
The morphologica l  observa t ions  descr ibed  above conf i rm the wr i t e r s  f view [4] that during t r a n s m i s s i o n  
of the afferent  signal the influence of cor t ica l  a r ea  S I on the re lay  neurons of NVP is exhibited di rect ly .  
Meanwhile, the phasic,  fac i l i t a tory  influence of cor t ica l  a r ea  SII is manifes ted  indirectly,  through other,  most  
probably  re t i cu la r ,  s t r uc tu r e s ,  for the number  of endings of cor t icofugal  f ibers  a r i s ing  f rom cor t ica l  a r e a  SII 
is e x t r e m e l y  sma l l  in that par t  of NVP where these r e l ay  neurons a re  located in the nucleus.  
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U L T R A S T R U C T U R A L  M E C H A N I S M S  OF S E R O T O N I N  

DE M Y E  L I N A T  I O N  

B. A. S a a k o v ,  T .  A. K h o r u z h a y a ,  
a n d  t~. A. B a r d a k h c h ' y a n  
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The effect  of sero tonin  on the u l t r a s t ruc tu re  of the white ma t t e r  in the CNS of dogs was studied. 
In t r ac i s t e rna l  injection of the amine (6 ~zg in 0.I  ml physiological  saline) led to cons iderable  
d i s tu rbances  in the myel in and gila in regions  of the white ma t t e r  of the spinal  cord adjacent to 
the ce r eb rosp ina l  fluid channels.  Loss  of the r egu la r  s t ruc tu re  and separa t ion  of the lamel lae  
of the myelin with rupture  and lys is  of the myel in sheath and demyel inat ion were  observed.  
Vacuolar  degenera t ion  was observed  in the ol igodendrocytes;  the a s t roey te s  were  vir tual ly  
unchanged. After  local l n t r a c e r e b r a l  injection of the amine (2 lzg in 0.01 ml physiological  s a -  
line) s i m i l a r  d is turbances  developed in the white ma t t e r  of the c e r e b r a l  hemisphe res ,  but with 
fea tures  of an in f l ammatory  reac t ion  in the late s tages  of the investigation.  In control  animals  
which rece ived  injections of physiological  sal ine,  changes appeared  la ter  and only in the gl io-  
cytes .  It is concluded that serotonin  has the p rope r ty  of injuring myel in  and glia. 

KEY WORDS: serotonin;  u l t r a s t r uc t u r e  of the CNS; myelin;  gila; demyelination.  

An important  role  in the pathogenesis  of a l lerg ic  demyel inat ion is played by the intensity and c h a r a c t e r  
of the l iberat ion and inactivation of biogenic amines ,  notably serotonin  [2-5] .  In the course  of exper imenta l  
a l lerg ic  encephalomyel i t i s  serotonin  has been shown to escape  f rom the brain  into the ce reb rosp ina l  fluid; on 
the other hand, intravenous injection of smal l  doses  of serotonin into dogs af ter  immunizat ion with encephal i to-  
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Fig. 1. White mat te r  of spinal  cord af ter  in t rac i s t e rna l  injection of serotonin:  a) s e p a r a -  
tion of lamel lae  and reduct ion in thickness  of par t  of myelin sheath,  r eac t ive  Changes in 
axon (20 rain af ter  injection; 12,500• b) lys is  of myelin sheath and p l a s m a l e m m a  of glial 
cell  p roce s s  (20 rain af ter  injection), a r rows  indicate a r e a s  of lysis  (14,000• c) swelling 
of mitochondria ,  widening of pe r inuc lea r  space,  and vacuolation of cy top lasm of oligoden- 
droeyte  (24 h a f te r  injection), secondary  l y s o s o m e s  vis ible  in cy top lasm (14,000• d) un- 
cover ing  of axon (24 h af ter  injection; 5000• Here and in Fig. 2: MS) myel in  sheath; 
MF) myel inated f ibers ;  A) axon; N) nucleus; NOL) nucleus of o l igodendrocytes ;  M) mito-- 
chondrion; V) vacuoles;  PNS) pe r inuc lea r  space;  PGL) p roce s s  of gliocyte;  MON) mono- 
cyte;  L) lysis .  

genie ma te r i a l  potent ia tes  the cha r ac t e r i s t i c  d i s tu rbances  of a l lerg ic  encephalomyel i t i s .  Even in healthy dogs, 
des t ruc t ive  changes in the CNS are  obse rved  af ter  intravenous injection of serotonin.  In smal l  doses  serotonin 
is cons idered  to pass  with difficulty through the b lood-bra in  b a r r i e r  [6];  without appropr ia te  exper imenta l  
ver i f icat ion,  such changes cannot the re fo re  be regarded  as the resu l t  of the d i rec t  action of this amine.  

