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ABSTRACT

The present study was aimed at post chromatographic identification, isolation, antioxidant activity and characterization of
bioactive constituents obtained from Trigonella foenum-graecum seeds. HPTLC fingerprinting and in-vitro antioxidant
activity was carried out for four isolated fractions given the trivial name fraction 1 (TF1), fraction 2 (TF2), fraction 3
(TF3) and fraction 4 (TF4) of methanolic seed extract of T. foenum-graecum (METFG). From the HPTLC fingerprint the
florescent band (under 300 nm) at Rf: 0.66 and 0.69 (mobile phase n-butanol: acetic acid: water, v/v/v) was found in the
fractions TF3 and TF4 of METFG. TF4 showed more effective antioxidant activity than TF3 as compared to other frac-
tions TF1 and TF2 w.r.t. the standard substance used being ascorbic acid in all three models viz DPPH radical scaveng-
ing, nitric oxide radical scavenging and hydrogen peroxide scavenging assay may be due to the presence of more per-
centage of bioactive compounds TF-k1 (46.38%) in TF3 and TF-k2 (60.27%) in TF4. The GC-MS, *H-NMR and
13C-NMR analysis of TF3and TF4 revealed the presence of TF-kland TF-k2 as the major component in respectively. The
present study indicated that T. foenum-graecum and its isolated bioactive compounds be a very useful antioxidant and
may form the clinical agents with better efficacy.

Keywords: T. foenum-graecum, Column chromatography, HPTLC fingerprinting, Gas chromatography-Mass spectros-

copy, Nuclear magnetic resonance spectroscopy.

INTRODUCTION

The study of botanicals in the ayurvedic materia medica
has been proven to be relatively safe and effective, from
times immemorial. T. foenum-graecum L. (Leguminosae)
has a record of safety and efficacy, spanning several cen-
turies®. Traditional medicine preparations were made by
traditional healers with herbal and non-herbal ingredients
to act on various diseases which had different mechanism
of actions. Nowadays phytoconstituents are isolated from
the different species of plants which are having a proba-
bility to reduce diseases?. It is very difficult to identify
marker compounds for all traditional medicines, because
some medicines have unknown active constituents and
others have multiple active constituents. The extraction
methods used to process the herbal plants can affect the
quantities of biologically active compounds in the extract.
Thus, the quality control of the bioactive compounds in
the herbal extract is of great importance in medicinals®.
Herbal drugs are used to treat different diseases because
of effectiveness, lesser side effects and relatively low
cost*. Therefore, it is important to isolate the active con-
stituent from traditional used antidiabetic plants; T. foe-
num-graecum is used as a spice and condiment in India
and other tropical countries®. It has been reported to have
carminative, gastric stimulant, antidiabetic and galacto-
gogue (lactation-inducer) effects, hypocholesterolemic,

antioxidant, hepatoprotective, anti-inflammatory, anti-
bacterial, antifungal, antiulcer and other miscellaneous®8.
Current research is now directed towards to isolate natu-
rally occurring antioxidants from plant parts and to inves-
tigate remedies, researchers are keen interested to re-
search in new natural antioxidants®°. Hence the present
study is aimed to identify, isolate compound in T. foe-
num-graecum along with evaluation of the antioxidant
activity of the fractions.

MATERIALS AND METHODS

Apparatus

Analytical thin-layer chromatography (TLC) was per-
formed on Kieselgel 60F 254 (Merck, Darmstadt, Ger-
many) glass plates. Column chromatography was carried
out silica gel (60-120 mesh, Merck, Darmstadt, Germa-
ny). NMR spectra were recorded on Bruker DRX 400
NMR spectrometers with methanol (MeOD) as internal
standard. GC-MS spectra were recorded on a model
GC-MS-QP-2010- Plusl, Shimdzu and elemental analysis
(CHNO) on (Elementar, Vario EL IlI).

Chemicals

1, 1-diphenyl-2-picryl-hydrazyl (DPPH) and ascorbic
acid were obtained from Sigma Aldrich, USA. All other
chemicals used were of analytical grade and obtained
from Merck USA.
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Table 1: Percentage inhibition of fractions of METFG by DPPH assay.

