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A R T I C L E  I N F O A B S T R A C T

1. INTRODUCTION
Free radicals and other Reactive Oxygen Species (ROS) are
formed due to oxidative stress 1, which have one or more
unpaired electrons such as Superoxide (O2

-.), Hydroxyl
(.OH), Peroxyl (HOO.), etc.,2.These are also formed during
the metabolic process, which affects mainly in the Lipid
peroxidation 2, alteration of protein and nucleic acid
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Objective: The proteinaceous protease inhibitors from the plant source have been widely
reported and have many therapeutical applications. The present study is to evaluate the
antioxidant potentiality of protease inhibitors (named as Hayanin) isolated from the seed
coats of Horse gram.Methods: Protease inhibitor from Horse gram seed coat was isolated
and the phytochemical analysis of the isolated extract was analyzed for Proteins, Total
sugars, Polyphenols, Flavonoids, Ascorbic acid and α- tocopherol at different stages of
purification process. The antioxidant activity of the protease inhibitor was studied, to
achieve this several antioxidant assays were done such as DPPH radical scavenging, Lipid
peroxide inhibition, Hydroxyl radical scavenging, Superoxide radical scavenging and
Reducing power potentiality. Results: The isolated protein with molecular mass of ~26kDa,
displayed strong protease inhibitory activity, the proximate analysis shows that there was
high concentration of protein as compared to negligible amounts of other phytochemicals.
Hayanin at 50µg concentration inhibited Lipid peroxide inhibitory activity by 85 % and
Hayanin indicated increased Reducing power potentiality in a dose dependent manner,
effectively prevented Hydroxyl and Superoxide radicals at 75 % and 83% respectively. The
protein – Hayanin has a remarkable potentiality in scavenging the DPPH radical by 88 %,
which are comparable with the standard antioxidants such as BHA, Ascorbic acid and
Curcumin.Conclusion: Hayanin has significant antioxidant activity against different ROS
and these results encourage further studies as a potent therapeutic agent.

Keywords: Hayanin, Protease inhibitor, Antioxidant activity, Horse gram, Phytochemical
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structures 3, 4. These free radicals lead to metabolic disorders
or pathological problems of various diseases like Cancer,
Asthma, Arthritis5, Atherosclerosis, Parkinsons, Coronary
heart diseases, Diabetes etc., 1, 6, 7, 8, 9, 10. These ROS also
induces several age related diseases and in the ageing
process11, 12. Thus antioxidants play an important role in
ameliorating the diseases caused by the oxidative stress
induces free radicals13, 14, 15. Basically, all organisms have
antioxidant systems that are able to act against free radicals
such as Superoxide dismutase, Catalase, Peroxidase etc.,5

and there are some proteins (Ferritin, Transferritin and
Lactoferrin) helps in quenching the iron, ceruloplasmin and
albumin involved in copper storage16. In case of adverse or
excessive oxidative stress the normal antioxidant
defensesystem does not provide complete protection against
free radicals and thereby external supply of antioxidants to
be done to counter those free radicals5. But, the excessive
use of synthetic antioxidants (BHA, BHT) leads to adverse
toxic effects at higher doses17, which hinders their use in
therapeutic applications.
To overcome this dietary sources have been selected as
antioxidants which are non-toxic and easily available. Plants
possess many bioactive components which can be used as
antioxidants. Dietary fruits, vegetables and spices are good
source of antioxidants (Curcumin, β-carotene, Ascorbic acid,
Turmerin, etc.,) 18, 19. Proteinaceous protease inhibitors
isolated from plant source play a major role against many
diseases by regulating or controlling endogenous proteases20.
Most of the works on plant protease inhibitors aremainly
concentrated on their potent insecticidal activities20. Protease
inhibitors are extensively isolated from the families of
Leguminosae, Gramineae and Solanaceae21which are
otherwise an important source of food22. Horse gram
(Macrotylomauniflorum (Lam.) Verdc.)belongs of
Leguminosae family used in the treatment of piles, pain,
constipation, wounds, urinary tract infection, cough, edema,
asthma, etc.,23. Horse gram has been extensively studies as
protease inhibitors and the phenolic content shows
antioxidant properties24. In this study, a proteinaceous
protease inhibitor from Horse gram seed coat has been
isolated25and tested for its antioxidant activity in different
model system.

