
METHODS 

I N V E S T I G A T I O N  O F  pH O F  C O N T E N T S  OF  T H E  

I N T E S T I N A L  T R A C T  B Y  A R A D I O T E L E M E T R I C  

V. I .  D e d l o v s k a y a  

G A S T R O  - 

M E T H O D  

UDC 612.331.014.462.6-088.621.398 

A radiocapsule  was used to study the pH of the contents of the gas t ro- in tes t ina l  t ract  of 15 heatlhy 
persons.  The pH values recorded  in the s tomach 1-1.5 h after a test  meal (one cup of tea, 15 g sugar ,  70 g 
white bread) varied from 1.7 to 1.3, in the proximal par t  of the small  intestine it was 6.5-4.2, in its t e r -  
minal portion 9.0-7.8, and in the large intestine 6.0--4.0. When gastr ic  acidity curves  are plotted it must  
be r emembered  that the true pH value corresponds  not to the maximal,  but to the minimal level Of fluctua- 
tions associated with per is ta l t ic  contract ions.  

Although the radiote lemetr ic  method of investigation of functions of the gas t ro- in tes t ina l  t rac t  is 
still  undergoing technical modification and does not yet  provide the des i red  accuracy  of measurement ,  the 
resul ts  obtained by this method are never theless  interest ing to physiologists  and clinicians. 

In this paper  we descr ibe  pH values for the contents of the s tomach and various par t s  of the intestine 
obtained by means of a radiocapsale,  the design and working principles of which were descr ibed by E. B. 
Babskii and A. M. Sorin [2]. 

During famil iar izat ion with the technique and in the course  of p re l iminary  experiments  we found 
that pH of the gast r ic  contents determined by the radioprobe method, when converted into cus tomary  t i t r a -  
tion units of acidity, frequently do not cor respond to the accepted clinical norms.  Evidently a special  ser ies  
of investigations was required to determined the normal  pH values of the contents of the s tomach and v a r i -  
ous parts  of the intestine, and to establish methods of analysis of pH curves  obtained on the recording s y s -  
tem of the apparatus.  

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

We used the acidity radiocapsule to c a r r y  out 22 investigations on 15 apparently healthy young 
persons  (men and women aged from 18 to 32 years) with no complaints concerning the state of the g a s t r o -  
intestinal t ract .  The radiocapsule was charged and coated 12-15 h before  the investigation began. Cal ibra-  
tion of the capsule was ca r r i ed  out for 3-4 h in the morning, radio signals from the capsule being recorded 
when immersed  in j a r s  containing buffer solutions with pH 9.0, 7.0, 3.0, 2.0, and 1.0 kept in an incubator. 
Throughout the cal ibrat ion period, a careful  check was made of the tempera ture  of the buffer solution by 
means of a the rmomete r  kept in the same ja r  as the capsule. In the morning the subject took his usual 
breakfast ,  and at 2 p.m. a t e s t  meal in the middle of which he swallowed the radiocapsule.  The test  meal 
consisted of one cup of tea, 15 g sugar,  and 70 g white bread.  The tempera tu re  of the tea was 38-39 ~ The 
pH curve was recorded  in the sitting position for 3 h after  the test  meal,  and then for 30-40 min after  an 
interval of 4-5 h, during which t ime the subjects took an ordinary meal.  On subsequent days signals f rom 
the capsule were recorded  periodical ly 3-4 t imes daily until it emerged from the intestine. In four cases ,  
in o rder  to record  the pH 15-16 h after  the beginning of the investigation without disturbing the subject ' s  
sleep, we postponed the s tar t  of the radioprobe examination until la ter  in the day, to 6-7 p.m. 

EXPERIMENTAL RESULTS 

Segments of the pH curve recorded  while the radiocapsule was in the stomach,  the proximal  portion 
of the small  intestine, and the large intestine are  given in Fig. 1. The presence  of fast (2-3/min) f luctua-  
tions in the level of the pH curve of the gas t r ic  contents makes it difficult to give a numer ica l  value to the 
acidity. These fluctuations may be due to contact between the capsule pick-up during per is ta l t ic  con t r ac -  
tions and layers  of food masses  of different acidity. However, during digestion, as the gas t r ic  contents 
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Fig .  1. pH Curves  of contents of s t o m -  
ach (A), p rox ima l  por t ion of s m a l l  i n -  
t e s t ine  (B), and l a rge  in tes t ine  (C) .  
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Fig.  2. Record ing  of r ad iocapsu l e  
s igna l s  f rom incubator  while i m -  
m e r s e d  in buffer  so lu t ions  s t a t i on -  
a r y  or  in movement  r e l a t i v e  to 

capsu le  p ick-up .  A-D} Buffer 
solut ions of pH 1.0, 3.0, 7.0, and 
9.0 r e spec t i ve ly .  Black  r ec t ang le s  
denote pe r i ods  of movement  of 
solution; upward def lec t ion  of cu rve  
c o r r e s p o n d s  to d e c r e a s e  of pH. 

