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ABSTRACT

Background: Wound occurs when integrity of the skin is compromised. Healing of
wounds occur in various phases namely hemostasis, inflammation, proliferation,
granulation, contracture remodelling. Neolamarckia cadamba leaves had been used
by the tribal people for the treatment of wounds. Objectives: To formulate a gel of
Neolamarckia cadamba which contains carbopol 934 as a gelling agent and to determine
its wound healing activity by topical application of gel of Neolamarckia cadamba on
surgically induced wounds in Swiss albino mice. Materials and Methods: To study
the wound healing properties, free radical scavenging activity by DPPH, nitric oxide,
total phenolic content estimation, antibacterial activity, excision and incision studies
and histopathology were done. Ethyl acetate fraction of methanolic leaves extract of
Neolamarckia cadamba (EAFNC) was applied topically as a 2% gel. Percentage of wound
contraction and tensile strength was determined in excision and incision wound model
respectively. Results: The animals treated with EAFNC showed significant percentage
inhibition of nitric oxide and DPPH as compared to ascorbic acid. Antibacterial activity of
EAFNC against Bacillus subtilis and Pseudomonas aeruginosa was also seen. Also, there
was increase in wound contraction on 12" post wounding day (81.33 = 0.574), tensile
strength (4.645 + 0.1345). Histopathology of regenerated skin of EAFNC showed
prominent collagen networks, mononuclear cells and fibroblasts. Conclusion: The ethyl
acetate fraction of methanolic leaves extract of Neolamarckia cadamba (EAFNC) showed
significant increase in wound healing activity validating its use by the tribal people.
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INTRODUCTION

Skin acts as a barrier to different chemicals,
dust, water and various diseases causing by
micro-organisms. This barrier is destroyed
because of injury or wound. A wound
occurs when integrity of the skin is com-
promised. It may occur due to fall, surgery,
infection, some underlying conditions or
disease. Wound heals in different phases
namely hemostasis, inflammation, prolifera-
tion, granulation, contracture remodelling.
The main purpose behind wound manage-
ment is to heal the wound in shortest time
as possible with minimal discomfort, suffer-
ing and pain."”

In India medicines based on herbal origin
has been the basis of treatment and cure
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of various diseases. So, a large number of
plants species are used for this purpose.
Among all those plants, one such plants
is Neolamarckia cadamba and it belongs to
the family Rubiaceae.*” It is very much
common in West Bengal, Odisha, Andhra
Pradesh, Karnataka and Kerala.® This plant
is reported to have pent-acyclic triterpinic
acid, quinovic acid, beta-sitosterol, indole
alkaloids, triterpenoid, saponin etc.”” In
Ayurveda bark is used for blood related
disease. In traditional Indian medicine, bark
and roots are used for fevers, colic, mus-
cular pain, stomach burning, poisoning,
gynecologoical problems cough edema as
well as it also possess aphrodisiacs activity.
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Fresh leaves ate used to treat jaundice, ulcers and to alle-
viate pain. Bark paste applied externally for muscular
pains and its decoction used for fevers. Powdered bark
are boiled with fruits and inhaled through the mouth in
order to treat toothache. The leaves of this plant is used
traditionally for wound healing purpose.®

Although this plant has been used traditionally by the
tribal people, but it has not been scientifically validated
so far and no scientific report is available regarding the
wound healing activity of plant leaves of Neolamarckia
cadamba to the best of our knowledge.

So, the present study was aimed to explore the wound
healing potential of leaves of Neolamarckia cadamba
using incision and excision wound models.

MATERIALS AND METHODS
Plant materials

Neolamarckia cadamba were collected from the cam-
pus of Birla Institute of Technology, Mesra, Ranchi,
Jharkhand and the plant was authenticated from Central
National Herbarium, Botanical Survey of India, Botani-
cal Garden, Howrah [Herbarium No.: CNH/ Tech. IT/
2015/ 606].

