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The f ree  glutamine content and phosphate-dependent glutaminase activity were determined in 
biopsy specimens of t issue f rom gas t r ic  polyps, malignant tumors ,  and ulcers  and the surround-  
ing mucosa  f rom patients with precancerous  diseases and with carc inoma of the stomach. The 
glutamine content in the carc inomas  was not significantly different f rom that in normal  gast r ic  
mueosa.  The glutamine level in a reas  of mucosa  remote  from the tumor was considerably 
higher than normally.  Gastr ic  po lyp ,s i s  was charac te r ized  by absence of glutamine in the 
mucosa  outside the lesion. Marked glutaminase activity was found in the carc inomas ,  but its 
level was indistinguishable f rom normal  or  f rom that in patients with precancerous  diseases .  
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There  is evidence in the l i terature  of the important  role of glutamine in neoplastic p rocesses .  Glutamine 
is an essent ial  component of the medium for growth of the cells of certain tumors  in t issue culture [7,11,14]. 
It is also utilized intensively by various tumors  of animals and man [2,4]. One of the biochemical  reactions of 
glutamine utilization is its hydrolytic deamination catalyzed by glutaminase.  This reaction has been found to 
be ei ther  depressed  [1,8] or  intensified [10,13] in malignant tumors .  Correlat ion has been established for 
many tumors  between the rate of growth, the activity of phosphate-dependent glutaminase,  and morphological  
s t ruc ture  [9,12]. The study of glutamine metabol ism in the p rocess  of carcinogenesis  and, in par t icu lar ,  the 
elucidation of the specificity of its metabol ism in precancerous  diseases [3] and carc inoma of the stomach,  is 
of great  interest .  

The object of this investigation was to study the free glutamine content and phosphate-dependent gluta- 
minase activity in the gas t r ic  mucosa  of normal  subjects and of patients with precancerous  diseases and ca rc -  
inoma of the stomach.  

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

The free glutamine content [6] and phosphate-dependent glutaminase activity were determined in areas  
affected by ulcer ,  by po lyp . s i s ,  and by carc inoma and in a reas  of gas t r ic  mucosa remote  f rom them in patients 
with chronic atrophic gas t r i t i s ,  atrophic gastr i t is  with metamorphosis  of the glands into the intestinal type 
("metamorphosis  gas t r i t i s") ,  gast r ic  ulcer ,  po lyp . s i s ,  and carc inoma of the stomach.  Pe r sons  with a normal  
gas t r ic  mucosa  formed the control group. The diagnosis was made on the basis  of roentgen, logical ,  ga s t ro s -  
copie, and histological  investigations of the patients.  Tissue was obtained by direct  vision intravital  gas t r ic  
biopsy using the "Olympus" f ibrogastroscope.  A tissue homogenate (the ratio of t issue to water  1:50) was used. 
Phosphate-dependent  glutaminase activity was determined f rom the quantity of ammonia formed during hydro-  
lysis  of glutamine in the presence  of phosphate. The composition of the incubation mixture was: 0.2 ml of a 
0.05 M neutral  solution of L-glutamine,  0.4 ml of homogenate,  0.4 ml of 0.5 M phosphate buffer,  pH 8.3. The 
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TABLE 1. F ree  Giutamine Content and Glutaminase Activity in Normal  Gastr ic  Mucosa 
and in P recance rous  Diseases  and Carcinoma of the Stomach (M~m) 

State of subjects f~om whom material was 
investigated 

Normal 
Atrophic gastritis 
�9 Metamorphosis gastritis" 
Gastric ulcer 
Gastric polyp.sis 
Carcinoma of the stomach 

0 o o  

I0 
15 
I0 
25 
I0 
13 

Glutamine, ~g N/nag 
protein 

area of lesion 

16,82~2,44 
17,65-.~ 6,67 
13,91~3,17 

Glutaminase activity, 
~g N/nag protein 

muco~a out- 1 
side lesion area of lesion 

10,50 + 3,23 
13,04-----4,12 
5,35----- 1,0 

19,44-"-4,75 
0 

24,23~5,0 

_ 

67,07~ + 15,21 
32,41+4,75 
52,43~ 10,03 

mucosa oat- 
side lesion 

45,99• 7,93 
52,85+7,84 

0 
69,09-*- i2,92 
41,19~7,78 

62,81~--- 18.15 

samples were incubated for 2 h at 37~ For  each sample there  were appropriate  controls  enabling co r r ec "  
tions to be made for spontaneous ammonia  formation f rom glutamine (sample without homogenate),  for  ammonia 
formation in the homogenate through the action of enzymes on p re fo rmed  subst ra tes  (sample without glutamine), 
and for the p resence  of ammonia  in the reagents  (sample without glutamine or  homogenate).  The reaction was 
stopped by the addition of 1 ml of sa turated K2CO 3 solution. The ammonia  l iberated was trapped in 1 N sulfuric 
acid solution. The nitrogen content was then determined in all the samples [5]. The glutamine content and 
glutaminase activity were expressed  in/~g n i t r ogen /mg  protein.  Prote in  was determined by Lowry ' s  method. 

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

The mean content of f ree  glutamine in normal  human gas t r ic  mucosa  was 10.5+ 3 .23 /~g /mg  (Table 1)o 
In p recancerous  states of the mucosa  the glutamine level was a little different f rom normal .  In polyposis ,  no 
free glutamine could be found in an a rea  of the mucosa  remote  f rom the lesion. Tissue f rom ulcerat ive lesions 
and polyposis ,  however,  contained large quantities of glutamine. I ts  content in polyps was significantly higher 
than in the surrounding gas t r ic  mucosa  (P < 0.05)~ In the normal  mucosa and in chronic atrophic gast r i t i s  and 
gas t r ic  ulcer  (in mucosa  affected by the ulcer  and also at a distance f rom it) glutamine was found in more  than 
half of the subjects examined, but it was found in only two of 10 patients with "metamorphosis  gas t r i t i s , "  and 
it was not found in a single sample of mucosa  outside the lesion in patients with polyposis ,  although it was con- 
stantly present  in the polyps~ 

In patients with ca rc inoma of the s tomach the glutamine content in the tumor  t issue did not differ signi-  
ficantly f rom normal .  The glutamine level in gas t r ic  mucosa  remote  f rom the tumor  was twice as high as in 
normal  t issue (P < 0.05) and in the carc inoma itself  (P < 0.02). Glutamine was found in the tumor t issue of 
most  patients with ca rc inoma of the stomach.  If it was absent f rom the tumor  t issue,  it was likewise not found 
ei ther  in the surrounding gas t r ic  mucosa  of the same patients.  

Determinat ion of phosphate-dependent glutaminase activity in a reas  of ulcerat ion,  polyposis,  carc inoma,  
and normal  mucosa  in patients with chronic atrophic gas t r i t i s ,  gas t r ic  u lcer ,  and polyposis and carc inoma of 
the s tomach revealed no significant differences (Table 1). Like free glutamine, active glutaminase could not 
be detected in every  case.  The mucosa  of the patients with "metamorphos is  gas t r i t i s"  in general  contained 
no glutaminase.  The absence of changes in total activity of phosphate-dependent glutaminase does not rule out 
possible abnormali t ies  of its i sozyme spectrum.  

The substantial  increase  in the glutamine content in the mucosa  surrounding the tumor  from patients with 
ca rc inoma of the s tomach and the absence of glutamine in the surrounding mucosa  of patients with polyposis of 
the s tomach point to different relat ions between the tumor  and the surrounding mucosa in benign and malignant 
p rocesses .  
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