
THE 4CUTE AND qHRONIC ]IOCHEMICAL AND -/"
BEHsAVIORAL EFFECTS OF gYCLOlI L-THYLENETRINITRAI

Introduction:

The object of this report is to present th. results of a
study of the toxic effects of cyclomethylenetrinitramine on the
brain after chronic admin.istration to male rats.

In 1973 the Department of Pharmacology and Toxicology of
the University of Maryland School of Pharmacy contracted with

• Office of Naval Research to screen several parameters of central
nervous system function for possible effects from three months'
exposures to cyclomethylenetrinitramine.

0 Background:

Acute high doses of cyclotrimethylenetrinitramine had been
•. -reported to induce severe signs and symptoms of central nervous
CC systcm injury, which, although generally transient, occasionally

persisted for some time. The effects of lower chronic doses
are relatively unstudied.

Trimethylenetrinitratuine, a biologically and chemically
stable compound, produces confusion, hyperirritability, myoclonic
seizures progressing to severe motor se.izures with prolonged
postictal mental confusion and amnesia in humans (Kaplan, A.S.
et al, 1965). Acute and chronic exposures produce a similar
toYc-ity in animals (von Oe'ttingen, W.F., et al, 1949). The acute
oral LD50 in rats is 200 mg/kg and chronic oral exposures of 25 to
100 mg/.kg produces central excitation in both rats and dogs. Chronic
oral dosing of rats with 25 and 50 mg/kg produces severe weight
loss progressing for 3 and 4 weeks, which then reverses until 12
weeks at which time body weight returns to control levels. Since
trimethylenetrinitramine is not meteabolized in vivo (von Oettingen,
W.F. et al, 1949), these biphasic effects on body weight do not
appear to be due to an increase in the rate o0 its metabolism.
After these dosies, cytological or histological changes were not
found in the brain or any other tissue.

Tho absence of cytotoxicity suggests that the mechanism of
the central toxicity to trimethylenctrinitramine is biochemical,
althougn this has not been invest.icated. The central effects are
dose related (Slansaye., R.N1. and tFozharsky, F.I., 1944) and an-
toagonized by prior adminjstration of pentobarbital (Sunderman,
F.W. et al, 19441. In cont-aiLt to von Oettinccn, Slarnkaya and
Pozhars.;i reported patholiUical chznges in several organs, but
none in the brain. Thloy suggcst that the mdechantism of acute
poison.ing involves chan-es in vascular wallls and chronic poisoning

in~ve~ch~nqs i ].r'd metabulisin. The biphasic, c'hanges i~n
body weight with chronic dc.:ina suocT.sts that t oleranrce occurs
to somc of the ef fects, bUt no efidncr± was found wh i ci sugqest:d•}tole.anlce to the cf'ntral .o>Q(Citv. 14-"-A- -

ccrit toxicitvtoler ance to tfotýr, ct No. 14-72-A- !-.; , . .. •• { , ,, '_r th pero i [IT 1 o 3 Z 31"1J5 .



The trimethylenetrinitramine induced convulsions were shown
to be abolished in decerebrate animals and initiated by stimula-
tion of higher centers (Kaplan, A.S. et al, 1965), but the effect
of acute, subacute and chronic dosing-on'Erain biochemistry or on
sensitivity to centrally acting drugs has not been investigated
in any species.

OVERALL CONCLUSIONS

I1. Cyclomothylenetrinitramine administrition to male rats

daily for 12 weeks produced transient changes in biochemical and
behavioral parpmeters of CNS function at dosage ranges which pro-
duced no overt signs of toxicity other than a 25% decrease in
growth rate at the highest dose (615 - 12.5 mg/k.).

2. Time and doae ralated changes were found in whole brain
monoamine oxidase, cholinesterase and oxygen uptake in chronically
treated rats. Although acute administration of CMT increased nor-
epinephrine, 5-HT, and decreased dopamine steady state levels 6
hours after an acute dose, no remarkable changes were found after
24 hours in either acute or chronically dosed rats. Chronic ex-
posure to CMT produces larger alteration in brain enzyme levels
than acute exposure. Moreover, the changes are dose-related with
an elevation in brain cholinesterase induced by the lowest dose
(0.3 mg/k/da) after 12 but not 6 weeks of dosing. The changes
possibly reflect only hemostatic modification of enzyme activity
in response to serial dosing.

3. CMT inhibited both brain monoamine oxidase and cholin-
esterase in vitro and stimulated brain 02 uptake, suggesting
that CMT or a contaminate may have a direct effect on these en-
zyme systems. The blood levels of CMT 24 hours after dosing
are related to do3e administered and duration of exposure. The
alteration in enzyme activities are directly associated with the
increase 4n blood CMT levels. Thus chronic exposure in addition
to inducing increases in brain MAO, cholinesterase, and 02 uptake
also increase blood CMT levels. These changes are dose related.

