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Abstract

Purpose: The secondary metabolites in plants are the basis of defense and stress balance, which is an important aspect in plant
growth. The UV-B treatment (a biotic stress) and salt stress on bitter melon (Momordica charantia L.) were studied, and the
impact of pre-sowing seed treatment was evaluated on the basis of biochemical and enzymatic biomarkers, antioxidants, and
wound-healing potential during early growth stages.

Methods: The UV-B treatment for 5 and 10 min and salt stress 250 mM and 500 mM treatments were applied, and 21-day
seedling tissue were collected for total phenolic contents (TPC), total flavonoid contents (TFC), antioxidant, chlorophyll
contents, hydrogen peroxide, total soluble sugar, enzymes activities, and wound-healing potential studies.

Results: The TPC, TFC, diphenyl picrylhydrazyl (DPPH), chlorophyll contents, and total soluble sugar were recorded higher at
5 min treatment with UV-B and salt stress at 250 mM concentration. Antioxidant enzymes activities were recorded higher for
10 min UV-B treatment and 500 mM salt treatment. Wound-healing potential was found significant at 5 min treatment with UV-
B radiation, which was studied in vivo in rabbits. The LC-MS analysis revealed a variety of phenolic compounds in the seedlings.
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Conclusion: The study concluded that treatments significantly affect the biological activities of bitter melon seeds at the
seedling stage, and the seeds contain important phenolic compounds responsible for its antioxidant potential and enzymatic
activities. Future studies could be focused on the later stages of growth, development, and yield characteristics subjected to salt
stress along with UV-B radiation treatment.
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Introduction

Plants are the vital foundations of bioactive compounds (an-
tioxidants), which are employed for the preparation of herbal-
based health complements.1-3 Due to the very fast population
growth, food demand is increased many folds. The population
of world is projected to grow to 9.5 billion in 2050; hence, there
is a need to enhance the food supply.4 At present, there is a
challenge for researchers and biotechnologists to develop and
apply the strategies to fulfill the world’s food needs. Various
techniques have been applied to enhance the vegetables’ and
crops’ yields.5 The employed techniques not only enhance the
yield, but these plants also contain a diversity of bioactive
moieties, which are accountable for the biochemical activities.6-8

The vegetables and fruits are excellent bases of biologically
active compounds, which are responsible for health-related pro-
cesses in the living organisms, that is, radical scavenging9-11 and
blood pressure control, and preclude the tissue from cancer
and cardiovascular diseases.12,13 The low concentration of
bioactive compounds did not work properly to prevent the
oxidative process and resultantly, deterioration starts in the
tissues. The intake of bioactive ingredient-based food items is
highly recommended to avoid the tissue damage, protein
crosslinking, lipid oxidation, and DNA mutation.14

The metal ion chelators, free-radical scavengers, or oxygen
scavengers that react with oxygen are regarded as antioxi-
dants, and the carotenoids and phenolics act as scavengers of
free radicals in the body of living organisms.15,16 The pre-
sowing treatment with salt, acid, laser, and UV-B irradiation
can enhance the germination, growth, and biochemical and
regulatory pathways, ultimately increasing the yield. How-
ever, the abiotic stress exposure for longer time and higher
concentration may accumulate the reactive oxygen species
(ROS), that is, hydrogen peroxide, singlet oxygen, superox-
ide, and hydroxyl radical.17-19 The ROS attack lipids, nucleic
acids, and proteins, and equilibrium among ROS and their
scavenging by the antioxidative systems plays a vital role. The
antioxidant defense system defends against oxidative
damage,20,21 and the ROS generation is controlled by the
supplement of antioxidant, that is, glutathione, thioredoxine,
ascorbic acid, and carotenoids as well as by glutathione
peroxidase, superoxide dismutase, and catalase enzymes.22-24

The oxidative stress tolerance is controlled genetically, which
is in existence due to improvement in crops using various

approaches. The pre-sowing physical, chemical, and biolog-
ical treatments have been used in this regard, and very
promising outcomes have been documented.25-27

