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Compara t ive  e l e c t r o n - m i c r o s c o p i c  inves t igat ions  of the eytopathology of e x p e r i m e n t a l h e r p e s  
in vivo (albino mice) and in v i t ro  showed that~besides des t ruct ion,  in both ca se s  hyper t rophy  
and hype rp l a s i a  of individual organoids  of the cell  took place and was accompanied  at ce r ta in  
s tages  of the infection by the fo rmat ion  of new s t ruc tu res ,  not found in no rma l  cel ls .  Dif-  
f e rences  in the pa t t e rn  of injury to the cell  organoids  were  also d i scovered  in the v i r u s - c e l l  
s y s t e m s  invest igated.  

The d ive r se  manifes ta t ions  of the action of v i ru ses  on cel ls  and s p e c i f c  les ions  thus produced in the 
cel ls  can be studied adequately only by compar ing  changes  in the cel ls  of an animal  suscept ib le  to the 
infection and in cel ls  a r t i f ic ia l ly  cult ivated in v i t ro  and thus f reed  f r o m  the influence of the regu la to ry  s y s -  
t e m s  of the body (exclusion of n e u r o - h u m o r a l  regulat ion,  f ac to r s  of immuni ty  and inf lammat ion,  and p o s s i -  
ble changes in the sens i t iv i ty  and reac t iv i ty  of the cells) .  

The object  of this invest igat ion was to study the cytopathology of expe r imen ta l  he rpe t i c  encephal i t i s  
and of an infected cul ture  of human embryonic  f ib rob las t s  with the e lec t ron  mic roscope .  

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

Strains L-2 ,  ELA, and To l s tova  of he r pe s  s implex  v i rus  (HSV) were  used. The dose of v i rus  for  
i n t r a c e r e b r a l  inoculation into albino mice was 100LDs0/0.03 ml,  and the dose to infect  a p r i m a r y  cul ture  of 
human embryonic  f ib roblas t s  (HEF) was 0.1-1.0 LD~0/cell. The albino mice  were  sac r i f i ced  12, 24, 48, and 
72 h a f te r  infection. Aninc is ion  was immedia te ly  made on the exposed b ra in  su r face  in the c e r e b r a l  co r t ex  
in the immedia te  vic ini ty  of the h ippocampus ,  and a smal l  volume of fixing solution was injected through it. 
A piece  of b ra in  was then removed ,  p laced on a slide in a drop of fixing solution (1% buffered  solution of 
o smium te t roxide  p r e p a r e d  by P a l ade ' s  fo rmula  [4]) by Vanag~s method [2], and cut up into thin p ieces .  
The incis ions were  made along p lanes  pa ra l l e l  to the t r a n s v e r s e  sect ion through the hippocampus.  The 
p ieces  of b ra in  were  fixed for  2.5-3 h at 4~ Af te r  the end of fixation, they were  washed with 30 ~ alcohol 
and spec imens  for  e lec t ron  mic roscopy  were  then p r e p a r e d  in the usual  way. The infected HEF cul ture  
was fixed at the s a m e  t ime  with 1% o s m i u m  te t roxide solution, dehydrated in alcohols of inc reas ing  con-  
centrat ion,  embedded in me thac ry la t e s ,  and cut into sect ions  on the KB-4800 mic ro tome .  The cell  sect ions  
were  shadow-c ast  with uranyl  aceta te  and addit ionally with lead monoxide [3], The e l e c t r o n - m i c r o s c o p i c  
spec imens  were  examined in the JEM-5y  mic roscope  under  an acce le ra t ing  voltage of 80 kV and with an 
ins t rumenta l  magnif icat ion of 10,500-40,000 • Virus  was t i t ra ted  i n t r a c e r e b r a l l y  in albino mice  and the 
r e su l t s  calcula ted by the method of Reed and Muench. 
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Fig. 1. Strain Tolstova HSV. Large  collection of mito-  
chondria in cytoplasm of hippocampal neuron, 52 h after  
infection, 50,000 x. 

Fig. 2. Strain Tolstova HSV. Destruction of mitochon- 
dr ia  in neuron, 72 h after  infection, 60,000 • 

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

Several  s imi la r  morphological  changes were detected in the two herpes  v i r u s - c e l l  sys tems  (mouse 
brain  neurons and HEF cells). Twelve hours  after  infection (titer of v i rus  in I / l o g  LDsJ0.03 ml was 1.5 in 
the brain  and 1.0 in the HEF cells) a marked decrease  in the density of chromatin was observed in the cen-  
t e r  of the nucleus, with its conglomerat ion and accumulation at the periphery.  At this t ime the nuclear  
membrane still remained double, but the nucleoli were dense and var ied  in shape, and occupied their  usual 
central  position. Subsequently a marked increase  in the number  of mitochondria to many t imes the normal  
value was observed,  followed by their  swelling and destruct ion (Fig. 1). F ragments  of c r i s tae  and DNA 
fibrils were i r regu la r ly  ar ranged inside the mitoehondria,  andunderh ighpower  of the microscope (60,000 x) 
they appeared to be connected to the inner mitochondrial  membrane  (Fig. 2). A few considerably thickened 
cr i s tae  were observed inthose mitochondria which were relat ively intact, and the mitochondriai  membranes  
were usually undamaged. In the bra in  t issue and cell culture infected with herpes  virus  the mitochondria 
were usually close to the nuclear  membrane,  and in the opinion of some invest igators  this is highly cha rac -  
ter is t ic  of cer ta in  pathological states of the cell. Other fea tures  observed were vacuolation of the cytoplasm 
and a marked increase  in a rea  of the per inuclear  space, in which collections of membranous s t ruc tures  
and virus  par t ic les  could be seen. 

