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ABSTRACT
Free radicals are implicated for more than 80 diseases including diabetes mellitus, atherosclerosis, cataract, rheumatism, and other auto immune
disease like aging. etc. in treatment of these diseases antioxidant therapy has gained an utmost importance. Current research is now directed
towards finding naturally occurring antioxidant of plant origin. In Indian system of medicine Trigonella foenum graecum is an important medicinal
plant and its leaves and a seed has been used in various ailments and as health tonic. To understand the mechanism of pharmacological actions, the
in vitro antioxidant activity of ethanol (70%) extract of Trigonella foenum graecum (EETFG) was investigated for in vitro antioxidant assays which
includes H‐ donor activity, nitric oxide scavenging, superoxide scavenging, reducing ability, hydroxyl radical, hydrogen peroxide scavenging, total
phenolic content, total flavonoid content, total antioxidant activity by thiocyanate and phosphomolybdenum method, metal chelating, β‐carotene
bleaching, total peroxy radical assays. The pro oxidant activity was measured using bleomycin dependent DNA damage. Ex vivo models like lipid
peroxidation and erythrocyte haemolysis were also studied. The various antioxidant activities were compared with suitable standard antioxidants
such as ascorbic acid, butylated hydroxyl toluene, α‐ tocopherol, curcumin, quercetin, and trolox. In all the methods the extract offered strong
antioxidant activity in a concentration dependent manner. The total phenolic content, flavonoid content and total antioxidant activity in EETFG
were determined as μg pyrocatechol, quercetin and α‐ tocopherol equivalent/ mg respectively. The extract did not exhibit any pro oxidant activity
when compared with ascorbic acid. The results clearly indicate that EETFG is effective against free radical mediated diseases.
Keywords: Trigonella foenum graecum, Reactive oxygen species, free Radical, Lipid peroxidation, Antioxidants.

INTRODUCTION
Majority Of The diseases/disorders are mainly linked to oxidative
stress due to free radicals1. Free radicals are fundamental to any
biochemical process and represent an essential part of aerobic life
and metabolism2, 3. The most common reactive oxygen spices (ROS)
include super oxide anion (O2.), hydroxyl radical (OH.), hydrogen
peroxide (H2O2) peroxyl radical radicals (ROO.). The nitrogen
derived free radicals are nitric oxide (NO.) and peroxynitrite anion
(ONOO.)4. ROS have been implicated in over a hundreds of diseases
states which range from arthritis and connective tissue disorders to
carcinogenesis, aging, physical injury, infection and cardio vascular
malfunction5, 6. In treatments of these diseases, antioxidant therapy
has gained an immense importance. Current research is now
directed towards finding naturally occurring antioxidants of plant
origin. Antioxidants have been reported to prevent oxidative
damage by free radical and ROS; any may prevent the occurrence of
disease, cancer and aging. It can interfere with the oxidation process
by reacting with free radicals, chelating, catalytic metals, and also by
acting as oxygen scavengers7, 8. Plant and plant products are being
used as a source of medicine since long. The medicinal properties of
plants have been investigated in the recent scientific developments
throughout the world, due to their potent antioxidant activities, no
side effects and economic viability9, 10. Poly phenol compounds such
as flavonoids and phenolic groups widely distributed in plants which
have been reported to exert multiple biological effect, including
antioxidant, free radical scavenging abilities, anti inflammatory, anti
tumour. Etc.11, 12 they were also suggested to be a potential iron
chelator. Novel natural antioxidants from some plants have been
extensively studied in the past few years for their antioxidant and
radical scavenging properties13.
In Indian system of medicine Trigonella foenum graecum is an
important medicinal plant and its leaves and a seed has been used in
various ailments and as health tonic. Trigonella foenum graecum
(leguminosae) (Eng: fenugreek, Tamil: Vendayam) is a well known
spicy agent which prevent ageing, labour pain, impart immunity,
improve mental function and add vitality to the body and it is also
used in nervous disorders, dyspepsia, inflammation, tumors,
cholesterolemic, hyperglycemic, and ulcer14. Reports indicate that
the pharmacological activities of Trigonella foenum graecum include
anti diabetic, antifertility, antifungal, analgesic, anti‐inflammatory,

