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INTRODUCTION

ABSTRACT

Objective: Traditionally Aegle marmelos and Mucuna pruriens are applied on cuts and wounds. The
present study was aimed at exploring the in vitro wound healing potential using CAM assay of Aegle
marmelos and Mucuna pruriens and identification of active compounds that may be responsible for
its wound healing action.

Methods: Methanolic extract of Aegle marmelos leaves and Mucuna pruriens seeds were subjected
to differential bioguided fractionation. Fractions were screened and flavonoid fraction was finally
obtained for further investigation. HPLC analysis and spectroscopic techniques, including ultraviolet
(UV) light, infrared (IR) light, mass (MS) and nuclear magnetic resonance (NMR) were used for
identification and confirmation of bioactive compounds. The effects of isolated fractions of Aegle
marmelos and Mucuna pruriens on number of new blood vessels and angiogenic inhibition (%) on
chick embryo chorioallantoic membrane (CAM) were assessed.

Results: Study revealed gallic acid (AM-3-03), quercitin (AM-4-01-01) and rutin (MP-4-03-01-01-01)
compounds in the crude methanolic extract and bioactive compounds were identified and confirmed
with standard gallic acid, quercitin and rutin using HPLC and UV spectroscopic methods. The isolated
fractions promoted angiogenesis as evidenced by in vitro chick chorioallantoic membrane model.
The isolated fractions were found to have better angiogenic properties from neovascularization
studies. The results were statistically significant when compared to the control group (p < 0.05).
Conclusion: These findings suggest that bioactive fraction of Aegle marmelos and Mucuna pruriens
may enhance faster wound healing in vitro.

oxygenation, proper nutrition and a moist wound healing envi-
ronment have been recognized for many years. Traditionally

Wound healing, or wound repair, is an intricate process in
which the skin (or another organ-tissue) repairs itself after
injury [1]. The main aim of wound treatment is to achieve a
rapid closure of the wound and formation of new blood vessels
which will progress the process of wound healing. The rapid
closure of wound and formation of new blood vessels can be
achieved by wound contraction and angiogenesis respectively
[2]. Medicinal plants have been used since time immemorial
for the treatment of various ailments of the skin and derma-
tological disorders especially cuts, wounds and burns [3]. The
basic principles of wound healing-minimizing tissue damage,
debriding nonviable tissue, maximizing tissue perfusion and

leaves of Aegle marmelos (Linn) Correa commonly known as
bael (or bel), belonging to the family Rutaceae [4,5] and seeds
of Mucuna pruriens Linn commonly known as cowhage plant or
kevach, belonging to the family Fabaceae [6,7] are applied on
cuts and wounds. Aegle marmelos (AM) is indigenous to India
and is abundantly found in the Himalayan tract, Bengal, Central
and South India [8]. The leaves are having astringent, laxative,
and expectorant [9]. Antimicrobial activity [10] and antioxidant
activity [11] have been reported. Mucuna pruriens (MP) is the
most popular drug in the Ayurvedic system of medicine [12].
Antioxidant activity [13] and antimicrobial activity [14] have
been reported. Use of herbal extract in place of crude herbs
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started with the aim to control quality and precise dosage for
better results. The plant extracts being more efficacious, free
from undesirable side effects compared to their pure active
principle revalidated the therapeutic benefits of herbs due to
totality of constituents rather than the single molecule. To the
best of our knowledge, the in vitro wound healing potential
of Aegle marmelos leaves and Mucuna pruriens seeds extract
or bioactive compounds has not been reported previously.
Therefore, this study was aimed at exploring the potential of
Aegle marmelos and Mucuna pruriens in enhancing wound
healing and identification of putative bioactive compounds
responsible for the wound healing action through in vitro
process.

MATERIALS AND METHODS

Chemicals

All chemicals used were of analytical grade and were used as
received without any further purification and were obtained
from Sigma-Aldrich.

