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Abstract: Reactive Oxygen Species (ROS) are free radicals that contain oxygen and easily react with another cell molecule.
Excessive ROS formation damages the macromolecules of a cell, like lipids, DNA, and proteins, leading to oxidative stress.
Oxidative stress occurs when there is an imbalance between free radical production and the body's ability to neutralize them
through anti-oxidants. Oxidative stress can lead to atherosclerosis, Parkinson's disease, rheumatoid arthritis, diabetes, cancer,
etc. Synthetic anti-oxidants, such as Butylated hydroxyanisole (BHA), have recently been allegedly dangerous for human health.
Thus, the need arises for searching and identifying natural sources of antioxidants, which would be useful for the primary
prevention of the above disorders. The main objective of this study is to explore the synergistic in vitro anti-oxidant activity of
flaxseed (Linum usitatissimum) and mint (Mentha spicata) combination. It was achieved by performing in vitro spectrophotometric
techniques such as ABTS (2,2-azinobis-(3- ethylbenzothiazoline-6-sulfonic acid)) and DPPH(2,2-Diphenyl-1-picrylhydrazyl)
H,O;(hydrogen peroxide) and hydroxyl radical scavenging assays. The percentage of inhibition was calculated, and the results
were expressed in terms of ICs (half maximal inhibitory concentration). Although there are numerous studies on the
antioxidant properties of Linum usitatissimum and Mentha spicata, there are no reports on their comparative and synergistic
antioxidant properties. This study was therefore performed to investigate the comparative and synergistic anti-oxidant
properties of Linum usitatissimum and Mentha spicata.
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1. INTRODUCTION

Free Radicals are molecules or atoms with an unpaired
electron in their outermost shell, because of which they are
highly reactive and unstable. ROS are free radicals containing
oxygen that easily react with another cell molecule.' Free
radicals in the body can be produced from endogenous and
exogenous sources.” The major endogenous free radicals are
produced from a cell's metabolism in mitochondria. In the
Electron Transport Chain, where oxygen gets reduced to
water to generate energy, few oxygen molecules get
converted to superoxide anion, a reactive oxygen species.
Superoxide anion leads to the development of other reactive
oxygen species like hydroxyl radical and hydrogen peroxide.?
Exogenous free radicals can be from UV light, air pollution,
smoking, ionizing radiation, etc. Every cell in the body can
produce ROS, which gets neutralized by endogenous anti-
oxidants like catalase, glutathione peroxidase, and superoxide
dismutase. When there is excessive formation of ROS, it
damages the macromolecules of a cell, like lipids, DNA, and
proteins, inducing oxidative stress. ' Oxidative stress is an
imbalance between the production of ROS and the body's
ability to neutralize them through anti-oxidants. It affects
various organs in the body, mainly causing atherosclerosis
and inflammatory disorders like neurodegenerative disorders
like Parkinson's disease, rheumatoid arthritis, aging, cancer,
etc.*So; it is important to neutralize the excessive ROS using
anti-oxidants exogenously. Exogenous anti-oxidants can be
classified into natural and synthetic anti-oxidants based on
the source. Anti-oxidants can also be categorized as primary
or secondary anti-oxidants based on the mechanism. They
are called so because primary anti-oxidants stabilize the free
radicals directly by single electron transfer or donating a
hydrogen atom. Secondary antioxidants inhibit the pathways
that produce oxidant species. Antioxidants may also be
incorporated into food products to be used as preservatives
for storage and transportation.*Synthetic antioxidants include
Butylated hydroxyanisole (BHA), Butylated hydroxytoluene
(BHT), Butylated hydroxyanisole (BHA), propyl gallate (PG)
and tert-butyl hydroquinone (TBHQ). Synthetic antioxidants
have recently been alleged to be dangerous for human health,
possessing carcinogenicity.® Thus, there arises the need for
the search for nontoxic natural compounds with antioxidant
effects. Natural antioxidants offer low-cost advantages, good
diet compatibility, and a good safety profile. Hence,
identifying natural sources of antioxidants and their addition
to lifestyle would be useful for the primary prevention of the
above disorders. Various natural products, such as fruits,
vegetables, tea, etc., have been extensively researched for the
presence of antioxidant compounds.”®’

