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Abstract Etiopathogenesis of biliary atresia remains
unknown. Among several theories, one proposes that the
disorder may be caused by the toxic effect of monohydroxy
bile acids on fetal and neonatal hepatobiliary system. In this
paper we evaluated toxic effects produced by ingestion of
cholic acid, a trihydroxy bile acid, and lithocholic acid, a
monohydroxy bile acid in the hepatobiliary system of a
hamster during gestational and perinatal periods. A diet
composed by 0.5% cholic acid and 0.25% lithocholic acid
was administrated to pregnant hamsters. Liver and bile ducts
of the adult and newborn animals were analyzed to point out
the changes induced by these acids after birth. Because
hamsters and humans have a similar bile metabolism, these
animals were eligible for the study. The ingestion of 0.5%
lithocholic acid, during hamster’s gestation, caused maternal
intense ductal/ductular proliferation, inflammatory signs,
hepatic cells degeneration and regeneration, hyperplasia of
extra hepatic ducts epithelium, and abortion. Both 0.5%
cholic acid and 0.25% lithocholic acid ingested by pregnant
hamsters, caused ductal/ductular proliferation and hepatob-
iliary inflammatory damage in a different degree of intensity
in adult animals and mild intensity in the young; and also the
number of the young was reduced in the litter. We found that
the ingestion of these bile acids by hamsters, during gesta-
tional period caused different degrees of toxicity on maternal
and neonatal hepatobiliary systems. The histopathologic
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findings observed in biliary atresia patients could not be
found in newborn hamsters. New experimental models are
needed in the attempt to establish a correlation of these acids
with neonatal cholestatic diseases.
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Introduction

Biliary atresia is the most common cause of obstructive
jaundice, cirrhosis and liver transplantation in infancy. It is
characterized by fibrous and sclerotic, total or segmental
obliteration of the extra hepatic ductal system, as well as
different degrees of hepatic ducts damage. Its etiopatho-
genesis remains unclear. To date, several theories were
proposed: congenital, genetic, infectious, immunological,
environmental teratogenic, common channel theory, and
toxic effects of bile acids (BA). Despite controversies and
comprehensive investigation, none of these theories were
totally proved or refused.

Jenner and Howard have proposed that biliary atresia and
neonatal hepatitis (NH) may occur through an adverse effect
of monohydroxy bile acids on the fetal and neonatal system
[1]. In fact, fetal and neonatal bile metabolism is different
from the adult one, as comparative studies performed in bile,
meconium, urine, and serum have demonstrated [2-5]. The
patients with biliary atresia and NH may present “atypical”
BA and changes in the BA metabolism [6]. The precise role
of BA in the etiopathogenesis of liver cholestatic diseases
remains unclear.

The aim of the present study is to evaluate experimen-
tally the histological changes in the liver and biliary ducts
produced by oral administration of a primary trihydroxy
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bile acid, cholic acid (CA), and a secondary monohydroxy
biliary acid, lithocholic acid (LCA), in adult hamsters
during gestation and neonatal period.

Materials and methods
Animals

We used adult male and female hamsters from Mesocric-
etus auratus species, at the age of mating, i.e., between 30
and 40 days of age, weighing 85-110 g. They received
water and a ration for laboratory rodents and were kept in a
12 h day/night cycle regime. After 15 days of conditioning
and adaptation, they mated. After mating and confirmation
of copulation, the male was taken out of the cage and the
pregnant female received the diet prepared with BA.

The feeding of 0.5% CA began on the first day after
mating; 0.25 and 0.5% LCA in the first and seventh day.
The animals, mothers, and the young were killed 2 days
after birth. The 0.5% CA was given to three females with
12 young ones (group 1); 0.5% LCA was given to two
females since the first day of gestation (group 2); and to
three females on the seventh day of gestation (group 3);
0.25%, LCA was given to three females, since the seventh
day of gestation, and to their 13 young ones (group 4).

