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Article Info: Abstract

Inflammation is a fundamental physiological process, crucial for the body's defence mechanisms, but
when uncontrolled, it can contribute to various pathological conditions such as arthritis. The
treatment for inflammation is usually done with NSAIDs. However, these drugs inhibit various short-
term and long-term side effects such as indigestion, stomach ulcers, kidney and liver problems. So,
there is a need for an alternative which have fewer and no side effects along with efficacy. Muntingia
calabura is a muti-therapeutic plant having effective anti-inflammatory properties. This investigation
focuses on determining the efficacy of Muntingia calabura, for mitigating acute inflammation.
Ethanolic extracts of M. calabura leaves were prepared and administered to both male and female
Wistar rats in three different concentrations and acute inflammation was induced by injecting 1%
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carrageenan in the hind paw of the Wistar rats after 30 minutes of administering the extract orally.
Paw volume was measured at 1, 2, 3 and 4-hour intervals. Results indicated that all the doses of
extract produced a significant reduction in paw edema compared to the positive group. The
percentage of inhibition was dose-dependent and the peak inhibition was observed on the 3rd hour.
In conclusion, M. calabura exhibits promising potential as a natural anti-inflammatory agent.

Keywords: anti-inflammation, carrageenan-induced rat paw edema, Muntingia calabura,

phytochemicals

For Correspondence:

Soumya V. Menon, Department of Chemistry
and Biochemistry, School of Sciences, Jain
(Deemed-to-be) University, JC Road,
Bangalore, Karnataka, INDIA

INTRODUCTION

Over the last few years, there has been a growing
interest in exploring plant-based products for their
potential therapeutic benefits. Medicinal plants are now
considered as important sources for treating various
types of diseases!. This renewed focus on natural
remedies is largely driven by the limitations and side
effects associated with many synthetic drugs.
Researchers and healthcare professionals are turning
their attention to various medicinal plants, aiming to
discover and validate their medicinal properties. 2

One such plant that has garnered attention is Muntingia
calabura, commonly known as the Jamaican cherry.3
This small tropical tree, native to Central and South
America but now found in tropical regions worldwide,
has a long history of use in traditional medicine. It has
multi-therapeutic properties and is studied for its
antioxidant* anti-inflammatorys5, anti-microbial, ¢ anti-
diabetic” and anti-ulcer® properties. Different parts of
the plant, including the leaves, bark, and fruit, are
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reputed for their diverse therapeutic properties. There
are many studies that discuss the high phenolic content
in M.calabura 910111213 which have various properties,
among which anti-inflammatory property is one of the
most prominent onel%15 Despite its therapeutic
properties, this plant has not been widely studied.
Therefore, the information available is effectively less
and the therapeutic properties are still being discovered.
The primary emphasis of this study is the anti-
inflammatory effect of the leaves of the Muntingia
calabura plant. Inflammation is a fundamental
physiological process, crucial for the body's defence
mechanisms against harmful stimuli such as pathogens,
damaged cells, or toxic compounds.1¢ Inflammation is
important not only for host defence but also because of
its role in several diseases.!” It is a common symptom of
many diseases like cancer!8, cardiovascular diseases!9,
and other life-threatening disorders. Recently
inflammation has also been seen in hypertension due to
reactive oxygen species (ROS) released from exposure to
angiotensin 11.20 The complex process of inflammation
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involves several different mediator molecules like
histamine  (B-Imidazolylethylamine), leukotrienes,
prostaglandins, kinins, and many other molecules.2122

There are various kinds of secondary metabolites
present in different parts of the plants, among them the
major metabolites found are alkaloids, terpenoids,
phenols, flavonoids, saponins. Secondary metabolites
such as flavonoids are a really good anti-oxidising agent
which decreases the level of ROS which in-turn
decreases cytotoxicity and inflammation.23 This study
was done to determine the anti-inflammatory effects of
the ethanolic leaf extract from M.calabura (ELME) using
carrageenan-induced paw edema on wistar albino rats.
The study also showed the efficacy of ELME compared
to the standard control (diclofenac) in acute
inflammation conditions. A well-known method used for
studying acute inflammation is the carrageenan-induced
rat paw edema model. Any drug can be curative or toxic
depending on the dosage of the drug, hence an attempt
was also made to determine the toxicity of ELME in-
vitro using cell lines, as well as in-vivo.

