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Background and Objective: Polymorphonuclear leukocytes (PMN) represent the

first line of host defense. Areca nut extract inhibits the bactericidal activity of, and

the release of superoxide anion (O2
– ) by, PMN. This study investigated the effects

of areca nut extract on the intracellular production of reactive oxygen species

(ROS) and on the extracellular release of lysosomal enzyme, myeloperoxidase

(MPO), by PMN. The effects of arecoline, a principal component of areca nut,

were also examined.

Material and Methods: Human PMN were treated with various concentrations of

areca nut extract or arecoline followed by treatment with Hanks’ balanced salt

solution, with or without cytochalasin B and fMet-Leu-Phe (CB/fMLP). The

viability of PMN was determined using propidium iodide staining and flow cy-

tometry. The presence of intracellular ROS was determined using 2¢,7¢-dichloro-
fluorescin diacetate and fluorometry. MPO release was determined using a

substrate assay.

Results: Areca nut extract (25 and 50 lg/ml) significantly decreased the viability

of PMN. The intracellular levels of ROS and the extracellular release of MPO were

induced in PMN by CB/fMLP. Exposure of PMN to areca nut extract (up to

25 lg/ml) or to arecoline (up to 2 mg/ml) did not directly affect the levels of ROS

and MPO activity. However, under conditions that did not affect the viability of

PMN, the ability of CB/fMLP to trigger production of intracellular ROS and

release of MPO in human PMN was significantly suppressed by areca nut extract

and arecoline.

Conclusion: Areca nut impaired the activation of PMN by CB/fMLP that might

decrease the effectiveness of PMN in the host defense. Alternatively, exposure

of PMN to areca nut extract could decrease the capacity of PMN to damage

tissues.
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Areca (betel) chewing is the fourth

most commonly addicted habit in the

world and is associated with an in-

creased risk of oral submucous fibrosis

and oral squamous cell carcinoma (1).

Several studies have demonstrated an

association between areca chewing and

periodontal diseases (2–7). Areca quid

generally consists of areca nut

(Areca catechu), Piper betle leaf, and

slaked lime, with or without additives,

such as tobacco and P. betle inflores-

cence. Epidemiological and experi-

mental studies have revealed the

cytotoxic, genotoxic, and carcinogenic

potencies of areca nut (1). Areca nut

extract and its major areca alkaloid,

arecoline, inhibit the growth, attach-

ment, and matrix protein synthesis of

human gingival fibroblasts in vitro

(8,9). Moreover, arecoline inhibits

protein synthesis in human periodontal

ligament fibroblasts (10). Areca nut

may also compromise the periodontal

health of areca chewers by suppression

of alkaline phosphatase gene expres-

sion and elevation of RANKL (recep-

tor activator of nuclear factor-kappa B

ligand) gene expression in osteoblasts

(11).

Polymorphonuclear leukocytes

(PMN), the most abundant circulating

leukocytes, represent the first line of

the host defense mechanism. The main

functions of PMN include adherence,

chemotaxis, phagocytosis, and bacte-

ricidal activity (12–14). PMN within

the gingival crevice are able to protect

the gingiva against microbial invasion

through mechanisms such as the

secretion of hydrolytic enzymes and

the production of oxygen radicals (12–

14). The production of reactive oxygen

species (ROS), such as superoxide,

hydrogen peroxide and hydroxyl

radial, through the respiratory burst in

PMN, is an important pathway

involved in oxidative killing (15,16).

Moreover, superoxide may function

intracellularly by activating proteases

within the phagolysosome (17,18).

Activation of PMN may also lead to

the release of enzymes harbored within

the cytoplasmic vesicles of PMN. One

of the principal enzymes released from

the azurophilic granules is myeloper-

oxidase (MPO), which can catalyze the

formation of a potent oxidant, hy-

pochlorous acid (19,20). Patients with

an altered number or function of cir-

culating PMN tend to suffer severe

periodontal diseases (16,21–25).

Amplified activity of PMN may also be

responsible for the tissue destruction in

periodontal disease (16,26).

Areca chewing seems to favor sub-

gingival infection with the periodontal

pathogens Porphyromonas gingivalis

and Actinobacillus actinomycetemcom-

itans, which may lead to greater

severity of periodontal disease (4).

areca nut extract interferes with the

release of superoxide anion by PMN

and inhibits the bactericidal and

phagocytic activity of PMN (27,28). In

this report, the effects of areca nut

extract and arecoline on the human

PMN functions, with respect to intra-

cellular production of ROS and extra-

cellular release of MPO, are presented.

Material and methods

Areca nut extracts

Areca nut extract was prepared from

dried ripe areca nuts without husk, as

previously described (29,30). Areca nut

extract was first dissolved in dimethyl

sulfoxide (DMSO) (Sigma Chemical

Co., St Louis, MO, USA) before being

diluted in Hank’s balanced salt solu-

tion without Ca2+ and Mg2+ (HBSS)

(Gibco BRL Laboratories, Grand

Island, NY, USA). The final concen-

tration of DMSO in each sample was

less than 0.5%.