S.no.  Concentration DPPH free radical scavenging activity
of solution Ascorbic acid TF1 TF2 TF3 TF4
(ug/ml) (AA)
1 25 1321+14 03.26 +3.3 04.76 + 2.4 08.03+ 2.2 11.02+5.2
2 50 19.27 +2.3 07.40+2.4 09.29+3.0 13.93+15 22.75+2.38
3 75 35.37+4.7 11.98+1.3 12.07+ 4.5 20.05+3.2 38.62+3.2
4 100 47.82+35 18.87+4.6 17.85+ 5.2 31.84 5.3 465175
5 125 58.25 +2.7 23.00+25 21.99+ 4.9 40.07 £ 6.3 51.94+5.6
Values are expressed as Mean + Standard deviation.
Table 2: Percentage inhibition of fractions of METFG by nitric oxide radical scavenging assay.
S.no  Concentration Nitric oxide radical scavenging activity
of solution Ascorbic TF1 TF2 TF3 TF4
(ug/ml) acid (AA)
1 25 16.92+14 04.10+2.1 02.82+1.6 1438+ 1.6 1295+ 2.7
2 50 21.03+4.2 08.39+1.6 05.37+15 19.26+1.4 23.73+4.6
3 75 38.29+26 13.37+1.7 11.29+ 3.2 29.62 £ 2.6 35.32+6.8
4 100 51.93+3.8 16.28+2.0 19.82+ 2.8 41.58 +3.8 43.82+8.3
5 125 62.21+4.9 26.17+3.1 27.27+ 2.5 52.38+2.7 58.36 +4.2
Values are expressed as Mean + Standard deviation.
Table 3: Percentage inhibition of fractions of METFG by nitric oxide radical scavenging method.
S.no.  Concentration Hydrogen peroxide scavenging activity
of solution Ascorbic TF1 TF2 TF3 TF4
(ug/ml) acid (AA)
1 25 16.92+24 945+1.38 9.76 £1.1 11.00+1.1 1592+14
2 50 21.03+15 1170+ 1.2 13.62+ 1.8 20.92+1.3 22.08+2.0
3 75 38.29+29 18.94+24 19.70+ 2.0 31.34+27 37.92+4.2
4 100 51.93+7.6 23.48+1.8 25.07 £1.4 50.12+7.4 56.37 + 6.2
5 125 62.21+3.7 35.66 + 2.7 40.92+ 6.3 65.80 + 4.6 70.51+8.6

Values are expressed as Mean + Standard deviation.

Plant Materials

The dried seeds of T. foenum-graecum were purchased
from the local market of Mesra, Ranchi in the month of
March, 2011. The plant material was taxonomically iden-
tified and authenticated by K. Karthikeyan, Scientitst ‘C’,
Botanical Survey of India (BSI), Central National Her-
barium, Howrah, with ref. no.
CNH/103/2011/Tech-11/620. The voucher specimen was
deposited in the herbarium section of B.L.T., Mesra,
Ranchi, Department of Pharmaceutical Sciences and
Technology.

Preparation of extract and fractions

The dried seeds of T. foenum-graecum were cleaned and
made into coarse powder with the help of mortar and pes-
tle and stone blender. It was then passed through a 1-mm
sieve and again dried in hot air oven below 50°C and
stored at room temperature in an air tight container. The
coarsely powdered material were subjected to successive
soxhlet extraction using solvent petroleum ether, chloro-
form and methanol in the increasing order of their polari-
ty for 48 hours with each solvent!!. The obtained seed
extracts were finally dried at low temperature under re-
duced pressure in a rotavapor (Buchi Labortechnik AG,
CH-9230 Flawil 1/Switzerland) to obtain a semisolid
mass and then finally lyophilized by freeze dryer (MPS-
55, Korea) to yield solid residues. TLC was used for iso-
lation of different compounds present in METFG'2, The

METFG (10 g) was repeatedly separated by column using
silica gel (60-120 p size) as adsorbent and n-butanol: ace-
tic acid: water in different ratio as the mobile phase. It led
to the isolation of four fractions namely TF1, TF2, TF3
and TF4. Then the fractions were concentrated under re-
duced pressure on rotavapor to obtain a residue (TF1: 0.8
%, TF2: 2.6 %, TF3: 3.0 % and TF4: 4.6 % w/w).

