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Changes in the number of mouse kidney cells  in culture were studied after  exposure of the 
animals to various conditions: hypothermia,  physical exertion, overcrowding in the cage, 
hunger, subcutaneous inflammation, ether,  and medinal anesthesia. A single exposure of 
the animals to the various factors  was followed by an increase  in the number of kidney cells 
in the culture compared with the control. After repeated and prolonged cooling, physical  
exertion, and overcrowding of the mice, depress ion of t issue growth was observed. It is 
postulated that changes in growth of kidney t issue after  exposure of the animals to extremal  
factors  are a manifestation of the general  adaptation syndrome. 

The t issue culture method has been widely applied to the investigation of the effects of var ious  chemi-  
cal and physical factors  on cells [8-10]. This method has been used to a l e s se r  degree to study changes in 
the proper t ies  of cells in various pathological states [1, 2, 5, 7]. 

No information could be found in the l i terature  regarding the use of t issue cultures to study the state 
of cells in the body during the s t r e s s  reaction. 

In the investigation descr ibed below, changes in the proper t ies  of kidney cells f rom adult animals ex- 
posed to cer ta in  ext remal  fac tors  and detected in t issue culture were studied. 

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 625 male and female albino mice weighing 20-30 g. The animals 
were sacr i f iced by decapitation. Under s ter i le  conditions the kidneys were extracted,  longitudinal incision 
was made in them, and they were washed twice with a solution of medium containing antibiotics (penicillin 
and streptomycin,  1000 un i t s /ml  of each). The kidneys were then cut into small  p ieces  with sc i ssors .  
P ieces  measur ing 0.3-0.6 mm 2 were selected for cultivation and were explanted on the wall of test  tubes. 
The tubes were inclined at a small  angle in a s tat ionary stand and incubated at 37 ~ 

The pieces of kidney were grown in p l a sma- f r ee  cultures [6, 10], using medium No. 199 with the 
addition of 10% bovine se rum and antibiotics: penicillin and streptomycin,  100 uni ts /mt  of each. To act i-  
vate growth of the cells,  two drops (0.06-0.08 ml) of 1% cysteine solution for each mill i l i ter  of medium was 
added to the tube. Four  or  five pieces of t i ssue were placed into each tube. To a s se s s  growth of the cells,  
f rom 40-50 pieces were taken f rom one animal. The number of cells growing on the wall of the tubes was 
c oun t ed  72 h after the beginning of cultivation. By this t ime 70-80% of the cultivated pieces of t issue had 
formed growing colonies of cells. 

In each case the same number of animals was used in the control and experimental  groups. To obtain 
comparable  results  the conditions of cultivation in the control and experimental  ser ies  were s t r ic t ly  iden- 
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t ica l .  The components of the nu t r ien t  medium were  a lso  constant  within each s e r i e s .  The final r e su l t  was 
obtained by ca lcula t ing  the to ta l  number  of ce l l s  in a zone of growth for  one p iece  of t i s sue  in culture.  The 
r e s u l t s  were  subjec ted  to S ta t i s t i ca l  ana lys i s .  

To study growth of the t i s sue  in cul ture  in s t a t e s  of s t r e s s ,  the an imals  were  exposed to ce r t a in  p r o c e -  
du res :  cooling, phys ica l  exert ion.  Changes in the number  of ce l l s  were  also inves t iga ted  when the an imals  
were  kept under  overc rowded  condit ions,  in hunger,  or  af ter  subcutaneous inf lammat ion  and nec ros i s .  

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

The p r inc ipa l  expe r imen t a l  r e s u l t s  a r e  given in Table 1. 

The mice were  cooled in a chamber  at  a t e m p e r a t u r e  o f - 1 0  ~ until  a s ta te  of definite cold n a r c o s i s  
developed. Af ter  cooling for  1.5-2 h, the number  of kidney ce l l s  in the cul ture  was i n c r e a s e d  by 17.6%. 
With more  rapid  cooling of mois t  an imals  under  the same conditions for  15-30 mill to a s ta te  phys io log i -  
ca l ly  s i m i l a r  to that  in the p reced ing  exper iments ,  no changes in the number  of ce l l s  were  observed .  When 
the mice  were  s ac r i f i c ed  24 and 72 h a f t e r  a s ingle  cooling to - 1 0  ~ for  1 .5-2h ,  the number  of ce l l s  in the 
cul ture  was i n c r e a s e d  by 35.3 and 62.5%, respec t ive ly ,  r e l a t ive  to the control .  Af ter  r epea ted  cooling of the 
mice  for  14 days at - 5  ~ for  5 h dai ly ,  the number  of kidney ce l l s  in the cul ture  was reduced  by 26%. 

These  changes in growth of kidney t i s sue  a f te r  cooling of the an imals  were  not a s soc i a t ed  with the 
d i r e c t  ac t ion of cold on the ce l l s .  When p ieces  of kidney were  cooled s e p a r a t e l y  at t e m p e r a t u r e s  of 20, 10, 
and 0 ~ for  3 h, in a l l  c a s e s  inhibi t ion of ce l l  d iv is ion  was observed.  The mean number  of ce l l s  in the con- 
t ro l  was 29.3 • 1.9, while a f te r  cooling of p i ece s  of kidney at 20 ~ the number  of ce l l s  was 19.0 • 1.45, a f te r  
cool ing at 10 ~ i t  was 14.7 • 1.3, and af te r  cooling at 0 ~ the mean number  of ce l l s  in the cul ture  was 15.5 • 
1.49. 

