mouse 31d died between 48 and 72 h post dose and Is excluded

from the mean

.....:
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TABLE 4 (continued)

B. Single Terminal Samples

__ _Terminal Plasma Levels
I I I d I • I

Time () IW d i .Mean Mean

12 9.59 11.27 5.46 4.92 10.43 5.19 1I IIII I
"18 9.14 13.27 I 5.86 7.07 11.21 6.47 IIIIIIII I
24 7.17 5.07 I 6.11 8.12 8.66 7.12 I

*"*t___ _____________

'S7

t,4

.1 ,
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TABLE 6

The Pha-mcokinetics of 14 C-HWX Following Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:

Cumulative Excretion of Total Radioactivity from 10 Rats for the Period 0-96 h Following a

Single Intravenous Dose of 14C-H-VW at 2 mg.kg"I
(Resu Its Expressed as % Dose)

II I I I I I I I I I
Time 463 47 I 50,I 523 I 5 I 632 I 64? I682 1 69? 712 Mean

(h ) I I I I I
Urine I I I I I I I I I

1 0-6 120.72 134.17 125.52 124.99 128.59 126.79 125.61 114.61 114.43 114.88 1 23.03
0-24 156.23 152.77 157.51 155.35 159.04 160.04 163.12 148.78 142.55 149.92 1 54.53 1

1 0-48 158.73 :55.24 160.04 158.65 162.86 164.46 168.61 156.33 147.07 156.95 1 58.89 1
"1 0-72 159.77 156.10 160.98 159.67 163.73 165.26 170.27 158.67 148.61 161.83 60.49 1

. 0-96 160.15 156.39 161.39 160.09 164.04 165.54 170.69 159.25 148.95 162.48 1 60.89 I
l Faeces I I I I I I I I I I I I

0-24 I 0.85 I 1.30 I 1.92 1 1.28 I 1.19 2.16 I 1.49 2.90 1 0.73 1 1.65 1.55 I
0-48 I 1.21 1.40 1 2.43 1 1.47 1 1.41 2.89 1 2.03 1 4.23 4.20 2.28 1 2.36 1
0-72 1 1.42 1 1.64 2.51 1 1.61 1 1.50 13.14 1 2.16 5.20 1 4.80 1 2.47 1 2.65 I

S 0-96 1.60 1.67 1 2.58 1 1.64 1.58 3.33 I 2.24 15.64 14.91 12.59 1 2.76 1
JI I I I I I I C I e

Wash I0.81 I 0.59 1 2.25 1.21 1.95 1 1.81 1.29 3.64 1.30 2.81 1.77•,I I I ] I I I I I II

Carcass I 5.85 16.47 I 6.09 16.32 16.05 4.29 [4.84 I 3.72 I 3.42 4.49 4.70
- I GI Tract 1 0.37 I 0.49 I 0.42 10.40 1 0.36 1 0.33 0.33 1 0.34 1 0.23 10.34 1 0.36-"I I I I I I I

l 14 I I I I I I I I I I I
0-17.051 -I-I- 14.771 -I II-I-

I I I I I I I I I I I

Tota l I I I I I I I I I
Excretedl I I I I I I I I I

1 0-6 120.72 134.17 125.52 124.99 128.59 126.76 125.61 114.61 114.43 114.88 1 23.03 1

1 0-24 157.08 154.07 159.43 156.63 160.23 162.20 164.59 151.68 143.28 151.57 1 55.78
1 0-48 159.94 156.64 162.47 160.12 164.27 167.35 170.64 160.56 151.28 159.23 1 61.26 1
1 0-72 161.19 157.74 163.49 161.28 165.23 168.40 172.43 163.87 153.41 164.30 1 63.14 1
1 0-96 161.75 158.06 163.97 161.73 165.62 168.87 172.93 164.71 153.86 165.07 1 63.65 1I i I I I I I I I

1 + 1 1 1 I + 1II
I Total 168.78 178.66 172.73 169.66 173.93 180.07 179.39 72.41 1 58.81 172.71 I

14+ Includes CO2

= Includes carcass and cage wash

-•'W

u4C
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TABLE 7

SThe Pharmacokinetics of 1 4 C-HMK Following Oral Administration to the Rat and Mouse
and Intravenous Administration to the Rat:

Cumulative Excretion of Total Radioactivity Following Intravenous Administration

of 14C-HMX to 5 Male and 5 Female Rats (2 mg.kg"I)
(Results Expressed as % Dose Recovered, Mean + S.D. of 5 Rats Unless Otherwise Stated)

Time

S (h Male Female
IUr ine

0- 6 26.8 + 5.0 19.3 + 6.3

0-24 56.12 + 3.3 52.9 + 8.50
* 0-48 59.10 + 3.5 58.7 + 8.3

0-72 60.05 + 3.5 60.9 + 8.1
0-96 60.4 + 3.5 61.4 + 8.1

Faeces I
0-24 1.3 + 0.4 1.8 + 0.8

10-48 I 1.6 + 0.5 3.1 + 1.0
0-72 I 1.7 + 0.4 3.6 + 1.4

0-96 I 1.8 + 0.4 3.7 + 1.4

Cage Wash I
0-96 1 1.4 + 0.7 2.2 + 1.0

Gastro I
. Intestinal I 0.4 + 0.1 I 0.3 + 0.1

I Tract 96 h o I

SCarcass 96 h I 6.2 + 0.2 I 4.2 + 0.6

SCarcass Minus

I Organs 96 h tj 4.7 3.1

STotal Excretedli

S0- 6 26.8 + 5.0 19.3 + 6.3
0-24 57.5 + 3.5 54.7 + 8.7

I 0-48 60.7 + 3.8 61.8 + 7.6
I 0-72 61.8 + 3.7 64.5 + 7.1
. 0-96 62.3 + 3.7 65.1 + 7.1

14
I••,c o, II

I0-24 5.4 I 4.2
0-48 7.1 I 4.8
Total (approx)l 77.4 I 76.7

3 rats t = mean 2 rats

4 , 4 % ' -
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TABLE 13

The Pharmacokinetics of 1 4 C-4_MX Following Oral Administration to the Rat and Mouse
and Intravenous Administration to the Rat:

Retention of Total Radioactivity at Various Times After Intravenous Administration

of 1 4 C-WMX to the Rat (Target Dose 2.0 mg.kg-l).
(Results Expressed as % of Administered Dose)

TI Time * I I I%
Animal I After I in I in I Total % I Mean %
No./Sex I Dosing Carcass GI Tract Recovered + S.D.I _ _ _ I _ _ I _ _ _ I _ _ _ -_

II I I I I
I 843 I 2 m I 85.99 6.68 I 92.67 I 90.3

78 I 88.24 I 7.16 95.50 I (+ 4.61)
899 I I 79.36 6.23 85.56 I
90m 78.75 I 8.68 I 87.43 II _ _ I _ _ I. .1 1. _ _

83d I 24 h I 9.94 I 1.62 11.56 I 17.1
94J I 25.84 I 1.85 27.69 I (+7.2)

I 879 12.54 1.67 I 14.21
I'869 I I 12.96 I 1.80 14.76 I,I I i I I_ _

5o0 I96 ht I 6.09 0.42 I 6.51 5.4
I 544 6.05 0.36 ( 6.41 W41.47)I 599 I 3.42 0.23 I 3.65 I -

. 719 I 4.49 I 0.34 I 4.83I I I I I II
* = Includes residual carcass plus organs, tissues and blood removed for

separate analysis
t = Animals used concurrently for excretion kinetics see Table 6

-.

-ai-

a,

'2.

a..-.
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TABLE 14

The Pharmecokinetics of 14 C-FHX Following Oral Administration to the Rat and Mouse
and Intravenous Administration to the Rat:

Tissue:Plasma Ratios of Total Radioactivity 2 min After Intravenous Administration
of 14C-HMX to the Rat (Target Dose 2.0 mg.kgl)

Tissue Animal Number and Sex Mean + S.D.
______________ 84d 1 786 899 9-09 __________

I Whole Blood 1.51 1.30 2.03 1.32 1.5 + 0.34
Heart 4.31 2.89 1.94 2.94 3.0 +0.98

ILung j4.26 I14.80 I 2.44 8.79 j 7.6+5.51
Liver 2.72 2.73 1.07 2.66 2.3 +0.82
Kidney 1.90 2.76 1.60 2.70 2.2 +0.58

% Spleen 0.98 1.06 0.81 1.44 1.1 +0.27
- Thymus 1.15 1.10 0.44 1.08 0.9 + 0.34
Brain 0.17 0.13 0.08 0.12 0.1 ;0.04

ITestes and
Seminal Vesicles 0.19 0.12 - - 0.2

.Ovaries and Uterus - - 0.40 1.11 0.8
Skeletal Muscle 0.92 0.80 0.32 0.76 0.7 + 0.26"", Fat 0.23 0.29 0.16 0.27 0.27 0.06

* Bone 0.92 0.74 0.41 0.76 0.7 +0.21

: Ii

"9.

