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Abstract

Background and Objective: Mucuna pruriens commonly known as velvet bean is well known for its L-Dopa content. The pods of
the M. pruriens are prone to insect attacks, which reduces the yield of seeds. This study aimed to optimize the best time for pod
harvesting to ensure higher L-Dopa content and improved seed quality. Materials and Methods: Seeds of M. pruriens were collected
atdifferent stages of pod growth and maturation viz. S,: At initial stage of pod formation, S,: At 15 days after pod formation, S;: At 30 days
after pod formation, S,: At 45 days after pod formation and Ss: Mature pod at 60 days. These seeds were analyzed for total ash, acid
insoluble ash, alcohol soluble extractive, water soluble extractive, fixed oil content and L-Dopa content. Results: The study revealed that
total ash content was lowest in S, followed by S;. The acid insoluble ash content was found a minimum of 0.13% in S; and a maximum
of 0.44% in Ss. The alcohol soluble extractive and water-soluble extractive were found highest in S; with the value of 6.47 and 24.99%,
respectively. Fixed oil analysis also shows the presence of the highest percent of fixed oil in S, (3.84%) followed by S; with 3.79%. The
HPLC analysis of L-Dopa in seed samples of M. pruriens revealed the presence of the highest content of 6.08% in Ss followed
by 6.01% in S;. Conclusion: Overall results revealed that S; is the best time for pod harvesting in M. pruriens.
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INTRODUCTION

The velvet bean, Mucuna pruriens (L) DC., belongs to the
family Fabaceae is an annual twinning climber, grown
worldwide as food, feed, fodder and cover crop'. Its seeds are
considered highly nutritional and possess valuable medicinal
properties?. Seeds of M. pruriens are used against a wide
range of diseases including neurological disorders, urinary
tract infections, menstruation disorders, edema, fever,
tuberculosis, constipation, ulcers and Parkinson's diseases®>,
In addition, M. pruriens possess anti-diabetic, anti-neoplastic,
anti-epileptic, antimicrobial, antioxidant, anti-inflammatory
and anthelmintic activities®’. In India, the tonic prepared from
the seeds of M. pruriensis used for male virility®. The seeds of
M. pruriens are used as a constituent in more than 200
indigenous drug formulations®.

The plant is cultivated primarily for its seeds, which are
the best-known natural source of the aromatic amino acid,
L-3,4-dihydroxy phenylalanine (Levodopa or L-Dopa). The
L-Dopa is a direct precursor to the neurotransmitter
dopamine, that serves as the gold standard for the treatment
of Parkinsonism'. Mucuna pruriens seeds are used for the
preparation of Ayurvedic medicine for the treatment of
Parkinson’s disease’®. The L-Dopa was first isolated from the
seeds of M. pruriens in 1937 and it is reported that the
concentration ranged between 4-6%?2. After the discovery that
L-Dopa contains anti-parkinson activity, the demand for
L-Dopa in national and international markets has increased
sharply’. Higheranti-Parkinsonian activity was reported for the
natural L-Dopa available in seed powder as compared to
synthetic L-Dopa'®'.

The Ayurvedic industry follows the parameters of
Ayurvedic Pharmacopoeia of India (API) for the preparation of
drugs from M. pruriens, thus not only the L-Dopa content but
the M. pruriens raw material should also need to comply with
API parameters. Therefore, the present study was carried out
toanalyze the seeds of M. pruriens for pharmacognostical and
L-Dopa content.

MATERIALS AND METHODS

Study area: The study was conducted from June, 2020 to
February, 2021 at the research station of Zandu Foundation for
Health Care, Ambach, Valsad, Gujarat (20.40°N Latitude and
72.98°E Longitude; Altitude: 15 M.AS.L.).

Plant material and reagents: Seeds of non-itching line
(ZFA112) developed by the Zandu Foundation for Health Care
through conventional breeding'? were used for the present
study. The seed germination took place within 2 weeks of
sowing. Pod formation starts 120 days after seed germination.
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The pods were collected at different stages of plant growth
right from pod formation to pod maturation, from three
replicates of 50 plants each and pooled together to avoid any
bias. The pods collection stages were abbreviated as S, to Ss
as, S;: At the initial stage of pod formation, S,: At 15 days after
pod formation, S;: At 30 days after pod formation, S,: At
45 days after pod formation and Ss: At 60 days after pod
formation. Each pod possessed 3-6 seeds. The seeds were
extracted from the pods and grinded through pulverizer and
particles passed through a 0.35 mm sieve were taken for
pharmacognostical analysis and L-Dopa content analysis.

