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Abstract

Background: Arecoline is one of the major components of betel
nuts, which have been consumed as chewing gum in Southeast
Asia. Arecoline might affect the endocrine system but the
mechanism is still unclear.Some studies suggest that calcium
channels may play a role in this effect.

Aim: The present study was carried out to investigate the effect of
calcium channel blockers on increased plasma testosterone level
induced by Arecoline of betel nuts in rats.

Methods: 80 male albino rats were divided into 8 equal groups
as follows: control group; arecoline group; Human chorionic
ganadotropin (HCG) group; arecoline + HCG group; nifedipine
group; nifedipine + arecoline group; tetrandrine group and
tetrandrine + arecoline group. After 2 hours of injection, rats
were sacrificed and blood samples were collected and plasma was
separated for determination of testosterone, androstendione and
leutinizing hormone (LH).

Results: Arecoline with and without HCG resulted in significant
increase of plasma testosterone and androsteindione, and only
significant increase after HCG injection of LH levels. Injection
of nifedipine or tetrandrine alone caused non-significant change
in plasma testosterone and androsteindione compared with
the control group. Injection of nifedipine or tetrandrine with
arecoline resulted in significant reduction in plasma testosterone
and androsteindione levels compared with arecoline treated

group.
Conclusion: Arecoline caused significant increase in testosterone
secretion in male albino rats that may be due to calcium channel

activation in Leydig cells.

Keywords: Arecoline, Calcium channel blockers, Testosterone,
Rats.

Introduction

Arecoline is an alkaloid extracted from betel nuts (Areca
catechol leaves). Four major alkaloids are found in betel nuts:
Arecoline (7.5 mg/gm weight), arecaidine (1.5 mg/gm weight),
guvacoline (2 mg/gm weight) and guvacine (2.9 mg/gm weight)
[1]. Epidemiological studies showed a strong correlation between
oral cancer and betel nut chewing habit [2]. Arecoline and its
alkaloids have been shown to be carcinogenic [3], immunotoxic
[4], genotoxic [5] and teratogenic in animal models [6]. The
increased frequency of micronucleated cells, chromosomal
aberrations and sister chromatid exchanges in exfoliated cells
of buccal mucosa was observed in arecanut consumers [7,8]. In
addition, it was shown that arecoline enhances the frequently
of chromosomal aberrations and micronuclei in mouse bone
marrow cells in vivo [9].

Arecoline mimics the actions of acetylcholine and exerts its effects
at both muscarinic and nicotinic receptors [10]. Studies showed
that arecoline readily penetrates the blood brain-barrier [11] and
exerts its excitatory action by binding to M2 muscarinic receptors
on the cell membrane of neurons of the locus coeruleus [12]. Also
it was proved that cholinergic agonist arecoline stimulates the
hypothalamo-pituitary-adrenal axis in rats [13], and this effect
is mediated mainly by release of endogenous corticotropin-
releasing hormone. It has been confirmed by the dose-dependent
ability of arecoline to cause hypothalamic corticotropin releasing
hormone secretion in vitro [12]. Arecoline significantly elevated
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the number of micronucleated cells in a dose dependent manner
[13]. Moreover, morphological abnormality and unscheduled
DNA synthesis were observed in arecoline treated germ cells
of the mouse [14]. Intravenous arecoline administration was
followed by the increase in plasma epinephrine and ACTH [15].
It was proved that low dose of betel leaf extract was found to
increase the tri-iodothyronine and decrease T, [16], but high
dose of betel leaf extract increased T,and decreased T, [16].
Moreover, in Alzheimer patients, elevated plasma ACTH and
cortisol were observed in high dose arecoline administration [17].
These studies indicated that arecoline might affect the endocrine
system but the mechanism is still unclear. Some studies suggest
that calcium channels may play a role in this effect [18].

Nifedipine and tetrandrine are calcium channel blockers used as
antihypertensive and in treatment of angina. Calcium is vital in
many biological processes including hormonal secretion, mitosis,
reproduction, fertility, and regulation of gene expression [18].
Reports exist which suggest that calcium-channel blockers may
have anti-reproductive effects in males on long-term treatment.
Problems with sexual function have been a long-standing
concern in the treatment of hypertension and may influence the
choice of treatment regimens and decisions to discontinue drugs
[19]. The aim of this work was to investigate the effect of calcium
channel blockers on increased plasma testosterone level induced
by arecoline of betel nuts in male albino rats.