U.'.

9.'

%'
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TABLE 15

The Pharmacokinetics of 1 4 C-HMX Following Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:

Tissue:Plasma Ratios of Total Radioactivity 24 h After Intravenous Administration

of 1 4 C-HMX to the Rat (Target Dose 2.0 mg.kg-1)

SJ Tissue J Animal Number and Sex _ Mean + S.D.

I I I 94 I I I

Whole Blood 1.24 1.23 1.18 1.22 1.2 + 0.03

Heart 1.97 1.52 1.59 1.72 1.7 +0.20

Lung 1.33 1.64 1.91 2.16 1.8 + 0.36

Liver 5.66 4.47 3.99 4.23 4.6 + 0.74

Kidney 5.21 3.92 3.22 4.02 4.1 + 0.83

Spleen 2.74 2.14 2.16 2.19 2.3 + 0.29

Thymus 3.82 I 3.09 I 3.36 I 3.36 I 3.4 + 0.30

Brain 0.28 0.48 0.56 0.59 0.5 + 0.14

Testes and

I Seminal Vesicles 0.62 1.64 - - 1.1

Ovaries and Uterus - - 1.50 1.76 1.6

Skeletal Muscle 0.93 1.11 1.25 1.43 1.2 + 0.21

Fat 1.25 1.10 1.45 1.81 1.4 + 0.31

Bone 2.05 1.36 1.23 2.44 1.8 0.57

e



40

TABLE 16

The Pharmacokinetics of 1 4 C-HMX Following Oal Administration to the Rat and Mouse

and Intravenous Administration to the Rat:
Tissue:Plasma Ratios of Total Radioactivity 96 h After Intravenous Administration

of 1 4C-HfX to the Rat (Target Dose 2.0 mg.kgl)

Tissue Animal Number and Sex I Mean + S.D.

-•_50d I 5 54d 679 J 719_I I-I II
Whoie Blood 1.51 1.62 1.43 1.35 1.5 + 0.12
"Heart 2.56 3.06 2.87 3.23 I 2.9 +0.29

I Lung 3.59 4.23 4.90 4.60 4.3 + 0.56

Liver 5.51 5.11 8.10 5.70 I 6.1 + 1.35
Kidney 7.81 8.79 7.20 8.49 j 8.1 + 0.71

, Spleen 3.44 4.15 4.27 4.51 4.1 + 0.46

I Thymus 5.93 5.85 6.77 8.28 I 6.7-+ 1.13

SBrain 0.75 0.81 0.77 0.86 0.8 + 0.05

ITestes and I
SSeminal Vesicles 1.59 1.77 - - I 1.7

Overies and Uterus - 3.53 4.53 4.0
.. Skeletal Muscle 1.58 2.09 1.57 1.72 1.7 + 0.24
IFat 1.93 2.62 1.60 2.47 2.2 + 0.47

I Bone 2.03 2.23 2.50 2.14 2.2 + 0.20

%..

p'..4
.9:.
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TABLE 17a

00• The PharmacokInetics of 14C-HMX Fol lowing Oral Administration to the Rat and Mouse
and Intravenous Administration to the Rat:

Levels of 1 4C-HX Detected In Pooled Urine and Faeces Extracts
Following Oral Administration to Rat and Mouse

Th In Layer Chromatography (petroleum ether:acetone:acetone 60:35:30 v/v)

*l�% Total Radioactivity In Extract

I Urine
TLC Zone I Rat (6-24 h) Mouse (6-24 h)

*I I I I I

Polar (origin) 7.9 8.0 5.2 5.2

I 0.6 0.5 2.1 1.0

II 88.9 58.2 7.5 7.4

HMX 2.7 33.3 85.1 86.4

II I I
100.1 I 100.0 99.9 100.0o

Faeces
TLC Zone I Rat (0-24 h) I Mouse (0-24 h)

