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Abstract The present study describes a novel technique for in- 
vestigations of the enterohepatic circulation in the hamster with 
an extracorporeal bile duct that allows long-term bile collection 
in the free-moving animal. The animals recovered for 7 days 
after the operation before the external loop was cut and bile was 
collected over a period of 78 h. Under these optimal conditions, 
initial bile flow (651 + 89 pl per 100 g e h-1) and the secretion 
rates of biliary lipids were several-fold higher than reported in 
an earlier study using the acute fistula hamster. Biliary choles- 
terol secretion amounted to 369 + 32 nmol per 100 g . h-l, phos- 
pholipid secretion was 2.6 * 0.3 pmol per 100 g -  h-l, and total 
bile acid secretion was 31.9 * 2.2 pmol per 100 g . h-1. A clear- 
cut diurnal rhythm was demonstrated for bile flow and all biliary 
constituents. After 9 h the depletion of the bile acid pool was 
complete and cholic acid synthesis derepressed 1.4-fold from 
a basal rate of 818 nmol per 100 g h-l, whereas the derepression 
of chenodeoxycholic acid synthesis was even less pronounced. 
Biliary cholesterol output increased 2.2-fold, but the phospho- 
lipid secretion was constant during the full experiment. It 
may be concluded that the technique of an extracorporeal bile 
duct in the free-moving animal allows studies of bile secretion 
under optimal conditions. Most likely the bile secretion rates 
given above approach the physiological rates in the hamster. 
-Fuchs, M., J. Scheibner, E. Hormann, G. Tauber, and 
E. F. Stange. Enterohepatic circulation in hamsters with an ex- 
tracorporeal bile duct. J. Lipid Res. 1992. 33: 1383-1392. 
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The degradation of cholesterol to bile acids is the key 
pathway for cholesterol elimination from the mammalian 
body. Bile acids secreted by the liver are largely reab- 
sorbed in the distal small intestine and recycled to the 
liver where the more hydrophobic species suppress bile 
acid synthesis (1, 2). The details of this enterohepatic cir- 
culation have been worked out in several animal species 
including the rat (3), dog (4), pig (5), baboon (6), and 
monkey (7). 

Until recently most of the studies were undertaken 
using the rat fitted with an acute bile fistula (8-10). 
However, it could be demonstrated in the rat that after an 
appropriate recovery period with an extracorporeal bile 
duct, the rate of bile acid secretion is many-fold higher 

than previously appreciated (2, 3). Anesthesia, the stress 
of restraint, and postoperative pain, as well as fasting, ap- 
parently affected the results adversely (11-14). Finally, in 
recent studies from this laboratory on the regulation of 
bile acid synthesis in the rat fitted with an extracorporeal 
bile duct (EBD) (Z), the sensitivity of the hepatic feedback 
inhibition was much less than originally observed in the 
acute bile fistula animal (15). Thus, the extracorporeal 
bile duct model permits studies under more physiological 
conditions, but it is still restricted to the rat (2, 3, 13, 16) 
or large, expensive animal species such as monkeys (7) 
and pigs (5). 

Unfortunately, there are major differences between 
cholesterol metabolism in the rat and other mammals 
such as humans. In contrast, the hamster appears to be 
a more adequate model because it carries more of its 
plasma cholesterol in the low density lipoprotein (LDL) 
fraction than the rat (17), and the organ distribution of 
cholesterol synthesis in hamsters is more comparable to 
that in humans than in rats (17). As a consequence of the 
lower capacity of hepatic cholesterol synthesis, the ham- 
ster, unlike the rat, regulates LDL transport in response 
to dietary intake of cholesterol or saturated fatty acids 
(18), to variations in bile acid pool size (19, 20), or to bile 
acid administration (21, 22). 