METHODOLOGY
In-Vitro Studies
1.Sample collection

Muntingia calabura is one of the most widely growing
trees, hence it was easy to find and identify it. The leaves
were picked up by hand, and stored in a clean polythene
bag and were used for the experimentation on the same
day. While collecting the leaves, mature leaves were
preferred as they would contain more secondary
metabolites. Two trees were identified and were-used as
the primary source of leaves for experiment. The leaves
were collected from the trees located in Kannada
Bhavan, JC Road, Bangalore, Karnataka. The location of

the trees are -
https://goo.gl /maps/4KtA3R9SmzhCQtXg6
12°57'47.3"N 77°35'05.5"E and
https://goo.gl /maps/egUUZATAVP1gMWZe7

12°57'43.2"N 77°35'08.0"E. The studied plant was sent
for specimen identification to Herbarium and the plant
was identified by Dr Noorunnisa Begum, Curator
Foundation for revitalisation of local health traditions,
Yelahanka, Bangalore-560064, Karnataka, India and the
voucher specimen number is FRLHT Acc. No. 6107. The
plant identified was Muntingia calabura L. (Botanical
name) belonging to family Muntingiaceae.

2.Extract preparation

The leaves were washed and dipped in a small amount
of warm ethanol to remove the excess chlorophyll for
about 15 minutes. This was then grinded in ethanol
using a mortar and pestle. it was then centrifuged to get
the supernatant. A rotary evaporator was then used to
concentrate the extracted material. The concentrated
sample was stored and dissolved in appropriate solvents
as per the required concentration.
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3.Sample preparation for HPLC analysis

Extract preparation for HPLC analysis: 25g of the
leaves of M.calabura was taken and contaminants were
removed by washing as well as the chlorophyll present
using the same method as above. The grinded leaves in
ethanol were centrifuged and the supernatant was
taken. A silica column was made in a syringe, in which
the tip of the syringe was incorporated with activated
charcoal. The extract was allowed to flow through the
silica-coated syringe. This step was repeated and elute
was collected each time to get the pure extract.

HPLC analysis: The analysis was made on the C-18
column (symmetry, 4.6 mmx250 mm) in isocratic mode.
The mobile phase used was acetonitrile and water in the
ratio of 7:3 with the RP-HPLC C-18 column at a flow rate
of 1 mL/min. The standard gallic acid of concentration
0.4mg/mL and sample (0.1 mL) were dissolved in the
mobile phase, 20 uL. was injected and the elution was
monitored at 254 nm (modified methodology).24

Cytotoxicity analysis by WST-8 assay

WST-8 assay (cell counting kit-8 assay) is a colorimetric
assay used to determine viable cell numbers and can be
used for cytotoxicity assays. The cell lineage used in this
assay was the THP1-human monocyte leukemia cell line
and the cell culture media utilized was Roswell Park
Memorial Institute (RPMI1640) supplemented with
10% Foetal Bovine Serum (FBS).

The cells were aspirated into a 5ml centrifuge tube and
centrifuged at 300G to collect the cells in the pellet.
Using RPMI medium containing 10% FBS, the cell count
was adjusted so that about 10,000 cells are present in
50ul of suspension. Then 50l of the cell suspension was
added to each well of a microtiter plate and the plate
was incubated at 37°C and 5% CO2 atmosphere for 24 h.
After 24 h, 50ul of different test concentrations (2X) of
the ethanolic leaf extract was added to the
corresponding wells. The plate was then incubated for
24h under the same conditions. The plate was removed
from the incubator after 24h and 10 pl WST-8 reagent
was added to each and was incubated at 37°C and 5%
CO2 atmosphere for 3 h. The absorbance was measured
at 450 nm using a microplate reader. The percentage
growth inhibition was then calculated.2526

