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Abstract
Background and Objective: Biliary atresia (BA) is a congenital malformation characterised by a progressive fibrosing obliteration of the
extra hepatic biliary system manifesting during the 1st week of life. The objective of this study was to investigate the teratogenic
properties of aqueous extract of kola nitida  as a cause of biliary atresia in wistar rats. Materials and Methods: Twenty adult female wistar
rats were randomly distributed into 4 groups with weight ranging from 180-200 g. The female rats were grouped with 2 male rats for the
purpose of mating. Following confirmation of pregnancy, variable oral doses of aqueous kola nut extract were given from 1 day of
pregnancy till delivery of the pups. Data was analyzed by one-way analysis of variance (ANOVA) using SPSS. Results: The liver to body
weight ratios of the pups were significantly reduced in treated groups compared to the control. Also, the average number of litters per
rat was significantly reduced in treated groups compared to the control group. The liver enzymes, bilirubin (conjugated and total) and
the  histology  of  the  livers were essentially normal. There was no other abnormality observed. No case of biliary atresia or other
congenital abnormality was recorded following the administration of aqueous extract  of  kola nitida  to the mother rat during pregnancy.
Conclusion: The safety of the extract in pregnancy cannot be assured due to observation of reduced pup number and liver to body weight
ratio in association with increased dosage.
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INTRODUCTION

Biliary atresia is a congenital malformation in which there
is obliteration of intrahepatic and extrahepatic bile ducts
leading to progressive liver injury1. It is the third most
common cause of neonatal cholestatic jaundice and is the
most common indication for liver transplantation in children2.
The incidence of biliary atresia varies approximately from 1 in
8,000 to 1 in 15,000 live births. Theoretical considerations of
the pathogenesis are based largely on epidemiological and
clinical features, reported predisposing genetic factors and the
pace of disease progression3. The association between biliary
atresia and occlusion of portal vein and hepatic artery
suggested that an intrauterine ischaemic event may exert
some influence upon the development of bile ducts and may
play a role in the pathogenesis of biliary atresia4,5. The
consequence is the development of obstructive jaundice6. 

Cola nitida (Kola nut) is a seed of a tropical tree belonging
to member of the Sterculiaceae family which has dose-
dependent antifertility  effect7,8.  Caffeine  is  the  main 
constituent  of Cola nitida that is majorly responsible for its
physiological activities,   other   constituent   were 
methylxanthines, theobromine, flavonoids, anthocyanins and
tannins9-12. Consumption of caffeine has also been implicated
as a risk factor for spontaneous abortions13-15.  

Biliary atresia is a disease of great burden, whose etiology
is largely unknown, kola nut and its major constituent is widely
consumed and has been found to affect smooth muscle
(including those in blood vessels) which could cause
vasoconstriction in utero and consequently atresia of the
biliary tree and also it has been linked to other teratogenic
effects, which justifies this study. 

The objective of present study was to investigate the
effect of aqueous extract of kola nitida  on the development
of biliary atresia in pups of wistar rats.

MATERIALS AND METHODS

Twenty  adult  female  wistar  rats  weighing  between
140-200 g were obtained from the Animal House Veterinary
Department, University of Ibadan, Oyo State, Nigeria   and  the
experimental work was carried out in the Animal House of
Human Anatomy Department of the same  university around
April,  2015  and  were randomly distributed into 4 groups of
5 rats per group following an approval from the University of
Ibadan Ethical Committee on the use of animals for
experiments. The groups were, group A: The control which
received  only   distilled   water,   group   B:   Which   received
200   mg   kgG1   of   aqueous   extract   of   kola   nut  each day,

group C: Which received 400 mg kgG1 of aqueous extract of
kola nut each day and group D: Which received 600 mg kgG1

of aqueous extract of kola nut each day throughout the
pregnancy. The rats were allowed to acclimatize to the animal
house condition for 2 weeks with the animals receiving
commercial feed and water ad libitum, under constant
environmental  conditions  of  temperature  and humidity.
Two adult male wistar rats were grouped together with 5 adult
female wistar rats, the grouping  was  maintained  for  10  days
to allow for at least 2 oestrous cycle to have  passed16.
Evidence of fertilization was observed with microscopic
examination of vaginal smear for presence of spermatozoa.
The animals whose results come out positive were considered
to be potentially fertilized. This was considered to be day zero
of gestation. The rats were administered aqueous extract of
kola nut orally for a period of 20 days by means of an oral
gavage.

