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ABSTRACT

Objective: Now the important field of research in phytomedicine is to search a new plant source as well as new phytoconstituents that have fewer
side effects and low cost with the free radical scavenging activity.

Methods: Different in vitro models such as DPPH, hydroxyl radical, hydrogen peroxide radical, nitric oxide radical and superoxide radical
scavenging activity were performed using different concentrations of formononetin ranging from 0.1-50 pg/ml

Results: Formononetin showed only 84.39% inhibitory activity against DPPH radical and it was found to be 16 % less than the butylated
hydroxytoluene with the IC so value of 4.65 pg/ml concentration. In scavenging hydroxyl radicals, formononetin inhibited only 67.63% with the ICso
value of 9.48 pg/ml concentration and it showed 12 % lesser inhibitory activity than standard alpha-tocopherol. Formononetin could able to
scavenge maximum 73.53% of hydrogen peroxide radicals with the ICso value of 4.75 pg/ml and its activity of scavenging hydrogen peroxide were
found to be 10 % less than the standard ascorbic acid. Formononetin showed 94.33 % nitric oxide radical inhibitory activity with the ICso value of
5.0 pg/ml and it showed 6% lesser activity when compared to standard quercetin. Formononetin showed 94.79 % activity against the scavenging of
superoxide radical with the ICso value of 4.27 pg/ml. Superoxide inhibitory activity of formononetin was 5.3 %less than the standard quercetin.

Conclusion: All these results suggested that, formononetin is a good natural antioxidant which is capable of scavenging almost all types of free
radicals. So this could be used to treat various diseases like diabetes, atherosclerosis, cancers, the aging and cardiovascular disease which is being
caused by free radicals.

Keywords: Formononetin, Antioxidant activity, DPPH, Hydrogen peroxide radical scavenging activity, Hydroxyl radical scavenging activity, Nitric
oxide radical scavenging activity, Superoxide radical scavenging activity

© 2016 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4. 0/)

DOI: http://dx.doi.org/10.22159/ijpps.2017v9i2.13964

INTRODUCTION

Less than 50 y ago, the presence of free radicals in biological
materials was discovered. Denham Harman stated that, the in vivo
oxygen radicals might be formed as a byproduct of enzymatic
reactions. Pandora’s Box in 1956 described that free radicals are
responsible for cellular damage, mutagenesis, cancer and the
degenerative process of biological aging. After the discovery of the
enzyme superoxide dismutase (SOD) by McCord and Fridovich, the
science of free radical entered into a second era. Being an important
component in the biological system many researchers started to
perform investigations about the oxidative damage to DNA, Protein,
lipids as well as other components of the cell. After knowing the
advantageous biological effects of free radicals, a third era began.
Clinicians started to show much attention to the field of redox
regulations because oxidative stress found to play an important role
in many disease conditions. The important aspect of life is to
maintain a balance between advantageous and detrimental effects of
free radicals.

By the univalent reductions of triplet state, molecular oxygen 30:
superoxide anion is formed via enzymes like NAD (P) H oxidases
and xanthine oxidases. It is also produced non-enzymatically by the
compounds of the mitochondrial electron transport chain.
Superoxide gets converted into hydrogen peroxide by SOD. In the
absence of enzyme, superoxide gets converted into hydrogen
peroxide and singlet oxygen in the biological tissues. Hydrogen
peroxide gets converted into highly reactive hydroxyl radicals in the
presence of reduced transition metals like ferrous and cuprous ions.
Catalase and glutathione peroxidase enzymes convert hydrogen
peroxide into water.

By the oxidation of one of the terminal guanidino nitrogen atoms of
L-arginine, nitrogen free radicals are produced in a higher organism
which is catalyzed by NOS enzymes. NO gets converted into various
reactive nitrogen species such as nitronium cation (NO+) nitroxyl

anion, peroxynitrite (ONOO-) depending upon the micro-
environment [1]. In the broad sense, free radicals include related
reactive species such as excited states that lead to the formation of
free radicals, which has a very short life with half life in a mille-
micro-nanoseconds.

