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Areca nut extracts increased
expression of inflammatory
cytokines, tumor necrosis
factor-a, interleukin-1,
interleukin-6 and
interleukin-8, in peripheral
blood mononuclear cells

Chang L-Y, Wan H-C, Lai Y-L, Kuo Y-F, Liu T-Y, Chen Y-T, Hung S-L. Areca nut
extracts increased expression of inflammatory cytokines, tumor necrosis

factor-u, interleukin-1f, interleukin-6 and interleukin-8, in peripheral blood
mononuclear cells. J Periodont Res 2009; 44: 175-183. © 2008 The Authors.
Journal compilation © 2008 Blackwell Munksgaard

Background and Objective: Cytokines represent a central role in inflammatory
tissue destruction and regulate the immune responses that may govern the pro-
gression of periodontal diseases. This study investigated the effects of areca nut
extracts on the expression of inflammatory cytokines, tumor necrosis factor-o,
interleukin-1p, interleukin-6 and interleukin-8 in peripheral blood mononuclear
cells. The role of oxidative stress of areca nut extracts was also examined using
curcumin.

Material and Methods: The expression of cytokines in peripheral blood mono-
nuclear cells treated with extracts of ripe areca nut or extracts of tender areca nut
was analyzed using enzyme-linked immunosorbent assay and reverse
transcription—polymerase chain reaction.

Results: Both extracts of ripe areca nut ( £ 40 pg/mL) and extracts of tender areca
nut significantly enhanced the production of tumor necrosis factor-o and interleu-
kin-1p in peripheral blood mononuclear cells in a dose-dependent and time-
dependent manner. The kinetics of mRNA expression of both cytokines was also
enhanced by areca nut extracts. The stimulatory effects of areca nut extracts on the
secretion of tumor necrosis factor-a, interleukin-1p, interleukin-6 and interleukin-8
and on the mRNA expression of tumor necrosis factor-o, interleukin-1f and inter-
leukin-6 at 4 h of incubation were reduced by curcumin (20-50 pum). However, the
level of interleukin-8 transcripts was not affected by curcumin. Moreover, inter-
leukin-1f induction by extracts of tender areca nut, but not by extracts of ripe areca
nut, was weakened by 10 pm curcumin. The inhibitory effects of curcumin may vary
with different cytokines and with different areca nut extract treatments.

Conclusion: The complex cytokine profile induced by areca nut extracts-treated
peripheral blood mononuclear cells implied the possibility of enhanced local
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inflammation and altered immune functions by the areca chewing habit. The

inhibitory effects of curcumin on cytokine expression suggested that oxidative
stress might be involved in areca nut extracts-associated immune alteration.

Areca quid chewing is a popular habit
in countries of south and southeast
Asia and the Asian Pacific region (1).
The habit is strongly associated with
oral carcinogenesis, like oral submu-
cous fibrosis and oral cancer (2,3), and
is also closely related to periodontal
disease (4-8). Periodontal disease is
characterized by a progressive and
destructive inflammatory process of
the supporting tissues of teeth, which
results from the interaction of bacteria
in dental plaque biofilm and host
immune responses (9,10). Constant
chewing of areca quid may provide
access of areca ingredients for stimu-
lation of oral tissue and cause mucosal

microtrauma, hence increasing the
inflammatory reaction and disease
progression.

Histologically, the inflammatory
infiltrate in the periodontal lesion
consists of lymphocytes and macro-
phages (11). T cells predominate in
the early lesion, whereas the amounts
of B cells and plasma cells are
increased in the established lesion
(11). Studies have demonstrated that
a number of inflammatory cytokines
are released by resident cells and
inflammatory/immune cells in
response to  periodontopathogens
(9-11). Cytokines, which exert bio-
logical effects on both host inflam-
matory and immune responses, are
important in the linkage of inflam-
mation/immune response and disease
status  (12,13).  Excessive and/or
continuous production of inflamma-
tory cytokines, such as
necrosis  factor-a, interleukin-1p,
interleukin-6 and interleukin-8, is
believed to play a role in leukocyte
recruitment and periodontal tissue
destruction (10). Among the myriad
of cytokines, tumor necrosis factor-o
and interleukin-13 are potent and
crucial in stimulating bone resorption
in periodontitis (10). They are often
present simultaneously in chronic
inflammatory diseases and are known
to induce expression of a variety of

tumor

inflammatory mediators, including
themselves (10,14-16). Therefore, the
inflammatory reaction may be ampli-
fied and prolonged, leading to more
tissue damage (14).