antipyretic, and immunomodulatory activities15, 16. EETFG contains
alkaloids flavonoids, saponins, carbohydrates, proteins, and tannins.
Therefore, the objectives of the present study were to investigate the
in vitro antioxidant activity of EETFG through the H‐ donor activity,
nitric oxide scavenging, superoxide scavenging, reducing ability,
hydroxyl radical, hydrogen peroxide scavenging, total phenolic
content, total flavonoid content, total antioxidant activity by
thiocyanate and phosphomolybdenum method, metal chelating, β‐
carotene bleaching, total peroxyl radical assays17, 18. The pro oxidant
activity was measured using bleomycin dependent DNA damage. Ex
vivo models like lipid per oxidation and erythrocyte haemolysis in
rats19, 20, 21.
MATERIALS AND METHODS
The seeds of Trigonella foenum graecum were collected from
Coimbatore district, Coimbatore, Tamilnadu, India. The plant
material were identified and authenticated by Dr. R. Gopalan,
Director, Botanical Survey of India, Tamilnadu Agriculture
University, and Coimbatore, India. (Ref. No.BSI/SC/5/23/06‐
07/Tech‐304). The Voucher Specimen Is Available In The Herbarium
File Of Our Department.
Preparation of the extract
The dried seed were pulverized into fine powder using a grinder and
sieved through No.22 mesh sieve and stored in an air tight container.
About 750 ml of 70% ethanol was added to 75 g of powder and kept
on a mechanical shaker for 72 h, the content was filtered and
concentration under reduced pressure, under controlled
temperature of 40 oC, to yield a dark oily residue. The concentrated
extract was stored dry at 4oC in amber colored jars with Teflon lined
caps. The percentage yield of the Trigonella foenum graecum
ethanolic extract was found to be 4.1 % w/v.
Drugs and chemicals
2,2 Diphenyl –1‐picryl hydrazyl hydrate (DPPH), linoleic acid,
ammonium molybdate, β‐carotene were purchased from Himedia,
Mumbai, 2deoxy 2‐ribose, xanthine oxidase, quercetin,
hypoxanthine, pyrocatechol were purchased from SRL, Mumbai,
thiobarbituric acid, trichloroacetic acid, Folin ciocalteu reagent,
were purchased from SD Fine Ltd, Mumbai, calf thymus DNA from
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Genei chemicals, Bangalore, ferrozine, (2’‐2’ azobis (2‐
amidinopropane) dihydrochloride), Trolox from Sigma Aldrich, USA,
2,7 Dichloro flurescein diacetate from Fluka and Butylated hydroxyl
toluene from Loba cheme. All other chemicals used in the study were
of analytical grade procured from local suppliers

Ascorbic acid was used as standard. The results are expressed as the
percentage inhibition of NBT reduction rate with respect to the
reaction mixture without test compound (saline only).

Experimental animals

Reducing power ability was measured by mixing 1.0 ml extract
prepared with distilled water to 2.5ml of phosphate buffer (0.2m, pH
6.6) and 2.5 ml of 1 % potassium ferricyanide and incubated at 500C
for 30 minutes. After that 2.5 ml of trichloroacetic acid (10%) were
added to the mixture and centrifuged for 10 min at 3000 g, 2.5 ml
from the upper part were diluted with 2.5 ml water and shaken with
0.5 ml fresh 0.1%, ferric chloride. The absorbance was measured at
700 nm using UV‐spectrophotometer. The reference solution was
prepared as above, but contained water instead of the samples.
Increased absorbance of the reaction mixture indicates increased
reducing power. All experiments were done in triplicate using
butylated hydroxyl toluene as positive control.

