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Majority of the global population from developing countries relies on herbal medicines
for cure of diseases. The ability to sense the environment and sustain physico-chemical
and thermal homeostasis is dependent on our skin. Healing process is the mechanism
of repairing the skin and other soft tissues after an injury. Brassica juncea has
traditionally been used for its antibacterial and antioxidant properties. The current
research was intended to investigate the wound-healing behaviour of B. juncea in order
to generate comprehensive scientific evidence. Excision and incision wound models
were used to test the wound-healing effectiveness of aqueous, ethanolic, and petroleum
ether extracts of B. juncea. Physical analyses of the crude compound were carried out
along with the quantitative analysis of phenolics and flavonoids. The rate of wound
contraction, the duration of full epithelialization, and the tensile strength of the incision
wound were investigated. The three extracts from B. juncea seeds were noted to heal
the wound, as evidenced by a reduction in epithelialization time, an improvement
in wound contraction rate, and increased skin-breaking ability. The ethanolic and
aqueous extracts have characteristics that make them effective in wound- healing

action as compared to a placebo control, according to the current report.

1. INTRODUCTION

About eighty percent of the global population, especially in
developing countries, uses herbal medicines for primary
health care. Herbal drugs have the benefits of stability,
potency,cultural appropriateness, and reduced side effects.
Since their chemical components are involved in the
biochemical processes of living flora, they are thought to be
more compatible with the human body (Ekor, 2014). India,
as one of the world’s twelve mega-biodiversity countries,
exports herbal raw resources valued between $100 and 114
million dollars per year (Oyebode et al., 2016).

The skin is the largest organ which plays a major role in
shielding the human body from unsafe foreign agents
including microorganisms, contaminants, and chemicals,
which can weaken the body’s protective shield when injuries
or wounds occur (Chuongetal., 2002). Every year, millions of
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people all over the world suffer both from acute and chronic
skin trauma, with about 37 million people suffering from
chronic wounds (Sen et al., 2009). The epidermal integrity
of the skin would be lost in a burn wound caused by tissue
damage following exposure to heat from some direction.
Burns are described by extreme skin damage that results
in the death of the infected skin cells. That may be mild
medical issues or life- threatening situations. Burns killed
approximately 300,000 people a year across the world, and
they can happen to someone of any age or gender, in both
developing and underdeveloped nations (Bunman et al.,
2017). For older people, smoking and using an open flame
are the primary sources of burn injuries. Children’s burn
injuries are most often caused by drenching. Infants and the
elderly are the most vulnerable to burn injuries (Peden et
al., 2008; Ye and De, 2017).

Wound healing is the mechanism of physical tissue healing
that includes soluble mediators including cytokines and
growth factors, blood cells like platelets and white blood
cells, extracellular matrix, and parenchymal cells. Burn
therapy is considered symptomatic due to the wide range
of etiological causes. As a result, surgical tools have been
used to ease pain in the affected region, speed up the healing
process, and extend the time between lesions. In terms of
the completeness of healing of burns and chronic wounds,
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traditional collagen sheet dressings do not outperform
conventional dressings (Singh et al., 2011). As a result;
medicinal plants are an essential part of the human health-
care system for wound management. Different flora contains
a wide range of plants, each of which is known for its wound-
healing abilities and medicinal properties. However,
there are many plants whichhave not been investigated
and whose phytotherapeutic qualities are unknown, one of
whichis B. juncea, which is yet to be identified for its wound
healing activity.

B. juncea is an important socioeconomic plant that has been
valued in India for centuries for its nutritional and medicinal
properties. It is a perennial annual herb found throughout
the world, mostly in Africa, Russia, Sri Lanka, Japan, and
India (Rahman et al., 2018). Various phytochemicals are
found in B. juncea, including nutrients, sulfur-containing
glucosinolates (sinigrin, glucoiberverin, glucobarbarin,
gluconapin, glucoalyssin, neo glucobrassicin), polyphenols
(gallic acid, -caffeic acid vanillin rutin, naringin,
chlorogenic acid catechin), and volatile components (allyl
isothiocyanate, 3-butyl isothiocyanate, neo glucobrassicin,
neo glucobrassicin, tetradecane) (Tian and Deng, 2020). B.
juncea is a stimulant, emmenagogue, and antioxidant that
are used to treat diabetic cataracts, fever, nausea, backache,
arthritis, paralysis, and edema of the lungs and liver. B.
juncea seed is used to treat asthma, foot pain, lumbago,
tumors, urinary diseases, inflammation or haemorrhage,
and rheumatism in China and Korea (Khandayataray and
Murthy, 2019; Le et al., 2020).

