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The subject  of burns  has  a t t rac ted  the at tent ion of cl inicians in different  spec ia l t i es  and exper imen ta l  
w o r k e r s  for ove r  a century ,  but impor tan t  p rob lems  to do with the pathogenesis  of th is  condition st i l l  r e m a i n  
unsolved.  Much can be done along these  l ines through the use of m o d e r n  methods of morphologica l  invest i -  
gation, by means  of which we can penet ra te  deepe r  into the in t imate  m e c h a n i s m s  of d i s tu rbances  of CNS func- 
t ions .  Injury to the CNS gives r i s e  to the pr incipal  cl inical  effect  of shock. P rev ious  invest igat ions [8-11], 
using the e lec t ron  m i c r o s c o p e ,  showed that  burns  signif icantly modify prote in  me tabo l i sm in the neuron and 
cause  des t ruc t ion  of the rough endoplasmic  re t i cu lum.  Since this  re t icu lum contains RNA granules  it can be 
postulated that  burns  s ignif icant ly modify RNA m e t a b o l i s m  in the neuron, which is an impor tan t  regulat ing 
s t ruc tu re  of the CNS, it is e s sen t i a l  to d i s cove r  how r e p a i r  p r o c e s s e s  in the neuron are  provided for ,  i .e . ,  how 
in t r ace l lu l a r  r egene ra t ive  p r o c e s s e s  take place in the neuron [6]. 

F o r  the expe r imen ta l  study of these  p rob lems  the presen t  invest igat ion was undertaken,  using the modern  
technique of e l e c t r o n - m i c r o s c o p i c  autoradiography,  by means  of which the dynamics  of RNA synthes is  in the 
neuron of the CNA can be r eco rded  s t ruc tu ra l ly .  

EXPERIMENTAL METHOD 

A burn  of the I I IB-IV degree ,  cover ing  20% of the body sur face ,  was inflicted on noninbred albino r a t s  
weighing 180 g under e ther  anes thes ia .  RNA synthes is  was invest igated in intact  an imals  (control) and 1 and 
12 hand3  and 6 days a f t e r  burning (five an imals  at each t ime) .  Al together  25 animals  were  used. F o r  e l ec t ron -  
au toradiographic  study of RNA synthes is ,  under e the r  anes thes ia  the RNA p r e c u r s o r  ur idine-5-3H (specific 
ac t iv i ty  26 Ci /mmole)  was injected through a spec ia l  needle into the b r a in  substance  ( s enso r imo to r  cor tex ,  
a r e a  PAre). The dose of the labeled p r e c u r s o r  (50 pCi) was dissolved in 0.05 ml  R inge r ' s  solution. P ieces  of 
cor tex  taken  3 h a f t e r  inject ion of uridine-3H were  fixed in 2.5% glutara ldehyde solution made up in phosphate 
buffer ,  pH 7.4. The pieces  were  then washed with buf fer  for  24 h, with repea ted  changing of the solution, and 
then pestf ixed in 1% OsO 4 solution. Af te r  dehydra t ion  in alcohols the pieces  were  embedded in Epon. Light-  
m i c r o s c o p i c  au torad iographs  were  f i r s t  p r epa red  on semi th in  sec t ions ,  and depending on the r e su l t s  of t he i r  
ana lys i s  the reg ion  for  cutt ing ul t ra thin sect ions  (the 5th layer)  was chosen.  Ser ia l  e l ec t ron  antoradiographs  
were  p r epa red  with M emuls ion  by the method desc r ibed  by Sark isov  et al. [7]. Af te r  exposure  for  1 month 
the p repa ra t ions  were  developed and examined in the IEM-100B m i c r o s c o p e .  The a r e a  of c r o s s  sect ion (the 
product of the m a x i m a l  and min ima l  d i ame te r s )  of the nucleolus and nucleus of the neurons was m e a s u r e d  on 
the negat ives  and the densi ty  of label  in the nucleolus and in the nucleus (the ra t io  of the number  of gra ins  of 
reduced s i l v e r  located above these  zones and the i r  a r e a  of c r o s s  section) was de te rmined .  The numer ica l  
expe r imen ta l  r e su l t s  were  subjected to s ta t i s t i ca l  ana lys i s  on the M-220 compute r  [3]. 