I.1. Chemical constituents and antioxidant
components of Linum usitatissimum and Mentha
spicata and their antioxidant activities

Linum usitatissimum is commonly known as flaxseed. The
major chemical components of Linum usitatissimum are
flavonoids, phenolic acids, lignans (secoisol lariciresinol di-
glucosides- SDG), tannins, and phenylpropanoids. 10 Apart
from these, flaxseed possesses alpha-linolenic acid, which
produces anti-inflammatory action, and dietary fiber, which
lowers cholesterol levels. These add up to its beneficial role
on the cardiovascular system. || Thus, extracts from Linum
usitatissimum  exhibit  considerable antioxidant, anti-
inflammatory, anti-microbial, anti-cancer, anti-diabetic, and
cognitive effects.'” Mentha spicata, spearmint or mint, is a
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common household herb. Spearmint contains lignans,
polyphenolic and flavonoid compounds which have anti-
oxidant activity.*Polyphenols are a major group of
compounds that play a part in the antioxidant effect of
Mentha spicata owing to their free radical scavenging
capability due to their hydroxyl groups.'*The essential oil
extracted from Mentha has been used traditionally for
treating cold, bronchitis, and sinusitis. Mint is commonly used
for treating indigestion and abdominal pain.'

1.2. Mechanism of antioxidant action of Linum
usitatissimum and Mentha spicata

The antioxidant activity of recognized antioxidants has been
ascribed to various mechanisms such as prevention of chain
initiation, transition metal ion catalyst binding, radical
scavenging, and reductive capacity. The anti-oxidant capacity
of flaxseed has been analyzed in both in vitro and in vivo
models. Flaxseed exerts antioxidant potential using various
mechanisms. SDG contained in flaxseed shows antioxidant
activity by inhibition of lipid peroxidation. 16 The anti-
oxidant components of flaxseed decrease ROS production
and augment ROS elimination. In a concentration-dependent
manner, flaxseed inhibits the lipid peroxidation of liver
homogenate. It also brings down the elevated hepatic
enzymes to normal levels."” Spearmint (Mentha spicata) has
polyphenols which are phenolic components known to exert
potent anti-oxidant activity by various mechanisms such as
transition metal chelation, hydrogen atom transfer, and single
electron transfer.'®

1.3. Factors influencing the antioxidant capacity of
Linum usitatissimum and Mentha spicata

The most powerful antioxidant components present in
flaxseed extracts are phenolics and flavonoids. Different anti-
oxidant methods are used to test and assess the anti-oxidant
capacity of compounds extracted with different polarity
solvents. The highest amount of flavonoids is detected by
extraction with 80% ethanol, indicating the highest
antioxidant capacity.80% aqueous ethanol and pure methanol
are the most effective solvents for demonstrating the
antioxidant potential of flaxseed."” Rosmarinic acid is a
polyphenolic compound that contributes to the antioxidant
potential of Mentha spicata. Flowering leads to the reduction
of rosmarinic acid levels in Mentha spicata. So, plants must be
harvested before flowering. Day length is an important
environmental factor influencing the antioxidant potential of
Mentha spicata. To maximize rosmarinic acid accumulation,
they must be grown in areas with long days exceeding 14
hours. ™It was observed that higher phenolic compounds
were found in those cultivated in open fields than those
cultivated under greenhouse condition.?'Various studies were
performed to determine the influence of agro-climatic
conditions on the antioxidant capacity of Mentha spicata.
They proved that the plants raised at higher altitudes
exhibited better antioxidant potential than those cultivated in
the plains.”

1.4. Ingredient synergism

Synergism implies that when two or more herbal ingredients
are combined, they mutually augment each other’s effect
more than the simple summation of these ingredients.”
Flaxseed (Linum usitatissimum) produces gastric adverse
effects such as nausea, bloating, and indigestion. 2 These can
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be combated by combining with mint (Mentha spicata). In a
study by Mehraban et al., a combination of flaxseed and
spearmint extract improved the endocrine profile and the
histomorphology of the ovary in PCOS* Thus, a
combination of flaxseed and spearmint extract finds clinical
usefulness in various disorders. Numerous studies proved
their antioxidant activity. Still, there need to be more studies
to prove the synergistic free radical scavenging effect of
Linum usitatissimum and Mentha spicata. Hence, this study
aims to explore the synergistic in vitro anti-oxidant activity of
flaxseed extract and mint extract as a combination.

