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Background: Brassica carinata is one of the traditional medicinal plants used in Ethiopia for
the treatment of wounds and other diseases. However, the plant has not been scientifically
validated, and thus the present study evaluated the in vitro anti-oxidant and the in vivo wound
healing activity of the crude extract and solvent fractions of B. carinata seeds in mice.
Materials and Methods: The crude extract was prepared by maceration using 80%
methanol and formulated as 5% and 10% w/w ointments for topical application. The acute
dermal toxicity was performed in female albino rats based on Organization for Economic
Cooperation and Development (OECD) guideline number 434. Excision and incision wound
healing models were used to evaluate the wound healing activities of crude extract and
solvent fractions ointments in mice. Wound healing parameters such as wound area contrac-
tion and the period of epithelialization were determined in an excision model, whereas tensile
strength was determined in an incision model. Moreover, the crude extract and solvent
fractions were evaluated for the free radical scavenging activities in DPPH assay.

Results: The acute dermal toxicity test showed that a limit dose of 2,000 mg/kg of 10% w/w crude
extract ointment did not cause dermal toxicity in mice. In the excision wound model, the data
revealed that 10% w/w ointment exhibited a significant wound contraction (from day 6 to 16,
P<0.001) effect with a significant decrease in epithelization period (at day 14, P<0.001). In addition,
5% ointment of the crude extract showed a significant effect in wound contraction (from day 8
onwards, P<0.01) and epithelization period (at day 16, P<0.01). Despite all fractions being shown to
promote wound healing, 10% w/w aqueous and ethyl acetate fractions showed a significant wound
contraction (P<0.001) effect starting from the 4th day onwards. Besides, the maximum antioxidant
activity was seen in the aqueous fraction with an IC50 value of 3.45+0.12 mg/mL.

Conclusion: The present study demonstrated that the 80% methanol extract and solvent
fractions of the seeds of B.carinata possess potential wound healing and anti-oxidant effects,
supporting the traditional use of the plant for wound management.

Keywords: wound, epithelialization, tensile strength, incision, excision, B. carinata,

antioxidant

Introduction

In developing countries, the majority of people almost exclusively use traditional
medicines in treating all sorts of diseases including wounds. Traditional medicinal
plants have been used for many years for the treatment of a variety of ailments,
including skin disorders such as wounds, burns, and cuts.!
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A review of medicinal plants for wound healing activ-
ity demonstrated that bioactive constituents contributing
to antimicrobial, anti-inflammatory, antioxidant, and
mitogenic activities are the main effects towards wound
healing.* In addition to this, the pathophysiology of
many diseases such as cancer, wound, diabetes, cardio-
vascular, and neurodegenerative diseases are related with
oxidative stress.”>”’ Therefore, due to the free radical
scavenging properties, utilization of fruits and vegetables
rich in anti-oxidants (example Brassica plants) is con-
nected with the reduction of those diseases resulting
from free radicals accumulation.®® These benefits are
primarily due to the presence of bioactive constituents
such as polyphenols, flavonoids, carotenoids, and vitamin
E and C.%'"

Brassicaceae is the mustards or the cabbage family of
flowering plants. The family contains 372 genera and 4,060
species, of which the Brassica vegetables are widely studied."'

The

(Brassicaceae) contains important species such as B.carinata,

genus Brassica under the mustard family
B.juncea, B.oleracea, B.napus, B.nigra, and B. rapa, which
have been well known for their pharmacological and agricul-
tural uses. Among mustards, B.juncea and B.oleracea have
been extensively studied for their proven wound healing
effects. Different secondary metabolites are isolated from mus-
tard leaves and seeds contributing to promotion of wound
healing. For instance, a wound healing lipid called lysopho-
sphatidic acid was identified from consumption of cabbage
leaves.'? In addition, the herbal balsam Debridan® prepared
from Brassica oleracea active ingredients was used for treat-
ment of cutaneous wounds.'*>'* These Brassica plants have
also been studied for their anti-oxidant activities. Polar com-
pounds like vitamin C and phenolic compounds, as well as
non-polar chemicals like vitamin E and carotenoids, are some
of the natural anti-oxidants present in Brassica vegetables."
The substantial anti-oxidant effects of these plants were eval-
uated in terms of various assays such as metal reducing, metal
chelating, lipid reducing, and free radical scavenging activities.
They also produced a positive effect on antioxidant enzymes
such as glutathione peroxidase, superoxide dismutase, cata-
lase, and ascorbate peroxidase.'® Not only for their free radical
scavenging activities, they do produce significant anti-
inflammatory and antipyretic activities from previous
reports.'”