The substances that neutralize the free radicals are called
antioxidants. Every cell has an adequate protective mechanism such
as superoxide dismutase (SOD), glutathione peroxidase, glutathione
reductase, thioredoxin, thiols and disulfide bonding against any
harmful effects of free radicals. At different stages such as
prevention, interception, and repair, antioxidants neutralize free
radicals. The generations of pro-oxidant in the form of ROS and RNS
are effectively kept in check by an antioxidant defense mechanism in
the normal healthy human body [2].

Free radicals are the natural by-products of our own metabolism,
which are electrically charged. Molecules that attack our cells,
tearing through the cellular membrane to react and create havoc
with the nucleic acid, proteins and enzymes present in the body.
Free radicals are capable of causing the cells to lose their structure,
functions and can eventually destroy; such conditions in the cells are
referred as oxidative stress. Free radicals are continuously produced
by our body’s use of oxygen through respiration; some cell-mediated
immune functions, environmental pollutants, cigarette smoke,
automobile exhaust, radiations and the pesticide could trigger the
formation of free radicals to a major extent.

Normally our body has the capacity to balance the amount of free
radical generation as well as a defense mechanism to protect the
cells from the damage that are caused by free radicals. Antioxidant
defense mechanism present in the cell protects the body when the
amount of free radical formation is within the normal physiological
level. Individuals balance capacity between free radical and cell
defense mechanism plays an important role in disease scenario.
Thorough understanding of various physiologically significant free
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radicals is paramount importance before the search of free radical
scavengers or the antioxidant principles to treat various
physiological disorders caused by free radicals [3].

Damage to the vital cellular molecules, including DNA, proteins, and
lipids occurs, due to the damage of the cellular antioxidant defense
mechanism by ionizing radiations. Among the cellular components,
genomic DNA is the most important target in the cells, which gets
damaged by the ionizing radiations. Strand break and cross-link of
intra and interstrand type occur in DNA due to ionizing radiations.
Due to the reactions of hydroxyl radicals generated by ionizing
radiations with polyunsaturated fatty acid leads to the formation of
malondialdehyde which is the byproduct of lipid peroxidation forms
adduct with cellular DNA. With enzymatic and non-enzymatic
reactions, antioxidant defense system present in the cells controls
the deleterious effect of ROS and detoxifies the same [4].

During the aging process as well as in various disease progression, free
radicals are believed to play a central role in causing the damage to the
cells. In the past few decades, the medicinal value of plants has assumed
to an important dimension due to the discovery of various antioxidants
that compact oxidative stress through their redox active secondary
metabolite as well as their lesser side effects, when compared to
synthetic drugs. Plants are considered to be invaluable sources of new
drugs and plant-based antioxidants are preferred now a day due to their
safety. For the drug development, plant-derived bioactive components
are considered to be an important candidate [5] In this paper, we have
selected formononetin, a phytoconstituents that are present in small
quantity in the majority of the plant and its antioxidant activity has been
carried by different methods in vitro.

MATERIALS AND METHODS
Materials

Formononetin (TCI chemicals, India), DPPH (2,2-diphenyl-1-
picrylhydrazyl) (Sigma-aldrich, India), butylated hydroxyl toluene
(LOBA, India), deoxyribose (MERCK India), alpha-tocopherol (TCI
chemicals, India), quercetin (TCI chemicals, India), hydrogen
peroxide (SD fine chemicals, India), Nitro blue tetrazolium (Sigma-
aldrich, India), dimethyl sulphoxide (DMSO) (SD fine chemicals,
India), riboflavin (Sigma-aldrich, India).

