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Abstract

Background: Thysanolaena maxima (Roxb.) Kuntze, a perennial grass plant, is usually distributed in hilly regions of
the Indian Subcontinent. Different parts of . maxima have been used as herbal medicine by traditional healers of
this region. In this present study, T. maxima plant extract has been screened for examination of its secondary
metabolite content with their probable cytotoxic activity.

Methods: Secondary metabolites of the crude T. maxima plant extract were isolated by different chromatographic
methods. The structures were elucidated by spectroscopic data ("H NMR, "*C NMR) as well as comparison with
available literature sources. Antiradical activity by DPPH radical scavenging assay and antimicrobial activity by disc
diffusion method of the fractions and cytotoxic activity by trypan blue exclusion method of the isolated
compounds were also evaluated.

Results: Three phenolic compounds 4-hydroxybenzaldehyde (1), 4-hydroxycinnamic acid (2), 4-hydroxybenzoic acid
(3) and two steroids stigmast-4-en-3-one (4) and [B-stigmasterol (5) were isolated from the aerial part of 7. maxima.

Among the compounds 4-hydroxycinnamic acid, 4-hydroxybenzoic acid and stigmast-4-en-3-one exhibited notable
cytotoxic activity against African Green Monkey Kidney Cell line (Vero cell).

Conclusion: Bioassay investigation of the isolated compounds and fractions suggested that 7. maxima could be a

potential source of bioactive secondary metabolites.
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Background

Thysanolaena maxima (Roxb.), Kuntze (Family: Poa-
ceae) (Synonym: Thysanolaena latifolia, English name:
Tiger grass), a perennial forest grass plant, is found in
the hilly regions of Bangladesh, India, Thailand, Nepal
and Bhutan. Many tribal populations of these countries
have been using different parts of this plant traditionally
for many years. The inflorescence paste of 1. maxima
was used for the treatment of eye infection by traditional
healers of Meghalaya, India [1]. Soft part of young leaves
and flower buds are used as raw form to cure flatulence
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and improve digestion by Dimasa tribes of Assam in
India [2]. Young shoots and fresh roots are used in the
treatment of tonsillitis, boils and skin diseases by the
people of Darjeeling district, West Bengal, India [3].
Crushed flowers are taken with water as antiemetic and
in the treatment of stomach trouble by Kanda tribal
population of Sylhet in Bangladesh [4]. It has also been
reported to be useful as anthelmintic and febrifuge by
the local people of Sabah, Malaysia [5].

Pharmacological studies have demonstrated that
ethanol extract of T. maxima roots possessed moderate
DPPH radical scavenging activity (ICso value: 250 pg/ml)
and antibacterial activity against four bacterial strains
[6]. Aqueous extract of T. maxima showed significant
chemopreventive and hepatoprotective activity against
CCl, induced hepatotoxicity in rats [5]. Furthermore,
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ethanolic extract of leaves of T. maxima showed cyto-
toxic activity against HepG2 cancer cell line where the
percentage inhibition was 29.50 + 3.9 at the concentra-
tion of 50 pg/ml [3]. The bioactivities of the different
solvent extract of T. maxima have evidenced it as a
potent source of natural radical scavenger [7]. Few com-
pounds have been successfully isolated from the florets
of T. maxima in Nepal such as luteolin, isoswertisin,
isoquercetin, ergosterol peroxide, f5-sitosterol, 7a-hydro-
xysitosterol, benzoicacid, syringic acid, leonuriside A, 7R,
8R-4-O-methylsyringylglycerol, butyl protocatechuate,
jaboticabin acid, caffeic anhydride etc. [8]. For the estab-
lished traditional use of this plant as herbal medicine by
different tribal populations and for its distinguished
pharmacological activities, it is, therefore, indispensable
to separate and characterize its chemical constituents in
terms of functionality. Therefore, the objective of this
investigation was to isolate the metabolites produced by
T. maxima available in Bangladesh and to assess the
antiradical, antimicrobial and cytotoxic activity of the
fractions and their isolated compounds.

