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Background: Sesbania grandifiora (S. grandifloralAgastya) is an edible Indian traditional medicinal plant widely used as dietary supplements
and possesses various pharmacological activities. Aims: The aim is to evaluate aqueous ethanol extract of S. grandiflora leaves and flowers
for its anti-oxidant and anti-proliferative and anti-fibrotic effects using activated rat hepatic stellate cell (HSC)-T6. Material and methods:
The antioxidant activities of these plant extracts were assessed as per the standard methods and the total phenolic and flavonoid contents were
examined by folin ciocalteu reagent and colorimetric methods respectively. The anti-proliferation assay was conducted by using a cyto X cell
viability assay kit. The anti-fibrotic effect was investigated by measuring the hydroxyproline content and gene expression analysis of the two
main fibrogenic cytokines in activated HSC-T6 cells: Transforming growth factor-beta (TGF-f) and alpha-smooth muscle actin (0-SMA).
Results: The aqueous ethanol extract of S. grandiflora leaves showed the highest antioxidant activity in a concentration-dependent manner.
These findings were well correlated with the total phenols and flavonoids contents. The aqueous ethanol extract of S. grandiflora leaf and
flower significantly reduced the proliferation of activated HSC-T6 cells. Regarding the anti-fibrotic effect, the hydroxyproline content was
significantly reduced in a concentration-dependent manner during the extract treatment. In gene expression analysis, the treatment without
extracts drastically up-regulated the fibrogenic cytokines (TGF-f§ and a-SMA), whereas the treatment with extracts significantly reduced these
alterations. Conclusion: Results of present study revealed the significant antioxidant potential of the aqueous ethanol extract of S. grandiflora
leaves and flowers. Among two extracts, S. grandiflora leaves demonstrated greater antioxidant, anti-fibrotic capacity with lower inhibiting
concentrations corresponding to 50% values than S. grandiflora flowers.
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Sesbania grandiflora (S. grandiflora) L. pers (Fabaceace) is
commonly known as “Agathi” and “sesbania” (4gastya in
Sanskrit)t”! and all parts of this plant are widely used in Ayurveda
for the treatment of leprosy, gout, rheumatism, tumor, and liver

Reactive oxygen species (ROS) and reactive nitrogen
species (RNS) including free radicals play a vital role in

oxidation, which may oxidize proteins, lipids, or DNA in disorders.®*! Various parts of this plant like leaves and flowers
tissues and leading to chronic degenerative diseases such are widely used'” for the treatment of anti-inflammatory,
as cancer, diabetes, and cardiovascular diseases.!"? The  apalgesic, antipyretic, anti-epileptic effects,!' antibiotic,
main role of antioxidants is the protection of biological anthelmintic, antitumor, and contraceptive properties.!!>!4l
systems against oxidation and inhibition or delay of the S grandiflora leaves are the richest source of amino acids,
oxidation process.”! Liver fibrosis is a common disease that  minerals, and vitamins.['s! Although S. grandiflora is used
is associated with chronic liver injuries, alcoholism, persistent
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to treat liver disorders, no comparative study has yet been
reported to examine the in vitro anti-fibrotic activity between
flowers and leaves of this plant against rat HSC. The results of
this study may provide additional understanding for the usage
of Agastya in ayurvedic medicine.

To evaluate in vitro antioxidant and anti-fibrotic activity of S.
grandiflora leaves and S. grandiflora flowers extracts.

The plant materials were collected between November and
January from the tropical areas of the Western Ghat regions
of Erode, Tamil Nadu, India, shade dried at room temperature,
authenticated by Tamilnadu Agricultural University,
Coimbatore. Dried leaves and flowers of S. grandiflora (each
100 g) were mixed in 1 It of aqueous ethanol (ethanol/water
70/30, v/v) for 1 day in the automatic shaker. The suspension
was filtered using a 300-mesh filter paper (50 mm) (Advantec,
Toyo RoshiKaisah, Tokyo, Japan) and the filtrate was
concentrated in rotary evaporator (Buchi Laboratoriums,
Switzerland) and freeze-dried (Clean Vac Freeze dryer, Hanil
biomedical laboratory, South Korea).