However, no evidence of wound healing action of B. juncea
seed was found in the literature. Therefore, the current
research was designed to standardize B. juncea seeds and
investigate the anti-inflammatory and wound-healing
properties.

MATERIALS AND METHODS

Ethanol was procured from Merck Pvt. Ltd., Navi Mumbai,
Maharashtra, India. Phloroglucinol, hydrochloric acid and
other chemicals were procured from standard sources.
Collection, processing and authentication

B. juncea mature seeds (1 to 1.2 kg) were collected from a
local market in Hamirpur District, Himachal Pradesh. The
taxonomist at Herbal Health Research Consortium Pvt. Ltd.,
East Mohan Nagar Amritsar, India authenticated the plant
with specimen no R.S.-152 and seeds specimen as B. juncea
(Local name: Sarson) of the Brassicaceae family. For future
reference, voucher collections of the plant were stored in the
Herbal Health Research Consortium Pvt. Ltd., herbarium.
The seeds were then cleaned with purified water and shade
dried for 7 days at room temperature in a ventilated dark
spot. The dried seeds were stored for the further processing
in an airtight poly pack bag.

Organoleptic evaluation and drying

The organoleptic properties of B. juncea seeds were assessed,
including size, form, colour, odour, taste, fracture, and soil.
Seeds were semi-dried in the air for 12 hours during the
day (without being exposed to sunlight) and for 72 hours
during the night period. The semi-dried seeds were then

air dried for another 8 to 12 days at room temperature and
45 percent relativehumidity in a dry ventilated area. When
a constant weight of seed was obtained, it was assumed
that no moisture was present in the rudimentary seeds,
indicating that the drying process was complete. At last, the
amount of moisture loss was calculated.

Physical evaluation

Physical requirements for the coarse powder of B. juncea
seeds were developed. These are usually ineffective for
crude drugs, but they may support in assessment, especially
in terms of moisture content, foreign organic matter,
volatile oil content, ash (total ash, acid insolubleash, water
soluble ash, and sulphated ash), and extractive value (Evans,
2004, Kokate, 2007; Kokate et al., 2007; Khandelwal, 2008).

Extractive value

In a stoppered 250 ml conical flask, 5 g of powdered seeds
was macerated for 24 hours with 100 ml of each solvent
(water and ethanol respectively). The flask was regularly
shaken for the first six hours, and left to stand for another
eighteen hours. Following filtration, 25 mL of filtrate was
transferred to a weighted, thin porcelain dish and dried
in ahot air oven (Remi RDHO-80, Remi Elektrotechnik Ltd.,
India) at 100 °C. The extracts were weighed after cooling
in a desiccator. The extractive percentage (w/w) was
measured usingair dried drugs as a reference.

Extraction of seeds

The Soxhlation process was used for extraction of crude
seeds of B. juncea using water and ethanol (analytical
grade) as solvents. The solvents were chosen based on their
polarity in decreasing order. In a Soxhlet extractor, coarse
powders were packed (Model no 3840013, Borosil Glass
work Limited, Mumbai, India). A total of 250 to 300 g coarse
powders were extracted separately with 500 ml of solvents.
The yield of the extract was determined using the formula
below, regardless of the cumulative volume of crude drug in
coarse powder form taken into the extractor.

. Wy
Yield of extract (%) = W

-

X 100
Preliminary phytochemical screening

According to normal protocols, the aqueous and ethanolic
extracts of the seeds of B. juncea were subjected to
qualitative chemical tests for the identification of multiple
chemical constituents (Doss, 2009; Venkataswamy et al,,
2010; Vijayaram et al., 2016).

Microscopy of powdered crude seeds

Separately, coarse powdered crude seeds of B. juncea were
put on a clean and dry glass slide. A few drops of chloral
hydrate were added to the powder. The slides were
placed on a Bunsen burner until chloral hydrate boiled.
After 5 minutes of heating, the slides were cooled to room
temperature. A few drops of phloroglucinol and HCl were
added to dye the samples (1:1). A compound microscope
(Esaw SM-02 Student Compound Microscope, ESAW, India)
was used to examine the stained samples at a resolution of
100x. The findings were then noted (Alam and Us Saqib,
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2015).
Quantification of phytoconstituents

The quantification of phenolic and flavonoid compounds in
aqueous and ethanolic extracts of B. juncea seeds was done
using the methods as described in Ayurvedic Pharmacopoeia
(The Ayurvedic Pharmacopeia of India, 2001).