Identification and Collection of Plant Material

The seeds of MP were purchased from Bhopal local market and
leaves of AM were collected in the month of September from
the medicinal garden of VNS group of Institutions, Bhopal (M.P.).
These were identified and authenticated by Dr. S. N. Dwivedi
(HOD) and voucher specimens (AM:- JC/B/263; MP:- JC/B/264)
were deposited in the herbarium of the Department of Botany,
Janata PG College, A.PS. University, Rewa (M.P.). The seeds and
leaves were washed, shade dried, powdered moderately and
stored in a well closed container.

Extraction of Crude Drugs

The leaves of AM (400 gm) and powdered seeds (500 gm) of
MP were extracted with petroleum ether (36 hrs) for defatting.
The defatted plant materials were dried and then exhaustively
extracted with methanol in soxhlet apparatus. The comple-
tion of extraction was confirmed by evaporating a few drops
of the extract on the watch glass and ensuring that no residue
remained after evaporating the solvent. The methanol extract
was concentrated under reduced pressure using a water bath
keeping temperature below 50°C to yield semisolid mass and
stored in well-closed container for further studies.

Fractionation of the Crude Extract
of Methanol

The methanolic extract was chosen based on the in vivo screen-
ing results [15,16] and the extract was further subjected to differ-
ential bioguided fractionation. The bioactive methanolic crude
extract of Aegle marmelos (AM) and Mucuna pruriens (MP) was
fractioned by column chromatography on silica gel, successively
eluting with petroleum ether, ethyl acetate and methanol and
three fractions (AM-3-03 and AM-4-01-01 from Aegle marmelos
and MP-4-03-01-01-01 from Mucuna pruriens) were obtained
with respective solvents. The fractions were stored appropriately
below 50°C until required for further study [17].

HPLC Analysis
Preparation of Standards and Sample

The stock solution (1000 pug/mL) for each standard and sample
was prepared by weighing 25 mg of standard, dissolved in
methanol and the volume completed to 25 mL in volumetric
flask with methanol. The working standard and sample solu-
tions were prepared by diluting the stock solution (1000 pg/mL)
to contain concentrations 2.5 pg/mL, 5 pg/mL, 25 pg/mL, 50
pg/mL and 100 pg/mL.

Column Preparation

The C18 column was rinsed with 3 mL methanol HPLC grade +
3 mL acetonitrile (HPLC grade) + 3 mL deionized water at a flow
rate 1 mL/min (9 mL of this solvent in 9 min), the column was
then rinsed with 3 mL of deionized water (at pH = 2) + 10 mL of
deionized water at a flow rate 1 mL/min (13 mL of this solvent
in 13 min).

HPLC Conditions

The chromatographic separation was conducted using an gra-
dient systems (Table 1). The standard mixtures (50 pL from each
standard) and the cleaned honey samples, were analysed using
a Waters (600) HPLC linked with a computer-controlled system.
Sample (20 pL) was injected using a manual injector. The flavo-
noids were detected using a photodiode array detector (PDA),
the column used was a reversed phase C18 column (15 cm x 0.46
cm). For analysis by (PDA) detection, UV spectra were recorded
from 210-400 nm at a resolution 1.2 nm. In particular, the chro-
matograms were monitored at 340 nm and 290 nm. The mobile
phase was composed of 5% acetic acid in deionized water (sol-
vent A), and acetonitrile HPLC grade (solvent B), at a constant
solvent flow rate T mL/min.

» Solvent A = 5% acetic acid in deionized water
« Solvent B = Acetonitrile HPLC grade (99.8%).

The isolated fraction was further subjected to spectroscopy
methods for structure elucidation.

Ultraviolet-visible Spectroscopy

UV-Visible spectrum of the isolated compound was recorded
on a UV-Visible spectrometer (Shimadzu UV-160A) at room
temperature. About 1 mg of compound dissolved in 20 mL of
acetone/chloroform and was used to record the spectrum in the
wavelength range of (A) 200 to 800 nm.

