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Method F.-The coupling reaction was achieved 
a t  a constant pH of 9.6 in an ammonium hydroxidc- 
ammonium chloride bufler following the procedure 
reccntly described (19). 

Method G.-Coupling was accomplished a t  con- 
stant pH of 5.0 in a citric acid-disodium phosphate 
buffer; this procedure is described in Reference 21. 
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Effects of Pentobarbital, Acetylsalicylic Acid, and 
Reserpine on Blood Pressure and Survival of 

Rats Subjected to Experimental Stress 

By JOSEPH P. BUCKLEY, EUGENE E. VOGIN*, and WILLIAM J. KINNARD 

Sodium pentobarbital, 20 mg./Kg. per os daily, and acetylsalicylic acid (ASA), 100 
mg./Kg. per os daily, failed to prevent the development of hypertension in  rats sub- 
jected to experimental stress. ASA enhanced the lethal effects of the stressors and 
potentiated the effects of the stress conditions on  gastric mucosa. Reserpine phos- 
phate, 0.1 mg./Kg. (base) i.p. daily, administered after the animals had been sub- 
jected to the stress conditions for 6 weeks, did lower the blood pressure to control 

levels. 

HE DEVELOPMENT of hypertension in animals 
Texposed to experimental stress has been re- 
ported by numerous investigators (1-5). Ruck- 
Icy et al. (5) found that reserpine phosphate, 0.1 
mg./Kg. i.p., and chlorpromazine hydrochloride, 
4 ing./Kg. i.p., administered 1 hr. prior to  sub- 
jecting rats to a 4-hr. variable stress program not 
only failed to  decrease the pressor effects induced 
by the stressors over a 27-week period but  also 
appeared to  potentiate the lethal effects of the 
stressors. This present study was undertaken 
to  investigate the effects of pentobarbital and 
acetylsalicylic acid (A4SA) on animals subjected 
to chronic variable stress programs, and the 
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effects of reserpine phosphate’ administered to  
the expcrimental animals after physiological 
effects of stress exposure were evident. 

EXPERIMENTAL 

The stress chambers utilized were semisoundproof 
rooms designed by the Industrial Acoustics Co., 
New York, N. Y. (5). The stress program con- 
sisted of ( a )  flashing 150-w. spotlights (installed in 
each corncr of the cage) which were on for sec. 
and off for 3/4 sec. (in alternate pairs); ( b )  audiogenic 
stimulation a t  5-min. intervals for 0.5-min. periods 
produced by amplifying a tape recording of noxious 
sound so that the intensity was approximately 100 
decibels at the center of the cage; and (c)  oscilla- 
tion a t  the rate of 140/min. A simple conditioned 
avoidance response program utilizing automatic 
pole climbing units (4) was also utilized in thc stress 
program. The cycle was initiatcd evcry 2.75 min. 
and consisted of a low tone for 15 see., followed by 
the delivery of an electric shock (3 ma.) to the grid 

1 Kindly supplied by Ur. William E. Wagner, Ciba Pharma- 
ceutical Co., Summit, N. J. 
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floor for 30 sec. or until the ariirnal leaped onto the 
Plexiglas pole. Control blood pressures were 
obtaincd twice weekly in both studies, utilizing a 
photoelectric tensometer (Metro Industries, Long 
Island, N. Y.) and the. animals acclimated to this 
apparatus over a 4-week pre-experimental training 
pcriod. 

Study I.-Fifty-nine male Wistar rats, weighing 
approximately 175 Gm., were randomly divided into 
6 groups. The groups to be stressed contained 15 
rats each and rcccived thc following treatment: 
group A ,  distilled water, 1 ml./Kg.; group B ,  
sodium pentobarbital, 20 mg./Kg.; and group C, 
acetylsalicylic acid (ASA), 100 mg./Kg. Three 
unstressed control groups were divided as follows: 
group U ,  5 animals treated with distilled water, 1 
ml./Kg.; group E ,  5 rats recciving sodium pento- 
barbital, 20 mg./Kg.; and group F ,  4 rats receiving 
ASA, 100 mg./Kg. The animals receiving peiito- 
barbital and distilled water were treated by oral 
intubation 0.5 hr. prior to subjecting the animals 
to the 4-hr. stress program. Acetylsalicylic acid 
was suspended in 17" carboxyrrietl~ylcellulose and 
was administered by gastric intubation 1 hr. prior 
to subjecting the animals to the stress. 