Determination of phenolic content

The Folin-Ciocalteu reagent was diluted 1:10 (v/v) with
sterile water and incubated for 5 minutes at 25 °C before
adding and mixing 0.8 ml of 7.5 percent (w/v) sodium
carbonate. A

0.2 ml aliquot of diluted extracts was combined with 1
ml of the above developed Folin- Ciocalteu reagent and
left to complete the reaction for a few minutes. After that,
the reaction mixture was incubated at room temperature
for 1 hour. A UV-Visible spectrophotometer (UV-2600i,
Shimadzu, Japan) was used to determine the absorbance of
the color solution at a wavelength of 765 nm. As a standard
phenolic drug, gallic acid was used. A standard curve was
plotted using the absorbance versus concentration data. The
regression coefficient derived from the standard curve was
used to calculate the overall phenolic content in aqueous
and ethanol extracts, which was expressed in pg/ml.

Determination of flavonoid content

0.5 mg of the extracts was combined with 1.5 ml pure
water followed by addition of 0.75 ml sodium nitrite
solution (5%), and the mixture was kept aside for 5 to
6 minutes. After that, 0.2 mL of a 10% AICI3 solution was
added and left to rest for another 5 minutes. Finally, 0.5 ml
of 1M NaOH was added, and the volume was made up to
2.5 ml by adding purified water.As a common compound,
quercetin was used. Taking five standard quercetin
solutions of concentration 10, 20, 30, 40, and 50 pg/ml,
a standard curve of quercetin was prepared. AUV-Visible
spectrophotometer was used to assess the absorbance of
the prepared final testand normal solutions at a maximum
wavelength of 510 nm. The regression coefficientderived
from the standard curve was used to calculate the total
flavonoids content in theextract, which was expressed in
pg/ml (Chandra et al, 2014; Sankhalkar & Vernekar, 2016).

Acute toxicity studies

The OECD-423 recommendations were followed while
conducting the acute oral toxicity analysis (OECD, 2002).
Individual aqueous and ethanolic extracts were assessed
for toxicity in laboratory animals at doses of 5, 50, 300,
and 2000 mg/kg body weight of Wister rats. For fourteen
days, toxic signs and magnitude, as well as their onset,
progression, and reversibility, were detected and reported
as a function of dosage and time. Animals which died during
the observation phase, as well as those which survived at the
end, were autopsied (Tunner, 2009; Dinda and Mukharjee,
2009; Mathur, 2009).

Experimental animals

In this study, healthy wistar rats of either sex weighing 180

to 250 g were used. They were held in animal houses under
normal conditions of temperature (25+2 °C) and relative
humidity (45-55%). They were given a normal pellet diet
and free access to water. For 15 days, all of the animals were
closely supervised and cared in compliance to the CPCSEA
recommendations. Animals were kept in polypropylene
containers, and all procedures on them were carried out
in an aseptic environment. The report was reviewed and
approved by the Institutional Animal Ethics Committee
(Protocol no.: CPCSEA/LIPH/2019/13).

Anti-inflammatory activity

The anti-inflammatory potential of the extracts was tested
by three different research models using the carrageenan-
induced rat paw oedema process (Mujumdar et al., 2000;
Chen et al., 2007; Mathur, 2009). For different therapies,
twenty-four rats were split into eight groups of six rats
each. Group I (normal control) was treated with 2 ml/kg
body weight saline water, group II (standard control) was
treated with 5 mg/kg body weight diclofenac sodium, group
III & IV animals were administered with aqueous extract of
seed of B. juncea (BJAE); i.p at doses of 50 & 150 mg/kg body
weights, group IV & VI animals were administered with
ethanolic extract of seed of B. juncea (BJEE); respectively.

The inflammatory agent carrageenan was given in solution
form with usual saline water asthe vehicle in all groups
except normal control group. To induce oedema, 0.05
ml of a 1 percent solution of carrageenan was injected
subcutaneously into the plantar area of the right hind paw
30 minutes after the above injection. The oedema was
measured as an increase in paw thickness as a result of the
carrageenan treatment. Using a Plethysmometer, the paw
volume was determined at the start and at 2, 3, 4, and 6
hours after carrageenan injection. The following equation
was used to measure the percentage inhibition of paw
thickness (Parmer & Prakash, 2006; Patil et al., 2011).

