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The neurons  of intact  an imals  usual ly  contain only a few ve ry  smal l  l y sosomes .  

During the m a s s i v e  development  of l y s o s o m e s  in cel ls  of the nervous  sys tem taking place in an imals  
under the influence of  va r ious  agents ,  they can be found in the cytoplasm to the extent of 10- t5  per  sect ion.  
The dynamics  of l y s os om e  development  is seen m o s t  demons t ra t ive ly  a f te r  the act ion of pharmacologica l  
subs tances .  The function of l y s o s o m e s  in the cent ra l  nervous  sys tem is to c a r r y  out in t race l lu la r  digest ion 
and autolys is  of m a t e r i a l  penet ra t ing into the cell  or  fo rmed  af te r  injury to i ts  u l t r a s t r uc tu r e s .  

L y s o s o m e s  developing in the t i s sues  of the cen t ra l  nervous sys t em under the influence of va r ious  f ac -  
to r s  a r e  in t imately  connected with the mi tochondr ia  and the Golgi appara tus .  

Since l y s o s o m e s  were  f i r s t  i so la ted  f rom the cytoplasm of l iver  cel ls  in 1955-56 [5, 8], many  inves t i -  
gations have been published showing that  l y s o s o m e s  a r e  pa r t i cu la r ly  numerous  and la rge  in phagocytic ce i l s  
(macrophages  and leukocytes) ,  the pr ineipal  function of which is in t race l lu la r  digestion.  According to de 
Duve ' s  theory  [6], l y s o s o m e s  a r e  cy top lasmic  s t r u c t u r e s  measu r ing  0.25-0.8 p ,  granular  in s t ruc tu re ,  and 
containing hydrolyt ic  e n z f ~ e s  with an opt imum of act ivi ty  in an acid medium;  they p o s s e s s  a high concen-  
t ra t ion  of acid phosphatase  and other  hydro lases .  Harmful  subs tances  a r e  ingested by the cel l  by endocy-  
tos is .  A phagosome is fo rmed,  which undergoes  digest ion by means  of enzymes  contained in the lysosome .  
The l y sosome  fuses  with the phagosome to fo rm a digest ive vacuole.  The l y sosome  m e m b r a n e  i so la tes  di-  
ges t ive  enzymes  capable  of b reak ing  down the l a rge  molecu les  of l ipids,  prote ins ,  and nueleic acids ,  f rom 
the cel l  cy top lasm [7]. 

As Novikoff [9] points out, l i t t le  work has  been  done to study the morphogenes i s  and function of the 
l y s o s o m e s .  

During r ecen t  y e a r s  the morphogenes i s  and functions of the l y s o s o m e s  have been studied in var ious  
cel ls  of the cen t ra l  nervous  sys t em in different  an imals  under no rma l  eonditions and under  the influence of 
var ious  agents .  

The r e su l t s  obtained a r e  descr ibed  in this paper .  

EXPERIMENTAL METHOD 

Elec t ron  m i c r o g r a p h s  of the b r a in  of dogs with exper imenta l  neuroses  produced by conditioned acous-  
tic s t imu l i (pu re  tones of 15,000 Hz) and of r a t s  i r rad ia ted  with x - r a y s  under s tandard  conditions in a dose 
of 600-700 R, and also of an imals  r ece iv ing  var ious  pharmaco log ica l  subs tances ,  were  studied. The dogs 
were  sac r i f i ced  2 months and 1 y e a r ,  and the r a t s  1, 3, 6, 24, 48, and 72 h and 1 month af ter  i r rad ia t ion .  
Intact  an imals  were  used as controls .  
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Fig. 1. E lec t ron  m i c r o g r a p h  of cor t i ca l  neuron (A) and a s t rocy t e  (B) 
f rom auditory cor tex  of dog with exper imenta l  neuros i s  (exper iment  
at 2 months) .  Var ious  s tages  of l y sosome  fo rmat ion  a r e  vis ible .  
Epon. Magnification, A 41,800 x,  B 24 640 • Legend, h e r e  and in 
Fig. 2" V) vacuoles;  GA) Golgi apparatus;  L) lysosomes ;  M) mi to -  
chondria; P) polysomes;  PM) p lasma  membrane ;  S) synapse; R) r i -  
bosomes;  ER) endoplasmic re t iculum; CE) c i s t e r n a s e  of endoplasmic 
re t iculum; N) nucleus; NM) nuclear  m e m b r a n e .  

