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Objective: To investigate L-3, 4-dihydroxyphenylalanine (z-dopa, anti-Parkinson drug),
anti-inflammatory activity, proximate nutritional composition and antioxidant potential of
Mucuna macrocarpa (M. macrocarpa) beans.

Methods: r-dopa content was determined and quantified by high performance thin layer
chromatography and reversed phase high-performance liquid chromatography (RP-
HPLC) methods. Anti-inflammatory activity was performed by in vitro protein denatur-
ation inhibition and human red blood cell membrane stabilisation activity. Proximate
composition and elemental analysis were also investigated. The antioxidant potential
(2,2-diphenyl-1-picrylhydrazyl, N-N-dimethyl-phenylenediamine and ferric-reducing
antioxidant power) of M. macrocarpa beans were evaluated by using different extrac-
tion solvents. The RP-HPLC analysis also quantified significant phenolics such as gallic
acid, tannic acid, p-hydroxybenzoic acid and p-coumaric acid.

Results: RP-HPLC quantification revealed that M. macrocarpa beans contain a high
level of r-dopa [(115.41 + 0.985) mg/g] which was the highest among the Mucuna
species from Indian sub-continent. Water extract of seed powder showed strong anti-
inflammatory and antioxidant potential. Proximate composition of M. macrocarpa
beans revealed numerous nutritional and anti-nutritional components. RP-HPLC analysis
of major phenolics such as tannic acid (43.795 mg/g), gallic acid (0.864 mg/g), p-cou-
maric acid (0.364 mg/g) and p-hydroxybenzoic acid (0.036 mg/g) quantified successfully
from M. macrocarpa beans respectively.

Conclusions: This study suggests that M. macrocarpa is a potential source of z-dopa
with promising anti-inflammatory, antioxidant and nutritional benefits.

1. Introduction

dopaminergic neurons and Lewy body's formation in the
substantia nigra pars compacta region of the brain are the

Parkinson's disease is the second most neurological disorder =~ main hallmark of Parkinson's disease [2]. Some factors have a
occurs after the Alzheimer's disease [!l. Degeneration of  critical role in the development of Parkinson's disease like age,
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genetics, exposure to an excess of iron, pesticides, fungicides
and toxins [3]. Mechanism of dopaminergic cell degeneration
involves microglial activation, excitotoxicity, oxidative stress,
neuroinflammation and mitochondrial dysfunction which
ultimately leads to apoptosis [4].

L-3, 4-dihydroxyphenylalanine (z-dopa) is the principal drug
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comprising several other metabolites including phenolics, fla-
vonoids and alkaloids which assist treatment through various
pathways [51. Mucuna pruriens (M. pruriens), a well-known
species from genus Mucuna is commercialised for r-dopa
extraction and has been successfully exploited for the Parkin-
son's disease management [6]. Genus Mucuna comprises nine
species and four varieties throughout India [7]. Unfortunately,
most of the species have been remained neglected for their
investigation regarding their valuable properties. As
Parkinson's disease occurrence is continuously rising, the
demand of r-dopa is also increasing concurrently. Hence, the
finding of novel potential -dopa sources is of great importance.

Inflammation is a crucial function of the immune system to
resist microbial infections and to provoke anti-inflammatory
molecules. Several chronic disorders such as Alzheimer dis-
ease and Parkinson's disease happen due to long-term neuro-
inflammation [8]. For the treatment of inflammatory disorders,
various drugs are available in the market. However, long-term
use of these drugs may lead to immunodeficiency and gastro-
intestinal disorder [9]. In this direction, investigation of new anti-
inflammatory molecules with potential for the alleviation of
inflammation is an essential task. Plants are the excellent source
of polyphenols, terpenoids, anthocyanidins, carotenoids, flavo-
noids, glucosinolates, isoflavonoids, and phytoestrogens. These
molecules have health beneficial effects through antioxidant and
anti-inflammatory mechanism [10].

Free radicals produced in cellular metabolism lead to the
pathogenesis of Parkinson's disease by producing reactive ox-
ygen and nitrogen species [11]. Brain cells are highly vulnerable
to oxidative stress because of polyunsaturated fatty acids in the
cell membrane, poor catalase, superoxide dismutase and
glutathione peroxidase activity and higher content of iron
generating free radicals [12]. Researches on animal models of
Parkinson's disease, cell culture, postmortem brain tissue and
the investigation of human genetics demonstrates the
contributions  of and mitochondrial
dysfunction in Parkinson's disease development [13]. Free
radicals generate oxidative stress which leads to cell
impairment and destruction [14]. To reduce the oxidative
stress, supplementation of external antioxidant is required.
Several secondary metabolites such as phenolics, flavonoids,
alkaloids derived from plants show superfluous antioxidant
potential [15]. In Indian system of Ayurveda, various
medicinal plants with surplus antioxidant activity have been
reported and extensively used for the management of
neurodegenerative diseases [16].

Mucuna macrocarpa (M. macrocarpa) is a species predom-
inately found in Taiwan and Southeastern Asia including India
and China [17]. It is a large and woody climber, up to 70 m long
stem, 20-25 cm in diameter, trifoliate leaves and 5-25 cm long
inflorescences. Pods are woody, linear straight or slightly curved
(4042 cm long) having 9-13 seeds per pod. Seeds are flattened
round and brown with hard seed coat and an average weight of
5-7 g 1171, Recently, anti-leukaemic, antioxidant and
antimicrobial properties of M. macrocarpa bark and root
extract have been reported [18]. However, M. macrocarpa seed
has remained uninvestigated for its enormous medicinal and
nutritional properties. Hence, the present study attempted to
evaluate z-dopa content, proximate nutritional composition,
anti-inflammatory and antioxidant potential of M. macrocarpa
beans.

oxidative  stress
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2. Materials and methods
2.1. Standard chemicals and reagents

The chemicals, standard and reagents used in the present
work were of analytical and high performance liquid chroma-
tography grade. 2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2, 4, 6-
tripyridyl-s-triazine, N-N-dimethyl-phenylenediamine (DMPD),
ammonium acetate, and acetonitrile were purchased from Sigma
(St. Louis, MO, USA). Ferric chloride and other chemicals were
procured from S.D. Fine Chemicals Ltd. (Mumbai, India) and
Himedia (Mumbai, India). The reference standards for phenolics
viz., gallic acid, tannic acid, 3, 4-dihydroxybenzoic acid, p-
coumaric acid, vanillic acid and ferulic acid were purchased
from Himedia (Mumbai, India).

