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Low pH values o f  the stomach contents and activation of  the parietal cells are re- 
vealed during the spontaneous awakening-associated normothermia of  red-cheek sousliks. 
These factors help maintain the acid-base balance in the organism. 
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Multiple aspects of the morphological rearrangements 
of  cells during hibemation are still unclafified. The 
study of  the digestive tract is apparently of prime 
significance in this context, since most hibernating 
animals abstain from all exogenous nourishment 
during the whole winter. Earlier, inhibition was 
observed in the functional activity o f  the epithelial 
cells of the gastrointestinal mucosa during hibernation, 
this being expressed both in depressed function and 
in structural reorganization of  the cells [1,4,9]. The 
reaction of  the stomach contents against the back- 
ground of  the low body temperature of  torpid ani- 
mals is of  a nearly neutral pH. However, during the 
periods of  spontaneous awakening that invariably 
punctuate the long winter sleep [2] the gastric pH 
rapidly shifts in the acid direction, reaching the level 
in the summer (active) period (pH 1.5-2.0). 

Our goal was to study the HCl-producing pa- 
rietal cells o f  the hibernant 's gastric glands during 
the period of  spontaneous awakening. Parietal cells 
obtained during the periods of summer activity and 
winter torpor served as controls. 

MATERIALS AND METHODS 
Pubertal red-cheek sousliks (Citellus erythrogenys 
Brandt) weighing 300-340 g were examined in 
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summer (June - July), during the winter hiberna- 
tion (December - January), and during periods of 
spontaneous awakening in winter  (December  - 
January). Each group consisted of  5 animals. 

The methods of  electron microscopy and ste- 
reological analysis were used. The specimens were 
fixed with 3% glutaraldehyde, postf~xed with 1% 
osmium tetroxide, and embedded in Epon-Araldite. 
The orientation of  the blocks was judged by the 
analysis of  semithin sections. Ultrathin sections 
were impregnated with uranyl acetate and lead ci- 
trate. The sections were examined under  a JEM- 
100C electron microscope. 

The stereological analysis was performed using a 
square test grid with 1-cm spacing [3]. The final 
magnification was 20,000. The following parameters 
were evaluated: area of  cells and cytoplasm, volume 
density of mitochondria, surface density of  secretory 
membranes (of apical plasmalemma, secretory ca- 
nals, and tubulovesicles) and of the membranes of 
the lateral and basal plasmalemma. The results were 
statistically evaluated using the Student t test. 

RESULTS 
During the summer period the parietal cells of  the 
hibernating rodents are large (Table 1). Cells of 
oval and pyramidal shape predominate, arranged in 
a single row with other cellular elements of the 
gastric glands. 

When different functional states are compared, 
the most striking differences observed are c o n -  
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Fig. 1. Parietal cells of sousl ik taken in different seasons, a) subnuclear  part of parietal cell in the 
summer; multiple tubulovesicles,  x17,000. One arrow: secretory canals; two arrows: Golgi apparatus; b) 
parietal cell of middle part ol gastric gland in the period of hibernation; dilated secretory canals, x12,000. 

nected with the system of the secretory membranes 
of parietal ceils. After a 24-hour fast in the sum- 
mer, when the basal HC1 secretion is in progress, 
the secretory membranes are represented mainly by 
multiple tubulovesicles that are absent only in the 
basal part of the cells. They have a smooth-mem- 
brane profile of  round or oval shape, vary in size, 
and are filled with electron-transparent contents. In 
the summer period secretory canals on longitudinal 
sections are encountered mostly in the basal part of 
the cells. The canals are of irregular shape, and 
their lumen is filled with microvilli (Fig. 1, a). 

In the torpid period the structure of the pari- 
etal cells is considerably altered. The area of the 
cells is cut by one-half, owing to the shrinking of 
the area of  the cytoplasm (Table 1). Acid secre- 
tion is nil. The number of tubulovesicles in the 
cells is drastically reduced, and their secretory 
membranes  are incorporated in the microvilli 
membranes of the dilated secretory canals that in- 
trude deep into the cytoplasm. Cytoplasmic elec- 
tron density is increased due to the appearance of 
free ribosomes. The nuclei of  the majority of cells 
have become homogenous (Fig. 1, b). 

During the winter normothermia (associated 
with spontaneous awakening) the parietal cells are 
polymorphic. At this time morphometry makes it 
possible to distinguish 3 groups of  parietal cells 
according to the parameters of the secretory mem- 
branes: 1) cells structurally resembling those after 

fasting in the summer; 2) the largest population 
with an intermediate structure, in the cells of  
which the surface density of secretory canals and 
apical plasmalemma membranes is lower when com- 
pared to cells in torpid state; however, the surface 
density of the tubulovesicle membranes does not 
reach the level of the summer period; 3) cells that 
are similar to those in the torpid state (Table 1). 