Isolation of PMN

PMN were freshly purified from hu-

man venous peripheral blood of heal-

thy nonsmokers by dextran

sedimentation followed by ficoll den-

sity-gradient centrifugation, as des-

cribed previously (27). Informed

consent was obtained from each vol-

unteer. This research proposal was

approved through the Institutional

Review Board of the Taipei Veterans

General Hospital, Taiwan. The PMN/

red blood cell pellet was transferred to

a new tube and washed once with

HBSS. Residual red blood cells were

ruptured by hypotonic lysis. After

washing and resuspension with HBSS,

PMN were counted with a hemocy-

tometer.

Viability of PMN

Viability of PMN after areca nut

extract or arecoline treatment was

determined by detecting the influx of

propidium iodide (PI) into PMN (31).

This assay is based on the fact that

PI stains nucleic acids in dead cells

that have lost their membrane inte-

grity (32,33). Freshly isolated PMN

(2 · 106 cells/ml) were incubated with

various concentrations of areca nut

extract or arecoline (Sigma) for

30 min at 37�C. PMN treated with

HBSS only, or with HBSS containing

0.5% DMSO, under similar condi-

tions, served as controls, whereas

PMN fixed in 3% paraformaldehyde

served as a control for dead cells.

HBSS containing 0.5% DMSO did

not affect the viability of PMN.

Treated PMN were washed and

incubated at 2 · 106 cells/ml in HBSS

or HBSS containing 4 lg/ml of PI

(Sigma) at 37�C for 10 min. After

washing twice with HBSS, PMN were

passed through a nylon filter (41 lm)

(Spectrom�; Spectrum Laboratories,

Inc., Laguna Hills, CA, USA) and

analyzed using a flow cytometer

(FACSort�; Becton Dickinson, Coc-

keysville, MD, USA) equipped with

an argon laser operating at an exci-

tation wavelength of 488 nm. The

instrument settings were as follows:

sideward scatter threshold set at 52;

and detector set at E00, 320 and 520

for forward scatter, sideward scatter

and fluorescence 2 (FL2, red fluores-

cence), respectively. Data were ana-

lyzed using analytical software

programs (CELLQUEST� and WINMDI

2.8; Becton Dickinson). The fluores-

cence intensities of a total of 10,000

cells were measured. Viability of

PMN in each sample was determined

by the following formula:

Viability of PMN ¼
number of unstained cells

�total number of cells:

The relative viability of PMN com-

pared with the control was determined

by the following formula:
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Relative viability of PMN ¼
ðviability of treated PMN

�viability of control PMN Þ � 100%:

Detection of intracellular ROS

The intracellular ROS was determined

as described by Chen et al. (34), with

modification. The principle of the test

is based on the diffusion of nonpolar

2¢,7¢-dichlorofluorescin diacetate

(H2DCFDA) into the cells through the

cell membrane. The H2DCFDA is then

hydrolyzed to nonfluorescent dichlo-

rofluorescin (H2DCF) (35). ROS

caused oxidation of H2DCF to a

measurable fluorescent product, di-

chlorofluorescein (36). Freshly isolated

PMN were treated with various con-

centrations of areca nut extract or

arecoline in the presence of H2DCFDA

(50 lM) (Molecular Probes, Inc., Eu-

gene, OR, USA) for 30 min at 37�C
and then washed with ice-cold phos-

phate-buffered saline (PBS). Treated

PMN (2 · 106 cells/ml) were further

incubated with HBSS, or with 5 lg/ml

of cytochalasin B and 10 lM of fMet-

Leu-Phe (CB/fMLP) in HBSS, for

15 min at 37�C (37,38). Cells were fi-

nally resuspended in 100 ll of PBS to a

final concentration of 1 · 106 cells/ml

for measurements of fluorescence using

the Fluorescence Measurement System

(Wallac 1420 multilabel counter Vic-

tor2; Perkin Elmer, Norwalk, CT,

USA) (excitation 485 nm, emission

535 nm). The relative level of intracel-

lular ROS was calculated as follows:

Relative level of intracellular

ROS=fluorescence intensity of ex-

perimental sample � fluorescence in-

tensity of HBSS-treated PMN with no

exposure to areca nut extract or to

arecoline.