2.2. Collection of plant material

The M. macrocarpa seeds were collected from Darjeeling,
West Bengal, India. Herbarium of plant material maintained at
the Botany Department, Shivaji University, Kolhapur (Voucher
No.-Swaroopsingh 030 SUK). The M. macrocarpa seeds were
grinded (after removing seed coat) in a mechanical grinder to
obtain fine powder and stored at —20 °C refrigerator for further
analysis.

2.3. Qualitative and quantitative analysis of L-dopa

Qualitative and quantitative investigation of r-dopa was
conducted according to the method described by Rathod et al.
[19]. Shortly, 50 mg of M. macrocarpa powder was mixed with
15 mL 0.1 N aqueous HCIl and mixture then sonicated for
20 min. Further, the volume was adjusted to 50 mL with
0.1 N HCIl. The sample was then filtered through 0.45 mm
nylon filter (Axiva filters). The filtered sample was used for
the qualitative analysis by using high-performance thin layer
chromatography (HPTLC) (E. Merck, Darmstadt, Germany).
The sample was spotted on the silica-coated aluminium sheet
(10 cm x 10 cm with 0.2 mm thickness) using a Camag Linomat
V automatic sample spotter (Muttenz, Switzerland). n-butanol,
acetic acid and water were used as mobile phase at 4:1:1 pro-
portion [20]. Thin layer plates scanning was done at 280 nm with
the help of Camag thin layer scanner llI.

Reverse phase high-performance liquid chromatography (RP-
HPLC) analysis was performed by Shimadzu prominence unit
with degasser DGU-20A 5R, low-pressure quaternary pump LC
20 AD and SPD-M20A as a photo diode array detector. Water,
methanol and acetonitrile (5:3:2) containing 0.2% triethylamine
used as mobile phase having pH 3.3 [19]. A total of 20 pL
volume was used for the injection. Nova-Pak C18 column
(4 pm, 4.6 mm x 250 mm) from water (Milford, USA) was used
for the chromatographic separation.

2.4. In vitro anti-inflammatory activity

Sample preparation was carried out by adding
100 mg M. macrocarpa seed powder in 10 mL distilled water,
extracted in mortar petal and centrifuged at 10000 rpm for
10 min. The supernatant was collected and calculated the
effective yield. Further, the supernatant was kept in the refrig-
erator until further analysis.
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2.4.1. Bovine serum albumin (BSA) anti-denaturation
assay

BSA protein anti-denaturation assay was performed accord-
ing to the method described by Grant et al. [21] with minor
changes. In brief, 1 mL of samples of
M. macrocarpa bean with different concentrations was
allowed to react with 1 mL of BSA solution (1% BSA in
50 mM Tris buffer, pH 6.5). Diclofenac was used as a
standard anti-denaturating drug with various concentrations.
The reaction mixture was kept at room temperature for 20 min
for the incubation and then kept to 64 °C in water bath for 5—
10 m till mixture got turbid. After cooling, the absorbance of the
reaction mixture was recorded at 660 nm by spectrophotometer
to measure the turbidity. Distilled water was used as a control.
The experiment was conducted in triplicate number for statistical
analysis. The percentage of protein denaturation inhibition was
calculated as follows:

extracted

. A, - A
% denaturation inhibition = <ol ~ Zsample )

Acomrol

where, Acontrol Stands for absorbance of the control and Asample
stands for absorbance of the sample.

2.4.2. Human red blood cell membrane stabilisation test

Freshly collected 10 mL of human blood sample was
centrifuged at 3 000 rpm for 10 min to obtain packed red blood
cells. The collected red blood cells were then washed for three
times with equal volume of normal saline by centrifugation at
3000 rpm for 10 min. The collected human red blood cell
membranes were measured and re-constituted with normal saline
to obtain 10% v/v suspension [22].

The hypotonicity induced haemolysis of human red blood
cell membrane was performed according to Bhurat ez al. [23]. In
short, the reaction solution consists of 2 mL hypo saline, 1 mL
0.15 M phosphate buffer (pH 7.4), 1 mL M. macrocarpa extract
(200 pg—600 pg/mL) in an isosaline and 0.5 mL 10%
reconstituted human red blood cell. Distilled water was used
to prepare control instead of hypo saline. The mixture then
was kept at room temperature for 30 min and centrifugation
was carried out at 3000 rpm for 20 min. The supernatant was
collected and used to measure the haemoglobin content at
560 nm by a spectrophotometer. Aspirin was used as a
standard drug.

A x 100

control

Percentage of stabilization =100 —

where, At stands for absorbance of test and A gneor Stands for
absorbance of control.

2.5. Biochemical analysis

2.5.1. Sample preparation

M. macrocarpa seed powder (200 mg) was added with
10 mL D/W and kept on rotator shaker for 3 h at room tem-
perature and extracted using mortar and pestle. Then centrifu-
gation was carried out at 8 000 rpm for 15 min, the supernatant
was collected and sediment re-extracted. After the 2-3 times
centrifugation, supernatant collected altogether and kept in the
refrigerator for further biochemical analysis.
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2.5.2. Nutritional and anti-nutritional parameters
analysis

The prepared sample was used for the analysis of various
nutritional and anti-nutritional parameters. Total ash content of
M. macrocarpa seed powder was analysed by the Association of
Official Agricultural Chemists method [24]. Total solid was
determined as described by James [25]. Crude fibre content of
the beans was calculated according to Association of Official
Agricultural Chemists method [26]. Protein and carbohydrate
content was estimated by using Lowry's method [27] and
Anthrone method [28]. The fat content of the sample was
estimated by extracting sample in diethyl and petroleum ether
solution and results were expressed in percentage of fat
according to the method described by James [25]. The energy
content of the sample was determined according to the formula
described by Carpenter er al. [29] with considering proximate
analysis data. Starch content of the seed flour was estimated by
McCready et al. method [30]; in short, the powder was treated
with 80% ethanol and perchloric acid was added to extract the
starch. The proanthocyanidin content was estimated according
to a method of Sun et al. [31] and results were expressed as
catechin equivalents per gram (mg CAE/g) of dry weight.

Tannin and phytic acid content of the seed was quantified by
the Folin-Denis colorimetric [32] and Gao et al. method [33].
Total saponin was determined according to a method of
Harborne et al. [34].

2.5.3. Mineral determination

Mineral quantification of seed powder was carried out by
preparing ash of seed flour using Bunsen flame for 20 min. The
prepared ash was kept in cleaned porcelain crucibles at 550 °C in
a muffle furnace to analyse the metal content of the sample by
using atomic absorption spectrophotometer (Perkin—Elmer
8650). The phosphorus content of the digested sample was
estimated according to by Nahapetian and Bassiri method [35].

