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Abstract:

The present study was aimed to evaluate phytoconstituents, total phenolic content, free radical
scavenging activity and in vitro hepatoprotective effect of Selaginella bryopteris (SB) against
acetaminophen (APAP) and carbon tetrachloride (CCls) induced hepatotoxicity on HepG2 cell
lines. The preliminary phytochemicals screening of aqueous and ethanolic extract of SB confirmed
the presence of phytochemical constituents and total phenolic contents. Both SB extracts exhibited
free radical scavenging activities in dose dependent manner (100-500 pug/mL). Ethanolic extract at
higher concentration (500 pg/mL) showed highest DPPH, ABTS and H20> free radical scavenging
activity followed by the SB aqueous extract. In vitro hepatoprotective activity was assessed by
MTT assay confirmed the dose-dependent cellular protection (72%-88%) by SB extracts at three
doses (25ug/mL, 50pg/mL and 100pg/mL) against CCls and APAP induced toxicity in HepG2 cell
line, the cell viability rate was found to be higher at 100pug/mL in SB ethanolic extract compared
to the SB aqueous extract. No adverse effect was observed in the SB extract alone treated HepG2
cell line. The results indicated that Selaginella bryopteris extract has significant in vitro
hepatoprotective activity against APAP and CCls-inducedtoxicity which might be due to the

presence of free radical scavenging phytoconstituents.
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Introduction:

Liver is the main metabolic and drug detoxification organ of the human body. It plays an important
role in metabolism, glucose storage, bile acid synthesis, and maintaining the body's homoeostasis
(Mamri et al. 2022). It plays a crucial role in the detoxification of endogenous and exogenous
xenobiotics. The liver CYP450 system metabolizes the majority of drugs and chemicals.
Biological agents (pathogenic bacteria and viruses) as well as chronic dose of chemicals, drugs,
alcohol, acetaminophen, and synthetic drugs contribute to cause liver damage (Tripathi, 2013).
The prevalence of liver diseases such as cirrhosis, jaundice, viral hepatitis and hepatic carcinoma
has increased worldwide in recent years and are responsible for approximately 2 million deaths
annually (WHO, 2019). According to (Wang et al. 2017) and (Jannu 2012), oxidative stress
induced hepatotoxicity results from an imbalance between the antioxidant defence system and
oxidative stress. In India, liver diseases are the 10th most common cause of mortality. It is an
emerging global health issue and is reported to be higher in India (8-30%) (Panda et al. 2015). In
spite of tremendous scientific advancement in the field of medical sciences in recent years, liver

related health problems are rising in modern society.

Medicinal plants are considered to be a significant source of therapeutic medicine in the Indian
traditional medical system (Jain et al. 2015; Imrana and Asif 2020). Scientific communities have
reported that herbal plants and their products have various medicinal properties for the treatment
of human diseases including hepatic diseases. In this regard, plants with traditional therapeutic
values are being investigated primarily for their scientific validation by in vivo and in vitro studies
(Singh and Singh 2015). Selaginella bryopteris (Linn.) is a lithophytic pteridophyte herb belonging
to the family Selaginellaceae. It is found in Uttarakhand, Uttar Pradesh, Orissa, Biharand the
Aravalli Mountains of India. This herb is locally known as Sanjeevani (a plant that offers life).
Due to its ability to grow and survive in extreme drought conditions, it has remarkable resurrection
abilities (Sah, 2008). However, Selaginella bryopteris has been used by tribal people for the
treatment of common health problems such as jaundice, dysentery, skin inflammation, urinary

infection, fever and gynaecological problems (Sah 2008; Ganeshaiah 2009; Antony and Thomas
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2011). It has been reported to have medicinal properties like anticancer (Mishra et al. 2011), anti-
inflammatory (Paswan et al. 2017), antimicrobial (Singh et.al. 2018), antioxidative stress (Pandey
et al. 1999; Sah et al. 2005) and antiprotozoal activity (Kunert et al. 2008). The SB plant has been
reported to have phytochemicals like amentoflavone and hinokoflavone which possess
antiprotozoal and antimicrobial activities (Verma et al. 2015). This plant is also a rich source of
flavonoids, tannins, saponins alkaloids and phenols (Setyawan and Darusman 2008). However,
this plant has not been scientifically studied for its hepatoprotective properties.

