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The current research was designed to evaluate the inflammation suppressing and
wound healing properties of Albizia Iebbeck bark extracts in aqueous and methanolic forms. The
study entailed phytochemical analysis of the bark extract, assessment of the suppression of
inflammation of aqueous and methanolic extracts via the egg albumin denaturation assay,
and then assessment of wound healing activity by Wistar Albino rats through the formulated
and evaluated ointments and emulgels. The aqueous extract exhibited the greatest inhibition
of denaturation of egg albumin at 68.22 +0.22 % compared to the methanolic extract. The
estimated characteristic properties were fallen within the optimal range for both ointment and
emulgel formulations. Six formulations including a control and a standard povidone iodine
ointment were tested in triplicate for wound healing activity on Wistar Albino rats over a
period of 14 days. The F4 has rapid wound healing capabilities, achieved 99 % wound closure
in comparison to other formulations and demonstrated comparable efficacy to povidone-iodine
ointment (F6). The overall findings indicated that A. lebbeck bark has potential for use in future
ethno medicinal applications as an anti-inflammatory and wound healer, primarily due to its
abundance of bioactive molecules.

Keywords: Albizia lebbeck, Anti-inflammatory activity, Emulgel, Ointment,
Skin infections, Wound healing activity.

In light of the rising mortality rate due
to bacterial infections and alarming increase
in antimicrobial resistance (AMR), this study
aimed at developing the best topical preparations
with extracts of 4. lebbeck bark which have
strong anti-inflammatory and wound healing
effects. Over the past several years, phyto-
pharmaceuticals have gained a lot of interest both
in the West and in the East as an excellent source of
bioactive products, particularly in the discovery of

antioxidant, anti-inflammatory, anticarcinogenic,
and cytotoxic agents.'? Herbal medicines have been
demonstrated to be a natural source of secondary
metabolites, which possess a spectrum of biological
activity in the plant and other organisms. Albizia
genus belongs to the family Fabaceae and has
approximately 150 plant species that occur in
warm climatic regions of Asia, Africa, Madagascar,
Australia and America. It has been reported that
some of the Albizia species such as 4. procera,
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A. amara and A. lebbeck have been found to
possess antioxidant, inflammation modulation and
antibacterial properties which makes it to have
the high ethnopharmacological importance. It has
been shown that isolated compounds of Albizia
lebbeck (L.) Benth leaf, bark and flower have a
broad spectrum of pharmacological activities.’
Nonetheless; comprehensive studies on 4. lebbeck
incorporated into topical formulations remain
limited. Therefore, the present research seeks to
compare the wound-healing potential of A. lebbeck
bark extract in emulgel and ointment formulations.

MATERIALS AND METHODS

Materials

Chemicals used for topical formulations
were obtained from Jay Chem Marketing in
Mumbai, India. Chemicals used for testing
biological activities were purchased from Sigma
Aldrich in Mumbai, India.
Collection of Plant Material

Albizia lebbeck bark was collected from
Kapujaggarajupeta near the college campus in
December. Before the utilization of the bark in the
study, the plant was identified and authenticated
by Andhra University (Department of Botany) in
Visakhapatnam. The initial step involved cleaning
the bark and then drying it in the sun. The dried
bark had its outermost layer, the outer bark, peeled
off and was then ground into powder using a mixer,
which was subsequently sifted through sieves
of No. 20. The powder was kept in an airtight
container, which was utilised throughout the
investigations. The powder was preserved from
atmospheric air and moisture, and this was used
throughout the investigations.
Extraction

Dried and ground 4. lebbeck bark powder,
50 g was put in the thimble of a Soxhlet apparatus.
In the extraction, 200 mL of methanol was used as
the extraction solvent in a Soxhlet apparatus. The
extraction was carried out by continuous reflux until
the solvent in the siphon tube became clear. The
contents of the thimble were filtered with a muslin
cloth and then evaporated to produce concentrated
methanolic extract (MetEx).® A cold maceration
process was used to produce the aqueous extract
(AgEx). The 50 g of powdered sample in a conical
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flask was then filled up to 200 mL of a 10 % alcohol
solution of water as a preservative. The mixture was
then thoroughly mixed and left to stand after 72 h
with frequent shaking. The coarse concentrated
AqEx was collected by means of filtering the
contents of the flask with a muslin cloth and
then evaporating it.” Although various extraction
methods were employed, Soxhlet extraction was
utilized for methanol due to its increased efficiency
in extracting less polar phyto-constituents. To
prevent prolonged exposure to high temperatures,
cold maceration was chosen for aqueous extraction.
The aqueous extract was then concentrated under
lowered pressure at temperatures below 40 °C, in
order to reduce thermal degradation of its heat-
sensitive phytoconstituents.
Phytochemical Analysis

