
75

Vol. 31 No. 1

The Journal of Toxicological Sciences,
Vol.31, No. 1, 75-82, 2006

IN VITRO EFFECTS OF ARECOLINE ON SPERM MOTILITY
 AND CYCLOOXYGENASE-2 EXPRESSION

Tze-Kiong Er, Eing-Mei Tsai, Li-Yu Tsai1, Ying-Chin Ko2 and Jau-Nan Lee

Department of Obstetrics and Gynecology, 1Department of Medical Technology,

and 2Department of Public Health, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan

(Received August 30, 2005; Accepted November 22, 2005)

ABSTRACT — Semen samples were obtained from 30 volunteers who had never consumed betel quid.
Swim-up spermatozoa from the 30 seminal samples of non-betel quid chewers and also non-smokers, usu-
ally not exposed to passive smoking, were treated in vitro with arecoline at different concentrations to
evaluate the action of these drugs on sperm motility. Highly motile sperms were collected and divided into
5 equal fractions. Four fractions were supplemented with various concentrations of arecoline and one as
control. The study was carried out at time 0 and +1, +2, +3 and +4 hr of incubation. Sperm cells were
also extracted and blotted with COX-2 antibody after arecoline treatment after 4 hr incubation. The sperm
motility parameters, i.e., motility, average path velocity, curvilinear velocity, straight-line velocity and lin-
earity, were significantly decreased after arecoline treatment. In vitro, arecoline induces the COX-2
expression of sperm cells in a dose-dependent manner. This is the first report to demonstrate that arecoline
may mediate COX-2 expression in human sperms, resulting in inflammation response. This situation may
act on the structure responsible for the flagellar motion and cause the reduction of sperm motility.
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INTRODUCTION

It has been estimated that there are 200-600 mil-
lion people who have the betel quid (Areca catechu L.)
chewing habit during their lifetime (Burton, 1979;
Sharan, 1996; IARC, 1985). In Taiwan, it is estimated
that two million people chew it habitually (Ko et al.,
1992). Betel quid chewing is strongly associated with
oral submucous fibrosis, leukoplakia, and cancer
(IARC, 1985; Thomas et al., 1993; Ko et al., 1995;
Jacob et al., 2004). Many of the undesirable effects of
betel quid have been attributed to arecoline, the major
alkaloid of betel nuts, demonstrating mutagenicity,
genotoxicity and cytotoxicity in various mammalian
cells (Sharan, 1996; Sundqvist et al., 1989; Jeng et al.,
1999; Chang et al., 2001; Jeng et al., 2001). For exam-
ple, arecoline (0.4-1.2 mM) increased hyperpolariza-
tion of mitochondrial membrane potential and induced
little DNA fragmentation on KB cells within 24 hr
(Chang et al., 2001).

In male mice, arecoline has the ability to change

gonad morphofunction, including shape abnormality of
sperm (Sinha and Rao, 1985) and unscheduled DNA
synthesis in germ cells and other human cells (Sinha
and Rao, 1985; Sharan and Wary, 1992). Using Chinese
hamster ovary cells, arecoline yielded a dose-depen-
dent increase in the frequencies of sister-chromatid
exchanges and chromosomal aberrations (Dave et al.,
1992), and in the number of micronucleated cells (Lee
et al., 1996).

The association of betel quid chewing and the
expression of cyclooxygenase-2 (COX-2), an inducible
rate-limiting enzyme in prostaglandin synthesis, has
been documented to indicate that areca nut ingredients
were involved in the pathogenesis of oral submucous
fibrosis and oral cancer (Jeng et al., 2000). In male
mouse gonad, microsomal PGE synthase-1 was
detected in Leydig cells of the testis and in epithelial
cells of the epididymis, vas deferens, and seminal vesi-
cle. Meanwhile, COX-2 was dominantly expressed in
the vas deferens and the epithelial cells of the distal
cauda epididymis (Lazarus et al., 2002). Prominent
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COX-2 expression was also found in the distal vas def-
erens of the rat (MdKanna et al., 1998). On the con-
trary, only low levels of COX-2 were found in human
testes (O’Neill et al., 1993). Functionally, the opposite
effect of PGE (stimulation) and PGF (suppression) on
the regulation of sperm functions was also noted
(Gottlieb et al., 1988). Unfortunately, no information is
available on the association between arecoline and
human sperm function. The present study was under-
taken to examine whether sperm functions are dam-
aged in chronic betel quid chewers and to explore the
possible mechanism, if any, via the COX-2 pathway.

