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The terminal  apparatus of the common bile duct plays an important part in the liberation of bile into the duo- 

denum and in its accumulat ion in the gall bladder. It consists of the sphincter of Oddi in the duodenal papilla, and 

the sphincter of the intramural portion of the common bile duct (sphincter of Boiden). Some investigators regard the 
muscular sphincters as independent structures [2], whereas others regard the sphincter of Boiden as an integral part 

of the sphincter of Oddi [1, 5, 6]. Nevertheless, the two structures perform the same function. The resistance of the 

sphincter of the papillary portion of the common bile duct represents 1 /3 -1 /6  of the total resistance of the whole 

terminal apparatus of the common bile duct; the remaining resistance is in the sphincter of the intramural  portion 

of the duct. 

A study of the function of the terminal  apparatus of the common bile duct is usually carried out by X-rays or 

by manometr ic  determination of the tonic tension. The last method has many advantages, but some shortcomings as 

well. Its chief merit  is that measurement of the tone of the sphincter is not confined to one moment,  but enables 

changes to be recorded on a kymograph. However, such investigations on animals have until  now been carried out 

in acute experiments. 

We have set out to develop a method for determination of the tone of the terminal  apparatus of the common 
bile duct in chronic experiments on dogs, and have made use of the principle of direct manometry. 

The apparatus was assembled from widely used laboratory apparatus comprising a water manometer,  an ultra-  
thermostat, and a universal stand (it is better to employ the stand of the apparatus for measurement of the venous 

pressure), a kymograph, and a Marcy's capsule. The s ingle- l imbed glass water manometer  was enclosed in a closed 

Fig. 1. Diagram of the device for deter- 
mination and recording of the tone of the 
terminal  apparatus of the common bile duct .  

glass vessel (the case of an ordinary water condenser) which was 
connected by 2 rubber tubes to the uhrathermostat. By continuous 

circulation of water around the manometer  the physiological saline 
within it was maintained at a constant temperature of 38 ~ The 

lower end of the manometer  was connected by means of a rubber 
tube to the cannula of the fistula of the gall bladder. The universal 
stand served to support the manometer  in the vertical position and 
to determine the zero mark of the manometer  at the level of the 
gall bladder. For graphical.recording of the changes in tone of the 
sphincters of the distal portion of the common bile duct a Marcy's 
capsule was connected to the system (Fig. 1). 

For the prophylaxis of cholecystitis and cholangitis before 
the commencement  of each experiment the manometer  and system 

of rubber tubes were sterilized by careful washing with alcohol or by 
pouring in disinfectant overnight. Directly before the experiment 
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Results of the Experiment 

Before i n j e c t i o n  of a m  inasi  A f t e r  i n j e c t i o n  of amina.sh~ 

T i m e  of e x p e r i m e m  

12 hrs 10 ra in  
12 >> 12 >> 
12 >> 13. >> 
12 >~ 14 >> 
12 ,~ 15 ~, 
12 *~ 16 >> 
12 ~ 17 ~> 
12 ~, 18 ~ 
12 ~ ~9 
12 ~ 22 ~ 
12 ~ 23 ~ 
12 ~ 24 
12 �9 25 
12 ~ 26 

12 5> 28 >5 
12 5> 29 
12 �9 30 
12 >> 31 ~> 
12 >~ 32 

f i l l i ng  [ Residual  
p re s su re  ] pressure 

In ITnTI w a t e r  

T i m e  of e x p e r i m e n t  

12 hrs 38 ra in  
12 ~ 39 
t2 ~ 40 ~> 
12 )~ 41 ~) 
12 ~ 42 >> 
12 >~ 43 ~ 
12 ~ 44 
12 ~> 45 ~ 
I2 ~> 46 
12 5~ 53 z 
12 ~> 54 ~ 
12 ~r 55 
12 ~ 56 ~> 
12 ~ 57 >5 
12 ~> 58 >> 
12 ~> 59 >5 
13 >> 08 
13 5~ 09 >> 
13 ~> 10 ~ 
13 ~ 11 >~ 
13 ~ 12 >> 
13 >5 13 ~.~ 
13 ~ 14 
13 ~ 15 ~ 
t3 >>. 16 ~ 
13 5> 22 
t3 >> 23 ~ 
!3 >> 24 
13 >5 25 
13 >> 26 >> 
13 >> 27 "~ 
13 ~ 28 ~ 

f t t l i t lg  res idual  

pressure pressure 

In lnlTl w a t e r  

172 
148 
130 
114 
106 
100 
100 
94 
94 

130 
120 
108 
102 
96 
90 
90 

164 
154 
150 
144 
138 
132 
130 
126 
126 
170 
156 
150 
144 
140 
140 
140 

the  d i s i n f e c t a n t  was r e m o v e d  and  the  sys tem washed wi th  s te r i l e  phys io log i ca l  s a l i ne .  

