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INTRODUCTION
Inflammation is the response of the human 
or animal body and the complex interactions 
between immune cells and mediator molecules1. 
This is a common problem in society as a result 
of lifestyle and health problems. Inflammation 
can play an important role in the pathogenesis of 
various types of acute and chronic diseases such 
as cardiovascular disease, neurodegenerative 
diseases, obesity, and type 2 diabetes mellitus. 
Pharmacotherapy for inflammatory conditions 
is still dominated by the use of non-steroidal 
anti-inflammatory drugs (NSAIDs). NSAIDs 
comprise a group of non-selective and selective 
NSAIDs. Non-selective NSAIDs work to inhibit 
the cyclooxygenase enzymes (COX-1 and COX-
2) which decrease prostaglandin production. The 
inhibitor group works by inhibiting the COX-2 
enzyme. NSAIDs are commonly used to relieve 
pain and inflammation caused by various types of 
arthritis and musculoskeletal disorders. Although 
effective in reducing pain and inflammation, 
NSAIDs cause side effects including serious 
gastrointestinal toxicities such as gastric ulcers 
and bleeding2. Some NSAIDs that work to inhibit 
COX-2 induce an increase in blood pressure, 

increasing the risk of blockages that lead to heart 
failure, clotting, and heart muscle death3.

Research that has linked alternative medicine to 
natural ingredients that can relieve the effects of 
inflammation is important, especially to reduce 
the unwanted side effects of anti-inflammatory 
drugs4,5. Trans-Cinamaldehyde, which is a major 
component of Cinnamomum spp essential oil, has 
been studied to modulate systemic inflammatory 
response syndrome (SIRS) by activating the potential 
mechanism of Ankyrin 1-dependent and transient 
receptor-independent (TRPA1)6. Other researchers 
stated that the essential oil from Cinnamomum 
zeylanicum bark significantly inhibited the 
production of several inflammatory biomarkers7. 
Cinnamomum burmannii (Nees & T. Nees) Blume 
is a native Indonesian species containing trans-
cinnamaldehyde8. The high trans-cinnamaldehyde 
levels in cinnamon are expected to have anti-
inflammatory effects. The inflammatory response 
induces increased permeability of the endothelial cell 
layer and entry of leukocytes into the interstitium and 
releases cytokines such as interleukins and tumor 
necrosis factor-α (TNF-α). It also stimulates the 
activity of several enzymes (oxygenase, nitric oxide 
synthase, peroxidase, etc.), as well as the metabolism 
of arachidonic acid9. The pharmacological effect of 
medicinal preparations with active ingredients of 
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plant origin such as the bark of C. burmannii is influenced by active 
compounds, namely secondary metabolites. Therefore we need a 
metabolite profile. This research was conducted using essential oil of 
C. burmannii stem bark from Lombok Timur, Nusa Tenggara Barat 
Province, which is one of the cinnamon-producing districts located on 
the eastern tip of the island of Lombok.

The profile of secondary metabolites in essential oils was carried out 
using Gas Chromatography-Mass Spectra (GC-MS) analysis because it 
is one of the main analysis platforms for metabolites with low polarity, 
volatility, high resolution, good reproducibility and metabolite 
standards10. Metabolite profile is a very complex data information 
describing almost all chemical characteristics in it. This research 
begins with the standardization and specification of essential oils and 
the analysis of the metabolite profile of C. burmannii bark oil (CBO). 
Furthermore, the anti-inflammatory test was carried out at three 
doses of CBO. The data obtained were used to calculate the IC50 and 
determine the dose. The anti-inflammatory test was carried out in vivo 
with the Paw test and histopathological observations (the number of 
inflammatory cells and TNF-α in the sole of the foot tissue). Therefore, 
analysis of metabolite profile and in vivo test of anti-inflammatory 
activity of CBO from Lombok Timur was carried out.

MATERIALS AND METHODS

Plant material
This research was conducted using essential oils from the bark of 
C. burmannii aged between 10 years and 12 years from Lombok 
Timur which were harvested on May, 2018 and dried in an open 
space protected from direct sunlight to LOD (Loos of drying) <12%. 
Identification was carried out by LIPI (Indonesian Institute of Sciences) 
Purwodadi Botanical Garden (No. 716/IPH.06/HM/V/2018) and has 
met the Indonesian Herbal Pharmacopoeia standard. 