Wistar albino rats of either sex (150‐200 g) were used for the ex
vivo study. They were housed in standard polypropylene cages and
kept under controlled room temperature (24 ± 20oC, relative
humidity 45‐55%) in a 12 h light‐dark cycle. The rats were given a
standard laboratory diet and water ad libitum. The study was
conducted after ethical clearance from the institutional animal ethics
committee bearing the reference number 817/04/ac/CPCSEA.
Phytochemical screening
Preliminary phytochemical screening of the powdered seed was
performed for the presence of alkaloids, phenolics, flavonoids,
saponins, tannins, carbohydrates and proteins.
In vitro antioxidant activity
DPPH radical scavenging assay22
The hydrogen donating ability of extracts was examined in the
presence of DPPH stable radical. One millilitre of 0.3 mM DPPH
ethanol solution was added to 2.5 ml of sample solution of different
concentration and allowed to react at room temperature. After 30
minutes the absorbance values were measured at 517 nm. Ethanol
(1.0 ml) plus plant extract solution (2.5ml) was used as a blank,
DPPH solution (1.0ml, 0.3 mM) plus ethanol (2.5ml) served as
negative control. The positive controls were those using the
standard (Ascorbic acid) solutions.
Nitric oxide radical scavenging assay23, 31
Various concentrations of the EETFG and sodium nitroprusside (10
mM) in standard phosphate buffer solution (0.025 M, pH 7.4) in a
final volume of 3 ml was incubated at 250C for 150 min. Control
experiments without the test compounds but with equivalent
amount of buffer were prepared in the same manner as done for the
test. There after, 0.5 ml of incubation solution was removed and
diluted with 0.5 ml Griess’ reagent (1% sulphanilamide, 2% O‐
Phosphoric
acid
and
0.1%
naphthyethylene
diamine
dihydrochloride) and allowed to react for 30 min. The absorbance of
the chromophore formed during diazotisation of nitrite with
sulphanilamide and subsequent coupling with naphthyethylene
diamine dihydrochloride was read at 546nm. The percentage
inhibition was calculated. The experiment was done in triplicate
using curcumin (50‐800 μg/ ml) as positive control.
Deoxyribose degradation assay24
The decomposing effect of EETFG on hydroxyl radicals was
determined by the assay of malondialdehyde chromogen formation
due to 2‐deoxy 2‐ribose degradation. The assay mixture contained
in a final volume of 1ml. 100 μl of 28 mM 2‐deoxy 2‐ribose dissolved
in phosphate buffer, pH 7.4, 500 μl of the plant extract of various
concentrations in buffer, 200 μl of 200 mM ferric chloride (1:1 v/v)
and 1.04 mM EDTA and 100μl of 1.0 mM hydrogen peroxide and 100
μl of 1.0 μM ascorbic acid. After incubation of the test sample at 37oC
for one hour the extent of free radical damage imposed on the
substrate deoxyribose was measured using thiobarbituric acid
(TBA) test. Percentage inhibition of deoxyribose degradation was
calculated. Quercetin was used as standard.
NBT reduction assay25
A reaction mixture with a final volume of 3 ml per tube was
prepared with 1.4 ml of 50 mM KH2PO4‐KOH pH 7.4 containing 1
mM EDTA, 0.5 ml of 100μm hypoxanthine, 0.5 ml of 100μM NBT.
The reaction was started by adding 0.066 units per tube of xanthine
oxidase freshly diluted in 100 μl of phosphate buffer and 0.5 ml of
test extract in saline. The xanthine oxidase was added last. The
subsequent rate of NBT reduction was determined on the basis of
spectrophotometric determinations of absorbance at 560 nm

Reducing power ability

Estimation of total phenolic component26
Total soluble phenolics of the extract were determined with Folin‐
ciocalteu reagent using pyrocatechol as a standard following the
method. One millilitre (1.0 ml) of extract solution in a test tube was
added to 0.2 ml of Folin Ciocalteu reagent (1:2 in distilled water) and
after 20 min 2.0 ml of purified water and 1.0 ml of sodium carbonate
(15%) was added. Allowed to react for 30 min and then absorbance
was measured at 765 nm. The concentration of total phenolic
component in the extract was determined as microgram of
pyrocatechol equivalent.
Total flavonoid content27
Total soluble flavonoid of the extract was determined with
aluminium nitrate using quercetin as a standard. Plant extracts
(1000 μg/ml) added to 1ml of 80 % ethanol. An aliquot of 0.5 ml was
added to test tubes containing 0.1 ml of 10 % aluminium nitrate, 0.1
ml of 1 M potassium acetate and 4.3 ml of 80 % ethanol. The
absorbance of the supernatant was measured at 415 nm after 40
min at room temperature. Total flavonoid concentration was
calculated using quercetin as standard.
Phosphomolybdate method
The total antioxidant capacity of the extract was determined with
phosphomolybdenum using α‐ tocopherol as the standard. An
aliquot of 0.1ml of plant extract (100 μg) solution was combined
with 1.0 ml of reagent (0.6 M sulfuric acid, 28 mM sodium phosphate
and 4 mM ammonium molybdate). The tubes were capped and
incubated in a boiling water bath at 95oC for 90 min. After the
samples had cooled to room temperature, the absorbance of the
aqueous solution of each was measured at 695 nm against blank in
UV spectrophotometer.
The blank solution contained 1.0 ml of reagent solution and the
appropriate volume of the same solvent used for the sample and it
was incubated under same conditions as rest of the sample. The total
antioxidant capacity was expressed as equivalents of α‐tocopherol.
Bleomycin dependent DNA damage
The reaction mixture contained 0.5 ml calf thymus DNA (10μg/ml),
50 μg of 1.0 ml bleomycin sulfate, and 1.0 ml of 5mM magnesium
chloride, 1.0 ml of 50 mΜ ferric chlorides and 1.0 ml of different
concentrations of EETFG. The mixture was incubated at 37oC for 1 h.
The reaction was terminated by addition of 0.05 ml EDTA (0.1 M).
The color was developed by adding 0.5 ml thiobarbituric acid (TBA)
(1% w/v) and 0.5 ml HCl (25% v/v) followed by heating at 37 oC for
15 min. After centrifugation the extent of DNA damage was
measured in a UV‐spectrophotometer at 532 nm. Each
determination was done in triplicate.
Thiocyanate method28
The peroxy radical was determined by thiocyanate method using α‐
tocopherol as standard. Increasing concentration of the samples (25‐
400 µg/ml) in 0.5 ml of distilled water was mixed with 2.5 ml of
linoleic acid emulsion (0.02 M, in 0.04 M pH 7.0 phosphate buffer)
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and 2 ml phosphate buffer (0.04M, pH 7) in a test tube and
incubated in darkness at 37 oC. At intervals during incubation, the
amount of peroxide formed was determined by reading absorbance
of red color developed at 500 nm by the addition of 0.1 ml of 30%
ammonium thiocyanate solution and 0.1ml of 20 mM ferrous
chloride in 3.5% hydrochloric acid to the reaction mixture.
Hydrogen peroxide scavenging activity
Hydrogen peroxide solution (2 mM) was prepared with standard
phosphate buffer (pH, 7.4). Extract samples (25 ‐ 400 μg/ml) in
distilled water were added to hydrogen peroxide solution (0.6 ml).
Absorbance of hydrogen peroxide at 230 nm was determined after
10 min against a blank solution containing phosphate buffer without
hydrogen peroxide. The percentage scavenging of hydrogen
peroxide of both plant extracts and standard (α‐ tocopherol)
compound was determined.