Myeloperoxidase released from PMN

The effects of areca nut extract or

arecoline on extracellular release of the

lysosomal enzyme, MPO, were deter-

mined (38). Freshly isolated PMN

(4 · 106 cells/ml) were incubated with

various concentrations of areca nut

extract or arecoline for 30 min at 37�C.
After washing and resuspension in

HBSS, treated PMN (2 · 106 cells/ml)

were further incubated with HBSS or

CB/fMLP for 15 min at 37�C. The

supernatants of the reaction mixtures

were harvested by centrifugation at

1700 g for 2 min at 4�C. The reaction

mixture (in a total volume of 200 ll),
which consisted of PMN supernatant,

1.6 mM tetramethylbenzidine, 0.3 mM

H2O2, 30 mM sodium citrate buffer

(pH 5.4), 8% N,N-dimethylforma-

mide, and 40% PBS, was incubated for

3 min at 37�C. The reaction was ter-

minated by cooling in an ice bath and

by the addition of sodium citrate buffer

(pH 3.0) to a final concentration of

155 mM. The absorbance (A) of the

MPO product was measured in a

spectrophotometer (DU� 640 spectro-

photometer; Beckman Instruments,

Inc., Fullerton, CA, USA) at a wave-

length of 655 nm. The relative activity

of MPO was calculated as follows:

Relative activity of MPO ¼ A of

experimental sample � A of HBSS-

treated PMN with no exposure to

areca nut extract or to arecoline.

Statistical analysis

All values were expressed as mean ±

standard deviation (SD). Differences

between the experimental sample and

HBSS-treated PMN in the absence or

presence of CB/fMLP were analyzed

using the paired t-test. Differences be-

tween PMN that were treated with

HBSS or with CB/fMLP at the same

concentration of areca nut extract or

arecoline were also compared using the

paired t-test. A p-value of <0.05 was

considered significantly different.

Results

The effects of areca nut extract and

arecoline on size, granularity and

viability of PMN were analyzed using

flow cytometry. Changes in light scat-

ter profiles were observed when PMN

were treated with areca nut extract

(Fig. 1A), but not with arecoline

(Fig. 1B). The size and granularity of

areca nut extract-treated PMN

increased slightly when compared with

the control. Viable cells exhibit low

background fluorescence (Fig. 2).

Mean background fluorescence in-

creased from 2.12 to 6 when treated

with 50 lg/ml of areca nut extract

(Fig. 2A). A permeabilized membrane

allows PI to diffuse to the nucleus,

where firm binding to nucleic acids

occurs with concomitant appearance of

bright cell fluorescence. Treatment of

PMN with areca nut extract impaired

the viability of PMN in a dose-

dependent manner (Fig. 2A). The rel-

ative cellular viability was reduced to

55.94 ± 9.54% (p ¼ 0.023) and to

33.55 ± 4.11% (p ¼ 0.002) when

25 lg/ml and 50 lg/ml of areca nut

extract were used, respectively

(Fig. 3A). However, there was no dif-

ference in PI exclusion between PMN

exposed to arecoline and nonexposed

control cells (Figs 2B and 3B), sug-

gesting that the integrity of the plasma

membrane was not affected after

exposure to arecoline at the concen-

trations examined.

The effects of areca nut extract and

arecoline on intracellular levels of ROS

in PMN were determined. Intracellular

production of ROS in control PMN

was significantly induced by CB/fMLP

activation (p < 0.05) (Fig. 4). In the

absence of CB/fMLP, treatment with

various concentrations of areca nut

extract (0.781–12.5 lg/ml) (Fig. 4A) or

arecoline (0.016–10 mg/ml) (Fig. 4B)

did not significantly alter the intracel-

lular levels of ROS in PMN. However,

in the presence of CB/fMLP, the

intracellular levels of ROS in areca nut

extract-treated PMN decreased when

compared with HBSS-treated PMN. In

the presence of CB/fMLP, the intra-

cellular levels of ROS in PMN were

significantly reduced when treated with

12.5 lg/ml of areca nut extract (p ¼
0.03), 2 mg/ml of arecoline (p ¼ 0.044)

or 10 mg/ml of arecoline (p ¼ 0.003)

(Fig. 4). The levels of ROS production

after activation by CB/fMLP decreased

to � 50% when 1.563 lg/ml of areca

nut extract or 16 lg/ml of arecoline

was used. Thus, areca nut extract

treatment interfered with the activation

of PMN by CB/fMLP. The results

indicate that areca nut extract abol-

ished the activation of PMN by CB/

fMLP in terms of intracellular ROS

production (Fig. 4).

The effects of areca nut extract and

arecoline on the extracellular release of

MPO from PMN were analyzed
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by measuring enzyme activity. The