V.
Inhibition of Paw Thickness (%) = 1 — Vt X 100

c

Preparation of the ointment

The ointment of the seed extracts was made with a standard
ointment base (Table 1). The aqueous and ethanolic
extracts were taken individually on a clear, dry, and sterile
tile and mixed with melted soft paraffin in a water bath at
70°. The surfactants sorbitan monolaurate and tween 80
were dispersed in the aqueous and oil phases respectively.
Quantities of different plant extracts were accordingly mixed
together to form the aqueous phase. The aqueous phase was
slowly added to the oil phase with continuous stirring. On
addition of all the aqueous phase the mixture was mixed for
another 5 min before and stored in an airtight glass bottle
for further use in a clean, dry, and sterile setting (Builders
etal., 2013).

Excision wound model

The rats were divided into four groups, each with six rats
(Table 2). For fourteen days, the animal in groups III to
IV were given individual aqueous and ethanolic extracts
ointment twice a day at a 12-hour interval.
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Experimental procedure

The full thickness excision wound was inflicted in animals
using the procedure described in the literature (Rathi &
Bodhankar Baheti, 2006; Somboonwang et al., 2012). The
hairs on the back of the rat were first shaved. Isopropyl
alcohol (70 percent v/v) was used to disinfect the shaved
patch. Sodium pentobarbital at 60 mg/kg b.w. was used
intraperitoneally to anaesthetize the rats in shaved fields. 1
cm diameter cylindrical steel was heated to 100°C in boiling
water. This heated cylinder was placed on the rat’s shaved
area for 6 to 8 seconds before being replaced.

Evaluation of wound healing activity

Daily, the wounds of the treated animals were externally
inspected for color, swelling, the consistency of the tissue
covering the wound, and the existence of exudates. The
wound diameter was measured. The wound healing was
calculated using the following equation, which determined
the wound closing (%).

Wound Cl (%) = AW — AW < 100
oun osure o) = T

Where, IAW and FAW are initial and final area of wound.
Incision wound model

The rats were divided into IV groups, each one with six rats
(Table 3). Specific aqueous and ethanolic, extracts ointment
was applied to the animals in group III to IV twice a day at
the intervals of 12 hours for up to eight days (Somboonwang
etal.,2012).

Experimental Procedure

The ability of various extracts to heal incision wounds was
tested. Initially, the animal was anesthetized with xylocaine
on the back side. Using a modern sterile Sharpe comb, the
paravertebral region’s fur was gently shaved. A 3 cm
long section of skin corresponding tothe vertebra on the
rear portion of the animal was labelled with a marker and
incised with a thin surgical needle. Within 1 cm, the incised
part of the skin was closed with an interrupted suture. Both
operations were performed sterile in part and during the
study; no antimicrobials were used locally or systemically
(Muscara et al., 2000; Menke et al., 2007; Boateng et al.,
2008; Mechesso et al., 2016).

The suture was removed from the animal on the eighth day,
and therapy with ointment was started on the ninth day as
well. The tensile strength of the wound was calculated for
all ofthe treated rats on the tenth day using the continuous
water flow process. Wet and dry granulation tissue weights
were measured on the tenth day.

Measurement of tensile strength

The tensile strength of a wound indicates how well it is
healing. It reveals how resistant the restored tissue is to
tearing under strain and may reflect the restored tissue’s
integrity in proportion. On the ninth day after wounding,
the sutures were removed, and the tensile strength of the
excised tissue was measured with a tensiometer on the tenth

day. Wound breaking strength was calculated using this
approach as the weight of water per area of the specimen at
the moment of wound breaking.

The wet and dry granulation weights of incised tissue were
recorded using an automated digital balance after the
tensile strength calculation.

Statistical analysis

GraphPad Instat 5.0 version was used to analyse the data
(GraphPad, San Diego, CA). The statistical analyses were
performed using one-way analysis of variance (ANOVA)
and Dunnett’s post hoc multiple comparison test. The
significance level was set at P < 0.05.

RESULTS AND DISCUSSION

Burn injury is described as destruction to the tissues of the
body produced by fire, toxins, lightning, sun, or irradiation.
It is among the most prevalent traumatic complications
throughout the globe. Patients with burn injuries needed to
focus on wound healing and pathogen avoidance.

Organoleptic properties and drying

The organoleptic properties of B. juncea seed is presented
in Table 4. The seeds werediscovered to have a pungent
odour and a sour taste when crushed which could be related
to the presence of certain highly bioactive compounds. This
may be attributed to the presence ofsome volatile oils in the
seeds. The seed had a smooth texture.