Areca nut, the fruit of the tropical
palm tree Areca catechu, is the main
component of areca quid. The areca
nut used in Taiwan is fresh, tender
and with husk, whereas the ripe and
fully grown areca nut, without fibrous
husk, is used in India and some other
countries. Extracts of areca nut can
stimulate the production of inflam-
matory molecules, such as prosta-
glandins, tumor necrosis factor-o and
interleukin-6, in keratinocytes (17).
Several in vitro studies have pointed
out that areca nut extracts and other
areca quid ingredients can generate
reactive oxygen species and induce
oxidative damage (18-23). Reactive
oxygen species are proposed to be a
major cause of the cell and tissue
damage associated with many chronic
inflammatory diseases via several
pathways, including stimulation of
the release of a variety of inflamma-
tory cytokines (24,25). Compared
with the aqueous extracts of tender
areca nut, extracts of ripe areca nut
are more cytotoxic to CHO-K1 cells
and generate a higher level of oxida-
tive DNA damage (18). The different
cellular effects between extracts of
ripe areca nut and extracts of tender
areca nut may be related to the
greater oxidative stress generated
from the higher phenolic amount in
ripe areca nut (26-28). To understand
in more detail the role of areca quid
in oral diseases, the effects of two
types of areca nuts on cells and the
role of areca-associated oxidative
stress are worthy of more investiga-
tion.

Immunolocalization of greater levels
of cytokines in oral tissue from patients
with oral submucous fibrosis (29) sug-
gests that inflammatory/immune cells,
as well as structural cells, could be
stimulated by areca quid chewing.

Local immunocompetent cells derived
from peripheral blood are important
sources of inflammatory cytokines
(12). Recent in vitro studies demon-
strate that areca nut extracts can affect
the cytokine production function of
immunocompetent cells (23,30). How-
ever, little is known about the effects of
areca on the profile of the crucial
cytokines tumor necrosis factor-o. and
interleukin-1B that are produced by
immune cells. The purpose of this
study was to investigate the effects of
extracts of ripe areca nut and extracts
of tender areca nut on expression of
the inflammatory cytokines tumor
necrosis factor-o and interleukin-1p in
peripheral blood mononuclear cells
(the immunocompetent cells). The
possible role of oxidative stress of
areca nut extracts on the production of
tumor necrosis factor-a, interleukin-1p,
interleukin-6 and interleukin-8 on
peripheral blood mononuclear cells
was also examined.

Material and methods

Preparation of areca nut extracts

Extracts of ripe areca nut were
prepared from dried ripe areca nuts
without husk and extracts of tender
areca nut were prepared from fresh
tender areca nuts with husk, as previ-
ously reported (18,19). The yield, after
extraction, was approximately 12 and
26% for extracts of ripe areca nut and
extracts of tender areca nut, respec-
tively. The extracts of tender areca nut
were dissolved in calcium-free and
magnesium-free Hanks’ balanced salt
solution (Gibco BRL Laboratories,
Grand Island, NY, USA). The extracts
of ripe areca nut were dissolved in
dimethylsulfoxide (Sigma Chemical
Co., St Louis, MO, USA) to help dis-
solution before being diluted in Hanks’
balanced salt solution. The final con-
centration of dimethylsulfoxide in each
extracts of ripe areca nut-treated sam-
ple was less than 0.4%.