2.6. Total phenolic content, total flavonoids content and
antioxidant potential

M. macrocarpa seed powder was extracted in four different
extracting solvents (water, methanol, ethanol and acetone) at the
concentration of 1 mg/mL. Samples were prepared using
shaking at (120 + 2) rpm for 2 h and sonicated for 10 min in a
sonication bath. The extracted sample then was centrifuged at
10 000 rpm for 15 min and the supernatant was collected. The
centrifugation procedure was repeated twice. The supernatant
was pulled together, and effective yield of respective sample
was calculated and diluted to known concentration for further
study.

2.6.1. Total phenolics content and flavonoids content
The total phenolics content of M. macrocarpa seed powder
was quantified spectrophotometrically according to a method of
Singleton and Rossi [36]. Gallic acid was used as standard and
results were expressed per gram (mg GAE/g) of dry weight.
The flavonoids content was determined by the method of
Chang et al. [37]. Total flavonoids content was calculated by
comparing quercetin as a standard and results were expressed
as milligram of quercetin equivalent to per gram of dry powder.
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2.6.2. Antioxidant activity study

Radical scavenging activity of different solvent extracted
M. macrocarpa seed powder samples was estimated by DPPH
(381, DMPD [39] and ferric-reducing antioxidant power (FRAP)
[40] assay. DPPH and DMPD activity was expressed in terms of
percent radical scavenging activity, whereas, FRAP activity in
terms of optical density at 593 nm.

2.7. RP-HPLC-DAD determination of phenolic acids

Sample preparation for the quantification of phenolics was
done by continuous shaking with constant stirring for (110 + 2)
rpm at room temperature [(25 + 2) °C]; methanol was used as a
solvent for the extraction. The extracted sample was then passed
through 0.45 mm nylon filter (Axiva filters), the final volume
was adjusted with methanol and stored in the amber vial at 4 °C
until RP-HPLC analysis. A solvent system consisting of water,
acetonitrile and glacial acetic acid in the 90:5:5 proportion [41]
and 20 pL was used as injection volume. The flow rate of
mobile phase was 1 mL/min with 15 min run time and
280 nm was used as absorbance channel.

2.8. Statistical analysis

All experimental analysis was performed in triplicates and
results were calculated as a mean + SD value. The data were
statistically analyzed by GraphPad Prism 5 software using
Dunnett multiple range test to check the significant differences
among the mean values.

3. Results
3.1. Qualitative and quantitative analysis of L-dopa

The qualitative (HPTLC) (Figure 1) and quantitative (HPLC)
analysis of L-dopa from M. macrocarpa beans were carried out.

The qualitative HPTLC evaluation confirmed z-dopa content in
the seed sample. RP-HPLC quantification revealed that

Chetan Aware et al./Asian Pac J Trop Biomed 2017; 7(12): 1097-1106

M. macrocarpa beans contain a high level of r-dopa

[(115.410 + 0.985) mg/g] (Figure 2).
3.2. In vitro anti-inflammatory potential

In the present research, M. macrocarpa seed powder showed
strong protein anti-denaturation activity. Albumin denaturation
inhibition activity of M. macrocarpa sample at various con-
centrations has been shown in Table 1. M. macrocarpa water
extract showed strong inhibition of protein denaturation
(90.13% + 6.25%) at 500 pg/mL concentration, whereas, stan-
dard drug diclofenac showed (98.35% + 5.12%) inhibition at
500 pg concentration. M. macrocarpa seed powder was also
examined on the human red blood cell membrane stabilisation
activity and showed excellent anti-inflammatory activity in a
concentration-dependent manner (Table 1). The M. macrocarpa
bean showed maximum membrane stabilisation activity
(59.53% + 4.23%) at 500 pg/mL concentration. However,
aspirin was used as a standard drug and showed
(62.35% = 1.35%) activity for the same concentration.

3.3. Biochemical analysis

3.3.1. Nutritional and anti-nutritional factors analysis
Proximate composition of M. macrocarpa beans revealed
numerous nutritional and anti-nutritional components. The
composition of seed showed ash (23.0 + 4.5) mg/g, total solid
(957.5 = 11.6) mg/g and fibre (74.8 + 2.8) mg/g. The total
protein content of M. macrocarpa seed was (90.7 = 2.8) mg/g. It
was observed that M. macrocarpa seed contains a moderate
level of total carbohydrate (123.0 + 8.2) mg/g. The total calorific
value of seed was 95.56 kcal. The crude fat and starch contents
were (11.20 = 1.27) and (29.00 = 2.61) mg/g respectively. The
M. macrocarpa seed showed (36.0 + 4.7) mg/g of proantho-
cyanidin. M. macrocarpa bean also revealed major anti-
nutritional factors. Seed powder showed (97.2 + 6.4) mg/g of
phytic acid, (136.60 + 27.12) mg/g of tannin and (47.2 + 5.8)
mg/g of saponin level. The mineral analysis of M. macrocarpa

Figure 1. HPTLC analysis of M. macrocarpa seeds for i-dopa.

HPTLC chromatograms. (a) Std -DOPA; (b) M. macrocarpa seed sample (n = 3).
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Figure 2. HPLC analysis of M. macrocarpa seeds for r-dopa.

(a) HPLC profile of standard (z-dopa); (b) HPLC profile of M. macrocarpa seeds (n = 3).

Table 1

Human red blood cell membrane stabilisation activity and heat induced BSA anti-denaturation activity of M. macrocarpa seed (mean + SD) (n = 3).

Concentration (Jg) Aspirin® M. macrocarpa® DCF® M. macrocarpal®
100 42.62 + 3.60 32.33 + 3.85 66.11 £ 5.53 61.23 +4.23
200 49.56 + 1.34 44.25 + 4.76 77.77 = 4.56 72.68 = 5.21
300 54.25 +4.23 48.04 £ 3.76 88.47 = 6.21 81.87 = 5.89
400 58.21 + 2.78 52.76 £ 2.49 95.82 + 6.45 85.40 + 4.84
500 62.35 £ 1.35 59.53 +4.23 98.35 £ 5.12 90.13 + 6.25

9% Human red blood cell membrane stabilisation activity. ° % inhibition of protein denaturation.

beans explored high calcium and sodium level. The content of
nitrogen, phosphorus, potassium, sulphur, and magnesium was
in moderate level. The trace elements iron, boron, copper,
manganese, zinc, iron, molybdenum were also recorded at a
lesser concentration (Table 2).