P ieces  of t i s sue  were  taken f rom the auditory cor tex  of the dogs and f rom var ious  pa r t s  of the r a t s  v 
bra in ,  and fixed by Paladers  method,  then embedded in Vestopal  and Epon. Ul t ra thin  sect ions were  cut on 
an LKB ul t ra tome,  negat ively stained with lead c i t ra te  [10], and studied in the Hitachi NI e lec t ron  m i c r o -  
scope (voltage 75 kV). Acid phosphatase  act ivi ty was detected by G o m o r i ' s  method.  

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

Profound d is turbances  of higher nervous act ivi ty were  obse rved  in the dogs with exper imenta l  neu-  
r o s e s  ( invest igated jointly by M. M. Kbananashvil i  and the wr i te r ) .  Trophic  and degenera t ive  changes de-  
veloped in the cor t ica l  neurons and t r a c t s  of the auditory sys tem,  mani fes ted  by the fo rmat ion  of l ipofuscin 
bodies,  a dec r ea se  in the number  of RNA m a c r o m o l e c u l e s ,  vacuolat ion and the development  of local  loci 
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Fig. 2. E lec t ron  m i e r o g r a p h  of neuron f rom m o t o r  cor tex  of r a t  
48 h a f t e r  intravenous injection of imferon.  Epon. 55,000 • 

of degenera t ion  in the cy toplasm and axons of the neurons.  However,  functional s t r e s s  did not cause  death 
of the ne rve  cel ls  because  of the s imul taneous  o c c u r r e n c e  of r egenera t ion  of the cy top lasmic  u l t r a s t r u c t u r e s  
and the development  of ]y sosomes ,  which have a p ro tec t ive  function. 

Mass ive  fo rmat ion  of l y s o s o m e s  in the exper imenta l  dogs was d i scovered  both in neurons  and in glial  
ce l ls ,  para l le l  with des t ruc t ion  of the cy top lasmic  u l t r a s t r u c t u r e s .  L y s o s o m e s  developed in the cy top lasm 
as dense format ions  with a g ranu la r  s t ruc tu re .  They attained a d i ame te r  of 150-200/~. The l y s o s o m e s  
were  surrounded by a m e m b r a n e  70-95 A thick; smal l  l y sosomes  frequently m e r g e d  with phagosomes  and 
vacuoles ,  and also joined together  to fo rm l a r g e r  complexes  and conglomera t ions ,  attaining a d i a m e t e r  of 
0.4-0.8 p o r m o r e ;  t h e s e p o s s e s s e d h i g h  osmiophi l ia .  Somet imes  the number  of l y sosomes  per  sec t ion  
r eached  10 or  m o r e ,  and they occupied a l a rge  pa r t  of the neuron body. In thei r  morphology,  the l y sosomes  
of neurons  and glial  ce l ls  were  s i m i l a r  (Fig. 1), although in the f o r m e r  they were  l a r g e r  and m o r e  numerous .  

After  whole-body x - r a y  i r rad ia t ion  of r a t s  [2], the fo rmat ion  of l y s o s o m e s  in the cel ls  and t r ac t s  of 
the bra in  was also obse rved  during the development  of u l t r a s t r uc tu r a l  changes.  F rom 2 to 3 days and dur -  
ing the month a f te r  i r rad ia t ion ,  m e d i u m - s i z e d  l y s o s o m e s  (0.4-7.0 p in d iameter )  we re  found in the cor t i ca l  
neurons .  With the cessa t ion  of degenera t ive  changes  in the ce l l s  of the cent ra l  nervous  sys tem,  only so l i t a ry  
l y s o s o m e s  were  detected.  They differed f rom those descr ibed  in dogs by the denser  d i s t r ibu t ionofg ranu les ,  
thei r  high osmiophi l ia ,  and the a lmos t  total  absence  of Vacuoles. They va r i ed  in shape, and s o m e t i m e s  the 
l y s o s o m e s  contained f r agmen t s  of mi tochondr ia ,  of m e m b r a n e s  of the endoplasmic  re t icu lum,  and other  
u l t r a s t r u c t u r e s  undergoing des t ruct ion.  During the f i r s t  two weeks  of the exper iment ,  as  the wr i t e r  de-  
sc r ibed  previous ly  [3], an in t imate  connection was seen between the I y s o s o m e s  and Golgi appara tus .  The 
Golgi appara tus  was h o r s e s h o e - s h a p e d  or  el l ipsoidal ,  with the fo rmat ion  of a nGERL~ complex d e s c r i b e d  
by Novikoff [8] during the development  of a pathological  p r o c e s s  in ce l l s  of  the nervous  sy s t em (the name 
of this complex is der ived  f rom the initial l e t t e r s  of the th ree  components  concerned in its fo rmat ion :  
Golgi appara tus ,  endoplasmic  re t i cu lum,  and lysosomes) .  

