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Abstract CI In female rats, pretreatment with dexamethasone acetate 
or triamcinolone reduced the toxicity and plasma concentrations of 
tetraethylammonium bromide while increasing its level in urine. 
Pretreatment with corticosterone acetate or pregnenolone-16n-car- 
bonitrile shared none of these effects. Although starvation or restraint 
neither diminished the tetraethylammonium bromide concentrations 
in plasma nor accelerated its urinary excretion, its toxicity was di- 
minished by the stress induced with spinal cord lesions, heat, cold, 
hydrocortisone, or reserpine as well as starvation or restraint. The 
protection offered against the toxicant by stress and by the potent 
glucocorticoids seemed to be mediated, a t  least partly, oia different 
mechanisms. Stress-induced resistance to tetraethylammpnium 
hromide could not be attributed to elevated plasma corticosterone 
levels, whereas glucocorticoid-induced resistance could be partially 
ascribed to increased urinary excretion of the toxicant. 
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When systemic adaptation is required, the body can 
respond uia the nervous system, the reticuloendothe- 
lial-immunological-phagocytic system, andlor the 
hormonal mechanisms that significantly affect the or- 
ganism's adaptive reactions, which may vary from 
nonspecific to highly specific (1,2). Steroids, which are 
decisive factors in regulating stress, largely because of 
their influence upon enzyme-controlled responses (3, 
4), can increase the body's resistance to many toxic 
agents (3, 5, 6). This effect is mediated mainly uia 
heightened tissue tolerance for drugs (syntoxic mech- 
anism) andlor enhanced drug disposition (catatoxic 
mechanism). 

Well-documented investigations (7,8) described the 
pharmacological and toxicological effects as well as the 
mechanisms of action of quaternary ammonium gan- 

Table I-Effect of Steroids on Tetraethylammonium 
Bromide Toxicity in Rats 

Toxic it v 
Dyskinesia Mortality 

Pretreatment (Posit ive/Total)  ( Dead/Total)  

Water plus 18/18 4 / 1 8  

Triamcinolone 3 / 1 8 a  OllSc 
Dexamet hasone 9 / 1 8 a  0 / 1 8 C  

Pregnenolone-1601- 1 3 / 1 8 b  1 / 1 8 C  

polysorbate 

acetate 

carbonitrile 
Corticosterone 

acetate 
1 2 / 1 2 c  0 /12c  

u p  < 0.005. b p  < 0.05. c p  > 0.05 ( n o t  significallt). 

glionic blocking agents, e.g., tetraethylammonium 
bromide (I). Earlier (9), stress and some glucocorticoids 
were shown to reduce the toxicity of some ganglionic 
blocking agents in rats. Pregnenolone-16a-carbonitrile 
(II), a potent microsomal enzyme inducer, influences 
the metabolism and, consequently, the toxicity of sev- 
eral drugs (6). However, sensitization or desensitization 
of target tissues by various agents (e.g. ,  hormones and 
stress) is not necessarily dependent upon drug dispo- 
sition and may alter resistance to drugs. Therefore, it 
appeared of interest to study the influence of these 
dissimilar agents on the action of I and to correlate the 
findings with the in uivo protection offered by them. 

EXPERIMENTAL 

Female Charles River CD rats', averaging 120 g and allowed food? 
and tap water ad libitum, were used. 

First Experiment-The animals were divided into five groups and 
given either water or 20 pmoles of triamcinolone:', dexamethasone", 
II:), or corticosterone6 orally twice daily for 3 days. Compound I (10 
mg/100 g of body weight) was administered intraperitoneally to all 
animals on the 4th day, 18 hr after the last pretreatment. The effect 
of the steroids on I7 toxicity was gauged by dyskinesia (estimated 30 
min after I injection) and the mortality rate (measured after 24 hr) 
(Table I). 