The Momordica charantia L. (bitter melon) is a Cu-
curbitaceae (family) member, which is very frequently used as
a vegetable. It has also medicinal properties, that is, anti-
carcinogenic and hypocholesterolemic.12 Bitter melon is re-
ported to be a potential good source of phytochemicals
(phenolics and carotenoids).28 Hence, pre-sowing seeds of B.
melon were treated with stress (NaCl 250 mM and 500 mM)
and UV treatment for 5 and 10 min. After 21 days, seedlings
were collected (control and treatment group), and the bio-
chemical stress markers and phenolic and flavonoid contents
were also assessed. The antioxidant potential was also
documented using the free-radical scavenging method (DPPH
method). Moreover, the in vivo effect of treatment was studied
as a wound-healing potential on the experimental model
rabbit. Finally, the phenolic contents were determined by LC-
MS analysis.

Material and Methods

Chemicals and Reagents

The analytical grade chemicals, i.e., casein, dichloroindophenol,
methionine, trichloro-acetic acid, riboflavin, ninhydrin, nitroblue,
tetrazolium, and toluene were obtained from Sigma (USA).
Folin–Ciocalteau’s reagent (FC-reagent), thiobarbituric acid,
potassium iodide, Rochelle salt, anthron, and glacial acetic
acid were obtained from Merck (Germany). Triton X 100,
hydrogen peroxide, bovine serum albumin, and potassium
diphosphate were procured from Bio-Rad, Fluka (USA) and
MP Bioforma (France).

Seed Collection and Treatment

The B. melon seeds were attained from AARI (Ayub Agri-
culture Research Institute, Faisalabad, Pakistan). Healthy
seeds are picked and disinfected with NaClO (0.5%) for 5 min
and then rinsed with water. Seeds were subjected to UV
treatment for 5 and 10 min and salt stress (250–500 mM).
Treated and control seeds are sown in pots that already have
been filled with sand and clay. The pots were soaked with
mineral water (nestle water) and half-strength of Hoagland’s.
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Seeds were vertically placed on the upper surface, and 1 cm of
additional soil (sand and clay) was placed to cover the seeds.
The pots were regularly sprayed with water and on the 21st
day of seedling, fresh samples were collected and their dif-
ferent biochemical activities, chlorophyll contents, total bio-
mass, and total phenolic and flavonoid contents were
estimated. Effects of pre-sowing treatments on seed and
phenolic contents were documented using the LC-MS tech-
nique. The wound-healing potential was also documented in
rabbits, by inducing wounds on their dorsal surface.

Biochemical Analysis

Total Phenolic Contents (TPC). For TPC analysis, seedling tissue
was homogenized in 80% acetone, and the homogenates were
spun for 10 min at 12,000 rpm. Supernatant was obtained in
Eppendorf tubes and used for TPC determination. The supernatant
(1 mL) was assorted with 2 mL of water, and 1 mL of FC-reagent
was dropped and the volume is increased to 10 mL with more
water addition. Now, BioTek, model μ-QuantTM, Winooski, VT,
USA, was used to record the absorbance (755 nm). Total phenolic
contents were estimated using the calibration curve, and the result
was stated as gallic acid equivalents per (mg/g) of fresh weight.29

Total Flavonoid Content (TFC). For TFC analysis, a 100 μL of
extract (1 mg/mL ethanol) was mixed with ethanol and made the
volume up to 1 mL, and then 4 mL of water was transferred along
with 300 μL of 5% NaNO2 solution. Then, AlCl3 (10%, 300 μL)
was supplemented after 5 min, and the suspension was kept for
6 min. Now, 2 mL NaOH (1 M) is dropped, and the volume is
raised to 10 mL with water. The absorbance was measured after
10–15 min at 755 nm (BioTek, model μ-QuantTM, Winooski, VT,
USA). The calibration curve was used to estimate the TFC and
stated as catechin equivalents per (mg/g) of fresh weight.30

Diphenyl Picrylhydrazyl (DPPH) assay. For the DPPH assay,
seedling tissues at 21 days were collected, and crude extracts were
prepared and their scavenging abilities against synthetic oxidant
DPPH were checked. A fresh solution of DPPH is prepared in
ethanol. Methanolic (5 mL, 0.004%) of DPPH was added in 50
mL of extract into the extracts (50 µL), which was incubated for
30min at 25°C, the absorbance record vs a blank at 517 nm.31 The
scavenging ability was measured as depicted in equation (1)

Scavenging effect ð%Þ ¼ ðA0 � A1=A0Þ × 100 (1)

where A0 and A1 are the absorbance of the DPPH solution and
sample, respectively.