4. None of the effects were found in rats chronically dosed
with 0.30 mg CMT/kg/day for 12 weeks, the lowest dosage level
used. Thus 0.30 mg/kg/day is a no effect level.

5. Measures of indirect blood pressure in acute and chroni-
cally treated rats were measured. No changes were found 24 hours
after dosing in either acute or chronically treated rats. Hlow-
ever, a hypertensive response was induced after administration
of CMT in chronically treated rate but not in acutely treated
rats. This elevation was blocked by pretreatment with the gangli-
onic blocter hexontethionium which suggested that the elevations
are due to a central rather than peripheral action of CMT.



6. Several of the studies yeilded negative results after both
chronic and. acute treatment. These include: Brain weight studies;
brain protein levels$ DNA-RNA studies; hexabarbital sleep time;
spontaneous locomotor activity; and the examination for gross
neurological abnormalities which included positional sense, righting
reflex, gait and stance, muscle tone and equilibrium. Thus the
biochemical parameters (MAO, cholinesterase and 02 uptake) appear
to be the sensitive measures of chronic effects of CMT.

7. The significance of these changes in evaluating occupa-
tional and environmental exposure to CMT is yet to be established.
However, the observation that all changes found are dose related
show that a safe level of exposure can be established.
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TECHNICAL DESCRIPTION

Qbietive -.Yhe overall objective of this project was to determine
if trimehylenetrinitramine, a central excitatory agent, induces
chenges in behavior, in brain metabolism and in neurotransmitters.
This objective was approached through a comparison of doses and
time relationships tatween changes in biochemical parameters and
changes in behavioral measures of brain activity.

This report presents the results of studies designed to

1. Establish the effect of trimethylenetrinitramine on
oxygen uptake and determine the effect on two specific brain
enzyme systems, brain cholinesterase and monoamine oxidase.

2. Establish the effect of trimethylenetrinitramine on
steady state levels and turnover rates of brain nore•n.nephrine,
dopamiae, 5-hydroxytryptamine and possible gama-aminobutyric
acid (GABA).

General Research Plan

Dose and time relationships often indicate the significance
and mode of toxicological changes. Therefore, in this study
changes in brain biochemistry and behavioral correlates were
determined in rats administered a range of 4 doses of trimethylene-
trinitramine daily and tested at selected intervals over a 12 week
dosing period.

The general experimental design will be that of a Latin
Square for each biochemical parameter and behavioral correlate.

The study consisted of three phases, some of which were run
concurrently. Thase I included measurements of the effect of
trimethylenetrinitramine on brain biochemistry in animals receiving
four chronic dosage levels sacrificed on 4 selected intervals.
Vehicle-treated controls and zero time intervals were included.
Phase II included measurements of effects on brain transmitter
steady state levels and turnover rates in animals treated according
to the same nrotocol. Phase III included measurements of effects
on some in vivo behavioral correlates in animals treated according
to the same protocol.

Specific Methodoloqg

A. Animals and animal care:

Adult, male, Sprague Dawley rats, 125-150 grams were housed
in an air conditioned animal room with a 12 hour light-dark cycle
and allowed free access to food and water throughout the study.
The animals were housed in community cages of not more than I0
aninils each.
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B. Dosing Procedure:

For chronic studies, trimethylenetrinitramine was adminis-
tered IP dai'ly in either an oil or carboxymethycelluose suspension.
Contreis received the vehicle only. Body weights were recorded and
overt toxic signs noted (See also Section C.3). The doses are des-
cribed in the text.

C. Analytical Procedures:

1. Biochemical studies -

Oxygen uptake was determined using fresh brain slices in
a Warbaugh apparatus, using the method described by Umbright,
1957.

Brain cholinesterase was determined by the colorimetric
method of Ellman, et al, 1957.

Monoamine oxidase was determined by the radioc imical
method of Wurtzman and Axelrod (1963), utilizing C '-L-
tyramine as substrate.

2. Neurotransmitter dynamics -

The pulse-labeling technique of Algeri and Costa (1971)was used for the determinat on of brain steady-state con-
centration and turn-over rates for norepinephrine, dopamine
and 5-hydroxy-tryptamine. This techni ue utilizes the mono-
amine precursors H3 -L-tryptophan and C 4 -L-tyrosine.

3. Behavioral Studies -

Barbiturate slieptimes were determined using hexabar-
bital according to the standard technique used in our labora-
tory, in which rats are placed on their backs only at regular
(1 or 5 minute) intervals to avoid respiratory complications.