relative release of MPO by PMN in

the presence of CB/fMLP was

� 2.31 ± 0.43 times higher than PMN

in the absence of CB/fMLP (p ¼
0.049) (Fig. 5A). Exposure of PMN to

areca nut extract (3.125–25 lg/ml) did

not significantly affect the extracellular

release of MPO from PMN in the ab-

sence of CB/fMLP (Fig. 5A). Little

difference was observed between PMN

that were treated with HBSS or with

CB/fMLP at all concentrations of

areca nut extract examined (Fig. 5A),

suggesting that areca nut extract

inhibited the inducing effects of CB/

fMLP to release MPO. For arecoline

experiments, the relative release of

MPO by PMN in the presence of CB/

fMLP was � 2.66 ± 0.25 times higher

than PMN in the absence of CB/fMLP

(p ¼ 0.011) (Fig. 5B). In the absence of

CB/fMLP, exposure of PMN to arec-

oline (0.08–2 mg/ml) did not alter the

release of MPO. The release of MPO

was increased when PMN were treated

with 10 mg/ml of arecoline. Exposure

of PMN to arecoline interfered with

the activation of PMN by CB/fMLP to

release MPO. The relative release of

MPO decreased to 1.64 ± 0.27 (p ¼
0.007), 1.67 ± 0.25 (p ¼ 0.006) or

1.60 ± 0.18 (p ¼ 0.008) when 0.4 mg/

ml, 2 mg/ml or 10 mg/ml of arecoline

was used, respectively (Fig. 5B).

Therefore, areca nut extract and arec-

oline reduced the release of MPO from

PMN that were induced by CB/fMLP.

Discussion

PMN are important immune cells and

kill invading bacteria via oxygen-

dependent and oxygen-independent

mechanisms. However, excess release

of ROS from PMN may damage perio-

dontal tissues. This in vitro study

determined the effects of areca nut

extract and arecoline on the functions

of PMN regarding intracellular pro-

duction of ROS and extracellular

release of MPO. In our findings, areca

nut extract (up to 25 lg/ml) and arec-

oline (up to 2 mg/ml) did not have a

direct effect on the intracellular pro-

duction of ROS and release of MPO by

PMN. However, under conditions that

did not affect the viability of PMN,

areca nut extract and arecoline sup-

pressed the activation activity of PMN

induced by CB/fMLP. These observa-

tions indicate that areca nut extract

and arecoline might affect the normal

activation activity of PMN.

The antimicrobial efficiency of

human PMN depends on certain

events, including the generation of

ROS by assembly and activation of the

NADPH-dependent oxidase, and the

release of enzymatic or antimicrobial

protein content in the granules. The

combination of CB and fMLP enhan-

ces the production of ROS in PMN

(39). This study showed that the levels
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Fig. 1. Effects of areca nut extract on patterns of scattered light of polymorphonuclear

leukocytes (PMN). PMN were incubated with (A) areca nut extract (0, 6.25, 12.5, 25 or

50 lg/ml) or with (B) arecoline (0, 0.08, 0.4, 2 or 10 mg/ml) for 30 min, washed, and

examined using flow cytometry. The forward scatter (size) and sideward scatter (granularity)

signals of each treated sample are shown. The figures illustrated are the representative results

of three independent experiments performed with PMN obtained from different donors.
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of ROS production, after activation by

CB/fMLP, decreased to � 50% when

1.563 lg/ml of areca nut extract or

16 lg/ml of arecoline was used.

Superoxide may function intracellu-

larly by activating proteases within the

phagolysosome (17,18). Thus, areca

nut extract and arecoline may inhibit

the production of intracellular ROS

that lead to inhibition of the bacteri-

cidal activity. The concentration of

arecoline in saliva during areca chew-

ing is � 140 lg/ml (40). Concentrations

of areca nut extract sufficient to impair

the function of PMN would be present

in the gingival tissues and crevicular

fluids of areca chewers. Further studies

will be of value to define the contri-

bution of areca nut in the functions of

PMN in vivo.

Secretion of antimicrobial com-

pounds, including b-glucuronidase,
elastase and MPO, is one mechanism

performed by PMN to deliver antimi-

crobial substances (41). MPO is a

hemoprotein, present in the azurophil

granules of PMN, which is released

upon cell activation into the phago-

lysosome or into the extracellular space

(42). MPO reacts with H2O2, formed

by the NAPDH oxidase, and increases

the toxic potential of this oxidant.

Treatment of areca nut extract and

arecoline inhibited the release of MPO

in CB/fMLP-activated PMN. Many of

the areca chewers also smoke and

drink alcohol. Moreover, areca quid

may contain tobacco as an additive.

Similarly to the results observed for

areca nut extract and arecoline in this

study, nicotine does not affect directly

the release of MPO from PMN, but

inhibits the release of MPO when

PMN are treated with CB/fMLP (38).

In addition, nicotine reduces the acti-

vation ability of CB/fMLP regarding

ROS production (38). Ethanol also

inhibits the release of MPO by CB/

fMLP-activated PMN (43). These

findings indicate that nicotine, ethanol,

arecoline, and areca nut extract can

inhibit the release of MPO from acti-

vated PMN. All these components may

affect the immune functions of PMN.

Whether there is an additive effect of

nicotine, ethanol, and areca nut

remains to be examined.

