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INTRODUCTION
Wounds are very common and happen at any time to 

anyone daily. Wounds are the cuts or breaks in the continuity 
of tissues that are caused in different ways, such as physical, 
microbial, chemical, or by immunological insult in the soft 
tissues [1], and the condition is very prone to microbial 
contamination. Those injuries that were repaired by any other 
means are considered as wound healing. Though wound healing 
is an intricate method, the processes of healing of wounds 

are not equal for all people where skin repairs automatically 
after injury. The healing process mainly depends on various 
factors. If there are abnormalities in the immune system, any 
malnutrition condition, diabetic condition, any ischemia, or 
aging, in such cases healing of wounds is delayed. Mainly, 
three phases are followed in wound healing: initially, blood 
flow is increased, followed by increased capillary permeation 
near the affected area, which is an inflammatory stage; then 
decreased in epithelialization, and contraction of wounds, 
which is a proliferative stage; and finally the repair and 
strengthening of the soft tissues, i.e., the remodeling stage 
[2]. There are wide ranges of synthetic medicines available 
in the market for wound healing activity, but they have many 
side effects, mainly scar formation, allergic reactions, and 
so on. Therefore, an alternate source is required to cure the 
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wounds with less or no side effects. With this view of that, 
herbal sources are reliable and safe natural medicines that cure 
many types of wounds without any toxicity or very minimal 
side effects [3]. Many known herbals already reported their 
wound-healing activity using human subjects and also in vivo 
animal experimentation [4,5]. 

Of late, in the present study, two Memecylon species, 
i.e., Memecylon lushingtonii (ML) and Memecylon malabaricum 
(MM) (F: Melastomataceae), were selected. There are more than 
300 species available for the Memecylon genus, of which 40 
species are available in India, and among them, 21 species are 
already endemics [6,7]. Some species are very important with 
respect to traditional uses and various pharmacological activities, 
viz. Memecylon umbellatum is used for snake bite treatment, 
skin, and stomach disorders, herpes, polyuria, dysentery, 
bacterial infection, chicken pox, and so on [8], MM is applied 
for controlling male sterility [9], Memecylon capitellatum is used 
for diabetic treatment [10], Memecylon angustifolium is used 
as a tonic and refrigerant, whereas ML has used in post citoal 
contraceptives [11]. Among the species, IUCN has reported that 
Memecylon lawsonii, ML, Memecylon royenii, M. umbellatum, 
Memecylon edule, and Memecylon flavescens are endangered 
species [12]. These activities were reported due to the presence 
of some important bioactive compounds, namely, M. umbelletum 
contains sitosterol, ursolic acid, and beta amyrin [13], Memecylon 
talbotianum contains flavonoid derivatives such as Kaempferol 
3-O feruloylhexosyl rhamnoside, isorhamnetin-3-O-glycoside 
-7-O-glycoside, and synapoyl-hexose formic acid, etc. [14]. 
Related to the above-selected species, there are neither reports 
on any chemical constituents nor any reports on wound healing 
activity. Hence, based on the traditional applications, these two 
species, ML and MM (F: Melastomataceae), were selected. This 
was the first time we were reporting the wound healing activity 
based on the above three phases of wound repair with the proper 
scientific evidence.

MATERIALS AND METHODS

Collection and authentication of plant
Both ML and MM leaves (5 kg of fresh leaves from 

each plant) of the tree were collected from Horsley Hills station 
of Thirupathi during August 2023 (average temperature 25°C 
to 30°C) and authenticated by Dr K Madhava Chetty, Professor, 
Department of Botany, Sri Venkateswara University, Thirupathi 
(Voucher no: 0893 and 0591, respectively).

Extraction of leaves
Ethanol solvent was used for the extraction of the 

ML and MM leaves using a soxhlet apparatus. 500 g of leaves 
were used for extraction, and before extraction, the leaves 
were cleaned with running water, followed by 28 days of 
shade drying and coarsely grinding by a mixer grinder. Soxhlet 
extraction was carried out for 24 hours by maintaining an oven 
temperature of 40°C. The extracted liquid was dried using a 
rotary flash evaporator for 45 minutes at 40°C. Viscous liquid 
was collected and calculated for practical yield. Then, the 
extracts were collected separately and preserved in small glass 
bottles in refrigeration at 4°C.