Materials and methods

Apparatus and reagents

2,2-Diphenyl-1-picrylhydrazyl (DPPH) was purchased
from Sigma-Aldrich Co., USA. Silica gel and silica gel
F,s4 plates were purchased from Merck, Germany. Nu-
trient agar media, standard disc of kanamycin and keto-
conazole were purchased from Hi media, India. The
NMR spectra were documented by 400 MHz NMR
spectrometer (Bruker, Switzerland) using deuterated
chloroform and deuterated methanol purchased from
Sigma-Aldrich Co., USA. All the chemicals and solvents
used were of analytical grades.

Plant collection and identification

The aerial part of T. maxima was collected from
Rangamati, Chittagong Hill Tracts, Bangladesh on
August 20, 2015. The taxonomical identification of the
tested plant was authenticated from Bangladesh National
Herbarium (BNH), Mirpur, Dhaka and voucher speci-
men was deposited in the BNH with the accession num-
ber DACB 42267.

Preparation of the crude extract

A total of 1kg powdered coarse plant materials were
subjected to maceration in dichloromethane:methanol (1:
1) mixture using 2.51 of each solvent in an air-tight con-
tainer for 5 days with intermittent shaking. The solvent
mixture with most of the extractable compounds was
collected by filtration with cotton plug followed by filter
paper. The solvent was removed using rotary evaporator
(Heidolph, Germany) at temperature around 40°C -
50°C under reduced pressure. The above process was
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repeated two times with fresh solvents to gather more
concentrated extract. Finally, all the filtrates were mixed
together to get the crude extract (19 g).

Chromatographic procedures

The crude extract was fractionated by vacuum liquid
chromatography (VLC) on silica gel (60G) eluted with
gradient solvent system as petroleum ether-CH,Cl,-
MeOH to obtain 27 fractions. These fractions were
screened by thin layer chromatography (TLC) with
aluminum plates coated with silica gel (Fys4) and the
plates were envisaged under UV light at 254 nm, 365 nm
and by spraying with vanillin/1% H,SO, solution
followed by heating. The fractions having similar TLC
patterns were combined to give 8 fractions (F-1 to F-8).
Column chromatography (silica gel 70-230 and 230-400,
mesh) and preparative TLC (PTLC) were performed for
separation and purification of the compounds from the
VLC fractions.

Bioassay screening of the fractions

DPPH free radical scavenging activity

The free radical scavenging ability of T. maxima VLC
fractions were screened by measuring the reduced ab-
sorbance of methanolic DPPH solution [9]. Methanolic
DPPH stock solution (20 pg/mL) was added (200 pL) to
methanolic sample solution to obtain final 4 ml solution
of different concentration (200 pg/mL to 12.5pg/mL).
The absorbance was measured at 517 nm by using UV-
VIS spectrophotometer (Analytic Jena AG, Germany)
after the solutions were mixed properly and kept in dark
for 20 min. The result was expressed using the following
formula as the percentage inhibition:

[(Ao - Al)/Ao] XIOO,

where Ay is the absorbance of the control and A, is the
absorbance of the fractions/standard.

Antimicrobial assay

Disc diffusion method was used for preliminary anti-
microbial assay [10] against four bacterial strains (Bacil-
lus megaterium, Staphylococcus aureus, Pseudomonas
aeruginosa and Escherichia coli) and two fungal strains
(Aspergillus flavus and Aspergillus niger). A total of
100 puL of suspension of each microorganism containing
approximately 100-150 CFU/mL was spread over the nu-
trient agar for bacteria and potato dextrose agar media
for fungi. Filter paper discs around 6 mm diameter were
sterilized, steeped with 200 pg of different fraction solu-
tions and placed gently in the spreaded agar plates.
Kanamycin (30 pg/disc) and ketoconazole (30 pg/disc)
were used as positive control and solvent discs were
used as negative control in this study. The zone of
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inhibition was measured as diameter in mm after 24-h
incubation at 37 °C for bacteria and 48-h incubation at
28 °C for fungi.

Isolation of the compounds

Phytochemical investigation for compound isolation on
fractions F-2, F-3 and F-4 were performed based on the
preliminary chemical profiling using TLC, antimicrobial
activity of F-2 and F-3 and antiradical activity of F-4.
Polar fractions F-5 to F-8 eluted with CH,Cl,/0.1-8%
MeOH showed very poor resolution of the compounds
on TLC due to matrix effect. Therefore, phytochemical
investigation for isolation of compounds from fraction
E-5 to F-8 could not carry out in spite of their strong an-
tiradical property.