I I
I Polar (origin) 0.2 0.1 0.4 0.5

I I 0.2 0.2 0.2 0.0

I II 1.1 2.3 1.7 0.1I I I
FHIMX 98.5 97.4 97.8 99.4

I I I II
Io100.0 I 100.0 100oo., 100.0o

_ _ _ I _ _ l _ I _ _ _

I = Region above HMX (less polar)
II = Region below HMX but above origin (more polar)
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TABLE 17b

The Pharmacokinetics of 1 4 C-HMX Following Oral Administration to the Rat and Mouse
and Intravenous Administration to the Rat:

Levels of 1 4 C-HMX Detected In Pooled Urine and Faeces Extracts

Following Oral Administration to Rat and Mouse

"Thin Layer Chromatography (petroleum ether:acetone:acetonitri ie 60:35:30 v/v)

(Resultst are Expressed as % Dose Eliminated cf Table 2)

Urine

TLC Zone Rat (6-24 h) Mouse (6-24 h)

Polar (origin) 0.1 0.1 0.0 0.1

I.I" I0.0 0.0 0.0 0.0

I I 1.4 0.8 0.1 0.1

HMX 0.0 0.5 0.6 1.5

II I I

% Dose 1.51 1.41 0.7 1.7
II I

I' Faeces

I TLC Zone Rat (0-24 h) Mouse (0-24 h)

Polar (origin) 0.1 0.1 0.2 0.3

II 0.1 0.1 0.1 0.0

II 0.8 1.3 0.9 0.1
* V..I II

IHMX 70.0 58.5 50.8 66.9
pIII

% Dose 71.0 I 60.0 I 52.0 67.3

I = Region above H0 (iess polar)
II = Region below HMX but above origin (more polar)

t = Assesses quantitative extraction

.4

Vo
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TABLE 18a

The Pharmacokinetlcs of 1 4 CC-WX Following Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:
The Nature of Radioactivity in Urine Separately Pooled for Male and Female Rats

at Various Times after Intravenous Administration of 1 4 C-HMX
(Target Dose 2 mg.kg-1)

(Results Expressed as % of the Total Radioactivity Recovered

(4 In the Acetonitrile Extract and Residue)

I TLC II I1
Component I approx I 0-6 h Urine I 6-24 h Urine j 24-48 h Urine

LRf valueL....i d I gI RIa' e 1 I I1 I I I

Unchanged HlMX 0.51 52.4 64.2 33.2 66.9 16.9 50.2

Metabolite I 0.08 0.8 1.0 0.1 0.0 0.0 0.0

Metabolite 2 0.03 1.5 1.9 I .8 1.8 2.1 0.9

Or igin 0.0-0.01 40.7 30.5 50.6 25.8 75.6 36.0

Remainder 0.9 I 1.0 I 1.0 2.3 0.4 6.1

S% Ex-tracted 96.4 98.3 86.6 96.9 95.0 93.1

% Residue 3.6 1.7 13.4 3.1 5.0 6.9

Total 100.0 100.0 100.0 100.0 100.0 100.0

* TLC performed on silica gel plates (250 um thick) and developed In

dichloromethane:acetonitrile 80:30. Unlabelled reference standards SEX,
PDX and Tetryl had Rf values of 0.22, 0.61 and 0.76 respectively.

%. %



TABLE 18b

The Pharmacokinetics of 1 4 C-HMX Following Oral Administration to the Rat and Mouse

b •and Intravenous Administration to the Rat:
The Nature of Radioactivity In the Urine of Rats

.. Following Intravenous Administration of 1 4 C-HIMX (2 mg.kg'i)
(Results are Expressed as % Dose Eliminated cf Table 6)

, •X Met I Met 2 Origin I lUnextractedi I
"(Rf 0.51)1(Rf 0.08)1(Rf 0.03)f(O.O-O.Oi)l0thersf Material JTotalI

lUrine from I I I I I I I
SIMale Rats I

0-6 h 1 14.0 1 0.2 1 0.4 10.9 0.2 1 1.0 1 26.81

, 6-24 h 10.0 0.0 0.5 15.2 10.3 4.0 130.11
,, 24-48 h 0.5 0.0 0.1 2.2 10.0 1 0.1 1 2.91

