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Experiments  on isolated segments  of ra t  intestine showed that introduction of hypertonic solutions of 
glucose or  dextran into the smal l  intestine leads to the appearance of a substance in the intestinal contents 
increas ing the tone of the test  segment.  This effect is blocked by pre l iminary  t rea tment  of the intestinal 
segments  with tipindol, cocaine, atropine,  nicotine, and procaine.  Physost igmine potentiates the tonic ef-  
fect of the f i l trate.  It is concluded f rom these resul ts  that the substance secre ted  into the fi l trate is s e r o -  
tonin. 

Several  invest igators  have demonst ra ted  that the motor  and evaeuatory functions of the s tomach are  
dependent on the osmotic proper t ies  of food constituents present  in it [1, 3, 11, 12]. Stimulation of the 
duodenal osmorecep to r s  by hypertonic solutions slows gastr ic  evacuation by reflex c losure  of the pylorus 
[9, 10]. The pylorus thus plays the main role in protecting the smal l  intestine f rom the excessive entry of 
osmotical ly  active food. After  resec t ion  of the s tomach osmotical ly  active food enters the smal l  intestine 
more  rapidly (dumping). 

The object of this investigation was to study the cha rac te r  of substances sec re ted  in the smal l  intes-  
tine when hypertonic solutions enter it. 

Fig. I. Effect of filtrate of 
40% glucose solution on test 
segment. 0.7 f Denotes in- 
jection of 0.7 ml filtrate. 

EXPERIMENTAL METHOD 

Two glass vessels containing GaddumVs solution (9 g NaCl, 0.4 g KCI, 0.03 g CaCI2, 0.15 g NaHCO3, 
and 1 g glucose per liter distilled water} were placed in the bath of an ultrathermostat at 24 ~ A segment 

of the terminal ileum or initial portion of the transverse colon of a rat, 
1.5 em in length (the test segment), was immersed in the contents of one 
vessel. The bottom end of this segment was fixed by a thread to the glass 
tube through which the Gaddum's solution was aerated constantly from a 
type MK-1 microcompressor. The top end of the test segment of intes- 

tine was connected to a pen recording its tone and peristalsis on a smoked 
kymograph drum. A segment of small intestine, 20 cm in length, excised 
from the proximal portion of the duodenum (experimental segments of in- 
testine), preliminarily washed with Gaddum's solution, was immersed in 
the contents of the second vessel. Its proximal end was occluded by a 
ligature, while its distal end was fixed to the glass tube through which 
the segment was filled with 3-5 ml of glucose solutions of different con- 
centrations (I0, 20, 40%) or with 6% dextran solution. 

These solutions were withdrawn from the experimental segment 30 
rain after their introduction, filtered, and added to the vessel containing 
the test segment. Changes in tone and motor activity thereby arising in 
the test segments gave evidence of the presence of active substances in 
the filtrates secreted by the experimental segments of intestine in res- 
ponse to stimulation by the hypertonic solution. 
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Fig. 2. Effect  of tipindol (AS, cocaine (B), a t ropine {C), nicotine (DS, 
procaine  {ES, and physost igmine (F5 on tonic effect  of f i l t ra te  of con-  
tents  of exper imenta l  intest inal  segment .  A: 3.0 f5  injection of 3 ml  
f i l t ra te ;  R) r ins ing of t e s t  segment ;  T) injection of tipindol (1 �9 10-65 ; 
B; A) injection of 3 ml  f i l t ra te ;  B} r ins ing of t es t  segment ;  C5 in jec-  
tion of cocaine {1 �9 10-6); D) repea ted  injection of 3 ml  f i l t ra te ;  C; 
3.0 f }  injection of 3 ml  f i l t ra te ;  R5 r ins ing  of t e s t  segment ;  A) in jec-  
tion of a t ropine (1 �9 10-7}; D: A) injection of 3 ml  f i l t ra te ;  B5 r ins ing  
of t e s t  segment ;  C5 injection of nicotine (1.25 �9 10-?}; D5 2nd injection 
of 3 ml  f i l t ra te ;  E: A) injection of 3 ml  f i l t ra te ;  B5 r ins ing  of t e s t  
segment ;  C5 injection of procaine  (I  �9 10-85; D5 2nd injection of 3 ml  
f i l t ra te ;  F: A5 injection of 3 ml  f i l t ra te ;  B) r ins ing of t es t  segment ;  
C5 injection of physos t igmine  (1 �9 10-75; D5 2nd injection of 3 ml  f i l t ra te .  

