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ABSTRACT

Aim: The current study was carried out to evaluate the hepatoprotective effects of aqueous extract
of Adansonia digitata fruit pulp on carbon tetrachloride (CCl,) induced liver damage in rats.

Place and Duration of Study: Department of Biochemistry, Faculty of Basic Medical Sciences,
College of Health Science, between November 2017 and January 2018.

Methodology: A. digitata fruit pulp was extracted by maceration using water; and a concentration
of 100 mg/ml was used. Two doses of the aqueous extract (200 mg/kg and 300 mg/kg) and Livoline
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(25 mg/kg) were used to investigate their hepatoprotective effects on CCls-induced hepatotoxicity in

rats.

Results: The two doses of the plant extract showed dose-dependent hepatoprotective effect on
CCl-induced hepatotoxicity, as evident by the significant reduction (P<0.05) in serum levels of AST,
ALT, ALP and bilirubin along with the improved histopathological liver sections compared to CCl,-

treated animals.

Conclusion: Due to its hepatoprotective potentials, A. digitata extract may be used to develop
standard treatment drugs against some liver disorders when it is further evaluated through

extensive researches.

Keywords: Liver; Adansonia digitata; carbon tetrachloride; hepatoprotective; histopathological.

1. INTRODUCTION

Biotransformation and clearance of xenobiotics
from the body are the maijor roles played by the
liver in maintaining homeostasis. Liver is a
metabolically active organ that act as an
important target of drugs and pathogens that
may initiate liver cell damage and lead to the
compromise its overall function [1]. Currently,
there is no way to compensate for the absence of
liver function in the long term and massive
hepatic destruction often necessitates the need
for liver transplantation [2]. There is therefore an
intensive search of safe, affordable and readily
available agents that can protect the liver from
fulm inant damage [3]. Liver damage can be
prevented by reducing the effect of reactive
metabolites using antioxidants [4]. Natural
polyphenolic compounds generally serve as liver
protectants as they possess certain antioxidant
and anti-inflammatory properties. Examples
include resveratrol, quercetin, curcumin and
silymarin [5-7].

Baobab (Adansonia digitata) is a large iconic tree
indigenous to Africa where it is found in many
countries. It is an emblematic, culturally
important and physically majestic sub-tropical
tree. The baobab has been referred to as“arbre a
palabre”, meaning the place in the village where
the elders meet to resolve problems. In the past
decade, it has attracted the interest of several
pharmaceutical companies and researchers due
to its various traditional uses (medicinal,
nutritional and cosmetic). Recently, the European
Commission authorized the import of baobab fruit
pulp as a novel food [8] and it was approved in
2009 by the Food and Drug Administration as a
food ingredient in the United State of America [9].
Due to the high demand for commercial baobab
products in EU and United States, this tree with
its edible fruits needs to be conserved and
treasured [10,12]. Baobab products (e.g fruits,
seeds, leaves and bark) contribute to the
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livelihood of many populations in Africa as it is a
source of food, fibre and medicine [13-16]. More
than three hundred traditional uses have
collectively been documented in Benin, Mali,
Zimbabwe, Cameroon, the Central African
Republic, Kenya, Malawi, South Africa and
Senegal [8]. Various plant parts (e.g. leaves,
bark, and fruit pulp), have traditionally been used
for immune-stimulant, anti-inflammatory,
analgesic, insect repellent and pesticidal
properties, in the treatment of diarrhea and
dysentery in many African countries, and have
been evaluated as a substitute for imported
western drugs [17,18].

Over the years, the number of patients with liver
problem is increasingly alarming and the
antihepatotoxic drugs discovered came with
various side effects, as such there is a need for
an alternative using natural resources (medicinal
plants) that are less harmful to the body. These
medicinal plants and herbs are often neglected
and their medicinal values not deeply evaluated
and with the threat of becoming extinct. The aim
of this research work is therefore, to evaluate the
effect of aqueous extract of Adansonia digitata
fruit pulp on carbon tetrachloride (CCl,) induced
liver damage in rats.

2. MATERIAL AND METHODS

Carbon tetrachloride (CCl,), olive oil, 10%
formaline, 1% Ferric chloride solution, benzene,
ammonium solution, acetic acid, conc. H2S0O4,
ethanol, acetic anhydride, 10% ferric chloride,
1% aqueous Hcl, dragendorff’s reagent, Randox
and Teco laboratory reagents. All materials and
chemicals were of good grade and quality.

