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P r e s e r v a t i o n  of the p rope r ty  of s emipe rmeab i l i t y  of cell  appendages in the bra in  (which is 
respons ib le  for shrinking) during exposure  to hypertonic  buffer at va r ious  t imes  af ter  death 
was invest igated in expe r imen t s  on r a t s .  M e m b r a n e s  of the appendages were  found to re ta in  
the p rope r ty  of s emipe rmeab i l i t y  even 48 h af ter  dea th .  Pref ixat ion of cadaver  ma t e r i a l  in 
gtutaraldehyde has  no effect  on the sensi t iv i ty  of the appendage m e m b r a n e s  to the osmot ic  
s trength of the surrounding solution. 
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T i s sue  taken f rom the cadaver  is being used increas ingly  at the p r e sen t  t ime  for the investigation of 
human neurological  and psych ia t r i c  d i seases .  However,  the p r o c e s s e s  of autolysis  that develop in cadaver  
m a t e r i a l  may d i s to r t  the possible  e l ec t ron-cy tochemica l  and morphological  p ic ture  of the d isease .  This  
fact  neces s i t a t e s  the study of ce r ta in  aspec ts  of p o s t m o r t e m  autolysis  of ne rve  t issue.  After death d e s t r u c -  
tion of the in t race l lu la r  u l t r a s t r u c t u r e s  takes place in a liquid environment ,  i .e. ,  under the influence of the 
high- and low-molecu la r -we igh t  subs tances  d issolved and ass imula ted  in the cytoplasm.  The bra in  has  a 
wide spec t rum of types of ce l l s  which undoubtedly di f fer  in their  complement  of enzymes ,  substances  d i s -  
solved in the cy top lasm,  and the composi t ion of the cell  o rgane l les .  Meanwhile, these  ce l l s  f o r m  la rge  a r e a s  
of contact  with each other  through the development  of  mult iple  appendages.  In o rde r  to study the m e c h a -  
n i sms  of autolys is  of  ne rve  t i ssue  cel ls ,  it is thus essen t ia l  to d i scover  whether  the p r o c e s s  is autonomous 
and specific for individual ce i l s  or whether  the cy toplasmic  m e m b r a n e s  of the ce l l s  become pe rmeab le  af ter  
death so that d is integrat ion of the cell  s t ruc tu re  takes  place under the influence of the dissolved substances  
in the cy top lasm of neighboring ce l l s  o r  even of neighboring reg ions  of  the bra in .  

Pe rmeab i l i t y  of the cel l  m e m b r a n e s  to low-molecu la r -we igh t  subs tances  at va r ious  t imes  af ter  death 
can be de te rmined  by studying changes  in the osmot ic  p r o p e r t i e s  of these m e m b r a n e s .  Many inves t iga tors  
have shown that "mild" pref ixat ion in solutions of aldehydes does  not change the semipe rmeab i l i t y  of the 
m e m b r a n e .  During fixation of sea  urchin  eggs in solutions of formaldehyde [4] or  glutaraldehyde [5], for 
instance,  these  f ixat ives  did not d is turb the sensi t iv i ty  of the ce l l s  to the osmot ic  s t rength of the su r round-  
ing solut ion.  The r e s u l t s  of an invest igat io n of m e m b r a n e  pe rmeab i l i ty  of the eggs  of Limnea  s tagnal is  
for ions showed that  the m e m b r a n e  r ema ined  impe rmeab le  af ter  f ixat ion with glutaraldehyde and loses  this 
p rope r ty  comple te ly  only af ter  fixation with o smium te t roxide [2]. In analogous expe r imen t s  with unmye-  
l inated axons f rom c rab  legs,  the same pr inc ip les  were  d i scovered  [1]. 

The essent ia l  object  of this investigation was thus to study pe rmeab i l i ty  of  the m e m b r a n e s  of cel l  ap-  
pendages of the m a m m a l i a n  bra in  during short  fixation in glutaraldehyde and the detection of i ts  poss ible  
changes during p o s t m o r t e m  autolysis .  

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

E x p e r i m e n t s  were  c a r r i e d  out on noninbred male  albino r a t s .  The an imals  were  killed by acute ex-  
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Fig. 1. Neuropil of r a t  hypothalamus. Material  taken im-  
mediately after death: a) prefixation in glutaraldehyde di-  
luted with 0.07 M buffer, 21,000 • b) prefixation in gluta-  
raldehyde diluted with 0.28 M buffer, 30,000 • 

sanguination. Small pieces (250-300 ~) of the parietal  cor tex  and hypothalamus were t rea ted  by the rapid 
method [3] for e lec t ron-microscop ic  examination: fixation in 2 % glutaraldehyde for 30 min at room t em-  
pera ture  and postfixation in 1% OsO 4 solution for 15 min at 4 ~ C. The solvent for  the fixatives was NaH2PO ~ -  
NaOH buffer,  pH 7.3 [6]. 