Humans and hamsters secrete taurine- as well as 
glycine-conjugated bile acids. Taurine is primarily of 
dietary origin in these two species (23) and the glycine to 
taurine ratio (G/T ratio) is about 2-3:l (24-26). In con- 
trast, the rat actively synthesizes taurine, and bile acids 

Abbreviations: HPLC, high performance liquid chromatography; 
aufs, absorbance units full scale; dpm, disintegrations per minute; EBD, 
extracorporeal bile duct; LDL, low density lipoproteins; E A ,  
taurocholic acid; CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, 
deoxycholic acid; LCA, lithocholic acid; AP, alkaline phosphatase; 
ALAT, alanine leucine aminotransferase; y-GT, yglutamyl-transferase. 
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are nearly uniformly taurine-conjugated (27, 28). Fur- 
thermore,  the bile acid species in hamsters  and  humans 
are similar (26). Another  common  feature of hamsters 
and  humans in contrast to the  rat is that both do not 
6-hydroxylate chenodeoxycholate (CDCA)  or ursodeoxy- 
cholate (UDCA)  during hepatic passage (29). In addition, 
the  hamster  has  a gallbladder and may be induced to pro- 
duce lithogenic bile in response to various dietary  or  phar- 
macological manipulations (30-33). 

The aim of the present study was to investigate the en- 
terohepatic circulation in the  hamster under optimal  con- 
ditions. We therefore developed a new animal model that 
allows for long-term bile collection in  the free-moving and 
unrestrained hamster. The model permitted  the  measure- 
ment of bile  acid synthesis and biliary lipid secretion under 
more physiological conditions  than previously possible. 

MATERIALS  AND  METHODS 

Materials 

[24-14C]taurocholic acid (57.7 mCi/mmol) was ob- 
tained from Amersham  Corp. (Braunschweig, Germany) 
and [26-14C]cholesterol (59 mCi/mmol) was from NEN 
(Dreieich, Germany).  3a-Hydroxysteroid dehydrogenase 
[E.C. 1.1.1.50]  was purchased from Sigma  Chemical 
GmbH (Munich,  Germany). All chemicals used were of 
the highest grade available commercially. 

Animals and  diet 

Female Golden Syrian  hamsters (Mesocricetus uureutus) 
weighing 110-130 g were obtained from the  Zentralinstitut 
fur Versuchstierzucht, Hannover,  Germany. The animals 
were kept under  temperature-controlled  conditions with a 
fixed light cycling from 6:OO AM to 6:OO PM. The  ham- 
sters had free  access to  Altromin  Standard chow 1314 
(Altromin GmbH, Lage, Germany)  and water. The cho- 
lesterol content of the  diet was 0.24 mg  per  g (34). 

Surgical procedures 

The animals were anesthetized with fluothane (IC1 
Pharma, Plankstadt,  Germany)  and  the  abdomen was 
shaved and covered with a polyethylene foil. Body temper- 
ature was monitored  (neoLab  Laborbedarf,  Heidelberg, 
Germany)  and  maintained  at 36O-38"C with an infrared 
lamp  and a  heating  pad. Sterile techniques were used 
throughout. 

The abdominal cavity was opened by a  longitudinal  in- 
cision along  the  linea  alba up to the distal processus 
xiphoideus. The proximal common bile duct was dissected 
from the  surrounding tissues of the  hepatoduodenal liga- 
ment  and ligated proximal to the  entry of the  pancreatic 
ducts with 5-0 Mersilene (Ethicon,  Norderstedt, Ger- 
many). The tip of a silicon catheter  (33  cm, ID 1  mm, 
O D  1.8 mm,  D & N, Berlin, Germany) was inserted  into 
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the  duodenum close to the papilla Vateri and was  fixed by 
a  purse-string  suture  and  a plate of tygon to seal off the 
insertion site (Fig. 1). 

Next, the gallbladder was punctured  and  drained. The 
other  end of the silicon catheter was tunneled  through  a 
perforated glass bead (OD 3  mm)  and fixed in the gall- 
bladder close to the cystic duct by 3-0 Mersilene leaving 
a minimal residual lumen  required for adequate flow 
(Fig. 1). The loop was then exteriorized by tunneling the 
catheter  subcutaneously to the neck. The abdominal 
cavity was  closed in two suture layers using 4-0 Prolene 
and the  animal was placed in a harness to protect the loop. 

