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Propolis is a naturally produced resinous mixture the bees are secreted through collecting resin of plants,
buds, and exudates. According to several studies, propolis possessed various properties, one of which
known as immunomodulatory property. Immunomodulatory property can be assessed and observed
through the anti-inflammatory and cytotoxicity properties of propolis. In Indonesia, Tetragonula sapiens
(T. sapiens) from Sulawesi is considered as one of the most commercial and productive bees. Despite of
their productivity and commerciality, they have never been tested for their immunomodulatory property.
In order to explore their potential even further, this present study was aimed to observe the anti-
inflammatory and cytotoxicity properties of T. sapiens propolis from Sulawesi, Indonesia against RAW
264.7 cell lines. The cytotoxic assay of propolis against RAW264.7 cell lines was conducted using MTS
assay. The anti-inflammatory properties were determined using LPS-induced RAW 264.7 macrophages
cells to measure inhibitory activity of propolis on production of tumor necrosis factor-alpha (TNF-a),
inducible nitric oxide synthase (iNOS), and nitric oxide (NO). The cytotoxic test results showed that pro-
polis extract concentration affected the cell in terms of increasing or decreasing the cell viability. The
results of the anti-inflammatory test disclosed that propolis at 120 mg/mL had an anti-inflammatory
property which was evidenced by TNF-a levels of 304.28 ± 30.25 pg/mL, iNOS of 5.42 ± 0.82 ng/mL,
and NO 101.09 ± 1.49 mmol/L. It can be concluded that the Indonesian propolis from T. sapiens possess
anti-inflammatory properties related to the inhibition of NO production by macrophages.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction Savka et al., 2015). In general, propolis comprise of resin (50%–
Propolis is a naturally produced resinous mixture the bees are
secreted through collecting resin of plants, buds, and exudates
(Wagh, 2013). Till date, around 300 different compounds have
been identified in propolis which compositions strongly depend
on geographical regions and botanical sources (De Castro, 2001;
70%), oil and wax (30%–50%), pollen (5%–10%) and other chemical
compounds such as, amino acids, minerals, sugars, vitamins, flavo-
noids, phenol, and aromatic compounds (Bankova, 2005;
Kuropatnicki et al., 2013). Some of those compounds are responsi-
ble for developing propolis anti-inflammatory and cytotoxicity
properties (Diva et al., 2019; Onbas et al., 2016; Sahlan et al., 2019).

Stingless bees play an important role in producing not only honey
but also propolis. Till date, a total of 89 stingless bee species from 15
genus have identified native to the Indo-Australian region
(Rasmussen, 2008; Sayusti et al., 2020). Among all genus, Tetragonula
govern the highest percentage of biodiversity with 31 species origi-
nate from Indonesia. Tetragonula sapiens (T. sapiens) from Sulawesi
is considered as one of the most commercial and productive bees.

According to work propolis have various properties, one of
which known as immunomodulatory property and it can be
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assessed and observed through the anti-inflammatory and cytotox-
icity properties of propolis (dos Santos Thomazelli et al., 2017;
Medjeber et al., 2018; Santiago et al., 2016; Shang et al., 2020;
Wolska et al., 2019). Indonesian propolis compounds from North
Luwu region, South Sulawesi province have been identified by sev-
eral researches (Miyata et al., 2020, 2019). The cytotoxicity and
anti-inflammatory activities of Indonesian propolis, which also
related to immunomodulatory activity has reported by our previ-
ous research (Iqbal et al., 2019; Sabir, 2019; Sabir and Sumidarti,
2017; Muhamad Sahlan et al., 2019). Sulawesi propolis are pro-
duced by Tetragonula sapiens stingless bee (Sayusti et al., 2020).
Other study showed that Indonesian propolis from South Sulawesi
has potential antioxidant agent (Christina et al., 2018; Pratami
et al., 2018).

To explore the potential of propolis from T. sapiens even further,
this present study was aimed to observe the anti-inflammatory
property of T. sapiens propolis from Sulawesi, Indonesia. This study
also examined the cytotoxicity of Indonesian propolis extract
against RAW 264.7 cell lines, a monocyte or macrophage-like cells.
This was a preliminary study that might lead to the exploration of
cytotoxicity and anti-inflammatory mechanisms of propolis pro-
duced by T. sapiens.
2. Materials and methods

2.1. Material

The raw material of propolis from Tetragonula sapiens were
taken fromMasamba, North of the Luwu district, in the South Sula-
wesi Province of Indonesia. The extract ethanol propolis (EEP) was
extracted with 96% ethanol using the method described by Pratami
et al. (2018). The EEP was microencapsulated using spray drying
with maltodextrin and gum arabic as described by Pratami et al
(2020) (Pratami et al., 2019). The microencapsulation process
was using industrial spray dryer at Phytochemindo Reksa com-
pany. The propolis sample was dry extract. Its appearance was
brown powder with characteristic odor and taste.

