
D E N S I T Y  O F  T H E  C H Y M E  IN T H E  DOG D U O D E N U M  

A. D. B e g e k a  a n d  S. D. G r o i s m a n  UDC 612.331-019 : 599.742.1 

Chronic exper iments  of dogs with f is tulas  in the p rox imal  par t  of the duodenum some  10 to 12 
cm caudally to the pylor ic  sphincter  showed that during the g r ea t e r  pa r t  of the digest ive p ro -  
cess  in dogs a f te r  eating b r e a d  the re la t ive  content of b r ead  in the chyme rema ined  s table  
even though the ra te  of evacuation f r o m  the s tomach var ied  considerably.  If the synchronized 
function of the s tomach,  duodenum, and digest ive glands was dis turbed by blocking the en te ro -  
gas t r i c  ref lex,  the density of the duodenal chyme was increased.  The density of the duodenal 
contents r emained  constant only if the amount of b r e a d  in the s tomach  exceeded the threshold  
level  (about 25 g). Constancy of the re la t ive  density of the duodenal contents is s e c u r e d b y  co-  
ordination of the motor  and s e c r e t o r y  functions of the organ of the gas t ro-duodena l  sys tem.  

There  is s t rong  evidence to show the re la t ive  constancy of the pH, osmot ic  p r e s s u r e ,  and amino-ac id  
concentra t ion in the contents of the smal l  intestine [1, 7, 8, 15, 18]. 

The purpose  of this invest igat ion was to de te rmine  whether the density of the chyme in the initial pa r t  
of the smal l  intest ine r ema ins  constant when the s tomach contains solid food. 

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

Three  dogs with f is tulas  in the p rox imal  par t  of the duodenum 10-12 cm caudally to the pylor ic  sphinc-  
t e r  were  used. The fast ing dogs were  fed with 25, 50, 100, 200, or  300 g of b read ,  carefu l ly  mixed with 
smal l  bal ls  made f r o m  specia l  rubber  with specif ic  g rav i ty  1.1 (i.e., c lose to the specif ic  gravi ty  of the con- 
tents  of the gas t ro in tes t ina l  t ract ) .  The d iamete r  of each bal l  did not exceed 1.5-2 ram,  so  that  they passed  
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Fig. 1. Dynamics  Of evacua tory  act ivi ty of the s t o m -  
ach and densi ty of chyme in the duodenum af ter  feeding a 
d o g w i t h 3 0 0 g o f b r e a d :  1) density of chyme; 2) evac-  
ua tory  activity of s tomach.  Absc i ssa ,  t ime af ter  feed 
ing (in rain), ordinate: left) ra te  of evacuat ion of b r ead  
(in g /ml) ;  right) quantity of b read  in chyme (in g /ml) .  
Short  ve r t i ca l  l ines r e p r e s e n t  confidence l imi ts  of 
means  (M~- 2.5 m). 

without obst ruct ion together  with the chyme through 
the pylor ic  sphincter .  To each 25 g b r ead  150 bal ls  
were  added. Eve ry  25 min the duodenal f is tula was 
opened and the contents escaping  f r o m  the duode- 
num collected in a spec ia l  r ece ive r .  The volume 
of chyme,  which was a mix tu re  of food and digest ive 
juices  sec re t ed  was m e a s u r e d ,  and the number  of 
bal ls  in it was counted. The ra t io  between es t imated  
quantity of b r e a d  and the total volume of chyme was 
a m e a s u r e  of the re la t ive  quantity of b r ead  and 
chyme in the duodenum or,  in other words ,  a m e a -  
sure  of densi ty  of the ehyme. The ra t e  of evacua-  
tion f r o m  the s tomach was calculated by using data 
for  the quantity of b r ead  leaving the s tomach  during 
a fixed t ime interval  [6]. F r o m  the r e su l t s  obtained 
a graph was plotted with the t ime af ter  taking the 
food along the a b s c i s s a  (in rain) and the densi ty  of 
the ehyme in the duodenum and ra t e  of evacuat ion of 
b r ead  f rom the s tomach,  r e spec t ive ly ,  along the o r -  
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Fig. 2. Dynamics of densi ty of chyme in duodenum af ter  feed-  
ings dogs with 100 mg of bread:  A) without blocking en te ro -  
gas t r i c  ref lex;  B) with blocking of e n t e r o - g a s t r i c  ref lex.  Ab- 
s c i s sa ,  t ime a f te r  feeding (in rain); ordinate ,  quantity of b r e a d  
in chyme (in g /ml) .  Short  ve r t i ca l  lines r e p r e s e n t  confidence 
l imi t s  of means  (M 4- 2.5 m). 

dinate. Each point was obtained by averaging  the resu l t s  of five to seven  exper iments .  The r e su l t s  were  
analyzed s ta t i s t i ca l ly  [16]. 