The studied plant, Brassica carinata (locally called
“Gomenzer”), is an erect, annual herb growing from
30-200 cm tall.'® Tt originated through hybridization
between Brassica nigra and Brassica oleracea in the

highlands of Ethiopia.'® Traditionally, B. carinata

seeds were widely used to treat wounds in different

parts of Ethiopia.?%?!

Discovery of new treatment
options for wound management is highly encouraged
with the aim to promote wound healing in the shortest
time possible with minimal pain, discomfort, and scar-
ring to the patient. Hence, this study evaluated the
in vitro anti-oxidant and the in vivo wound healing
activities of 80% methanol crude extract and solvent

fractions of B. carinata seeds in mice.

Materials and Methods

Plant Material

Matured seed pods of B. carinata were collected from the
local farm land in West Gojjam, North Western Ethiopia.
The plant material was identified and authenticated by
a botanist (Mr. Abyu Enyew), and a specimen number
(BK001) was deposited at the National Herbarium,
of Natural
University of Gondar for future reference.

College and Computational Sciences,

Experimental Animals, Grouping, and

Treatment

Healthy adult Swiss albino mice of either sex (25-30 g, and
6-8 weeks of age) or female adult albino rats (Rattus albus)
(200-300 g, 8—12 weeks of age) were obtained from the animal
house of the Department of Pharmacology, University of
Gondar. Female adult rats were used since female rats are
more susceptible to chemical toxicity. The animals were placed
in cages under standard conditions with 12 hours light and dark
cycles. They were provided with a standard pellet diet and
water ad libitum throughout the experiment and acclimatized
to laboratory conditions for 1 week before the experiment. The
internationally accepted laboratory animal use, care, and
guidelines were applied in all experiments.**

To evaluate the wound healing activities of extract
ointments, mice were grouped into four treatment
groups each consisting of six mice in each model. We
used a power calculation to estimate the sample size
and number of groups.”®> Then, group one was treated
with simple ointment (negative control), the second
and third groups were treated with 5% and 10% of
crude extract as well as fractions ointments, respec-
tively, and the fourth group was treated with 0.2%
nitrofurazone skin ointment (positive control). 0.2%
nitrofurazone topical ointment was used as a positive
control because it is effective for the treatment of
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bacterial skin infections, wounds, burns, and cutaneous
ulcers, particularly for animal use, and it has been
proven to promote the wound healing process.”*
(Nitrofurazone is a bright lemon yellow or pale yellow
ointment, containing 60 mg nitrofurazone in a 30
g water-soluble base, supplied by Shanghai General

Pharmaceuticals Co, Ltd, no. 889, China).

Extraction and Fractionation

Seeds of the plant were ground to coarse powder using
wooden mortar and pestle. The coarse powder was
weighed (2 kg) and macerated in Erlenmeyer flasks with
80% methanol (6.250 L) for 72 hours with occasional
shaking at room temperature. Then, the extract was filtered
by gauze (muslin) and re-filtered using Whatman No 1
filter paper. The marc was re-macerated twice in the same
manner. Then, the filtrates were combined and evaporated
on a rotary evaporator (Buchi Rota Vapor R-200) under
reduced pressure and dried in an oven at 40°C
(Gallenkamp, UK). The extract was put in a refrigerator
until used for further activities.

Then, the hydromethanolic extract was successively
fractionated using different solvents having varied polarity
index (chloroform, ethyl acetate, and distilled water). The
crude extract (60 g) was mixed with 200 mL distilled
water in a separatory funnel and an equivalent amount of
chloroform was added and shaken. After a distinct layer
was formed in a mixture, the chloroform fraction was
separated. This procedure was repeated three times to
find the chloroform fraction. Then the aqueous residue
was mixed with equivalent volume of ethyl acetate and
separated. The chloroform and ethyl acetate fractions were
evaporated under reduced pressure using a rotary evapora-
tor (Buchi Rota Vapor R-200) and dried in an oven under
40°C, while the aqueous fraction was dried in a freeze
drier. The dried fractions were placed in a tight container
at —4°C until used for the actual experiment.

