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An excess  of thyroid hormones  d e p r e s s e s  the synthes is  of sulfomucins  in the gas t r i c  gland 
cel ls  of albino ra t s ,  apprec iab ly  inhibits the synthes is  of s ia lomucins ,  but has l i t t le  e f fec ton  
the content of neu t ra l  mueopo lysacehar ides .  Thyro idec tomy or admin is t ra t ion  of 6 - m e t h y l -  
th iouraef l  leads to an i nc r ea s e  in the content of all  these compounds.  

The ro le  of thyroid hormones  in the s e c r e t o r y  act ivi ty of the s tomach  and, in pa r t i cu la r ,  the i r  influ-  
ence on glyeoprote in  synthes is  a re  st i l l  unexplained, and conflicting r e su l t s  have been obtained by different  
worke r s .  Depress ion  of thyroid function by methyl th iourac i l  has been shown [3] to give good cl inical  r e su l t s  
in pat ients  with chronic gas t r i t i s  and gas t r i c  u lcer ,  by increas ing  the content of mucopo lysacehar ides  in the 
s tomach,  for  these  subs tances  a re  an impor tan t  p ro tec t ive  fac tor  of the organ [1, 6, 11, 12]. S imi lar  r e -  
sa l t s  have been obtained in exper iments  on r a t s  [4], in which a dec r ea se  in the number  of u lcers  produced 
in the gas t r i c  mucosa  by Shay 's  method was observed  a f te r  adminis t ra t ion  of methyl th iourac i l  or  a f te r  
thyroidectomy.  On the other  hand, Lipovskii  [5] a s s e r t s  that  thyroidec tomy in ra t s  is followed by man i fe s -  
tations of des t ruct ion of the glandular  appara tus  of the s tomach  and by a sha rp  d e c r e a s e  in the content of 
mucoid sec re t ion .  

It  was accordingly decided to examine the changes in the content of mucopolysacchar ides  in the gas t r ic  
mucosa  of albino ra t s  with exper imenta l  hypo- and hyper thyro id i sm.  Attention was concent ra ted  on analysis  
of the individual f rac t ions  of epithelial  mueins :  s ia lomucins ,  sulfomucins,  and neut ra l  mucopo lysacchar ides .  
Another fea ture  se lec ted  for  study was the types of  cel ls  which a r e  r e spons ib le  for the sec re t ion  of these  
compounds,  because  there  is no genera l  a g r e e m e n t  in the l i t e ra tu re  on this question [2]. 

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

Hypothyroid ism was produced in noninbredalbino ra t s  weighing 120-150 g by total  thyro idec tomy (30 
animals)  o r  by daily o ra l  admin is t ra t ion  of 6 -methyl th iourae i l  (6-MTU) fo r  10 days through a specia l  
tube in a dose of 50 mg/100  g body weight (40 an imals ) ;  hyper thyro id i sm was produced by adminis t ra t ion  of 
thyroid under  the s a m e  conditions in a dose of 50 mg/100 g body weight (40 animals) .  For  each of the ex-  
pe r imen ta l  groups 30 control  animals  of the cor responding  sex and weight, kept under the s a m e  conditions 
and rece iv ing  the s a m e  food, were  taken. Near  the end of the exper imen t  the r a t s  we re  kept for 36 h on a 
min imal  diet (water ad lib.), and under e ther  anes thes ia  smal l  p ieces  were  excised f rom the wall of the 
th ree  different  pa r t s  of the s tomach  and i m m e r s e d  in Shabadash 's  neut ra l  f ixative [8]. Paraf f in  sect ions  
were  t rea ted  by h i s toehemica l  methods :  different ial  staining of neut ra l  mucopolysacehar ides  byShabadash ' s  
method, staining for  acid mucopo lysacchar ides  with colloidal  iron by Ha le ' s  method,  with toluidine blue at  
different  pH values,  and with aleian blue at pH 1.0 and 2.5 by Sp ice r ' s  method [13]. Control  sect ions were  
t r ea t ed  with t es t i cu la r  hyaluronidase ,  with amylase ,  by vigorous methylat ion,  and by methyla t ion followed 
by saponif icat ion [14]. The s ta te  of hypo- and hype r thy ro id i sm was ver i f ied  by the change i n b a s a l m e t a b o l i s m ,  
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Fig. 1. Neut ra l  mucopo lysaccha r ides  in the gas t r i c  
m u c o s a  of r a t s .  Shabadash ' s  s taining method (PAS 
react ion) ,  112.5• pho tomicrograph :  a) fundal p o r -  
tion in controls  ; b) in hypothyroid animals  ; c) in hy- 
pe r thyro id  an imals ;  d) pylor ic  por t ion in con t ro l s ;  
e) in hypothyroid an imals  ; f7 in hyper thyro id  animals .  

p r e s s u r e  at the momen t  of tes t ing [9]. 
the end of the exper iment .  