2.1 Collection of Plant Sample

The fruit pulp of Adansonia digitata was collected
from within Kano metropolis. The plant was
identified by Baha’'uddeen Sa’id Adam, a plant
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taxonomist in the Department of Biological
Sciences, Bayero University, Kano. A herbarium
accession number BUKHAN 0036 was deposited
at the department’s herbarium.

2.2 Preparation of Plant Extract

Exactly 200 g of dried fruit pulp of Adansonia
digitata was added in 1000 ml of distilled water
and kept at room temperature for 24 hours.
Thereafter, the mixture was filtered using a white
silkky cloth and the filtrate transferred into a
plastic bucket and subjected to evaporation in a
water bath at 43°C, which last for 4 days before
completely drying off and the residue was
scrapped using a spatula. Soon after, 0.1 g of the
residue was used to prepare the extract, diluted
in 10 ml of distilled water (with concentration of
100 mg/ml).

2.3 Phytochemical Screening

The phytochemical screening was conducted
according to the standard procedures described
by Trease and Evans [19] and Sofowora [20].
The procedures for the phytochemical screening
are shown below:

2.3.1 Test for tannin

About 2 ml of the filtrate was treated with few
drops of 1% Ferric chloride solution. Formation of
Blue-black, Green, Blue-green precipitate
indicates a positive results.

2.3.2 Test for anthraquinones

About 2 ml portion of the filtrate was treated with
10 ml of benzene and was shaken, then 5 ml of
10% ammonium solution was added and shake
again. The formation of rose pink coloration,
Red, or violet color in the lower phase of the tube
indicates a positive results.

2.3.3 Test for terpenoids

Small amount of the filirate was treated with
ethanol and 1 ml acetic anhydride was added to
the solution followed by the addition of
Conc.H,SO,4. The formation or change of color,
from pink to violet color indicates positive results.

2.3.4 Test for saponins
A fraction of the filtrate in a test tube was boiled

by heating and then 3 ml of distilled water was
added. The mixture was shaken vigorously for
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5 min and it was observed for the formation of
persistent foam that confirms the presence of
saponin.

2.3.5 Test for flavonoids

2 ml of the extract was boiled and few drops of
10% Ferric chloride solution were added to the
filtrate. Formation of green-blue or violet color
indicates the presences of flavonoids.

2.3.6 Test for alkaloids

Small portion of the sample was treated with 5ml
1% Aqueous HCI, the mixture was stirred on a
water bath followed by the addition of few drops
of Dragendorff's reagent. The formation of
orange-red precipitate indicates the presence of
alkaloids.

2.4 Preparation of CCl, and Olive Oil

CCl4 and olive oil were prepared in the ratio
1:1(30 ml of CCly and 30 ml of olive oil, making
60ml). The preparation was kept in clean plastic
bottle with tight cover.

2.5 Preparation of Livoline Drug

Three (3) capsules of livoline drug (each
weighing 360 mg) were dissolved in 20 ml of
distilled water for 8 hours.

2.6 Experimental Animals

Twenty-five (25) albino rats were purchased from
Jos and allowed to acclimatize under the newly
Kano environment for two (2) weeks in Biological
Science Department. They were further divided
into five cages according to their groups.

2.7 Experimental Design and Treatment

Twenty-five (25) male albino rats were divided
into five groups of 5 rats each. Group 1 did not
receive any dose of the extract neither did they
receive any induction thus, serves as the positive
control. Groups 2, 3, 4, and 5 were induced with
hepatotoxicity using 2 ml/kg body weight of the
prepared CCl, and olive oil (1:1 ratio mixture),
where group 2 served as the negative control
and groups 3, 4 and 5 served as the test groups.
Groups 3 and 4 received a treatment with A.
digitata extract on a dosage of 200 mg/kg and
300 mg/kg of body weight, while group 5 rats
were treated with 200 mg/kg livoline (a standard
drug) respectively for 7 days.
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Twenty four hours after the last administration,
blood collected from the animals by decapitation
were put into sterile bottles and centrifuged at a
rate of 12,000 revolutions per minute (rpm) for 10
mins. The clear serum obtained was analyzed for
Aspartate  transaminase (AST), Alanine
transaminase (ALT), Alkaline phosphatase
(ALP), Albumin, total protein and Bilirubin (total
and direct).

2.8 Biochemical Analyses

Activities of serum AST, ALT and ALP were
determined; and Albumin, total protein and
Bilirubin (total and direct) concentrations were
also determined using reagents and kits obtained
from Randox Laboratories, UK.