MATERIALS AND METHODS

Collection and preparation of normospermic samples
Semen samples were collected from 30 healthy

men who did not chew betel  quid (mean age:
24.67±4.8 years) after 4 days of sexual abstinence.
After seminal liquefaction, those samples were sub-
jected for analyses using a Hamilton-Thorn Motility
Analyzer (version10.9i; Hamilton Throne Research,
Beverly, MA). The settings used for analysis were as
follows: frame rate, 60Hz; frames acquired, 30; mini-
mum contrast, 80; minimum cell size, 3 pixels; thresh-
old straightness, 80%; low-size gate, 1; high-size gate,
2.9; low-intensity, 0.6; high-intensity, 1.4 and magnifi-
cation factor, 0.95.

The motility parameters including rapid progres-
sive motility (i.e., actual space-gain motility), average
path velocity (i.e., the average velocity of sperm move-
ment exhibiting rapid progressive motility in an aver-
age path velocity more than 25 µm/s), straight-line
velocity (VSL, the straight-line distance from begin-
ning to end of a sperm track divided by the time taken
to travel that distance), curvilinear velocity (VCL, a
measure of the total distance traveled by a given sperm
divided by the time elapsed), the amplitude of lateral
head displacement (ALH, the mean width of sperm
head oscillation), beat cross-frequency (BCF, the fre-
quency with which the sperm head crosses the sperm
average path), straightness (STR, ratio of VSL/VCL),
elongation (ratio of minor to major axis of sperm
head), and area (area of head size). All of the volun-
teers provided written informed consent and were
approved by the hospital IRB committee.

Only those normospermic samples were eligible
for study. Normospermia were defined by World
Health Organization criteria, i.e., volume ≥ 2.0 ml,
sperm concentration ≥ 20 × 106 spermatozoa/ml, motil-
ity ≥ 50%, normal morphology ≥ 30%, and < 1 × 106

leukocytes/ml. For study, those samples were diluted at
1:1 (v/v) with 10% fetal cord serum supplemented with
Ham’s F-10 culture medium (Gibco BRL, Grand
Island, NY) and washed twice by centrifugation (300
g, 5 min). Highly motile sperm populations were col-
lected by allowing sperm pellets to swim-up during
incubation at 37°C for 1 hr and were then immediately
moved for further study.

Determination of sperm motility parameters
Samples were divided into 5 equal fractions. Var-

ious concentrations of arecoline (0, 10, 50, 100, and
200 µg/ml in HAM-F10 medium) were added to each
fraction and fractions were incubated at 37°C under
5% CO2. High doses of arecoline were prepared to
evaluate sperm reaction to massive doses of these sub-
stances. Such high levels of arecoline may not have
been found in semen. Measurements of sperm motility
parameters from each fraction were analyzed at 0, 1, 2,
3, and 4 hr, respectively. Sperm motility parameters
were measured at 37°C as described above. 

SDS-PAGE and COX-2 immunoblotting
Immunoblotting procedures were performed as

described previously (16). Equal amounts of sperm
lysates (25 µg/lane), after treatment with different con-
centrations of arecoiline (0, 10, 50, 100, and 200 µg/
ml) for 4 hr at 37°C, were separated by 10% polyacry-
lamide gel and transferred to nitrocellulose membrane
with a semi-dry electroblotting apparatus (TE series
Transphor Electrophoresis Unit, Hoefer Scientific
Instruments, San Francisco, CA). The membrane was
blocked overnight at room temperature with blocking
reagent (100ml X10 TBS, 0.1%Tween 20, 50g non-fat
dry milk and 1 g NaN3) and incubated for 24 h by gen-
tle shaking with mouse anti-human COX-2 mono-
clonal antibody (Santa Cruz Biotechnology Inc., CA)
at 1:500 dilution of blocking buffer. Membrane was
washed three times and incubated with peroxidase-
linked species-specific sheep anti-mouse antibody
(Santa Cruz Biotechnology Inc., CA). The protein
expression of β-actin, as a marker for protein loading,
was determined by using a mouse monoclonal anti-β-
actin antibody (Santa Cruz Biotechnology Inc., CA) at
1:5000 dilutions.

