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An e l ec t ron-h i s tochemica l  invest igat ion was made of A T P a s e  in the par ie ta l  cel ls  of the mucous  
m e m b r a n e  and in t umor  cel ls  of an adenocarc inoma of the human stomach,  with s im i l a r  u l t r a -  
s t r u c ~ r e .  The  reac t ion  product  for  A T P a s e  in the par ie ta l  cel ls  was  found on m e m b r a n e s  of 
m i c r o v i l l i  of the in t race l lu la r  tubules,  on m e m b r a n e s  bounding the l a te ra l  in te rce l lu la r  spaces ,  
on the basa l  p l a s m a l e m m a ,  and in the nucleoli .  No reac t ion  product  was found on m e m b r a n e s  of 
the tubuloves ic les  or  on the apical  sur face  of the p l a s m a l e m m a .  The r eac t ion  product  was ob-  
s e rved  in the t u m o r  cel ls  on m e m b r a n e s  of the vi l l i  of the in t r ace l lu la r  tubules,  on the basa l  
p l a s m a l e m m a ,  and in the nucleol i .  Compar i son  of A T P a s e  act ivi ty  in these  ce l l s  showed that  
the pa r t  of the m e c h a n i s m  of hydrochlor ic  acid secre t ion  that  is  connected with H + and C1- 
t r a n s p o r t  is p r e s e r v e d  in the tumor  cel ls .  The pe rmanen t  dec r ea se  in hydrochlor ic  acid s e c r e -  
t ion by the ga s t r i c  m ucos a  in the p r e s e nce  of cance r  and by the cance r  i t se l f  i s  p robably  a t t r i b -  
utable to other  m e c h a n i s m s .  
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An e a r l y  and impor tan t  symptom of the development  of ga s t r i c  cance r  may  be a reduct ion in, o r  the total  
d i sappea rance  of hydrochlor ic  acid in the gas t r i c  juice.  The m e c h a n i s m s  of this  phenomenon have not yet  
been explained.  The par ie ta l  cel ls  of the glands of the gas t r i c  mucosa  a r e  known to play the pr incipal  ro le  in 
hydrochlor ic  acid format ion .  

H e r s e y  et al.  [7] concluded f r o m  the i r  invest igat ions  that  H + ions in the par ie ta l  ce i l s  a r e  fo rmed  in the 
mi tochondr ia ,  whereas  C1- ions enter  the par ie ta l  cel ls  f r o m  the t i s sue  fluid and blood s e r u m  through the basa l  
p l a s m a l e m m a  of the cell .  

The  pr incipal  m e c h a n i s m  of the subsequent t r a n s p o r t  of C1- and H + ions within the pa r i e ta l  cel ls ,  then 
into the lumen of the glands, and f inal ly into the lumen of the s tomach,  where  the hydrochlor ic  acid is evidently 
fo rmed  direct ly ,  is connected with the enzymic  hydro lys i s  of ATP, which leads  to the l ibera t ion  of the energy  
requ i red  fo r  the t r a n s p o r t  of these  ions against  the exis t ing e l ec t rochemica l  concentrat ion gradient .  Two 
s tages  can thus be dist inguished in the mechan i sm of sec re t ion  of hydrochlor ic  acid by the par ie ta l  ceils:  The 
f i r s t  is connected with the fo rma t ion  of the original  subs tances  (H + and C1-), the second with the i r  t r a n s p o r t .  
The u l t r a s t r u c t u r e s  concerned with the t r a n s p o r t  of H + and C1- ions a r e  the tubuloves ic les ,  i n t r ace l lu la r  tubules,  
basa l  p l a s m a l e m m a ,  and mic rov i l l i  of the  apical  p l a s m a l e m m a  [2, 6, 9-12]. The m o s t  impor tan t  indicator  of 
the function of the A T P a s e  m e c h a n i s m  of sec re t ion  is the p r e sence  of the enzyme A T P a s e  in the s t ruc tu re s  
concerned.  However ,  no invest igat ions have been under taken of the act ivi ty  of this enzyme at the e l e c t r o n -  
h is tochemica l  level  in cance r  of the s tomach.  Accordingly the object  of this  study was to examine  the A T P a s e  
mechan i sm of t r a n s p o r t  of H + and C1- ions in the par ie ta l  ce l l s  of the gas t r i c  m u c o s a  and in cance r  cel ls ,  with 
a s im i l a r  type of u l t r a s t r uc t u r e ,  of an adenocarc inoma  of the s tomach.  
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Fig.  1. ATPase  in par ie ta l  cells  of mucous membrane  (a, b, c, d) and in tumor  cei ls  
(e, f) of adenocarc inoma of the human stomach with s imi la r  u l t r a s t ruc tu re ,  a) 
Pa r i e t a l  cell  with high ATPase  activity,  connected with in t race i lu lar  tubules.  Un- 
stained sect ions,  82,500 x; b) modera te  ATPase  activity connected with in t race l lu la r  
tubules.  No reac t ion  product  p resen t  in tubulovesic les .  Unstained sect ions,  26,400 • 
c) par ie ta l  cell  with r eac t ion  product  located on folds of basal  p lasmalemma.  In t ra -  
ce l lu lar  tubules inact ive.  React ion product  not p resen t  in tubulovesic les .  ' Unstained 
sect ions,  27,900 • d) distr ibution of reac t ion  product  on inside of membranes  of 
mic rov i l l i  of in t race l lu la r  tubules in normal  par ie ta l  cel ls .  Unstained sections,  
80,000 x; e) tumor  cells  of adenocarc inoma of human stomach with reac t ion  product  
on vil l i  of in t race l lu la r  tubules.  Relat ively high enzyme activity.  Sections stained 
with uranyl  aceta te  and lead c i t ra te ,  19,000 x; f) hnnor  cel ls  with reac t ion  product  
connected with vil l i  of in t race l lu la r  tubules and p lasmalemma.  Cell with low enzyme 
activity.  Sections stained as in Fig.  l e ,  27,000 X. IT) In t race l lu la r  tubule, LIT) 
lumen of in t race l lu la r  tubule, TV) tubulovesicles ,  BP) basal  p lasmalemma,  M) mi to-  
chondrion.  
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E X P E R I M E N T A L  M E T H O D  

