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EFFECT OF VAGOTOMY ON MORPHOLOGY AND FUNCTION 

OF THE ADRENAL MEDULLA IN RATS 

N~ Y a .  Y a k o v l e v a  a n d  V .  V.  Y a g l o v  UDC 612.819.918:612.452.014.2 

Marked dilatation of the venous s inusoids,  a d e c r e a s e  in a r e a  of the chromaff in  t i ssue ,  and a 
s t ronger  chromaff in  reac t ion  in the adrena l  medul la  were  found 7 and 45 days af ter  b i l a te ra l  
subdiaphragmat ic  vagotomy in male  albino r a t s .  Cons iderable  changes were  found in the u l t r a -  
s t ruc tu ra l  organiza t ion  of the s e c r e t o r y  ce l l s  and endothelinm. Inject ion of glucose into these  
an imals  caused only slight f luctuations in the adrenal in  content in the chromaff in  cel ls .  

KEY WORDS: vagotomy; adrenals ;  chromaff in  t i ssue;  hyperg lycemia .  

P r e v i o u s  invest igat ions showed that  b i l a t e r a l  subdiaphragmat ic  vagotomy d e p r e s s e s  functional act ivi ty  
of the insulin s y s t e m  of the p a n c r e a s  [1] and of the adrena l  cor tex  [3]. The  object  of this  invest igat ion was to 
study the ef fec t  of b i l a t e ra l  subdiaphragmat ic  vagotomy on the adrenal  medul la .  

E X P E R I M E N T A L  M E T H O D  

Altogether  90 male  albino r a t s  weighing 120-140 g were  used. Under e ther  anes thes ia  b i l a te ra l  sub-  
d iaphragmat ic  vagotomy was p e r f o r m e d  on the an imals .  The  r a t s  w e r e  ki l led 7 and 45 days  a f t e r  the opera t ion 
a f te r  s t a rva t ion  for 24 h and 1, 2, 3, and 6 h a f te r  admin is t ra t ion  of 20% glucose solution by gas t r i c  tube in 
a dose of 2 g / k g  body weight. Glucose was chosen because  of the need to synchronize  the s e c r e t o r y  p r o c e s s  
of the chromaff in  cel ls  of the adrenal  medulla  to some degree ,  for  hype rg lycemia  inhibits ca techolamine  se -  
cre t ion.  At each t ime  of the invest igat ion five control  and five expe r imen ta l  an imals  were  studied. The adre~ 
nal medulla  was studied by Yag lov ' s  combined h i s tochemica l  method [2], whereby adrenal in  and noradrena l in  
can be detected s imul taneously  in the chromaff in  cei ls ,  unsa tura ted  phospholipids in the adrenocor t i cocy ies ,  
and DNA in the cell  nuclei.  To compare  the a r e a s  o:f the chromaff in  t i s sue  and venous sinusoids of the ad re -  
nal medulla in the control and vagotomized animals, a gravimetric method was used, with sections obtained 
from the middle part of the organ. The adrenalin and noradrenalin content was judged from the intensity of 
the chromaffin reaction. Material for electron-microscopic investigation was taken from three experimental 
and three control animals at each time. 

E X P E R I M E N T A L  R E S U L T S  

In all exper imenta l  an imals  cons iderab le  di latat ion of the venous s inusoids  was obse rved  7 days a f te r  
the operat ion,  amounting to 92%. Homogeneous  contents were  seen  in the i r  lumen and s t a s i s  of e ry th roey t e s ,  
giving a posi t ive  reac t ion  for catecl iolamines,  was observed~ The  a r e a  occupied by the chromaff in  t i s sue  was 
20.8% sma l l e r  than in an imals  of the contro l  group.  Analys i s  of the s ta te  of the chromaff in  cel ls  in the expe r i -  
mental  an ima l s  showed that  m o s t  ce l l s  in the medul la  we re  in the phase  of accumula t ion  of secretion, and gave 
a strong chromaffin reaction. Vacuolation of the cytoplasm was observed in many noradrenocytes and some 
adrenocytes. Administration of glucose caused changes in the catecholamine content in the chromaffin ceils 
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Fig. 1. Number of adrenocytes  in var ious  
phases  of s ec r e to ry  cycle  in animals  7 
days (A) and 45 days (B) a f te r  b i la tera l  sub- 
diaphragmatic  vagotomy. I) State a f te r  
s tarvat ion for 24 h; II} I h, III) 2 h, IV) 3 
h, V) 6 h a f te r  adminis t ra t ion  of glucose; 
1) phase of accumulation of secret ion;  2) 
phase of hydration of s e c r e t o r y  granules;  
3) cel ls  which had l iberated thei r  s e c r e -  
t o ry  product .  Shaded columns denote s ta te  
af ter  vagotomy, unshaded columns control .  