The bands were detected by chemiluminescence
ECL kit (Pierce, Rockford, IL). Meanwhile, a comput-
erized digital imaging system using Alphalmage 2200
software (Alpha Innotech, San Leandro, CA) was
applied to examine the COX-2 protein to β-actin ratio
of the bands obtained from the Western blot analysis.
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Statistical analysis
Student’s t-test was used for statistic analyses and

p<0.05 was considered as statistically significant.
Western blotting assay was performed three times to
ensure reproducibility.

RESULTS

Effect of arecoline on sperm motility in vitro
Treatment of arecoline caused a significant

reduction of motile sperm as compared with that in the
control group in a dose-dependent manner (Fig. 1A).
Sperm motility was inhibited by 18.4%, and 49.6% in
the presence of arecoline at 100 and 200 µg/ml after 2
hr of incubation, respectively, (p<0.01). After 4 hours
of treatment, significant decreases of 16.3%, 57% and
95.4% were observed with arecoline concentrations at
50, 100 and 200 µg/ml, respectively (p< 0.01). Low-
dose of arecoline concentrations (1 ng/ml-1000 ng/ml)
were also added into sperm fractions. However, there

Fig. 1. The effect of arecoline in vitro on the motility parameters of human sperm (n=30) over a
4-hour period. Value change in mean percentage as compared with the contro l () at
each point observed.  Data show changes in percentage after incubation with arecoline in
concentrations of 10 µg/ml ( ), 50 µg/ml ( ), 100 vg/ml ( ) and 200 µg/
ml ( ). (A), Motility; (B), Smoothed path velocity (VAP); (C), Straight-line velocity
(VSL); (D), Curvilinear velocity (VCL); (E), Linearity (LIN) and (F), Amplitude of lateral
head displacement (ALH).
* indicating p<0.05 and ** indicating p<0.001.
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was no significant reduction in sperm motility (data not
shown).

Effect of arecoline on sperm velocity in vitro
There was a significant reduction in smoothed

path velocity (VAP) (Fig. 1B), straight-line velocity
(VSL) (Fig. 1C) and curvilinear velocity (VCL) (Fig.
1D) after arecoline treatment. However, after 4 hr incu-
bation, there was a significant decrease of VAP by
18.6%, 22.4%, 49% and 86% (Fig. 1B), of VSL by
14.8%, 19.5%, 47.6% and 83% (Fig. 1C) at the con-
centrations of 10, 50, 100 and 200 µg/ml arecoline,
respectively, (p<0.05). VCL was inhibited by 21.8%,
41% and 69.2% (Fig. 1D) at the concentrations of 50,
100, 200 µg/ml arecoline, respectively, (p<0.05).

Effect of arecoline on linearity and amplitude of lat-
eral head displacement of sperm in vitro

Arecoline exposure caused a significant reduc-
tion in LIN (p<0.01) in the presence of concentrations
with 100 and 500 µg/ml after 3 and 4 hr of incubation
(Fig. 1E). However, there were no significant changes
in the dosages of 10 and 50 µg/ml. ALH decreased sig-
nificantly by 52.2% and 89.4% in the presence of 100
and 200 µg/ml arecoline, respectively, after 4 hr of
incubation (p<0.01) (Fig. 1F).