#"I I I I I I I I
1 Total 1 24.5 I 0.2 I 1.0 28.3 1 0.5 I 5.1 159.81

,.<I I I I I I I

,urine from I I I I I

"IFemale Ratsl I I I I I I I

II I I I I I I I
1 0-6 h 112.4 1 0.2 0.3 1 5.9 10.21 0.3 119.31
1 6-24 h 122.5 1 0.0 0.6 1 8.7 10.81 1.0 133.61
. 24-48 h 1 2.9 1 0.0 0.1 2.1 0.4 1 0.4 5.81

. ,I I I I I I I I
"I Total 1 37.8 I 0.2 I 1.0 1 16.7 1 1.4 I 1.7 1 58.71SI I I I I I I I

Thin layer chromatography: dichloromethane:acetonitrlle: 8:3 (v/v)

Reference standards: HWX Rf 0.51
SEX Rf 0.22
RDX Rf 0.61

Tetryl Rf 0.76

o'

V.4
is
'°
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TABLE 19

l The Pharmacokinetics of 1 4 C-HMX Following Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:
"Plasma Levels of Unchanged 1 4 C-HMX at 2 min and 24 h Following Intravenous Administration

of 1 4 C-HMX to Rats (Target Dose 2 mg.kg")

Samples Processed by HPLC (see text for details)

I I I I Total I I
Animal Time of Proportion j Proportion j Radioactivity I HMX

No. Sample Extracted I HMX J (ng equiv.mll) I (ng.gl)
"I III I

S783 2 m In 90 J 97 1682 1468
* III

""843 100' I 98 1218 1194

, 89Y 100- 97 755 732

90Y I 100' 96 1829 1756

I I I I

I"833 24 h 14.9 I 80 170 20
I" III

"943c 24.5 41 181 18

86i' 30.7 47 ) 176 25

I-87ý 30.7 43 199 26

= Calculated exceeded 100%, 100% extraction figure used for calculation

[-.'

i TM

4.

.--. :-,. -.
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TABLE 21

The PharmacokInetics of 1 4 C-HMX Following Oral Admninistration to the Rat and Mouse

and Intravenous Administration to the Rat:

Levels of HMX and Polar Metabol ite Detected in Bodies of Male and Female Rats

1' Sacrificed at 2 min, 24 and 96 h Following Intravenous Administration of 1 4 C---M'X
(target dose 2 mg.kg-1)

"1% Extractionj$ Recovery 1 1% of Eluatel % of Original Tissue
S Sample 1 14 I of 14C 1% of Eluatel as Polar I Radioactivity
""Ifrom Tissue _from Column_ as HMX iMetabolite I HMX T Polar Metabol l

II I I I I II
2 m i I I I I I I

II I I I I II
ILiver J 79.1 72.5 62.0 28.8 35.6 1 16.5

"I I 75.4 72.3 45.7 39.1 24.9 1 21.3

11Lung . 104.4 1 99.1 97.5 0.3 96.6 0.3

1 I 95.3 95.9 97.2 0.6 88.8 0.5

IKidney 3 1 95.0 85.0 82.1 1.1 1 66.3 1 0.9

1 96.1 100 88.8 10.4 1 85.3 10.0

IIIII II
IBrain d 93.6 90.6 1 93.8 1.2 1 79.5 1 1.0

108.4* 1 77.5 1 65.3 1 4.9 150.6 3.8

ISkeletal Muscle 31 99.4 1 90.7 1 88.2 1 0.8 1 79.5 0.7
29 98.9 89.3 1 88.3 1 .7 80.1 1.5

I 24 h III

_-Liver c 42.3 1 37.4 t I 88.7 t 14.0

, 54.0 59.5 t 55.0 t 17.7

IHeart d 1 56.6 1 91.1 1 52.9 1 20.7 127.31 10.7

-Kidney d 60.7 59.2 33.1 1 34.6 11.9 12.4

. 59.5 100 43.7 21.4 26.0 12.7

II I I I I I

..96 h I I I I I II! I I I I I
ILiverd I I I I I I
1 25- I 26.0 t I 63.4 It I 4.2

TakenI I I te dice sm
•= Taken as 100% t = Nil detected = Insufficient sarple for analysis

•.1

't,• e-•..........................:,,,.: .'.'.".''.'.................. " ' -v.-',--,..-v.-,.-..-:., rP.,,,.v -.-
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FIGURE 1

The Pharmacokinetics of 14C-HMX Following Oral Administration to
the Rat and Mouse and Intravenous Admin-stration to the Rat:

The Elimination Kinetics of Radioactivity Following Oral Admiiistration
of 1 4 C-HMX (500 mg.kg-1) to Rats and Mice

Rat (Oral) Mouse (Oral)

80 80
cese

S60 60 Faeces

0

S40 40

20 20

SUrine Urine

1 2 3 4 1 2 3 4
Days Post Dose

0.