The total phenolic (TPC) and flavonoid content of aqueous
extracts (water extracts) was determined by taking the average
of three using the folin ciocalteu and colorimetric assay method
respectively. previous method.['%!"! Various antioxidant assays
such as 2,2-diphenyl-1-picrylhydrazyl (DPPH),!"® Superoxide
scavenging,™ Hydroxyl radical scavenging,! Nitric oxide
scavenging,?!! Hydrogen peroxide scavenging,?” Iron
chelating,’! Ferric reducing antioxidant power (FRAP)#
and total antioxidant capacity (TAC)?! were done by using
the standard protocol.

HSC-T6 cells, an immortalized rat HSCs was kindly
provided by Prof. SL Friedman, Mount Sinai School of
Medicine, New York. HSC T6 cells were cultured in DMEM
supplemented with 10% heat-inactivated fetal bovine serum,
100 TU/ml penicillin, and 100 mg/ml streptomycin at 37°C in
a humidified atmosphere of 95% air— 5% CO,.

Anti-proliferation assay was done as per Guo et al. with some
minor modifications.”® After HSC-T6 cells (3000 cells/well)
(180 wl) were cultured in 96-well plates for 24 h, 20 uL of
different extract concentrations (10, 20, 50, 100, 200 and
500 pg/ml) were added to the cells and further incubated for
24 hr. Finally, 20 uL of CCK-8 kit (LPS solutions) solution
was added to measure the cell proliferation after 1-3 hr
incubation at 37°C in 5% CO,. The absorbance was measured
by an enzyme-linked immune sorbent assay reader (Versamax
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tunable microplate reader, Sunnyvale, California, USA) at
a test wavelength of 450 nm and a reference wavelength of
600 nm.

Collagen was determined by estimating the hydroxyproline
content, which is an amino acid found in collagen. HSC-T6
cells were lysed after treatment with different concentrations
of extracts (5, 10, 50, 100 and 200 pg/ml) or standard dimethyl
dimethoxy biphenyl dicarboxylate (DDB) (10 ug/ml) (n = 3)
for 48 hr.?” The lysates were hydrolysed in 2 mL of 6N HCI
for 24 hr at 110°C and evaporated to dryness to remove the
acid. Then, 100 uL of 0.05 M CuSO,, 250 ul of 2.5 N NaOH,
and 250 ul of 7% chloramine T were mixed with the residue.
The solution was kept at room temperature for 5 min. It was
heated at 70°C for 10 min in water bath followed by cooling
inice for 5-10 min. Then, 200 ul of 8 N H,SO, and 1.25 ml of
5% p-dimethyl amino benzaldehyde in isopropanol (Ehrlich’s
reagent) were mixed and again it was heated at 70°C for
40 £ 5 min in the water bath. p-dimethyl amino benzaldehyde
in isopropanol was prepared by heating the solution in the
water bath at 65°C—70°C for 10 min. Finally, the absorbance
was taken at 558 nm in ultraviolet spectrophotometer. DDB
(10 pg/ml) was used as standard. Hydroxyproline was used to
prepare the standard curve. The values obtained were expressed
as ug of hydroxyproline.

HSC-T6 cells were maintained in Dulbecco’s modified
Eagle’s medium with 10% fetal bovine serum and incubated
at37°Cin a 5% CO2 humidified atmosphere. The cells were
treated with different concentrations of (10, 20, 50, 100,
200, and 500 pug/ml) SG extracts or standard DDB (10 ng/
ml) (n =2). Total RNA was extracted after 24 h treatment
with plant extracts using TRIzol reagent (Molecular
Research Center, Cincinnati, OH, USA). After incubation
for 6 h, the harvested cells were used to isolate the mRNA.
Total RNA was measured by NanoDrop 2000 (Thermo
Scientific). Extracted RNA concentration was adjusted
to be 2 ug per reverse transcription reaction using
high-capacity cDNA reverse transcription kit (Ambion).
The primers sequence used were (forward and reverse,
respectively) p-actin (CTAAGGCCAACCGTGAAAAGAT
and GACCAGAGGCATACAGGGACAA),
alpha-smooth muscle actin (a-SMA)
(AACACGGCATCATCACCAACT and
TTTCTCCCGGTTGGCCTTA), and transforming growth
factor beta (TGF-f) (AGGAGACGGAATACAGGGCTTT
and AGCAGGAAGGGTCGGTTCAT), respectively.
Reactions were performed with 8 ul of iQ SYBR Green
supermix, 1 ul of 10 pmol/l primer pairs, 8 ul of distilled
water, and 3 ul of cDNA. Each PCR reaction was performed
under the following conditions: 95°C for 5 min followed
by 40 cycles of 95°C for 1 min, 58°C for 40s and 72°C
for 40s, followed by single fluorescence measurement.
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All of the experiments were done in triplicate. The results
were expressed as mean + standard deviation (SD). Analysis
of variance and significant differences were conducted by
one-way ANOVA followed by Bonferroni post hoc test using
SPSS software (version 13.0 for Windows, SPSS Inc., Chicago,
IL, USA). Pearson correlation coefficients were calculated
between TPCs, flavonoids and antioxidant methods. In all
methods, P < 0.05 was regarded as significant.