Preparation of peripheral blood
mononuclear cells and culture
conditions

Twenty-one healthy human volunteers
(11 men and 10 women; age range:
20-31 years) were recruited in the pres-
ent study. Peripheral blood mononu-
clear cells were freshly prepared from
venous peripheral blood of volunteers
using dextran sedimentation followed
by Ficoll (Ficoll-Paque PLUS;
Amersham Pharmacia Biotech, Bucks.,
UK) density-gradient centrifugation, as
described previously (30). The buffy
coats were harvested, washed twice,
then the purified peripheral blood
mononuclear cells were resuspended in
RPMI-1640 medium (Gibco BRL
Laboratories) supplemented with 10%
heat-inactivated fetal bovine serum,
100 U/mL of penicillin G sodium,
100 pg/mL of streptomycin sulfate and
0.25 pg/mL of amphotericin B (Gibco
BRL Laboratories). Peripheral blood
mononuclear cells (1 x 10° cells/mL)
were treated with different concentra-
tions (0, 10, 20, 40, 80 and 160 pg/mL)
of either extracts of ripe areca nut or
extracts of tender areca nut in 14-mL
polypropylene tubes at 37°C for 4 or
24 h. Cells treated with 0.025, 0.05, 0.1,
0.2, or 0.4% dimethylsulfoxide under
similar conditions served as the vehicle
controls. For curcumin experiments,
peripheral blood mononuclear cells
were pre-incubated with curcumin (0,
2.5 or 10 um) (Sigma Chemical Co.) for
1 h and then incubated with media only,
with 20 pg/mL of extracts of ripe areca
nut, or with 80 pg/mL of extracts of
tender areca nut for 24 h. Preliminary
tests revealed the toxic effects of 20 pum
curcumin on extracts of ripe areca
nut-treated cells for 24 h, and thus
subtoxic concentrations of curcumin
(< 10 um) were used for the 24-h
treatments. At the end of each incuba-
tion period, the viability of treated cells
was examined using the Trypan Blue
dye-exclusion assay (31). The culture
supernatants were collected, aliquoted
and stored at —80°C until future analy-
sis of cytokine levels using enzyme-
linked immunosorbent assay (ELISA).
For experiments of the kinetics of
cytokine mRNA expression and 4-h
curcumin effects on treated cells (media
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only, 20 pg/mL of extracts of ripe areca
nut or 80 pg/mL of extracts of tender
areca nut), the cell concentration used
was about 3-4 x 10° cells/mL. At the
end of each period of incubation, the
viability of treated cells was examined
and the supernatants were collected and
stored at —80°C until further analysis
using ELISA, then the pellets of har-
vested cells were prepared for RNA
purification and the reverse transcrip-
tion—polymerase chain reaction (RT-
PCR) assay. All measurements were
carried out in at least three independent
experiments.

ELISA

The culture supernatants were assayed
in duplicate to determine the concen-
trations of tumor necrosis factor-o,
interleukin-6, interleukin-8 (EH3TN-
FA, EH2IL6, EH2ILS, respectively;
Pierce Biotechnology, Inc., Rockford,
IL, USA) and interleukin-1f3 (Hu IL-1
kit; BioSource International, Inc.,
Camarillo, CA, USA) using solid-phase
sandwich ELISA kits according to the
manufacturer’s recommendation. The
sensitivities (or lower limit of detection)
of the ELISA kits were 2, 1, 2 and 1 pg/
mL for tumor necrosis factor-a,
interleukin-6, interleukin-8 and inter-
leukin-1p, respectively. In brief, 50 pL
of sample was added to each well in
duplicate and incubated with biotiny-
lated antibody against tumor necrosis
factor-a, interleukin-6, interleukin-8 or
interleukin-1f, followed by incubation
with streptavidin-horseradish peroxi-
dase and 3,3’,5,5-tetramethylbenzidine
(TMB) substrate. The plates were
washed three to four times between each
incubation step. Absorbance was
measured at 450 nm using an ELISA
reader (EL 312¢ Microplate Bio Kinet-
ics Reader; BIO-TEK Instruments,
Winooski, VT, USA). The amount of
cytokine in each well was calculated
using the standard curve generated from
the purified cytokines. The cytokine le-
vel of each sample was the mean of
duplicate values.