Animal maintenance and experimental procedures 

During a postoperative period of 7 days, the  animals 
had free access to chow and water. The hamsters were 
placed in individual metabolic cages;  food consumption 
and body weight of the  animals were monitored daily. 

In regenerated  hamsters  the  enterohepatic circulation 
was interrupted without anesthesia. To determine initial 
secretion rates, bile was drained  into  a plastic vial at- 
tached directly to the biliary catheter. After 20 min  both 
ends of the  catheter were connected to a PE 58-tubing 
(Clay Adams, Parsippany, NJ)  filled with physiological 
saline. An infusate containing glucose, amino acids, and 
electrolytes (15)  was infused via the intraduodenal  catheter 
at  a  rate of 1 ml per  hour for 78 h  using  a precision pump 
(B. Braun,  Melsungen,  Germany). The infusate was sup- 
plemented with 19.6 pmol sodium bicarbonate per 100 g 
body weight. h" which exactly substituted for the loss of 
biliary bicarbonate as determined in the series of animals 
represented  in Table 1. Bile  was  collected in 3-h intervals 
after  the  catheter was  filled using  a fraction collector 
(Colora,  Lorch,  Germany) which was placed below the 
level of the  animal cage so that bile was draining freely. 

All infusion experiments were started  during the light 
cycle between 1O:OO AM and  noon.  In  a  preliminary ex- 
periment to estimate the time necessary for the elimination 
of the intestinal bile acid pool, a bolus of 2 pCi[14C]XA 
was  given intraduodenally to a series of animals immedi- 
ately after  interruption of the  enterohepatic circulation 

Fig. 1. Schematic model of the  extracorporeal bile duct (EBD). 
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and bile was collected for 24 h. Another group of 11 ham- 
sters was taken into the full bile secretion experiment for 
78 h. To measure intestinal absorption and hepatic secre- 
tion capacity, 0.09 pCi[l4C]TCA per 100 g h-' was infused 
continuously. Bile fractions were analyzed for biliary 
lipids and radioactivity as described below. Throughout 
the experiments the animals were carefully monitored for 
appearance, activity, food intake, and body weight. 

In a separate series of animals, the bile acid pool size 
was determined in control hamsters and in 7-day regener- 
ated animals with an extracorporeal bile duct. The ani- 
mals were exsanguinated under chloralhydrate (4%) in- 
traperitoneal anesthesia and the small and large bowel, 
gallbladder, extrahepatic bile ducts, and catheter were 
totally recovered for bile acid extraction performed ac- 
cording to Turley and Dietschy (35). 

To estimate the bile acid composition, gallbladder bile 
was obtained from control animals. In a group of regener- 
ated hamsters with excluded gallbladder, the loop was cut 
and hepatic bile was collected for 20 min. The same data 
were used to calculate the initial bile acid secretion rates. 

In controls and in animals after the regeneration period 
or the infusion experiment, the abdominal aorta was 
punctured (with animals under chloralhydrate anesthesia) 
and alkaline phosphatase (AP), alanine leucine amino 
transferase (ALAT), and y-glutamyl-transferase (y-GT) 
activity in serum were determined using commercial kits 
(Merck, Darmstadt, Germany). 

Biochemical analyses 

The bile flow was measured gravimetrically and the 
secreted 14C dpm was determined with a liquid scintilla- 
tion counter (Rackbeta, LKB, Freiburg, Germany). 

[ 14C]cholesterol was added as internal standard and 
bile acids as well as biliary cholesterol were extracted from 
100 pl of bile with 800 pl isopropanol according to Tietz 
et al. (36). Biliary cholesterol and bile acids were then 
separated with 200 p1 methanol plus 600 pl petroleum 
ether. 

