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BACKGROUND/OBJECTIVES: Overproduction of nitric oxide (NO) by the inducible nitric oxide synthase (iNOS) enzyme can cause 
inflammation. Cyclooxygenase-2 (COX-2) is also involved in the inflammatory response through regulation of nuclear factor-kappa 
B (NF-κB). Areca catechu is one of the known fruit plants of the Palmaceae family. It has been used for a long time as a 
source of herbal medicine in Indonesia. In this study, we explored the effect of Indonesian Areca catechu leaf ethanol extract 
(ACE) in lipopolysaccharide (LPS)-induced inflammation and carrageenan-induced paw edema models. Recently, this natural 
extract has been in the spotlight because of its efficacy and limited or no toxic side effects. However, the mechanism underlying 
its anti-inflammatory effect remains to be elucidated.
MATERIALS/METHODS: We measured NO production by using the Griess reagent, and determined the expression levels of 
inflammation-related proteins, such as iNOS, COX2, and NF-κB, by western blot. To confirm the effect of ACE in vivo, we used 
the carrageenan-induced paw edema model. 
RESULTS: Compared to untreated cells, LPS-stimulated RAW 264.7 cells treated with ACE showed reduced NO generation and 
reduced iNOS and COX-2 expression. We found that the acute inflammatory response was significantly reduced by ACE in 
the carrageenan-induced paw edema model.
CONCLUSION: Taken together, these results suggest that ACE can inhibit inflammation and modulate NO generation via 
downregulation of iNOS levels and NF-κB signaling in vitro and in vivo. ACE may have a potential medical benefit as an anti-inflammation 
agent. 
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INTRODUCTION5)

Health is highly influenced by diet because obesity increases 
the risks for immune system disorders [1]. The incidence of 
obesity has greatly increased in recent years owing to the 
consumption of processed foods and a high-fat diet, and this 
pattern is expected to increase over time. Hence, the use of 
Western medicine commonly used to treat obesity-related diseases 
is also increasing, as are the health risks among patients [2]. 
Alternative therapies such as Korean traditional medicine, which 
makes use of potent secondary metabolites from plants, is one 
of the oldest forms of treatment known to mankind [3]. 
Bioactive components isolated from diverse plants have provided 
a significant source of medicinal agents and abundant nutrients 
since ancient times [4]. Furthermore, the type of plant is 
important for the investigation of pharmacological properties 
because plants have different abilities to accumulate secondary 
metabolites [5]. 

Indonesia has an abundance of plant species because of its 

tropical climate that supports plant growth [6]. Areca catechu 
is one of the known fruit plants of the Palmaceae family [7]. 
It has been used for a long time as a source of herbal medicine 
to treat dysentery or dysuria in Indonesia. While the Areca 
catechu nut has been actively studied for its pharmacological 
properties, including anti-inflammatory effects, there is a lack 
of studies on the effect of Areca catechu leaves and the 
underlying molecular mechanism.

The immune system attempts to prevent inflammatory 
responses resulting from damaged cellular functions or is 
activated at the onset of microorganism infections [8]. Therefore, 
most chronic diseases, including vascular diseases, arthritis, 
cancer, and type II diabetes, involve inflammatory reactions [9]. 
Claria et al. reported that macrophages contributed to adipose 
tissue inflammation and phenotypic changes caused by obesity 
[10]. Inflammation is a complicated process, which is regulated 
by transcription factors, pro-inflammatory cytokines, adhesion 
enzymes, and other mediators [11]. 

Lipopolysaccharide (LPS), which is a major component of 
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bacterial cell walls, activates immune cells and induces the 
production of inflammatory mediators such as nitric oxide (NO) 
[10]. The activation of inducible nitric oxide synthase (iNOS) and 
cyclooxygenase-2 (COX-2) can result in excessive NO production 
[13]. These enzymes are regulated by the nuclear factor-kappa 
B (NF-κB) transcription factor, which is activated and translo-
cates to the nucleus in response to inflammatory stimuli [14]. 
LPS-stimulated RAW 264.7 cells and carrageenan-induced 
inflammation are widely used as chronic and acute inflam-
mation models [15]. There is evidence that the immune response 
underlies the induction of iNOS and COX-2 [16]. Therefore, 
herbal medicines may act as anti-inflammatory agents by 
suppressing mediators such as NF-κB, iNOS, and COX-2.