Fig. 2. Sialomucins in the gas t r i c  m u c o s a  of 
r a t s .  Alcian blue, pH 2.5, 112.5• pho tomic ro -  
graph:  a) fundal port ion,  control ;  b) in hypothy- 
roid ra t ;  c) in hyper thyroid  r a t ;  d) pylor ic  p o r -  
tion, control ;  e) in hypothyroid ra t ;  f) in hype r -  
thyroid ra t .  

which was de te rmined  in the exper imenta l  (except 
the thyroidectomized)  animals  and the controls  in 
a Krogh ' s  appara tus  and expres sed  in mi l l i l i t e r s  of 
oxygen absorbed  pe r  hour, with al lowance for the 
t empe ra tu r e ,  the a i r  humidity, and the ba rome t r i c  

A fur ther  his tological  examinat ion of the thyroid glands was made at 

EXPERIMENTAL RESULTS 

Feeding 6-MTU to the rats as indicated above led to a decrease of 56.8% in the oxygen consumption 
by the end of the experiment, while the oxygen consumption of the animals receiving thyroid was increased 
on the average by 29.6% over the control. The content of mucoid compounds was represented by the follow- 
ing notation: very strong reaction ++++, strong +++, moderately strong ++, weak +, and indefinite reaction • 

The investigation showed that, except for the chief cells, all other types of glandular cells gave a re- 
action for neutral mucopolysaccharides (PAS reaction), but the intensity of their staining varied in different 
types of cells. The strongest reaction was obtained in the apical parts of the cytoplasm of the surface epi- 
thelium., the epithelium covering the gastric pits, and in the mucus lying on their surface (++++7. In the 
zone of the fundal glands the content of PAS-positive material was greatest in the surface epithelium of the 
mucous membrane, while in the pyloric part it was greatest in the gastric pits. The accessory cells gave a 
strong reaction (+++7, while the parietal cells gave a weakly positive (+) or indefinite(• reaction when cer- 
tain technical precautions were taken. The terminal portions of the pyloric glands synthesize a compara- 
tively small amount of neutral mueopolysaccharides (++; Fig. la, d). In the hypothyroid and thyroidecto- 
mized rats a regular and sharp increase in the content of these.compounds was found in all the structures 
enumerated (Fig. ib, eT. In the hyperthyroid animals, on the other hand, a very slight decrease was ob- 
served in the content of neutral polysaccharides in the cells of the surface epithelium and the epithelium of 
the pits, it was practically unchanged in the terminal portions of the pylorie glands, and in the accessory 
cells of the fundal portion the decrease in their content was quite definite (Fig. ic, ft. The aeeessoryeells, 
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Fig. 3. Sulfomucins in the gas t r ic  mucosa of ra ts .  A1- 
elan blue, pH 1.0, 112.5x, photomicrograph:  a) fundal 
port ion in control  r a t s ;  b) in hypothyroid; c) in  hyper thy-  
roid animals;  d) pyloric  port ion in control  ra t s ;  e)in hy- 
pothyroid;  f) in hyperthyroid ra ts .  

which responded by a definite increase  or decrease  in synthesis of neutral  mucopolysacchar ides  to the hy-  
pothyroid or hyperthyroid state, were the most  sensit ive cells to the action of thyroid hormones .  The se -  
c r e to ry  cells of the ra t  s tomach were much more  react ive with respec t  to synthesis of s ialomucins and 
sulphomucins. 

Under normal  conditions the highest content of sialomucins is found in the terminal  portions of the 
pyloric glands and the mucus lining the inter ior  of the stomach (+++). Their  content in the acces so ry  glands 
is smal le r  (++), and in the surface epithelium it is low (+}. The chief and parietal  cel ls  do not react  for  s i -  
alomucins.  By the action of 6-MTU or thyroidectomy the content of s ialomucins r ises  sharply both in the 
fundal and in the pyloric  glands. Their  content in the acces so ry  glands and in the epithelium of the gas t r ic  
pits of the fundal port ion was visibly higher than in the control {Fig. 2b). The grea tes t  loss of sialomucins,  
or  even their  total disappearance,  occur red  in this same portion of the s tomach of the hyperthyroid animals 
{Fig. 2c) ; their content was also reduced in the pyloric  glands. 