Materials and Methods

The present study was carried out on 80 male albino rats weighing
200-250 grams. All the experiments were conducted according
to the National Research Council’s guidelines. Animal handling
was followed according to Helsinki declaration of animal ethics.
The rats were housed singly and were fed milk bread and had free
access to water and food.

They were divided into 8 equal groups as follows:

Group (1): The control group, received 1 ml saline intraperitone-
ally.

Group (2): Thearecoline treated group, received arecoline (Sigma)
in a dose of 1 microgram/kg intraperitoneally [20].

Group (3): The human chorionic gonadotropin (HCG) treated
group, received HCG (Sigma) in a dose of 5 IU/kg
intraperitoneally [20].

Group (4): The arecoline and HCG treated group, received 1mi-
crogram/kg arecoline and 5 IU/kg HCG intraperito-
neally [20].

Group (5): Nifedipine treat group, received 25 mg/kg nifedipine
(Sigma) intraperitoneally [21].

Group (6): Tetrandrine treated group, received 25 mg/kg tetran-
drine (Sigma) intraperitoneally [21].

Group (7): Nifedipine and arecoline treated group, received 1
microgram/kg arecoline and nifedipine 25 mg/kg
intraperitoneally [21].

Group (8): Tetrandrine and arecoline treated group, received 1
microgram/kg arecoline and 25 mg/kg tetrandrine
intraperitoneally [21].

After 2 hours of injection, all rats were sacrificed and blood
samples were collected and plasma was separated for determina-
tion of plasma testosterone hormone according to the method
of Cox et al. [22], plasma leutinizing hormone (LH) and plasma
androsteindione according to the method of Kulllin and Santiner
[23].

Statistical analysis

Data were presented as mean + standard error of mean (SEM).
Student’s t-test was used for evaluating the statistical significance
of differences in means. P value of less than 0.05 was considered
to be statistically significant [24].

Results

The results are shown in Figures 1-3. They showed that adminis-
tration of Imicrogram/kg arecoline intraperitoneally resulted in
significant increase in plasma testosterone and androstenedione
levels (P<0.05) and non-significant change in plasma LH level
compared to control group. The results also showed significant
increase in plasma levels of testosterone, androstenedione and
LH after injection of HCG alone and injection of HCG and are-
coline (P<0.05) compared to the control group.

The results showed non-significant change in plasma testosterone,
androstenedione and LH levels (P>0.05) after injection of
nifedipine or tetrandrine compared with the control group. There
were significant reduction in plasma levels of testosterone and
androstenedione after injection of both arecoline and nifedipine
or arecoline and tetrandrine (P<0.05) and non-significant change
in plasma LH levels compared with the arecoline treated group.
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Figure 1: Effect of arecoline, HCG and calcium channel blockers on
plasma testosterone in male albino rats (Mean + SEM)

*Non significant compared to the control group (P>0.05)
** Significant compared to the control group (P<0.05)

#Non significant compared to arecoline group (P>0.05)

# Significant compared to arecoline group (P<0.05)
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Figure 2: Effect of arecoline, HCG and calcium channel blockers on
plasma androstenedione in male albino rats (Mean + SEM)

*Non significant compared to the control group (P>0.05)
** Significant compared to the control group (P<0.05)
“Non significant compared to arecoline group (P>0.05)

# Significant compared to arecoline group (P<0.05)
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Figure 3: Effect of arecoline, HCG and calcium channel blockers on
plasma LH in male albino rats (Mean + SEM)

*Non significant compared to the control group (P>0.05)
** Significant compared to the control group (P<0.05)

“Non significant compared to arecoline group (P>0.05)

# Significant compared to arecoline group (P<0.05)
NS

Discussion

Betel is a masticatory substance and betel chewing is a popular
oral habitin southern Taiwan, although the significant correlation
of betel chewing and the incidence or oral cancer and oral
submucosal fibrosis [3]. Arecoline is one of the major ingredients
inbetel muts in addition to the other three ingredients; arecaidine,
guvacoline and isoguvacine [1]. Each betel quid contains 7.5 mg/
gm of Arecoline [25]. Although a number of studies showed that
betel chewing is strongly related to oral cancer, betel has been
used for the treatment of diarrhea, edema, throat inflammation
and tapeworm infection [26].