For the determination of conjugated bile acids, meth- 
anol was evaporated and the residue was dissolved with 
the HPLC solvent. Individual bile acids were then sepa- 
rated by ion pair-HPLC. The equipment consisted of a 
Waters (Eschborn, Germany) pump M 600, autosampler 
WISP 712, gradient controller M 600, and ultraviolet ab- 
sorbance detector UV 490. The column used was a 
Bondapak Cls-rp column (300 mm length x 3.9 mm ID, 
10 pm particle size). The mobile phase consisted of a sol- 
vent gradient (solvent A: water-acetonitrile 70:30 (./.), 
7.5 mM/l tetrabutylammoniumhydrogensulfate; solvent B: 
water-acetonitrile 40:60 (v/v), 7.5 mM/1 tetrabutylammo- 
nium hydrogensulfate) (37) at a flow rate of 1.5 ml per 
min. The effluent was scanned at 200 nm and 0.24 absor- 
bance units full scale (aufs). 14C dpm were measured by 
online liquid scintillation counting (Ramona 5-LS, Ray- 

test, Straubenhardt, Germany) with a dynamic efficiency 
for 14C of 70%. The mean recovery of [I*C]TcA was 95%. 

Biliary cholesterol in the evaporated petroleum ether 
extract was saponified according to Abell et al. (38) using 
500 pl ethanolic KOH. Free cholesterol was then ex- 
tracted with 1 ml hexane and the solvent was evaporated. 
The residue was dissolved in 500 pl of the HPLC solvent 
consisting of isopropanol-acetonitrile-water 60:30:10 
(v/v/v). The mean recovery of [14C]cholesterol was 87%. 
Biliary cholesterol was detected under isocratic conditions 
with the equipment described above. Operating wave- 
length was 212 nm and 0.24 aufs at a flow rate of 1 ml per 
min using two Novapak CIS rp-columns in series (75 and 
150 mm x 3.9 mm ID, 3 pm particle size, Waters). The 
dynamic efficiency for 14C was 67%. 

Phospholipids were estimated by an enzymatic method 
using a commercial kit from Merck (Darmstadt, Ger- 
many). Electrolytes were determined by a conventional 
automated technique. 

Calculations and statistics 

The rates of cholate and chenodeoxycholate synthesis 
were considered to be identical to their secretion rates 
after depletion of the enterohepatic pool. The overall in- 
testinal absorption and hepatic secretion rate was deter- 
mined by the relation of secreted to infused 14C dpm per 
100 g-h-'. Data represent the mean * 1 SEM. Sig- 
nificance was determined by means of Student's t-test for 
unpaired samples. 

RESULTS 

Food intake and body weight 

In an initial series of studies, the extracorporeal bile 
duct model was validated with respect to food intake and 
body weight during the experiment. The food intake of 
hamsters (n = 12) with an extracorporeal bile duct 
rapidly increased from a postoperative 1.4 * 0.2 g per 
day to 9.2 * 0.6 g per day at day 5 after the operation, 
which is close to the controls (9.8 * 0.5 g per day, 
n = 12). During the infusion experiment, food intake 
averaged 8.5 g * 0.5 (n = 11). During the first 2 days 
after surgery the animals lost a mean of 9.1 * 0.6% of 
their body weight. Later during the experiment it was 
constant until the end of the infusion period. 

Liver enzymes and histology 

As indicated in Table 1, the animals with an extracor- 
poreal bile duct showed similar serum activities of various 
liver enzymes as control animals both after the regenera- 
tion and infusion period. In particular, alkaline phospha- 
tase, y-GT, and A U T  serum activities were normal. 
Thus, there was no biochemical evidence for cholestasis 
or parenchymal injury. Also, there was no evidence for 
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TABLE 1. Liver enzymes 

Serum Biochemical 
Parameters Control EBD EBD Plus Infusion 

AP (U/1) 204 * 10 152 + 33 134 * 12 
7-GT (U/l) 2.4 + 0.4 < 2  < 2  
ALAT (U/1) 37 * 3 28 * 4 22 * 3 

Alkaline phosphatase (AP), alanine leucine amino transferase (ALAT), 
and y-glutamyl-transferase (y-GT) activities were determined in controls 
(n = 12), hamsters regenerated for 7 days with an extracorporeal bile 
duct (EBD) (n = G ) ,  and hamsters with an EBD plus a control infusion 
for another 78 h (n = 11). Values represent the means k SEM. 

liver damage or cholestasis in histological sections pre- 
pared after the experiment (not shown). 

