
A s already stated, by the end of the experiment the number of nerve terminals containing only synapse- 
like vesicles in the median eminence was increased. If these vesicles are car r ie rs  of acetylcholine, this 
suggests that cholinergic control over pituitary functions by the hypothalamus is intensified in this period. 
Acetylcholine, which does not act directly on hormonopoiesis in the pituitary cells, is known to facilitate the 
forced liberation of hypothalamic hormones into capillaries of the median eminence [3]. This fact explains 
to some degree activation of the liberation of the contents of the secretory granules from the nerve terminals 
of the median eminence observed 12 and 18 months after injection of ?SSe-selenomethionine. 
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The parietal cells of the stomach produce hydrochloric acid. The acid-forming function is often dis- 
turbed in some pathological processes in the stomach (chronic gastri t is ,  carcinoma). However, the mechanism 
of this phenomenon is not yet fully explained. 

Biochemical investigations [1, 2, 4-7] have shown that a large quantity of energy is required in order 
to secrete hydrochloric acid, The main source of this energy is the numerous mitochondria present in the 
parietal cel ls .  Pokrovskii et al. [4] state that the most powerful substrate for the mitochondrtal respiratory 
chain in the parietal cells is succinate, whereas Gapparov [1] also found a sharp increase in cytochrome 
oxidase activity in the mitochondria of these cells.  

To discover the possible causes of the disturbance of hydrochloric acid secretion in gastric carcinoma 
an ultracytochemical study was undertaken of succinate hydrogenase (SDH), cytoehrome oxidase (CCO), and 
NADH-dehydrogenase (NADH-DR) activity in the parietal cells of the mucosa of the normal stomach and of the 
stomach of patients with gastric carcinoma, whose gastric juice was found to have persistently reduced se-  
cretion of hydrochloric acid or even achlorhydria. 

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

Biopsy material  taken for diagnostic purposes from the gastric mucosa of two groups of subjects was 
investigated. Group 1 consisted of seven persons with normal acidity of their gastric juice, and with no evi- 
dent tumor in their stomach; group 2 consisted of five patients with gastric carcinoma accompanied by re -  
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Fig.  1. Oxidoreductases  in pa r ie ta l  cel ls  of normal  gas t r i c  m u c o s a  (a-c),  and also in 
pa r ie ta l  (d, e) and a c c e s s o r y  (f) cel ls  of mucosa  in gas t r i c  ca rc inoma ,  a) CCO: r e -  
action product  located both in outer  m e m b r a n e  and in c r i s t a e  of mi tochondr ia ,  5000 • 
b) SDH: reac t ion  product  assoc ia ted  with mi tochondr ia l  m e m b r a n e  format ions  and 
c rys ta l l ine  in form,  10,000 • c) NADH-DH: reac t ion  product  local ized both in m i t o -  
chondria  andin p l a s m a l e m m a  of ce l l s ,  5000 • d) CCO: absence of enz)Tne act ivi ty  in 
mi tochondr ia  of pa r ie ta l  cel l  f rom region of mucosa  r emo te  f rom tumor ,  6600 • e) 
SDH: c r i s t a e  of many  mi tochondr ia  appear  e l ec t ron-dense ,  reduced  in p laces ,  no r e -  
act ion product  in them o r  on outer  mi tochondr ia l  m e m b r a n e ,  5000 x; f) high SDH a c -  
t ivi ty in mi tochondr ia  of  a c c e s s o r y  cel l  located some  dis tance away f rom tumor :  cel l  
contains c h a r a c t e r i s t i c  mucoid granules ,  diffuse distr ibution of reac t ion  product  in 
chromat in  of nuclei,  5000 x. Sections in a - f  not s tained.  N) Nucleus,  IT) in t race l lu la r  
tubule, M) mitochondrion,  P) p l a s m a l e m m a ,  MG) mucoid granules .  

duced acidi ty  of the ga s t r i c  juice o r  ach lorhydr ia .  Mate r ia l  f rom pat ients  of group 2 was taken f rom the 
m u c o s a  at a d is tance f rom the t u m o r .  The enzymes  SDH, NADH-DH, and CCO were  demons t ra ted  u l t r acy to -  
chemica l ly .  

