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Abstract 
Context: The flavonoid and phenolic compounds found in Artocarpus altilis have made their popularity. This plant has been used as a traditional medicine in 
Indonesia for various diseases. 

Aims: To evaluate the toxic concentration of the A. altilis extract and to investigate the capacity of the extract to inhibit inflammation against the macrophage 
cell line RAW 264.7, which has been induced with lipopolysaccharide (LPS). 

Methods: The MTT assay was used to determine the level of toxicity shown by the extract. The qRT-PCR method was used to examine the anti-inflammatory 
activity of the sample by comparing the relative expression levels of IL-1β, IL-6, and IL-10 mRNA in LPS-stimulated RAW 264.7 cells to those of dexamethasone, 
which served as the control. 

Results: The results of the test for toxicity indicated that the extract is safe. In RAW 264.7 cells that had been stimulated with LPS, we observed that the 
addition of A. altilis leaf extract drastically reduced the expression of IL-1β and IL-6 mRNA while simultaneously increasing the production of IL-10.  

Conclusions: The ethanol extract of A. altilis leaf was nontoxic and exhibited anti-inflammatory activity on LPS-induced RAW 264.7 cells.  

Keywords: anti-inflammatory; Artocarpus altilis; cytotoxicity; lipopolysaccharide. 
 

Resumen 
Contexto: Los compuestos flavonoides y fenólicos encontrados en Artocarpus altilis han hecho su popularidad. Esta planta se ha utilizado como medicina 
tradicional en Indonesia para diversas enfermedades.  

Objetivos: Evaluar la concentración tóxica del extracto de A. altilis e investigar la capacidad del extracto para inhibir la inflamación contra la línea celular de 
macrófagos RAW 264.7, que ha sido inducida con lipopolisacárido (LPS). 

Métodos: Se utilizó el ensayo MTT para determinar el nivel de toxicidad mostrado por el extracto. Se utilizó el método qRT-PCR para examinar la actividad 
antiinflamatoria de la muestra comparando los niveles relativos de expresión de los ARNm de IL-1β, IL-6 e IL-10 en las células RAW 264.7 estimuladas con LPS 
con los de la dexametasona, que sirvió de control. 

Resultados: Los resultados de la prueba de toxicidad indicaron que el extracto es seguro. En células RAW 264.7, que fueron estimuladas con LPS, se observó 
que la adición de extracto de hoja de A. altilis redujo drásticamente la expresión de ARNm de IL-1β e IL-6, al tiempo que aumentó la producción de IL-10. 

Conclusiones: El extracto etanólico de la hoja de A. altilis no fue tóxico y mostró actividad antiinflamatoria en células RAW 264.7 inducidas por LPS. 

Palabras Clave: antiinflamatorio; Artocarpus altilis; citotoxicidad; lipopolisacárido. 
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INTRODUCTION 

The body's natural response to an imbalance be-
tween pro-inflammatory and anti-inflammatory me-
diators is inflammation as the body's defense system 
(Wang et al., 2020). Diseases or damage will cause the 
release of inflammatory mediators such as nitric ox-
ide, cytokines, bradykinin, and prostaglandins. These 
inflammatory mediators are produced in response to 
infection or injury (Lely et al., 2022). Pathogens can be 
eliminated thanks to the work of inflammatory medi-
ators. If the pathogen is not eliminated, this will result 
in inflammation that progresses from acute to chronic 
and is characterized by a rise in the expression of pro-
inflammatory mediators. The presence of persistent 
inflammation is associated to a number of disorders, 
including those of the nervous system, cancer, diabe-
tes, autoimmune disease, and rheumatoid arthritis 
(Ansari et al., 2020; Li and Li, 2021). It is thought that 
one method for combating inflammation is to put a 
stop to the generation of cytokines that promote in-
flammation (Aziz et al., 2018). 

Macrophages are cells of the innate immune sys-
tem, and they are crucial to the process of inflamma-
tion. When macrophages are stimulated by inflamma-
tory stimuli, this results in the production of a variety 
of mediators, some of which are cytokines. The pro-
inflammatory cytokines increase the permeability of 
the endothelial cells, which speeds up the advance-
ment of the inflammation (Hikariastri et al., 2019). 
During the processes of inflammation, invasion, infec-
tion, and cell injury, a number of cytokines were se-
creted by monocytes, macrophages, fibroblasts, and 
endothelial cells. Some of these cytokines include IL-
1β and IL-6 (Li and Li, 2021). 