2.8.1 Determination of serum AST and ALT

For serum AST and ALT estimation, reagent
blank was prepared by mixing 0.5ml of reagent 1
with 0.1 ml of distilled water. While for serum
samples, 0.1 ml of each sample was mixed with
0.5 ml of reagent. These mixtures were
incubated for exactly 30 mins at 37°C, then 0.5
ml of reagent 2 was added to both the reagent
blank and sample test tubes and allowed to
stand for 20 mins at 23°C. Sodium hydroxide (5.0
ml) was added and mixed, then absorbance of
the samples against the reagent blank was read
after 5 minutes at 546 nm [21].

2.8.2 Determination of serum ALP

For each sample, 0.5 ml of alkaline phosphatase
substrate was dispensed into labeled test tubes
and equilibrated to 37°C for 3 minutes. At timed
intervals, 0.05 ml of each standard, control, and
sample were added to the labeled test tubes and
mixed gently. Deionized water was used as
sample for reagent blank. The mixtures were
incubated for 10 minutes at 37°C and 2.5 ml
alkaline phosphatase color developer was added
to all test tubes and mixed carefully. Absorbance
of the colored solutions was measured at 590 nm
spectrophotometric ally [22].

2.8.3 Determination of total protein

In total protein determination, 0.02 ml each of
distilled water, standard and serum was pipetted
into labeled test tubes. Then 1.0 ml of reagent 1
was added to each of the labeled test tubes. The
mixtures were incubated at for 30 minutes at
22°C. Absorbance of the sample was read
against reagent blank at 550 nm [23].
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2.8.4 Determination of albumin

For albumin estimation, 0.01 ml each of reagent,
standard and sample was pipetted into labeled
test tubes. Subsequently, 3.0 ml of BCG
(bromocresol green) reagent 1 was added. The
mixture was incubated for 5 minutes at 22°C.
Absorbance of the sample was read against
reagent blank at 630 nm [24].

2.8.5 Determination of serum bilirubin

For estimation of total bilirubin, 200 pl of reagent
1, 50 pl, 1000 pl and 200 pl of sample were
mixed for each sample and allowed to stand for
20 mins at 22°C. Reagent 4 (1000 pl) was added
to the mixture and allowed to stand at 23°C for
20 minutes. Absorbance of the sample was read
at 578 nm against sample blank (ATB).

Total bilirubin (umol/l) = 185 x ATB (578 nm)

For direct bilirubin, 200 pl of reagent 1, 50 yl of
reagent 2, 2000 pl of 0.9% NaCl and 200 pl were
mixed in a cuvette and incubated at 22°C for 10
minutes. The absorbance of the sample was
read at 546 nm against sample blank (ADB).

Direct bilirubin (umol/l) = 246 x ADB (546 nm)

Unconjugated bilirubin = Total bilirubin —Direct

bilirubin [25].
2.9 Histopathological Analysis

The biopsy of the liver of the rats were fixed with
10% formal saline, dehydrated with ascending
grade of alcohol cleared with toluene, infiltrated
with molten paraffin wax. The microtome
sections (5 upm-thick) were stained with
haematoxylin and eosin staining technique [26].

2.10 Statistical Analysis

The results obtained were statistically analyzed
by one-way ANOVA followed by Benforoni
selected comparisons, using graph pad instat
software. P value < 0.05 was considered
significant.

3. RESULTS AND DISCUSSION
3.1 Results

The result of the phytochemical analysis is
presented in Table 1 where all the constituents
screened were present except anthraquinones
which are absent.
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Table 1. Phytochemical constituents of A. digitata fruit pulp

Phytochemical constituents Result

Alkaloids +
Flavonoids +
Saponins +
Tannins +
Glycosides +
Anthraquinones -
Terpenes +

+ indicates presence; — indicates absence

Fig. 1. (Group 1): Section shows Fig. 2. (Group 2): Section shows areas of
unremarkable liver biopsy (H&E, mag x100). It liver damaged (H&E, magx100). A significant
shows a normal hepatocyte architecture liver necrosis was observed, with different
without any sign of liver damage areas of liver damage as a result of CCl,
induction and lack of treatment

5
4

iy

Fig. 3. (Group 3): Section shows areas of mild Fig. 4. (Group 4): Section shows no
necrosis (H&E, magx100). It shows a significant pathology (H&E, magx100). It
moderate regeneration of liver architecture by shows a significant regeneration of liver
reduced level of necrosis, owing to the architecture when compared with figure 3,
treatment of the rats with 200 mg/kg of A. due to treatment with 300 mg/kg of A.
digitata fruit pulp extract digitata fruit pulp extract

Fig. 5. (Group 5): Section shows no significant pathology (H&E, magx100). A more
significant regeneration of liver architecture was observed due to the administration of
livoline drug
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Table 2. Effect of treatment with the aqueous extract of A. digitata fruit pulp extract on CCl4 Induced hepatotoxic rats’ biochemical parameters