In this study, we attempted to elucidate the anti-inflammatory 
effect of Areca catechu ethanol extract (ACE) on LPS-induced 
RAW 264.7 macrophages by measuring nitrate, NF-κB, iNOS, and 
COX-2 levels.We also investigated its anti-inflammatory effect 
in a carrageenan-mediated rat inflammation model to deter-
mine whether this herb has a potential medical benefit as an 
anti-inflammation agent.

MATERIALS AND METHODS

Chemicals
The materials for cell culture were purchased from Gibco BRL 

(Gaithersburg, MD), and the EZ-cytox Cell Viability Assay Kit was 
obtained from Daeil Lab Service (Seoul, Korea). LPS (Escherichia 
coli O11:B4) and carrageenan were purchased from Sigma (St. 
Luis, MO). The COX-2 antibody was obtained from Cell Signaling 
Technology Inc. (Beverly, MA), and iNOS, NF-κB, IκB-α, and 
GAPDH antibodies were obtained from Santa Cruz (Santa Cruz, 
MA). All other reagents were purchased from Sigma.

Plant material and preparation of ethanol extract
Areca catechu was collected from Merauke, Indonesia. A voucher 

specimen was deposited at the Department of Pharmacology 
and Phytochemistry, Airlangga University, Indonesia. A total of 
100 g of the leaves were ground using liquid nitrogen in a 
blender, and the crude powder was precipitated with 500 mL 
of 70% ethanol at room temperature for 3 days. The aqueous 
extracts were concentrated and evaporated at 60℃ under 
vacuum. The extract was dissolved in 50 mL of sterile deionized 
water and lyophilized by freezer drying at -60℃. The final yield 
was 0.12 g of powder from the plant leaves; the powder was 
subsequently used in experiments.

Cell culture and cell viability
Murine RAW 264.7 macrophages (Korean Cell Line Bank, 

Seoul, Korea) were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS) and 1% penicillin-streptomycin in a humidified 5% CO2 
atmosphere at 37℃. A total of 5 × 104 cells were seeded in a 
96-well micro-plate and incubated with different concen-
trations of ACE (dissolved and diluted in DMEM) for 24 h. Cell 
viability was measured by enzyme-linked immunosorbent assay 
(ELISA) using the EZ-cytox Cell Viability Assay Kit according to 
the manufacturer’s instructions.

Determination of NO production 
A total of 5 × 104 cells seeded in a 96-well micro-plate were 

incubated with different concentrations of ACE (0.3-3 μg/ml) 
for 1 h. The medium was replaced with LPS-containing DMEM 
(1 μg/ml) with 10% FBS, and the cells were incubated for 24 
h. To determine the total concentration of NO in the culture 
media, Griess reagent was added to 100 μl of supernatant at 
each treatment condition and the absorbance at 520 nm was 
measured with an ELISA reader.

Western blot analysis
Cell lysates from each sample (30 μg) were separated on 12% 

acrylamide gels. The proteins were transferred onto a polyvi-
nylidene difluoride (PVDF) membrane (Amersham Pharmacia 
Biotech) at 4℃. To block non-specific protein binding, PVDF 
membranes were incubated in 5% skim milk overnight at 4℃. 
Subsequently, the membranes were washed three times with 
Tris-buffered saline containing 0.1% Tween 20 (TBS/T) for 10 
min. Membranes were incubated with COX2, iNOS, NF-κB, IκB-α, 
or GAPDH antibodies at 1:1000 dilution. After incubation with 
the corresponding secondary antibodies, the membranes were 
analyzed with a chemiluminesce reaction kit (ECL Plus, Amer-
sham Pharmacia Biotech). The relative intensities of the bands 
were visualized and analyzed with Image J Software. 