Bile acid pool size and bile acid composition 

The total bile acid pool size amounted to 22.7 k 1.5 
pmol per 100 g in controls, with 6% localized to the gall- 
bladder, and expanded to 38.6 * 2.8 pmol per 100 g in 
hamsters with an extracorporeal bile duct ( P  < 0.01). 
However, this expansion was mostly due to bile in the ex- 
tracorporeal catheter. When only the organ content was 
calculated in the EBD hamsters similar to controls, this 
increase in bile acid pool size was not significant (27.6 2 
2.4 pmol per 100 g; P > 0.05). 

Bile acid composition determined in gallbladder bile of 
controls (Fig. 2, panel A) was not significantly different 
from the composition of hepatic bile of hamsters with an 
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Fig. 2. Bile acid composition. Total bile acids as well as taurine and 
glycine conjugates were determined in gallbladder bile of controls (panel A, 
n = 12) and hepatic bile of 7 day regenerated EBD hamsters (panel B, 
n = G), respectively, Values represent means f SEM. 

extracorporeal enterohepatic circulation (Fig. 2, panel B). 
The major bile acid was cholate (73.8 vs. 75%), followed 
by chenodeoxycholate (13.7 vs. 13%) and deoxycholate 
(9.9 vs. 9.8%), while only a small percentage was litho- 
cholate (2.6 vs. 2.3%). In controls and in animals with an 
extracorporeal bile duct, the glycine to taurine ratio of the 
four major bile acids was similar. 

Biliary excretion 

In order to estimate the normal secretion rate of bile 
constituents in the hamster, bile was collected for the first 
20 min after cutting the loop in animals with an extracor- 
poreal enterohepatic circulation. The initial rate of bile 
flow was 651 89 pl per h and decreased rapidly to 271 pl 
per h during the subsequent 3 h (Fig. 3, panel A). There- 
after, there was a slight decline to approximately 220 pl 
per h with a subtle diurnal variation peaking at 42 and 66 h. 
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Fig. 3. Bile flow, biliary cholesterol, phospholipid and ['*C]TCA secre- 
tion. After 7 days of regeneration the enterohepatic circulation was inter- 
rupted in a series of 11 animals and bile flow, biliary cholesterol, and 
phospholipid secretion were determined during the following 78 h 
(panels A-C). In another group of G hamsters, 2 pCi ['*C]TCA was 
given intraduodenally as a bolus (panel D). Bile was collected in 3-h in- 
tervals. Values represent the means ? SEM. 
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Fig. 4. Cholate secretion after interruption of the enterohepatic circu- 
lation. Total cholate secretion (panel A), taurocholate secretion 
(panel B), and glycocholate secretion (panel C) in hamsters during a 
78-h period. Experimental setup as described in the legend of Fig. 3. 
Values represent the means f SEM of 11 animals. 

The initial cholesterol secretion rate averaged 369 * 32 
nmol per 100 g-h- '  and decreased to 181 nmol per 
100 g.  h-l (Fig. 3, panel B). During the further course of 
the experiment a conspicuous diurnal rhythm was ob- 
served coinciding with the much less pronounced peaks in 
bile flow. The final peak secretion actually exceeded the 
initial secretion rate. 

The initial drop in phospholipid secretion was even 

more dramatic than that of cholesterol with a more than 
5-fold decrease from an initial 2630 * 257 nmol per 
100 g.h-1 hour (Fig. 3, panel C). During the experi- 
mental period the secretion was more stable but again ex- 
hibited diurnal secretion peaks. 

In a preliminary series of experiments it could be 
shown that 99% of labeled bile acid pool was depleted 
within 9 h after interrupting the enterohepatic circulation 
(Fig. 3, panel D). Overall, 99.5% of the intraduodenally 
infused [WITCA was secreted by the liver during the 
78-h period of collection. Thus, the bile acids secreted at 
later time points were newly synthesized in the liver. 