2, MATERIALS AND METHODS

There are various methods available for the assessment of
the antioxidant capacity of a compound. In our study, the
antioxidant effect of the combination of Linum usitatissimum
and Mentha spicata was evaluated using ABTS assay, DPPH
assay, FRAP assay, hydroxyl radical scavenging assay, and
hydrogen peroxide assay.?

2.1. Preparation of Extract

Mint leaves were taken, dried, and ground into fine powder.
Flaxseeds were taken, dried, and ground into fine powder.
50g of flaxseed powder, 50g of mint leaf powder, and 50 gm
of combined powder of mint leaves and flax seed were added
and placed in separate clean conical flasks. 250ml of methanol
was added to all three conical flasks. The methanolic extract
was prepared following the method of Oraemesi
. Accordingly; the extraction was carried out in the Soxhlet
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apparatus for 72 hours. The Solvent was evaporated using a
distilled water bath, and the extract was stored at 4 degrees
Celsius for further use. Img/ml of prepared extract was
taken, and this was serially diluted to get different
concentrations (1.5-1000 pg/ml).

2.2. DPPH Assay

DPPH(2,2-Diphenyl- | -picrylhydrazyl) is a stable free radical
that is purple and readily accepts hydrogen atoms from anti-
oxidants when combined and gets converted to 2,2-
Diphenyl-1-picrylhydrazyl which is yellow. Ferulic acid is
known to have the strongest anti-oxidant activity and has
been used as the standard in many in vitro antioxidant studies.
Hence, ferulic acid was used as standard in the DPPH assay.28
Img of ferulic acid (standard) was weighed and dissolved in
methanolic Solvent to prepare Img/ml concentration. It was
serially diluted to obtain different concentrations (1.5-1000
pg/ml) similar to the sample. Since the standard and sample
were prepared in methanol solvent, DPPH was prepared by
dissolving 0.ImM in 100% methanol. About 100ul of each
concentration from the sample was taken and added to the
test tubes. About 100pl of the standard was added to a test
tube. 900ul of DPPH was added to each well. The control
blank contained DPPH and Solvent without extract. Sample
blank was also prepared without DPPH. After vortexing, the
sample, standard, and control were incubated for 30 minutes
at room temperature. After incubation, absorbance was
measured at 517nm. The experiment was repeated in
triplicates, and the percentage of inhibition was calculated
using the formula below.”

(Absorbance of control — Absorbance of test) X 100

% of inhibition=

Absorbance of control

2.3. ABTS Assay

ABTS's incubation with potassium persulfate oxidizes,
forming the radical 2,2-azinobis-(3- ethylbenzothiazoline-6-
sulfonic acid) (ABTSe+). This free radical was reduced in the
presence of hydrogen-donating antioxidants, and the
reduction was measured spectrophotometrically at 734 nm.
The working solution was prepared by adding 7.4mM ABTS
and 2.6 mM potassium persulphate in equal volume (1:1 v/v).
This working solution was incubated in the dark for 16 hours
at room temperature. Then the solution was diluted with
methanol until the absorbance reached 0.706+0.001 at 734

nm. Finally, 100ul of all the samples were added to 3.9ml of
ABTSe+, and the absorbance was measured at 734 nm after
six minutes. Ascorbic acid is well known to possess the
strong anti-oxidant activity and is used as the standard in
many in vitro antioxidant studies. Therefore, ascorbic acid was
used as the standard.’® Ascorbic acids was used as the
standard. First, Img of ascorbic acid (standard) was weighed
and dissolved in a methanolic Solvent to prepare a Img/ml
concentration. Then, it was serially diluted to obtain different
concentrations (1.5-1000 pg/ml) similar to the sample. All the
experiments were done in triplicates.’’ Percentage of
inhibition was calculated using the formula below.