The two extracts underwent
phytochemical analysis to identify their bioactive
phyto-constituents. The extracts were tested for
the presence of metabolites including alkaloids,
cardiac glycosides, phenols, tannins, terpenoids,
flavonoids, quinones, saponins, and amino acids
using standard biochemical assays.®
Anti-inflammatory Activity
Prevention of Albumin Protein Degradation

A 0.2% aqueous solution of egg albumin
was put into phosphate-buffered saline solution
with pH at 6.4. The protocol on preventing egg
albumin denaturation was carried out with a minor
changes.® The reaction mixture (5 mL), comprised
0.2 mL of albumin (0.2 % w/v), 2.8 mL of pH 6.4
phosphate buffer, and 2 mL of herbal concentrate
at concentration ranging from 100-500 pg/mL.
The same volume of water that was twice distilled
acted as the control. The mixtures were incubated
at 37 °C, 15 min., and then heated at 70 °C, 5 min.
Absorbance at 660 nm was then measured after
cooling. As the reference drug, diclofenac sodium
was subjected to the same conditions and the same
range of concentrations for the determination of
absorbance. Three experiments were carried out
and the average was averaged out. The % protein
denaturation inhibition was calculated by the
formula:

Inhibition percentage (%) = (A0 -A)/A0) x100

Where: AO= absorbance of control
A = absorbance of test sample
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Preparation and Evaluation of Topical
Formulations
Preparation of ointment

Hard paraffin 1 g was placed in a beaker
and then submerged in a water bath. After the above
mixture had melted, other ingredients were then
added into the beaker in a specified concentration
as shown in Table 1. The mixture was permitted
to cool down. Albizia AqEx (F1) and MetEx
(F2) in a 10 % concentration were selected from
the published data’® and incorporated into the
previously prepared ointment base. F1 and F2 had
been prepared via levigation until a smooth paste
was obtained. The formulated preparations were
assessed for spreadability, texture, extrudability,
permeability, etc.!
Formulation of Emulgel

The procedure of developing emulgel
formulation started with the dispersal of HPMC
in hot purified water between 70-80 °C, and
continuous mixing was done until the solution
hydrated as the temperature was lowered down
to around 40 °C. Tween-20, propylene glycol and
methyl paraben were dissolved in a little amount
of water to make an uniform slurry and plant
materials were added at a concentration of 10 %
(Table 2). This aqueous solution was then added
to ethanol. The non aqueous phase and Span-20
were individually heated under 70-75 °C. The
aqueous phase and the oil phase were then heated
until they were at the same temperature and the
oil phase was gradually poured into the aqueous
one with constant stirring to create an emulsion.
This emulsion was cooled to approximately 40
°C and the HPMC gel base was added in 1:1 ratio
with gentle stirring thus creating the final emulgel.
Distilled water was added to maintain the P level
at 6-6.5. Without adding any test sample in the
similar way as F3 and F4, F5 was made (control).
The ready formulations were tested in terms of
spreadability, consistency, extrudability, diffusion,
viscosity, and swelling index among others.!!
In vivo Wound Healing Activity

The experiment was ethically approved
by the Institutional Animal Ethics Committee of
the Vignan Institute of Pharmaceutical Technology,
given approval Number as IAEC/VIPT/2024/05
. The albino rats that had a weight of 150-200 g
were placed in standard polypropylene cages that
were fitted with stainless-steel lids and that were
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fitted with wheat straw bedding. The animals were
maintained at the Department of Pharmacology
animal facility where they had free access to food
and water. The temperature was kept at 23 °C. The
animals were separated into three categories and
their formulation was as follows. There were four
animals in every group. There were six groups that
were chosen and treated with F1, F2, F3, F4, F5
and the sixth group with povidone iodine ointment.
Excision Technique Animal Wound Model

The contraction of the wound was
measured on day 1, 7 and 14."* The skin in the
specific wound location was marked following
the shaving procedure. Toothed forceps, surgical
blade and fine scissors were used to create full-
thickness skin wounds. Cotton swab dipped
in alcohol was used to clean the wound area.
Preparation of emulgel was done to six groups of
animals every two days. Measurement of wound
contraction was done on the 1%, 7" and 14" day.'?
The wound contraction that led to wound closure
was evaluated by tracing the area of the raw wound
on transparent paper until an area of epithelium
covered it completely. The tracings of the wounds
were redrawn on a graph paper in mm scale and
the area of wound closure was calculated through
the formula provided.