The production of ROS has been

shown to influence cell cycle progres-

sion, apoptosis, and chemical toxicity

(44,45). Areca nut extract induces oxi-

dative DNA damage in Chinese ham-

ster ovary cells (CHO-K1) (30). The

production of intracellular H2O2 in
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0.08 mg/ml
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50 µg/ml 10 mg/ml

Fig. 2. Effects of areca nut extract and arecoline on the viability of polymorphonuclear

leukocytes (PMN) as determined using propidium iodide (PI) staining. PMN were incubated

with (A) areca nut extract (0, 6.25, 12.5, 25 or 50 lg/ml) or with (B) arecoline (0, 0.08, 0.4, 2

or 10 mg/ml) for 30 min, washed, and then tested for PI staining followed by flow cytometry.

Logarithmic parameters were shown for fluorescence intensity. Black lines represent the

fluorescence of PMN incubated without PI, whereas the red areas represent the fluorescence

intensity of PMN incubated with PI. The histograms illustrated are the representative results

of three independent experiments performed with PMN obtained from different donors.
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oral carcinoma cells (KB) is enhanced

by areca nut extract (800–1200 lg/ml),

but inhibited by arecoline (0.1–1.2 mM;

equivalent to 23.6–283 lg/ml) (46).

Aqueous extracts of areca quid induce

the formation of H2O2 and MPO

activity in mouse skin cells by topical

treatment (47), indicating a crucial role

in hyperplasia and inflammation. Ex-

tracts of areca quid, containing areca

nut, flower of Piper Linn, and red lime,

induce the production of H2O2 and the

activity of MPO in mouse epidermal

cells (JB6) with a long-term treatment

(48). However, areca nut extract and

arecoline reduced the extracellular re-

lease of superoxide anion in PMN that

were treated with lipopolysaccharide

and phorbol 12-myristate 13-acetate

(27). In addition, areca nut extract and

arecoline did not have a direct effect on

the production of ROS and the release

of MPO in PMN in this study. The

discrepancy in these studies may be a

result of differences in the composition

of areca quid, the culture medium, the

incubation time, and the cell system

examined. The resting levels of H2O2

for salivary PMN were elevated when

compared with blood PMN (49). The

possible effects of areca nut extract on

salivary PMN in vivo require further

analysis.

The functions of PMN induced by

fMLP, including oxidative burst or

granule secretion, are regulated by

mitogen-activated protein (MAP) kin-

ases (50,51). In response to fMLP

stimulation, the kinase activity and

phosphorylation of MAP kinases,

including p38 MAP kinase and extra-

cellular signal-regulated kinase (ERK),

are increased (50–52). Stimulation with

fMLP also induces intracellular cal-

cium release and extracellular calcium

influx (53). Increases in the intracellu-

lar concentration of Ca2+ may activate

protein kinase C, which regulates

degranulation and the production of

ROS (54,55). The activation of the

oxidative metabolism, known as the

respiratory burst, first involves the

activation of NADPH oxidase, an en-

zymatic complex composed of cytoso-

lic (p40phox, p47phox and p67phox)
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Fig. 3. Effects of areca nut extract and arecoline on the relative viability of polymorpho-

nuclear leukocytes (PMN). The percentages of cellular viability in the presence of (A) areca

nut extract or (B) arecoline, relative to that of the control, are shown. The results were

averaged from three independent experiments performed with PMN obtained from different

donors. The standard deviation (SD) is shown as an error bar. *Significant difference

(p < 0.05) compared with control PMN.
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Fig. 4. Effects of areca nut extract and

arecoline on the production of intracellular

reactive oxygen species (ROS) in polymor-

phonuclear leukocytes (PMN). In the pres-

ence of 2¢,7¢-dichlorofluorescin diacetate

(H2DCFDA), PMN were treated with var-

ious concentrations of (A) areca nut extract

or (B) arecoline followed by incubation with

Hanks’ balanced salt solution (HBSS) or

cytochalasin B and fMet-Leu-Phe (CB/

fMLP) for 15 min at 37�C. The fluorescence
intensity of control PMN treated with

HBSS was considered as 1. Each treated

sample was expressed as relative levels of

intracellular ROS compared with the con-

trol sample. The results from three inde-

pendent experiments performed with PMN

obtained from different donors are ex-

pressed as mean ± SD. *Significant differ-

ence (p < 0.05) between PMN that were

treated with HBSS or with CB/fMLP at the

indicated concentration. �Significant differ-
ence (p < 0.05) compared with control

PMN that were treated with CB/fMLP.
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and membrane proteins (p22phox and

gp91phox) (56). After formation of

active NADPH oxidase, this enzymatic

complex is able to generate superoxide

anion (O2
– ), which can dismutate into

H2O2 (57). Arecoline also depletes

intracellular thiols in gingival fibro-

blasts (58) and periodontal ligament

fibroblasts (10). Depletion of thiols

(such as glutathione) and ROS pro-

duction may play crucial roles in the

toxicity of areca nut. The detailed

molecular mechanisms involved in the

inhibitory effects by areca nut extract

and arecoline observed in CB/fMLP-

treated PMN in this study remain to be

defined.