Therefore, the present study was undertaken to investigate Selaginella bryopteris for its
antioxidant and hepatoprotective potential against carbon tetrachloride (CCls) and acetaminophen-

induced oxidative damage in HepG2 cell line.
Materials and methods:

Drugs and Chemicals

Human liver hepatoma cell line (HepG2) was procured from the National Centre for Cell Science
(NCCS), Pune, India. Silymarin was from Sigma Aldrich (USA), acetaminophen and carbon
tetrachloride were procured from E-Merck (Germany). 1,1-diphenyl-2-picrylhydrazine (DPPH),
2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS), Hydrogen peroxide (H20,),
Ascorbic acid and Gallic acid were purchased from Himedia. India. All chemicals used were of

analytical grade.
Collection of plant sample

The Selaginella bryopteris was obtained in the month of December-January, 2018 at the forest
area of Aurangabad district, Bihar, India (Fig.1a). The plant material was also commercially
available at Khari Baoli, Delhi, India and is used as an ornamental herb in homes. Authentication
of the plant species (Fig. 1b) was done by Department of Botany, Delhi University (DU), New
Delhi and the specimen of the plant was deposited in the herbarium of the Botany Department, DU

(Voucher number-DUH14498).
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Fig.1b. Selaginella bryopteris (dried)
Preparation of Plant extract

The whole part of Selaginella bryopteris (SB) was thoroughly washed with distilled water and air
dried at room temperature (25-30°C) for 10-15 days. To prepare aqueous extract and ethanolic

extract, SB was grinded into fine powder and subjected as followed-
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Preparation of aqueous extract: The dried powder of SB was mixed with distilled water (100/400
w/v) and heated for about 4 hours at 40-50°C. After cooling, the Aqueous mixture was subjected
to filtration by Whatman No.1 filter paper and extracted by evaporation of water in regulated water
bath at 50-60°C (Al-Manhel and Niamah 2015). The percentage yield of the SBA was found to be
20% (w/w). The dried extract of Selaginella bryopteris (SBA) was stored in sterile tube at 4°C.

Preparation of Ethanolic extract: The dried powder of SB was mixed in ethanol (100/500 w/v)
and subjected to shaking for 5 days (2 hours/day) and the extract obtained was filtered using
Whatman No. 1 filter paper and evaporated at 50-60°C in a regulated water bath. This step is
repeated to prepare an adequate amount of ethanolic extract (Owoyele et al. 2008). The percentage
yield of Selaginella bryopteris ethanolic extract (SBE) was found to be 3.5% (w/w). The resulting

ethanolic extract (SBE) was stored at 4 °C.

Detection of Phytochemical constituents: The phytochemicals of both SB extract were

determined as per the methodologies of Harborne (Harborne 1998) as followed:

Flavonoids: 1mL of 1N NaOH was added to 2 mL of plant extract, as a result yellow colour was
formed which was turn into colourless after addition of 1 ml of diluted HCI. Colourless solution

confirmed the presence of flavonoids.

Reducing sugar: 1 mL of plant extract was taken in which equal amount of Fehling A and B
reagent were added and heated at 60°C. Appearance of brick red colour confirmed the presence of

reducing sugar.

Tannins: 1mL FeCls solution was added into the 1 ml of plant extract where green black colour
was formed that indicating the presence of tannins.
Coumarins: The addition of 2 ml of plant extract and 3mL of 10% NAOH produced yellow colour

which confirms the presence of coumarins.
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Anthocyanins:2mL of plant extract and 2 mL of dil. H.SO4 and ammonia were mixed and then
the pink red coloration was appeared in sample test tube which suggested the presence of
anthocyanins.

Saponins: The diluted extract was dissolved in 10 ml of distilled water in the test tube and vortex

for 15 minutes. The formation of 1cm layer of foam indicating the presence of saponins.

Steroids:1 mL of plant extract was dissolved in chloroform and then 1 mL of Conc. H2SO4 was
added slowly where chloroform acquired reddish blue colour and acid layer green fluorescence

which showed the presence of steroids.

