
dria is reduced, their  ATP-synthetase function is known to be depressed, whereas increased permeability of 
the membrane promotes the passage of ATP through the mitochondrial membrane. Both these factors m a y  
thus participate in the increase in ATP-hydrolase activity of the mitochondria under the influence of chlor- 
promazine, for increasing meanbrane permeability atone (e~periments with preliminary freezing and thawing 
of brain tissue) led to the deposition of only a small quantity of reaction product in the mitochondria. The 
heterogeneity of the reaction of the mitochondria can be explained by differences in the initial state of these 
organelles and also by differences in their  "age." 
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U L T R A S T R U C T U R E  OF P A R I E T A L  C E L L S  IN S U M M E R  

AND D U R I N G  H I B E R N A T I O N  

E .  I .  R y a b c h i k o v a  a n d  M: S .  V i n o g r a d o v a  UDC 611.33-018.73-019 : 591.543.42 

The parietal ceils of red-cheeked susliks were studied in summer and during hibernation. 
Electron-microscopic investigation and morphometric analysis revealed definite changes in 
ul trastructure during hibernation, reflecting the absence of secretory activity of the cells. No 
marked dystrophic changes were found in the parietal cells in this period. Structural differ- 
ences determined by stages in the life cycle were preserved. 

KEY WORIB: parietal cells; ultrastructure; hibernation; morphometry. 

The state of hibernation in mammals is characterized, along with other features, by a fall in body tem- 
perature  to 4-5@C and, in the species studied in this investigation (the red-cheeked suslik, Citellus erythrog- 
enus Br.), by absence of exogenous feeding for a long period (up to 7-8 mouths). The study of the morphology 
of the stomach during hibernation, when specific secretory function is absent, is therefore of considerable 
interest, more especially because no research of this kind at the electron-microscopic level could be found 
in the accessible l i terature.  

The object of this investigation was to compare the ul trastruture of parietal cells of the red-cheeked 
�9 suslik killed in summer (i.e., in the active period) after starvation for 24 h, and during hibernation (December, 
January, or early February). 

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

The t issue was fixed with 4% paraformaldehyde solution, postfixed with 1% osmic acid solution, and 
embedded in a mixture of Epon and Araldite. Ultrathin sections were stained with uranyl acetate and lead 
citrate and examined in the JEM-100C electron microscope. Parietal cells along the whole length of the fundal 
glands in the region of the body of the stomach were studied. A comparative morphometric analysis was made 
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TABLE 1. Morphometr ic  Cha rac t e r i s t i c s  of 
Par ie ta l  C ells f rom Middle Por t ions  of Neck 
of Fundal Glands (M 4- m) 

Index 

Area of cell, /,2 
Area of nucleus in call, % 
Area of mitochondria in 

cytoplasm, % 
Area of mbulovesieles in 

cytoplasm. % 
Area of nucleus in 

cy.toplasm, % 
Surface density of mem- 

branes on tubulovesieles, 

Surface density of secretory 
membranes, * 

Surface density of inner 
membranes,~f 

Surface density of all cell 
~ " 

No. df lysosomes per section 
through cell 

Summer 
period 
(n = 70) 

110-+-3,77 
15-+0,59 

23,21~0,BI 

36,ti-+0,67 

0,91-----0,15 

2,03-+-0,04 

2,7I--0,06 

0,62~0,02 

3,35~0,06 

1,17-+0,20 

Hibernation 
(n = 50) 

55,6--2,1 
24,67-- + 1,44 

42,24-+ 1,33 

9,3-+0,87 

0,84-+0,22 

0,61~0,06 

2,33-+0,! l 

1,44-----0,10 

3,78-+0,15 

1,36• 

*Secre to ry  membranes  include apical p las -  
ma l em ma  and membranes  of tubulovesicles  
and in t race l lu lar  tubules.  
Sinner  membranes  include la tera l  and basal 
p la smalemma.  

Fig.  I .  Par ie ta l  cell f rom middle port ion of neck of fundal gland ( i0 ,000•  A) Active 
state; B) s tate  of deep hibernation,  i) Nucleus; 2) mitochoncL~ia; 3) tubulovesicles;  4) 
s e c r e t o r y  tubules; 5) lysosome;  6) fat. 

of par ie tal  cei ls  in the middle por t ions  of the neck of the gland, for  which purpose  seven and five ceils  were  
selected at random f rom each of  10 g r ids  with sections of t i ssue  f rom active and hibernating animals  r e s p e c -  
t ively,  P r i m a r y  p a r a m e t e r s  were  counted with a final magnificat ion of the negatives of 20,000 t imes ,  with the 
aid of  a square  t e s t  g r id  with a step of  1 cm.  
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Fig. 2. Par t  o f a  parietal  cell from middle 
portion.of neck of fundal gland. Deep hi- 
bernation (17,000 x). 1) Mitochondria; 2) 
tubulovesicles; 3) secre tory  tubule; 4) folds 
of lateral  plasmalemma; 5) accessory  cell. 

EXPERIMENTAL RESULTS 

Hibernation, as light microscopy shows, leads to  marked changes in the whole of the digestive apparatus 
in mammals of various species [2, 3, 5, 8]. In the red-checked suslik, in particular,  the glands are  shortened, 
their  mucous membrane becomes thinner, and changes in the gland cells and histochemical changes a re  ob- 
served [2]. 