Animals care and in vivo studies 
Twelve male Sprague-Dawley rats weighing 200-250 g were 

purchased from Veterinaria Pharma, Indonesia. Prior to experi-
ments, all animals were adapted to the new environment for 
one week. The rats were individually housed in stainless steel 
cages with ad libitum access to water and feed (AIN 93G 
formula). All the rats were kept in a controlled environment 
(room temperature, 24 ± 2℃; humidity, 40 ± 2%; and 12-h 
light/dark cycle). All experiments and animal care were 
conducted in conformity with the institutional guidelines of 
Airlangga University, Indonesia (100/TDC/ETIC/2013). To test the 
anti-inflammatory activity of ACE, the animals were divided into 
a control group and three experimental groups. Different 
concentrations of ACE (2.5, 5, and 10 mg/kg/day in normal 
saline) were administered orally for 7 days at a regular schedule. 
For the acute inflammatory assay, tests were carried out after 
1% carrageenan (in normal saline) was injected into the right 
hind paw. Paw edema volume was measured with a plethys-
mometer (Ugo Basile, Italy) [17] 0, 1, 2, 3, 4, and 5 h after 
carrageenan injection. The increase in paw volume (% of 
control) was calculated based on the difference between the 
control and test groups. 

Statistical analysis
The results are expressed as the mean ± standard deviation 

(SD). Statistical significance was determined with Student’s t-test 
for each paired experiment by using Graphpad Prism 4.0 
software (version 4.00 for Windows, San Diego, CA). Differences 
were significant at P < 0.05. 

RESULTS

Effect of ACE on NO production in LPS-stimulated RAW 264.7 cells
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Fig. 1. Effect of Areca catechu leaf ethanol extract (ACE) on cell viability and 
production of nitric oxide (NO) in lipopolysaccharide (LPS)-stimulated RAW 264.7 
cells. (A) RAW 264.7 cells were treated with 0.3-10 μg/ml ACE for 24 h and cell 
viability was determined with the XTT assay. Values are expressed as a percentage 
of control. Each value represents the mean from three independent experiments
± SD. * indicates a significant difference compared with untreated controls (P <
0.05). (B) RAW 264.7 cells were treated with 0.3-3 μg/ml ACE and 1 μg/ml LPS 
for 24 h. NO production was determined with the Griess reagent assay. The values 
were determined and quantified from the sodium nitrate standard curve. The nitrate 
concentrations (μM) were determined in three independent experiments. Data were 
expressed as mean ± SD. * indicates a significant difference compared with LPS 
treatment only (P < 0.05).

(A) (B)

(A) (B)

(C) (D) (E)

Fig. 2. Effect of Areca catechu leaf ethanol extract (ACE) on inducible nitric oxide 
synthase (iNOS), cyclooxygenase (COX)-2, inhibitor of kappa B (IκB), and nuclear 
factor-kappa B (NF-κB) expression in lipopolysaccharide (LPS)-stimulated RAW 
264.7 cells. (A) RAW 264.7 cells were treated with 0.3-3 μg/ml ACE and 1 μg/ml 
LPS for 24 h. The levels of iNOS, COX-2, IκB, and NF-κB proteins were examined 
by immunoblot analysis. (B-E) The graphs show the band intensity from each 
immunoblot with specific antibodies. Value changes from three independent 
experiments are expressed relative to those in LPS-treated controls. * indicates a 
significant difference compared with LPS only treatment (P < 0.05).

Fig. 3. Effect of Areca catechu leaf ethanol extract (ACE) on carrageenan 
(CR)-induced paw edema in rats. To test the effect of ACE (2.5, 5, or 10 mg/kg) 
on CR-induced paw edema, rats were divided into 4 groups. Water (control) and 
ACE (dissolved in 500 µl of normal saline) were administered orally during a 7-day 
regular schedule. To explore the anti-inflammatory effect of ACE in each group, 50 
µl of 1% carrageenan was injected into the sub-plantar side of the hind paw of 
all animals. The paw edema volumes were recorded at 0, 1, 2, 3, 4, and 5 h 
post-injection. Values are expressed as the increase in paw edema volume (%).