(Absorbance of control — Absorbance of test) X 100

% of mhibition=

Absorbance of control

2.4. Ferric Reducing Antioxidant Power Assay —FRAP

Ferric reducing antioxidant power assay (FRAP) was
measured similarly to the procedure described by lIris et al.,
1996.%2 The FRAP reagent contained 300mM of acetate buffer
with a pH 3.6,10mM of TPTZ(2,4,6-tri(2-pyridyl)-s-triazine)
in 40mM dilute HCI and 20mM of Ferric chloride. The FRAP
reagent was prepared by mixing the above constituents in the
ratio of 10:1:1. FRAP assay utilizes antioxidants as reducing
agents in a redox-linked colorimetric method. Reduction of
ferric tri-pyridyl triazine (Fe Ill TPTZ) complex to ferrous
form (which produces intense blue color) occurs at low pH

and can be observed by measuring the change in absorption
at 593 nm. Hence, the change in absorbance indicates the
total reducing power of the antioxidants in the reaction
mixture. Various concentrations of the samples were
aliquoted and made up to | ml with distilled water and mixed
with 3 ml of working FRAP reagent, and incubated at 37°C
for 30 minutes. After incubation, the absorbance was
measured at 593 nm. The ferrous sulfate standard was
processed by the same procedure using various
concentrations of ferrous sulfate. Blank consisted of all the
reagents except for the extract or standard solution, which
was substituted with water.
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2.5. Hydrogen peroxide (H,0;) assay

A hydrogen peroxide (H202) assay was performed based on
the procedure described by Kowsalya et al, 2014. *An
aliquots of 50 mM H,O, and different concentrations of
samples and standards were mixed. To this, 10 ul of
methanol and 900 pl of FOX reagent were added. This
mixture was incubated for 30 min at room temperature.
After incubation, 90 pL of the H,O,-sample solution was
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mixed with 10 pL HPLC-grade methanol, and 0.9 mL FOX
reagent was added (44 mM BHT added in 9 volumes of
Methanol and | volume of | mM xylenol Orange, 2.56 mM
Ammonium ferrous sulfate in 0.25 M H3SOy). The reaction
mixture was then incubated at room temperature for 30
minutes. The absorbance was measured at 560 nm. The
percentage of inhibition was calculated as follows:

% of inhibition=

(Absorbance of control — Absorbance of test) X 100

Absorbance of control

2.6. Hydroxyl radical scavenging assay

Hydroxyl radical scavenging assay was assessed according to
the method of Ramakrishna et al, 2012.**The reaction
mixture containing 0.2ml of FeCl; (100 pM), 0.2ml of EDTA
(1.04 mM), 100pl of H,O, (I mM) and 2-deoxy- D-ribose
(2.8 mM) in 20mM KOH-KH2PO4 buffer (100 pl) was added

to various concentrations of the sample. These were
incubated for | hour at 37°C. After incubation, Iml of 0.5%
Thiobarbituric acid and 2.8% Trichloroacetic acid were added
to the mixtures, which were incubated for |5 minutes at
95°C. Ascorbic acid was used as the standard. The
absorbance of the resultant solution was measured at 532
nm. The percentage of inhibition was calculated as follows:

% of Inhibition =

Blank - Test

X 100

Blank

3. RESULTS AND DISCUSSION

Flaxseed (Linum usitatissimum) has many important
substances, among which lignan is the major component
exerting its anti-oxidant activity by hydroxyl radical
scavenging mechanism.”® Spearmint (Mentha spicata) has
polyphenols which are phenolic components known to exert
potent anti-oxidant activity by various mechanisms such as
transition metal chelation, hydrogen atom transfers, and
single electron transfer. Although studies are available on the
antioxidant properties of Linum usitatissimum and Mentha
spicata, there are no reports on their comparative and
synergistic antioxidant properties. This study was therefore
performed to investigate the comparative and synergistic
antioxidative properties of Linum usitatissimum and Mentha
spicata. In vitroradical scavenging activity of Linum usitatissimum
and Mentha spicata was assessed by the ability to scavenge
DPPH, ABTS, Reductive Ability, Hydrogen Peroxide, and
Hydroxyl Radicals. Assessment of primary antioxidant activity
was performed using the stable radical DPPH. Both Linum
usitatissimum and Mentha spicata exhibited DPPH radical
scavenging activity. The percentage of inhibition was
calculated, and the results were expressed in terms of [Cs.
ICso is the half maximal inhibitory concentration, the
substance concentration required to scavenge the radical by
50%.3 In our study, the scavenging activity of Linum
usitatissimum extract measured as the DPPH radical activity
significantly varied among different concentrations ranging
from 10 to 100 pg/ml. The Linum usitatissimum extract
showed concentration-dependent anti-oxidant activity with a
maximum 71.5 % inhibition at 100pg/ml of sample (Linum
usitatissimum) concentration, as shown in Table I, and IC50
was found to be 66.7ug/ml. The maximum DPPH scavenging
rate obtained by Liang et al. was found to be 58.2% at a
concentration of 2mg/ml.’ According to the study by Deme
et al, the maximum scavenging rate was78% at a