The object of this invest igat ion was to study possible  changes in the s t r u c t u r e s  of the CNS following di-  
r ec t  contact  with se ro ton ia  in vivo.  
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Fig. 2. White matter  of ce rebra l  hemispheres  after /n t racerebra l  injection of serotonin- 
a) injury to myelin sheath and loss of regular i ty  of lamellae (20 min after injection), 
destruct ion of axon (10,000• b) necros i s  of oligodendrocytes and ce rebra l  edema (24 h 
after injection; 5000• c) monocyte with phagocytosed myelinated fibers (24 h after in- 
jection; 5000• d) control:  group of myelinated fibers 20 min after  local injection of 
physiological saline (3000x); e) control:  degenerat ive changes in oligodendrocyte 24 h 
after  injection of physiological saline (5000• 

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

Exper iments  were car r ied  out on 10 dogs. Serotonin was injected in t racis ternal ly  (6 ~g in 0.1 ml physio-  
logical saline) or locally (2 ~g in 0.01 ml physiological saline). In the latter case,  two burr  holes were dri l led 
in the parietal  bone under pentobarbital anestbesia. Serotonin was injected into one of them, physiological sa-  
line alone into the other (control). The zone of injection was chosen for investigation. After in t racis ternal  in- 
jection the mater ia l  was taken from the upper cerv ica l  segments  of the spinal cord (from areas  adjacent to the 
cerebrospinal  fluid channels). The animals were decapitated 20 rain or 24 h after the injection. Pieces of t i s -  
sue were fixed in 2% osmium tetroxide solution, dehydrated in acetone, and embedded in a mixture of Epon and 
Araldite. Ultrathin sections,  stained with lead ci trate and uranyl  acetate, were examined in the UEMV-100K 
electron microscope.  
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E X P E R I M E N T A L  R E S U L T S  

Substantial dis turbances in the s t ructure  of the myelin and glia were d iscovered  20 min after in t rac i s -  
ternal  injection of the amine. Nearly all s tages of demyelination, f rom simple separat ion of the lamellae of 
myelin to their  complete [ysis, could be seen in the myelinated f ibers  (Fig. la, b). Frequent ly  the lameUae 
were joined together to form separa te  bands, while neighboring a reas  showed the cha rac te r i s t i c  fringed ap- 
pearance  and lysis (Fig. lb). Of the glial cells,  mainly oligodendrocytes were damaged. In their  cytoplasm 
the mitochondria  were swollen, increased  in volume, and spher ica l  in shape. Their  ma t r ix  was t ranslucent  
and the infrequent c r i s t ae  were fixed to the inner mernbrane.  Some organel les  had a dense, homogeneous ma-  
tr ix in which no c r i s tae  could be seen. The c i s te rns  of the endoplasmic re t icu lum were dilated to fo rm large 
vacuoles. Widening of the per inuclear  space was frequently observed.  Vacuolar degenerat ion of the oligo- 
dendrocytes  was thus an essent ia l  feature of the action of serotonin even in the ear ly  s tages  of the investiga- 
tion. The as t rocy tes  appeared vir tually normal  under these c i rcumstances .  

After 24 h the cha rac te r  of the changes in the oligodendrocytes remained the same {Fig. lc) but the num- 
ber of injured cells increased.  Often necrot ic  cells were o b s e r v e d .  In this period considerable separat ion of 
the myelin lamellae occur red  as a prelude to their  lysis.  In individual myelin sheaths a distinctive vacuolation 
took place, as the resul t  of a dis turbance of the order l iness  of a r rangement  of the lamellae and their  s epa ra -  
tion. Both in the ea r ly  and later  s tages of the exper iments  rupture of the sheath was observed,  after which it 
slid f rom the axon (Fig. ld), so that bare  axons began to appear in the field of vision. 

Ul t ras t rue tura l  changes detectable after in t racerebra l  injection of serotonin were s imi lar  to some extent 
to those descr ibed  above. A charac te r i s t i c  feature of injury to the myelin sheath 20ra in  after  the injection was 
a much c lose r  a r rangement  of the indivMual lamellae, so that it was impossible to detect their  regular  pattern 
even under high power (Fig. 2a). Axons appearing like half-moons because of deformation of their myelin 
sheath were often seen. In some cases  the f ibers were so deformed that they ruptured and the contents of the 
axoplasm spread outside the bounds of the axon itself. Sometimes edema was observed. The glial cells  ap- 
peared unchanged. 

After 24 h the degree of injury to the myelin increased and significant changes also appeared in the glial 
cells ,  leading in some cases  to lysis of the p l a sma lemma and necros is  (Fig. 2b). At this stage signs of an in- 
f l ammatory  react ion appeared. The emigra t ing  monocytes exhibited definite myeloaggress ion (Fig. 2c); neu- 
trophils  surrounded by a zone of edema also were often seen. 

