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ABSTRACT
A lot of previous studies are concerned with the evaluation of the anti-inflammatory activity of medicinal plants because it 
considered cheap and are believed to possess minimal side effects. Leucaena leucocephala didn’t evaluate globally for its 
anti-inflammatory effect yet though some of it’s already separated and identified secondary metabolites were studied and 
proved to exert many pharmacological activities besides their effect on lowering the pro-inflammatory cytokines like TNF-α 
and IL-6. So, there was an interest to evaluate the biological effect of Leucaena leucocephala as a novel anti-inflammatory 
agent was the first motivation to start an in vivo study using a rat population. The N-butanol and ethyl acetate extracts 
were chosen to undergo this study since they contain a lot of the polyphenolic compounds (flavonoids, stilbenes and phenolic 
acids) which is natural bioactive compounds. Thirty albino rats weighing (150-200) grams of both sexes were used and 
divided into five groups, each group containing 6 rats: Group I: Negative control, group II: Positive control, group III: 
Treatment with n-butanol extract, group IV: Treatment with EA extract, group V: Treatment with diclofenac sodium. The 
oral route of administration using gastric gavage was dependent and for consecutive seven days of supplementation. The 
induction of inflammation was done by insertion of cotton pellets subcutaneously into the ventral region that is previously 
shaved and sterilized, with one pellet on each side. So, Leucaena leucocephala proved its novel anti-inflammatory effect by a 
significant decrease in the inflammation in albino rat models by reducing the percentage of exudate and granuloma and 
decreasing the serum concentrations of TNF-α and IL-6.
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INTRODUCTION

Aim: This study focused on extracting secondary 
metabolites that are present in the leaves of Iraqi 
Leucaena leucocephala and evaluating their anti-
inflammatory effect in vitro on albino rats.
The inflammation process is considered the immune 
system’s response to exogenous and endogenous 
damaging stimuli, such as toxic components, infections, 
damaged cells and irradiation. It works by eliminating 
damaging stimuli and allowing the body to initiate the 
healing process. As a result, inflammation is a necessary 
defense mechanism for health [1].
Inflammation can be acute or chronic and untreated acute 
inflammation can lead to the development of several 
chronic inflammatory diseases, including diabetes, heart

disease, cancer, stroke and obesity, which are among the 
world's leading causes of mortality [2].
Redness, swelling, heat, pain and loss of tissue function are 
inflammatory indications and symptoms in the tissues, 
which are caused by local immunological, vascular and 
inflammatory cell responses to infection or injury. The 
major microcirculatory events that occur during the 
inflammation include vascular permeability changes, 
leukocyte recruitment and accumulation and 
inflammatory mediator release [3-7].
Anti-inflammatory drugs are available in a wide range; 
they differ in the percent of their effect, side effects and 
contraindications with other drugs and diseases. The most 
effective anti-inflammatory drugs are statins, Non-
Steroidal Anti-Inflammatory Drugs (NSAIDs) and 
corticosteroids, which treat inflammation through 
different mechanisms [8-11].
There is still a need for discovering and developing safe 
and effective therapeutic alternatives. Many studies have 
been done on several plants to determine their anti-
inflammatory activity. Leucaena leucoceohala contains 
high content of flavonoids which are poly-phenolic
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compounds that have many pharmacological effects 
such as analgesic activity, antibacterial activity, 
antidiarrheal activity, anthelmintic activity, larvicidal 
activity, antidiabetic activity, anti-oxidative, anti-
inflammatory, anti-mutagenic and anti-carcinogenic 
properties. Also, they have a potent inhibitory effect 
on several enzymes, such as Xanthine Oxidase (XO), 
Cyclo-Oxygenase (COX), lipoxygenase and 
phosphoinositide 3-kinase [12-15].