The s e c r e t o r y  act ivi ty of the panc rea s  and act ivi ty  of the b i l i a ry  s y s t e m  in the initial  pe r iod  of diges-  
tion anticipated the evacua tory  function of the s tomach ,  and the density of the duodenal chyme was low (Fig. 
1)~ By the end of the f i r s t  hour a f te r  the dogs had eaten 200-300 g of b read ,  the densi ty of the duodenal con- 
tents  had r i s en  to a s table  level  which was mainta ined during the next 3-4 h, despite  the fact  that  the ra te  of 
evacuat ion f r o m  the s tomach  var ied  exponential ly [6, 11, 17]. Fo r  example ,  during the fourth hour af ter  
eat ing 300 g of b read ,  33.1% less  b r ead  was evacuated f r o m  the s tomach  than during the second hour. Mean- 
while the densi ty of the duodenal chyme at these t imes  was p rac t i ca l ly  identical  {0.1874- 0.030 and 0.171 4- 
0.031 g b r e a d / m l  chyme).  The densi ty of the chyme in the duodenum may  r e m a i n  unchanged until the s t om-  
ach is comple te ly  emptied.  However ,  in some exper imen t s  in the final phase  of digest ion (when not m o r e  
than 20-30 g of b r ead  r ema ined  in the s tomach)  a t e m p o r a r y  dec rea se  or  i nc rease  in the quantity of b r e a d  
was obse rved  in the chyme. These  deviat ions were  probably  connected with the fact  that  at the end of d iges-  
tion, but before  the s tomach  has comple te ly  emptied,  the next per iod of work or r e s t  of the s tomach  m a y  
begin to develop [3, 4, 12], and this a c c e l e r a t e s  or  r e t a rd s  its evacua to ry  act ivi ty ,  r espec t ive ly .  

S imi lar  r e su l t s  were  obtained by feeding the dogs with 50, 100, or 200 g of b r e a d  although the per iod 
during which the densi ty of the chyme rema ined  constant was shor tened under these  conditions. This per iod  
a lmos t  comple te ly  d i sappeared  af ter  feeding with 25 g bread.  

These  r e su l t s  show that the body mainta ins  a s table  composi t ion of the chyme in the p rox ima l  pa r t  of 
the sma l l  intest ine,  which within ce r ta in  l imi ts  is independent of the quantity of food in the s tomach  and the 
r a t e  of its evacuation. This constancy is de te rmined  by two coordinated s y s t e m s  of re f lexes .  The f i r s t  r e -  
flex is a link between mechanica l  and chemica l  s t imulat ion of the s tomach  and duodenum and the s e c r e t o r y  
act ivi ty  of the s tomach,  panc reas ,  and l iver  [9, 10], while the second is a link between mechan ica l  and chem-  
ical  s t imulat ion of the s tomach  and duodenum and the m o t o r - e v a c u a t o r y  act ivi ty of those organs  [2, 4, 5, 9]. 

One of the mos t  effect ive m e c h a n i s m s  regula t ing the evacua tory  function of the s tomach  is the en te ro -  
gas t r i c  re f lex  [19, 20]. With constant  drainage of the contents escaping  f r o m  the duodenal f is tula ,  the en-  
t e r o - g a s t r i c  re f lex  la rge ly  ceased  to influence the m o t o r - e v a c u a t o r y  function of the s tomach ,  and this led 
to a m a r k e d  inc rease  in the re la t ive  densi ty of the chyme in the initial pa r t  of the smal l  intest ine (Fig. 2). 
Whereas  the mean  densi ty during the s table  phase  was 0.158 4- 0.011 g b r e a d / m l  chyme,  af ter  blocking of 
the e n t e r o - g a s t r i c  re f lex  it inc reased  to 0.2444- 0.028 g / m l  (P < 0.05). 

It can be concluded f rom these  r e su l t s  that there  is a ce r ta in  threshold  quantity of b r e a d  which e f fec-  
t ively  t r i gge r s  the whole s y s t e m  ensur ing constancy of composi t ion of the chyme in the duodenum~ The 
s m a l l e s t  of the doses  of b read  used (25 g) was evidently the threshold ,  for  when it was fed to the dogs the 
re la t ive  density of the duodenal chyme in the different  exper imen t s  va r i ed  within v e r y  wide l imits .  Ch a rac -  
t e r i s t i ca l ly ,  deviation of density f r o m  the s table  level  obse rved  in the final phase  of evacuat ion f r o m  the 
s tomach  also was m o r e  m arked  at a t ime when 20-30 g b r e a d  r ema ined  in the s tomach.  

In the i r  genera l  f o r m  the r e su l t s  of this investigation a re  fu r the r  conf i rmat ion  of P a r l o r ' s  pr inc ip le  
[13] of coordinat ion in the place and t ime  of functional act ivi ty of the digest ive  organs ,  and they agree  well  
with views rega rd ing  the "behavior"  of v i s c e r a l  s y s t e m s  [14]. 
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