Reagents and standard: Standard L-Dopa were procured
from Loba Chemie, Mumbai, India and chemicals used for
L-Dopa analysis were of HPLC grade, obtained from Merck,
Mumbai (India), while for pharmacognostical analysis,
analytical grade chemicals obtained from Himedia (India) were
used.

Preparation of samples and pharmacognostical analysis:
Total ash content, acid insoluble ash content, alcohol soluble
extractive, and water-soluble extractive were analyzed
following the procedures outlined in the Ayurvedic
Pharmacopoeia of India. Fixed oil content analysis (esters of
higher fatty acids and glycerin) was also carried out.

Extraction and preparation of sample solutions for HPLC:
For chromatographic analysis, accurately weighed 500 mg
powdered seeds from each sample were extracted with 50 mL
of 0.01 (M) HCI using sonication for 15 min. The resulting
solution was filtered through Whatman No. 1 filter paper into
a100 mL volumetric flask and the volume was made up of
0.01 (M) HCl, then filtered through a 0.20 pm syringe filter and
used for HPLC analysis. Accurately 10 uL of each sample
(5 mg/mL) was injected into the HPLC system individually.

Preparation of standard solutions for HPLC: An accurately
weighed 50 mg of L-Dopa was dissolved in 50 mL of
0.01 (M)HClto get 1 mg/mL stock solution. Working standards
of 50, 100, 200, 300 and 500 pg/mL were prepared separately
by serial dilution of the stock solutions. The calibration curve
for the standard was linear, with a correlation coefficient of
1.00.

HPLC conditions: For the HPLC study, the Shimadzu (Japan)
made LC-2010C;; quaternary HPLC equipped with
auto-injector and UV-VIS detector was used for the present
study. Integration was carried out using the LC Solutions
software (version 1.25) while Phenomenex made Gemini C;q
column (250X 4.6 mm, 5 u ID) was used for separation. The
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solvent used for the study was comprised of 1.36 g of
potassium dihydrogen phosphate as a buffer in the 1000 mL
water. The pH of the solution was adjusted to 3.5 by
orthophosphoric acid and methanol (10:90). The flow rate was
maintained at 0.5 mL/min to elute the analyte isocratically and
detected at 282 nm by UV-VIS detector having a range of
200-400 nm. The column was kept at ambient conditions. The
exact 10 uL volume of the standard and the samples were
injected in triplicate and the average peak area was recorded
and analyzed for quantification.

System suitability test: Before proceeding with the sample
analysis, equilibrate the column until a stable baseline is
obtained. Check that the percentage of RSD among the three
injections of the standard solution must not be more than
2.0%. If the above criteria are passed, proceed with the sample
analysis or else make adjustments to meet the system
suitability parameters.

RESULTS AND DISCUSSION

The results of the pharmacognostical and chemical
analysis are presented in Table 1. Against the limit of not more
than 5% in API, the total ash content was found within
the range for all the samples studied, however, was observed

minimum in S;. Ash contains inorganic materials such as
carbonates and silicates of sodium, potassium, magnesium,
calcium, etc.and is used to determine the quality and purity of
the raw drug. Likewise, all the samples comply with the
permissible limit for acid insoluble ash content specified in
API. The alcohol soluble and water-soluble extractive was
found highest in S; with the value of 6.47 and 24.99%,
respectively, however, other samples also complied with the
API standards (Table 1). Fixed oil content in all the samples
was within the APl limits for all the samples, with the
highest value observed in S4 (3.84%), followed by S3 (3.79%).
Thus, the values of total ash content, acid insoluble ash
content, alcohol soluble extractive, water soluble extractive
and fixed oil contentin M. pruriens seeds were well within the
acceptable range for all the samples studied as per API
standards.

The HPLC analysis revealed comparable variations in
the L-Dopa among the seed samples of M. pruriens (Fig. 1-7).
The HPLC analysis of standard L-Dopa showed their average
retention time (tg) at 5.40 min with the correlation coefficient
(R?) of 1.00. In HPLC analysis, the highest content of L-Dopa
(6.08%) was found in the seeds harvested at 60 days after pod
formation (Ss) followed by S; (6.01%), S; (5.99%) and S,
(5.85%). Least concentration of 5.19% of L-Dopa was found in
sample S, (Table 1).