Methods
Assessment of In vitro antioxidant activity of formononetin.
DPPH radical scavenging activity

To 1 ml of 0.1 mmol of DPPH radical solution (prepared in
methanol), 3 ml of various concentrations such as 0.1, 0.25, 0.5, 1.0,
2.5, 5.0, 10.0 25, and 50 pg/ml was added. The absorbance was
measured at 517 nm. Butylated hydroxytoluene (BHT) was used as
positive control. This activity has been expressed as % inhibition
DPPH radical scavenging. The test was carried out in triplicate and
the results are averaged [6]. The percentage inhibitory activity of
DPPH radical was calculated by using the following formula

o (A0- A1)
Percentage of Inhibition = a0 x100

Where Ay is absorbance of control and A1 is absorbance of the test
sample

Hydroxyl radical inhibitory activity

The reaction mixture was prepared by adding deoxyribose (3 mmol,
0.2 ml), ferric chloride (0.1 mmol, 0.2 ml) and hydrogen peroxide (2
mmol, 0.2 ml) in phosphate buffer saline (PBS; pH 7.4, 20 mmol).
Various concentrations of the formononetin such as 0.1, 0.25, 0.5,
1.0, 2.5. 5.0, 10.0, 25.0, and 50 pg at a volume of 0.2 ml in DMSO was
added to the reaction mixture to make the total volume of 1.1 ml
reaction mixture. For the period of 30 min, the reaction mixture was
kept in boiling water bath, then its absorbance was measured at 532
nm. By using the following formula the percentage inhibition of
hydroxyl radical ion by formononetin was measured. Alpha-
tocopherol was used as a positive control [7]. The test was
performed in a triplicate manner and the results are averaged.
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L (AD-AT)
Percentage of inhibition :TX 100

Where Ay is absorbance of control and A1 is absorbance of the test
sample

Nitric oxide inhibitory activity

0.5 ml of 0.1M PBS (pH 7.4) was added to 2 ml of 10 mmol sodium
nitroprusside and mixed well. To this mixture, various
concentrations such as 0.1, 0.25, 0.5, 1.0, 2.5. 5.0, 10.0, 25.0, and 50
ug of 0.5 ml of formononetin was added and incubated for 150 min
at 25 ° C. After the incubation period, its absorbance was measured
at 546 nm. In this test, quercetin was used as positive control. The
percentage inhibition of nitric oxide radical by formononetin was
calculated by using the following formula [8]. The test was repeated
in a triplicate manner and results are averaged.

(A0-a1) o

Percentage of inhibition = 0

Where Ay is absorbance of control and A1 is absorbance of the test
sample

Hydrogen peroxide inhibitory activity

To 2 ml of 30 mmol hydrogen peroxide, 1 ml of various
concentrations of formononetin such as 0.1, 0.25, 0.5, 1.0, 2.5. 5.0,
10.0, 25.0, and 50 pg dissolved in PBS (pH 7.4) was added and its
absorbance was measured at 230 nm. The hydrogen peroxide
inhibitory activity was calculated by using the following formula.
Ascorbic acid was used as a reference compound [9]. The activity
was subject to triplicate and the results are averaged.

(A0- A1)

20 x100

Percentage of inhibition =
Where Ay is absorbance of control and A1 is absorbance of the test
sample

Superoxide anion radical scavenging activity

The assay mixture was prepared by mixing 0.5 ml of different
concentrations of formononetin solution such as 0.1, 0.25, 0.5, 1.0,
2.5.5.0,10.0, 25.0,and 50 pg/ml with 0.1 ml (1.5 mmol NBT) of nitro
blue tetrazolium dye (NBT), 0.2 ml (0.1M) of EDTA, 0.05 ml (0.12
mmol) of riboflavin and 2.55 ml (0.677 M) of Phosphate buffer. The
Control was set up with DMSO instead of a sample. The reaction
mixture was illuminated for 30 min and then the absorbance was
measured at 560 nm. Quercetin was used as a reference
standard[10]. All the test was performed triplicate and the results
averaged.

(A0-AD) o

Percentage of inhibition = 0

Where Ao is absorbance of control and A; is absorbance of the test
sample

Statistical analysis

The test was carried out in triplicate and the results were analyzed
by using two-way ANOVA followed by a bonferroni post comparison
test. All the values were expressed as mean+SEM where n= 3.