The results of the present work showed that arecoline with or
without HCG, significantly stimulated testosterone secretion.
The increased secretion of testosterone may be explained by
the ability of arecoline to stimulate steroidogenesis and also
HCG-induced plasma testosterone and androstenedione was
enhanced by arecoline injection. The effect of arecoline on
testosterone was observed by Chiao et al. [27] who noted that
significant increase in plasma testosterone in rats after 60 min
from arecoline after the LH secretion from the anterior pituitary
gland alone or after HCG treatment, in spite of the increase in
plasma testosterone which suggested that the action of arecoline
on testosterone is not LH dependent [28]. It was observed that,
arecoline stimulated testosterone secretion from isolated Leydig
cells which may be through nicotinic or muscarinic receptors
in the tissues [29]. Testosterone is synthesized in Leydig cells by
several metabolic steps known as steroidogenesis. The results of
the present work showed significant increase in androstenedione
by arecoline injection which can explained the significant
increase in testosterone secretion [30], because androstenedione,
testosterone precursor, which can be converted to testosterone
by 17 beta hydroxylase enzyme [31].

The mechanism of testosterone hormone secretion can be
explained by that, stimulation of LH on the steroidogenesis
in the cells is through binding to specific receptors, activation
of adenylate cyclase, formation of cAMP and protein kinase
A activation, phospholipids turnover, inositol triphosphate
formation and the increase of intracellular calcium [31]. The
increase of cytoplasmic Ca*?, either released from endoplasmic
reticullum or transported from calcium channels in the
cell membrane, is involved in enhancement of testosterone
production by rat Leydig cells [32]. The results of the present
study showed that arecoline-induced testosterone secretion was
reduced by administration of calcium channel blockers. These
results can be explained by that, HCG induced a slow onset and
sustained monophasic intracellular Ca**concentration that was
dependent on extracellular Ca*2.

Rossato et al. [32] reported that, the transient but not sustained
rise in Ca*? was observed in Leydig cells treated with thapsigargin
and cyclopiazonic acid, which are two sarcoplasmic reticulum
calciumadenosine triphosphatase inhibitors, in Ca** free medium.
This rise in Ca** indicated that thapsigargin and cyclopiazonic
acid are able to empty the intracellular Ca** influx [32]. This
could be explained by that, the influx of external Ca**induced by
the emptying of internal stores in Leydig cells, that could occur
through Na* dependent depolarization of the plasma membrane
[33], not through voltage activated Ca**channels [34], which
significantly reduced by administration of either T and L calcium
channel blockers, such as nifedipine, with arecoline.

Conclusion

Arecoline stimulates testosterone production in rats via
activation of calcium channels in Leydig cells that can be blocked
significantly by calcium channel blockers.

J. Drug 1(1).

Page | 12



Citation: Ahmed M. Kabel, Hany M. Borg and Mohamed S. Omar (2016) Effect of Calcium Channel Blockers on Increased Plasma Testosterone
Level Induced by Arecoline in Male Albino Rats. J. Drug 1(1): 10-13. doi: https://doi.org/10.24218/jod.2016.2.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Papke RL, Horenstein NA, Stokes C.Nicotinic Activity of Arecoline,
the Psychoactive Element of "Betel Nuts", Suggests a Basis for
Habitual Use and Anti-Inflammatory Activity.PLoS ONE. 2015;
10(10):e0140907.doi: 10.1371/journal.pone.0140907.

Chiao YC, Lin H, Wang SW, Wang PS.Inhibition of testosterone
production by propylthiouracil in rat Leydig cells.BiolReprod.
2002; 67(2):416-422.

Wang CK, Lee WH, Peng CH. Contents of phenolics and alkaloids in
areca rate chulinn- during maturation. J. Agric. Food Chem. 1997;
45:1185-1188.