Biopsy ma te r i a l  taken for  diagnost ic  pu rposes  f r o m  t u m o r s  in nine pat ients  with cance r  of the s tomach 
and f r o m  the mucous  m e m b r a n e  of t h ree  pe r sons  in whom no t u m o r s  we re  found and who had no gas t r i c  s y m p -  
t o m s  was  invest igated.  

P i ece s  of the mucous  m e m b r a n e  and gas t r i c  ca r c inoma  were  pref ixed in 2.5% glutara ldehyde solution in 
0.2M cacodylate  buffer  (pH 7.4) with 0.25M suc rose  for  1 h at 4~ They were  then r insed  in 0.25M suc rose  
solution success ive ly  for  10, 20, and 90 rain. Sections were  cut to a th ickness  of 50-60 ~ in a c ryos t a t  and 
incubated on a waterba th  at  36~ fo r  45 rain in medium of the following composi t ion:  0.08M T r i s - m a l e a t e  
buffer ,  pH 7.2, 2 mM ATP (from Reanal ,  Hungary),  2 ram magnes ium aceta te ,  2 mM lead aceta te ,  and 0.25 M 
suc rose  [1]. After  incubation the sec t ions  were  r insed  in 0.25M sucrose  and postf ixed for  1 h in 1% OsO 4 
solution in 0.1M cacodylate  buffer  (pH 7.4) containing 0.25M suc rose .  The sect ions  were  then dehydrated and 
embedded in Epon-812.  Semithin sec t ions  1 ~ thick were  cut f r o m  all the blocks,  stained with toluidine blue, 
and examined in the light mic roscope ;  the  blocks were  then t r i m m e d  to a point. Ul t ra thin sec t ions  were  ex-  
amined in the IEM-100C e lec t ron  m i c r o s c o p e .  Some of the u l t ra th in  sec t ions  were  stained with a sa tu ra ted  
aqueous solution of uranyl  ace ta te  and lead c i t ra te .  As a control  of the specif ic i ty  of the h is tochemica l  r e -  
act ion for  A T P a s e  sec t ions  were  incubated in med ium without subs t ra te ,  a f t e r  the addition of 0.01M sodium 
f luor ide  as inhibitor to the incubation medium,  and a f t e r  r e p l a c e m e n t  of the ATP by f i -g lycerophosphate  o r  
AMP in equ imola r  concent ra t ions .  All these  contro ls  conf i rmed the specif ic i ty  of the r e s u l t s  of A T P a s e  
de terminat ion .  