An aliquot (80 mg) of VLC fraction F-3 (583.4 mg)
eluted with petroleum ether/35-45% CH,Clywas sub-
jected to preparative thin layer chromatography (PTLC)
(stationary phase: silica gel Fys4, mobile phase: toluene/
10% EtOAc, two developments; thickness of plates: 0.25
mm) to afford compound 1 (3.0 mg, 3.75%). Compound
2 (2.5mg, 3.12%) was obtained by subjecting 80 mg of
the VLC fraction F-4 (1.38g) eluted with petroleum
ether/50-85% CH,Cl, to PTLC (mobile phase: toluene/
30% EtOAc, 2 developments). Fraction F-3 was subjected
to silica gel column chromatography and eluted with n-
hexane-CH,Cl,-MeOH solvent system with increasing
polarity. Column fraction eluted with z-hexane/35-40%
CH,Cl, gave brown amorphous mass which was purified
by solvent treatment to afford compound 3 (2.2 mg,
2.75%). Fraction F-4 was rechromatographed by silica
gel column chromatography eluted with petroleum
ether-CH,Cl,-MeOH in gradients of increasing polar-
ities. Fraction obtained by petroleum ether/85-95%
CH,Cl, was further purified by PTLC (mobile phase:
toluene/5% EtOAc, 2 developments) to yield com-
pound 4 (3.0 mg). One slightly impure white crystal
obtained from the VLC fraction of petroleum ether/
20-30% CH,Cl, (F-2, 287.5mg) was purified by treat-
ment with different solvents to get compound 5 (3.2
mg, 4%).

4-Hydroxybenzaldehyde (1): (3.0 mg, brown
amorphous powder); 'H NMR (400 MHz, CDCl,): &
9.78 (1H, s, -CHO), 7.74 (2H, d, ] = 8.6 Hz, H-2, H-6),
6.91 (2H, d, J = 8.6 Hz, H-3, H-5). *C NMR (100 MHz,
CDCl;): § 191.4 (-CHO), 163.2 (C-4), 132.4 (C-2, C-6),
128.8 (C-1), 115.8 (C-3, C-5).

4-Hydroxycinnamic acid (2): (2.5 mg, white
amorphous powder); 'H NMR (400 MHz, CDCl3/1%
CDsOD): § 7.37 (2H, d, J = 8.2 Hz, H-2, H-6), 6.79 (2H,
d, J=8.2 Hz, H-3, H-5), 7.60 (1H, d, J = 16.0 Hz, H-7),
6.23 (1H, d, / = 16.0 Hz, H-8). "*C NMR (100 MHz,
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CDCly): 6 169.3 (C-9), 158.8 (C-4), 145.3 (C-7),132.0
(C-2, C-6), 125.9 (C-1), 115.5 (C-3, C-5), 114.6 (C-8).
4-Hydroxybenzoic acid (3): (2.2 mg, brown
amorphous powder); 'H NMR (400 MHz, CD;0OD): §
7.88 (2H, d, /= 8.4 Hz, H-2, H-6), 6.78 (2H, d, /= 8.4
Hz, H-3, H-5). *C NMR (CD50D, 100 MHz): § 171.4
(-COOH), 163.2 (C-4), 132.4 (C-2, C-6), 128.9 (C-1),
115.8 (C-3, C-5).