2. MATERIALS AND METHODS
2.1 Chemicals:
ButylatedHydroxy Anisole (BHA), Thiobarbutyric acid
(TBA),Curcumin, 2,4- Di Nitro Phenyl Hydrazine(DNPH),
Ethylene diamine tetra acetic acid (EDTA) and Ascorbic
acid were purchased from Sigma Aldrich (St. Louis, MO,
USA). Ferrous sulphate (FeSO4), Ferric chloride (FeCl3),
Dimethyl Sulfoxide (DMSO), Nitro Blue Tetrazolium
(NBT), 2,2- Diphenyl -1- picrylhydrazyl (DPPH), Bovine
Serum Albumin (BSA), Superoxide Dismutase (SOD),
Linoleic acid, Gallic acid and 3,5- Dinitro Salicylic acid
(DNS) from Himedia Private Ltd. India. Hydrogen Peroxide

(H2O2) and Folin-Ciocalteu reagentwere from SRL, India.
All other chemicals unless otherwise mentioned were of
analytical grade and procured from Merck India Pvt. Ltd..
Solvents were distilled before use.
2.2 Isolation and Purification of Hayanin:
Hayanin was purified according to the method of Prabhu MS
Lingaiah and LeelaSrinivas (2015)25. Briefly, Horse gram
seeds were washed and soaked in distilled water, then seed
coat was removed, shade dried and powdered. 50g of seed
coat powder was homogenized in 500 mL distilled water and
the supernatant was subjected to ammonium sulphate
precipitation (65%), centrifuged and the pellet was dissolved
and dialyzed against distilled water. The dialyzed extract
was loaded onto Sephadex G-50 column chromatography
and the active peak was rechromatographed using the same
parameters. The resulted active protein part with protease
inhibitory activity having a molecular weight of ~26kDa
(SDS-PAGE) was named as Hayanin25.
2.3 Proximate Analysis:
2.3.1 Estimation of Protein:
The protein content was determined using Bradford’s
reagent26 using Bovine Serum Albumin as standard.
Different aliquots of the extract were made up to 100 μL
with distilled water, to this 900 μL of Bradford’s reagent was
added and the color developed was read
spectrophotometrically at 595nm (UV 1601, SHIMADZU,
Japan).
2.3.2 Estimation of Total Sugars:
The total sugars were estimated by Dubois method 27and
Dextrose was used as standard. Different aliquots of
Hayanin were made up to 1 mL with distilled water followed
by the addition of 1 mL of 5% phenol and 5 mL of
concentrated sulphuric acid. Orange colour developed was
read at 520 nm. The sugar concentration was calculated
accordingly.
2.3.3 Estimation of Total Phenols:
Total content of Phenols was determined by using Gallic
acid as standard according to the method of Folin-Ciocalteu
reaction28 with minor modifications. Hayanin and the
standard Gallic acid were dissolved in 500 µL of water and
were mixed with 500 µL of 50% Folin-Ciocalteu reagent.
The mixture was allowed to stand for 10 min. followed by
the addition of 1 mL of 20% Sodium carbonate. Incubated at
37 0C for 10 min. and the absorbance of the supernatant were
read at 730 nm. The total phenolic content was expressed as
Gallic acid equivalents in milligrams.
2.3.4 Estimation of Flavonoids:
Flavonoid content was determined calorimetrically and the
standard calibration curve was prepared using Quercetin29.
10 mg of Quercetin  and Hayanin was dissolved in 80%
ethanol and then diluted solution was separately mixed with
1.5 mL of 95% ethanol, 0.1 mL of 10% aluminium chloride,
0.1 mL of 1M potassium acetate and 2.8 mL of distilled
water. After incubation at room temperature for 30 min., the
absorbance of the reaction mixture was measured at 415 nm
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by using proper controls. The total flavonoid content was
calculated accordingly.
2.3.5 Estimation of Ascorbic acid:
Ascorbic acid was determined according to the method of
Sadasivam and Manickam30, the aliquots of standard
brominated ascorbic acid and Hayanin was taken and make
up the volume to 3 mL with distilled water. Then 1 mL of
DNPH and 1 mL of thio urea was added and incubated at
370C for 3 hrs. to form osazone to give orange red colour
solution, this was measured at 540 nm. Dehydroascorbate
alone reacts with 2, 4-dinitrophenyl hydrazine quantitatively
and not the other reducing substances present in the
extract.The total ascorbic acid content was determined
accordingly.
2.3.6 Estimation of α-tocopherol:
α-tocopherol was estimated by using Emmerie reaction31,
aliquots of standard α-tocopherol along with Hayanin was
taken and the made upto3 mL using chloroform. To this 1
mL of 2,2-dipyridyl reagent and 1 mL of ferric chloride was
added, all tubes were incubated for 10 min., this is based on
the reduction of α-tocopherol from ferric to ferrous ions
which forms red colour with 2,2-dipyridyl and measured at
520 nm.
2.4 Antioxidant activity:
2.4.1 DPPH Radical Scavenging activity:
DPPH Radical scavenging activity was assessed according
to the method of 32. The α-tocopherol at various
concentrations ranging from 0 to 100 µM was mixed with 1
mL of freshly prepared 0.5 mM DPPH ethanolic solution
and 2 mL of 0.1M acetate buffer of pH 5.5. The resulting
solutions were then incubated at 37 0C for 30 min. and
measured calorimetrically at 517 nm. BHA, Curcumin,
Ascorbic acid (400 µM) were used as positive control under
the same assay conditions. Negative control was without any
standard inhibitor or Hayanin. Lower absorbance at 517 nm
represents higher DPPH scavenging activity. The percentage
inhibition of DPPH radical of Hayanin was calculated.
2.4.2 Lipid Peroxidation inhibitory activity:
Spectrophotometric assay was done for evaluating
antioxidant activity was based on the inhibition of
peroxidation in Linoleic acid 33. An assessment of oxidation
was achieved by measurement of Thiobarbituric Acid
Reactive Substances (TBARS) by fenton reaction 34. 100 µL
of Linoleic acid was subjected to peroxidation by 10:100
µmole of ferrous sulphate and ascorbic acid in final volume
of 1 mL of Tris buffered saline (20 mM, pH 7.4, 150 mM
NaCl). The reaction mixture was treated with or without
Hayanin (10-50 µg), BHA (400 µM), Ascorbic acid (400
µM) and Curcumin (400 µM). The contents were incubated
for 1 hour at 37 0C. The reaction was terminated by the
addition of 10 µL of 5% phenol and 1 ml of 1% TCA. To
this 1 mL of 1% TBA was added, the contents were kept in a
boiling water bath for 15 min, cooled and centrifuged at
5000 g for 10 min. The absorbance of supernatants was
measured at 535 nm.