Animal sacrifice and sample collection: Blood samples were
obtained from the animals via cardiac puncture and serum
was obtained  from  the blood of pups in both the
experimental and control groups for total and conjugated
bilirubin, serum protein and albumin and level of liver
enzymes which were measured using immunoassay method.
The following were assayed, alkaline phosphatase (ALP),
aspartate aminotransferase (AST), alanine transaminase (ALT),
total and conjugated bilirubin with serum protein and
albumin of pups of both control and treated wistar rats.

Tissue preparation for light microscopy: The liver of the pups
and extra-hepatic biliary tree were harvested and immersed in
10% formalin, dehydrated and cleared, few days after delivery.
The sections were stained with Hematoxylin and Eosin,
examined and photomicrographed.

Statistical analysis: Data obtained were presented as
means±standard  error of mean. Results were analyzed by
one-way analysis of variance (ANOVA) using SPSS statistical
package of social science version 16 p<0.05 was considered
statistically significant.

RESULTS

The total numbers of pregnant rats were 14 and they
delivered a total of 105 pups. There was no mortality or still
birth.  More pups were produced by rats in Group A (Control
group) and Group B with an average of 8 pups per rat while
rats in Group C and Group D produced less pup at an average
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Table 1: Effect of Cola nitida extract on average number of litters per rat in each group
Groups Number of pregnant rat Number of pups  Mean number of pups
A (Control)  3 25 8.33±0.57
B (200 mg kgG1) 4 33 7.75±0.96
C (400 mg kgG1) 4 28 6.00±1.41
D (600 mg kgG1) 3 19 5.67±1.52
Mean±SEM, A: Control, B: 200 mg kgG1 of AECON only, C: 400 mg kgG1 of AECON, D: 600 mg kgG1 of AECON

Table 2: Effect of Cola nitida extract on weight of liver per weight of the pup
Groups Organ to weight ratio
A 0.033±0.0038
B 0.029±0.0033
C 0.025±0.0039
D 0.023±0.0042
Mean±Standard  Error  of  Mean,  A:  Control,  B:  200  mg  kgG1  of  AECON only, C: 400 mg kgG1 of AECON, D: 600 mg kgG1 of AECON

Table 3: Biochemical parameters of aqueous extract of Cola nitida  on the pups of wistar rats
Groups
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters I II III IV
ALT (U LG1) 27.90±2.80 25.60±2.60 24.40±1.50 22.80±1.80
AST (U LG1) 8.50±0.60 7.60±0.20 6.10±1.10 5.60±0.40
ALP (U LG1) 5.40±0.80 5.00±0.60 4.80±0.40 4.60±0.20
TSP (g dLG1) 0.80±0.22 0.76±0.60 0.70±0.40 0.67±0.50
TBIL (g dLG1) 0.65±0.07 0.61±0.04 0.58±0.02 0.54±0.05
CB (g dLG1) 0.24±0.02 0.18±0.04 0.14±0.03 0.12±0.01
AST: Aspartate transferase, ALT: Alanine transferase, ALP: Alkaline phosphatase, TBIL: Total bilirubin, CB: Conjugated bilirubin, TSP: Total serum protein Mean±SEM
The difference in the values of biochemical parameter between control and treated groups was not statistically significant p<0.05

of 6 pups  per  rat,  this is summerize in the Table 1. There was
a  dose  related  reduction   in   the   number of pups per rat
(Table  1).  The  mean   maternal  weight of the rats were 136
g.
Subjectively, it was observed that rats receiving  higher

doses of the extract were more active and aggressive
compared to the control group.

Gross examination: Examination of the livers, extra-hepatic
biliary trees and the vasculature of the liver of the pups did not
reveal any gross abnormalities and there were no other
associated congenital abnormalities found in the animals.
However, there was a reduction in the weight of the livers of
the pups per body weight and this was observed to be more
with increasing dose of the aqueous kola nut extract given
(Table 2).

Effect of aqueous extract of Cola nitida  on the histological
profiles of the liver: In Fig. 1(a-d) and d liver and the biliary
system shows normal histological architecture. No evidence of
histological alteration or damage or histological feature of BA
was observed in any of the slide. There was normal
appearance of hepatocytes.