Stigmast-4-en-3-one (4): (3 mg, white crystal); H
NMR (400 MHz, CDCls): 6 5.75 (1H, s, H-4), 1.20 (3H,
s, H-19), 0.94 (3H, d, /= 5.2 Hz, H-21), 0.91 (3H, d, J =
6.4 Hz, H-29), 0.87 (3H, d, J = 5.6 Hz, H-26), 0.84 (3H,
d, /= 5.6 Hz, H-27), 0.73 (3H, s, H-18).">C NMR (100
MHz, CDCls): § 198.9 (C-3), 171.4 (C-5), 123.6 (C-4),
55.9 (C-17), 55.8 (C-14), 53.7 (C-9), 45.7 (C-24), 42.5
(C-13), 39.7 (C-12), 38.6 (C-10), 36.0 (C-20), 35.7 (C-
8), 35.6 (C-1), 34.0 (C-22), 33.9 (C-2), 32.9 (C-6), 32.1
(C-7), 29.1 (C-25), 28.1 (C-16), 26.1 (C-23), 24.1 (C-
15), 23.1 (C-28), 21.1 (C-11), 19.7 (C-26), 19.1 (C-27),
18.7 (C-21), 17.5 (C-19), 11.9 (C-18), 11.9 (C-29).
S-stigmasterol (5): (3.2 mg, white needle); 'H NMR
(400 MHz, CDCly): § 5.37 (1H, d, J = 4.8 Hz, H-6), 5.18
(1H, dd, 7 =15.0, 8.6 Hz, H-22), 5.04 (1H, dd, J = 15.2,
8.4 Hz, H-23), 3.55 (1H, m, H-3), 1.03 (3H, s, H-19),
0.94 (3H, d, /= 6.4 Hz, H-21), 0.86 (3H, d, / = 2.8 Hz,
H-29), 0.85 (3H, d, /= 1.2 Hz, H-26), 0.82 (3H, d, J =
7.2 Hz, H-27), 0.71 (3H, s, H-18). *C NMR (100 MHz,
CDCly): § 140.7 (C-5), 138.4 (C-22), 129.2 (C-23), 121.6
(C-6), 71.8 (C-3), 56.9 (C-14), 56.8 (C-17), 51.2 (C-24),
50.1 (C-9), 45.8 (C-25), 42.3 (C-13), 42.2 (C-4), 40.4
(C-20), 39.8 (C-12), 37.2 (C-1), 36.4 (C-10), 33.9 (C-8),
31.7 (C-7), 29.2 (C-16), 28.1 (C-2), 24.4 (C-28), 24.3
(C-15), 21.1 (C-11), 21.0 (C-21), 19.7 (C-27), 19.3 (C-
26), 19.0 (C-19), 12.1 (C-29), 12.0 (C-18).

Evaluation of cytotoxicity of pure compounds

Cytotoxic activity was studied against Vero cell line
(Vero cell line, CLS 605372, Germany) using slight
modification of the Trypan Blue Exclusion Method [11,
12]. Cells were cultivated in 75cm? flasks in 5% (v/v)
CO, at 37°C with media described at Khan et al, 2018
[10]. According to study design, cells were grouped into
3 with three replica each. Treatment groups were
evaluated with vehicle group. Vero cells were split the
day before experiments. The freshly prepared doses (0.1,
0.5, 1.0, 5.0, 10 and 20 pg/mL) were administered into 1
day before cultured T- flasks with approximately 2.5 x
10° cells. Negative control corresponds to the cells
cultured with medium with 0.6% DMSO. After 24 h of
incubation period cells were harvested using 0.5% tryp-
sin. The number of dead cells was calculated by auto-
mated cell counter (LUNA-II™, South Korea) [13] using
trypan blue (0.4% w/v). Percentage of dead cells was cal-
culated following the mathematical formula:
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No of stained (dead) cells

100
Total number of cells x

Percentage of dead cells =

Statistical analysis

All values for antioxidant and antimicrobial evaluation
were determined as mean + standard deviation (SD)
where #n =3. Continuous variables between groups were
compared with one-way analysis of variance (ANOVA)
with post hoc tukey’s test for the analysis of the cytotox-
icity results of pure compounds. Mean values between
groups were compared using independent student t-test
for equality of variances. Statistical significance was ac-
cepted when P < 0.001.

Results

Bioassay screening of fractions

DPPH free radical scavenging activity

The DPPH free radical scavenging method was exercised
to investigate the antiradical activity of the fractions.
Fraction F-7 exhibited the highest antiradical scavenging
activity (ICsp=21.39 + 2.02 ug/mL) whereas F-1 showed
the lowest activity (ICs¢ = 149.68 + 1.91 pg/mL) (Table 1).
The values of scavenging activity which denotes as ICsq
of the fractions with standard (ascorbic acid) are shown
in Table 1. The results indicated that fractions F-3 to F-
8 possess antioxidant compounds that may play a signifi-
cant role to prevent diseases caused by reactive oxygen
species.