Dyskinesia was expressed in terms of an arbitrary scale in which 
0 = no change, 1 = just detectable drowsiness or tremor, 2 = severe 
drowsiness and tremor (the animal did not respond to pinching), and 
3 = intense convulsions and/or loss of the righting reflex ( 3 ) .  However, 
for statistical evaluation, only two grades were recognized: minor and 
dubious degrees of dyskinesia (0 and 1 in this scale) were rated as 
negative, and all others were considered positive. These data and the 
mortality rates were then arranged in a 2 X 2 contingency table, and 
their statistical significance was determined by the Exact Probability 
Test of Fisher and Yates (10, l l ) .  

Second Experiment-The rats were divided into eight groups, 
of which one served as the control. The others were exposed to: ( a )  
fasting (Group 2), ix., food and water deprivation for 48 hr; ( b )  spinal 
cord transection (Group 3) at the level of the seventh cervical vertebra, 
using thermocautery under ether anesthesia; (c )  restraint (Group 4)  
on a board in a supine position for 47 hr; ( d )  cold (Group 5) a t  12O; ( P )  

heat (Group 6), i e . ,  immersion in hot water of 55' for 1 min under 
light ether anesthesia; ( f )  hydrocortisone (Group 7). 10 mg PO twice 
daily for 2 days; or (g) reserpine (Group 8). 50 pg/day sc for 2 days. 

In addition, all groups except 1 were deprived of food and water for 
48 hr, and all groups received 10 mg sc of I. Dyskinesia and mortality 
were estimated (Table 11) as in the first experiment (Table I). 

Third Experiment-The animals were grouped, stressed as in the 
second experiment, and killed 48 hr after application of the stressors. 
The thymus, adrenals, and spleen were then excised and weighed. The 
incidence of gastric ulcers was recorded, and blood was taken by de- 
capitation for the determination of plasma corticosterone (Table 
11). 

Fourth Experiment-Five groups of rats were pretreated as in 
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the first experiment. On the 4th day, 8 mg ip of I was administered; 
blood was collected 15 min later to measure the plasma I level (Table 
111). 

Fifth Experiment-Three groups were used: one for control 
purposes, another for fasting, and the third for fasting plus restraint, 
as described in the second experiment. Compound I (8 mg ip) was 
given, and blood was taken 15 min later to measure the plasma I level 
(Table 111). 

Sixth Experiment-The rats were pretreated as in the fourth 
experiment and then given 6 mg ip of I. Urine was collected during 
the first 2 br for I determination (12). 

Seventh Experiment-The conditions of the fifth experiment 
weie repeated. Compound I (6 mg ip) was administered, followed by 
urine collection for 2 hr to measure urinary I levels (12). 

RESULTS 

The stressor agents applied produced severe stress in all animals, 
as indicated by increased adrenal weight, decreased thymus and 
spleen weights, gastric ulcers, and high plasma corticosterone con- 
centrations. These changes were statistically significant when com- 
pared with control values (Table 11). 

The dyskinesiq and mortality elicited by I were markedly dimin- 
ished in the stressed and triamcinolone- or dexamethasone-treated 
rats, whili those given corticosterone or I1 showed only very moderate 
amelioratiop of I intqxication (Tables I and 11). The plasma concen- 
trations of I were significantly lower in the triamcinolone- and 
dexamethasone-treated animals and were relatively higher in the 
restraine'd rats; fasted and cprticosterone- or 11-treated animals ex- 
hibited no important alterations in this respect (Table 111). 

urine flow was significantly influenced only in rats stressed by 
fasting or restraint. These two stressors as well as triamcinolone and 
dexamethgsoqe, unlike 11, caused significant body weight reductions. 
However, whereas 11, fasting, and restraint did not increase the per- 
centage of the total I dose excreted, treatment with the two potent 
glucocorticoids, trihmcinolone and dexamethasone, did. 

DISCUSSION 

The nonspecific response of the body to any demand (stress) made 
by several agents is estimated by a number of parameters (thymus, 
spleen, adrenal, and body weight; gastric ulcers; and plasma cortico- 
sterone concentration), which can be employed with confidence (1, 
4). With the use of these criteria, all applied stressors provoked a se- 
vere nonspecific reaction (Table 11). The resistance of these animals 
to I intoxication was increased considerably, as judged by the dimi- 
nution of'dyskinesia and the mortality rate (Table 11). 

