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Experiments with chronic implantation of electrodes showed that bilateral adrenalectomy lowers the 
level of spontaneous electrical activity of the caudal mesenterie sympathetic ganglion and lowers the am- 
plitude of electrical responses to aeetylcholine, adrenalin, and stimulation of the sciatic nerve. These dis- 
turbances are abolished only by administration of hydrocortisone or of hydrocortisone together with desoxy- 
corticosterone. Hydrocortisone increases and desoxyeorticosterone inhibits electrical activity of the sym- 
pathetic ganglion of dogs with intact  ad rena l s .  

Many w o r k e r s  have shown [1-4, 8, 10-17, 20, 25, 26] that the c h a r a c t e r  of e l ec t r i ca l  ac t iv i ty  of the 
cor tex  and subcor t i ca l  s t r u c t u r e s  undergoes m a r k e d  changes a f t e r  ad rena l ec tomy  and admin is t ra t ion  of 
co r t i eos t e ro id  hormones ,  which a re  a s soc ia t ed  with d is turbance of the exci tabi l i ty  of these s t r u c t u r e s .  
Under  these conditions changes have also been found to occur  in pe r iphe ra l  ne rves  [9, 18, 19, 21-24]. 

So fa r  r e l a t ive ly  litt le at tent ion has been paid to the study of the ac t iv i ty  of lower  autonomic cen te rs  
(the caudal m e s e n t e r i c  sympathe t i c  ganglion, CMSG) in exper imen ta l  adrenal  hypo-  and hyperfunction,  and 
the p r e sen t  invest igat ion was c a r r i e d  out for  this purpose .  

EXPERIMENTAL METHOD 

Chronic expe r imen t s  were  p e r f o r m e d  on 6 male  dogs weighing about 20 kg, three  of which were  a d r e -  
na lec tomized.  E lec t rodes  were  implanted into the CMSG by the method desc r ibed  e a r l i e r  [7]. By means  
of an ampli tude s e l ec to r  [5], the incoming flow of i m p u l s e s  could be r e c o r d e d  and, at  the s ame  t ime,  
the impulses  could be sepa ra t ed  by ampli tude and the i r  f requency es t imated .  Studies were  made of spon- 
taneous e l ec t r i ca l  act ivi ty  and the e lec t r i ca l  r e s p o n s e s  to intravenous injection of 50 ~g acetylcholine,  sub-  
cutaneous injection of 0.1 mg adrenalin,  and nocicept ive s t imulat ion of the cutaneous b ranch  of the sc ia t ic  
nerve .  The following th ree  hormonal  p r epa ra t i ons  were  used: hydroeor t i sone  (HC) in doses  of 10, 50, and 
125 rag, de soxycor t i cos t e rone  ace ta te  (DOCA) of Soviet manufacture ,  and long-act ing adrenocor tbeot ropie  
hormone  (ex-ACTH-in,  "Richter")  in a dose of 10 i.u. Each  hormone was admin i s t e red  to ad rena lec tomized  
an imals  and dogs with intact  ad rena l s  for  five days, which was followed by an in terval  of th ree  days, and 
then another  hormone  or  combinat ion of ho rmones  was given. Dogs rece ived  no hormones  for  4-5  days 
a f t e r  ad rena lec tomy.  

EXPERIMENTAL RESULTS 

The electrical activity of the CMSG under chronic conditions consists of constant discharges of 
biphasic type: low-voltage with an amplitude of 10-12/~V and high-voltage with an amplitude of 12 ~V or 
higher, grouped in the rhythm of the pulse and respiratory movements [6]. Impulses in an irregular rhythm 
are also found. 

In animals with intact adrenals, the maximal increase in number of low-voltage oscillations 3 rain 
after injection of acetylcholine was 154%, and of high-voltage 163%. Nociceptive stimulation of the cutaneous 
branch of the sciatic nerve was accompanied by an increase in the number of impulses in the low-voltage 
flow to 162%, and in the high-voltage to 134%. The response to adrenalin was a decrease in the number of 
impulses in the low-voltage flow to 82% and in the high-voltage to 64% (Fig. I). 
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Fig. I. Comparison of changes in low-voltage (1) and high-voltage 
(II) flows of impulses in CMSG in response to injection of aeetyl- 
choline (A), adrenalin (13), and nociceptive stimulation of sciatic 
nerve (C). Ordinate of each graph: intensity of impulse activity 
(in percent of initial level); abscissa: time (in rain) after applica- 
tion of stimulus. On each graph except the topmost, a broken 
line denotes changes during background period. Legend between 
left and middle columns of graphs gives conditions under which 
responses were studied. Significance of difference between ob- 
served responses and background level denoted by asterisk. 