a r e  mixed and the s e c r e t o r y  p r o c e s s  g radua l ly  d imin i shes ,  
these  f luctuat ions in the curve  would be expected to become 
smoothed out and to d i s a ppe a r ,  but in fact  this  often is  not 
obse rved .  It is  evident  that  t he re  mus t  be some o ther  r eason  
for  these  f luctuat ions on the pH curve .  We a s sumed  that one 
such r e a s o n  is not an actual  change in the pH of the medium,  
but the r ap id  d i sp l acmen t  of the liquid ga s t r i c  contents r e -  
la t ive  to the r ad iocapsu le  p ick-up  during p e r i s t a l t i c  waves.  

This  hypothes is  was t e s ted  in spec ia l  expe r imen t s  in 
which s igna ls  were  r e c o r d e d  f rom the r ad iocapsu le  p laced in 
an incubator .  The buffer  solut ion in which the capsu le  was 
i m m e r s e d  was p e r i o d i c a l l y  se t  in motion. The r e s u l t s  of 
these  expe r imen t s  a r e  i l l u s t r a t e d  in Fig .  2. They show that 
while the buffer  solut ion was s t a t iona ry ,  a constant  pH value 
was r eco rded ;  at  t imes  of movement  of the solut ion r e l a t i v e  
to the capsu le ,  the curve  shifted toward the acid s ide ,  and 
these  def lec t ions ,  s imula t ing  an i n c r e a s e  in acidi ty ,  were  
m o r e  m a r k e d  the h igher  the hydrogen ion concent ra t ion  in 
the tes ted  medium.  In a neu t ra l  medium,  for  instance,  move-  
ment  of the solut ion was not r e f l ec ted  in the f requency of 
s igna ls  f rom the r ad iocapsu le ,  but in a solut ion of pH 1.0 it 
caused  changes in the f requency of the s ignals  s imula t ing  a 
pH change f rom 1.0 to 0.5. For  the r e a s ons  given above, 
dur ing ana lys i s  of the r e s u l t s  for  the pH of the g a s t r i c  con-  
tents  we took as our r e f e r e n c e  point the lower level  of the 
f luctuat ions of the cu rve  (Fig.  1, b roken  line), co r re spond ing  
to the ac tual  pH value.  In addit ion,  for  each 5-rain i n t e rva l  
we de t e r m i ne d  the mean of two pH read ings :  max imal  and 
min ima l .  

Ana lys i s  of data for  the f ree  hydroch lo r i c  acid con-  
cen t ra t ion  in the g a s t r i c  contents  and the r eac t ion  of the 
medium in d i f ferent  por t ions  of the in tes t ine  gave the fol low- 
ing r e s u l t s .  During the f i r s t  minutes  a f te r  the t es t  mea l  a 
weakly acid r eac t i on  was r eco rded ,  the pH of the medium 
being 4.0-5.0 (Fig.  3). Af ter  30 min the pH of the g a s t r i c  
contents  fel l  to 2.5-1.6 (median 1.75), co r re spond ing  to 4-21 
t i t r a t i on  units of ac id i ty .  F r o m  1 to 1.5 h a f t e r  the beginning 

of the inves t iga t ions  we usual ly  obtained pH values  between 1.7 and 1.3 (median 1.6), i . e . ,  20-50 t i t ra t ion  
units .  As a ru le ,  a f te r  this t ime a m a r k e d  change in pH toward the acid s ide  was obse rved :  the r e c o r d e d  
pH values  va r i ed  f rom 1.5 to 1.0 (median 1.4) as the ave rage  of r e s u l t s  for 5-rain i n t e r va l s ,  co r respond ing  
to 32-100 t i t r a t ion  units of ac idi ty .  Somet imes  pH values  below 1.0 were  r eco rded .  