Physical properties

Table 5 shows the data of the physical attributes of the
drug. Moisture is one of the most important variables in
the degradation of pharmaceuticals and formulations. Low
moisture content is usually preferable for better medication
stability. The coarse powder of seeds showed moisture
content of 3.1 percent. This finding illustrates why this crude
drug is less susceptible to microbial decomposition and
enzyme - mediated neutralization, implying that it can last
better. The low amount of organic materials (0.132 percent
w/w) indicates that the crude material is of the utmost
clarity and grade conceivable. The ash value is helpful
in confirming sample validity and integrity, as well as being
significant quality criteria. The volatile oil content was also
found to be 21.74 percent. This study confirms the highest
purity and quality of the drug. Complete, acid insoluble,
water soluble, and sulphated ash values were found to
be 4.25, 3.95, 1.85, and 2.45 percent w/w, respectively
indicating that the root is the best for medication action and
effects.

Extractive values and extraction

The seed powder was found to be reddish brown in colour.
The extracts exhibited mild pungent odour. Water and
ethanolic had extractive values of 4.732 and 8.774 percent,
respectively. The extractive yield of ethanolic extract was
the highest, while the extractive yield of aqueous extract
was found to be lowest (Table 5). Figure 1 shows the yield
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Table 1. Formulation of ointment of selected plant extracts 6 Water soluble ash 1858 +0.12
Sulphated ash 2.456+0.28
Components BJAE (g) BJEA (g)
Extracts 5 5 Table 5. Physical and extractive values of different extracts
Petrolatum 18 18
Glycerol 5 5 S. No. | Specifications Values in percentage (w/w)
Sorbitan 1 Colour Reddish brown
5 5 2 Odour Pungent
Monolaurate .
Extractive value
T 80 2 2
“v]veen " " 3 Aqueous extract 4732 +£0.41
t 5 5
i 4 Ethanolic extract 8.774 +0.29

Table 2. Grouping of animals and treatment protocol for

- Table 6. Acute toxicity study of Brassica juncea seeds
excision wound model

extracts using mice model

Group Treatment Doses Toxicity effect
1 S. (mg/kg [ srd 4. sth 4 -th
= in oi y ay ay
(Normal Control) | 2 Plain ointment base No. | Drugs | body
g weight) Death | MBS | Death | MBS | Death | MBS
I = o . ..
(Standard Control) % E 1% w/w Silver sulfadiazine Low ) ) ) ) ) i
1000<
I £ § Aqueous seed extract ointment of Aque- ( - )
(BJAE 5% w/w) § Brassica juncea 1 ous High
> - - - - - -
v 2 Ethanolic seed extract ointment of extract 1(500)
(BJEE 5% w/w) - Brassica juncea
Low } } } } } }
<
Table 3. Grouping of animals and treatment protocol for Etha- (1090 )
incision wound model nolic High
2 > - - - + - +
extract
1000)
Group Treatment
I L. MBS: Mice behaviour status. The + sign represents the
g Plain ointment b P
(Normal Control) | .S aimt OIIEment base presence of death or abnormalbehaviour, whereas the -
I S 1% whw Sl adia sign represents the absence of death or abnormal behaviour
(Standard Control) g.ms E o Wiwstiver sutladiazine does notoccur.
111 2 § Aqueous seed extract ointment of
(BJAE 5% wiw) § Brassica juncea Table 7. Anti-inflammatory activity of the extracts in Wistar
v S Ethanolic seed extract ointment of rats by carrageenan induced ratpaw oedema method
(BJEE 5% w/w) = Brassica juncea

Carrageenan induced rat paw edema volume in mm

Table 3. The organoleptic characteristics of the seeds (% inhibition)

Groups

Time (h)
S. No. Parameter Characteristics 0h 2h 3h 4h 6h
1 Size (diameter) 0.8to 1.1 mm I 1.76+
B (Normal | 1.844+0.88 | 1.88+0.64 | 1.77+0.70 | 1.75+0.52
2 Shape Spherical 0.81
Control)
3 Color Reddish brown 11 (Stan-
4 Odour (crushed) Pungent dard 1.88+ | 1.47+0.86 | 1.26+1.01 | 1.13£0.96 | 1.08+0.73
0.77 21.81 32.98 39.89 42.55
5 Taste Bitter Control) ( ) ( ) ( ) ( )
6 Surface Smooth ;%?;0 1.76+ | 1.50+0.79 | 1.42+0.77 | 1.35+0.81 | 1.23+0.69
* Kk
mg/kg) 1.02 (14.6) (19.2) (23.3%) (29.9%*)

Table 4. Organoleptic evaluation of the coarse powder of

the seeds v
(BJAE 1.75+ | 1.41+£0.90 | 1.32+0.88 | 1.23+0.95 | 1.08+0.86

150mg/ | 087 | (19.2) | (24.4%) | (29.5%%) | (38.3%*%)

S. Parameters Values in percentage (% w/w) kg)
No. Vv
k

2 Foreign organic matter 0.132+0.21 i(g))mg/ 0.98 (11.8) (13.3) (16.1) (22.8%)
3 Volatile oil content 21.74+0.13 Vi
4 Total ash 4.255+0.19 (BJEE 1.81£ | 1.56+0.84 | 1.33+0.97 | 1.43+0.61 | 1.22+0.81

— 150 mg/ | 0.61 (13.5) (19.7) (26.6*) (32.6*%)
5 Acid insoluble ash 3.951+£0.23 kg)
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Continued..