Chemicals
Distilled water, NaCl, Na2SO4, trans-Cinnamaldehyde compounds 
≥ 98% (Merck), dichloromethane (Merck), Carrageenan (Merck), 
Ibuprofen, Ketamine, xylazine base 20 mg/ml brand Xyla, 0.9% sodium 
cloride Intravenous Infusion B.P. Otsu-NS brand, formaldehyde buffer, 
TNF-α monoclonal antibody E-AB-22159 Elabscience Biotechnology 
Inc.

Experimental animal
This study used male rat (Rattus novergicus) Wistar strain with the 
criteria of 3 months’ age, body weight of 180-220 g, and in a good 
health (clean hair, active movement, and clear eyes). Rats were 
obtained from the Pharmacology Laboratory, Faculty of Medicine, 
Universitas Airlangga. Certificate of Ethical Clearance was obtained 
from the Faculty of Veterinary Medicine, Universitas Airlangga No: 
2.KE.075.05.2019.

Essential oil distillation

Essential oil was obtained by water  and  steam distillation. As much 
as 3 kg of C. burmannii bark, ground into a mess 8 size. The powder 
was then distilled over a bath using 5 liters of water. The bath has been 
assembled with a condensor, ensuring that there is no leakage and 
circulating properly. Distillate was stored for up to 6 hours, counting 
from the first distillate drop and carried out 3 replications11. The 
essential oil was separated from the aqueous phase using a separating 
flask. Each liter of water phase was added 15 grams of NaCl. The oil 
phase was then separated. The essential oil collected then added with 
anhydrous Na2SO4.

Metabolite profiles of C. burmannii bark essential 
oil (CBO)
The metabolite profile of CBO was determined using GC-MS. The 
sample was diluted with methylene dichloride (10 mg/mL) and 1.0 µL 
was injected for analysis. Component identification was carried out by 
matching the mass spectra recorded with the mass spectrum standards 
from the National Institute of Standard and Technology Library 
(NIST05.LIB). GC-MS analysis conditions as seen on Table 1.

In vivo anti-inflammatory activity test
A total of 30 male rats Wistar were used throughout this study housed 
under conditions of optimum light, temperature and humidity (12 h 
light–dark cycle, 270C ± 20C, 65–75% humidity), with food and water 
provided ad libitum. Rats were divided into 5 groups; each group 
consist of 6 rats12. Each rat's left leg was given a permanent ink mark 
right on the lateral malleolus. Observation begins with all animals 
measured paw volume as volume t = 0. Group 1 as negative control 
treated with 1% CMC-Na solution, group 2 as positive control treated 
with ibuprofen at a dose of 27 mg/kg, Group 3, 4, and 5 treated with 
CBO at a dose of 30, 60 and 90 mg/kg BW in 1% CMC-Na1,2,13. After 30 
min of treatment, experimental animals were injected with carrageenan 
1%/100µl/paw (carrier 0.9% sterile NaCl) using a 26-gauge needle. 
Furthermore, measurements of paw swelling were carried out at 1, 
2, 3, 4, and 5 hours using a plethysmometer model 7141 UGO Basile 
S.R.I. Italy14,15. After measuring the volume of edema, the animals were 
sacrificed by injecting ketamine and xylazine. The left foot was cut and 
preserved in formaldehyde buffer liquid as material for HE and IHC 
preparations16.

