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After adrena lec tomy and adrenal  demedullat ion i n r a t s  the excre t ion  of dihydroxymandelic  
acid,  of noradrenal in  (NA), and (more espec ia l ly  af ter  adrena lec tomy)  of 3 -me thoxy-4 -  
hydroxyphenylglycol is i nc reased .  Adrena lee tomy potent ia tes  the action of r e se rp ine  on 
the NA level  in the r a t s '  hear t  by a g r e a t e r  degree  than adrenal  demedullat ion.  After 
adrena lec tomy there is no response  to intravenous injection of NA as r e f l ec ted  by quick- 
ening of the pulse under anes thes ia  and af ter  adminis t ra t ion  of cholinolyt ics .  The changes 
observed  indicate acce le ra t ion  of noradrenal in  b iosynthes is  a f ter  ad rena lec tomy and 
adrenal  demedullat ion and a dis turbance of ea techolamine s to rage ,  as  well as changes in 
the reac t iv i ty  of the adrenerg ic  mechan i sms  of the hear t  a f te r  ad rena lec tomy.  

In o rder  to de termine  the effect  of a deficiency of s t e ro id  hormones  on ca techolamine metabo l i sm it 
is  a sound plan to study changes in the sympa th ico -ad rena l  s y s t e m  af te r  ad rena lec tomy and adrenal  deme-  
dullation, because ,  on the one hand, there is a close link between co r t i cos t e ro ids  and ca techolamine me ta -  
bo l i sm [3, 5], and on the other hand, ce r ta in  changes in ca teeholamine metabo l i sm af ter  ad rena lec tomy can 
be a t t r ibuted to r em ova l  of the adrenal  medulla [2]. 

The wr i t e r s  have shown prev ious ly  that ad rena lec tomy potent ia tes  the ef fec ts  of d i su l f i ram and 
nia lamide in the r a t s '  hear t ,  whereas  adrenal  demedullat ion does not ef fec t  these p r e c e s s e s ~  This is 
p r e s u m a b l y  evidence that noradrenal in  (NA) biosynthes is  is acce l e r a t ed  in the hear t  of an imals  with a 
deficiency of s teroid  hormones .  

The object  of the investigation descr ibed  below was to study the u r i na ry  excre t ion  of three  ca techo-  
lamines  (CA), of 3 .methoxy-4-hydroxyphenylglycol  (MHPG), the combined excre t ion  of metanephr in  and 

TABLE 1. Excre t ion  (in #g /24  h) of Catecholamines  and Thei r  
Pr inc ipa l  Metaboli tes in the Urine of Rats  a f te r  Adrena lec tomy 
and Adrenal  De me dullation 

Group of animals l i  ~ . Catecholamines 
undergoing "~ -~ . A 

Mock operation 
Adrenalectomy 
Adrenal 

demedullation 

4 
5 

0,40+ 0,03 
0 

0,02-+0,01 

NA 

0,76• 
1,12~0,14 

1,2-+0,47 

MHPG 

40+7, i 
68--+ 8,31 

54+3,8 

I MN + DHMA 
NMN 

6,2• 
6,0•177 11,2• 

7,4• 11• 

*Differences  f rom group of r a t s  undergoing mock operat ion 
significant (P < 0.01). 
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TABLE 2. Effect of Reserpine On Tissue NA Level (in #g/g)  

Group of animals 

Intact 
Adrenalectomy 
Adrenal demedullation 

NHm- 
b% of I 
anl - 

mals 

Heart 

control reserpine 

0,88• 0,09 0,39• 0,05 
0,85• 0,05• 
0,65_+0,07 0,17_+0,02 

i Cerebral hemispheres 

control reserpine 

0,39• 0,35• 
0,40• 0,02 0,25• 0,03 
0,36• 0,03 0,37+ 0,03 

TABLE 3. Changes in Pulse Rate (beats per  minute) of Rats Receiving 
Noradrenalin by Intravenous Injection before and after Melipramine 
(difference between initial pulse rate  and pulse rate 10 sec after NA) 

Group of animals 

Intact 
Adrenalectomy 
Adrenal de medullation 

No. of 
animals 

Before injec-  
tion of meli-  

pramine 

+64 * 9 
+ 4 ~ : 6  
+ 4 8 •  

After injection 
of me lipramine 

+90 �9 8 
+46 :L 5 
+67 �9 4 

normetanephrin  (MN plus NMN) and of dihydroxymandelic acid (DHMA), and also to study the functions of 
s torage and absorption of CA after  adrenalectomy and adrenal demedullation. 