after cooling, 1.0 ml of distilled water and 0.5 ml of n‐ butanol and
pyridine mixtute (15: 1, v/v) were added to the reaction mixture,
shaken vigorously and centrifuged at 4,000 g for 10 min. the organic
layer was removed and its absorbance at 532 nm was measured.
Inhibition of lipid peroxidation was determined by comparing the
OD of the treatments with that of control. Ascorbic acid was used as
standard.
Assay of erythrocyte hemolysis
The blood was obtained from human and collected in heparinized
tubes. Erythrocytes were separated from plasma and the Buffy coat
was washed three times with 10 volumes of 0.15 M sodium chloride.
During the last wash, the erythrocytes were centrifuged at 3000 rpm
for 10 min to obtain a constantly packed cell preparation.

The ferrous level was monitored by measuring the formation of the
ferrous ion‐ferrozine complex. The reaction mixture containing 1.0
ml of different concentrations of EETFG (1.0 ml) were added to 0.1
ml of 2 mM ferrous chloride and 0.2 ml of 5 mM ferrozine to initiate
the reaction and the mixture was shaken vigorously and left to stand
at room temperature for 10 min. The absorbance of the solution was
measured at 562 nm. The positive controls were those using
ascorbic acid and all tests and analysis were run in triplicate. The
percentage chelating effect of Ferrozine‐Fe2+ complex formation was
calculated.

Erythrocyte hemolysis was mediated by peroxyl radicals in this
assay system. A 0.2 ml of 10 % suspension of erythrocytes in
phosphate buffered saline pH 7.4 (PBS) was added to the similar
volume of 200 mM 2, 2’ azobis (2 amidinopropane) dihydrochloride
(AAPH) solution (in PBS) containing samples to be tested at
different concentrations. The reaction mixture was shaken gently
while being incubated at 37o C for 2 h. The reaction mixture was then
removed, diluted with eight volumes of the PBS and centrifuged at
2000 g for 10 min. The absorbance of the supernatant was read at
540 nm (A). Similarly, the reaction mixture was treated with 8
volumes of distilled water to achieve complete hemolysis, and the
absorbance (B) of the supernatant obtained after centrifugation was
measured at 540 nm. The data were expressed as mean ± S.E.M. L‐
ascorbic acid was used as a positive control.

βcarotene linoleic acid assay

Calculation of 50% inhibitory concentration (IC50)

A solution of β‐carotene was prepared by dissolving 2 mg of β‐
carotene in 10 ml chloroform and 1.0 ml of this solution was then
pipettes into a flask containing 20 mg of linoleic acid and 200 mg of
Tween 40 emulsifier. Chloroform was completely evaporated using a
vacuum evaporator. Aliquots of 5.0 ml of this emulsion were
transferred into a series of tubes containing various concentration of
EETFG (25 ‐ 400 μg/ml) or α tocopherol for comparison. Optical
density (OD) at 470 nm were taken for EETFG and standard
immediately (t=0) and the end of 90 min (t = 90). The tubes were
incubated at 50 0C in a water bath during the test. Measurement of
OD was continued until the color of β‐carotene disappeared in the
control.