Wound closure in % = [Wound area at day zero -
wound area on specific day / Wound area at day
zero| x 100

Results are expressed as mean = SEM.
Initial group differences were evaluated via
Student’s t-test, followed by further analysis using
Tukey’s post-hoc test. P < 0.05 was considered
statistically significant.

RESULTS

Phytochemical Analysis

Collected and grounded A4. lebbeck bark
powder was then subjected to extraction using
aqueous and methanolic solvents. The qualitative
phytochemical screening revealed the presence
of alkaloids, cardiac glycosids, phenols, tannin,
flavonoids and saponins in the aqueous extract
(AqEx) and the methanolic extract (MetEx). In
both extracts, amino acids were not found. AqEx
contained more flavonoids in comparison with
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MetEx. In both extracts, terpenoids displayed
lower colour intensity whereas quinones were not
present in AqEx and present in low concentrations
in MetEx. The results validate the abundance of
secondary metabolites in the 4. lebbeck bark. Devi
et al., also reported the similar results.®
Inhibition of Albumin Denaturation

AgEx and MetEx showed a significant
capacity of preventing protein denaturation
under heat conditions, with the highest inhibition
percentage of 200 pg/mL; 68.221 +0.22 % and
64.823+0.18 % (Fig. 1), respectively. A better rate
of inhibition of 70.623 + 0.97 %, was observed
with the standard NSAID, diclofenac. Although
the inhibition was high, a dose-dependent trend
was not evident throughout the investigated
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Comparative Analysis of Topical Formulations

Compared with F3 (AqEx) and F4
(MetEx), ointments F1 (AqEx) and F2 (MetEx)
had spreadability values of 6.3+ 0.2 and 7.9 + 0.3
g cm/s with penetration depths of 3.9 + 0.3 mm
and 5.4 £ 0.1 mm, respectively. They were found
to have viscosities of 25,000 = 800 cP (F1) and
22,000+700 cP (F2). The cumulative releases were
39.3+£0.7 (F1) and 47.8 + 0.6 (F2) after relating to
8 h according to the studies of Franz diffusion (p
< 0.05). Emulgels F3 and F4 exhibited decreased
viscosities (5,300 = 110 cP and 5,400 + 130 cP)
and increased spreadability (13.2 + 0.5 and 14.4 +

Table 2. Formulation of emulgel with bark extract

concentrations.'>"* Ingredients F3 F4 F5
(AgEx) (MetEx) (Control)
Table 1. Formulation of ointment with bark extract
A. lebbeck (g) 2 2 -
S.  Constituents F1 F2 HPMC (g) 25 25 25
No. (AqEx)  (MetEx)  Liquid paraffin (g) 5
Tween 20 (g) 1 1 1

1 Albizia (g) 2 2 Span 20 (g) 1.5 1.5 1.5
2 Cetosteryl alcohol (g) 1 1 Propylene glycol (g) 5 5 5
3 Wool fat (g) 1 1 Ethanol (g) 2.5 2.5 2.5
4 Hard paraffin (g) 1 1 Met'hyl paraben (g) 0.03 0.03 0.03
5 Soft paraffin (g) 17 17 Purified water qs qs Qs
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Fig. 1. Anti-inflammatory activity of A. lebbeck aqueous and methanolic bark extracts evaluated by inhibition of
albumin denaturation. Values are expressed as mean = SD (n = 3). Statistical analysis was performed using one-
way ANOVA followed by post hoc test; p < 0.05 compared with control.
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0.6 g cm/s), and swelling indices of 230 + 7 % and
240 + 6 %. Cumulative release 0of 63.2 +0.6% (F3)
and 71.2 + 0.6% (F4) after 24 h, was found to be
higher compared to the control (F5). These results
indicate that emulgels are better than ointments
with regard to release properties.
Wound Healing Activity

The excision wound healing activity
research revealed that extract treated groups
exhibited a much higher contraction than the
controls (Fig. 2 and 3). Statistical analysis showed p
<0.05 with wound closure with higher contraction
rates to MetEx formulations (F2 and F4) (p <0.01
compared aqueous groups). The emulgel (F4) of
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MetEx recorded the best wound closure rate of 95.6
+ 0.9% at day 14, similar to the usual povidone-
iodine group (F6).