Immediately after bile diversion the total cholate secre- 
tion (Fig. 4, panel A) decreased rapidly from an initial 
23920 * 5690 nmol per 100 g.  h-l (Table 2) to a basal 
rate of 818 nmol per 100 g - h-' at 9 h. Bile acid synthesis 
maximally derepressed 2-fold between 9 and 42 h. If the 
diurnal rhythm is taken into account, cholate synthesis 
derepressed 1.4-fold between 9 and 57 h. 

Taurocholate secretion (Fig. 4, panel B) showed a com- 
parable initial decrease after the enterohepatic circulation 
was interrupted. Similar to total cholate, the taurocholate 
synthesis rate derepressed 1.6-fold between 9 and 57 h. 
After pool depletion glycocholate secretion (Fig. 4, panel 
C)  represented 15% of total cholate and the absolute rates 
were constant later during the experiment. In contrast to 
taurocholate, no derepression of glycocholate synthesis 
occurred. 

Total chenodeoxycholate secretion (Fig. 5, panel A) 
dropped from an initial rate of 4080 * 730 nmol per 
100 gab-' (Table 2) to 191 nmol per 100 g.h-1 9 h after 
the start of the infusion experiment. During the following 
period of bile diversion, chenodeoxycholate exhibited a 
similar but less pronounced diurnal rhythm as cholate. In 
contrast to cholate, chenodeoxycholate synthesis showed 
only minimal derepression over 78 h. As depicted in Fig. 
5 (panel B), taurochenodeoxycholate decreased to a basal 
secretion rate of 162 nmol per 100 g h-1 at 9 h and there- 
after the course of secretion was similar to that of total 
chenodeoxycholate. Glycochenodeoxycholate (Fig. 5, 
panel C), as glycocholate, represented 15% of the total 
chenodeoxycholate secretion after bile acid pool depletion 
without any evidence for derepression. 

TABLE 2. Initial bile acid secretion 

Bile Acid Output 

CA CDCA DCA LCA 

nmol per 100 g per h 

Total 23920 i 5690 4080 f 730 3110 f 1100 730 f 188 
Taurine conjugated 11640 f 2890 1900 f 250 1700 f 500 380 + 64 
Glycine conjugated 12280 f 2800 2180 f 480 1410 f 600 350 i 124 

Seven days after fitting the hamsters with an extracorporeal bile duct, the enterohepatic circulation was interrupt- 
ed and bile was collected during the initial 20 min. Values represent the means f SEM of six animals. 
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Fig. 5. Chenodeoxycholate secretion after interruption of the entero- 
hepatic circulation. Total chenodeoxycholate secretion (panel A), tauro- 
chenodeoxycholate secretion (panel B), and glycochenodeoxy cholate 
secretion (panel C) in hamsters during a 78-h period. Experimental 
setup as described in the legend of Fig. 3. Values represent the 
means * SEM of 11 animals. 

The deoxycholic acid pool was largely (98%) secreted 
9 h after the interruption of the enterohepatic circulation 
(Fig. 6, panels A-C) and was hardly detectable thereafter. 

DISCUSSION 

Recent improvements of the techniques applied to 
study the enterohepatic circulation in rat and other spe- 
cies have considerably enhanced the understanding of 
biliary physiology. The extracorporeal bile duct in the re- 
strained (16) or unrestrained (3) rat has permitted a closer 
approximation of normal secretion and synthesis rates of 
biliary lipids than was previously feasible in the acute bile 
fistula animal immediately post surgery. Because of the 
similarities to human biliary physiology and cholesterol 
metabolism, we now developed a new animal model that 
allows long-term bile collection as well as reversible inter- 

ruption of the enterohepatic circulation in the free- 
moving unanesthetized hamster. 

The validity of this hamster model was tested by vari- 
ous metabolic and biochemical parameters. Five days 
after the operation and later during the regeneration 
period, as well as during the infusion period of another 
78 h, the animals were in an adequate nutritional state, 
fed normally, and maintained their weight. To exclude 
liver damage, several biochemical parameters were checked 
and liver histology was taken. Sensitive indicators of 
cholestasis such as the alkaline phosphatase and y-GT 
serum activities or liver histology were normal. In a few 
failures with occlusion of the biliary catheter these en- 
zyme activities were elevated several-fold. In contrast to 
other work in the field (3,  13), the application of anti- 
biotics after surgery proved unnecessary. 