When it comes to the prevention of a wide range 
of conditions that are linked to inflammation, medici-
nal herbs are a very important source of active anti-
inflammatory components (Wang et al., 2020). Arto-
carpus altilis (Parkinson ex F.A.Zorn) Fosberg (family 
Moraceae), one of the tropical plants, has been utilized 
by Indonesian people as a traditional medicine to cure 
a variety of illnesses, including antioxidant (Jalal et 
al., 2015; Palupi et al., 2020), antidiabetic (Indrowati et 
al., 2017) ameliorating renal fungtion (Bahtiar et al., 
2021; Safitri et al., 2016), antiinflamatory (Palupi et al., 
2020; Riasari et al., 2019) and liver conditions. The 
anti-inflammatory activity of A. altilis has been re-
ported but there is no study on the involvement of 
inflammatory biomarkers at the molecular level. This 
investigation seeks to determine the influence of a 
crude extract of A. altilis on the expression of inflam-
matory biomarker genes in RAW 264.7 cells stimulat-
ed by lipopolysaccharide (LPS). This in vitro anti-

inflammatory study is important as a basis for under-
standing the mechanism of anti-inflammatory activity 
shown in in vivo testing.  

MATERIAL AND METHODS 

Materials 

The ethanol extract of Artocarpus altilis (EEA) em-
ployed in this investigation was previously studied 
(Fitrya et al., 2022). A. altilis plants were collected in 
the Indralaya area, South Sumatra (3°12'8.60"S 
104°35'36.34"E). The plant has previously been identi-
fied at the Indonesian Institute of Science with No. 
165/IPH.06/HM/I/2019 and the specimen voucher 
was deposited in the Herbarium of Biology Depart-
ment, University of Sriwijaya. The materials include 
RAW cells 264.7 (Cancer Chemoprevention Research 
Center (CCRC, UGM), DMSO, Dulbecco's Modified 
Eagle Medium (DMEM, Gibco), penicillin-
streptomycin (Gibco), fetal bovine serum (FBS) (Sig-
ma Aldrich, Singapore), phosphate buffered saline 
(PBS) (Sigma Aldrich, Singapore), 3-(4,5-dimethyl-
thiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) 
(eBioscience), dimethylsulfoxide, dexamethasone 
(Dexamedica), LPS from Escherichia coli (eBioscience 
Cat. No 00- 4976-93). 

RAW cell 246.7 culture 

Dulbecco's Modified Eagle Medium (DMEM) sup-
plemented with 10% FBS and 1% penicillin-
streptomycin solution cultivated RAW 264.7 cells 
(Sigma-Aldrich). Cell cultures were incubated at 37°C 
in a humidified environment with 5% CO2 until con-
fluent. As the RAW 264.7 cells reached 70-80% con-
fluency, the old medium was removed, and the cells 
were rinsed with 2 mL of phosphate buffer saline 
(PBS) solution before being harvested (Li and Li, 
2021).  

Cytotoxicity assay 

The MTT colorimetric assay determined the toxic 
concentration of an ethanol extract of A. altilis leaves 
by converting the yellow tetrazolium salt to a purple 
formazan product. A hundred μL RAW 264.7 cells 
were cultivated in 96-well plates at 1 × 104 cells/well 
density and then incubated for 24 h at 37°C, 5% CO2. 
The old medium was removed, and 90 μL of the new 
culture media and 10 μL of extract solution with 0, 25, 
50, 75, 150, 250, and 500 μg/mL concentrations were 
added. Each concentration was replicated three times. 
Cells were cultured in a 5% CO2 incubator at 37°C for 
24 h. Following 24 h, each well received 10 μL of MTT 
5 mg/mL, which was subsequently incubated for 4 h. 
Afterward, add 100 μL of DMSO to dissolve the gen-
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erated formazan crystals. The absorbance of the sam-
ple was then measured with a microplate reader at 
570 nm (Lely et al., 2022). 

