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Abstract

Cholestasis with hyperbilirubinemia was induced in female, but not male, Sprague-Dawley
rats by daily treatment with phalloidin for 7 days. Increases in serum direct bilirubin level and
alkaline phosphatase (Al-Pase) activity were observed concomitantly with diminished bile flow
and a decreased output of bile acid and cholesterol. Light microscope findings of the liver revealed
proliferated bile ductules and enhanced mitosis of hepatocytes.
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Abstract. Cholestasis with hyperbilirubinemia was induced in female, but not
male, Sprague-Dawley rats by daily treatment with phalloidin for 7 days. Increases
in serum direct bilirubin level and alkaline phosphatase (Al-Pase) activity were ob-
served concomitantly with diminished bile flow and a decreased output of bile acid
and cholesterol. Light microscope findings of the liver revealed proliferated bile
ductules and enhanced mitosis of hepatocytes.
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During studies on intrahepatic cholestasis in experimental animals, we found
that daily administration of phalloidin for 7 days to female Sprague-Dawley
rats resulted in marked elevation of serum bilirubin levels. Except for tauroli-
thocholate(1,2), chemicals known to produce cholestasis could not induce hyper-
bilirubinemia without marked elevation of serum glutamic oxaloacetic trans-
aminase (GOT) and glutamic pyruvic transaminase (GPT). In the present
paper, an animal model of cholestasis with hyperbilirubinemia similar to patients
with intrahepatic cholestasis is described in detail. The model uses phalloidin
isolated from the poisonous green fungus Amanita phalloides.

MATERIALS AND METHODS

Female and male Sprague-Dawley rats with body weights between 170-200 g were used
in this experiment. Phalloidin(Sigma Chemical Co.,St.Louis)was administered intraperitoneaily
at a dose of 40 g per 100g of body weight. Control rats were given an identical volume
of physiological saline. ~Animals were fed ad 4bitum on Laboratory Chaw MF during the
experiment. Rats were weighed daily, and the following procedures were performed on the
8th day. A polyethylene tubing with an outer diameter of 0.9 mm was placed in the common
bile duct under light ether anesthesia, and bile was collected serially for 6 h at intervals of
60min. Animals were then sacrificed by a blow to the head, and blood was collected from
the cervical vessels. Serum biochemical tests for liver function were determined according
to a conventional method. Bile flow, bile acid and the cholesterol content of bile were also
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measured routinely. Liver specimens were stained with hematoxylin and eosin and observed
by light microscopy. The results were expressed as mean + standard error of the mean.
The statistical significance was evaluated by the Student ztest.

RESULTS

The relative percentage of liver weight per body weight increased signifi-
cantly in phalloidin-treated female rats (Table 1). By the 8th day, body weight
had decreased by 3% in control rats, by 11% in phalloidin-treated female rats,
and by 5% in male rats. The serum bilirubin concentration, mainly direct
bilirubin level, and serum Al-Pase activity elevated significantly in treated fe-
male rats as compared to control rats. Serum GPT activity also increased to
a small extent. In male rats treated with phalloidin, however, serum bilirubin
level only elevated slightly as compared to treated female rats.

TABLE 1. LIVER WEIGHT AND BLOOD BIOCHEMISTRY IN PHALLOIDIN-TREATED RATS

: . Bilirubin
Treatment No- Liver weight 1, Al-Pase GPT
¢ of rats Body weight Total Direct (BLU) (1U)
(%) (mg/dl)
Control
Female 7 3.4+ 0.3 0344009  021+005  3.60+ 043 22+ 8
Male 4 3.2+ 0.5 0.324+0.01  0.184+0.04  3.53+0.52 29+ 8
Phalloidin
Female 4 4.340.2* 3.58+ 0.94** “3.21+0.94%* 8.264 3.46%* 118+ 26**
Male 4 3.8+0.1 0.66+0.05 0.414+0.04  697+058** 47412

* P<0.05 % P<0.01

TABLE 2. BILE VOLUME AND BILE BIOCHEMISTRY IN PHALLOIDIN.-TREATED FEMALE RATS

Bilirubin Bile acid Cholesterol
No. Volume -
Treatment of rats (,ul/rnm/g Concentration Output Output Output
liver (mg/dl) (u g/min/'g) (nM/min/g (L,g/min/g
liver liver liver
Control 7 1.09+0.09 9.2+ 1.8 0.11+0.02 14.34+0.1 2.0+0.2

Phalloidin 4 0.314+0.10** 354+ 3.7* 0.12+0.05 9.0+ 1.6* 0.440.1*%*

* P<0.05 %% P<0.01

Bile volume diminished markedly, and the output of both bile acid and cho-
lesterol into bile also decreased significantly in phalloidin-injected female rats
(Table 2). However, bilirubin concentration increased in bile, although bilirubin
output remained unchanged.

Bile volume vs serum bilirubin concentration and serum bilirubin concen-
tration vs bile bilirubin output showed a negative correlation with the r of the
correlation coefficients being 0.85 and 0.77, respectively. However, serum
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Fig. 1. Microscopic findings of the liver in phalloidin-treated female rats (X 250 H & E). Note:
Proliferation of bile ductules (arrow heads) (Fig. 1-A) and mitosis of hepatocyte (arrow heads)(Fig.1-B).
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bilirubin concentration did not correlate with serum leucine aminopeptidase or
Al-Pase activity. Bile volume correlated positively with bile bilirubin, choles-
terol or bile acid output in phalloidin-treated female animals.

Microscopic observation of the liver revealed marked proliferation of bile
ductules and enhanced mitosis of hepatocytes, but bile components were not
detected in hepatocytes and bile canaliculi (Fig. 1).

DISCUSSION

An experimental model of cholestasis with hyperbilirubinemia, which resem-
bles human intrahepatic cholestasis, was obtained by daily treatment of female
Sprague-Dawley rats with phalloidin for 7 days.. This treatment, however, did
not induce hyperbilirubinemia in male rats. No animal model of intrahepatic
cholestasis with jaundice has been presented without marked elevation of serum
GPT activity except for taurolithocholate-induced cholestasis. @-Naphthyliso-
thiocyanate is also known to be a substance which induces cholestasis with
hyperbilirubinemia in rats, but it causes hepatic necrosis (elevation of serum
GPT activity) and biliary tract damage (3,4). Intrahepatic cholestasis without
hyperbilirubinemia and liver cell necrosis has been developed by ethynyl estra-
diol (5) and cytochalasine B (6). However, models of intrahepatic cholestasis
without hyperbilirubinemia as an essential feature of cholestasis are insufficient
for studying human intrahepatic cholestasis.

Physiological and morphological studies on the effect of phalloidin admin-
istration to rats have already been reported (7, 8). However, there have been
no reports of phalloidin-induced hyperbilirubinemia in rats. Phalloidin is known
to accelerate polymerization of actin into microfilaments(8), increase microfila-
ments of hepatocytes and diminish bile flow in rats(7). Dubin et a/.(7) reported
that in phalloidin-treated male rats, bile flow and bile acid secretion into bile
significantly decreased and bile acid-independent bile flow probably of canalic-
ular origin also decreased. We are now further studying whether phalloidin-
induced jaundice is dependent on the age or strain of rats. The detailed
mechanism of hyperbilirubinemia in phalloidin-treated female rats is obscure
at the present time.

Enhanced mitosis of hepatocytes by phalloidin has not been reported so
far, and the mechanism also remained to be clarified.
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