Aqueous ethanol extract of S. grandiflora leaves and
flowers was investigated for the contents of total phenols
and flavonoids. The results revealed that both leaves
and flowers have a high content of flavonoids, but much
lower TPC content. The highest concentration of TPCs
was measured in S. grandiflora leaves (5.98 + 2.17 mg),
followed by SG flowers (5.23 + 1.21 mg) of GAE/g DW. The
maximum concentration of total flavonoids was measured
in S. grandiflora leaves (9.56 + 3.29 mg), followed by SG
flowers (8.72 + 2.32 mg) of QE/g DW. The results are shown
in Table 1.

The free radical scavenging effect of aqueous ethanol extract of
both S. grandiflora leaves and flowers was analyzed in terms
of DPPH,, O,",NO, H,0, and OH, scavenging activities. In the
DPPH assay, both leaves and flowers of SG had a significant
radical scavenging effect with increasing concentration.
The studied plant extracts showed scavenging activity in
a concentration-dependent manner. The investigated plant
extracts demonstrated the lowest inhibiting concentrations
corresponding to 50% (IC,)) values of 136.5 + 13.4 pug/mL

and 232.7 £ 5.9 ug/mL for the leaves and flowers, respectively.
Different concentrations of S. grandiflora leaves and S.
grandiflora flowers were used for measuring the scavenging
activity of superoxide radicals. S. grandiflora exhibited
dose-dependent inhibitory effect on superoxide radicals.
The IC,, values were 41.8 + 1.7 and 46.8 + 0.4 ug/mL for
S. grandiflora leaves and flowers, respectively. In the tested
extracts, the scavenging effect on hydroxyl radicals exhibited
concentration-dependent manner. The highest scavenging
capacity occurred with the lowest IC_ values of 30.5 = 0.7
and 34.0 + 0.4 ug/mL for S. grandiflora leaves and flowers,
respectively. In hydrogen peroxide radicals, the lowest
IC,, value was in S. grandiflora leaves (57.4 + 1.9 ug/ml),
followed by S. grandiflora flowers (82.6 £ 6.8 ug/ml). In
nitric oxide, scavenging assay, the leaves and flowers exhibited
scavenging activity with IC_ values of 63.0 + 1.9, 65.7 £ 0.6
ug/ml, respectively. Vitamin C and gallic acid were used as
standard and the results are presented in Table 2. Overall, both
S. grandiflora leaves and flowers had significant antiradical
activity in all the tested methods. In hydroxyl radicals, our
extract exhibited a lower IC, value than that of standard gallic
acid. The average, free radical scavenging activity was in
the order of S. grandiflora leaves is more than S. grandiflora
flowers.

In addition to free radical scavenging activity, the
iron-chelating effect was measured and the highest chelation
with lowest IC, was observed in S. grandiflora leaves (179.7 +
4.9 ng/ml) followed by S. grandiflora flowers (447.4 +
17.5 ug/ml) [Table 2]. Ethylenediaminetetraacetic acid was
used as standard with an IC_ of 60 & 0.0 pug/ml.

