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Flemingia tuberosa Dalzell is an endemic species of the Western Ghats. It is an ethnomedicinal plant used to cure
dysentery and vaginal discharge. However, in this study, the hepatoprotective potency of the plant has been evaluated
as it contains flavonoids like kaempferol. The present study was conducted to investigate the hepatoprotective activity
of the ethanolic extract of aerial parts of I tuberosa against Carbon tetrachloride (CCl,)-induced toxicity in rats.
The extract was standardized using a validated HPTLC method for kaempferol content. The antioxidant activity
of the ethanolic extract of aerial parts of F. tuberosa was assessed by 1,1-diphenyl-2-picrylhydrazyl method. The
hepatoprotective activity was assessed against CCl,-induced liver intoxication, wherein the CCl,-induced albino Wistar
rats were treated with three different doses of the standardized extract for 3 days. The results were compared with the
established positive control, Silymarin. The protective effect on the liver was also monitored histopathologically using
light and electron microscope and biochemically through observing the levels of biochemical enzymes. The extract
showed potent hepatoprotective activity. This study confirms the protective effect of the ethanolic extract of aerial

parts of £ tuberosa against CCl -induced hepatotoxicity.

INTRODUCTION

The liver, which is a vital organ of metabolism, plays a
major role in detoxification and elimination of toxicants (Saleem
et al.,2018; Sultana et al., 2018). It is incessantly and extensively
exposed to xenobiotics, hepatotoxins, and chemotherapeutic
agents which can lead to impairment of its functions (Kumar
and Veere, 2011; Preussmann, 1978). Hepatic cells are mainly
damaged by hepatotoxic chemicals inducing lipid peroxidation
and other oxidative damages (Chattopadhyay, 2003; Kumar and
Veere, 2011). The synthetic drugs used in curing liver damages
are therapeutically nonpromising and may lead to hepatotoxicity
(Joshi and Shailajan, 2016). Carbon tetrachloride (CCl,), as a
standout among the hepatotoxins, is generally utilized to measure
the efficiency of many hepatoprotective drugs (Cheng et al., 2013;
Recknagel et al., 1989; Zarezade et al., 2018; Zhao et al., 2018).
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For the prevention and management of liver disease,
plants and natural products have been used traditionally worldwide
(Lahon and Das, 2011). Medicinal plants are great sources of
natural compounds such as phenolic acids and flavonoids, which
have antioxidative properties, and are able to scavenge free radicals
and defend the liver from CCl -induced hepatic injury (Azeem
et al.,2010; Gnanadesigan et al.,2011; Gupta et al., 2011; Singhal
and Gupta, 2012; Zarezade et al., 2018). Many plants have been
reported to show the hepatoprotective activity, namely, Phaseolus
trilobus (Fursule and Patil, 2010), Cassia abbreviata (Sobeh
etal.,2018), Cichorium glandulosum (Tongetal.,2015), Cichorium
intybus (Heibatollah et al., 2008), Parmelia perlata (Shailajan
etal.,2014), Artocarpus lakoocha (Saleem et al., 2018), Avicennia
marina (Joshi and Shailajan, 2016), Hibiscus vitifolius (Samuel
et al., 2012), Solanum nigrum (Raju et al., 2003), Asteracantha
longifolia (Shailajan et al., 2005), and Flemingia macrophylla
(Hsieh et al., 2011).

Flemingia macrophylla has been reported to possess
hepatoprotective effect due to the presence of flavonoids
(Gahlot et al., 2011; Hsieh et al., 2011). A number of studies
have proved that flavonoids are a class of compounds exhibiting
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hepatoprotective activity (Bratkov et al., 2016; Kondeva-Burdina
et al., 2018; Krasteva et al., 2016; Mbemya et al., 2017; Pelissero
et al., 1996; Pistelli, 2002). One of the most useful properties of
this class of compounds is their ability to scavenge ROS and is
considered more efficient than Vitamins C and E (Gao ez al., 2001;
Mbemya et al., 2017; Wang and Zheng, 1992). Flavonoids act by
shielding membranes or by reducing their absorbency to bind
with hepatotoxic substances (Gyr and Meier, 1991). Kaempferol,
a flavonoid, has been reported to show strong hepatoprotective
activity in CCl -treated mice (Wang er al., 2015). Earlier
publication from the laboratory has already shown the presence
of kaempferol, in the ethanolic extract of Flemingia tuberosa
(Shailajan and Mascarenhas, 2018). The hepatoprotective activity
of the plant, however, has not been investigated scientifically.