Chlorophyll Contents. For chlorophyll analysis, 0.5 g of fresh
seedling aremacerated and then 4mLacetone (99%) is pouredwith
ethanol (2 mL, 2:1 v/v), and contents are stirred for 1 min, left for
30 min in the freezer in the dark, and centrifugation was done for
10min at 2000 rpm.Tubes are protectedwith foil (Al), and acetone/
ethanol (2:1 v/v) (5 mL) was mixed in it and agitated for 1 min.

Now, the optical densitywasmonitored at 663 nm and 645 nm, and
following equations (2–4), chlorophyll contents were estimated.32

Total chlorophyllðmg=gÞ ¼ ð8:2∗A663Þ þ ð20:2∗A645Þ
(2)

Chlorophyll bðmg=gÞ ¼ ð22:9∗A645Þ � ð4:7∗A663Þ (3)

Chlorophyll aðmg=gÞ ¼ ð12:7∗A663Þ � ð2:59∗A645Þ (4)

where A645 and A663 are the absorbance values recorded at
645 and 663 (nm), respectively.

Hydrogen Peroxide (H2O2). For H2O2 analysis, 0.5 g sample
was homogenized with C2HCl3O2 (0.1%, 5 mL (w/v)), and
centrifugation was done for 15 min at 12,000 rpm. Then,
0.5 mL of the supernatant is assorted in 0.5 mL K3PO4

(10 mM) buffer (pH 7.0) and 1 mL KI (1 M), and optical
density was recorded at 390 nm for H2O2 estimation.33

Total Soluble Sugar (TSS). For the measurement of TSS, the
extract (100 μL) was homogenized with H2O (900 μL) and
anthrone reagent (1 mL), and the mixture was heated for
8 min. Then, the optical density of the pre-cooled mixture was
recorded at 630 nm. The soluble sugar was quantified using
the standard curve for TSS.34

Enzyme Activities. The inhibition of nitrobluetetrazolium was
performed for super oxide dismutase (SOD) activity evalua-
tion,35 whereas for SOD analysis, 1 mL of suspension con-
taining Triton-X in 17.5 mL of water (0.0375 mL), methionine
(222 mg), riboflavin (13.2 g), and nitrobluetetrazolium (15 mg)
was mixed with the extract, and this suspension was subjected
to irradiation (15 min, 350 μmol m�2s�1). The one unit of SOD
is the amount of enzyme that inhibits 50% of nitro-
bluetetrazolium, which was measured at 560 nm. The POD and
CAT were analyzed as precisely reported elsewhere.36

Identification of Compounds

Extraction of Phenolic Compounds. The extraction was per-
formed as precisely reported elsewhere37 with slight change.
The fresh seedling (1.0 g) was assorted in chilled absolute
methanol (20 mL) for 10 min, centrifuged at 2500 × g for
10 min, and the supernatant was separated, which was per-
formed thrice, and at the end, the supernatants thus obtained
were combined and evaporated at 45°C to dryness using a
rotary evaporator. The extract was stored at 4°C until analysis.

LC-MS Analysis. For LC-MS analysis, the extract was passed
from a syringe filter (0.45 µm). The Luna RP C-18 column
(3.0 µm particle size, 4.6×150 mm) (Phenomenex, USA) was
equipped with a pump. The methanol and acidified water
(0.5% formic acid v/v) were used as a mobile phase. The
gradient system was adopted for elution at a flow rate of
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0.3 mL/min (10% to 30% in 5 min; from 10% to 50% in
20 min and maintained this till the end of analysis). A 20-min
re-equilibration time was used, and the column was kept at
25°C during analysis with 5.0 µL injection volume, and the
electron spray ionization mass spectrometer (LTQ XLTM

linear ion trap Thermo Scientific River Oaks Parkway, USA)
was used. The spectra acquired over a mass range from m/z
260 to 800 using negative ion mode. The optimum values of
the ESI-MS parameters of sheath gas and auxiliary gas were
45 and 5 units/min, respectively; spray voltage, +4.0 kV;
capillary voltage, �20.0 V; capillary temperature, 320°C; and
tube lens, �66.51 V. The molecular ions were processed
through Xcalibur software (Thermo Fisher Scientific Inc,
Waltham, MA, USA) for accuracy of the mass spectral data.

