
I N V E S T I G A T I O N  O F  T H E  C A P I L L A R I E S  O F  T H E  

R A T  P A R O T I D  G L A N D  D U R I N G  A 3 - h  S E C R E T O R Y  

S. A.  G u s e v  

C Y C L E  

UDC 612.322.1/.7+612.332.7]-07:[612o 
135:612.313 

Pr inc ip les  governing changes  in d iamete r  of the lumen and a r e a  of the endothel ium of cap i l -  
l a r i e s  in the paro t id  sa l iva ry  gland of r a t s  with an exper imenta l ly  es tabl i shed 3-h  s e c r e t o r y  
cycle,  and also during c i r cu l a to ry  i s chemia  of the organ for 5 rain, were  studied. The d i a m e -  
te r  of the lumen and a r e a  of the endothel ium o[ the cap i l l a r i e s  changed ve ry  l i t t le  with the 
phase  of the s e c r e t o r y  cycle .  Occlusion of the common caro t id  a r t e r y  for 5 rain l ikewise did 
not change the d i am e t e r  of the lumen or  the a r e a  of the endothelium of the cap i l l a r i e s .  The 
r e s u l t s  suggest  that the inc rease  in the t r anscap i l l a ry  blood flow during secre t ion  can be ex -  
plained by the r ec ru i t i ng  of m o r e  cap i l l a r i e s  into the circulat ion.  
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occlusion of caro t id  a r t e ry ;  s e c r e t o r y  cycle.  

The p r o c e s s  of format ion  and d i scharge  of the sec re t ion  in the parot id  s a l i va ry  gland is  c lose ly  bound 
up with the c h a r a c t e r i s t i c s  of the t r anso rgan  blood flow. These  c h a r a c t e r i s t i c s  a re  pecul iar  in that during 
the s e c r e t o r y  cycle  there  is a red i s t r ibu t ion  of blood between the channels of the shunting and nutr i t ive blood 
flow. The facts  show that despi te  an abudance of jux tacap i l l a ry  communica t ions  [5, 7, 9, 11], the t r anscap i l -  
l a ry  blood flow is  cons iderab ly  intensified during pe r iods  of sec re t ion  [6, 8]. Since an inc rease  in the t r a n s -  
organ blood flow through the cap i l l a r i e s  can be produced in var ious  ways  (by an inc rease  in the d i ame te r  of 
the lumen of the cap i l l a r i e s ,  r ec ru i t ing  of a p rev ious ly  nonfunctioning "closed" cap i l l a ry  into the c i r c u l a -  
tion, and also a change in the p r e s s u r e  gradient  in the m i c r o c i r c u l a t o r y  sys tem),  compar i sons  of data ob- 
tained by phys io logis t s  for  the level  of the t r anso rgan  blood flow in the gland during l iberat ion of secre t ion  
with the morphologica l  c h a r a c t e r i s t i c s  of the cap i l l a r i e s  can shed light on the concre te  mechan i sm of the 
inc rease  in t r a n s c a p i l l a r y  blood flow in the parot id  s a l i v a r y  gland. 

The object  of this  invest igat ion was  to study changes in the d i ame te r  of the lumen and a r ea  of the en-  
dothel ium of cap i l l a r i e s  of the parot id  gland in r a t s  with an exper imenta l ly  es tabl i shed 3-h  food cycle .  

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

A 3-h  food cycle  was es tab l i shed  in male  r a t s  weighing 140-150 g in accordance  with B r o d s k i i ' s  r e c -  
ommendat ion [2]. Mater ia l  was  taken before  feeding (0), immedia te ly  af ter  feeding (A), and 10, 20, 40, 60, 
and 120 rain af ter  feeding. Four  an imals  were  invest igated in each  phase  of the s e c r e t o r y  cycle.  To p r o -  
duce c i r cu l a to ry  i s chemia  of the organ,  a l iga ture  was  applied to the common caro t id  a r t e r y  of two r a t s  un-  
der  pentobarbi ta l  anes thes ia ,  the l iga ture  was tied and ma te r i a l  taken f rom the i schemie  gland 5 min la te r .  
The exper imen ta l  m a t e r i a l  was  fixed with 2 % glutaraldehyde solution and subsequently t r ea ted  by the usual  
methods of e lec t ron  mic roscopy ,  then embedded in Araldi te .  Ul t ra thin sect ions  were  examined and photo- 
graphed in the Hitachi 11-2 e lec t ron  mic roscope  with an acce le ra t ing  voltage of 75 kV. Quantitative analy-  
s is  of the r e s u l t s  was  c a r r i e d  out in accordance  with the basic  p r inc ip les  and methods  of s te reo logy  [1, 3]. 
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TABLE 1. Diameter of Lumen mad Area of Endothelium of 
Capillaries in Parotid Gland of Rats at Various Phases  of the 
Secretory Cycle (M • m) 

