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Abstract

Purpose: To investigate the hepatoprotective and antioxidant properties of the methanol extract of
Diaphananthe bidens leaf using acetaminophen-induced hepatotoxicity rat model.

Methods: Thirty albino Wistar rats, randomly assigned into 6 groups (A - F, n = 5), were used for the
study. Groups A and B received distilled water (10 ml/kg), group C received silymarin (0.10 g/kg) while
groups D - F received D. bidens extract 0.15, 0.30 and 0.60 g/kg, respectively, for 7 days. On day 8,
groups B - F rats received acetaminophen (2 g/kg) orally. About 48 h later, pentobarbitone sodium
(0.035 g/kg) was injected intraperitoneally for sleeping time studies. The time of sleep, time of awake
and the duration of sleep were recorded. On awakening, blood samples were collected for evaluation of
serum biochemical parameters and antioxidant profile. Thereafter, the rats were humanely euthanized
and the liver excised for histopathological evaluation. In vitro antioxidant activity of the extract was
evaluated using ferric reducing antioxidant power and 2,2-diphenyl-1-picrylhydrazine (DPPH)
scavenging assay.

Results: Treatment of the rats with D. bidens decreased (p < 0.05) malondialdehyde values and
activities of ALT, AST and ALP, but increased glutathione levels and catalase activities when compared
to negative control group. The extract significantly (p < 0.05) decreased sodium pentobarbitone-induced
sleeping time relative to the negative control group and produced concentration-dependent increase in
antioxidant activities in vitro. The extract protected the hepatocyte against acetaminophen-induced
damage.

Conclusion: D. bidens extract elicits antioxidant activities in vitro and in vivo and thus, protects rat liver
against acetaminophen-induced damage. Therefore, the extract can potentially be developed as a
hepatoprotective agent for the clinical management of liver damage.
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INTRODUCTION

The liver is a very important organ involved in
detoxification and biotransformation of
xenobiotics [1]. Detoxification render xenobiotic
less toxic and sometimes more toxic through
lethal synthesis. This is accomplished through
conjugation, hydration, sulfation, oxidation and
reduction and the resulting metabolite are
excreted from the system. The liver also plays a
role in synthesis of plasma proteins such as
albumin and fibrinogen [2]. The metabolic role of
the liver exposes it to insults capable of causing
hepatotoxicity [3]. Alcohol, carbon tetrachloride,
thioacetamide and drugs like acetaminophen are
the most common causes of hepatotoxicity [4].
The toxicity of acetaminophen is occasioned by
its toxic metabolite, N-acetyl-p-benzoquinone
imine (NAPQI) [5]. The NAPQI is normally
metabolized by the liver into cysteine and
mercaptate complexes which are excreted in the
urine, but at high dose and when the liver

function is compromised it will accumulate
leading to hepatic damage [6].
Acetaminophen-induced liver damage is the

major cause of acute liver failure worldwide. This
is attributed to overdose and indiscriminate use
of acetaminophen [7]. In traditional medicine,
hepatotoxicity is managed with  herbal
preparations. Herbs such as Azadirachta indica,
Allium cepa, Curcumin longa and Aegle
marmelos have been reported to be
hepatoprotective [1].

Diaphananthe bidens is an epiphyte or climber
belonging to the family Orchidaceae. The plant is
used in folklore medicine in the treatment of
inflammatory conditions, diabetes mellitus and
asthma [8]. The antihyperglycemic activities of D.
bidens in streptozotocin-induced hyperglycemic
rats has been documented [8]. There is dearth of
information in scientific literature on the
hepatoprotective effects of D. bidens, despite the
folkloric use of the leaf decoction in the treatment
of hepatic conditions in South Eastern, Nigeria.

This study evaluated the possible
hepatoprotective and antioxidant properties of
methanol extract of D. bidens leaf in
acetaminophen-induced hepatic damage in rats.

