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Objective(s): Inflammation is an immune response toward injuries. Although inflammation is healing
response, but in some condition it will lead to chronic disease such as rheumatoid arthritis,
inflammatory bowel disease, atherosclerosis, Alzheimer’s and various cancer. Indonesian cassia
(Cinnamomum burmannil C. Nees & T. Ness) known to contain coumarin, is widely used for alternative
medicine especially as an anti-inflammatory. This study was conducted to determine the anti-
inflammatory properties of coumarin and Indonesian cassia extract (ICE) in LPS-induced RAW264.7
cell line.

Materials and Methods: The cytotoxic assay of coumarin and ICE against RAW264.7 cells was
conducted using MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium). The anti-inflammatory potential was determined using LPS-induced RAW 267.4
macrophages cells to measure inhibitory activity of compound and ISEon production of nitric
oxide (NO), prostaglandin E2 (PGE2), and also cytokines such as interleukin-6 (IL-6), interleukin-13
(IL-1B) and TNF-o.

Results: Coumarin 10 uM and ICE 10 pg/ml were nontoxic to the RAW264.7 cells. Both of coumarin
and ICE were capable to reduce the PGE2, TNF-a, NO, IL-6, and IL-f level in LPS-induced RAW264.7
cells. Coumarin had higher activity to decrease PGE2 and TNF-a, whilst ICE had higher activity to
inhibit NO, IL-6, and IL-{ levels.

Conclusion: Coumarin and ICE possess anti-inflammatory properties through inhibition of PGE2 and
NO along with pro-inflammatory cytokines TNF-q, IL-6, IL-1f production.
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as TNF-a, IL-6, and NO (5). The suppression of
inflammatory mediator synthesis has been known to

Inflammation is a biological response to tissue
injury (1). Inflammation relates with various diseases
such as rheumatoid arthritis, inflammatory bowel
disease, atherosclerosis, Alzheimer’s, and has a role in
various cancer developments (2). In inflammation,
macrophage plays an important role by producing
reactive oxygen species (ROS), reactive nitrogen
species (RNS), cytokines such as interleukin-1f3 (IL-113),
IL-6, tumor necrosis factor-a (TNF-a), and infla-
mmatory mediator nitric oxide (NO) and prostaglandin
(PGE). Exposure of bacterial lipopolysaccharides (LPS)
has been found to increase the mRNA expression of
those inflammatory cytokines and mediators (3, 4).
LPS is a bacterial endotoxin which stimulates innate
immunity by regulating inflammatory mediator such

be one of the useful therapeutic strategy in the
treatment of inflammatory diseases.

Recently, utilization of compounds isolated from
herbal medicine for the treatment of inflammatory
diseases has been gaining interest. This is due to in
addition of their pleiotropic immunemodulatory
modulatory properties, they also had several other
properties such as able to scavenge free radicals,
non-toxic, and pharmacologically safe to use (4, 8, 9).

Indonesian cassia (Cinnamomum burmannil C. Nees
& T. Ness) is one of plants which possess medicinal
properties, for many years it has been widely used for
treating dyspepsia, gastritis, and inflammatory diseases
(10). Indonesian cassia extract (ICE) has several
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constituents including cinnamic aldehyde, cinamic
alcohol, cinnamic acid, coumarin, and carragean (6).
ICE has been shown to have many pharmacological
activities such as anti-inflammatory, antipyretic,
antimicrobial, antidiabetic and antitumor activity
(11, 12). Coumarin, one of major compounds in
C. burmannii, is the plant derivate which possess
anti-inflammatory and cancer chemo-preventive
properties (13). Coumarin can reduce tissue edema
and in inflammation it is an inhibitor of prosta-
glandin biosynthesis, which involves fatty acid
hydroperoxy intermediates. It is to be expected that
coumarin might affect the formation and scavenging
of ROS and influence processes involving free
radical-mediated injury (14). The aim of this study
was to analyze the anti-inflammatory activity of
coumarin and ICE on the in vitro production of
inflammatory mediators such as NO, PGE2 and
cytokines IL-6, IL-1f and TNF-a.

Extract preparation

Extraction was done based on the maceration
method, Indonesian cassia (C. burmannil C. Nees & T.
Ness) bark was collected from Lembang, Bandung,
West Java, Indonesia. The plants were identified by
herbarium staff, Department of Biology, School of
Life Science and Technology, Bandung Institute of
Technology, Bandung, West Java, Indonesia. The
dried skin of bark of Indonesian cassia (400 g) was
milled and immersed in distilled ethanol 70%. After
24 hr, the filtrates were collected and the residues
were immersed again in 70% distilled ethanol for 24
hr. These treatments were repeated until the filtrate
became colorless. The collected filtrates were
evaporated with a rotary evaporator at 40 °C. The
extracts were stored at -20 °C (15, 16). The coumarin
was used as standard and purchased from Chengdu
Biopurify Phytochemical Ltd (91-64-5).

Cell culture

RAW264.7 macrophages cell line (ATCC ® TIB-
71™) was obtained from Biomolecular and Biomedical
Research Center, Aretha Medika Utama. Bandung,
Indonesia. Cells were grown in Dulbecco’s Modified
Eagle Medium (DMEM, Biowest L0060) supplemented
with contain 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin (Biowest L0022-100), and then
incubated at 37 °C and 5% CO: until the cells were
confluent. The cells then washed and harvested using
trypsin-EDTA (Biowest, L0931-500) (17-19).