In the present model of the extracorporeal bile duct, 
hepatic bile drained via the cystic duct and recirculated 
into the small bowel, i.e., the animals were functionally 
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Fig. 6. Deoxycholate secretion after interruption of the enterohepatic 
circulation. Total deoxycholate secretion (panel A), taurodeoxycholate 
secretion (panel B), and glycodeoxycholate secretion (panel C) in ham- 
sters during a 78-h period. Experimental setup as described in the legend 
of Fig. 3. Values represent the means f SEM of 11 animals. 
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cholecystectomized. As demonstrated previously, a chole- 
cystectomy has little (39) or no (40, 41) effect on bile acid 
pool size in the hamster. Similarly, after 7 days of regener- 
ation, the organ content of the animals fitted with an ex- 
tracorporeal bile duct added up to a near normal bile acid 
pool size. Thus, the intestinal bile acid content was com- 
parable in intact controls and EBD hamsters. However, 
when the catheter content of bile was taken into account, 
total pool size was increased compared to intact controls. 

Biliary lipid composition in the present hamsters 
amounted to 91.4 mol% bile acids, 7.5 mol% phospho- 
lipids, and 1.1 mol% biliary cholesterol and was compara- 
ble with previous work (42). Both in intact and EBD ham- 
sters the predominant bile acid was CA, followed by 
CDCA and DCA. LCA was present only in small amounts. 
In contrast to observations of others (22, 25, 43-45), 
ursodeoxycholic acid could not be detected in the present 
study so that the bile acid pattern is comparable to that 
reported by Kuroki and Hoshita (46). Similar to the re- 
sults in cholecystectomized hamsters, there was no in- 
crease in deoxycholic acid (40, 41). Another point of in- 
terest is the bile acid conjugation pattern. Depending on 
the hamster strain used, glycine to taurine ratios of 1.8 to 
2.5 were reported for female or male hamsters (25, 26, 44, 
47), whereas in the present strain and that used by 
Yanaura and Iizuka (43) the initial conjugation ratio was 
close to unity. 

The studies dealing with secretion rates of bile consti- 
tuents in hamsters used anesthetized animals (34, 45, 
48-53) with the exception of Stevens et al. (54) who mea- 
sured bile acid secretion rate after an overnight bile deple- 
tion. In the present investigation, bile flow and initial 
rates of biliary lipids were determined within the first 20 
min after interrupting the enterohepatic circulation to 
avoid the rapid bile acid depletion thereafter. Compared 
to others who collected bile during the first hour in acute 
bile fistula hamsters (48, 53), bile flow was 2- to 6-fold 
higher in the EBD hamster. 

In the present regenerated hamsters, the biliary choles- 
terol secretion rate was 2- to 20-times higher than in the 
anesthetized hamsters (45, 52). This may be related ini- 
tially to the high bile acid secretion rate, but the incre- 
ment of cholesterol secretion exceeds that of bile acid 
secretion at least during the further course of the experi- 
ment. Turley, Spady, and Dietschy (55) demonstrated in 
the hamster that biliary cholesterol output is dissociated 
from hepatic cholesterol synthesis. They also showed that 
only a small percentage (2-5%) of biliary cholesterol is 
derived from newly synthesized cholesterol (55). It will be 
interesting to determine to what extent the increase and 
diurnal variation of biliary cholesterol is accounted for by 
newly synthesized cholesterol. 

Available data about biliary phospholipid secretion 
rates in hamsters fitted with an acute bile fistula (53, 56) 
also showed low values when compared with EBD ham- 

sters. In contrast to biliary cholesterol secretion, phospho- 
lipids were more stable during the infusion period, but 
still exhibited a distinct diurnal variation similar to the 
other biliary lipids. 

