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INTRODUCTION 

Inflammation is a vascular and cellular reaction of the 
body against invasion by the irritant. It is characterized 

by the cardinal signs of this inflammation, which are 
swelling, redness, pain, and other symptoms in reaction 
to an infection or injury (Hasan et al., 2014; Sharma 
and Jagdhane, 2023). It is regarded as the foundation of 
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pathology (Greten and Grivennikov, 2019). The beneficial 
host response eventually restores cellular homeostasis and 
tissue form and function (Furman et al., 2019). Without 
an inflammatory response, infections, wounds, and tissue 
damage cannot be repaired (Al-Awadi, 2014; Medzhitov, 
2021). Acute inflammation begins minutes after an injury 
(Radhi and Saliem, 2021), but it takes up to 3 days for 
the inflammatory response to fully manifest (Pérez and 
Rius-Pérez, 2022). When there is acute inflammation, 
the symptoms appear quickly (Swaliha  et al., 2022). The 
inflammation of chronic events is defined by fibroblast 
proliferation, connective tissue formation, collagen fibres, 
fibrosis, angiogenesis and mononuclear cell infiltration 
(Čoma et al., 2021). 

Although there are numerous medications available to 
treat a variety of inflammatory illnesses, their extended 
usage has substantial negative effects (Hasan, 2019; 
Bindu  et al.,  2020). Clove is an aromatic flower that is 
grown all over the world as a flavouring ingredient for 
medical uses and for use in perfumes (Batiha et al., 2020). 
According to a few reports, Syzygium aromaticum contains 
approximately 15-20% wt. of essential oil (EO). Clove 
essential oil (CEO) includes a high concentration of 
phenolic compounds, which have various biological effects, 
including antibacterial, anti-inflammatory, antioxidant, 
analgesic, anesthetic, and insecticidal action (Haro-
González et al., 2021). In traditional medicine, clove bud 
oil is a frequent treatment for wounds and burns infection 
(Batiha  et al., 2020). Hence, the current study aimed to 
evaluate the anti-inflammatory effects of clove (Syzygium 
aromaticum) oil extract against chronic inflammation in 
rats.

MATERIALS AND METHODS 

Preparation of clove oil 
Syzygium aromaticum (clove), the buds of the Syzygium 
aromaticum plant, were obtained from the Iraqi local market 
and treated with a 5% solution of sodium hypochlorite 
for sanitization purposes. Subsequently, the specimens 
were rinsed thrice with distilled water and set aside for 
desiccation. Clove oil was synthesized using petroleum 
ether, following the methodology outlined by (Ratri et al., 
2020). 

Gas chromatography–mass SPE/ometry (GC-
MS) 
The extract serving as the mother extract was analyzed using 
gas chromatography (GC) and mass spectrophotometry 
(MS) with the GC/MS Thermo Trace GC Ultra/TSQ 
Quantum GC GC-MS instrument. The analysis involved 
injecting 1 μL of the sample (0.1% in absolute methanol) 
and utilising scan mode and splitless technique. The 

phytochemical study used an Agilent HP- 5ms Ultra 
Ineit capillary column (30m × 0.25μm film thickness). The 
Ramp rates were (ramp 1 was 60 °C hold to 3 min, ramp 2 
was 60-180 °C hold to 7 min, ramp 3 was 180-280 °C hold 
to 8 min, ramp 4 was 280 °C hold to 3 min). The operation 
circumstances have been as follows: Helium as a carrier 
gas 99.99%, injector and detector temperatures were 250 
°C. The chemical elements of the clove bud extract were 
recognized by comparing the GCMS analysis findings and 
the reference retention time and spectral mass data of the 
NIST database (Yassin et al., 2020).

Determination of median lethal dose (LD50)
The LD50 of the extract was determined by administering 
it to 36 male rats weighing 200-250g that were six months 
old. The extract was administered intraperitoneally (i.p.), 
and the data was analysed using the Probit method. 
Probit analysis is mainly employed to study data obtained 
from bioassays, explicitly focusing on the response of 
organisms. The technique involves examining the impact 
of a stimulus’s dosage on the all-or-nothing response, 
known as the quantal response (Kumar et al., 2020). A 
standard quantal response experiment was conducted, 
where six groups of six rats each were administered varying 
doses of the extract (ranging from 1000 to 3500 mg/kg). 
The animals were monitored for any visible indications of 
poisoning. The percentage of deaths at each dosage level is 
measured within 24 hours. Subsequently, Probit Analysis 
was employed to analyses the data.