In-Vivo Studies
1.Experimental Animals and Ethical Approval

Male and female Wistar albino rats weighing around
100-200 g were used for experimenting, procured from
Vaarunya Biolabs Private Limited, Kumbalgodu, Ind.
Area, Bengaluru, Karnataka, India. The rats were kept in
the animal house of National Institute of
Unani Medicine, Kottigepalya, Magadi Main Rd,
Bengaluru, Karnataka, where they are acclimatized for 7
days. They were housed in polypropylene cages with
three rats per cage and were maintained at standard
conditions according to the guidelines of OECDZ.
Approval for the use of the animals was obtained from
the Animal in Research Ethical group of National
Institute of Unani Medicine, with approval number:
[AEC/06/22/1A/06.
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2.Acute toxicity studies

The acute toxicity studies of the ethanolic extract
of Muntingia calabura were done in the Wistar rats
according to the suggested methods in the IAEC
guidelines. For this study, female rats were used because
of their increased sensitivity than the male rats. They
were grouped into four, 300mg/kg body weight (first
two groups) and 2000mg/kg bw (last two groups) of the
ELME. The first two groups were administered
300mg/kg bw and were observed attentively for the
first hour and further monitoring was made every 3hr
for 24 hr. If there was an absence of death the
experiment was taken to the second phase. In this phase,
the remaining two groups of rats were administered
with 2000mg/kg bw of the ethanolic extract of the plant
material. Signs of any toxicity were observed keenly for
24 hr, daily thereafter, for a total of 21 days for general
behavioural and body weight changes, food intake,
hazardous symptoms, and mortality were observed. A
lower dose will be selected if mortality occurs in two out
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of the three rats. But if fatality is observed in only one
rat the same dose will be repeated.27.28.29

3.Carrageenan-induced rat paw edema

Carrageenan- induced rat paw edema model was used to
evaluate the anti-inflammatory properties of the
ethanolic extract of M.calabura. Rats were categorized
into 5 groups (n=5) group, such that the first group was
the positive control group, group 2 was the standard
control, and groups 3-5 were the test group of different
extract concentrations as shown in table 1. The
ethanolic extracts were administered orally using a
gastric feeding tube and carrageenan was injected as an
inflammatory agent in the right paw of Wistar albino
rats. Each animal was observed after dosing every 30
min in the first 5 hours after giving the dose, and daily
for 48 hours. The behavioural changes were monitored
per the OECD guidelines.?®

Where pVc indicates the paw volume of the positive
control group, pVt is the paw volume of the test groups.

Table 1: Grouping and dosage of the animals for anti-inflammatory studies.

S. Groups No. of Animals Route of Dosage Frequency | Duration
No. administration
(males+females)

01 Positive control 3+3 Oral Single dose | 1 Day
(carragenan)

02 Standard 3+3 Oral 10mg/kgbw | Single dose | 1 Day
(diclofenac)

03 Lower dose of test drug 3+3 Oral 100mg/kgbw | Single dose | 1 Day

04 Intermediate dose of test | 3+3 Oral 200mg/kgbw | Single dose | 1 Day
drug

05 High dose of test drug 3+3 Oral 400mg/kgbw | Single dose | 1 Day

The percentage of inhibition was calculated using the formula
Percentage inhibition of edema = ( (PVc -PVt)/PVc)100

RESULTS

1.HPLC analysis

The HPLC analysis of the ELME showed a prominent peak in the retention time of 2.480 min, which was slightly similar
to the retention time of the standard gallic acid as shown in table 2.

Table 2: showing the retention time and area of the HPLC graph

Reten. Area Height Area Height wWao5s
Time [mV.s] [mv] [%a] [%a] [min]
[min]
1 2480} 7139601 231.245 100.0 100.0 0.39
Total 7139.601 231.245 100.0 100.0
ISSN: 2250-1177 [54] CODEN (USA): ]DDTAO
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Figure 1: showing the peak obtained in the HPLC

2.Cytotoxicity analysis by WST-8 assay

WST-8 assay done using the ELME showed no toxicity to
the live cells. The below graph shows the percentage of
viable cells when treated with varying concentrations of
the extract compared with the untreated one. The
number of viable cells is very near to 100% even at high
concentrations of the extract, indicating that no cells
have undergone death and the extract is non-toxic as
shown in figure 2 and 3.