Table 1 The gradient system

Time, min Flow,mL/min A,% B, %
Initial 1:00 95 5
15 1:00 85 15
25 1:00 85 15
40 1:00 78 22
70 1:00 78 22
80 1:00 75 25
920 1:00 95 5
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Samples for UV/Vis spectrophotometry are most often lig-
uids, although the absorbance of gases and even of solids can
also be measured. Samples are typically placed in a transpar-
ent cell, known as a cuvette. Cuvettes are typically rectangular
in shape, commonly with an internal width of 1 cm. (This width
becomes the path length, L, in the Beer-Lambert law). Test tubes
can also be used as cuvettes in some instruments. The type of
sample container used must allow radiation to pass over the
spectral region of interest. The most widely applicable cuvettes
are made of high quality fused silica or quartz glass because
these are transparent throughout the UV, visible and near
infrared regions. Glass and plastic cuvettes are also common,
although glass and most plastics absorb in the UV, which limits
their usefulness to visible wavelengths.

Infrared Spectroscopy

Fourrier-transformation-(FT)-IR spectrum of isolated fraction
was recorded by using (FT-IR-Bruker) spectrophotometer for
studying the functional groups. The sample compound was
fixed in potassium bromide (KBr) disc then the spectrum was
measured at wave number ranged from (600-4000 cm™). The
various bands are identified related to their wave numbers.

Nuclear Magnetic Resonance Spectroscopy

Isolated fraction was dissolved in di methyl sulphoxide and
used for Nuclear magnetic resonance spectroscopic analy-
sis. Sophisticated multinuclear FTNMR Spectrometer model
Avance |l (Bruker) was used for the study, with a cryomagnet
of field strength 9.4 T and 1H frequency 400 MHz. The chemical
shifts expressed in ppm were recorded.

Mass Spectroscopy

Mass spectrometry is a particularly powerful scientific technique
because it can be successfully applied even if you have only a
tiny quantity available for analysis-as little as 10-12 g, 10-15
moles for a compound of mass 1000 Daltons (Da). Compounds
can be identified through mass spectrometry at very low con-
centrations (one part in 1012) in chemically complex mixtures.

Mass spectra of isolated fraction were recorder on a JEOL
SX 102/DA-6000 mass spectrometer/ data system using Argon /
Xenon (6 KV, 10 mA) as the FAB gas. The accelerating voltage was
10 KV and the room temperature (27°C). M-nitobenzyl alcohol
was used as the matrix unless specified otherwise. The matrix
peaks may be metal ions. Ig metal ions such as Na* are present
then peaks may be shifted accordingly. The positive FAB-MS
spectra were obtained m/z verses relative abundance after
taking 2—4 scans.

Chick Chorioallantoic Membrane Assay
(CAM assay)

CAM assay was carried out for all the extracts according to the
assay procedures described previously [18]. 5 days old fertil-
ized chicken eggs were obtained from a local hatchery, Bhopal,
Madhya Pradesh. About 5 ml of albumin was withdrawn by
using a sterile syringe and eggs are allowed for incubation for
a period of 6 h to allow the CAM detachment from the outer

shell. The isolated fraction were dissolved in DMSO (5% v/v) and
loaded in to sterile paper disc at varying concentrations (10, 100
pg/ml). Sterile paper discs loaded with the vehicle were used
as negative control. A group of 6 eggs were assigned for each
concentration. Later discs are applied on the CAM through a
small window (1 x 1 cm) made on the shell. Later, window was
closed with the help of and a sterile surgical tape and eggs were
allowed for incubation for a period of 48 h. The images of each
egg treated CAM were captured and analyzed for blood vessels
in the disc application site and the percentage inhibition was
calculated [19,20]. A positive control VEGF, which is a potent
angiogenic inducer and a negative control DMSO were also
tested simultaneously to compare the angiogenic activity of the
isolated fractions.