The Concentration (mg/ ml) of the extract required to scavenge 50%
of the radicals was calculated by using the percentage scavenging
activities at five different concentrations of the extract. Percentage
inhibition (I %) was calculated using the formula.

Total peroxy radical trapping potential (TRAP) 29

Statistical analysis

A water soluble azo initiator 2, 2’ azo bis (2‐amidino propane)
dihydrochloride (AAPH) produced the peroxyl radicals while a
spectrophotometric analysis of 2, 7 dichlorofluresecin ‐ diacetate
(DCF) monitored the scavenging activity of the plant extracts. A 350
μl of 1 mM stock of DCF in ethanol was mixed with 1.75 ml of 0.01 N
sodium hydroxide and allowed to stand for 20 min before the
addition of 17.9 ml of 25 mM sodium phosphate buffer (pH 7.2). The
reaction mixture contained 0.5 ml of various concentration of plant
extract in methanol, 150 μl of activated DCF solution and 25 µl of
AAPH (56 mM). The reaction was initiated with the addition of the
AAPH. Absorbance was read at 490 nm. Trolox (6‐hydroxy 2, 5, 7‐8
tetra methyl chroman 2 carboxylic acids) was used as standard and
all the determination was done in triplicate.

Tests were carried out in triplicate for 3‐5 separate experiments.
The amount of extract needed to inhibit free radicals concentration
by 50%, IC50, was graphically determined by a linear regression
method using Ms Windows based graph pad instat (version 3)
software. Results were expressed as graphically / mean ± standard
deviation.

Metal chelating complex

Ex vivo studies
Assay of lipid peroxidation method30
Lipid peroxidation induced by Fe2+‐ ascorbate system in rat liver
homogenate was estimated by TBA reaction method. The reaction
mixture consisted of rat liver homogenate 0.1 ml (25% w/v) in Tris
–HCL buffer (20 mM, pH 7.0), potassium chloride (30 mM), ferrous
ammonium sulphate (0.16 mM), ascorbate (0.06 mM), and various
concentrations of the EETFG in a final volume of 0.5 ml.
The reaction mixture was incubated for 1 h at 37 oC. After the
incubation time, 0.4 ml was removed and treated with 0.2 ml sodium
dodecyl sulphate (SDS) (8.1%), 1.5ml TBA (0.8 %), and 1.5 ml glacial
acetic acid (20%, pH 3.5). The Total volume was made upto 4 ml of
distilled water and then kept in a water bath at 95‐100o C for 1 h.

I %=

⎡ (A c - A s )⎤
⎢⎣ Ac ⎥⎦100

Where Ac is the absorbance of the control and

As

is the

absorbance of the sample.

RESULTS
Phytochemical screening
Phytochemical screening of the plant extract revealed the presence
of alkaloids, saponins, tannins, carbohydrates and protein.
Hydrogen donating assay
The radical scavenging activity of EETFG was determined from the
reduction in the optical absorbance at 517 nm due to scavenging of
stable DPPH free radical. Positive DPPH test suggests that the extract
is a potential free radical scavenger. EETFG showed strong activity
compared with the standard, ascorbic acid. Table 1 shows the IC50
values of the sample and the standard.
NO assay
Incubation of solutions of sodium nitroprusside in phosphate
buffer saline at 25O C for 150 min resulted in the generation of NO.
The EETFG effectively reduced the generation of NO . Scavenging
activity of the extract. The IC50 was found to be 0.480 mg/ ml for
EETFG and for standard, curcumin, it was found to be 0.076mg/ml
(Table 1).
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Deoxyribose degradation

Hydrogen peroxide scavenging assay

The scavenging effect of EETFG on hydroxyl (OH) was quantified by
measuring the effect on the 2‐ deoxy –ribose degradation produced
by reacting Fe3+ with ascorbate, in the presence of EDTA. The IC50
value of EETFG was 0.56mg /ml and that of standard, quercetin was
0.112 mg / ml (Table 1).

EETFG was capable of scavenging H2 O2 in an amount dependent
manner. The scavenging ability of the extract and standard, α‐
Tocopherol are shown in Table 1. H2 O2 scavenging activity of EETFG
was closer to that of α‐ Tocopherol at doses of 100, 200 and 400
μg/ml.

Superoxide radical scavenging activity

Ferrous chelating ability

EETFG suppressed the superoxide anion radicals generated from
hypoxanthine / xanthine oxidase system. Inhibition of NBT
reduction by superoxide in the presence of the test preparation
increased with raise of their concentrations. All measurements were
compared with control experiment. The result shows that EETFG
had antioxidative activity similar to the positive control, BHT (Table
1).