The strcssors were applied singly or in combiria- 
tiou, and the stressor schedule altered daily to 
prevent acclimation to thc stimuli. The animals 
were stressed 1 hr./day, 6 days/werk, from weeks 
1-17 and 6 hr./day, 6 days/week, from wecks 1% 
30. The blood pressure of each anirrial was ob- 
tained once a week prior to administering drugs and 
subjecting the animals to the strcss chamber. The 
animals in the 3 stressed groups were subjectcd to 
ten 2.75-min. cyclcc in the avoidance response pole 
climbing apparatus once wcckly starting with the 
twelfth week. These animals were not exposed to  
the strcss chamber on that particular day and 
reccivcd water or drug treatment prior to being 
subjected to the avoidance-esrape situation. 
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Study 2.-A second study was conductcd utilizing 
68 male albino Wistar rats, which were divided as 
follows: group A ,  24 rats treated with 0.1 ml./Kg. 
of saline i.p.; group B ,  25 rats treated with 0.1 
ml./Kg. of saline i.p., weeks 1-6; and reserpine 
phosphate, 0.1 mg./Kg. (base) i.p., 0.5 hr. prior to 
the experiment, from week 7 on; group C, 9 rats 
trcatcd with salinc, 0.1 ml./Kg. i.p.; and group D ,  
10 rats treated with saline, week 1-6 and rrsrrpine 
phosphate, 0.1 mg./Kg. (base) i.p., from week 7 on. 
The animals in groups A and €3 were subjrcted to 
2 hr. of variablc stress daily, 6 days/meek; and 
starting with the tenth week were also subjected to 
thc pole-climbing strcss once weekly. Groups C and 
D were utilized as nonstrcssed controls. Blood 
pressures and body weights were obtained once 
weekly on all animals prior to treatment and sub- 
jection to stress. 

RESULTS 

Study 1.--The effects ol the stressors 011 blood 
pressures of the experimental animals are surn- 
rnarized in Fig. 1. The blood pressures of the 
stressed animals rose steadily reaching maximum 
values during the sixteenth and seventccnth week 
(group A ,  158 mm. Hg + 3.08; group B ,  154 r i m .  
Hg =!= 2.25; atid group C, 154 mm. Hg =t 2.0), 
whereas the mean blood pressures of the iionstressed 
animals ranged from 118-124 mm. Hg. When 
these data were subjected to the Student t test, 
the diilerenccs between the mean blood pressures 
of the strcssrd group and thc noristressed control 
group were highly significant (P < 0.01). 

Increasing the duration of stress from 4 to 6 h r .  
during the  eighteenth week did not apprar to induce 
a further increase in blood prcssure. A t  the cnd of 
the thirtieth wrck, mu~ie of the stressed rats of group 
-4 were dead, whereas the  mortality rate was 13:% 
for the pentobarbital treated stressed rats and 67% 
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Fig. 1.-Effects of experimetital stress on the systolic blood pressure of male Wistar rats in Study 1 .  
Group A ,  distilled water, 1 1111./Kg., stressed; group I?, pentobarbital, 20 nig./Kg., stressed; group C, ASA, 
100 mg./Kg., stressed; group I), distilled water, 1 ml./Kg., nonstrrssrd controls. Kily: 0, group A; x, 
grvup B; - - -, group C; ___ , group D. 



574 JozrmuI of Plzumaceutical Sciences 

130 

(3 
I 
I 
= 1 2 0  
W 
(L 
3 m 
m 
w 
(L 

I10 a 

0 
0 s 

; 100 

m 

0 

I- m 
> 
ln 

9 0  

T I M E  IN WEEKS 

Fig. 2.-Effccts of experimental stress on tlie systolic blood pressure of male Wistar rats in Study 2.  
Group A,  saline, 0.1 ml./Kg., stressed; group B ,  saline, 0.1 nil./Kg., weeks 1-6, and reserpine PO,, 0.1 
nig./Kg., weeks 7-27, stressed; group C, saline, 0.1 Inl./Kg., nonstressed controls; group D ,  saline, 0.1 
rnl./Kg., weeks 143, and reserpine PO4, 0.1 rng./Kg., weeks 7-27, nonstressed controls. Key: 0, group A; 
x ,  group B;  - - -, group C; - , group D.  