P i ece s  of  ga s t r i c  rnucosa,  i m m e d i a t e l y  a f t e r  r e m o v a l  and without pref ixat ion,  were  washed in 0.25 M 
suc rose  with 3 mM magnes ium ace ta te  fo r  15 rain,  and cut into cubes measu r ing  l e s s  than 1 m m  3 in the cold 
in a drop of the s a m e  solution.  They were  then quickly t r a n s f e r r e d  for  the h i s tochemica l  reac t ion  to incubation 
med ium made  up when requ i red .  The  composi t ion of the incubation media  and subsequent  p roces s ing  of the 
p ieces  of t i s sue  were  as descr ibed  previous ly :  for  SDH in [9], for  NADH-DH in [8], and for  CCO in [10]. Af te r  
the h i s tochemica l  r eac t ions  the p ieces  were  dehydrated and embedded in Epon-812.  Semithin sect ions  3-5 #m 
thick were  cut f rom all the blocks ,  and, by means  of a spec ia l  M-90 m i c r o s c o p e  and TM-60 t r i m m e r  (from 
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Reicher t ,  Aust r ia ) ,  the blocks were  t r i m m e d  away around the par ie ta l  cel ls .  Ultrathin sect ions  were  cut on 
the LKB-I I I  Ul t ro tome (Sweden) and examined in the JE M-100C {Japan) e l ec t ron  mic roscope .  Specif ici ty of  
the h i s tochemica l  reac t ions  for  oxidoreductases  was ver i f ied  by incubating the pieces  of t i s sue  in medium 
without subs t ra te ,  and also with inhibitors:  for  CCO with the addition of 0.01M sodium cyanide to the incuba-  
t ion medium,  for  SDH with 36 ram sodium malonate ,  and for  NADH-DH, by inactivat ion by fixation in 4% 
formaldehyde for  30 rain at  22~ All controls  were  negative,  indicating the specif ic i ty  of these  methods of 
deterra inat ion of ox idoreductases .  

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

When the pa r i e ta l  ce l l s  of the m u c o s a  of the no rma l  s tomach  f rom pe r sons  with no rma l  acidity of  t he i r  
ga s t r i c  juice were  studied,  t hep roduc t  of  the u l t r acy tochemiea l  reac t ion  for  SDH and CCO was local ized en-  
t i r e ly  in the mi tochondr ia  of these  ce l l s .  NADH-DH act ivi ty  was found both in the mi tochondr ia  and in the 
p l a s m a l e m m a  of the pa r i e ta l  ce l l s .  

The distr ibution of the reac t ion  product  in the mi toehondr ia  for  the above-ment ioned  oxidoreductases  
differed in ce r t a in  r e s p e c t s .  F o r  ins tance,  CCO act ivi ty  was assoc ia ted  with mi tochondr ia l  m e m b r a n e s  and 
was un i formly  d is t r ibuted  both in the outer  m e m b r a n e  and in the c r i s t a e  {Fig. la) ;  no reac t ion  product  could 
be detected in the m a t r i x .  The product  of  the reac t ion  for  SDH had a s i m i l a r  dis t r ibut ion to that  for  CCO but 
it was c rys ta l l ine  in fo rm (Fig. lb) .  NADH-DH act ivi ty  in swollen mi tochondr ia  was found on the outer  m e m -  
brane  of these  o rgane l l e s .  However ,  in individual mi tochondr ia  in which the c r i s t a e  were  intact  the reac t ion  
product  was found as well.  The p l a sma lemrna  of the par ie ta l  cel ls  also p o s s e s s e d  NADH-DH act ivi ty 
(Fig. le ) .  A diffuse distr ibution of the reac t ion  product  for  this enzyme was found in the ka ryop lasm of some  
ce l l s .  

The study of SDH act ivi ty showed that  in individual pa r i e t a l  ce l l s  of the no rma l  m u c o s a  the reac t ion  
product  was a s soc ia t ed  with m e m b r a n e s  of in t race l lu la r  tubules,  tubuloves ie les ,  p l a s m a l e m m a ,  and nucleo-  
l e m m a .  In some  cases  it  was diffusely dis t r ibuted in the cy top lasm o r  in the nuc lear  chromat in .  In such cases  
it was not p resen t ,  o r  was p re sen t  only in t r a c e s ,  in the mi tochondr ia  of these  ce l l s .  The possibi l i ty  cannot 
be  ruled out that  this dis t r ibut ion of the product  of  the reac t ion  for  SDH in the par ie ta l  ce l l s  was caused by 
diffusion of the enzyme f rom the mi tochondr ia .  

The  u l t r acy tochemica l  study of the above-ment ioned  oxidoreduotases  in the pa r i e ta l  cel ls  of the mu co sa  
at  a dis tance f rom the t umor  in patients with ga s t r i c  ca rc inoma  with reduced  act ivi ty  of the gas t r i c  juice, o r  
even with ach lorhydr ia ,  thus r evea led  a m a r k e d  d e c r e a s e  in the i r  act ivi ty .  