Antimicrobial assay

The antimicrobial activity of the fractions and the stan-
dards against different microorganisms is shown in
Table 2. The fractions (200 pg/disc) showed weak to
strong activities against some test microorganisms com-
pared to the standard discs. Fraction F-3 exhibited not-
able antifungal activity against Aspergillus niger (19.3 £
1.1 mm) and antibacterial activity against Bacillus mega-
terium (12.0 £ 0.5 mm) (Table 2). Fraction F-2 showed

Table 1 ICs; values of fractions of T. maxima and ascorbic acid

Fraction/ standard 1C50 values (pg/mL)

F1 149.68 + 191
F2 101.02 + 3.14
F3 80.26 + 565
F4 60.31 = 3.57
F5 49.70 £ 1.71
F6 26.56 + 1.39
F7 2139 £ 202
F8 3590 + 549
Ascorbic acid 426 +£0.17

Values are represented as mean + standard deviation (n = 3)
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antibacterial activity against three bacterial strains (Ba-
cillus megaterium, Pseudomonas aeruginosa and Escheri-
chia coli) but found to be inactive against tested fungal
strains. Other fractions (F-1, F-4 to F-8) were failed to
present antimicrobial activity against the tested
microorganisms.

Secondary metabolites from Thysanolaena maxima
Compounds 1 - 5 were isolated from dichloromethane:
methanol (1:1) extract of T. maxima using different
chromatographic methods. The structures of these com-
pounds were elucidated by comparing their NMR data
with those in the related literature (Fig. 1). To the best
of our knowledge, compounds 1, 2, 4 and 5 were iso-
lated from T. maxima for the first time.

Compound 1 was obtained as brown amorphous solid.
The 'H NMR spectrum of compound 1 showed two
doublets at § 7.74 and § 6.91 ppm characteristic of a
para disubstituted aromatic compound and a signal for
an aldehydic proton at § 9.78 ppm. The *C NMR
showed one aldehydic carbon at § 191.4 ppm, one oxy-
genated carbon signal at § 163.2 ppm and four olefins at
6 132.4 and 115.8 ppm. These spectroscopic data are
found to be identical with the spectroscopic data of 4-
hydroxybenzaldehyde [14].

Compound 2 was obtained as white amorphous solid.
The '"H NMR spectrum of compound 2 displayed proton
signals at § 7.37 and § 6.79 ppm and two trans-olefinic
proton signals at § 7.60 and & 6.23 ppm. The *C NMR
spectrum of compound 2 showed nine signals corre-
sponding to one carboxylic acid signal at § 169.3 ppm,
one oxygenated quaternary carbon signal at § 158.8
ppm, and six methine carbon signals at § 132.0, 115.5,
145.3 and 114.6 ppm. Thus, compound 2 was identified
as 4-hydroxycinnamic acid by comparing these data with
the reported values [15].

Compound 3 was obtained as brown amorphous solid.
The 'H NMR spectrum of compound 3 showed ortho-
coupled proton signals at § 7.88 and § 6.78 ppm. The
3C NMR of compound 3 contained one carboxyl car-
bon signal at § 171.4 ppm, one oxygenated carbon signal
at § 163.2 ppm, and four methine carbon signals at &
132.4 and § 115.8 ppm. According to this analysis and
compared with published spectroscopic data [14], com-
pound 3 was suggested as 4-hydroxybenzoic acid.

