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Pressures in the Common Hepatic Duct of the Rat. (25360) 

ROY G. SHORTER, JESSE L. BOLLMAN AND AKCHIE H. BAGGENSTOSS 
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The first measurements of pressure in the 
common hepatic duct in the rat were reported 
by hlann and Foster ( 1 )  , and the sphincteric 
action of the intraduodenal portion of the duct 
in animals including the rat was later investi- 
gated by Alann( 2 ) .  Reports on pressure in 
the estrahepatic bile ducts of other animals 
followed (3-6) but measurements of the secre- 
tory pressure of bile in albino rats were not 
reported until Friedman, Byers and Michaelis 
( 7 )  included observations on a small series as 
part of a study on production and secretion 
of cholesterol in mammals. In these studies 
pressures were measured with the water 
manometer. Kelsey and Beard ( 8 )  measured 
pressures in the common bile duct of human 
beings with a strain-gauge manometer. Since 
this manometer is more convenient for con- 
tinuous recording than the water manometer, 
we repeated some of previous studies of he- 
patic duct pressures in the normal rat and 
studied also the pressure after certain induced 
hepatic injuries. 

Adult albino rats of Sprague- 
Dawley strain were used. Rats weighed be- 
tween 200 and 400 g. The rats selected for 
study were of 3 types: (a)  rats with normal 
livers, (b) rats with hepatic cirrhosis induced 
by inhalation, in a closed chamber, of 25 mg 
of carbon tetrachloridejminute in SO liters of 
air, for 6 hours, 3 times a week for 6 weeks 
and once a week for additional 4 weeks and 
(c) rats with passive venolus congestion of the 
liver induced by application of a cellophane 

Methods. 

band around the inferior vena cava above the 
liver 4 weeks previously. The  rats were 
fasted routinely for 16 hours before any ob- 
servation of pressure was made. Under ether 
anesthesia the common hepatic duct of each 
rat in the study was isolated and ligated a t  
its midpoint. Two lengths of polyethylene 
tubing (P.E. SO) with internal diameter olf 
0.58 mm were introduced intol the duct; the 
first was directed toward the liver and the 
second toward, but not entering, the opening 
of duct into the duodenum. The 2 tubes were 
brought out through the skin. Free flow oif 
bile into the duodenum could be restored by 
joining the ends of the tubes with a cuff oif 
polyethylene tubing. After operation the rats 
were immo(bi1ized in a Bollman cage(9) and 
initial recordings of pressure were made at 
time intervals varying from a half hour to 16 
hours after operation. During the intervening 
period the animals were allowed free access to 
drinking water. The  pressure in the common 
hepatic duct was recorded by means od a 
strain-gauge manometer (Statham P6-4G-2 50, 
0-4 P.S.1.) equipped with a 3-way stopcock. 
This system was filled with water, and all air 
excluded from the system before the test. 
The  ends of the polyethylene tubes leading 
from hepatic duct, were connected to the stop- 
cock, and the strain-gauge output was re- 
corded on a photokymograph. The  pressure 
transducer was referred to the level of the 
exit of the tubes through the skin of the ani- 
mal, which closely approximated the openings 
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TABLE I. Meail Pressures iii Conlrnon I-Iepatic Ducts of Albiiio Rats. 
3’lo~v p wsurc Duodenal-end pressure Secretory pressure 

No. M c  an pressures, No.  Mean pressures, No. M a n  pressures, 
Liver observed em €I,O observed cm H,O observed ern H,O 

Normal 21 11.7 -t- .8* 14 6.4 4 .5 27 24.0 5 .7 
8 8.2 +_ 1.5 9 29.2 2 2.3 Cirrhotic 9 14.3 +_ 1.6 
3 9.1 .8 4 23.7 & 2.5 12.4 & 1.6 

________ 
Congested 3 

* & stand. error of mean. 

