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The ammonia  content in the cerebra l  hemispheres  and cerebel lum of smal l  susliks increases  
after  the onset  of hibernation, while the urea content dec reases .  The content of glutamine was 
increased after the second day of hibernation. 

Artif icial  cooling of the warm-blooded animal sharply disturbs the nitrogen metabol ism of the brain 
[1-41. In ra t s  adapted to cold, the ammonia  content in the brain  is increased [8, 9]. Hypothermia in such 
animals is charac te r ized  by a further  inc rease  in the ammonia  concentrat ion in the brain t issue. During 
hibernation (body tempera ture  17-16 and 11-10 ~ the ammonia  concentration in the brain also is increased 
[7], The content of glutamine [7] and urea in the brain of these animals also varied depending on their body 
tempera ture .  Accumulation of ammonia  in the brain at a low body temperature  can be considered to be of 
adaptive significance. 

In the present  investigation the dynamics of the concentrat ions of ammonia  and of glutamine and urea, 
which a re  connected with its metabol ism, was investigated in relat ion to the period of hibernation. 

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

Experiments  were  car r ied  out on smal l  susliks (Citellus pygmaeus Pallus), caught in the field 
(Dagestan) in May, 1968. 

The animals were  kept in an animal house until the beginning of winter. In December ,  they were 
placed in individual cages,  in near -na tura l  conditions [5], and these were placed in a dark  room at a t emper -  
ature of 2-4 ~ Since the sleep of susliks falling into deep hibernation in December  is not interrupted for a 

TABLE I. Ammonia Concentration (in mg %) in Brain of Susliks 
during Hibernation 

Cerebral hemispheres Cerebellum Duration of / 
hibernation n / M •  •  P n M t •  •  P 
(in days) [ 
Control 

1 
2 
5 

10 0,645 0,104 
10 1,8461 0,084 

2,1561 10 3,213 0,094 10 0,04I 

0,033 
0,009 
0,010 
0,004 

<0;01 
<0,001 
<0,001 

10 0,512 I 0,066 t 0,021 
10 3,265 0,05210,005 
1014,731 0,062 0,007 10 5,947 0'054 0,006 

<o,ool 
<o,ool 
<o,oo. 

Note: Here and in Tables 2 and 3, P was calculated relative to the 
preceding period of hibernation, 
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TABLE 2. Concentra t ion of Glutamine (in mg%) in Bra in  of Susliks 
during Hibernat ion 

Duration of 
hibernation 
(in days) 

Control 
I 
2 
5 

Cerebral hemis )hems Cerebellum 

I 
n [ M :t:a 

] 

1o14,  ot o,o2o 
1012,745 / o,385 
10 9,7061 0,536 
10 6,I31 0,403 

+m n ] M _~a •  P 

0,199 
0.04I 
0,057 
0,042 

<o~oI 
<o,ooi 
< o, 002 

,0/7 80010 9 7 0290 
IO] 7,18210,257 0,0271 <0,I 
10 16,4371 0,682 0,068 <0,001 
0 18,066 0,254 0,027 <0,001 

TABLE 3. Concentra t ion of Urea  ( in / lmoles /g)  in Bra in  of Susliks 
during Hibernat ion 

Duration of 
hibernation 
(in days) 

ConCrol 
l 
2 
5 

10 
10 
I0 
10 

Cerebral hemispheres Cerebellum 

4,680 [ 0,386 
3,775 ] O, 046 
3,258 0,013 
2,687 0,046 

•  P 

O, 1221 -- 
0,0051 <0,001 
0,001 <0,001 
0,005 <o,ool 

M 4-(5 :i:m " n 

lO ]3,i60 O,00810,O011 
i 2,226 10 [ 0,0761 0,008 

<o,ooi 
<o,ool 

week  [10], the invest igat ions  w e r e  ca r r i ed  out 1, 2, and 5 days a f te r  the beginning of hibernat ion (body t e m -  
p e r a t u r e  of the an imals  3-5~ Waking an imals  kept in the an imal  house at  a t e m p e r a t u r e  of 20-22 ~ acted as 
the control .  

At the requ i red  moment ,  both expe r imen ta l  and control  an imals  were  quickly decapitated,  and the head 
was f rozen in to t .  in liquid a i r .  The brain  ( c e r e b r a l  hemisphe re s  and ce rebe l lum separa te ly )  was ground 
into a powder.  Pro te ins  we re  prec ip i ta ted  with 5% TCA. The following subs tances  we re  de te rmined  in the 
supernatant :  ammonia ,  g lutamine by Sel igson 's  method [11] as modified by Silakova and c o - w o r k e r s  [6], 
and u r e a  by the u rease  method.  

EXPERIMENTAL RESULTS 

Changes in the ammonia  concentra t ion in the sus l ik  brain  began during the f i r s t  day of hibernat ion 
(Table 1) ; i ts concentra t ion  in the c e r e b r a l  hemisphe re s  and ce rebe l lum was sharp ly  increased .  

The concentra t ion of glutamine in the c e r e b r a l  hemisphe re s  was reduced by 1.68 t imes  on the f i r s t  
day of hibernation,  while its concentra t ion in the ce rebe l lum remained  a l m o s t  unchanged compared  with the 
control  (Table 2). On the 2nd day of hibernat ion the glutamine concentra t ion in both pa r t s  of the brain  showed 
a sha rp  inc rease ,  but a f t e r  5 days i ts  concentra t ion in the c e r e b r a l  hemisphe re s  was reduced by 37% c o m -  
pared  with the previous  per iod of hibernat ion (while remain ing  32.7% higher than the control),  whereas  its 
concentra t ion  in the c e r e b e l l u m  continued to r i s e  (by 9.9%). 

The concent ra t ion  of u rea  in the bra in  t i s sues  of the sus l iks  fell by an amount that depended on the durat ion 
of hibernat ion (Table 3), and its levels  in the c e r e b r a l  hemisphe re s  and ce rebe l lum remained  the same .  

The r e su l t s  of these exper imen t s ,  together  with those of previous  invest igat ions [7, 9], demons t r a t e  
that  during hibernat ion cons iderable  changes take place  in the s y s t e m  concerned with the l iberat ion and f ix-  
ation of ammonia in the brain. The accumulation of ammonia indicates profound changes in brain metabo- 
lism. The changes discovered are not specific for the state of hibernation. Ammonia and amides evidently 
participate actively in metabolic processes in the brain resulting from a physiological lowering of the body 

temperature. 
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