DISCUSSION

Reports of arecoline in association with human
reproduction are rare. There is probably only one that
can show that betel quid chewing is associated with the
risk of adverse birth outcomes of pregnant women in
an epidemiologic survey (Yang et al., 2001). No infor-
mation is available on the association, if any, between
arecoline intake and the male reproductive system. In
chronic betel quid chewers, arecoline-induced COX-2
production indicates the COX-2/PG inflammatory
pathway involving in the oral cytotoxicity and tumori-
genesis (Lee et al., 1996; Jeng et al., 2003; tsai et al.,
2003). Other mechanisms of oral pathogenesis pro-
voked by betel quid involve metalloproteinase-1 (Shieh
et al., 2003), cytokines (Hsu et al., 2001) and c-jun
protooncogene (Ho et al., 2000). It has been demon-
strated that mPGES-1 is expressed coordinately with
COX-1 and COX-2 and is involved in PGE2 produc-
tion in male genital organs (Lazarus et al., 2002). How-
ever, no evidence is available on the correlation
between arecoline and COX-2 pathway in sperm kinet-
ics. Arecoline damages DNA synthesis of germ cells in
mice (Sinha., 1985) and ovary cells of Chinese hamster

(Lee et al., 1996) and also induces sperm shape abnor-
mality (Sinha., 1985). Thus, it is reasonable to conduct
the present study to investigate whether betel quid dis-
turbs spermatozoa development and function in long-
term chewers and, also to examine the possibility of
whether COX-2 plays a kinetic role in human sperm
cells as it does in the mouse.

The first rate-limiting step in the conversion of
arachidonic acid to prostaglandins (PGs) is catalyzed
by COX. Two isoforms of COX have been identified:
COX-1 (constitutive form) and COX-2 (inducible
form), which are the products of two different genes.
The COX-1 enzyme is constitutively expressed and
regulates normal physiological processes such as gas-
trointestinal, renal, and platelet function. COX-2, an
inflammatory and inducible enzyme, is predominant
with its expression seemingly androgen-dependent in
rat distal vas deferens but not in testis, epididymis,
prox vas, or  prosta te (McKanna et al . ,  1998).
Standfield and Khan (Standfield and Khan., 2003)
demonstrated that COX-2 was constitutively expressed
in the initial segment of the epididymis, caput epididy-
midis and vas deferens at all stages of maturation.
COX-2 can be induced by numerous growth factors
and cytokines (Warner et al., 2004) and is in mediation
of cellular growth regulation, prevention of apoptosis
(Kujubu et al., 1991) and tumorigenesis (Lu et al.,
1995). Recent studies have shown that COX-2 expres-
sion also mediates a variety of physiological responses
within the organism; for example, tissue injury and/or
inflammation (Tippetts et al., 1988).

The present results have demonstrated that, in
vitro, arecoline causes reduction of sperm progressive
motility and its parameters in a dose-dependent man-
ner. It is estimated that the concentrations of arecoline
used in the present in vitro study should be far above
the average levels found in the betel quid chewers.
Unfortunately, a reference on the average arecoline
levels in blood of such betel quid chewers is not avail-
able so far, although it has been detected in human
saliva at a level up to 140 µg/ml (Nair et al., 1985) and
in neonatal cord serum at 0.004-1 µg/ml (Pichini et al.,
2003). The much higher doses of arecoline were
applied in order to evaluate its action on sperm motility
that mimics the previous study of nicotine on sperm
motility (Gandini et al., 1997). Therefore, it is not sur-
prising that there is no significant reduction in sperm
motility and its parameters when low doses of
arecoline were tested. Since arecoline at a concentra-
tion less than 10 µg/ml did not elevate COX-2 expres-
sion in sperm cells, it might have no clinical relevance,
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as shown in the present results that there was no statis-
tical difference of sperm motility parameters between
betel quid chewers and non-chewers. One of the rea-
sons is probably that the process of spermatogenesis is
too fast to be affected by such a low dose of arecoline.
However, the most serious concern must be the inabil-
ity to assess whether spermatogenesis in men is being
affected adversely by betel quid before better and more
sensitive tests or a massive epidemiological survey can
be established. Recent technological developments
have allowed for more reliable detection of arecoline in
human saliva, but not blood or seminal fluid as yet, by
high-performance liquid chromatography (Cox et al.,
2004). 

The present results demonstrate that, in human
sperm cells, arecoline induces COX-2 expression in a
dose-dependent fashion. It is, therefore, reasonable to
suppose that this increased COX-2 protein might in
turn be involved with the synthesis of the prostanoids,

resulting in the subsequent pathological processes in
the cells. A similar observation in human keratinocytes
has shown that areca nut ingredients induce the pro-
duction of PGs, COX-2 mRNA and protein formation
(Jeng et al., 2000).