In conclusion, treatment of PMN

with areca nut extract or arecoline

succeeded in preventing the increase of

intracellular ROS and release of MPO

caused by CB/fMLP activation. The

results here imply that areca nut ex-

tract and arecoline could impair sub-

stantially the normal functions of

PMN. These might result in harmful

influences on the host defense mech-

anism. However, the results also raise

the possibility that exposure of PMN

to areca nut extract and arecoline

could decrease the capacity of PMN to

damage tissues. The clinical relevance

of these observations remains to be

examined.

Acknowledgements

This investigation was supported by

Research Grants 91GMP004-4

(NSC93-3112-B010-002) of the Na-

tional Research Program for Genomic

Medicine from the National Science

Council, Taiwan.

References

1. Jeng JH, Chang MC, Hahn LJ. Role of

areca nut in betel quid-associated chemical

carcinogenesis: current awareness and fu-

ture perspectives. Oral Oncol 2001;37:477–

492.

2. Mehta FS, Sanjana MK, Barretto MA,

Doctor R. Relation of betel leaf chewing

to periodontal disease. J Am Dent Assoc

1955;50:531–536.

3. Waerhaug J. Prevalence of periodontal

disease in Ceylon. Association with age,

sex, oral hygiene, socioeconomic factors,

vitamin deficiencies, malnutrition, betel

and tobacco consumption and ethnic

group. Final report. Acta Odontol Scand

1967;25:205–231.

4. Ling L-J, Hung S-L, Tseng S-C et al.

Association between betel quid chewing,

periodontal status and periodontal path-

ogens. Oral Microbiol Immunol

2001;16:364–369.

5. Amarasena N, Ekanayaka AN, Herath L,

Miyazaki H. Tobacco use and oral hy-

giene as risk indicators for periodontitis.

Community Dent Oral Epidemiol

2002;30:115–123.

6. Amarasena N, Ekanayaka AN, Herath L,

Miyazaki H. Association between smo-

king, betel chewing and gingival bleeding

in rural Sri Lanka. J Clin Periodontol

2003;30:403–408.

7. Teng HC, Lee CH, Hung HC et al. Life-

style and psychosocial factors associated

with chronic periodontitis in Taiwanese

adults. J Periodontol 2003;74:1169–1175.

8. Jeng JH, Lan WH, Hahn LJ, Hsieh CC,

Kuo MY. Inhibition of the migration,

attachment, spreading, growth and colla-

gen synthesis of human gingival fibro-

blasts by arecoline, a major areca alkaloid,

in vitro. J Oral Pathol Med 1996;25:371–

375.

9. Chang MC, Kuo MY, Hahn LJ, Hsieh

CC, Lin SK, Jeng JH. Areca nut extract

inhibits the growth, attachment, and

matrix protein synthesis of cultured hu-

man gingival fibroblasts. J Periodontol

1998;69:1092–1097.

10. Chang YC, Lii CK, Tai KW, Chou MY.

Adverse effects of arecoline and nicotine

on human periodontal ligament fibro-

blasts in vitro. J Clin Periodontol

2001;28:277–282.

11. Ling L-J, Ho F-C, Chen Y-T, Holborow

D, Liu T-Y, Hung S-L. Areca nut extracts

modulated expression of alkaline phos-

phatase and receptor activator of nuclear

factor kB ligand in osteoblasts. J Clin

Periodontol 2005;32:353–359.

12. Miyasaki KT, Wilson ME, Brunetti AD,

Genco RJ. Oxidative and nonoxidative

killing of Actinobacillus actinomycetem-

comitans by human neutrophils. Infect

Immun 1986;53:154–160.

13. Van Dyke TE, Hoop GA. Neutrophil

function and oral disease. Crit Rev Oral

Biol Med 1990;1:117–133.

14. Miyasaki KT. The neutrophil: mecha-

nisms of controlling periodontal bacteria.

J Periodontol 1991;62:761–774.

15. Smith JA. Neutrophils, host defense, and

inflammation: a double-edged sword.

J Leukoc Biol 1994;56:672–686.

16. Kantarci A, Oyaizu K, Van Dyke TE.

Neutrophil-mediated tissue injury in peri-

odontal disease pathogenesis: findings

from localized aggressive periodontitis.

J Periodontol 2003;74:66–75.

17. Reeves EP, Lu H, Jacobs HL et al. Killing

activity of neutrophils is mediated through

activation of proteases by K+ flux. Nature

2002;416:291–297.

18. Ahluwalia J, Tinker A, Clapp LH et al.

The large-conductance Ca2+-activated

K+ channel is essential for innate immu-

nity. Nature 2004;427:853–858.

19. Klebanoff SJ. Myeloperoxidase: contri-

bution to the microbicidal activity of in-

tact leukocytes. Science 1970;169:1095–

1097.