EXPERIMENTAL

Plant collection and identification

The plant material was collected from Eha-
Alumona in Nsukka LGA, Enugu State, Nigeria in

June 2017 and authenticated by a taxonomist at
the Bioresources Development and Conservation

Programme (BDCP), Aku Road, Nsukka, Enugu
State, Nigeria. The voucher specimen no. was
BDCP/H.8910.

Animals

The albino Wistar rats of either sexes, weighing
between 140 - 150 g were used in this study.
They were obtained from Laboratory Animal Unit
of the Department of Veterinary Physiology and
Pharmacology, University of Nigeria, Nsukka.
They were acclimatized for two weeks before the
commencement of the experiment. They were
fed with pelleted grower feed (Top feed®) and
clean drinking water ad libitum.

Ethical approval was obtained from Ethical
Committee,  University of Nigeria  (no.
ECUN/185442). The rats were managed

according to the Guide for the Use and Care of
Laboratory Animals of National Research Council

(9]
Plant extraction

The leaves of D. bidens were air-dried on a
laboratory bench at ambient temperature (25 °C).
They were pulverized into a coarse powder using
hammer mill (JS- 390, Japan) and 125 g of the
powder was soaked in 400 ml of 80% methanol
for 48 hours and shaken at 2 h interval. The
extract was filtered using Whatmann No 1 filter
paper. The filtrate was concentrated in vaccuo
using rotary evaporator. The extract labeled as
methanol extract of D. bidens leaf (MEDBL) was
kept in a refrigerator at 4 °C till time of use. The
percentage yield was calculated.

Experimental design

Thirty (30) Wistar rats of either sex, weighing 240
- 250 g were randomly assigned into 6 groups
(A-F, n = 5). Rats in groups A and B received
distiled water (10 ml/kg), group C received
silymarin (0.10 g/kg) while groups D-F received
MEDBL 0.15, 0.30 and 0.60 g/kg, respectively for
7 days. On the 8th day, 2 g/kg of acetaminophen
was administered to the rats in groups B-F. All
treatments were per os.

Induction of narcosis

Forty-eight hours (48 h) post acetaminophen-
induced hepatotoxicity, 0.035 g/kg sodium
pentobarbitone was administered intraperito-
neally to induce narcosis. The time of injection,
time of sleep (when the rat lost reflex), time of
awakening (when the rat regains reflex) and the
duration of sleep (time between sleep and
awakening) were recorded.
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Sample collection

On awakening following narcosis, blood samples
were collected via the retrobulbar plexus into
plain bottles. The blood samples were
centrifuged at 4,000 g for 5 min and the sera
harvested for serum biochemistry. Thereafter,
the rats were humanely sacrificed under mild
ether anaesthesia and the liver excised for
histopathology studies.

Determination of liver function parameters

The activities of ALT, AST and ALP in serum and
serum levels of total protein, albumin, total
bilirubin and direct bilirubin were determined
spectrometrically with commercially available
Randox reagents kit (Randox Laboratories, UK).
The serum globulin and conjugated bilirubin
levels were calculated using standard formular
[10].

In vivo determination of antioxidants

Catalase activity was determined by measuring
the formation of chromic acetate from dichromate
in the presence of hydrogen peroxide according
to the method of Goth [11]. Reduced glutathione
in the serum was estimated by measuring its
ability to reduce 5,5'-dithiobis (2- nitrobenzoic
acid) (DTNB) as described by Moron et al [12].
The serum malondialdehyde level was
determined by estimating the level of
thiobarbituric and reactive substance as
described by the method of Stocks and
Dormandy [13].

In vitro determination of antioxidants

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay of MEDBL was evaluated as
described by Mensor et al [14]. DPPH, a stable
violet coloured free radical, is decolourized by
antioxidants to form a stable yellow colour in
methanol within 30 minutes.

The ferric reducing antioxidant power (FRAP) of
MEDBL was carried out as described by Benzie
and Strain [15]. The FRAP assay measures the
ability of the extract to reduce iron from the ferric
state to the ferrous state.

Histopathological examination

This was done according to the method of Drury
et al [16]. The tissue was embedded in wax,
sectioned, stained with hematoxylin and eosin
dye and visualized with electronic microscope at
x400 magnification.