2.4.3Hydroxyl Radical Scavenging activity:
The Hydroxyl Radical Scavenging activity of Hayanin was
done according to the method of35with minor modifications.
The reaction mixture containing FeCl3 (100 µM), EDTA
(104 µM), H2O2 (1 mM) and 2-deoxy- D-ribose (2.8 mM)
were mixed with and without Hayanin and the final reaction
volume was made with potassium phosphate buffer (20 mM
pH 7.4) to 1 mL and incubated for one hour at 37 0C. BHA,
Curcumin and Ascorbic acid (400 µM) were used as
standard antioxidants. To this add 1 ml of TCA (2.8%) and
TBA (0.5% TBA in 0.025 M NaOH containing 0.02% BHA)
and the mixture was heated at 95 0C in water bath for 15
min.Finally the reaction mixture was cooled on ice and
centrifuged at 5000 g for 15 min. Absorbance of supernatant
was measured at 532 nm using the negative control without
any antioxidants was considered as 100% oxidation. The
percentage of hydroxyl radical scavenging activity of
Hayanin was determined.
2.4.4 Superoxide Radical Scavenging activity:
The Superoxide radical (O2

•-) scavenging activity was
measured according to the method of36, with minor
modifications. The reaction mixture containing 100 µL of 30
mM EDTA (pH 7.4), 10 µL of 30 mM hypoxanthine in 50
mM NaOH, and 200 µL of 1.42 mM NBT  with or without
Hayanin and SOD was served as positive control at various
concentrations ranging from 50-300 µg. The solution was
pre-incubated at 37 0C for 3 min. and 100 µl of xanthine
oxidase solution (0.5U/mL) was added to the mixture and
incubated for one hour at 37 0C, and the volume was made
upto 3 mL with 20 mM phosphate buffer (pH 7.4). The
solution was incubated at room temperature for 20 minutes,
and absorbance was measured at 560 nm. The control was
kept without any inhibitor and the inhibitory effect of
Hayanin on superoxide radical was calculated accordingly.
2.4.5 Reducing Potentiality:
The reducing power of Hayanin was determined according
to the method of37. Aliquots of Hayanin (10-50 µg) and
standard antioxidants were mixed with an equal volume of
0.2 M Phosphate buffer of pH 6.6 and 1% potassium
ferricyanide. The mixture incubated at 50 0C for 20 min. An
equal volume of 10% TCA added to the mixture and
centrifuged at 3000 g for 10 min. The supernatant was mixed
with distilled water and 0.1 % FeCl3 at a ratio of 1:1:2
(v/v/v) and the absorbance were measured at 700 nm. The
increased absorbance of the reaction mixture indicated
increased reducing power.
2.5 Statistical analysis:
All experiments were carried out in triplicates to check the
reproducibility of results. The data presented here are the
averages of triplicate determinations and the standard
deviations for all the values were <±5%.

3. RESULTS AND DISCUSSION
The proteinaceous protease inhibitor isolated form Horse
gram seed coat was named as Hayanin 25. In the present
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study, the antioxidant potentiality of Hayanin was checked
to know the effect of protease inhibitors on free radicals
which are the main cause for many diseases. Hayanin with a
molecular weight of ~26 kDa (SDS-PAGE) 25 had a potent
protease inhibitory activity 25. Upon isolating the Hayanin, it
was subjected to the analysis of various components present
at different stages of purification process. Table 1 shows that
there is high concentration of protein as compared to the
trace amounts of Sugars, Polyphenols, Flavonoids, Ascorbic
acid and α-tocopherol, thereby determining that, protein is
the main active principle.