% Inhibition = Vessel number of untreated CAM — Vessel
number of CAM treated with isolated fraction/Vessel number of
untreated CAM x 100

Visual Assessment and Photography

In this assay, the CAM was examined after an incubation period
of 48 h, quantitation involves counting the number of CAM
vessels around the area of filter paper disk [21]. In general pro-
angiogenic stimuli, leads the newly formed blood vessels to
appear like a disk in a wheel-spoke pattern. In contrast inhibition
of angiogenic stimuli leads to lack of formation of new blood
vessel. For the assessment of CAM four quadrants in the area
were drawn. The branch point of each blood vessel was counted
manually in a clockwise direction in each area of the quadrant.

Statistical Analysis

The results obtained were analyzed by One-way ANOVA to eval-
uate the significant difference of means among various treat-
ment groups using Graphpad prism 6.0 software. The values are
presented as mean = S.D. A p value less than 0.05 were consid-
ered significant.

RESULTS AND DISCUSSION

The method developed for HPLC fingerprinting provided a
quick analysis of the isolated fraction. The components gallic
acid, rutin and quercitin were identified by comparing retention
times, with the retention times of gallic acid, rutin and quercitin
standards. The conditions used led to a good separation of the
peaks which could be identified in the chromatogram as gallic
acid (Rt=9.9), rutin (Rt = 15.9) and quercitin (Rt = 20.6). The chro-
matograms are shown in Figures 2, 4 and 6. They were identified
by comparison with the chromatogram of the reference com-
pounds obtained under the same conditions and the respective
UV spectra, obtained on line. The chromatograms are shown in
Figures 1,3 and 5.

The identified peaks were considered to represent only one
compound each because the UV spectra at the upslope and
down slope inflection points, in each peak, were indistinguish-
able. The analysis time is an important factor in analytical work
and the run time should be reduced to a minimum in order to
optimize equipment use and reduce solvent consumption.
Although the peak of gallic acid, rutin and quercitin were well
resolved under the conditions used for the fingerprinting chro-
matogram, when we increased the organic modifier content of
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Figure 2 HPLC chromatogram of isolated fraction AM-3-03.
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Figure 4 HPLC chromatogram of isolated fraction AM-4-01-01.
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Figure 5 HPLC chromatogram of standard rutin.
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Figure 6 HPLC chromatogram of isolated fraction MP-4-03-01-01-01.

the mobile phase the peaks of interest were still well resolved
but with reduced retention time. The described HPLC procedure
could be useful for the qualitative and quantitative analysis of
flavonoids in plant materials.

Isolated fraction AM-3-03 was found to be light yellowish
in color, melting point 260-262°C and observed yellowish in
colour under UV light. Soluble in methanol, ethanol and water,
identified as that the compound may be derivative of gallic acid
(Figures 7-10) as interpreted from the different spectral data
(Table 2).

Isolated fraction AM-4-01-01 was found to be pale yellow
powder, melting point 311-315°C and observed yellowish in
colour under UV light. Soluble in ethanol, methanol, chloro-
form, DMSO and partially insoluble in water, identified as that
the compound maybe derivative of quercetin (Figures 11-14) as
interpreted from the different spectral data (Table 3).

Isolated fraction MP-4-03-01-01-01 was found to be light
yellow powder, melting point 311-242-244°C and observed yel-
lowish in colour under UV light. Soluble in ethanol, methanol,
chloroform, DMSO and partially insoluble in water, identified as
that the compound maybe derivative of rutin (Figures 15-18) as
interpreted from the different spectral data (Table 4).

Isolated fractions at different concentrations, along with
VEGEF as a positive control and DMSO as a negative control, was
tested in the CAM assay for its angiogenic activity and it was
demonstrated that the CAM assay are versatile tools for the
in vitro evaluation of small quantities of natural compounds

or isolated compounds, enabling the detection of possible
angiogenic or antiangiogenic effects of the test compound to
evaluate its property as an angiogenic drug candidature.