CCO act ivi ty  in the mi tochondr ia  of  some  par ie ta l  cel ls  was comple te ly  absent  (Fig. ]d), and in o thers  it 
was  p re sen t  only in t r a c e s .  The product  of the reac t ion  f o r  CCO in the mi tochondr ia  of these  cei ls ,  by con-  
t r a s t  with no rma l ly  functioning cel ls ,  was assoc ia ted  main ly  with the ou te r  m e m b r a n e  and was i r r e g u l a r l y  
dis t r ibuted.  C lea r ing  of the m a t r i x  and reduct ion of the c r i s t a e  also were  obse rved  in the mi tochondr ia .  In 
some  pa r i e t a l  cel ls  the mi toehondr ia  were  of  the usual  s t ruc tu re ,  but t r a c e  ac t iv i ty  of cy tochrome  oxidase 
also was obse rved  in them,  both in the ou te r  m e m b r a n e  and in the c r i s t a e .  In r a r e  c a s e s  single pa r ie ta l  cel ls  
with w e l l - m a r k e d  act ivi ty  of this  enzyme  in the i r  mi tochondr ia  we re  found. 

SDH act ivi ty  was absent  in some  par ie ta l  cel ls  (Fig. le) ,  and in o thers  it was cons iderably  weakened o r  
was red i s t r ibu ted  inside the mi tochondr ia .  The product  of the reac t ion  for  SDH in this case  was assoc ia ted  
en t i re ly  with the  outer  m e m b r a n e  of the mi tochondr ia  and none was p resen t  in the c r i s t a e .  Occas ional ly  
pa r i e ta l  cel ls  p r e s e r v i n g  the i r  SDH act ivi ty  in the mi tochondr ia  were  found. As r e g a r d s  NADH-DH act ivi ty  
in the mi tochondr ia  and p l a s m a l e m m a  of these  ce l l s ,  located at a d is tance f r o m  the t umor ,  it was p rac t i ca l ly  
comple te ly  absent .  

In o ther  epi thel ia l  ce l l s  located n e a r  the tumor  and, in pa r t i cu l a r ,  in a c c e s s o r y  ce l l s  (Fig. If) high a c -  
t ivi ty of  these  enzymes  was found. This  fact  is a unique control  for  the d is turbance  of mi tochondr in l  function 
in the pa r i e ta l  ce l l s  in pat ients  with gas t r i c  ca r c inoma  and with reduced acidi ty of t he i r  ga s t r i c  juice.  

I t  can thus be concluded f rom these  invest igat ions that  the dec r ea se  in hydrochlor ic  acid sec re t ion  by 
the  ga s t r i c  mucosa  obse rved  in patients  with ca r c inoma  depends main ly  on a pe rmanen t  deficiency of oxido-  
r edue tases  in the mi tochondr ia  of the par ie ta l  ce l l s .  E vidently the energy  subs t r a t e  (ATP molecules )  r equ i r ed  
to supply the energy fo r  hydrochlor ic  acid sec re t ion  is not produced in suff icient  quantity In these  o rgane l l e s .  
However ,  as the w r i t e r s  showed prev ious ly  [3], A T P a s e  ac t iv i ty  bound with the villi  of  the  in t r ace l lu la r  tubules 
and with folds of the basa l  and l a t e r a l  p l a s m a l e m m a  of the par ie ta l  cel ls ,  is p r e s e r v e d  in ga s t r i c  ca rc inoma .  
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Lithitm~ preparations are nowadays being used on an ever-increasing scale in the treatment of various 
diseases.  Lithium was originally used in psychiatry in the treatment of manic states [4, 8], but its range of 
application is by no means confined to this,  A number of recent investigations have demonstrated the new 
fact that lithium acts on the tissue complexes of the thyroid gland [3, 6], but the mechanism of this action is 
variously explained. Some workers [11, 12] consider that lithium prevents the accumulation of iodine and 
secretion of thyroid hormones, whereas others consider that lithium has a direct inhibitory action on libera- 
tion of hormones from the tissue of the gland and the elimination of thyroxine from the body [5, 10]. There 
is also evidence that lithium inhibits the breakdown of thyroglobulin and the stimulating effect of thyrotrophic 
hormone [9]. 

Because of the ambiguous and, in some cases, the contradictory data on the effect of lithium salts on 
the thyroid gland it was decided to study the dynamics of morphological and functional changes in the thyroid 
gland under the influence of various doses of lithium chloride. No such investigations could be found in the 
accessible l i terature.  

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

Experiments were carried out on 96 male albino rats divided into four groups: one control and three 
experimental groups, with 24 animals in each. Lithium chloride was given per os to the experimental rats 
daily for 6 weeks in the following doses: 0.5 meq/kg to group 1, 1.0 meq/kg to group 2, 2.0 meq/kg to group 
3. Intravital function testing of the thyroid gland was then carried out by the radioindication method. For 
this purpose a subcutaneous injection of 131I was given to 12 animals of each group in a dose of 740 Bq/kg body 
weight, and the iodine-accumulating function of the gland was tested by means of the DSU-61 apparatus 2, 4, 
6, 12, 24, 48, and 72 h after injection of the isotope. After radiometry of the thyroid glands the animals were 
decapitated and the protein-bound 13iI (PBI-131), thyroid hormones (T 3 and T4) , the coefficient of effective 
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