Experimental Animals

Swiss albino mice were used in the study. Animal were
procured from Laboratory Animal House, Department
of Pharmaceutical Science and Technology (Birla Insti-
tute of Technology, Mesra). All animal experiments are
strictly complied with approval of Institutional Animal
Ethical Committee (Protocol No.. PROV/BIT/PH/
IAEC/19/2015).

Chemicals

All the chemicals were used for analytical grade. Silica
gel G (Merck, Darmstadt, Germany), Pet ether, chloro-
form, DPPH, Quercetin, Carbopol 934, ethyl acetate,
methanol.

Preparation of Plant extract'®"

Leaves of the plant were dried and subjected to size
reduction in powder form. The powdered plant material
was extracted by cold maceration using petroleum-ether
(60-80), chloroform and methanol. Extract obtained
was decanted and clarified by filtration, concentrated in
a rotary evaporator. Methanolic leaves extract of Neola-
marckia cadamba was showing better presence of Phyto-
chemical and used in the following experiment.

Separation and fractionation of the methanolic leaves
extract was done by separating funnel method and com-
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pound fraction was isolated using TLC and ethyl acetate
fraction were used.

Preparation of gel'>'®

For preparation of EAFNC gel, Carbopol 934 (1.0%),
Methyl paraben (0.5%), propyl paraben (0.2%), trictha-
nolamine (1.2%), Distilled water (100%) and propylene
glycol 400 (2.5%) was used. In order to prepare a gel,
Carbopol 934 was dispersed in 50 ml of distilled water
with continuous stirring. 2 ml of distilled water was
mixed with methyl paraben and propyl paraben and dis-
solved by heating on a water bath with continuous stir-
ring. Solution was cooled and propylene glycol 400 was
added to form a gel. EAFNC was mixed with distilled
water to make a volume up to 100 ml. Small amount of
triethanolamine was added to maintain the pH of the
gel formulation.

In vitro studies

Free radical scavenging assay by DPPH'

After the preparation of the stock solution of ascorbic
acid, it was diluted with methanol. An aliquot of each
dilution was mixed with methanolic solution of DPPH.
The mixtures were incubated at 37°C in dark for 30 min
after shaking vigorously. At the same time a control
containing methanolic solution of DPPH was run. The
absorbance was measured at 517 nm against methanol
as blank. The percentage of DPPH scavenging was cal-
culated as follows:

(Control absorbance — EAFNC absorbance)
x100

Scavenging activity (%) = Control absorbance

Nitric oxide radical scavenging assay'”

Sodium nitroprusside in phosphate buffered saline was
mixed with different concentrations of methanol and
incubated at 37°C for 2h. The same reaction mixture
without the extract but the equivalent amount of etha-
nol served as the control. After the incubation period,
0.5 ml of Griess reagent was added. The absorbance
was read at 550 nm. The percentage of nitric oxide
radical scavenging of both EAFNC and standard com-
pound was calculated by the same formula as DPPH.

Total Phenolic Content

Gallic acid was taken in concentration 10, 20, 30, 40, 50
mcg/ml and prepared in methanol and 0.5 ml of each
sample were introduced into the test tubes and mixed
with 2.5 ml of 10-fold dilute Folin-Ciocalteu reagent
and 2 ml of 7.5% sodium carbonate. The test tubes were
covered and allowed to stand for 30min at room tem-
perature before absorbance was read at 760 nm spectro-
photometrically. First a standard curve of absorbance
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vs. concentration of gallic acid was made and then from
this curve concentration of phenolic contents of the
EAFNC was measured.

Antimicrobial Assay'

Antibacterial activity of EAFNC was carried out against
gram positive Bacillus subtilis MTCC 5981 and gram-neg-
ative Pseudomonas aeruginosa (ATCC 9027) bacteria using
well diffusion method. The lowest concentration of the
sample showing complete inhibition of bacterial growth
was considered as the MIC (Minimum Inhibitory Con-
centration).