Formulation of Ointments of Extracts

The simple ointment was prepared according to the for-
mula elaborated in the British Pharmacopoeia.® Firstly,
hard paraffin (0.50 g) was melted in a water bath. Then all
ingredients of the ointment base (cetostearyl alcohol (0.50
g), white soft paraffin (8.5 g), and wool fat (0.50 g)) were
added into melted hard paraffin in descending order of
melting point and heated gently, with stirring until homo-
genous. Then the mixture was allowed to cool while
stirring. Then 10 g and 20 g of the crude extract were

integrated into the simple ointment base to formulate the
crude extract into 5% and 10% (w/w) extract ointments, by
using levigation.

Preliminary Phytochemical Analysis
Preliminary phytochemical analysis of the crude extract
and solvent fractions of the seeds of B.carinata were
performed following the procedures described by Trease
and EvanSZ(’, and Debella.?’

Acute Dermal Toxicity

The acute dermal toxicity testing was carried out based
on the methods described in the OECD draft guideline
number 434.%® Ten albino female rats (Rattus albus)
(weight= 200-300 g, age= 8—12 weeks) were used. In
considering the most appropriate sex, females are gen-
erally slightly more sensitive to acute oral toxicity as
well as dermal toxicity than males.?* ! Rats were
divided into two groups of five animals in each group
(test and control groups). Animals that show normal
skin texture were housed individually in a cage and
acclimatized to the laboratory condition for 1 week
prior to the test. Following acclimation, 10% of the
body surface areca fur was shaved 24 hours before the
study on the dorsal area of the trunk of the test ani-
mals. A limit test dose of 2,000 mg/kg of the 10% w/w
of the crude extract formulation was applied evenly
over the shaved area for 24 hours. Initially, a sighting
(pilot) study was conducted with one animal for the
first 24 hours. The purpose of the sighting study is to
check whether the larger dose selected is toxic or not
for the main study. The remaining four rats were tested
on the following day having obtained the information
about safety in the sighting study. Observations for any
signs of adverse skin reactions, inflammation, or edema
were made for 24 hours with special attention within
the first 4 hours. Regarding scoring of the skin irrita-
tion, normally we followed the Draize scoring criteria
for erythema and edema. However, none of them were
showing clear signs and symptoms of toxicity when the
animals were followed up daily for 14 days.

Wound Healing Activities
Excision Model

Mice were anesthetized by injecting ketamine (1 mL/kg) and
diazepam (1 mL/kg) subcutaneously and then the back fur of
the animals was removed. Approximately 300 mm? circular
marks were prepared using a permanent marker. Then, the
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full thickness of this circular mark was excised at nearly the
same anatomical site using forceps and sharp sterilized
surgical blades to form a wound (Figure 1). The wound
area was not covered with gauze.> After 24 hours of
wound creation, mice were treated as explained above.
Application of the preparations was continued daily until
complete wound healing was seen in the test groups. Wound
healing parameters such as wound contraction and the per-
iod of epithelialization were determined. The epithelializa-
tion period is the total number of days required for the
wound scabs to fall off without leaving a raw wound since
the first day of wound creation.** In addition, the progress of
wound contraction was measured every other day, starting
from the first day of wound creation until complete wound
closure seen by using a transparency sheet and permanent
marker. Then, the traced area for each mouse was calculated
by using scaled paper (graph paper), each small square
representing 1 mm?. The percentage of wound contraction

was determined as follows.>>>*

%Wound contraction
_ Wound area(day0) — Wound area(dayn)x100
B Wound area(day0)

where, day 0 = day of wound creation, day n = number
of days, ie, second, fourth, sixth, etc., day until the wound
in test groups healed.

Incision Model
The mice were anesthetized and the fur was carefully shaved
in the same manner as described for the excision model.

Figure | Wound created at day 0.