Screening of phytochemicals
The above-stored extract of ML and MM leaves were 

further screened for the presence of various phytoconstituents 
by chemical tests [15,16]. Various tests were performed as per 
the standard methods, and routine analysis was carried out to 
know about the presence of a group of compounds.

Formulation of ointment
Three different formulations were prepared. The 

formulation was carried out with both individual plant extracts 
and one formulation with combined extracts of ML and MM. 
Paraffin wax was melted in a water bath, and in that 1.5 g each 
of lanolin, cetostearyl alcohol, and paraffin wax, and 24.5 g of 
petroleum jelly were mixed to make a homogenous mixture. To 
this mixture, 1 g of each ML and MM extracts were separately 
added, and two different ointments (30 g each) were made using 
mortar and pestle. Similarly, 1 g each of ML and MM extracts, 
together mixed with 23.5 g of the final ointment base, formed 
the ointment (30 g) using a mortar and pestle. Without extracts, 
only an ointment base was used for control preparation.

Animal experimentation
Initially, healthy rabbits (2 kg b.wt.) were selected 

for skin irritation tests, and a total of 30 Wistar albino rats 
(wt. 180–200 g) of either sex were used for wound healing 
efficacy. Before experimentation, all animals were housed in 
clean and dry cages, and rats were fed with rat pellets and water 
ad libitium. The rats were randomly divided into five groups 
for the wound healing model. The protocol was approved by 
the institutional animal ethics committee, Nirmala College of 
Pharmacy, Atmakur, Mangalagiri, AP (Approval No: IAEC/
NCPA/2023-24/PhD/005). The room temperature was 25°C ± 
3°C, humidity 45%–55%, and a light period of 12 hours was 
maintained. The whole experiment was conducted as per the 
guidelines of the Committee for the purpose of Control and 
Supervision of Experiments on Animals.

Skin irritation test
The rabbit’s fur was removed before 24 hours after the 

experimentation by trimming the dorsal region of their trunks 
on each side of the spinal cords with the sterile electric razor. Six 
rabbits were used for proper statistical analysis. In two rabbits, 
on one side, 0.5 g of ointment with ML extract was applied 
with gauze and tape, and on the other side, a control ointment 
was applied. In a similar manner, in another two rabbits, one 
side was ointment with MM extract and the other side with a 
control ointment, and in the other two rabbits, one side was 
treated with an ointment containing both ML and MM extracts, 
and the other side with a control ointment. The formulations 
were removed using sterile distilled water after the required 
4 hours of exposure time. All the rabbits were observed for 
adverse reactions. After 1, 24, 48, and 72 hours, the skin was 
examined for any erythema, redness, and oedema formation, 
and the responses were recorded based on the criteria [17]. 

Excision wound formation
A total of 30 rats were divided into 5 groups, and in 

each group, 6 animals were kept. Animals were anesthetized 
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by using 10% chloral hydrate solution [18]. Gr-I was treated 
with ointment base without the drug (placebo- negative control), 
Gr-II was treated with marketed formulation (Standard- Positive 
control); Gr-III was treated with an ointment containing ML 
extract; Gr-IV was treated with ointment containing MM 
extract; Gr-V was treated with ointment containing ML and 
MM extracts. After anesthesia, the dorsal fur of animals was 
removed; the anticipated area (~ 500 mm2) of wound to be 
created was outlined on the back of animals. A biopsy punch 
was used to remove a predefined amount of dorsal interscapular 
skin measured at 10 mm thickness and was left undressed in the 
open environment. All the grouped rats were separately kept in 
cages after the creation of the wound. The contraction, healing 
time, and epithelialization phases of the wound were monitored 
until the wound was fully healed, the ointments were applied 
daily and observed with the applied marketed ointment. The 
wound area was measured on the 0th, 4th, 8th, 12th, 16th, and 
20th day for the progressive changes [19]. 

Histological analysis
Rat skin tissues were collected and preserved in 10% 

neutral buffered formalin for 24 hours at 4°C. Furthermore, 
skins were dehydrated with alcohol followed by xylene, and 
embedded in paraffin wax (58° mp). Around 8 µm of tissue 
section was de-paraffinized and further stained with hematoxylin 
and counterstained with eosine. Then finally mounted on a 
microscope [20]. Collagen density was measured by a scoring 
system using a high-magnified digital camera (400 X) and was 
measured by the local pathological lab in Madanapally, AP. The 
scoring system was carried out based on a score of 0 to 4 (low 
to high). “0” means no collagen formation, whereas score “4” 
indicates collagen formed properly with high density [21]. 