Selvan RS, Selvokomaran M, Rao AR.Influence of arecoline on
immune system. Il. Suppressionof thymus dependent immune
responses and parameters on non-specific resistance after
short term exposure.lmmunopharmacollmmunotoxicol.1991;
13(3):281-309.

Pangraphi GB, Rao AR. Induction of vivo sister chromatid exchanges
by are caidine, a betel nut alkaloid, in mouse bone morrow cells.
Cancer Lett. 1984; 23(2):189-192.

Sinha A, Rao AR.Embryotoxicity of betel nits in mice.Toxicol. 1985;
37(3-4):315-326.

Chang YC, Tsai CH, Taik W, Yung SH, Chou MY,Li CK. Elevated
vimentin expression in buxxal mucosal fibroblasts by arecoline in
vitro as a possible pathogenesis for oral submucous fibrosis. Oral
Oncol. 2002; 38(5):425-430.

Dare BJ, Trivedi AH, Adhvaryu SG.Cytogenetic studies reveal
increased genomic damage among "pan masala" consumers.
Mutagenesis. 1991; 6(2):159-163.

Deb S, Chatterjee A. Influence of guthioninesulfoximine and
reduced glutathione on arecoline induced chromosomal damage
and sister chromatid exchange in mouse bone marrow cells in
vivo. Mutagenesis. 1998; 13(3):243-248.

Brown JH, TaylorP.Muscarinic receptor agonists and antagonists.
In: HardmanlG, limbirdLEeditors. Goodman and Gilman's the
pharmacological basis of therapeutics. 10th Ed.New York: Mc-Graw
Hill; 2003. 158-161 p.

Rapoport SI, Ohno K, Pettigrew KD. Drug entry into the brain. Brain
Res. 1979; 172(2):354-359.

Young YR, Chang KC, Chen KC, Chen CL, Chiu TH.Arecoline excites rat
locus coprulcus neurons by activating the M2-muscarinic receptor.
Clin J Physiol. 2000; 43(1):23-28.

Lee CH, Lin RH, Liu SH, Lin-Shiau SY.Mutal interactions among
ingredients of betel quid in inducing genotoxicity on Chinese
hamster ovary cells.Mutat Res. 1996; 367(2):99-104.

Sinha A, Rao AR. Induction of shape abnormality and unscheduled
DNA synthesis by arecoline in the germ cells of mice.Mutat Res.
1985; 158(3):189-192.

Polinsky RJ, Brown RT, Curras MT, Baser SM, Baucom CE, Hooper DR,
et al. Central and peripheral effects of arecoline in patients with au-
tonomic failure.) NeurolNeurosurg Psychiatry. 1991; 54(9):807-812.

Panda S, Kar A.Dual role of betel leaf extract on thyroid function in
male mice.PharmacolRes. 1998; 38(6):493-496.

Asthana$, Raffaele KC, Greig NH, Berardi A, Morris PP, Schapiro MB, et
al. Neuroendocrine responses to intravenous infusion of arecholine
in patients with alzheimer's disease.Psychoneuroendocrinol. 1995;
20(6):623-636.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lee JH, Kim H, Kim DH, Gye MC. Effects of calcium channel blockers
on the spermatogenesis and gene expression in peripubertal
mouse testis. Arch Androl. 2006; 52(4):311-318.

Rabia L, Ghulam ML, MuhammadA. Effects of amlodipine on serum
testosterone, testicular weight and gonado-somatic index in adult
rats. J. Ayub Med. Col. Abbottabad. 2008; 20:8-10.

Wang SW, Hwang GH, Chen TJ, Wang PS. Effects of arecoline
testosterone release in rats.Am J PhysiolEndocrinolMetab. 2008;
295(2):E497-E504.doi: 10.1152/ajpendo.00045.2008.

Gatch N, Wallis C, Lal H. Effects of calcium channel blockers
on pentylenetetrzol drug discrimination in rats. Alcohol. 2001;
23(3):141-147.

Cox JE, Williams JH, Rowe PH, Smith JA.Testosterone in normal,
cryptorchid and castrated horses. Equine Vet J. 1973; 5(2):85-90.