3.4. Total phenolics and total flavonoids content
In the present research work, total phenolics content and total

flavonoids content were evaluated from M. macrocarpa beans
by using four different solvents (Table 3). The M. macrocarpa

water extract showed higher phenolic and flavonoids content
viz., (103.030 £+ 1.122) mg GAE/g and (129.166 7 + 0.956 0) mg
CHE/g, while M. macrocarpa methanol extract showed
(87.060 + 0.695) mg GAE/g and (139.1667 + 1.238 0) mg
CHE/g respectively.

3.5. Antioxidant potential
3.5.1. DPPH free radical scavenging activity

The DPPH radical scavenging activity of differentially
extracted M. macrocarpa seed was carried out in comparison
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Table 2

Minerals content of M. macrocarpa seed.
Parameters Analysis
Nitrogen % 0.22
Phosphorous % 0.19
Potassium % 0.17
Calcium % 3.50
Magnesium % 0.14
Sulphur % 0.18
Sodium % 8.75
Zinc PPM 131.89
Ferrous PPM <1.00
Copper PPM 91.00
Manganese PPM 209.97
Molybdenum PPM 1133.70
Boron PPM 4.87

Table 3
Total phenolics (mg GAE/g) and total flavonoids (mg CHE/g) content of
M. macrocarpa seed (mean + SD) (n = 3).

Solvents Phenolics (mg GAE/g) Flavonoids (mg CHE/g)
MMWE 103.03 = 1.12 129.16 = 0.95
MMME 87.06 + 0.69 139.16 = 1.23
MMEE 66.96 + 0.95 91.66 + 1.02
MMAE 14.84 = 0.68 14.66 + 0.48

MMWE: M. macrocarpa seed water extract; MMME: M. macrocarpa
seed methanol extract; MMEE: M. macrocarpa seed ethanol extract;
MMAE: M. macrocarpa seed acetone extract.

with ascorbic acid as an internal standard. Increase in antioxi-
dant activity with a simultaneous increase in sample concen-
tration was observed. M. macrocarpa water extract showed
(18.92% =+ 1.86%) activity at 10 Lg concentration and

Table 4

Chetan Aware et al./Asian Pac J Trop Biomed 2017; 7(12): 1097-1106

(89.46% + 1.76%) at 50 ng (Table 4). DPPH radical scavenging
activity of M. macrocarpa methanol extract was ranged from
(16.03% + 1.86%) to (86.04% + 3.61%) respectively for the
lower and higher concentration of sample under study.
M. macrocarpa ethanol extract showed (14.11% + 0.93%) to
(78.04% + 3.95%) while M. macrocarpa acetone extract con-
tains low DPPH radical scavenging activity (8.69% = 0.90%) to
(45.46% + 2.84%). The ascorbic acid showed (23.13% = 1.97%)
and (97.65% + 3.52%) activity at the 20 pM and 100 pM
concentration respectively. The order of DPPH radical scav-
enging activity for the different solvents was water > methanol
> ethanol > acetone.

3.5.2. DMPD radical scavenging activity

The DMPD radical scavenging potential of M. macrocarpa
seed powder using different solvents has been depicted in
Table 6. M. macrocarpa water extract showed (8.98% =+ 1.05%)
activity at 20 [g concentration while (44.84% =+ 3.10%) at
100 png. M. macrocarpa methanol extract showed
(8.30% = 0.32%) activity at 20 pg and (40.23% =+ 2.80%) at
250 pg concentration. M. macrocarpa ethanol extract and
M. macrocarpa acetone extract showed negligible DMPD
radical scavenging activity. The ascorbic acid showed (10.02 +
1.02)% and (51.34 + 2.81)% activity at 50 uM and 250 pM
concentration respectively. The trend of DMPD radical scav-
enging activity for the  different
water > methanol > ethanol > acetone (Table 5).

solvents was

3.5.3. FRAP activity

Table 6 represents ferric reducing antioxidant potential of
M. macrocarpa beans in form of absorbance values. In the
present study, M. macrocarpa methanol extract showed good

DPPH radical scavenging activity of M. macrocarpa in percentage (%) (mean + SD, n = 3).

Concentration (}Lg) Std. Ascorbic acid Water Methanol Ethanol Acetone
10 23.13 £ 1.97 18.92 + 1.86 16.03 = 1.86 14.11 = 0.93 8.69 = 0.90
20 41.42 + 1.84 34.12 £ 1.16 30.29 + 1.93 25.96 + 2.13 14.56 = 0.73
30 64.88 £ 1.90 55.01 £ 1.93 52.63 = 2.05 45.92 +2.92 26.45 £ 2.10
40 86.85 £ 2.52 68.56 + 1.61 65.01 + 3.14 60.88 + 2.88 33.47 £ 2.31
50 97.65 = 3.52 89.46 + 1.76 86.04 + 3.61 78.04 = 3.95 4546 = 2.84

Table 5

DMPD radical scavenging activity of M. macrocarpa in percentage (%) (mean + SD, n = 3).
Concentration ([Lg) Std. Ascorbic acid Water Methanol Ethanol Acetone
20 10.02 + 1.02 8.98 + 1.05 8.30 = 0.32 4.74 = 0.55 2.67 = 0.19
40 17.47 = 1.64 13.03 = 1.86 12.04 = 1.15 7.090 = 1.161 4.29 = 1.03
60 29.49 + 2.10 24.43 £ 2.10 21.00 + 1.64 11.28 + 1.88 7.02 = 0.68
80 42.38 = 2.40 36.14 £ 2.53 2848 = 2.11 12.81 = 1.30 10.74 = 1.25
100 51.34 £ 2.81 44.84 + 3.12 40.23 = 2.80 15.45 £ 1.71 13.24 + 1.00