To determine the antioxidant capacity of the samples, the
absorbance was measured at 593 nm and the result compared

Table 1: Total phenol, flavonoid and antioxidant abilities of extracts

Extracts or FRAP mmol Fe TAC ug GAE/g Total phenols mg Total flavonoids
standard (I1)/g extract extract GAE/g extract mg QE/g extract
S. grandiflora flowers 1418.247.5 43.4+0.3 5.23+1.21 8.72+2.32
S. grandiflora leaves 1501.548.7 44.3+0.6 5.98+2.17 9.56+3.29

S. grandiflora: Sesbania grandiflora, FRAP: Ferric reducing antioxidant power, TAC: Total antioxidant capacity, GAE: Gallic acid equivalent, QE: Quercetin

equivalent

Table 2: Inhibitory concentration 50 values of radical scavenging activity and iron chelation of extracts

Extracts or standard

IC,, values of free radical scavenging activity (ug/ml)

Iron chelation

DPPH H,0, Superoxide Nitric oxide Hydroxyl (IG5, pg/mi)
S. grandiflora flowers 232.745.9 82.6+6.8 46.8£0.4 65.7+0.6 34+0.4 447.4+17.5
S. grandiflora leaves 136.5£13.4 57.4+1.9 41.8+1.7 63+1.9 30.5+0.7 179.7+4.9
Vitamin C 1.1+0.4 ND 7.8+£2.5 ND ND ND
Gallic acid 5.5+1.3 1.9+0.8 18.2+1.7 50.6+3.4 59.24+0.8 ND
EDTA NA NA NA NA NA 59.6+1.8

S. grandiflora: Sesbania grandiflora, DPPH: Diphenyl picrylhydrazyl, H,0,: Hydrogen peroxide, IC,: Inhibitory concentration 50, NA: Not applicable,

ND: Not detected
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with those obtained from the linear standard curves of
FeSO, (* = 0.9971). The antioxidant capacity values were
expressed as mmol Fe (II) equivalent in g extract (mmol
Fe (II) eq/g extract). Within these extracts, the S. grandiflora
leaves displayed the highest FRAP value (1501.5 + 18.7)
followed by S. grandiflora flowers (1418.2 = 17.5) mmol
Fe (II) eq/g) [Table 1].

Followed by free radical scavenging activity, the antioxidant
capacity was measured and the calibration curve was plotted
by using gallic acid (> = 0.998) and the results were expressed
as ug of GA eq/g extract. The highest antioxidant capacity
was found in S. grandiflora leaves (44.3 = 0.6), followed by
S. grandiflora flowers (43.4 + 0.3 ug of GA eq/g) [Table 1].

The anti-proliferation activity of the extracts was investigated
by assessing the cell viability in fully activated rat HSCs.
In both leaf and flower extracts, the absorbance of the
activated HSCs was up-regulated to a level approximately
3.3-fold higher than those in blank, whereas the extracts
were significantly down-regulated (anti-proliferation) in a
concentration-dependent manner (P < 0.05 for 10 nug/mL;
P < 0.01 for 20, 100, 200, and 500 ug/mL in both S.
grandiflora leaves and flowers; in 50 pg/mL P < 0.01 for
S. grandiflora flowers and P < 0.001 for S. grandiflora
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leaves compared with control) [Figure la and b]. Among
the extracts tested, S. grandiflora leaves displayed the
most potent inhibitory activity on HSCs proliferation after
48 h incubation. After testing, the inhibitory activity of the
extracts on HSC proliferation, it is further observed that the
cell morphology using a phase-contrast microscope. HSCs
cultured in the absence of plant extracts exhibited flattened
and membranous processes, representing myofibroblastic
morphology. However, the morphology of HSCs treated
with plant extracts was changed to slender cell shape at the
tested concentrations.

To assess the effect of the extracts on ECM production,
the hydroxyproline content was measured. Treatment with
different extract concentrations significantly reduced the
cell hydroxyproline content in dose-dependent manner
compared to control. The hydroxyproline content was
significantly reduced in S. grandiflora leaves (P < 0.01
for 10 pg/ml; P < 0.001 for 20, 50, 100, 200 and 500 ung/
ml) and flowers (P < 0.05 for 50 ug/ml; 0.01 for 100 and
500 pg/ml; 10, 20 ug/ml; P < 0.001 for 200 ug/ml). DDB
treatment showed results similar to the extracts (P < 0.001)
[Figure 2a and b].
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Figure 1: Effect of Sesbania grandiflora (S. grandiflora) on cell
proliferation. Absorbance of (a) S. grandiflora leaf extract (S. grandiflora
leaves) and (b) S. grandiflora flower extract (S. grandifiora flowers) on
activated hepatic stellate cells treated at concentrations of 10, 20, 50,
100, 200 and 500 pg/ml. Data are expressed as the means = SDs.
###P < 0.001 compared with blank. *P < 0.05, **P < 0.01,
***P < (0.001compared with the control group. SGL: S. grandifiora leaf
extract, SGF: S. grandifiora flower extract