In vivo studies

Excision wound model'*?°

Three groups with 6 (mice) animals in each group were
anaesthetised using diethyl-ether. The back of the mice
were shaved and wound of 7 mm radius created. The
wound was left undressed into an open environment.
Drugs i.e., simple gel, gel of EAFNC (2% w/w), the
standard gel (0.2% w/w) Megaheal gel were adminis-
tered topically for 12 days. The wound area was mea-
sured. The percentage of wound healing was calculated
by the formula.

(Initial day wound area-Specific day wound area) 100
X

% Wound Contraction = Initial d 1
nitial day wound area

Incision wound modeF°?!

Three groups with six mice in each group were anaes-
thetised using diethyl-ether. Their backs were shaved
and an incision was made through the skin at a distance
of about 1.5 cm from the midline of the depilated
back of mice. Then parted skin was kept together and
stitched with thread no. (000) at 0.5 cm intervals and
curved needle no. 11. The wound tensile strength was
measured by tensiometer on 10" day. Tensile strength
was measured by using following formula.

Total breaking load (gm)
cross — sectional area (mm?2)

Tensile strength =

Histopathological Estimation??

After anaesthetizing the animal, tissues were collected
and fixed in neutral buffered formalin. Then it was
placed in isopropyl alcohol. Then after adding xylene,
paraffin was added and the tissue was mounted on the
slides with Mayer’s albumin solution and incubated in
warm oven. Slides containing paraffin sections were
deparaffinised with xylene. Then the tissue was rchy-
drated using isopropyl alcohol. Then again kept into
running tap water for 2 min. Then the tissue was kept
into Haematoxylin stain. Then again kept into running
tap water. The slide containing tissue was dipped into
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IN HCI followed by Scott’s water. Tissue was then
immersed in Eosin stain. Slides were observed under
microscope with suitable magnifications.

Statistical analysis

All the data were analysed statistically using one-way
Analysis of Variance (ANOVA) followed by Dunnett’s
t-test. The data were expressed as meant SEM. p-values
less than 0.05 imply significant.

RESULTS

DPPH radical scavenging activity

EAFNC was showing significant DPPH free radical
scavenging activity in comparison to ascorbic acid. Scav-
enging activity of EAFNC was increasing consistently
with increasing concentrations (Figure 1).

Nitric oxide radical scavenging activity

EAFNC was showing significant percentage inhibition
of nitric oxide as compared to the standard ascorbic
acid (Figure 2).

Total phenolic content

Ethyl acetate fraction of Neolamarckia cadamba showed
the presence of phenolic content which was found to

be 19.31 mg/g.

Anti-microbial assay

The antibacterial activities of Ethyl acetate fraction of
Neolamarckia cadamba was evaluated against both gram-
positive and gram-negative strains. In antibacterial assay,
EAFNC was found to be effective against both strains
of gram positive bactetia (B. subtilisy MIC 125 pg/ml)
and gram-negative bactetia (P. aeruginosa, MIC 250 pg/
ml).

Excision Wound
Wound contraction

In excision wound model, the wound area was mea-
sured on 1, 3, 5,7, 9, 12 days of post-surgery. EAFNC
treatment in the excision wound model resulted in a sig-
nificant increase in the percentage of wound contrac-
tion from the 5" day onwards and continued till 12
day when compared to control group. Moreover, the
wound healing activity of the standard (Megaheal gel)
was found to be better than that of the EAFNC treated
extract gel (Table 1 and Figure 3).

Incision Wound model
Tensile strength

In incision wound model, EAFNC treatment was show-
ing significant increase in tensile strength on 10™ day
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Table 1: Percentage wound contraction exhibited by ethyl

acetate fraction of gel of Neolamarckia cadamba.