Anti-inflammatory activity of clove oil extract 
on cotton pellet granuloma in rats
Test animal 
We used eighteen mature male Wistar albino rats that 
weighed between 200 and 250 grams at six months of age. 
Rats were housed in plastic cages and acclimated for two 
weeks while being given regular rat pellets and tap water. 
The temperature in the cage was 20–25 oC, which was 
regularly changed by the ventilation suction. The cage’s 
light-dark cycle was 14–10, and it was cleaned once a 
week. Before commencing this study, ethical approval was 
obtained from the local committee of animal care and 
use at the College of Veterinary Medicine/University of 
Baghdad (IACUC#: P.G.-2145). 

Experimental design
The winter and porter approach was applied to the study 
of inflammation. Diethyl ether was employed as an 
anesthetic, and although the animals were fasting, they had 
unrestricted access to water. After shaving, 70% ethanol 
was used to sterilize the skin on the abdomen. A cut was 
made, and one autoclaved cotton pellet weighing 10 mg 
each was aseptically inserted subcutaneously in one side of 
the belly using blunt forceps (Kareem et al., 2022).
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After that, they were divided randomly into 3 groups, each 
group containing 6 rats. 

•	 Group 1 was kept as a positive control group without 
treatment

•	 Group 2 was receive clove oil extract orally, (10 mg/kg 
B.W.) daily for 8 days

•	 Groups 3 was receive orally Piroxicam (5mg/kg B.W) 
daily for 8 days.

On the ninth day, the rats underwent another round of 
anesthetized, during which the cotton pellet was surgically 
extracted, ensuring that it was separated from any further 
tissue. Subsequently, the pellets were carefully removed, 
and the weight of the wet cotton pellets was recorded. 
Then, the cotton pellets were dried in a 60°C oven for 12 
hours to obtain the weight of the dry cotton pellets. The 
average weight of the granuloma tissue formed around 
each pellet was measured, and the percentage of inhibition 
was calculated.
 
Percentage inhibition = Control - Treated/ Control X 100 
(Kareem et al., 2022).

Specimen preparation
Ketamine (90 mg/kg) and Xylazine (40 mg/kg) were used to 
anesthetize the animals (Husain et al., 2019) and the blood 
was drawn from the animals to evaluate the TNF level by 
using an ELISA kit. Tumor necrosis factor (TNF)-ɑ in 
granuloma tissue was examined using the Dako EnVision 
detection immunohistochemistry kit in accordance with 
the manufacturer’s instructions after the animals were 
killed. (Envision FLEX, Dako, K8000, Denmark).

Statistical analysis
The current study data was subjected to several statistical 
analysis tests using GraphPad Prism (GraphPad Software, 
San Diego, California USA, www.graphpad.com” Version 
8.0). A one-way ANOVA was conducted, followed by 
Dunnett’s multiple comparison tests, using a significance 
level of P < 0.05 to determine statistical differences. 

Table 1: List of abbreviations.
Abbrev Full name
TNF-α Tumor necrosis factor alpha
B.W Body weight
IL-10 Interleukin10
NSAIDs Non-steroidal anti-inflammatory medications
LD50 Lethal does 50
CEO Clove Essential oil
GC-MS Gas chromatography-mass spectrometry

RESULT AND DISCUTION 

Extraction of clove oil
Extraction of clove bud with petroleum ether revealed a 
bright yellow color extract with a typical clove oil smell and 
bud, and the percentage of the powder yield was 44%. This 
has been accomplished by the equation below (Mostafa et 
al., 2023).

Percentage yield of the extract = weight of extract 
(g) / weight of clove bud powder (g) × 100

22 (g) /50 (g)× 100 = 44%

The extraction procedure gave a bright yellow color oil 
with typical clove oil smell as show in Figure 1.

Figure 1: Clove oil extract.

Analysis of clove oil by (GC-MS)
The active ingredients in clove buds plant extract with 
petroleum ether have been listed in Table 2 and Figure 
2. Analysis of botanical sprouts revealed the presence of 
sixteen distinct elements, making up 100% of all known 
compounds. The major ingredient, eugenol, made up 
49.10% of the total compounds. Caryophyllene came in 
second with 15.22%, while phenols came in third with 
20.12%. Additionally, to different substances.