2.2. Cell culture

RAW264.7 macrophages cell line (ATCC � TIB- 71TM) were
grown in Dulbecco’s Modified Eagle Medium (DMEM, Biowest
L0060) supplemented with contain 10% fetal bovine serum (FBS)
(Biowest, S1810) and 1% Antibiotic and Antimycotic (Biowest,
L0010-100) and then incubated at 37 �C and 5% CO2 until the cells
were confluent around 70–80%. The growthmediumwas frequently
replaced after 2–3 days. The cells were then washed and harvested
using trypsin-EDTA (Biowest, L0931-500). The cell culture has done
according to the methods describe by Novilla et al. (2017).

2.3. Cytotoxicity test

The cytotoxicity test has done according to methods described
by Widowati 2018 (Laksmitawati et al., 2017; Rusmana et al.,
2015; Sandhiutami et al., 2017; Widowati et al., 2018). Cell viabil-
ity was measured using MTS (3- (4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxy- phenyl)-2-(4-sulfophenyl)-2H-tetrazolium)
assay (Promega, ab197010). Briefly, 5x103 cells were seeded into
each well of a 96-well plate then incubated for 24 h at 37 �C and
5% CO2. the medium was the discarded and changed with 180 ml
of fresh growth medium and 20 ml of sample (200; 150; 100; 50;
25;12,5; 6,25 mg/mL) then the cells were re-incubated for 24 h at
37 �C and 5% CO2. Next, into each well, 20 ml of MTS was added
and incubated for 3 h at 37 �C and 5% CO2. The absorbance was
measured using spectrophotometer (Multiskan GO Thermo
2

Scientific 51119300, Thermo Fisher Scientific, USA) at 490 nm.
Cells without treatment were considered as control.

2.4. The anti-inflammatory test with LPS-induced RAW264.7

There were six treatments required for the anti-inflammatory
test: (1) The negative control: RAW 264.7 cells without being
induced by lipopolysaccharide; (2) The positive control: RAW
264.7 cells that were induced by 1 lg/mL of lipopolysaccharide
(LPS from Escherichia coli); (3) The mixture of positive control
and 1% DMSO; (4) The mixture of 120 lg/mL of propolis extract,
LPS, and RAW 264.7 cells; (5) The mixture of 30 lg/mL of propolis
extract, LPS, and RAW 264.7 cells; and (6) The mixture of 7.5 lg/mL
of propolis extract, LPS, and RAW 264.7 cells. The cells were then
incubated for 24 h. The following day, the medium was collected
and centrifuged at 2000 � g for 10 min to get cell-free supernatant
which were then used for TNFa, iNOS, and NO ELISA assay. The
methods of in vitro anti-inflammatory assay has done according
to the methods describe by Widowati et al. (2018) (Laksmitawati
et al., 2017; Rusmana et al., 2015; Sandhiutami et al., 2017;
Widowati et al., 2018).

2.4.1. Total protein content using Bradford assay
The Bradford assay has done using the method described by Lis-

ter et al (Lister et al., 2020). The BSA stock served as the standard
and was prepared by dissolving 2 mg of BSA in 1000 ml ddH2O.
BSA underwent serial dilutions from 200 to 0. The standard solu-
tions (BSA) and sample (CM) were added separately into each well
plate followed by propolis sample and Quick Start Dye Reagents
(Bio Rad, 500-0205). As the mixture mixed, the solution turned
blue. The mixtures were incubated at room temperature for
5 min and were measured for their absorbances at 595 nm using
spectrophotometer (Multiskan GO Thermo Scientific 51119300,
Thermo Fisher Scientific, USA).

2.4.2. TNF–a ELISA assay
TNF-a level was quantified using Mouse TNF-a ELISA Kit (E-EL-

M0049, ElabSci) and the absorbance was measured at 450 nm
based on maufacturer protocol. The activity inhibition toward
TNF-a was calculated between the percentage (%) of TNF-a con-
centration in each treatment compared to the positive control.
The TNF–a ELISA assay has done using the methods described by
Widowati et al. (2020).