Statistical data analysis
Data were expressed as mean ± SD (standard deviation) 

for all the groups of animals. Graph Pad Prism 5 software was 
used for the determination of statistical data. Statistical analysis 
was made using one way analysis of variance followed by 
Tukey’s post hoc test. p < 0.05 was considered statistically 
significance. Furthermore, collage density was determined with 
SPSS software using Mann-Whitney analysis. 

RESULTS AND DISCUSSION
The investigation on the percent yield for the ML 

and MM leaves was determined and resulted in 16.8 and 18.4 
g yields, respectively. Therefore, the calculated percent yields 
were 3.36 and 3.68, respectively. Thereafter, various chemical 
tests were performed for the detection of various groups of 
chemicals. The tests resulted in the presence of glycosides, 
tannins, alkaloids, terpenoids, phenolics, flavonoids, and sterols 
from both the ML and MM extracts (Table 1). The result may 
be due to the use of solvent ethanol. Ethanol is the best suitable 
solvent for any extraction due to its high dielectric constant 
and non-toxic nature so maximum bioactive compounds were 
dissolved in the ethanol solvent [22,23]. 

A skin irritation test was performed using rabbits as 
per OECD 404 guidelines for acute dermal toxicity study. The 
study showed no signs of erythema, skin irritation, or redness 

at the end of the study period of 72 hours (Fig. 1). The score 
of the acute dermal irritation study was tabulated in Table 2. 
Finally, the result concluded that all the sole ML, MM, and 
combined extracts of ML and MM ointment were safe and 
ready to perform for therapeutic efficacy as wound healing 
activity on rats. 

Wound healing study
The wound contraction is depicted in Table 3. The 

result showed that after the 20th day, wounds were totally 
decreased for all the ointments, but interestingly it was 
observed that the ointment with the combined extract showed 
a satisfactory effect in minimized wound area (3.14 ± 9.34*** 
mm2) (p < 0.001) which was effective than the marketed sample 
(6.39 ± 3.18*** mm2) (p < 0.001, when compared with the 
control group). There was no such decrease in wounds in the 
control group (97.72 ± 8.51 mm2).

Figure 2 revealed the decreased period of 
epithelialization with the ointment containing the combined 
extract. Even though there was also a decreased period of 
epithelialization that occurred for the ointment prepared by 
sole extracts than the control sample (21 days). The marketed 

Table 1. Various phytochemical tests for ML and MM leaves extract.

Groups of 
constituents

Ethanol extract of ML 
leaves

Ethanol extract of MM 
leaves

Alkaloids ++ ++

Glycosides ++ ++

Tannins + +

Saponins -- --

Flavonoids ++ ++

Phenolics ++ ++

Sterols + ++

Terpenoids ++ ++

Resins -- --

Proteins -- --

Lipids -- --

(++)= Present prominently; (+) = Present; (--) = Absent.

Table 2. Sign of erythema and oedema.

Signs of skin 
irritation

Score (4 hours) Score (24 hours) Inference

Erythema 0 0 No erythema

Oedema 0 0 No oedema

Figure 1. Skin irritation test for all the three formulated ointment in 
rabbits skin. 
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Table 3. Contraction of wound area with ointment prepared by ML, MM and combined ML and MM extracts.

Treatment Wound area (mm2)

0th day 4th day 8th day 12th day 16th day 20th day

Gr-I 283.10  ± 1.08 262.22 ±  12.11 221.12 ±  12.43 187.25 ± 13.35 124.09 ± 11.34 97.72 ± 8.51

Gr-II 287.23  ± 0.00 267.11 ± 12.71 203.21 ± 14.82 164.52 ± 14.11 92.62 ± 13.31* 06.39 ±  3.18***

Gr-III 285.12  ±  5.16 264.45 ±  8.56 203.43 ± 17.25 152.45 ±  12.35 85.42 ± 3.57** 13.04 ± 2.13***

Gr-IV 287.09 ± 1.23 223.12 ±  12.18 187.41 ± 12.19 158.31  ± 9.14 104.73 ± 7.71* 28.32 ±  5.12***

Gr-V 289.45 ± 0.56 250.46 ± 21.84 195.45 ± 8.56 145.23 ± 7.41* 23.13 ± 5.44*** 03.14 ± 9.34***

The values are expressed as Mean ± SD, n = 6 in each group.
*p < 0.05, **p < 0.01 and ***p < 0.001 versus control.