AYU | Volume 41 | Issue 4 | October-December 2020

Figure 2: Effect of Sesbania grandiflora (S. grandiflora) on collagen
accumulation. Collagen accumulations were determined by hydroxyproline
content. Hydroxyproline content of hepatic stellate cell-T6 cells treated
with (a) S. grandiflora leaf extract (S. grandiflora leaves) and (b) S.
grandiflora flower extract (S. grandifiora flowers). Data are expressed as
the means = SDs. *P < 0.05, **P < 0.01, ***P < 0.001compared
with the control group. SGL: S. grandiflora leaf extract, SGF: S. grandiflora
flower extract, DDB: Dimethyl dimethoxy biphenyl dicarboxylate
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Following the demonstration of the proliferation and
hydroxyproline content, these plant extracts were further
examined for the mRNA expression of two main fibrosis-related
genes, TGF-f and a-SMA, in cultured activated rat HSCs.
TGF-P and 0-SMA gene expression levels were approximately
2.3 and 3.5-fold higher than those in the blank. The addition of
extracts significantly downregulated TGF-f3 (P < 0.05 for 50,
100 pug/ml and P < 0.01 for 200, 500 pg/ml in S. grandiflora
leaves; P < 0.05 for 50 ug/ml, P < 0.01 for 200 ug/ml and
P<0.001 for 100 and 500 ug/ml in SG flowers) [Figure 3a and
b] and a-SMA (P < 0.05 for 50 ug/ml and P < 0.01 for
100 pg/ml and P < 0.001for 200 and 500 pug/ml in SG leaves;
P < 0.05 for 100 pug/ml, P < 0.01 for 200, 500 pg/ml in S.
grandiflora flowers) [Figure 4a and b] as compared with
control. DDB treatment also showed same results as that of
the extracts (P <0.01; P < 0.001).

The antioxidant activities of plants containing polyphenolic
compounds are mainly due to their ability to act as hydrogen
donors, reducing agents, and radical scavengers.?®! The
correlation between phenolic contents and antioxidant properties
was determined by using Pearson correlation coefficient ® and
the results are presented in Table 3. For all species, the correlation
between TPCs and total flavonoids was higher with FR AP than with
other methods. Sulaiman et al. reported the highest correlations
between TPCs and FRAP with the extracts of Coriandrum
sativum.?’) In the two extracts, the highest correlation was found
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between FRAP and total flavonoids (» = 0.999, P < 0.01) with
the S. grandiflora leaf extracts. Meanwhile, the values of total
flavonoids of S. grandiflora leaves were significantly correlated
with the DPPH scavenging assay (r = 0.998, P < 0.01). The
lowest correlation was found between TPCs and hydroxyl
scavenging assay (r = 0.902, P < 0.05). In some methods, the
lowest correlation was found between TPCs/flavonoids and free
radical scavenging assays. These findings suggest that the activity
of extracts on these methods might be attributed to the presence
of nonphenolic compounds.

Table 3: Pearson’s correlation coefficients of total
phenolics, total flavonoids and antioxidant methods

Methods S. grandiflora leaves S. grandiflora flowers

Total Total Total Total
phenols  flavonoids phenols  flavonoids
DPPH 0.991%* 0.998%** 0.984%* 0.979%*
Superoxide 0.918%* 0.933%* 0.944%* 0.940%*
Hydroxyl 0.902%* 0.913* 0.903* 0.905*
Nitric oxide 0.934%* 0.956%* 0.940%* 0.935%*
H,0, 0.914* 0.926%* 0.946%* 0.953%*
FRAP 0.997%* 0.999%* 0.997%* 0.995%*
TAC 0.915% 0.942%* 0.916%* 0.915%
Iron chelating 0.967** 0.982%%* 0.989%* 0.992%**

