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Reserpine is known primarily for its hypo- 
tensive and sedative activities( 1 ) .  I t  causes 
also liberation of pressor amines. notably 
epinephrine. norepinephrine and serotonin ( 2 ) .  
Pressor activity consequent on release of these 
substances has been unmasked in anesthetized 
dogs and cats(3-5) by pre-treatment with 
iproniazid. a mono-amine osidase inhibitor 
and attributed to impaired degradation of 
norepinephrine(4). In conscious mice, rats 
and rabbits. pre-treatment with iproniazid 
altered the response to reserpine from seda- 
tion to excitation(3,6) : this change was at- 
tributed primarily to release of serotonin and 
its delayed inactivation ( 7.8). The present 
report concerns effects of reserpine on arterial 
pressure and behavior of anesthetized and 
conscious rats pre-treated with iproniazid and 
attempts to characterize the factors involved 
in these responses. 

Experiments were done in male 
Sprague-Dawley rats weighing 175-2 55 g 
each. Except when indicated, anesthesia was 
induced with sodium amytal (9 mg/100 g 
body weight intraperitoneally ) and vascular 
reflexes were inhibited with pentolinium 
bitartrate ( 5  mg solution in 20% polyvinyl- 
pyrrolidone subcutaneously) : blood pressure 
was recorded following carotid cannulation 
( 9 ) .  When given. iproniazid phosphate ( 2 5  
mg intraperitoneally) was injected 18-24 
hours before the test, Free reserpine dissolved 
in glycol vehicle was administered intraperi- 
toneally in a dose of 5 mg/kg after arterial 
pressure had stabilized. Drugs used in eval- 
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uating the nature of responses were chlorpro- 
mazine hydrochloride ( 10 mg/kg intraperi- 
toneally), lysergic diethylamide (to 2 50 pg/ 
kg intravenously ) and phenoxybenzamine hy- 
drochloride (to 5 mg/kg intravenously). 
These were given 30-90 minutes before in- 
jection of reserpine. Parallel studies of symp- 
tomatic effects were done in conscious animals. 

Results. 1. Pressor eflects of reserpine. In  
rats treated with pentolinium but not with 
iproniazid, reserpine produced a small, tran- 
sient initial decrease in arterial pressure f d -  
lowed by gradual rise to maximum of about 
20 mm Hg above control levels; this pressor 
effect persisted for 90 minutes (Fig. 1A).  In  
rats given both iproniazid and pentolinium, 
the response to reserpine consisted, as above, 
of initial small fall in pressure, followed by 
sharp rise which reached a maximum between 
50 and 100 mm Hg within a half hour after 
injection (Fig. 1B) and remained at this 
level to 90 minutes. In rats given iproniazid 
but not pentolinium, reserpine was substan- 
tially as pressor as in rats given iproniazid 
and pentolinium ; since post-iproniazid re- 
sponses were presumably maximal, we could 
not demonstrate pressor sensitizing effect of 
the ganglion blocking agent. 

2. Efiects of blocking agents on responses 
t o  reserpine. While LSD had no definite ef- 
fect, chlorpromazine inhibited but did not 
wholly prevent pressor activity of reserpine in 
iproniazid treated animals (Fig. 2A) : under 
the same conditions, the same dose of chlor- 
promazine inhibited almost completely pressor 
effects of serotonin ( 1 pg) , Phenoxybenza- 
mine, an adrenergic blocking agent, reversed 
the effect of reserpine in iproniazid treated 
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F I G .  1. Anesthetized, pentoliniuni treated rats. 
Pressor effects of reserpine in  control (A) and in  

iproiriazid treated (B) rats. 

rats, so that it caused a prolonged depressor 
response (Fig. 2B) ; the maximum fall in 
pressure varied from 10 to 40 mm Hg. Ani- 
mals given phenoxybenzamine but not ipron- 
iazid, also showed a depressor response, but 
this was small and corresponded to the small 
pressor response provoked by reserpine in rats 
not given phenoxybenzamine. In other ex- 
periments it was determined that this dose of 
phenoxybenzamine was sufficient to reverse re- 
sponses to .2 pg of epinephrine and norepine- 
phrine from pressor to depressor. As demon- 
strated in the dog (4,s) the main pressor agent 
released by reserpine in the rat seems to be 
norepinephrine ; removal of adrenals, princi- 
pal source of epinephrine, did not decrease 
pressor response to reserpine. 