Histological examination
Measurement of the number of inflammatory cells was conducted by 
HE technique. The paw tissues were separated and fixed in neutral 
buffered formalin, subsequently embedded in paraffin, sliced (3-5 
μm) and stained using hematoxylin and eosin for histopathological 
examination. This histopathological examination is intended to 

Condition GC-MS Explanation

Column Agilent column 19091S-433UI HP-5ms Ultra 
Inert-60°C-325°C (350°C)

Column dimention 30 m x 250 µm x 0.25 µm
Run time 30 min
Initial oven temperature 100°C
Hold time 2 min
 Post run 0°C 
 Program rate 5°C value 200°C
Hold time 8 min
Equilibration time 0.1 min
Max temperature 325°C
front injector syringe size 10 µl
injection volume 1 µl
front ss He in split mode
heater 300°C
pressure 10,523 psi
total flow 14 ml / min
split ratio 10 : 1
out MSD initial 100°C
pressure 10,523 psi
flow 1 ml / min
average velocity 37,293 cm / sec
hold time 1.3407 min

Table 1: GC-MS analysis condition of CBO.
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determine the number of inflammatory cells in the paw tissue by the 
researcher and two anatomical pathologists. Inflammatory cells count 
data were obtained by counting all the inflammatory cells found in five 
field of view at 400x magnification. All these examinations use a Nikon 
H600L light microscope equipped with a 300 megapixel DS Fi2 digital 
camera and the Nikkon Image System image processing software.

Examination of TNF-α expression by IHC 

The staining process was first carried out before examining TNF-α 
expression under a light microscope by researcher and two anatomical 
pathologists. The slides were washed with PBS pH 7.4 once for 5 
minutes then endogenous peroxide blocking was carried out using 
H2O2 3% twice for 5 minutes. Furthermore, slides were washed using 
PBS pH of 7.4 twice, for 5 minutes. The unspecified protein was 
blocked using 5% FBS containing 0.25% Triton X-100. Before and 
after the slides were incubated using anti-TNF-α, for 60 minutes, the 
slides were washed first using PBS pH 7.4 twice, for 5 minutes. After 
that, incubation was performed using biotinylated link (yellow) drops 
for 30 minutes. Washing using PBS pH 7.4 three times for 5 minutes. 
Furthermore, the slides were dripped with DAB (Diamino benzidine) 
chromogen, diluted 2% with DAB plus substrate and incubated for 6-10 
minutes, then washed using PBS pH 7.4 twice, for 5 minutes. The next 
step is washing using aquadest dipping for 5 minutes. Counterstaining 
using Mayer Hematoxilin and incubated for 10 minutes and washed 
using tap 2 to dry and dry before being mounted using a dummy and 
covered with a glass cover. This histopathological examination was 
intended to determine the expression of TNF-α in the healing areas 
of the paw tissue. The TNF-α expression in each sample was assessed 
semiquantitatively according to the modified Remmele method17, 
where the Remmele scale Index (Immuno Reactive Score/IRS) is the 
result of multiplying the percentage score of immunoreactive cells with 
the color intensity score on the immunoreactive cells (Table 2). The 
data for each sample is the average IRS value observed at five different 
fields of view at 1000x magnification. All of these examinations used 
Nikon H600L light microscope, equipped with a 300 megapixel DS 
Fi2 digital camera and the Nikkon Image System image processing 
software17. The IRS semiquantitative scale is the result of multiplying 
the positive cell percentage score (A) and the color reaction intensity 
score (B), IRS = (A x B).

Statistical analysis
Data are expressed as mean ± standard error of the mean (SEM). 
Statistical evaluation anti-inflammatory activity testing method was 
carried out by one-way analysis of variance (ANOVA). Statistical 
significance is expressed as P < 0.05. Data were analyzed using the 

independent-sample t-test from the software product SPSS 24.0. The 
data obtained was analyzed with the Shapiro-Wilk test to determine 
the normality of data and analyzed with the Levene test to determine 
the homogeneity of data. If the data is normally distributed and 
homogeneous, it is followed by ANOVA test with a confidence level 
of 95%. The Kruskal-Wallis test was used to analyze the Number of 
Inflammatory Cells and TNF-α Expression.

RESULTS

Essential oil distillation
The results of the distillation of C. burmannii bark powder are listed 
in Table 3.

Metabolite profiles of CBO
The composition of CBO is shown in Figure 1 and Table 4. The essential 
oil profile from C. burmannii bark contains more than 41 compounds. 
The main compound of CBO is trans-cinnamaldehyde, which is 
considered as the most dominant one. The other main components 
are Caryophyllene, Benzen propanal, Linalool, α-Muurolene, 
ɣ-Muurolene, α-Terpineol, Isoledene and Eugenol.

