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The content of acid prote ins  in nuclei  of neurons and glial  satel l i te  cei ls  in the medial  preopt ic  
region and supraoptic  nucleus of the ra t  hypothalamus was studied by two-wave cy tospec t ro -  
photometry  on the 1st, 3rd, 7th, and l5 th  days of adaptation of the animal to cold ( tempera ture  
2-4~ Cooling led to an initial dec r ea se  in the content of nuclear  proteins  in the whole neu-  
rona l -neurogl ia l  sys tem of the medial  preopt ic  region, followed by gradual  r e s to ra t ion  to nor -  
mal by the 15th day of cooling. In the glial  cel ls  of this region, before  the r e tu rn  to normal  
there  was a t empora ry  increase  in the content of acid prote ins  above the control  level.  In the 
neuronal -neurogl ia l  sy s t em of the supraoptic  nucleus a gradual  accumulat ion of acid prote ins  
was followed by a r e tu rn  to the control  level.  By the 15th day of the rats '  stay inthe cold, the 
content of neuronal  and glial  acid prote ins  of this nucleus fel l  somewhat below the control  level.  
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The hypothalamus plays the leading ro le  inthe regulat ion of the body t empera tu re  of homoiothermic  o r -  
ganisms [9, 10, 12, 13]. Changes in the functional activity of the hypothalamic s t ruc tu res  a re  accompanied by 
read jus tment  of the metabol ism of macromolecu les  (RNA and proteins) in neurons and glial  cel ls  [7, 11]. 

Our attention was drawn to acid prote ins  fo r  they are  p resen t  in the cel l  nucleus in high concentrat ions,  
and account fo r  not less  than half the total nuclear  prote ins  [4]; they play an important  ro le  in the regulat ion of 
gone activity,  react ivat ing par t s  of the genome that have been r e p r e s s e d  by histories [1]. 

The object  of the p resen t  invest igat ionwas to study changes in the content of acid prote ins  in the neuronal-  
neuroglia sys tem of ce r ta in  par t s  of the hypothalamus of ra ts  during prolonged exposure to a low tempera tu re .  

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

Exper iments  were  c a r r i e d  out on sexually mature  male ra t s  weighting 130-150 g, which l ived for  two 
weeks in a cold room ( tempera ture  2-4~ The animals  rece ived  a s tandard balanced diet. The rec ta l  t em-  
pe r a tu r e  of these ra t s  remained  unchanged throughout the exper iment .  Animals of the same sex, age, and 
weight, kept under ord inary  animal house conditions at a t empera tu re  of 19-21~ se rved  as the control .  

After  the exper imenta l  animals  had been in the cold room for  1, 3, 7, and 15 days they were  killed, with 
control  animals  a t  the same t ime,  by rapid decapitat ionwithout  anesthesia ,  the bra in  was removed,  and the 
hypothalamus excised  and fixed in cold Carnoy, s mixture  and then embedded in paraff in  wax. Sections 5 
thick were  stained for  acid prote ins  with Fas t  G reen  FCF,  pH 2.6 [3, 5]. 

The total  content of nuclear  prote ins ,  expressed  pe r  cell ,  was de termined  by two-wave cytospect ropho-  
tometry ;  the genera l  pr inciples  and concre te  detai ls  of the measuremen t s  a re  descr ibed  in the monograph [2, 
8]. All de terminat ions  were  made at 600 and 650 nm on the MTsFV-1  digi tal-print ing two-wave cy tospec t ro -  
photometer  [6]. Each ar i thmet ic  mean value of the content of acid prote ins  (in conventional units) was calcu- 
lated f rom the resu l t s  of photometry  of 130-190 cel ls  (neurons and the same number  of per ineuronal  glial  cells) 
f rom 5 o r  6 animals .  The whole of the numer ica l  resu l t s  were  subjected to s ta t i s t ica l  analysis  by Student, s 
method (Tables 1 and 2). 
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TABLE 1. Content of Nuclear  Acid Prote ins  (in conventional units per  cell) in Neuro-  
nal-Neurogl ia l  System of Medial Preopt ic  Region of Rat Hypothalamus at Various 
Times of Adaptation of Animals to Cold (M • a)  

Duration of 
adaptation, 
days 

Content 
NO. of 

~ cells of nuclear 
�9 ~ acid proteinsi 

Significance of difference from level 
in control aRer i day 

% P % P 

after 3 days aRer.7 days 

% P % P 

Control 
I 
3 
7 
15 

Control 
1 
3 
7 

15 

177 
144 
189 
155 
152 

175 
144 
188 
149 
156 

�9 63_+_0,98 
55----- 1,08 
59-----0,95 
62--0,79 
63--1,10 

59--0,89 
48-- 1,26 
63+0,87 
69-+-0,71 
59--0,89 

--12,8 
--12,8 
--6,3 
--1,6 

0,0 

--18,6 
6,3 

17,0 
0,0 

Net~ons 

<0,001 
<0,01 
>0,1 

Glta 

<0,001 
<0,001 
<0,001 

7,3 
12,7 
14,5 

31,3 
43,8 
22,9 

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

<0,002 
<0,001 
<0,001 

I 

5:~ <0,02 
<0,01 

9 5 <0,001 
-6:4 <O,Ol 

1,6 

17.0 

>0,1 

<0,001 

TABLE 2. Content of Nuclear  Acid Prote ins  (in conventional units per  cell) in Neuro- 
nal-Neurogl ia l  System of Supraoptic Nucleus of Rat Hypothalamus at Various Times of 
Adaptation of Animals to Cold (M • a) 