Hence, this study aims to evaluate the hepatoprotective
activity of the ethanolic extract of aerial parts of F tuberosa
against CCl,-induced hepatotoxicity in rats.

MATERIALS AND METHODS

Collection of plant material

The aerial parts of F. tuberosa were collected from
Rajapur, Maharashtra, and authenticated by Dr. M. M. Lekhak
(Shivaji University, Kolhapur, Maharashtra)—AUTH 85/2016.
The material was shade dried for a week and further oven-dried at
37°C + 2°C, powdered in a mixer grinder, sieved (85-mm mesh —
BSS sieve), and stored in airtight plastic containers.

Apparatus and chemicals

CCl, (GR grade, batch no.. IG8G580365, Merck
Specialties Pvt. Ltd.) and Silybon tablets (Silymarin as silybon
70 mg, batch no. SIAD0025, Micro Labs Limited) were procured
from the market. All other chemicals used were of analytical grade.

Quality control

The quality of the sample was evaluated for foreign
matter, total ash, acid insoluble ash, alcohol-soluble extractive and
water-soluble extractive, and moisture content (Bajwa et al., 2013;
Khandelwal, 2008; Mukherjee, 2007; Pharmacopoeia, 2010).

Preparation of plant extracts

The ethanolic extract of the aerial parts of F. tuberosa
was prepared by adding 1000 mL of ethanol to 100 g of plant
powder and agitated on a shaker for 4 hours (yield = 12.52%).
The extract was standardized using a validated HPTLC method
and the content of hepatoprotective marker, kaempferol (Wang
et al., 2015). The kaempferol content was found to be 1.65%. The
extract was further evaporated to dryness in a water-bath preset
at 78°C to remove all traces of ethanol from the extract. Animals
were dosed by weighing this ethanol-free dried extract accurately
as per the weight of the animal and by suspending it in distilled
water (total volume > 1 ml/100 g). A dose of 500 mg/kg body
weight of animals was used in the study (Hsich et al., 2011).

Chromatographic characterization

The powdered plant material (1.0 g) was extracted with
ethanol (10.0 ml), and vortex mixed and sonicated for 1 and 20
minutes, respectively, followed by filtration through Whatman

filter paper No. 1. The separation and quantitation of kaempferol
were established using HPTLC.

Kaempferol as a biomarker

The presence of kaempferol as a biomarker in the
ethanolic extract of F. tuberosa has been confirmed using a
published method on HPTLC (Shailajan and Joshi, 2011; Shailajan
and Mascarenhas, 2018) (Fig. 1).

Animals

Albino Wistar rats (female, 180-220 g) were procured
from Bharat Serums and Vaccines Pvt. Ltd., Thane. The animals
were maintained under standard laboratory conditions at an
ambient temperature of 25°C + 2°C and relative humidity of 50%—
55% with 12-hour light and dark cycle in an animal house with
standard facilities as per the CPCSEA guidelines (CPCSEA/315).
They were fed with a commercially available standard pellet diet
(AMRUT feed), and the filtered drinking water was provided
ad libitum. After 1 week of acclimatization, the animals were
subjected to experimental procedures. The approval from the
Institutional Animal Ethics Committee of Ramnarain Ruia
Autonomous College, Matunga, for the usage of animals in the
experiment had been obtained as per the CPCSEA guidelines
(Approval number: RM— 160110— 02).

Safety evaluation

The safety of the plant has been established on albino
Swiss mice following the OECD guidelines (No. 420, fixed
dose procedure) (Shailajan and Mascarenhas, 2018). The extract
prepared was evaporated to dryness to remove all the traces of
ethanol solvent before use in the animals.

Evaluation of antioxidant activity

The antioxidant activity of the extracts, based on the
scavenging activity of the stable 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical, was determined (Joshi and Shailajan, 2016;
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Figure 1. HPTLC plate photo and chromatogram for kaempferol estimation
from the ethanolic extract of . tuberosa.
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Narendhirakannan and Rajeswari, 2010), and the percentage
inhibition (I) was calculated as follows:

(4 of control - 4 of sample)

A of control x 100 %
A of control

where “A4” is absorbance. EC, is the concentration at which DPPH
radical is scavenged by 50%. The ascorbic acid was used as a
reference antioxidant.

