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A comparative microspectrophotometric investigation was made of  changes in the DNA content 
in cell nuclei of the l iver,  skeletal muscle, and myocardium of noninbred male albino ra t s  
dying from head injury, in the course of the 3 days after death. The decrease in the nuclear 
DNA content within the 36-72 h interval is described mathematically by regress ion curves of 
the type: 

- ~ ( t )  ~ e--at+b 

On the basis of the results a mathematical description is given of the postmortem change in 
the DNA content in the test material.  
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Considerable material  has been gathered in recent  years  during the study of the dynamics of the DNA 
content in cell nuclei of different organs during malignant growth and other pathological changes [1, 2, 4, 5]. 
However, the principles governing changes in the quantity of genetic material  in cell nuclei during their  
necrobiosis and necrosis  af ter  death of the organs have hardly been studied at all, although the examination 
of these problems is linked with an evaluation of the r o l e  of microspectrophotometry for the investigation 
of autopsy and biopsy material .  

Accordingly the main purpose of the present  investigation was to study the principles governing changes 
in the nuclear DNA content in t issue cells  at various t imes after  death. 

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

Experiments were car r ied  out on 90 noninbred male albino ra ts  weighing 180-220 g. For  a week the 
animals were kept on a standard diet in individual cages.  Ali food was removed from the cages 16 h before 
sacrif ice of the animals, but water continued to be provided ad lib. All the animals were killed (by head 
injury) at the same t ime of day. The t ime at which death took place was taken to be the end of agony, the 
duration of which was 4-5 rain. 

Material  for  microspectrophotometric investigation was taken immediately after  the end of agony and 
after  the lapse of 2, 4, 6~ 12, 24, 36, 48, and 72 h. The cadavers were kept in the laboratory at 18-20~C in 
a relat ive humidity of 40-6070. 

P ieces  of the soleus muscle, myocardium, and l iver  (and lymph nodes also in the control) were fixed 
with Carnoy's  mixture and all pieces from the same animal were embedded in one paraffin wax block. Ten 
sections were cut from each block for microspectrophotometry.  Microspectrophotometry of the nuclei was 
performed on sections stained by the Feulgen reaction. The following conditions were observed during the 
reaction: all sections were divided into groups with nine sections in each group; each section in such a group 
represented one stage of the experiment. All subsequent processing of sections belonging to the same group 
was car r ied  out simultaneously and under absolutely identical conditions. The sections were hydrolyzed with 
1N HC1 at 60~ for 8 min. The Feulgen reaction was then car r ied  out on the sect ions .  The sections were 
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Fig.  1 Fig .  2 

Fig .  1. Dynamics  of DNA content in r a t  l i ve r  cell  nuclei (1) and r e g r e s s i o n  cu rve  of 
d e c r e a s e  in DNA content (2) in p o s t m o r t e m  per iod.  H e r e  and in F igs .  2 and 3: absc i s sa ,  
t ime  (in h); ordinate ,  DNA content  (in conventional units; M �9 3m). 

Fig .  2. Dynamics  of DNA content  in r a t  skele ta l  musc le  cell  nuclei (1) and r e g r e s s i o n  
cu rve  of d e c r e a s e  in DNA content (2) in p o s t m o r t e m  per iod.  
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Fig ,  3. Dynamics  of  DNA content in 
r a t  myoca rd ia l  cel l  nuclei  (1) and 
r e g r e s s i o n  cu rve  of  d e c r e a s e  in DNA 
content  (2) in p o s t m o r t e m  per iod.  