Pentylenetetrazol (Metrazol) seizure thresholds and pat-
terns were determined by the intravenous infusion procedure
described by Orloff, et al, (1909).

Electroshock seizure thresholds and patterns were de-
termined by the method described by Woodbury and Davenport
(1952) modified to use ear alectrodes.

Spontaneous motor activity wore determined by the pro-
cedure described by Tedeschi, et al (1964) modified in our
laboratory to use circular photoelectric cages. Amphetamine-
induced motor activity will be deLermined in the same manner
after rats have received amphetamine sulfate, 10 mg/kg, IP.



Evidence of neurological abnormalities (toxicity) were
assessed by the method described by Swinyard et al (1952).
Accordingly, five tests were used for the eval-uat-Ton of
the animals.

a. Positional Sense - When a hind limb of a rat is
lowered over the edge of a table, the rat normally
quickly lifts it back to the table.

b. Righting Reflex - A rat placed on its back will
normally right itself quickly.

c. Gait and Stance - Deficits indicated by a circular
or zigzag gait, ataxia, abnormal spread of the legs,
abnormal body posture, tremor, hyperactivity, stupor
or catalepsy.

d. Muscle tone, - Determined subjectively by hand-ing
the animals

e. Equilibrium -- Maintenance of equilibrium while
walking on a narrow elevated edge.



RESULTS

A. Range fihding studies:

A series of acute and sub acute experiments were conducted
to establish the range of doses to be tested. The results are
shown in tables 1, 2, and .

B. Enzyme studies:

The time and dose related effects of CMT on oxygen uptake,
Monoamine oxidase and brain cholinesterase are shown in Figures
1, 2, and 3 and Tables 1, 2, and 3, respectively.

1. Oxygen uptake

Oxygen uptake is often taken as an overall index of
brain energetics. Therefore in the 6-hour study the 02
%iptake of brain homogenates was determined using succinate,
glucose or pyruvate malate as the substrate. The effect of
in vitro addition of CMT on 02 uptake by control tissue was
a-s-odetermined. In the chronic experiments succinate was
used as the substrate and 02 uptake was determined within
2 hours of sacrifice. The results are shown in Tables 4,
a, b, and c.

No significant change in 02 uptake by whole brain homo- U
genates prepared from rats sacrificed 6 or 24 hours after
administration of the final dose of CMT was found after acute i
and chronic dosing with CMT in the 6-hour, 24-hour, 48-hour,
2-week or 12-week groups. Figure I, Table 5. However,
toere was an increase to about 175% of control in 02 uptake
ift the 6-week group dosed with 2.5 or 6.5 mg/kg. The increase
was significant at the P 4,0.05 level.

* In a preliminary study changes were found in 02 uptake
which suggested that CMT may have a direct effect on 02 up-
take in homogenates when succinate but not when glucose or
pyruvatb malate was used as the substrate (Table 4D). No
differences were found when either the supernatant or shaken
RDX preparation was used suggesting that only the RDX in
solution had an effect on 02 uptake in the in vitro study
(Table 4 D). 

-

These results show that CMT does not produce an acute
effect on Ouptake of duration over 6 hours. Nor does chronic
dosing for days or 2 weeks significantly alter 02 uptake 24
hours after administration. Therefore, the effect of 6.5
mg CMT'kg IP on 02 uptake at 1/2, 1 1/2, and 3 hours was de-
termined. The'0 2 uptake in brain homogenates increase from
115% at 1/2 hour to 126% at 1 1/2 hours and 145% at 3 hours
after dosing with CMT. The 02 uptake had returncd to con-
trol levels by six hours. These results suggest that CHT
may slightly alter axidative phosphorylation leading to in-
creases in 02 uptake.
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The effect of CMT of 02 uptake in vitro was also tested
and did not differ from control. Thus the effect of CMT on
02 uptake may be indirect.

The 6 & 12 week values do show that chronic dosing can
alter 02 uptake and that these changes are reversable.
Based on these results it is unlikely that CMT uncoupling
of oxidative phosphorylation produced long-term alterations
in brain energetics.

2. Monoamine oxidase.

Measures of ensyme activity often provide the first in-
dication of toxic damage. Since CMT produced acute convul-
sions it was considered possible that changes in amine or
acetylcholine levels due to changes in MAO of cholinasterase
activity may be associated with these convulsive or precon-
vulsivQ conditions in the brain. Moreover, measurement of
1AO and cholinesterase are established indices of CNS
toxicity.