Usua l ly  3 - 4  weeks  before  the  start  of the  e x p e r i m e n t  a n  ope ra t ion  was p e r f o r m e d  on the  dogs to e s t ab l i sh  a 

f i s tu la  of  the  ga l l  b l a d d e r  us ing  Schi f f ' s  m e t h o d ,  i . e . ,  the  c o m m o n  b i l e  duc t  was not  l i ga t ed .  In b e t w e e n  e x p e r i -  

m e n t s  the  c a n n u l a  was c losed  w i th  a p lug  to p r e v e n t  loss of  b i l e  and  any a s soc i a t ed  d i s t u r b a n c e  of f unc t i on  to o the r  
organs and  systems.  

Usual ly  the  m a n o m e t e r  and  the  tubes  l e a d i n g  f rom i t  were  f i l led  wi th  p h y s i o l o g i c a l  s a l i n e  up to the  ze ro  m a r k  

and  the  ze ro  m a r k  on the  m a n o m e t e r  was b rough t  to the  l e v e l  of  the  a n i m a l ' s  ga l l  b l adde r .  T h e n  the  p lug  of  the  c a n -  

nu la  in to  the  ga l l  b l adde r  was opened  and  in to  i ts ape r tu r e  was ca r e fu l l y  f ixed and  p l a c e d  a glass or ebcmi te  c a n n u l a  

c o n n e c t e d  to the  rubber  tube  of the  m a n o m e t e r .  Then  the  m a n o m e t e r  was g r adua l l y  f i l l ed  wi th  the  s a m e  so lu t ion  

th rough  its f ree  upper  ape r tu r e  and  the  pressure of f i l l i ng  was i nc r ea sed  e a c h  t i m e  by 2 0 - 1 0 0  m m  m e r c u r y  un t i l  t he  

l e v e l  was r e a c h e d  wh ich  i f  e x c e e d e d  caused  open ing  of the  sph inc te rs  of  the  t e r m i n a l  a p p a r a t u s  of the  b i l e  duc t  and  

the  e scape  of some  of the so lu t ion  in to  t he  i n t e s t i n e  ( e s cape  pressure).  The  pressure of  the  so lu t ion  r e m a i n i n g  in t he  

m a n o m e t e r  then  i n d i c a t e d  the  s o - c a l l e d  r e s idua l  pressure,  Each new s ing le  e l e v a t i o n  of  pressure in  the  m a n o m e t e r  

by 2 0 -  5 0 -  t 00  m m  m e r c u r y  was as a ru le  a s soc i a t ed  wi th  the  e s c a p e  of f lu id  in to  the  in t e s t ine ,  and,  na tu ra l l y ,  by a 

r e d u c t i o n  of pressure to the  o r ig ina l  l eve l .  Thus,  under  these  cond i t ions  the  r e s idua l  pressure was of c o n s t a n t  m a g n i -  

tude .  It r epresen t s  the  t on i c  t ens ion  of the  t e r m i n a l  appa ra tus  of the  c o m m o n  b i l e  duc t .  It is t rue  t ha t  du r ing  the  p a s -  

sage  ,of the  perfusion f lu id  f rom the  r eco rd ing  sys tem to the t e r m i n a l  sph inc te r  two s t ruc tures  a re  e n c o u n t e r e d  whose  

a b i l i t y  to undergo  a c t i v e  c o n t r a c t i o n  m a y  exer t  some  i n f l u e n c e  on the  res idua l  pressure.  T h e s e  2 s t ruc tures  are  the  

ga l l  b l adde r  and the  c o n t r a c t i l e  por t ion  of  the  ga l l  duc t  ( sph inc t e r  of  Lyutkens).  However ,  the  i n f l u e n c e  of c o n t r a c -  

t ions and  r e l axa t ions  of  t he  ga l l  b l adde r  were  g r ea t l y  r educed  by r e m o v a l  of a por t ion  of  i t  dur ing  the  ope ra t i on .  In 

add i t ion ,  a c c o r d i n g  to the  c l a i m s  of m a n y  authors  [2, 4], the  ton ic  t ens ion  of the ga l l  b l a d d e r  in the  fas t ing  c o n d i t i o n  
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Fig. 2. Influence of 0.5 ml of 1:1,000 noradrenaline 
and of 1 ml of a 2% solution of promedol on the tone 

of the terminal  apparatus of the common canine bile 

duct. 

is usually very small  and increases markedly only during 

the first hours of digestion. As our control experiments and 

the physiological observations of E. D. Buglov [1] showed, 

when the experiments are conducted on an empty stomach 
the effect of the sphincter of Lyutkens is nor appreciable. 
We may, therefore, suppose that the residual pressure when 

no digestion is taking place represents an index of the tone 
of the terminal  apparatus of the common bile duct. 

