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The relationship between the s e c r e t o r y  and motor  activity of the s tomach in a fasting state andduring 
digestion has been the subject  of many clinical and experimental  investigations [5]. However, in t ragas t r ic  
p r e s su re ,  which var ies  within wide l imits as a resu l t  of the motor  activity of the s tomach [1], has 
not been taken into account as a factor  capable of influencing the volume of gas t r ic  secre t ion  and the com-  
position of the secre t ion.  

In the p resen t  investigation the effect of differences in in t ragas t r ic  p r e s s u r e  was studied on the exo- 
secre t ion  of pepsinogen and its excret ion in the urine (uropepsinogen), i.e., the movement  of the proenzyme 
f rom the cells of the gas t r ic  glands along the exosec t re to ry  and incre tory  pathways. A parel le l  study was 
made of the effect of in t ragas t r ic  p r e s s u r e  on the excret ion of chlorides in the gas t r ic  juice and urine, 
for  there is an intimate relat ionship between these indices [10]. 

EXPERIMENTAL METHOD 

Experiments were carried out on 7 dogs with large isolated gastric pouches (about one-third of the 

secre t ing  surface of the gas t r ic  mucous membrane;  the pouches were  isolated by the method of Pavlov, 
Savich, and Ugolev) and with u re te r s  ex ter ior ized  by Pav lov ' s  method. During the experiment,  which lasted 
for 6-8 h, the gas t r ic  secre t ion  and urine were collected in a fasting state, and their  volumes were mea-  
sured at the end of every  hour.  The pepsinogen content in the collected secre t ion  and urine was determined 
by an adsorp t ion-co lor imet r ie  method [3] and the chlorides by a m e r c u r i m e t r i c  method [4]. The secre t ion 
and excret ion of pepsinogen and chlorides were charac te r i zed  by two indices: their  concentration (in mg~c 
and percent  and their excret ion in unit t ime ("intensity of excret ion" in #g and mg/h) .  

The p r e s s u r e  in the isolated gas t r ic  pouch was var ied  by means of a device consist ing of a p r e s s u r e  
vesse l  with mercury ,  a glass  r e s e r v o i r  of air,  and a control m e r c u r y  manometer .  The apparatus was 
connected to a graduated  tube, fixed hermet ica l ly  every  hour of the observat ion to the fistula tube of the 
gas t r ic  pouch. By means of this apparatus,  a negative (20, 30, 40, m m  Hg) or positive (10-15 mm Hg) 
p r e s s u r e  was crea ted  inside the gas t r ic  pouch after  every  2-hour per iod of observat ion of the secre t ion  
of juice and exretion of ur ine at a tmospher ic  p r e s su re .  

The se r i e s  of experiments  whose resul ts  are  descr ibed in this paper  was ca r r i ed  out in a fas t ing  
state without the use of st imulants of juice secret ion,  and in the absence of f ree  hydrochlor ic  acids in the 
secre t ion  at the beginning of the experiment .  

EXPERIMENTAL RESUTLS 

The results obtained with all the experimental animals were consistent. 

An increase in intragastric pressure to 10-15 mm had a marked effect on the exosecretion of 
pepsinogen (Fig. I), shown by a significant fall in the amount of pepsinogen contained in the gastric secre, 

tion in unit time. This decrease in the exosecretion of the proenzyme became progressively more marked 
with time, and took place as a result not only of a decrease in the volume of secretion, but also of the con- 
centratiSn of pepsinogen in the juice. In some experiments, in the first hour of increased pressure in the 
gastric pouch, the secretion produced contained a small concentration of free hydrochloric acid, but later, 

as a rule, this was not observed. 
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Fig .  1. Effect  of a pos i t ive  i n t r a -  
g a s t r i c  p r e s s u r e  on the e x o s e c r e -  
t ion of peps inogen  and exc re t ion  of 
u ropeps inogen .  The columns in -  
d ica te  the s e c r e t i o n  and exc re t ion  
of peps inogen p e r  unit  t ime in the 
g a s t r i c  ju ice  and ur ine  (/~g/h). 1) 
Concentra t ion of peps inogen in 
ju ice  (above) and in u r ine  (below); 
2) volume of g a s t r i c  s e c r e t i o n  
(above) and d i u r e s i s  (below). 
Volume of g a s t r i c  s e c r e t i o n  and 
d i u r e s i s  in ml ,  s e c r e t i o n  and e x c r e -  
t ion of peps inogen in ju ice  and ur ine  
(#g/h). 
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Fig .  2. Effect  of a negat ive  i n t r a -  
g a s t r i c  p r e s s u r e  on the s e c r e t i o n  
of peps inogen  in the g a s t r i c  j u i ces  
and i ts  exc re t ion  in the u r ine .  
Legend as in F ig .  1. 