We c o n s i d e r  that the r e a s o n  for obtaining these  high acidi ty  r ead ings  is  that the evacua to ry  p r o c e s s  
is p r a c t i c a l l y  comple te  1.5-2 h a f t e r  the beginning of the inves t iga t ion  and the capsu le  p ick -up  is able to 
r e m a i n  in c lose  contact  with the g a s t r i c  mucous m e m b r a n e  and with newly fo rmed  por t ions  of hydroch lo r i c  
ac id  which has  not yet  become  di luted or  neu t r a l i zed  with mucous.  In a cont ro l  s e r i e s  of expe r imen t s  on 
dogs with f i s tu las ,  in which the ac id i ty  of the g a s t r i c  ju ice  was r e c o r d e d  s imul t aneous ly  by the r a d i o t e l e -  
m e t r i c  method and by t i t r a t ion  of the escap ing  ju ice ,  we found that the d i s c r e p a n c y  between the r e s u l t s  ob-  
ta ined by these  two methods does not exceed 10 t i t r a t ion  units.  We the re fo re  cons ide r  that the re  a r e  no 
grounds for  r e g a r d i n g  the high ac id i ty  va lues  a t  the end of the s t ay  of the capsu le  in the s t o m -  
ach as i nco r r ec t .  Changes in t e m p e r a t u r e  at  the end of the d iges t ive  p r o c e s s  in the s tomach (an i n c r e a s e  
in t e m p e r a t u r e  changes the f requency of s igna ls  f rom the r ad iocapsu le ,  jus t  l ike an i n c r e a s e  in hydrogen 
ion concentrat ion) may play a ro l e  he re ,  but f inal  conclus ions  r ega rd ing  this can be drawn only if  pH and 
t e m p e r a t u r e  a r e  r e c o r d e d  s imul taneous ly .  
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Fig. 3. pH of contents of s tomach 
and various par ts  of intestine of 
healthy persons as given by rad io -  
te lemetr ic  measurements .  Loca-  
tion of radiocapsule:  1) Stomach, 
II) small  intestine; III) i leocecal  
region; IV) large intestine. Ab- 
sc issa :  time (in h). 

In our investigations the radiocapsule passed from the 
s tomach into the duodenum usually 3-3.5 h, and in r a r e  cases  2 h, 
after  they began. Like a par t ic le  of high specific gravity,  the 
radiocapsule evidently remained for a long t ime in the fundus of 
the stomach and was evacuated last by means of more  powerful 
per is tal t ic  contract ions.  If we wished to hasten evacuation of the 
capsule,  3 h after the beginning of the investigation the subject 
lay on his right side. If the subject took food again before  the 
capsule was evacuated from the stomach, it was retained there 
for a long time. Movement of the capsule into the duodenum, 
where it encountered portions of intestinal juice, was accompanied 
by sharp  fluctuations in pH from 1.0 to 6.0, which gradually be -  
came smal le r  in amplitude, so that 1 h after entry of the capsule 
into the intestine pH values were 6.0-3.7 (medium4.8).  Bearing in 
mind that the tempera ture  in the small  intestine is a lmost  1 ~ 
higher than in the stomach [1], and introducing the appropriate 
tempera ture  correct ion,  the actual pH of the medium in the duode- 

num was 6.5-4.2 (median 5.3). A weakly acid react ion in the small  intestine was also recorded 2-3 h after 
departure  of the capsule f rom the stomach,  after  which it changed to neutral,  and 15-16 h after  the beginning 
of the investigation, when the capsule was presumably in the terminal  portion of the small  intestine, the 
react ion of the median was alkaline: the pH varied,  allowing for the tempera ture  correct ion,  f rom 8.5 to 
7.8 (median 8.0). An even s t ronger  alkaline react ion was found 19-20 h after the beginning of the invest i -  
gation. 

In the i leocecal  region the pH began to change toward the acid side, and in the large intestine we 
usually recorded  pH values between 6.0 and 4.0 (median 5.0). The weakly acid react ion of the contents of 
the large intestine is probably due to bac ter ia l  activity. It should be noted that we est imated the position 
of the capsule in the intestine on the basis of data in the l i tera ture  [1] regarding the velocity of passage of 
the radiocapsule through the gas t ro- in tes t ina l  t ract .  Most frequently in our investigations the capsule was 
discharged from the intestine at the beginning of the 3rd day. 
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