DISCUSSION

The current study is based on the design
and evaluation of the wound healing properties of
A. lebbeck bark extract in ointment and emulgel
forms. Qualitative phytochemical studies show
that 4. lebbeck is a good source of flavonoids,
phenols, saponins, and terpenoids which are
linked with several biological activities such as
anti-inflammatory and wound-healing. As noted by
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Fig. 2. Percentage wound closure in the excision wound model following treatment with A. lebbeck extract-
loaded ointment (F1, F2) and emulgel (F3, F4) formulations compared with control (F5) and standard (F6).
Values are expressed as mean + SD (n = 3). Statistical analysis was performed using one-way ANOVA followed
by post hoc test; p < 0.05 compared with control

1% Day

14 Day

Fig. 3. Wound healing progression in excision wound model rats treated with A. lebbeck extract-loaded ointment
formulations (F1, F2), emulgel formulations (F3, F4), control (F5), and standard (F6) on day 1 and day 14.
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Samant et al., The presence of alkaloids, flavonoids,
tannins, saponins, and phenolic compounds in 4.
lebbeck bark suggests its possible use as an anti-
inflammatory agent, as this is consistent with the
previous studies due to the evidence of notable 4.
lebbeck extracts in terms of their ability to inhibit
the albumin denaturation process by AqEx and
MetEx. Topical ethanolic extracts of A. lebbeck
bark demonstrated significant anti-inflammatory
properties in rat paw edema and granuloma
models, which is indicative of the traditional
application of ethanolic extracts of 4. lebbeck
bark as a topical agent in the anti-inflammatory
property.'>'¢ The enhanced diffusion characteristics
and spreadibility of emulgel formulations in the
current study is similar to the topical formulation
science, in which emulgels typically exhibit
improved drug release and diffusion into the
skin when compared to traditional ointments.
The higher release in MetEx emulgel could be
attributed to the semi lipophilic character of
some of the phytoconstituents such as flavonoid
which have greater solubility and partition in gel
systems. Other mechanisms have been reported
as the cause of the superior wound healing with
MetEx, including emulgel form with, especially
regarding antioxidant control of oxidative stress at
the wound site, provocation of collagen synthesis,
and antimicrobial barrier enhancing infection
resistance.!?° Our findings have been supported by
a previous experimental study involving 4. lebbeck
extracts in wound healing, which also showed
significant improvements in wound contraction and
tensile strength, collagen content and formation
of granulation tissue, which is due to 4. lebbeck
extracts having significant antioxidant enzyme
properties and collagen deposition mechanisms. '8!
Another study with A. lebbeck extracts in wind
healing studies also reported significant wound
contraction and histological improvement with the
use of 4. lebbeck extracts, other herbal constituents
in emulgel formulation which is attributed to the
significant role of antioxidant.”>*

CONCLUSION

The current research showed that
Albizia lebbeck bark extracts, especially the
methanolic extract (MetEx), substantially improved
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wound healing when formulated into topical
preparations. The superior wound closure seen
with MetEx-based emulgel (F4) in the excision
wound model can be attributed, in part, to its
modulation of inflammatory responses, which
is supported by its effective inhibition of egg
albumin denaturation. Inflammation regulation
is a vital initial process in wound healing, and it
may also contribute to decreased tissue damage,
enhanced collagen formation, and quicker wound
contraction. F4 showed almost complete wound
closure (99% by day 14), matching the standard
povidone-iodine treatment and outperforming other
test and control formulations. These results indicate
that the wound-healing effectiveness of 4. lebbeck
bark extract is backed by its ability to regulate
inflammation, along with beneficial formulation
attributes. Additional research is necessary
to determine which active plant components
are responsible and to refine advanced topical
treatments for practical use.
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