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FOREWORD

(Nontechnical summary)

A variety of animals exposed to Ionizing radiation doses in excess nf approxi-

mately 2000 rads exhibit neurologic symptoms including ap.thy, disorientation, ataxia,

hyperexcitability, convulsions, coma and early death. Since the inhibitory nieurotrans-

mitter gnmma-amin-butyric acid (CARA) has been implicated in severt lnerlogic

disorders, Its metabolism in rats during the first 20 minutes after exposure to 10,000

or 20,000 rads pulsed mixed gamma-neutroti radiation has been investigated. Within

minutes after such doses the rat becomes temporarily disoriented and ataxlc. Whole

brain GABA levels rise significantly by 20 minutes after 10,000 rads. The rise is even

more pronounced and begins as early as 1 minute after 20,000 rads. L-gtutamic acid

decarboxylase, the enzyme which synthes.va GABA, increases in activity as early as

.1 minute after either dose of radiation.

Since rats become disoriented And much less acthe for several minutes after

these doses of radiaUo, and since an increased GAA level is known to decreas activ-

ityl GAM,., may be !nvolved In the Postirradlation neurologic symptoms of cats. How-

ever, the data prv.%entod in this reput-t ure iii -ontrust with the gwral iccrease in

GARA observed in some convulsive disorders. Since Conv ulsos are oberved in rats

within hours after higher doses of :radiUoa, Ute metabolism of GAIA durit:' railation-

induced seizures should be invesiptod further.

V
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ABSIRAC T

The metabolisin of the inhibitory neurotransmitter ganima-aminobutyric acid

(GAI3A) was studied in rats subjected to 10, 000 or 20, 000 rads of pulsed mixed gammna-

neutron radiation. Whole brain GABA levels wore found to rise above control levels

by 20 minutes following 10, 000 rads and as early as 1 minute following 20, 000 rads.

L-glutamic acid decarboxylase activity was also observed to rise as early as 1 minute

following either dose of radiation. These results are consistent with the hypothesis

that GAI3A is involved in the etiology of the' Lransient central nervous -ysteii disorders

(apathy, disorientation, ataxla) observed in rous shortly after high doses of ionizing

radiation.



1. ININODUCTION

Doses of ionizing radiation in excess of approximately 2000 rads produce a vari-

ety of clinical and behavioral symptomis cumulatively classified as the central nervous

system radiation syndrome. These responses include, over a period of time and in

* various animal species, apathy, disorientation, ataxia, hyperexcitability, convulsions,

incapacitation and early death. 1,3,11-13 The rapid, transient, and species specific

nature of many aspects of the CNS syndrome suggesL a possible neurochemical in-

volx'ement. The inhibitory neurotransmitter gamma-aminobutyric acid (GABA) and

L-glutamic decarboxylase (GAD), the enzyme which synthesizes GABA, have been im-

14
plicated in the neurologic dysfunctions associated with epilepsy and exposure to high

pressure oxygen or hydrazidws. 16,17 However, no studios have boon conducted to in-

vestigate the effects on GABA metabolism of doses of ionizing radiation sufficiently

high to induce neurologic changes. The few studios of radation effects on GABA motab-

otlism utilized the dose range of 400 to 1000 rads of !ow dose rc OCo gamma rals or

.X ras,5 ,6, is.

The purtxpse of this study was to investigate the possible involvement of an altered
GARA metabolism in the neurologic radiation syndrome I, this initil report we pre-

sent data on the altered CABIA metabolism in the rat during the first 20 minutes follow-

ing exposure to 10,000- or 20,000-rad doses of pulsed mixed garwna-neutron radiation.

SMATEIALS AND METIIODS

Irradiation. Male Spraguo-Dawley rats weighing 225-275 grams were exposed

in pairs to either 10,000 or 20,000 rads pulad inbL.d. gama-meutron radiation from

th-e AFRRI-TVIGA reactor. The rats, which were irradiated while constrained in an

":" " • .'-""2 .-",.



automatic guillotine device, were decapitated at either I, 5, or 20 minutes postirradi-

ation. The heads were allowed to fall directly into lli(ltj nitrogen for rapid tissue

freezing. A detailed description of the rIadiation 1f,) .1o1 and the automatic guillotine

device has been reported. 2 Hat headn were stored frzqni (-100 C) until time of assay.

Control rats were treated In te stw mainnr six ahOwve and wort, dcapitated approxi-

nmately 10 minutes after a sham pulge of ratla .,

GABA assay. Rapid treezlng of thU rat hoiad li liquid nilrogen usually resulted

in bilateral splitting of the skull and brain to, llitating rt',intvai of symnmutrical half-

brain portions (600-700 rag) of frozen tistaw. (One of those t)rUons was removed and

GABA extractd as follows, A 10 percent (w/v) iumtgenate In 80 perent ethanol was

centrifuged 20 minutes at 5000 x g, with the residue being washed twice with 10 percent

ethanol. The combined supernates were evaporated under reduced pressure at 600 C

overnight and the residue was resuspended in it 2 0. This aqueous extract was then

clarified by washing with CIICI3 . GAR - concentrations were then determined enzy-

10nmatically by the methiod of Scott and Jakoby. Pseudomonas fluoresces A. TCC.',

13430 was obtained from International Mining and Chemical Corporation, Skokie,

Illinois.