Measurement of gene expression 

Total RNA was isolated from RAW 264.7 cells that 
had been treated with EEA (75, 150, and 250 μg/mL) 
and LPS (1 μg/mL) for 24 h using the TRIzol® rea-
gent (Invitrogen, USA) according to the manufactur-
er's instructions to evaluate the mRNA expression 
levels of IL-1β, IL-6, and IL-10. Dexamethasone 2.5 
μg/mL was used as a positive control. Then, using a 
synthesis kit, proceed with cDNA synthesis (iScript 
cDNA synthesis, Biorad). The kit consisted of 5 μg 
total RNA, 1× RT buffer, 20 pmol oligodT, 4 mM 
dNTP, 10 mM DTT, 40 U Super Script TMII RTase 
enzyme, and 20 μL Nuclease Free Water were used in 
complete cDNA synthesis. Total cDNA synthesis was 
performed for 50 minutes at 52°C according to the 
protocol. The procedure was followed by PCR quanti-
fication (Bio-Rad CFX96 USA) with the primers pro-
vided in Table 1. To examine the relative expression 
of mRNA, the expression of each target gene was 
determined using the comparative Ct 2-∆∆CT method 
with the GAPDH housekeeping gene as a control 
(Sofia et al., 2019; Yan et al., 2018). 

Statistical analysis 

Data obtained from each test group were ex-
pressed as mean ± standard error. Data were pro-

cessed using the Statistical Package for the Social Sci-
ences software (SPSS 25, IBM Corporation, US). The 
normality of the data was analyzed using Shapiro-
Wilk, followed by analysis of variance with one-way 
ANOVA with a confidence level of 95% (p<0.05). 
ANOVA with post hoc Tukey HSD tests was used to 
analyze the differences between groups with signifi-
cance value set at p<0.05. 

RESULTS 

Fig. 1 shows the extract's effect on cell viability. 
The concentrations evaluation on RAW 246.7 cells 
revealed that the concentration of 25, 50, 75, 150, and 
250 µg/mL resulted in a viability percentage greater 
than 80%, and a concentration of 500 µg/mL resulted 
in a viability percentage of 76.92 ± 01.40%.  

The anti-inflammatory activity test revealed that 
LPS significantly increased the production of pro-
inflammatory cytokines IL-1β and IL-6 compared to 
normal cells (p<0.05). Compared to the control dexa-
methasone 2.5 µg/mL, the 75 µg/mL extract could 
not suppress IL-6 and IL-1β gene expression (p<0.05). 
The extract reduced the expression of IL-1β and IL-6 
at 150 and 250 µg/mL doses, comparable to dexame-
thasone 2.5 µg/mL (p>0.05). In contrast, IL-10 mRNA 
expression was significantly higher in extract-treated 
cell lines compared to dexamethasone (p<0.05) and 
LPS-stimulated cells (p<0.05) (Fig. 2). 

 
Table 1. Real-Time PCR primer sequences. 

Gene Primer sequence 

IL-1β Forward 5’-ACCCAAGCACCTTCTTTTCCTT-3’ 

IL-1β Reverse 5’-TGCAGCTGTCTAATGGGAACTA-3’ 

IL-6 Forward 5’-AGACTTCACAGAGGATACCACCCAC-3’ 

IL-6 Reverse 5’-CAATCAGAATTGCCATTGCACAA-3’ 

IL-10 Forward 5’-CTGGCTCAGCACTGCTATGT-3’ 

IL-10 Reverse 5’-GCAGTTATTGTCACCCCGGA-3’ 

GAPDH Forward 5’-CCATCACCATCTTCCAGGAG-3’ 

GAPDH Reverse 5’-CCTGCTTCACCACCTTCTTG-3’ 

 

 

Figure 1. The percentage of cell viability from the 
A. altilis leaves extract in RAW 264.7 cells. 
Data are expressed as mean ± SD. 
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A B 

 
 

C Figure 2. mRNA expression patterns of inflammatory 
cytokines in RAW 264.7 cells treated with A. altilis leaf 
extract (EEA).  
(A) EEA supplementation at dosages of 150 and 250 significantly 
reduced IL-1β mRNA expression relative to LPS (p<0.05) but did 
not differ significantly from dexamethasone (p >0.05). (B) EEA 
supplementation significantly reduced IL-6 mRNA expression in 
LPS-stimulated cells (p<0.05) but did not differ significantly from 
dexamethasone (p>0.05). (C) IL-10 mRNA expression was 
considerably higher in cells treated with dexamethasone 
(p<0.05). 

All data are expressed as means ± SD (n=3). Different letters 
indicated significantly different by ANOVA followed by a Tukey’s 
test (p<0.05): *P<0.05 compared to LPS stimulated cells; #P<0.05 
compared to dexamethasone control. EEA: Ethanol extract of 
Artocarpus altilis; LPS: Lipopolysaccharide.  