Wound-Healing Analysis

Healthy male rabbits were selected and used for the wound-
healing study. Prior consent was obtained from the Animal
Research Board of University of Agriculture Faisalabad,
Faisalabad, Pakistan. For study, healthy male rabbits (15
animals, 3 animals in each group included) with average
weight (2 to 2.5 kg) were selected and kept under observation
for 48 to 72 h (12 h photoperiod, 25 ± 1°C, access to food and
tap water), and then wounds were induced.

Induction of Wound

The hair (dorsal side) was shaved with electric shaver 12–24 h
before the wound induction, and they were kept under the
supervision of a qualified veterinarian. The xylocaine (5 mg/
kg) was used to anaesthetize. For the wound, the dorsal side of
the lumber region (3 × 3 cm) is tempted with sterilized scalpel
blades.38 The wound size was measured using the relation
shown in equation (5)39

Wound reduction ð%Þ
¼ Wound area day 0�Wound area day T

Wound area day 0
* 100 (5)

where O and T are the wound area after wound induction and
total days of post wound healing, respectively.

Results and Discussion

With the increasing world population, the major concern is to
meet the food demands. For this purpose, different physical
and chemical methods are used to fulfill the food needs. Pre-
sowing bitter melon (Momordica charantia L.) seeds were
treated with UV irradiation for 5 and 10 minutes and salt stress
NaCl solution (250 mM and 500 mM), and after 21 days,
seedling tissue was collected from untreated and treated
groups, and change in various biochemical and enzymatic
activities was measured, and the effect of treatment with re-
spect to concentration and time was also measured.

Total Polyphenol and Flavonoid Content

Biotic and abiotic stresses affect the synthesis of polyphenols
and flavonoids, which play a significant role as antioxidants
by neutralizing the lipid free radical or preventing the
breakdown of hydro peroxides into free radicals.40,41 In the
current study, pre-sowing seeds were treated with UV ra-
diation for 5 minutes and 10 minutes and salt stress (NaCl
250 mM and 500 mM). The total phenolic and flavonoid
contents of Momordica charantia seedlings are shown in
Table 1. The total phenolic contents of 294.28 mg GAE/g FW
were recorded in control sample; but when UV-treated seeds
were sowed, after 21 days, seedling tissue was collected and
their phenolic contents were significantly higher time de-
pendent. At 5 minutes’ exposure, total phenolic contents
were 423.39 GAE/g FW. But as UV treatment was increased
up to 10 minutes, total phenolic contents were decreased
because with longer time exposure, these abiotic stresses
damage the many regulatory metabolic pathways; as a result,
synthesis of secondary metabolites decreases to 362.41
GAE/g FW. From results, it is concluded that after UV
treatment for 10 minutes, up to 15% decrease in the synthesis
of total phenolic contents was recorded. A similar effect of
UV-B treatment on seedlings was also time dependent: as
exposure time increased from 5 to 10 minutes, phenolic
contents also decreased. Because UV-B irradiation is pho-
totoxic, reduction in plant biomass, decrease in chlorophyll
contents, stunts in growth, curling of leaf, and change in
color from green to brownish were documented. The effect of
UV-B radiation was also reported by Shaukat et al.42 Similar

Table 1. Abiotic Priming of (Momordica charantia) Seeds with UV Radiation and Salt Stress. Their Effect on Polyphenolic and Scavenging
Potential in Seedling Tissue.