concentration of 10 mg/ml.*®In the study by Amin et al., the
maximum inhibition produced was 82.53% at a concentration
of 50 mg/ml.** Chera et al. showed that Linum usitatissimum
extract possessed antioxidant activity with an 1Cso value of
39.07 + 2.84 by DPPH assay. “ In the study by Han H et al,,
the lignan extract of flaxseed (Linum usitatissimum) exhibited
concentration-dependent anti-oxidant activity with an 1C50
value of 53.30pg/ml by DPPH assay.* In our study, the
scavenging activity of Mentha spicata extract measured as the
DPPH radical activity varied significantly among different
concentrations ranging from 10 to 100 pg/ml. The Mentha
spicata extract showed concentration-dependent anti-oxidant
activity with a maximum 82.8 % inhibition at [00pug/ml of
sample (Mentha spicata) concentration, as shown in Table 2,
and IC50 was found to be 52.3 pg/ml. Diethyl ether extract
of Mentha spicata showed almost 100% antioxidant activity at
40pg/l by DPPH assay according to the study by Choudhury
et al.”In a study done by El Menyiy et al., the essential oil
extracted from Mentha spicata exhibited potent free radical
scavenging activity, with ICso value of 596 by DPPH
assay.”Mentha spicata leaves produced
ICso of 10 £ 0.24 pug/mL by DPPH assay according to the study
performed by Dhifi et al.*Selles et al. proved that Mentha
spicata leaves produced significant antioxidant activity with
ICso0f21.19 £ 7.17 ug/mL by DPPH assay.*According to the
study by Brahmi et al, the essential oil from the leaves of
Mentha spicata showed 1Cso of 9544.6 + 196.2 uyg/mL by
DPPH assay.* In our study, based on the DPPH assay, the
standard (ferulic acid extract) showed maximum inhibition of
91.1% at 100pg/ml, and IC50 was found to be 45.7ug/ml.
Concentration-dependent antioxidant activity with 93.2%
inhibition was exhibited at 100pg/ml by the combination of
Linum usitatissimum and Mentha spicata, and IC50 of the
combination was found to be 27.3 pg/ml. (Figure I, Table 3,
and Table 4).
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Fig |I: shows the percentage of inhibition of combination (Linum usitatissimum and Mentha spicata) extracts at
different concentrations and standard ferulic acid by DPPH assay.

Table I: Linum usitatissimum- Sample Concentration and Their Corresponding Percentage of Inhibition at
Varying Concentration Using DPPH Assay

Sample concentration (1 g/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 9.1 14.8 27.5 323 389 44.2 52.3 58.7 62.8 71.5

Table 2: Mentha Spicata- Sample Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration Using DPPH Assay

Sample concentration (1 g/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 18.2 243 34.1 394 50.8 54.7 62.5 69.1 75.7 82.8

Table 3: Standard (Ferulic Acid)- Sample Concentration and Their Corresponding Percentage of Inhibition at
Varying Concentration Using DPPH Assay

Sample concentration (i g/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 16.8 214 284 382 60.5 66.9 80.7 86.2 88.9 9I.1

Table 4: Combination (Linum usitatissimum and Mentha Spicata)- Sample Concentration and Their
Corresponding Percentage of Inhibition at Varying Concentration Using DPPH Assay

Sample concentration (1 g/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 44.3 47.09 53.8 56.8 60.5 63.3 66.6 86.2 89.2 93.2

In our study, the DPPH assay showed that at a maximum concentration of 100ug/ml, the percentage of inhibition produced by
Linum usitatissimum, Mentha spicata, and the combination is 71.5%, 82.8%, 93.2%, respectively, as depicted in Figure 2. Therefore,
by comparing, we conclude that the combination possesses higher antioxidant activity than individual extracts, thus showing
synergism.
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Fig 2: Shows the percentage of inhibition of extracts of Linum usitatissimum, Mentha spicata, and the combination
at different concentrations by DPPH assay.

