
pits of the glands, followed by widening of the zone of the ~)recursor cells along the gastric glands, as far as 
the basal portions. These changes must be regarded as a protective and adaptive response to damage to the 
gastric epithelium by aspirin. 
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F U N C T I O N A L  M O R P H O L O G Y  OF T H E  S U B M A X I L L A R Y  S A L I V A R Y  

G L A N D S  D U R I N G  AGE I N V O L U T I O N  IN A L B I N O  R A T S  

M. G. R y b a k o v a  UDC 612.673.13 

A quantitative study was made of the morphological and functional character is t ics  of different 
parts of the submaxillary salivary glands of albino rats  in different stages of involution of the 
neuroendocrine system, During aging the salivary gland function of ra ts  is preserved, and 
just as in young animals, c lear  cyclic fluctuations are  observed depending on the phases of the 
estrous cycle, although the basal level of proteins and mucopolysaccharides is reduced, to 
correspond on average to the minimal found in young animals. Meanwhile activation of the 
enzymes responsible for energy and transport  processes  in the cell is observed and relations 
between the enzymes are  altered. The results  prove that the salivary glands are connected 
with the endocrine system and they confirm the view that in early age involution what occurs 
is not so much a change of function as a disturbance of relations between the different indices 
of functional activity of the organ. 

KEY WORDS: salivary glands; enzymes; involution; estrous cycle. 

Age involution of the salivary glands is an interesting problem. This is because of the diversity of their  
function (the saliva contains enzymes responsible for starting the digestive process in the mouth, it has pro-  
tective propert ies  due to the presence of lysozyme and IgA [2]); there  is also evidence of an internal secre tory  
function of the salivary glands and of their  connections with other  endocrine glands, including the gonads [9]. 

There  are  as yet few data on age changes in the structural and histochemical indices of salivary gland 
function in animals of different species and in man. It has been shown that during age in~lut ion the type of 
secretion in all salivary glands varies ,  usually to the mucous type, giving grea te r  protective properties [10, 
14], many intercalated ducts are  formed, and acid phosphatase and succinate dehydrogenase activity are  r e -  
duced, whereas the number of terminal  portions undergoing lipomatous changes is increased [15]. There  is 
also evidence that with age proteolytic enzyme activity in the salivary glands of rats  increases [1]. 

Department of Pathological Anatomy, I. P. Pavlov F i r s t  Leningrad Medical Institute. (Presented by 
Academician of the Academy of Medical Sciences of the USSR V~ K. Kulagin.) Translated from Byulleten' 
I~ksperimental~oi Biologii i Meditsiny, Vol. 88, No. 12, pp. 736-739, December, 1979. OrigInal art icle sub- 
mitted October 16, 1978. 
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Fig. 1. Changes in enzyme activity and p ro-  
tein and mucopolysacchar ide  content in 
te rminal  port ions of submaxi l lary  sa l ivary  
glands of albino ra t s  during es t rous  cycle  
in young (A) and aging (B) animals.  Here  
and in Figs.  2 and 3: 1) proteins;  2) PAS 
reaction;  3) NADP; 4) u -LAP;  5) IDH; 6) 
NAD; 7) MDH; 8) es te rase ;  9) AlP; 10) DNA; 
11) RNA. Abscissa ,  phases of es t rous  cycle:  
E) es t rus ,  M) metes t rus ;  D) d ies t rus ,  P) 
p roes t rus ;  ordinate ,  optical density of r e -  
action prodncts  (in re la t ive  units).  

The object of the present investigation was to study the morphological and functional characteristics of 
the different portions, with their different functions, of the submaxillary salivary glands of albino rats at 
different stages of involutionary modification of the endocrine system. 