RAW264.7 cells viability assay

The RAW264.7 cells viability was measured by MTS (3-
(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay,
based on the conversion of yellow tetrazolium salt to
form a purple formazan product. MTS (Promega,

Madison, WI, USA) was used to determine the
cytotoxicity of coumarin and ICE toward RAW264.7
cells. Cells were seeded in 96 well-plates (5,000
cell/well) then incubated for 24 hr. After 24 hr, the
cells were supplemented with 90 ul fresh medium
along with 10 pl of ICE in various concentrations (10,
50, 100 pg/ml) and coumarin (10, 50 and 100 pM)
and then incubated at 37 °C with CO2 5% for 24 hr.
Untreated cells were served as a negative control.
After 24 hr of incubation, MTS was added into each
well at a ratio 1: 5. The plate was incubated at 37 °C
and CO2 5% for 3 hr. The absorbance was measured
at 490 nm (17-19).

Pro-inflammatory activation of RAW264.7 cells

The activation of inflammatory condition of the
macrophage cells was performed according to
Rusmana et al (2015), Dewi et al (2015), Widowati
et al (2016) and Zhu et al (2013). The cells were
plated in 6-well plate (5x105 cells/well), incubated
for 24 hr at 37 °C in a humidified atmosphere and
CO2 5%. The culture medium was discharged, then
the cells were supplemented with 1,600 pM fresh
medium along with 200 pl extract or coumarin
solution in several concentration based on the
viability assay. Around 1-2 hr following the addition
of extract or compound, 200 pl of LPS from
Escherichia coli [Sigma Aldrich, L2880] (1 pg/ml)
was added into each well and the plate was
incubated for 24 hr at 37 °C, humidified atmosphere,
5% CO2. The medium then was taken for the next
assay and centrifuged at 2000xg for 10 minute. The
supernatant was collected, stored at -79 °C for
quantification of IL-6, IL-1f3, TNF-a, NO, and PGE:
concentration (17-20).

IL-6 assay

IL-6 concentration was determined using kit
BioLegend 431301 (LEGEND MAX™ Mouse IL-6
ELISA Kit with Pre-coated Plates). The plate was
washed using wash buffer 300 pl four times, 50 pl
matrixes C was added into the standard well and 50
ul assay buffer was added into the sample well.
Briefly, 50 ul samples were introduced in sample
well and 50 ul standard solutions was added in a
standard well, the plate then incubated in orbital
shaker 200 ppm for 2 hr at room temperature.
Accordingly, 100 pul Mouse IL-6 detection antibody
was added and the plate was incubated again for 1 hr
in orbital shaker 200 ppm. The solution then
discharged and the plate was washed using 200 pl of
wash buffer for 4 times. A hundred microlitre of
Avidin HRP solution was added into each well, the
plate was kept at room temperature for 30 min in
orbital shaker 200 ppm. The plate was washed again
for 5 times and 100 pl of substrate solution F was
added followed by incubation for 10 min in the dark
room. Subsequently, 100 pl of stop solution was
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added and absorbance was read by using Multiskan
GO Microplate Reader at 450 nm (18-21).

PGE:z Assay

PGE2 concentration was measured using an RnD
System kit (KGE 004B). Calibration diluent was added
into the well, each 200 pl for blank, 150 pl for standard,
and 150 ul for sample wells. Subsequently, 50 pl of
primary antibody solution was added into each well
except blank well, then incubated at room temperature
for 1 hr in an orbital shaker. Approximately 50 pl of
PGE Conjugate was added into standard and sample
wells, then placed in an orbital shaker for 2 hr at room
temperature. Plates were washed using 400 pl wash
buffer four times, then 200 pl of substrate solution was
added into each well followed by incubation for 30 min
in dark room. Stop solution (100 pl) was added into
each well, then the absorbance was measured using
Multiskan GO Microplate Reader with wavelength at
450 nm (20).

IL-1f assay

The IL-1f concentration was determined according
to the manufacture’s instruction manual (Biolegend
ELISA kit, 432601). The plate was washed four times
with at least 300 pl of wash buffer then sealed,
incubated for 1 hr. In the standard well, 50 pl of matrix
C was added, whilst 50 pl of assay buffer sample was
added into the sample well. Subsequently, 50 pl of
standard solution and 50 pl of sample added into the
sample well. The mixture was washed four times after
incubated for 2 hr in orbital shaker. Following washing
procedure, 100 pl of detection antibody was added into
each well. The mixture was washed four times after
incubated for 1 hr in orbital shaker. Afterward, 100 pl
of Avidin-HRP solution was added into each well and
the plate was incubated at room temperature for 30
min on orbital shaker. The plate washed again five
times, then substrate solution F (100 pl) was added into
each well, incubated for 10 min in the dark condition.
The reaction was stopped by adding 100 ul stop
solution. The absorbance was read at 450 nm using
Multiskan GO Microplate Reader (18-20).