EXPERIMENTAL RESULTS 

The study of light-microscopic autoradiographs on semithin sections revealed incorporation of label into 
nuclei of neurons and glial and endothelial cells. A marked decrease in the concentration of the label was found 

Depar tmen t  of Pathological  Anatomy,  A. V. Vishnevski i  Inst i tute of Surgery ,  Academy of Medical  Sciences 
of the USSR, Moscow. (Presen ted  by Academic ian  of the Academy  of Medical  Sciences  of the USSR M. L Kuzin.) 
T rans l a t ed  f r o m  Byulleten'  ]~ksper imental 'noi  Biologii  i Medi ts iny,  Vol. 90, No. 12, pp. 733-736, D e c e m b e r ,  
1980. Or ig ina l  a r t i c l e  submit ted  June 20, 1980. 

0007-4888/80/9012- 1743 $07.50 �9 1981 Plenum Publishing Corpora t ion  1743 



Fig. i Fig.  2 

Fig.  1. Differences in intensity of incorporat ion of uridine-3H into a neuron (N) and gl ia lcel l  
(G) (oligodendrocyte). 18,000 x .  

Fig.  2. Distribution of label in neuron after  injection of u r id ineJH:  highest concentrat ion of 
grains of s i lver  above body of nucleolus. 25,000x.  

as the distance f rom the site of injection increased.  This fact led us to decide not to compare  absolute values 
of density of label in the control  and experimental  animals.  Since it was impossible to guarantee that the cells 
chosen for  investigation were the same distance away from the site of injection, the difference between the 
absolute values of the densit ies could be attributable not only to differences in the rate of incorporat ion of the 
p recu r so r ,  but also differences in the c loseness  of the cells  compared to the site of injection of the isotope. 

The higher rate of incorporat ion of uridine-3H in neurons than in glial and endothelial cells was very  
c lear ly  revealed in e lec t ron-au torad iographs  (Fig. 1). In the neurons the highest concentrat ion of label was 
found in the nucleolus or ,  more  exactly, in its b o d y -  the nucleonema (Fig. 2). Very dense labeling was 
observed above the ext ranucleolar  part of the nucleus. Only single grains of s i lver  were observed in the cyto- 
plasm. 

Many experiments  of different kinds have shown [12-16] that the nucleolus is the site of synthesis  of 
r ibosomal  RNA (rRNA). This rRNA is also contained in the Niss l ' s  bodies. The action of pathogenic factors  
and, in par t icular ,  of burns ,  on the nervous sys tem causes significant changes in the s t ruc ture  of the apparatus 
of protein synthesis  in the n e u r o n -  the Niss l ' s  substance.  In l ight -microscopic  sections these changes are 
manifested as paler  staining by Niss l ' s  m e t h o d -  t ig ro lys is  [1, 2, 4, 5]. Restorat ion of the Niss l ' s  substance 
can take place by hyperproduct ion of rRNA by the nucleolus. The state of synthesis  of nucleolar RNA can thus 
be used to judge dest ruct ive  and regenera t ive  changes in the prote in-synthesiz ing function of the nerve cell. 
The level of synthesis  of nucleolar  RNA in each cell  studies was determined as the rat io between the density 
of its label to that of the extranueleolar  part of the nucleus. 

Increas ing or  decreas ing  distance of the tes t  cell  f rom the site of injection of the isotope changed its 
concentrat ion for the cell  as a whole but did not affect the rat io between the density of labeling of nucleolus and 
nucleus, which depends only on the rate of RNA synthesis  in different cell  s t ruc tures .  Consequently, by using 
this approach it was possible to determine the level of synthesis of nucleolar RI~A relat ive to that of nuclear 
RNA. The values obtained by this  analysis  a re  given in Table 1. In all animals with burns RNA synthesis  in 
the nucteoli was more  rapid than in the control.  A very  slight increase  in its rate could be seen as ear ly  as 
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TABLE 1. Ratio of Labeling Density of 
Nucleolus to Labeling Density of Ext ranucleo-  
lar  Zone of the Nucleus in Neurons of the 5th 
Layer  of the Rat Cerebra l  Cortex 

Time from I burning to in- "d 
~d ~ jection of ~ 

~ z ~  

~ I  : f :  m 

1 1 Control 

3 days 
4 5 6 days 

255 
262 
285 
120 
241 

4,933+0,455 -- 
5,051T0,424 0,190 
7,713T0,304 5,077 
4,476u 
5,805_+0,328 1,552 

i 

~0,05 
~0,001 
~0,01 
~0,05 

1 12 72 ,,44 h 

Fig.  3. Rate of rRNA synthesis  in ce rebra l  
cor t ica l  neurons of ra ts  after  burns:  1) 
experiment;  2) control .  Abscissa ,  t ime 
between burning and injection of isotope 
(in h); ordinate,  rat io of density of label in 
nucleolus to density of label in extranucleo-  
l a r  zone of nucleus. 