Alkaloids: Few drops of diluted HCI and 2 ml of Wagner’s reagent were added in 1 ml plant extract.

The reddish-brown precipitate was formed which exhibits the presence of alkaloids.

Glycosides: 2mL of plant extract was mixed with 2 drops of alcoholic a—naphthol and then in that
solution, ImL conc. H2SO4 (along the sides of test tube) was added. The formation of a violet ring
depicts the presence of glycosides in plant extract.

Determination of total phenolic content: The total phenolic content in SB extracts (SBA and SBE)
was determined spectrophotometrically according to the Folin-Circlet method (Lowry 1951). To
0.5mL sample (in triplicates), 2.5 mL of 10% Folin reagent was added followed by 2.5 ml of 7.5%
sodium carbonate (Na2CQOz3). After 2 hours incubation, the absorbance of the sample was measured
with a UV-Visible spectrophotometer at 765 nm. Total phenolic content was calculated using a
standard curve of concentration versus absorbance. The results were expressed in g gallic acid/mg

of plant material.

Determination of in vitro antioxidant activities: DPPH radical, ABTS radical, and H,O> radical
assays were used for the determination of the antioxidant activity of both extracts (SBA and SBE)
at different concentrations i.e., 100-500 pg/mL. Each test was done in triplicate. The antioxidant

ability of SB extract was expressed as IC50 values (Inhibitory concentrations of samples required
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to neutralize 50% of free radicals). IC50 values were calculated by linear regression analysis. Free-

radical scavenging activity was expressed as percent inhibition (%).

The percentage inhibition (%) of free radical scavenging activity (DPPH, ABTS and H.Oy) of
plant extract was calculated using the following formula.

Percent inhibition (%) = [(Ao — A1/Ao) x 100]
Where Ao is the absorbance of the control and Al is the absorbance in test sample.

DPPH assay: DPPH (1, 1-diphenyl-2-picryl-hydrazyl) free radical scavenging activity of plant
extract was measured (Shimada et al.1992). The reaction mixture contains 3ml of SBA and SBE
extract solution (100-500 pg/ml) and 1ml of solution 0.1mM DPPH in ethanol. The mixture was
subjected to vortex thoroughly and kept in dark at room temperature for 30 minutes. After 30
minutes incubation, the absorbance of test sample was measured at 517nm by UV-Visible

spectrophotometer. Ascorbic acid was used as a positive standard (10-50 pg/ml).

ABTS assay: The ABTSe+ scavenging activity of plant extract was measured by the method of
(Reetal.1999). The 7 mM ABTS solution prepared in ethanol was mixed with 2.45 mM potassium
persulphate and then it was allowed to stand in the dark at room temperature for 14-16 h before
use. ABTSe+ solution was diluted with the methanol and its 0.9 ml was added to the test tube
containing 0.1 ml of plant extract (SBE and SBA) at the dose concentrations (100-500 pg/ml). The
mixture incubated for 15 minutes and then absorbance was measured spectrophotometrically at
734 nm. Ascorbic acid was used as standard (10-50 pg/ml).

Hydrogen peroxide (H202) assay: The hydrogen peroxide scavenging activity of plant extract was
determined by method of Ruchet al.1989. 3.4 ml of 0.1 M phosphate buffer (pH 7.4) was mixed
with 1ml of plant extract (SBA and SBE) at the different concentration (100-500 pg/ml) and then
0.6 ml of 43mM hydrogen peroxide was added to it. After 10 min. incubation of reaction mixture,

the absorbance at 260 nm was recorded. For each concentration, mixture without sample was used
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as control and mixture without H202 was used as blank. Ascorbic acid was used as standard (10-
50 pg/ml).

Assessment of in vitro hepatoprotective activity of SB extract

Cell Culture: HepG2 (Human Hepatoma cell lines) were cultured (1x105 cells) with Dulbecco’s
modified Eagle medium ((DMEM) added with 10% Fetal Bovine serum (FBS) and antibiotics like
penicillin (100U/mL) and streptomycin (100 pg/mL) in a humidified atmosphere of 5% Carbon
dioxide at 37°C until confluent (Pareek et.al., 2013). The MTT assay was performed in triplicates
(n=3) to assess the cell viability of treated HepG2 cell lines (Mossmann 1983). The three
concentrations at 25 pg/ml, 50 pg/ml and 100 pug/ml) were used for SB extracts (SBA and SBE)

and positive control, silymarin (5 mg /ml stock solution) for the treatment of cells.

