
Consider ing the r e s u l t s  of this  invest igat ion and also data published previous ly ,  indicating that endogen- 
ous optoid pept ides  cause  vomit ing and changes in var ious  autonomic p a r a m e t e r s  in an imals  {BP, PR, RR, 
etc.5 [2, 4, 7, 10], it can be postulated that endogenous opiotd pept ides  (and ~-endorphin,  tn pa r t i cu la r )  a re  di- 
r ec t ly  involved in the genes i s  of the ves t ibu to-autonomic  d i s o r d e r s  in motion s ickness .  
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[a p rev ious  inves t igat ions  the w r i t e r s  showed that repeated  exposure  to s t r e s s  {sublethal hypertherm'~a, 
hypoxia, and fixation in the supine posit ion, five t imes)  causes  act ivat ion of cell  division and DNA and RNA 
synthes is  in the corneal  epithel ium of albino r a t s  [1]. 

In this  investigation the effect  of chronic  immobi l iza t ion s t r e s s  on the k ine t ics  of cornea l  epithelial  ce i l s  
f rom the basa l  l aye r  into higher  l a y e r s  was studied. 

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

Expe r imen t s  were  ca r r i ed  out on 49 male  albino r a t s  weighing 160-190 g. The an imals  were  exposed 
fo r  1 h daily to f ixation in the supine posit ion for  5 days.  After  the final exposure  to s t r e s s  the an imals  were  
given an tn t raper t tonea l  injection of aH-thymtdine (0.6 #Ci /g  body weight). Because  the cornea  has  no blood 
supply, an additional application of 5 pC[ of 3H-thymtdtne was  made to i ts  surface .  

The an ima l s  were  killed and the cornea  removed  fo r  investigation f rom the an ima l s  of group 1 one hour 
a f te r  the end of the final fixation and injection of aH-thymtdine,  f rom the an imals  of group 2 a f te r  24 h, and of 
group 3 a f te r  72 h. Fo r  each exper imenta l  group the re  was a cor responding  control  group of intact  animals .  
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TABLE 1. Effect of Chronic Immobi l i za t ion  
S t r e s s  on Number  of Ce l l s  in Corneal  Epi thel ium 
and on DNA Synthesis  at Different  T imes  af te r  
Injection of 3H- Thymidine (M:Lm) 

1 

24 

72 

Group of 
animals, 

Control 
Experiment 

Control 
Experiment 

Control 
Experiment 

No. of cell: 
in field of 
vision 

6 0 , 0 0 •  
5 6 , 2 0 ~ 2 , 8 3  
5 8 , 5 0 •  
4 9 , 9 0 •  ~ 
5 7 , 5 0 •  
5 8 , 3 0 ~ I , 1 7  

DNA synthesis 

ILN % 

3 , 3 9 •  
4 , 9 1 •  
7 , 5 0 •  

I 0 , 3 0 ~ I , 0 4 "  
7 , 9 0 •  

1 0 , 5 0 •  

IL 

3 2 , 9 0 •  
4 6 , 6 5 •  
1 7 , I 5 •  
2 3 , 4 6 •  
1 6 , 1 1 ~ 0 , 9 1  
2 1 , 4 5 •  

Legend. *P < 0.05. 
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Fig.  1. Dis t r ibu t ion  (in %) of labe led  nuclei  among l a y e r s  of cornea l  epi the l ium of albino r a t s  
during chronic  immobi l i za t ion  s t r e s s  1 h (A), 24 h (B), and 72 h (C) af te r  inject ion of 3H-thy- 
midine.  Absc i s sa ,  l a y e r s  of co rnea l  epi thel ium;  ordinate ,  number  of labeled nuclei  in l a y e r  
as  a pe rcen tage  of total  number  of labeled nuclei  in cornea .  Unshaded c o l u m n s -  control ,  
s h a d e d -  exper imen t .  

Ma te r i a l  for  inves t iga t ion  was taken at  2-3 p.m. The c o r ne a s  were  fixed in a mix ture  of ethanol and ace t ic  
acid (3 : 1) for  1 h. Au to rad iographs  were  p r e p a r e d  and the index of labeled nuclei  (ILN) and in tens i ty  of thy-  
midine label ing (IL) were  de t e rmined  by methods  d e s c r i b e d  p rev ious ly  [3, 4]. ILN was e x p r e s s e d  as  a p e r -  
centage of the total  npmber  of ce i l s .  Sect ions pass ing  through the cen te r  of the cornea  were  chosen for  inves-  
t igat ion.  In each cornea  the d i s t r ibu t ion  of labe led  ce i l s  among the l a y e r s  of the cornea  was studied, with d i s -  
t inct ion of five l a y e r s :  ba sa l  (I), spinous (II), i n t e rmed ia t e  (III), inner  squamous (IV), and sur face  (V) [2]. The 
number  of labe led  c e l l s  in the l a y e r  was  e x p r e s s e d  as  a pe rcen tage  of the total  number  of labe led  ce l l s .  The 
ra t io  between p a i r s  of daughter  ce l l s ,  dividing in the hor izon ta l  plane (both c e i l s  r ema ined  in the basa l  l ayer )  
was de t e rmined  24 h a f te r  inject ion of the isotope.  When daughter  p a i r s  of c e i l s  were  counted the following 
c r i t e r i a  were  used for  guidance:  No o ther  ce l l s  were  p r e s e n t  between the daughter  ce l l s ,  and there  were  no 
labe led  ce i l s  in t he i r  immedia te  vicini ty.  The d i f ference  between the number  of g r a in s  of s i lve r  above the nu- 
c le i  being c o m p a r e d  did not exceed five [5]. The mean number  of ep i the l ia l  c e i l s  p e r  f ield of vis ion was  de-  
t e rmined  by counting c e l l s  in 50 f ie lds  of vis ion in each p r e p a r a t i o n  (ocular  12 • 1.25; object ive 100). 