Effect of aqueous extract of  cola nitida on biochemical
parameters  of pups: The difference in the values of
biochemical  parameter,  which  were  liver  enzyme and
bilirubin in its various form, between control and treated
groups was not statistically significant as shown in Table 3.

DISCUSSION

There was a significant reduction in the average number
of pups produced per mother rat in each group with
increasing dose of the extract given, also observed was the
increased average time between introduction of male to the
group and conception in groups receiving higher doses of the
extract. This agrees with the findings of Adisa et al.8, who
described dose dependent anti-fertility effect of aqueous
extract of Cola nitida on female wistar rat and other
researchers who found  out that caffeine consumption has
also been implicated as a risk factor for spontaneous abortions
and delayed conception8,13-15,17. They reported that certain
concentrations of aqueous extract of Cola nitida significantly
reduced the serum level of follicle stimulating hormone,
although serum level of luteinizing hormone was significantly
reduced at all the dose concentrations. This might account for
reduced fertility observed in this study.
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Fig. 1(a-d): Micrograph images (a) Pup’s liver in the control group H and E, X 400. Normal liver architecture. Normal appearance
of hepatocytes, (b) Pup’s liver in 200 mg kgG1 of AECON-treated rat group H and E x400, (c)  Pup’s liver in 400 mg kgG1

of AECON-treated group H and E x400, (d) Pup’s liver in 600 mg kgG1-treated rat group H and E x400 

The ratio of weight of the pup’s liver to body weight of the
pups was noticed to be reduced with the consumption of
aqueous extract of kola nut. Abnormal contraction of vascular
smooth muscles leading to vasoconstriction is a major cause
of certain diseases, such as hypertension and vasospasm in
coronary and cerebral arteries18. Caffeine which is one of the
major constituents of kola nut has being observed to cause
smooth muscle contraction in some mammals19,20,13-15.
This could have caused contraction of smooth muscles in

the wall of blood vessels and subsequent vasoconstriction
may reduce perfusion of the targeted organs and tissues
leading to growth restriction. 
The association between biliary atresia and occlusion of

portal vein and hepatic artery suggested that an intrauterine
ischaemic event may exert some influence upon the
development of bile ducts and may play a role in the
pathogenesis of biliary atresia4,5. A vascular ischaemic
aetiology for biliary atresia has been proposed based on direct
experimental evidence4. The progressive inflammatory and

sclerotic reactions result in the eventual obliteration of the
biliary tree. The consequence is the development of
obstructive jaundice, indicated by direct hyperbilirubinemia
and passage of alcoholic stools6. However, the histological and
biochemical findings in this study were not in keeping with
the normal pictures in biliary atresia (Fig. 1a-d). There were no
significant variations in the serum levels of bilirubin, glutamic
oxaloacetic aminotransferase (SGOT), glutamic pyruvic
transaminase (SGPT), alkaline phosphatase, (ALP), total protein
and albumin between the control and the treated groups.
Elevation of these biochemical markers and substrates were 
pointers to liver damage and obstruction to bile flow.
Consumption of caffeine during pregnancy has been

suggested to cause birth defects in human offspring similar to
that seen in animal studies but there is a dearth of information
on its teratogenic effect21. In the present study, with gross
physical examination, no congenital abnormalities were
observed and there was no spontaneous abortion or mortality
during the experiment.
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CONCLUSION

The aetiology of biliary atresia was still largely unknown
despite its burden on the health of affected babies, the
government and the available resources to treat the anomaly.
Understanding its aetiology may be of immense help towards
reducing this heavy burden.
It was noteworthy to observe that aqueous extract of kola

nut does not have teratogenic effect but may interfere with
fertility when consumed excessively. 
No case of biliary atresia or other congenital abnormality

was recorded by giving the mother rat aqueous kola nut
extract during pregnancy in the research. However, adequate
knowledge of the detailed pharmacology of the extract and
the differences in genetic predisposition to the development
of the disease may be a key factor to determine who will have
the disease. Observation of reduced pup number in
association with increased dosage is a pointer to exercising
caution in the consumption of kola nut during pregnancy.

SIGNIFICANCE STATEMENT

This study discovered that consumption of kola nut and
its derivatives in beverages during pregnancy do not cause
biliary atresia though cause some degree of other hepatic
pathology in the offspring and negative effect on the
reproductive potential of the mother. 
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