Mean represents thickness of paw edema in mm. Each value represents mean * standard deviation (n = 6) with statistical
analysis by one-way ANOVA followed by Dunnett’s multiple comparison test. * signifies P < 0.05; ** signifies P < 0.01 and

*** signifies P <0.001 when compared with the standard drug.

Table 8. The wound closure value of the seeds extract by excision wound model

Wound Closure (%)
Epithelization Time
Group Days (Days)
2nd sth 8" n" 14th
I (Normal Control) ! 1'8:‘)'7 20'3;0'9 288+0.66 | 39.5+1.02 55.3:0.87 22.5£0.24
+ +
II (Standard Control) 31'34 04 40'68 0.5 56.9+0.81 66.4+0.69 98.4+0.74 14.5+0.36
*
I (BJAE 5% w/w) 27.7;_*0.9 35.51i0.7 51.6::1.03 62.2:0.99 95.221.01 16.4+0.64
*
IV (BJEE 5% w/w) 30.72::0.8 38.840.5 7 54.3i0.84 65.11:0.87 97.4ﬂ;0.86 14.840.58

Group I treated with plain ointment base, Group II treated with 1% w/w silver sulfadiazine ointment and Group III to IV were
treated with 5% w/w ointment of aqueous and ethanolic extracts of Brassica juncea seed. All data were presented as mean
+ standard deviation (n = 6) with statistical analysis by one-way ANOVA followed by Dunnett’s multiple comparison test. *
signifies P < 0.05 and ** signifies P < 0.01 when compared with the standard drug.

Table 9. The wound healing activity of Brassica juncea seeds extracts by incision wound model

Group Tensile strength(gmmz) Tensile strength(%) Wet gr;:i:l;l?ttig)l tissue Dry gr::,zilgl‘;‘tti((;; tissue
I (Normal Control) 228.2+0.98 - 212.4+0.88 67.8+£0.58
II (StandardControl) 312.6x1.12 36.98 346.7+1.02 121.2+0.67
I (BJAE 5% w/w) 275.4+0.95 20.67 331.3+0.88 107.4+1.04
IV (BJEE 5% w/w) 283.5+1.05 24.23 340.1+0.89** 111.2+0.66

Group I treated with plain ointment base, Group II treated with 1% w/w silver sulfadiazine ointment and Group III to IV were
treated with 5% w/w ointment of aqueous and ethanolic extracts of Brassica juncea seed. All data were presented as mean
+ standard deviation (n = 6) with statistical analysis by one-way ANOVA followed by Dunnett’s multiple comparison test. *
signifies P < 0.05 and ** signifies P < 0.01 when compared withthe standard drug.

Yield Value Extracted by Soxhlation

Extractive Values of Brassica juncea Seed

= m-
i
= 15+
B
E 10-
* Ny /
0 T T
VWater Ethanol
Extractives

Figure 2. The microscopic study of the seed showing 1:
Mucilage; 2: Seed coat; 3: Palisade cells; 4: Tegmen; 5:
Testa

Figure 1. Yield value of various extracts
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1.5
3 vy =0.0127x + 0.0846 '
£ 1 Ri= 0.9992____..---""
_E L
205 e
< .
0
] 20 40 60 80 100 120
Concentration (ug/ml)
Figure 3. The calibration curve of gallic acid
0.8 y =0.0128x + 0.0352
R*= 09983 o
E 0.6 P
2 -
E 0.4 ) -
= "
= 0.2 .
0
0 10 20 30 40 50 60
Concentration (ug/ml)
Figure 4. The calibration curve of quercetin
Total Phenolic and Flavonoid Contents of Brassica juncea Seed
" L @ Dhenolic Content

