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FOREWORD
(Nontechnical summary)

A variety of animals exposed to ionizing radiation doses in excess of approxi-
mately 2000 rads exhibit neurologic symptoms including apaf.hy, disorientation, ataxia,
hyperexcitabiiity, convulsions, coma and early death. Since the inhibitory neurotrans-
mitter gamma-aminohutyric acid {GABA) has been implicaled in several neurclogic
disorders, its meiabolism in rats during the first 20 minutes after exx)ésure to 10,000
or 20,000 rads pulsed mixed gamma-neutrou radiation has been investigated, Within
minutes after such doses the rat becomes temporarily disoriented and ataxic. Wholc_a
_brain GABA levols risc sigmﬁéant!y by 20 minutes after 10,000 rads. The rise isr oven

“more pronounced and begins as early as 1 mumter after 20,000 rads. L-—glutami'c acid
decaxbox;lnsc, -the enzyme which synthes..os GABA, imraases in acu\ ity 88 ear}y as
| | 1 mmute after Litht:r dose of radmuom

Smce rnts become disoriented and much ics» active for scveral mimttas after
theso d’oseso( nd&auor and since an .increased MRA‘ level is known to decreasa actin .
; i&y. (Aﬁk may be invol\*ed m thc poiti mdmicm ncurclogic symptoms of mts. Now-
' ever. uw zhm prx «enwd in mis report are in _ontmst .vmt the gtmeral dm:renw in
GABA obsorved in some convulsivr discrdars. Since COnvnlsiOns are obsewed in rats-
:wnhin hours afwr highur doses of radmiou, the metabouam of (.;ABA durit 4 rmlauon- -

" induced seizurecs *:hnujd be inv estigatod furmer. |
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ABSTRACT
The metabolism of the inhibitory newrotransmitter gamma-aminobutyric acid

(GABA) was studied in rats subjected to 10,000 or 20,000 rads of pulsed mixed gamma-
neutron radiation, Whole brain GABA levels were 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 GABA is involved in the etiology of the vransient central nervous . ystem disorders
(apathy, disorientation, ata.ada) ohserved :n racs shortly after high doses of ienizing

radiation,
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I. INTRODUCTION
Doses of ionizing radiation in excess of approximately 2000 rads produce a vari-
ety of clinical and behavioral symptoms 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,

1,3,11-1¢
incapacitation and early death, >’ S

The rapid, transient, and species specific
nature of many aspects of the CNS syndrome suggest. a4 possible neurochemical in-
volvement. The inhibitory ncurotransmitter gamma-aminobutyric acid (GABA) and
L-glutamic decarboxylase (GAD), the enzyme which synthesizes GABA, have been im-
plicated in the neurologic dysfunctions associated with epllep.‘?»y14 and exposure to high

. 16, 17
presswre oxygen or hvdrazides,

Howover, no studies have been conducted to in-
vestigate the effocts on GABA metabolism of doses of ionizing radiation sufficiently
high to induce neurologic changes. The few studies of raciation effects on GABA metab- ,
olism utilized the dose rangoe of 400 to 1000 rads of low ébs_e rat G0()0 gamma ra) s or.
N 1‘:1)'5.5'6'5 | |
The purpose of this siudy was {o investigate the possible involvement of an allered
GARBA metabolism in the neurclogic rz;dmuup Aéync_h'omer. 1n this initial rqport we pre-
sont data on the alteroed GABA metabolism in the rat during thé first 20 mmugos faut}v.m
ing exposure to 10,000- or 20,000-rad doses of pulsed mixecf gamma_-_nemrbn radiation.
J. MATERIALS AND r»tz“x*sions_