RT-PCR

The cell pellets of treated cells were
collected and the total RNA of each
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sample was isolated by a single-step
method using Trireagent-RNA® isola-
tion reagent (Molecular Research Cen-
ter, Inc., Cincinnati, OH, USA). Gene
expression was examined using RT-
PCR. RT was performed as follows:
16 uL  of DEPC (diethyl pyro-
carbonate)-water containing 2 pg of
total RNA and 10 pmoles of oligo
(dT);s primer (Protech Technology
Enterprise, Co., Ltd, Taipei, Taiwan)
was incubated at 70°C for 10 min,
chilled on ice for 5 min and then mixed
with 2 pL of 10x StrataScript buffer
(Stratagene, La Jolla, CA, USA), 1 uL
of 10 mm dANTP and 1 pL of Strata-
Script reverse transcriptase (50 U)
(Stratagene). After incubation at 42°C
for 50 min, then at 70°C for 15 min, the
final cDNA products were harvested
and stored at —20°C until further ana-
lyzed. cDNA products from 80 ng of
total RNA were used for PCR amplifi-
cation in a total volume of 20 pL con-
taining 4 mm dNTP, 10 pmoles of each
specific primer (Clontech Laboratories,
Inc., Palo Alto, CA, USA), 1 unit of
Taq DNA polymerase and 1x reaction
buffer (MoBiTec GmbH, Gottingen,
Germany). The primer pairs and their
annealing temperatures used in this
study were as follows: tumor necrosis
factor-o, 5-GAGTGACAAGCCTG
TAGCCCATGTTGTAGCA-3" and
5’-GCAATGATCCCAAAGTAGAC
CTGCCCAGACT-3" (annealing tem-
perature = 57°C) (32); interleukin-1,
5-ATGGCAGAAGTACCTAAGCT-
CGC-3" and 5-ACACAAATTGCAT-
GGTGAAGTCAGTT-3" (annealing
temperature = 62°C) (33); interleukin-6,
5’-ATGAACTCCTTCTCCACAAG-
CGC-3¥ and 5-GAAGAGCCCT-
CAGGCTGGACTG-3 (annealing
temperature = 55°C) (34); interleukin-8,
5’-ATGACTTCCAAGCTGGCCGT-
GGCT-3* and 5-TCTCAGCCCT-
CTTCAAAAACTTCTC-3 (annealing
temperature = 60°C) (35); and glycer-
aldehyde-3-phosphate dehydrogenase,
5-TGGTATCGTGGAAGGACTCA-
TGAC-3 and 5-ATGCCAGTGA-
GCTTCCCGTTCAGC-3" (annealing
temperature = 55°C) (36). Reactions
using buffer only or an RNA sample
from treated cells served as nega-
tive controls. The reaction mixture
was heated to 95°C for 5 min and
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amplification was performed for 24-31
cycles of 95°C for 1 min, annealing
temperature for 1 min and 72°C for
1 min. A final extension was performed
at 72°C for 10 min. The PCR products
were loaded onto a 2% agarose gel for
electrophoresis. Gels were stained with
ethidium bromide and pictures were
taken. The amplified products were 444,
802, 628, 289 and 190 base pairs for
tumor necrosis factor-a, interleukin-1f,
interleukin-6, interleukin-8 and glycer-
aldehyde-3 phosphate dehydrogenase,
respectively.

Statistical analysis

The Mann—Whitney test was performed
using the analytical software (spss 10.0;
SPSS Inc., Chicago, IL, USA). Differ-
ences were considered as statistically
significant for a p-value of < 0.05.

Results

Production of tumor necrosis factor-a
and interleukin-1p in peripheral blood
mononuclear cells after treatment
with extracts of ripe areca nut or
extracts of tender areca nut

The levels of tumor necrosis factor-o
and interleukin-1f in the supernatants
of control cells treated with medium
only were consistently low after incu-
bation for 4 and 24 h. There was no
significant difference in the secretion of
tumor necrosis factor-o and interleu-
kin-1B between control cells treated
with medium only, with or without
dimethylsulfoxide ( < 0.4%) (data not
shown). Both extracts of ripe areca nut
(£ 40 pg/mL) and extracts of tender
areca nut showed dose-dependent
enhancing effects on cytokine produc-
tion in peripheral blood mononuclear
cells at 4 and 24 h of incubation
(Fig. 1). Concentrations of extracts of
ripe areca nut and extracts of tender
areca nut as low as 20 and 80 pg/mL,
respectively, significantly induced the
production of cytokines. Compared
with the control cells treated with
medium only, 20 pg/mL of extracts of
ripe areca nut increased the secretion
of tumor necrosis factor-o by 3.7-fold
and 53.4-fold, at 4 and 24 h of incu-
bation, respectively (Fig. 1A and 1B),
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Fig. 1. Effects of areca nut extracts on the cytokine production in peripheral blood mono-

nuclear cells were determined using enzyme-linked immunosorbent assay. The levels of
tumor necrosis factor-o (A, B) and interleukin-1f (C, D) in the supernatants of peripheral
blood mononuclear cells treated with indicated concentrations of extracts of ripe areca nut or
extracts of tender areca nut for 4 h (A, C) or 24 h (B, D) were analyzed. Results are shown as

mean + standard error of values from five or six independent experiments. Statistically

significant differences between the individual experimental sample and media-treated control
are shown by different symbols: **p < 0.01; *p < 0.05; Tp = 0.05; ¥p = 0.053, Mann—
Whitney test. IL-1B, interleukin-1B; rANE, extracts of ripe areca nut; tANE, extracts of
tender areca nut; TNF-o, tumor necrosis factor-o.

while 80 pg/mL of extracts of tender
areca nut increased the secretion of
tumor necrosis factor-o by 3.1-fold and
6-fold, at 4 and 24 h of incubation,
respectively. In addition, 20 pg/mL of
extracts of ripe areca nut increased the
secretion of interleukin-1B by 5.8-fold
and 155-fold (Fig. 1C and 1D), while
80 pg/mL of extracts of tender areca
nut increased the secretion of interleu-
kin-1B by 2.5-fold and 17.1-fold, at 4
and 24 h of incubation, respectively.
However, the level of tumor necrosis
factor-o in cells treated with 160 pg/
mL of extracts of ripe areca nut was as
low as that in cells treated with med-
ium only, at both 4 and 24 h.