TNF-a assay

TNF-a levels in supernatant were determined by
ELISA technique according to the manufacture’s
instruction manual (Biolegend ELISA kit, 421701). A
hundred microlitre of capture antibody solution
added to each well in 96-well plate and incubated at

4 °C overnight. The plate was washed four times
using 300 pl of wash buffer, then incubated for one
hour in shaker. Around 50 ul of matrix C and 50 pl of
assay buffer was added into each standard and
sample well, respectively. Plates were shaken at
room temperature and then washed for 4 times.
Afterward, 100 pl of the detection antibody solution
was added into each well, incubated at room
temperature for 1 hr on the orbital shaker. The plate
then was washed four times. Subsequently, 100 pl of
diluted Avidin-HRP solution was added into each well,
incubated at room temperature for 30 min in orbital
shaker. The plate was washed again 5 times, then
added with 100 pl of substrate solution, incubated for
10 min in the dark room. The reaction was stopped by
adding 100 pl of stop solution briefly, and the
absorbance was measured by Multiskan GO Microplate
Reader at 450 nm (18, 20, 21).

NO assay

The nitrite associated with NO production was
determined using Abnova Kit (No cat. KA 1342)
protocol. Briefly, 200 ul of assay buffer, 100 ul of
standard solution, and 100 pl of sample was added
into the blank, standard, and sample well,
respectively. Around 50 pl of R1 and 50 pl of R2 then
added into each well except for the blank well. The
plate then incubated for 10 min at the room
temperature, and absorbance was read at 540 nm
using Multiskan GO Microplate Reader (18-20).

Viability assay

Cell viability was measured by MTS assay based on
the conversion of yellow tetrazolium salt to form a
purple formazan product. Table 1 and 2 showed that
the viability of RAW264.7 cells were over 90% in all
treatments compared to the control (RAW264.7 cells
without treatment), indicated that the coumarin and
ICE in the concentration used were nontoxic to the cells
and can be applied for the next assay. Both coumarin
(10 uM) and ICE (10 pg/ml) showed the highest cell
viability.

IL-6 assay

Based on Table 3, it can be seen that both ICE and
coumarin in concentration of 10 and 50 pg/ml, uM
were able to inhibit IL-6 production in LPS-induced
RAW264.7 cells. The LPS induction was successfully

Table 1. Mean, standard deviation and Duncan post-hoc test of the absorbance of RAW264.7 cells

Samples Absorbance
Concentration (10 pg/ml or pM) Concentration (50 pg/ml or uM) Concentration (100 pg/ml or pM)
Control 0.7551+0.0252
ICE (pg/ml) 0.7108+0.0071a 0.6996+0.0710 0.7039+0.01852
Coumarin (M) 0.7849+0.0149~ 0.7290+0.0194> 0.6912+0.0028¢

Data are presented as meanzstandard deviation. Different superscript letters (<) in the same row are significant differences among the
means of groups (concentrations of ICE for the second row and concentrations of coumarin for the third row) based on Duncan post-hoc

test (P-value < 0.05); ICE: Indonesian cassia extract
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Table 2. Mean, standard deviation and Duncan post-hoc test the viability of RAW264.7 cells over control (the research was done in triplicate)

Samples Cell viablity (%)
Concentration Concentration Concentration
(10 ug/mlor uM) (50 pg/ml or uM) (100 pg/ml or pM)
Control 100+3.33
ICE (pg/ml) 94.14+0.932 92.66+9.402 93.22+2.452
Coumarin (uM) 103.95+1.082 96.55+2.57> 91.54+0.36¢

Data are presented as meantstandard deviation. Different superscript letters (2<) in the same row are significant differences among the
means of groups (concentrations of ICE for the second row and concentrations of coumarin for the third row) based on Duncan post-hoc
test (P-value < 0.05); ICE: Indonesian cassia extract

Table 3. Mean, standard deviation and Duncan post-hoc test of interleukin-6 (level, inhibition over positive control, inhibition over negative control)

Samples IL-6 detection
IL-6 level IL-6 inhibition activity over positive IL-6 inhibition activity over negative
(pg/ml) control (%) control (%)

Negative control 191.33+13.252 60.58+2.73d 0.00+6.934

Positive control 485.42+ 11.564 0.00£2.382 -153.71£6.042

ICE 50 pg/ml 191.00+ 20.88= 60.65+4.304 0.17+10.914

ICE 10 pg/ml 190.58+ 15.002 60.74+3.094 0.39+7.844

Coumarin 50 uM 241.75+ 11.66" 50.20£2.40¢ -26.35+6.09¢

Coumarin 10 pM 294.67+ 18.07¢ 39.30+3.71P -54.01+9.44>

*Data are presented as mean * standard deviation. Inhibitory activity over positive control was measured based on comparison between treatment
and positive control (positive control-treatment/positive control*100%), whilst inhibitory activity over negative control was measured based on
comparison between treatment and negative control (negative control-treatment/negative control*100%). Different superscript letters (¢9) in the
same coloumn of IL-6 level, 4 of IL-6 inhibition activity over positive control, >4 IL-6 inhibition activity over negative control are significant
differences among treatments based on Duncan pos-hoc test with (P-value < 0.05); ICE: Indonesian cassia extract

increase the IL-6 concentration, showed by
significantly high IL-6 level in positive control (LPS-
induced RAW264.7 cells without treatment)
compared to the negative control (normal RAW264.7
cells without LPS induction). The ICE treatment
showed higher IL-6 inhibition activity compared to
the coumarin, and the IL-6 level was not different
significantly with the negative control, demonstrated
its remarkable IL-6 inhibition properties.

