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FOREWORD 
(Nontechnical summary) 

An alteration in the response to drugs has been reported in human nuclear 

accident cases and in studies with irradiated animals. Investigation of this altered 

drug response is important since it could have a significant influence on the clinical 

management of radiation-injured individuals. 

Larger doses of drugs are likely to be administered to an individual who has a 

decreased response to medication (a finding in human accident cases). For this 

reason, information concerning the toxic doses of drugs in irradiated individuals is 

needed. Drug toxicity studies in animals provide information to estimate the margin 

of safety (therapeutic ratio) of a given drug dose. Furthermore, toxicity studies 

permit results to be quantified so that an altered response to drugs in irradiated ani¬ 

mals can be measured. 

The current study evaluated the acute toxicity (death within 24 hours) of 10 

drugs (selected from four drug classes) in groups of irradiated mice at selected 

times following 500-, 1000-, or 10,000-rad doses of mixed gamma-neutron radiations. 

Drug evaluation was accomplished by administering one of a graded series of drug 

doses to subgroups of mice in each radiation dose group. The proportion of mice 

dying within 24 hours from each drug dose was recorded, and from this information 

the median lethal dose (LD^) of each drug in irradiated mice was calculated. The 

drug LD50 values in irradiated mice were compared to those obtained in unirradiated 

controls. 



Although the LD values for several drugs were significantly different in ir- 
50 

radiated mice from those of unirradiated controls, no definite pattern of change of 

drug toxicity with respect to either radiation dose or postirradiation time was identi 



ABSTRACT 

The acute toxicity (death within 24 hours) of 10 drugs representing four drug 

classes (anticonvulsants, hypnotics, hypoglycémies, and psychopharmacologics) was 

studied in irradiated male mice 2 hours, 1 day, or 6 days after 500-, 1000-, and 

10,000-rad whole body doses of mixed gamma-neutron radiations. The LD50 value 

for each drug in irradiated mice was calculated and compared to the LD^ value 

obtained in unirradiated controls. Although the LD values for most drugs studied 
OU 

were altered significantly in some of the dose groups of irradiated mice, no definite 

pattern of change of drug toxicity with respect to either radiation dose or postirradia¬ 

tion time was identified. 

iv 



I. INTRODUCTION 

The use of medication in the treatment of the symptoms associated with radiation 

injury has generally been based on the assumption that the responses to the drugs used 

6 12 
are unaltered. Evidence from radiation accidents involving humans ’ and from ani- 

1 4 8 9 14 mal experiments * » » » indicates that this assumption may not be valid for all 

drugs. Further study of drug response in irradiated animals is needed. The current 

study evaluated one aspect of drug response (drug toxicity) in irradiated mice by deter¬ 

mining the acute toxicity cf 10 drugs (members of four drug classes) at selected times 

following 500-, 1000-, and 10,000-rad doses of mixed gamma-neutron radiations. The 

results of these studies are the subject of this report. 

II. PROCEDURE 

A total of 6500 male CFj^ mice, * 5 to 6 weeks old and weighing 18 to 28 g, was 

used. The animals were housed three or four per cage in environment-controlled 

rooms and were conditioned for a minimum of 1 week. Food and water (pH 2.8, acidi¬ 

fied with hydrochloric acid to control the ^ostirradiation septicemia caused by Pseudo- 

7 
monas aeruginosa) were available ad libitum. 

Mice were unilaterally exposed to mixed gamma-neutron radiations from the 

AFRRI-TRIGA reactor. Uniformity of the radiation field in air at the position occu¬ 

pied by the midline of the animals of each exposure group varied less than 4 percent 

from the mean. Depth-dose measurements made in cylindrical phantoms constructed 

5 
from Plexiglas rods indicated that the irradiations were Class A. Dose ratos were 

selected so that all exposure times were 10 minutes. Midline tissue doses of 500 rads 

* Carworth, Inc., New City, New York 
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(approximately the LD50), 1000 rads, and 10,000 rads were used. The exposure 

methods, dosimetric techniques, and reactor characteristics utilized in this investi- 

2 10 13 gation have been previously described. ’ ’ 

The following drug classes and drugs were used in this study: anticonvulsants — 

diphenylhydantoin*, phénobarbital, and mephenytoin^; hypnotics — barbital, pento¬ 

barbital, and hexobarbital; hypoglycemic — tolbutamide*; psychopharmacologics — 

chlorpromazine^, triflupromazine**, and chlordiazepoxide**. All drugs were 

administered by intraperitoneal injection. (Mephenytoin was dissolved in an aqueous 

solution containing 80 percent propylene glycol by volume; all other drugs were dis¬ 

solved in sterile water.) Drug doses were selected which would make calculation of 

the dose response curve possible (LDj to LDgg). The end point for toxicity was death 

within 24 hours following drug injection. 