Post % Wound contraction (Mean + SEM)
wound

day Control Standard Treated
1 1.23+0.38 2.55+0.445 4.81+2.110
3 7.44 + 1.052 15.55 £1.061* 10.44 + 1.092
5 20.55+2.450 | 35.06 + 1.264** 30.55 + 1.456*
7 32.55+1.461 | 55.65 + 0.739** 39.44 + 0.571**
9 49.44 +0.334 | 82.40+£0.651* | 57.44 £1.611**
12 68.44 £ 0.51 95.50 + 0.642*** | 81.33 £ 0.574***

Standard-Megaheal gel (2% w/w), Treated-ethyl acetate fraction (2% wj/w),
control gel base (2% wj/w). Values are expressed as a mean + SEM (n=6).
“p<0.05, *"p<0.001, “"p<0.01 when compared to control)

Table 2: Estimation of tensile strength by ethyl acetate

fraction of Neolamarckia cadamba.

Groups Tensile strength (gm/mm2)
Control 2.968 £ 0.355

Standard 5.022 + 0.052
Treated 4.645 +0.135

Standard-Megaheal gel (2% w/w), Treated-ethyl acetate fraction (2% w/w),
control gel base (2% w/w). Values are expressed as a mean = SEM (n=6).
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Figure 1: DPPH scavenging activity of EAFNC in comparison
Ascorbic acid.
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Figure 2: Nitric oxide scavenging activity of different fractions

of methanolic leaves extract.

when compared to control group, which could be com-
parable with that of standard Megaheal gel (Table 2 and
Figure 4).

Histopathology of regenerated skin

The normal tissue architecture of the mice wound on

the 10™ post wounding day has been depictated (Figure
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Figure 3: Percentage wound contraction of ethyl acetate frac-
tion of gel of Neolamarckia cadamba.
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Figure 4: Estimation of tensile strength by ethyl acetate frac-
tion of Neolamarckia cadamba.
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Mononuclear CellF Collagen
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Figure 5: Histopathological view of normal and wound treated
with ethyl acetate fraction, control and standard (Megaheal)
of 10" day wound of excision wound model. [(A. Control
(Simple Ointment Base); B. EAFNC treated mice; C. Standard
(Megaheal gel treated)]. Skin section showed hematoxylin
and eosin stained epidermis and dermis.

5). It is a qualitative observational study, where control
group section-A (There was Less no of mononuclear
cells and less growth of collagen observed), Wound
treated with ethyl fraction section-B (There was more
amount of collagen growth observed but there was no
significant increased in mononuclear cells) and Standard
treated section-C (There was more number of mononu-
clear cells with more growth of collagen found). Histo-
pathological changes were observed on wounds treated
with ethyl acetate fraction topical formulation and also
on the standard drug treated group. The wound showed
effective neo-vascularization and significant formation
of collagen after 10" days of treatment. Epithelializa-
tion was observed to be faster in both ethyl acetate frac-
tion and the standard groups when compared to the
control group (Figure 5).
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DISCUSSION