2.4.3. NOS2/iNOS ELISA assay
NOS2/iNOS level was measured using Mouse NOS2/iNOS ELISA

Kit (E-EL-M0696, ElabSci) and the absorbance was measured at
450 nm based on maufacturer protocol. The activity level of
NOS2/iNOS was obtained from the percentage (%) of NOS2/iNOS
concentration in each treatment compared to the positive control.
The NOS2/iNOS ELISA assay has done using the methods described
by Sandhiutami et al. (2017).

2.4.4. NO colorimetric test
NO level was performed using NO assay Kit (E-BC-K035-M,

ElabSci) and the absorbance was measured using spectrophotome-
ter (MultiScan Go, Thermo Scientific) at 550 nm. The inhibition
activity toward NO was calculated between the percentage (%) of
NO concentration in each treatment compared to the positive con-
trol. The NO Colorimetric Test has done using the methods
described by Widowati et al. (2018).

2.5. Statistical analysis

SPSS software was used to statistically analyze all the data. A
one-way ANOVA was used to find significant difference between



Table 1
Total protein content using Bradford method.

Sample Protein Content (mg/mL)

Negative Control 208.29 ± 1.93
Positive Control 204.24 ± 4.38
Positive Control +DMSO 207.39 ± 8.18
Propolis Extract 120 lg/mL 203.08 ± 5.21
Propolis Extract 30 lg/mL 208.30 ± 7.77
Propolis Extract 7.5 lg/mL 207.65 ± 6.89

Note: The data were given in mean ± SD, n = 3
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treatments, P < 0.05 was considered to be significant and further
significance between groups was analyzed using a Tukey post
hoc test. Results are presented as the mean ± standard deviation
of 3 independent experiments.

3. Result and discussion

3.1. Cytotoxicity test

Cell viability of previously cultured RAW 264.7 cells was evalu-
ated in the presence of propolis extract in vitro. The propolis con-
centration was set at 200, 150, 100, 50, 25, 12.5, and 6.25 lg/mL.
Data were presented in mean ± standard deviation. Different
superscript signs (a, ab, bc, cd, cde, de, e) indicated a significant dif-
ference (p < 0.05) in the Tukey HSD post hoc test.

Fig. 1 revealed the ability of propolis at 150 lg/mL and 200 lg/
mL to substantially reduce the RAW 264.7 viability to 88.14% ± 8.
43%ab and 75.99% ± 2.44%a respectively relative to the negative
control. Meanwhile, propolis at concentrations of 6.25–50 lg/mL
were not toxic to RAW 264.7 cells as they did not suppress the cell
viability, instead they escalated the viability of RAW 264.7 cells
with respect to negative control. Our study substantiated the fact
that propolis concentration affected the cell in terms of increasing
or decreasing the cell viability which can be useful for finding the
optimal dose of propolis.

3.2. Anti-inflammatory test

The inflammatory test consists of several key parts such as pro-
tein quantification using Bradford assay, the evaluation of TNF–a
and iNOS using ELISA, and NO colorimetric test. The results were
elaborated separately.

3.2.1. Total protein content using Bradford assay
The measurement of total protein content using Bradford in

Table 1 showed that propolis extract at different concentration
had an average protein content ranging from 203.08–208.30 lg/mL.
Fig. 1. The viability of RAW 264.7 cell after treatment with propolis extract at various
superscript letters (a,ab,bc,cd,cde,de,e) on the bars showed significant different at p < 0.

3

3.2.2. TNF–a ELISA assay
Fig. 2 summarized the concentrations of TNF-a protein on RAW

264.7 cells after propolis extract induction. Data were presented in
mean ± SD. Different superscript signs (a, b, c, bc) in TNF-a concen-
tration (pg/mL) showed a significant difference (p < 0.05) Tukey
HSD post hoc test. After measuring the optical density, the results
proved that propolis significantly stimulated TNF-a production in
RAW 264.7 cells at all propolis extract concentration, which was
aligned with Bufalo et al. (2014) findings, and the inhibitory effect
was absent relative to the negative control (Bufalo et al., 2014).
TNF-a is a strong pro-inflammatory cytokine which plays an
important role in the immune system during inflammation (Baud
and Karin, 2001). Propolis at lower concentration triggered more
TNF-a productions whilst, at higher concentration propolis low-
ered the TNF-a productions. In other words, higher propolis con-
centration resulted in less pro-inflammatory property as it
depressed the TNF-a productions.