A 3 cm length, linear-paravertebral incision was made
through the full thickness of the skin on either side of the
vertebral column at a distance of 1 cm from the midline. The
dissected skin was closed by stitching with black braided
silk (no. 00) and a curved needle (no. 00) at a 1 cm
interval.>*% After 24 hours of wound creation, ointments
were applied once daily for 9 days. On the 8th day, the
suture was removed and the tensile strength was measured
on the 10th day using diethyl ether anesthesia.

The breaking strength of the wound on each animal
was measured by using a constant water flow method.
In this method, the animals were first anesthetized in
the same manner described above and positioned on
a table between two metal stands. To both stands, allice
forceps of equal size were suspended with strings, one
of which passed on a small wheel with the stands. One
of the forceps served as a support and the other forceps
holed a plastic of volume 1,000 mL (plastic bottle).
Then, both forceps were allowed to grip the edges of
the wound 3 mm away on both sides. After this, con-
stant water flow was allowed to enter the plastic bottle
which was suspended with the string that passed on the
wheel until the wound opened up (broken). The flow-
ing water was stopped immediately as the wound
breaks in each mouse. Then the volume of the water
in the bottle
a measuring cylinder which was taken as the wound

plastic was measured by using
breaking strength for the individual mouse (in grams,
since the density of water=1 gm/mL). Percent tensile

strength was calculated as follows.*®

Percent Tensile Strength (TS) of Treated Group
TS of treated group — TS simple ointmentx100

TS simple ointment

In vitro Antioxidant Activity in DPPH
Assay

The in vitro free radical scavenging activities of the crude
extract, solvent fractions, and ascorbic acid were determined
by using diphenyl-2-picrylhydrazyl (DPPH; Sigma Aldrich)
assays according to the methods described by Blois®’ and
Desmarchelier et al.*® Different concentrations of 100 mL of
a methanolic solution ranging from 50-1,000 mg/mL were
added to 3.9 mL of a 0.004% methanolic solution of DPPH.
The absorbance was measured at 517 nm after 30 minutes, and
the percentage inhibition of DPPH was calculated. The per-
centage of the scavenging of the DPPH free radical was
calculated by the formula: (A0-A1)/A0*100, where AO is the
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Table | Preliminary Phytochemical Analysis of 80% Methanol Extract and Solvent Fractions of B. carinata Seeds
Secondary Reagents/ Crude Chloroform Ethyl Acetate Aqueous
Metabolites Chemicals Extract Fraction Fractions Fraction
Alkaloid Mayer’s reagent
Flavonoids Lead acetate
Phenols 1% FeCl3 + + +
Terpenoids H,SO4 & chloroform | — - - -
Saponins Vigorous shaking + - + +
Tannins 0.1% ferric chloride + + + +
Steroids H,SO4 & chloroform | + + + +
Glycosides Glacial acetic acid + + + +

Note: (+) presence, (-) absence.

absorbance of the control and Al is the absorbance of the
extract/standard. All experiments were performed in triplicate
measurements.

Data Analysis

The data were entered, coded, and analyzed using Statistical
Package for the Social Sciences (SPSS) version 23 and
presented as meantstandard error of the mean (SEM). One-
way analysis of variance (ANOVA) followed by Tukey post-
hoc test was performed. Finally, the results were considered
significant at 95% confidence level when P-value was<0.05.

Results

Phytochemical Screening

The percentage yield value of the crude extract was 5.75%
and that of chloroform, ethyl acetate, and aqueous frac-
tions were 10.83%, 15%, and 74.17%, respectively. The
phytochemical screening test revealed the presence of
polyphenols, alkaloids, flavonoids, tannins, glycosides,
and steroids in the crude extract and all fractions. On the
other hand, the crude extract and all fractions were devoid
of terpenoids, and saponins were absent in the chloroform
fraction (Table 1).

Acute Dermal Toxicity

Topical application of 2,000 mg/kg in 10% (w/w) oint-
ment preparation produced no signs of skin reactions,
inflammation, or edema within 24 hours of topical
application. The rats were also followed up for 14
days and neither mortality nor any signs of skin toxi-
city were observed.