Irradiaton. AMale Spragﬁc-l)awiey rats weighing 225-275 grams were exposed

in pairs to either 10,000 or 20,000 rads pulsed mixed gamn.a-nev!von radiation from

the AFRRI-TRIGA reactor. The rats, which were irradiated while constrained in an




automatic guillotine device, were docapitated at either 1, 5, or 20 minutes postirradi-
ation. The heads were allowed to fall directly into Hgudd nitrogen for rapid tissue
treezing. A detailed description of the radiation sourcs and the automatic guiliotine
device has been reported, ¢ Rat heads wore stored frozon (wem"L') until time of assay.
Control rats were treated ln the sahie manner as alwve and wore kaapttat_ed approxi-~
mately 10 minutes after a sham pulse of radia

GABA assay. Rapid froozing of the rat hewds in Hyuld sitrogon usually resulted
in bilateral splitting of the skull and brain far Hitating removal of saymmetrical half-
brain portions (600-700 mg) of frozen tiasuwe, Une of heso portions was removed and
GABA extracted es follows, A 10 percent (w/v) humuogonate in 80 percent ethanol was
centrifuged 20 minutes at 5000 x g, with the reaidgw boing washod twice with 30 percent
cthamﬂ. The combined supernates were evaporated undor reduced pressure at 60°C
-overnight and the residue was rosﬁspended in 1120. This agueous ext_l'?uctrwn.a then - -

clarified by washing with CHCL,. GABA concentrations were thon detamxined enzy~ -

30

matically by the mothod of Scott and Jakoby, 10 Pseud_onmnns-_ﬁ_i_tgmseens .A.T.C; c.

| _13430 was .obt.amed from International Miﬁ;ng and Chmix.!nal" Corporation, -Skoldt:, '
Hlinols, | | o |

GAD assay: A 12.5 percent homogoenate of qach remaining ha'lf-bm_in was tormed
in a solution oonmkung 50 mM potassiwm phosphate pH 6.8 and 1 mM EDTA pohssium

salt. After cenlzifugation for 20 minutes at 35,000 x g, GAD activity In the sumrmie '

was determined by an isotoplc assay similar to that esuployed by Roberts andShmmwn9

as modified by Wilson c! al. 15 In an incubation volume of D._OB ml, final contoutrations _

were 50 mM polassium phosphate pH 8.8, I mM EDTA potassium sell, 0.2 M




pyridoxal phosphate, 0.5 percent Triton X-100, 1 mM 8-mercaptocthanol, 1 mM
GABA, and 5 mM L- rlutamate (1-“(3) specific activity 1,25 mCi/mmole (obtaineu
from CualAtomic, Inc., Los Angeles, California). The l40()2 produced was collected
and countec vith 9¢ percent efficiency using a Nuclear-Chicago Mark II liquid sciniil-
lation spectrometc v, Protein content of the extracts was | deter:ined by the method
of Lowry et al_.7

Statistics. Data are presented as tie average f standard ervor, with the number
of sampivs i 'm‘enthcses. Significance testing was pérformed using the two-tailed
Studeni's ' distribution.  Significantly different indicates p <7 6,035,

i, RESULTS

Clinz al symptoms. Immediately follnwing exposure to 20,000 rads the rats

S}!O;\‘Gti si'gn's of ap;lghy and extremy di_scricntm.ion, gome cm;m*iéncmg nbv-iuns loas of
the rightiné. :milcx. ‘These sovere symploms abatod within t!}tz first fe'w mibutes but
the i‘a}&_ remained a"{a}uc and lwxn:gﬁ& throughout the { irst-ﬁo :i\_inums gf._ﬁwxpésxire;_
- Mmr 16.0{30 rads éinﬁ!ar 'but 3",““}“"“.’_“' _ms.%s sovere a%;ymx_xc'xm's \ge_m;ob'séwe:l.
'C;\g\'@mlg. ':ruums-mg'it),coo rads, GA BA levels were found to ﬁs&cmrmg
the !irési 20 mtnum# msu‘:;rmiau-en {Figure 1), A’I‘heré wés a tm;zl towards an i.aiirws{*d |
, GA!&*\ lovet as ea.u-l-y.aQ 5 minuws.rand al 20 minutes (‘me levels had risen to 2‘41
1 .05{8) pmolessg, This \vasra significant increase over the value o{ﬂniswu in the shl;m
irrdiated group of 2. ':.24 -3 LU5(15) mwoles g, _}‘c’»l!owingr 20.60'0 i'ads. tho incroase in
GABA was more i:rvf;.uunecd. reaching 2,44 ¢, 08(8) mmoles/g by 1 minute postivradi-