*Significant at P<0.05, **Significant P<0.01. S. grandifiora: Sesbania
grandiflora, DPPH: Diphenyl picrylhydrazyl, H,0,: Hydrogen peroxide,
FRAP: Ferric reducing antioxidant power, TAC: Total antioxidant capacity
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Figure 3: Gene expression levels of transforming growth factor 3 (TGF-f3)
in activated hepatic stellate cell-T6 cells. Expression of TGF-( treated
with (a) Sesbania grandiflora (S. grandiflora) leaves extract (S. grandifiora
leaves) and (b) S. grandiflora flower extract (S. grandifiora flowers). Data
are expressed as the means + SDs. ##P < 0.01,###P < 0.001 compared
with blank. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the
control group. SGL: S. grandifiora leaf extract, SGF: S. grandiflora flower
extract, DDB: Dimethyl dimethoxy biphenyl dicarboxylate

Figure 4: Gene expression levels of alpha smooth muscle actin (oc SMA)
in activated hepatic stellate cell-T6 cells. Expression of o SMA treated
with (a) Seshania grandiflora (S. grandiflora) leaf extract (S. grandiflora
leaves) and (b) S. grandiflora flower extract (S. grandifiora flowers). Data
are expressed as the means + SDs. ###P < 0.001 compared with blank.
*P < 0.05, **P < 0.01, ***P < 0.001compared with the control group.
SGL: S. grandiflora leaf extract, SGF: S. grandifiora flower extract, DDB:
Dimethyl dimethoxy biphenyl dicarboxylate
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Recently, several methods have been used to determine
antioxidant activities. The chemical composition of extracts,
often a mixture of dozens of compounds with different
functional groups, polarity and chemical behavior, could lead
to uneven results, depending on the test employed. Therefore,
are liable approach for evaluating the antioxidant potential
of extracts with multiple assays is desired. In this study,
eight methods have been applied, DPPH, H,O,, superoxide
anion, hydroxyl, nitric oxide radical scavenging activity,
iron chelating activity, FRAP assay, and TAC assay. The
concentrations of TPC and flavonoids were also determined
for the tested extracts.

Two aqueous ethanol extracts of S. grandiflora leaves and
flowers were tested for their antioxidant activity by measuring
their ability to inhibit the free radicals. The two extracts
showed different capacities to inhibit free radicals. At a given
concentration, the inhibiting capacity for different extracts was
in the order S. grandiflora leaves is more than S. grandiflora
flowers. Antioxidants can exert their influence via various
mechanisms, one of which is the scavenging of ROS and RNS.
The free radical scavenging activity can be estimated by using
many different testing methods, one of which is determining
their efficiency to scavenge DPPH radicals. DPPH radical is a
stable free radical and any molecule that can donate an electron
or hydrogen to DPPH can react with it and thereby lightening
or remove the DPPH color.’” When the above extracts were
tested for their DPPH scavenging ability, the S. grandiflora
leaves showed higher and lower IC,; values than did the SG
flowers, which suggested that all extracts contain compounds
such as polyphenols that can donate electron/hydrogen easily,
but to different extents.

Hydrogen peroxide (H,0,) is generated in large quantities
during the inflammatory process, possibly due to the activation
of mast cells, macrophages, eosinophils, and neutrophils,
which generate superoxide radical, predominantly via
NADPH oxidase.B!3?! Scavenging of superoxide radicals is
important because it is one of the precursors of the singlet
oxygen and hydroxyl radicals.?¥ During oxidation reactions
at the cellular level, superoxide radicals are normally
formed first, and their effects can be magnified because
they produce other kinds of cell-damaging free radicals and
oxidizing agents.** Nitric oxide is an important bioregulatory
molecule involved in several physiological processes such
as neural signal transmission, immune response, control of
vasodilatation, and blood pressure.”* The hydroxyl radical
is an extremely reactive free radical formed in biological
systems, has been implicated as a highly damaging species
in free radical pathology and is capable of damaging almost
every molecule found in living cells.® This radical has the
capacity to join nucleotides in DNA and can cause strand
breakage which contributes to carcinogenesis, mutagenesis,
and cytotoxicity.’”! The Fenton reaction generates hydroxyl
radicals that degrade DNA deoxyribose, using Fe*" salts
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as an important catalytic component. Oxygen radicals
may attack DNA at either the sugar or the base, affording
numerous products.*! The results of free radical scavenging
activity in all methods were similar to the DPPH assay, in
the order, S. grandiflora leaves is more than S. grandiflora
flowers. Overall, the results were in close agreement with the
antioxidant activity of the methanol extract of S. grandiflora
flowers.B”