Analysis of inhibition of edema 
The carrageenan-induced inflammatory reaction develops in the form 
of edema with an increase the paw volume to 67% of baseline volume. 
The maximum volume of edema was observed in the negative control 
group at three hours after carrageenan injection. Inhibition of edema 
due to inflammation caused by carrageenan showed a decrease in the 
volume of edema in ibuprofen administration and CBO administration 
at a dose of 60 mg/kg BW and 90 mg/kg BW (Table 5). CBO at a dose 
of 60 mg/kg and 90 mg/kg showed anti-inflammatory activity at 1, 2, 3, 
4 and 5 hours after carrageenan induction.

The observations of inflammatory cells and TNF-α on HE 
and IHC preparations
The observation results showed a decrease in the number of 
inflammatory cells and TNF-α at a dose of 60 mg/kg and 90 mg/kg BW 
(Figures 2 and 3, Tables 6 and 7).

DISCUSSION
The yield of essential oil from the distillation of C. burmannii bark was 
0.7078 ± 0.0379%. Essential oil of CBO contains trans-Cinnamaldehide 
46.31% and a specific gravity of 1.0041. The carrageenan-induced 
paw edema model is a suitable test for evaluating anti-inflammatory 
drugs by assessing the percentage of drug inhibitory effect and has 

A B
Score 0 : No positive cells Score 0 : No color reaction
Score 1 : Positive cells less than 10% Score 1: Weak yellowish color intensity
Score 2 : Positive cells range from 11% - 50% Score 2: Medium color intensity (brown)
Score 3 : Positive cells range from 51% - 80% Score 3 : Strong color intensity (dark brown)
Score 4 : Positive cells more than 80%

Table 2: Semi-quantitative Immunoreactive Score (IRS) scale.

Rendement Organoleptic Specific gravity Refractive Index
Trans-
Cinnamaldehyde 
Content (%)

Essetial Oil 0.7078±0.0379
Clear yellow color, 
distinctive odor (smell 
like cinnamaldehyde)

1.0041±0.0011 1.5627±0.0041  45.715±0.841

Table 3: Specifications of CBO.
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No. Compound name % Relative
1 Eucalyptol 0.34
2 Linalool 4.19
3 Benzen propanal 5.05
4 Endoborneol 0.48
5 Terpinen-4-ol 0.56
6 α -Terpineol 1.48
7 trans-Cinnamaldehyde 46.31
8 Bornyl acetate 1.01
9 4-ethenyl-4-methyl-3-Cyclohexene 0.23

10 Eugenol 1.07
11 α - Ylangene 0.63
12 Copaene 2.24
13 Aromadendrene 0.39
14 Trans-α-Bergamotene 0.41
15 Caryophyllene 6.71
16 Cinnamyl ester Acetic Acid 1.43
17 Isopropyl-dimethyl Hexahydroazulene 0.26
18 Humulene 1.22
19 dimethyl Octahydrophthalene 0.81
20 epi-Bicyclosesquiphellandrene 0.23
21 ɣ-Muurolene 2.50
22 Isoledene 2.89
23 Aromadendrene 0.45
24 Δ-Selinene 1.10
25 α -Muurolene 3.42
26 ß-Bisabolene 0.99
27 hexahydro, 7-dimethyl-1-(metylethyl) Naphthalene 5.04
28 Epizonarene 0.35
29 Cubenene 0.63
30 isopropyl-6-Methyl-1-methylene-tetrahydrophthalene 1.41
31 Caryophyllenyl alcohol 0.88
32 Longifolene 0.23
33 Decahydro methyl-1-methylene-7-methylethyl-Naphthalene 0.34
34 Tetradecanal 0.76
35 2-acetyl 6 methoxy Naphthalene 0.46
36 7(11)-diene Selina-3 0.27
37 di-epi-1,10-Cubenol 0.46
38 T-Cadinol 0.99
39 Copaene 0.43
40 T-Muurulol 0.83
41 Cis- α -Copaene 0.28

Table 4: GC-MS analysis of the composition of CBO.