We used the XTT (2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)- 
2H-Tetrazolium-5-Carboxanilide)assay to determine the effect of 
ACE on RAW 264.7 murine macrophage viability. The results 
indicated that ACE was not cytotoxic at concentrations between 
0.3-3 μg/ml (Fig. 1A). Next, to test the effect of ACE on NO 
production in LPS-stimulated RAW 264.7 cells, we measured 
nitrate levels by using the Griess reagent assay. Cells were 
incubated with ACE (0.3-3 μg/ml) in LPS-containing DMEM (1 
μg/ml) for 24 h. As shown in Fig. 1B, ACE attenuated NO 
production at non-cytotoxic concentrations. The inhibition of 
LPS-induced NO levels was approximately 45%, and 50% in 
response to 1, and 3 μg/ml ACE, respectively.

ACE regulates the NO generation pathway in LPS-stimulated RAW 
264.7 cells

To investigate whether ACE can regulate LPS-induced NO 
production signaling in RAW 264.7 cells, we measured iNOS and 
COX-2 protein expression by immunoblot analysis. RAW 264.7 
cells were cultured in the absence or presence of ACE (0.3-3 
μg/ml) in DMEM containing 10% FBS for 1 h, followed by 
stimulation with LPS (1 μg/ml) for the next 24 h. As shown in 
Fig. 2, iNOS and COX-2 expression were induced by LPS. 
However, ACE treatment inhibited LPS-induced COX-2 protein 
expression in a dose-dependent manner (Fig. 2 B). Further, 
treatment with 3 μg/ml ACE significantly decreased iNOS expr-
ession by approximately 20% (Fig. 2 C). Therefore, the strongest 
inhibitory effect of ACE on iNOS and COX-2 expression occurred 
at a concentration of 3 μg/m1 ACE. Next, we determined the 
effect of ACE on NF-κB signaling in response to LPS stimulation. 
ACE (0.3-3 μg/ml) significantly reduced NF-κB expression while 
increasing IκB levels in a dose-dependent manner (Fig. 2 D, E).

Effect of ACE on carrageenan-induced acute inflammation in vivo
To examine the effect of ACE on acute inflammation, paw edema 

volumes of the control and ACE-treated rats were compared 
after injection of 1% carrageenan in the right paw. Paw edema 
volumes were measured 1, 2, 3, 4, and 5 h after injection. Paw 
volumes increased over time by 22.3 ± 2%, 30 ± 7%, 43.6 ± 11%, 
54 ± 20%, and 57 ± 20% at 1, 2, 3, 4, and 5 h, respectively, in 
rats treated with 2.5 mg/kg ACE. The paw volumes in the group 
treated with 5 mg/kg ACE were 22.6 ± 0.05%, 28 ± 4.3%, 35.3
± 7.7%, 34 ± 5.7%, and 36.3 ± 3% at 1, 2, 3, 4, and 5 h, 

respectively, after carrageenan injection. However, treatment 
with a high concentration of ACE (10 mg/kg) significantly 
reduced paw volume in this group compared to the paw 
volumes in the other groups. Paw volume was 22.6 ± 5% at 1 
h and increased to 27.3 ± 1.1% at 5 h. ACE treatment signi-
ficantly inhibited carrageenan-induced paw edema in a dose- 
dependent manner (Fig. 3).

DISCUSSION

Areca catechu is a well-known herbal medicine. It has been 
used to treat gastrointestinal infections in Indonesia, and East 
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and North Asian countries [18]. In this study, we demonstrated 
the inhibitory effects of ACE against inflammation in vitro 
and in vivo. We examined the effect of ACE on the major 
inflammation signaling pathways in LPS-activated RAW 264.7 
macrophages. Moreover, we examined the effect of ACE in an 
acute inflammation model of carrageenan-induced paw edema 
in rats. We found that inhibition of iNOS and NF-κB signaling 
was involved in the anti-inflammatory effect of ACE. Our results 
clearly demonstrate that ACE has a powerful activity against 
chronic and acute inflammation. 