RESULTS AND DISCUSSION

In DPPH radical scavenging method, formononetin showed the
maximum inhibitory activity at the concentration of 50 pg/ml. The
percentage of inhibition of DPPH radical by the formononetin and
butylated hydroxytoluene (BHT) was found to be 78.81+1.57 and
93.38+1.839 respectively. When compared to the standard butylated
hydroxy toluene (BHT) formononetin showed only 84.39%
inhibitory activity only. Formononetin inhibitory activity of DPPH
radical was found to be 16% less than the standard. The percentage
of inhibition of DPPH radical found to increase with the
concentration of formononetin. The values for percentage inhibition
of DPPH radicals at concentrations of 0.1 pg/ml, 0.25 pg/ml, 0.5
pg/ml, 1.0 pg/ml, 2.5 pg/ml, 5.0 pg/ml, 10 pg/ml, 25 pg/ml, and 50
pg/ml of formononetin was found to be 12.20+1.34, 19.26%
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1.0429.13+1.25,35.36+1.06, 47.50+1.63, 53.75+1.24, 65.48+0.90,
72.08+1.55 and 78.81£1.57 respectively; corresponding values for
the butylated hydroxytoluene (at the same concentrations) were
18.56+1.180, 26.08+1.062, 35.81+1.013, 47.60+1.649, 61.03+1.334,
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74.34+1.170, 82.36+1.685, 88.20+1.484 and 93.38+1.839
respectively. ICso value of formononetin and butylated
hydroxytoluene was found to be 4.65 and 1.1 pg/ml respectively.
The results are shown in table and fig. 1.

Table 1: Percentage inhibition of DPPH radical by formononetin at different concentrations was carried out and compared with the same
concentration of butylated hydroxyl toluence. i.e. standard. The Results represent the means+SEM (standard error of mean) from at least
three separate experiments

Compound Concentrations (ug/ml) ICs0 in
50 25 10 5 2.5 1 0.5 0.25 0.1 pg/ml
Formononetin ~ 78.81+1. 72.08+#1 65.48+0.9  53.75%#1.2  47.50+1.6  35.36+1.0 29.13x1.2 19.26+1.0 12.20%
57 55 0 4 3o 6 5 4 1.34* 4.65
Butylated 93.38+1. 88.20x1 82.36%+1.6  74.34%1.1 61.03x1.3  47.60+1.6  35.81x1.0 26.08x1.0 18.56%
Hydroxy 839 484 85 70 34 49 13 62 1.180 1.1
Toluene (BHT)
DPPH Scavening Activity In hydroxyl radical scavenging activity, formononetin showed the
maximum inhibitory activity at the concentration of 50 pg/ml.
100+ Formononetin Formononetin can able to inhibit only 67.63% of hydroxyl radical
c - E= Butylated Hydroxyl Toluene and standard alpha-tocopherol could able to inhibit 76.00%. When
2 go{™ % i (BHT) compared to the standard alpha-tocopherol, formononetin
2 5 :2 H H inhibitory activity was found to be 88.98% and it has 12 % lesser
ﬁ 601 E S inhibitory activity of hydroxyl radical than the standard. The
2 404 kS E E inhibitory activity of hydroxyl radical was found to increase with the
= E '3' e o 3 % increase in the concentration. The values for percentage inhibition
g 20 3 3 3 E of hydroxyl radicals at concentrations of 0.1 pg/ml, 0.25 pg/ml, 0.5
a H OB H OH OH B pg/ml, 1.0 pg/ml, 2.5 pg/ml, 5.0 pg/ml, 10 pg/ml, 25 pug/ml, and 50
ol - L pug/ml of formononetin was found to 4.62+0.54, 9.25:0.68,

I TR S P S N
Concentration (ug/ml)

Fig. 1: DPPH radical scavenging activity of formononetin was
calculated and compared with butylated hydroxl toluence i.e.
standard. The activity increased in time and concentration
dependent manner. The results represent the means+SEM
(standard error of mean) from at least three separate experiments

13.44+1.36, 21.05+1.37, 30.95+1.82, 45.31£2.08, 52.70£1.92,
60.29+£1.56 and 67.63%0.95 respectively. The corresponding values
for the alpha-tocopherol (at the same concentrations) were
11.24+0.650, 17.54+1.175, 26.41+1.500, 35.43+0.991, 47.39+1.374,
51.26+0.678, 59.82+0.840, 70.76+1.319 and 76.00+0.770
respectively. ICso values of formononetin and alpha-tocopherol was
found to be 9.48 and 4.87 pg/ml respectively. The results are shown
in the table and fig. 2.