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 24 noninbred female  albino ra t s  aged 12-14 months and weighing 200- 
220 g. This  per iod  for  r a t s  is s tated in the l i t e r a tu r e  by some worke r s  to be a per iod of matur i ty  [3], but by 
o thers  as a per iod  cha rac t e r i z ed  by fea tures  of  involut ionary modification of the nenroendocr ine  sys tem [4, 6], 
with changes in the genera t ive  function (reduction in s ize  of the l iver)  and an inc rease  in the durat ion of the 
es t rous  cycle  to 7-8 days because  of lengthening of the d ies t rus  phase.  Th e  phases  of  the  es t rous  cyc le  were  
de te rmined  h-om the cytological  p ic ture  of vaginal sm ea r s  and the histological  s t ruc tu re  of the vaginal epi-  
thel ium.  The  control  consis ted  of 24 young ra t s  aged 4-5 months and weighing 130-150 g. The mate r ia l  was 
obtained, s tored,  and invest igated with all n e c e s s a r y  precaut ions  [5]. To a s se s s  the functional s tate  of the 
sa l ivary  glands the combination of his tochemical  methods developed previous ly  was used, followed by quanti-  
ta t ive  analysis  of the data [8]. 

EXPERIMENTAL RESULTS 

The  study of  the principal  indices of s e c r e t o r y  activity of the sa l ivary  glands and s imple  prote ins  and 
mucopolysacchar ides  in the t e rmina l  s e c r e t o r y  port ions showed that in aging animals ,  just  as in young ra t s ,  
f luctuat ions in the content of these  substances depending on the phases of the es t rous  cycle  were  p re se rved .  
However ,  the amplitude of f luctuations in the mean indices was much g r e a t e r ,  but the basal level  of secre t ion  
was lower  in all phases  of the cycle  and, in par t icular ,  in d ies t rus  {Fig. 1). Two inc reases  in the content of 
prote in  and mueopolysacchar ides  also were  obse rved  in aging animals ,  but whereas  in young animals  the 
highest  peak o c c u r r e d  in the phase of p roes t rus ,  in the aging r a t s  it  was observed  in me te s t r a s .  The mean 
indices of NAD-diaphorase  and mala te  dehydrogenase  (MDH) act ivi ty - enzymes  determining the functional 
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Fig.  2. Changes  in enzyme act ivi ty and 
pro te in  and mucopo lysaccha r tde  content  ha 
in te rca la ted  ducts of submax i l l a ry  s a l i v a r y  
glands of  albino r a t s  during e s t rous  cycle  
in young {A) and aging (B) an ima l s .  

s ta te  of  the mi tochondr ia  - we re  h igher  than in young an imals ,  but the  ampli tude Qf the i r  f luctuations during 
the  phases  of the  e s t rous  cycle  was main ta ined .  Changes  in the mucopo lysacchar ide  and pro te in  content  in 
young an imals  were  accompanied  as  a ru l e  by synchronized  f luctuat ions of NAD-diaphorase  and MDH act iv i ty .  
These  gene ra l  p r inc ip les  did not hold g~od in the aging an imals .  F o r  ins tance ,  a fall in the mucopo lysaccha -  
r ide  and pro te in  content in d ies t rus  was accompanied  in them by i n c r e a s e d  MDH act ivi ty  and reduced  NAD- 
d i aphorase  act ivi ty .  A s r e g a r d s  indices  of i n t r ace l lu l a r  synthes is  - NADP-d i apho ra se  and i soc i t r a t e  dehydrogen-  
a s e  (IDtt) act iv i ty  - the f o r m e r  was p rac t i ca l l y  unchanged in aging r a t s  c o m p a r e d  with young, whereas  the 
l a t t e r  was reduced  a l m os t  by half .  The  i n c r e a s e  in the  indices  of  s e c r e t o r y  act ivi ty  of  the t e rmina l  por t ions  
a lso  was c l e a r l y  inverse ly  propor t ional  to act ivi ty  of nonspecif ic  indices  of in t r ace l lu la r  syn thes i s .  S imi la r  
r e la t ionsh ips  were  found on ana lys i s  of  act iv i ty  of hydrolyt ic  enzymes .  A d e c r e a s e  in the  mucopo lysaecha r ide  
and pro te in  content in the  ce l l s  of  the  t e rmina l  s e c r e t o r y  por t ions  was accompanied  by an i n c r e a s e  in alkal ine 
phospha tase  (ALP) and c~- leucine-aminopept idase  ( a -LAP)  act ivi ty.  The  r e su l t s  of the  study of nucleic acids 
in the t e rmina l  por t ion of the submax i l l a ry  s a l i v a r y  glands of  aging an imals  a r e  evidence of a ve ry  smal l  de-  
c r e a s e  in the i r  content and of  a change in the  d i rec t ion of the f luctuations,  espec ia l ly  in d ies t rus .  