In the cont ro l  region of the brain into which physiological saline was injected, no changes were observed 
in the glia or  myelin in the ear ly  stages (Fig. 2d). In the late period dis turbances  were found in the glioeytes" 
Signs of vacuolar  degenerat ion were observed in some of them {Fig. 2e). 

I r respect ive  of the mode of injection of serotonin, u l t ras t ruc tura l  changes were thus observed in the 
myelin and oligodendrocytes.  They appeared within 20 rain after injection and gradually increased in sever i ty  
toward the end of the f i rs t  day. 

The direct  effect of serotonin on myelin is evidently to cause labilization of its molecules in the mem-  
brane; this is the beginning of its destruct ion and it is manifested as increased density of the myelin sheaths 
and the loss of their  regular  s t ructure .  Next follows separat ion of the lameliae, and in some cases  this attains 
such a degree that the myelin sheath is fragmented.  The next stage is lysis  of the myelin. Another type of in- 
jury also is frequently seen" rupture of the membrane,  so that it sl ides away f rom the axon. 

If Carneg ie ' s  hypothesis [7, 8] of the possible receptor  role of the basic protein of myelin in relat ion to 
serotonin Ls taken as the s tar t ing point, the injurious effect of serotonin can easi ly  be explained by blocking of 
the corresponding regions of myelin and subsequent labilization of the s t ructure .  Injury to the gliai cells  can 
be associated with the presence  of s imi lar  determinants  in them. Another explanation could be based on a pos-  
sible effect of serotonin on ionic interactions [ 1], which determine the stability of the myelin sheaths. The in- 
f lammatory  react ion develops after destruct ion of the myelin and it cannot therefore  be regarded  as a cause of 
the destruct ive changes. 

Together  with the known proper t ies  of serotonin, responsible for this mediator function and regulatory 
action on the CNS, this amine may also have a harmful action on the brain. Depending on the location of the 
injuries and on their quantitative charac te r i s t i cs ,  and also on the r eac t iv i ty  of the organism as a whole, these 
injuries may become a t r igger  factor  or a factor  aggravating the course  of the pathological process .  The 
pathogenetic mechanisms of severa l  nervous and mental d iseases ,  especia l ly  those for which changes in the 
endogenous level of the biogenic amines and their synthesis  and metabolism are known to exist, must be exam- 
ined from the standpoint of a possible role of serotonin. 
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R E S P O N S E  OF C A R D I O M Y O C Y T E S  OF T H E  

R I G H T  H E A R T  T O  T R A U M A  OF T H E  L E F T  

G. B. B o l ' s h a k o v a  UDC 616.122-001-092.9-07:616.12.3-018.1-076.5 

A myocardial  infarct  in the left ventricle was produced in adult ra ts  weighing 120-160 g by liga- 
tion of the left co rona ry  a r t e ry ;  the left a t r ium was injured$ or a mock operation was performed 
and the per icard ium was removed. On the fifth day after the operation dividing myocytes were 
found in the right a t r ium (mitotic index 0.7-8.8~ and in the subepicardial  zone of the right ven-  
t r ic le  (mitotic index 0.8-2.9O/0o). Inold ra ts  weighing 300-430 g, on the third day after the v a r i -  
ous types of injury to the myocardium, mitotic activity was found in the myocytes of the left 
auricle (1-5.1~ andinone of eight cases  in the right auricle (4.2~ single mitoses  also were 
found in the subepicardial  zone of the left ventricle.  

KEY WORDS: myocardial  infarct;  division of cardiomyocytes ;  right heart.  

This investigation is a continuation of previous work [ 2] which showed that in response to injury to the 
left heart  (infarct of the ventricle,  t rauma to the atrium) and, in some cases ,  in response to a mock operation 
also, cer tain card iomyocytes  in the left a tr ium and the supepicardial  zone of the left ventricle s tar t  to divide 
by mitosis.  With these observations in" mind it seemed important to study the response of the right, intact 
side of the same heart.  There is evidence in the l i terature of an increase in the number of myocytes of the 
ra t  atr ium synthesizing DNA in infarction of the left ventricle [4],  but no quantitative charac te r i s t i cs  of their 
mitotic activity are given in the paper cited. 

The object of this investigation was to study the level of proliferat ion of the myocytes of the right heart  
after t r auma to the left heart. 

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

An infarct of the myocardium of the left ventricle was produced in adult noninbred albino rats  weighing 
120-160 g, the left a tr ium was injured, or a mock operation was per formed with removal  of the per icard ium 
only. F r o m  the 49 ra t s  29 were chosen, in which mitoses  were comparat ively  numerous in the left heart  in 
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