PGE: assay

Quantification of PGE: revealed that ICE and
coumarin had inhibition effect toward production of
PGE: in LPS-induced RAW264.7 cells in concentration-
dependent manner (Table 4). Among the treatments,
coumarin 50 pM had the highest PGE2 inhibition
activity whilst ICE 10 pg/ml showed the lowest activity.
Coumarin in both concentration used (10, 50 uM) had
significantly lower PGE2 concentration compared to the

Table 4. Mean, standard deviation and Duncan post-hoc test of Prostglandin E2 (level, inhibition over positive control, inhibition over negative control)

Samples PGE-: detection
PGE:level PGE: inhibition activity over PGE: inhibition activity over negative
(pg/ml) positive control (%) control (%)
Negative control 1,905.33+44.76¢ 39.01+1.43¢ 0.00+2.35d
Positive control 3,124.00+£70.02f 0.00+2.242 -63.96+3.672
ICE 50 pg/ml 2,347.17+£50.444 24.87+1.61c -23.19+2.65¢
ICE 10 pg/ml 2,773.50+46.87¢ 11.22+1.500 -45.57+2.46b
Coumarin 50 uM 1,648.67+£26.042 47.23+£0.83¢ 13.47+1.37f
Coumarin 10 pM 1,846.17+21.200 40.90+0.684 3.11+1.11e

*Data are presented as mean * standard deviation. Inhibitory activity over positive control was measured based on comparison between treatment
and positive control (positive control-treatment/positive control*100%), whilst inhibitory activity over negative control was measured based on
comparison between treatment and negative control (negative control-treatment/negative control*100%). Different superscript letters (2f) in the
same coloumn of PGE2 level, >¢ of PGE2 inhibition activity over positive control, > of PGE2 inhibition activity over negative control are significant
differences among treatments based on Duncan pos-hoc test with (P-value<0.05); ICE: Indonesian cassia extract

Table 5. Mean, standard deviation and Duncan post-hoc test of interleukin-1 (level, inhibition over postive contro], inhibition over negative control)

Samples IL-18 detection
IL-1 level IL-1 inhibition activity over IL-18 inhibition activity over negative
(pg/ml) positive control (%) control (%)
Negative control 794.68+ 5.322 36.20+ 0.43¢ 0.00+ 0.67¢
Positive control 1245.67+ 3.52¢ 0.00+ 0.28# -56.75+ 0.442
ICE 50 pg/ml 869.17+ 7.45b 30.22+ 0.60d -9.37+0.944
ICE 10 pg/ml 970.59+ 3.22¢ 22,08+ 0.26¢ -22.14+0.40¢
Coumarine 50 uM 1172.48+ 48.724 5.88+3.91b -47.54+ 6.13b
Coumarine 10 uM 1239.02+ 1.04¢ 0.53+0.082 -55.91+0.132

*Data are presented as mean * standard deviation. Inhibitory activity over positive control was measured based on comparison between treatment
and positive control (positive control-treatment/positive control*100%), whilst inhibitory activity over negative control was measured based on
comparison between treatment and negative control (negative control-treatment/negative control*100%). Different superscript letters (¢) in the
same coloumn of IL-1f level, =< of IL-1f inhibition activity over positive control, #¢ of IL-1f inhibition activity over negative control are significant
differences among treatments based on Duncan pos-hoc test with (P-value<0.05); ICE: Indonesian cassia extract
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Table 6. Mean, standard deviation and Duncan post-hoc test of tumor necrosis factor-a (level, inhibition over postive control, inhibition
over negative control)

TNF-a detection
TNF-a inhibition activity over
positive control (%)

Samples

TNF-a level (pg/ml) TNF-a inhibition activity over

negative control (%)

Negative control 238.07+3.642 46.88+ 0.81f 0.00£1.53¢

Positive control 448.13+20.08f 0.00+ 4.482 -88.24+8.44~
ICE 50 pg/ml 303.17+7.55¢ 32.35+ 1.694 -27.34+3.174
ICE 10 pg/ml 368.39+15.41¢ 17.79+ 3.44b> -54.74+6.47°
Coumarine 50 pM 260.43+5.340 41.88+1.19¢ -9.39+2.244
Coumarine 10 pM 321.47+8.814 28.26x 1.97¢ -35.03+3.70¢

*Data are presented as mean * standard deviation. Inhibitory activity over positive control was measured based on comparison between
treatment and positive control (positive control-treatment/positive control*100%), whilst inhibitory activity over negative control was
measured based on comparison between treatment and negative control (negative control-treatment/negative control*100%). Different
superscript letters (f) in the same coloumn of TNF-« level, af of TNF-a inhibition activity over positive control, 4 of TNF-a inhibition
activity over negative control are significant differences among treatments based on Duncan pos-hoc test with (P-value<0.05); ICE:
Indonesian cassia extract

