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Methanol and diethyl stem bark extracts of Harungana madagascariensis blunt
acetaminophen-induced liver damage in rats through its anti-oxidant property
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Introduction: The liver is a vital organ of vertebrates; but drug-induced liver toxicity is a common cause of liver
injury. The hepatoprotective effect of H. madagascariensis against acetaminophen induced liver damage was
evaluated in this study.

Method: A total of 30 rats were divided into five groups of six animals per group. Group 1 received distilled water
for seven days and acetaminophen was administered at 750mg/kg on day 8 and continues with distilled water till
day 10. Group 2 received distilled water only throughout the study at a dose of 10mL/kg. Groups 3, 4, and 5
received Silymarin (100mg/kg), diethyl ether fraction (1000 mg/kg) and methanol extract (1200 mg/kg) of H.
madagascariensis respectively for seven days and acetaminophen (750 mg/kg) on day and subsequently the re-
spective agents for another two days. On day 11, blood samples were collected for biochemical assays. Organs
were also collected for histopathological examination after animals have been sacrificed. Four fractions obtained
from methanol extract were tested for antioxidant activities using tests such as DPPH FRAP.

Results: There was no significance difference in the levels of biochemical parameters between the methanol and
Silymarin groups such as liver enzymes, total protein, BUN, bilirubin and creatinine. While histopathology of the
kidney and liver of the methanol group showed moderate lesion that of the acetaminophen showed severe lesions.

Hepatoprotective
Hepatotoxicity

The highest anti-oxidant activity was recorded by the fraction with 100% methanol.
Significance: Harungana madagascariensis solvent extract possesses hepatoprotective and antioxidant activity

with methanol solvent extract having the highest hepatoprotective activity.
@ 2019 Faculty of Veterinary Medicine, University of llorin, Nigeria. All rights reserved.

Introduction

The liver is a vital organ of vertebrates and some other animals
(Abdel-Misih et al., 2010). It has a wide range of functions, in-
cluding detoxification of various metabolites, protein synthesis,
and the production of enzymes necessary for digestion (Maton
et al., 2002). Drug-induced liver toxicity is a common cause of
liver injury. It accounts for approximately one-half of the cases
of acute liver failure and mimics all forms of acute and chronic
liver disease (Kaplowitz, 2001). Such liver damage results in
type A (intrinsic or pharmacological) or type B (idiosyncratic)
liver disease (Rafikul et al., 2010). Common liver disease in-
cludes hepatitis infection, fatty liver disease and cancer, as well
as damage from alcohol, the antipyretic and analgesic aceta-
minophen and some cancer drug (Boyd et al.,1996).
Drug-related hepatotoxicity cannot be viewed as a single dis-
ease. Different mechanisms lead to hepatotoxicity, including
disruption of the cell membrane and cell death resulting from
covalent binding of the drug to cell proteins, which creates new
adducts that serve as immune targets, thus inciting an immuno-
logic reaction (Beaune et al., 1987; Robin et al., 1997); inhibi-
tion of cellular pathways of drug metabolism (Honig et al.,
1992); abnormal bile flow resulting from disruption of subcel-
lular actin filaments or interruption of transport pumps, leading
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to cholestasis and jaundice, sometimes with minimal cell injury
(Trauner et al., 1998); programmed cell death (apoptosis), occur-
ring through tumor-necrosis-factor and Fas pathways (Reed et
al., 2001); and inhibition of mitochondrial function with accu-
mulation of reactive oxygen species and lipid peroxidation, fat
accumulation and cell death (Passyre et al., 2001).
Acetaminophen is an analgesic that is metabolically activated by
cytochrome P450 enzymes to a reactive metabolite that deplete
glutathione (GSH) and covalently bonds to protein (Kaplowitz,
2004). It was shown that repletion of GSH prevented the toxicity.
This finding led to the development of the currently used antidote
N-acetylcysteine. The reactive metabolite was subsequently
identified to be N-acetyl-p-benzoquinone imine (NAPQI) (Air-
ouuyuwa and Eze, 2014). Although covalent binding has been
shown to be an excellent correlate of toxicity, a number of other
events have been shown to occur and are likely important in the
initiation and repair of toxicity (Zimmerman, 1999; Lee et al.,
2005).