Kullin HE, Santiner FJ. The assessment of diminished testicular
function in boys of pubertal age.ClinEndocrinol (Oxf). 1996;
25(3):283-292.

StellRD, Torrie JH.Principals and procedures of statistics. 2nd Ed.
New York: McGraw-Hill; 1981.

Wang CK, Wang LS. Study on the separation and hydrolysis of
alkaloids and tumorigenicity of betel quidits ingredients, J Agric
Food Chem. 1996; 44:2014-2019.

Thomas SJ, Maclennan R. Skald lime and betel nut cancer in Papua
New Guinea. Lancet. 1992;340(8819):577-8.

Chiao YC, Lin H, Wang SW, Wang PS. Direct effects of propylthiouracil
on testosterone secretion in rat testicular interstitial cells. BrJ
Pharmacol. 2000; 130(7):1477-1482.

Yang NY, Kapide K, Wang PH, Jong DS, Wu LS. Effects of aqueous
extracts of "betel quid" and its constituents on testosterone
production by dispersed mouse interstitial cells.Am J Chin Med.
2004; 32(5):705-715.

Clu NS. Effects of betel chewing on the central and autonomic
nervous systems.J) Biomed Sci. 2001; 8(3):229-236.

Garg P,Chaturvedi PC, Gupta PC. A review of the systemic adverse
effects of areca nut or betel nut. Indian J Med PaediatrOncol. 2014;
35(1):3-9. doi:10.4103/0971-5851.133702.

Aguirre PC,Jayes JD\Veldhuis. Luteinizing hormone (LH) drives
divers intracellular calcium second messenger signals in isolated
porcine ovarian iliecal cells preferential recruitment of intracellular
Ca*? oscillatory cells by high concentrations of LH. Endocrinology.
2000; 4:2220-2228.

Rossato M, Nogara A, Merico M, Ferlin A, Garolla A, Foresta C.
Store operated clacium influx and stimulation of steroidogenesis
in rat Leydig cells, role of Ca*? activated K* channels. Endocrinology.
2001; 142(9):3865-3872.

Rossato M, Nogara A, Gottardello F, Bordon P, Foresta C.
Pituitary adenylatecyclase activating polypeptide stimulates rat
Leydigsteroidogenesis through a novel transduction pathway.
Endocrinology. 1997; 138(8):3228-3235.

Tomic M, Dufau MI, Catt KI, Stojikovic SS. Calcium signaling in
single rat Leydig Cells. Endocrinol. 1995; 136(8):3422-3429.