Table 1: Proximate analysis of the protease inhibitor (Hayanin) at
different stages of purification

Sample
Proteins Total

Sugars
Total

Polyphenols
Flavonoids Ascorbic

acid
α-

tocopherol

mg %

Crude Extract 2420 1685 2451 2129 1125 1359

(NH4)2SO4fraction
(65%)

1396 352 1593 725 59 671

Dialysed 808 98 0.224 0.152 0.051 0.032

Sephadex G-50
(HAYANIN)

9.829 0.002 0.003 0.001 - -

(Values are represented as mean SD (n=3); mg % indicates mg per 100 g dry weight)

Fig 1: Dose dependent study of Hayanin on DPPH radical as compared
with standard antioxidants, Bar indicates standard deviation from
triplicate determination.

In DPPH assay, antioxidants were able to reduce the stable
radical DPPH to diphenyl-picryl hydrazine- a yellow
coloured compound. Figure 1 shows that the effect of
Hayanin on DPPH radical has 88 % scavenging activity at
50µg concentration. The dose dependent study of Hayanin
on DPPH radical shows a significant scavenging activity as
compared to the standard antioxidants like BHA, Ascorbic
acid and Curcumin (94, 92 and 90 % respectively) at 400
µM concentrations.

Fig 2:  Dose dependent study of Hayanin on Lipid peroxidation assay
which are compared with standard antioxidants, Bar indicates
standard deviation from triplicate determination.

The lipid peroxidation inhibitory assay is determined by the
production of malondialdehyde (MDA).  The inhibitory
effect of Hayanin against ferrous sulphate and ascorbic acid
induced lipid peroxidation was estimated and Figure 2 shows
that 85 % inhibition at 50 µg concentration as compared to
the standard antioxidants like BHA, Ascorbic acid and
Curcumin (91, 93 and 89 % respectively) at 400 µM
concentrations.
The ability of Hayanin on Hydroxyl and Superoxide radical
is shown in the Figure 3 and compared with the reference
controls. Hydroxyl and Superoxide radical scavenging
activity by Hayanin was found to be 77 % and 83%
respectively at 50 µg concentration. Meanwhile BHA,
Ascorbic acid and Curcumin displayed 86 & 84, 78 & 82
and 95 & 88 % scavenging potentiality, respectively at 400
µM concentration. Reducing power assay is one mechanism
of action of antioxidants and may serve as an indicator of
potential antioxidant activity. Figure 4 shows the reducing
activity of Hayanin is indicated by the increased absorbance
in a dose dependent manner as compared to the standard
antioxidants.

Fig 3: Dose dependent study of Hayanin on Hydroxyl and Superoxide
radicals as compared with standard antioxidants, Bar indicates
standard deviation from triplicate determinations.

Fig 4: Dose dependent study of Hayanin as Reducing Power
potentiality as compared with standard antioxidants, Bar indicates
standard deviation from triplicate determinations.

A 33kDa trypsin inhibitor from sweet potato exhibited
antioxidant activity against both DPPH and Hydroxyl
radicals 38. Low molecular weight (8 kDa) trypsin inhibitor
from sweet potato leaves possessed the antioxidant activity
against DPPH radical 39. A 26 kDa protease inhibitor from
the fruits of African nightshade had an effective antioxidant
activity 1. These suggest that a protein with a protease
inhibitory activity had an effective antioxidant activity
against different radicals.Protease inhibitors have tyrosine
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residues with free hydroxyl group was reported to have
antioxidant activities, which had an effect on DPPH,
Hydroxyland Superoxide radical scavenging activity 40. In
the present study, the antioxidant activity of Hayanin may be
due to the tyrosine residues. Hydroxyl radical is the most
strongest among ROS, which reacts easily with amino acids,
Proteins and DNA. The removal of hydroxyl radical is one
of the most effective defences1. Superoxide radical produce a
weak oxidants, but can produce more potent species like
singlet oxygen which cause peroxidation of lipids. Hayanin
effectively inhibits the superoxide radical activity thereby
preventing the peroxidation of lipids.

4. CONCLUSION
The present study shows that the proteinaceous protease
inhibitor- Hayanin from Horse gram seed coat exhibits
effective antioxidant activities in different model systems.
The Hayanin has potent antioxidant and free radical
scavenging activities.  As Hayanin is nontoxic, edible, easily
available from plant source appears to be a promising
candidate for development of an antioxidant protein. Further
studies are needed to fully characterize and elucidate its
mode of action.
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