The effect of PGs on sperm motility is rather
complicated. In seminal fluid, the average concentra-
tion of PGE was 44.3 times higher than that of
PGF22α. No relationship between PGF2α and sperm
motility was observed (Gottlieb et al., 1988; Cosentino
et al., 1984) while PGF1α reduced the sperm motility
(Yang et al., 2001). On the contrary, a study of on 100
men demonstrated that PGF2α, in larger than physio-
logic levels, significantly reduced sperm motility
(Cohen et al., 1977). It has been reported that there is
no relationship between seminal PGE and sperm motil-
ity (Gottlieb et al., 1988; Bygdeman et al., 1970),
although PGE might act to decrease calcium uptake
into spermatozoa by elevating intercellular cAMP level

Fig. 2. (A), Expression of the COX-2 in human sperm cells after exposure to
different concentrations of arecoline (10, 50, 100, 200 µg/ml) for 4
hours. 25 µg/ml of proteins from cell lysates were loaded onto a 10%
SDS-PAGE, electrophorsed and subsequently transferred to nirocellu-
lose membrane.  The membrane was probed with monoclonal antibody
specific for COX-2. β-actin showed as control integrity for proteins and
loading. (B), The bands were examined with a computerized digital
imaging system using AlphaImage 2200 software (Alpha Innotech,
San Leandro CA). The integrated density value (IDV) was obtained as
COX-2 protein to β-actin ratio by integrating all of the pixel values in
the area of one band after correction of background.
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(Peterson et al., 1980). In humans, there are significant
elevations of PGE2 and PGF2α in the seminal plasma
in diabetic men with significantly greater numbers of
abnormal spermatozoa and significantly lower ability
to penetrate hamster eggs compared with control sub-
jects. Nevertheless, there is no difference in semen vol-
ume, sperm count, and spermatozoa motility between
the two groups (Shrivastav et al., 1989). Prostaglandins
(PGs) are also shown to influence sperm motility, con-
tractility of the smooth muscle layers surrounding the
seminiferous tubules and growth of both the seminal
vesicle and the ventral prostate (Ellis et al., 1981).
Indeed, this calls for a careful evaluation on the mech-
anisms underlying the abnormalities in spermatozoa,
and the relationship between these abnormalities and
increase in prostanoid concentrations. For example,
PGE2 at a concentration of 25 µg/ml is most effective
in stimulating motility of washed human sperm, but
does not work on fresh semen (Ellis et al., 1981). In
addition, the prostaglandin inhibitor increased sperm
count, sperm motility, and fertilizing capacity in male
infertility (Colon et al., 1986). In contrast, Jessica HK
et al. (Jessica et al., 2003) demonstrated that COX
inhibitors decrease turkey sperm mobility. We suggest
that arecoline is able to decrease sperm motility and its
parameters because arecoline may interact with human
sperm membrane and cause a significant decrease in
sperm motility via the COX-2 pathway. On the other
hand, effects of toxicity of arecoline or actions via
other mechanisms cannot be ruled out.

In conclusion, one of the primary aims in this
study is to examine the effect of betel quid chewing on
male spermatogenesis based on the concept that the
process of spermatogenesis is extremely vulnerable to
adverse environmental effects. It appears that betel
quid chewing does not affect spermatogenesis clini-
cally. Nevertheless, we have shown in vitro that
arecoline is able to reduce sperm motility and its
parameters, as well as induce COX-2 expression in
sperm cells. These facts simply bring a message to the
millions of betel quid chewers that betel quid chewing
might be harmful to the gonadal functions.

ACKNOWLEDGMENT

This study was supported by grants from the
National Health Research Institutes (NHRI-CN-IN-
9006P), Taiwan.

REFERENCES

Burton-Bradley, B.G. (1979): Is “betel chewing” car-
cinogenic? Lancet., 2, 903.

Bygdeman, M., Fredricsson, B., Svanborg, K. and
Samuelsson, B. (1970): The relation between
fertility and prostaglandin content of seminal
fluid in man. Fertil. Steril., 21, 622-629.