dehydrated,  c leared ,  and mounted in Canada ba l s am.  The  DNA content in the nuclei  was invest igated on a 
f r a m e - i n t e g r a t i n g  m i c r o s p e c t r o p h o t o m e t e r  [3] at a wavelength of  550 nm (the m a x i m u m  of absorp t ion  of bas ic  
fuchsin in the v is ib le  p a r t  of the spec t rum)  and with a p robe  with an a r e a  of 1/~ 2 At each t i m e  of the ex p e r i -  
ment  125 a r b i t r a r i l y  chosen nuclei we re  subjected to m i c r o s p e c t r o p h o t o m e t r i c  investigation.  The moda l  
c l a s s  of  opt ical  densi ty of  the nuclei  of  smal l  lymphocytes  in sect ions through lymph nodes of  control  r a t s  
was taken as  the indicator  of  diploidy. Stat is t ical  ana lys i s  of  the  r e su l t s  was  c a r r i e d  out by methods  of v a r i -  
ance analys is .  The r e s u l t s  we re  c o m p a r e d  by Student 's  t t es t .  Changes  in the DNA content in the cell  nuclei 
f r o m  individual s t r u c t u r e s  in the c o u r s e  of the expe r imen t s  we re  studied by methods of r e g r e s s i o n  ana lys i s .  
R e g r e s s i o n  c u r v e s  showing DNA l eve l s  in cel l  nuclei of  the t e s t  t i s s u e s  as  a function of the t i m e  e laps ing 
a f t e r  death were  ca lcula ted  by the equation: 

M t  ~ e -  at  -]-b 

where  e is the base  of na tura l  logar i thms ;  t the t i m e  elapsing a f t e r  death; a and b coeff ic ients  obtained by the 
method of l e a s t  squares ,  us~mg the mean  index M for  125 ce l l s  of  each t i s sue .  

Mathemat ica l  ana lys i s  of the data  was c a r r i e d  out on the  MIR-1  compu te r .  

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

Dynamics  of  the DNA Content  in the L ive r  Ce l l  Nuclei  during the F i r s t  72 h a f t e r  Death,  Da ta  showing 
changes  in the DNA content  in hepatocyte  nucle i  a r e  given in F ig .  1. The  r e g r e s s i o n  equation fo r  the DNA 
content  of the hepatocyte  nuclei  is of the type: 

,~f ~ e--O.Ol3t ~-6,576 10--2. 

The  values  of the DNA content  in the  hepatocyte  nuclei  of  the contro l  an ima l s  w e r e  significantly higher  
than those  for  nuclei  of  smal l  lymphocy tes .  Th is  indicated the  p r e s e n c e  of a c e r t a i n  number  of  polyploid 
nuclei  and mus t  affect  the final r e s u l t  fDr the  population a s  a whole.  A sharp  d e c r e a s e  in the  DNA content  
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(below values  cor responding  to a diploid set  of  c h r o m o s o m e s )  was  obse rved  in the hepatocyte nuclei 2 h a f t e r  
death. Dur ing the next 4 h of  the p o s t m o r t e m  per iod the DNA content in the hepatocytes  did not change s ig-  
nif icantly.  In the per iod  f r o m  2 to 6 h, the act ivi ty  of  DNA breakdown in the l ive r  diminished compared  with 
the p rev ious  per iod.  During the next  6 h, p r o c e s s e s  of  DNA ca tabo l i sm in the  o rgan  w e r e  again intensified. 
L a t e r  (between 12 and 36 h) the p r o c e s s  showed some  degree  of s tabi l izat ion.  

Dynamics  of the DNA Content  in Nucle i  of  Skeletal  Musc le  F i b e r s .  Data  showing the p o s t m o r t e m  dy-  
n a m i c s  of the DNA content  in nuclei  of  ske le ta l  musc l e  f i be r s  a r e  i l lus t ra ted  in Fig.  2. The r e g r e s s i o n  
equation fo r  the DNA content  of  the ske le ta l  m u s c l e  nuclei  is in the following fo rm:  

Mt = e -O'O08~'  Jr  -2 . 