Numerous control experiments carried out with this 

device convinced us that determination of the tone of the 

sphincters of the distal portion of the common bile duct can 

be achieved in chronic experiments. A very important con- 
dition determining the accuracy of the results is the intro- 

duction of physiological saline at a constant temperature of 

38" into the biliary apparatus. Any cooling of the solution 
leads to the development of a spasm, and an increase of 
temperature causes relaxation of the sphincters. Therefore, 

the whole system must be filled with a warm solution, and 
the portion of the rubber tubing between the manometer  

and the cannula must be enclosed in a further vessel with 

circulating water at 38*, or else must be covered with an effective thermal insulator. 

Measurement and recording of changes in the tone of the common bile duct by means of this method may be 

carried out many times for several hours. From the results of the different measurements of the residual pressure 

changes in tone may be deduced. 

Besides single or mult iple  determinations (recordings) of the tone, continuous determination is also possible. 

For this purpose, after determination of the ini t ia l  tone a dropper must be included also filled with sterile isotonic 
sodium chloride solution. The dropper is required in order to ensure that the amount of fluid flowing from it per min 

lies between 1.0 and 1.5 ml (10-15 mm water). 

As a rule, connection of the dropper has the effect that the tone of the terminal  apparatus of the bile duct in -  

creases: in certain dogs the change was very small,  while in others it was appreciable, Nevertheless, when the norm 

has been recorded for 30-60 rain, a change can be made to the main  aims of the experiment without any change in 

the apparatus. 

This addition was essential in experiments during which the tone of the terminal  apparatus was increased under 

certain influences, or when it had recovered after a previous fall. 

Control and special experiments carried out with the addition of various drugs exerting a marked influence on 

smooth musculature (pituitrin, morphine, promedol, aminasin, choline, carbocholine, adrenaline,  noradrenaline, 

atropine, etc.), demonstrated the high sensitivity of this method. A Study of the changes in tone of the sphincters of 
the distal end of the bi le  duct can be made according to the requirements of the experimenter; the records the indi-  

cations of the manometer  at various intervals of t ime by making a graphical record on the kymograph, or by using 
both means simultaneously. In the latter case there is no need for interpretation of the kymogram. 

As an illustration we give the results of 2 experiments. In the first experiment on the change of residual pres- 

sure we studied the character and duration of the action of aminasin on the tone of the terminal  apparatus. For this 
purpose every 15 min we determined simultaneously the tonic pressure before and after intravenous injection of 1 ml  

of 1~ aminasin solution. 

Experiment of 23/I/1962. Dog Pirate, weight 20.3 kg: Experiment started at 12.10 h, and terminated at 13.28 h; 

duration 1 h 18 rain. Object of the experiment--determinat ion of the nature and duration of the action of 1 ml of 
1% intravenous aminasin on the tone of the sphincter of the distal portion of the common bile  duct. 

It can be seen from the table that the original residual pressure (i.e., before the injection of aminasin) did not 
exceed 140-150 mm water. After injection of aminasin it fell to 90 mm water, i .e. ,  by more than 11/z times. The 

The residual pressure remained depressed for 45 min. 
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From the results of this experiment, and from many similar observations we have concluded that aminasin ex- 

erts a marked cholespasmolytic action. This effect often appears during experhnental  hypertonia of the terminal  ap- 

paratus evoked by carbochotine, morphine, promedoI, or other drugs. 

Another dog received 0.5 ml  of a 1:1,000 solution of noradrenaline bitartrate before and after inject ion of pro- 
medol, which was used to enhance the tone of the biliary sphincters. We made a long-term recording of the tone of 
the terminal  apparatus on a kymograph. Throughout the experiment the dropper was included. The results of this 
experiment are shown in the kymogram of Fig. 2. Here, as in the previous experiment, there was a marked reduction 

in the tone of the sphincters, and it was superimposed upon a hypertonia of the sphincters evoked by promedot. 

This method of determination and recording the tone of the terminal  apparatus of the common bile duct may 

have wide applications in pharmacology for the study of the effect of drugs on biliary tone. Also, it may be found 

useful in studying many problems of the physiology and pathology of biliary secretion. 

S U M M A R Y  

A new method incorporating direct manometry was developed for measurement and recording of the tone of 
the terminal  apparatus of the common bile duct. Three to four weeks before the start of these experiments a per- 

manent  fistula was established in the bi le  duct without l igation of the common bile duct. The change of tone of the 
sphincter of the common bite duet was recorded in terms of the residual pressure. The observer could assess the 

changes either by taking note of the manometer  readings, or by making a kymograph record. 
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