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

The  reac t ion  product  fo r  A T P a s e  was found in the par ie ta l  cei ls  of the normal  gas t r i c  mucosa  on m e m -  
b r anes  of the vil l i  of the in t race l lu la r  tubules,  on m e m b r a n e s  bounding the l a t e ra l  in te rce l lu la r  spaces ,  on 
the basa l  p l a s m a l e m m a ,  and in the nuclei; no r eac t ion  product  was found on the m e m b r a n e s  of the tubuloves ic les  
or  on the apical  sur face  of the  p l a s m a l e m m a .  Pa r i e t a l  cel ls  with d i f ferent  deg ree s  of enzyme activi ty connected 
with the in t race l lu la r  tubules we re  found in the glandular  epi thel ium of the s tomach  (Fig. l a ,  c). This  v a r i a -  
t ion of act ivi ty  can evidently be explained by d i f fe rences  in the functional s tate  of the par ie ta l  cel ls ,  poss ib ly  
depending on the phase  of hydrochlor ic  acid sec re t ion  by these  ce l l s .  Rubin et al. [12], who studied the u l t r a -  
s t ruc tu ra l  local izat ion of A T P a s e  in the par ie ta l  ce l l s  of the normal  gas t r i c  m u c o s a  in r a t s  and man obse rved  
a s im i l a r  d is t r ibut ion of the reac t ion  product  to that  in the p re sen t  invest igat ion.  However ,  in some cel ls  we 
found that  the reac t ion  product  was d is t r ibuted  solely on the inner  side of the m e m b r a n e s  of the mic rov i l l i  of 
the in t race l lu la r  tubules (Fig. ld),  unlike in the expe r imen t s  of  Rubin et  al. ,  who desc r ibe  the distr ibution of 
r eac t ion  product  on the outer  side of the m e m b r a n e s  of the mic rov i l l i .  The dis tr ibut ion of r eac t ion  product  
in the mic rov i l l i  of the in t r ace l lu la r  tubules is  in ha rmony  with the concept that  the ene rgy  l ibe ra ted  on hy-  
d ro lys i s  of ATP  by A T P a s e  main ta ins  the ac t ive  t r a n s p o r t  of H + and C1- ions into the lumen of the in t race l lu la r  
tubules,  and f r o m  thence into the ga s t r i c  glands, against  the e l ec t rochemica l  gradient .  Th i s  hypothesis  is  
conf i rmed by b iochemical  data  [4, 5, 8, 13], showing that  the r a t e  of s ec re t ion  of hydrochlor ic  acid by the 
gas t r i c  m u c o s a  depends on the ATP concentra t ion.  The p r e s e n c e  of A T P a s e  in the l a t e ra l  and basa l  p l a s m a -  
l e m m a  is evidence that  ene rgy  is  r equ i r ed  to mainta in  the " m e m b r a n e  flow" which, as  Morozov  [2] has  shown, 
l i es  at the bas i s  of the specif ic  function of the par ie ta l  cells:  The r epea t ed t r anspos i t i on  of the m e m b r a n o u s  
s t ruc tu r e s  of the p l a s m a l e m m a  (folds of basal  p l a s m a l e m m a  - tubuloves ic les  - m e m b r a n e s  of the in t race l lu la r  
tubules and apical  sur face  - folds of l a t e ra l  p l a s m a l e m m a  - folds of basa l  p l a s m a l e m m a )  in the p r o c e s s  of 
t r anspor t ,  in pa r t i cu l a r  of CI - .  The  absence  of A T P a s e  in tubuloves ic les  fo rmed  f r o m  folds of the basa l  
p l a s m a l e m m a ,  and r e spons ib l e  for  C1- t r a n s p o r t  as f a r  as the in t race l lu la r  tubules [2, 10, 11], indicates  that  
whe reas  the pas sage  of C1- through the basa l  m e m b r a n e  r e q u i r e s  the expendi ture  of energy (the p r e s e n c e  of 
ATPase) ,  i ts  onward movemen t  through the cy toplasm within the tubuloves ic les  evidently t akes  place  on account 
of other  m e c h a n i s m s .  