With a d e c r e a s e  in  the s e c r e t i o n  of p r o e n z y m e  
in the ju ice  exc re t ion  of u ropeps inogen  r e g u l a r l y  i n -  
c r e a s e d ,  and a leading ro l e  in the phenomenon was 
due to the i n c r e a s e  in the concen t ra t ion  of peps inogen 
in the u r ine .  

The c rea t ion  of a negat ive  p r e s s u r e  (30 ram; 
Fig .  2) within the i so l a t ed  g a s t r i c  pouch had the 
opposi te  effect:  dur ing  the f i r s t  3-4 h the e x o s e c r e -  
tion of peps inogen r o s e  sharp ly ,  but l a t e r  (until 6-8 
h) i t  fe l l  to lower  values  than those  c h a r a c t e r i s t i c  of 
the e xos e c r e t i on  of p roenzyme  at a t m o s p h e r i c  p r e s -  

su r e  within the g a s t r i c  pouch. The i n c r e a s e  in e x o s e e r e t i o n  at a negat ive  p r e s s u r e  took p l ace  as the r e s u l t  of 
an i n c r e a s e  in the concen t ra t ion  of p r o e n z y m e  in the s e c r e t i o n  and of an i n c r e a s e  in the volume of s e c r e t i o n .  
The subsequent  fa l l  in the s e c r e t i o n  of peps inogen in the ju ice  took p lace  as a r e s u l t  of a d e c r e a s e  in the 
volume of s e c r e t i o n  and in the concent ra t ion  of p r o e n z y m e  in the ju ice .  

With the i n c r e a s e  in exosec re t i on  of peps inogen under  the inf luence of the negat ive  i n t r a g a s t r i c  p r e s -  
su re ,  the exc re t ion  of u ropeps inogen  d e c r e a s e d  as a r e s u l t  of a d e c r e a s e  of the d i u r e s i s  and of the concen-  
t r a t ion  of p roenzyme  in the ur ine .  

In the th i rd  v a r i a n t  of the expe r imen t s  a negat ive  p r e s s s u r e  in the g a s t r i c  pouch was main ta ined  at 
d i f ferent  l eve ls  for  2 h at each.  In some expe r imen t s  the p r e s s u r e  was changed f r o m  -20 to -40 ram, in 
o the r s  f r o m  -40 to -20 mm Hg. These expe r imen t s  showed that a p r e s s u r e  of -20 mm i n c r e a s e d  the exo-  
s e c r e t i o n  of peps inogen to a l e s s e r  deg ree  than a p r e s s u r e  of -30 mm.  A p r e s s u r e  of -40 m m  always d e -  
p r e s s e d  the s e c r e t i o n  of peps inogen in the g a s t r i c  juice ,  i r r e s p e c t i v e  of whether  the expe r imen t  began at  
this p r e s s u r e  of whether  i t  was c r e a t e d  at  the end of the exper imen t ,  as in F ig .  3. 

In this va r i an t  of the e x p e r i m e n t s  a l so ,  the r e c i p r o c a l  r e l a t i onsh ip s  between the e xos e c r e t i on  and 
inc re t ion  of peps inogen  were  c l e a r l y  r e v e a l e d  (the magni tude of the l a t t e r  could be judged i nd i r e c t l y  f rom 
the exc re t ion  of uropepsinogen)  depending on the leve l  of the i n t r a g a s t r i c  p r e s s u r e .  

The l eve l  of the p r e s s u r e  in the g a s t r i c  pouch was a lso  impor t an t  for  the " r e d i s t r i b u t i o n "  of ch lo r ides  
s e c r e t e d  into the g a s t r i c  ju ice  and e x c r e t e d  in the u r ine  (see table) .  A negat ive p r e s s u r e  in the i s o l a t e d  
g a s t r i c  pouch i n c r e a s e d  the s e c r e t i o n  of ch lo r ides  in the ju ice ,  by i n c r e a s i n g  the i r  concent ra t ion ,  but had 
no m a r k e d  effect  on the syn thes i s  of hyd roc h l o r i c  acid  in the g a s t r i c  mucous m e m b r a n e .  The i n c r e a s e  in 
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Fig.  3. Effect  of different  negat ive 
p r e s s u r e s  on the sec re t ion  of 
pepsinogen in the ga s t r i c  juice 
and its excre t ion  in the ur ine .  
Legend as in Fig. 1. 

a m a r k e d  change in which is r e f l ec ted  

the sec re t ion  of chlor ides  in the ga s t r i c  juice was accompanied  by 
a r egu l a r  dec r ea se  in the i r  excre t ion  by the kidneys.  S imi la r  r e -  
sults  in r e sponse  to act ive s t imulat ion of gas t r i c  s ec re t ion  were  
obtained by Ya. P. Sklyarov [i0]. The depress ion  of the e x o s e c r e t o r y  
e l iminat ion of chlor ides  with a pos i t ive  i n t r agas t r i c  p r e s s u r e  led to 
an i n c r ea se  in the i r  excre t ion  in the ur ine .  