Evaluation of hepatoprotective activity

For the study, albino Wistar rats were divided randomly
into five groups with six animals in each (Table 1). The animals
were kept fasting (water ad libitum) for 4 hours prior to dosing.
Group I animals received an intraperitoneal injection of 0.7 ml/
Kg BW liquid paraffin/animal on the 0" day of the study and were
treated as normal controls. Animals from Groups II, III, TV, and
V received an intraperitoneal injection of 0.7 ml/kg body weight
of CCl, (Frank et al., 2012; Joshi and Shailajan, 2016) in 0.5 ml
liquid paraffin/animal on the 0% day of the study. The animals
from Groups I, II, and IIT were dosed orally with 2 ml of distilled
water (D/W) once daily. A dose of 70 mg/ kg Silymarin (Joshi and
Shailajan, 2016, 1995) in the form of Silybon tablets suspended
in 2 ml of D/W was administered orally to each animal of Group
IV once daily, starting 24-hour post CCl, induction. The animals
from Group V were given an oral dose of the ethanolic extract of
aerial parts of F. tuberosa suspended in distilled water (500 mg/
kg body weight 24-hour post induction on the first day and further
for next 4 days). The animals from Groups I, II, IV, and V were
sacrificed on the fourth day (72 hours after first dosing), whereas
Group III animals were sacrificed on seventh day of the study to
evaluate the natural recovery in the study. The per diem records of
body weight and consumption of food and water was maintained
for each group.

Before sacrificing the animals, blood was collected
from retro-orbital plexus into heparinized vials, and the plasma
was separated and analyzed for biochemical parameters, such as
glutamate oxaloacetate transaminase (GOT), glutamate pyruvate
transaminase (GPT), alkaline phosphatase (ALP), direct bilirubin
(DB) and total bilirubin (TB), cholesterol (CHO), triglycerides
(TG), low-density lipoprotein (LDL), and high-density lipoprotein
(HDL) content. The percentage protection for biochemical
parameters was calculated as follows:

(4 of control - 4 of sample)

A of control x 100 (Joshi and
A of control

Shailajan, 2016; Rao et al., 2012).

Table 1. Grouping of animals.

Group Description Treatment
1 Normal control (NC) No Induction
11 Induction control (IC) *0.7 ml/kg body weight of CCl,
111 Natural Recovery (NR) *0.7 ml/kg body weight of CCl,
v Modern drug (MD) *0.7 ml/kg body weight of CCI,+ 70
mg/kg BW of Silymarin
\% Plant treatment (PT) *0.7 ml/kg body weight of CCl,

+ 500 mg/kg BW of the ethanolic
extract of F. tuberosa

*Induction done intraperitoneal (vehicle-liquid paraffin), BW- body weight.

Fresh liver tissue samples were also processed for the
analysis of liver glycogen.

Statistical analysis

The results were expressed as mean = SE. The statistical
analysis was carried out using Microsoft Excel and GraphPad
Prism 5.0 software for a one-way analysis of variance followed
by Dunnett’s t-test. The p values < 0.001 were considered to be
significant.

RESULTS AND DISCUSSION

A large number of plants and plant-based formulations
have been claimed to cure liver disorders. The plants have been
said to have hepatoprotective activity due to the presence of some
phytoconstituents which have a potential antioxidant activity.
The standardized ethanolic extract of F. tuberosa was found
to be rich in kaempferol which has been reported to possess
hepatoprotective in addition to antioxidant activity (Chen et al.,
2018; Wang et al., 2018; Yin et al., 2018). The animals were
administered with the dried extract using distilled water as the
vehicle. The toxicity study showed that the extract is safe up to a
dose of 2,000 mg/kg body weight in albino Swiss mice with no
mortality or abnormality.

The antioxidant activity of the extract was assessed
in DPPH model. To quantify the antioxidant activity, the 1C,
value, i.e., the concentration of sample required to decrease the
absorbance of specific free radical at specific 4 by 50%, was
calculated (Acharya et al., 2012; Joshi and Shailajan, 2016). The
extract showed an IC,  value 0f 20.95 ug/ml for DPPH. The results
of the assay revealed that the free radicals were scavenged by the
plant extract in a concentration-dependent manner. Figure 2(a)
and (b) is the graphical representation of free radical scavenging
activity of the plant extract in comparison with ascorbic acid. The
data on regression analysis and IC, values shown by the ethanolic
extract of F. tuberosa are given in Table 2.