F i g .  2. S p o n t a n e o u s  e l e c t r i c a l  a c t  i v i t y  of  CMSG of a n  i n t a c t  d o g  
(1), a f t e r  a d r e n a l e c t o m y  (2), a f t e r  a d m i n i s t r a t i o n  of a h i g h - s a l t  
d i e t  (3), a n d  a f t e r  a d m i n i s t r a t i o n  of  25 m g  DOCA (4), 50 m g  h y d r o -  
c o r t i s o n e  (5) a n d  50 m g  h y d r o c o r t i s o n e  +25  m g  DOCA (6). O r d e r  
of  t r a c e s :  g a n g l i o g r a m ,  E C G ,  p n e u m o g r a m ,  t i m e  m a r k e r  (10 c p s ) .  

After adrenalectomy and recovery of the animals from the postoperative period, significant changes were 
found in the responses to these same stimuli. The number of low-voltage impulses in response to acetyl- 
choline was reduced by 10-25% of the background level (P < 0.05). The number of oscillations in response 
to nociceptive stimulation of the sciatic nerve likewise was reduced. The responses to adrenalin were 
less marked in this case. In the low-voltage flow of impulses they amounted to only 91-95% but adrenalin 
produced no changes in the high-voltage flow. 
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F i g .  3. C o m p a r i s o n  of changes  in l o w - v o l t a g e  (I) and h i g h - v o l t a g e  
(II) f lows of i m p u l s e s  in CMSG a f t e r  a d m i n i s t r a t i o n  of c o r t i c o s t e r o i d  
h o r m o n e s  to a n i m a l s  wi th  i n t a c t  a d r e n a l s .  R e m a i n d e r  of l e g e n d  a s  
in  F i g .  1. 

Keeping the animals on a high-salt diet gave slightly higher responses to acetylcholine in both flows 
of impulses than were observed after adrenalectomy, although they did not reach the background levels. 
The responses to adrenalin, however, continued to be negligible. 

Administration of HC to adrenalectomized dogs modified the amplitude of the recorded electrical 
responses. Changes in the low-voltage flow during the first 5 rain in response to acetylcholine injection 
were below the background level, but subsequently rose above it. The response .of the high-voltage flow 
returned to the background level. During nociceptive stimulation, an increase in the number of both types 
of oscillations was observed. Complete recovery to the background level was characteristic of the re- 
sponses to adrenalin, and after adrninistration of 50 mg HC the changes in the high-voltage flow actually 
exceeded the original level (Fig. 1). 

Administration of DOCA to adrenalectomized animals was not accompanied by an increase in the re- 
sponses to acetyleholine. However, during nocieeptive stimulation the number of high-voltage and low- 
voltage (with small doses of DOCA) impulses exceeded the initial levels. So far as the responses to adren- 
alin are concerned, under these conditions they did not differ significantly from the background (Fig. I). 

When both hormones (HC and DOCA) were administered together, the magnitude of the electrical re- 
sponses to these function tests was the same as IJefore adrenalectomy. A very slight increase in the num- 
ber of impulses (by 3-14%) was observed only during nociceptive stimulation of the sciatic nerve. 

After adrenalectomy the general level of spontaneous electrical activity of the CMSG was appreciably 
lowered, and administration of a high-salt diet and of DOCA did not significantly modify the character of the 
neurograms. Restoration of impulse activity was observed only when HC or a combination of HC with DOCA 
was given (Fig. 2). 

In adrenalectomized animals, the magnitude of electrical responses to function tests is therefore de- 
pressed. The responses are increased to some degree by keeping the dogs on a high-salt diet or by ad- 
ministration of DOCA. The greatest increase in the responses was observed after administration of HC. 
Complete restoration of the responses resulted from simultaneous administration of HC and DOCA. 

Injection of IIC into animals with intact adrenals produced a clear increase in the number of oscilla- 
tions in response to the acetylcholine test. This increase was particularly marked in the high-voltage flow 
of impulses. The nurnber of oscillations in response to nociceptive stimulation also increased. The re- 
sponses to injection of adrenalin likewise were more marked than in the background experiments (Fig. 3). 

Following simultaneous administration of HC and ACTH, the responses to acetylcholine showed an in- 
crease in the nurnber of oscillations in the low-voltage flow, by comparison not only with the background 
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period, but also with that observed after administration of HC alone (P < 0.05). The responses to the ad- 
renalin test also were more marked. 

DOCA, on the other hand, clearly inhibited the responses to all stimuli used (P < 0.05). It had a 
rather stronger action on the low-voltage flow of oscillations. 

To ap~alyze the changes in electrical activity following combined administration of all three hormones, 
two groups of experiments were carried out with different doses of IIC and DOCA. Under these conditions 
no significant differences were found between the effects of small and large doses of the drugs; nor were 
the changes different from the background indices. This was true of the acetylcholine and adrenalin tests. 
The situation was rather different during nociceptive stimulation of the sciatic nerve. Small doses of the 
hormones increased the number of oscillations in both flows, large doses inhibited them. Although these 
changes differed from those observed in the background experiments by only 4-50~, they were statistically 

significant. 