Compound 4 was obtained as white crystals. The 'H
NMR spectrum of compound 4 showed one-proton
singlet in the olefinic region at § 5.75ppm, two sin-
glets at § 0.73 and 1.20 ppm and four three proton
doublets at § 0.94, 0.87, 0.84 and 0.91 ppm. The pres-
ence of 29 carbons in the molecule clearly indicated
by the 29 signals in the ">*C NMR spectrum including
a carbonyl peak at § 198.9 ppm and two olefinic car-
bon peaks at § 123.6 and § 171.4 ppm. These spectral
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Table 2 Zone of inhibition of different fractions of T. maxima, kanamycin
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and ketoconazole

Name of the F-1 F-2 F-3 F-4 F-5 F-6 F-7 F-8 Kanamycin, ketoconazole
microorganisms (200 pg/disc) (30 pg/disc)
Zone of inhibition (mm)

Bacillus megaterium - 120+£05 120+£05 - - - - - 300 £ 05

Staphylococcus aureus - - - - - - - - 340+ 05

Pseudomonas aeruginosa - 10.1+0.1 86+0.5 - - - - - 281 £ 0.1

Escherichia coli - 106+£0.1 10.1£0.1 - - - - - 303+£02

Aspergillus flavus - - - - - - - - 340 + 05

Aspergillus niger - - 193+1.1 - - - - - 300+ 05

Values are expressed as mean + standard deviation (n = 3), ‘~‘indicates no zone of inhibition

data indicated that the compound 4 is a steroidal mol-
ecule containing a ketone group, one double bond and
six methyl groups which was in complete agreement
with the literature data [16] suggesting the compound
as stigmast-4-en-3-one.

Compound 5 was obtained as white needle. The 'H
NMR spectrum of compound 5 showed three one-
proton peaks in the olefinic region at § 5.37, 5.18 and
5.04 ppm and one one-proton multiplet at § 3.55 ppm.
The spectrum also displayed one three-proton doublet
at § 0.71 ppm and one three proton singlet at § 1.03
ppm, four-three proton doublets at § 0.94, 0.85, 0.82 and
0.86 ppm. The *C NMR spectrum displayed an oxy-
methine carbon at § 71.8 ppm and four signals at §
140.7, 121.6, 138.4 and 129.2 ppm clearly indicated the
presence of one hydroxyl group and two double bonds

in compound 5. This analysis and previous literature
[17] were concluded recognizing this structure as f-
stigmasterol.

Evaluation of cytotoxicity of pure compounds

The half-maximal inhibitory value of each compound
was measured from the analysis of dose response curve.
The ICso value of each compound is summarized in
Table 3. Stigmast-4-en-3-one (4) exhibited highest
cytotoxic activity with ICso value of 5.82 pug/mL among
the tested compounds. Another compound 4-
hydroxybenzaldehyde (1) also presented a significant in-
hibition with ICs, value of 7.6 pg/mL. 4-hydroxybenzoic
acid (3) and f3-stigmasterol (5) were overall ineffective in
Vero cell line failed to show significant change in cell
viability at the tested concentrations (Fig. 2).

HO HO

Fig. 1 Structures of 4-hydroxybenzaldehyde (1), 4-hydroxycinnamic acid (2), 4-hydroxybenzoic acid (3),

COOH

HO

6 5

stigmast-4-en-3-one (4) and B-stigmasterol (5)
J
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Table 3 IC;, value of isolated pure compounds against Vero

cell line

Compounds 1Cs50 (Mg/mL)
4-Hydroxybenzaldehyde (1) 7.60 £ 0.66
4-Hydroxycinnamic acid (2) 10.0 £ 0.09
4-Hydroxybenzoic acid (3) 3885+ 033
Stigmast-4-en-3-one (4) 582 + 066
B-stigmasterol (5) 2896 + 0.24

Values are represented as mean + standard deviation (n = 3)

In Vero cell line, compound 4-hydroxycinnamic acid
(2) at 5.0 ug/mL reduced cell viability (22.7%) whereas
compound 4-hydroxy benzoic acid (3) showed max-
imum cell proliferation (88.8%) at the same concentra-
tion. It is noteworthy that these two compounds are
phenolic compounds, but their bioactivity characteristics
are different presumably due to their different functional
groups. More investigations like applying in silico
method and functional group study, animal study are re-
quired to confirm this statement.
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Discussion