Sr No Treatment TPC (mg GAE/g FW) TFC (mg CAE/g FW) DPPH scavenging (%)

1 Control 294.28 ± 14.81 107.59 ± 6.41 50.14 ± 12.53
2 UV treatment (5 min) 423.39 ± 12.73 182.45 ± 10.64 69.50 ± 18.23
3 UV treatment (10 min) 362.41 ± 11.39 153.41 ± 16.86 61.84 ± 21.62
4 Salt stress NaCl (250 mM) 463.26 ± 24.96 197.32 ± 12.80 75.8 ± 14.76
5 Salt stress NaCl (500 mM) 358.52 ± 21.28 163.19 ± 13.52 58.45 ± 15.7

The experiments were run in triplicate and values were averaged.
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to UV treatments, seeds of Momordica charantia were also
pre-treated with sodium chloride (NaCl 250 mM and
500 mM), and total phenolic contents were 463.26 GAE/g FW
and 358.52 GAE/g FW at 250 mM and 500 mM of salt stress,
respectively. In control sample, up to 107.59 mg CE/g FW
flavonoid was recorded, whereas in UV-treated group the
flavonoid contents were recorded to be 182.45 CE/g FWand
153.41 CE/g FW for 5 minutes and 10 minutes treated
sample, respectively. Using higher salt stress to pre-sowing
seeds, flavonoid contents were also changed: at 250 mM of
NaCl, there is an increase in the synthesis of flavonoid
contents in the salt-treated group 197.32 CE/g FW, and at
500 mM, there is a decrease in the synthesis of flavonoid
contents 163.19 CE/g FW. Total phenolic and flavonoid
contents of bitter melon fruits in different parts, and even
ripened and un-ripened fruit, were also changed with respect
to time and maturation,43which is attributed to different
environmental factors, location, maturity, and soil condi-
tions.44 The difference in TPC values between two groups
might be due to the biosynthesis of phenolic compounds that
is controlled by enzymes at different stages of the devel-
opment and growth.41 But it is effective when low con-
centration of NaCl (250 mM and 500 mM) was used. But at
higher concentration, a decrease in flavonoid contents was
recorded. To prevent biotic and abiotic stress, plants produce
various secondary metabolites, like phenolic and flavonoid
contents.

DPPH Scavenging Activities

The DPPH free-radical scavenger results are given in Table 1.
The DPPH scavenging potential of untreated seedling tissue
shows 50.14% free-radical inhibition. But in pre-sowing seeds
treated with UV irradiation for 5 and 10 min, free-radical
scavenging potential initially increases up to 69.50% at 5 min,
but as treatment time increases, free-radical scavenging po-
tential decreases up to 61.84% because UV treatment is
phototoxic. For longer time exposure, it decreases the syn-
thesis of different secondary metabolites which affect the
plant’s overall potential. Similar to UV treatment, salt stress
also affects the plant growth at 250 mM and free-radical

scavenging potential increases up to 75.8%, but at higher
concentration, free-radical scavenging potential decreases up
to 58.45%. The TFC and TPC showed positive correlation
with DPPH. The phenolics have direct correlation with an-
tioxidant activities because of their H-donating capacity, and
previous reports are also in accordance with the present study
that reports positive correlation with phenolics and antioxidant
activity.41,44

Chlorophyll Contents, Hydrogen Peroxide and Total
Soluble Sugar

Pre-sowing seeds of Momordica charantiawere treated with UV
irradiation and salt stress; at 21 days, seedling tissue was col-
lected and the effect of treatment on chl contents (chl a, chl b, and
total chl) were determined in terms of mg per gram of fresh
weight, while hydrogen peroxide and total soluble sugar were
also analyzed and data are presented in Table 2. Chlorophyll
contents are important parameters to determine the effect of
treatment on pre-sowing seeds. Results showed that chlorophyll
contents in the control and treated groups of Momordica
charantia were changed. In UV treatment for 5 and 10 min for
the treated group, chl a, chl b, and total chl contents were changed
compared to the control group. The UV-treated group for
5minutes showed better growth of seedling tissue, and as a result,
their chlorophyll contents were also higher than those of the
control group. When treatment duration increases to 10 minutes,
the negative effect of UV treatment on theMomordica charantia
group was recorded, their chlorophyll contents were decreased
compared to the control group and growth ceased. Salt stress also
showed an effect similar to UV treatment. At 500mM, in the pre-
sowing treatment group, significant decrease in chlorophyll
contents were recorded. H2O2 is a free radical that damages the
seedling tissue. In seeds treated with UV-B and salt stress, the
hydrogen peroxide level significantly increased in all groups as
compared to the control group. But as irradiated time and salt
concentration increased, in seedling tissue, the H2O2 level was
also increased. During abiotic stress, cell membrane permeability
was disturbed due to lipid peroxidation of unsaturated fatty acid.
Variation in the total soluble sugar (TSS) level was observed in
control and treated group. But in the UV-treated group, as time