Excision Model

Wound Contraction and Period of Epithelialization
Topical applications of ointments of the 80% methano-
lic extracts and solvent fractions of B.carinata seeds
showed a significant wound healing effect in mice. The
plant extracts facilitated significant wound contraction
at both dose levels from the 6th day to the 16th day as
compared to the negative control group (Table 2,
Figure 2). Mice treated with 10% (w/w) extract exhib-
ited a significant (P<0.001) wound contraction effect
starting from the 6th day of treatment, while 5% (w/w)
extract showed a significant (P<0.01) effect at the
8th day onwards as compared to the negative control.
Groups treated with 10% (w/w) and 5% (w/w) extract
preparations healed completely at the 16th and 18th
days of post-wounding, respectively.

Table 2 Effect of Topical Application of the 80% Methanolic Crude Extracts Ointments of the Seeds of B. carinata on Wound

Contraction of Excision Wound Model in Mice

Wound Area (mm?) Post-Wounding Days

0 2 4 6 8 10 12 14 16
SO 301.2+6.14 | 278.80+9.13 240.60+6.1 214.18+8.62 169.56+9.56 130.71+12.31 94.07+12.43 | 50.90+£10.02 | 31.01+5.38
NF 301.246.14 | 264.54+12.29 | 210.38+12.70 | 152.1614.87*¢ 91.32+11.85%* 48.80+4.65* 23.81+4.6* 4.97+1.99* 0%
5% CE 298.746.84 | 274.49+14.47 | 205.80+10.09 | 189.32+10.43 108.07£10.6™ 68.1711.18¢ | 37.68£9.52*¢ | 12.16£3.80* | 1.70%1.19*
10% CE | 301.2+6.14 | 250.28+10.95 | 205.54+7.76 118.15£13.90%*¢ | 57.83+13.11%¢ > | 26.04£6.65° | 10.20£4.58° | 2.62+2.05 0%

Notes: Values are expressed as mean+SEM and analyzed by one-way ANOVA followed by Tuckey post-hoc test (n=6 animals in each group). 0 values refer to a day when
complete healing was achieved; *Against negative control, ®Against 5% (w/w) extract; P<0.05, 9P<0.01, °P<0.001.

Journal of Experimental Pharmacology 2020:12

submit your manuscript

Dove

467


http://www.dovepress.com
http://www.dovepress.com

Alemu et al Dove

Negative control Positive control 10% crudeextract 3% crude extract
Day0 Day 0 Day0 Day 0

Figure 2 Progress on percentage of wound area contraction of negative and positive controls, and 5% w/w and 10% w/w crude extract ointments across post-wounding
days in mice in excision model.

The 10% (w/w) extract preparation produced 96.6%  positive control (92.2%, 12th day; 98.4%, 14th day,
(12th day), 99.1% (14th day), and 100% (16th day) of and 100%, 16th day). On the other hand, the percen-
wound closures, which was comparable with the tage wound closures induced by 5% (w/w) extract on

468 submit your manuscript Journal of Experimental Pharmacology 2020:12
Dove!


http://www.dovepress.com
http://www.dovepress.com

=>=10% w/w CE

vable differences among them (Figure 4).
The higher dose (10%) of aqueous fraction exhibited
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120.00 as compared to negative control. The 10% (w/w) and 5%

g, 00.00 e (w/w) chloroform fraction showed significant wound con-

g traction beginning from the 6th and 8th post-wounding

=

5 w00 /// / days, respectively. Besides, all fractions produced

g 60.00 ——S0 a significant reduction (P<0.01) in epithelialization period

s // / TENE as compared to negative control, though there were obser-

& 5% w/w CE

g

g

iy

0.00

Day 2‘ Day 4 ‘ Day 6 ‘ Day 8 ‘Day IO‘Day IZ‘Day 14‘Day 16‘

Post wounding days ‘

Figure 3 Percentage of wound area contraction effects of crude extract ointments
of seeds of B. carinata in mice in excision model.
Abbreviations: SO, simple ointment; NF, 0.2% nitrofurazone; CE, crude extract.