e
h
1

B Flavonoid Content

E 204
Ej
= 15+ o
ESUE
& o
a2 L
c 1 T
Aqueous Ethanol

Extractives

Figure 5. Total phenolic and flavonoid contents of the
seeds

value of extracts with aqueous and ethanol as solvents.
Phytochemical screening

The study indicated that the aqueous extract contains sugars,
cardiac glycosides, tannins, sterols and steroids, alkaloids,
proteins, amino acids, fixed oils, triterpenoids, saponins,
phenols, and flavonoids, alkaloids, proteins, amino acids,
fixed oils, triterpenoids, saponins and phenols. Alkaloids,
enzymes, cardiac glycosides, saponins, fats, amino acids,
fixed oils, triterpenoids, phenols, and flavonoids are present
in the ethanolic extract of the seeds. Phenolic compounds,
such as flavonoids, are well-known antioxidants and a
variety of other bioactive molecules which have historically
piqued attention owing to their potential advantages for
humanhealth, including the treatment and prevention of a
variety of illnesses. Free radical scavenging activity hasbeen
connected to wound formation, while antioxidants have been
associated to wound healing capacity (Tungmunnithum
et al, 2008). These antioxidant compounds are useful
candidate in reducing the causes and consequences of aging

skin, skin disorders, and skin injury especially wounds and
burns, owing to their biological source and low cytotoxicity
(Dziato et al., 2006).

Powder microscopic study

The seeds (Figure 2) were found to be mildly yellowish
brown in color when examined undera microscope. The
microscopic anatomical form revealed that the matured
seed has released mucilage. Dark reddish brown testa
makes up the crop. The cotyledons are present in the oily
embryos. Tegmen was also present in the seed.

Quantification of phytochemicals

Increased production of reactive oxygen species, exposure
to exogenous oxidant chemicals, or a breakdown in the
regulatory systems in our bodies can destroy important
macromolecules like DNA, lipids, and proteins, as well as
impede wound healing. Natural antioxidants, particularly
plant phenolics and flavonoids, have been shown to protect
or postpone degenerative illnesses induced by free radicals
(Agaretal, 2015).

Figure 3 shows the standard curve and regression coefficient
for gallic acid solutions. The regression equation was found
to be y = 0.0127x + 0.0846, with a regression coefficient
of 0.9992. Figure 4 shows the standard curve data and
regression coefficient of quercetinstandard solutions. The
regression equation was noted to be y = 0.0128x + 0.0352,
with a regression coefficient of 0.9985. Figure 5 shows the
overall phenolic and flavonoid contents of various seeds
extracts.

The sum total of phenols and flavonoids in aqueous and
ethanol extracts was estimated and represented as gallic
acid equivalents (Figure 5). The aqueous and ethanol
extracts were found to have overall phenolic contents of
5.72 and 8.21 g/ml, respectively. The phenolic content
of the ethanoloic extract was higher and those of the
aqueous extract were lower. B. juncea seeds contained
14.76 and 28.66 g/ml of total flavonoids in aqueous and
ethanol extracts, respectively. The flavonoids content of
the ethanolic extract was higher, and those of the aqueous
extract were lower. The high levels of phenol and flavonoid
detected in B. juncea seed extracts were also documented in
this investigation that revealed its promise as a burn injury
treatment.

Acute toxicity study

The seed extracts of B. juncea were determined to be non-
toxic at 3000 mg/kg body weightof experimental animals
in an experiment conducted according to OECD Guidelines
423. Table 6 shows the findings of an acute toxicity analysis
of aqueous and ethanolic extracts. In each category of
animals, no major toxic signs or frequency were observed.
There was no mention of a death. An acute toxicity analysis
in Wistar rats showed no death in any solvent extract at any
dosage, confirming that B. juncea seeds extracts are non-
toxic in the living body. Even at the peak dosage, 3000 mg/
kg body weight of mice, no lethality was observed. It was
not possible to assess the lethal dose (LD50). Based on the
toxicity results, the plant extracts were dosed to 50 mg/
kg and 150 mg/kg b.w. for assessmentof pharmacological
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activities.
Anti-inflammatory activity

Arachidonic acid is degraded after inflammation by pro-
inflammatory enzymes such as COX or LOX pathway, which
produces prostaglandins and leukotrienes. Inhibition
of these pathways might be used to treat a variety of
inflammatory and autoimmune diseases. Many phenolic
chemicals, such as flavonoids, phenolics, and tannins,
are considered to work in the inflammatory cascades by
scavenging free radicals or inhibiting pro-inflammatory
enzymes (Adebayo et al., 2015).