Table 2. Chlorophyll Contents, Hydrogen Peroxide, and Total Soluble Sugar of Pre-Sowing Seeds Treated with UV and Salt Stress of
Momordica charantia L.

Sr # Treatment

Chlorophyll contents

H2O2 (µmol. g�1FW) TSS (mg. g�1FW)Chl a (mg. g1FW) Chl b (mg. g1FW) Total chl (mg. g�1FW)

1 Control 0.97 ± 0.039 0.85 ± 0.034 1.82 ± 0.035 18.99 ± 0.96 247 ± 13.45
2 UV treatment (5 minutes) 1.18 ± 0.053 0.97 ± 0.048 2.15 + 0.074 28.32 ± 1.58 420 ± 21.30
3 UV treatment (10 minutes) 0.82 ± 0.027 0.75 ± 0.086 1.57 ± 0.069 36.61 ± 3.69 332 ± 14.64
4 Salt stress NaCl (250 mM) 1.26 ± 0.052 1.06 ± 0.059 2.31 ± 0.041 30.12 ± 0.82 484 ± 11.47
5 Salt stress NaCl (500 mM) 0.64 ± 0.038 0.58 ± 0.042 1.12 ± 0.028 35.45 ± 1.68 388 ± 13.58

The experiments were run in triplicate and values were averaged

Abbas et al. 5



increases, total soluble sugar decreases because UV irradiation is
phototoxic; as a result, stunting in growth also occurs. A similar
trend in salt stress was also monitored: at higher salt stress,
growth reduced because low-level treatment is better for growth
and strength of seedling tissue, and also helps increase the yields.
But at higher concentration, it reduces the photophosphorylation
and glyoxylate cycle. Different abiotic stress factors have im-
portant roles in plants for synthesis of different biomolecules like
different enzymes, regulatory proteins, hormones, and other
biosynthetic pathways, and if exposure is prolonged, then it
causes cellular damage, mutation, cell death, and change the
permeability of the cell membrane because ROS (O2

-, •OH, and
H2O2), nitric oxide, nitrous oxide, and peroxynitrite are produced
that damage the seedling tissues.45

Enzymatic Activities

At 21 days, seedling tissues were collected and contents of
different enzymes like SOD, CAT, and POD were evaluated.
From treated and control groups, it was found that in all seeds
treated with UVand salt stress, the contents of SOD, CAT, and
POD were significantly higher than those of control groups.
Because these treatments were effective for germination and
also enhanced the other biochemical pathways, these free
radicals were also produced in higher contents. To neutralize
them and prevent their toxic effects, cells also synthesize
different antioxidants which protect the cell. The effect of UV
and salt stress for different times and concentration, catalase
(CAT), and SOD contents was higher in salt stress compared to
the UV treatment group. As the UV exposure time was in-
creased, the CAT contents were also increased. At 5 minutes
exposure with UV irradiation, CAT and SOD were 1.94 ± 2.37
unit/mg of protein and 4.24 ± 1.32 unit/mg of protein, but at
10 minutes treatment, CATand SOD contents were recorded as
2.39 ± 0.75 unit/mg of protein and 6.65 ± 2.58 unit/mg of
protein. Initially, at low exposure time, it is useful for the early
germination and growth. But as time increases, UV irradiation
is phototoxic. It damages the many regulatory pathways, and as
a result, free-radical biosynthesis increases that damage to the
seedling tissue, so it reduces the growth and curling of new
leaves occurs. The NaCl (250 mM and 500 mM) treated
seedlings were collected at 21 days and crude extract was
prepared for control, UV, and salt treated groups and their effect