Some phytochemicals have been shown to prevent hepatic dam-
age (Moronkola et al., 2015). The process leading to hepatic
damage has also been ameliorated by some compounds such as
andrographolide from Andrographis paniculata (Rana et al.,
1991) as well as phyllanthin and hypophyllanthin from Phyllan-
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thus niruri (Syamasundar et al., 1985).

Harungana madagascariensis is a species of flowering plant of
the family Hypericaceae and genus Harungana. Harungana mad-
agascariensis is found in native habitat, in tropical Africa with
small, drupe-like, yellow or red at maturity fruits (Ndjakuo et al.,
2007; Randall, 2012). Traditionally, the leaves and stem bark are
used for the treatment of anaemia; the stem bark is also used for
the treatment of nephrosis, malaria, gastro-intestinal disorders
and fever (Tona et al., 2000; Erah et al., 2003). The orange red
resinous sap from the bark has been associated with wound heal-
ing (Sgro et al., 2002). Aqueous leaf extract has been shown to
have anti-microbial activity on different strains of bacteria (Ba-
cillus subtilis, Staphylococcus aureus, Escherichia coli and Sal-
monella typhi), thus substantiating its use for gastro-intestinal
disorders (Khalid et al., 1989; Okoli et al., 2002). The stem bark
extract inhibited Entamoeba hystolytica growth at a concentra-
tion of less than 10pg/ml (Tona et al., 2000). The stem bark ex-
tract also exhibited more than 70% inhibition of acetylcholine
and potassium chloride solution-induced contractions on isolated
guinea-pig ileum (Tona et al., 2000; Zakim et al., 2002). The
boiled water decoction of the plant root is believed to neutralize
the toxic activities of ingested poisons and restores deranged he-
patic and renal functions to normal (personal communication).
However, despite the ancestral use of the plant water decoction
in the management of drug related renal and hepatic lesions,
there is paucity in the scientific validation of this therapeutic use.
This study evaluated the hepatoprotective effect of H. madagas-
cariensis against acetaminophen-induced liver damage using its
methanol and diethyl ether extracts. Anti-oxidant properties of
the methanol extract were also evaluated as a means of determin-
ing the hepatoprotective effect of the plant.

Material and Methods

Experimental animal and their care

A total of 30 Wistar rats of both sexes weighing between 180-
220 g were purchased from the Faculty of Veterinary Medicine,
University of Ibadan and the study was carried out in Experi-
mental Animal Unit of the Department of Veterinary Pharmacol-
ogy and Toxicology of the same university. The rats were han-
dled in accordance with international principles guiding the Use
and Handling of experimental animals (United States National
Institutes for Health, 1985) after an ethical approval was ob-
tained from the animal care and use research ethics committee of
University of Ibadan. The approval number is Ul-
ACUREC/17/0064. The rats were maintained on standard rat
feed (Vital Feeds, from Grand Cereals Limited, Jos (a subsidiary
of UAC Nigeria) and potable water were made available ad libi-
tum during the period of acclimatization and throughout the ex-
perimental period. The rats were also maintained at an ambient
temperature between 28-30 °C, humidity of 55 + 5%, and stand-
ard (natural) photoperiod of approximately 12 hours of light
(06:30 hours — 18:30 hours) alternating with approximately 12
hours of darkness (18:30 hours - 06:30 hours).

Plant preparation
About 1 kg of fresh stem bark of Harugana madagascariensis
was collected from Forestry Research Institute of Nigeria (FRIN)
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Ibadan. The herbarium specimen was deposited at the Herbarium
of the Department of Botany, University of Ibadan and the
Voucher number is UIH 22455. The bark was rinsed in distilled
water. This was air-dried completely at room temperature (30 +
2°C) and homogenized to fine powder using Laboratory Hammer
mill (Zhen Chang Equipment, SFS P66). Solvent to solvent ex-
traction of homogenized dried matter of the plant were done us-
ing Diethyl ether and Methanol respectively. The percentage
yields of the solvent extracts were 2.5% and 70% respectively.