The mice used in each drug study were divided into seven groups and tested as 

follows: unirradiated controls; 500-rad groups on day 0 (drug administered 2-3 hours 

* Kindly supplied by Dr. A. C. Bratton, Jr., Department of Experimental 
Therapeutics, Parke, Davis & Co., Ann Arbor, Michigan 

* Kindly supplied by Dr. J. H. Trapold, Research Department, Sandoz 
Pharmaceuticals, Hanover, New Jersey 

* Kindly supplied by Dr. Paul O'Connell, Biological Screening Office, The Upjohn 
Co., Kalamazoo, Michigan 

^ Kindly supplied by Miss Suzanne Moyer, Research Laboratories, Smith, Kline & 
Fr^uch Labs., Philadelphia, Pennsylvania 

** Kindly supplied by Miss Barbara Stearns, The Squibb Institute for Medical 
Research, New Brunswick, New Jersey 

ft 
Kindly supplied by Dr. W. E. Scott, Hoffmann-LaRochs, Inc. , Nutley, New Jersey 
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postirraJiation), day 1, or day 6; 1000-rad groups on day 0 or day 1; 10,000-rad group 

on day 0. Each of the groups contained a minimum of 80 mice which were further 

divided into six drug-dose subgroups. Each subgroup received one of a graded series 

of drug doses. A given mouse was used only once in the study. In addition to the mice 

used for toxicity studies, a group of mice was simultaneously exposed to each radiation 

dose and then injected with saline. The latter mice totaled 360 and served as controls 

to characterize radiation-induced deaths. 

Toxicity of the drugs was analyzed using a digital computer. The regression 

line of log dose on the probit of the proportion of animals dying at a given drug dose 

O 

was calculated. Each regression line was fitted by the maximum likelihood method. 

The median lethal dose (LD50) and its 95 percent confidence limits were calculated 

for each fitted regression line. The toxicity data on each drug yielded seven regres¬ 

sion lines which were tested for parallelism. If the lines were parallel, the LD50 
Q 

values of the drug were compared by the methods of Finney. Relative potency values 

were calculated by dividing the LD50 for each irradiated group by the LD50 for unir¬ 

radiated controls. When the regression lines for a given drug were parallel, the 

relative potency represented the ratio for all equally toxic doses. (A relative potency 

of less than 1.0 indicates a more toxic drug.) When the 95 percent confidence limits 

of the relative potency value did not include 1.0, the toxicity was different from the 

unirradiated controls at the 0.05 probability level. 

The data for phénobarbital and chlordiazepoxide did not yield parallel regression 

lines. The LD50 values for the seven regression lines for each of these two drugs 

were compared by Scheffé's method of testing contrasts of means.11 Since these lines 

were not parallel, only the LD50 values of the regression lines were compared. 

3 



in. RESULTS 

The LD50 and relative Potency values and their 95 percent confidence limits for 

the anticonvulsant, hypnotic, hypoglycemic, and psychopharmacologic agents are sum¬ 

marized in Tables I, n, III, and IV, respectively. While toxicity was found to have 

increased at some of the times tested for all three anticonvulsants, the toxicity of 

phénobarbital decreased on day 1 following 500 rads. Hexobarbital was the only hyp¬ 

notic that had a change in toxicity in irradiated mice (more toxic on day 6 following 

Table I. Acute Toxicity of Anticonvulsants in Irradiated Mice 

Mldllne 
tissue 
dose 
(rads) 

500 

500 

500 

1,000 

1,000 

10,000 

Post- 
Irradlatlon 

day 
tested 

Dlphenylhydantoln 

LD50+ 
mg/kg 

264 
(240-294) 

191* 
(167-217) 

212* 

(191-236) 

232 
(197-274) 

212* 

(190-237) 

241 
(217-268) 