Polyphenols are well known for their radical quenching
activity. The presence of multiple hydroxyl groups on
their structure makes them able to donate single elec-
tron to the highly reactive oxygen species (ROS). These
ROS are highly reactive free radicals who are developed
in our body as a byproduct of natural ATP producing
pathway. The damaging effects of ROS are mainly result
from their ability to oxidize cell membrane and biomole-
cules like lipid, proteins and DNA. This ROS generated
oxidative damage silently triggers the development of
various degenerative diseases like diabetes, hypertension,
atherosclerosis, Alzheimer’s disease and cancer [18, 19].
Free radical DPPH reduces to its stable hydrazine form
by accepting hydrogen/electron from potent antioxidant
substances. In this assay, the VLC fractions of 7. max-
ima exhibited strong radical scavenging capability which
can be attributed to its isolated phenolic compounds as
a positive correlation is reported between the phenolic
compounds and free radical scavenging capacity [20].
Furthermore, stigmasterols are also reported to have
strong antioxidant and free radical scavenging property

~
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Fig. 2 Dose-response curves for the effects of isolated compounds on Vero cells. x-axis represents percentage of cell viability and y-axis
represents concentration of samples of each graph
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[21]. Therefore, the strong radical scavenging activity of
the VLC fractions may be attributed to the phenols and
sterols present in the plant making it a potent source of
antioxidants. This result is also consistent with the pre-
vious studies where presence of high amount of phenolic
constituents and potent DPPH free radicals scavenging
activity of this plant was reported [5, 6].

In the present study, some of the VLC fractions (F-2,
E-3) showed low to moderate antibacterial activity
against four strains of tested bacteria. Studies have
shown that T. maxima leaf extract and its essential oils
have potential antimicrobial activity which also
strengthens our present findings [6, 22]. The fraction F-
3 showed the maximum antifungal activity against
Aspergillus flavus which make it a potential antifungal
candidate. The antimicrobial properties of some individ-
ual sterols of plant origin were reported previously [23,
24]. So, the antimicrobial activities of these fractions
may be related to the isolated sterols; though further
studies are required to confirm this.

This study reports isolation of three phenolic com-
pounds 4-hydroxybenzaldehyde (1), 4-hydroxycinnamic
acid (2), 4-hydroxybenzoic acid (3) and two steroids
stigmast-4-en-3-one (4) and f3-stigmasterol (5) in which
compounds 1, 2, 4 and 5 were isolated from T. maxima
for the first time. Shrestha and co-investigators
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isolated 34 known compounds and a new compound
6" -O-acetylorientin-2 " -O-a-L-rhamnopyranoside from
this plant found in Nepal [8]. On the other hand, 21
components were identified by GC-MS from the es-
sential oil extracted from this plant available in
Southern China [22].