1

7 ->-
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•.'• FIGURE 2

41

The Pharmacokinetics of C-HMX Following Oral Administration to

the Rat and Mouse and Intravenous Administration to the Rat:

Plasma Levels of Total Radioactivity Following a Single Oral Dose of
14C-HMX (500 mg.k7-1) to Rats and Mice

(Results Expressed as g.Equiv.ml- Normali-sed to a Dose of 500 mg.kg

10

"": 4

,-.4

>

'%•I[Mice

24 48 72
Time Post Dose (h)

4'%

U-i

" .4.,•• "• - • • ; • - - • ,.• ', ' " . ." ,' ' ",- ,r , .• , '. •, ,'•, . , ' 5 •% '• •
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FIGURE 3

The Pharmacokinetics of 14C-HMX Following Oral Administration to
the Rat and Mouse and Intravenous Administration to the Rat:

The Elimination Kinetics of Radioactivity Fojlowing Intravenous
* Administration of 14C-HMX (2 mg.kq ) to Rats

0 Rat (i.v.)

80

Urine
60

0

40

20

Faecis

12 3 4Days Post Dose
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FIGURE 4

RThe Pharmacokinetics of 14C-HMX Following Oral Administration ot
the Rat and Mouse and Intravenous Administration to the Rat:

Plasma Levels of Radioactivity Following Intravenous Administration
of 14 C-HMX (2 mg.kg-I) to Male and Female Rats

1.0

-0.4 0-0 9

-r4

i2

S0.2

0.1

0.004
1 2 3
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FIGURE 5

The Pharmacokinetics of 14C-HMX Following Oral Administration to
the Rat and Mouse and Intravenous Administration to the Rat:

Mean Concentration of Radioactivity in Selected Organs and Tissues at
Times Followinq Intravenous Administration of 1 4 C-HMX (2 mg.kg- 1 ) to

Male and Female Rats

20

20

1

0.5

0o.2

Kidney

Liver

0.1 Lung

0.05

Whole Blood

0.02 Plasma (pg.ml-I)

Brain

0.01 ..

2 min 24 h 96 h

Time Post Dose (h)

Note: Mean results are taken from Tables 10,11 and 12.

Animal No. 89 was excluded from the mean.

M'•Pr~;-L`•;'; L••.;.';": •2.. .•'.• /.`..•.•.•%.•~t;/`..%•Y•./•:``•, J, •%"
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FIGURE 6

The Pharmacokinetics of 14C-HMX Following Oral Administraticn to
the Rat and Mouse and Intravenous Administration to the Rat:

Radio-HPLC Profile of Radioactivity in a Pooled Urine Sample from
SFemale Rs Collected at 48-72 h Following a Single Int

Administration of 1 4 C-HMX (Target Dose 2 mg.kg-1)
Sample Co-injected with Non-Radioactive HMX as Marker

- u.v.Ab§-6fbance

S-- -- -.. . . . . . . .. .

"-"-t • . . . .. .. .---B . ..- . . .

9-

Radioactivity

*I I I

0 10 20 30
Retention Time (min)

I %, ,V' *.*.~ ,
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FIGURE 7

The Pharmacokinetics of 14C-HMX Following Oral Administration to
the Rat and Mouse and Intravenous Administration to the Rat:

Radio-HPLC Profile of Urine from~ MaeRa Collected 6-24 h After
Intravenous Injection of 1 4C-HMX (Target Dose 2 mg.kg-1)

* Mobile Phase: A = 15% Acetoxnitrile 1In water at
B = 40% Acetonitrile pH 2.5 with
C = 60% Acetonitrile J SLS at 0.4%

A

A280rnm

Radioactivity

40 10 20 30 40
Retention Time (min)

.9:c
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FIGURE 8

The Pharmacokinetics of 1 4 C-HMX Following Oral Administration to
the Rat and Mouse and Intravenous Administration to the Rat:

Radio-HPLC Profile of Urine from Male Rats Collected 6-24 h After
Intravenous Injection of 14 C-HMX (Target Dose 2 mg.kg-I)