Therefore, monoamine oxidase activity was determined
or 24 hours after dosing. The results are shown in Figure
2 and Table 6. In this study 3 H-Tyramine was used as the
substrate. There was a small but not significant (P>0.05)
decrease in MAO at all doses in the 1/2 hour, 1 1/2 hour,
3-hour, 6-hour, 24-hour and 2-week group. In contrast,
there was a significant (P 0.05) increase of greater than it
150% in monoamine oxidase in the 6-week group treated with
2.5 or 6.5 mg/kg and in all of the treated rats in the
12-week group. These changes were dose related.

The in vitro effects of C!4T on MAO activity was tested
to dotorErne w-ether the action was direct due to CMT or in-
direct due to metabolite or secondary to other changes. A
dose related inhibition of MAO activity of 76 and 66% of con-
trol was induced in vitro by concenrations of CMT ranging
from 0.25 to 1.0 Rgi/ml (1.12 - 4.50 x 10-3M). Thir, indicates
that CMT is a direct inhibiter of MAO activity in brain
homogenates at these concentrations.

These results show that CMT does alter monoamine oxidase
activity and with chronic dosing the effect is biphasic pro-
ducing a decrease 6 or 24 hours after short-term exposure
and an increase ofter 6 and 12-week exposures.

These res.4ts show that subconvulsant doses of CMT can
altar MAO activity and suggest that amine levels in the brain
may be aliao changed.



3. Brain Cholinesterase

Brain cholinesterase was determined at 6 and 24 hours
aiter dosing with CMT. The results are shown in Figure 3
and Tables 7 & 8. Acute administration of C14T produced a
small but significant decrease in brain cholinesterase at
1 1/2, 3 and 6 hours. The activity had returned to control
levels by 24 hours. Activity was inhibited at 24 hours after
2 weeks of chronic dosing. In contrast, an increase of ac-
tivity was observed in the 2.5 mg/kg and 6.5 mg/kg group
after 6 and 12 weeks of chronic dosing. This shown a bJ-
phasic effect similar to the 02 uptake and brain MAO activity.
In order to determine whether CMT has a direct effect on
brain cholinesterase, brain homogenates were incubated with
1.12 - 4.50 x 10- 3M concentrations of CMT and brain homogen-
ates. CMT decreased cholinesterase activity to 53% of con-
trol at the 4.5 x 10- 3M level.

4. Comparison of CNS effects.

The relative changes in the brain enzymes are summarized
in table 7. The enzyme levels are not correlated with
changes in amine levels.

C. Physiological studies.

1. Chronic feeding of rats with 15, 50, 100 mg/kg per day
in the diet produced a decrease in body weight through 2
and 4 weeks at the 50 and 100 mg/kg dose. Thereforo, the
body weights were plotted weekly. Figure 4 and Table 10
show that 0.03, 2.5 and 6.5 mg/kg also produced a decrease
in body weights at 2 weeks but the weight had returned to
normal levels by 6 and 12 weeks. Thus rats chronically
dosed with CMT appear to develop a tolerance to it over
the first 3-4 weeks of dosing.

2. The blood levels of CMT 24 hours after dosing are shown
in Table 11. The blood levels are related to dose adminis-
tered and duration of exposure. The alteration in enzyme
activities shown in Table 9 are directly associated with
the increase in blood CNT levels. Thus chronic exposure in
addition to inducing increases in brain MAO, cholinesterase,
and 02 uptake also increase blood CMT levels. These changes
are dose related. None of the effects were found in rats
chronically dosed with 0.30 mg/kg/day for 12 weeks, the
lowest dosage level used. Thus 0.30 mg/kg/day is a no effect
level.

3. Measures of indirect blood pressure in acute and chroni-
cally treated rats were measured. (Table 12). No changes
were found 24 hours after dosing in either acute or chron-
ically treated rats. However, a hypertensive response was

indcedaftr aminstrtio ofCMTinchronically treated
rats but not in acutely treated rats. This elevation was
blocked by pretreatment with the ganglionic blocker hoxo--------------------------------------- __ A-.a&L-



4. Brain weight, brain protein levels. DNA-RNA, hexabar-
bital pleep times spontaneous locomotor activity and the
examination for gross neurological abnormalities which in-
cluded positional sense, righting reflex, gait and stance,
muscle tone and equilibrium were no different from controls
after either chronic or acute treatments.

Thus the biochemical parameters (MAO, cholinesterase
and 02 uptake) appear to be the sensitive measures of chronic
effects of CM?.

D. Brain transmitter studies

The brain transmitter determinations are summarized in
figures 5, 6, and 7 and in tables 13, 14, and 15.