The viability of cells treated with
160 pg/mL of extracts of ripe areca nut
was 57.6 £ 19.3% and 34.1 + 13.7%
for 4 and 24 h of incubation, respectively.
The reduced production of tumor necro-
sis factor-o. when the concentrations of
extracts of ripe areca nut were 80 and
160 pg/mL at both 4 and 24 h of incu-
bation, and the decreased level of inter-
leukin-1B when the extracts of ripe areca

nut concentrations was 160 pg/mL at
24 h of incubation, might be caused by
the toxic effects of extracts of ripe areca
nut. However, concentrations of extracts
of tender areca nut up to 160 pg/mL
revealed little cytotoxicity (viability:
80.9 + 12.3% and 74.8 + 18.0% for4 h
and 24 h of incubation, respectively).
Therefore, subtoxic concentrations of
extracts of ripe areca nut or extracts of
tender areca nut could increase the pro-
duction of tumor necrosis factor-o. and
interleukin-1f in a dose-dependent and
time-dependent manner.

mRNA expression of tumor necrosis
factor-a and interleukin-1p in
peripheral blood mononuclear cells
after treatment with extracts of ripe
areca nut or extracts of tender areca
nut

The kinetics of mRNA production of
tumor necrosis factor-o and interleukin-
1B in peripheral blood mononuclear cells
after treatment with areca nut extracts
was examined. Compared with freshly
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Fig. 2. Effects of areca nut extracts on mRNA expression of cytokines in peripheral blood

mononuclear cells as examined using the reverse transcription—polymerase chain reaction
assay. Peripheral blood mononuclear cells were treated with medium only (control), extracts
of ripe areca nut (20 pg/mL) or extracts of tender areca nut (80 pg/mL) for 2, 4, 8, 16, or
24 h. Analysis of freshly isolated peripheral blood mononuclear cells without incubation
(0 h) was also performed in each experiment. Representative results of amplified sequences
specific for tumor necrosis factor-o, interleukin-1f and glyceraldehyde-3 phosphate
dehydrogenase of three independent experiments are shown. GAPDH, glyceraldehyde-3
phosphate dehydrogenase; IL-1p, interleukin-1B; rANE, extracts of ripe areca nut; tANE,
extracts of tender areca nut; TNF-o, tumor necrosis factor-o.

isolated cells, the mRNA expression of
both tumor necrosis factor-o and inter-
leukin-1f was increased at all time
points, but this increase was particularly
apparent at 2 and 4 h in all three groups
(i.e. control cells treated with medium
only, extracts of ripe areca nut-treated
cells and extracts of tender areca nut-
treated cells) (Fig. 2). When compared
with the control cells treated with med-
ium only at each time point, the tumor
necrosis factor-o transcripts persisted
longer in both extracts of ripe areca nut-
treated group and extracts of tender
areca nut-treated group at 824 h and
showed a slight increase in extracts of
tender areca nut-treated cellsat 2 h. The
levels of interleukin-1p transcripts were
increased at 2-24 h time points in cells
treated with extracts of ripe areca nut or
with extracts of tender areca nut when
compared with the control cells. Thus,
both extracts of ripe areca nut and
extracts of tender areca nut increased the
mRNA expression of tumor necrosis
factor-o and interleukin-1f in peripheral
blood mononuclear cells.

Effects of curcumin on mRNA
expression of tumor necrosis factor-«,
interleukin-1g, interleukin-6 and
interleukin-8 in peripheral blood
mononuclear cells after treatment
with extracts of ripe areca nut or
extracts of tender areca nut

The antioxidant, curcumin, was used
to examine whether the enhancing

effects of areca nut extracts on cyto-
kine expression in peripheral blood
mononuclear cells were caused by the
generation of reactive oxygen species.
After pre-incubation of peripheral
blood mononuclear cells with 0, 20, or
50 um curcumin followed by 4 h of
incubation with various areca nut
extracts, the viability in each group
was about 90%. Compared with the
control cells, pre-incubation with
50 um curcumin decreased the mRNA
expression of tumor necrosis factor-a,
interleukin-1 and interleukin-6 in
both extracts of ripe areca nut-treated
and extracts of tender areca nut-trea-
ted cells (Fig. 3). By contrast, curcu-
min had a minimal effect on the levels
of interleukin-8 transcripts. The results
suggested a possible role of areca-
associated oxidative stress in cytokine
gene expression of immune cells. The
results also indicated that the inhibi-
tory effects of curcumin on different
cytokines may be varied.