EXPERIMENTAL RESULTS 

Jus t  as  in the p rev ious  inves t iga t ions  [1], 1 h a f te r  inject ion of 3H-thymidine at the end of exposure  to 
s t r e s s  s t imula t ion  of DNA syn thes i s  was observed .  Values  of ILN and IL in the cornea  of the e xpe r i men t a l  
an ima l s  were  i n c r e a s e d  by 1.4 t i m e s  (Table 1). 

Ana lys i s  of the d i s t r ibu t ion  of labeled ce l l s  among the l a y e r s  of epi thel ium showed that 76% of labe led  
nuclei  in the co rnea  of the cont ro l  an ima l s  were  in the basa l  l aye r ,  22% in the spinous layer ,  and only s ingle 
labe led  nuclei  were  found in the in t e rmed ia t e  l a y e r  at the p e r i p h e r y  of the cornea .  A reduct ion in the number  
of DNA-syn thes iz ing  nuclei  in the basa l  l a y e r  was obse rved  at th is  t ime in the cornea  of the r a t s  exposed to 
s t r e s s ,  but an i n c r e a s e  in t h e i r  number  was found in the sptnous and in t e rmed ia t e  l a y e r s  (from 2.0 to 5.4, 
P < 0.05; Fig .  1). 
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A twofold [ncrease in ILN was found in the cornea of the experimental  and controI animals  24 h after 
injection of 3H-thymidine and the end of the final fixation, while at the same time tL was reduced in the control  
by 1.8 t imes and in the experiment  by 1.9 t imes,  i.e., also almost  by half. This indicates that vir tual ly aIl 
cel ls  which were in the S phase and had incorporated 3H-thymid[ne after the end of exposure to s t ress  under- 
went mitotic division. At this stage of the investigation there  was a significant decrease  in the average ~mm- 
ber  of cel ls  per  field of vision (from 58.550.8 in the control to 49.0• in the experiment,  P < 0.01). Differ- 
ences in the distribution of DNA-synthesizing nuclei among the l ayers  of the cornea in the control and experi-  
mental animals  became more  marked than in the previous  group of experiments.  A significant decrease  in the 
number of DNA-synthesizing nuclei in the basal layer  in the experimental  animals (55~ in the control,  38% in 
the experiment,  P < 0.001) was accompanied by a more  than fourfold increase  in the number of DNA-synthe- 
sizing nuclei in the intermediate layer  (6.6% in the control, 29.9% in the experiment;  P < 0.02). In the inner 
squamous layer  IV the number of DNA-synthesizing nucie[ increased tenfold (0.3% in the control, 3.2~ in the 
experiment,  P < 0.002). 

Values of ILN and IL, charac te r iz ing  DNA synthesis  in the corneas  of the control and experimental  ani- 
mals ,  72 h af ter  the end of exposure to s t r e ss  and injection of 3H-thymidtne showed no significant change com-  
pared with their  values in the previous  se r ies  of experiments .  On analysis  of the distribution of DNA-syn- 
thesizing nuclei among the l aye rs  of the cornea a significant difference in the number of labeled ceils was ob- 
served only in surface layer  V (17.0% in the control, 26.6% in the experiment;  P < 0.001). 

Chronic exposure to s t r e ss  thus increased the velocity of vert ical  migrat ion of the cells  f rom the basal  
layer  toward the outer  l ayers  of the cornea.  

There is no genera[ agreement  as yet regarding the mechanism of ver t ical  migrat ion of cells. Bes ides  
the view that this p roces s  is due to fo rces  generated direct ly  or  ind[rectly by the dividing cel ls  [6~ 7], it has 
also been suggested that vert icai  m!grat ion of cells  is independent of mitotic activity [8]. An essent ial  role 
in the future fate of the daughter ce l l s i s  played by orientation of the mitotic apparatus. A vert ical  (relative to 
the basal  layer) a r rangement  of the mitotic apparatus leads to "vert ical  mitosis ."  According to the view de- 
scribed in [5], "ver t ical  mitosis"  cha rac t e r i ze s  to some degree the state of the p roces se s  of differentiation. 
In that case what we are discussing is not the formation of morphological ly different cells  [mmediateIy af ter  
mitosis ,  but the ultimate fate of the ceils. The ratio between the numbers  of horizontal ly and ver t ical ly  a r -  
r angedpa i r s  of daughter cells  in the corneas  of intact antmais 24 h after  the end of exposure to s t r e ss  and in- 
jection of 3H-thymidine was 2.050.3, whereas  in animals exposed to s t r e s s  this ratio was reduced to 0.5~0.07 
(P < 0.001), i.e., a marked shift toward intensification of differential p roces se s  was observed.  An essential  
role in this shift evidently belongs to increased secret ion of glucocort icoids  which, as is general ly  accepted, 
stimulate the specific function of cells  and differential p r o c e s s e s  and inhibit p r o c e s s e s  of cell division. Accel-  
erat ion of vert ical  migration,  observed in the present  experiments ,  together  with diminution of the ceil popu- 
lation, s t imulates prol i ferat ive p rocesses .  

Accelerat ion of vert ical  migrat ion of cells  plays a definite role in res tor ing  the integri ty of the t issue 
ba r r i e r ,  and it is also an important  mechanism for eliminating f rom the cell population, those cei ls  which 
have substained injury during exposure to s t ress .  
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