
M E T A B O L I C  C H A N G E S  IN T H E  L Y M P H O C Y T E S  

O F  N E W B O R N  R A T S  IN A S P H Y X I A  

I.  G. D a u r a n o v  UDC 616-053.31-01.8-092.9-003.96 

Hydrocor t i sone  and coca rboxy l a s e  injected into newborn r a t s  i nc rea sed  the i r  chances  of s u r -  
vival  a f t e r  asphyxia.  Asphyxia  was accompanied  by inc reased  suecinate  and d ihydrooro ta te  
dehydrogenase  ac t iv i ty  in the lymphocytes ,  by lymphocytos i s ,  and by an i nc rea se  in the num-  
be r  of monocy tes  with hyperbasophi l i a  of the i r  c y t o p l a s m  in the blood and t i s sues .  Hydro -  
cor t i sone  and coca rboxy l a s e  had a no rma l i z ing  ef fec t  on these changes.  
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Ways of i nc reas ing  the r e s i s t a n c e  of ce l l s  of the newborn o r g a n i s m  to hypoxia a re  a p r o b l e m  of urgent  
impor tance .  

EXPERIMENTAL 

The survival rate of 103 young rats aged 6 days after asphyxia for I0 rain, either untreated or receiv- 
ing injections of coearboxylase (2, 6, and 50 ~tg/kg daily for 5 days) or hydrocortisone (5 mg/kg once or 
daily for 5 days)was investigated. The body weight and weight of the adrenals also were determined in these 
animals. 

In other experiments the state of the energy metabolism in the blood lymphocytes was assessed from 
the succinate dehydrogenase (SD) activity. Changes in protein metabolism and immunologic processes were 
estimated from the numbers of monocytes with hyperbasophilia of their cytoplasm (indicating increased 
RNA synthesis [2]) in the blood and organs, from the lymphocyte count in the spleen, and the dihydroorotate 
dehydrogenase (DD) activity in the blood lymphocytes. DD and SD activity in the lymphocytes was investi- 
gated by a quantitative cytochemical method [i]; cytological analysis was carried out on squash preparations 
from lung and spleen tissue and on peripheral blood films. 

All these tests were carried out on young rats aged 1 week and, sometimes, 2 weeks, subdivided into 
the following groups: I) intact; 2) rats receiving cocarboxylase (12 mg/kg daily) for 5 days before testing; 
3) exposed to asphyxia for 2.5 and 12.5 min on the day of testing; 4) the same, but after a 5-day course of 
cocarboxylase; 5) exposed to asphyxia (8 rain) neonatally; 6) the same, after injection of 2.5 mg hydrocorti- 
sone. Asphyxia was produced by immersing the animal's head in water at 37~ 

R E S U L T S  

A single injection of hydrocor t i sone  led to i nc reased  surv iva l  of the r a t s  a f te r  asphyxia;  a 5-day co u r se  
of inject ions of the hormone  gave a s i m i l a r  ef fec t  (Fig. 1), accompanied  by marked  slowing of the gain in 
body weight and weight of the adrena l s  (P < 0.001). The su rv iva l  ra te  af ter  asphyxia  in an imals  r ece iv ing  
p r e l i m i n a r y  inject ions of coea rboxy la se  depended on the dose 6f the substance.  Inc reased  su rv iva l  (P < 0.05) 
was obse rved  a f te r  admin i s t r a t ion  of 6 mg/kg .  Doses  of 2 and 50 m g / k g  had no effect.  A cour se  of c o c a r -  
boxylase  inject ions did not affect  the gain in weight of the r a t s ,  whether  intact  or  exposed to asphyxia.  

In the intact r a t s  (Table 1) SD act ivi ty  in the lymphocytes  was unchanged between the f i r s t  and second 
weeks  of life, but DD act ivi ty  inc reased  (P < 0.05). Inject ions of coca rboxy la se  inc reased  the SD act ivi ty  
(P < 0.05) but did not affect  the DD act ivi ty in these  cel ls .  
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TABLE 1. Succinate and Dihydroorotate  Dehydrogenase Activity in 
Lymphocytes  of Young Rats 