J. Drug 1(1).

Page | 13


http://www.ncbi.nlm.nih.gov/pubmed/26488401
http://www.ncbi.nlm.nih.gov/pubmed/26488401
http://www.ncbi.nlm.nih.gov/pubmed/26488401
http://www.ncbi.nlm.nih.gov/pubmed/26488401
http://www.ncbi.nlm.nih.gov/pubmed/12135875
http://www.ncbi.nlm.nih.gov/pubmed/12135875
http://www.ncbi.nlm.nih.gov/pubmed/12135875
http://www.ncbi.nlm.nih.gov/pubmed/1940050
http://www.ncbi.nlm.nih.gov/pubmed/1940050
http://www.ncbi.nlm.nih.gov/pubmed/1940050
http://www.ncbi.nlm.nih.gov/pubmed/1940050
http://www.ncbi.nlm.nih.gov/pubmed/1940050
http://www.ncbi.nlm.nih.gov/pubmed/6744244
http://www.ncbi.nlm.nih.gov/pubmed/6744244
http://www.ncbi.nlm.nih.gov/pubmed/6744244
http://www.ncbi.nlm.nih.gov/pubmed/4071558
http://www.ncbi.nlm.nih.gov/pubmed/4071558
http://www.ncbi.nlm.nih.gov/pubmed/12110335
http://www.ncbi.nlm.nih.gov/pubmed/12110335
http://www.ncbi.nlm.nih.gov/pubmed/12110335
http://www.ncbi.nlm.nih.gov/pubmed/12110335
http://www.ncbi.nlm.nih.gov/pubmed/2056918
http://www.ncbi.nlm.nih.gov/pubmed/2056918
http://www.ncbi.nlm.nih.gov/pubmed/2056918
http://www.ncbi.nlm.nih.gov/pubmed/9643582
http://www.ncbi.nlm.nih.gov/pubmed/9643582
http://www.ncbi.nlm.nih.gov/pubmed/9643582
http://www.ncbi.nlm.nih.gov/pubmed/9643582
http://www.ncbi.nlm.nih.gov/pubmed/466480
http://www.ncbi.nlm.nih.gov/pubmed/466480
http://www.ncbi.nlm.nih.gov/pubmed/8643121
http://www.ncbi.nlm.nih.gov/pubmed/8643121
http://www.ncbi.nlm.nih.gov/pubmed/8643121
http://www.ncbi.nlm.nih.gov/pubmed/3935921
http://www.ncbi.nlm.nih.gov/pubmed/3935921
http://www.ncbi.nlm.nih.gov/pubmed/3935921
http://www.ncbi.nlm.nih.gov/pubmed/1659617
http://www.ncbi.nlm.nih.gov/pubmed/1659617
http://www.ncbi.nlm.nih.gov/pubmed/1659617
http://www.ncbi.nlm.nih.gov/pubmed/9990660
http://www.ncbi.nlm.nih.gov/pubmed/9990660
http://www.ncbi.nlm.nih.gov/pubmed/8584603
http://www.ncbi.nlm.nih.gov/pubmed/8584603
http://www.ncbi.nlm.nih.gov/pubmed/8584603
http://www.ncbi.nlm.nih.gov/pubmed/8584603
http://www.ncbi.nlm.nih.gov/pubmed/16728347
http://www.ncbi.nlm.nih.gov/pubmed/16728347
http://www.ncbi.nlm.nih.gov/pubmed/16728347
http://www.ncbi.nlm.nih.gov/pubmed/18559981
http://www.ncbi.nlm.nih.gov/pubmed/18559981
http://www.ncbi.nlm.nih.gov/pubmed/18559981
http://www.ncbi.nlm.nih.gov/pubmed/11435024
http://www.ncbi.nlm.nih.gov/pubmed/11435024
http://www.ncbi.nlm.nih.gov/pubmed/11435024
http://www.ncbi.nlm.nih.gov/pubmed/4151406
http://www.ncbi.nlm.nih.gov/pubmed/4151406
http://www.ncbi.nlm.nih.gov/pubmed/3098465
http://www.ncbi.nlm.nih.gov/pubmed/3098465
http://www.ncbi.nlm.nih.gov/pubmed/3098465
http://www.ncbi.nlm.nih.gov/pubmed/1355157
http://www.ncbi.nlm.nih.gov/pubmed/1355157
http://www.ncbi.nlm.nih.gov/pubmed/10928947
http://www.ncbi.nlm.nih.gov/pubmed/10928947
http://www.ncbi.nlm.nih.gov/pubmed/10928947
http://www.ncbi.nlm.nih.gov/pubmed/15633806
http://www.ncbi.nlm.nih.gov/pubmed/15633806
http://www.ncbi.nlm.nih.gov/pubmed/15633806
http://www.ncbi.nlm.nih.gov/pubmed/15633806
http://www.ncbi.nlm.nih.gov/pubmed/11385294
http://www.ncbi.nlm.nih.gov/pubmed/11385294
http://www.ncbi.nlm.nih.gov/pubmed/11517164
http://www.ncbi.nlm.nih.gov/pubmed/11517164
http://www.ncbi.nlm.nih.gov/pubmed/11517164
http://www.ncbi.nlm.nih.gov/pubmed/11517164
http://www.ncbi.nlm.nih.gov/pubmed/9231772
http://www.ncbi.nlm.nih.gov/pubmed/9231772
http://www.ncbi.nlm.nih.gov/pubmed/9231772
http://www.ncbi.nlm.nih.gov/pubmed/9231772
http://www.ncbi.nlm.nih.gov/pubmed/7628378
http://www.ncbi.nlm.nih.gov/pubmed/7628378