The extract of F tuberosa exhibited free radical
scavenging activity of 98.61% at a concentration of 60.0 pug/ml.
The antioxidant activity displayed by the plant extract may be due
to the presence of kaempferol. The extract of F. tuberosa showed
a potential antioxidant property as observed from DPPH radical
scavenging activity assay (Table 1). The antioxidant potential
of the extract prevents the formation of trichloromethylperoxy
radical, thereby reducing tissue damage, triggered by CClI,
treatment.

To have a good idea about the functional state of the
liver, alkaline phosphatase, TB and DB were monitored (Joshi
and Shailajan, 2016; Rao et al., 2012). Hepatic toxicity caused
by the administration of CCI, (0.7 ml/kg body weight) caused
acute liver injury which was indicated by the sudden increase
in the concentration of biochemical biomarkers, such as serum
glutamic oxaloacetic transaminase (SGOT), serum glutamic
pyruvic transaminase (SGPT), direct and total bilirubin (DB/TB),
ALP, CHO, TG, LDL, and liver glycogen along with a decrease
in the concentration of HDL in the induction control (IC) group.
This was in comparison with normal control (NC) group. The
levels of these biochemical parameters significantly came back to
normal after the treatment of standardized ethanolic extract of the
aerial parts of F. tuberosa (PT) and also in the animals treated
with modern drug group (MD). The results are shown in Table 3,
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Figure 2. Graphical representation of the effect of ascorbic acid (a) and ethanolic
extract of £, tuberosa (b) on DPPH radical scavenging model.

Table 2. Data on regression analysis and IC, value for the effect of ascorbic
acid and ethanolic extract of £ tuberosa on DPPH radical scavenging model.

Ascorbic acid
y=20.65x —3.873
Correlation coefficient 0.999 0.959
IC,, (ng/mL) 2.60 20.95

Parameters F tuberosa

Regression equation y=1322x+17.16

where the treatment with extract at 500 mg/Kg body weight
showed a significant recovery (p < 0.001 with Dunnett’s test).
These results proved the ability of the extract in reversing the
damage caused by CCl, and significantly enhanced the recovery
process. This is indicated by the level of biochemical parameters
in the treated group of animals (PT) (MD) as compared with those
in the animals of the natural recovery group (NR).

The increase in the levels of alkaline phosphatase
reflected the loss of functional integrity of cell membrane and
cellular leakage, whereas the increase in both the DB and TB
indicated the incidence of jaundice (Freitag er al., 2015; Joshi
and Shailajan, 2016). These observations are supported by the
electron microscopy results. The normalization of the biochemical
marker enzymes (Table 3) after the plant treatment confirms its
hepatoprotective potential. This may be attributed to its ability to
expedite the regeneration of liver cells and maintain membrane
integrity, whereby the leakage of marker enzymes into the
bloodstream is reduced. The study also statistically affirms that
the protection offered by the extract is compared to the modern
drug used as a positive control, i.e., silymarin. The recovery
toward normalcy of biochemical markers and that of tissue
histoarchitecture caused after the treatment with plant extract was
found to be less significant (p < 0.01) as that of silymarin (p <
0.001) treatment.

The hepatoprotective effect of the standardized extracts
of the aerial parts of F tuberosa was further evaluated by
histopathological observations of the excised liver tissue using a
light microscope and electron microscope. The administration
of carbon tetrachloride in animals caused a disruption of rough
endoplasmic reticulum, damage to mitochondria, centrilobular
necrosis, fatty changes, and vacuolization indicating impairment of
normal liver cytoarchitecture. The natural recovery group did not
show significant improvement when compared to induction control
group. The histoarchitecture of the liver in treated animals of plant

Table 3. Effect of standardized extract on biochemical parameters.