Pilot toxicity study

In determining the acute toxicity test, 3000 mg/kg, 1000 mg/kg
and 800 mg/kg body weight of the crude extracts were used
(Lorke, 1983). The animals were observed for changes in behav-
iour and mortalities for 24 hours and a week.

Acetaminophen-induced hepatotoxicity in animals

The animals were grouped into five of six animals per group.
Group 1 received distilled water for seven days and acetamino-
phen was administered at 750 mg/kg on day 8 and continues with
distilled water till day 10. Group 2 received distilled water only
throughout the study at a dose of 10 mL/kg. Group 3 received
Silymarin (100 mg/kg) for seven days and acetaminophen (750
mg/kg) on day 8 and continued to receive the Silymarin till day
10. Group 4 received 1000 mg/kg of diethyl ether fraction of H.
madagascariensis for seven days and acetaminophen (750
mg/kg) on day 8 and continued to receive the extract till day 10.
Group 5 received 1200 mg/kg of methanol fraction of H. mada-
gascariensis for seven days and acetaminophen (750 mg/kg) on
day 8 and continued to receive the extract till day 10. The chosen
dose for the extract was based on preliminary study conducted
earlier.

Biochemical assays

On day 11, anaesthetized rats were subjected to cervical disloca-
tion and blood was collected from retro-orbital vein into plain
bottles to obtain serum for the determination of biochemical pa-
rameters such as Alkaline phosphatase (ALP), Aspartate trans-
aminase (AST), Alanine transaminase (ALT), Blood urea
(BUN), Creatinine, Total bilirubin (TBIL) and Total protein
(TPRO). Each blood sample was collected into a well label
10mL capacity plain bottle. The blood sample was allowed to
complete clotting for 4 hours before centrifuging with Uniscope
Laboratory Centrifuge (Model SM 112, Surgifriend Medicals,
England) at 2000 revolution per minute for 15minutes so as to
separate the sera from clotted blood cells. The sera were carefully
separated in to well label plain sample bottles at room tempera-
ture of 23-26°C. Activities of serum aspartate and alanine ami-
notransferase (AST) were estimated as described by Reitman and
Frankel (1957). The method of Rec (1972) was used in estima-
tion of alkaline phosphate (ALP). The activity of serum total bil-
irubin was determined by colorimetric method using a kit sup-
plied by Randox test kits (UK). The urea concentration of the
blood samples was determined using the urease- Berthelot (en-
zymatic) colorimetric method and Serum total protein was esti-
mated based on the method of Gornall et al (1949).
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Gross and histopathology

The kidney and liver were identified and harvested, sectioned
and rinsed in normal saline. The tissue was fixed in 10% formal-
saline, dehydrated with 100% ethanol solution and embedded in
paraffin and sectioned to 5um, stained using H&E method,
cleared in xylene and mounted in a mountant

Vacuum liquid chromatography of methanol fraction

The most bioactive plant solvent for hepatoprotective activity
was subjected to vacuum liquid chromatography (VLC). 30g of
silica gel was loaded into the VLC apparatus up to 75% of its
capacity, under pressure and the funnel was tapped still under
pressure to allow for uniform packing, which is important for
proper separation of the component. 0.5g of the methanolic ex-
tract of the plant was mixed in 5ml methanol. The solution was
mixed with 5g of silica gel (Gf-254 mesh). The resulting solution
was poured in to the prepared VLC apparatus, still under pres-
sure. The VLC column was gradiently eluted with the various
volumes of solvents (200mls each of 30% hexane; 70% ethyl ac-
etate, 30% ethyl acetate; 70% hexane, 50% ethyl acetate; 50%
methanol and 100% methanol). The procedure was repeated until
a total of 5g of the methanolic extract of H. madagascariensis
was used up.