Table 1: Pharmacognostical and chemical analysis of seeds of M. pruriens at different stages of pods growth

Stages of pods growth®

Parameters (% w/w) API standard® S S, S, Sa Ss

Total ash NMT€ 5% 342 3.56 3.55 3.76 3.67
Acid insoluble ash NMT 1% 0.29 0.25 0.13 0.34 0.44
Alcohol soluble extractive NLT*3% 5.27 6.36 6.47 5.52 493
Water soluble extractive NLT 23% 23.88 24.06 24.99 23.18 23.86
Fixed oil content NLT 3% 332 3.12 3.79 3.84 3.21
L-Dopa content - 5.99 5.85 6.01 5.19 6.08

3API: Ayurvedic Pharmacopoeia of India, °S;: Initial stage of pod formation, S,: At 15 days after pod formation, S;: At 30 days after pod formation, S,: At 45 days after pod
formation and Ss: Mature pod at 60 days, “NMT: Not more than and NLT: Not less than
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Fig. 1: HPLC chromatogram of diluent (Blank)
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Fig. 2: HPLC chromatogram of L-Dopa standard
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Fig. 4: HPLC chromatogram of L-Dopa in S,

In the present study, M. pruriens seeds contain
comparatively high concentrations of L-Dopa (5.19-6.08%).
Previous studies have reported the concentration of L-Dopa
ranging between 2.94-6.91'%,3.9-10.60™, 2.23-5.36'%, 3.1-6.14
and 4-6%°.

The presence of acomparably high concentration (5.99%)
of L-Dopa in the initial stage of pod formation, as observed in
the present study is an interesting finding. This indicated that
L-Dopa might be synthesized in leaves and later on
transported to the pods right from its formation. Synthesis of
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Fig. 7: HPLC chromatogram of L-Dopa in Ss

active ingredients in leaves and their storage in pods are
adaptive characteristics in many plant species's. Another study
has shown that the highest concentration of L-Dopa content
was detected in leaves at physiologically mature plants of
Vicia faba”. If this assumption hold true, then leaves could
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potentially serve as an alternative source of L-Dopa
instead of seeds. However, further investigations for the
quantification of L-Dopa content in leaves are required
because it is reported that the leaves contain only about
0.5t0 1.0% L-Dopa’®.
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The pods are highly prone to insect attacks, particularly in
the latter half of their growth. To check the insect attacks,
farmers often resort to using chemical insecticides, which can
be absorbed by the pods and accumulate in the seeds.
Furthermore, to reduce the progression of Parkinson’s disease,
long-term use with a gradual increase in the dose of
M. pruriens is recommended'® which may exacerbate the risk
of severe side effects such as, psychosis, nausea, emesis,
arrhythmia and hypertension?. Thus, frequent and long-term
use of M. pruriens seeds having chemical insecticides may
significantly increase the risk of inception of several diseases
including lethal diseases manifolds. Thus, there is a need to
explore some alternate ways to reduce the use of chemical
insecticides. One such approachistofind out the optimal time
for pod harvesting. Pharmacognostical and L-Dopa analysis of
M. pruriens conducted in the present study indicated that
harvesting of pods can be done after the pods become semi-
mature i.e. after S; stage. Raina and Khatri' reported that
better quality seeds (in appearance, shape and colour) with
higher yield and optimum L-Dopa content (4.68%) were
produced at semi-mature stage. Thus, harvesting of pods at S,
stage is recommended to get quality raw material, it will also
reduce the damages caused due to insect attacks.

CONCLUSION

Pharmacognostical analysis revealed that all the samples
studied complied with the parameters of the Ayurvedic
Pharmacopoeia of India. However, S; stage was found best
suited for pod harvesting because of the least acid insoluble
content, highest alcohol soluble extractive, water soluble
extractive and fixed oil concentration. The total ash and
L-Dopa content was second least in all the tested samples. It
also reduces the risk of insect attacks as such attacks on
M. prurfens pods are more severe in the second half of their
growth.

SIGNIFICANCE STATEMENT

The significance of the present study lies in its
findings which optimize the best time for pod harvesting
to ensure higher L-Dopa content and improved seed quality,
both of which are critical for therapeutic applications. The
results indicate that the best time of pod harvesting is 30 days
after pod setting and provide actionable insights that can
enhance efficacy of the end product, maintain faith in herbal
medicine, improve agricultural practices and contribute to
scientific knowledge.
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