Since hamster gestation takes 16 days, CA was admin-
istrated during 18 days to three animals and LCA during
18 days to two animals and 12 days to the others. After this
period the animals underwent liver and bile duct excision.
The control group included two females and 20 young
animals, which received the diet throughout 18 days. All
the animals were sacrificed soon after being born.

This experimental study was performed in accordance
with the ethical guidelines for the use of animals in sci-
entific experiments as approved by the Brazilian College of
Animal Experimentation (COBEA), affiliated to the Inter-
national Council for Animal Science (ICLAS).

Diet manipulation

Diet with 99% CA (Fluka, Biochemika, Sigma-Aldrich®)
and 98% LCA (Aldrich Chem®™) was prepared using
Carrella and Dietschy’s method [7]. The CA diet was pre-
pared with a concentration of 0.5% and LCA with 0.5 and
0.25%. The control group diet was prepared only with ether.

Liver histological analysis

After total excision, the mothers’ and neonates’ liver and
bile ducts were fixed in 10% formaldehyde and 5 pum
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sections were stained in hematoxylin/eosin (HE) and ana-
lyzed through optical microscopy. Liver cholestasis, ductal
and/or ductular proliferation, inflammatory infiltrate,
degenerative changes (cerotic content in Kupffer cells,
vacuolization, and acidophily or hepatocyte necrosis) and
changes in hepatic outline and in extra medullar hemato-
poiesis were found. In extra hepatic bile ducts, the presence
of inflammatory signs, epithelial hyperplasia and degen-
erative changes were investigated.

In portal area, the ductal and/or ductular proliferation
was qualified by semi quantitative means as follows:

Minimum (+) until three ducts/ductulus in portal area,
Mild (++) more than three ducts/ductulus; proliferation
did not surround portal area,

Moderate (+++) proliferation surrounded portal area,
Severe (++++) proliferation went beyond portal area,
i.e., perilobular.

Results
Animals fed with CA

Three hamsters fed with 0.5% CA (group 1) during the
gestational period presented histological hepatobiliary
changes of different degrees. In the liver, ductular prolif-
eration (moderate in one animal, minimal in another and
accentuated in a third one), inflammatory infiltrate of portal
area (two animals), Kupffer cells containing ceroid (three
animals) and with enhanced lobulation (two animals). In
the intra and/or extra hepatic bile ducts, hyperplasia or
proliferation of epithelial cells was found in all animals
(Fig. 1). These results may be compared to the control
group (Fig. 2).

Fig. 1 Adult animal fed with 0.5% CA. Severe ductular/ductal
proliferation and inflammatory infiltrate linking portal areas I Hepatic
duct (HD) and centrolobular vein (CLV) (HE, x100)
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Fig. 2 Hepatic parenchyma and portal area of maternal control.
Centro-lobular vein (C) portal area (P) (HE, x100)

Liver and bile ducts histopatologic study in 12 young
ones (group 1) revealed that all presented a mildly
increased extra medullar hematopoiesis when compared to
the control group. Three animals presented hyperplasia or
proliferation of extra hepatic ductal epithelium (25%).
These animals presented a minimum ductular/ductal pro-
liferation in portal area (Figs. 3, 4, 5).

Animals fed with LCA

The administration of 0.5% LCA to two pregnant females
in the first day of gestation (group 2) caused death. Both
animals presented diarrhea, poor feeding and loss of
weight.