Chang, M.C., Ho, Y.S., Lee, P.H., Chan, C.P., Lee, J.J.,
Hahn, L.J., Wang, Y.J. and Jeng, J.H. (2001):
Areca nut extract and arecoline induced the cell
cycle arrest but not apoptosis of cultured oral
KB cells: association of glutathione, reactive
oxygen species and mitochondrial membrane
potential. Carcinogenesis, 22, 1527-1535.

Chang, Y.C., Hu, C.C., Lii, C.K., Tai, K.W., Yang,
S.H. and Chou, M.Y. (2001): Cytotoxicity and
arecoline mechanisms in human gingival fibro-
blasts in vitro. Clin. Oral Invest., 5, 51-56.

Cohen, M.S., Colin, M.J., Golimbu, M. and Hotchkiss,
R.S. (1977): The effects of prostaglandins on
sperm motility. Fertil. Steril., 28, 78-85.

Collier, J.G., Flower, R.J. and Stanton, S.L. (1975):
Seminal prostaglandins in infertile men. Fertil.
Steril., 26, 868-876.

Colon, J.M., Ginsburg, F., Lessing, J.B., Schoenfeld,
C., Goldsmith, L.T., Amelar, R.D., Dubin, L.
and Weiss, G. (1986): The effect of relaxin and
prostaglandin E2 on the motility of human sper-
matozoa. Fertil. Steril., 46, 1133-1139.

Cosentino, M.J., Emilson, L.B.V. and Cockett, A.T.K.
(1984): Prostaglandins in semen and their rela-
tionship to male fertility: A study of 145 men.
Fertil. Steril., 41, 88-94.

Cox, S., Piatkov, I., Vickers, E.R. and Ma, G. (2004):
High-performance chromatographic determina-
tion of arecoline in human saliva. J. Chroma.,
1032, 93-95.

Dave, B.J., Trivedi, A.H. and Adhvaryu, S.G. (1992):
In vitro genotoxic effects of areca nut extract
and arecoline. J. Cancer Res. Clin. Oncol., 118,
283-288.

Dubois, R.N., Abramson, S.B., Crofford, L., Gupta,
R.A., Simon, Ls, Van de Putte, L.B.A. and
Lipsky, P.E. (1998): Cyclooxygenase in biology
and disease. FASEB J, 12., 1063-1073.

Ellis, L.C., Groesbeck, M.D., Farr, C.H. and Tesi, R.J.
(1981): Contractility of seminiferous tubules as
related to sperm transport in the male. Arch.
Androl., 6, 283-294.

Gandini, L., Lombardo, F., Lenzi, A., Culasso, F.,



In vitro effects of arecoline on sperm motility and COX-2 expression.

81

Vol. 31 No. 1

Pacifici, R., Zuccaro, P. and Dondero, F. (1997):
The in-vitro effects of nicotine and cotinine on
sperm motility. Hum. Reprod., 12, 727-733.

Gottlieb, C., Svanborg, K., Eneroth, P. and Bygdeman,
M. (1988): Effect of prostaglandins on human
sperm function in vitro and seminal adenosine
triphosphate content. Fertil. Steril. 49., 322-327.

Ho, T.J., Chiang, C.P., Hong, C.Y., Kok, S.H., Kuo,
Y.S. and Yen-Ping Kuo, M. (2000): Induction of
the c-jun protooncogene expression by areca nut
extract and arecoline on oral mucosal fibro-
blasts. Oral. Oncol., 36, 432-436.

Hsu, H.J., Chang, K.L., Yang, Y.H. and Shieh, T.Y.
(2001): The effects of arecoline on the release of
cytokines using cultured peripheral blood
mononuclear cells from patients with oral
mucous diseases. Kaohsiung J. Med. Sci., 17,
175-182.

IARC (1985): Betel quid and areca nut chewing.
Monographs on the evaluation of the carcino-
genic risk of chemicals to humans. IARC Sci-
entfic Publications No. 37, IARC, Lyon, pp.
141-202.