The ability to chelate ferrous ions also increased with an increase in
EETFG concentration, which indicates that EETFG chelates the iron
ions. The metal chelating effect of EETFG was lower than the
standard, ascorbic acid. The values shown in Table 1 demonstrate
the action of EETFG, as peroxidation protector.

Reducing power

The antioxidant activity EETFG and the standard drug α‐ Tocopherol
were evaluated by β‐ Carotene bleaching method and the results are
presented in Table 5. EETFG and α‐ Tocopherol were used in the
concentration between 25 – 400 mg/ml and an increase in
concentration of the extract and standard decreased the absorbance
and this was due to the inhibition of bleaching of the color β‐
Carotene. The 50 % inhibition value for EETFG was 0.202 mg/ml
and for α‐ Tocopherol was0.1 mg/ml. EETFG exhibited equivalent β‐
Carotene bleaching activity when compared with α‐ Tocopherol.

The reducing ability of the extract served as a significant indicator
of its potential antioxidant activity. EETFG and standard (BHT) were
used at dose range of 50‐ 800 μg/ ml. the reducing power of EETFG
increased concentration dependently. All concentration of the
extract offered higher activities than control (Table 3).
Total phenolic, flavonoid contents and total antioxidant
capacity
The content of total phenolics in EETFG was determined using folin
ciocalteau assay, calculated from regression equation of calibration
curve of pyrocatechol. Phenolic content of EETFG was found to be 40
g pyrocatechol equivalent / mg. the total flavonoid content of EETFG
was found to be 88 g quercetin equivalent / mg. the total antioxidant
capacity of EETFG was found to be 6 μg α‐ Tocopherol equivalent /
mg.

β Carotene bleaching method

Total radical antioxidant potential (TRAP)
The peroxyl radical scavenging activity was determined for EETFG
and the results were compared with trolox (Table 1). Addition of
increasing concentration of EETFG to solution containing AAPH‐
derived peroxyl radical decreased the luminescence produced by
DCF and the absorbance decreased in a linear fashion. EETFG and
Trolox exhibited IC50 values of 0.262 and 0.099 mg/ml respectively.

Bleomycin – dependent DNA damage

Lipid peroxidation

The pro‐oxidant activity of EETFG and the standard, ascorbic acid
are represented in Table 4. EETFG and ascorbic acid were tested at
concentrations ranging from 25 – 400 g /ml. EETFG decreased the
absorbance and the bleomycin‐ Fe3+ is not converted into bleomycin‐
Fe2+, thereby preventing the DNA degradation suggesting that
EETFG is devoid of pro‐ oxidant activity.

EETFG was effective in inhibiting the lipid peroxidation induced by
Fe2+‐ ascorbate system in rat liver homogenate. The MDA generated
as a result of lipid peroxidation reacts with thiobarbitutric acid
and was found to be inhibited in the presence of the extract. The
IC50 value was found to be 0.241 mg/ml for EETFG while for
standard ascorbic acid the IC50 was found to be 0.081 mg/ml
(Table 2).

Thiocyanate method
The total antioxidant activity of the EETFG was determined and
compared with that of standard, α‐ Tocopherol by thiocyanate
method. EETFG exhibited effective antioxidant activity at all doses
and increased concentration dependently and IC50 value was found
to be 0.265 mg/ ml. the standard, α‐ Tocopherol showed the IC50
value of 0.933 mg/ ml (Table 1).

Erythrocyte haemolysis
The peroxyl radical generated by AAPH on addition to erythrocyte
suspension and its subsequent scavenging action produced by
graded concentrations of EETFG and standard, ascorbic acid are
given in Table 2. An increase in inhibition was noticed at all
concentrations of the extract and ascorbic acid.

Table 1: Antioxidant activity of Trigonella foenum graecum by different models
Drugs
EETFG
Ascorbic Acid
Quercetin
curcumin
α‐ Tocopherol
Trolox

DPPH
0.80±2.33
0.003 ± 0.06

NO
0.48±18.0

.

OH

0.560±5.2
0.112±11.2

In vitro methods IC50 (Mg/Ml)
. H2O2
O2
ThioCyanate
method
0.160±3.3
0.84 ± 4.41 0.265± 7.26
0.072 ±12.6

Metal
chelating
0.105±7.26
0.044 ±26.8

TRAP
0.262 ± 1.