Table 2: Percentage inhibition of hydroxyl radical by formononetin at different concentrations was carried out and compared with the
same concentration of alpha-tocopherol. i.e. standard. The results represent the means+SEM (standard error of mean) from at least three

separate experiments

Compound Concentrations (ug/ml) ICso in
50 25 10 5 2.5 1 0.5 0.25 0.1 pg/ml
Formonone  67.63¥0.9  60.29+1.5 52.70+¢19  45.31x2.0 30.95%1.8  21.05%1.3 13.44+1.3 9.25%0.6  4.62x0.
tin o 6™ o 8" P 70 6™ g 54 9.48
Alpha- 76.00£0.7  70.76%1.3 59.82+0.8 51.26x0.6 47.39+1.3 35.43+0.9 26.41+1.5 17.54+1. 11.24%0
Tocopherol 70 19 40 78 74 91 00 175 .650 4.87
Hydroxyl Radical Formononetin could able to scavenge maximum 73.53% of hydrogen
100+ Formononetin peroxide radicals whereas standard ascorbic acid could able to inhibit
E=4 Alpha-Tocopherol 83.85% at the concentration of 50 pg/ml. When compared to the
S 8o standard formononetin has 90.07% inhibitory activity and its activity of
E scavenging hydrogen peroxide was found to be 10 % less than the
£ 60+ standard ascorbic acid.
()
8 20- "' Percentage of inhibition of hydrogen peroxide radical by formononetin
§ E 1 and ascorbic acid found to increase with the concentration. The values
E 204 -.- __. L for percentage inhibition of hydrogen peroxide radicals at
& '-' g & concentrations of 0.1 pg/ml, 0.25 pg/ml, 0.5 pg/ml, 1.0 pg/ml, 2.5 pg/ml,
o & o = : 5.0 pg/ml, 10 pg/ml, 25 pg/ml, and 50 pg/ml of formononetin was found
S P S 6 0 AP I - to 10.20+0.68, 17.68+2.37, 25.82+1.22, 34.40+2.13, 46.25+1.02,

Concentration (png/ml)

Fig. 2: Hydroxyl radical scavenging activity of formononetin was
calculated and compared with alpha-tocopherol i.e. standard.
The activity increased in time and concentration dependent
manner. The results represent the means+SEM (standard error
of mean) from at least three separate experiments

52.58+1.47, 59.67+1.34,66.46+1.52 and 73.53+1.33 respectively. The
corresponding values for the ascorbic acid (at the same concentrations)
were  17.03#1.329, 25.68+1.253, 35.84%1.613, 48.72+1.342,
53.81+1.482, 59.84+1.554, 66.39+0.995, 74.01+1.684, and 83.85+1.529
respectively. ICso value of formononetin and ascorbic acid was found to
be 4.75 and 2.32 pg/ml respectively. The results are shown in table and
fig. 3.
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Table 3: Percentage inhibition of hydrogen peroxide radical by formononetin at different concentrations was carried out and compared
with the same concentration of ascorbic acid. i.e. Standard. The results represent the means+SEM (standard error of mean) from at least
three separate experiments

Compound Concentrations (ug/ml) ICso in
50 25 10 5 1 0.5 0.25 0.1 pg/ml

Formonone  73.53%1.3 66.46+1.5 59.67+1.3  52.58+1.4  46.25+1.0  34.40%2.1 25.82%1.2 17.68+2.3  10.20+0

tin 3 2 4 7t 3 o 70 68" 4.75

Ascorbic 83.85+1.5 74.01+1.6  66.39+0.9  59.84+1.5 53.81+1.4  48.72+1.3 35.84+1.6 25.68+1.2  17.03%1

acid 29 84 95 54 42 13 53 329 2.32

Hydrogen Peroxide

100+ Formononetin
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80 s
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Fig. 3: Hydrogen peroxide radical scavenging activity of
formononetin was calculated and compared with ascorbic acid i.e.
standard. The activity increased in time and concentration
dependent manner. The results represent the means+SEM
(standard error of mean) from atleast three separate experiments

In the scavenging of nitric oxide radical’s formononetin showed
71.15 % inhibition and standard quercetin showed 75.42 % at 50
pug/ml concentration. The percentage of inhibition by both
formononetin and standard quercetin found to increase with their
concentration. In our study formononetin showed 94.33 % nitric
oxide radical inhibitory activity and it has 6% lesser activity when
compared to standard quercetin.