150* 
(130-169) 

Relative 
potency» 

0.7 
(0.6-0.9) 

0.8 
(0.7-0.9) 

0.9 
(0.7-1.1) 

0.8 

(0.7-0. 9) 

0.9 
(0.8-1.1) 

0.6 
(0.5-0.7) 

Phénobarbital 

ld50 
mg/kg 

223 
(212-235) 

214 
(204-224) 

248* 
(238-261) 

180* 
(169-195) 

184* 
(176-189) 

211 
(202-223) 

166* 
(150-178) 

Mephenytoln 

LD 50 
mg/kg 

258 
(243-275) 

225* 
(213-237) 

256 
(240-274) 

215* 
(200-229) 

284 
(265-30.-) 

264 
(248-282) 

272 
(250-298) 

Relative 
potency 

0.9 
(0.8-0.9) 

1.0 
(0.9-1. 1) 

0.8 
(0.8-0.9) 

1.1 
(1.0-1.2) 

1.0 

(0.9-1.1) 

1. 1 
(0.9-1.2) 

* P< 05 
f 95 percent confidence limits In parentheses 
t Ratio of equally effective doses of the Irradiated group to the control.» (95 percent confidence limits 

in parentheses] 
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500 rads than in unirradiated controls). Tolbutamide was more toxic in the mice re¬ 

ceiving 10,000 rads than in controls. In the group of psychopharmacologic agents, 

chlorpromazine was more toxic in irradiated mice on day 6 following 500 rads and 

less toxic on day 1 after both 500 and 1000 rads; the toxicity of triflupromazine in¬ 

creased in the mice receiving 10,000 rads. Chlordiazepoxide was less toxic in irradi¬ 

ated mice on days 0 and 1 following both 500 and 1000 rads than in control mice. 

Table II. Acute Toxicity of Hypnotics in Irradiated Mice 

Midline 
tissue 
dose 
(rads) 

0 

fjOO 

500 

500 

1,000 

1,000 

10,000 

PC'»*- 
irradiation 

day 
tested 

Barbital 

LD50+ 
mg/k£ 

498 
(478-519) 

501 
(466-539) 

540 
(507-579) 

441 
(413-468) 

485 
(456-516) 

515 
(484-551) 

457 
(424-489) 

Relative 
potency* 

1.0 

(0.9-1. 1) 

1.1 
(1.0-1.2) 

0.9 
(0.8-1.0) 

1.0 
(0.9-1.0) 

1.0 

(1.0-1.1) 

0.9 
(0.8-1.0) 

Pentobarbital 

LD50 
mg/kg 

117 
(96-138) 

114 
(108-119) 

136 
(117-159) 

90 
(73-107) 

111 
(95-’29) 

116 
(99-134) 

128 
(110-148) 

Relative 
potency 

0.9 
(0.9-1.0) 

1.2 

(0.9-1.5) 

0.8 

(0.6-1.0) 

0.9 
(0.8-1.2) 

1.0 
(0.8-1.3) 

1. 1 
(0.9-1.4) 

Hexobarbital 

LD 50 
mg/kg 

254 
(236-273) 

256 
(237-276) 

234 
(216-253) 

197* 
(183-210) 

252 
(234-272) 

232 
(216-249) 

263 
(244-285) 

Relative 
potency 

1.0 

(0.9-1.1) 

0.9 
(0.8-1.0) 

0.8 

(0.7-0.8) 

1.0 

(0.9-1.1) 

0.9 
(0.8-1.0) 

1.0 

(0.9-1.1) 

* P < . 05 
* 95 percent confidence limits in parentheses 
t Ratio of equally effective doses of the Irradiated group to the controls (95 percent confidence limits in parentheses ) 
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Table in. Acute Toxicity of the Hypoglycemic, 
Tolbutamide, in Irradiated Mice 

Midline 
tissue 
dose 
(rads) 

0 

500 

500 

500 

1,000 

1,000 

10,000 

Post- 
irradiation 

day 
tested 

Tolbutamide 

LD50t 
mg/kg 

1138 
(1096-1181) 

1106 
(1057-1156) 

1185 
(1132-1240) 

1039 
(988-1088) 

1213 
(1173-1256) 

1040 
(1006-1075) 

995* 

Relative 
potency* 

1.0 
(0.9-1.0) 