on CAT and SOD are shown in Table 1. CAT and SOD of
control group were 1.15 ± 2.50 unit/mg of protein and 3.12 ±
1.62 unit/mg of protein, respectively. But UV treatment at
5 minutes was 4.24 ± 1.32 unit/mg of protein and at 10minutes,
it was 6.65 ± 2.58 unit/mg of protein. Salt stress at 250 mM for
CAT was 2.98 ± 2.46 unit/mg of protein and SOD was 8.36 ±
3.58 unit/mg of protein. At low concentration, it is better for
plant germination and growth because these enzymes are
natural antioxidants, but as concentration increases, it damage
the plants and overall growth of plants were stunted. 500 mM
CAT (2.19 ± 1.57 unit/mg of protein) and SOD were recorded
(5.26 ± 2.36 unit/mg of protein). The enzymes like SOD and
POD are formed in tissues and act as a defense system that
copes with ROS under variable environmental conditions. SOD
reduces the superoxide in seedling during growth, and CAT
catalyzes the disintegration of H2O2 into water and molecular
oxygen.

Peroxidase (POD) Activities

Enzymes play an important role in biological activities. They
are also used as a biomarker whenever any biotic or abiotic
stress influenced or was applied on a system, which affected
the normal biological process. Pre-sowing, Momordica
charantia seeds were treated with UVand salt stress (250 mM
and 500 mM of NaCl solution), and at 21 days of seedling,
tissue was collected and change in the enzymatic level of POD
was measured through the calorimetric method and given in
Table 3. Significant impact of UV and salt stress on Mo-
mordica charantia seeds was noted, and the POD level in
control, UV, and salt stress were (1.47 ± 2.56 unit/mg of
protein), (1.62 ± 0.67 unit/mg of protein), (3.88 ± 2.63 unit/mg
of protein), (4.37 ± 1.76 unit/mg of protein), and (2.49 ± 1.41
unit/mg of protein), respectively. Seeds treated for short time
not only sped the germination process, and the positive impact
on plant biomass was also measured. Seeds treated for longer
time not only damaged the plant tissue but even reduced the
growth. UV-B treatment damaged the DNA and protein, and
disturbed the membrane’s permeability. Similar to the bio-
physical method for pre-sowing seed treatments, salt stress
also regulates the cellular process, but when higher concen-
tration of salt was used, negative impacts on seedlings were
measured.

Table 3. Enzymatic Contents (Superoxide Dismutase, Catalase, and Peroxidase) of Pre-Sowing Seeds Treated with UV and Salt Stress of
Momordica charantia L.

Sr # Treatment SOD (U/mg of protein) CAT (U/mg of protein) POD (U/mg of protein)

1 Control 3.12 ± 1.62 1.15 ± 2.50 1.47 ± 2.56
2 UV treatment (5 min) 4.24 ± 1.32 1.94 ± 2.37 1.62 ± 0.67
3 UV treatment (10 min) 6.65 ± 2.58 2.39 ± 0.75 3.88 ± 2.63
4 Salt stress NaCl (250 mM) 8.36 ± 3.58 2.98 ± 2.46 4.37 ± 1.76
5 Salt stress NaCl (500 mM) 5.26 ± 2.36 2.19 ± 1.57 2.49 ± 1.41

The experiments were run in triplicate and values were averaged.
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Wound Healing

In the current study, rabbits were selected, and three rabbits
were kept in each group. Using aseptic condition, 3 × 3 cm
open wounds were created on the dorsal lumber region of the
body. All experimental animals were arranged into 5 groups,
that is, control group (G1), UV-treated group for 5 minutes
(G2), UV-treated group for 10 minutes (G3), salt stress
250 mM (G4), and salt stress 500 mM (G5). To avoid bias,
from each group, 30 mg of extract was applied on the open
wound twice a day for 14 days. Healing of wounds was
monitored on the 14th day of treatment. The result showed that
bioactive compounds extracted from the UV-treated for
5 minutes, pre-sowing seed group of Momordica charantia
showed promising healing of open wounds, followed by UV-
treated group for 10 minutes. A similar result was also re-
ported in Figure 1 for the salt stress group for sodium chloride
(250 mM and 500 mM). At lower concentration, seedling
tissue showed good growth and also synthesized secondary
metabolites, having promising wound-healing potential. But
as concentration increases, it reduced the growth of seedling
tissue and also synthesized lower concentration of bioactive
compounds having less medical importance.46