One of these animals died in the tenth day of gestation
presenting nine degenerated gestational sacs, only with
placental debris and two fetuses, which were studied toge-
ther with maternal liver. In the hepatic parenchyma, severe
ductal/ductular proliferation, necrosis and vacuolization of

Fig. 3 Young hamster exposed during pregnancy to 0.5% CA.
Details of increased extra medullar hematopoiesis, minimum ductal/
ductular proliferation (p) (HE, x400)

Fig. 4 Young hamster exposed during pregnancy to 0.5% CA.
Choledoch lining hyperplasia (high epithelium with pseudo stratifi-
cation) (HE, x400)

Fig. 5 Choledoch of young control. See the cuboid/columnar lining
(HE, x400)

hepatocytes with intermingled inflammatory cells, hepatic
lobes atrophy and cholangitis were found. Extra hepatic bile
ducts showed evidences of epithelium destruction. Gall
bladder presented evidence of autolysis. In both fetuses,
severe extra medullar hematopoiesis and hepatocytes
vacuolization were observed.

The animal fed with 0.5% LCA (group 2) since the first
day of gestation died in the 12th day, presenting ten ges-
tational sacs without any fetus. Due to deterioration, the
liver and/or bile ducts were not studied.

Even when 0.5% LCA was administrated in the seventh
day of gestation to three hamsters (group 3), no young was
born. Hepatic histopatological changes in the mothers’
were severe and similar to these three animals, with ductal/
ductular proliferation, mixed inflammatory infiltrate in
portal areas and increased hepatic lobulation. One of them
also presented necrosis of hepatocytes. Bile ducts showed
hyperplasia, both in extra hepatic or interlobular ducts
(Fig. 6) as well as in gallbladder.
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Fig. 6 Adult animal fed with 0.5% LCA. Severe ductal/ductular
proliferation with incomplete surrounding of the hepatic lobe and
hepatic lobulation enhancement (HE, x40)

When 0.25% LCA was ingested by the mothers’ starting
from the seventh day of gestation (group 4), histological
changes were seen in these three animals, although less
severe than the changes in the animals fed 0.5%. All animals
have shown a ductal/ductular proliferation (moderate in two
cases, mild in one case) and signs of cellular degeneration. In
two cases focal points of necrosis were observed, and in one
case Kupffer cells were detected with ceroid material. In
these three adult animals a mixed inflammatory infiltration
was also observed in the portal area enhancement of the
hepatic lobulation and hyperplasia of the extra-hepatic
ductal epithelium. These 0.25% LCA fed mothers’ (group 4)
gave birth to 13 young ones, all of which presented vacuo-
lization of hepatocytes in addition to more severe extra
medullar hematopoiesis, when compared with the control
group. Ductal or ductular proliferation was not observed in
these animals. In extra hepatic bile ducts, gallbladder epi-
thelium hyperplasia was seen in 13 newborns. Only one
animal presented gallbladder vacuolization (Fig. 7).

Fig. 7 Young animal fed with 0.25% LCA. Gallbladder epithelium
hyperplasia and vacuolization (HE, x100)
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No cholestasis or bile plugging in the hepatic paren-
chyma was observed either in adult animal or in young
animals following the oral administration of CA and LCA.

Discussion

Jenner and Howard have proposed that NH, biliary atresia,
and choledoch cystic dilatations might be provoked by the
toxic effect of BA, particularly monohydroxy acids (LCA
and 3$-OH S5-cholenoic acid) on hepatobiliary system
during pregnancy and/or neonatal period [1].

Several studies performed in rats, [8] pigs, [9] rabbits,
[10] and dogs [11] have already proved that bile metabo-
lism in neonatal period is different from the adult. In
neonatal period, there is a decrease of synthesis, pool size,
ductal flow, and BA intestinal absorption. The conjugation
pattern is also different, manly taurine in neonates and
glycine in adults [12-14]. There is immaturity of bile
secretory function at birth, which increases after the first
week of age. This fact was also confirmed in human neo-
nate and in species phylogenetically closer to man, such as
baboons [15, 16].

Despite the poor knowledge about BA metabolism
during fetal life in humans, it is known that fetuses and
neonates may present a primitive metabolic pattern, with
individual variations. The presence in 3/-OH-cholenoic
acid, LCA and DCA (dehydroxycholic acid) in meconium,
was already confirmed which may be relatively toxic in
vitro [17, 18].