Group
Mean percentage of edema inhibition at (%)

0 1h 2h 3h 4h 5h
Negative Control 0 0 0 0 0 0
Ibuprofen
27 mg/kg 0 40.00±10.74 30.11±7.87 71.80±5.17 77.67±3.47 88.14±3.58

CBO 30 mg/kg 0 6.89±2.46 3.93±1.76 24.31±3.87 40.29±6.11 53.52±5.00
CBO 60 mg/kg 0 15.00±5.83 20.12±3.54 29.09±13.30 70.27±9.97 84.41±5.19
CBO 90 mg/kg 0 32.50±5.37 25.72±2.40 64.23±8.92 72.57±4.97 86.07±8.06

Table 5: Mean Percentage of paw edema inhibition in each group.

Group Amount of Inflammatory Cells / 5 Field of View
Negative control 713.00 ± 93.74

Ibuprofen 27 mg/kg BW 399.67 ± 187.73
CBO 30 mg/kg BW 461.67 ± 69.08
CBO 60 mg/kg BW 419.67 ± 173.30
CBO 90 mg/kg BW 170.67 ± 75.18

Table 6: The number of inflammatory cells.
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Figure 1: Secondary metabolite components of CBO from Lombok Timur using GC-MS.

  
Figure 2: Photomicrographs of the histopathological analysis of paw tissue from rats treated with CMC-Na/negative control (A); 
Ibuprofen/positive control (B); CBO 30 mg/kg (C), 60 mg/kg (D), 90 mg/kg (E), immunohistochemical staining, 400x magnification; 
Nikon H600L microscope; 300 megapixel DS Fi2 camera.
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been frequently used to assess the anti-inflammatory effect of natural 
products18. The induced inflammatory reaction of carrageenan 
develops in the form of edema with an increase in paw volume up 
to 67% of the initial volume. The maximum volume of edema was 
observed in the negative control group at three hours after carrageenan 
injection. There was inhibition of edema when administering CBO at 
doses of 30, 60, 90 mg / kg and ibuprofen (Table 5). At doses of 60 and 
90 mg / kg CBO showed anti-inflammatory activity occurred at 1, 2, 
3, 4, and 5 hours. The inflammation that occurred in this study was 
caused by carrageenan and needle wounds that intervened in the tissue. 
Exudation due to increased vascular permeability is a major cause of 
acute inflammation. Inflammation serves to avoid injury which in turn 
will damage cells and body tissues. Inflammation caused by foreign 
bodies occurs relatively quickly. The maximum swelling rate in the 
paw that was injected with carrageenan was reached about three hours 
after carrageenan administration. The maximum swelling volume 
decreased with CBO and ibuprofen. Inhibition of edema was seen from 
the first hour of administration of CBO at doses of 60 mg / kg and 90 
mg / kg BW.The results of the normality and homogeneity test of the 
percentage of edema inhibition data at 1 to 5 hours after carrageenan 
induction had a p value> 0.05. This shows that the standard residual 
value of the observed data is normally distributed. The percentage of 
inhibition of edema at 1 to 5 hours has a p value> 0.05 which indicates 
that the data is homogeneous. The results of statistical calculations of 
multiple comparisons one way ANOVA percentage of inhibition at 1 
to 5 hours with a dose of 30 mg / kg, 60 mg / kg and 90 mg / kg BW 

showed a significance value <0.05, meaning that there was a significant 
difference between a dose of 30 mg / kg with 60 mg / kg and 90 mg / kg 
BW. The results of IC50 calculations show that CBO is able to perform 
50% resistance to edema. The IC50 CBO value is 74.83 mg / kg BW.

Carrageenan is a chemical that is effective in releasing inflammatory 
and proinflammatory mediators (prostaglandins, leukotrienes, 
histamine, bradykinin, TNF-α, etc.)19. Tumor necrosis factor-α 
(TNF-α) is a pro-inflammatory cytokine involved in the formation 
and continuation of the process. inflammation20. TNF-α has many 
effects, including activation of inflammatory cells and induction of 
several inflammatory proteins. Inflammatory cell count and TNF-α 
were observed as indicators of inflammatory response in addition to 
observations of inhibition of edema.