Like most quaternary ammonium salts, I is readily soluble in water. 
It is not metabolized in the body, and more than 95% of an injected 
dose is excreted through the kidney uza glomerular filtration as well 
as through the proximal tubuli uia an active transport mechanism (13, 
14). Evidently; protection against I is not due to stimulation of its 
metabol/sm by stress uia a regulatory function of the endocrine sys- 
tem, namely rapid induction of hepatic drug-metabolizing enzymes 
(2). This assumption was confirmed by a lack of any protkctive activity 
of 11, a potent inducer of drug-metabolizing enzymes that has no other 
knbwn pharmacological or hormonal properties (6, 15, 16). However, 
pretreatment wiTh glucocorticoids offered significant protection 
against I intoxication [Table I). These findings could explain the 
prophylaxis provided by stress, characterized by high levels of cir- 
culating corticoids in the blood. However, triamcinolone and dexa- 
methasone are more potent glucocorticoids than the natural corti- 
costerone liberated dqring stress in rats ( 5 ) .  The protection offered 
by the glucocorticoids was well correlated with reduced I concentra- 
tiond in plasma, whereas there was no such change after I1 treatment. 
This result could be partly attributed to a marked increase in I ex- 
cretion (percentage ?f el imivted I being significantly greater than 
in the corresponding controls). ' The situation was different in restrained or fasted rats, which ex- 
hibited no significant reduction of I concentrations in plasma. On the 
contrary, the plasma I conceptrations were increased significantly in 
restrained animals. In neither case (restraint or fasting) was there a 
great alteration in the excretion pattern, although urine flow was di- 
mipished, a factthat could be attributed to the "total fasting" (food 
and water) of the rats. Steroid administration had no influence on 
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Table 111-Effect of Steroid or Stress Conditioning on Tetraethylammonium Bromide Concentrations in Plasma, 
Its Urinary Excretion, and Urine Flow= 

Urinary Excretion of Tet rae thylammonium Bromide 
Tet rae thylammonium Bromide 

Concent ra t ions  in  Plasma Urine F low Total  Excretion 

Change, Change, % of Ad-  Change, 
Pre t rea tment  wglml % pl /min  % ministered Dose % 

Triamcinolone 

Dexamethasone acetate 

Pregnenolone-l6a -carbonitrile 

Fasting 

Fasting plus restraint 

Corticosterone acetate 

(11) 24.7 + 1.6b 

d ‘ ( 8  j f 4 5 . i  f 2.3 
(9)  19.4 t 0.7 

( 1 1 )  [45.1 f 2.31 
1131 39.8 5 2.8C 
11 [45.1 f 2.31 
10 39.0 f 2.2c 

~ (7‘  [46.7 + 3.81 
(101 96.6 f 13.66 

(7 [46.7 f 3.81 
(111  45.3 t 3.6C 

(9)  [44.4 5 3.91 

-4 5 

-57 

-12 

-17 

207 

2 

( 1 3 )  8 .5  t 1 . 1 C  
(10)  [11.2 f 1.41 
(10)  7.3 f 1.2c 
(10)  [ 6 . 2  + 0.81 

( 9 )  1 1 . 8  r 1 . 1 C  
(10 [9 .5  f 1.1 
(101 6.2 f 0.9 c3 

d ‘ ( 3 j  [io.6 f 1.0 
( 6 )  3 .3  t 0.3 
( 3 )  I l0 .6  t 1 .01  - 

-24 

17 

23 

-4 2 

-69 

8 6 . 6 t  2.2d 
[74.4 t 3.51 
85.8 f 2.6e 

[77.2 * 2.01 
62.1 f 7.2C 

[71.5 t 7.61 
8 9 . 0 t  2.0C 

[87 .0  f 5.01 
8 2 . 0 5  3.0C 

[87 .0  f 5.01 - 

16 

11 

1 3  

2 

-6 

~ ~~ 

a Figures in parentheses indicate number of animals; figures in square brackets indicate values of the controls. b p  < 0.005. c p  > 0.05 ( n o t  
significant). dp < 0.01. e p  < 0.05. 

urine flow; therefore, it appears that  the protection offered by the 
glucocorticoids against I is partly due to increased urinary excretion 
involving an active transport mechanism (17). Glucocorticoid treat- 
ment also may help provide readily available sources of energy (car- 
bohydrates and free fatty acids) for I clearance or other adaptive work 
(2, 6, 16); stressed animals, depending on their state of stress, are 
handicapped in this respect. 