Group SGOT(UI/) SGPT (UI/) ALP (UV/ 1) T. Bil (mg/ dl) D. Bil (mg/ dl)
NC 44.27 +0.001 0.32+0.00 29.810+ 1.30 0.56+0.010 0.08 = 0.002
() 130.35 % 0.002 0.69 +0.01 91.548 = 1.25 4.43+0.016 1.68+0.013
NR 110.09 + 0.005 0.598 + 0.01 77.955 + 1.49 3.92 +0.050 1.26 + 0.008
% Protection 23.537 25.425 22,017 13.049 26.299
MD 44.94 + 0.001* 0.34 4 0.00* 35.70 + 1.14* 0.88 +0.015* 0.19 = 0.003*
% Protection 99.219 94.687 90.460 91.706 93.300

PT 105.69 + 0.001 0.494 +0.01 67.480 = 1.65 1.76 +0.026 0.58 = 0.009
% Protection 28.646 53.215% 38.984 68.992* 69.255*
Group HDL(mg/ dl) LDL(mg/ dl) CHO(mg/ dI) TG(mg/ dl) L.Gly(mg/ dI)
NC 4.84+0.001 30.24 +0.392 86.23 + 1.582 80.55 + 0.877 8.46 = 0.024
IC 1.59 +0.006© 78.68 + 0.840@ 315.87 + 0.489@ 417.93 + 1.685¢ 4.41+0.054@
NR 1.58 +0.001 74.87 +0.344 279.38 4 0.189 355.42+0.512 4.91 +0.094
% Protection -0.307692308 7.859778178 15.88919052 18.52855632 12.41022084
MD 5.94 +0.003* 26.74 + 0.2444% 122.47 £ 1.675* 111.40 + 1.182* 7.49 +0.091*
% Protection 133.8461538 107.224103 8422097821 90.85801163 76.02656576
PT 4.93 +0.015% 26.90+0.211* 253.16 + 1.156 317.91 = 1.971 6.88 = 0.093*
% Protection 102.7692308 106.8897588 27.30653167 29.64701216 60.96593228

(Values are expressed in mean + S.E, n = 6 rats in each group) Values are statistically analyzed for significance using Dunnett’s test *= p < 0.001
when compared with values of CCl4 control and @ = p < 0.001 against NC.
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Figure 3. Histopathological observation using light microscopy.

extract group and modern drug group showed a significant recovery
to normalcy in comparison to induction control group (Figs. 3
and 4). The plant-treated group showed recovery of cellular matrix
at par with the positive control group. Treatment with the plant
extract, however, is not as effective as that of the modern drug.
This is evident in the microscopic observation (Fig. 3).

The results are confirmed in electron microscopic
observations too. Lipid accumulation, ballooned mitochondria,
reduction in rER activity, loss of microtubules, and membrane
integrity are observed in hepatocytes after CCl, treatment (Fig. 4).
These cytoarchitectural changes are reversed to normalcy after
treatment with plant extract and modern drug (Fig. 4). The
recovery after treatment with plant extract is less as compared to
that observed in the hepatocytes after treatment with the modern
drug. An increase in treatment period or increase in the dose of
plant extract could be a possible alternative strategy.

The modern drug showed a significant protection in
terms of the physical, biochemical, and histological parameters of
the hepatic tissue than the plant extract. A similar kind of trend
was followed in the results of biochemical assays as well. Thus,

Nommal control 2000X
: =

Induction control 2000X

o v 7

Plant treatment 10000X

Figure 4. Histopathological observation using electron microscopy.

F. tuberosa can be considered as a promising plant to be used as a
hepatoprotective agent (Jahan et al., 2015; Kheiripour et al., 2019;
Mabhli et al., 2015; Saeed et al., 2017).
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CONCLUSION

The antioxidant activity of the plant extract in terms
of the free radical scavenging activity has been established
in vitro. The results of this study indicate that the standardized
ethanolic extract of the aerial parts of F. tuberosa showed a
significant hepatoprotective activity at the dose of 500 mg/kg
body weight. The plant extract brought the levels of biochemical
markers to normalcy and showed significant (p < 0.01) recovery
in histopathological statistics. The results are not significant
when compared to the modern drug, silymarin (p < 0.001). The
hepatoprotective activity of the plant may have to be enhanced
either by increasing the dosage or by extending the duration of
the treatment in order to use it as an effective liver tonic. This
study also provides scientific data for ethnomedicinal use of the
plant and can create awareness in cultivating this plant to help
its proliferation and avoid its eradication. The plant is important
as it is an endemic species to the Western Ghats of Maharashtra,
and this work is a preliminary step in conserving a medicinally
important species, F. tuberosa Dalzell.
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