The values for percentage inhibition of nitric oxide radicals at
concentrations of 0.1 pg/ml, 0.25 pg/ml, 0.5 pg/ml, 1.0 pg/ml, 2.5
pug/ml, 5.0 pg/ml, 10 pg/ml, 25 pg/ml, and 50 pg/ml of
formononetin was found to 14.42+0.60, 22.79+0.62, 27.89+0.89,
33.91+0.96, 44.03+1.09, 50.78+0.71, 55.17+1.19, 63.80+0.70 and
71.15+1.10 respectively. The corresponding values for the
quercetin (at the same concentrations) were 18.53+0.857,
26.91+0.382, 31.53+0.817, 37.60+1.094, 48.28+0.6801,
54.99+0.136, 59.35+0.562, 67.90+0.180 and 75.42%1.209
respectively. IC so value of formononetin and quercetin was found
to be 5.0 and 2.6 pg/ml concentrations respectively. The results
are shown in table and fig. 4.

Table 4: Percentage inhibition of nitric oxide radical by formononetin at different concentrations was carried out and compared with the
same concentration of quercetin. i.e. Standard. The results represent the means+SEM (standard error of mean) from at least three
separate experiments

Compound Concentrations (pg/ml) ICso in
50 25 10 5 1 0.5 0.25 0.1 pg/ml
Formonone  71.15#1.1  63.80+0.7 55.17+1.1 50.78+0.7 44.03+1.09 33.91x0.9 27.89+0.8 22.79+0.6  14.42%0
tin 0~ 0" 9™ 1~ ** 6" 9" 2" .60" 5.0
Quercetin 75.42+1.2  67.90+0.1 59.35+0.5 54.99+0.1 48.28+0.68 37.60+1.0 31.53+0.8 26.91+0.3  18.53%0
09 80 62 36 94 17 82 .857 2.6

Nitric Oxide Scavening Activity

100+
Formononetin
c .
S 804 EZ3 Quercetin
= o
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Concentration (pg/ml)

Fig. 4: Nitric oxide scavenging activity of formononetin was
calculated and compared with gercertin i.e. standard. The
activity increased in time and concentration dependent
manner. The results represent the means+SEM (standard error
of mean) from at least three separate experiments

In superoxide scavenging activity, formononetin showed 74.07%
inhibition and standard quercetin showed 79.09% inhibition at
the concentration of 50 pg/ml. Formononetin showed 94.79 %
activity against the scavenging of superoxide radical.
Formononetin super oxide inhibitory activity was 5.3 % less
than the standard quercetin.

The values for percentage inhibition of superoxide radicals at
concentrations of 0.1 pg/ml, 0.25 pg/ml, 0.5 pg/ml, 1.0 pg/ml,
2.5 pg/ml, 5.0 pg/ml, 10 pg/ml, 25 pg/ml, and 50 pg/ml of
formononetin was found to 12.05+0.47, 20.16+0.83, 29.31+1.48"
37.46%0.65, 45.69+1.01, 57.09+1.07, 64.68+1.04, 69.72+0.94and
74.97+0.97 respectively.