Figure 2: Phytochemicals analysis of S. aromaticum 
essential oil by GC-MS.

http://www.graphpad.com
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Table 2: Analysis of the phytochemicals in S. aromaticum 
essential oil.
Compounds Retention 

time
Area 
%

Eugenol 12.40 49.10
Caryophyllene 15.20 15.22
Phenol 14.35 20.12
Humulene 11.92 5.49
Trimethoxyacetophenone 12.85 3.83
Octadecanoic acid 21.27 3.01
1,2,-benzenedicarboxylic acid 27.118 2.12
Tetracycltridecan-9-Oi, 4.4-dimethyl-
Adamantane

16.572 1.95

n-Hexadecanoic acid 18.942 0.93
Gamma-Muurolene 12.995 0.66
Bis (2-ethylhexy) phthalate 2.431 0.66
Isoaromadendrene epoxide 15.438 0.65
Longifolene 15.060 0.62

LD50 determination of clove oil extract in rat
Table 3 demonstrates that clove oil’s median lethal dose 
(LD50) was 2225 mg/kg. The lack of aberrant symptoms 
in rats fed with up to 1500–2000 mg/kg clove oil and 
monitored for 96 hours is consistent with no change in food 
intake. Additionally, no fatalities were noted. These facts 
suggest that clove oil has a relatively low level of toxicity. 
Within 45 minutes of receiving orally with dosages of 
2500 mg/kg body weight, rats displayed ataxia, drowsiness, 
and reduced motor activity, as well as piloerection, tremor, 
ptosis, and 33.3% mortality. Additionally, after increasing 
the dosages, dose-dependent mortality was seen: 3500 mg/
kg of clove oil was 100% deadly Table 3.

Table 3: LD50 determination of clove oil extract in rat.
Number of rat (36)

Group No. Doses (mg/kg body weight) %Mortality
1 6 1500 0%
2 6 2000 0%
3 6 2500 33.3%
4 6 3000 83.3%
5 6 3500 100%
6 6 Control 0%

The impact of clove oil extract on cotton 
pellet induced granuloma on rats 
The effectiveness of the treatment against the proliferative 
stage of inflammation, which is characterized by tissue 
degradation and fibrosis, was evaluated using the widely 
used cotton pellet granuloma method in this experiment, 
The clinical signs was licking, scratching at painful 
site, Teeth chattering, vocalization, rapid respirations, 
Decreased food and/or water intake, Abnormal posture. 
a sizable of anti-proliferative effect was seen. The results 

obtained as percentage inhibition of granuloma formation 
are shown in Table 4 and Figure 3, the groups treated 
with clove oil extract and piroxicam daily for eight days. 
The percentage inhibitions of clove oil extract more than 
piroxicam (25.85% and 20.87%), respectively.

Table 4: Effect of clove oil extract on cotton pellet 
granuloma weight and percent of inhibition in rats.
Groups Wight of 

granuloma 
(mg)

% inhibition 
of granuloma 
formation 

Positive control 60.88±0.5A --
Treat with clove extract 
10 mg/kg.BW

45.14±0.7B 25.85B

Treat with piroxicam 5mg/Kg.BW 48.23±0.3B 20.87B
LSD value 7.88 *

N= 6, Means having with the different capital letters in same 
column and small letters in same row differed significantly, * 
(P≤0.05).

 
Figure 3: Show the Pus and granuloma after implanted 
Cotton Pellet A: Positive control, B: treated with clove oil 
extract 10 mg/kg, C: treated with piroxicam 5mg/kg.

Inflammatory marker 
Measurment of TNF-α level
TNF-α level in serum: TNF-α concentration (pg/ml) 
was show in Figure 4. In zero day there are no significant 
differences (P<0.05) among all groups, while animals 
treated with clove oil extract showed decrease TNF-α 
value more than piroxicam after nine day of treatment.

Figure 4: TNF-α concentration in serum (pg/ml) values 
after nine days on cotton pellet granuloma in rat treated 
with clove oil and piroxicam.
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B-TNF-α in tissue 
Skin show’s immunohistological part Granuloma in rats is 
induced by TNF-α levels in the tissue after nine days on 
subcutaneously injected cotton pellets, as shown in Figure 
5 and the immunohistology score of TNF-a expression 
was shown in Figure 6.