The free radical scavenging activity of Linum usitatissimum and
Mentha spicata was tested using the ABTS method. In our
study, the scavenging activity of Linum usitatissimum extract
measured by the ABTS assay varied significantly among
different concentrations ranging from 10 to 100 pg/ml. The
Linum usitatissimum extract showed concentration-dependent
anti-oxidant activity with a maximum of 68.6 % inhibition at
100pg/ml of sample (Linum usitatissimum) concentration, as
shown in Table 5, and IC50 was found to be 70.7ug/ml. A
study by Safdar et al. showed that at a concentration of 30
mg/ml, flaxseed gum exhibited a percentage of inhibition of
72.39 + 130 by ABTS assay, which was the maximum
antioxidant activity of the compound.Han H et al
demonstrated that the lignan extract of flaxseed(Linum
usitatissimum) exhibited concentration-dependent anti-
oxidant activity with IC50 value of 27.72pug/ml by ABTS
assay.*'Liang et al. found that Linum usitatissimum exhibited
ABTS radical scavenging rate of 91.2% at 25 mg/ml.®*Bouaziz
et al. demonstrated that at a higher concentration of 40
mg/ml, the percentage of inhibition produced by flaxseed gum
was 75.6% by scavenging ABTS radicals.* Based on ABTS
assay, the Mentha spicata extract showed concentration-
dependent anti-oxidant activity with a maximum 82%

inhibition at 100pg/ml of sample (Mentha spicata)
concentration as shown in Table 6, and IC50 was found to be
53.7 pg/ml. Mentha  spicata leaves produced

ICs0 of 10.3 £0.9 pg/mL by ABTS assay according to the study
performed by Fatiha et al.*°Nickavar et al. established that
aerial parts of Mentha spicata (ethanolic extract) showed
ICsoof 173.80 ug/mL by the ABTS assay.*'According to the
study by Brahmi et al, the essential oil from the leaves of
Mentha spicata showed 1Cso of 36.2 3.2 uyg/mL by ABTS
assay.* Arumugam et al. demonstrated that ethyl acetate
extract of Mentha spicata showed maximum antioxidant
activity of 95% at 20 pg/ml by ABTS assay.”?Among these, all
the studies except Nickavar et al. showed lesser 1Cs, when
compared with our study. In our study, the ABTS assay of
the standard (Ascorbic acid extract) showed maximum
inhibition of 87.4% at 100ug/ml, and ICs, was found to be
51.7ug/ml. Concentration-dependent antioxidant activity with
87% inhibition was exhibited at 100pg/ml by Linum
usitatissimum and Mentha spicata combination, and ICs, of the
combination was found to be 52.1 pg/ml. (Figure 3, Table 7,
and Table 8).
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Fig 3: shows the percentage of inhibition of combination (Linum usitatissimum and Mentha spicata) extract at
different concentrations and standard ascorbic acid using ABTS assay.

Table 5: Linum usitatissimum- Sample Concentration and Their Corresponding Percentage of Inhibition at
Varying Concentration Using ABTS Assay

Sample concentration (i g/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 83 13.6 26.9 31.9 35.9 42.1 50.2 54.3 60.3 68.6

Table 6: Mentha Spicata- Sample Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration using ABTS Assay

Sample concentration (1 g/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 17.8 23.1 333 38.8 49.2 54.1 61.7 68 74.6 82

Table 7: Standard (Ascorbic Acid)- Sample Concentration and Their Corresponding Percentage of Inhibition at
Varying Concentrationusing ABTS Assay

Sample concentration (1 g/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 12 17.5 26.6 382 52.2 57.8 64.3 72.3 789 874

Table 8: Combination (Linum usitatissimum and Mentha Spicata)- Sample Concentration and Their
Corresponding Percentage of Inhibition at Varying Concentrationusing ABTS Assay