Statistical analysis

Data collected were analyzed using one-way-
analysis of variance (ANOVA) with the aid of
SPSS version 20 and presented as Mean + SD.
The variant Means were separated using Duncan
Multiple Range Test (DMRT) Post hoc test p <
0.05 was considered significant.

RESULTS
Extract yield

The yield of the extract was 16.9 % w/w and it
was pasty brown in consistency.

Effect of MEDBL on
induced sleeping time

Na-pentobarbitone-

There was significant (p < 0.05) increase in
sleeping time in the acetaminophen-treated
group (B-F) when compared with the untreated
group (A). The sleeping time of groups C, E & F
were lower when compared with the sleeping
time of group B (Fig. 1). There was no significant
difference (p > 0.05) in the sleeping time of group
A and groups C, E & F (Figure 1).
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Figure 1: Effect of MEDBL on Na-pentobarbitone-
induced sleeping time in acetaminophen —induced
liver damage in rats. Key: A = distilled water 10 mi/kg
only; B = distilled water 10 ml/kg + acetaminophen 2
g/kg; C = silymarin 0.10 g/kg + acetaminophen 2 g/kg;
D = MEDBL 0.15 g/kg + acetaminophen 2 g/kg, E =
MEDBL 0.30 g/kg + acetaminophen 2 g/kg; F =
MEDBL 0.60 g/kg + acetaminophen 2 g/kg

MEAN SLEEPING TIME (Minutes)

l

B C
GROUP

10

D E

Effect of MEDBL on liver function

The serum activities of AST, ALT and ALP of the
acetaminophen-treated groups (B - F) were
higher (p < 0.05) when compared with group A
(Table 1). The serum activities of AST, ALT and
ALP of groups C, D, E and F were reduced (p <
0.05) when compared with group B. There were
no significant (p > 0.05) differences in total
protein levels among the groups. The albumin
level of group F was reduced (p < 0.05) when
compared with other groups while the serum
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globulin level of group F was significantly (p <
0.05) increased when compared with other
groups (Table 1). There was no significant (p <
0.05) difference in the serum levels of total and
indirect bilirubin among the treatment groups
when compared with group A. However, the
serum direct bilirubin level of group B was
significantly (p < 0.05) decreased when
compared to other groups (Table 1).

Effect of MEDBL on in vivo antioxidant profile

The malondialdehyde levels of groups A, C, D, E
and F rats were lower (p < 0.05) when compared
with rats in group B (Table 2). However, serum
catalase activities and reduced glutathione levels
of groups A, C, D, E and F rats were elevated (p
< 0.05) when compared with rats in group B
(Table 2).

Effect of MEDBL on FRAP and DPPH-based in
vitro antioxidant profile

MEDBL elicited concentration-dependent
increase in FRAP values, though very low when
compared with the FRAP values of ascorbic acid
(Figure 2). The MEDBL produced concentration-
dependent increase in DPPH radicals
scavenging activities that was relatively low when
compared to DPPH radicals scavenging activities
of ascorbic acid (Figure 3).

Effect of MEDBL on histopathology of liver of
acetaminophen-poisoned rats

Figure 4 A show the liver from normal rats (group
A) showing normal hepatocytes and portal triads.
Group B rats showed area of diffused
hepatocellular degeneration and necrosis (Figure
4 B). Group C showed fewer area of hepatocyte
degeneration relative to group B rats (Figure 4
C). The MEDBL treated groups (groups D-F)
showed normal hepatocytes (Figure 4 D - F).
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Figure 2: The ferric reducing antioxidant power of
MEDBL and ascorbic acid. Key: -¢-, MEDBL; -oO-,
ascorbic acid

Table 1: Effect of MEDBL on liver function parameters of acetaminophen-induced hepatotoxicity in rats