Jacob, B.J., Straif, K., Thomas, G., Ramadas, K.,
Mathew, B., Zhang, Z.F., Sankaranarayanan, R.
and Hashibe, M. (2004): Betel quid without
tobacco as a risk factor for oral precancers. Oral.
Oncol., 40, 697-704.

Jeng, J.H., Chang, M.C. and Hahn, L.J. (2001): Role
of area nut in betel quid-associated chemical
carcinogenesis: Current awareness and future
perspectives. Oral. Oncol., 37, 477-492.

Jeng, J.H., Hahn, L.J., Lin, B.R., Hsieh, C.C., Chan,
C.P. and Chang, M.C. (1999): Effects of areca
nut in florescence piper betel extracts and
arecoline on cytotoxicity, total and unscheduled
DNA synthesis in cultured gingival kerati-
nocytes. J. Oral. Pathol. Med., 28, 64-71.

Jeng, J.H., Ho, Y.S., Chan, C.P., Wang, Y.J., Hahn,
L.J., Lei,  D., Hsu, C.C. and Chang, M.C.
(2000): Areca nut extract up-regulates prostag-
landin production, cyclooxygenase-2 mRNA
and protein expression of human oral kerati-
nocytes. Carcinogensis, 21, 1365-1370.

Jeng, J.H., Wang, Y.J., Chiang, B.L., Lee, P.H., Chan,
C.P., Ho, Y.S., Wang, T.M., Lee, J.J., Hahn, L.J.
and Chang, M.C. (2003): Role of keratinocyte
inflammation in oral cancer: regulating the pros-
taglandin E2, interleukin-6 and TNF-alpha pro-
duction of oral epithelial cells by areca nut
extract and arecoline. Carcinogenesis, 24, 1301-

1315.
Jessica, H.K., Nancy, K. and Ronald, J.T. (2003):

Prostaglandin levels in seminal plasma and
sperm extracts of the domestic turkey, and the
effects of cyclooxygenase inhibitors on sperm
mobility. Reprod Bio. Endocrinol., 9, 74-81.

Ko, Y.C., Chiang, T.A., Chang, S.J. and Hsieh, S.F.
(1992): Prevalence of betel quid chewing habit
in Taiwan and related sociodemographic factors.
J. Oral. Pathol. Med., 21, 261-264.

Ko, Y.C., Huang, Y.L., Lee, C.H., Chen, M.J., Lin,
L.M. and Tsai, C.C. (1995): Betel quid chewing,
cigarette smoking and alcohol consumption
related to oral cancer in Taiwan. J. Oral. Pathol.
Med., 24, 450-453.

Kujubu, D.A., Fletcher, B.S., Varnum, B.C., Lim,
R.W. and Herschman, H.R. (1991): TIS10, a
phorbol ester tumor promoter-inducible mRNA
from Swiss 3T3 cells, encodes a novel prostag-
landin synthase/cyclooxygenase homologue. J.
Biol. Chem., 266, 12866-12872.

Lazarus, M., Munday, C.J., Eguchi, N., Matsumoto,
S., Killian, G.J., Kubata, B.K. and Urade, Y.
(2002): Immunohistochemical localization of
microsomal PGE synthase-1 and cyclooxygena-
ses in male mouse reproductive organs. Endocri-
nology, 143, 2410-2419.

Lee, C.H., Lin, R.H., Liu, S.H. and Lin-Shiau, S.Y.
(1996): Mutual interactions among ingredients
of betel quid in inducing genotoxicity on Chi-
nese hamster ovary cells. Mutat. Res., 367, 99-
104.

Lu, X., Xie, W., Reed, D., Bradshaw, W.S. and
Simmons, D.L. (1995): Nonsteroidal anti-
inflammatory drugs cause apoptosis and induce
cyclooxygenases in chicken embryo fibroblasts.
Proc. Natl. Acad. Sci. USA., 92, 7961-7965. 

McKanna, J.A., Zhang, M.Z., Wang, J.L., Cheng, H.F.
and Harris, R.C. (1998): Constitutive expression
of cyclooxygenase-2 in rat vas deferens. Am J.
Physiol. 275, R227-R233.