Group of animals 

Enzyme activity (in formazan granules 
per 50 lymphocytes) 

succinate dehy- 
drogenase 

] n M_+m n M_+m 

dihydmorotate de- 
hydrogenase 

Intact aged: 
1 week 
2 weeks 

Intact aged 1 week. receiving prelim- 
inary cocarboxylase 

Exposed to asphyxia at the age of one 
week for: 

2.5 min 
12.5 min 

The same. but receiving cocarboxylase: 
2.5 rain 

i2.5 min 
Exposed to asphyxia neonatally (8 min), 

investigated at the age of: 
i weeR 
2 weeks 

Ditto, after injection of hydrocortisone. 
investigated at the age of 1 week 

28 99,1~15,8 
17 93,0-----28,0 
17 187,0~45,4 

14 161,1~9,9 
15 264,5--39,6 

19 104,6*- 13,0 
15 142,5~3,2 

ll 207,5--4,1 
5 150,0--45,1 
9 74,0--+18,6 

22,0 -+- 1,9 
34,9+5,5 
2I ,9--~2,7 

4 6 , 0 ~ 8 , 2  
27,0-+-3,1 

29,0----- 1,9 
30,0-----4,1 

38,7~7,7 
62,2• 14,1 
64,1~14,5 
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Fig. 1. Survival ra te  
of ra ts  aged 1 week 
after asphyxia for 10 
rain: 1) control;  2, 3, 4) 
p re l iminary  injection of 
cocarboxylase  in doses  
of 2, 6, and 50 mg/kg  
body weight daffy for 6 
days; 5) a single injec-  
tion of hydrocor t i sone  
(5 mg/kg);  6) the s~me 
daily for 6 days. Or -  
dinate, survival  ra te  of 
animals (in %). 

Asphyxia led to increased SD activity (P < 0.001) and the effect increased 
with an increase  in the duration of asphyxia. The DD level, o n t h e o t h e r  hand, 
rose  only during br ief  asphyxia (P < 0.01) s imultaneously with an increase  in 
the number of lymphocytes  in 1 mm 3 blood. During brief  asphyxia the num- 
ber  of immunocompetent  monocytes with hyperbasophil ia  of their cytoplasm 
in the blood and organs also increased appreciably.  The relat ive number of 
small  lymphocytes  in the spleen fell sharply only during prolonged asphyxia 
and was not r e s to red  even 5 days later ,  when the blood showed lymphocyto-  
penia and increased activity of the two enzymes  in the lymphocytes.  Asphyxia 
after  a course  of injections of cocarboxylase  (12 mg/kg  per injection) did not 
induce lymphocytosis  in the blood and it prevented or  considerably lessened 
the increase  in the enzyme activity in the lymphocytes.  Injection of hydro-  
cor t isone into newborn ra t s  before prolonged (8 rain) asphyxia also prevented 
the increase  in SD activity in the ce l l s 'usua l ly  taking place after  one week. 
Meanwhile the DD activity in the lymphocytes remained high. 

In s t r e s s , r educ t ion  of the lymphoid t issue is observed and may be r e -  
flected in the state of the immunological  mechanisms  of the body. The r e -  
suits of these exper iments  show that repara t ive  p rocesses  in the cel ls  of the 
lymphoid t issue are  s t imulated only by brief  asphyxia, whereas in prolonged 
asphyxia these p roces se s  are  de!ayed in surviving animals. This may evi-  
dently account for the prolonged hypoproduction of small  lymphocytes - cel ls  
responsible  for immunogenesis .  

The lympholytic action of cor t icos te ro ids ,  responsible for the mobil i-  
zation of protein products  in s t r e s s ,  could be one cause of the activation of cer ta in  p rocesses  in protein and 
energy metabol ism in intact lymphocytes.  Charac ter i s t ica l ly ,  the chances of survival  of animals after a s -  
phyxia were increased  by pre l iminary  injection of hydrocort isone.  "Pharmacolog ica l  adrenalectomy" by 
means of a mass ive  dose of hydrocor t i sone ,  on the other  hand, prevented the increase  in SD activity usually 
taking place in the lymphocytes  even a week after asphyxia. 

An increase  in SD activity in the lymphocytes  was observed after  injection of cocarboxylase  into intact 
r a t s .  P resumably  the cocarboxylase ,  by ensur ing a more  economical  energy metabol ism of the cel ls  during 
subsequent asphyxia, thereby contr ibutes  to the increased  survival  ra te  of the animal. 
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