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Invest igation of water  metabol ism in rabbits  unadapted to heat and exposed to a high external  t e m p e r -  
a ture ,  by means  of a t r i t ium method, an increase  in the water circulat ion per  diem from 13 to 19% (relative 
to the total body water) or  an increase  in the intake and excret ion of water  by 149 ml per  diem was d i scov-  
ered.  Exposure  of adapted animals  to heat of the same intensity increased the intake and elimination of 
water  by only 78 ml compared  with the control .  In both cases  the total body water fell slightly. 

The most  convenient method of determining the water balance in man is the dilution method using 
t r i t ia ted water  as labeled compound. I ts  concentrat ion is measured  by means  of a liquid scintillation coun- 
te r  [1, 3-5, 7, 9, etc.].  

This paper  descr ibes  the resul ts  of p re l iminary  investigations to determine the total body water  of 
animals by a tr i t ium labeling method during heat s t r e ss  and adaptation of animals to a high external envi-  
ronmental  t empera ture .  

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

Exper iments  were ca r r i ed  out on rabbits  unadapted and adapted to heat. Control experiments  were 
ca r r i ed  out on the same animals:  at  room tempera tu re ,  then af ter  exposure to heat for 2 h (air t empera ture  
in the room 42 ~ , relat ive humidity 25%) and again af ter  training for 2-2.5 months.  During the experiment  
i tself  the animals  received no food or water ,  but at other t imes  no res t r i c t ions  were applied. 

The water  metabol ism was determined by tr i t ium labeling. The experimental  animals received t r i t i -  
ated water  by mouth in a dose of 0.01 p. Ci (10 -8 C i / m l ) / g  body weight. 

After  the tr i t ium concentrat ion in the body fluid had reached equil ibrium, so that the tri t ium was 
uniformly distr ibuted throughout the water compar tment  of the body, blood samples were taken from the 
margina l  vein of the rabbi t s '  ear .  The moment  of reaching equilibrium was determined in a special ex-  
pe r iment  f rom the curve of increase  in activity of the sample. Water  was removed from the blood samples  
by vacuum distil lation [5], and 0.5 ml of the water distilled from the blood was dissolved in 10 ml of sc in-  
tillation fluid of the following composit ion:  dioxan 1 l i ter ,  2,5-diphenyloxazole 6 g, dipheayloxazolylbenzene 
275 rag, sublimated naphthalene 112 g. 

The sample was poured into a cell with paral le l ,  flat walls made of po tass ium-f ree  optical glass.  The 
cell was placed in the measu r ing  chamber  through a light t rap,  enabling samples to be replaced without 
switching off the high voltage, and there it was scanned by two FI~U-53 photomultipl iers included in a coin-  
cidence c i rcui t  to minimize the contribution of noise pulses in the instrumental  background. For  the same 
reason,  the photomult ipl iers  and measur ing  chamber  were placed in a r e f r ige ra to r .  The total water con-  
teat  in the body was calculated f rom the resul ts  of the measurements  by the following formula:  

a 1 
Vx = ~ .  V~, 
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where  Vx r e p r e s e n t s  the total  volume of body wate r  (in ml); a 1 the initial  speci f ic  ac t iv i ty  of t r i t ium ad-  
min i s t e r ed  to the animal;  a 2 the mean  specif ic  act iv i ty  of the b iosubs t ra te ;  and V 1 the volume of water  ad-  
min i s t e r ed  (in ml).  

By m e a s u r i n g  the speci f ic  ac t iv i ty  of the b iosubs t ra te  s amples  taken on days following admin is t ra t ion  
of t r i t ium to the an imals  (under conditions of comfor t  and with exposure  to heat  for  2 h daily) its ha l f -  
e l iminat ion per iod  was de te rmined ,  cha rac t e r i z ing  the veloci ty  to wa te r  exchange in the body and bear ing  
the following re la t ionship  to it: 

0,693 
(5 = - - 7 - .  too ,  

where 6 is the percentage of water circulating per diem, a value indicating the fraction of the total body 
water exchanged in the course of the 24 h; t the half-elimination period (in days). The absolute circulation 
of water per diem (in ml) is given by: 

Q = Vx.6, 

where  Vx is the total  body wate r  (in ml).  

EXPERIMENTAL RESULTS 

A uniform distribution of tritium in the water compartment of the rabbits was achieved only 90-120 
rain after administration of the isotope. 

The body water content of rabbits kept at a normal room temperature was 70 ~ 1.1% of the body weight, 
with variations between 64 and 74%. The half-elimination period of tritium oxide was 4.2-6.5 days (mean 
5.4~ 0.26 days). The water circulation, calculated from the rate of its elimination and the foal body water 
was 13~: 0.6%, or 258 • 14.8 ml/day. This volume of water consisted of the water drunk, water entering 
the body with the food, and that formed in the body during oxidation [6]. 

After a single exposure to a high room temperature (40-42~ the body temperature of the unadapted 
rabbits increased by 2.48 :~ 0.Ii ~ (P < 0.01), and the body weight fell by I07:~ 6.2 g (P < 0.01), no diuresis 
occuring. The total body water, expressed as a ratio of the body weight, showed a tendency to decrease 
compared with the control (67.6 • 1.7%). The half-elimination period of tritium oxide fell to 3.8 ~: 0.32 days 
(P < 0.01) with variations from 2.5 to 5.8 days. 

The decrease in the half-elimination period showed that the circulation of water in the body increased 
to 19~ 1.5%, or 406• ml, i.e., the water intake and elimination increased by 149 g. 

It is interesting to note that the body temperature of rabbit no. 4 increased to 41.7 ~ the half-elimination 
period of tritium fell to 2.5 days, but the total water content was unchanged; the body temperature of rabbit 
no. 7, exposed to the same heat stress, increased to 42.1~, the half-elimination period was unchanged, but 
the total body water decreased. Hence, the increase in circulation of water in rabbit no. 4 to 27% of the 
total body water, or to 709 ml/diem, decreased the degree of stress on the thermoregulatory reactions, as 
expressed by maintenance of the total body water level and by a smaller increase in the body temperature 
compared with that of rabbit no. 7. One of the mechanisms of regulation of the body temperature during 
heat stress is evidently an increase in the circulation of water in the body. 

After adaptation of the rabbits to heat for 60-75 days, the response reaction of the body to the next 
heat load was less marked than on the first day of exposure to heat. The body temperature rose by 1.2 �9 0.08 ~ 
the body weight fell only by 40 ~: 3.8 g, the circulation of water per diem was 14-0.45~ of the total body 
water, or 335:~ 14.4 ml, and the half-elimination period of tritium under these conditions was 4.9 �9 0.17 days. 

The volume of water consumed and excreted thus increased by only 78 ml over the control level. 

Investigations have shown [2, 8] that the body water diminished with age. In the present investigations 
the increase in body weight during the adaptation period was 695 g, while the total water content fell from 
70 to 67% of the body weight. The water content possibly falls because of the accumulation of fat or other 
solid tissues, resulting from age changes. Further observations are required to solve this problem. 

It can be concluded from the results of preliminary investigations that tritium labeling can be used 
to investigate water metabolism in animals exposed to heat stress. The method is accurate and simple 
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and, in addition, it s impl i f ies  de te rmina t ion  of the wa te r  intake and the taking into considera t ion  of all  
sources  f rom which wate r  en t e r s  the body. 
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