The corresponding values for the quercetin (at the same concen-
trations) were 16.19+0.325, 24.47+0.594, 33.61%0.981,
41.33+0.479, 49.45+0.406, 61.83+0.487, 69.68+1.125
74.40+1.153 and 79.09+0.807 respectively. ICso value of
formononetin and quercetin was found to be 4.27 and 2.6 pg/ml
respectively. The results are shown in table and fig. 5.
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Table 5: Percentage inhibition of super oxide radical by formononetin at different concentrations was carried out and compared with the
same concentration of quercetin. i.e. Standard. The results represent the means+SEM (standard error of mean) from at least three
separate experiments

Compound Concentrations (pg/ml) Icso in
50 25 10 5 1 0.5 0.25 0.1 pg/ml
Formonone  74.97+0.9  69.72+0.9  64.68+1.0 57.09+1.0 45.69+1.0 37.46x0.6 29.31¥1.4  20.16x0.8 12.05%0.4
tin 7 4 4~ 7" 5 8 3 7 4.27
Quercetin 79.09+0.8  74.40+1.1  69.68+1.1 61.83+0.4 49.45+0.4 41.33+0.4  33.61+0.9 24.47+0.5 16.19+0.3
07 53 25 87 79 81 94 25 2.6

Super Oxide Radical Scavenging Activity

100+

5 Formononetin
= 801 E=d Quercetin
Q0
£ 60 : '.-
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S 204 o :3 g.:.
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Concentration (ug/ml)

Fig. 5: Super oxide radical scavenging activity of formononetin
was calculated and compared with quercetin i.e. standard. The
activity increased in time and concentration dependent
manner. The results represent the means+SEM (standard error
of mean) from at least three separate experiments

DISCUSSION

In the etiology of a large number of major disease free radicals have
their own impact because they can alter many crucial biological
molecules leading to the loss of form and functions which can result
in disease conditions. At various levels, antioxidants can protect
against the damage induced by free radicals. The major sources of
antioxidants are from dietary and other components of plants.
Discovery of redox signaling is a milestone in establishing the
relationship between free radicals, antioxidant, and functioning of
various organs and organ system. Natural antioxidants are a
presence in the traditional Indian diet, spices, and medicinal plants.
The one strategy that is gaining importance in advanced countries is
the higher intake of foods with functional attributes including a high
level of antioxidant in functional food. In the coming decades,
coordinated research involving a biomedical scientist, nutritionist,
and physicians can make a significant difference in human health.

One of the main components of red clover plants is formononetin, and
it is considered as a typical phytoestrogen. In the roots of Astragalus
membranaceous, Trifolium pretense, Glycyrrhiza glabra, and Pueraria
lobata formononetin occur naturally as isoflavones. Formononetin is
one of the predominant isoflavones in Trifolium pratense L. The
content of formononetin varies in different parts, among which the
high content is in the leaf and the low content in the flower [11].
Legumes contain a large quantity of biochanin A and formononetin.
Human liver microsomes could able to convert pro-estrogenic
isoflavones to more potent phytoestrogens genistein through
demethylation process and formononetin resulted in the production of
additional metabolites such as 6,7-dihydroxy-4‘-methoxy isoflavone,
7,8-dihydroxy-4‘-methoxy isoflavone, and 7,3'-dihydroxy-4‘-methoxy
isoflavone a three new hydroxylated formononetin. Due to its
structural similarity to 17-estradiol, it can mimic estradiol’s effect and
therefore is considered as a “phytoestrogen” [12]. Its molecular
formula is C16H1204. Its molecular weight is 268.26408 g/mol [13].

At the onset of diabetes and in the development of diabetic
complications free radical involvement plays a major role [14].
Similarly, in the prevention of experimental diabetes in animal

models and in type I and type 2 diabetes patients as well as reduce
the severity of diabetic complications, scavengers of free radicals
plays an important role. Due to the auto-oxidation of glucose, non-
enzymatic glycosylation and polyol pathway, diabetic patients will
have persistent hyperglycemia which leads to the generation of
oxidative stress. Spontaneous reduction of molecular oxygen to
superoxide and hydroxyl radicals, which are highly reactive and
interacts will all biomolecules occur during the auto-oxidation of
glucose. In addition, it also accumulates advanced glycation end
products like pyrroles and imidazoles in tissues. Abnormalities in
the cell and tissue function occur when cross-link occurs with
advanced glycation end product protein with other macromolecules.
The third mechanism by which generation of free radicals occurs in
the tissues is a polyol pathway [15]. During this pathway, a huge
amount of NADPH is deleted which leads to the impaired generation
of antioxidants such as glutathione. Reactions with nitric oxide in
endothelial cells, free radicals lead to the loss of vasodilatation
activity. During aging and in diabetic conditions long-lived proteins,
collagen and elastin undergoes continual non-enzymatic cross-
linking which is mediated by advanced glycation end products [16].