Compared to the literature (51, 53) the total bile acid 
output rate in EBD hamsters was 5- to 16-fold higher. 
Only Wheeler (49) reported a similar bile acid secretion 
rate during a 4-h period of bile depletion. Long-term bile 
depletion studies in small animals were problematic be- 
cause the lost bicarbonate was usually not replaced (54). 
The finding in the EBD hamster is comparable to that in 
the EBD rats where the initial bile acid secretion rate was 
several-fold higher (2) compared to freshly operated 
animals (9, 10, 15, 57). However, acute bile fistula animals 
were not run in parallel and it cannot be completdy ex- 
cluded that the high rates of bile and biliary lipid secre- 
tion are due to the specific animal strain used. It is strik- 
ing that even in this EBD model the derepression of bile 
acid synthesis relative to the nadir at 9 h is less than in 
the rat (2). Possibly, bile acid formation in the hamster is 
not under the same tight feedback control (1, 2). Also, in 
contrast to rats (2, 15, 58), cholate and chenodeoxycholate 
exhibited exactly the same diurnal rhythm with coordi- 
nated peaks during the day. 

It seems unlikely that the extremely high output rates 
of bile acids and phospholipids and, to a lesser extent, that 
of cholesterol and bile flow were caused by prior obstruc- 
tive cholestasis and subsequent overflow when the system 
was opened. First, one would expect parallel changes in 
bile volume and the different biliary lipids which was 
clearly not the case. Second, the biochemical parameters 
of cholestasis were negative and 1-istological cholestasis 
could be excluded. Third, deoxycholate in bile did not de- 
crease as might be expected during cholestasis. Fourth, there 
was no immediate overflow of bile after cutting the loop. 
Fifth, the bile flow was exactly in proportion to the rate of 
bile acid secretion as determined in hamsters with a tauro- 
cholate infusion (M. Fuchs, J. Scheibner, E. Hormann, G. 
Tauber, and E. E Stange, unpublished data). Fmally, the high 
rate of secretion was not due to the pool expansion in EBD 
hamsters since intestinal bile acid content subserving re- 
absorption and hepatic secretion was comparable to controls. 

Using the bile acid pool size and total bile acid secre- 
tion rate, the calculated cycling frequency of the bile acid 
pool was 34 times per day which is approximately 2-fold 
higher than in the rat (2). After interrupting the entero- 
hepatic circulation, the bile acid pool was nearly com- 
pletely (99%) depleted within 9 h, which is in good agree- 
ment with the time course of deoxycholate secretion, and 
only trace amounts were detectable after 9 h. An intesti- 
nal absorption rate of 99.5% supports an intact function 
of the small bowel and the liver after 7 days of regenera- 
tion in contrast to previous studies (34, 54) using acute 
bile fistula hamsters. 

A final point to be made is the conspicuous change in 
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the proportion of glycine to taurine conjugates during the 
drainage period. There was a shift in the bile acid conju- 
gation pattern towards the taurine conjugates so that at 
the end approximately 90% of cholate and chenodeoxy- 
cholate were conjugated with taurine. In one previous 
study (54) more than 90% of secreted bile acids were 
taurine-conjugated after 16 h of bile diversion. A decrease 
in the G/T ratio over the course of the infusion of either 
natural or synthetic bile acids has been reported by Une 
et al. (59). However, Gurantz and Hofmann (60) showed 
that the taurine pool was rapidly depleted and bile acids 
became conjugated predominantly with glycine. Possibly, 
the depletion of the hepatic taurine pool depends on the 
strain of hamsters used. 

It may be concluded that the present model of an extra- 
corporeal bile duct in the hamster yields rates of bile flow 
and biliary lipid secretion considerably higher than re- 
ported previously in the anesthetized animal, and it is 
suggested that these rates approximate the physiological 
flux more accurately. Indeed, when calculated on a body 
weight basis, these rates are quite comparable in the rat 
(2) and hamster. These higher rates of transhepatic bile 
acid flux should be taken into account during investiga- 
tions of feedback regulation of bile acid synthesis. I 
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