Exhaustion may have been responsible for the high I concentrations 
in the plasma of restrained rats. However, they became less sensitive 
t o  the toxicant, probably through changes uia unknown mechanisms 
at the molecular level. In stressful situations, the body’s response to 
drugs apparently is influenced by a constellation of factors including 
the duration of stress, the time of sacrifice after exposure to stress, 
the superimposed specific actions of the stressor, the stage of the 
general adaptation syndrome that the animal has reached at  the time 
of sacrifice for the in  vitro tests, and the time of administration of the 
toxicant for the in ukw study (2). Thus, although both glucocorticoids 
and stress increase the organism’s resistance to I,  this protection 
probably is mediated, a t  least partly, uia different pathways. Exog- 
enous corticosterone did not significantly heighten resistance to I and 
did not alter the drug concentrations in plasma, which are further 
indications that the protection offered by stress is not mediated by 
corticoids produced by the adrenals during stress. 

REFERENCES 

(1) H. Selye, “Stress in Health and Disease,” Butterworths, 

(2) P. Kourounakis and H. Selye, Ru/l .  USSR Acad. Sci., in 

( 3 )  H. Selye, “Hormones and Resistance,” Springer-Verlag, 

( 4 )  H. Selye. “Stress,” Acta Inc., Montreal, Canada, 1951. 
(.i) H. Selye, S. Szabo, Y. Tache, P. Kourounakis, I. Mecs, and tJ. 

Reading, Mass., 1976. 

press. 

Heidelberg, Germany, 1971. 

Tache, Steroids Lipids Rcs.. 5,  lO(1974). 

(6) P. Kourounakis, H. Selye, and Y. Tache, Adu. Steroid Ria- 
chem. fharmacol., in press. 

(7)  R. L. Volle and G. B. Koelle, in “The Pharmacological Basis 
of Therapeutics,” 4th ed., L. S. Goodman and A. Gilman, Eds., Mac- 
millan, London, England, 1971, pp. 402-441. 

(8) G. B. Koelle, in ibid., pp. 585-600. 
(9) H. Selye, Res. Commun.  Chem. fa thol .  Pharmacol., I ,  

572(1970). 
(10) D. J. Finney, Riometrika, 35, 145(1948). 
(11) S. Siegel, “Nonparametric Statistics for the Behavioral Sci- 

(12) R. Mitchell and €3. R. Clark, Proc. Soc. Exp.  Riol. Med. ,  81, 

(13) B. R. Rennick, D. M. Calhoun, H. Gandia, and G .  K. Moe, J .  

(14) A. Farrah and B. Rennick, ibid., 117,478(1956). 
(15) P. Kourounakis, S. Szabo, and H. Selye, Arzneim.-Forsch.. 

(16) P. Kourounakis, S. Szabo, and H. Selye. Riochem. Pharmacol.. 

(17) C. W. Driever and W. F. Rousquet, Life Sci.,  4, 1449(1965). 

ences,” McGraw-Hill, New York, N.Y., 1956. 

105( 1952). 

fharmacol.  Ewp. Ther., 110,309(1954). 

26, 74(1976). 

24, 1549( 1975). 

ACKNOWLEDGMENTS AND ADDRESSES 

Received December 10,1975, from the Inst i tut  de  midec ine  et de  
chirurgie expirimentales, Uniuersith de Montrbal. Montreal 101, 
Quebec, Canada. 

Accepted for publication February 23, 1976. 
Supported in part by the Medical Research Council of Canada 

(Block Term Grant MT-1829) and the Ministire des Affaires Sociales, 
Quebec, Canada. 

The authors thank Miss F. Dionne and Mrs. D. Papin for their 
excellent technical assistance and Mr. 0. DaSilva for his editorial 
remarks. 

To  whom inquiries should be directed. 

1840 I Journal of Pharmaceutical Sciences 