Group/parameters ALT AST ALP T/P ALB TBIL DBIL
Group 1 N-control 24.6+3.51 26.4+6.43 39.2+6.42 41.6+5.68 29.6+11.24 39.6+7.37 28.2+13.42
Group 2 CCl, only 71+10.17° 69.8+9.65° 87.8+8.90° 76+7.18° 61.8+9.78° 72.2+12.39° 63.4+10.57%
Group 3 Test group 52.8+12.52° 53.6+6.43" 64.4+9.42° 58+13.19° 51.6+6.15° 58.6+5.41° 51.2+4.49°
Group 4 Test group 42.6+10.36° 41.2+8.47° 55+9.19° 46.242.58° 37+13.19° 43.8+6.22° 35.6+13.56"
Group 5 Standard drug 33.2+9.04¢ 36.2+6.18° 45.6+6.58° 39+4.18° 3316.44° 42.2+512° 31.6+6.11°

Values are expressed as meantSD; n=5. Values with different superscript letter are significantly different at 95% confidence limit (p<0.05)
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3.2 Discussion
3.2.1 Phytochemical analysis

The presence of certain phytochemical
constituents in A. digitata like tannins, saponins,
flavonoids, alkaloids, terpenes and glycosides
indicates its hepatoprotective effect as some of
the constituents have antioxidant activity.

3.2.2 Biochemical parameters

The efficiency of any hepatoprotective drug
depend on its competence to either maintain the
normal hepatic physiological mechanism that has
been affected by a hepatotoxin or to reduce the
harmful effects. The significant elevation in the
rats marker enzyme and bilirubin in CCl,
administered rats (Group 2) in this study is only a
confirmation of previous reports on the
hepatotoxicity of CCl, [27]. In most experiments
involving the induction of liver injury in
experimental animals, administration of CCly
elicited the elevation in the levels of liver marker
enzymes (AST, ALT and ALP), albumin, total
protein and bilirubin resulting in a significant
hepatic damage [28]. The elevated levels of
these biochemical parameters are direct
reflection of alterations in the hepatic structural
integrity.

The elevation of marker enzymes in rats
administered with CCl, alone (Group 2) observed
in this study is indicative of cellular leakage and
loss of functional integrity in liver. In particular,
the increase in the serum level of ALT is
indicative of liver damage. These enzymes are
located in the cell cytoplasm and are emptied
into the circulation once the cellular membrane is
damaged. However, the reduction in the levels of
marker enzymes ALT and AST in rats treated
with A. digitata fruit pulp extract as seen from the
above table is also in agreement with the
commonly accepted view that serum levels of
transaminases return to normal with healing
hepatic parenchyma and the regeneration of
hepatocytes [28]. It is evident that an increase in
bilirubin concentration in the serum or tissue is
indicative of obstruction in the excretion of bile.
Thus, the increased level of bilirubin observed in
rats administered with CCl, alone (Group 2)
could be attributed to liver damage. However, the
decrease in bilirubin levels in treated rats
(Groups 3, 4 and 5) indicates the reversal of liver
damage by the A. digitata extract. It should be
noted that, all the groups that were given CCl,
(Groups 2, 3, 4 and 5) produced high values of
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all the parameters when compared to Group | in
correlation with previous researches [28]. ALP
activity is related to the functioning of
hepatocytes and increases in activity due to
increased synthesis in the presence of increased
biliary pressure [29]. The response of the liver to
any form of biliary obstruction is to induce the
synthesis of ALP and the main site of new
enzyme synthesis is the hepatocytes adjacent to
the biliary canaculi. Some of the newly formed
enzymes enter the circulation to raise the
enzyme level in serum [30].