The  content  of  nuc lea r  DNA in the  m us c l e  fel l  s teadi ly  until 12 h of the p o s t m o r t e m  per iod.  Between 
12 and 36 h t h e r e  was  no evidence of any intensive d e c r e a s e  in the  DNA content  in the musc l e .  The  second 
s tage of d e c r e a s e  in the  DNA contens was o b s e r v e d  48 h a f t e r  death.  

Dynamics  of  the DNA Content  in the  C a r d iomyocy t e  Nuclei .  The dynamics  is shown in F ig .  3. The 
r e g r e s s i o n  equation for  va lues  of  the DNA content  i s  as  follows: 

Mt = e - O ' O 0 9 t  + 6 " 4 1 6 .  t0 -2 . 

The  DNA content fell  rap id ly  during the  f i r s t  4 h a f t e r  death, but 12 h a f t e r  death it  showed no significant 
change.  Af t e r  24 h the DNA content  in the  ca rd iomyocy te  nuclei,  judging f r o m  the mean  values  measu red ,  
i nc reased .  This  fac t  can evidently be explained by d i f fe rences  in the initial functional s ta te  of the ce l l s .  
Af t e r  24 h a gradual ly  p r o g r e s s i v e  p r o c e s s  of DNA breakdown was obse rved  in the myoca rd ium.  The i n c r ea se  
in the intensi ty  of  the  Feulgen  reac t ion  in the  cell  nuclei  in the  p o s t m o r t e m  per iod could be connected with 
l ibe ra t ion  of  DNA f r o m  nucleoprote in  complexes  [6]. 

I t  can be concluded f r o m  this  invest igat ion that  ce r t a in  genera l  r u l e s  can be d iscerned  in the dynamics  
of  the DNA content in the cel l  nuclei  of  the t i s s u e s  studied in the p o s t m o r t e m  per iod.  The type of cu rve  ob-  
tained,  re f lec t ing  changes  in M as a function of  t, usual ly  de sc r ibe s  a dec remen ta l  p r o c e s s  and dis in tegra t ion 
of s t ruc tu res ,  such as  is  obs e rved  during dying of l ive r ,  skele ta l  musc le ,  and myoca rd ia l  ce l l s .  This  is  also 
demons t r a t ed  by the va lues  o f  the coeff ic ients :  coeff icient  a for  the l i v e r -  0.013, for  skeletal  musc le  -0 .008 ,  
and for  myoca rd ium -0 .009 ;  coefficient  b for  the l i ve r  + 6.575, for  skele ta l  musc l e  + 6.337, and for  the m y o -  
ca rd ium + 6.416. 

The exper imenta l  c u r v e s  re f lec t ing  the DNA content  in the nuclei  of  the t e s t  t i s sue s  co r r e spond  to some  
deg ree  to the cou r s e  of  the  r e g r e s s i o n  c u r v e s  (Figs.  1-3) for  the per iod  between 36 and 72 h a f te r  death. In 
the e a r l i e r  s tages  of  the  invest igat ion the exper imen ta l  cu rve s  we re  per iodic  in c h a r a c t e r  and ~ e  ampli tude 
of the f luctuat ions of  t hese  c u r v e s  d i f fered  for  different  o rgan  s t r u c t u r e s .  The  l a r g e s t  nmnber  of  f luctuat ions 
was a f ea tu re  of  the cu rve  re f lec t ing  the dynamics  of  the  DNA content  in the ca rd iomyocytes ,  the sma l l e s t  i ts  
dynamics  in the soleus  musc le ,  and the  c u r v e  showing changes  in the DNA content  in the hepatocytes  occupied 
an  in t e rmed ia te  position. 

The f ea tu re s  of the c u r v e s  re f lec t ing  the d e c r e a s e  in the  DNA content  in the cel l  nuclei of t i s sue s  in-  
ves t iga ted  in the p o s t m o r t e m  per iod ,  desc r ibed  above,  can eviden~y be explained by d i f fe rences  in the initial 
functional s ta te  of the  ce l l s .  