HPTLC finger print profiles for extracts and fractions
HPTLC Conditions

Post-Chromatographic characterization of METFG, TF1,
TF2, TF3 and TF4 was performed on precoated silica gel
aluminium plate 60 GF254 (10 cmx10 ¢cm with 250 um
thickness, E. Merck, Darmstadt, Germany supplied by
Anchrome Technologies, Mumbai, India) using a Camag
Linomat IV sample applicator (Camag, Muttenz Switzer-
land) and a 100-pl syringe (Hamilton, Rena, Nevada,
USA). The sample was spotted in the form of bands of 6
mm length and 10 mm higher from the bottom, 10 mm
from the left margin, and 10 mm apart, at a constant ap-
plication rate of 15 pL/s using nitrogen aspirator. Plates
were developed using a mobile phase consisting of
n-butanol: acetic acid: water in the ratio of 4:5:1. Linear
ascending development was carried out in 10 cmx10 cm
twin trough glass chamber (Camag Muttenz, Switzerland)
equilibrated with the mobile phase. The optimized cham-
ber saturation time for mobile phase was 30 min at room
temperature. After development, the HPTLC plates were
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dried with a hot air blower. The slit dimension settings of
length 5 mm and width 0.45 mm and a scanning rate of
20 mm per second was employed. Densitometric scan-
ning was performed on Camag TLC scanner Il in the re-

flectance mode at Amax at 300 nm and operated by win
CATS software version (1.1.3.0.). The source of radiation
utilized was deuterium lamp. Evaluation was done via
peak areas'®.

.
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Figure 1: HPTLC chromatogram of fractions TF1, TF2, TF3 and TF4 of METFG and compound showing peaks of
phytoconstituents

GC-MSof TF3

*C NMR of
TF3

THNVR

Figure 2: GC-MS, °C and *H NMR of isolated compound TF-k1 in TF3.
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Figure 3: GC-MS, °C and *H NMR of isolated compound TF-k2 in TF4.

Procedure: Extracts and fractions of T. foenum-graecum
were applied on HPTLC plate and the plate was devel-
oped in n-butanol: acetic acid: water v/v/v solvent sys-
tem. The plates were dried at room temperature. The plate
was scanned at 300 nm after spraying with detection rea-
gent (Ninhydrin reagent) and plate was heated at 105°C
for 5 minutes. The Rf values and color of the resolved
bands were noted?*,

In vitro antioxidant activity of fractions of METFG

The fractions TF1, TF2, TF3 and TF4 of METFG were
dissolved in ethanol at the concentration 2 mg/ml to make
a test and also standard solution of 25, 50, 75, 100 and
125 pg/mL concentrations respectively.

DPPH radical scavenging assay

The DPPH free radical scavenging activity of fractions
TF1, TF2, TF3 and TF4 of METFG was carried out ac-
cording to the method of Deore et al*®. 0.2 ml of test so-
lution at different concentrations (25-125 pg ml-1) were
mixed with 0.8 ml of Tris- HCL buffer (100 mM,7.4). 1
ml of DPPH (500 mM in ethanol) solution was added to
the above mixture and this mixture was shaken vigorous-
ly and incubated for 20 min in the dark. The absorbance
of the resulting solution was measured at 517 nm by
UV-Visible spectrophotometer (Shimadzu UV-Visible
spectrophotometer 1700, India). All the assays were car-
ried out in triplicates against ascorbic acid (AA) as a pos-
itive control. Blank was prepared without the addition of
DPPH and for control, 0.2 ml of ethanol (without test
sample) was added. Decreased absorbance values indi-
cated a higher free radical scavenging activity. The per-
centage of DPPH scavenging effect was calculated.