Parameter A B C D E F
ALP (1U/L) 53.8+ 29.85° 341.7 +15.46° 263.50 +21.26° 264.0 + 19.59° 256.00 + 26.36™ 167.00 +3.17°
ALT (IU/L) 46.35 + 1.68° 90.79 + 11.8° 57.05 + 3.17° 61.89 + 5.3° 58.30 + 4.86° 43.02 + 4.86°
AST (IU/L) 172.5+7.63* 237.0+21.85° 171.70 £ 7.39° 171.4 + 8.93° 173.9 + 15.66° 154.7 + 6.29°
Total protein (g/dL) 6.24+0.35 5.72+£0.19 6.62+0.48 6.07+0.18 6.38+0.21 6.30+0.14
Albumin (g/dL) 3.76x0.20° 4.11+0.11° 4.05+0.32° 4.06+0.19° 4.23+0.19° 2.42+0.36°
Globulin (g/dL) 2.48+0.39° 1.61 £ 0.29a 2.56+0.24° 2.01+0.13° 2.14+0.34° 3.97+0.37°
Total bilirubin (mg/dL) 0.35+0.01 0.34 £ 0.06 0.36+0.07 0.34+0.03 0.37+0.02 0.43+0.02
Direct bilirubin (mg/dL) 0.11+0.02° 0.03 £ 0.00° 0.12+0.03° 0.09+0.01° 0.07+0.01° 0.10+0.10°
Indirect bilirubin (mg/dL) 0.24+0.03 0.31+0.06 0.24+0.06 0.25+0.02 0.28+0.03 0.33+0.03

Different letter superscripts along the same row indicate significant difference at p < 0.05. Key: A = distilled water

10 ml/kg; B = distilled water 10 ml/kg + acetaminophen 2 g/kg; C = silymarin 0.10 g/kg + acetaminophen 2 g/kg;

D = MEDBL 0.15 g/kg + acetaminophen 2 g/kg, E = MEDBL 0.30 g/kg + acetaminophen 2 g/kg; F = MEDBL 0.60

g/kg + acetaminophen 2 g/kg

Table 2: Effect of MEDBL on in vivo antioxidant profile

Group A B C D E F

Malondialdehyde 0.02+0.00° 0.06+0.00°  0.03+0.00° 0.02+0.00° 0.02+0.00° 0.02+0.00°

AU/mI)

(Catalase (KUIL) 47.14+2.55° 19.08+1.62° 63.96+5.21° 51.07+7.29° 59.62+9.78°  62.36x+2.75"

Reduced glutathione ~ 27.12+#1.96° 8.73x2.21*° 18.61+1.10° 14.75+3.47*° 16.95+1.31° 24.87+10.58"

(nMoles/ml)

Different letter superscripts along the same row indicate significant difference at p < 0.05. Key: A = distilled water
10 ml/kg; B = distilled water 10 ml/kg + acetaminophen 2 g/kg; C = silymarin 0.10 g/kg + acetaminophen 2 g/kg;
D = MEDBL 0.15 g/kg + acetaminophen 2 g/kg, E = MEDBL 0.30 g/kg + acetaminophen 2 g/kg; F = MEDBL 0.60
g/kg + acetaminophen 2 g/kg
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Figure 3: DPPH scavenging activity of MEDBL and
ascorbic acid. Key: -¢+-, MEDBL; -0-, ascorbic acid

Figure 4: Photomicrographs showing the effect of
MEDBL on liver of acetaminophen-poisoned rats (H &
E, x400). The arrows show areas of hepatocyte
degenerations. Key: A = distilled water 10 ml/kg; B =
distilled water 10 ml/kg + acetaminophen 2 g/kg; C
silymarin 0.10 g/kg + acetaminophen 2 g/kg; D
MEDBL 0.15 g/kg + acetaminophen 2 g/kg, E
MEDBL 0.30 g/kg + acetaminophen 2 g/kg; F
MEDBL 0.60 g/kg + acetaminophen 2 g/kg

DISCUSSION
Hepatoprotective  effects and  antioxidant
properties of Diaphananthe bidens were

investigated in this study. Diaphananthe bidens
reduced pentobarbitone-induced sleeping time,
elicited antioxidant property and protected the
liver against acetaminophen-induced
hepatotoxicity in rats.