EXPERIMENTAL METHOD 

Exper iments  were ca r r i ed  out on 50 ra t s  of both sexes weighing 150-250 g. Bilateral  adrenalectomy 
and adrenal  de me dullation were pe r fo rmed  as descr ibed previously  [6]. The ra ts  undergoing the operations 
rece ived  1% sodium chloride to drink. Reserpine (Rausedil, Richter) was injected subcutaneously in a dose 
of 0.125 mg/kg 24 h previously.  Melipramine (imipramine) was injected intraperi toneai ly in a dose of 12.5 
mg/kg 40 rain before the exper iments .  To study the response of the adrenergic  mechanisms of the heart  
to injection of NA, the compound was injected intravenously in a dose of 20 mg/kg,  es t imated as base,  in 
0.85% NaC1 solution into ra ts  anesthetized with hexobarbital (50 mg/kg,  intraperitoneally),  after  blLocking 
of the per iphera l  cholinergic sys tems by oxyphenonium bromide (2 mg/kg intraperi toneally,  10 rain before 
the NA). The react ion was a s ses sed  by the change in pulse rate recorded  with an e lect rocardiograph.  The 
CA concentrat ion in the t issues was determined by Osinskaya 's  method [4], and in the urine by Barn ' s  
method [2], the MHPG concentrat ion was determined by the method of Ruthven and Sandier [16], MN plus 
NMN by Pisano ' s  method [13], and DHMA by the method of Mijake et al. [11]. Free  CA and DHMA and the 
sum of the free and bound MHPG and methoxycatecholamines were also investigated. 

EXPERIMENTAL RESULTS 

The results of a study of the excretion of CA and their metabolites in the rats are given in Table Io 
After adrenalectomy the largest increase took place in MHPG, the principal end product of CA metabolism 
in animals of this species [16], which could indicate an increase in the production of NA [18]. This increase 
was smaller after adrenal demedullation. After both operations the DHMA concentration was increased 
while that of MN plus NMN was unchanged. The almost total disappearance of adrenalin (A) from the urine 
after both operations was evidence that its chief source is the adrenal medulla, although a certain quantity 
of metanephrin was found after adrenalectomy [9]. An increase in the NA excretion was observed[ after 
both operations and, in the writers' opinion, like the increase in DHMA excretion it may be due to changes 
in the storage of CA and their absorption by the tissues. 

The decrease in the NA level in the rats' heart under the influence of reserpine was considerably 
potentiated by adrenalectomy and, to a somewhat smaller degree, by adrenal demedullation (Table 2). 
After adrenal de me dullation in this series, there was a slight decrease in the tissue NA level in the rats' 
heart, in agreement with results in the literature [8]. The dose of reserpine used caused no changes in 
the brain of the animals undergoing the mock operation and only slightly reduced the NA in the adrenalec- 
tomized rats. Since reserpine is known to block the ability of catecholamine-containing granules in 
sympathetic neurons to absorb NA [17, 18], this suggests that after adrenalectomy the properties of these 
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granules  in the hear t  a re  a l te red ,  i .e . ,  that the function of CA storage is modified.  According to exist ing 
evidence this may be assoc ia ted  with a dec rease  (adrenalectomy) or an inc rease  (adrenal demedullation) 
in the in t race l lu la r  sodium concentra t ion [8, 10]. 

Resul ts  showing the changes in the pulse ra te  of the r a t s  rece iv ing  NA af te r  p r e l i m i n a r y  admini -  
s t ra t ion  of hexobarbi ta l  and oxyphenonium bromide  (without cholinolyt ics ,  r e f l ex  b r adyca rd i a  is observed)  
a re  given in Table 3. Mel ipramine ,  which blocks the absorpt ion of NA by sympathet ic  nerve  endings [18], 
potentiated the ef fec t  of NA. After ad rena lec tomy there  was a lmos t  no response  to the dose of NA used,  
but some r e c o v e r y  took place af ter  injection of me l ip ramine .  After adrenal  demedullat ion the initial 
r e sponse  was unchanged and the effect  of me l ip ramine  was reduced; it was accordingly  concluded that the 
p r o c e s s  of NA absorpt ion in the r a t s '  hear t  was reduced  by this p rocedure .  There  a re  r e p o r t s  in the 
l i t e ra ture  of an inc rease  in the absorpt ion of NA by the isola ted hear t  in ad rena lec tomized  r a t s  [1]. The 
dec rease  in r e sponse  to exogenous CA af te r  ad rena lec tomy is suppor ted  by other  findings [14]. It can 
be concluded f rom these r e s u l t s  that a f te r  ad rena lec tomy  there  is  a marked  acce le ra t ion  of media to r  
synthes is  in the sympathic  sys t em,  probably  due in pa r t  to r emova l  of the adrenal  medulla  [7, 12] and to 
r ec ip roca l  re la t ionships  between the medulla  and the cen te r s  of the sympa th ico -adrena l  sy s t em [2], and 
that it is to some extent  the r e su l t  of a deficiency of s te ro id  hormones .  Some changes in ca techolamine 
me tabo l i sm af ter  these opera t ions  are  connected with dis turbance of the t issue e lec t ro ly te  balance (the 
response  to exogenous NA, r e s i s t ance  to r e s e r p i n e ,  excre t ion  of NA and DHMA), while the o thers  (absorp-  
tion of NA) requi re  fur ther  r e s e a r c h  to shed light on their  origin.  
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