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Sublethal doses of radiation have been 
shown to increase the electrical background 
activity of the central nervous system (CNS) 
(1-3). Barnes reported that 102 R of X 
rays enhanced pentobarbital tolerance in 
mice (4). He suggested that this radiation- 
induced increase in tolerance to pentobarbital 
is due to facilitated CNS electrical activity 
antagonizing barbiturate depression. 

Under normal physiologic conditions facili- 
tated CNS electrical transmissions would re- 
sult in an increased release of central neuro- 
transmitter. If radiation increases tolerance 
to pentobarbital by facilitating electrical ac- 
tivity, then drugs which increase the release 
rate of or deplete stored quantities of central 
neurotransmitter should modify radiation- 
induced changes in pentobarbital toxicity. 
The abiIity of irradiated rats to tolerate pen- 
tobarbital was measured after treatment with 
combinations of amphetamine and reser- 
pine to test this hypothesis. 

Materids and Methods. Male Sprague- 
Dawley rats2 (25e300 g) were housed one 
per cage in an environment-controlled room 
and acclimated for a minimum of 1 week. 

Rats were bilaterally irradiated using an 
X-ray generator and the following exposure 
factors: 300 kVp, 20 mA, inherent filtration 
4.8 mm beryllium, added filtration 2 mm 
copper and 1 mm aluminum, HVL 1.5 mm 
copper, and source-to-animal center line dis- 
tance of 50 cm. The animals were placed in 
rectangular Plexiglas3 boxes, and two rats 

1 Present address: IIT Research Institute, Life 
Sciences Division, 10 West 35th Street, Chicago, Illi- 
nois 60616. 

2 Environmental Control Co., Washington, D.C. 
20018. 

were irradiated at  the same time. Depth-dose 
measurements made in cylindrical Plexiglas 
rat phantoms gave a dose rate a t  the midline 
of 129 rads/min. Groups of rats received 
midline tissue doses of 250, 500, or 1000 
rads. 

Sodium pentobarbital acute toxicity was 
determined 24 hr after the animals were 
irradiated. Control, fasted control and irradi- 
ated animals were lightly anesthetized with 
ether, and the tail vein was catheterized 
using a 23-gauge needle attached to poly- 
ethylene tubing (i.d. 0.011 in., 0.d. 0.024 in.). 
Catheterization was perf or med approximately 
15 min before pentobarbital infusion was ini- 
tiated. The rats were allowed to recover from 
the anesthesia (recovery was considered com- 
plete when the rat was able to walk without 
ataxia), then were confined in Plexiglas cylin- 
ders for infusion. Pentobarbital was infused 
via the polyethylene tubing at a constant rate 
of 2.95 mg/min (0.116 ml of solution per 
min) using an infusion pump. The end point 
of acute toxicity for pentobarbital in the ani- 
mal was the cessation of respiration. The 
amount of pentobarbital required to achieve 
this end point was calculated as milligrams 
per kilogram of body weight. 

The effect of amphetamine sulfate on pen- 
tobartibal toxicity was determined in irradi- 
ated (24 hr after 1000 rads) and in unirradi- 
ated rats. Amphetamine (8 mg/kg) was ad- 
ministered intraperitoneally $ hr prior to 
pentobarbital infusion (a  time sufficient to 
insure the onset of drug activity as indicated 
by restlessness, agitation, and increased mo- 

3 Acrylic plastic, Rohm and Haas Co., Philadelphia, 
Pa. 
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tor activity of the animals). The effect of 
preirradiation reserpine treatment (0.1 mg/ 
kg/day intramuscularly for 4 days) on 
pentobarbital acute toxicity was tested in ir- 
radiated (24 hr after 1000 rads) and unirra- 
diated rats. The same regimen of reserpine 
treatment was tested in conjunction with am- 
phetamine given % hr prior to pentobarbital 
infusion in irradiated (24 hr after 1000 rads) 
and in unirradiated rats. 

Differences between the mean values of the 
test groups were evaluated for statistical sig- 
nificance using Student’s t test. 

ResuZts. Table I summarizes the results. 
Rats demonstrated an increased pentobarbi- 
tal tolerance 24 hr after receiving 500 and 
1000 rads, but not after 250 rads. Fasting 
unirradiated rats for 48 hr had no effect on 
pen tobarbi tal tolerance. 

Unirradia ted , amphetamine- treated rats 
demonstrated an increased ability to tolerate 
pentobarbital. When amphetamine was ad- 

TABLE I. The Effects of X-Ray, Amphetamine, and 
Reserpine Administration on Pentobarbital Acute 

Toxicity in the Rat. 