Table 6

FRAP assay of M. macrocarpa expressed in OD at 593 nm (mean + SD, n = 3).
Concentration (|Lg) Std. Ascorbic acid Water Methanol Ethanol Acetone
10 0.70 £ 0.11 0.49 £ 0.05 0.51 = 0.06 0.40 = 0.02 0.18 £ 0.02
20 1.06 + 0.08 0.91 = 0.05 0.90 = 0.08 0.80 = 0.09 0.24 += 0.09
30 1.60 = 0.07 1.43 = 0.07 1.30 £ 0.04 1.22 + 0.07 0.42 £ 0.08
40 1.90 = 0.11 1.61 = 0.10 1.71 = 0.09 1.51 + 0.08 0.72 = 0.07
50 2.37 = 0.09 1.67 = 0.14 2.05 = 0.08 1.60 = 0.07 1.07 = 0.10
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Figure 3. HPLC chromatogram for analysis of phenolics in M. macrocarpa seed powder.
(a) HPLC profile of standard phenolics compounds P-1.062 (tannic acid), P-1.36 (gallic acid), P-3.245 (p-hydroxybenzoic acid), P-4.083 (vanillic acid), P-
7.18 (p-coumaric acid), P-9.601 (ferulic acid), (b) HPLC profile of M. macrocarpa seed powder extract showing tannic acid, gallic acid, p-hydroxybenzoic

acid and p-coumaric acid (n = 3).

ferric reducing capacity viz., (0.51 = 0.06) OD at 10 pg
concentration while (2.05 = 0.08) OD at 50 pg. The ascorbic
acid showed (0.70 = 0.11) OD and (2.37 £+ 0.09) activity at
the 10 pg and 50 pg concentration respectively. The order
of FRAP activity for the different solvents was
methanol > water > ethanol > acetone.

3.6. Quantitative RP-HPLC analysis of major phenolic
compounds

Quantitative  analysis of major phenolics from
M. macrocarpa beans was carried out with a comparison of the
standard RP-HPLC chromatographic profile. RP-HPLC revealed
that M. macrocarpa bean contains tannic acid (43.795 mg/g),
gallic acid (0.864 mg/g), p-coumaric acid (0.364 mg/g) and p-
hydroxybenzoic acid (0.036 mg/g) (Figure 3).

4. Discussion

L-dopa is important molecule used for the synthesis of the
neurotransmitter dopamine and acts as a prime drug for the

symptomatic management of Parkinson's disease. Synthetic -
dopa causes several secondary complications after prolonged use
for the treatment [42]. Hence, research is being focused on the
natural sources of r-dopa with special emphasis on herbal
medicines. The plants have the advantage that, despite specific
drug content, it also shows additional properties like
antioxidant activity, anti-inflammatory property which may
reduce the adverse effects of the synthetic counterpart. RP-
HPLC quantification proved that M. macrocarpa beans
contain (115.410 = 0.985) mg/g of L-dopa which is the highest
among the Mucuna species from Indian sub-continent. The well-
known species of Mucuna, M. pruriens contain 12.5-91.6 mg/g
of r-dopa [6] whereas, species of Mucuna like M. pruriens var.
utilis and Mucuna sanjappae contains 12.5-91.6 mg/g (6] and
73 mg/g respectively [7]. The RP-HPLC revealed the higher
content of .-dopa in M. macrocarpa beans which accelerate their
exploitation for the management of Parkinson's disease.
Neurodegenerative disease such as Alzheimer disease and
Parkinson's disease are caused due to prolong neuroinflammation
[8]. In the animals, most of the inflammatory reaction happens due
to secretion of lysosomal enzymes and denaturation of protein
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which causes a variety of impairments in surrounding tissues [22].
Several synthetic drugs show dose-dependent activity for inhibi-
tion of protein denaturation [43]. However, long-term use of these
drugs may lead to several secondary complications [9]. Herbal
drugs usually contain a variety of bioactive compounds which
show strong anti-inflammatory and antioxidant potential. Some
of these biomolecules can penetrate the blood—brain barrier and
can be deployed for the use of central nervous system related
neuroinflammatory disorders [44]. The findings of this study
indicate that M. macrocarpa beans have excellent anti-
inflammatory activity. M. macrocarpa beans show strong inhi-
bition of protein denaturation with maximum membrane stabili-
sation activity.

Proximate composition of M. macrocarpa beans revealed
numerous nutritional and anti-nutritional factors. It was observed
that M. macrocarpa seed contains a moderate level of total
carbohydrate and lower level of protein and energy as compared
to M. pruriens var. utilis and Mucuna sanjappae 7).
M. macrocarpa beans also showed the excellent content of
proanthocyanidin which is well-known for antimicrobial, anti-
allergic, antihypertensive and antioxidant activity [45]. Anti-
nutritional factors are the components found in the leguminous
seeds having a negative role in the digestion of protein, carbo-
hydrates and minerals [7]. Therefore, determination of anti-
nutritional factors is an essential feature for the consideration
of leguminous seeds for food or medicinal purpose.
M. macrocarpa seed has a moderate level of phytic acid and
saponin, whereas, high level of tannin was observed. According
to some previous reports, anti-nutritional factors also exert
beneficiary effects on the treatment of different diseases through
diverse molecular pathways. For instance, iron-induced oxida-
tive stress has a critical role in Parkinson's disease generation [12]
and phytic acid acts as natural iron chelators reducing the
adverse effect of iron accumulation in the brain [46]. Saponins
are well known anti-cancer agents whereas tannin is used as
an anti-inflammatory molecule for the inhibition of tissue
swelling [471.

Phenolic and flavonoid compounds are the major secondary
metabolites having strong therapeutic perspective [48]. Plant
phenolics prevent heart disease,
inflammation, lower the incidence of cancers and diabetes,
reduce rates of mutagenesis in human cells and prevents
neurodegenerative disease like Alzheimer and Parkinson's
disease [49]. Measurement of these secondary metabolites
using single extraction solvent may not give a precise
conclusion. Hence, in the investigation, we evaluated several
phytocomponents different
M. macrocarpa water extract and M. macrocarpa methanol
extract showed higher phenolic and flavonoids, whereas,
M. macrocarpa ethanol extract and M. macrocarpa acetone
extract showed a low level of phenolics and flavonoids
extraction capacity. It was explored that, total phenolics
content and total flavonoids content were significantly affected
by the extracting solvents. The order of total phenolics
content different
water > methanol > ethanol > acetone. The finding in work
revealed that M. macrocarpa seed powder has significant
levels of phenolics and flavonoids as compared to M. pruriens
var. utilis [50] which may react with free radicals to recover
oxidative stress-induced cell damage. The present work also
has shown that M. macrocarpa seed powder has enormous
levels of phenolics and flavonoids as compared to M. pruriens

and flavonoids reduce

using  four solvents. The

extraction for the solvents  was
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var. utilis 1501, which may react with free radicals to release
oxidative stress.