Treatment of the rats with acetaminophen
caused significantly increased serum activities of
ALP, AST and ALT in the group B rats when
compared with group A rats. This indicates

hepatobiliary and hepatocellular damages.
Acetaminophen is known to induce liver damage
by production of N-acetyl-p-benzoquinoneimine
which depletes reduced glutathione level and
predisposes to cell membrane fragility and
damage [6]. The pretreatment of the rats with
MEDBL reduced the serum activities of ALP,
AST and ALT in the treated rats relative to the
group B rats. This indicates that the extract at the
doses used in this study had protective effect on
the hepatocytes.

The serum total protein levels in all the groups
did not differ statistically. This suggests that the
damage induced by acetaminophen may not
have affected the synthetic ability of the liver
probably because the effect was not prolonged
(as the damage lasted for 48 h). Albumin has
long half-life of about 19 days [17].

The decreased level of conjugated bilirubin in
group B is attributable to hepatic damage that
might have impaired bilirubin conjugation [18].
The conjugated bilirubin level of MEDBL- and
silymarin-pretreated groups were not statistically
different relative to normal control group. This
suggests that MEDBL and silymarin protected
the liver against the deleterious effects of the
acetaminophen and preserved the bilirubin
conjugation potentials of the liver.

The MEDBL and silymarin reduced the MDA
levels in the treated rats. This suggest that
MEDBL enhanced acetaminophen metabolism
and reduced the accumulation of N-acetyl-p-
benzoquinoneimine that  attack  cellular
organelles and polyunsaturated membrane lipids
with resultant elaboration of lipid peroxidation
product, MDA [19].

The MEDBL increased the catalase activities and
reduced glutathione levels in the treated groups,
which indicates that MEDBL stimulated catalase
and reduced glutathione release. The antioxidant
enzyme, catalase and reduced glutathione,
scavenge free radicals and might be responsible
for depleted MDA and hepatoprotection in the
MEDBL-treated groups. Acetaminophen-induced
hepatotoxicity is linked to deleterious effects of
reactive metabolite, NAPQI, that causes
hepatocyte damage [19]. Pentobarbitone is
metabolized mainly in the liver. In the presence
of liver damage, pentobarbitone metabolism is
compromised due to reduced cytochrome Pyso
level, thus leading to prolonged sleeping time
[20]. In this study, the sleeping time of MEDBL
treated groups were shorter than the sleeping
time of the negative control, group B. The
reduced sleeping time could be attributed to
enhanced synthesis of enzymes (cytochrome
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Psso) involved in  the metabolism  of
pentobarbitone [21]. This suggest that MEDBL
might have induced enzymes that metabolize
acetaminophen, thus inhibited hepatic damage
that might have occurred due to accumulation of
NAPQI [6].

In the in vitro antioxidant studies, the antioxidant
property of the extract was more pronounced in
DPPH assay than FRAP assay. The FRAP assa
measures the ability of the extract to reduce Fe™"
to Fe?* while DPPH assay measures the free
radical scavenging capacity of the extract
[14,15]. DPPH assay is more sensitive and
robust than FRAP assay [14,16].

The liver sections of MEDBL-pretreated rats
showed normal hepatic architecture. This
suggests that the extract protected the
hepatocytes against acetaminophen-induced
damage. The mechanism of MEDBL
hepatoprotection is not known but could be
linked to the antioxidant activities. Elevated
reduced glutathione levels and catalase activities
are capable of protecting cell membranes against
oxidative damage [6]. Acetaminophen-induced
hepatotoxicity is associated with the generation
of  N-acetyl-p-benzoquinone  imine  which
produces oxidative damage of hepatocytes [5].

CONCLUSION

The methanol extract of Diaphananthe bidens
elicited in vitro and in vivo antioxidant activities
and protected the liver against acetaminophen-
induced damage in rats. The hepatoprotective
effects could be attributed to the antioxidant
potentials of the extract. Further studies aimed at
isolation and characterization of the active
principle of D. bidens are recommended.
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