of  both the control  and the exper imenta l  animals ,  but in the la t te r  the changes were  not s ignif icant .  The  num- 
ber  of ce l ls  in the phase  of accumulat ion of secre t ion  1 and 2 h af ter  adminis t ra t ion  of glucose was increased 
mor e  in the control  than in the exper imenta l  animals ,  for  the number of these  cel ls  in the la t ter  was cons ider -  
able in a fasting state  also.  Groups of cel ls  l iberat ing a s e c r e t o r y  product  appeared in the medulla of the 
control  animals  3 and 6 h af ter  adminis t ra t ion of glucose:  In the vagot0mized r a t s  the number of these cells  
was small  (Fig. la).  E l ec t ron -mic ro scop i c  study of the medulla 7 days af te r  the operat ion revealed  changes 
in the endothelial cel ls  of the capi l la r ies :  widening of the per inuc lear  space and of  the tubules of the cyto-  
p lasmic  re t i cu lum and swelling of the mitochondria.  Besides  unchanged gland ceils,  adrenocytes  and no rad re -  
nocyCes with i r r e g u l ~ l y  shaped ~uciei  a~so were  ~om~d (Fig, 2~), The  per i~ucIear  space of such nuc~e~ was 
only ve ry  slightly widened. Dilatation of the tubules of the smooth cytoplasmic re t icu lum also was observed,  
The  lamel lar  complex was poor ly  developed. The mitochondria  were  sca t t e red  haphazardly throughout the 
cytoplasm, and increased  t rans lucency of the mat r ix  and reduct ion of the c r i s t ae  were  observed in many of 
them (Fig. 2c). Most of the adrenocytes  and noradrenocy tes  were  fi l led with s e c r e t o r y  granules,  many of which 
were  mature  (the contents had high e lec t ron  density).  Edema of some s ec r e to ry  granules  was found in the 
noradrenocytes ,  as shown by an increase  in the e l ec t ron - t r anspa ren t  border  around the i r  contents (this was 
i l l-defined in the control  animals) (Fig. 2b). 

Some degree  of normal iza t ion  of the state  of the adrenals  was observed  45 days af ter  vagotomy. The 
degree  of reduct ion in a rea  of the chromaff in  t i ssue was 8%, whereas  the sinusoids were  dilated by 73% com- 
pa r e d  with the control .  As before ,  however,  s tas is  of e ry th rocy tes  and homogeneous contents were  observed 
in the i r  lumen. The chromaff in  reac t ion  was weaker  than 7 days af ter  the operation,  but s t ronger  than in the 
control  animals .  

On analysis  of the s ta te  of the s ec r e to ry  cei ls  at different  t imes  after  injection of glucose considerable  
fluctuations were  found in the catecholamine content in the adrenocytes  (Fig. lb). 

Adminis t ra t ion  of glucose had no marked  effect  on the noradrenocytes  of e i ther  the control  or the vagot-  
omized r a t s  7 and 45 days af ter  the operat ion.  Most of them were  in the phase of hydration of the secre t ion .  
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Fig. 2. Chromaffin cells of adrenal medulla 7 daysa f t e r  
operation: a) change in shape and fragmentation of adreno- 
cyte nucleus (18,000 x); b) widening of e lectron-t ransparent  
border of secretory granule of noradrenocyte (34,000 x); c) 
increased translucency of matrix, reduction of cristae,  de- 
struction of outer membrane of mitochondria (40,000 x). 

Investigation of the ul t ras t ructure  of the chromaffin cells 45 days after the operation revealed cells whose 
nuclei were i r regular  in shape, with dilated cisterns of their cytoplasmic reticulum, and with a translucent 
matrix and reduced Cristae of their  mitochondria. The cytoplasm was filled with many mature secre tory  gran- 
ules, with some clustering of immature granules also. Myelinized s t ructures  were found in the lumen of the 
capillaries and in the cytoplasm of the chromaffin cells.  The changes in the endothelial cells persis ted.  