In the present work an attempt was made to evaluate
the wound healing activity of the bioactive fraction
(EAFNC) of methanolic extract using zz-vitro and in-vivo
wound healing models. Moreover, both incisional and
excisional wound models were also used for the under-
standing the effect of ethyl-acetate fraction on the three
basic phases of wound healing process. Scientific lit-
erature also indicates the utilization of various i
vitro assay formats that are employed for studying the
behaviour of cell types, which are claimed to be rele-
vant to human wound healing, with particular reference
to soft tissue formation.”® From primary phytochemical
studies it has been found that ethyl-acetate fraction of
the plant contains polyphenol and important phytocon-
stituents like flavonoids which are important for wound
healing activity. These flavonoids have been shown to
exhibit mainly anti-inflammatory and immunomodulat-
ing activities and their beneficial effects on wounds and
external and internal inflammation have also been well-
documented in the traditional medicines.” According to
repotts, Staphylococens anrens is a common bacteria, which
is often known to be associated with skin infection, sut-
gical wounds etc.”’ The potential virulence factors of S.
anrens include toxins, adhesion factors and exoenzymes
that help in its colonization on host tissues, which in
turn lead to serious infection.?® In the present context,
in vitro antimicrobial study revealed that EAFNC also
showed effective antimicrobial activity which is the sup-
porting factor for wound healing activity.” Drugs which
inhibit free radicals generation (oxidation) is believed
to increase the viability of collagen fibrils by increas-
ing the strength of collagen fibres, preventing the cell
damage and by promoting DNA synthesis.* In antioxi-
dant assay, EAFNC showed significant DPPH free radi-
cal scavenging and percentage inhibition of nitric oxide
activity. According to report, the apparent contraction
of the area of excision wounds may serve as an indica-
tor for the progression of wound healing, which needs
to be judged through the periodic assessment of the
wound contraction.” Accordingly, topical application of
EAFNC gel significantly improved wound contraction.
The healing process depends largely on the fibroblast
regulated biosynthesis and deposition of new collagen
fibres, that contribute to the improvement of the ten-
sile strength.” In incision wound model, EAFNC gel
showed significant increase in tensile strength as com-
pared to control group. Moreover cytotoxic activity of
this plant has already been carried out by Mostafa ef al.
2015, Which had shown moderate toxicity activity.
The results of the histological study demonstrated that
the wound healing and repair was accelerated following
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application of EAFNC gel and this was evident by the
thick coverage of the wound area by an organized epi-
dermis, along with the presence of mononuclear cells,
collagen fibres, fibroblasts and some new blood vessels
which indicate angiogenesis and strongly support the
wound healing activity.

CONCLUSION

There are many plants used in the treatment of wounds
in the tribal area but through the literature survey, it
has been found that Neolamarckia cadamba is one of
the plants used in the treatment of wounds. The find-
ings suggest that this plant has potent antioxidant and
free radicle scavenging activity which is attributed to
the presence of polyphenols and other phytochemi-
cals. Based on these two results, ethyl acetate fraction
was chosen for wound healing activity. It also showed
potent wound healing activity in both excision and inci-
sion wound models. From the result, it was concluded
that similar wound contraction was in the standard and
test drug which was significantly superior to control at
all the periods under study.
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SUMMARY

In India medicines based on herbal origin has been the basis of treatment and cure of vatious diseases. So,
a large number of plants species are used for this purpose. Among all those plants, one such plant is Neo/a-
marckia cadamba and it belongs to the family Rubiaceae. Neolamarckia cadambaleaves had been used by the tribal
people for the treatment of wounds.

Hence, the present study was aimed to explore the wound healing potential of leaves of Neolamarckia cadantba
using incision and excision wound models. Leaves of the plant were dried and extracted by using various sol-
vents. From the preliminary phytochemical studies of methanolic leaves extract of Neolamarckia cadamba was
showing better presence of polyphenol and important phytoconstituents which are responsible for wound
healing activity. Ethyl acetate fraction of methanolic leaves extract of Neolamarckia cadamba (EAFNC) was used
for gel preparation after successful screening of zz vitro test. Ethyl acetate fraction of the methanolic extract
also showed antimicrobial activity which is the supporting factor for wound healing activity. The two 7x-vivo
wound models (incision and excision) have been chosen for the study to access the effect of ethyl acetate
fraction of methanolic extract of Neolamarckia cadamba (Roxb.) on wound healing. In both wound models,
Ethyl acetate fraction (gel formulation) was showing significant increase in contraction of wound as well as
increase in tensile strength as compared with control and the significant result of the (EAFNC) study was also
comparable with that of standard drug (Mega heal gel). In Histopathology study, ethyl acetate fraction treated
skin showed the presence of mononuclear cells, collagen fibres, fibroblasts and some new blood vessels which
indicate angiogenesis and strongly support the wound healing activity.
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