Nair, J., Ohshima, H., Friesen, M., Croisy, A., Bhide,
S.V. and Bartsch, H..(1985): Tobacco-specific
and betel nut-specific N-nitroso compounds in
saliva and urine of betel quid chewers and for-
mation in vitro by nitrosation of betel quid. Car-
cinogenesis, 6, 295-303.

O’Neill, G.P. and Ford-Hutchinson, A.W. (1993):
Expression of mRNA for cyclooxygenase-1 and
cyclooxygenase-2 in human tissues. FEBS Lett.,
330, 156-160.



82

J.-N. LEE et al.

Vol. 31 No. 1

Peterson, R.N., Seyler, B., Bundman, D. and Freund,
M. (1980): The effect of theophylinne and dibu-
tyryl cyclic AMP on the uptake of radioactive
calcium and phosphate ions by boar and human
spermatozoa. J. Reprod, Fertil., 55, 385-389.

Pichini, S., Pellegrini, M., Pacifici, R., Marchei, E.,
Murillo, J., Puig, C., Vall, O. and Garcia-Algar,
O. (2003): Quantification of arecoline (areca nut
alkaloid) in neonatal biological matrices by
high-performance liquid chromatography/elec-
trospray quadrupole mass spectrometry. Rapid
Commun. Mass. Spectrom., 17, 1958-1964.

Sharan, R.N. (1996): Association of betel nut with car-
cinogenesis. Cancer J., 9, 13-19. 

Sharan, R.N. and Wary, K.K. (1992): Study of
unscheduled DNA synthesis following exposure
of human cells to arecoline and extracts of betel
nut in vitro. Mutat. Res., 278, 271-276. 

Shieh, D.H., Chiang, L.C. and Shieh, T.Y. (2003):
Augmented mRNA expression of tissue inhibi-
tor of metalloproteinase-1 in buccal mucosal
fibroblasts by arecoline and safrole as a possible
pathogenesis for oral submucous fibrosis. Oral.
Oncol., 39, 728-735. 

Shrivastav, P., Swann, J., Jeremy, J.Y., Thompson, C.,
Shaw, R.W. and Dandona, P. (1989): Sperm
function and structure and seminal plasma pros-
tanoid concentrations in men with IDDM. Dia-
betes Care., 12, 742-744.

Sinha, A. and Rao, A.R. (1985): Induction of shape
abnormality and unscheduled DNA synthesis by
arecoline in the germ cells of mice. Mutat. Res.,

158, 189-192. 
Standfield, K.M. and Khan, K.N. (2003): Localization

of COX-2 in the male reproductive tract during
sexual maturation. Inflammopharmacology, 11,
259-266.

Sundqvist, H., Liu, Y., Nair, J., Bartsch, H., Arvidson,
H. and Grafstrom, R.C. (1989): Cytotoxic and
genotoxic effect of areca nut-related compounds
in cultured human buccal epithelial cells. Can-
cer Res., 49, 5294-5298. 

Thomas, S. and Kearsley, J. (1993): Betel quid and
oral cancer: a review. Euro J. Cancer B Oral.
Oncol., 29, 251-255. 

Tippetts,  M.T.,  Varnum,  B.C.,  Lim, R.W. and
Herschman, H.R. (1988): Tumor promoter-
inducible genes are differentially expressed in
the developing mouse. Mol Cell Biol., 8., 4570-
4572.

Tsai, C.H., Chou, M.Y. and Chang, Y.C. (2003): The
up-regulation of cyclooxygenase-2 expression
in hum an  buccal  mucosal  fibrob las ts  by
arecoline: A possible role in the pathogenesis of
oral submucous fibrosis. J. Oral. Pathol. Med.,
32, 146-153.

Warner, T.D. and Mitchell, J.A. (2004): Cyclooxygen-
ase: New forms, new inhibitors, and lessons
from the clinic. FASEB J., 18, 790-804.

Yang, M.J., Chung, T.C., Yang, M.J., Hsu, T.Y. and
Ko, Y.C. (2001): Betel quid chewing and risk of
adverse birth outcomes among aborigines in
eastern Taiwan. J. Toxicol. Environ. Health., A
64, 465-472.