Flavonoids that presence in Leucaena leucoceohala 
include apigenin, chrysin, luteolin, resveratrol, 
catechin, epigallocatechin, quercetin, quercitrin, 
kaempferol, myricetin kaempferol, rutin, tiliroside glc 
(6’’-O-p-coumaroyl) and Fisetin etc. that have anti-
inflammatory activity, they will inhibit the 
inflammation by a reduction in the levels of several 
cytokines including tumor necrotic factor-α, 
interleukin-6 and Interleukin-1β (IL-1β), 
Interleukin-10 (IL-10) and suppression of COX1 and 
COX-2, prostaglandins, reactive oxygen species, 
prostaglandins, histamine, leukotriene and 
platelets activated factors [16-18].

Figure 1: The expected molecular biological targets 
of flavonoids for the anti-inflammatory effect.

MATERIALS AND METHODS

Evaluation of the anti-inflammatory effect of
Leucaena leucocephala

Plant material collection and preparation: The plant 
was collected from one of the farms located in Al-
Diwaniyah city in the middle of Iraq in September 2021. 
The leaves were isolated, cleaned, dried for a week under 
the shade to be dried completely and ground to be ready 
for extraction.
Animal preparations: Albino rats (both sexes, male and 
female) were used in this study, brought from the animal 
house of the college of pharmacy/university of Baghdad/
Iraq. They acclimatized under a light (12 hours): Dark 
(12 hours) cycle for 1 week before starting experiments 
and at 25°C ± 2°C. The experimental work was made 
in accordance with the rules of laboratory animal care 
and the ethical rules for the use of experimental 
animals in research [24].
In this study thirty albino rats weighing (150-200) grams 
of both sexes were used and divided into five groups, 
each group containing 6 rats. The oral route of 
administration using gastric gavage was dependent and 
for consecutive seven days of supplementation.
• Group I: Negative control (no inflammation, no 

treatment).
• Group II: Positive control that treated with vehicle, 

distilled water. (Induction of inflammation, no
treatment).

• Group III: Induction of inflammation, treatment with
n-butanol extracted fraction of Leucaena leucocephala
(250 mg/kg orally).

• Group IV: Induction of inflammation, treatment with 
EA extracted fraction of Leucaena leucocephala (250
mg/kg orally).
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N-butanol and ethyl acetate fractions of Leucaena
leucocephala were proved to be rich with flavonoids
and stilbenes which are both poly-phenolic
compounds that exert their anti-inflammatory
activity by reducing the pro-inflammatory cytokines
like TNF-α and IL-6, this reduction was due to
inhibiting the expression of IL-6 and TNF-α via
suppressing nuclear factor kappa light chain
enhancer of activated B cell (NF)-κB signalling which
is a protein complex that plays a rule in DNA
transcription, cytokine production and cell
continuance. NF-kB translocate into the nucleus and
up regulates genes associated with inflammation
(IL-6 and TNF-α)[19,20].

Also, they increase the Siritin-1 (SIRT-1) expression 
which is an enzyme located in the cell nucleus and 
has a cellular regulatory job, decreases the NF-κB 
activation and decreases the messenger ribonucleic 
acid mRNA expression for IL6, TNF-α in the visceral 
adipose tissue [21]. In the same way, polyphenols 
inhibit the expression of COX-2 enzymes which are 
responsible for the metabolism of arachidonic acid 
to prostaglandin that is activated during 
inflammation and participates in swelling, pain and 
redness (Figure1) [22].



• Group V: Induction of inflammation, treatment with 
diclofenac sodium (10 mg/kg orally) [25].