The fo rmat ion  of l y s o s o m e s  and their  functions were  m o s t  c l ea r ly  demons t ra ted  a f te r  admin i s t r a t ion  
of pha rmaco log ica l  agents .  For  instance,  6 h a f t e r  injection of imferon,*  pinocytotic vacuoles ,  350-450 
in d i ame te r  and he terogeneous  in density,  were  found in the cy toplasm of the cor t ica l  neurons ,  concentra ted 
in the hya loplasm and c i s t e rnae  of the endoplasmic re t ieulum.  The m e m b r a n e s  of the endoplasmic r e t i -  
culum lost  the i r  r i b o s o m e s  and surrounded these  s t ruc tu res ;  s o m e t i m e s  these  m e m b r a n e s  st i l l  kept the i r  
r i b o s o m e s  he re  and there .  At 24 h and, in pa r t i cu la r ,  48 h of the exper iment ,  the pho tomicrographs  c l e a r -  
ly r evea led  that l y s o s o m e s  were  fo rmed  by pinocytotic vacuoles  which had ingested imferon,  and by the 
endoplasmic  re t icu lum (Fig. 2). A l a rge  pa r t  of the neuron body was occupied by l y s o s o m e s  in var ious  

* One-ha l f  mi l l i l i t e r  of imfe ron  contains 25 mg  f e r rous  hydroxide with the low-molecular -weight  f rac t ion  
of dextran.  
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stages of development: f rom tiny vacuoles  to large  lysosomes  and phagosomes,  forming complexes  and con- 
glomerat ions.  The lysosomes  were  surrounded by a single membrane ,  with a dense granular  mat r ix .  The 
concentrat ion of mitochondria  and thei r  intimate link with the lysosomes  indicate intensification of energy 
production in this par t  of the cell.  Small lysosomes  were  less  commonly found after  48 h. The i r  condensa-  
tion and unification into large  conglomerat ions,  polygonal in shape, were  observed.  Sometimes their  num- 
'ber in a single sect ion was 15-20 or  more .  At this period,  the highest acid phosphatase activity was de- 
tected in the lysosomes.  

The data concerning the morphogenesis  and function of lysosomes  in cel ls  of the cent ra l  nervous sys -  
tem obtained in the wr i te r 'S  labora tory  a re  in agreement  with de Duve's  theore t ica l  arguments  [6]. 

The wr i t e r  h a s p r e v i o u s l y  shown [3] that lysosomes ,  both in neurons and in glial cel ls  of the nervous 
system,  a re  normal ly  comparat ively  small  in size and a re  p resen t  in ve ry  small  numbers.  The i r  s t ruc tu re  
is basical ly  s imi la r  to that of lysosomes  in other  t i ssues  and organs.  Lysosomes  develop in the cent ra l  
nervous system of different  animals  f rom the endoplasmic re t iculum and other  u l t r a s t ruc tu res  af ter  their  
injury or af ter  penetrat ion of foreign substances into the cel l  in cases  when agents of many different  types 
act  on the organism.  The mass ive  development of lysosomes  in the cel ls  of the cent ra l  nervous system must  
be rega rded  as a general  biological protect ive  react ion,  combined f rom the functional point of view with endo- 
cytosis ,  in t race l lu lar  digestion, and autolysis  of ma te r i a l  penetrat ing into the cell  or  formed as a r e su l t  of 
damage to its u l t r a s t ruc tu res .  The morphology, size,  and number of the lysosomes  vary  depending on the 
agent concerned and the degree  of dest ruct ion of the cel l  u l t r a s t ruc tu res .  If dest ruct ion is extensive,  many 
la rge  lysosomes  int imately connected with the Golgi apparatus and mitochondria  develop in the neurons 
and glia. 
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