After incubation period (Figure 19), VEGF treatment led to
a simulation with a strong network of sprouting capillaries and
increased vessel density within the ring and treatment with
isolated fractions at different concentrations showed the for-
mation of capillaries similar to the VEGF. No changes in vascular
structure or density were observed with DMSO. CAM implanted
with VEGF showed a significant increase of new blood vessels in
the VEGF control group suggests that the added VEGF was the
only factor which could have stimulated the ectopic angiogen-
esis in CAM.

CAM implanted with isolated fractions AM-3-03, AM-4-01-01
and MP-4-03-01-01-01 at 10 pg/mL concentration inhibited
angiogenesis by 62.40 + 8.89%, 46.68 + 4.51% and 68.35 +
4.07% respectively, while the higher concentrations of 10 pg/
mL showed a moderate degree of angiogenesis inhibition of,
by 60.00 + 5.74%, 28.26 + 1.58% and 61.14 + 7.86%, respec-
tively (Table 5). Negative control (DMSO) treatment revealed
a smaller number of newly formed blood vessels (8.75 + 2.28)
compared to new blood vessels (36.00 + 5.58) in positive con-
trol (VEGF).

Angiogenesis is important in normal process such as devel-
opment of embryo formation of corpus luteum and wound
healing [22]. Angiogenesis during wound repair serves the dual
function of providing the nutients demanded by the healing
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Figure 10 Showing MASS spectra of isolated fraction (AM-3-03).

Table 2 Spectral interpretation of isolated fraction AM-3-03

Method Spectral interpretation
uv__ 268 nm
IR Stretching band at 3259.95 cm™' (s) due to OH stretching; at 3015.23 (s) due to Aromatic CH str.; 2932.28,
2851.91 due to Aliphatic C-H str,; 1704.91due to C=0 str.; 71.34, 1072.6 due to C-O str.,, 1651.08, 1503.42,
1417.91 due to Aromatic C=C; 775.83 due to Aromatic C-H out of plane
"HNMR (ppm) 7.087 ppm due to s, 2H, ArH; at 9.107 ppm due to H s, 1H, -COOH; at 4.989 ppm due to s, 3H, 3 OH
MASS (m/z %) 171.0 (due to molecular ion)
Structure COOH
HO o~
OH

3,4-dihydroxy-5-methoxybenzoic acid

L

=0+

oOH

Quercetin includes polymeric OH stretch,
C-H group in arematic ring, C=0 stretch,
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Figure 11 Showing IR spectrum of isolated fraction (AM-4-01-01).
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Figure 14 Showing MASS spectra of isolated fraction (AM-4-01-01).
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Table 3 Spectral interpretation of isolated fraction AM-4-01-01

Method Spectral interpretation
uv__ 256 nm and 271 nm
IR 3495.12 (OH, stretch), 1696.43 (C=0, stretch), 1610.55, 1537.28, 1427.20 (C=C stretch), 1309.07 (OH, In-plane
bend), 1246-1199 (C-O stretch), 1023.81 (OH, Out-plane bend), 864.49 (Ar-H, Out of plane bend).
'HNMR (ppm)  8.04 (m, 2H, Ar-H), 7.95-7.96 (multiplat, Ar-H), 6.37-6.38 (m, TH Al-OH), 6.17-6.20 (m, 1H, Ar-OH), 5.22-5.24
(m, 2H, Ar-OH), 4.47 (m, 1H, Ar-OH).
MASS (m/z%)  301.2 (Base peak)
Structure OH O
HO O O OH
2-(3-hydroxy-5-methylbenzyl)-2,3-dihydro-5,7-dihydroxychromen-4-one
Lon
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Figure 15 Showing IR spectrum of isolated fraction (MP-4-03-01-01-01).
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Figure 16 Showing UV-Vis spectra of isolated fraction

(MP-4-03-01-01-01).
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Figure 17 Showing H NMR of isolated fraction
(MP-4-03-01-01-01).
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Figure 18 Showing MASS spectra of isolated fraction (MP-4-03-01-01-01).