Table 7. Mean, standard deviation and Duncan post-hoc test of nitrite oxide (level, inhibition over postive control, inhibition over negative control)
NO detection

Samples

NO level NO inhibition activity over NO inhibition activity over
(M /ml) positive control (%) negative control (%)
Negative control 5.27+0.042 85.27+0.10f -0.07+0.69f
Positive control 35.79+0.25f 0.01+0.712 -578.94+4.84~
ICE 50 pg/ml 17.04+0.09° 52.39+0.25¢ -223.30£1.70¢
ICE 10 pg/ml 21.63£0.13¢ 39.55+0.374 -310.45+2.484
Coumarine 50 pM 22.24+0.164 37.85+0.46¢ -322.00+3.12¢
Coumarine 10 yM 31.73£0.35¢ 11.33+0.98° -502.07£6.65P

*Data are presented as mean * standard deviation. Inhibitory activity over positive control was measured based on comparison between treatment
and positive control (positive control-treatment/positive control*100%), whilst inhibitory activity over negative control was measured based on
comparison between treatment and negative control (negative control-treatment/negative control*100%). Different superscript letters @9 in the
same coloumn of NO level, f of NO inhibition activity over positive control, »f of NO inhibition activity over negative control are significant

differences among treatments based on Duncan pos-hoc test with (P-value<0.05); ICE: Indonesian cassia extract

ICE (10, 50 pg/ml), and even lower than the negative
control. This suggested that coumarin had great
abilities to inhibit PGE2 production in inflammation
condition.

IL-1f assay

Measurement of IL-1f levels of ICE 10, 50 pg/ml
and coumarin 10, 50 pM treatments revealed that the
ICE treatments were succeeded in lowering IL-1f3 levels
compared to the positive control. The coumarin
treatments, however, failed to reduce the IL-1( levels,
showed by low IL-1f inhibition activity over positive
control (Table 5). Based on these results, it suggested
that coumarin was not effective in inhibiting the
production of pro-inflammatory cytokines IL-1f in LPS-
induced RAW264.7 cells.

TNF-a assay

The examination of ICE and coumarin effect toward
production of TNF-a revealed that both treatments
were able to dose-dependently reduce TNF-a
concentration in LPS-induced RAW264.7 cells, shown
by TNF-a inhibition activity over positive control values
in Table 6. The LPS induction was succeed in increasing
TNF-a levels, as seen in the Table 6 the positive control
(cell with LPS induction) had significantly higher TNF-a
concentration than negative control (cell without LPS
induction). In terms of inhibitory activity against TNF-a
production, coumarin had significantly higher
inhibition activity compared to ICE.

Iran J Basic Med Sci, Vol. 20, No. 1, Jan 2017

NO assay

The quantification of NO levels suggested that ICE
in concentration of 10, 50 pg/ml and coumarin 10, 50
UM were also able to inhibit the production of NO
(Table 7). These were proved by decreasing levels of
NO in LPS-induced cells treated with either ICE or
coumarin compared to the positive control, which is
untreated LPS-induced cells. The inhibition activity was
found to be dose-dependent, and it can be clearly seen
that coumarin had lower NO inhibition activity over
positive control compared to ICE treatments. The
negative control had the lowest NO level and the
positive control had the highest NO level, indicating that
LPS succeed to significantly increase NO concentration
in RAW264.7 cells.

Several studies have been demonstrated that
various compounds from plants possess rich
pharmacological properties that play beneficial roles
in many different diseases, including inflammation-
related diseases (23). Inflammation is a dynamic
process involving proinflammatory cytokines, and it
acts as important biological response toward injury
(24-25). In this study, we examined the anti-
inflammatory properties of ICE and coumarin using
RAW264.7 murine macrophage cell line which has
been widely used as an inflammatory model in vitro
(17-19, 25). Coumarin (2H-1-benzopyran-2-one) is a
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component of natural compounds which exhibit a
variety of therapeutic activities such as antiinfla-
mmation, anticoagulant, antibacterial, antifungal,
anticancer, antihypertensive, antiadipogenic antihyper-
glycemic and neuroprotective. Coumarin found in the oil
of Cinnamon rod (cinnamon bark oil), cassia oil and
lavender oil, Indonesian cassia. C. burmannil has anti-
inflammatory activity and safe for consumption in the
long term (26).

Based on this study, coumarin and ICE may have
potential to be used as anti-inflammatory agent to
prevent chronic disease related to inflammation and
did not possess toxicity effect toward RAW264.7
murine macrophage cell line shown in the viability
assay. These results were supported by Arora et al
study (27), which reported that coumarin derivatives
had anti-inflammatory and antioxidant activity without
side effect on gastric mucosa, furthermore it did not
induce oxidative stress in tissues and sufficiently
bioavailable.