Times Capillary divided at level of Capillaries divided at level of 
"after marginalzone ofendothelial cells nuclei of endothelial cells 
feeding (in rain) diameter of area of endo- diameter of area of endo- 

lumen meltum lumen theliurfi 

0 
A 
10 
20 
40 
60 

120 

3,86-+ 0,36 
4,61-----0,22 
3,95• 
3,88-+- O, 15 
3,63--0,39 
3,82--0,2 
3,99-+0,28 

5,23• 
6,6-+0,54 
5,7• 

5,07• 
6,64--+0,39 
6,71• 
6,1-+0,63 

4,2-+0,3 
3,92-+0,4 
3,96--0,51 
3,44-+0,2 
3,99----- O, 57 
4,27-+ 0.4 
3,91--0,41 

15.22--- + 1,47 
15.68• 1,84 
17,05-- 1,55 
13.11• 1,23 
14,2-+ 1,54 
13,54~ 1,01 
15,9-+ 1,9 

TABLE 2. D i a m e t e r  of L u m e n  and A r e a  of Endo t he l i um of 

C a p i l l a r i e s  in P a r o t i d  Gland d u r i n g  3 - h  S e c r e t o r y  Cycle  and af ter  
C i r c u l a t o r y  I s c h e m i a  of the Gland for 5 m i n  

Index 
3-h food cyete C~reulatory ischemia 

number 
of obser- 
vations 

I 

Diameter of lumen ] 300 
4 

Area of endothelium ] 
of anuelear fragments ] 
of capillaries - t 181 

Area of endothelium of[ 
nuclear fragments of 
capillaries 119 

o 
number I o ,~.~ 

M + m of obser- M § m ~ o - -  - -  r  ! 

vations ~o .~ 

3,98+--0,08 

5,98-+0,22 

14,99--+0,56 

30 

20 

10 

3,61~0,22 

6,2-+0,83 

13,46 + 1,87 

1,58 

0,06 

0,6 

0,05 

>0,05. 

>0,05 

Note.  The a b s e n c e  of a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r ence  b e -  
t~veen the d i a m e t e r s  of the blood c a p i l l a r i e s  d ivided at  the l e ve l  
of nuc l e i  of the endo the l i a l  c e l l s  and of c a p i l l a r i e s  divided at  the 
l eve l  of the m a r g i n a l  zones  of the endothe l ia l  c e l l s  m a k e s  i t  p o s s i -  
b le  for t hem to be pooled for c o m p a r a t i v e  a n a l y s i s .  The r e l a t i v e  
i n v a r i a n c e  of the p a r a m e t e r s  s tud ied  at the d i f f e r en t  p h a s e s  of the 
s e c r e t o r y  cycle  m e a n t  that  for  c o m p a r a t i v e  a n a l y s i s  i t  was  p o s s i -  
b le  to use  the m e a n  value  of these  p a r a m e t e r s  ca l cu la t ed  af ter  poo l -  
ing of al l  m e a s u r e m e n t s  i r r e s p e c t i v e  of the phase  of the s e c r e t o r y  
cycle .  

All  m e a s u r e m e n t s  w e r e  made  on a m o r p h o m e t r i c  appa ra tu s ,  u s i ng  a squa re  g r id  with a s tep of i c m  2. The 
a r e a  of the l u m e n  of the c a p i l l a r y  and the a r e a  occupied  by endo the l ium w e r e  m e a s u r e d  on s u r v e y  photo-  
g r a p h s  of s e c t i o n s  th rough  the c a p i l l a r i e s .  The d i a m e t e r  of the c a p i l l a r y  l u m e n  was  ca l cu l a t ed  f rom the 
c o r r e s p o n d i n g  a r e a  by the equa t ion  

Dlumen =2]//Slu~.-=n_ �9 . 