Because of the absence of intestinal micro flora, it is
possible to presume that the secondary BA cannot be
formed by this via, in the beginning of life. The finding of
LCA and DCA in meconium may represent the passage of
these compounds through placenta [15]. However, we
should not exclude the hypothesis that fetuses may produce
LCA through an own endogenous via, starting from cho-
lesterol [19, 20].

If BA play a role in the development of neonatal hepatic
diseases, these disorders may be associated with a change
in LCA metabolism, on account of the unmistakable evi-
dence of cholestasis induced by this compound. It has been
considered responsible for the start and permanence of
hepatic cholestatic disease in humans, both in neonatal
period and adult age [21].

The hamster was the animal chosen for our study
because of its similarities with man’s BA metabolism
Studies using high-performance liquid chromatography
confirm that hamsters have a conjugation pattern with
taurine and/or glycine and a composition of BA in bile
similar to that of man [22-26]. However, in spite
of many scientific studies confirming the similarities
between hamsters and human metabolism, the main BA
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studied are chenodeoxycholic acid (CDCA) and ursode-
oxycholic acid (UDCA) due to their therapeutic
utilization [24, 26, 27].

Even when these BA, CDCA and UDCA were tested,
the toxicity produced was assigned to LCA [27, 28, 29, 30].
On the other hand, despite monohydroxy bile acids being
responsible as probable agents in the etiopathogenesis of
biliary atresia and/or neonatal cholestasis, there are few
studies about hepatic morphologic changes provoked by
them. There is no study in the literature to evaluate hepatic
and biliary tract morphologic changes provoked by the
ingestion of monohydroxy bile acids during gestation in
hamsters, although there is evidence of metabolic similar-
ities between hamsters and man.

In 1976, in Japan, Suzuki compared the toxicity of CA,
CDCA, LCA and DCA in rats and observed that DCA was
the most toxic BA. Toxicity of LCA and CDCA was less
than what it was supposed to be. Suzuki’s hypothesis is
that, in rats these BA are easily converted into a less toxic
compound, the S-muricholic acid. After the ductus cho-
ledochus ligature, feeding with 1% DCA was offered and
rats developed hepatic cirrhosis and pseudo ductulus
proliferation [30].

In 1978, Nittono and Kato studied the effects of acids on
hepatobiliary system of rabbits, observing the toxicity of
CDCA, LCA, UDCA, DCA and CA, varying from the most
toxic (CDCA) to the least toxic (CA). Rabbits fed with 0.1
or 0.5% BA for 20-50 days were studied. Hepatic histo-
logical changes were similar to those found in NH and
biliary atresia, with pseudo tubules proliferation, fibrosis
and cholestasis of portal areas, and hepatic cell infiltration.
The authors concluded that these diseases may be caused
by the toxic effects of BA [30]. However, it is known that
rabbits present a pattern of composition and conjugation of
BA totally different from that of man [31].

In the present study, 0.5% CA was administrated to
pregnant hamsters in the first day of gestation and LCA (0.25
and 0.5%) in the first and seventh day, to evaluate histo-
logical changes of liver and biliary tract in these animals and
to compare with the findings in patients with biliary atresia.

In animals fed with 0.5% CA since the first day of
gestation, it was possible to observe the mother’s liver with
different degrees of ductal proliferation, mixed inflamma-
tory infiltrate in portal area and enhancement of hepatic
lobulation. Kupffer cells with ceroid pointed out the cell
damage and phagocytose. Extra hepatic biliary tract of
these animals showed epithelium hyperplasia. All these
histological changes were severe in only one animal.

Cholic acid is a primary BA of low toxicity produced by
liver as related before. In the bowel, through the action
of the enzyme 7a-hydroxylase, this CA produces DCA
(dehydroxycholic acid). It is more likely that hepatic
changes found in the CA feeding have been due to DCA.