Cytokines and mediator are produced by
macrophage during the inflammatory process (20). IL-6
has a wide range effect on cells of the immune system
and its potent ability to induce the response due to
acute inflammation (28). IL-6 takes a part in
hematopoiesis, immune response regulation, and
inflammation. It has been reported that there was an
increase of IL-6 level in the rheumatoid arthritis,
psoriasis, and encephalomyelitis individuals (29),
therefore inhibition of IL-6 synthesis would be  useful
for autoimmune disease and inflammation treatment.
In the inflammation, IL-1f3 induces fever and secretion
of IL-6 and IL-8 which are play a role as pro-
inflammatory cytokines (24, 30). Moreover, IL-1f is
important for the initiation and increase of the
inflammatory response to microbial infection (31). In
this study, coumarin and ICE could inhibit IL-6 and IL-
1B production in RAW264.7 cell lines which suggest
they have anti-inflammatory effect through down
regulation of those pro-inflammatory cytokines.
Previous study showed that the better anti-
inflammatory activities of coumarin isolated from
Glycirrhizae radix that decrease mRNA expression of
pro-inflammatory cytokines IL-1f by 53.9% at 50 uM,
IL-6 by 24.43% at 5 uM and 24.32% at 50 pM, and NO
inhibition by 87.1% at 50 pM, in LPS-stimulated RAW
2674 cells (32). Also, the newly isolated coumarin
derivative  (8-methoxy-chromen-2-one/MCO) from
Ruta graveolens (Rue) plant in the collagen-induced
arthritic (CIA) rat model showed inhibition of cytokines
and NF-kB in LPS-stimulated ]774 cells (33).

The result of present study showed decrease of
IL-6 and IL-B by ICE was higher than coumarin, that
indicates other compounds content in plants to play its
role in anti-inflammatory activities. Referring to
previous phytochemical analysis on seven plants of
the Cinnamomum species including C. burmannii, it
showed four chemical constituents; cinnamaldehyde,

cinnamic acid, cinnamyl alcohol, and coumarin, using
RP-HPLC (34). These compounds are suggested to
work synergistically in anti-inflammatory activities.

Nitric oxide (NO) and PGE: play critical roles in the
aggravation of chronic inflammatory diseases, such as
hepatic dysfunction and pulmonary disease. NO play an
important role in a variety of physiological and
pathological processes including inflammatory
reaction, thus NO has a potential theurapeutic
implication inhibition in inflammation (35). Recently, in
vitro and in vivo studies have indicated an existing cross
talk between the release of NO and prostaglandins
(PGs) in the modulation of molecular mechanisms that
regulate PGs generating pathway (36). Scientific papers
observed that while the production of both NO and
PGE2 was blocked by the NOS inhibitors in mouse
macrophages RAW264.7 cells, these inhibitory effects
were reversed by co-incubation with the precursor of
NO synthesis, L-Arginine. Furthermore, inhibition of
iNOS activity by nonselective NOS inhibitors attenuated
the release of NO and PGs simultaneously in LPS
activated macrophages (37). Our present study showed
that coumarin and ICE could decrease PGEz and NO
level, which indicate that they have potential as anti-
inflammatory. The result of present study showed
stronger activity than other study of C. cassia that
exhibited PGE2 inhibition in LPS-stimulated RAW 264.7
cell (IC50=37.67+0.58 uM) (38). Coumarin also reported
could reduce tissue edema and inflammation, by
inhibited prostaglandin biosynthesis which involve
fatty acid hydroperoxy intermediates (24). Coumarin of
Angelicae dahuricae (CAD) could significantly lower
PGE2 levels in the inflammatory tissues, and its
mechanism may be related to its inhibition of COX-2
expression which can cause the reduction of
PGE2 biosynthesis (39).

The other cytokine which play significant role in
inflammation is TNF-a. TNF-a is an important cytokine
that involved in inflammatory response by activating
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-xB), cytokine, and adhesion molecule inducer
(18, 40-42). TNF-a inhibitory activity measurement is
important in anti-inflammatory potential agent screening
since this cytokine is an important mediator of
inflammation (43). This research showed that coumarin
and ICE also can inhibit pro-inflammatory cytokines of
TNF-a, although it was not comparable to negative control.
However, the result of the present study showed more
activies than previous study, coumarin isolated from
Glycirrhizae radix increased TNF-a mRNA expression
instead (32).

Coumarin and Indonesian cassia extract (ICE) possess
anti-inflammatory activity showed by significantly
decrease in production of pro-inflammatory mediators NO
and PGE: level, also pro-inflammatory cytokines IL-6, IL-
1B and TNF-a level in activated RAW264.7 macrophages.

Iran J Basic Med Sci, Vol. 20, No. 1, Jan 2017



Anti-inflammatory of Indonesian cassia IJ M S

Dwi Sandhiutami et al

We gratefully acknowledge the financial support of
the Directorate General of Higher Education, National
Ministry of Republic Indonesia for research grant of
Hibah Bersaing 2014. This study was succesfully done
by the facilities support of Biomolecular and Biomedical
Research Center, Aretha Medika Utama and valuable
assistance by Merry Afni, Ervi Afifah, Hanna Sari W.
Kusuma, Dwi Davidson Rihibiha, Hayatun Nufus from
Biomolecular and Biomedical Research Center, Aretha
Medika Utama, Bandung, West Java, Indonesia.

All contributing authors declare no conflicts of
interest.

1. Huang SS, Chiu CS, Chen HJ, Hou WC, Sheu M], Lin
YC, et al. Antinociceptive activities and the
mechanisms of anti-inflammation of asiatic acid in
mice. ] Evid Based Complementary Altern Med
2011;2011:1-10.