According to the findings of Janowitz  and c o - w o r k e r s  [15, 16], 
99~c of the pepsinogen synthes ized  in the gas t r i c  mucous m e m b r a n e  
leaves  it in the gas t r i c  sec re t ion ,  while l~c p a s s e s  into the blood 
s t r e a m ,  f r o m  which it is exc re t ed  by the kidneys in the ur ine .  This 
is an e x t r e m e l y  widely held view, but evidence has inc reas ing ly  been  
obtained recen t ly  that there  a r e  no se r ious  grounds fo r  insis t ing 
upon a re la t ionship  of d i r ec t  p ropor t ion  between the exosec re t ion  
of the p roenzyme ,  its s ec re t ion  into the blood s t r e a m ,  and the ex-  
c re t ion  of pepsinogen in the ur ine  [2, 6, 7, 11, 12, 17, 18]. 

This is  a lso  sugges ted  by exper imen ta l  r e su l t s  obtained in the 
au thor s '  l abora to ry ,  demons t ra t ing  that the e x t r a r e n a l  excre t ion  of 
the pepsinogen sec re t ed  by the s tomach  into the blood s t r e a m  may  
take p lace  and that the excre t ion  of uropeps inogen  may  be i nc rea sed  
at a t ime when gas t r i c  s ec re t ion  is inhibited [3]. The sca le  of the 
excre t ion  of uropepsinogen and the concentra t ion of peps ingen in 
the blood s t r e a m  give informat ion  p r i m a r i l y  about the "peptic poten-  
tial of the s tomach"  (the total ga s t ro -pep t i c  m a s s  of cel ls  [13, 14]), 
in the excre t ion  of pepsinogen in the ur ine .  The r e su l t s  desc r ibed  

provide  a fu r the r  a rgument  in support  of the view that the peps inogen synthes ized  in the gas t r i c  mucous 
m e m b r a n e  may  leave  it by both e x o s e c r e t o r y  and i n c r e t o r y  pathways in different  quanti tat ive p ropor t ions .  
Depress ion  of exosec re t ion  in r e sponse  to an i nc r ea se  in i n t r agas t r i c  p r e s s u r e  (and also in the p r e s e n c e  
of edema of the gas t r i c  mucous m e m b r a n e  [8, 9]) i n c r e a s e s  the s ec re t i on  of pepsinogen into the blood 
s t r e a m  and its  excre t ion  in the ur ine .  

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

1. A . S .  Belousov,  I. I. Malkiman,  and A. M. Sorin,  Vestnik Akad. Med. Nauk SSSR No. 2, 71 (1964). 
2. I . I .  Ionova, Kazansk.  Med. Zh., No. 2, 37 (1964). 
3. G . F .  KorotTko, The Incre t ion and Excre t ion  of Pepsinogen [in Russian]  ,Tashkent (1965). 
4. L . N .  Lapin and R. Kh. Zamanov,  in the book: Collected Scientific Publ icat ions of the I. P. Pavlov 

Samarkand  Medical Insti tute [in Russian],  Samarkand  (1956), Vol. 9, p. 126. 
5. E . M .  Ma t ro sova ,  The Motor Activi ty of the Stomach and its  Connection with the Secret ion of Gas t r i c  

Juice  [in Russian] ,Moscow, Leningrad (1964). 
6. V . B .  Mel'nitskii~ Klin. Med., No. 2, 35 (1962). 
7. Yu. D. Popov .  Vrach.  Delo, No. 10, 24 (1964). 
8. O . G .  Sizov,  Lab. Delo, No. 11, 48 (1962). 
9. O . G .  Sizov,  Impor t ance  of Determinat ion  of the Uropepsin  Activi ty in Clinical Surgery, ,  Author ' s  

ab s t r ac t  of candidate d isser ta t ion ,  Riga (1965). 
10. Ya. P. Sklyarov,  The Gas t r i c  Secre t ion [in Russian] ,Moscow (1961). 
11. G . P .  F e d o r o v a ,  Vrach.  Delo, No. 12, 25 (1964). 
12. A . I .  Fro lovao  T e L  Arkh.,  No. 5, 68 (1964). 
i3.  O . A . A .  Boek, G. Arapakis ,  L. J .  Witts, et  al., J .  Br i t .  Soc. Gas t roen te ro l . ,  4, No. 2, 106 (1963). 
14. B . J .  Hirschowitz ,  J.  Lab.  a. Klin. Med., 46, No. 4, 568 (1955). 
15. H .D .  5anowitz, M. H. Levy,  and F. Hol lander ,  New York Acad.,  26, 281 (1950). 
16. H . D .  Janowitz and F. Hol lander ,  J .  Appl. Physiol . ,  4, No. 2, 53 (1951). 
17. J . R .  Jude and A. H. Har r i s ,  Arch.  Surg.,  79, No. 5, 761 (1959). 
18. G. Van Goidsenhowen, L. Wilkoff, and J .  B. K i r s n e r ,  Gas t roen te ro logy ,  34, No. 3, 421 (1958). 

467 