M o r e  m a r k e d  f luctuat ions in the mean  va lues  of  the mucopo lysaccha r ide  and p ro te in  content a lso  were  
found in the in t e rca ta t ed  ducts of  the  submax i l l a ry  s a l i va ry  g lands  of  the aging r a t s  than in young an imals  
(Fig. 2). The  max imal  p ro te in  content  was o b s e r v e d  in e s t ru s ,  whe rea s  in the  r ema in ing  phases  of the e s t rous  
cyc le  t h e r e  was a tendency for  i t  to d e c r e a s e .  Changes  in the act ivi ty  of hydrolyt ic  enzymes  and dehydrogen-  
a se s  showed the s a m e  pa t t e rn  as  in the  t e rmina l  s e c r e t o r y  por t ions  of  the submaxi l l a ry  s a l i va ry  glands of the  
aging an imals ,  but with m o r e  m a r k e d  deviat ions (Fig. 2). 

A cons ide rab le  d e c r e a s e  in the p ro te in  and mucopo lysaccha r ide  content  - by half  c o m p a r e d  with that  in 
young an ima l s  - also was o b s e r v e d  in the s t r i a t ed  ducts of aging r a t s ,  e spec ia l ly  in the d i e s t rus  phase  (Fig. 
3). NADP-d iaphorase  ac t iv i ty  in t he se  an ima l s  also was reduced  c o m p a r e d  with young r a t s ,  and the  d i rec t ion  
of the changes  was opposi te ,  with a tendency fo r  the intensi ty  of the reac t ion  to diminish in d ies t rus  and p r o -  
e s t r u s .  The  study of act iv i ty  of hydrolyt ic  enzymes  showed tha t  i ts  changes  were  i n v e r s e l y  propor t iona l  to 
f luctuat ions in the pro te in  and mur  content  in all  phases  of  the e s t rous  cyc le .  The content  of 
nucleic acids ,  e spec ia l ly  DNA, was reduced  ha the aging an imals ,  as  a lso  was the  ampl i tude of the f luctuat ions 
ha all phases  of the  e s t rous  cycle .  
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Fig. 3. Changes in enzyme activity and pro-  
tein and mucopolysaccharide content in s t r i -  
ated ducts of submaxillary salivary glands 
of albino rats  during estrous cycle in young 
(A) and aging (B) animals. 

In all parts  of the submaxillary salivary glands of aging rats  the basal level of proteins and mucopoly- 
saccharides was thus reduced, and on average their content corresponded to the minimal level in young ani- 
mals.  Meanwhile activation of enzymes responsible for intracellular  energy and transport  processes  was 
observed and the relations between them were changed. The range of cyclic fluctuations in the mean values 
of these indices was grea te r  in the aging animals. These fluctuations were brought about by changes in the 
functional state of the majority of cells. A mosaic pattern of enzyme activation also was observed in the aging 
animals, but the focal distribution of the response was more  marked with age. 

Hence, in the stages of early age involution of the neuroendocrine system the function of the salivary 
gland in rats  is preserved,  cyclic fluctuations depending on the phases of the estrous cycle can be identified, 
but the indices of secre tory  function are  depressed, especially in the intercalated and striated ducts which, 
according to data in the l i terature,  are  linked in ra ts  with hormone synthesis [12, 13] and, more  than any other 
portions, can change in response to readjustments in the endocrine system. The same relations are  formed 
in the salivary glands as in the endocrine organs: during aging it is not so much function that is depressed as 
that relations between the different indices of functional activity of the organs are  disturbed [6, 7]. It can be 
concluded from the resul ts  of these experiments that in the salivary glands of ra ts ,  before any t rue aging takes 
place and before marked structural  changes have occurred,  disturbances of metabolism arise and are  mani- 
fested as changes in the basic indices of salivary gland function. 
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