The highest cytotoxic activity against Vero cell line
was obtained with stigmast-4-en-3-one (IC50=5.82+
0.66 pg/mL); this activity could be explained by the pres-
ence of a carbonyl group at C3 position in the steroidal
nucleus compared to the stigmasterol (ICsy=28.96 +
0.24 pg/mL) having a hydroxyl group at C3 position.
Another significant cytotoxic activity was observed with
4-hydroxy  benzaldehyde  (IC5q=7.60 + 0.66 pug/mL),
presumably due to the presence of an aldehyde group at
C1 position in the benzene ring whereas a carboxylic
acidic group was present in other two phenolic com-
pounds, 4-hydroxycinnamic acid (ICsq=10.0+0.09 pg/
mL) and 4-hydroxy benzoic acid (IC5o = 38.85 + 0.33 pg/
mL). 4-Hydroxybenzaldehyde, stigmast-4-en-3-one, S-
stigmasterol showed monophasic dose response curve
whereas 4-hydroxycinnamic acid and 4-hydroxybenzoic
acid showed bi-phasic dose response curve (Fig. 2), indi-
cated that different mechanisms may involve for individ-
ual compound’s cytotoxic activity due to their structural
and functional group differences. We observed that
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compound 2 (4-hydroxycinnamic acid) and compound 3
(4-hydroxybenzoic acid) reduced cell viability with the
increased concentration but after certain concentration
cell viability increased with the higher concentration.
This event suggests that at higher concentrations of
compound 2 and 3, an additional pathway is activated
but what this might be unknown. These two compounds
were acidic among five compounds which might have
influenced on the pH level of media that might affect
cell viability. On the other hand, some macromolecules
like caspase inhibitors may release in the media when
used high concentration of compound 2 and 3which
may reduce cell death [25]. In the last few years it has
been reported that hydroxycinnamic acid and its deriva-
tives have potential inhibitory effects on metastasis and
cancer invasion [23, 26]. Scientists have been paid great
attention to elucidate the possible mechanisms involved
in anticancer effects on phenolic compounds including
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hydroxycinnamic acids [26-28]. pB-stigmasterol (5),
which is commonly distributed in many medicinal plants
are reported to have anti-osteoarthritic [29], anti-
hypercholesterolemia [30], antitumor [31], hypoglycemic
[32], antimutagenic [33] and anti-inflammatory activity
[34]. Stigmast-4-en-3-one (4) which is a derivative of
stigmasterol, showed potent hypoglycemic effect on
alloxan-induced diabetic rats [32]. The incidence of
stigmast-4-en-3-one is described for the first time from
T. maxima and provided evidence as another source of
natural hypoglycemic agent. Preliminary TLC revealed
the presence of several metabolites in each of fractions
F-2, F-3 and F-4. This means that these fractions might
contain metabolite(s) responsible to exert antiradical or
antimicrobial activity. It is also possible to assume that
there may present synergistic effects of some of these
compounds or individual effect of the single compound
of these fractions.
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The biosynthesis of phenol compounds usually occurs at
the membrane surface of the endoplasmic reticulum (ER)
in plant cells [35]. Phenylalanine (L-Phe) is the main pre-
cursor for the biosynthesis of different groups of phenolic
compounds such as flavonoids, coumarins, phenolic acids,
tannins, lignins etc. L-Tyrosine (L-Tyr) and L-Tryptophan
(L-Trp) also play an important role to produce phenolic
compounds when needed by the plants [36, 37]. Several
enzymes namely erythrose-4-phosphatase, phenyl alanine
ammonia lyase (PAL), cinnamate-4-hydroxylase (C4H), p-
coumarate-3-hydroxylase (C3H) and o-methyltransferase
etc. are directly involved in different steps for the biosyn-
thesis of phenolic compounds [38]. It is presumed that the
biosynthesis of phenolic compounds begins by releasing
an ammonia group of phenylalanine with the direct in-
volvement of phenylalanine ammonia lyase (PAL) and this
step produces trans-cinnamic acid by creating a double
bond (Fig. 3). This trans-cinnamic acid is then shifted in
4-hydroxycinnamic acid with the activity of  cinnamate-
4-hydroxylase by introducing a hydroxyl group into the
aromatic ring. The 4-hydroxycinnamic acid is then con-
verted into 4-hydroxybenzaldehyde by 4-hydroxybenzalde-
hyde synthase and 4-hydroxybenzaldehyde is shifted into
4-hydroxybenzoic acid with the activity of 4-hydroxyben-
zaldehyde hydroxylase by introducing a hydroxyl group
into side chain.

It is thought that the biosynthesis of phytosterols
produces in the isoprenoid pathway where C5-unit
originates from the acetate-mevalonate or mevalonate-
independent pathways (Fig. 4). In this biosynthetic
pathway 3-hydroxy-3-methylglutaryl-CoA reductase
(HMGR) plays key role to convert 3-hydroxy-3-meth-
ylglutaryl-CoA to mevalonate which is the main pre-
cursor for the biosynthesis of phytosterols [39]. A
series of enzymes are involved to convert mevalonate
to cycloartenol which is still unexplored. In this step
cycloartenol is converted to 24-methylene cycloartenol
by the activity of C24-methyl transferase. Isoflucos-
terol is produced from the 24-methylene cycloartenol
by the involvement of different types of demethylase,
reductase, transferase enzymes. Isoflucosterol is
shifted to S-sitosterol with the activity of C-24 reduc-
tase. [3-sitosterol is converted to stigmasterol when C-
24 reductase is involved and stigmasta-4-en-3-one is
originated when C-3 reductase is involved [40].

Conclusion

This study is suggestive that T. maxima is a rich source of
different phenolic and steroid compounds which can be
used as a source of antioxidant, antimicrobial and cyto-
toxic agents in the development of new therapeutic agents.
Further work on isolation of compounds with bioactivities
is on progress and will be reported in due course.
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