20. Hampton MB, Kettle AJ, Winterbourn

CC. Inside the neutrophil phagosome:

oxidants, myeloperoxidase, and bacterial

killing. Blood 1998;92:3007–3017.

µg/ml
0 3.125 6.25 12.5 25

0

1

2

3 *

mg/ml
0 0.08 0.4 2 10

R
el

at
iv

e 
re

le
as

e 
of

 M
P

O

0

1

2

3

HBSS
CB/fMLP

A

B

* * * *

††† #

Fig. 5. Effects of areca nut extract and

arecoline on the extracellular release of

myeloperoxidase (MPO) from polymor-

phonuclear leukocytes (PMN). PMN were

incubated with various concentrations of

(A) areca nut extract or (B) arecoline for

30 min followed by treatment with Hanks’

balanced salt solution (HBSS) or cytocha-

lasin B and fMet-Leu-Phe (CB/fMLP). The

supernatants of the reaction mixtures were

analyzed for MPO activity. The absorbance

(A) of control PMN treated with HBSS was

considered as 1. Each enzyme activity was

expressed as relative release of MPO com-

pared with the control sample. The results

from three independent experiments per-

formed with PMN obtained from different

donors are expressed as mean ± standard

deviation (SD). *Significant difference

(p < 0.05) between PMN that were treated

with HBSS or with CB/fMLP at the in-

dicated concentration; # significant differ-

ence (p < 0.05) compared with control

PMN that were treated with HBSS; and �
significant difference (p < 0.05) compared

with control PMN that were treated with

CB/fMLP.

Areca-reduced activation activity of PMN 75



21. Anderson DC, Schmalsteig FC, Finegold

MJ et al. The severe and moderate phe-

notypes of heritable Mac-1, LFA-1 defi-

ciency: their quantitative definition and

relation to leukocyte dysfunction and

clinical features. J Infect Dis

1985;152:668–689.

22. Cohen MS, Leong PA, Simpson DM.

Phagocytic cells in periodontal disease.

Periodontal status of patients with chronic

granulomatous disease of childhood. J

Periodontol 1985;56:611–617.

23. Seymour GJ. Possible mechanisms in-

volved in the immunoregulation of chro-

nic inflammatory periodontal disease. J

Dent Res 1987;66:2–9.

24. De Beule F, Bercy P, Ferrant A. The

effectiveness of a preventive regimen on

the periodontal health of patients under-

going chemotherapy for leukemia and

lymphoma. J Clin Periodontol

1991;18:346–347.

25. Hart TC, Shapira L, Van Dyke TE.

Neutrophil defects as risk factors for per-

iodontal diseases. J Periodontol

1994;65:521–529.

26. Kantarci A, Van Dyke TE. Resolution of

inflammation in periodontitis. J Period-

ontol 2005;76:2168–2174.

27. Hung S-L, Chen Y-L, Wan H-C, Liu T-Y,

Chen Y-T, Ling L-J. Effects of areca nut

extracts on the functions of human neu-

trophils in vitro. J Periodont Res

2000;35:186–193.

28. Hung S-L, Cheng Y-Y, Peng J-L, Chang

L-Y, Liu T-Y, Chen Y-T. Inhibitory ef-

fects of areca nut extracts on phagocytosis

of Actinobacillus actinomycetemcomitans

ATCC 33384 by neutrophils. J Periodontol

2005;76:373–379.

29. Nair UJ, Floyd RA, Nair J, Bussachini V,

Friesen M, Bartsch H. Formation of

reactive oxygen species and of 8-hydroxy-

deoxyguanosine in DNA in vitro with be-

tel quid ingredients. Chem Biol Interact

1987;63:157–169.

30. Liu TY, Chen CL, Chi CW. Oxidative

damage to DNA induced by areca nut

extract. Mutat Res 1996;367:25–31.

31. Bhakdi S, Greulich S, Muhly M et al.

Potent leukocidal action of Escherichia

coli hemolysin mediated by permeabiliza-

tion of target cell membranes. J Exp Med

1989;169:737–754.

32. Tanke HJ, van der Linden PW, Langerak

J. Alternative fluorochromes to ethidium

bromide for automated read out of cyto-

toxicity tests. J Immunol Methods

1982;52:91–96.

33. Lakhanpal S, Gonchoroff NJ, Katzmann

JA, Handwerger BS. A flow cytofluoro-

metric double staining technique for sim-

ultaneous determination of human

mononuclear cell surface phenotype and

cell cycle phase. J Immunol Methods

1987;96:35–40.

34. Chen C-Y, Wang Y-F, Lin Y-H, Yen S-F.

Nickel-induced oxidative stress and effecct

of antioxidants in human lymphocytes.

Arch Toxicol 2003;77:123–130.

35. Frenkel K, Gleichauf C. Hydrogen per-

oxide formation by cells treated with a

tumor promoter. Free Rad Res Commun

1991;12–13:783–794.