Epithelialization period (days)

m Epithelialization period (days)

10 % w/w CE h k% 14,33

5% w/w CE ] **16.33
0.2% NF | **% 15.38
SO 20.5

YO0 e e —y
5 % wiw AQF % 14.33

10 % w/w EAF | % 14.33
5 % wiw EAF | ***14.83
10 % w/w CF **%15.5

5% w/w CF ﬁ ** 17.17

NF ***15.5

SO % 20.33

T T T T T

0 5 10 15 20 25

Figure 4 Epithelialization periods of B. carinata seeds crude extract and solvent
fractions treated groups in excision model. Values are expressed as mean+SEM and
analyzed by one-way ANOVA followed by Tuckey post-hoc test (n=6 animals in
each group).

Note: **P<0.01, ***P<0.001.

Abbreviations: SO, simple ointment; NF, 0.2% nitrofurazone; CE, crude extract;
CF, chloroform fraction; EAF, ethyl acetate fraction; AQF, aqueous fraction.

the 12th, 14th, and 16th days of post-wounding were
87.6%, 96.0%, and 99.5%, respectively (Figure 3). In
addition, both 10% (w/w) and 5% (w/w) extract pre-
parations produced a significant reduction (P<0.01) in
epithelialization period as compared to negative control
(Figure 4).

As shown in Table 3, all fractions produced wound
healing activity at varying degrees. The 5% (w/w) and
10% (w/w) preparations of ethyl acetate and aqueous
significant wound contraction

fractions  produced

(P<0.01) beginning from the 4th day of post-wounding

a higher percentage of wound closure at day 10 (93.5%), 12
(98.99), and 14 (100%). The corresponding wound closure
percentages for 10% (w/w) ethyl acetate fraction were 92.8%,
97.1%, and 99.4% at the 10th, 12th and 14th days, respec-
tively and the percentages of wound contractions exhibited by
10% (w/w) chloroform fraction at the 12th, 14th, and 16th
days were 95.5, 98.8, and 99.8, respectively (Figure 5).

Incision Model

Wound Breaking Strength (Tensile Strength)

Groups treated with the 10% (w/w), standard drug, and
5% (w/w) showed a significant increase in tensile
strength by 33.2% 3, 31.2%, and 14.5%, respectively,
when compared to the negative control (P<0.05).
Moreover, there was a statistically significant difference
between 10% (w/w) and 5% (w/w) extracts treated
groups (P<0.01) (Table 4).

Antioxidant Activity of Crude Extract and
Solvent Fractions

The crude extract and solvent fractions of seeds of
B. carinata were tested for antioxidant activity using
DPPH free radical assay. The DPPH free radical scaven-
ging activities of the B. carinata extracts were concentra-
tion dependent with an IC50 value of 3.45+0.12, 5.85
+0.37, 10.54+0.57, and 15.64+0.42 mg/mL for the aqu-
eous fraction, crude extract, ethyl acetate fraction, and the
chloroform fraction, respectively. Higher free radical
scavenging activity was observed in the aqueous fraction
among other fractions (Table 5).

Discussion

Traditionally, different medicinal plants have been used for
many years as topical preparations to promote wound
healing. The beneficial traits of plant extracts used to
treat wound healing are to produce minimal pain, and
reduced scarring to the patient.’® Therefore, the studied
plant was evaluated for its anti-oxidant and wound healing
activities.
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6 animals in each group). O values refer to a day when complete healing was achieved; *Against control, ®Against 5% (w/

Notes: Values are expressed as mean+SEM and analyzed by one-way ANOVA followed by Tuckey post-hoc test (n

w) chloroform; <P<0.05, 9P<0.01, °P<0.001.

Abbreviations: SO, simple ointment; CF, Chloroform Fraction, EAF, Ethyl Acetate Fraction, AQF, Aqueous Fraction, NF, Nitrofurazone.

The crude extract and fractions produced good anti-oxidant
activities in this study. Higher free radical scavenging activity
(89.57%) was observed in the aqueous fraction, and lowest
effect (70.32%) was observed in the chloroform fraction. But
the percentage of inhibition of ascorbic acid was found to be
96.07%.