In vitro antioxidant tests

1, 1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging ac-
tivity

The effect of extracts on DPPH was estimated using the method
of Liyanna-Pathirana and Shahidi (2005).

Preparation of reagents

DPPH solution (0.135mM): DPPH (0.0042g) was weighed and
dissolved in little quantity of methanol. It was poured into a
standard flask and made up to mark with methanol.

Procedure: A solution of 0.135mM DPPH in methanol was pre-
pared and 1.0ml of this solution was mixed with 1.0ml of extract
in methanol containing different concentrations (0.04, 0.06, 0.08
and 1.0mg/ml) of the extract. The reaction mixture was mixed
thoroughly and left in the dark at room temperature for 30
minutes. The absorbance of the mixture was measured spectro-
photometrically at 517nm (Katalinic et al., 2006). All determi-
nations were performed in triplicate. Ascorbic acid was used as
the reference. The percentage inhibition of Diphenyl 2-picrylhy-
drazyl (DPPH) radical by the samples was calculated according
to the formula of Yen and Duh (1994).

DPPH radical scavenging activity (%) =
[(Abscontrol- Abssample)]/ [(Abscontrol)]x100

Where:

Abscontrol was absorbance of DPPH radical + methanol
Abssample was the absorbance of DPPH radical + sample ex-
tract/ standard.
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Ferric-Reducing Antioxidant Power (FRAP) Assay

A modified method of Benzie and Strain (1996) was adopted for
the FRAP assay. The stock solutions included 300Mm acetate
buffer (3.1g C2H3sNa0,.3H,0 and 16ml C;H40,), Ph3.6, 10Mm
TPTZ (2,4,6-trpyridyl-s-triazine) solution was prepared by mix-
ing 25ml acetate buffer, 2.5ml TPTZ and 2.5ml FeCl3.6H20. The
temperature of the solution was raised to 370C before using H.
madagascariensis (150ul) to react with 2850l of the FRAP so-
lution for 30 minutes in the dark condition. Readings of the col-
oured product (Ferrous tripyridyltriazine complex) were taken at
700nm. The standard curve was linear between 200uM and
1000puM FeSO4. Results were expressed in uM Fe (11)/g dry
mass and compared with that of ascorbic acid. All solutions were
used on the day of the preparation; ascorbic acid was used within
one hour of preparation

Data Analysis

Statistical analysis was done using GraphPad Prism version 6.
Results expressed as mean = SD were analysed using one-way
analysis of variance (ANOVA) and Students t-test. Values of
probability less than 0.05 were considered statistically signifi-
cant (O’ Neil et al., 2013).

Results

Pilot toxicity studies

Three doses of the crude extract were administered to a group of
rats; 3000mg/kg, 1000mg/kg and 800mg/kg respectively. There
was no clinical symptom neither was there any mortality rec-
orded even at 3000mg/kg dosage throughout the duration of the
experiment.

Effects of H. madagascariensis on serum biochemical parame-
ters

The result obtained from this present study showed that aceta-
minophen caused hepatotoxicity in group | leading to signifi-
cance increase in levels of AST, ALP, ALT and T. BIL (p <0.05)
when compared with the methanol extract group and diethyl
ether group. There was no significance difference in the levels of
AST, ALP, TBIL, CRT and BUN between Silymarin group,
methanol group and diethyl ether group. The Silymarin group
showed significance difference (p < 0.05) in the level of ALT
when compared with methanol extract group while diethyl ether
group significantly difference (p<0.05) in the level of TPRO
when compared with Silymarin and methanol groups.

Vacuum liquid chromatography of the methanol extract

There were four fractions obtained from the vacuum liquid chro-
matography of the methanol extract of H. madagascariensis
namely: Fraction 1 (30% hexane, 70% ethyl acetate), Fraction 2
(70% hexane, 30% ethyl acetate), Fraction 3 (50% methanol,
50% ethyl acetate) and Fraction 4 (100% methanol).