Duration of 
adaptation, ~6 { 

days z d ~  ~ 

Content of [ 
nuclearacid! 
~oteins I 

Significance of difference from level 
in control aRer i day 

% P % P 

after 3 days after 7 days 
I 

% I P 
% P 

Control 
I 

3 
7 

15 

Control 
1 
3 
7 

15 

176 76---+1,50 
158 78----- 1,52 
144 90--- 1,61 
151 84--1,63 
125 67----- 1,57 

171 66= 1,43 
137 73m 1,42 
138 81~1,68 
147 70-- 1,66 
120 60~ 1,55 

2,6 
18,4 
10,5 

--11,8 

10,6 
22,7 
6,0 

--9,1 

>0,1 
<0,001 
<0,001 
<0,001 

<0,0Ol 
<0,0Ol 
>0,05 
<0,01 

Ne~om 

15,4 <0,02 
7,6 <0,01 

--14,1 <0,001 

Glia 

10,9 <0,00i 
--4,1 >0,I 

--17,8 <0,001 

--6,7 
--25,6 

--13,6 
--25,9 

<0,01 ] 
<0,001 --20,2 

<o,ool 
<0,001 14,3 

<o,ool 

<o,ool 

EXPERIMENTAL RESULTS 

The participation of the hypothalamus in mechanisms of thermoregulation is most closely linked with the 
medial preoptic region (MPR) [I0, 12]. As Table I shows, the content of acid proteins in the neurons of MPR 
fell somewhat after the rats had been kept for 24 h in the cold, but later during adaptation it returned to the 
control level. In the glial cells surrounding the neurons the content of these proteins also fell 24 h after the 
beginning of the experiment. Later during the rats' stay in the cold the content of acid proteins rose sharply 
(above the control level), but fell again toward the 15th day, to reach the control value again (Table I). 

The neurosecretory supraoptic nucleus of the hypothalamus plays an important role in the activity of the 
whole hypothalamic-hypophyseal-adrenal system [9]. The content of acid proteins in the neurons of this nuc- 
leus increased significantly only by the third day of cold adaptation, but then returned gradually to normal, so 
that by the 15th day it was actually below the control  level (Table 2). The dynamics of the content of acid p ro -  
teins in the glial  sa te l l i te -ce l l s  of these neurons was s imi lar .  

The funct ional-biochemical  compar i son  of the two hypothalamic neuronal -nsurogl ia l  sys tems  shows that 
the cells of MPR respond in the same direct ion to the action of cold, by a dec rease  in the content of acid p ro -  
teins in the nuclei of both neurons and glial  cells  as ear ly  as af ter  exposure of the ra ts  to cold for  24 h. The 
neuronal-neurogl ia l  sys tem of the supraoptic nucleus, on the other  hand, respond to the fall of t empera tu re  by 
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an increase in content of acid proteins in the nuclei of both neurons and perineuronal glia, which does not reach 
a maximum until the third day of adaptation. It might be supposed that this dynamics of the content of nuclear 
acid proteins in the cells of the hypothalamus is connected with the specificity of cold adaptation for MPR and 
its nonspecificity for  the neurosecretory supraoptic nucleus. 

The metabolic response in the neuronal-neuroglial system of MPR is probably linked more specifically 
with the direct  effect of cooling: initial stimulation of cold receptors  leads to excitation and, possibly, even to 
over-excitat ion of the thermosensit ive neurons of MPR. The cytochemical manifestations of this over-exci ta-  
tion, as has often been observed during the investigation of other types of neurons [8], is a decrease in the con- 
tent of RNA and proteins in the whole neuronal-neuroglial system. In the course of subsequent adaptation re -  
parative biosynthesis of macromolecules takes place, more effectively in the cells of the perineuronal glia 
than in the neurons themselves [8]. As Table 1 shows, the dynamics of the content of nuclear acid proteins in 
the neuronal-neuroglial system of MPR accords well with this view. 

Cooling can be regarded as one form of s t ress .  Compared with deep hypothermia, induced by keeping 
rats at -20~ [11], the degree of cold used in the present  case (2-4~ is a weaker s t ress  factor, capable of in- 
ducing moderate excitation but not overexcitationof the corresponding neurons. As was shown previously dur- 
ing an investigation of different neuronal-neuroglial systems, adequate excitation leads to the accumulation of 
RNA and proteins in the neurons and, in some cases, in the perineuronal glia also [8]. The accumulation of 
acid proteins in the cells of the supraoptic nucleus evidently fits in with this scheme, for  this nucleus is p r i -  
marily connected with the participation of the single hypothalamic-hypophyseal-adrenal system in the response 
to s tress-producing factors.  

Exposure to moderate cold (an ambient temperature above 0~ ff continued for long enough (up to two 
weeks) stimulates the development of cold adaptation [9]. It is accordingly worth noting that the changes ob- 
served in the content of acid proteins in these experiments takes place in the initial period of cooling; by the 
15th day of the animals' stay inthe cold the level of nuclear acid proteins in the neuronal-neuroglial system is 
back to normal. This confirms the principles discovered during the study of the effect of deeper cooling of rats 
[11] and during analysis of changes in the histone content inthe hypothalamus of rats adapted to cold [7], name- 
ly the specific biochemical readjustment of the cells of the hypothalamus accompanied initial adaptive changes 
in the body and ceases at the moment when adaptation is complete. 
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