In vitro cytotoxic effect of SB extract: The cytotoxic effect of aqueous and ethanolic extract of
SB was assessed by MTT assay [3- (4,5 dimethyl thiazol-2yl) -2,5 diphenyl tetrazolium bromide)].
HepG2 cells (1x10° cells/ml/well) were seeded in 96-well culture plate for 24 h in COzincubator.
The SB extract at different concentrations (25 pg/ml, 50 pg/ml and 100 pg/ml) and the positive
control silymarin were added in the cell culture medium (Elisa plate well) after 24 h incubation
period. After next 24 hours of incubation, 10 uL of MTT reagent was added in each well. The
plates were kept on shaker for 10 minutes followed by the incubation for 4 h at 37 °C. After 4 h,
the supernatant was removed and 200 pL of DMSO was added and the plates were gently shaken.

The absorbance (OD) was measured at 570 nm by an ELISA plate reader.
The percentage of cell viability was calculated by the following formula:
Cell Viability (%): Mean OD of Treated group/ Mean OD of Control group) x100

Effect of SB extract on CCls-induced toxicity: HepG2 cells (1x105 cells/well) were seeded in 96
well culture plate and incubated for 24 hours in CO: incubator. All the groups (1-11) were treated
as follows subjected to 24 hours incubation. The CCls at 1% concentration (Jena et al. 2019) was

added along with plant extract and silymarin as a conjoint treatment to the cell culture 96 Elisa
I ———
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well plates. Group 1 treated with DMEM Medium (Normal control). Group 2 cells treated with
1% (v/v) CCla; Groups 3-5 (as in Group 2) treated with SBA (25 pg/ml, 50 pg/ml and 100 pg/ml)
along with 1% CCls. Groups 6-8 (as in Group 2) treated with SBE at 25 pg/ml, 50 pg/ml and 100
pa/ml. Groups 9-11 (as in Group 2) treated with silymarin at concentration 25 pg/ml, 50pug/ml and
100 pg/ml. After 24 incubation, 10 pL MTT dye was added into each well and subjected to as per
MTT assay protocol. The colour product was measured spectrophotometrically at 570 nm
wavelength by Elisa reader.

Effect of SB extract on APAP-induced toxicity: HepG2 cells lines were seeded and treated in a
similar manner toCCl4 treatment. After 24 hours of cell seeding, following groups were made and
treatment was given accordingly like in Group 1, DMEM medium was added, in Group 2, 20mM
APAP was added (Jannuzzi et. al. 2018), in groups 3-5, cells were given 20mM APAP with 25
pg/ml, 50 pg/ml and 100 pg/ml of SBA. In groups 6-8, treatment of 20mM APAP along with SBE
at 25 pg/ml, 50 pg/ml and 100 pg/ml. In the last silymarin groups 9-11, 20mM APAP and 25
pg/ml, 50 pg/ml and 100 pg/ml of silymarin was treated to cells followed by 24 hours of
incubation. Finally, MTT dye was added to each well and plate was incubated for 3-4 hours in
dark. After incubation, media was discarded and 100 pL DMSO was added to each well and then
kept on shaker for 10 minutes. Cells convert the MTT dye into an insoluble purple formazan

complex which was measured at 570 nm spectrophotometrically using the ELISA reader.

Statistical analysis: Results were presented as mean + S.E.M of triplicate used in each group.

Data was statistically analysed by ANOVA via In Stat-Graph Pad software, (an open-source
statistical software). P < 0.05 was considered to be significant.