Figure 5: Photomicrograph in AandB: G1 (control 
positive group): Overexpression of TNF-α in fibroblasts 
(black arrow) and macrophages (yellow arrow) in dermis 
layer of affected area. Note, massive expression of TNF-
αcovered more than 75% of tissue area. Also, the affected 
dermis layer showed deposition of collagen fibers due to 
chronic inflammation. C and D: (G2) Weak of TNF-
αin fibroblasts (black arrow) and macrophages (yellow 
arrow) in dermis layer of affected area. Note, expression 
of TNF-α covered less than 20% of tissue area. EandF: 
(G3) Moderate expression of TNF-α in fibroblasts (black 
arrow) and macrophages (yellow arrow) in dermis layer of 
affected area. Note, expression of TNF-α covered more 
than 30% of tissue area. DAB and Hematoxylin. A,C,E: 
100x and B, D, F: 400x.

Measurement of IL-10 levels in serum 
Serum interleukin-10 concentration (pg/ml) is shown in 
Figure 7. On zero days, there are no significant differences 
(P<0.05) between all groups, while on day nine, after 
treatment with clove, showed more increased significance 
(p ˂ 0.05) than piroxicam. On the other hand, the positive 
control groups showed no improvement in the level of the 
anti-inflammatory cytokine (IL-10) in serum.

Figure 6: TNF-α score.

Figure 7: IL-10 concentration in serum (pg/ml) values 
after nine days on cotton pellet granuloma in rat treated 
with clove oil and piroxicam.

Extraction of clove oil 
Solvent extraction with different organic solvents 
(petroleum ether, dichloromethane, acetone, and ethanol) 
is the best method for extracting essential oils from plant 
components (Zuhair and Ibrahim, 2020) due to its lower 
energy consumption and higher extraction efficiency 
(Ali and Ibrahim, 2023). Oil can be well extracted with 
petroleum ether because it contains a wide variety of 
isomers, and it is easy to isolate it from the oil or extract. 
This result is roughly consistent with those of (Shafira et 
al., 2020), who discovered that when extracting clove bud 
powder using ethanol solvent, the extract yield was 40%. 
The high percentages of clove oil extracted by the solvent 
are primarily because essential oils are stored in the plant’s 
reservoirs, glands, conduits, or glandular hairs. As a result, 
the distillation vapour’s activity leads to the softening and 
disintegration of the oily glands’ walls, resulting in the 
release of oils and promoting a higher extraction yield, as 
evidenced by (Mahmoud and Croteau, 2002).

Analysis of clove oil by (GC-MS)
Petroleum ether extract, followed by caryophyllene and 
phenol. This is consistent with earlier research findings 
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(Pumnuan et al., 2021) that showed the same elements in 
clove oil. In the study conducted by (Al-Juburi and Al-
Sammarraae, 2023), the range of eugenol percentage was 
75.22%, and these differences may be connected to the 
influence of environmental conditions and harvesting 
as well as the ability to obtain high-quality clove oil 
with elevation rise. The floral smell is caused by benzyl 
benzoate and Farnese. While eugenol, caryophyllene, 
and -muurolene were associated with the presence of 
the spicy aroma. The chemical constituents of essential 
oils are strongly influenced by environmental conditions, 
geographic location, the harvest season, the location of 
drying, the temperature and the drying duration (El-Nour 
et al., 2018).

LD50 determination of clove oil extract in rat 
The oil exhibited no symptoms of toxicity when 
administered to rats. Although long-term toxicity was 
not investigated in this study, the widespread use of this 
substance in folk medicine can be attributed to the absence 
of acute harmful effects. With an estimated LD50 of 2225 
mg/kg, clove oil’s necessary dose to elicit therapeutic 
benefits is significantly lower than the toxic dose.

Effect of the clove oil extract on cotton 
pellet induced granuloma on rat
The purpose of the current investigation was to assess 
the anti-inflammatory activity of clove oil extracts on 
experimental rat granuloma tissue development and to 
demonstrate their efficacy in decreasing inflammation in 
chronic inflammatory models. Decreased in granuloma 
weight suggests that the proliferative phase has been 
successfully suppressed. The results were in agreement 
with (Singha et al., 2023), who found that clove may have 
an inhibitory impact on granulocyte infiltration and the 
production of inflammatory mediators that encourage 
cell proliferation and angiogenesis, which would explain 
their inhibitory effect on cotton pellet granuloma. As a 
sub-chronic and chronic inflammatory test paradigm for 
investigating anti-inflammatory drugs, the cotton pellet 
granuloma is frequently employed to assess the proliferative 
components of chronic inflammation. The dry weight of 
the pellets corresponds with the quantity of granulomatous 
tissue generated, whereas the wet weight of the pellets 
correlates with transude. The formation of proliferating 
cells, which might take the form of dissemination or 
granuloma, causes chronic inflammation. In response 
to immune mediation, granulomas develop when 
macrophages, lymphocytes, epitheloids, and giant cells 
generated from macrophages gather around inert foreign 
particles that have not been removed. The suppression 
of fibroblasts, neutrophil infiltration, and exudation are 
signs of anti-inflammatory drug effectiveness in chronic 
inflammatory conditions (Ibrahim et al., 2016; Zhao et 