Oxidative stress has been evidenced for the pathogenesis of
several disorders [51]. The imbalance between the bodily
antioxidant system and generated oxidants creates oxidative
stress ultimately resulting in different disorder including
neurological disorders [52]. To surmount such cases, we have to
rely on external sources such as herbal drugs and food-based
sources of antioxidants [53]. M. macrocarpa seed powder extract
showed excellent in vitro antioxidant potential by DPPH free
radical scavenging activity, DMPD radical scavenging activity
and FRAP activity. M. macrocarpa water extract and
M. macrocarpa methanol extract showed significant reduction
of DPPH radicals into DPPH-H molecule by hydrogen-donating
antioxidant  potential. The order of DPPH radical
scavenging activity for the different solvents was
water > methanol > ethanol > acetone respectively. In DMPD
radical scavenging activity, the hydrogen ions are transferred from
the antioxidant molecules to stabilise the free radical and DMPD
solution is decolorised [7l. The DMPD radical scavenging
potential of M. macrocarpa seed powder was explored with
different solvents. Water and methanol extract showed excellent
radical scavenging activity as compared to ethanol and acetone.
The order of DMPD radical scavenging activity for the different
solvents was water > methanol > ethanol > acetone. FRAP
results revealed that the M. macrocarpa methanol extract has
good potential of reducing ferric radicals than other solvent
extracts. The order of FRAP activity for the different solvents
was methanol > water > ethanol > acetone. The excellent
antioxidant potential of M. macrocarpa beans suggests its
possible use to cure oxidative stress-related disorders including
Parkinson's disease.

Plants contain numerous phytocomponents such as poly-
phenols, flavonoids and terpenoids which have the antioxidant
and anti-inflammatory potential [10]. RP-HPLC analysis showed
the presence of major phenolics such as tannic acid, gallic acid,
p-coumaric acid and p-hydroxybenzoic acid in M. macrocarpa
beans. Tannic acid has an enormous role in biological activities
and used for the treatment of cancer, neuroinflammation, and
several microbial and oxidative stress-related disorders [54].
Gallic acid plays a significant role in anti-Parkinson's disease
and anti-amyloid fibril formation activity [55]. p-
hydroxybenzoic acid is mostly used as preservatives in food
and beverage industries [56], whereas, p-coumaric acid has
application in aromatic and cosmetic products [571.

As compared to commonly used M. pruriens, M. macrocarpa
possesses a higher level of anti-Parkinson drug rz-dopa with
essential secondary metabolites. As Parkinson's disease cases are
increasing continually, there are tremendous scopes for
exploring M. macrocarpa for effective management of Parkin-
son and other oxidative stress-related disorders. It will also ease
the burden created by commonly used Mucuna species.

In conclusion, in recent years, genus Mucuna has gained
more attentions for the research because of its strong medicinal
and food potential. There is an increasing demand of r-dopa for
the Parkinson's disease treatment which is creating a burden on
the commonly used Mucuna species (M. pruriens). Hence,
exploitation of  underutilised Mucuna  species like
M. macrocarpa is a need of time. This study proves
M. macrocarpa as a potential source of r-dopa with promising
anti-inflammatory and antioxidant activity. The present study
also motivates its conservation and improvement by advanced
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biotechnological tools, as it is endemic and threatened by
increasing urbanisation. Further research is needed to explore
this plant for anti-Parkinson's disease and other oxidative stress-
related disease combating properties.

Conflict of interest statement
The authors declare no conflict of interest.

Acknowledgements

Prof. Jyoti P. Jadhav sincerely thanks Department of
Biotechnology, Government of India for Interdisciplinary Pro-
gramme of Life Sciences for the Advanced Research and Edu-
cation (IPLS — Reference No: BT/PR4572/INF/22/147/2012).
Chetan B. Aware and Swaroopsingh V. Gaikwad thank IPLS for
providing fellowship. Ravishankar R. Patil thanks IPLS and
UGC-BSR scheme for providing fellowship. Vishwas A. Bapat
thanks Indian National Science Academy, New Delhi for senior
scientist fellowship.

References

[1] Yadav SK, Prakash J, Chouhan S, Singh SP. Mucuna pruriens seed
extract reduces oxidative stress in nigrostriatal tissue and improves
neurobehavioral activity in a paraquat-induced Parkinsonian mouse
model. Neurochem Int 2013; 62: 1039-47.

[2] Forno LS. Neuropathology of Parkinson's disease. J Neuropathol
Exp Neurol 1996; 55: 259-72.

[3] Dauer William, Przedborski S. Parkinson's disease: review mech-
anisms and models. Neuron 2003; 39(6): 889-909.

[4] Mizuno Y, Hattori N, Mori H, Suzuki T, Tanaka K. Parkin and
Parkinson's disease. Curr Opin Neurol 2001; 14: 477-82.

[5] Kavitha C, Thangamani C. Amazing bean “Mucuna pruriens”: a
comprehensive review. J Med Plants Res 2014; 8: 138-43.

[6] Ingle PK. L-dopa bearing plants. Nat Prod Rad 2003; 2: 126-33.

[7] Patil RR, Gholave AR, Jadhav JP, Yadav SR, Bapat VA. Mucuna

sanjappae (Aitawade & Yadav): a new species of Mucuna with

promising yield of anti-Parkinson's drug L-DOPA. Genet Resour

Crop Evol 2015; 62(1): 155-62.

Michelle D, Nemetchek A, Andrea B, Donald S, Diana L. The

ayurvedic plant Bacopa monnieri inhibits inflammatory pathways

in the brain. J Ethnopharmacol 2016; 197: 92-100.

[9] Cai C, Chen Y, Zhong S, Ji B, Wang J, Bai X, et al. Anti-in-
flammatory activity of N-butanol extract from Ipomoea stolonifera
in vivo and in vitro. PLoS One 2014; 9(4): €95931.

[10] Hemalata SK, Shiva MN, Kameshwari. Anti-inflammatory activity
in Urginea wightii, (Lakxmin) Kunth, Hyacinthaceae. Int J Pure
Appl Biosci 2015; 3: 249-53.

[11] Uttara B, Singh A, Zamboni P, Mahajan R. Oxidative stress and
neurodegenerative diseases: a review of upstream and downstream
antioxidant therapeutic options. Curr Neuropharmacol 2009; 7: 65-74.

[12] Kasture S, Mohan M, Kasture V. Mucuna pruriens seeds in
treatment of Parkinson's disease: pharmacological review. Orient
Pharm Exp Med 2013; 13: 165-74.

[13] Mandemakers W, Morais VA, Strooper BA. Cell biological
perspective on mitochondrial dysfunction in Parkinson's disease
and other neurodegenerative diseases. J Cell Sci 2007; 120:
1707-16.