of the tubes in the bile duct. The pressure 
recording system was calibrated at  intervals 
by introduction of known levels olf static pres- 
sure from a water manometer. By use of the 
3-way stopcock the pressure in the tube di- 
rected toward the liver (sexetory pressure), 
the pressure in the whole system (flow pres- 
sure) and the pressure in the tube directed 
toward the duoldenum in the lower portion of 
the hepatic duct (duoderial-end pressure) 
could be measured. Recordings of each pres- 
sure were made for a t  least 1 5 minutes a t  each 
observation. As indicated by Kelsey and 
Beard ( 8 1 because of the srn all volume needed 
to register pressure changes in the strain-gauge 
manometer, the need for perfusion of the he- 
patilc duct with saline solution is obviated and 
the pressures recorded represent, as far as 
possible, the pressures determined by secre- 
tory pressure of the liver and resistance of the 
bile duct. The liver and duodenal wall in the 
region of ductal orifice were examined histo- 
logically at conclusion of most studies. Five 
aspects of the problem were studied. addi- 
tional preparation of animals needed for some 
studies will be mentioned with results. 

Results. Measurements l > f  flow, duodenal- 
end and secretory pressure s. Measurements 
of these pressures were madc on rats with nor- 
mal livers, with cirrhosis anc with chronic pas- 
sive venous Congestion. Number of observa- 
tions and mean pressures obtained are given 
in ‘Table I. The secretory pressure was 
higher in cirrhotic rats than in rats with nor- 
mal livers or with chronic passive congestion 
of the liver, and duodenal-end pressure was 
higher in rats with passive congestion of the 
I iver . 

Respiratory movements and duodenal mus- 
cular activity were transmitted by tubes in the 
hepatic duct and marked pressure changes 
were induced by movement or exaggerated 
respiratory excursions in thl:. rat, 

On histologic examination a t  conclusion of 
these studies, the normal group showed no ab- 
normalities ; cirrhosis and chronic passive ve- 
nous congestion were the respective abnormal 
findings in livers of the other 2 groups of ani- 
mals. Gross congestion of duodenal mucosa 
was found in animals with chronic passive ve- 
nous congestion of the liver, but not in cir- 
rhotic and normal rats. 

Simultaneous recording of biliary pressure 
and gastric and duodenal motility. For this 
aspect of the study we used 3 rats with normd 
livers and 3 with cirrhosis. To record gastric 
and duodenal motility we introduced, a t  time 
of operation, polyethylene tubes (P.E. 1601, 
of internal diameter 1.14 mm, into the gastric 
antrum and second part of the duodenum. The 
tips of tubes were covered by small latex baa- 
loons! and these and the tubes themselves were 
filled with water. The tubes were introduced 
into the stomach and duodenum through a 
small incision in the greater curvature of the 
stomach which was subsequently closed with 
a purse-string suture. The gastric and duo- 
denal tubes were connected to strain gauges 
similar to those used for recording biliary pres- 
sure. The gastric and duoidenal motility was 
recorded simultaneously with the biliary pres- 
sure by means of the photokymograph. 

Although some fluctuations in recordings of 
biliary pressure could be correlated directly 
with bodily movement, respiration or gastric 
or duodenal activity, i t  was impossible to1 con- 
clude that all variations were related to1 these 
factors (Fig.). No differences were noted in 
motility recordings between normal and cir- 
rhotic rats. 

Biliary pyessure after obstruction to  the 
common hepatic duct. All 3 types of rats were 
used for this aspect of the study. From each 
rat a base-line recording of secretory pressure 
was made for 2 hours. hbsequent to) this the 
polyethylene tubing leading from upper por- 
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1.' I ( +. 1. Si niii1t;iticons rwoid ing  of flow pressure in 
c o t i i t i i o t i  h t b p : i  tic. d u c t  a i id  of mox-vriIcllts of s t o ~ ~ ~ a c l l  

niit l  tluo(leiinni. 

tion of common hepatic duct, was occluded by 
a clip to produce complete obstruction of out- 
flow of bile, since in the preparation of the 
animal a ligature had already been applied to 
the midpart of the duct. Further recordings 
of secretory pressure were made a t  intervals 
after the occlusion. The 3-way stopcock ob- 
viated release of obstruction a t  any time. 
Each recording was of 15 to 20 minutes' dura- 
tion. Sixty-two observations of secretory 
pressure were made on this group, 18 before 
obstruction and remainder a t  intervals from 
15 to 137 hours after obstruction was begun. 
Eight were made during obstruction of 92 to 
137 hours. These secretory pressures and the 
number of observations are summarized in 
Table 11. Secretory pressures of animals 
tested showed no statistically significant al- 
terations during obstruction to the coimmon 
hepatic duct. 