The free radical NOe is produced from arginine by nitric oxide synthase
(NOS) converts the substrate L-arginine to L-citrulline in the vascular
endothelium. Adhesion of platelets and leucocytes, anti-inflammatory
and antiproliferative regulation of expression and synthesis of
extracellular matrix proteins is well protected by NO- under normal
conditions. Due to altered gene expression, as a product of the
interaction of genes with the environment endothelial dysfunction can
occur. Endothelial oxide synthase is an enzyme responsible for the
production of NO. The polymorphism produced in this gene produce
hypertension. Among the Indian population, the dysfunction of
endothelium and insulin resistance is mainly responsible for
hypertension, type Il diabetes and atherosclerosis [17,18]. When
cholesterol in the body gets oxidized it oxidize low-density lipoprotein
(LDL) which triggers to initiate endothelial inflammation leading
atherosclerosis and stroke due to vascular thrombosis. Many studies that
have been carried out by different researchers, proved that high level of
antioxidant rich food intake reduces the incidence of coronary heart
disease [19]. Formononetin showed potent nitric oxide scavenging
activity with the ICso value of 5 pg/ml concentration.

The major target of free radical damage is DNA, which results in
single or double strand break as well as various forms of base
damage that produce products like 8-hydroxyguanosine, thymine
glycol or abasic sites damage to deoxyribose sugar as well as DNA-
protein cross-link. These factors are responsible for the formation of
mutations and heritable changes in the DNA that result in cancer in
somatic cells and fetal malformation in germ cells. Free radical
involvement with tumor suppressor gene and proto-oncogenes
causes different types of cancers in humans, which occurs through
the accumulations of genetic changes that could be initiated by
tobacco smoking and chewing, UV rays, virus, chemical pollutants as
well as hormones like androgens for prostate cancer and estrogen
for breast and ovarian cancer. Inducible nitric oxide synthase, as
well as COX and LOX, can initiate carcinogenesis. The hydroxyl
radical is found to be an important component that is responsible
for the damage of DNA in the cells. Formononetin showed potent
hydroxyl scavenging activity with the IC so value of 9.48 pg/ml
concentration.

The process of cancer development and the risk that arise due to
cancer can be inhibited by a variety of nutritional factors which can
act as an antioxidant such as vitamin A, C and E, beta-carotene and
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micronutrients [20]. The progression of precancerous cells into
malignant cells can be blocked by phytochemicals, which can block
and reverse the promotion stage of multistep carcinogenesis [21]
Mitogen-activated protein kinase (MAPKS) is one of the central
components of the intracellular signaling network that maintain
homeostasis. The prime targets of chemopreventive phytochemicals
are NF-kB and AP1, which involves in numerous intracellular signal
transduction pathways and mediates pleiotropic effects of both
external and internal stimuli in the cellular signaling cascades [21].
Hydrogen peroxide, superoxide radical, is mainly responsible for the
auto-oxidation of many biological components during the
metabolism of the cell. Formononetin could able to scavenge
hydrogen peroxide and superoxide radical with the IC so value of 5.0
and 4.27 pg/ml concentration respectively.

CONCLUSION

During the normal cellular metabolism, reactive oxygen species
(ROS) and reactive nitrogen species (RNS) are produced which
known for acts as secondary messengers which controls various
normal physiological functions of an organism. Hormones, cytokines,
and other mechanism regulate the production of No* by NOS and
superoxide by NAD(P)H. In order to protect cells against oxidative
stress and maintenance of cellular functions ROS and RNS
participate in various redox-regulatory mechanisms for maintaining
“redox homeostasis”. Our studies showed that, formononetin has the
scavenging capacity against both reactive oxygen and reactive
nitrogen species. It showed very potent antioxidant activity against
various free radicals. So it is worth to use formononetin as an
efficient drug to treat various diseases as well as to proceed for
different types of formulations to target the main components that
are responsible for causing different disease.
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