2. Fang SC, Hsu CL, Yen GC. Anti-inflammatory
effects of phenolic compounds isolated from the
fruits of Artocarpus heterophyllus. ] Agr Food Chem
2008; 56:4463-4468.

3. Kim KM, Kwon YG, Chung HT, Yun YG, Pae HO,
Han JA, et al. Methanol extract of Cordyceps pruinosa
inhibits in vitro and in vivo inflammatory mediators
by suppressing NF-kappaB activation. Toxicol Appl
Pharmacol 2003;190:1-8.

4. Kim AR, Cho ]Y, Zou Y, Choi ]S, Chung HY.
Flavonoids differentially modulate nitricoxide
production pathways in lipopolysaccharide-activated
RAW264.7 cells. Arch Pharm Res 2005; 28:297-304.
5. Chang HY, Sheu M], Yang CH, Lu TC, Chang YS,
Peng WH, et al. Analgesic effects and the mechanisms
of anti-inflammation of hispolon in mice. ] Evid Based
Complementary Altern Med 2011;2011:1-8.

6. Depress JP, Moorjani S, Tremblay A, Ferland M,
Lupien PJ, Nadeau A, et al. Relation of high plasma
triglyceride level associated with obesity and
regional adipose tissue distribution to plasma
lipoprotein-lipid composition in premenopausal
women. Clin Invest Med 1989;12;6:374-380.

7. Tohda C, Nakayama N, Hatanaka F, Komatsu K.
Comparison of anti-inflammatory activities of six
Curcuma rhizomes: a possible curcuminoid-
independent pathway mediated by Curcuma
phaeocaulis extract. ] Evid Based Complementary
Altern Med 2006;3;2:255-260.

8. Yoon S, Lee Y, Park SK, Kim H, Bae H, Kim HM et
al. Anti-inflammatory effects of Scutellariabaicalensis
water  extract on  LPS-activated RAW264.7
macrophages. ] Ethnopharmacol 2009;125:286-290.
9. Krenn L, Paper DH. Inhibition of angiogenesis and
inflammation by an extract of red clover (Trifolium
pretense L.). Phytomed 2009;16:1083-1088.

10. Rita C, Andrade LN, Dos RBOR, de Sousa DP. A
review on  anti-inflammatory  activity = of
phenylpropanoids founds in esssential oils. Mol
2014;19:459-480.

Iran J Basic Med Sci, Vol. 20, No. 1, Jan 2017

11. Sung YY, Yoon T, Yang ]Y, Park §], Jeong GH, Kim
HK. Inhibitory effects of Cinnamomum cassia extract
on atopic dermatitis-like skin lesions induced by mite
antigen in NC/Nga mice. ] Ethnopharmacol 2011;133;
2:621-628.

12. Kwon HK, Hwang JS, So JS, Lee CG, Sahoo A, Ryu
JH, et al. Cinnamon extract induces tumor cell death
through inhibition of NFkB and AP1. BMC Cancer
2010;10;392;1-10.

13. Iranshahi M, Kalategi F, Rezaee R, Shahverdi AR,
Ito C, Furukawa H, et al. Cancer chemopreventive
activity of terpenoid coumarins from Ferula species.
Plants Med 2008;74:147- 150.

14. Hadjipavlou-Litina D], Litinas KE, Kontorgiorgis C.
The anti-inflammatory effect of coumarin and its
derivates. Antiinflamm Antiallergy Agents Med Chem
2007;6;14:293-306.

15. Widowati W, Mozef T, Risdian C, Yelliantty Y.
Anticancer and free radical scavenging potency of
Catharanthusroseus, Dendrophthoepetandra, Piper
betle and Curcuma mangga extracts in breast cancer
cell lines. Oxidant Antioxid Med Sci 2013;2;2:137-
142.

16. Widowati W, Wijaya L, Wargasetia TL, Bachtiar |,
Yelliantty Y, Laksmitawati DR. Antioxidant, anticancer,
and apoptosis-inducing effects of Piper extracts in HeLa
cells. ] Exp Integr Med 2013;3;3:225-230.

17. Dewi K, Widyarto B, Erawijantari PP, Widowati
W. In vitro study of Myristica fragrans seed (Nutmeg)
ethanolic extract and quercetin compound as anti-
inflammatory agent. Int ] Res Med Sci 2015;3;9:2303-
2310.

18. Rusmana D, Elisabeth M, Widowati W, Fauziah N,
Maesaroh M. Inhibition of inflammatory agent
production by ethanol extract and eugenol of
Syzigium aromaticum flower bud (clove) in LPS-
stimulated RAW264.7 cells. Res ] Med Plants
2015;9;6:264-274.

19. Widowati W, Darsono L, Suherman ], Fauziah N,
Maesaroh M, Erawijantari PP. Anti-inflammatory
effect of mangosteen (Garcinia mangostana L.) peel
extract and its compounds in LPS-induced RAW264.7
cells. Nat Prod Sci 2016;22:147-153.

20. Zhu X, Yang L, Li Y], Chen Y, Kostecka P, et al.
Effects of sesquiterpene, flavonoid and coumarin
types of compounds from Artemisisa annua L. on
production of mediators of angiogenesis. Pharmacol
Rep 2013;65;2;410-420.