Figure 2: showing viable cells after treating with
ethanolic extract
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Figure 3: Graph showing the percentage viability of the
cells after treating with different concentrations of
extract.

In-Vivo Studies
1.Acute oral toxicity of the plant extract

The study showed that, even at the maximum dose of
2000mg/kg body weight, there were no signs of lethality
and death as shown in table 3. However, some rats in
higher concentration manifested diarrhoea in the first
hour of the dosing, and it subsided after 4-5 hours.
Behavioural and physical changes of the rats were
observed for the first 4 hours continuously for any
toxicity signs. As shown in table 4, no particular signs of
toxicity were observed.

Table 3: Acute oral toxicity of Jamaican cherry ethanolic leave extract in rats

Group number Dosage (mg/kg of body weight) Number of rats died
1 300mg/kg 0/3
2 300mg/kg 0/3
3 2000mg/kg 0/3
4 2000mg/kg 0/3
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Table 4: Behavioural and physical changes observed in the rats

Observation 0Oth min.

30 min

1 hour 2 hour 4 hour

Change in skin colour -

Eye colour change -

Food intake Fasting

Fasting

Fasting Normal Normal

General physique Normal

Normal

Normal Normal Normal

Diarrhoea -

Breathing difficulty -

Sedation -

Tremor -

Lethargy -

Coma -

Death -

2. Evaluation of anti-inflammatory effects of the
herbal extract

Various secondary metabolites derived from natural
sources have been identified as pharmacologically active
molecules responsible for many biological actions. In the
first group, which was positive control, carrageenan was
subcutaneously injected into the hind paw of the rat and
no treatment was given. The inflammation was seen to
be increased over time. The paw volume reached its
maximum in the 4th hour. The paw was observed to have
swelling, redness, and heightened temperature which
indicated inflammation. The rat exhibited discomfort
and pain in the hind paw as a result of edema.

In the standard control, diclofenac, which is an NSAID,
showed a declined paw edema. As compared to the
positive control, in the first hour itself reduction of
inflammation was shown by diclofenac. The herbal
extract was compared with the standard drug, the
edema was suppressed irrespective of the dosage used.
The percentage of inhibition increased based on the
concentration of the extract used. The figures below
emphasized the comparison between the edema in all
the groups. The percentage inhibition was at its peak on
the 3rd hour for all the dosages used. From the current
study, we were able to get a higher edema inhibition
even in the lowest dosage (100mg/kg bw) as shown in
table 5. As the dosage increased, the efficacy also
seemed to have increased.

Table 5: Percentage inhibition observer in rats treated with ELME and control

Treatment Group Dosage 1hr 2hr 3hr 4hr
Male Female Male Female Male Female Male Female
Positive Control 2% - - - - - - - -
Standard Control 10mg/kg - - - 7.02% | 7.53% 14.8% 8.12% | 16.67%
Low Dosage 100mg/kg | 15.6% | 1543% | 24.37% | 22.81% | 27.96% | 28.57% | 2549% | 24.56%
Intermediate Dosage | 200mg/kg | 18.35% | 36.11% | 26.61% | 17.54% | 28.49% | 39.84% | 24.49% | 14.04%
High Dosage 400mg/kg | 37.16% | 36.11% | 42.44% | 40.35% | 45.16% | 43.54% | 26.61% | 19.30%
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DISCUSSION

The exploration of plants as sources of anti-
inflammatory agents has attained significant attention
in the previous decades. The main reason for this was
because of its fewer side effects compared to the
conventional drugs. Non-steroidal anti-inflammatory
drugs (NSAIDs) are the standard drugs used for
inflammatory reactions. But these drugs on prolonged
usage can cause kidney problems, gastro-intestinal and
heart issues.3® Nowadays, plants with therapeutic
properties like antioxidant, anti-inflammatory have
been widely studied and the demand for more effective
alternatives continues to grow. The medicinal properties
of the plants are interlinked with the phenolic
compounds or the secondary metabolites present in
them. Phenolic compounds, like flavonoids, terpenoids,
phenolic acids, tannins, etc. play crucial roles in
mitigating inflammation through various mechanisms.