Sample concentration (pg/ml) 10 20 30 40 50 60 70 80 90 100

% of inhibition 25.6 26.9 343 40.4 50.5 56.8 62.4 719 764 87

In our study, by ABTS assay, at a maximum concentration of 100ug/ml, the percentage of inhibition produced by Linum
usitatissimum, Mentha spicata, and the combination is 68.6%,82%,87% respectively as depicted in figure 4. By comparing, we
conclude combining the two extracts possesses better antioxidant activity than individual extracts, thus showing synergism.
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Fig 4: shows the percentage of inhibition of extracts of Linum usitatissimum, Mentha spicata, and the combination
at different concentrations by ABTS assay.

Ferric-reducing antioxidant activity of Linum usitatissimum and
Mentha spicata was assayed. According to the study by
Waszkowiak et al., the ethanolic extract's reducing activity
was about 7-9 times higher than the activity of aqueous
extract obtained from the same flaxseed variety.”* In our
study, the reducing power of Linum usitatissimum increased in
a concentration-dependent manner, as depicted in Table 9. It
showed that the maximum reducing power was obtained at a
500pg/ml concentration. The reducing power of Mentha
spicata at varying concentrations in our study is depicted in
Table 10. All extracts can reduce Fe ** to Fe ** since
increasing the concentration increases the absorbance of the
extracts measured at 593 nm. The effective concentration
(ECso) was 70ug/mL. According to Abdelbasset et al., Mentha
spicata extract exhibited an effective concentration (ECso) of
289.5ug/mL in the concentration range studied.** The
reducing power of the combination of Linum usitatissimum

and Mentha spicata at varying concentrations was assessed
and depicted in Table Il. It shows that the combination
possesses superior antioxidant properties compared to the
individual extracts. Hydrogen peroxide scavenging was
assessed by the Fox reagent method. Linum usitatissimum
showed the maximum scavenging of 64.5% at 500ug/ml, and
ICso was 345pg/ml. (Table 12). According to the study by
Chera et al,, ICy of ethanolic extract of Linum usitatissimum
was found to be 14.33.° Mentha spicata showed the
maximum scavenging of 66.3% at 500pg/ml, and 1Cs, was
found to be 330 pg/ml. (Figure 10, Table 13). A study done
by Aldoghachi et al. showed maximum scavenging of 87.83%
at 100ug/ml with 1Cso of 28.12 by H,O, assay.”® Combination
of Linum usitatissimum and Mentha spicata showed maximum
scavenging of 68.7% at 500pg/ml compared to the standard,
which showed 80% at 100 pg/ml. ICs of the combination was
found to be 300 pg/ml. (Figure 5, Table 14, and Table 15).
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Fig 5: shows the percentage of inhibition of a combination of extracts of Linum usitatissimum and Mentha spicata
compared with the standard (ascorbic acid) at different concentrations by H,O; assay.
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Table 9: Linum usitatissimum Sample Concentration and Their Corresponding Reducing Power at Varying
Concentrations Using FRAP Assay

Concentration (ug/ml) 100 200 300 400 500

Reducing power (pg) 50 70 80 100 130

Table 10: Mentha Spicata Sample Concentration and Their Corresponding Reducing Power at Varying
Concentrations Using FRAP Assay

Concentration (pg/ml) 100 200 300 400 500

Reducing power(ug) 60 70 90 110 120

Table I 1: Combination (Linum usitatissimum and Mentha Spicata) Sample Concentration and Their
Corresponding Reducing Power at Varying Concentrations Using FRAP Assay

Concentration (pg/ml) 100 200 300 400 500

Reducing power(ug) 60 80 90 110 130

Table 12: Linum usitatissimum Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration Using H,0, Assay

Concentration (ug/ml) 100 200 300 400 500

% inhibition 16.35 32.8 47 54 64.5

Table 13: Mentha Spicata Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration Using H,O; Assay

Concentration (pg/ml) 100 200 300 400 500

% inhibition I5 33.2 48.8 57.9 66.3

Table 14: Standard (Ascorbic Acid) Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration Using H,O; Assay