To determine the membrane  permeabil i ty  of the cell appendages, the fixatives in the experiment  of 
se r i e s  I were  diluted with buffers  of different concentrat ions:  0.07, 0.14, and 0.28 M. 

In the subsequent experiments  to study changes in membrane  permeabil i ty  of the cell  appendages after 
death, a 0.28 M buffer was used. Two ra t s  were investigated at each time, 0, 2, 6, 12, 24, and 48 h after 
death. The killed r a t s  were kept at 24 ~ C. To determine the possible action of glutaraldehyde as an agent 
inducing secondary development of semipermeabi l i ty  in the membranes  of the cell  appendages, which they 
may have lost  after death, an experiment  was ca r r i ed  out excluding glutaraldehyde: Pieces  of cor tex  and 
hypothalamus were kept for 40 rain in 0.28 M buffer at room temperature  48 h after  death, and they were 
then fixed in 1% OsO 4 solution in 0.07 M buffer for 15 rain at 4 ~ C. 

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

On fixation of the fresh mater ia l  in glutaraldehyde diluted in 0.07 M buffer, no shrinking of the cell  
appendages was observed ei ther in the cortex or  in the hypothalamus (Fig. la). This indicated that the o s -  
motic strength of this buffer is near to that of the contents of the appendages. When 0.14 M buffer was used, 
shrinking of the cell  appendages was observed,  and the shrinking was grea te r  still when a more  hypertonic 
buffer (0.28 M) was used to dilute the fixatives (Fig. lb). 

Phenomena of pos tmor tem autolysis in the cel ls  of the parietal  cor tex and hypothalamus were c lear ly  
visible in mater ia l  examined 24 h after death. A charac te r i s t i c  feature of these changes was the part ial  
destruct ion of the intracel lular  membraneous  s t ructure:  mitochondria,  granular  and agranular  endoplasmic 
ret iculum, nuclear  membrane,  and so on. The p rocess  of fragmentation of the u l t r a s t ruc tu re s  became more  
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Fig. 2. Neuropil of ra t  hypothalamus 48 h after  death: a) 
prefixation in glutaraldehyde diluted with 0.28 M buffer, 
45,000 • b) incubation in 0.28 M buffer without g lu tara l -  
dehyde, 42,000 x. 

marked 48 h after death, so that the contents of some cells  by this time appeared as a homogeneous, finely 
granular  matr ix  in which lay small  f ragments  of the cytoplasmic u l t ras t ruc tures .  Separation and des t ruc -  
tion of the myelin membranes  were observed in the neuropil. The u l t ras t ruc tura l  components of the axons 
were disintegrated and the axoplasm had become uniformly e lect ron-dense.  However, against the back-  
ground of these c lear ly  visible pos tmor tem changes, the cell appendages even 48 h after death had not lost 
their power of shrinking during fixation of glutaraldehyde diluted with 0.28 M buffer, although here and there 
the membranes  of the appendages were loose in texture and had lost their th ree - layered  s t ructure  (Fig. 2a). 

In the experiment excluding prefixation of the 48-h mater ia l  in glutaraldehyde, shrinkingof the cell 
appendages also was observed both in the cor tex and in the hypothalamus (Fig. 2b). The brain was not ex- 
amined at la ter  t imes after death, for by 48 h v iscera l  putrefaction of the cadaver  was beginning to develop, 
although it did not yet  affect the brain.  

The membranes  Of the cell  appendages of the brain thus retain the proper ty  of semipermeabi l i ty  at the 
t ime of the investigation until 48 h after  death, and short  prefixation in glutaraldehyde does not cause any 
change in this proper ty .  The membrane  is probably impermeable  to molecules  or ions which are  at least  
not smal le r  than the l a rges t  ion of the phosphate buffer, the PO~ "8 ion. Impermeabil i ty  of the membrane of 
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the appendages to ions 48 h af ter  death indicates  that m o l e c u l e s  and ions in the appendages and comparab le  in 
s ize with the PO4 -3 ion (or l a rge r )  do not diffuse f r o m  them and can play the i r  ro le  in p o s t m o r t e m  au-  
to lys is  only in situ. 
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