36. LeBel CP, Ischiropoulos H, Bondy SC.

Evaluation of the probe 2¢,7¢-dichloroflu-
orescin as an indicator of reactive oxygen

species formation and oxidative stress.

Chem Res Toxicol 1992;5:227–231.

37. Suzuki K, Ota H, Sasagawa S, Sakatani T,

Fujikura T. Assay method for myeloper-

oxidase in human polymorphonuclear

leukocytes. Anal Biochem 1983;132:345–

352.

38. Sasagawa S, Suzuki K, Sakatani T, Fu-

jikura T. Effects of nicotine on the func-

tions of human polymorphonuclear

leukocytes in vitro. J Leukoc Biol

1985;37:493–502.

39. Vocks A, Petkovic M, Arnhold J.

Involvement of phosphatidic acid in both

degranulation and oxidative activity in

fMet-Leu-Phe stimulated polymorphonu-

clear leukocytes. Cell Physiol Biochem

2003;13:165–172.

40. Nair J, Ohshima H, Friesen M, Croisy A,

Bhide SV, Bartsch H. Tobacco-specific

and betel nut-specific N-nitroso com-

pounds: occurrence in saliva and urine of

betel quid chewers and formation in vitro

by nitrosation of betel quid. Carcinogene-

sis 1985;6:295–303.

41. Borregaard N, Cowland JB. Granules of

the human neutrophilic polymorphonu-

clear leukocyte. Blood 1997;89:3503–3521.

42. Faurschou M, Borregaard N. Neutrophil

granules and secretory vesicles in inflam-

mation. Microbes Infect 2003;5:1317–

1327.

43. Taieb J, Delarche C, Ethuin F et al. Eth-

anol-induced inhibition of cytokine release

and protein degranulation in human neu-

trophils. J Leukoc Biol 2002;72:1142–

1147.

44. Clutton S. The importance of oxidative

stress in apoptosis. Br Med Bull

1997;53:662–668.

45. Shackelford RE, Kaufmann WK, Paules

RS. Cell cycle control, checkpoint mech-

anisms, and genotoxic stress. Environ

Health Perspect 1999;107:5–24.

46. Chang MC, Ho YS, Lee PH et al. Areca

nut extract and arecoline induced the cell

cycle arrest but not apoptosis of cultured

oral KB epithelial cells: association of

glutathione, reactive oxygen species and

mitochondrial membrane potential. Car-

cinogenesis 2001;22:1527–1535.

47. Lee MJ, Hsu JD, Lin CL, Lin MH, Yuan

SC, Wang CJ. Induction of epidermal

proliferation and expressions of PKC and

NF-kappaB by betel quid extracts in

mouse: the role of lime-piper additives in

betel quid. Chem Biol Interact

2002;140:35–48.

48. Lin MH, Chou FP, Huang HP, Hsu JD,

Chou MY, Wang CJ. The tumor promo-

ting effect of lime-piper betel quid in JB6

cells. Food Chem Toxicol 2003;41:1463–

1471.

49. Ashkenazi M, Dennison DK. A new

method for isolation of salivary neu-

trophils and determination of their func-

tional activity. J Dent Res 1989;68:1256–

1261.

50. Zu YL, Qi J, Gilchrist A et al. p38 mito-

gen-activated protein kinase activation is

required for human neutrophil function

triggered by TNF-alpha or FMLP stimu-

lation. J Immunol 1998;160:1982–1989.

51. Klein JB, Buridi A, Coxon PY et al. Role

of extracellular signal-regulated kinase

and phosphatidylinositol-3 kinase in

chemoattractant and LPS delay of con-

stitutive neutrophil apoptosis. Cell Signal

2001;13:335–343.

52. Fujita T, Zawawi KH, Kurihara H, Van

Dyke TE. CD38 cleavage in fMLP- and

IL-8-induced chemotaxis is dependent on

p38 MAP kinase but independent of p44/

42 MAP kinase. Cell Signal 2005;17:167–

175.

53. Normark S, Normark BH, Hornef M.

How neutrophils recognize bacteria and

move toward infection. Nat Med

2001;7:1182–1184.

54. Bokoch GM. Chemoattractant signaling

and leukocyte activation. Blood

1995;86:1649–1660.

55. Nishizuka Y. Intracellular signaling by

hydrolysis of phospholipids and activation

of protein kinase C. Science 1992;258:607–

614.

56. Babior BM. NADPH oxidase: an update.

Blood 1999;93:1464–1476.

57. Babior BM. The respiratory burst of

phagocytes. J Clin Invest 1984;73:599–601.

58. Chang YC, Hu CC, Lii CK, Tai KW,

Yang SH, Chou MY. Cytotoxicity and

arecoline mechanisms in human gingival

fibroblasts in vitro. Clin Oral Invest

2001;5:51–56.

76 Lai et al.