A rise in plasma aminotransferase activities is a
sensitive indicator of damage to cytoplasmic
and/or mitochondrial membranes. Raised plasma
transaminase concentrations are indicative of
hepatocytes damage such as drug or toxin
induced or viral hepatitis [31]. Estimating the
activities of AST, ALT ALP, and TB in the serum
are useful quantitative markers of the extent and
type of hepatocellullar damage [32]. The
tendency of these enzymes to return to near
normal in the extract-administered groups
(Groups 3, 4 and 5) is a clear manifestation of
hepatoprotective effect of A. digitata fruit extract.
The results of this investigation indicated that,
treatment of rats with the aqueous extract of A.
digitata extract after CCl, administration caused
a decline in hepatotoxicity in the rats. This is
evidenced in the significant decrease in serum
AST, ALT, ALP, TBIL, total protein (TP) and
albumin (ALB) relative to the CCl, treated group
as shown in the table above. The changes in
albumin and total protein levels observed in CCl,
treated rats and subsequent reversal caused by
the administration of this different concentrations
of A. (digitata aqueous extract toward
normalization is suggestive of the stabilization of
endoplasmic reticulum leading to repair of
impaired protein synthesis cause by CCl, with
concurrent improvement of Kupffer cells [32].
Thus, aqueous extract of A. digitata showed
ability to alleviate CCIl, induced hepatotoxicity.
These findings agree with the findings of Yadav,
et al. [33] who reported increased ALB and TP
concentrations after administration of aqueous
extract of Cissompelos periera against CCl,
induced hepatotoxicity in rats. It should also be
noted that besides Group 2 which received only
CCl,, Groups 3 and 4 were treated with the
extract of A. digitata, 200 and 300 mg/Kg body
weight, respectively. However, the values of all
the parameters were seen to be lower in Group
IV (which took 300 mg/kg of the extract) when
compared with group Il (200 mg/kg), although
the difference is not significant. However group V
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rats (standard control) have lower values for all
the parameters when compared to groups Il and
IV and with a significant difference when
compared to induced control group (Group II).
This result shows that the hepatoprotective or
healing effect of the administered A. digitata was
best at 300 mg/kg and it shows dose
dependency. Meaning that the overall
experimental results indicate that the biologically
active phytoconstituents of the aqueous extract
of A. digitata could alleviate the toxic action of
CCl, in the liver. This healing or normalization
process might also be associated with the high
tendency of the liver tissue to rejuvenate after it
has been injured or damaged.

3.2.3 Histopathological analysis

CCly is a well known hepatotoxic industrial
solvent. CCl, is commonly used for free radical
induced liver injury. Liver is not the only target
organ of CCl, but it also affects several organs of
the body such as lungs, hearts, testes, kidneys
and brain. It was reported from the investigation
carried out on animal models of acute CCl,
induced liver damage, it is now generally
accepted that CCl, toxicity results from
bioactivation of CCl, into trichloromethyl free
radical by cytochrome P450 system in liver
microsomes and consequently causes lipid
peroxidation of membranes that leads to liver
damage.

However, the cellular antioxidant action is
reinfforced by the presence of dietary
antioxidants. Antioxidants and anti-inflammatory
agents play a critical role against CCl,
intoxication by scavenging active oxygen and
free radicals and neutralizing lipid peroxides.

The histological findings (H&E) showed normal
histological features in the liver hepatocytes of
the control (group 1) (see Fig. 1), while that of the
hepatotoxic control (group Il) presented marked
areas of liver damage (black arrow), (See Fig. 2).
On the other hand, liver features of the treated
groups (Il IV and V) showed moderate
degeneration of hepatocytes (ranging from
necrosis, mild to no significant pathology), figure
shows mild necrosis for the 200 mg/kg A. digitata
fruit extract treated rats (see Fig. 3), while the
300 mg/kg A. digitata fruit extract treated rats
showed no significant pathology degeneration of
hepatocytes (See Fig. 4). And the 200 mg/kg A.
digitata extract treated rats showed no
degeneration of hepatocytes, hence shows area
of fibrosis. The hepatoprotective effects of A.
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digitata fruit extract was confirmed by the
comparative histopathological changes
presented by the treated groups (lll, IV and V) in
relation to the features presented by those group
I (control) and group Il (untreated) (See Figs. 1,
2, 3, 4 and 5). Also, the observed efficacy of A.
digitata fruit pulp extract in the treatment groups
was dosage dependent (See Figs. 3, 4 and 5).
However, on the effect of A. digitata fruit extracts
on CCl, induced hepatotoxicity, this study shows
that the CCl,; induced hepatotoxic indications
were to some degree reduced after 14 days of
treatment with A. digitata fruit pulp extract in a
dose dependent manner. These lessened
hepatic damage by the administration of A.
digitata fruit pulp extracts in group Ill, IV and V
compared to that of group I, indicates recovery
from CCl,; hepatic damage and suggests its
healing potentials as well.

4. CONCLUSION

The findings of this study indicates that the
aqueous extract of A. digitata with a dose
dependent effect exhibits significant
hepatoprotective activity by reducing elevated
levels of the biochemical parameters; and there
was no significant difference compared to the
standard drug (livoline). The histopathological
findings reveal that A. digitata fruit pulp extract
showed excellent protection on liver architecture,
almost to the level of the normal control groups,
validating its hepatoprotective effects in the
experimental animals.
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