The cells of  the 1st group are morphologically 
almost indistinguishable from those in fasting ani- 
mals in the summer; they are large, of oval and 
pyramidal shape. The tubulovesicles are characterized 
by an even distribution within the cytoplasm and are 
absent only in the region adjacent to the basal 
membrane. The secretory canals are narrow and 
shallow and are filled with microvesicles (Fig. 2, a). 

Within the 2nd (intermediate) group the cells 
have a nonuniform structure. A variability can be 
seen in the structure of the secretory canals and 
in the number of tubulovesicles (Fig. 2, b). A cell 
may contain canals of  various shape: some rep- 
resent markedly dilated cavities with a few mi- 
crovilli on the surface, while others are narrow, 
intruding into the cytoplasm, and tightly packed 
with microvilli. At the same time, activation of 
the protein-synthesizing apparatus takes place; the 
cytosol contains an abundance of  polysomes and 
short profdes of rough endoplasmic reticulum; the 
Golgi apparatus undergoes a significant increase in 
size (Fig. 2, c). 
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Fig. 2. Fragments of parietal cells during spontaneous awakening. Normothermia. a) region of 
parietal cell  from the 1st group, x14,500; b) apical region of parietal cell from the 2nd group;  
tubulovesicles and a secretory canal (arrow). x13,500; c) cell from the 2nd group; Golgi apparatus 
and polysomes, x21,000; d) region of parietal cell from the 3rd group, xl0,000. 

The cells of  the 3rd group differ morpho-  
logically from the corresponding cells in the tor- 
pid phase, despite a similarity in secretory mem-  
brane distribution and size (Fig. 2, d). Chan-  
ges in nuclear structure are observed: the karyo- 
plasm has a moderate electron density; heterochro- 
matin is well-defined, forming small lumps aro- 
und the karyolemma. In the cytoplasmic matrix 
both polysomes and free ribosomes can be found. 
Narrow, short cisternae o f  the rough endoplas- 
mic re t i cu lum are occas ional ly  revealed. This 

last feature is characteristic for the active state of  
the animal. 

The ultrastructural changes o f  parietal cells 
during spontaneous awakening point  to enhanced 
functioning of the synthesizing systems in the cells 
and to processes of  membrane structure renewal. 
An analogous activation of  cells is observed during 
the springtime awakening, when the animals come 
out of  hibernation completely [4]. 

Earlier [5] the participation of  parietal cells in 
the regulation of  the acid-base balance in the 
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TABLE 1. Morphometric Characteristics of Parietal Cells from the Middle Region of the Neck of the Stomach of the Red-- 
Cheek Souslik in Different States 

Paramete r  

Area of cell, m 2 

Volume density of 
mitochondria, % 

Active 
summer state 

(n=25) 

155.2• 

20.9•  

Deep 
hibernation 

(n=30) 

77.5•  

Winter normothermia,  spontaneous awakening 

1st group 
(n=8) 

143.0• § § 

2nd group 
(n=16) 

117.6-----4.0 

31.5-----1.21 39.6 • 1.53"** 24.5---2.21 § 

3rd group 
(n=14) 

79.4•247 § 

37.8• § 

Surface density of tubulovesicle 
membranes, m2/m 3 1.44• 0.47• 1.11• ",§ 0.71 • 0.51• 

I 

Note .  *p<0.05; **p<0.01; ~*p<0.001 in comparison with the active summer state; +p<0.05; ++p<0.01 in comparison with the 2rid 
winter normothermic group. 

b l o o d  u n d e r  the  cond i t i ons  o f  h i b e r n a t i o n - a s s o c i -  
a t ed  m e t a b o l i c  ac idos is  [8] was  discussed.  I t  was  
s h o w n  tha t  in  the  cour se  o f  the  s tepwise d rop  o f  
the  b o d y  t e m p e r a t u r e  t h a t  o c c u r s  wi th  the  e n t r y  
in to  h i b e r n a t i o n ,  the b i c a r b o n a t e  tha t  is r e l eased  
into the  b l o o d  aga ins t  the  b a c k g r o u n d  o f  ac id  se-  
c re t ion  m a k e s  a cer ta in  con t r ibu t ion  to the rise o f  
the b l o o d  a lka l ine  reserve.  Dur ing  h ibe rna t i on  the  
o r g a n i s m  is e s p e c i a l l y  sens i t ive  to  changes  in the  
p H o f  the  b l o o d  and  in ters t i t ia l  fluid due  to the  
inh ib i t ion  o f  r ena l  f unc t i on  [7], the  k idneys  be ing  
the  key  o r g a n s  m a i n t a i n i n g  a c o n s t a n t  p H  in the  
o r g a n i s m  [6]. As no  d iges t ion  takes  p lace  du r ing  
the  who le  p e r i o d  o f  h i b e r n a t i o n ,  the s ec re t i on  o f  
ac id  in the  s t o m a c h  at  the  t i m e  o f  s p o n t a n e o u s  
awaken ing  is p r o b a b l y  d i r ec t ed  a t  ma in t a in ing  the  
a c i d - b a s e  b a l a n c e  in the  b lood .  
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