0.076 ±9.33
0.066±1.66

0.09±3.33
0.099±2.33

Values are mean ± SD (n = 3)
Table 2: Antioxidant activity of Trigonella foenum graecum by different models
Drugs
EETFG
Ascorbic Acid

lipid peroxidation
0.241± 4.33
0.081± 4.41

Ex vivo methods IC50 (MG/ML)
Erythrocyte haemolysis
0.267 ± 5.26
0.110± 0.66

Values are mean ± SD (n = 3)
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Table 3: Reducing power ability
Drug
EETFG
BHT

50 μg/ ml
0.181± 0.005
0.092 ± 0.002

100 μg/ ml
0.221 ± 0.03
0.214 ± 0.004

Absorbance at 700 nm
200 μg/ ml
400 μg/ ml
0.252 ± 0.002
0.274 ± 0.004
0.314 ± 0.004
0.640 ± 0.001

800 μg/ ml
0.354 ± 0.01
1.092 ± 0.008

Table 4: Prooxidant activity of different concentration of Trigonella foenum graecum
Drug
EETFG
Ascorbic acid

25 μg/ ml
0.270 ± 0.003
0.805 ± 0.016

50 μg/ ml
0.210 ± 0.004
0.655 ± 0.009

Absorbance at 532 nm
100 μg/ ml
200 μg/ ml
0.161 ± 0.010
0.102 ± 0.012
0.425 ± 0.008
0.150 ± 0.005

400 μg/ ml
0.048 ± 0.02
0.035 ± 0.001

Table 5: β Carotene bleaching inhibitory activity
Drug
EETFG
Ascorbic Acid

Time of
Incubation(min)
0
90
0
90

25 μg/ ml

50 μg/ ml

0.137
057
0.098
0.058

0.165
0.078
0.126
0.082

Absorbance at 470 nm
100 μg/ ml
200 μg/ ml
0.226
0.133
0.189
0.138

0.333
0.232
0.285
0.230

400 μg/ ml

IC 50 mg/ ml

0.373
0.254
0.725
0.664

0.202 ± 0.03
0.100 ± 0.01

Values are mean ± SD (n = 3)

DISCUSSION
Antioxidants exert their mode of action by suppressing the
formation of reactive oxygen species either by inhibition of enzymes
or by chelating trace elements. DPPH is widely used to evaluate the
free radical scavenging effect of natural antioxidant. DPPH is a stable
free radical at room temperature, which produces a violet solution
in ethanol. DPPH shows a strong absorption band at 517 nm in
visible spectrum (deep violet color). As the electron became paired
in the presence of free radical scavenging the absorption vanishes
and the resulting discoloration stochiometrically coincides with the
number of electrons taken up. The bleaching of DPPH absorption is
representative of the capacity of the test drugs to scavenge free
radicals independently. The bleaching of DPPH molecules can be
correlated with the number of available hydroxyl groups. We can
infer that, the very good activity of the extract may be probably due
to the presence of substance with an available hydroxyl group.
NO is a potent pleiotropic mediator of physiological processes such
as smooth muscle relaxation, neuronal signaling, inhibition of
platelet aggregation and regulation of cell mediated toxicity. It is a
diffusible free radical which plays many roles as an effector
molecules in diverse biological systems including neuronal
messenger, vasodilation, antimicrobial and antitumour activities.
Scavengers of NO compete with oxygen leading to the reduced
production of NO. Our finding suggests that the phenolic compounds
present in the extract might be responsible for NO scavenging effect.
Hydroxyl radicals are very reactive and can be generated in
biological cells through the Fenton reaction. Hydroxyl radicals
scavenging activity was quantified by measuring inhibition of the
degradation of the deoxyribose by free radicals. When EETFG and
reference compound quercetin were added to the reaction mixture,
they removed hydroxyl radicals from the sugar and prevented their
degradation.
Superoxide anions serve as precursors of singlet oxygen and
hydroxyl radicals. The superoxide anions generated by
hypoxanthine / xanthine oxidase system reduced nitroblue
tetrazolium (NBT) to form a chromophore (diformazan) that
absorbs at 560 nm. The extract decreased the mean rate of
absorption by inhibiting NBT reduction by the superoxide anion
radicals32.
The reducing capacity of a compound may serve as a significant
indicator of its potential antioxidant activity. The reducing ability is