Nitric oxide radical scavenging assay

Nitric oxide radical scavenging capacity of fractions TF1,
TF2, TF3 and TF4 of METFG was determined according

to the method of Chaurasia et al'6. 3 ml of the ethanolic
solution of the test samples at different concentrations
(25-125 pg/ml) were mixed with 1 ml of sodium nitro-
prusside (10 mM) in standard phosphate buffer solution
(0.02 m, pH 7.4). The mixture was shaken vigorously and
incubated at 25°C for 150 min. Control experiments
without the test compounds, but with an equivalent
amount of buffer were prepared in the same manner as
done for the test. Thereafter, 0.5 ml of the incubation so-
lution was removed and diluted with 0.5 ml of griess rea-
gent (1% sulphanilamide, 2% ophosphoric acid and 0.1%
naphthyl ethylenediamine dihydrochloride) and allowed
to stand at room temperature for 30 min. The absorbance
of the chromophore formed during the diazotization of
nitrite with sulphanilamide and subsequent coupling with
naphthyl ethylene diamine dihydrochloride was read
spectrophotometrically by (Shimadzu UV-Visible spec-
trophotometer 1700, India) at 546 nm. The increased ab-
sorbance of the reaction mixture indicated higher scav-
enging effect. The percentage inhibition of nitric oxide
radical generation was calculated.

Hydrogen peroxide scavenging assay

Measurement of hydrogen peroxide scavenging activity
of fractions TF1, TF2, TF3 and TF4 of METFG was
based on the method described by Deschner et al'’. Hy-
drogen peroxide solution (2 mM) was prepared with
standard buffer (pH 7.4). Test samples (25-125 pg/ml) in
distilled water were added to hydrogen peroxide solution
(0.6 ml). Then the absorbance was measured spectropho-
tomerically by (UV Visible spectrophotometer 1700,
Shimadzu, India) at 230 nm after 10 min in triplicates
against blank solution containing phosphate buffer with-
out hydrogen peroxide solution as compared with ascor-
bic acid as positive control. Increased absorbance of the
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reaction mixture indicated strong scavenging effect. The
percentage scavenging of hydrogen peroxide was calcu-
lated.

Statistical analysis

The percentage of inhibition was calculated as:

% of inhibition = {(absorbance of control-absorbance of
sample)/absorbance of control} x 100

Results were expressed as mean by triplicates measure-
ment and 1C50 was graphically determined by a linear
regression method using MS Windows based graph pad
prism (Trial Version 5.01) software. Results were ex-
pressed as Mean + Standard deviation.

Isolation and characterization of bioactive compound
Concentrated TF3 and TF4 were subjected to repetitive
preparative thin layer chromatography using silica gel as
stationary phase (20x20 cm glass plates) and n-butanol:
acetic acid: water 4:4:2 v/v/v as mobile phase®®. It led to
the isolation of a compound TF-kland TF-k2 from TF3
and TF4. The isolated compound was concentrated under
reduced pressure to dryness and then the structure was
established on the basis of spectroscopic evidences (UV,
H NMR, *C NMR and GC-MS).

RESULTS

Antioxidant activity

The antioxidant properties of the chromatographically
separated fractions (TF1-TF4) of METFG were carried
out by standard following methods.

DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scav-
enging assay

The effects of fractions of METFG (TF1, TF2, TF3 and
TF4) on free radical scavenging activity by DPPH meth-
od have been summarized in Table 1. Higher the per-
centage of inhibition value, more active is the fraction in
scavenging the DPPH free radical. Ascorbic acid was
used as the standard. Fraction of TF4 showed potent
DPPH free radical scavenging activity, whereas TF1,
TF2, TF3 were found to be less active. T. foe-
num-graecum showed percentage of inhibition value:
23.00 £ 2.5, 21.99 + 4.9, 40.07 + 6.3 and 51.94 £ 5.6 in
TF1, TF2, TF3 and TF4, respectively at 125ug/ml as
compared to standard ascorbic acid (AA) which was
having the inhibition value of 58.25 + 2.7 ug/ml. The ICso
(the inhibitory concentration at which there is 50% de-
crease of free radical) of TF1, TF2, TF3 and TF4 was
found to be 234.29 + 2.6, 285.7 £ 3.8, 167.8 £ 2.4 and
119.21 £ 1.9 pug/ml, respectively.

