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E F F E C T  OF C H R O N I C  P Y R O G E N A L  S T R E S S  ON THE 

M I T O T I C  R E G I M E  AND N U M B E R  OF D N A - S Y N T H E S I Z I N G  

C E L L S  IN THE C O R N E A L  AND L I N G U A L  E P I T H E L I U M  

OF A L B I N O  R A T S  

S .  S .  T i m o s h i n  a n d  N . B .  M u r z i n a  UDC 576.355 : 616.45-001.1/.3 

The effect of prolonged s t ress  on the mitotic regime and number of DNA-synthesizing cells 
in the corneal and lingual epithelium was studied in response to pyrogenal. Injection of py- 
rogenal.for 5 days caused a decrease of 41% in the number of mitoses in the corneal and 
lingual epithelium. The decrease in the number of dividing cells did not correlate  with 
changes in the rate  of mitosis. The number of pathological mitoses in the corneal epitheli- 
um of intact rats  remained unchanged during s t ress .  The index of labeled nuclei in the 
corneal and lingual epithelium of the control rats  was 12.6 and 10.8 respectively, which did 
not differ significantly f rom their  values in the experimental animals (12.2 and 12.2). KEY 
WORDS: mitotic activity; s t ress ;  pyrogenal; DNA synthesis. 

In previous investigations the wr i te rs  found a decrease in the mitotic activity of the corneal and lingual 
epithelium following single [6] and repeated [7] injections of pyrogenal. The inhibition of cell division was 
found to be mediated through adrenal hormones [8], increased secretion of which is observed under the influ- 
ence of pyrogenal [2, 31. 

The object of the present  investigation was to use pyrugenal s t ress  as a model with which to study the 
effect of prolonged s t ress  on the number of DNA-synthesizing cells and the mitotic regime of the corneal and 
lingual epithelium. The study of this problem is also of applied interest,  for  pyrogenal is used, in particular,  
for  the t reatment  of dermatological diseases,  an important link in the pathogenetic mechanism of which is 
stimulation of mitotic activity and disturbance of DNA synthesis [12 ]. 

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 male albino rats  weighing 140-190 g. Pyrogenal was injected into the 
caudal vein in a dose of 5 ~g/100 g body weight between 11 a.m. and 12 noon daily for  five days. Intact ani- 
mals served as the control. The animals were decapitated six h after the last injection, and 1 h before sacr i -  
fice the rats were given an intraperitoneal injection of thymidineJH in a dose of 0.6 /~Ci/g body weight. Since 
it was impossible to obtain satisfactory autoradiographs of the corneal epithelium after administration of this 
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TABLE 1. Effect  of F ive  Injections of Pyrogena l  on Some Indices of Adre-  
nal Function (M �9 m) 

Cholesterol con- [ Blo___o_od II-H______S concentration ~g pement 
Group of animals Wt.mg of adrenals, tent, ~g % /g I~ntal lt-HS protein-bound 

tissue r I I  -HS 

Control 137,46-----20'4--0'300,17 I 0,33--+0,0160'46-0'053 Egpezimental 
<o,oi <0,05 

30,3-----4,3 I 24,7--+9,7 
30,9--+3,1 23,1--+4,8 
>0,5 >0,5 

TABLE 2. Effect  of Chronic Pyrogena l  S t ress  on Some Indices of Pro l i fe ra t ion  in the 
Cornea l  and Lingual Epi thel ium (lVI • m) 

Group of animals 

Control 
Experimental 
P 

mean No ~176176176 mean No. of 
of rnf~o~s patho- ILN, % mitoses after logical colchicine 

mitoses given* 

154,6--+16,2 6,0 
92.2--+11,6 6,2 

<0,01 >0,5 

*As in Russian original -- Consultants Bureau. 