In the late stages of the investigation 72 h af ter  infection, severe  deformation of the nuclei ,  accom-  
panied by the formation of smal l  syncytia,  each containing four o r  more  specifically modified (titer of the 
v i rus  in the bra in  and HEF cells 5.1 and 5.3 respectively) , was  found in the hippocampal neurons f rom 
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Fig. 3. St ra in  ELA of HSV. HEF culture.  Bulging and 
deformat ion  of nuc lea r  membrane ,  12,000 • 

mice  with the clinical  p ic ture  of the d i sease  and at the height of cytopathic action in the cel l  culture.  Dif-  
f e rences  in the cytopathic p ic ture  of expe r imen ta l  he rpe t i c  infection were  also detected in vivo and in v i t ro ,  
F o r  example ,  marked  deformat ion  and des t ruc t ion  of the nucleoli  and the fo rmat ion  of numerous  in t ranu-  
c l ea r  specif ic  inclusions and of syncyt ia  were  frequently obse rved  in the HEF culture.  In the b r a in  t i s sue  
these  changes were  found l e s s  constantly,  although morphological  s t ruc tu re  s i m i l a r  to inclusions could be 
seen under  the e lec t ron  mic roscope  in the nuclei of the neurons .  Because  these  s t ruc tu r e s  a re  difficult  
to in te rp re t ,  the i r  fu r the r  study is essent ia l .  

P a r t i c u l a r l y  cha r ac t e r i s t i c  fea tu res  of the cour se  of infection in the HEF cell  cul ture ,  dis t inguish-  
ing it f r o m  infection of neurons  in herpe t ic  encephal i t is ,  were  intensive p ro l i fe ra t ion  of membranous  s t r u c -  
tu res  with bulging, p ro l i fe ra t ion ,  and redupl icat ion of the nuc lear  m e m b r a n e  (Fig. 3) and the appearance  of 
"concentr ic  m e m b r a n e s , "  consis t ing of s eve ra l  l aye r s  of e l ec t ron -dense  ma te r i a l  r e semb l ing  the sect ion 
through an onion or  a f ingerpr int .  These s t r u c t u r e s  are  composed  of the in tensively  p ro l i fe ra t ing  inner  
nuc lear  membrane .  However ,  some w o r k e r s  [5] cons ider  that  they are  produced by p ro l i fe ra t ion  of the 
e rgas top la sm.  Somet imes  the i m p r e s s i o n  of p ro l i fe ra t ion  of all membranous  s t r u c t u r e s  of  the cy top lasm 
was created.  Frequent ly ,  in the ea r ly  s tages  of infection, v e r y  long and ve ry  cur ious ly  shaped mitochon-  
d r ia  were  found. This  was evidently the state preceding  division and reproduct ion  of the mitochondria .  

In both H S V - c e l l  s y s t e m s  studied, not only des t ruc t ion  was thus observed ,  but also hyper t rophy  and 
hype rp la s i a  of individual cell organoids  and, at ce r t a in  s tages  of infection, the fo rmat ion  of new s t r u c t u r e s  
not found in no rma l  cel ls .  Fu r the r  changes in the cell  u l t r a s t r u c t u r e s  were  s i m i l a r  in e x p e r i m e n t a l h e r p e s  
in vivo and in v i t ro ,  but ce r t a in  d i f fe rences  in the p ic ture  of the cytopathic action of the v i rus  in these  two 
s y s t e m s  also were  observed.  Bes ides  specia l  fea tures  dist inguishing the infected sy s t ems ,  another  cause  
of these  d i f fe rences  was the mult ipl ic i ty  of infection, because  a dose  of 0.1-1.0 LDs0 of v i rus  pe r  cell  was 
requi red  on the average  to infect  the human embryonic  f ib rob las t s ,  whereas  the quantity of v i rus  p e r  b ra in  
t i s sue  cell,  containing bi l l ions of neurons ,  was much sma l l e r .  Another point to be noted was that,  whe re -  
as the action of the v i rus  in t i s sue  cul ture  is  more  polyt ropic ,  i .e . ,  i t  has  a cytopathic action on ce l l s  of 
many different  t i s sues  [1], in an imals  and man in vivo sens i t iv i ty  to the action of the v i rus  is s t r i c t ly  
l imited to ce r t a in  ce l l s  in Which the changes c h a r a c t e r i s t i c  of v i ru s  infect ion can be detected.  
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