 
DISCUSSION 

The MTT method was used to evaluate the toxic 
concentration of the extract on RAW 264.7 cells. This 
method is a quantitative test based on measuring 
color intensity of due to the metabolism of a substrate 
by living cells into colored products (Auliafendri et 
al., 2019). The viability test findings (Fig. 1) revealed 
that as extract concentration increased, the number of 
live cells decreased, and at 500 µg/mL, the extract 
was toxic to cells since the proportion of living cells 
was less than 80%. The test substance concentration is 
safe if it provides a viability percentage of more than 
80% (Lely et al., 2022). This means the extract can be 
used at a concentration of up to 250 µg/mL. The ex-
tract's non-toxic concentration is evaluated to guaran-
tee that the anti-inflammatory effect observed is due 
to the activity of the chemicals contained in the ex-
tract rather than the cell death (Zakaria et al., 2021). 

The anti-inflammatory activity of EEA leaf extract 
has already been described (Palupi et al., 2020; Riasari 
et al., 2019). Previous studies, however, could not 
understand the molecular mechanisms underlying 
inflammatory indicators like cytokines, which are 
directly implicated in the inflammatory process. The 
EEA extract was found to have considerable anti-
inflammatory action on Lipopolysaccharide (LPS) 
stimulated RAW 246.7 cells in this investigation. LPS 
is a gram-negative bacteria's cell wall component that 
is widely employed as an inflammatory stimulator 
(Lely et al., 2022). LPS activates the inflammatory 

pathway MAPKs (mitogen-activated protein kinases) 
via engaging with TLR4 (toll-like receptor 4). After 
MAPK activation, I-κB phosphorylation and NF-κB 
activation occur. NF-κB also is translocated to the 
nucleus and promotes the transcription of several 
genes, including IL-1β, IL-6, and other pro-
inflammatory mediators (Hikariastri et al., 2019; 
Turner et al., 2014). The major inflammatory media-
tor, IL-1β, is thought to play a role in the homeostatic 
system (Li and Li, 2021; Pal and Dhobi, 2019). IL-1β 
stimulates the production of other cytokines, such as 
IL-6, which worsens inflammation. Because of its 
importance, IL-1β is being investigated as a bi-
omarker in the inflammation research (Pal and Dhobi, 
2019). Likewise, IL-6 aids in the activation and 
maintenance of the inflammatory response. Clinical 
IL-6 measurement is used to forecast illness severity. 
Meanwhile, IL-10 is an anti-inflammatory cytokine 
that attempts to prevent pro-inflammatory cytokines 
from being activated (Kany et al., 2019). 

This study discovered that EEA extract, like dex-
amethasone, could dramatically reduce IL-6 and IL-1β 
mRNA expression. This significant reduction is relat-
ed to the high and diverse content of flavonoids and 
phenolics, such as geranyl flavonoids: arcommunol 
A-E (Hsu et al., 2012), geranylated dihydrochalcone: 
Sakenin A-G (Nguyen et al., 2014; Wang et al., 2007), 
prenylated flavonoids: artoflavones, cudraflavone (A-
C) and artonin A-M (Lan et al., 2013). On the other 
hand, EEA extract was found to induce the produc-
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tion of the anti-inflammatory cytokine IL-10. Anti-
inflammatory cytokines inhibit pro-inflammatory 
cytokines. The pathophysiology of numerous diseases 
is caused by an imbalance in the harmony of these 
two inflammatory indicators (Pal and Dhobi, 2019). 
The flavonoid compounds provide an anti-
inflammatory effect by altering the expression of pro-
inflammatory and anti-inflammatory cytokines, as 
well as enzymes implicated in inflammatory process-
es such as cyclooxygenase and nitric oxide syn-
thase(Li and Li, 2021). Anti-inflammatory herbal med-
icine is the best technique to treat numerous inflam-
mation-related disorders (Auliafendri et al., 2019). 
The findings of this study are consistent with the po-
tential of flavonoids and EEA compounds to lower 
nitrogen oxide (NO) levels in vitro (Hsu et al., 2012; 
Palupi et al., 2020). These findings can explain the 
anti-inflammatory mechanism in previously reported 
in vivo tests and strengthen scientific evidence of the 
extract's anti-inflammatory activity (Fitrya et al., 2022; 
Palupi et al., 2020; Riasari et al., 2019). 

CONCLUSION 

The ethanol extract of A. altilis had no toxic effect 
on RAW 246.7 cells at concentrations up to 250 
µg/mL. It reduced pro-inflammatory mediators' ex-
pression and promoted anti-inflammatory cytokines' 
expression in LPS-induced macrophage cell lines at 
150 and 250 µg/mL concentrations. 
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