[14] Noori S. An overview of oxidative stress and antioxidant defensive
system. Sci Rep 2012; 1: 413.

[15] Tiong SH, Looi CY, Hazni H, Arya A, Payda M, Wong WF, et al.
Antidiabetic and antioxidant properties of alkaloids from Cathar-
anthus roseus (L.) G Don. Molecules 2013; 18: 9770-84.

[16] Scartezzini P, Speroni E. Review of some plants of Indian tradi-
tional medicine with antioxidant activity. J Ethnopharmacol 2000;
71: 23-43.

[8

—

1105

[17] Ren S, Wilmot-Dear C. Mucuna Adanson, Fam. Pl. 2: 325, 579.
1763, nom. cons. FOC 2010; 10: 207-18.

[18] Lu KH, Lee HJ, Huang ML, Lai SC, Ho YL, Chang YS, et al.
Synergistic apoptosis-inducing antileukemic effects of arsenic
trioxide and Mucuna macrocarpa stem extract in human leukemic
cells via a reactive oxygen species-dependent mechanism. J Evid
Based Complement Altern Med 2012. https://doi.org/10.1155/2012/
921430.

[19] Bhumika GR, Natvarlal MP. Development of validated RP-HPLC
method for the estimation of L-Dopa from Mucuna pruriens, its
extracts and in aphrodisiac formulation. Int J Pharm Sci Res 2014,
5: 508-13.

[20] Modi KP, Patel NM, Goyal RK. Estimation of L-DOPA from
Mucuna pruriens Linn and formulations containing M. pruriens by
HPTLC method. Chem Pharm Bull 2008; 56: 357-9.

[21] Grant NH, Alburn HE, Kryzanauskas C. Stabilization of serum
albumin by anti-inflammatory drugs. Biochem Pharmacol 1969;
19: 715-22.

[22] Sadique J, Al-Rqobahs WA, Bughaith MF, El-Gindi AR. The
bioactivity of certain medicinal plants on the stabilization of RBC
membrane system. Fitoterapia 1989; 60: 525-32.

[23] Bhurat MR, Sapakale HS. Preliminary chemical evaluation and
in vitro anti inflammatory activity of leaves of Remusatia vivipara.
Asian J Biochem Pharm Res 2011; 2: 303-6.

[24] AOAC. Official methods of analysis of the association of the
analytical chemists. 17th ed. Virginia, USA: AOAC; 2000.

[25] James CS. Analytical chemistry of food. UK: Springer Science+-
Business Media B.V.; 1995.

[26] AOAC. Official methods of analysis. 15th ed. Washington DC:
Association of Official Analytical Chemists; 1990.

[27] Lowry OH, Rosbrough NJ, Farr AL, Randall RJ. Protein mea-
surement with the Folin phenol reagent. J Biol Chem 1951; 193:
265-75.

[28] Trevelyan WE, Forrest RS, Harrison JS. Determination of yeast
carbohydrates with the anthrone reagent. Nature 1952; 170: 626-7.

[29] Carpenter KJ, Clegg KM. The metabolizable energy of poultry
feeding stuffs in relation to their chemical composition. J Sci Food
Agric 1956; 7(1): 45-8.

[30] McCready RC, Guggolz J, Silviera V, Owens AS. Determination
of starch and amylose in vegetables. Anal Chem 1950; 22: 1156-8.

[31] Sun B, Ricardo-da-Silva JM, Spranger I. Critical factors of vanillin
assay for catechins and proanthocyanidins. J Agric Food Chem
1998; 46: 4267-74.

[32] Kirk H, Sawyer R. Frait Pearson chemical analysis of food. 8th ed.
UK: Longman Scientific and Technical Edinburgh; 1998, p. 211-2.

[33] Gao Y, Shang C, Saghai MA, Maroof RM, Biyashev EA,
Grabau P, et al. A modified colorimetric method for phytic acid
analysis in soybean. Crop Sci 2007; 47: 1797-803.

[34] Harbornem JB. Phytochemical methods. London: Chapman and
Hall Ltd; 1973, p. 49-188.

[35] Nahapetian A, Bassiri A. Changes in concentration and in-
terrelationships of phytate, P, Mg, Cu, Zn in wheat during matu-
ration. J Agric Food Chem 1975; 23: 1179-82.

[36] Singleton VL, Rossi JA. Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic
1965; 16: 144-58.

[37] Chang C, Yang M, Wen H, Chen J. Estimation of total flavonoids
content in propolis by two complementary colorimetric methods.
J Food Drug Anal 2002; 10: 178-82.

[38] Lee HC, Kim JH, Jeong SM, Kim DR, Ha JU, Nam KC. Effect of
far infrared radiation on the antioxidant activity of rice hulls.
J Agric Food Chem 2003; 51: 4400-3.

[39] Schlesier K, Harvat M, Bohm V, Bitsch R. Assessment of anti-
oxidant activity by using different in vitro methods. Free Radic Res
2002; 36: 177-87.

[40] Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP)
as a measure of “antioxidant power”: the FRAP assay. Anal Bio-
chem 1996; 239: 70-6.

[41] Mustafa T, Mustafa O. Chromatographic determination of phenolic
acids in the snowdrop by HPLC. Turk J Chem 2003; 27: 49-54.


http://refhub.elsevier.com/S2221-1691(17)30954-1/sref1
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref1
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref1
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref1
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref2
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref2
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref3
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref3
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref4
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref4
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref5
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref5
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref6
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref7
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref7
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref7
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref7
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref8
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref8
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref8
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref9
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref9
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref9
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref10
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref10
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref10
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref11
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref11
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref11
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref12
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref12
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref12
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref13
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref13
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref13
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref13
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref14
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref14
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref15
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref15
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref15
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref16
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref16
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref16
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref17
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref17
https://doi.org/10.1155/2012/921430
https://doi.org/10.1155/2012/921430
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref19
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref19
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref19
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref19
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref20
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref20
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref20
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref21
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref21
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref21
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref22
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref22
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref22
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref23
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref23
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref23
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref24
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref24
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref25
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref25
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref26
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref26
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref27
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref27
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref27
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref28
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref28
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref29
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref29
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref29
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref30
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref30
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref31
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref31
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref31
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref32
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref32
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref33
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref33
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref33
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref34
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref34
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref35
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref35
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref35
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref36
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref36
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref36
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref37
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref37
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref37
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref38
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref38
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref38
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref39
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref39
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref39
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref40
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref40
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref40
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref41
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref41

1106

[42] Fox SH. Non-dopaminergic treatments for motor control in Par-
kinson's disease. Drugs 2013; 73: 1405-15.