Table 7 shows the anti-inflammatory action of different
extracts. The results revealed that B. juncea seed extracts
have anti-inflammatory activity that is dose dependent and
were similar to the standard medication diclofenac sodium.
All of the extract doses had lower anti-inflammatory activity
than diclofenac sodium, the reference drug. Among various
extracts,the aqueous extract was more efficient. The anti-
inflammatory properties the extracts were observed in the
following order: aqueous > ethanolic extracts.In comparison
to the normal treatment, the aqueous seed extract showed
potent anti-inflammatory efficacy. This may be attributed to
the involvement of influential chemical components in the
aqueous extract that function as inhibitors of inflammatory
mediators. It can thus be inferred that the seeds have anti-
inflammatory efficacy, but not as powerful as standard
medicine. The aqueous extract was noted to be the best of
the two extracts. All of the two extracts of B. juncea seeds
had moderate anti-inflammatory effects after 1 hour at
both the doses. While theaqueous seed extracts had strong
anti-inflammatory efficacy as compared to the standard
diclofenac sodium, the dosage of the aqueous extracts was
much higher. As a result, the extract must be purified further
into a specific chemical entity form, with a lower dosage that
may be useful in the effective treatment of inflammation.

Excision wound healing activity

Wound contraction is a crucial step in the healing process
that leads to wound closure. As a consequence, physical
appearances and wound contraction measurements have
become reliable basis for evaluating macroscopic wound
healing (Vafi et al., 2016). Table 8 shows the wound healing
potential of the extracts using a wound excision model and
a rat as an animal model. To mimic available commercial
Silver sulfadiazine ointment, the extracts were applied to
animals as an ointment. All of the extracts showed wound
healing activity. The seed extracts have wound healing
activity similar to silver sulfadiazine ointment. Using the
statistical approach, it was discovered that the ethanolic
extract had extremely potent healing properties (P <
0.01), while the aqueous extract had comparative potency
to that of the standard drug (P < 0.05). On the eighth day
of treatment, a substantial wound closure was detected,
and on the sixteenth day of treatment, approximately 100
percent healing was achieved. The wound healing action
was in the order ethanol > aqueous extracts. The wound
healing efficacy of ethanol extract ointment was comparable
to that of a standard medication ointment.

The presence of flavonoids and saponins in aqueous and

ethanolic extracts may explain their powerful wound
healing activity. The flavonoid components present in the
seed suppress lipid peroxidation, improving the viability
of collagen fibers, while saponinsaid wound healing by
increasing the rate of keratinocyte migration. Saponins
also decreasethe number of inflammatory cells in wounds
(Georgescu et al,, 2016). Epithelialization is crucial because
it preserves the skin’s integrity, rendering it less prone to
infections (Pastar et al., 2014). The estimated epithelization
day for all of the treatments, along with the control and
normal drug, was 17.4 days, while the average epithelization
day for the aqueous,ethanol extracts was 16.13 days. The
epithelization time of the aqueous and ethanol extracts
was almost identical to the epithelization time of silver
sulfadiazine ointment.

Thus, on the basis of the results it can be conveniently
inferred that the aqueous and ethanolic extracts have
the ability to cure wounds in line with the commercially
available wound treating medicines.

Incision wound model

Increased collagen concentration and fiber stability may
reflect the higher tensile strength (Shoulders, 2009). Table
9 shows the wound healing activity data of the extracts
analysed using an incision wound model. Incised tissue
tensile strength for groups I, II, III and IV was found to be
228.2, 312.6, 275.4 and 283.5 g/mm? respectively. The
tensile strengths of the aqueous (20.67%) and ethanolic
extracts (24.23%) extracts were found to be equal to that of
the silver sulfadiazine ointment. In terms of tensile strength,
the ethanolic extract ointment showed good wound healing
activity, while the petroleum ether extract showed fair
wound healing activity. From this study, it can be said
that seed extracts of B. juncea not only improved collagen
synthesis, but also assisted in protein cross-linking.

Table 9 shows the weights of wet and dry granulation
tissue. Normal saline, silver sulfadiazine, aqueous and
ethanolic extract ointment treated animals had wet and dry
granulation weights of 212.4 & 67.8, 346.7 & 121.2, 331.3
& 107.4, 340.1 & 111.2 g, respectively. The wound healing
ability of B. juncea aqueous and ethanolextracts was widely
demonstrated, as evidenced by the research findings
in the incision wound model, verifying the statement
experimentally as indicated in traditional medicine.

CONCLUSION

It can be concluded from the findings of the present
study that the seed extracts of B. juncea contain bioactive
compounds exhibiting primarily anti-inflammatory and
wound healing activities. Thus the seeds can be seen as a
lead in the quest for new chemical substances capable of
anti-inflammatory and wound-healing properties as well
as for the production ofappropriate formulation dosage
forms to treat inflammation and burn-inflicted wounds.
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