1 h af ter  burning, in the period of shock. Synthesis of nucleolar  RNA in the animals 12 h af ter  burning was 
more  than 1.5 t imes  fas te r  than in the control ,  and it remained at a lmost  the same level until 3 days. On the 
6th day the rate of RNA synthesis  in the nucleoli of the burned animals fell appreciably but was still  h igher than  
the control  level. 

The increase  in the rate of synthesis  of nucleolar  RNA can be regarded as an in t racel lu lar  regenera t ive  
reaction~ expressed  as the more  intensive production of new r ibosomes  and aimed at res to r ing  the rough endo- 
plasmic re t icu lum of the neurons injured bythe  burn  t rauma.  On the basis  of these resu l t s  it was possible to 
determine quantitatively the magnitude and duration of the react ion of hyperplas ia  of the r ibosomes  which 
developed in response  to injury. They showed that the react ion develops very quickly (1 h) af ter  injury and 
reached a high level af ter  12 h. The rate of rRNA synthesis  fell more  slowly than it rose ,  and it had not 
re turned to its normal  level even at the end of the 6th day after  t r a u m a  (Fig. 3). 

By means of e lec t ron  autoradiography it is possible to judge in t racel lu lar  regenera t ive  p rocesses  in the 
CNS even in the initial period of the pathological p rocess .  This method shows that r epa i r  p rocesses  begin to 
develop s imultaneously with dest ruct ive  changes in the cell.  T ransmis s ion  e lec t ron mic roscopy  did not reveal  
the development of repa i r  p rocesses  in the neuron before the 10th-15th day [4], whereas  the resul ts  of auto- 
radiography at the u l t ras t ruc tura l  level show rel iably that in t racel lu lar  r epa i r  p rocesses  begin ea r l i e r  (within 
a ma t t e r  of hours) .  
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Despi te  g rea t  advances  made in recen t  y e a r s  in the study of the m e c h a n i s m s  of absorp t ion  of Ca ++ in 
the intest ine,  many  s t ruc tu r a l  and b iochemica l  a spec t s  of th is  p roce s s  st i l l  r e m a i n  unexplained [2, 16]. In 
pa r t i cu la r ,  the prob lem of concre te  pathways for  the t r a n s f e r  of Ca ++ through the l ayer  of intest inal  epithel ium 
st i l l  r e m a i n s  unsolved. 

The mos t  widely held hypotheses  are  those  based  on the assumpt ion  that  Ca ++ ions pass  through the 
apical  m e m b r a n e  into the cy tosol  of the en te rocyte ,  and are  then expelled f rom it by the Ca pump on the basa l  
side of the cel l  [2, 7, 16]. A few e l e c t r o n - m i c r o s c o p i c  invest igat ions have yielded evidence that Ca ++ is c a r -  
r ied through the en te rocy te  in a seques te red  s ta te ,  in "packe t s , "  evidently not mixed with the cytosol  [15]. 
Accord ing  to o ther  data,  Ca ++ is c a r r i e d  ac ro s s  a t ight junction and then along the l a t e ra l  m e m b r a n e ,  along an 
in te rce l lu la r  canal  [3]. 

A definite defect  of the above invest igat ions is that  the methods used did not enable the absorbed Ca++ 
ions to be d i f ferent ia ted  f r o m  the endogenous cation which is constant ly  p resen t  in the cel l  and its s t ruc tu res .  
This  difficulty can be ove rcom e  by using e l ec t ron  m i c r o s c o p y  in conjunction with e lec t ron  autoradiography,  
and by the use of rad ioac t ive  45Ca ++ as the absorbed  ion. The e s sence  of the method is to identify the absorbed 
radio isotope  by means  of hal ides  of heavy me ta l s ,  reduct ion of which by f~-radiation at the si te of local izat ion 
of the isotope leads to deposi t ion of an e l ec t ron -dense  deposi t  of the reduced me ta l  in these  a r e a s  [12]. 

This  method was used in the p resen t  invest igat ion to study the local izat ion of 45Ca++ during its a b so rp -  
t ion in the sma l l  intest ine of young, growing r a t s .  

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

Under e the r  anes thes ia ,  0.5 ml  of 0.25 mM 45CaCI2 (2 mCi /mmole )  in 0.9% NaC1 was injected into a 5 -cm 
segment  of the p rox ima l  port ion of the sma l l  intest ine of a young (80-100 g) ma le  Wis ta r  ra t ,  isolated in situ 
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