Just as in adrenalectomized animals, in dogs with intact adrenals the level of spontaneous electrical 
a c t i v i t y  rose  a f t e r  a d m i n i s t r a t i o n  of HC alone or  in combinat ion  with ACTH, and fel l  under the influence of 
DOCA. When alI th ree  hormones  were  given toge ther ,  no changes  were  obse rved .  

A d m i n i s t r a t i o n  of HC and of HC toge ther  with ACTH to a n i m a l s  with intact  a d r e n a l s  was thus a c -  
companied  by an i n c r e a s e  in the ampl i tude  of e l e c t r i c a l  r e s p o n s e s  to s t imul i  appl ied .  DOCA lowered  the i r  
ampl i tude .  When al l  three  hormones  were  given at  the s ame  t ime ,  the c h a r a c t e r  of the e l e c t r i c a l  r e s p o n s e s  
was ind is t inguishable  f rom the background level .  Consequent ly ,  changes in the e l e c t r i c a l  indices  of the 
CMSG af t e r  a d r e n a l e e t o m y  and a f t e r  a d m i n i s t r a t i o n  of c o r t i c o s t e r o i d s  a r e  ident ica l  with changes o b s e r v e d  
by i nves t i ga to r s  in va r ious  p a r t s  of the b r a i n  during ad rena l  hypo-  and hyperfunct ion.  

LITERATURE CITED 

i. G.A. Gaidina, In: Electrophysiology of the Nervous System [in Russian], Rostov-on-Don (1963), p. 91. 
2. N.A. Emel'yanov and A. N. Panov, Probl. Endokrinol., No. 6, 108 (1965). 
3. V.P. Komissarenko, ProM. Endokrinol., No. 3, IIi (1963). 
4. V.K. Kulagin, Role of the Adrenal Cortex in the Pathogenesis of Trauma and Shock [in Russian], 

Leningrad (1965). 
5. A.D. Nozdrachev and V. L. Fel'cher, Fiziol. Zh. SSSR, No. II, 1400 (1964). 
6. A.D. Nozdrachev, Fiziol. Zh. SSSR, No. 9, 1152 (1966). 
7. A.D. Nozdrachev, Byull. Eksp. Biol., No. 3, 15 (1967). 
8. K.V. Sedenko, Abstracts of Proceedings of a Scientific Meeting to Review Work of Rostov Medical 

Institute [in Russian], Rostov-on-Don (1956), p. 474. 
9. P. Chauchard, Rev. Sci. (Paris), 90, 120 (1952). 

i0. M.R. Covian, M. C. Lico, and J. Antunes-Rodriges, Arch. Int. Pharmacodyn., 146, 81 (1963). 
II. J. IVI. Delgado, Electroenceph. Clin. Neurophysiol., I0, 365 (1958). 
12. F. Faure, Rev. Neurol., I00, 255 (1959). 
13. S. Feldman, J. Todt, and R. W. Porter, Neurology (Minneap.), II, 109 (1961). 
14. S. Feldman, Arch. Neurol. (Chic.), 7, 460 (1962). 
15. W.J. Friedlander and E. Rottger, Electroenceph. Clin. Neurophysiol., 3, 311 (1951)o 
16. G.H. Glaser, Arch. Neurol. Psychiat., 73, 38 (1955). 
17. A. Herz, H. Krupp, and M. l~ionnier, Pfliig. Arch. Ges. Physiol., 272, 442 (1961), 
18. R. Lecoq, P. Chauchard, and H. Mazonen, Bull. Soc. Chim. Biol. (Paris), 3__!4, 239 (1952)o 
19. R. Lecoq, Rev. Path. Comp., 5_!, 529 (1954). 
20. I. Pine, F. L. Engerl, and T. B. Schwartz, Electroenceph. Clin. Neurophysiol., 3, 301 (1951)~ 

21. E.R. Ramey and M. S. Goldstein, Physiol. Rev., 37, 155 (1957). 
22. A. Slocombe, H. Hoagland, and J. Praglin, Fed. Prec., II, 149 (1952). 
23. A. Sloeombe, L. Tozian, and H. Hoagland, Am. J. Physiol., 17__99, 89 (1954). 
24. D.M. Woodbery, Recent Progr. Hormone Iles., I0, 65 (1954). 
25. D. Ivl. Woodbery, P. Timiars, and A. Vernadakis, In: Hormones, Brain Function and Behavior, 

New York (1957), p. 27. 
26~ D.M. Woodbery, Pharmacol. Rev., I0, 275 (1958). 

389 