for the ASA-treated stressed rats. The majority 
of deaths occurred a t  night between stress sessions. 
i\ll of the animals in group C (ASA treated) which 
died during the stress session had marked ulceration 
of the stomach and small intcstincs with evident 
bleeding of the gastric mucosa. There was also a 
marked difference in the behavior of the various 
groups. The animals in each group were initially 
docile and vcry easy to handle; however, by the 
fifteenth week, tlie rats in group A (treated with 
distillcd watcr) werr extremely difficult to liaridle 
and demonstrated a high degree of activity. 'I'he 
animals in group B (pentobarbital trcatcd) appeared 
to be more docile than those in group A but did 
show signs of irritability and bccamc morc aggressive 
during the latter portion of the study. The animals 
in group C (,4SA treated) deIrionstrated the greatest 
change in that they were cxtrcmcly difficult to 
handle and fought the feeding tube continuously. 
All of the animals in this group had pronounced 
diarrhea, cxcessive salivation, and appeared to bc 
extremely sensitive to touch. The nonstrcsscd 
controls remained fairly docile throughout the 
experimental period; however, group F which 
received daily administration of AS-4 appeared to 
be more excitablc than the othcr two control groups, 
and most of the animals in this group had periods 
of diarrhea throughout the study. 

Study 2.-The blood pressures of the &uiiiials in 
the two stressed groups gradually increased and by 
the sixth week of stress averaged 20 mm. Hg highcr 
than initial blood pressures, whereas the blood 
pressures of the two control groups increased by less 
than 8 mm. Hg (Fig. 2). Rcserpinc phosphate, ad- 
ministered once daily starting with the seventh wcck 
produced mild diarrhea and ptosis in the animals of 
groups B and D. The mean blood pressure of the 
animals in group B droppcd from 122 mm. Hg in week 

6 to 105 mm. Hg in week 8, and ranged from 101-110 
mm. Hg throughout the remainder of the experi- 
ment. The blood pressure. of thc saline-treated 
stressed group reached a maximum of 125 =!= 2.9 
mm. Hg during the seventeenth wcck of the expen- 
merit, whereas the reserpine-treated stressed animals 
in group B had a mean blood pressure of 104 Z!Z 1.4 
rnm. Hg (P < 0.05). The number of deaths occur- 
ring in this study was rclatively low in comparison 
to previous studies (4% in soup A ,  12% in group 
23. llyh in group C, and 207; in group D), and the 
hypertensive effect occurring during the chronic 
exposure to the stressors was also much lcss than has 

-. 1 ABLE I.--CUNI)I?.IONEL)-AVOIDANCE RESPONSE I N  
MALE ALBINO HATS SUBJECTED TO EXPERIMEIGTAL 

STRESS 
-~ ... . 

~ ______ 
-Response Latencies, sec. f S . E . 7  

Group B 

Wk 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
"0 
21 

23 
21 
25 
26 
. .  

Group A 
Saline, 

0.1 ml./Kg. 
25.1 zk 1.57 
14.4 Sc 1.72 
11.2 * 1.11 
10.6 31 1.43 

lteserpine, 
0.1 mg./Kg. 

36.0 =t 2.35 
25.9 rt 3.41 
27.8 i 3.40 
29.1 i 3.56 ~~ 

11.3 f 1.2'i 28.4 Z!E 3.05 
8.9 i 1.34 29.1 =k 2.92 
9 .1  =I= 0.92 24.9 + 3.11 
8 .6  i 1.09 20.9 rt 2.57 
8.3 i 1.21 
8 . 7  =t 0.75 
8 .2  i 0.96 
7.1 +C 0.97 
7.6 zt 1.56 
9.0 f 1.36 
8.6 i 1.15 
8.3 f 1.06 
8 . 1  i 0.99 

19.6 rt 2 . 8 6  
19.7 rt 2 .73  
20.4 =t 2.65 
19.7 4~ 1.82 
15.6 1.63  
15.6 i 0.65 
14.4 Z!Z 1.07 
14.7 zk 1.23 
15.1 zt 1.06 
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prcviously bcen obtained. The rrspnnse latencies 
of the saline atid reserpine-treated stresscd animals 
in the avoidance-escape test are summarized in 
Table I. The response time of the reserpine-treated 
animals was always much greatrr than the saline- 
treated animals; however, there was a gradual 
decrcase in rcsponsc time over a 12-week period 
from 36 sec. t o  slightly over 15 sec. 