Effects of curcumin on protein
production of tumor necrosis factor-«,
interleukin-1p, interleukin-6 and
interleukin-8 in peripheral blood
mononuclear cells after treatment
with extracts of ripe areca nut or
extracts of tender areca nut

The possible effects of curcumin on the
secretion of tumor necrosis factor-a,
interleukin-1p, interleukin-6 and inter-
leukin-8 in areca nut extracts-treated
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Fig. 3. Effects of curcumin on mRNA
expression of cytokines in treated peripheral
blood mononuclear cells as measured using
the reverse transcription—polymerase chain
reaction assay. Cells were pre-incubated for
1 h with 0, 20, or 50 um curcumin followed
by 4 h of incubation with medium only
(control), extracts of ripe areca nut (20 pg/
mL) or extracts of tender areca nut (80 pg/
mL). Representative results of amplified se-
quences specific for tumor necrosis factor-o.,
interleukin-1p, interleukin-6, interleukin-8
and glyceraldehyde-3 phosphate dehydroge-
nase, of three independent experiments, are
shown. GAPDH, glyceraldehyde-3 phos-
phate dehydrogenase; IL-1p, interleukin-14;
IL-6, IL-8,
rANE, extracts of ripe areca nut; tANE,

interleukin-6; interleukin-8;
extracts of tender areca nut; TNF-o, tumor
necrosis factor-o.

peripheral blood mononuclear cells at
4 h of incubation were examined. Both
20 and 50 um curcumin significantly
decreased the secretion of all four
cytokines in extracts of ripe areca nut-
treated or extracts of tender areca nut-
treated peripheral blood mononuclear
cells (Fig. 4). However, only interleu-
kin-1p induced by extracts of tender
areca nut, but not by extracts of ripe
areca nut, could be obviously atte-
nuated by 10 pm curcumin (Fig. 4B).
Curcumin also reduced cytokine
secretion by the cells treated with
medium only.

Effects of curcumin on cytokine
accumulation in treated peripheral
blood mononuclear cells at 24 h

The curcumin effects were examined at
24 h to investigate the role of oxidative
stress over a longer incubation time.
After pre-incubation of peripheral
blood mononuclear cells with 0, 2.5, or
10 um curcumin followed by 24 h of
incubation with areca nut extracts, the
cell viability in each tested sample was
greater than 80% except in extracts of
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Fig. 4. Effects of curcumin on cytokine production in treated peripheral blood mononuclear
cells incubated for 4 h. Peripheral blood mononuclear cells were pre-incubated with various
concentrations of curcumin (0, 10, 20, or 50 pm) for 1 h followed by incubation with medium
only (control), or with extracts of ripe areca nut (20 pg/mL) or extracts of tender areca nut
(80 pg/mL) for 4 h. The levels of tumor necrosis factor-o (A), interleukin-1 (B), interleukin-6
(C), and interleukin-8 (D) in culture supernatants were assayed using enzyme-linked
immunosorbent assay. Data are presented as mean + standard error of values of at least three
independent experiments. Statistically significant differences between cells pre-incubated with
curcumin and with medium only (control) in each group are shown by different symbols:
*p < 0.01; *p < 0.05; Tp = 0.05; ¥p = 0.062, Mann-Whitney test. IL-1p, interleukin-1;
IL-6, interleukin-6; IL-8, interleukin-8; rANE, extracts of ripe areca nut; tANE, extracts of
tender areca nut; TNF-o, tumor necrosis factor-o.