There were few young ones in each gestation of the
hamsters that ingested CA. There was minimum ductal
proliferation, hepatocytes vacuolization and extra hepatic
ductal hyperplasia correlated to the severe degree of
maternal liver damage. All of them showed increased
medullar hematopoiesis when compared to control group.
Since DCA can cross placental barrier [3], it is possible
that the toxic effects caused by the ingestion of CA are due
to DCA of maternal origin.

The ingestion of 0.5% LCA by pregnant hamsters pre-
vented the birth of young and provoked severe changes in
hepatic parenchyma and biliary tract of these animals. When
0.5% LCA was ingested since the first day of gestation, the
animal died. When it was ingested on the seventh day by
pregnant hamsters, it provoked abortion. The histological
changes of liver and biliary tract were severe in the studied
adult animal that died with a picture of acute hepatic disease,
mimicking an acute hepatitis, including cholangitis. Severe
ductal proliferation, necrosis and hepatocytes vacuolization,
inflammatory cells in portal area and atrophy of hepatic
lobules were found pointing out the probable progression to
cirrhosis. The ductal extra hepatic system of this animal
showed inflammatory infiltrate and signs of epithelial
destruction, including gallbladder.

Although this animal has presented 11 gestational sacs,
it had only two fetuses with hepatocytes vacuolization. The
other animal which died had 10 gestational sacs without
any fetus. These data suggested that with this dose and this
time of gestation, LCA can provoke abortion and the death
of the animal in case it is ingested since the start of
gestation.

The remaining adult animals, which ingested 0.5% LCA
since the seventh day of gestation, also presented severe
hepatic and biliary tract changes, highlighting a picture of
acute hepatic disease with inflammation and signs of
cellular degeneration, necrosis and regeneration. They also
presented ductal/ductular hyperplasia and epithelial hyper-
plasia of the extra hepatic ducts. In spite of a late start of
LCA ingestion during gestation, no young was born, indi-
cating that with this concentration and administration in this
period of gestation, LCA provokes abortion. Hepatic and
biliary changes were similar to the group of animals which
received this acid since the start of gestation. However, the
changes were less severe.

The administration of 0.25% LCA in adult hamster also
produced milder acute inflammatory damage in the liver and
biliary tract. The number of young ones was reduced in this
group when compared to the control group. These neonate
animals showed minimum hepatic changes, although they
have presented epithelium hyperplasia of the extra hepatic
ducts.

The bile ducts inflammation occurs in all obstructive
cholangiopathies in infancy. This inflammation is a process
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in which manifestations are influenced by the time of initial
injury, the duration of the time and progression or
remission.

The ingestion of LCA by hamsters caused acute
inflammatory lesion and confirmed its toxicity to the liver
and biliary ducts of adult animals and a lesser degree of
toxicity in their offspring. A follow-up of the animals for a
longer time should be necessary to evaluate the progression
of these lesions and establish a relation with cholestatic
diseases found in humans.

Although it is not possible to state that BA are involved
in the etiopathogenesis of biliary atresia, the present study
shows the need of LCA feeding experimental evaluation
during gestation for a longer period of time and using lower
concentrations than those we used. Accordingly, other BA
such as 3$-OH-5cholenoic acid, should be studied. The
utilization of a maternal model added to further studies in
neonates, such as the assessment of the BA damage
mechanism in neonates, passing through placenta or breast
feeding.

Conclusions

In adult hamster, the LCA in the concentration of 0.5%
may produce severe hepatobiliary changes mimicking
hepatitis and cholangitis, abortion and death. The oral
administration of LCA at 0.25% and CA at 0.5%, in the
same animals, may produce milder inflammatory lesions in
the hepatic parenchyma and biliary ducts. In the offspring
of the pregnant hamsters, however, within the mentioned
concentrations and timeframe, it was not possible to
establish a correlation between the hepatobiliary histopa-
thologic findings caused by the placentary passage of
biliary acid and those found in biliary duct atresia cases.
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