Both in the active state and during hibernation the u l t ras t ructure  of the parietal  cells is determined by 
the  stage of the life cycle, which is connected with the location of the cells along the length of the gland. In 
the  region of the isthmus and the upper portions of the neck of the glands, young parietal cells a re  found. In 
the course of maturation and migration downward the level of development of the secre tory  membranes in- 
c reases  progressively and the number of polysomes and c is terns  of granular cytoplasmic reticulum (GCR) 
is reduced. In the middle portions of the neck of the gland the parietal  cells show signs of maximal secretory 
activity.  As they migrate further  along the gland the level of development of the secre tory  membranes of the 
parietal  cells gradually falls, whereas the number of lysosomes and the area of cytoplasm occupied by f ree  
r ibosomes a re  increased.  In the terminal  portions of the gland the parietal cells come to the end of their  
existence. 

For  a comparative analysis of the parietal cells in different seasons of the year  mature  cells with maxi-  
mat functional activity located in the middle portions of the neck of the gland were studied. The secre tory  
apparatus (secretory membranes) of these cells  in active anirns!s consists of intraceUular tubules, an apical 
plasmalemma, and numerous tubulovesicles formed by smooth membranes,  occupying the main part  of the 
cytoplasm and displacing the large miiochondria toward the nucleus and to the periphery of the cell (Fig. la).  
The membranes of the tubulo~esicles account for about th ree-quar te rs  of the total area of the secre tory  mem-  
branes (Table 1). The cytoplasm of the parietal cells also contains solitary cis terns of GCR and lysosomes, 
and the poorly developed Golgi complex consists of several  flat cisterns and small vacuoles. Droplets of fat 
a re  frequently seen. 

During the period of hibernation the parietal cells a re  greatly reduced in size (Table 1). Their  cyto- 
plasm becomes extremely dense and contains numerous f ree  r ibosomes.  The most noteworthy features by 
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comparison with the active state are  changes in the secre tory  membranes.  The number of tubulovesicles 
varies  in different cells: They are few in number and polymorphic and they often contain osmiophilic inclu- 
sions (Fig. 1B). The membranes of the tubulovesicles account for  only one-quarter  of the area of the secre-  
tory membranes,  the grea te r  part  of which consists of numerous microvil l i  and secre tory  tubules. The 
secre tory  tubules of different cells differ in their  degree of dilatation. Compared with the active state, the 
surface area  of the inner membranes,  including the lateral  and basal plasmalemma (Table 1), is greatly in- 
creased.  This increase  takes place on account of the appearance of well-developed folding; the folds of 
plasmalemma, with dense cytoplasm contained between them, give the appearance of long microvill i  (Fig. 2). 
The mitochondria of most parietal ceils in the period of hibernation, justas  in the active state also, have a 
dense matr ix  and numerous cr i s tae .  During hibernation, however, mitochondria with different degrees of 
dilatation of the intracris tal  space are  often found. The number of lysosomes does not change significantly 
daring hibernation (Table 1). The Golgi complex in the parietal cells of hibernating susliks consists of vacuoles 
of various sizes,  but no fiat c is terns  a re  present .  The ul t ras t ructure  of the parietal cells as described above 
does not change appreciably throughout the period of hibernation. 

During hibernation not only were considerable changes found in the s tructure of the parietal cells,  but 
cell forms not found in the active period also appeared. For  instance, in the terminal portions of the glands 
parietal  cells with grossly dilated tubules, resembling a hugh vacuole were found, together with cells r e s em-  
bling in their  s t ructure  the young forms of parietal cells found in the upper regions of the neck of the glands. 

Disappearance of the tubulovesicles from the parietal  cells has been found in man after prolonged 
starvation, when, just as during hibernation, hydrochloric acid secretion is absent [1, 4]. However, as mor -  
phometric analysis showed, redistr ibution of the membranes takes place in the parietal cells of the suslik: 
The ratio of the surface area of the membranes of the tubulovesicles and of the secre tory  tubules is reversed  
during hibernation. Par t  of the membrane r e se rve  is concentrated in the folds of the lateral  and basal plas- 
malemma..  It is interesting to note that the surface density (surface area of the membranes per  unit volume 
of cytoplasm) of all cell membranes during hibernation was not reduced compared with the active state, pos- 
sibly on account of a decrease  in the volume of the cytoplasm. 

The study of structural  changes in the membranes of the parietal cells of mice and dogs in the course 
of secretion has also shown that not only membranes of the intraceilular tubules and tubulovesicles, but also 
the basal and lateral  plasmalemma take part  in them. Budding of tubulovesicles from the folds of the basal 
plasmalemma, followed by their  detachment, have also been observed [7, 9]. 

The redistr ibution of membranes in the parietal  cells of the suslik daring hibernation, as described 
above, is evidently an adaptation enabling the membrane rese rves  of the cell to be preserved for subsequent 
res tora t ion on awakening. 

Unlike prolonged starvation in man [1, 6, 10], during hibernation the number of lysosomes in the parietal 
cells does not increase  and fatty infiltration is not observed. The absence of dystrophic changes in the parietal 
cells of the suslik is evidently due to some degree to the action of the temperature  factor, and also to the 
presence  of adaptive mechanisms aimed at preserving the cell population and the potential secre tory  powers 
during hibernation. 
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