generally associated with the presence of reductones, which breaks
the free radical chain by donating a hydrogen atom. The extract had
reductive ability which increased with increasing concentrations of
the extract.
The antioxidant activity of phenolic compounds is mainly due to
their redox properties, which play an important role in neutralizing
free radicals, quenching singlet and triplet oxygen, flavonoids are
wide spread in all natural compounds and posses a broad spectrum
of biological activities. The chemical composition of Trigonella
foenum graecum indicates the presence of phenolic compounds
including tannins and flavonoids, which are known to possess
antioxidant activities. The high phenolic and flavonoid content in the
EETFG may be responsible for its free radical scavenging activity.
The phosphomolybdenum method is based on the reduction of M o
(VI) to Mo (V) by the sample analyte and the subsequent formation
of green phosphate Mo (V) complex with a maximum absorption at
695 nm. The extract reduced molybdenum VI to a green colored
phosphomolybdenum V complex. The antioxidant capacity was
expressed as equivalents of α‐tocopherol. This method is used to
investigate the total antioxidant capacity of the extracts33.
Damage to DNA in the presence of a bleomycin‐ Fe complex has been
adopted as a sensitive and specific method to examine potential pro‐
oxidant agents. If the samples are able to reduce the bleomycin‐ Fe3+
to bleomycin Fe2+, DNA degradation in this system would be
stimulated, resulting in a positive test for pro‐oxidant activity. The
extract decreased the absorbance and bleomycin‐ Fe3+ is not
converted into bloemycin Fe2+ thereby preventing the DNA
degradation. The results confirm that EETFG is devoid of pro‐
oxidant activity34.
The thiocyanate method measures the amount of peroxides
produced at the initial stage of lipid peroxidation which is depicted
by a decrease in absorbance indicating increased level of antioxidant
activity. The good antioxidant activity exhibited by EETFG might be
attributed to the presence of flavonoid like phytochemicals.
Hydrogen peroxide itself is not very reactive, but it can sometimes
be toxic to cell because it can give rise to hydroxyl radical in the
cells. Thus the removal of H2O2 is very important for antioxidant
defence in cell or food systems. H2O2 can cross membranes and may
oxidize a number of compounds. EETFG scavenged H2O2 which may
be attributed to the presence of phenolics, which could donate
electrons thereby neutralizing it into water35.
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Ferrozine can quantitatively form complexes with Fe2+ but in the
presence of ion chelating agents, the complex formation is disrupted
resulting in a reduction in the red color of the complex measurement
of the rate of reduction of the color, therefore allows estimation of
the chelating activity of the coexisting chelator. The absorbance of
Fe2 ‐ Ferrozine complex was linearly decreased dose dependent
manner. The data obtained from results that the extracts of
Trigonella foenum graecum demonstrate an effective capacity for
iron binding, suggesting that its action as peroxidation protector
may be related to its iron binding capacity. In this assay the extract
and standard compound interfered with the formation of ferrous
complex with the reagent ferrozine, suggesting that it has chelating
activity and captures the ferrous ion before ferrozine. The ion
chelating activity of the extract may be attributed due to the
presence of endogenous chelating agents, mainly phenolics36, 37.
The decoloration of β‐carotene is widely used to measure the
antioxidant activity of plant extracts, because β‐carotene is
extremely susceptible to free radical mediated oxidation of linoleic
acid. The linoleic acid free radical, formed upon the abstraction of a
hydrogen atom from one of its diallylic methylene groups, attacks
the highly unsatured β‐carotene molecules. As β‐carotene molecules
lose their double bonds by oxidation, the compound loses its yellow
color. The EETFG inhibited β‐carotene oxidation suggesting that the
antioxidant activity could be related to the high levels of phenolic
compounds.
TRAP assay is based upon the potential of antioxidants in extract to
scavenge peroxyl radicals generated by thermal decomposition of a
water soluble azo initiator AAPH. EETFG decreased the absorbance
upon increasing concentrations of the sample, which is similar to
that of the standard, Trolox.
Oxidative stress can lead to peroxidatin of cellular lipids and can be
measured by the determining the levels of thiobarbituric acid
reactive substances. Quantification of MDA, one of the products of
lipid peroxidation, with TBA at low pH and high temperature (100o
C) resulted in the formation of a red complex, which is measured at
532 nm. EETFG inhibits the rate of lipid peroxidation by a reduction
in the red color complex formed reflecting its anti‐ lipid per
oxidative potential.
The azo compound generates free radicals by its unimolecular
thermal decomposition. The rate of generation of peroxyl radicals
can be easily controlled and measured by adjusting the
concentration of AAPH. Therefore, the haemolysis induced by AAPH
clearly demonstrates the oxidative erythrocytes membrane damage
by peroxyl radical attack from the outside of the membrane. The
EETFG inhibited the erythrocyte haemolysis induced by AAPH in a
concentration dependent manner.
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CONCLUSION
Based on the various in vitro and ex vivo assays, it can be concluded
that the EETFG posses string antioxidant activity, evidenced by the
free radical scavenging property, iron chelating, and reducing power
property, which may be due to the presence of phenolic components
in the extract. Overall, the plant extract is a source of natural
antioxidant that can be important in disease prevention, health
preservation and promotion of longevity promoter.
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