Table 4 Spectral interpretation of isolated fraction MP-4-03-01-01-01

Method Spectral interpretation

uv__ 258

IR C-0-1076.58, C=C-1667.18 & 1473.29, C=0-1729.29, O-H-3423.06 & 3140.24, CH2-OH-1573.25

"HNMR (ppm) OH-12.5976 (s, TH), OH-10.1996 (s, 4H), CH-8.1968 (s, 1H), CH-7.8367 (d, 1H), CH-6.568 (d, 1H), CH-6.1936
(d, TH), CH-5.9666 (s, 1H), CH2-OH-5.9535 (d, 2H), CH-5.0671 (d, 1H), CH-3.9081-3.8329 (p, 4H), OH-3.5937
(s, 6H), CH-3.2566-3.0517 (triple triplet, 6H), CH3-1.1740 (d, 3H)

MASS (m/z %) 611.04-M scan

Structure

C,H.O

27 30716

Positive control (VEGF)  Negative control (DMSO) AM-3-03 (10 pg/mL) AM-3-03 (100 pg/mL)

AM-4-01-01 (10 pg/mL) AM-4-01-01 MP-4-03-01-01-01 MP-4-03-01-01-01

(100 pg/mL) (10 pg/mL) (100 pg/mL)

Figure 19 Images of CAMs implanted with VEGF and different concentrations of isolated fractions.
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Table 5 Angiogenic response and percent inhibition in CAM assay

Treatment Concentration of Number of new . Artgio.genic
extract (ung/mL) blood vessels inhibition (%)
Positive control (VEGF) 36.00 +5.58 0
Negative control (DMSO) 8.75+2.28 0
AM-3-03 10 14.25 £ 3.81 62.40 + 8.89
100 17.50 £ 2.79 60.00 £ 5.74
AM-4-01-01 10 19.25 +£3.25 46.68 +4.51
100 26.50 + 1.02 28.26 + 1.58
MP-4-03-01-01-01 10 10.75+£1.75 68.35 £ 4.07
100 15.50 £ 4.96 61.14 £ 7.86

The values displayed as mean + SD, n = 6. In terms of percent inhibition of angiogenesis, all
treatments resulted in significant inhibition (p < 0.05).

tissues and contributing to structural repair through the forma-
tion of granulation tissue [23]. The chicken CAM assay revealed
a reduction in the antiangiogenic effect. VEGF has endothelial
cell-specific mitogenic activity and stimulates angiogenesis
in vivo and in vitro [24]. VEGF is an important pro-angiogenic
cytokine and improves angiogenesis during wound healing by
stimulating the migration and proliferation of endothelial cells
through the extra cellular matrix [25]. The methanolic extract
being the most bioactive crude extract suggests fully that the
compound(s) responsible for the proliferative action may be
chemically polar and inorganic because methanol is an inor-
ganic solvent in addition to its polar property. These active
compounds belong to the group of flavonoid compounds, this
group of compounds is known to be beneficial in wound heal-
ing treatment [26]. This potential could be due to the ability to
regulate any of the proteins or chemotactic factors involved
in the healing process at the molecular level. The evaluation
of the molecular mechanism behind this potency requires fur-
ther studies in the established model which can be extended to
wounds of different types and severity. The identified bioactive
compounds in the methanolic crude extract of Aegle marmelos
and Mucuna pruriens may serve as a lead in the drug discovery
and development of a wound healing agent that may enhance
wound healing.

CONCLUSION

Angiogenesis, the generation of new capillaries, is a highly
restricted, regulated and self-limited activity. VEGF significantly
enhanced the neovascularization in the positive control groups
as compared with the DMSO-treated group, evidencing its pro-
angiogenic activity. Similarly, isolated fractions AM-3-03, AM-4-
01-01 and MP-4-03-01-01-01 of Aegle marmelos and Mucuna
pruriens also exhibited neovascularization as that of VEGF. In
addition, in the treatment group, a significant dose-dependent
stimulation of the neovascularization was evident, evidencing
its angiogenic property. This study suggests that these isolated
fractions could be considered as a useful source of material for
human health as an angiogenic agent.
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