Inflammation is a complicated process, which is regulated by 
pro-inflammatory cytokines and by the translocation of 
cytosolic NF-κB to the nucleus [11, 14, 19]. Macrophages are 
the early antagonists of pathogens in the body and play an 
important role during inflammation [20]. Inflammatory responses 
in macrophages induced by LPS or carrageenan include produc-
tion of pro-inflammatory cytokines and increased expression of 
iNOS and COX-2 [13]. Therefore, we first focused on the 
LPS-induced NO production in the in vitro study. We found that 
ACE was not toxic at concentrations between 0.3 and 3 μg/ml, 
based on the post-treatment viability of RAW 264.7 cells; 
however, higher dosages, such as 10 μg/ml, were cytotoxic. In 
addition, we demonstrated that ACE significantly decreased NO 
production in LPS-induced RAW 264.7 cells. Therefore, ACE is 
a promising therapeutic agent against acute and chronic 
inflammation. 

Overproduction of NO by iNOS can induce inflammatory 
diseases and COX-2 can also induce the expression of pro- 
inflammatory cytokines [16,21]. The activation of iNOS in 
macrophages and the resulting overproduction of NO can lead 
to inflammation, cancer, and autoimmune diseases. Therefore, 
we also investigated the changes in the levels of key proteins 
involved in inflammation by performing immunoblot analysis. 
Our results indicated that ACE treatment inhibited iNOS and 
COX-2 expression in LPS-stimulated RAW 264.7 cells. These 
results suggest that ACE inhibits the transcription of iNOS, 
leading to decrease NO production.

Notably, ACE inhibited inflammation by regulating NF-κB 
expression at low concentrations. The NF-κB transcription factor 
is a key regulator of immune and inflammatory responses [22]. 
In its inactive state, NF-κB is present in the cytoplasm in a 
complex with IκB [23]. Upon cell stimulation, IκB is phos-
phorylated and dissociates from NF-κB, which translocates to 
the nucleus and activates the transcription of inflammation- 
associated genes [24-26]. Our results showed that treatment 
with 1 and 3 μg/ml ACE significantly increased IκB expression, 
suggesting that ACE inhibited LPS-induced NF-κB expression 
by suppressing IκB phosphorylation. 

Similarly, Huo et al. previously showed an anti-inflammatory 
effect of the natural compound linalool in LPS-stimulated RAW 
264.7 cells [24]. Contrary to our results, Lin et al. (2005) reported 
that Areca nut extract, which is rich in polyphenols, induced 
COX-2 expression through the activation of the NF-κB signal 
transduction pathway [27]. However, Areca nut extract has also 
been shown to inhibit COX-2 expression [28]. This difference 
is probably due to an active component present in Areca nuts, 
and not leaves, which we used in our study. 

Furthermore, we found the anti-inflammatory activity of ACE 

after carrageenan treatment caused irritation of sub-pleural 
tissues. The contents of exudates provide useful information 
on the anti-inflammatory effects of chemicals [29]. Sustained 
administration of ACE at 2.5-10 mg/kg/day for several days 
prevented carrageenan-induced inflammatory exudate formation. 
Our results indicated that treatment with different concen-
trations (2.5-10 mg/kg) of ACE decreased paw volume in the 
acute inflammation animal model. Treatment with a high dose 
(10 mg/kg) of ACE greatly decreased paw volumes and 
prevented further inflammation, which was consistent with the 
results of Barman et al. showing that treatment with Areca 
catechu leaves inhibited nociceptive activity in the acetic 
acid-induced gastric pain mouse model [30]. Therefore, Areca 
catechu leaves might contain phytochemicals similar to those 
found in the nuts, which might be the reason for the anti- 
inflammatory activity observed in this study.

In conclusion, we clearly demonstrated the anti-inflammatory 
effect of ACE in vitro and in vivo. Our results suggest that 
anti-inflammatory capacity of ACE is attributable not only to 
the suppression of iNOS and COX-2 but also to the phos-
phorylation of IκB. Although we confirmed the effect of ACE 
in the LPS- induced RAW 264.7 cell inflammatory response, the 
activation of other mechanisms and signaling pathways such 
as pro-inflammatory signals and the secretion of cytokines and 
related enzyme activity were not evaluated in this study. Hence, 
further studies are crucial for a broader molecular understan-
ding of the anti-inflammatory effect of ACE.
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