[43] Mizushima Y, Kobayashi. Interaction of anti-inflammatory drugs
with serum proteins, proteins, especially with some biologically
active proteins. J Pharm Pharmacol 1968; 20: 169-73.

[44] Sawmiller D, Li S, Shahaduzzaman M, Smith AJ, Obregon D,
Giunta B. Luteolin reduces Alzheimer's disease pathologies
induced by traumatic brain injury. Int J Mol Sci 2014; 15: 895-904.

[45] Rosch D, Mugge C, Fogliano V, Kroh LW. Antioxidant oligomeric
proanthocyanidins from sea buckthorn (Hippophaerhamnoides)
Pomace. J Agric Food Chem 2004; 52: 6712-8.

[46] Ross BM, Peter T. Chelators in the treatment of iron accumulation in
Parkinson's disease. Int J Biochem Cell Biol 2012; 2012: 983245.

[47] Okuda T, Ito H. Tannins of constant structure in medicinal and
food plants-hydrolyzable tannins and polyphenols related to tan-
nins. Molecules 2011; 16: 2191-217.

[48] Urszula Z, Sylwia M, Matgorzata N, Michat S. The effect of
different solvents and number of extraction steps on the polyphenol
content and antioxidant capacity of basil leaves (Ocimum basilicum
L.) extracts. Saudi J Biol Sci 2015; 23. https://doi.org/10.1016/
j-sjbs.2015.08.002.

[49] Ali S, Haq I. Innovative effect of illite on improved microbiolog-
ical conversion of L-tyrosine to 3, 4 dihydroxy phenyl L-alanine (L-
DOPA) by Aspergillus oryzae ME2 under acidic reaction condi-
tions. Curr Microbiol 2006; 53: 351-7.

[50] Siddhuraju P, Becker K. Studies on antioxidant activities of
mucuna seed (Mucuna pruriens var utilis) extract and various non-

Chetan Aware et al./Asian Pac J Trop Biomed 2017; 7(12): 1097-1106

protein amino/imino acids through in vitro models. J Sci Food
Agric 2003; 83(14): 1517-24.

[51] Ravindra PS, Shashwat S, Suman K. Free radicals and oxidative
stress in neurodegenerative diseases: relevance of dietary antioxi-
dants. J Indian Acad Clin Med 2004; 5: 218-25.

[52] Bursal E, Koksal E. Evaluation of reducing power and radical
scavenging activities of water and ethanol extracts from sumac
(Rhus coriaria L.). Food Res Int 2011; 44: 2217-21.

[53] Jagtap U, Waghmare S, Lokhande V, Suprasanna P, Bapat V.
Preparation and evaluation of antioxidant capacity of jackfruit
(Artocarpus heterophyllus Lam.) wine and its protective role
against radiation induced DNA damage. Ind Crops Prod 2011; 34:
1595-601.

[54] Labieniec M, Gabryelak T. Oxidatively modified proteins and
DNA in digestive gland cells of the fresh-water mussel uni-
otumidus in the presence of tannic acid and its derivatives. Mutat
Res 2006; 603: 48-55.

[55] Mansouri MT, Farbood Y, Sameri MJ, Sarkaki A, Naghizadeh B,
Rafeirad M. Neuroprotective effects of oral gallic acid against
oxidative stress induced by 6-hydroxydopamine in rats. Food
Chem 2013; 138: 1028-33.

[56] Merkl R, Hradkova I, Filip V, Smidrkal J. Antimicrobial and
antioxidant properties of phenolic acids alkyl esters. Czech J Food
Sci 2010; 28(4): 275-9.

[57] Janelle L, Torres Y, Torres JL, Rosazza JPN. Microbial trans-
formations of p-coumaric acid by Bacillus megaterium and Cur-
vularia lunata. J Nat Prod 2001; 64: 1408-14.


http://refhub.elsevier.com/S2221-1691(17)30954-1/sref42
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref42
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref43
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref43
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref43
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref44
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref44
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref44
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref45
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref45
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref45
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref46
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref46
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref47
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref47
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref47
https://doi.org/10.1016/j.sjbs.2015.08.002
https://doi.org/10.1016/j.sjbs.2015.08.002
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref49
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref49
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref49
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref49
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref50
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref50
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref50
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref50
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref51
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref51
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref51
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref52
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref52
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref52
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref53
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref53
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref53
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref53
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref53
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref54
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref54
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref54
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref54
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref55
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref55
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref55
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref55
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref56
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref56
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref56
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref57
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref57
http://refhub.elsevier.com/S2221-1691(17)30954-1/sref57

	Evaluation of l-dopa, proximate composition with in vitro anti-inflammatory and antioxidant activity of Mucuna macrocarpa b ...
	1. Introduction
	2. Materials and methods
	2.1. Standard chemicals and reagents
	2.2. Collection of plant material
	2.3. Qualitative and quantitative analysis of l-dopa
	2.4. In vitro anti-inflammatory activity
	2.4.1. Bovine serum albumin (BSA) anti-denaturation assay
	2.4.2. Human red blood cell membrane stabilisation test

	2.5. Biochemical analysis
	2.5.1. Sample preparation
	2.5.2. Nutritional and anti-nutritional parameters analysis
	2.5.3. Mineral determination

	2.6. Total phenolic content, total flavonoids content and antioxidant potential
	2.6.1. Total phenolics content and flavonoids content
	2.6.2. Antioxidant activity study

	2.7. RP-HPLC-DAD determination of phenolic acids
	2.8. Statistical analysis

	3. Results
	3.1. Qualitative and quantitative analysis of l-dopa
	3.2. In vitro anti-inflammatory potential
	3.3. Biochemical analysis
	3.3.1. Nutritional and anti-nutritional factors analysis

	3.4. Total phenolics and total flavonoids content
	3.5. Antioxidant potential
	3.5.1. DPPH free radical scavenging activity
	3.5.2. DMPD radical scavenging activity
	3.5.3. FRAP activity

	3.6. Quantitative RP-HPLC analysis of major phenolic compounds

	4. Discussion
	Conflict of interest statement
	Acknowledgements
	References