Time and dose related changes were found in whole brain
monoamine oxidase, chclinosterase and oxygen uptake in chroni-
cally treated rats. Although acute adminictration of CMT in-
creased norepinephrine, 5-11T, and decreased dopamine steady
state levels 6 hours after an acute dose, no remarkable changes
were found after 24 hours in either acute or chronically dosed
rats.

These results suggest that the effects of CMT on the brain
excitatiry state either are not induced at low doses of CMT or
that they are not cummulative on the brain.

.)



o-.

"6-

AlFeri,S. and.Ccsta, E.: Physical Dependence on -morphine Fails to
Increase Serotonin Turnover Rate in PAt Brain, Dicheat. Pharnacol.
20: S77-884, 1971.

Ellan, G.L., Courtney, K.D, Andreg, V. and Featherstone, R.N., "A Now
Rapid Calorimetric Determination of acetylcholinesterace Activity."
Bioshem .. ha•.ernq ., Z: 88-95, 1961

Kaplan, A.S., Berghout, C.F. and Pecaenik, A. "Human Intoxication from
RDX" Arch. Environ. HeAlth, 10- 877-883, 1965.

Orloff, N.J., Willians, I.L. and Pfeiffer, C.C. "Timod Intravenous In-
fusion of Nothazol and Strychnine for Testing Anti-convulsant drugs"
Proc. Soc.- Exp. Biol, Mod. 70: 254-257, 1949.

Slanskaya, R.t. and Poaharsky, F.I."Toxicity of Itexoaen'" Fariiakol
Toksik h 43-47, 1944. (Fron. Kaplan, It A!. 1965)

Sunderrman, F.W., Clark, J.K. and Bills, E.S. "Compliation of Informal
Monthly Reports on Hazards to Hgalth of Individual Working with ItDX"
May 1943 - June 1944, National Defense Research and Developiment,
KORC Contract No. O..SR-962 (unclassified), 1944) (From Kaplan,
at L!, 1965)

Swinyard, E.A., Brown, W.C. and Goodman, L.S. "Comparative Assays of
Anti-epileptic Drugs in Mice and RAts" J. Pharmac r Fj. Ther.
""06: 319-330, 1952.

Tedeochi, D. H., Fowler, P.J., Cromloy, W.t., Parlis, J.F., Eby, 6.Z.
and Fellows, E.J.,"Effects of Centrally Acting Drugs on Confinement
Motor Activity" J. Pharm,. Sci. 53: 1046-1050. 1964.

Umbright, W.W., Burries, R.H. and Stauffer, J.F. Monono.rc Technisqsues
Burgess, l"'nnaapolis, M14 Pg. 14.9, 1957

von Oettingen, W•F., Donahue, D.D., Yagoda, H., Mlonoco, A. R. and Harris,
M.R. "Toxicity and Potential Dangers of C.vclotrimethylcnetrinitraciino"
J. 1nd. Iyttienc Toxicol. 31: 21-30, 1949.

Woodbury, L.A. and Dcvenport, V.D. "Design and Use of a Now Electroshock
Seizure Apparatus and Analysis of Factors 'Alcering Seizurn threshold
and Pattern" Archs. Int. Phatracodyn. 92: 97-107, 1952.

Wu'rtman, R.J., and Axelrod, J. A Sensitive and Specific Assay for the
Estimation of Monoamine Oxidaso. Biochem. Phaimacol. 12: 1439-
1440, 1963.



TAPLE 1

Range Find .nlt Study RDt

ber of RtResults

200 mg/kg 3 Convulsed 10 minutes; dead 15-20 minutQs
(1 al/kg)

100 mg/kg 3 Convulsed 10 minutes; dead 15-20 minutes
(0.5 Wl/ks)

50 mg/kg 3 Convulsed 20-90 minutes; dead 120-200 minutes
(0.25 mW/ks)

25 mg/kg 3 'Convulsed 30-90 minutes; 1/3 dead 120 minutes
(1 ml/kg)

125 mg/kg 3 No convulsions and no deaths

Summa t
Number responding/number treated

_ _se m_/k_ Convulsions Death

12.5 03 0/3 013

25.0 3/3 1/3

50.0 3/3 3/3

100.0 3/3 3/3

A. 200.0 3/3 3/3

Effects noted: exothalmus, pyloeriction, facial clonus, alternating
unilateral and bilateral clonus, diarrhea, violent convulsions, nose
bleeding, eye bleeding, and death.

q :0I



TABLE 2

Effect of Chronic RDX Dosing on Body We)6ght

Body Wt. M Nean t) (6 Rats)

Treatment (A) Day 1 Day 5 pa 10, Day 15

17. Methy! Cellulose 180 t 5.1 201 ± 8.2 230 ± 12.1 250 ± 12.1

0.3 Mg/Kf RDX 178 ± 7.0 205 ± 9.1 241 .h 9.1 253'± 10.2

2.5 Mg/Kg RDX 172 ± 3.1 202 ± 4.9 237 k 6.1 243 :! 3.3

25 (c) " 180 ± 7.3 (6) 198 ± 8 .3b( 3 ) - -

12.5 232 :t 8.7 224 ±.10D8 243 * 5.4

a. 1 HI/Kg volumes administered each day.

b. One of 6 rats gained weight, of the remaining 5, none gained weight
and 3 died by the 5th day.

c. All of this group showed convulsions during dosing.