Cotton pellet induced granuloma: The induction of
inflammation in albino rats was done by using cotton
pellets weighing (10 ± 1) mg for induced granuloma
formation. The cotton pellets were sterilized in the
autoclave at a temperature equal to 120°C and 15 Ib
pressure for 15 minutes. The rats were anesthetized
under diethyl ether anesthesia, two cotton pellets were
placed subcutaneously into the ventral region that is
previously shaved and sterilized, one pellet on each side
[26].
Animal scarifying and anti-inflammatory parameters
collection: On the eighth day, the animals were sacrificed
by cervical dislocation after being anesthetized by using
diethyl ether, the animal’s blood (from their hearts) was
collected in test tubes separated from each other and set
aside for 15 minutes at room temperature then
centrifuged for 15 minutes under 1500 round/min. The
separated serum was collected (1-1.5 ml) and kept in
labeled Eppendorf that were incubated in a fridge at
-21°C for ELISA quantitative analysis of TNFα and IL-6 as
pro-inflammatory cytokines [27,28].
Then the pellets were carefully removed from the
animals together with the granuloma tissues and made
free from extraneous tissues. The wet pellets were
weighed by a sensitive electrical balance for the
determination of wet weight and then dried at 60°C until
a constant weight was obtained when all the exudates
dried, after that the dried pellets were weighed again
[29,30].
The exudate amount was calculated by subtracting the
constant dry weight of the pellet from the immediate wet
weight of the pellet, while the granulation tissue
formation (dry weight of granuloma in mg.) was
calculated after subtracting the weight of the cotton
pellet (initial weight=11 mg) from the constant dry
weight of pellet and taken as a measure of granuloma
tissue formation. The percent inhibitions of exudate and
inhibition of granuloma tissue formation were calculated
according to the following equations:

ELISA analysis: Human reader HS ELISA apparatus was 
used for the detection of Tumor Necrotic Factor-Alpha 
(TNF-α) and Interleukin-6 (IL-6) levels by using rat TNF-
α and IL-6 ELISA kits from Shanghai YL Biotech Co., Ltd, 
China and Jiaxing Korean Biotech Co., Ltd.
Statistical analysis: All experiment data are expressed 
as mean ± SEM. Statistical analysis was carried out by 
using ANOVA followed by the tukey test. The values are 
significant at (p<0.05) (Figure 2).

Figure 2: Extraction process of Leucaena leucocephala 
and evaluation of its anti-inflammatory activity.

RESULTS AND DISCUSSION

A lot of previous studies are concerned with the 
evaluation of the anti-inflammatory activity of medicinal
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plants because it considered cheap and are believed to
possess minimal side effects [31].
Leucaena leucocephala didn’t evaluate globally for its
anti-inflammatory effect yet though some of its already
separated and identified secondary metabolites were
studied and proved to exert many pharmacological
activities like resveratrol, rutin, quercitrin, quercetin etc.
besides their effect on lowering the pro-inflammatory
cytokines like TNFα and IL-6 [32-37].
So, there was an interest to evaluate the biological effect
of Leucaena leucocephala as a novel anti-inflammatory
agent was the first motivation to start an in vivo study
using a rat population.
The ethyl acetate and n-butanol extracted fractions were
chosen to undergo this study since they contain a lot of
the poly-phenolic compounds (flavonoids, stilbenes and
phenolic acids) found in the plant which is naturally
bioactive compounds.

Effect of N-butanol and ethyl acetate fractions on the 
percent of exudate inhibition and percent of 
granuloma inhibition

The mean values of wet weight and dry weight of 
cotton pellets, percent of exudate inhibition and 
percent of granuloma inhibition were calculated, the 
calculations show an interesting result in which the 
greatest values of inhibition were recorded for the n-
butanol and ethyl acetate fraction of Leucaena 
leucocephala advanced over the NSAID drug 
diclofenac sodium that used as a reference for its 
anti-inflammatory effect (Table 1). Group III, group 
IV and group V show a significant difference in their 
anti-inflammatory effect regarding the control group 
(II) (Figures 3 and 4).

Groups N Mean exudate weight in 
mg Mean ± SD

Percent of exudate
inhibition %

Mean granuloma weight 
in mg Mean ± SEM

Percent of granuloma 
inhibition %

Group II (positive control) 6 119.5 ± 25.04 - 24 ± 10.93 -
Group III (treated with n-

butanol extract)
6 85.66 ± 9.54 28.31 18.16 ± 9.60 24.3

Group IV (treated with EA 
extract)

6 88.66 ± 20.50 25.8 19.83 ± 11.65 17.36

Group V (treated with 
diclofenac sodium)

6 95.5 ± 15.97 20.08 20.5 ± 14.09 14.58

Figure 3: Bar chart showing the mean for exudate and
granuloma weight in different groups in a cotton
pellet induced granuloma rat model. Group II
(positive control), group III (treated with n-butanol
extract), group IV (treated with EA extract), group V
(treated with diclofenac sodium).