These fractions were used for the antioxidant analysis (DPPH
and FRAP). Table 2 showed that fraction 4 i.e. 100% methanol
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Table 1. Effects of H. madagascariensis extracts on serum biochemical parameters

GRP TPRO AST ALP ALT BUN TBIL CRT
| 7.2+0.4 44.5%1.5 128+0 33+1.41 11.1+0.4 0.4+0 0.6+0.1
1 7.310.1 39+1 116+0 27+0 11.5+0.01 0.2+0.01 0.8+0.01
1] 6.5+0.4 41.3+4 119+3.1 30.3£1.3 10.7+3 0.3+0.4 0.6+0.1
v 7.5+0.1 43+£2.7 116+3.6 29.8+1.2 11.8+0.3 0.2+0.04 0.6+0.02
\ 7.2+0.3 38.6+1.1 120.8+3.2 27.4+1.2 10.9+0.2 0.2+0.03 0.64+0.04
Table 2. DPPH (1,1, Diphenyl-2-picrylhydrazyl Radical) scavenging assay
Concentration of frac- Ascorbic acid Fraction 1 Fraction 2 Fraction 4
tions(ug/ml) (Hg/ml) (%) (%) (%)
0.2 81 33 33 67
0.4 73 60 9.9 49.6
0.6 86 49 -98 65
0.8 59.9 35 -249 61
1.0 82 2.4 OVERFLOW 32
Fraction 1: Hexane 30%, ethyl acetate 70%; Fraction 2: Hexane 70%, ethyl acetate 30%; Fraction 4: Methanol 100%
Table 3. Ferric reducing antioxidant power assay
Concentration of Fraction 1 Fraction 2 Fraction 3 Fraction 4 Standard
fractions (Hg/ml) (ng/ml) (Hg/ml) (ng/ml) (ng/ml)
(Hg/ml)
Ascorbic acid 0.061+0.0002 0.078+0.003 0.095+0.007 0.088+0.002 0.03+0.006
10 0.068+0.001 0.077+0.004 0.087+0.001 0.084+0.003 0.17+0.001
50 0.071+0.008 0.098+0.005 0.096+0.003 0.089+0.001 0.44+0.065
100 0.103+0.021 0.294+0.029 0.0100+0.009 0.086+0.002 0.82+0.012
250 0.306+0.127 0.824+0.045 0.108+0.0061 0.083+0.001 1.69+0.055
500 0.671+0.245 1.88+0.048 0.303+0.054 0.086+0.003 2.21+0.001
750 1.339+0.443 2.131+0.017 0.490+0.066 0.102+0.0122 2.22+0.001
1000 2.068+0.091 2.165+0.003 1.177+0.029 0.095+0.007 2.22+0.001

Fraction 1- Methanol 50%, Ethyl acetate 50%; Fraction 2- Methanol 100%; Fraction 3- Hexane 30%, ethyl acetate 70%; Fraction 4- Hexane 70, ethyl acetate 30%

exhibited the highest antioxidant activity compared to the stand-
ard. The fraction with 70% ethyl acetate and 30% hexane (frac-
tion 1) also exhibited antioxidant activity but not at the same
magnitude as fraction 4 using 1,1, Diphenyl-2-picrylhydrazyl
radical scavenging assay.

Table 3 further showed that fraction 4 exhibited the highest anti-
oxidant activity when subjected to ferric reducing antioxidant
power assay. Fraction 3 also demonstrated high antioxidant ac-
tivities when compared to the standard. The fraction 2 shows
moderate antioxidant activities.

Histopathology

The diethyl ether extract of the plant caused a few foci of slough-
ing off of the tubular epithelial cells with intra-luminal pinkish
tubular casts in the kidney but multiple foci of mild vacuolar
change in the hepatocytes of the liver (figure 1 and 2). The meth-
anol extract on the other hand showed no visible lesion in the
kidney but a few random foci of moderate cloudy swelling of
hepatocytes in the liver (figure 3 and 4). Histopathology showed
that acetaminophen brought about foci of marked/severe flatten-
ing of the tubular epithelium especially at the cortico-medullary
junction on the kidney as shown in figure 5, and this toxicant
caused few foci of mild thinning of hepatic cords but widespread
marked vacuolar change of the hepatocytes of the liver (figure 6
and 7).