12'6"+--0'8 I 594,8+-86,1 
12,2+-0,6 323,7-----50,4 

>0,5 <0,02 

Tongue 

mean No. 
of mitoses 

84,1-'- I 1,8 10,8-----I,2 
50,4--+----5,3 12,2+-I,I 

<0,02 >0,5 

mean No. of 
mitoses after 
colchicine 
given* 

271,2---20,3 
176,2--+21,0 

<o,oo5 

dose of thymidine,  the eye enucleated immedia te ly  a f t e r  s ac r i f i ce  was also incubated in medium 199 with thy- 
midine-3H (1 # C i / m l )  at 37~ for  1 h. The co rneas  we re  washed i nmed ium 199 and fixed in Ca rnoy ' s  fluid. 
The second eye andthe  tongue were  fixed immedia te ly  a f t e r  s ac r i f i ce .  Autoradiographs  were  p r e p a r e d  in the 
usual way f r o m  the incubated co rnea  and tongue. Cells  synthesizing DNA were  counted in the s t r a t um basa le  
and s t r a t u m  spinosum of the cornea l  epi thel ium and onthe  l a te ra l  sur face  of the tongue. The index of labeled 
nuclei  (ILN) was calcula ted a f t e r  examinat ion  of 2000-3000 nuclei  and e x p r e s s e d  in percent .  The mitot ic  r e -  
g ime  in the cornea l  epi thel ium was de te rmined  in total  p r epa ra t i ons .  Mitotic act ivi ty was judged f r o m  the 
n u m b e r  of mi to ses  in 100 f ie lds  of vision.  Pathological  mi to ses  were  counted in accordance  with Alov 's  c l a s s i -  
f icat ion [1], a f t e r  which the number  of pathological  m i to se s  was e x p r e s s e d  as a pe rcen tage  of the total  number  
of dividing cel ls .  To exclude any change inthe r a t e  of mi tos i s  during s t r e s s ,  in pa ra l l e l  expe r imen t s  the ani-  
ma l s  were  given an injection of colchicine,  in a dose of 2 /~g/g, 3 h before  sac r i f i ce .  The number  of blocked 
m i t o s e s  in the co rnea  and tongue was counted in 100 f ie lds  of vision.  The adrena l s  of the r a t s  were  weighed 
on analyt ica l  sca les ,  the cho les te ro l  content in the adrena l s  was de te rmined  by L i f sch i t z ' s  method [11], and 
the blood l l - h y d r o x y s t e r o i d  level  was de te rmined  by the method of Pankov and Usvai tova [4]. Altogether  36 
r a t s  we re  used in the expe r imen t s .  The n u m e r i c a l  r e su l t s  were  subjected to s ta t i s t i ca l  ana lys is  by the 
F i s h e r -  Student method.  

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

The data in Table i (an i nc rea se  in weight of the adrena ls ,  a dec r ea se  in the i r  cho les te ro l  content) points 
to the development  of a s t r e s s o r  r eac t ion  to the five injections of pyrogenal .  The absence  of any inc rease  in 
the blood l l - H S  level  can be explained by the inc reased  consumption and intensified me tabo l i sm of g lucocor t i -  
colds in the t i s sues  under the influence of pyrogens  [13]. 

Jus t  as in the p rev ious  exper imen t s ,  a f t e r  injection of pyrogenal  daily fo r  f ive days  the number  of divid- 
ing cel ls  in the corneal  and lingual epi thel ium d e c r e a s e d  by 41 and 37% respec t ive ly  (Table 2). The number  of 
pathological  m i to s e s  in the cornea  of the intact  r a t s  was 6%. The main f o r m  of pathology was C - m i t o s i s  and 
its v a r i e t i e s .  

Chronic s t r e s s  caused no change in the level  of pathological  mi toses .  

In the expe r imen t s  with colchicine s ta t i s t ica l ly  s ignif icant  d i f fe rences  r ema ined  between the control  and 
exper iment .  It can accordingly be concluded that  the d e c r e a s e  in the number  of mi toses  found as a r e su l t  of 
chronic  s t r e s s  in fact  r e f l ec t s  a d e c r e a s e  in mitot ic  act ivi ty and is not the r e su l t  of a d e c r e a s e  in the r a t e  of 
mi tos i s  i tself .  Counting the number  of DNA-synthes iz ing  ce l l s  in the cornea l  and lingual epi thel ium revea led  
no significant dif ference  between the r e su l t s  in the control  and expe r imen ta l  groups .  The index of labeled 
nuclei  in the cornea l  and lingual epi thel ium on the intact  an imals  was 12.6 and 10.8 respec t ive ly ,  and in r a t s  
rece iv ing  pyrogena l  12.2 and 12.2 r e spec t ive ly  (P > 0.5). These  r e su l t s  a re  in a g r e e m e n t  with those of Yoshi-  
da ' s  expe r imen t s  [14], which demons t r a t ed  no change in ILN in the co rnea  of rabbi t s  exposed to e lec t r i c  shock 
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for five days. The stability of ILN during prolonged stress,  accompanied by inhibition of mitotic activity, sug- 
gests a number of possible explanations of the nature of the inhibition of cell division during stress:  1) diurnal 
variations in the response of the mitotic regime to s tress  [5, 9]; 2) prolonged holdup of the cells in G2, G~ growth 
[10]; 3) polyploidization of the epithelial nuclei under the influence of chronic stress.  

These hypotheses require experimental verification. 
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