Results:

Phytochemical analysis: Table 1 showed the presence and absence of the phytoconstituents in
aqueous and ethanolic extract of SB. The flavonoids, reducing sugar, anthocyanin, coumarin,
steroid and alkaloid were present in both SB extracts. Tannin and saponin were absent in ethanolic

extract while glycosides were absent in an SB aqueous extract. The total phenolic content was
______________________________________________________________________________________________________________|
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found to be 70 pug/mg in aqueous extract and 591 pg/mg in ethanolic extract of SB which is

equivalent to as pg gallic acid/mg of plant material (Table 2).

Table 1: Qualitative phytochemicals analysis of S. bryopteris (SB) extracts.

Test performed Result
Agqueous extract (SBA) Ethanolic extract (SBE)
Flavonoid Present Present
Reducing sugar Present Present
Tannins Present Absent
Coumarins Present Present
Anthocyanins Present Present
Saponins Present Absent
Steroids Present Present
Alkaloids Present Present
Glycosides Absent Present

Table 2: Total phenolic content of the S. bryopteris extract.

SB Extracts Phenolic content

(ug gallic acid/mg of plant material)

Aqueous extract (SBA) 70ug/mg

Ethanolic extract (SBE) 591 pg/mg

Antioxidant activity of SB extract: DPPH (2,2-diphenyl-1-picrylhydrazyl) is a free radical blue
dye used to determine the free radical scavenging activity of plant extracts. Table 3 showed
DPPH free radical scavenging activity of Selaginella bryopteris agueous extract (SBA) and

ethanolic extract (SBE) in different concentration (100-500 pg/mL). Both plant extracts showed
I ———
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DPPH free radical inhibition in dose-dependent manner. The maximum DPPH inhibition was
found to be 34% and 72.60% at 500 pg/mL of the SBA and SBE respectively. The 1C50 value
was found to be 632g/ml and 263 pg/ml in SBA and SBE respectively.

Table 3: DPPH scavenging activity of S. bryopteris extract.

Concentration DPPH Percent inhibition (%)
(ug/mL) SBA SBE Ascorbic Acid
(10-50 pg/mL)
100 17.80 + 4.52 64.94 £3.33 66.23 £ 0.22
200 25.06 £ 2.97 67.20 £ 0.66 69.68 + 0.51
300 26.46 + 1.40 69.96 + 0.04 72.13+1.00
400 29.52 £ 0.95 71.60 + 0.66 74.46 £ 0.49
500 34 +£0.96 72.60 £ 1.46 79.80 + 0.46
ICso 632 263 24

Values are mean + S.E.M., n=3 in each group of triplicate determinations.

ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) is another assay to determine the
free radical scavenging activity of plant extract. ABTS is a cation produced by the reaction of
potassium persulfate and reduced in the presence of phytochemicals. Table 4 showed the
concentration dependent ABTS radical scavenging activity of SBA and SBE. The maximum
percent ABTS inhibition (%) was observed 35.38% and 88.50% at 500 pg/mL of SBA and SBE
respectively. The result was compared to ascorbic acid. The 1C50 value of ABTS inhibition was
found to be 649ug/ml and 232 pg/ml in SBA and SBE respectively.
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Table 4: ABTS scavenging activity of S. bryopteris extract.

Concentration ABTS percent inhibition (%0)
(ng/mL) SBA SBE Ascorbic Acid
(10-50 pg/mL)
100 14.38 +1.81 52.80 £ 0.95 53.44 £5.52
200 20.22 +£1.13 69.10 £ 0.51 79.55 £ 0.52
300 25.00 £ 2.10 77.05+1.21 86.70 £ 0.68
400 30.35+1.92 80.25 £ 0.55 97.60+1.11
500 35.38+1.51 88.50 £ 0.98 98.96 + 1.03
ICso 649 232 20.26

Values are mean £ S.E.M., n=3 in each group of triplicate determinations.

Table 5 exhibits the H20O> scavenging activity of SBA and SBE in concentration-dependent

manner. Maximum percentage inhibition of H20O. by the SBA and SBE was found to be 63.67%

and 83.25% respectively at500 pug/mL when compared with ascorbic acid. The IC50 value of H20:

inhibition was found to be 326ug/ml and 230 pg/ml in SBA and SBE respectively.
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Table 5: Hydrogen peroxide scavenging activity of S. bryopteris extract.