3.  E fec t s  of “blocking agents” in conscious 
animals. Blocking effects of phenoxybenza- 
mine and chlorpromazine on behavioral re- 
sponses to reserpine after treatment with 
iproniazid were studied in 3 groups of con- 
scious rats. All animals were given iproniazid 
and reserpine in dosages noted above. Thirty 
minutes before administration of reserpine, 
one experimental group received phenoxyben- 
zamine intravenously and the other, chlorpro- 

mazine intraperitoneally. As described by 
Chessin et al. ( 3 )  control animals responded 
to reserpine with an adrenergic reaction, dem- 
onstrating piloerection, exophthalmos, saliva- 
tion, increased motor activity and excitability. 
This syndrome did not appear in the 2 groups 
given blocking agents ; whatever symptoms 
appeared were attributable to specific actions 
of the blocking drugs, namely ptosis with phe- 
noxybenzamine and depression with chlorpro- 
mazine. 

Discussion. Our experiments extend previ- 
ous observations in anesthetized cats and dogs 
(3-5) to the anesthetized rat. They indicate 
that the pressor effect caused by reserpine de- 
pends primarily on release of adrenergic 
amines, presumably norepinephrine and not 
serotonin, since LSD did not affect the re- 
sponse while chlorpromazine, a weak adrener- 
gic blocker, and phenoxybenzamine a strong 
one, did. Further, during these experiments 
phenoxybenzamine, unlike chlorpromazine, did 
not affect the pressor response to serotonin in 
anesthetized rats. Although it has been shown 
in the rabbit that epinephrine is liberated from 
the adrenal medulla in response to reserpine 
( 10) the present, like previous( 5 )  experi- 
ments, in adrenalectomized animals, indicate 
that its role is negligible. Similarly the 
adrenergic response to reserpine in iproniazid- 
treated rats is, as the descriptive term implies, 
largely attributable to release of pressor cate- 
cholamines. This view is supported by block- 
ing effect of phenoxybenzamine on pressor 
and central nervous effects of reserpine and 
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FIG. 2. Anesthetized rats pre-treated with ipro- 
niazid and pentolinium. Effect of chlorpromazine 
(A) and of phenoxybenzamine (B) on the response 

to reserpine. 
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LSD has been found to inhibit the effect of 
injected ( I I ) and of infused ( 1 2  ) serotonin on 
arterial pressure of anesthetized rats. Further 
confirmation is found in the fact that in rats 
pretreated with iproniazid but not given pen- 
tolinium. reserpine was consistently pressor 
while serotonin was depressor. Clinical cor- 
roboration is found in the response to phen- 
tolamine of hypertensive patients under treat- 
ment with rauwolfia drugs whose response is 
commonly depressor( 13) : it seems likely that 
this reflects a state of underlying adrenergic 
excitation which in a degree mimics the status 
of patients with functioning pheochromocj-- 
toma. 

Suinntar?t. In anesthetized rats pretreated 
with iproniazid, injected reserpine elicits a 
marked pressor response which from observa- 
tions on effects of phenosybenzamine. chlor- 
promazine and LSD seems primarily attribu- 
table to release of adrenergic amines, presum- 
ably norepinephrine. Experiments in con- 
scious rats indicate that their response to 
reserpine is adrenergic. The data support 
conclusions reached by others in other species 
but do not support the view that serotonin 
plays a large role. 
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In spite of considerable progress in \*it. B,,, tions is to study quantitatively the excretim 
research, it is still not known what amount of Vit. B,?. As judged from the minimum 
normal humans have to absorb in order to maintenance dose for pernicious anemia pa- 
maintain health; likewise, the optimum main- tients, normal humans Seem to absorb at least 
tenance dose for pernicious anemia patients is one microgram pro die under physiological cir- 
unknown- One way to elucidate que?- cumstances( 1). Jvhen pure Vit. BI2 is given 

per os, the upper limit of absorption lies well * Aided by grants from Karolinska Institutet and 
Finnish Alcohol Research Fn. above this figure(2,3). On the other hand, 