DISCUSSION 

The hypertensive effects induced by cxposurc to 
thc strcssors in the first study were similar to those 
previously obtained in this laboratory ( 3  -5). The 
responses obtained in the second study, however, 
were rclatively mild; and alter reaching a peak in the 
seveiiteenth week, the animals appeared to  be 
acclimated to  the experimental conditions as dernon- 
stmted by a plateauing of the blood prcssurc over 
the next 10 weeks. Several additional studies 
havc sincc bcen conducted, and this variation in the 
blood pressure response has also occurred. The 
physiological response of the animal t o  the experi- 
mental stressors appears t o  vary among samples 
obtained from the same strain and from an identical 
source a t  different tinics: but there is only a slight 
variation iii the response of animals within a p:tr- 
ticular samplc. 

111 the first study, pentobarbital and ilSA failed 
to protect the experiinental auimals from the effects 
of the stressors. The strcssors apparently potrri- 
tiated the toxicity of ASA, an effect which was most 
apparent on the gastrointcstinal tract. The oral 
administration of single closes of ASA ( 1OO-5OO 
mg./Kg.) has bccn rcportcd to  cause small gastric 
niucosal erosions to fasted guinca pigs within 30 
min. of dosing; however, they appeared to heal 
within 24 hr. (6). Many investigators havc also 
associated ingestion of ilSA with the development 
of gastric mucosal eroyions in niicc (7, 8) .  Sclye (9) 
has reported that exposure of rats to one or more 
strcssors will inducc gastric ulceration. The 
intensity of the stressnrs utilized in this current 
study havc bcen controlled so that  gastric ulcera- 
tion would not orcur in untreated strcssetl rats. 
The data indicate that the effects of ASA on gastric 
mucosa are greatly enhanccd by cnvironmcntal 
stress. Selye (10) has suggested that stressors in- 
duce the discharge of ACTH which stimulates the 
release of both mineral corticoids and glucocorticoids 
from the adrenal cortex, and Timmcr (11) has 
reported a marked increase in free plasma corticos- 
terone of rats subjected to  severe acute stress. Sali- 
cylatcs havc also becn rcportcd to increase the 
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plasma level of 17~liyclroxycorticostcroicl~ in rats 
(12), aiid i t  is, therefore, possiblr that  this assumed 
incrrasc in plasma corticosteroids may be responsible 
for the gastric ulceration. Howcver, it appears 
more likely that  the observed uleeratious were due 
t o  a combination of thc local cffcct of the ASA on 
the gastric mucosa arid an increase in free plasma 
corticosteroids. 

Rcscrpine phosphate did reverse the effects of the 
experiiiieiital strcssors on the blood prcssure of rats 
(Stzdy 2).  These da t a  are opposite to those ob- 
tained in a previous study (5) in which reserpine, 
0.1 mg./Kg. i.p., not only failed to protect the rats 
from the pressor response induccd by chronic stress 
but  potentiated the lethal effects of the strcssors. 
Kpstein et al. (1s) investigated the effects of reserpine 
on the stress of reduced barometric pressure in rats 
and also found that  rather than protect the rats 
against the stress of altitude rcscrpinc acted as an 
added stress factor. The experimental design in thc 
previous study was diflerent than the one presently 
being reported. In the present study, rcscrpine was 
not administered until the seventh week of stress t o  
allow for the devclopment of the stress reaction; 
whereas in the previous study, reserpine trcatment 
was initiated immediately. Thesc data suggest 
that  the effects of reserpine and, for that  matter, 
almost any compound may vary greatly, depending 
upon the time interval following the initiation of the 
stress program that treatment is started. However, 
it is also possible that  the rclatively mild physio- 
logical response to the stressors was responsiblc for 
the effect observcd with reserpine. 
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