Carrageenan induction is a mechanism used to trigger
acute inflammation, which can induce the release of
prostaglandins, histamine, and serotonin. Carrageenan-
induced rat paw edema is a commonly used
experimental model for examining acute inflammation
and evaluating the effectiveness of anti-inflammatory
drugs.3'When carrageenan is injected into the rat paw, it
triggers a well-characterized inflammatory response
that progresses through two phases. The first phase
which is observed in the first hour, is characterised by
the release of histamine, serotonin, bradykinin, and to a
small degree of prostaglandins produced by
cyclooxygenase enzyme (COX). As a result of these
inflammatory mediators, initial swelling will begin, as
well as an increased vascular permeability is also
observed. The second phase, which is also known as the
delayed phase, happens after 1 h. This phase is
dominated by the neutrophil infiltration and the release
of pro-inflammatory mediators such as prostaglandins,
particularly prostaglandin E2 (PGE2), and cytokines
such as interleukin-1f (IL-1B) and tumor necrosis
factor-alpha (TNF-a).32 These inflammatory mediators
will amplify the inflammatory response.

Carragenaan- induced paw edema occurs in two phases
(early and late phase), the early phase begins after the
administration of the irritant and lasts for an hour. It is
characterized by the release of serotonin, histamine, and
bradykinins. Nonsteroidal anti -inflammatory drugs for
example indomethacin or aspirin do not inhibit this
phase. The late phase occurs from the second to the
fourth hour after the administration of the irritant and is
ascribed to the release of prostaglandins, oxygen-
derived free radicals, lysosome enzymes and proteases.
Most drugs show their anti-inflammatory response at
this phase. Moreover, carrageenan-induced edema test is
a standard experimental model for assessing the anti-
inflammatory activities of natural products as well as
synthetic chemical compounds. From the results
obtained in the anti-inflammatory study of the ELME,
the extracts showed dose-dependent inhibition of paw
edema. The most reduction in the paw volume was seen
in the third hour. From the acute toxicity studies, it was
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shown that the extract possesses no toxic effect in the in
vitro animal cell culture as well as in the rats.

The herbal extract’s ability to reduce paw edema in both
phases of the carrageenan-induced edema in mice
suggests the involvement of the herbal extracts active
principles in inhibiting the release or action of the early
and late phase mediators of inflammation thereby
suppressing edema. The phenolic compounds found in
the leaf extract can inhibit inflammation in many
different ways. It may exert its anti-inflammatory effects
by modulating the production and activity of pro-
inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a), interleukins (IL-1p, IL-6), and interferon-
gamma (IFN-y)33 The cyclooxygenase (COX) and
lipoxygenase (LOX) pathways are crucial in the
biosynthesis of pro-inflammatory mediators such as
prostaglandins and leukotrienes.3435The phenolic
compounds present in the plant extract can inhibit these
enzymes, leading to decreased production of
inflammatory mediators. In one of the study by Misra et
al.36 due to the presence of the phenolic compounds it
was known to increase the immunity in rats. M.calabura
leaves were found to have an efficient antioxidant
activity3? The antioxidants present in plants can
scavenge the reactive free radicals produced by the
macrophages and neutrophils and can reduce the
inflammation caused by them, preventing further
damage. More studies have to be done, in order to have a
proper understanding of the mechanism followed by the
phenolic compounds in M.calabura plant.

CONCLUSION

Phenolic compounds present in the plants offer
significant  therapeutic = properties like  anti-
inflammation, antioxidant, anti-diabetic, anti-aging etc.
Incorporation of these medicinal-valued plants into diet
and  therapeutic applications provides novel
opportunities for managing chronic health conditions.
Our study revealed the potential value of the leaves of
M.calabura as a potent anti-inflammatory agent.
However, many other studies have to be done in order to
properly understand the molecular mechanisms
involved and to develop the plant as an effective
medicine  against inflammatory diseases. The
histopathological and molecular identification of
biochemical cues can explore the anti-inflammatory
application of this medicinal plant in novel drug
discovery in the future. Further refining and purification
of the extract can lead us to the exact molecules
responsible for the anti-inflammatory activity and can
further help in designing of anti-inflammatory drugs.
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