The results of the present study indicated that the crude
extract and the solvent fractions significantly increased
wound healing effects with both 10% (w/w) and 5% (w/
w) extract ointment treated groups at varying degrees both
in the excision and incision models. The enhanced wound
contraction and shorter period of epithelialization induced
by the crude extract as well as fractions of B. carinata
seeds might be associated with increased collagen synth-
esis and facilitate proliferation of epithelial cells, which
might be ascribed to its potent antioxidant activity as
revealed in the present study. This fact can be further
supported by a study reporting that the leaves of
B. carinata have antigenotoxic and deoxyribo nucleic
acid (DNA) damage protective effects.*” Protection of
macromolecules like DNA, proteins, and lipids can be
achieved through scavenging excess free radicals released
as a result of oxidative stress that can be induced by
a variety of environmental and chemical factors and nat-
ural radiation.*'

In the excision model, the 10% (w/w) extract oint-
ment treated group showed significant wound area con-
traction from day 6 to day 16, whereas the 5% (w/w)
extract ointment treated group showed significant
wound area contraction beginning from the 8th day
on wards. Besides, the epithelialization period was
significantly reduced from 20 days (negative control)
to 16 days (5% w/w extract) and 14 days (10% w/w
extract). Hence, a faster rate of wound contraction and
shorter period of epithelialization of the extract oint-
ments may be due to the synergistic effects of different
secondary metabolites present in the plant. This finding
is strengthened by previous reports of a review on
health promoting bioactive phytochemicals from
Brassica genus viz B. nigra, B. juncea, B. oleracea,
and B. rapa showed that high content of poly phenols
and flavonoids are found in the seeds, and these phy-
tochemicals contribute to their antioxidant and anti-
inflammatory property. Particularly, sinapic acid, an
isolated phenolic compound and kaempferol and quer-
cetin, the flavonoids isolated from Brassica vegetables
were reported to have anti-oxidant activity.*?
Furthermore, Brassinosteroids, a group of steroidal
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Figure 5 Percentage of wound area contraction effects of chloroform, ethyl acetate, and aqueous fractions of B. carinata seed extract in excision model.
Abbreviations: SO, simple ointment; NF, 0.2% nitrofurazone; CE, crude extract; CF, chloroform fraction; EAF, ethyl acetate fraction; AQF, aqueous fraction.

substance, found in brassica species are plant growth
hormones involved in cell growth, division, and differ-
entiation. Topical application of brassinosteroid signif-
icantly reduced wound size and accelerated wound
healing in treated animals in the mouse model of cuta-
neous wound healing.*> Moreover, sinigrin, a major
glucosinolate isolated from the Brassica species includ-
ing B.carinata, was studied for a number of activities
such as anticancer, anti-inflammatory, antifungal, anti-
oxidant, and wound healing effects.**

A better wound healing effect of the crude extract
was further evidenced by the tensile strength in inci-
sion wounds. In this model, there was a significant

increase in wound breaking strength (tensile strength)

in 10% extract, 5% extract ointments, and the standard
drug as compared to the negative control. This fact is
evidenced by the antigenotoxic effects of B. carinata
and its protection of DNA damage that can be caused
by oxidative stress. Further, the present finding can be
supported by published literature stated that Brassica
oleracea var. capitata showed maturation of the extra-
cellular matrix in skin wounds of wistar rats as evi-
denced by significant levels of total collagen and
glycosaminoglycans found to occur starting from the
8th day compared to negative control. The tensile
strength indicates how much the repaired tissue resists
to breaking under tension, which is related to an
increase in collagen

synthesis and maturation,

Table 4 Effects of Topical Application of the 80% Methanolic Crude Extracts Ointment of B. carinata Seeds on Tensile Strength of

Incision Wound Model in Mice

Tensile Strength (grams) (meant SEM)

% Tensile Strength

Group

Simple ointment (n=6) 197.0+5.25
Nitrofurazone 2% (n=6) 258.5 + 7.2%<>
5% crude extract (n=6) 225.6+3.90*¢

262.5 + 10.2%%¢

10% crude extract (n=6)

31.2%
14.5%
33.2%

Notes: Values are expressed as mean+SEM and analyzed by one-way ANOVA followed by Tuckey post-hoc test (n=6 animals in each group); tensile strength was measured
on the 10th post-wounding day using continuous water flow technique; *Against negative control; "Against 5% (w/w) extract; °P<0.05, “P<0.01,°P<0.001.
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Table 5 Anti-Oxidant Activities of the Crude Extract and Solvent Fractions of Seeds of B.carinata in DPPH Assay Model