Nitric oxide radical scavenging assay

The effects of TF1, TF2, TF3 and TF4 on nitric oxide
radical scavenging activity have been summarized in Ta-
ble 2. Higher percentage of inhibition in the concentration
of nitric oxide radical was observed due to the scavenging
ability of the fraction and standard used namely ascorbic
acid. Fraction of the plant extracts TF4 showed potent
nitric oxide radical scavenging activity, whereas TF1,
TF2, TF3 were found to be less active. The percentage
decrease in nitric oxide radical content at 125 pg/ml of
TF1, TF2, TF3 and TF4 was 26.17 + 3.1, 24.27 £ 2.5,
52.38 + 2.7 and 58.36 + 4.2 pug/ml, respectively. The rad-
ical scavenging of standard ascorbic acid at the same

concentration was 62.21 + 4.9 pg/ml. The ICso of TF1,
TF2, TF3 and TF4 was found to be 294.03 + 14, 289.37 +
20.4, 117.25 £+ 18.2 and 109.69 + 21.8 ug/ml, respective-
ly.

Hydrogen peroxide scavenging assay

The effects of TF1, TF2, TF3 and TF4 on hydrogen per-
oxide scavenging activity has been summarized for the
plants in Table 3. Higher the value of percentage of
inhibition, more active is the fraction in scavenging the
hydrogen peroxide. Ascorbic acid was used as the stand-
ard. Fraction of the plants extracts TF4 showed potent
hydrogen peroxide radical scavenging activity, whereas
TF1, TF2, TF3 were found to be less active. Hydrogen
peroxide itself is not very reactive, it can generate the
highly reactive hydroxyl radical (OH) through fenton
reaction. The scavenging of hydrogen peroxide is an im-
portant antioxidant defense mechanism?.. The percentage
decrease in hydrogen peroxide content at 125 pg/ml of
TF1, TF2, TF3 and TF4, respectively was 35.66 + 2.7,
40.92 + 6.3, 65.80 + 4.6 and 70.51 £ 8.6 pg/ml. The radi-
cal scavenging of standard ascorbic acid at the same con-
centration was 62.21 + 3.7 pg/ml. The 1Cso value of TF1,
TF2, TF3 and TF4 was found to be 183.15 + 21.6, 139.72
+ 25.7, 99.26 + 17.5 and 192.79 + 18.8 pg/ml, respec-
tively.

Finger print analysis of fractions of METFG using
HPTLC

Figure 1 represents the HPTLC finger print of fractions of
METFG namely TF1-TF4. TF1 showed a mixture of
three different components having the following R¢ val-
ues 0.26, 0.35 and 0.98. TF2 showed a mixture of two
different components having the following Ry values 0.36
and 0.92. TF3 showed a mixture of three different com-
ponents with the following R values 0.29, 0.66 and 0.74.
TF4 showed a mixture of two different components with
the R¢ values 0.33 and 0.69. These chromatograms were
useful for the isolation, purification, characterization and
identification of marker chemical compounds of the plant
parts.

Characterization of isolated components from fractions
TF3 and TF4 of methanol extract of T. foenum-graecum
seeds

The isolated compound from the active fraction TF3 and
TF4 of METFG was obtained as brownish solid. It gave
positive Millon’s and Ninhydrin test and confirmed the
presence of amino acids.

Yield: TF3=2.5% and TF4 = 4.6 %.

Analysis of isolated compound TF-k1 in fraction TF3
(Figure 2):

!H-NMR (400 MHz, MeOD): ¢ 0.953 (m, 3H, H-3),
1.347 (m, 1H, H-2), 1.542 (t, 2H, H-4), 1.988 (s, 3H,
H-5), 3.568 (d, 1H, H-1, J = 7.0).