Concentration (ug/ml) 20 40 60 80 100

% inhibition 22.5 30.0 37.5 60.0 80.0

Table 15: Combination (Linum usitatissimum and Mentha Spicata) Concentration and Their Corresponding
Percentage of Inhibition at Varying Concentration Using H,O; Assay

Concentration (ug/ml) 100 200 300 400 500

%inhibition 18.75 343 50 59.3 68.7

In our study, by H,O, assay, at the maximum concentration of 500ug/ml, the percentage of inhibition produced by Linum
usitatissimum, Mentha spicata, and the combination were 64.5%, 66.3%, and 68.7%, respectively as depicted in figure 6. It showed
that Linum usitatissimum and Mentha spicata are good scavengers of H,O,. We conclude that the combination offers better
synergistic antioxidant potential than individual extracts.

250

200

150 / /
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Percentage of inhibition
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Fig 6: shows the percentage of inhibition of the combination of extracts of Linum usitatissimum, Mentha spicata,
and the combination at different concentrations by H,O, assay.
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Hydroxyl Radical Scavenging Activity of Linum usitatissimum and Mentha spicata was calculated, which was measured
spectrophotometrically at 532 nm. Linum usitatissimum showed the maximum scavenging of 72.8% at a concentration of
500ug/ml, and ICso was found to be 185pg/ml. (Table 16). According to the study by Marambe et al., ICso was 300pg/ml.*® Mentha
spicata showed maximum scavenging of 81.2% at a concentration of 500ug/ml, and IC50 was 130ug/ml. (Table 17). According to
the study done by Dorman et al., IC50 was found to be 300ug/ml.*” Linum usitatissimum and Mentha spicata combination showed
the maximum scavenging of 87.8% at 500ug/ml compared to the standard, which showed 75.3% at 100 pg/ml. Furthermore, the
IC50 of the combination was found to be 97ug/ml. (Figure 7, Table 18, and Table 19). It showed that the combination offers
superior antioxidant activity than the standard (ascorbic acid).
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Fig 7: shows the percentage of inhibition of a combination of extracts of Linum usitatissimum and Mentha spicata
compared with the standard (ascorbic acid) by hydroxyl radical scavenging assay.

Table 16: Linum usitatissimum Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration Using Hydroxyl Radical Scavenging Assay

Concentration(ug/ml) 100 200 300 400 500
%inhibition 40.3 524 57.1 66 72.8

Table 17: Mentha Spicata Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration Using Hydroxyl Radical Scavenging Assay

Concentration(ug/ml) 100 200 300 400 500

%inhibition 48 58.8 63.5 75.1 81.2

Table 18: Standard (Ascorbic Acid) Concentration and Their Corresponding Percentage of Inhibition at Varying
Concentration Using Hydroxyl Radical Scavenging Assay

Concentration(ug/ml) 100 200 300 400 500

%inhibition 31.1 44.8 57.2 66.8 753

Table 19: Combination (Linum usitatissimum and Mentha Spicata) Concentration and Their Corresponding
Percentage of Inhibition at Varying Concentration Using Hydroxyl Radical Scavenging Assay

Concentration (pg) 100 200 300 400 500

% inhibition 53.6 60.9 68.2 78 87.8

In our study, by hydroxyl radical scavenging assay, at the maximum concentration of 500ug/ml, the percentages of inhibition
produced by Linum usitatissimum, Mentha spicata, and the combination were 72.8%, 81.2%, and 87.8% respectively as depicted in
figure 8. It implies that the combination offers enhanced antioxidant potential than the standalone extracts. Synergism implies
that when two or more herbal ingredients are combined, they mutually augment each other's effect more than the simple
summation of these ingredients. As the definition declares, our study has proved that the combination exhibits a better
antioxidant effect than the sum of the effect of individual compounds.
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Fig 8: Synergistic anti-oxidant effect of Linum usitatissimum and mentha spicata extracts using hydroxyl radical
scavenging assay.

4. CONCLUSION

Our study proved that combining flaxseed extract (Linum
usitatissimum) and mint leaf extract (Mentha spicata) has a
synergistic in vitro anti-oxidant effect. Also, the gastric side
effects of Linum usitatissimumcan be combated when
combined with Mentha spicata. However, further animal
studies and clinical trials are required to confirm the
therapeutic application of this combination (Linum
usitatissimum and Mentha spicata).
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