Figure 4: Bar chart showing the percent of inhibition
for exudate and granuloma in different groups in a
cotton pellet induced granuloma rat model. Group III
(treated with n-butanol extract), group IV (treated
with EA extract), group V (treated with diclofenac
sodium).

Effect of N-butanol and ethyl acetate fractions on
Tumor Necrotic Factor (TNF-α) and Interleukin-6
(IL-6) levels in rat groups

By evaluating the data obtained from the inflammatory
markers TNF-α and IL-6, it showed that the N-butanol
and ethyl acetate fractions of Leucaena leucocephala
plant that administration to rats (group III, IV) resulted
in a significant decrease in the serum level of TNF-α and
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Table 1: Show the effect of Leucaena leucocephala extracts and diclofenac sodium on the exudate weight, 
granuloma weight, percent of exudate inhibition and percent of granuloma inhibition.



IL-6 compared to the positive control group (non-treated 
group, II) (Table 2). On the other hand, TNF-α mean values ± 
SD and IL-6 mean values ± SD of groups III and IV 
in comparison with the diclofenac treated group (group V) 

didn’t show a large significant difference in their levels, 
this led to the fact that the plant extracts have 
comparable anti-inflammatory activity to that 
of NSAID drug diclofenac sodium (Figures 5 and 6).

Group N Mean TNF-α level ± SD Mean IL-6 level ± SD

Group I (negative control) 6 167.59 ± 50.5 8.06 ± 0.78
Group II (positive control) 6 777.1 ± 167.06 21.37 ± 6.50

Group III (treated with n-butanol extract) 6 114.57 ± 9.39 6.94 ± 0.55
Group IV (treated with EA extract) 6 136.8 ± 37.3 7.48 ± 0.53

Group V (treated with diclofenac sodium) 6 148.185 ± 7.88 8.26 ± 1.91

Figure 5: Bar chart showing the Tumor Necrosis 
Factor (TNF-α) level in different groups in a cotton 
pellet induced granuloma rat model. Each value 
represents the mean ± Slandered Deviation (SD)
(N=6/group). Data were analysed by ANOVA followed 
by the Tukey test (p<0.05). Group I (negative 
control), group II (positive control), group III (treated 
with N-butanol extract), group IV (treated with EA 
extract) and group V (treated with diclofenac 
sodium).

Figure 6: Bar chart showing the Interleukin 6 (IL_6) 
level in different groups in a cotton pellet induced 
granuloma rat model. Each value represents the 
mean ± Slandered Deviation (SD) (N=6/group). Data 
were analysed by ANOVA followed by the Tukey test 
(p<0.05). Group I (negative control), group II 
(positive control), group III (treated with N-butanol 
extract), group IV (treated with EA extract) and group 
V (treated with diclofenac sodium).

So, Leucaena leucocephala proved its novel anti-
inflammatory effect by a significant decrease in the 
inflammation in albino rat models by reducing the 
percentage of exudate and granuloma. Furthermore, it 
is significantly decreasing the serum concentrations of 
TNF-α and IL-6.

CONCLUSION

N-butanol and ethyl acetate fractions were very valuable
due to their richness with many secondary metabolic
substances such as flavonoids, stilbene and phenolic acids
(rutin, resveratrol, quercetin, isorhamnetin, luteolin,
caffeic acid and coumaric acid) that were identified and
characterized to be found in plant n-butanol and ethyl
acetate fractions by using TLC and HPLC
chromatographic analysis.

A novel anti-inflammatory activity was proven by 
using the rich n-butanol and ethyl acetate fractions 
in a rat model in vivo study, the plant fractions were 
very potent and of strong activity in comparison 
to the positive control and NSAID diclofenac sodium.
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