Concentration( H.O; percent inhibition (%)
Hg/mL) SBA SBE Ascorbic Acid
(10-50 pg/mL)
100 44,71 £ 2.57 70.25+0.91 35.72+£0.54
200 47.88 +£4.31 77.38+0.90 51.82 +1.97
300 51.77 £ 4.09 77.88 £ 0.40 57.07 £ 0.82
400 57.91+2.87 80.80 £ 0.56 68.40 + 0.98
500 63.67 + 3.20 83.25+0.41 71.03+£1.20
I1Cso 326 230 29.27

Values are meanzS.E.M.,n=3 in each group of triplicate determinations.

Assessment of in vitro hepatoprotective activity of SB extract:

Cytotoxic effect of SB extract: The cytotoxicity of plant extract (SBA and SBE) was investigated

using the HepG2 cell line by the MTT assay. Fig. 2 depicts the cytotoxicity effect of aqueous

extract Selaginella bryopteris (SBA) and ethanolic extract (SBE) at three concentrations (25, 50,

100 pg/mL respectively) on HepG2 cell lines. In this result, plant extract (SBA and SBE) was

found to be non-toxic at all three concentrations compared with the control group. Cell viability

was found to be about 98% of plant extract which was similar to the control group.
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Fig. 2: Cytotoxic effect of SBA and SBE on HepG2 cell line.

Cytotoxic effects of the Selaginella bryopteris extracts: Aqueous (SBA) and ethanolic
(SBE)extract on the HepG2 cells. Cells were incubated with increasing concentrations(25-100
pg/ml) of SBA, SBE and Silymarin in culture medium for 24 hours. Results were expressed as
the mean % of absorbance (ratio of absorbance in plant extracts treated and control wells) +
SEM of three independent experiments, each in triplicate and analyzed by one-way ANOVA.

*P < 0.05 compared to the control group.

Protective effect of Selaginella bryopteris (SB) against CCls- induced cellular damage: Fig. 3
(a) demonstrates the effect of SBA and SBE on CCls-induced in vitro cell damage. Results revealed
that cell viability declined up to 18% in CCl, treated cell lines when compared with the normal
control group. Conjoined treatment of SBE and SBA with CClssignificantly increased the cell
viability in dose-dependent manner when compared with CCls- treated cell line group. The cell
viability was found to be 71% in SBE and 63% in SBA at 100 pg/mL when compared with the

positive control silymarin.
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Figure 3: Effect of SBA and SBE on cell viability in CCl, and APAP treated HepG2 cell lines.

(a) Protective effect of Selaginella bryopteris extracts (SBA and SBE) against carbon tetrachloride (CCl,)
induced toxicity on HepG2 cell line.  (b)Protective effect of Selaginella bryopteris extracts (SBA and SBE)
against acetaminophen(APAP) induced toxicity on HepG2 cell lines.
|
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The results were expressed as the mean % of absorbance =+ SEM of three independent
experiments, each in triplicate. Values are mean + standard error and analyzed by one-way
ANOVA. *P < 0.05 vs toxicant (APAP and CCl,). # P<0.05 vs control.

Protective effect of Selaginella bryopteris (SB) against APAP-induced cellular damage: Fig. 3
(b) depicts the cytoprotective effect of Selaginella bryopteris extract against APAP treated HepG2
cell line. APAP exposure in the HepG2 cell lines decreased (22%) cell viability rate which was
improved by the administration of SB extract at three doses. The Maximum cell viability was
found to be 65% at 100 pg/mL of SBE followed by 45% of the SBA against APAP- induced cell
damage. The results were compared with the positive control silymarin which showed 86% cell

viability at 100 pg/mL.
Discussion:

In the present study, the phytochemical constituents, total phenolic content and antioxidant activity
were evaluated in the Selaginella bryopteris aqueous and ethanolic extracts. The hepatoprotective
activity of SB extract was assessed in CCls and APAP treated HepG2 cell line culture by MTT
assay. The HepG2 cell culture technique has become one of the widely used cell lines used for
screening of medicinal plant’s properties including hepatoprotective activity (Hirsch C and
Schildknecht S 2019). CCls and APAP are common hepatotoxicants, which cause hepatic damage
by generating free radicals through the liver's CYP450 enzyme system. Hence, they are widely
used for screening of hepatoprotective plants (Ginting et. al., 2021). By cytochrome P-450
enzymes, CCly is converted to trichloromethyl radical (CCI3°), a reactive metabolite, which reacts
with the cell membrane components causing lipid peroxidation and finally leads to oxidative stress
(Gonzalez et al. 2017; Daoudi et al. 2021). The liver metabolizes acetaminophen via the
cytochrome P450 pathway phase | (CYP2E1) into N-acetyl-p-benzo quinamine (NAPQI), which
is then detoxified via the conjugation/sulfation reaction during phase Il reaction. Overdose of
APAP produces NAPQI at a higher level which binds to cellular components and further leads to
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depletion of GSH level and simultaneously increases the level of lipid peroxidation and its

consequences causes oxidative stress induced hepatic cell damage. (Yan et. al., 2018).

The magnitude of hepatic damage and protection of SB extract is determined in HepG2 cell lines.
The MTT assay [3- (4,5 dimethyl thiazol-2yl)-2,5 diphenyl tetrazolium bromide] was used to
determine the hepatoprotective effect of aqueous and ethanolic extracts of SB plant. It is based on
the conversion of a yellow-coloured tetrazolium salt into blue-purple formazan by the
mitochondrial succinate dehydrogenase enzyme (Berridge et al. 1996; Krithika et. al. 2013). MTT
assay showed that the rate of cell viability was reduced (51%) in CCls and APAP treated groups
which were improved in SB extract treated HepG2 cell line group at three concentrations
(25ug/mL, 50 pg/mL, 100 pg/mL). The enhancement of cell viability rate by the treatment of SB
extract is due to its free radical scavenging activity. The cell viability rate was higher at 100 pg/mL
of SB ethanolic extract followed by aqueous extract when compared with CCl; and APAP-treated
HepG2 cell culture medium. The positive control, silymarin also showed similar protection when
compared with the SB extract. The protection of hepatic cell lines against cellular damage may be
attributed to the presence of phytochemical constituents which play an important role in the
scavenging of free radicals produced by APAP and CCls. The SB treated alone HepG2 cells at all
doses (25ug/mL, 50 pg/mL, 100 pg/mL) showed 99.9% cell viability indicating no adverse effect
of SB extract when compared with control cells. The in vitro hepatoprotective effect of
Rauwolfiaserpentina (Gnanasekaran et al. 2022) was found similar findings when compared with

our in vitro results.

The ethanol extract of SB at 100pug/mL was found to have significant hepatoprotection followed
by the aqueous extract of SB against CCls and APAP-induced hepatic cell toxicity. SB aqueous
and ethanol extract showed dose-dependent inhibition (17-89%) in DPPH, ABTS, and H.Ozassays,
underscoring its antioxidant activity which might be reduced the cellular damage caused by CCla4
and APAP exposure (Ennaceria et al. 2019). In addition, the phytochemical analysis of SB aqueous
and ethanolic extracts has shown the presence of flavonoids and phenolic compounds which have

been known for their antioxidant and hepatoprotective activity (Vennila et al. 2021). Rupa and
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AIMAP V9N1 2023 39



Arabian Journal of Medicinal & Aromatic Plants = w12+ Pphytochemicals, Antioxidant and Hepatoprotective

Bhavani 2014; Chandrakant et. al. 2015; Singh et. al. 2016 also reported that Selaginella bryopteris
has free radical scavenging activity and total phenolic content which were also found similar
scavenging activities in our findings. The SB extract was found to have phenolic contents which

may play an effective role in scavenging free radicals i.e., DPPH, ABTS and H;O..

The results of the present study suggest that the ethanolic extract of Selaginella Bryopteris (SBE)
have significant antioxidant and in vitro hepatoprotective activities followed by its aqueous extract
against CClsand APAP induced toxicity in HepG2 cell lines. This protective effect of SB extract
is due to the presence of free radical scavenging phenolic and flavonoid compounds. Thus, SB can
serve as an alternative hepatoprotective agent. However, it is necessary to validate its

hepatoprotective activities in in vivo model for further experimental study.
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