Je
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- TABLE 3

Time Course of Lethality Study Chronic Dosing (A)

Dose 1 2 3 5 6_ 7 ' 9 10 11 12 1 14"
Control 0/6 0/6

0.3 mg/kg '0/6 .0/6

2.5 mg/kg 0/6 .0/6

12.5 mg/kgB 0/6 0 .. 0/6

25.0 mg/kg 0/6 116 2/6 2/6 3/6 416 416 5/6 5/61.---... . jsrl6
dose lowered

177. 337. 337% 507 677. 677. 837. 83%

A. 1 ml/kg/da volume

B. 0.5 ml/kg/da volume day 1-10 sacrificed 72 hours after the last dose.

ii
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fl TABLE 4A

Effect of RDX on 02 Uptake in Rat Brain (in viyo_)

Sof Control Values

Duration of Exposures,

Dose RDX_ 6 Hr. 48 288 Hr.Hr

Control 100 100 100

0.3 Mg/Kg 111 94 101

2.5 Mg/Kg 110 97 85+

L2.5 Mg/Kg - - 128**

25.0 Mg/Kg 98 105 -

1 M1/Kg volume each day, sacrificed 24 hours after last dose.

•** P < 0.05 by T test, sacrificed 72 hours after last dose.

+ Not different from control P < 0.20 two-tailed tests or by rank-sign
test,

* .
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TABLE 4B J
In Vivo Effect of RDX on Oxygen Uptake in Rat Brain (Succinate)

;&1 02 /30/mg brain (7. Control)

Dose Acute 2 days 2 weeks
-6 hour(3) 48 hour (4-6) 288 hours6

Methylcellulose 509.8 f 31.4 328.53 t 15.5 320.21 ± 14.7

(17.)

0.3 Mg/Kg 567.0 * 23.4 309.43 * 52.5 323.06 ±_ 13.4

2.5 Mg/Kg 545.0 ± 70.5 321.68 * 29.9 272.38 ± 24.4

12.5 Mg/Kg 409.80 ± 29.7
(Control 324.23)

25 Mg/Kg 501.3 ± 14.4 344.80 ± 29.1 ----

A. Male rats received i.p. injections either 6 hours before sacrificing
or every 24 hours, and sacrificed 24 hours after the last injection.

II



TABLE 4C

Preliminary Experiments on the In Vitro Effect of RDX
on 02 Uptake Using Various Substrates

(&1 02/30 min./pu brain)

(Pooled brain in each experiment)

Substrate:* Succinate (0.1 Holar) /

Experiment I. Preincubation for 10 minutes

M •± 2/30 min.dgm brain

Concentration
_RDX mx/ml _Values Avaas

0 621.0; 588; 701.5 736.5

0.70 x 10"3 687.0; 743.1 715.1

7.0 x 10 727.0 726.7

70 x 1•03 " 696.8; 703.1 699.91

140 x 10" 680.2; 706.1 693.1

Experiment II. Preincubation for 45 minutes

pL 02/30 min./Ip brain

Concentration•

RDX (majm1) Values Avera"ge

0 443.6; 421.51; 505.8; 439.4 452.6 ± 18.4

70 x 10" • 344.9; 384.7 364.8

140 x 10" 469.5; 551.6 510.5

210 x 70 564; 598.6 581.8

No effects were found using glucose or pyruvate as the substrate at
140 x 10- 3 mg/ml RDX concentrations.