The inflammatory response begins with the release of inflammatory 
cells, namely basophils, eosinophils, neutrophils, and some monocytes 
due to increased vascular permeability that occurs due to contraction 
and separation of endothelial cells. Analysis of inflammatory cells in 
HE preparations, namely the paw that were injected with carrageenan 
in the negative control group showed an accumulation of inflammatory 
cell infiltration (Figure 2). Tissue previously treated with CBO or 
ibuprofen had a decreased number of inflammatory cells compared to 
controls. The dose given also affects the improvement of inflammatory 
conditions, it appears that the essential oil dose of 60 mg / kg BW is 
better than 30 mg / kg BW.

  

  

   
Figure 3: Comparison of TNF-α expression between treatments: CMC-Na/negative control (A); Ibuprofen/positive control (B); CBO 30 mg/
kg (C), 60 mg/kg (D), 90 mg/kg (E), (Inlet: shows TNF-α expression represented by chromogenic brown color in the nucleus and cytoplasm 
of macrophage cells) (immunohistochemical staining, 400x magnification; Nikon H600L microscope; 300 megapixel DS Fi2 camera).

Groups Score
Negative control 10.7 ± 1.30

Ibuprofen 27 mg/kg BW 10.5 ± 0.58
CBO 30 mg/kg BW 11.6 ± 0.69
CBO 60 mg/kg BW 10.5 ± 1.03
CBO 90 mg/kg BW 9.2 ± 2.46

Table 7: TNF-α value calculation.
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The number of inflammatory cells observed in paw edema due to 
carrageenan intervention can show a difference between negative 
and positive controls, that is, less in positive controls. Likewise, 
when administering CBO at a dose of 60 mg / kg BW and 90 mg / 
kg BW, the number of inflammatory cells was relatively lower than 
the negative control. The amount of TNF-α showed a decrease in rats 
given CBO or ibuprofen. The data obtained from this study indicate 
that CBO can inhibit the increase in edema volume which indicates 
an inhibition of prostaglandin release. Local inflammation of the 
feet involves bradykinin, a prostaglandin that induces vasodilation 
and increases vascular permeability. Macrophages release cytokines 
(IL-1, IL-6, TNF-α) which cause local and systemic changes. IL-1 
and TNF-α trigger macrophages to produce cytokines that act as 
neutrophil inflows. IFN-γ and TNF-α activate macrophages to 
enhance phagocytosis. The histopathological features paw assessed 
by the appearance of IHC TNF-α staining can indicate the severity 
of inflammation. A decrease in the amount of TNF-α can be used as 
an indicator of decreasing the severity of inflammation1. The largest 
amount of TNF-α was in the negative control group. Improvements in 
the histopathological image of paw tissue preparations assessed based 
on the appearance of IHC TNF-α staining were found in the group 
that received ibuprofen as a positive control or the group that was 
given CBO. Trans-Cinnamaldehyde can suppress the production of 
proinflammatory cytokines21. The sequence of images for improvement 
in HE and IHC observations did not show the exact same sequence as 
the edema test but in general, CBO administration showed a decrease 
in the number of inflammatory cells and TNF-α. A decrease in edema 
volume, a decrease in the number of inflammatory cells and TNF-α 
can be data that can be used as an indicator that the administration 
of essential oils has an anti-inflammatory effect. Inhibition of TNF-α 
release may reduce the severity of inflammation22. Thus, the essential 
oil of C. burmannii bark has been shown to have an acute anti-
inflammatory effect in experimental animal rats.

CONCLUSION
The findings mentioned above suggest that increased use of essential oils 
from C. burmannii bark can reduce sides effect of inflammation on paw 
of rats. To our knowledge, this is the first report of C. burmannii bark 
oil regarding to the anti-inflammatory activity in rats. C. burmannii 
bark oil can contribute to decrease the number of inflammatory cells 
and TNF-α. A decrease in the volume of edema, a decrease in the 
number of inflammatory cells and TNF-α can be used as indicators that 
the administration of essential oils has an anti-inflammatory effect and 
provide therapeutic options that are beneficial for reducing an acute 
anti-inflammatory effect in rat as experimental animals.
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