When comparing the result with the positive control, different
view arose. The positive control was basically the combination
between RAW 264.7 cells and LPS. LPS was notable as one of the
main stimulants that triggers TNF-a production (Zelová and
Hošek, 2013). Propolis addition was proven to be able to suppress
TNF-a production at certain level depend on its concentration.
Hence, it was appropriate to say that TNF-a involved in the pro-
inflammatory property of Indonesian propolis from T sapiens.
concentrations. Data was presented as Mean±Standard Deviation (n = 3), Different
05, Tukey HSD post hoc test.



Fig. 2. TNF-a protein concentration in RAW 264.7 cells after being induced with propolis extract. Data was presented as Mean±Standard Deviation, Different superscript
letters (a,b,c.bc) on the bars showed significant different at p < 0.05, Tukey HSD post hoc test.
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3.2.3. iNOS (inducible nitric oxide synthase) ELISA assay
ELISA iNOS was performed in the principle of color changes in

the solution when enzyme – substrate reaction occurs. The Optical
Density (OD) was measured at nm ± 2 nm and the OD was propor-
tional to the concentration of Mouse NOS2/iNOS.

Fig. 3 presented the iNOS protein concentration in RAW 264.7
cells after propolis extract induction. Data were presented in
mean ± SD. Different superscript signs (a, b, c, d) showed a signif-
icant difference (p < 0.05) in the Tukey HSD post hoc test. iNOS
functionated as a factory of NO production in macrophages, hence
the observation results affected one another. The concentrations of
iNOS were declined as the propolis concentration elevated, indicat-
ing that propolis extract samples contributed to the inhibition of
iNOS production. Since iNOS and NO were strongly related, the
iNOS downregulation in response to propolis extract treatment
would degrade the NO production.
Fig. 3. iNOS protein concentration in RAW 264.7 cells after propolis extract induction. Da
on the bars showed significant different at p < 0.05, Tukey HSD post hoc test.

4

3.2.4. NO colorimetric test
NO colorimetric test was performed in order to determine the

concentration of NO in RAW 264.7 cells. The principal of the mea-
surement was the ability of NO to reacts with oxygen and water to
form nitrates or nitrites which form red azo compounds when they
encounter chromogenic reagents. The absorbance of this com-
pound was used to measure the NO level directly.

Depicted NO colorimetric test result on Fig. 4. The data were
presented in mean ± SD. Different superscript signs (a, b, c, d, e)
showed a significant difference (p < 0.05) in the Tukey HSD post
hoc test. LPS was used to activate the macrophages. As shown in
Fig. 4, the NO production in the LPS stimulated RAW 264.7 cell
(positive control) successfully increased relative to the negative
control by the help of iNOS. The propolis extract administration
also affected the result by stimulating the NO production. The raise
was considered significant compared to the negative control. The
ta was presented as Mean±Standard Deviation, Different superscript letters (a,b,c,d)



Fig. 4. The concentration of NO compounds in RAW 264.7 cells after being induced with propolis extract. Data was presented as Mean±Standard Deviation, Different
superscript letters (a,b,c,d,e) on the bars showed significant different at p < 0.05, Tukey HSD post hoc test.
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trend revealed that when the propolis extract concentration
mounted, the production of NO declined. 120 lg/mL of propolis
extract was able to downregulated the NO production at the lowest
level. These results suggested that the anti-inflammatory property
of Indonesian propolis from T. sapiens, may function, at least in
part, related to the inhibition of NO production by macrophages
(Nagaoka et al., 2003).

4. Conclusions

Our study confirmed the fact that cell viability was dose-
dependent to some extent. At higher concentration the viability
decreased and at lower concentration the viability increased. The
cytotoxic test results also showed that propolis extract from T.
sapiens was safe in the concentration range of 6.25–200 mg/mL.
The study may useful for finding the optimal concentration of pro-
polis to modulate cell viability.

Anti-inflammatory properties of propolis were determined by
observing the concentration of TNF-a, iNOS, and NO using ELISA.
Propolis extract at concentration of 120 mg/mL disclosed the anti-
inflammatory properties. In details, the reduction of NO production
in response to propolis extract treatment was caused by iNOS
downregulation. It can be concluded that the Indonesian propolis
from T. sapiens possess anti-inflammatory properties related to
the inhibition of NO production by macrophages. This was a pre-
liminary study that might lead to the exploration of cytotoxicity
and anti-inflammatory mechanisms of propolis produced by T.
sapiens, hence increasing the use of that propolis as a constituent
in pharmaceutical industry, specifically for anti-inflammation drug
development.
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