% Inhibition of DPPH

Concentration (mg/ Chloroform Fraction | Ethyl Acetate Fraction | Crude Extract | Aqueous Fraction | Ascorbic Acid
mL)

50 16.24+1.61 31.07+0.87 39.19+0.85 44.37+0.66 48.37+1.42
100 31.64+0.95 45.54+1.08 54.67+1.07 66.40+0.57 67.53+0.99
200 46.37+0.88 55.22+0.67 70.51+0.38 74.37+1.01 76.19+0.84
400 53.94x0.17 63.37+0.52 75.27+0.44 76.79+0.67 80.55+0.37
600 59.37+1.03 66.79+0.38 78.27+0.67 83.48+0.59 88.34+0.84
800 68.84+0.66 78.64+0.47 81.27+0.82 83.49+0.64 93.27+0.55
1,000 70.42+0.52 81.71x1.28 85.44+1.34 89.57+0.55 96.07+0.16
IC50 mg/mL 15.64+0.42 10.54+0.57 5.85+0.37 3.45%0.12 2.65+0.84

Notes: IC50, 50% inhibitory concentration; the values are presented as means#standard error of the mean (SEM) (n=3, triplicate measurements).

formation of stable intra and intermolecular cross-link,
matrix deposition, and cell migration, and may indicate
the quality of repaired tissue.*’

In excision wound model, despite all fractions showed
varying degrees of wound area contraction compared to the
negative control at both dose levels, better activity was
observed for 10%w/w aqueous and ethyl acetate fractions, as
shown in Table 3. Among all fractions, aqueous 10% w/w
fraction showed better wound healing activity. This finding
may indicate the phytochemicals responsible for wound heal-
ing activity are largely polar compounds and are found in large
amount in the aqueous fraction. Phenolic compounds, flavo-
noids, and glucosinolates that are found in Brassica species,
and which were explained for their antioxidant or anti-
inflammatory activity, are usually polar and highly soluble in
water because the naturally occurring glycosides sugar moi-
eties elevate their hydrophilicity.*® Therefore, these com-
pounds may contribute to facilitate wound healing in aqueous
fraction and ethyl acetate fractions as well.

On the other hand, significant wound closure of chloro-
form fraction was seen starting from the 8th day compared to
negative control, which may account for the presence of non-
polar substances such as fatty acids, as indicated in the oils of
other mustard seeds. Chemical analysis of Brassica juncea
(L.) in the previous study demonstrated the presence of
a significant amount of unsaturated fatty acids, namely
oleic acid (18.2%), linoleic acid (16.9%), erucic acid
(42.0%), eicosenoic acid (8.8%), and others, which all con-
tribute to anti-oxidant and wound healing effects.*’ Besides,
the current phytochemical screening of chloroform fraction
revealed the presence of phenols, flavonoids, tannins, glyco-
sides, alkaloids, and steroids, despite the type and content
being unknown yet. Hence, these chemicals may produce
a combined effect of wound healing.

Generally, from the findings of the present study, it is
therefore plausible to assume that the 80% methanol
extract and solvent fractions of B.carinata seeds consti-
tuted secondary metabolites that contribute to promote
wound healing either individually or synergistically, justi-
fied by the traditional claims of the plant for use in the
treatment of wounds.

Conclusion

The present study investigated that topical ointments of the
80% methanol extract at both dose levels and the solvent
fractions of B. carinata seeds showed considerable wound
healing activity as evidenced by the significant increase in
wound contraction and tensile strength, and a shorter period
of epithelialization as compared to the negative control. The
study also indicated that both the crude extract and solvent
fractions possess anti-oxidant effects at varying degrees.
The aqueous fraction has better wound healing as well as
anti-oxidant activity among other fractions. Hence, the pre-
sent study highlighted the potential wound healing as well
as anti-oxidant activities of the plant and justified the tradi-
tional use of the plant for the treatment of wounds.

Abbreviations

ANOVA, one way analysis of variance; DPPH, 2, 2-diphe-
nyl-2-picrylhydrazyl hydrate; OECD, Organization for
Economic Cooperation and Development; SEM, standard
error of the mean; SPSS, Statistical Package for Social
Sciences.
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