ripe areca nut-treated cells pretreated
with 10 um curcumin (72.2%). When
compared with the control cells, 10 um
significantly reduced the
production of tumor necrosis factor-o,
interleukin-1f and interleukin-6 in
extracts of ripe areca nut-treated or
extracts of tender areca nut-treated
peripheral blood mononuclear cells
(Fig. 5), while 2.5 um curcumin exhib-
ited only small effects on cytokine
production. Though not significant,
the accumulated levels of interleukin-8
induced by extracts of tender areca
nut, but not by extracts of ripe areca
nut, at 24 h could also be reduced by
10 um curcumin (Fig. 5D). The data
showed that the subtoxic dose of
curcumin (10 pm) could reduce the
enhancing effects of longer exposure to
extracts of ripe areca nut or to extracts
of tender areca nut. However, the
effects of curcumin on interleukin-8
secretion were limited when compared
with other cytokines.

curcumin

Discussion

Sustained and/or greater production of
cytokines, such as tumor necrosis fac-
tor-o, interleukin-1f, interleukin-6 and
interleukin-8, in inflamed tissues is
responsible for the progression of
inflammatory  disorders, including
periodontal diseases (10,25). Interleu-
kin-1pB, the more potent form of inter-
leukin-1 in mediating effects on bone
(10), is involved in stimulating the
production of protease-like metallo-
proteinase and a variety of inflamma-
tory mediators, and inducing bone
resorption  (15).  Tumor
factor-o. shares the remarkable simi-
larities of biological properties with
those of interleukin-1 and has syner-
gistic effects with it (15). Interleukin-6
is a pleiotropic cytokine that can
induce bone resorption and B-cell
differentiation (10). Interleukin-8, a
chemokine, possesses potent chemotactic
functions for granulocyte accumulation

necrosis

at sites of inflammation (10). Increased
expression of interleukin-6 and interleu-
kin-8 in peripheral blood mononuclear
cells following treatment with extracts of
ripe areca nut or extracts of tender areca
nut has been reported previously (30).
The present study demonstrated that
secretion of tumor necrosis factor-o. and
interleukin-1f in extracts of ripe areca
nut-stimulated or extracts of tender are-
ca nut-stimulated peripheral blood
mononuclear cells was increased in a
dose-dependent and time-dependent
manner. The kinetics of transcripts of
these two cytokines was also enhanced
after treatment with areca nut extracts.
To the best of our knowledge, this is the
first study that clearly defined the
expression of these two cytokines in
areca nut extracts-activated immune
cells. The findings strongly suggest the
role of areca in enhancing oral inflam-
mation and perhaps in modulating the
host immune responses.

Oxidative stress plays a key role
during the development and progres-
sion of inflammatory diseases (24,25).
Several studies report that areca nut
extracts can generate reactive oxygen
species and induce DNA damage (18—
23). Reactive oxygen species, such as
hydroxyl radical, can be formed in the
oral cavity during chewing of areca
quid containing ripe or tender areca
nut (28,37,38). The ability of areca nut
extracts to increase the cellular reactive
oxygen species levels in mouse spleno-
cytes is attenuated by the antioxidant
N-acetyl-L-cysteine  (23). Curcumin,
a major active component of turmeric
(Curcuma longa) and a spice in curries,
has been reported to be an effective
antioxidant and is known traditionally
for its anti-inflammatory effects (39).
Curcumin is able to scavenge reactive
oxygen species (40), increase glutathi-
one content (41,42) and inhibit the
activation of nuclear factor-xB (NF-
kB) (39). The properties of curcumin
might be useful for the treatment of
inflammatory conditions. In the pres-
ent study, at 4 h of culture the secre-
tion of necrosis factor-o,
interleukin-1p, interleukin-6 and inter-
leukin-8, and the mRNA expression of
tumor necrosis factor-a, interleukin-13
and interleukin-6, in either extracts of
ripe areca nut-stimulated or extracts of

tumor
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Fig. 5. Effects of curcumin on cytokine accumulation in treated cells incubated for 24 h.

Peripheral blood mononuclear cells were pre-incubated with various concentrations of
curcumin (0, 2.5, or 10 pm) for 1 h followed by incubation with medium only (control), or
with extracts of ripe areca nut (20 pg/mL) or extracts of tender areca nut (80 pg/mL) for a
further 24 h. The levels of tumor necrosis factor-o (A), interleukin-1f (B), interleukin-6 (C),
and interleukin-8 (D) in culture supernatants were assayed using enzyme-linked immuno-

sorbent assay. Data are presented as mean =+ standard error of values of four independent

experiments. Statistically significant differences between cells pre-incubated with curcumin

and medium only (control) in each group are shown. *p < 0.05, Mann—Whitney test. IL-1p,
interleukin-1f; IL-6, interleukin-6; IL-8, interleukin-8; rANE, extracts of ripe areca nut;

tANE, extracts of tender areca nut; TNF-a, tumor necrosis factor-o.