Discussion

Harungana madagascariensis has been used by herbal practi-
tioners to treat some health challenges and in this study, it is
confirmed that it can be used in the protection of the liver against
hepatotoxicant. This may be due to the presence of phytochemi-
cals like tannins, saponins, alkaloids and flavonoids (Okoli et al.,
2002), which can help in combating oxidative stress. The meth-
anol extract of the plant was discovered to be more bioactive than
the diethyl ether extract in this study. This is as seen in the bio-
chemical results where it showed the ability to stabilize the levels
of biomarkers of liver damage thus protecting the liver from the
effect of hepatotoxicant, acetaminophen at high dose. There was
no significance difference between the Silymarin group and the
Methanol extract group in the biochemical analysis and therefore
it can be used as an alternative to Silymarin in the treatment of
liver damage or protection against liver damage. This was further
confirmed by the histopathological examination of the liver with
only a few random foci of moderate cloudy swelling of hepato-
cytes in the liver. The methanol extract also demonstrated its
ability to protect the kidney from damage by this toxicant. This
protective of this extract may be due to the presence of flavo-
noids in the plant, which have been reported to inhibit xenobi-
otic-induced nephrotoxicity in experimental animal models (Ad-
eneye et al., 2008). Alkaloids have been reported to strongly in-
hibit lipid peroxidation induced in isolated tissue via antioxidant
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Figure 1. Effect of diethyl ether extract of H. madagascariensis on the kidney showing a few foci of sloughing off of the tubular epithelial cells with
intra-luminal pinkish tubular casts. Stained with H and E with magnification of x400

Figure 2. Effect of diethyl ether extract of H. madagascariensis on the liver showing multiple foci of mild vacuolar change of hepatocytes. Stained
with H and E with magnification of x400

A :!i"
Figure 3. Effect of the methanol extract of H. madagascariensis on the kidney showing no visible lesion. Stained with H and E with
magnification of x400
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Figure 4. Effect of methanol extract of H. madagascariensis on the liver showing few random foci of moderate cloudy swelling of hepatocytes.
Stained with H and E with magnification of x400

Figure 5. Effect of acetaminophen on the kidney showing foci of marked/severe flattening of the tubular epithelium especially at the cortico-medullary
junction. H and E stain and mag nification of x400

s - 9
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magnification of x400

activity (Kumara and Karunnakaran, 2007).

The ability of the methanol extract to exhibit free radical scav-
enging activity as confirmed in this study by the use DPPH and
FRAP assays may also be responsible in reducing the oxidative
stress induced by acetaminophen. It should be noted that aceta-
minophen—induced oxidative stress result in lipoperoxidation,
protein thiols oxidation, mitochondrial endoplasmic reticulum
injury, altered calcium homeostasis and irreversible DNA dam-
age characterized by protein adduct formation (Adeneye et al.,
2008). There are several antioxidant systems that occur in the
body but glutathione redox cycle is known to be an important
intracellular antioxidant system in the body due to the vital role
that glutathione play in maintaining cell metabolism and integ-
rity (Yu and Anderson, 1997). The hepatic glutathione level was
not assayed in this study but it is possible that the stem bark
Methanol Extract of Harungana madagascariensis mediated the
protection of the liver against acetaminophen hepatotoxicity by
either protecting or replenishing hepatic glutathione storage, or
enhancing the antioxidant defence enzyme superoxide dismutase
which is an important anti-lipoperoxidase in the body. Further
study may be required to validate these hypotheses.

Conclusion

The investigations showed that the methanol extract of H. mad-
agascariensis stem bark has hepatoprotective activity against ac-
etaminophen-induced liver damage by its ability to scavenge free
radicals. Further study may be needed to identify and isolate the
hepatoprotective phytochemicals and their mechanism of action.
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