Since the p l a n i m e t r i c  c h a r a c t e r i s t i c s  of c a p i l l a r i e s  d iv ided  at  the l eve l  of the n u c l e u s - c o n t a i n i n g  zone 
of the endo the l i a l  c e l l s  and d iv ided  at  the l eve l  of the m a r g i n a l  zone of the endo the l i a l  c e l l s  differ  c o n s i d e r -  
ably,  the c o r r e s p o n d i n g  quan t i t a t ive  da ta  w e r e  ana lyzed  s e p a r a t e l y .  

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

The r e s u l t s  (Table  1) sugges t  that  the d i a m e t e r  of the c a p i l l a r y  l u m e n  i s  only  v e r y  s l ight ly  dependent  
on the p r e s e n c e  or  a b s e n c e  of a n u c l e u s  in the sec t ion ,  a l though the a r e a  of p a r t s  of the endo the l ium c o n -  
t a in ing  nuc le i  i s  much  g r e a t e r  than  the a r e a  of anuc leax  f a c t o r s  of the endo the l tum.  The m e a n  v a l u e s  of 
the d i a m e t e r  of the m~cleus and a r e a  of the endo the l ium v a r i e d  a l m o s t  independen t ly  of the p h a s e s  of the 
s e c r e t o r y  cyc le .  The v a r i a b i l i t y  of these  p a r a m e t e r s  a l so  r e m a i n e d  unchanged  and the coef f ic ien t  of v a r i a -  
t ion  in m o s t  c a s e s  d id  not  exceed  50~%. 
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It is difficult to ha rmonize  these  r e s u l t s  with obse rva t ions  of physiologis ts  indicating a tenfold in- 
c r e a s e  in the t r anscap i l l a ry  blood flow during l iberat ion of the secre t ion  [8]. Since no definite changes  could 
be found in the d i am e t e r  of the cap i l l a ry  lumen in the p r e sen t  expe r imen t s  in the va r ious  phases  of the s e -  
c r e t o r y  cycle  of the s a l i va ry  gland, the inc rease  in the nutr i t ive  blood flow can be explained on the a s s u m p -  
tion that the a r e a  of the cap i l l a ry  lumen is r e l a t ive ly  independent of the intensi ty of the cap i l l a ry  h e m ,  dy-  
namics  and is  de t e rmined  by other  f ac to r s  [4, 10]. Hence, it follows that the d iamete r  of the lumen of cap i l -  
l a r i e s  per fused  with whole blood ought not to change when the blood flow through them steps.  

To tes t  this  hypothesis  expe r imen t s  were  c a r r i e d  out in which the c i rcula t ion  in the p a r , r i d  gland was 
comple te ly  blocked for 5 rain. Since the blood flow through the cap i l l a r i e s  was comple te ly  stopped, they 
could be r ega rded  as nonfunctioning ("closed").  Because  of the exper imenta l  conditions the development  of 
in t race l lu la r  edema in the endothelium of the "closed" cap i l l a r ies ,  one of the f i r s t  s igns of i schemic  cell  
damage,  should have been expected.  However,  analys is  of the exper imen ta l  m a t e r i a l  showed no i schemic  
in t race l lu la r  edema  mani fes ted  as  t rans lucency  of the ma t r i x  of the cy toplasm.  This  was conclusively  con-  
f i rmed  by the absence  of s ta t i s t ica l ly  signficant d i f fe rences  between the a r e a  of the endothel ium and the 
d i ame te r  of "c losed" and functioning cap i l l a r i e s  in the parot id  gland (Table 2). Conseqeuntly,  occlusion of 
the common carot id  a r t e r y  for 5 min does not cause  i schemic  damage  of the endothelial  ce l l s  and enables  
the effect  of a change in the level  of the h e m , d y n a m i c s  on the p a r a m e t e r s  to be analyzed. There  a re  also 
grounds for cons ider ing  that the d i ame te r  of the cap i l l a ry  lumen is independent of the intensi ty  of the blood 
flow in them.  The inc rease  in the t r an s cap i l l a ry  blood flow during the per iod of d i scharge  of the secre t ion  
by ' the  parot id  sa l iva ry  gland ce l l s  can the re fo re  be explained by the rec ru i t ing  of a l a r g e r  number  of cap i l -  
l a r i e s  into the c i rcula t ion.  
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