tender areca nut-stimulated peripheral
blood mononuclear cells, were reduced
by curcumin. However, the finding that
the mRNA expression of interleukin-8
was only minimally affected by curcu-
min indicated that the effects of curc-
umin on different cytokines may be
varied. In hepatic stellate cells, the
antioxidant property of curcumin (10—
30 pM) mainly results from elevated
cellular glutathione levels after incu-
bation for 10-24 h, but not before 5 h
(41). The results of the present study
showed that 10 pm curcumin markedly
reduced the secretion of a variety of
cytokines in areca nut extracts-treated
peripheral blood mononuclear cells
after incubation for 24 h. Whether
levels of cellular glutathione in areca
nut extracts-treated peripheral blood
mononuclear cells were affected by
curcumin remains to be determined.
Our previous study revealed that the
antioxidant pyrrolidine dithiocarba-
mate could inhibit the expression of
interleukin-6 by extracts of ripe areca

nut-treated peripheral blood mono-
nuclear cells (30). Together, these
findings suggest that the increased
expression of numerous inflammatory
cytokines by peripheral blood mono-
nuclear cells might result from areca-
associated oxidative stress.

Reactive oxygen species can enhance
inflammation via activation of redox-
sensitive factors, such as NF-xB and
activator protein-1, and then increase
the expression of pro-inflammatory
molecules (43,44). In oral keratino-
cytes, activation of NF-kB and mito-
gen-activated protein kinase (MAPK)
by extracts of ripe areca nut (45), and
activation of the MAPK/c-Fos path-
way by extracts of tender areca nut
(46), have been reported. Curcumin
exhibits the ability to block the
activation of NF-kB and activator
protein-1 (39,47). In addition, pyrroli-
dine dithiocarbamate is also a known
inhibitor of NF-xB (48). Inhibitory
effects of curcumin and pyrrolidine
dithiocarbamate on cytokine expres-
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sion in areca nut extracts-treated
peripheral blood mononuclear cells
were noted in the present study and in
our previous report (30). It is possible
that the greater increase of a variety of
cytokines in areca nut extracts-treated
peripheral blood mononuclear cells
occurs via activation of these tran-
scription factors through oxidative
modification and/or stimulation with
products like cytokines. However, the
detailed mechanism involved is still
elusive and more studies are necessary
to clarify the pathways underlying
areca-associated cytokine expression.

The biological effects of extracts of
ripe areca nut and extracts of tender
areca nut on cytokine expression in
peripheral blood mononuclear cells
shared remarkable similarities in this
study; however, several discrepancies
were noted. First, extracts of ripe areca
nut were more toxic than extracts of
tender areca nut. Second, under the
experimental conditions of this study,
the inducing effects of extracts of ripe
areca nut on tumor necrosis factor-o
and interleukin-1 were higher when
compared with the inducing effects of
extracts of tender areca nut, whereas
the inducing effects of extracts of ripe
areca nut on interleukin-6 and inter-
leukin-8 were similar to or lower than
the inducing effects of extracts of
tender areca nut. These observations
suggest that the biological effects of
extracts of ripe areca nut and extracts
of tender areca nut may be different.
Third, the enhancing effects of extracts
of tender areca nut, but not of extracts
of ripe areca nut, on the production of
interleukin-13 were reduced by 10 pum
curcumin after 4 h of incubation. The
differential inhibition of curcumin on
certain cytokines, induced by extracts
of ripe areca nut and extracts of tender
areca nut, might be related to their
different composition and properties,
for example, extracts of tender areca
nut contain lower amounts of phenolic
compounds (28) and induce less
oxidative damage (18) when compared
with extracts of ripe areca nut.
Together, the results suggest that
extracts of ripe areca nut and extracts
of tender areca nut might create a
different pathological microenviron-
ment.
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In conclusion, both extracts of ripe
areca nut and extracts of tender areca
nut enhanced the production of a
variety of inflammatory cytokines in
peripheral blood mononuclear cells,
although several discrepancies between
their biologic effects were observed.
The results imply that exposure to
areca nut as a result of the areca
chewing habit might enhance a local
inflammatory reaction and produce
harmful effects on the host immune
system. The potent inhibitory effects of
curcumin on the expression of a variety
of cytokines in areca nut extracts-
treated cells raised the possibility of
disease prevention using curcumin or
other dietary polyphenols for areca
chewers. However, the clinical rele-
vance of these findings remains to be
defined.
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