13C-NMR (100 MHz, MeOD): § 12.92 (C-5), 18.65 (C-3),
20.83 (C-4), 34.41 (C-2), 63.41 (C-1), 175.68 (C-6).
GC-MS: RT 7.987 (46.38 %), MW: 129.01

Analysis of isolated compound TF-k2 in fraction TF4
(Figure 3):

13C-NMR (100 MHz, MeOD): 13.33, 17.98, 18.75, 21.07,
22.40, 22.50, 24.74, 25.46, 27.02, 28.95, 29.20, 29.52,
31.38, 31.77, 34.44, 61.62, 127.93, 175.70.
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GC-MS: RT 8.023 (60.27 %), MW: 115.04.
The GC-MS, *H-NMR and *C-NMR analysis of TF3 and
TF4 of methanol extract of T. foenum-graecum revealed
the presence of TF-k1 (46.38 %) and TF-k2 (60.27%) as
the major component in fraction TF3 and TF4.

DISCUSSION

T. foenum-graecum is used in folklore medicine for the
treatment of various diseases in the different states of
India and also by alternative medical practitioners for an
array of diseases?®.

The active extracts of METFG were subsequently sub-
jected for HPTLC finger printing analysis in different
solvent systems in order to do chromatographic charac-
terizations and were targeted to isolate the active compo-
nents from these extracts?>. METFG were subjected for
fractionation by column chromatography in order to get
the active components in the fractions. Fractionation of
METFG led to the separation of four fractions
(TF1-TF4). The developed chromatogram of the fractions
of methanol extracts of T. foenum-graecum (TF1-TF4) by
HPTLC, helped in the identification of chemical compo-
nents as per WHO guidelines®. These chromatograms
were also useful for the isolation, purification, character-
ization and identification of marker chemical compounds
of the plant parts. In the present study, HPTLC finger-
printing of fractions of METFG (TF1-TF4) determined
the major active constituents present in them.

The antioxidant properties of the chromatographically
separated fractions of METFG were carried out by dif-
ferent antioxidant assay. Higher the percentage of inhibi-
tion value, more active is the fraction in scavenging the
DPPH free radical. Ascorbic acid was used as the stand-
ard. Free radical scavenging activity of the test was found
to be concentration dependent. As the concentration of
the test sample increased, the free radical scavenging ac-
tivity also increased and lower ICso value reflected better
protective action??. The TF4 fraction of T. foe-
num-graecum were observed to be potent scavengers with
the least 1Csp value and the potency order of fractions of
METFG was TF4 > TF3 > TF2 > TF1. Nitric oxide radi-
cal scavenging activity of the test is concentration de-
pendent. As the concentration of the test sample in-
creased, the nitric oxide radical scavenging activity also
increased and the lower ICsp value reflected better protec-
tive action?. From the present study of nitric oxide radi-
cal scavenging assay?, it was proved that TF4 exhibited
more free radical scavenging activity and competes with
oxygen leading to a reduced production of NO as com-
pared to TF1, TF2 and TF3. The hydrogen peroxide
scavenging effect of TF4 of T. foenum-graecum were
observed to be more potent with least ICso value and the
rank order potency of hydrogen peroxide scavenging of
the potency order of fractions of METFG was TF4 > TF3
>TF2 > TF1.

From the above study, it has been concluded that based
on in-vitro antioxidant activity of fractions of methanol
extracts of T. foenum-graecum (TF1-TF4). As per WHO
guidelines for HPTLC finger print of active fractions TF3
and TF4 showed the presence of major active constituents

as compared to other fractions and thus showed signifi-
cant antioxidant activity as has been represented in the
above results. The active fractions TF3 and TF4 of
METFG was characterized by GC-MS, *H NMR and *C
NMR spectra. It was further confirmed by the spectral
analysis that TF3 contained bioactive compound TF-k1
(46.38%), having the molecular formula CsH11NO;, TF4
contained bioactive compound TF-k2 (60.27%) with the
molecular formula of CsHgNO:.

HPTLC analysis of T. foenum-graecum extracts can pro-
vide standard fingerprints and fast alternative for quanti-
tative determination of bioactive compound and quality
control of the drug. On the basis of present study, frac-
tions TF3 and TF4 of seeds of T. foenum-graecum were
selected as active fractions for further in-vivo pharmaco-
logical studies in animal model.
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