Mobile Phase: A = 4% Acetonitrile In water at pH 2.5
B = 60% Acetonitrile with SLS at 0.4%

A B

A2 8 0  rin

qHMX

Radioactivit I
- 0 10 20 30 40
V Retention Time (min)

"" .%.
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0
FIGURE 9

The Pharmacokinetics of 14C-HMX Following Oral Administration to

the Rat and Mouse and Intravenous Administration to the Rat:

Radio-HPLC Profile of Urine fro T 4Female Rats Collected 6-24 • After

Intravenous Injection of C-HMX (Target Dose 2 mg.kg

Mobile Phase: A = 4% Acetonitrile In water at pH 2.5
B = 60% Acetonitrile with SLS at 0.4%

* 

I

S~~Radioactivityi•

•,0 
10 20 30 40

Retention Time (re'r)
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FIGURE 10

The Pharmacokinetics of 14C-HMX Following Oral Administration to
the Rat and Mousp ant Intravenous Administration to the Rat:

Radio-HPLC Profile of Urine from Male Rats Collected 24-48 h After
Intravenous Injection of 1 4 C-HMX (Target Dose 2 mg.kg- 1 )

Mobile Phase: A = Water pH 2.5
B = 15% Acetonitrile In water at
C = 67% Acetonitrile pH 2.5

B C

N.

4..:

4.,

0 20 40

Retention Time (min)
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FIGURE 11

The Pharmacokinetics of 14C-HMX Following Oral Administration to
the Rat and Mouse and Intravenous Administration to the Rat:

Influence of Acid-hydrolysis on the Radio-HPLC Profile of Male Rat
Urine Collected 6-24 h After a Single T Dose of 1 4 C-HMX

(Target Dose 2 mg.kg-1)0
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FIGURE 12

The Pharmacokinetics of 14C--HMX Following Oral Administration to
"the Rat and Mouse and Intravenous Administration to the Rat:

Radio-HPLC Profile of Pooled Male Liver Extract Collected froT4
Rats Sacrificed at 2 min Following Intravenous Administration of C-HMX

(Target Dose 2 mg.kg-1)

Injection
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* FIGURE 13

The Pharmacokinetics of 14C-HMX Following Oral Administration to
the Rat and Mouse and Intravenous Administration to the Rat:

Radio-HPLC Profile of Pooled Female Liver Extract Collected from Rats
Sacrificed at 2 min Following Intravenous Administration of 1 4C-HMX

-1
lip (Target Dose 2 mg.kg
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APPENDIX 1
Pharmacokinetics of 14C-HMX Following Oral Administration to the

Rat and Mouse and latravenous Administration to the Rat:
"C-HMX Data Sheet
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APPENDIX 2

The Pharmacokinetics of 14C-HMX Following Oral Administration to the Rat and Mouse

and Intravenous Administration to the Rat:
Actual Oral Doses Administered to the Rat (Target Dose level was 500 mg.kg9)

Animal Body I Dose Received I Experimental I
No. I Weight (g) I dpm I iCI mg I mg.kg I Purpose

81• 149 13949273 6.28 69.411 465.8 1 A
12d 144 482.0 A
1 36 142 488.8 A
143 147 472.2 A

61 139 499.3 A
4 139 131 529.8 A

I 149 139 499.3 A
149 134 518.0 A
S169 142 488.8 A

I219 120 578.4 AI _ _ _ _ I _ _ _ I_ _ _ _ _ I_ _ _

I 118 140 13949273 6.28 1 69.411 495.8 1 B
1 731 151 459.7 B
183 145 478.7 B
1 91 140 495.8 B
I 12A, 129 538.0 B
,249 122 568.9 B
I199 135 514.1 B
1209 134 518.0 B
1239 137 506.6 B

1227 139 I 499.31 8

S258 154 15576187 7.02 1 77.501 503.3 1 C
I 268 153 506.6 C

278 133 582.7 C
283 151 513.3 C

S298 164 472.6 C
"" 30d 165 469.7 C
1319 140 553.6 C
I 329 132 587.1 C
I 339 135 574.1 C
I349 142 545.8 C
1359 136 569.9 C
1369 144 538.2 C

SA = Balance excretion study
B = Plasma levels of radioactivity
C = Terminal plasma levels of radioactivity
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