The resul ts  of this investigation indicate that bi lateral  subdiaphragmatic vagotomy causes sharp changes 
in the hemodynamics in the adrenal, as reflected in marked dilatation of the venous sinusoids. This leads to 
edema of the secre tory  cells: widening of the perinuclear space and tubules of the cytoplasmic reticulum, and 
swelling of  the mitochondria. Analysis of the state of the chromaffin cells in the experimental animals after 
starvation for 24 h showed that most of the cells were in the phase of acoumulation of the secre tory  product 
and administration of glucose had no significant effect on their catecholamine content. Vagotomy thus leads 
to a reduction in the secre tory  activity of the chromaffin cells and endogenous synchronization of the secre tory  
process  in the phase of accumulation. 

It can be concluded from the above account that bi lateral  subdiaphragmatic vagotomy affects the s t ruc-  
ture and function of the adrenal medulla. Its functional activity is depressed and normal correlat ions with the 
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insular apparatus are disturbed, with the consequent stimulation of the contra-insular apparatus. Meanwhile 
the general biological changes revealed at both the light-optical and ultrastructural levels are less marked 
than in the organs of the digestive system after these procedures. It can accordingly be concluded that the 
vagus nerves play a less important role in the innervation of the adrenals. 
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COMPARATIVE ANALYSIS OF PLASTIC ACTIVITY OF MUSCLE 

AND NERVE TISSUES AFTER TRAUMA AND TRANSPLANTATION 

OF MINCED M U S C L E  

R.  p .  Z h e n e v s k a y a ,  A.  A.  O v s e p y a n ,  
M. M. U m n o v a ,  a n d  A.  A.  M e l i k y a n  

UDC 612.6.03 : 612.74 

Repair processes in the body muscle of Varicorhinus capo~ta sevangi were studied after remov- 
al of part of three muscle segments and after autografting the resulting defect with minced mus- 
cle. As a result of trauma a focus of injury developed in the muscle, including the defect and 
the surrounding zone of degeneration. The inflammatory reaction, resorption of the necrotic 
masses, and regeneration of the muscle and nerve tissue continued for a long time. The forma- 
tion of myogenic components did not begin until the 3rd week and single regenerating nerve fi- 
bers appeared in the region of injury after 2 months. Filling the defect with minced muscle ac- 
celerated regeneration. The transplanted fragments of muscle fibers not only participated them- 
selves in the repair  process but also stimulated the plastic activity of the muscle and nerve t is-  
sues of the graft bed. 

KEY WORDS: regeneration of muscle and nerve tissues; transplantation of minced muscle. 

Despite the great interest shown in the regeneration of organs and tissues [4, 6, 7, 9, 14] and, in particu- 
lar,  the problems of regeneration of skeletal muscles [2, 8, 13], the ability of muscle tissue in lower verte- 
brates to regenerate has received little investigation. For instance, there is brief but contradictory informa- 
tion on the regenerative powers of muscle tissue after minor trauma to muscle in fishes [1, 3, 5, 11, 12]. How- 
ever, no grafting of muscles whatsoever has been carried out in fishes, nor has the role of the nervous system 
in muscle regeneration in these animals been investigated. Yet such an investigation is an important stage 
in the analysis of changes in regenerative activity of the tissues in an evolutionary series of animals. 

E X P E R I M E N T A L  METHOD 

About 200 specimens of the Lake Sevan khramulya (Varicorhinus capo~ta sevangi) 35-40 cm long were 
used. The experiments were carried out in summer on Lake Sevan. The fish were kept in tanks with running 
water on the shore of the lake under near-natural conditions. Two series of experiments were carried out: 
I) removal of part  of three muscle Segments (1.5 • 1 x 0.5 cm) on the lateral surface of the body below the dor- 
sal fin; ID filling the defect with minced muscle tissue prepared from the piece of muscle removed. The ma- 
terial was fixed at various times (from 7 days to 3.5 months) in Zenker's and Bouin,s fluids and in 10% neutral 
formalin and treated by various histological methods. 
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