The content of sulphomueins in the s tomach of intact rats  is low. They are  found in the epithelium of 
the gast r ic  pits (++) and in the acces so ry  cells (+) of the fundal par t  of the s tomach and the cells of the neck 
of the pyloric glands (+) (Fig.3a, d), and also in the wandering cells of the connective t issue (++). The s u r -  
face epithelium does not give a well marked react ion (=0. The reports  of the p resence  of sulfomucins in the 
chief  cells of the rat  s tomach [2] could not be confirmed.  None were likewise found in the par ie ta l  cel ls .  

The sulfomucin content in the s tomach of the animals receiving 6-MTU was great ly  increased.  The 
increase  in intensity of the react ion was par t icu lar ly  marked in the acces so ry  cells of the fundal glands 
{Fig. 3b). An excess of thyroid hormones inhibited the synthesis of sulfomucins to such an extent that it 
was pract ical ly  impossible to detect them {Fig. 3c, f), and only the connect ive- t issue cells,  mainly the m a s t  
cells infiltrating the gas t r ic  mucosa  of the hyperthyroid animals,  gave a s t ronger  react ion for sulfomycins 
than normally.  Compounds of the hyaluronic acid and chondroitin sulfate C type could not be found in the 
r a t s '  s tomach.  

The results  of these experiments thus show that thyroid hormones play an active par t  in mucopoly- 
sacchar ide  synthesis .  Their  effect is exhibited mainly on the acces so ry  cells of the fundal glands. An 
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excess  of thyroid hormones  sharp ly  inhibits the synthes is  of sulphomucins by all the cel ls  ; the synthesis  of 
s ia lomucins  is inhibited to a l e s s e r  degree ,  and that of neut ra l  mucopo lysacchar ides  less  st i l l .  This is in 
a g r e e m e n t  with the modern  view that an excess  of thyroid hormones  acts  by dis turbing the no rma l  course  
of ox ida t i on - r educ t ion  p r o c e s s e s  in the cel ls  by in te r fe r ing  with phosphoryla t ing m e c h a n i s m s  [7, 10]. 

LITERATURE CITED 

1. S . M .  Bychkov, Uspekhi Sovrem.  Biol., 4_~9, No. 1, 3 (1960). 
2. K . A .  Zufa rov  and ~. M. Baibekova, Regenera t ion  of the Gas t r i c  Mucosa a f te r  Whole-Body y - R a y  

I r rad ia t ion  [inRuSsian], Tashkent  (1969). 
3. ]~. F. Kanaeva,  L. u  Mamontova,  T. V. Goroshevskaya ,  et al., in: P r o b l e m s  in Clinical  and Exper i -  

menta l  Gas t roen te ro logy  [in Russian] ,  Novos ib i r sk  (1969), p. 84. 
4. M . P .  Kokurieheva,  Pa t .  Fiziol. ,  No. 4, 61 (1964). 
5. S . M .  Lip0vskii ,  The Endocrine Glands and the Stomach [in Russian],  Leningrad (1969). 
6. P . D .  Rabinovich,  Vopr.  Med. Khimii,  No. 5, 500 (1962). 
7. R . R .  Rachev,  Mitochondria and Thyroid Hormones  [in Russian] ,  Leningrsd  (1969). 
8. G . I .  Roskin and L. B. Levinson, Microscopic  Techniques [in Russian] ,  Moscow (1957), p. 248. 
9. M . L .  Rylova,  Exper imen ta l  Methods of Invest igat ion of the Chronic Action of Harmful  Environmental  

Fac to r s  [in Russian] ,  Leningrad (1964). 
10. Ya. Kh. Turakulov,  Vestn.  Akad. Med. Nauk SSSR, No. 8, 28 (1969). 
11. I . V .  Tsvetkova,  Vopr.  Med. Khimii ,  No. 2, 115 (1963). 
12. G . B . J .  Glass ,  Advances Clin. Chem.,  7, 235 (1964). 
13. R. Lev and S. S. Spicer ,  J .  His tochem.  Cytochem.,  12, 309 {1964). 
14. R . D .  Lillie,  Histopathological  Techniques and P r a c t i c a l  H i s tochemis t ry  [Russian t ranslat ion] ,  Moscow 

(1969). 

85 