All rats became deeply jaundiced, however, 
and at  necropsy gross dilatation of the extra- 
hepatic bile ducts above the ligature was 
found. In  no instance could leakage of bile 
into the abdominal cavity be demonstrated. 
On histologic examination extensive focal cel- 
lular necrosis of the liver was seen in all ani- 
mals, but gross evidence of cholestasis was 
found only in cirrhotic livers. 

Biliary pressure after inhalation of carbon 
i~frcrchloridr. After control pressure readings 
were obtained, 6 rats with normal livers were 
placed in a closed chamber for 6 hours where 
they would inhale 2 5  mg of carbon tetrachlo- 
ride/minute in 50 liters of air. Secretory pres- 
sure was recorded immediately and 24 hours 
after remolval from the chamber. Two1 rats 
survived so that recordings could be made im- 
mediately after a second exposure for 6 hours 
to carbon tetrachloride. Each recording lasted 
half an hour. Free flow of hile into the duo- 
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T.QBI,E 111. iMean Secretory l'ressures in Cominon 
Hepatic Ducts of Rats after Inhalation of Carbon 

Tetrachloride. 

No. ob- Mean pressure, 
s e r , ~ c l  cm H,O 

Conbrol I ;  23.8 k 1.1" 
-%f tcr inlinl ati on of carbon 

t P t 1': ichloride 
lnimedi:it ely I s  31.7 * 1.1 
24 lir later fl 20.4 t .7 
[rnnicdiatcly nftcr 2nd  ti 21.5 1.4 

exposure 

'+ - + stand. error of mean. 

denum was permitted during periods of in- 
halation and between recordings. Secretory 
pressure was slightly lower after inhalation of 
carbon tetrachloride. The pressure findings 
are summarized in Table 111. 

Biliczry pressure after intravenous adminis- 
tration of chlorpromazine. Five rats with 
normal livers were used. Initial pressure 
readin,gs were made and then 10 mg of chlor- 
promazine hydrochloride * (thorazine) /kg of 
body weight was injected zlia tail vein. Con- 
tinuous recordings were made for 3 hours after 
injection. For 2 rats, injection of thorazine 
was repeated a t  the end of 3 hours, and fur- 
ther pressure recordings were made for a simi- 
lar period. Intravenous injection of thorazine 
was followed in all 5 rats by diminution in 
duodenal activity as shown by transmitted 
movement recorded from the tubes in the he- 
patic duct. This commenced within 5 minutes 
of injection and its duraiion was approxi- 
mately 1 hour. All rats bec,ime drowsy within 
5 minutes, and one animal had a generalized 
epileptiform convulsion lasting 2 to 3 seconds 
immediately following injection. 

No  effects on secretory, flow, or duodenal- 
end pressures were found in any animal in the 
3-hour period following first injection or in 
the 2 rats given second dosw. All livers were 
examined histologically a t  conclusion of ex- 
periments, and no changes could be found. 

The mean level of secretory 
pressure of bile in the fasting rat with normal 
liver in this series, is broadly in agreement 
with that recorded by Mann and Foster( 1) 
and by other investigators( 7,10,11). Increase 
in secretory pressure in the cirrhotic rats over 
that in animals with normal livers and in 
those with chronic passive congestion of the 

Comment. 

liver is statistically significant (Table I) .  
The mean flow pressure of 11.7 t 0.8 cm of 
water in rats with normal livers lies within 
the range given by Kelsey and Beard(8) who, 
in the human subject, noted that this pressure 
varied from 7 to 22 cm of water. NO previous 
recordings of flow pressure of bile in the rat 
are available for comparison. 

From simultaneous recordings of biliary 
ductal pressure and gastric and duodenal mo- 
tility, it was concluded that, in the albino rat, 
solme sphincteric action is exerted by the lower 
end of the common hepatic duct and that, in 
normal and cirrhotic rats, the duoldenal-end 
pressure can ,be interpreted as that sustained 
by the resistance of bile duct and the sphinc- 
teric action of its intraduodenal portion. This 
concept was suggested by lack of direct corre- 
latioln between all fluctuations in recordings 
of ductal pressure and recordings of duodenal 
activity. If the duadenal-end pressure simply 
reflected intraduodenal pressure such a corre- 
lation would be expected. Existence of an 
anatomic sphincter has been observed in the 
rat ( 2  ) . The higher duodenal-end pressure 
found in animals with chronic passive venous 
congestion of the liver, probably is related to 
congestion of the duodenal tissues near the 
intraduodenal portion of the colmmon hepatic 
duct in these rats. 