5-.- i



TABLE 4D OXYGEN UPTAKEt EFFECT OF USING CMT-RDX
SUSPENSION OR SUP"RNATANT

pL 02/30 min./dgr brain

Vol RDX/3cc() mg/ml RDX Values Average

60.1 cc suspension 70 x 10"3 105.4; 106.2 105.8

0.2 cc suspension 140 x 10"3 118.9 118.9

0.1 cc supernatant ? 99.5; 105.4 102.5

0.2 cc supernatant ? 114.3; 117.0 115.7

Control 0 98.6; 80.7; 101.4 .9.0 p'
101.7; 124.5

A. 2 mg/ml RDX

Note an ircrease may be due to soluble fraction.

iii
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* FIGURE I

O(YGEN UPTAKE
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I• TABLR S

EFFECTS OF RDX ON OXYGEN UPTAKE (+ 4 S)

ul/60min/gram

Dose (Kg/Kg/Day)

Duration of 6.5 12.5
Treatment Controls 0.3 2.5

*6 hours 509.7+31.4 567.0+23.4 550.0+70.6 501.3+14.4

24 hours 311.3+22.9 257.0+22.6 324.8+26.9 341.9+16.4

2 days 418.7+22.9 377.3+73.5 383.6+20.6 391.8+22.5

2 weeks 278.7+13.7 298.1+27.2 364.9+29.4 326.5+18.6

6 weeks 348.6+14.0 370.2+47.1 620.5+61.3 604.3±14.2

12 weeks 352.8 252.8+27.8 288.3+40,8

IL



FIGURE 2.

MONOAMINE OXIDASE
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TMZILE 6A

EFFECTS OF RDX ON MAO

(um/60 min/Mg protein • + SE)

Doso (Mg/Kg/Day)

Duration of
Treatment Controls 0.3 2.5 6.5 12'.5

6 hours 3.49+0.27 1.17+0.04 1.20+0.02 1.12+0.05

24 hours 2.57±0.09 2.22+0.34 2.00+0.21 2.27±0.201

2 days -

2 weeks 3.50+0.57 2.864.0.27 2.31+0.35 2.45+0.57

6 weeks 2.41+0.69 2.49+0.51 3.78+0.42 4.32+0.85

12 weeks 1.64+0.47 2.68+0.48 3.14+0.52 2.80+0.40

N14
N - 5-6 unless indicated otherwise



TABLU 6B

Iffect of an Acute Dose of RDX on Honoamune
Oxidase Activity in the Brain of Rat.s

Activity CMt/O.Ol mt

1O0% homosenate/20 minute
ose RDX -(j) Mean SE $

Control 8 386.4 • 20.0

12.5 mg/kS 4 419.4 * 60.1

25.0 mg/kg 3 254.5 * 5.8 (N<0.01)

Rats iaciifiaed 4 hours after dosing.

iii



T!ADLR 7

Effect of IDX on Brain Cholinestarase Activity % of Control Value

(I HW/K administered i.p. daily for 2 days or 2 weeks and sacri-
24 hours after last dose)

_L_ rAtions ogf Elposur•e

a RS Hr. (3) Hr t. (4- . 288 Hr. (2 wI8.) (6)1

Control 100 100 100

0.3 rg/kg 87 107 149 P .0.05

2.5 W/ks 79' 107 138 P <.0.05

12.5 mg/kg " 113*

25.0 mg/kg 71 105

* A separate experiment control 0.93 vs. 1.006 tieatvd :%crificed 72 hours
after last dose.

A. There is no overall lap between control and treated values. 0.89 1 0.01 (C)
1.33 :t 0.01 (0.3 mg/kg) 1.23 (k 0.04 (2.5 mg/kg)

Conclusion: (A) 6 hour inhibition of brain cholinesterase is signiflicant
.and probably, real.

(3) The Increase after 288 days is also statistically signi-
ficant P < 0.03. However, in this case braint are removed

24 hours after inhibition vs. 6 hours in the group shoving
inhibition.

5 5
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TABLE 8

EFFECTS OF RDX IN CHOLINESTERASE

(umoloe/minute/ ram of brain)
X 101

Dose (Mg/Kg/Day)

Duration of
Treatment Controls 0.3 2.5 - 6.5 - 12.5

6 hours 14.42+0.16 11.62+0.09 10.71+0.11 11.40+0.31

24 hours 15.97±0.71 17.65+0.54 16.15+0.91 13.45+0.41

2 days 19.03+0.92 20.33+0.43 20.28+0.64 20.05+0.20

2 weeks 18.52+0.51 16.06+0.71 15.40+0.75 12.80+0.74

6 weeks 7.895+0.21 8.363+0.32 12.375+0.71 11.236+0.52

12 weeks 5.846+0.40 5.266+0.29 7.727+0.20 9.985+0.18

Ii



TABLE 9

Enzyme and Monoamine levels 24 hours after dosing with
(6.5 mg/k/da) OIT.