�9 The phys ica l  exer t ion  to which the mice were  subjected was swimming in wa te r  at  a t e m p e r a t u r e  of 
36 ~ Af te r  swimming once in wa te r  for  2-3 h until  the animals  were  comple te ly  fatigued, the number  of ce l l s  
in the cul ture  i n c r e a s e d  by 32% compared  with the control .  Af ter  r epea ted  swimming for  1 h dai ly  for  3 
days ,  the d i f fe rences  between the number  of ce l l s  in the control  and expe r imen ta l  groups  of mice were  not 
s t a t i s t i c a l l y  s ignif icant .  When the same dai ly  exer t ion  was continued for  10 days,  inhibit ion of growth of the 
ce l l s  by 12.3% was observed .  In an analogous s e r i e s  of expe r imen t s  with r epea ted  exer t ion ,  when the ani-  
mals  swam for  30 min dai ly  for  16 days,  the inhibi t ion of cel l  growth was 9% compared  with the control .  

If the an ima l s  were  kept  for  long pe r i o ds  in the cage under  unsa t i s f ac to ry  condit ions (32 mice in the 
s e r i e s ) ,  inhibi t ion of t i s s u e  growth in the cul ture  a l so  was observed .  In these  expe r imen t s  one group of 
an imals  was kept  in  cages  measur ing  30 x25 x30 cm,  with 5 an imals  to each cage,  while another  group of 
mice  (30 animals)  were  kept in a s ingle  cage of the same size.  The an imals  were  kept under  these  condi -  
t ions for 14 days.  When the mice were  kept in cages  in groups of 5, the mean number  of ce l l s  p e r  cul ture  
was 21.8 • 0.80, while when all  the an imals  were  kept  toge ther  the number  was 16.1 • 0.70. Inhibition of 
t i s s u e  growth in the second case  was 26% re l a t i ve  to the f i r s t  (P < 0.001). 

When a group of an imals  (30 mice) was comple te ly  depr ived  of food for  72 h, an i n c r e a s e  in the 
number  of kidney ce l l s  in the cul ture  was found. The mean number  of ce l l s  in the control  was 8.0 •  
and in the expe r imen t  9.9 • (P < O.001). The d i f ference  was 24%. 

Inf lammat ion  was produced by subcutaneous in jec t ion  of 0.1 ml turpent ine  on the l a t e r a l  su r face  of 
both thighs. When the an imals  (30 mice) were  sac r i f i ced  3 h af te r  in jec t ion  of turpent ine ,  a cons ide rab le  
i n c r e a s e  in the number  of kidney ce l l s  in the cul ture  was observed.  In the cont ro l  group the mean number  
of ce l l s  was 17.0• and in the expe r imen t  23.6 • (P< 0.001). The d i f ference  was 38.8%. When an i -  
mals  (36 mice) were  s ac r i f i c ed  72h af te r  in ject ion of turpent ine,  the i n c r e a s e  in the number  of kidney ce l l s  
r e l a t ive  to the control  was s m a l l e r :  in the control  the re  were  21.9 • ce l l s ,  in the expe r imen t  23.2 • 
ce l l s  (P < 0.02). The d i f fe rence  was 5.9%. 

On the assumpt ion  that  turpent ine  may have a toxic action on kidney ce l l s ,  a s e r i e s  of expe r imen t s  
was c a r r i e d  out in which subcutaneous inf lammat ion  was produced by inject ion of hot phys io log ica l  sal ine 
(Table 1). In this  case  an i n c r e a s e  in the number  of ce l l s  was obse rved  in a l l  expe r imen t s .  It was p a r t i c u -  
l a r l y  marked  i m m e d i a t e l y  a f t e r  in ject ion and also a f t e r  72 h. These  expe r imen t s  suggest  that  during 
anes thes ia ,  when inhibit ion of functions of the cen t ra l  nervous s y s t e m  may take p lace  to some degree ,  i n -  
h ibi t ion of t i s sue  growth must  be ant ic ipated.  The effect  of e ther  and medinal  anes thes ia  was accordingly  
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studied. When ether  was used (30 mice) the duration of anesthesia was 2.5 h. The animals were sacr i f iced 
immediately  af ter  the end of this period. In this case the mean number of cells in the control was 17.3 • 
0.47, and in the experiment  16.3 • The decrease  in the number of kidney cells was 6% (P < 0.01). In 
medinal anesthesia (30 mice) of the same duration, the inhibition of t issue growth was g rea te r  (29%). In 
the control  group the number of cells was 19.8 ~=0.70, and in the experimental  group 14.1 ~0.50 (P < 0.001). 

The results  of these experiments  showed that a single exposure of the animals to an extremal  factor  
is accompanied by an increase  in the number of kidney cells in the culture. Prolonged and repeated expo- 
sure of animals to cold, physical  exertion, or overcrowding leads to a decrease  in the number of cells. In 
the presence  of inflammation, the stimulation of t issue growth pers i s ted  throughout the period of observa-  
tion. 

The differences between the charac te r  of growth of kidney t issue observed in these experiments  after  
animals had been exposed to different factors  are  associated with changes in the state of the cells in the 
body and can be attributed to tl~e success ive  s tages of development of the general  response to s t r e ss  [11]. 
The results  are in definite agreement  with changes in the activity of bone marrow cells depending on the 
stage of the general  adaptation syndrome,  as demonstrated by Gorizontov and Rudakov [3, 4]. 
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