ation, and 2, 5% ¢ . 14(8) pmoles/g by 20 miuutes.
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Figure 1, GABA levels inrat brain 1, 3 and 20 minutes after 16, 000 and
20, 000 rads pulsed nuxed gamma-neutron radiation.  The sham
level is the average for 15 rats; other levels are the average
for six to eight rats.  Rars indicate standard error ranges -

¢ indicates signifi-antly difforent from costroly,

GAD at:_m'it.g. GAD ac‘:.m-*ny alsﬁ; mt:'wa#uei. though not &igntficmxti;é.' afwr irra- _

diation (Figure z; Aftoer bczth 10, :ms) and 20, 000 rads (;At} acuvtty ws f~lmaw¢i as

ear!;, as 1 mimﬁe postirm&aﬂ:m. At 20 mimnes ﬂtis 1ROV CRBE had wrsisted in Uw
rats remnmg 10,900 yads, hui rcmrned W control !cwis in :hose rvcr:iﬁng ‘?0 000 -

,rads .




»
-

[ 3
O~
1

2
i
—
—t
|

=4
i
1

GAD (B moies CO9 /hour per 0.1 gram protein}
= N
1B T
|

—
-3

SHAM | - €20 1 5 20
IRRADIATED MINUTES AFTER IRRADIATION
10,000 RADS 20,000 RADS

Figure 2. GAD activily in rat brain 1, 5 and 20 minutes after 10, 000 and
20,000 rads pulsed mixed gamma-neutroa radiation, The sham
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 firat 20 minutes following doses of 10,000 or 20,000 rads, the rats
-showed apafhy, disorientation and ataxia. The data presented in this report indicate
that & sigmfic_:a.nt increase of whole brain GABA levels by approximately 10 percent,
accom;\avgiéd by an inorease in GAD activity, ocours in conjunction with this state ob-
served early in -i.'._xe pbstiz_'_radiation response of the rat. This trend toward an increase
5,6,8

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

rabbita and rats from hours to days after exposure to 400 to 1000 rads.
Incraaseb in brain GABA levels of appro:dmately the same magnitude as were

fo_tmd in this gtuchr_have also been reported in rats breathing hypoxic gas mixtures

Gt i e M A, St o e 200 MR 1o My A ARSIAR e 5k At o) e




under conditions which result in impaired oxidative metabolism.]8 These findings are
particularly interesting when considered in parallel to those uvf ©ohan et. al.4 who in-
vestigated the effect of doses of high energy electrons upon respiration of cerebral
mitochondria ip 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-
twrning to control levels by 4 hours postexposure. However, thev observed no effect -
on respiratory contro! at 5 minutes after 10,000 rads. Therefere the i)attern of
changes in GABA levels and in oxidative metabolism following these high doses of

10nizing radiation is parallel to the changes induced by breathing hypoxic gas mixtures.

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

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

Rats beg’ih to show sighs of severe tremors and cr;nvulsions within 1 to-'4 ﬁours |
after radiation doses ahove approximately 20,000 rads. Since the impaired reépira~
tory control observed by Cohan et. al. 4Awas transient, returning to control levels by
lio4 1xours postexpoéuie, it is possible that GABA leir.els may respond similarly. In
fact impaired CABA metabolism _at'this time may be invoived in the onset of fadia.tion-

induced seizures. Furth .r investigation of this pb'ssibility is necessary.
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