GAD. ass A 12. 5 percent homogenato of each reniaining half-brain was formed

in a solution containing 50 mM poassium phosphate t1 6. 8 and I mM EDTA potassim

salt. After centrifugation for 20 minutes at 35,000 x g, GAID activity in the supurnate

was determined by an isotopic assay simnii&r to that employed by Rloberts nd SLnonsea

113
as modified by Wlson et al. In an incubation volume of 0.05 ml, final con.*%traotins

w re 50 mM potassium phosphate pit 6.8, 1 mM EDTA potassium s"t, U. .Gi~

2



pyridoxal phosphate, 0. 5 percent Triton X-100, 1 mM 8-mercaptoethanol, 1 mM
/1,

GABA, and 5 mM L- glutamate (1- C) specific activity 1.25 mCi/mmole (obtainedA

from CalAtomic, Inc., Los Angeles, California). The 14 CO. produced was collected
2

and counted -vith OP percent efficiency i.sing a Nuclear-Chicago Mark II liquid scintil-

lation spectromet( v. Protein content of the extracts was deter:-,ned by the method

of LowTy et al.

Statistic,. Data are presunted as te average ± standard error, with the number

* of sampies h. "3arenthescs. Sigmificance testing was performed using the two-tailed

Stud'iii. " distribution, Significantly different indicates p 1: 0.05.

II. RESILTS

-,-a.. Immediately [uving e~xposure to 40,000 rads the rats

showed iigns of apatliy and vxtrevm disorientation, some e.xprloneing obvious loss of

the rightig reflex. These seVe-re symAptoms alated within the first few -miutes btt

the rats. remnined ata.sc and 10haugic .thr.¢outt the first 20 minutos !4,xpostre.

After 10, 000 rads suiair but somovAut. leoss severe symptoni were observed.

imils. Foitowing 10,000 rads, GMA A lvels wNere found to rise during

the first 20 minutes postirradliation (Ftguwe 1), There was a trvul towards an imra td

GAIIA I- it as early as 5 ninutes, and at 2.0 minutv GA IA 1m-els had risen to 2.41

I 0h[() moh's/g, This was a significant incr.ase o er the value obtained iI Ole sim

irmdiated grou of 2.24 1 .05(15) jmioiea/g. Following 20,000 rads, the increae in

CAJIA was more pr,;,ouncod, reaciing 2.44 1 .08(0) $iolesig 1, 1 minute postirradt-

atlon, and 2. ty' . 14(S) ponoles/g by 2U ,Ih ute.s.
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Figure 2. GAD activity in rat brain 1, 5 and 20 minutc. after 10, 000 and
20, 000 rads pulsed mixed gamrna-neutroa radiation. 1e shar,
level is the average for 15 rats; other levels are the average
for five to eight rats. Bars indicate standard error ranges,

IV. DISCUSSION

During the first 20 minutes following doses of 10,000 or 20,000 rads, the rats

showed apathy, disorientation and ataxia. The data presented in this report indicate

that a significant increase of whole brain GABA, levels by approximately 10 percent,

accomrea. ied by an inoreaA in GAD activity, occurs in conjunction with this state ob-

served early in 4e postirradiation response of the rat. Thiu trend toward an increase

in both GABA levels and CAD activity parallels that reported by others in mice,

rabbits and rats from hours to days after exposure to 400 to 1000 rads.

Increases in brain GABA levels of approximately the same magnitude as were

found in this study have also been reported In rats breathing hypoxie gas mixtures

i . -



under conditions which result in impaired oxidative metabolism 1 8 These findings are

partinularly interesting when considered in parallel to those tof 'ohan et. al. 4 who in-

vestigated the effect of doses of high energy electrons upon respiration of cerebral

mitociondria in rats. They found that at 5 minutes following 20,000 rads respiratory

control had decreased below control values, remaining low at 1 hour, and finally re-

turning to control levels by 4 hours postexposure. However, ther observed no effect

-- on respiratory control at 5 minutes after 10,000 rads. Therefore the pattern of

changes in GABA levels and in oxidative metabolism following these high doses of

-ionizing radiation is parallel to the changes induced by breathing hypoxic gas mixtures.

This suggests that the changes observed early in the postirradiation response of the

rat may be due to a radiation-induced state of hypoxia.

Rats begin to show signs of severe tremors and convulsions within 1 to 4 hours

after radiation doses above approximately 20,000 rads. Since the impaired respira-

tory control observed by Cohan et. al. was transient, returning to control levels by

1 to 4 hours postexposure, it is possible that GABA levels may respond similarly. In

fact impaired CABA metabolism at this time may be involved in the onset of radiation-

induced seizures. Fur. r investigation of this possibility is necessary.

6
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