The  r e g r e s s i o n  equations showing the d e c r e a s e  in the  DNA content  in cel l  nuclei  of  the  l iver ,  skele ta l  
musc le ,  and m y o c a r d i u m  of the experimeniml an ima l s  can be used  a lso  to de t e rmine  m o r e  p r e c i s e l y  the t i m e  
of death a f t e r  an in terval  of between 36 and 72 h, by m e a n s  of the equations: 

6.576-- In M.IO ~ 
for the liver t = 0,013 ; 

6.337 -- In M. I0 ~ 
for skeletal muscle t = 0,009 

6.416--1n M.IO l 
for the myocardium t = 0.009 ; 

f u r t h e r m o r e ,  the va lues  of  the  p o s t m o r t e m  d e c r e a s e  in the DNA content  in the cel l  nuclei  mus t  be  taken  into 
account  when m i c r o s p e c t r o p h o t o m e t r i c  invest igat ions a r e  made  of autopsy and biopsy m a t e r i a l .  
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C O U R S E  OF D E V E L O P M E N T  OF A C U T E  TOXIC 

IN R A T S  S T I M U L A T E D  W I T H  P R O D I G I O S A N  
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Acute toxic hepatitis was induced in Wistar ra ts  by a single injection of 40% CC14 in peach oil 
in a dose of 0.2 ml /100 g body weight. During stimulation with the bacterial  polysaccharide 
prodigiosan the resis tance of the hepatocytes to CC14 rose  sharply and this was reflected in a 
decrease in the severity of destruction of the hepatic parenchyma. 

KEY WORDS: toxic hepatitis; prodigiosan; resis tance of hepatocytes. 

Previous investigations showed that the course of reparat ive regeneration of hepatocytes after  partial 
resect ion of the l iver  in ra t s  depends essentially on the initial functional state of the Kupffer macrophages [3]. 
Blockade of the Kupffer cells  with granules of colloidal iron carbonyl, if car r ied  out before or  during the f i rs t  
few hours after  the operation, appreciably inhibited the rate  of DNA synthesis and of mitotic division of the 
hepatocytes. Conversely, prel iminary stimulation of the mononuclear phagocyte system (NIPS) with prodigiosan 
provided the conditions for  more  rapid regeneration of the hepatocytes in partially hepatectomized ra ts .  The 
problem thus arose of the course of regeneration of the pathologically charged l iver during functional r e o r -  
ganization of its stroma. 

The resul ts  described in this paper reveal certain special features of the structural recovery  of the 
hepatocytes after CC14 poisoning in ra t s  with an activated MPS. The MPS was stimulated by means of the 
bacterial  pelysaccharide prodigiosan, a substance which has proved itself to be a rel iable inducer of tachy- 
phylaxis in many clinical and experimental investigations [2]. 

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

Wistar ra ts  of both sexes weighing 200-250 g were used. Toxic hepatitis was induced by a single in- 
jection of a 40% solution of CC14 in peach oil in a dose of 0.2 ml /100  g body weight. An intraperitoneal in- 
jection of 50 pg prodigiosan (experiment) or  of 0.85% NaC1 (control) was given to the ra t s  24 h before poisoning. 
Changes in the s tructure of the l iver were noted 16, 24, 48, and 72 h after poisoning. Zones of damage were 
measured under a magnification of 100 t imes by means of a grid mounted in the ocular, dividing the field of 
vision into 16 squares, in sections stained with hematoxylin-eosin and by the PAS method. The mean number 
of points of intersection of the lines of  the grid falling on the area of the zone of damage was determined in 30 
f ields of vision. The numerical resul t s  were subjected to statistical analysis by Student's t test .  

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

In the ra t s  of the control and experimental groups the formation of acute toxic hepatitis on the first  day 
after  poisoning was accompanied by the appearance of foci of necrosis  in the central zones of the hepatic 
lobules, and by signs of nballoonW and eosinophilic degeneration spreading from the center of the lobule to its 
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