Antioxidant abilities in terms of mmol/g or pug/g of different
standard equivalents. It were also confirmed through FRAP
assay, that, the tested extracts were steadily increased with
increasing sample concentration. In testing concentrations,
all extracts were capable of reducing Fe*+. Similar to other
results obtained, the strongest reducing power was found in
S. grandiflora leaves at a concentration of 10 mg/mL followed
by S. grandiflora flowers. In TAC, the gallic acid was used as
standard and the values obtained were expressed in pg/g of
GAE. Among the extracts, S. grandiflora leaves showed a high
level of TAC in terms of gallic acid equivalents. S. grandiflora
flowers showed nearly equal capacity.

Activation of HSCs plays a major role in myofibroblast
proliferation for the development of liver fibrosis. In this
study, the effect of extracts on the proliferation of activated
HSC-T6 cells was evaluated. The results showed that
the growth of HSCs was inhibited by the extracts, which
comprises the first evidence for an anti-proliferative effect
of these extracts. Extracts decreased the proliferation of
HSCs, as shown by the spectrophotometric determination
of HSCs growth. Cell growth inhibition was significantly
improved by increasing the extract concentrations. These
data suggest that S. grandiflora leaf and flower extracts may
play a key role as a negative regulator of liver fibrogenesis.
The extracts directly inhibited the proliferation of HSCs,
and induced cell death in a dose-dependent manner. As
shown in Figure 2. the treatment of S. grandiflora leaf
and flower extracts changed the cell morphology from
flattened myofibroblastic membranous morphology, which
is an indication of activation state, to slender shape, which
is an indication of quiescent state. As compared with the
antioxidant results, the HSC— T6 proliferation was in
the same order of S. grandiflora leaves is more than S.
grandiflora flowers.

Activated HSC-T6 cells were used to assess the anti-fibrotic
activity in terms of measuring the hydroxyproline content.
Hydroxyproline, the main component of the protein collagen,
is produced by the hydroxylation of the amino acid proline by
the enzyme prolyl hydroxylase following protein synthesis.”
To evaluate ECM production, the hydroxyproline content
was measured. The cell hydroxyproline content was higher
in activated HSC-T6 cells but was significantly reversed or
inversed in dose-dependent manner after the addition of the
extracts.

In liver fibrosis, cytokines play a major role for activating
the HSCs. These activated HSCs becoming the main source
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for stimulating cytokines to induce collagen production.
Among the cytokines, TGF-fB1 is the most potent
fibrogenic cytokine in liver fibrosis, and its expression is
up-regulated during fibrogenesis which induces increased
ECM synthesis.[* The primary approach for treating liver
fibrosis aims to disrupt or decrease TGF-f1 expression.
o-SMA is a commonly used marker of myofibroblast
formation and the TGF-B/a-SMA pathway is the most
potent fibrogenic stimulus to HSCs, resulting in increased
production of ECM.Y S, grandiflora leaf and flower
extracts were investigated for their inhibition of the
development of hepatic fibrosis in terms of TGF-f 1, and
a-SMA gene expression levels in cells either treated or
nontreated with extracts. The results showed that both
extracts markedly ameliorated the TGF-f1 and o-SMA
mRNA gene expression levels in activated rat HSC’s.

It is demonstrated that aqueous ethanol extract possesses
prominent anti-proliferation and anti-fibrotic activity via
inhibition of TGF-$ gene expression in activated HSCs. In
addition, the positive correlations between antioxidant assays
and anti-fibrotic activity suggest its involvement in liver
regeneration.

The results suggested that the S. grandiflora leaf extract possess
more potent antioxidant capacity than S. grandiflora flower
extracts. In addition, the anti-proliferative, anti-fibrotic, and
mRNA gene expression data showed that S. grandiflora leaf
extract remarkably inhibited or inversed liver fibrogenesis by
down-regulating the TGF-B1 and a-SMA gene expression,
possibly via the inhibition of the TGF-f/Smad pathway.
Thus, by demonstrating the effectiveness of S. grandiflora
in preventing the development of liver fibrosis, results will
provide further insight into the design of new approaches to
liver fibrosis.
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