% Control enzyme activity 7. Control Monoamine levels

Time on Study Monoamine oxidase Cholinesterase 0U2 ake Norepinephine Dopamine 5-.HT

24 hour 85 85 110 95 110 (0

2 week 70 70 95 135 65 110

6 week 180 140 175 90 90 80

12 week 200 180 lob 100 75 100

6 hours 75 80 98 72 136 221
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TABLE 10

BODY WgIGHTS
(Grams)

Dose (Mg/Kg/Day)

Controls 0.3 2.5 6.5 - 12.5

6 hours 273 280 193 216
24 hours 191.8+5.55 189.7+3.63 198.8+5.65 191.3+6.94
2 days 178.3+3.18 181.3+4.10 182.7+4.33 185.7+1.20
2 weeks 344.1+6.39 326.8+5.25 321.2+4.55 282.0+4.66
6 weeks. 276.9+9.61 295.3+9.92 276.0+11.25 280.0+8.82

12 weeks 358.9+6.47

It

Sii•

" !F,
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TABLE 11

(A)

Mean CQT in whole blood mst/ml,

Dostng Period 0. 0.3mg/k/da 2.5mg/k/da 6.5 ml/k/da• L

1day 0 0.63 0.065 0.111

2 weeks 0 0.000 0.000 0.098

6 weeks 0 0.015 0.103 0.134

12 weeks 0 0.009 0.108 0.222

(A)
Means of 5-6 determinations

V

'S

4.



TABLE 12

Effect of CHT on b.ood pressure in rats after acute and chronic
treatment. (Means ±SE of 8-15 rats)

Bloodpressure Change
Treatment after CKT -Sini•icance

Acute COT 155.56 ± 4.98 1.33 ± 5.129

Chronic OUr 150.50 ± 5.40 10.33 ±' 2.250 P < 0.05

Acute Vehicle 167.25 ± 10.67 0.88 ± 4.250

Chronic Vehicle 163.00 ± 4.10 3.23 ± 2.240 --

j
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TABLE 13

WHOLE BRAIN 5-HYDROXY-TRYPTAMINE

Lise (Mg/Kg/Day)

Duration of
Treatment Control. 0.3 2.5 12.5

6 hours 0.59A 0.51 0.59 1.31
(0.56-0.61) (0.48-0.54) (0.52-0.69) (0.91-1.81)

24 hours 0.96 0.82 0.72 0.74
(0.80-1.17) (0.65-0.93) (0.65-0.77) (0.65-0.83)

2 weeks 0.93 1.05 0.98 1.00
.(0.82-1.02) (0.87-1.14) (0.89-1.04) (0.95-1.04)

6 weeks 0.93 1.20 1.02 0.72
(0.80-1.18) (1.15-1.29) (0.91-1.15) (0.66-0.81)

12 weeks 0.57 0.44 0.56 0.55(0.44-0.70) (0.37-0.66) (0.53-0.61) (0.39-0.82)

A Mean and range of 3 brains, duplicate determinations

[L:
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TABLE 14

WHOLE BRAIN NOREPINEPHRINE

Dose (Mg/Kg/ZDy)

Duration ofTreatment Control 0.3 2.5 12.5

6 hours 0 . 2 5 A 0.26 0.35 0.35
(0.22-0.29) (0.22-0.32) (0.30-0.41) (0.28-0.40)

24 hours 0.25 0.34 0.29 0.24(0.19-0.31) (0.29-0.42) (0.26-0.31) (0.22-0.25)
2 weeks 0.14 0.15 0.16 0.19(0.11-0.18) (0.10-0.18) (0.15-0.17) (0.14-0.23)S6 weeks 0.30 0.32 0.27 0.27

(0.21-0.46) (0.27-0.36) (0.23-0.32) (0.26-0.28)
12 weeks 0.33 0.27 0.35 0.33

(0.21-0.46) (0.25-0.29) (0.31-0.38) (0.32-0.36) ]

A Mean and range of 3 brains, duplicate determinations

14



FIGURE 7
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* TABLE 15

WHOLE BRAIN DOPAMINE

Dose (Mg/Kg/Day)

Duration uf
Treatment Control 0.3 2.5 12.5

6 hours 0 . 5 8A 0.48 0.44 0.42
(0.52-0.66) (0.44-0.50) (0.42-0.55) (0.36-0.48)

24 hours 0.20 0.26 0.19 0.22
(0.17-0.24) (0.20-0.34) (0.14-0.26) (0.20-0.24)

2 weeks 0.29 0.24 0.31 0.19
(0.24-0.32) (0.17-0.26) (0.22-0.36) (0.12-0.28)

6 weeks 0.47 0.44 0.42 0,44
(0.36-0.64) (0.34-0.52) (0.38-0,48) (0.34-0.50)

12 weeks 0.95 0.82 0.99 0.73
(0.77-1.10) (0 72-1.00) (0.93-1.05) (0.50-0.97)

A Mean and range of 3 brains, duplicate determinations

I-