Figure 2. Period of epithelialization for all the ointments with marketed sample.

Figure 3. Wound healing activity of herbal ointments in days interval.
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sample also decreased the same (15 days) but was less 
effective than the ointment of combined extracts of MM and 
ML (13 days). 

Thereafter, the percent wound closure was also evaluated. 
It also showed a similar trend as the earlier analysis. It resulted 
that the percentage of wound closure increased with increased 
days. The marketed sample showed 96.13% wound closure after 
20 days, whereas the ointment containing both the extracts ML 
and MM showed better results (98.26%) than the control as even 
the marketed sample. Even ointment containing a single extract 
showed better results than the control sample. ML ointment 
showed 96.16% and MM ointment showed 94.76%, which were 
more than the control sample after 20 days of study (Fig. 3).

Figure 4, showed after 20 days, ointment containing 
ML and MM extracts cured the wound, whereas the market 
ointment sample showed little wound area.  

The above Figure 5 shows the histopathology of rat 
skin with magnification X 200 µm. In all the figures, collagen 
fibers showed pink color, cytoplasm stained with purple color, 
blood vessels stained with cherry red, whereas nuclei stained 
with blue. Wound healing mainly depends upon the synthesis 
of collagen, which is present in the extracellular matrix and 
provides strength [2]. Synthesis of collagen was seen more 
in the case of ointment containing ML and MM extracts than 
marketed ointment. It was concluded that the score of Group 
–V, showed 4.23 ± 1.24 after 20 days (n = 3) than the control 

Figure 4. Wound area contraction with days.
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group (2.0 ± 0.0), and the increased rate of contraction of 
wounds in herbal ointments ML and MM extracts treated 
animals might be due to increase in proliferation and 
transformation of fibroblast to myofibroblast. After 20 days of 
study, the combined treatment ointment group showed dense 

collagen formation that may be due to the presence of quercetin 
and luteolin in the ML and MM leaves [24] and responsible for 
the formation of collagen by tissue damage inhibition [25,26]. 
In the present study, herbal extracts showed the presence of 
many bioactive compounds through chemical tests. Earlier 

Figure 5. Histopathology of rats skin for all the treated rats by different ointments (After 20 days).
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literature reported that wound contraction may be due to the 
presence of flavonoids and phytosterols, which are responsible 
for the increased synthesis of collagen due to the release of 
cytokines [27,28]. These constituents also play an immense 
role in homeostasis and epithelialization in the later stages of 
wound healing [29] and hence after 20 days of study, complete 
wound healing was observed with the ointment containing 
ML and MM extract. The possible mechanism of the isolated 
flavonoids (quercetin and luteolin) may be due to positively 
regulating matrix metalloproteinase-2 enzyme activity and 
also the Ras/Raf/MEK/ERK, PI3K/Akt and NO pathways to 
reduce inflammation and heal wounds [30]. The activity was 
also higher than that of marketed ointment which may be due 
to the synergistic action of the bioactive constituents present in 
both the extracts.  

CONCLUSION
In conclusion, herbal ointment containing ML and 

MM extracts and also ointment containing combined ML and 
MM extracts showed potential wound healing activity. The 
study was compared with the marketed ointment and resulted 
in combined extracts. Formulated ointment was more efficient 
and gave synergistic action with respect to increased wound 
contraction, improved collagen synthesis, and higher percent of 
wound closure than control as well as marketed samples. The 
result was maybe due to the presence of combined flavonoids, 
viz., quercetin and luteolin, in both the plant leaf extracts that 
support the synthesis of collagen faster in the extracts than others 
with the mechanism of formation of collagen by repairing the 
damaged tissue. This is the first time we have reported wound-
healing activity of Memecylon species, especially for ML and 
MM. Furthermore, the isolation of phytoconstituents, followed 
by the exact mechanism of action, is needed to establish the 
wound healing activity. 
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