Toxic dose of 
Number pentobarbital 

Regimen of rats mg k g l  k SE 

Control 29 
Control, fasted 48 hr 12 
Irradiated (24 hr after I5 
250 rads) 

500 rads) 

1000 rads) 

Irradiated (24 hr after 12 

Irradiated (24 hr after 12 

Amphetamine-treated 21 
Amphetamine-treated (24 hr 18 

after 1000 rads) 
Reserpine- treated 7 
Reserpine- and Amphetamine- 9 

treated 

after 1000 rads) 

treated (24 hr after 
1000 rads) 

Reserpine-treated (24 hr 10 

Reserpine- and Amphetamine- 11 

87.2 e 5.5 
85.7 2 5.2 
85.6 f. 4.8 

u10’7.6 2 5.4 

“106.3 & 3.5 

*105.7 k 4.8 
76.5 & 5.0 

85.9 ~fl 7.1 
91.2 & 4.8 

91.1 t 5.9 

84.7 2.9 

a p <0.05 (treatment group compared with con- 
trol group). 

ministered to animals 24 hr after a 1000-rad 
dose a decrease in pentobarbital tolerance was 
observed; this decrease was not significant a t  
the 0.05 level of probability. 

Four days of reserpine treatment abolished 
the increased tolerance to pentobarbital in 
unirradiated amphetamine-treated rats as 
well as in irradiated rats. 

Discussion. Five hundred- and 1000-rad 
whole-body doses of X rays were antagonistic 
to the depressant action of pentobarbital on 
the CNS of the rat; however, no such effect 
resulted from a dose of 250 rads. The in- 
creased ability to tolerate pentobarbital was 
not due to inappetence of the animals since 
unirradiated rats fasted for 48 hr did not 
show any change in pentobarbital tolerance 
as compared to fed control animals. The in- 
creased central neuronal activity suggested 
by the data from this study appears to 
confirm the reported increase in CNS electri- 
cal activity after exposure to radiation. 

In  situations of stress, the immediate 
physiologic response of the animal is at- 
tempted restoration of homeostasis. A large 
facilitatory input from the peripheral organs 
is transmitted to the reticular activating sys- 
tem which, in turn, increases the electrical 
activity of nearly all parts of the CNS to 
accomplish this restoration ( 5 ) .  Increased 
bioelectrical activity would result in an in- 
creased release of central neurotransmitters, 
particularly in the important respiratory and 
vasomotor centers located in the midbrain. 
Chief of these neurotransmitters is norepine- 
phrine which is normally found in high con- 
centrations throughout this region of the 
CNS (6). 

Reserpine and amphetamine were studied 
in various combinations with pentobarbital 
and irradiation. Both drugs act centrally by 
increasing the release of norepinephrine (6).  
Amphetamine’s ability to reverse the de- 
pressant effect of barbiturates ( 7 )  was ob- 
served as a decreased pentobarbital toxicity 
in unirradiated animals. This decreased pen- 
tobarbital toxicity appeared similar to that 
observed after irradiation. However, irradi- 
ated rats treated with amphetamine appeared 
to have a decreased tolerance to pento’barbi- 
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tal, 24 hr postexposure (1000 rads) , as com- 
pared to control animals (the  decrease was 
not statistically significant in this experi- 
ment). From these data, it appears that when 
X radiation and amphetamine treatment are 
combined the ability of each to counteract 
CNS pentobarbital depression is lost. It is 
difficult to explain why the combination of 
amphetamine and irradiation does not in- 
crease pentobarbital tolerance when each 
used singly does. 

Reserpine is an intraneuronal depletor of 
no’repinephrine ( 8). Reserpinization abol- 
ished the increased tolerance of irradiated 
animals to pentobarbital. This observation 
further implicated central norepinephrine in 
the decreased pentobarbital toxicity caused 
by X irradiation. Similar effects of reserpini- 
zation on pentobarbital toxicity were ob- 
served in amphetamine-treated rats. 

Summary. Male Sprague-Dawley rats were 
given 250-, 500-, or 1000- rad midline tissue 
doses of 301) kVp X rays. Twenty-four hours 
postirradiation the acute toxicity of sodium 
pentobarbital was determined in these ani- 
mals. Rats receiving 500 and 1000 rads 
demonstrated an increased tolerance to sodi- 
um pentobarbital, but no change in toxicity 
was observed in animals given 250 rads, indi- 
cating a threshold dose of radiation is neces- 
sary to elicit this response. This radiation- 

induced increase in pentobarbital tolerance 
was similar in degree to that observed in unir- 
radiated rats treated with amphetamine, a 
known barbiturate antagonist. However, 
when rats received amphetamine as well as 
1000 rads of X rays no increased tolerance to 
sodium pentobarbital was observed. Four 
days of reserpine treatment prior to irradia- 
tion also abolished the radiation-induced in- 
crease in sodium pentobarbital tolerance. 
These results suggest that increased central 
norepinephrine levels are responsible for the 
radiation-induced increase in tolerance to 
pentobarbital. 
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