The apparent fall in mean secretory pres- 
sure in the 8 rats in which obstruction to the 
common hepatic duct had been maintained for 
92 to 137 hours is considered to reflect in- 
anition of these nearly moribund animals. 

The fall in secretory pressure in rats on in- 
halation of carbon tetrachloride vapor was 
significant on statistical analysis. No previ- 
ous findings in the rat are available for com- 
parison. 

Absence of any change in flow or duodenal- 
end pressures in the group which received 
thorazine by intravenous injection is in con- 
trast to those of Menguy, Grindlay, and Cain 
(1 2 )  who found a rise in ductal pressure in 
cholecystectomized dogs after intravenous in- 
jection of the drug. No change in ductal 
pressure, however, was noted by Kelsey and 
Beard(8) in human subjects who were given 
thorazine by mouth. 

Summary. 1) A method for recording pres- 
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sure within the common hepatic duct of the 
rat with a strain-gauge manometer is de- 
scribed. 3Ieasurements of pressure in the 
common hepatic duct were made on a series of 
fasting rats with normal livers, cirrhosis or 
passive venous congestion of the liver. and 
these were analyzed statistically. The higher 
mean secretory pressure in the rat with cir- 
rhosis over that in the rat with normal liver 
and with passive vencius congestion is statis- 
tically significant. 2) Secretory pressure in 
rats after inhalation of carhon tetrachloride 
vapor fell slightly but significantlj.. 3 ) The 
duodenal-end pressure in the common hepatic 
duct was related to findings on simultaneous 
recordings of biliary pressure and p s t r i c  and 
duodenal motility. This pressure was signifi- 
cantly higher in rats with chronic venous con- 
gestion of the liver than in normal or cirrhotic 
animals. The  lower end of the common he- 
patic duct probably has some sphincteric ac- 
ticn in the rat. 4 )  Tntravenous injection of 
chlorpromazine hydrochloride ( thorazine ) 
produced no effects on pressure in the common 

hepatic duct in normal rats. 
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Studies on Erythropoietin. 11. Production of High-Titer Plasma in Sheep.* 
(25361 ) 

W. F. ~ V H T T E  AND G. JOSH 

Centra l  Resenrih Labs., . f r i i io iu  and Co., Chicago, Ill. 

Most investigators used rabbits for produc- 
t ion of erythropoie tin-con taining plasma, al- 
though the literature suggests that ability to 
respond to various erythropoietic stimuli is 
widespread among mammals. At start of our 
program aiming toward isolation and clinical 
testing of the pure factor, it became clear that 
an animal considerably larger than the rabbit 
would be desirable €or economical production 
of amounts of material needed. After careful 
consideration of the price and availability of 
various domestic animals, we selected cull 
breeder sheep as most suitable for our needs. 

Methods czrid vzotcriclls. ( 'u l l  breeder sheel). 
mostly ewes, in age range of 3 to 7 years, and 

* This article is based on work done under con- 
tract with Atomic Energy Cornm. 

weighing over 100 lb. (45.5 kg) were used. 
Hay constituted the bulk of diet during ex- 
Ileriments, and water was supplied ad lib. 
Anemia was induced by subcutaneous injec- 
tion of phenylhydrazinet above shoulder, al- 
ternating sides, on days l ,  3,  and 5. Blood was 
harvested by exsanguination on day 7, using 
the following procedure: the animal was 
shackled by hind feet and lowered into a plas- 
tic bag containing an  atmosphere of C02 sup- 
plied by dry  ice. When struggling ceased 
(approximately 20 seconds), an  incisioln 
through the skin was made with sharp knife 
starting from chin and extending to breast 

t For injection, neutralized phenylhydrazine hydro- 
chlcride (Fisher Certified Reagent) was used a t  a 
concentration of 24 mg/ml. 