P r e l i m i n a r y  exper iments  showed that  10% glucose solution and 6% dext ran  solution had no effect  on 
the cont rac t i le  act ivi ty  of the t es t  segment ,  whereas  higher  concentra t ion  of glucose lowered its tone. 

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

The Gaddum's  solution withdrawn f r o m  the exper imenta l  segment  a f te r  30 sec  did not change the 
c h a r a c t e r  of contract ion of the t e s t  segment .  However ,  if this solution was introduced under p r e s s u r e  into 
the exper imenta l  segment ,  it caused the intest ine to s e c r e t e  a subs tance  (or substances5 inc reas ing  the 
tone of the t e s t  segment .  The tonic r e sponse  of the t e s t  segment  bore  a d i rec t  re la t ionship  to the degree  
of s t re tch ing  of the walls of the exper imenta l  segment ,  i .e. ,  on the p r e s s u r e  c r ea t ed  within it. The r e l a -  
t ionship between this effect  and l iberat ion of serotonin  by the s t re tched  intest ine was demons t ra t ed  p r e -  
viously [6, 7]. 

F i l t ra tes  of hypertonic solutions in contact  with the exper imenta l  segment ,  when introduced into the 
v e s s e l  containing the t e s t  segment ,  i nc reased  its tone (Fig. 15 and cont rac t ions .  The tonic act ion of the 
f i l t r a tes  inc reased  para l l e l  to the inc rease  in concentra t ion of the solutions introduced into the e x p e r i m e n -  
tal  segment .  Inject ion of hypertonic solutions into the exper imenta l  segment  under p r e s s u r e  caused it to 
s e c r e t e  a l a r g e r  quantity of subs tances  inc reas ing  the tone of the t e s t  segment .  

Since the c h a r a c t e r  of the r e sponse  of the t e s t  segment  r e s e m b l e d  its r e sponse  to admin is t ra t ion  of 
sero tonin  solutions,  it was concluded that  serotonin  may  be p resen t  in the tes ted  f i l t ra tes .  Fur the r  evidence 
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in support of this hypothesis was given by the tachyphylactic proper t ies  of the fi l trate which were  demon-  
s t ra ted,  charac te r i s t i c  of serotonin also. 

To determine the nature of the substance present  in the fi l trate we f i rs t  used a method based on the 
specific serotonin- l ibera t ing  effect of rese rp ine  on the enterochromaff in  cells of the intestine. These ceils 
are  known to be a r e s e r v o i r  of serotonin [4, 5, 8]. 

Experiments were ca r r i ed  out on 29 rats  weighing 180-200 g which received intraperi toneal  injections 
of reserp ine  in doses of f rom 1 to 5 m g / k g  daily for 1-6 days. These experiments showed that exhaustion 
of the serotonin r e s e r v e s  leads to a sharp decrease  in the effect of the fi l trate on the intestinal contents on 
the tone of the test  segment.  This proper ty  of the experimental  segment  was gradually r e s to red  after  r e -  
serpine adminis t rat ion ended. 

We next analyzed the mechanism of action of the tonic factor  contained in the fi l trate of the exper i -  
mental  segments  on serotonin-sens i t ive  receptors  of M and D types in the test  segment.  Atropine (1 �9 10 -7- 
1 �9 10-8), procaine (1 �9 10-8), cocaine (1 �9 10-6), nicotine (1.25 �9 10-5), blocking mainly the M-recep tors ,  and 
physostigmine (1 �9 I0-7), increasing sensi t ivi ty of the M-recep to r s  to serotonin [13], were used for the analy-  
sis .  Simultaneous blocking of M- and D-types of serotonin-sens i t ive  s t ruc tures  was produced by the action 
of a new specific antiserotonin p repara t ion- t ip indo l  [2]. 

The experiment  showed that atropine, procaine,  nicotine, cocaine, and tipindol definitely block the 
action of the f i l t rate of content of the experimental  segment  of intestine to produce spasm of the test  s eg -  
ment, while physostigmine potentiated this action (Fig. 2). Analogous experiments with s erotonin yield the 
same resul ts .  

It can be concluded f rom these findings that the substance appearing in the fi l trate of hypertonie solu-  
tions introduced into the smal l  intestine of rats  and increas ing the tone of the tes t  segment  of intestine is 
serotonin and that the formation of an excess of serotonin l iberated f rom the enterochromaffin cells of 
Kulchitsky probably plays an important  role in the pathogenesis of the dumping syndrome,  during which 
the rapid entry of hypertonic food substances into the duodenum, accompanied by s t re tching of its walls, 
takes place. 
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