1.0 
(1.0-1.1) 

0.9 
(0.9-1.0) 

1.1 
(1.0-1.1) 

0.9 
(0.9-1.0) 

0.9 
(0.8-0.9) 

* P<.05 
t 95 percent confidence limits in parentheses 
* Ratio of equally effective doses of the irradiated group to the 

controls (95 percert confidence limits in parentheses) 
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Table IV. Acute Toxicity of Psythopharmacologics in Irradiated Mice 

Midline 
tissue 
dose 
(rads) 

Post- 
irradiation 

day 
tested 

Chlorpromaz ne Triflupromazlne 
Chlordi- 
azeooxlde— 

LD50+ 
mg/kg 

Relative 
potency* 

LD50 
mg/kg 

Relative 
potency 

LD50t 

mg/kg 

0 

500 

500 

500 

1,000 

1,000 

10,000 

0 

1 

6 

0 

1 

0 

188 
(171-206) 

219 
(201-240) 

223* 
(210-251) 

134» 
(119-150) 

217 
(199-238) 

259* 
(235-286) 

168 
(153-184) 

1.2 
(1.0-1.3) 

1.2 
(1.1-1.4) 

0.7 
(0.6-0.8) 

1.2 
(1.0-1.3) 

1.4 
(1.2-1.6) 

0.9 
(0.8-1.0) 

213 
(190-241) 

219 
(197-244) 

215 
(194-241) 

183 
(164-203) 

193 
(173-215) 

243 
(218-272) 

169» 
1 (148-189) 

1.0 
(0.9-1.2) 

1.0 
(0.9-1.2) 

0.9 
(0.7-1.0) 

0.9 
(0.8-1.1) 

1. 1 
(1.0-1.3) 

0.8 
(0.7-0.9) 

230 
(223-238) 

275* 
(258-302) 

299* 
(282-327) 

204 
(178-236) 

257* 
(233-282) 

286* 
(263-323) 

235 
(211-254) 

* P<.05 
t 95 percent confidence limits in parentheses 
* Ratio of equally effective doses of the Irradiated group to the controls (95 percent confidence 

limits in parentheses) 

There were no radiation-induced deaths in the 360 saline injected mice during 

the time after irradiation in which the toxicity studies were conducted. 

IV. DISCUSSION 

Evaluation of drug response requires the selection of tests in which results can 

be quantified. Although toxicity studies use drug doses higher than those of clinical 

interest, the results of these studies are quantifiable. Dividing the LD50 of a drug 

by the therapeutic dose results in a value known as the therapeutic ratio, which is 

an index of drug safety. A different LD50 value is indicative of a new therapeutic 

7 
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ratio (and altered drug safety) only if the therapeutic dose does not change to the same 

degree as the LD . Thus, while LT)^ values may be different in irradiated ani- 
50 50 

mais than in unirradiated controls, the effect of such a change on drug safety can only 

be fully evaluated by determining the therapeutic dose of the drug in irradiated animals. 

Since the therapeutic ratio is commonly 5 to 10, the less than twofold change of toxic¬ 

ity of the drugs investigated in the current study is not likely to significantly alter the 

safety of these drugs in clinical situations. 

Although it might be speculated that drug toxicity would generally be greater in 

irradiated animals than in unirradiated ones, this was not supported by the results. 

Toxicity did increase in some cases; however, in most instances toxicity either did 

not change or decreased in irradiated mice. The reasons for this altered toxicity in 

irradiated mice are not known. Radiation-induced changes in excretion rates, drug 

metabolism, drug distribution in the body, and sensitivity to the drug may be respon¬ 

sible for the altered toxicity. 

4 
Frik reported on the toxicity of four of these drugs in irradiated mice on day 4 

following 500 rads of x radiation. The results of the current study and those of Frik 

for hexobarbital, phénobarbital, chlorpromazine, and chlordiazepoxide are consistent. 

V. SUMMARY 

The acute toxicity of 10 drugs was determined in groups of irradiated male CFj^ 

mice receiving 500-, 1000-, or 10,000-rad whole body doses of mixed gamma-neutrcn 

radiations. While the toxic doses for several drugs in irradiated mice were signifi¬ 

cantly different from those in unirradiated mice, no definite pattern of change of drug 

toxicity with respect to either radiation dose or postirradiation time was found. 
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