al., 2021). Our results about piroxicam were similar to 
the results of (Al-Khedairy, 2012; Abdulhadi et al., 2013). 
They reported that Non-steroidal anti-inflammatory 
medications (NSAIDs), such as piroxicam, reduce the 
size of granulomas by preventing granulocyte infiltration, 
delaying the production of collagen fibers, and suppressing 
mucopolysaccharides.

Inflammatory marker 
Measurment of IL 10 level in serum and TNF-α Level 
in serum and tissue
The results of this study were in accordance with results 
obtained by (Abdul-Ghani and Naser, 2023), who observed 
that the subcutaneous implantation of a cotton pellet in 
rodents leads to the development of a granuloma at the 
implant site as a response to prolonged inflammation. In 
their study, Müller et al. (2021) observed that the early 
stages of the process involve the buildup of fluid and 
proteinaceous material, along with the infiltration of 
macrophages, neutrophils, and fibroblasts, as well as the 
proliferation of small blood vessels. These factors form a 
highly vascularized reddish mass known as granulation 
tissue. This phenomenon arises when the immune system 
endeavours to sequester foreign chemicals otherwise 
unable to eliminate. Macrophages are immune system cells 
that contribute to the synthesis of mediators (such as pro-
inflammatory cytokines and nitric oxide) that are critical 
to cellular and vascular processes during the establishment 
and advancement of an inflammatory response. Thus, 
investigations have shown that eugenol can alter 
macrophage activities and adversely regulate inflammation. 
Pro-inflammatory cytokine like TNF-α plays a critical role 
in inflammatory disease, that have important mechanisms 
include Investigations have demonstrated that eugenol 
can modify macrophage activities and negatively control 
inflammation. TNF-α, a pro-inflammatory cytokine, 
plays a crucial role in inflammatory diseases by activating 
macrophages, promoting cellular migration towards the 
site of inflammation, and facilitating leukocyte adherence. 
These processes are essential for the development and 
progression of inflammatory diseases. Tumour necrosis 
factor-alpha (TNF-α) is accountable for the first synthesis 
of chemokines, which serve to recruit mononuclear cells 
to the specific location of inflammation (Bakheet et al., 
2020; Robert and Miossec, 2021). The anti-inflammatory 
properties of eugenol are attributed to its ability to inhibit 
the production of nitric oxide, nuclear factor kappa B (NF-
κB), and caspase-1. These inhibitory effects result in the 
suppression of pro-IL-1β activation, leading to reduced 
production of IL-1α and TNF-α (Agarwal et al., 2019).

Interleukin 10 (IL-10) is a cytokine produced by Treg 
cells that is crucial in mitigating tissue damage resulting 
from inflammation (Li et al., 2023). It is mainly produced 
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by monocytes/macrophages. It exerts a significant anti-
inflammatory effect on T-lymphocyte and monocyte 
functions by inhibiting T-lymphocyte growth and 
reducing monocyte antigen presentation. The present 
investigation found that administering clove oil extract to 
infected rats led to a notable elevation in the levels of the 
anti-inflammatory cytokine IL-10 while simultaneously 
causing a reduction in the levels of the pro-inflammatory 
cytokine TNF-α. Based on these findings, we formulated 
the hypothesis that the use of clove oil extract therapy 
accelerates the transition from an inflammatory to an anti-
inflammatory response in the healing process. 

CONCLUSIONS AND 
RECOMMENDATIONS

Based on the data, the results of the current study 
concluded that Petroleum ether is the best organic 
solvent for extraction, producing a good yield percentage 
of clove active compound. Clove oil shows a strong anti-
inflammatory effect with no side effects. Clove oil reduced 
the concentration of TNF-α in serum and tissue while the 
concentration of IL10 was increased. Additional research 
is necessary to determine the extract’s mechanism of action 
and isolate and purify the active components responsible 
for its pharmacological and physiological actions.
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