The percentage of wound reduction was measured on the 14th

day, and for the control group, the open wound was healed up to
18.27% by the natural healing process because the control group
did not receive any medical application. But UV treatment for
5 minutes showed tremendous wound healing up to 86.28%
within 14 days of wound induction (Table 4). But in UV
treatment for 10 minutes, less concentration of bioactive

compounds synthesis occurs, and as a result, wound-healing
potential was also reduced up to 46.49%when compared among
UV treatment in a time-dependent manner; significant decreased
healing potential was found as exposure time increases. A similar
result was documented in salt stress also, and when 250 mM
solution of NaCl was used, wound-healing potential of Mo-
mordica charantia was also increased up to 81.42%. But as
concentration increases, wound reduction was reduced up to
28.33%. The images presented in Figure 1 show the wound
reduction in different groups as a function of the number of days
(zero to fourteen days). These results clearly indicated that
wound reduction is maximum inG2 and G3 andminimum inG1
and G5 at fourteen days. UV treatment for 5 minutes and salt
stress at 250 mM concentration showed promising potential in
wound healing. It shows that at low concentration of salt and UV
treatment, plant biomedical importance along with their growth
and yield can be increased many folds.

Phenolics in Extracts

The phenolic compounds are the plant’s secondary metabo-
lites that balance the plants with its environment,47,48 that is,
plant defense mechanisms and their synthesis are also often
induced by different kinds of biotic or abiotic stress. The
analysis of Momordica charantia extract was performed and
p-coumaric acid, Methyl gallate, Carpacin, Gallic acid, Sy-
ringic acid, Ferulic acid, Digallic acid, Catechin, Isoquercetin
and Kaempferol 7-O-glucoside were found as major com-
ponents and their structures are displayed in Figure 2, which
are detected in comparison to standard (retention time) and

Figure 1. Wound-healing potential of pre-sowing seeds of Momordica charantia UV and salt stress.
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literature data. This technique is used for the phenolics
component analysis. It is also equally employed for structural
clarification and the separation of different components
present in the Refs. 49 and 50. The ESI (Ionization by
electrospray) in LC-ESI-MS/MS analysis is one of useful
techniques in this analysis and has been applied for this
purpose successfully in different modes.51 The ESI negative

mode is applied for molecules that has carboxyl groups, which
yields ion [M-H]-due to presence of carboxylate anion.52,53

Pre-sowing priming of B. melon seeds with UV radiation
and salt stress, after 21 days, seedling tissue was collected
and homogenized with methanol; The effect of physical
priming on seedling tissue was documented in the form of
TPC, TFC, and free-radical scavenging potential using

Figure 2. Structure of phenolic compounds identified by LC-MS-MS ofMomordica charantia seedling extract treated with UV and salt stress.
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DPPH as a standard stable free radical. All these polyphe-
nolic contents were measured using spectrophotometer
methods. But this method has some limitations because
identification of different polyphenolics is not possible. For
the profiling of phenolic compounds and confirming that the
LC-MS–based profiling is a powerful technique for the
phenolic characterization, all these polyphenolic compounds
reported in Table 5 revealed that bitter melon contains an-
tioxidant potential due to the presence of these polyphenolic
compounds.

Conclusion

The study concluded that the irradiation and salt stress
treatments significantly affect the TPC, TFC, DPPH, chlo-
rophyll contents, and total soluble sugar contents of bitter
melon seedlings. The antioxidant enzymes (POD, CAT, and
SOD) activities were also affected significantly in UV-B
treatment and treated seedlings under salt stress. The
wound-healing potential of extract was found to be significant,
which was studied in vivo in rabbits. The extract’s charac-
terization revealed the presence of different phenolic com-
pounds in bitter melon seedlings raised from UV-B treated
seeds, which are responsible for its antioxidant potential.
Future studies would be focused on growth characteristics at
later stages and the yield of bitter melon.
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