21. Kuroishi T, Bando K, Endo Y, Sugawara S. Metal
allergens induce nitric oxide production by mouse
dermal fibroblast via the hypoxia-inducible
factor-2alpha-dependent pathway. Toxicol Sci
2013;135;1:119-228.

22. Kawamura K, Kawamura N, Kumagai ], Fukuda ],
Tanaka T. Tumor necrosis factor regulation of
apoptosis in mouse preimplantation embryos and its
antagonism by transforming growth factor alpha/
phospatidylionsitol 3-kinase signaling system. Biol
Reprod 2007;76;4:611-618.

23. Musa AM, Cooperwood S], Khan MOF. A review of
coumarin derivatives in pharmacotherapy of breast
cancer. Curr Med Chem 2008;15;26:2664-2679.

24. Dinarello CA. Anti-inflammatory agents present
and future. National Institute of Health
2010;140;6:935-950.



Sandhiutami et al IJ

Anti-inflammatory of Indonesian cassia

25. Blonska M, Czuba ZP, Krol W. Effect of flavone
derivatives on interleukin-lbeta (IL-lbeta) mRNA
expression and IL-lbeta protein synthesis in
stimulated RAW264.7 macrophages. Scan ] Immunol
2003;52:162-166.

26. Venugopala KN, Rashmi V, Odhav B. Review on
natural coumarin lead compounds for their
pharmacological activity. BioMed Res Int 2013:1-14.
27. Arora RK, Kaur N, Bansal Y, Bansal G. Novel
coumarin-benzimidazole derivatives as antioxidants
and safer anti-inflammatory  agents. Acta
Pharmaceutica Sinica B 2014;4;5:368-375.

28. Simpson R], Hammacher A, Smith KD, Matthews
M], Ward DL. Interleukin-6: structure-function
relationships. Protein Sci 1997;6:929-955.

29. Ishihara K, Hirano T. IL-6 in autoimmune disease
and chronic inflammatory proliferative disease.
Cytokine Growth Factor Rev 2002;13;4-5:357-368.
30. Brochner A, Toft P. Pathophysiology of the
systemic inflammatory response after major
accidental trauma. Scand ] Trauma Resusc Emerg
Med 2009;17;1:1-43.

31. Kim, EY, Moudgil KD. Regulation of autoimmune
inflammation by pro-inflammatory cytokines.
Immunol Lett 2008;120:1-5.

32. Shin EM, Zhou HY, Guo LY, Kim JA, Lee SH,
Merfort I, et al. Anti-inflammatory effects of glycyrol
isolated from Glychirhiza uralensis in LPS-stimulated
RAW264.7 macrophages. Int Immunopharmacol,
2008; 8:1524-1532.

33. Sahu, D. 8-methoxy chromen-2-one alleviates
collagen induced arthritis by down regulating nitric
oxide, NFkB and proinflammatory cytokines.
ScienceDirect 2015;29; 2:891-900.

34. He ZD, Qiao CF, Han QB, Cheng CL, Xu HX, Jiang RW,
et al. Authentication and quantitative analysis on the
chemical profile of cassia bark (Cortex Cinnamomi) by

high-pressure liquid chromatography.] Agric Food
Chem 2005;53:2424-2428.

35. Szliszka E, Skaba D, Czuba ZP, Krol W. Inhibition
of inflammatory mediators by neobaisoflavone in
activated RAW264.7 macrophages. Mol
2011;16:3701-3712.

36. Hsieh IN, Chang AS, Teng CM, Chen CC, Yang CR.
Aciculatin  inhibits  lipopolysaccharide-mediated
inducible nitric oxide synthase and cyclooxygenase-2
expression via suppressing NF-«kB and JNK/p38
MAPK activation pathways. ] Biomed Sci 2011;18;1:1-
28.

37. Handy RL, Moore PK. A comparison of the effects
of L-NAME, 7-NI and L-NIL on caurageenan-induced
hindpawoedema and NOS activity. British ]
Pharmacol 1998; 123;6:1119-1126.

38. Liao JC, Deng ]S, Chiu CS, Hou WC, Huang SS, Shie
PH, et al Anti-inflammatory activities of
Cinnamomum cassia constituent in vivo and in vitro. ]
Evid Based Complementary Altern Med 2012;2012:1-
12.

39. Chunmei W, Xingxu D, He L. Anti-inflammatory
effects of coumarin of Angelicae dahuricae.
Proceedings 2011 Int Conf Human Health Biomed
Eng (HHBE) 2011; 164-167

40. de Sousa DP. A review on anti-inflammatory
activity of phenylpropanoids found in essential oils.
Mol 2014;19:1459-1480.

41. Tak P, Firestein G. NF-kappaB: a key role in
inflammatory disease. ] Clin Investig 2001;107:7-11.

42. Libby P. Inflammation in atherosclerosis. Nat
2002; 420:868-874.

43. Boots AW, Wilms LC, Swennen EL, Kleinjans ]C,
Bast A, Haenen GR. In vitro and ex vivo anti-
infammatory activity of quercetin in healthy
volunteers. Nutr 2008;24;7-8:703-710.

Iran J Basic Med Sci, Vol. 20, No. 1, Jan 2017