The  e l e c t r o n - m i c r o s c o p i c  study of gas t r i c  t u m o r s  with the his tological  s t ruc tu re  of different ia ted adeno-  
ca r c inomas  showed that  bes ides  undifferent ia ted cance r  cel ls ,  with a l a rge  nucleus occupying near ly  all  the 
cytoplasm,  many po lysomes ,  and so l i t a ry  mi tochondr ia ,  o ther  cel ls  were  p re sen t  which, in the i r  u l t r a s t r u c tu r e ,  
r e s e m b l e d  the par ie ta l  cel ls  of the normal  gas t r i c  mucosa .  They had in t race l lu la r  tubules,  tubuloves ic les ,  
f r a g m e n t s  of smooth endoplasmic  re t icu lum,  and many mitochondr ia .  The  number  of cance r  ce l l s  with this  
type of u l t r a s t r u c t u r e  var ied  in different  t u m o r s .  F o r  instance,  some t u m o r s  had many  such cel ls ,  whe reas  
o the r s  had only single ce l l s  which re ta ined  the fea tu res  of the no rma l  type to a ce r ta in  degree .  Cancer  cel ls  
with the cha r ac t e r i s t i c  u l t r a s t r uc t u r e  of no rma l  pa r ie ta l  cel ls  have also been found in ga s t r i c  t u m o r s  by 
Rot tenberg  [3] and by Sasano Nobuaki et al. [14]. 
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The electron-histochemical investigation of ATPase of cancer cells with this type of ultrastructure 
showed that the reaction product was connected with the membranes of the villi of the intracellular tubules, 
the basal plasmalemma, and the nucleoli (Fig. le,  f). Some cancer cells with different enzyme activity on the 
membranes of the microvilli  were found. For  instance, some cells had relatively high enzyme activity (Fig. 
le), whereas others had low activity, reflected in some cases in the almost complete disappearance of reaction 
product (Fig. lf). 

This comparative study of the distribution of ATPase activity in normal parietal cells and cancer cells 
with a similar ul trastructure thus shows that in cells of the latter type the part of the mechanism of hydro- 
chloric acid secretion which is connected with H + and C1- transport remains intact. The observed decrease 
in hydrochloric acid production by the gastric mucosa in the presence of cancer and by the cancer itself is 
evidently attributable to other mechanisms. 

L I T E R A T U R E  C I T E D  

1. I . B .  Buchwalow (I. B. Bukhvalov) et al., Histochemistry, 44, 1 (1975). 
2. I . A .  Morozov, Byull. t~ksp. Biol. Med., No. 7, 29 (1977). 
3. V . I .  Rottenberg, Arkh. Pat., No. 3, 32 (1977)o 
4. R . P .  Durbin and D. K. Kasbekar, Fed. Proc.,  24, 1377 (1965). 
5. J . G .  Forte,  Fed. Proc.,  ~ 1382 (1965). 
6. H . F .  Helander and B. I. Hirschowitz, Gastroenterology, 63, 951 (1972). 
7. S . J .  Hersey, T. W. Simon, and C. Baste, J .  Histochem. Cytochem., 23, 271 (1975). 
8. D . K .  Kasbekar, in: Gastric Secretion (Symposium), New York (1972), p. 203. 
9. C .S .  Koenig and J. D. C. Vial, J .  Histochem. Cytochem., 18, 340 (1970). 

10. H. Kornnick and M. Bierther,  Histochemie, 18, 337 (1969). 
11. H. Komnick, Histochemie, 3, 354 (1963). 
12. W. Rubin and A. A. Aliasgharpour, Anat. Rec., 184, 251 (1976). 
13. G. Sachs, V. D. Wiebelhaus, A. L. Blum, et al., in: Gastric Secretion (Symposium), New York (1972), 

p. 321. 
14. Sasano Nobuaki et al., J. Nat. Cancer Inst., 43, 783 (1969). 

EFFECT OF CHLORAMPHENICOL ON 
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(CHLORAMPHENICOLUM) 

Chioramphenicol was shown to reduce the carcinogenic action of N-nitrosomethylurea on CBA 
mice. The mean latent period of onset of the tumors was increased but the number of tumors 
was reduced both at the site of injection of the carcinogen and in remote organs during observa- 
tion for 53-66 weeks. 

KEY WORDS: chlorampheniool, nitrosomethylurea, carcinogenesis. 

The possible role ofnitroso compounds inthe etiology of human malignant neoplasms is being widely dis- 
cussed at the present t ime. These substances have also become widely used for chemotherapy in clinical on- 
cology. Attempts to discover substances which can reduce the toxic and carcinogenic action of these com- 
pounds are therefore natural and essential. 

In this investigation the possibility of reducing the carcinogenicity of N-nitrosomethylurea (NMU), which 
has carcinogenic properties, by means of the antibiotic chloramphenicol was studied; chloramphenicol has a 
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