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This study examined the effects of rhizomes of Alpinia calcarata Roscoe (Zingiberaceae) on male sex-
ual competence and fertility, using a hot water extract (HWE) and rats. Different doses of HWE (150,
250 and 500 mg/kg) were orally administrated to male rats and their sexual behaviour was monitored (for
15 min) 3 h later using receptive females. Fertility was determined in a separate group (with the highest
dose) using a noncompetitive copulation test. In the sexual behaviour study, the HWE impaired the num-
ber of rats ejaculating and markedly prolonged the latency for ejaculation. Further, the number of rats
mounting and intromitting, and the latencies for mounting and intromission were inhibited. Collectively,
these observations indicate a strong aphrodisiac action. The other parameters remained unchanged indi-
cating non-impairment in libido, sexual arousability, sexual vigour and sexual performance or penile
erectile ability. However, a slight impairment was evident in sexual motivation (with the highest dose) in
a partner preference test.

In the fertility test, HWE induced profound oligozoospermia but fertility was uninhibited. The high-
est dose of HWE also elevated the serum testosterone level and the number of spontaneous penile erec-
tions rapidly and markedly. Further, the HWE was nontoxic. It is concluded that A. calcarata rhizomes
possess a strong and safe oral aphrodisiac activity.
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INTRODUCTION

The rhizomes of Alpinia galanga Roscoe (Zingiberaceae) are often recommended as
an orally active natural aphrodisiac in traditional medicine in many parts of the world
[13, 25]. Experimental studies have confirmed the presence of aphrodisiac activity of
this plant [12]. On the other hand, some Sri Lankan traditional medical practioners
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claim that the rhizomes of a closely related species, 4. calcarata Roscoe, possesses
strong aphrodisiac activity: it is recommended that a piece of fresh rhizome be kept
in the oral cavity during sexual intercourse to improve sexual performance [25].
Further, Arambewela et al. [3] have shown the presence of essential oils with 18
volatile constituents in the rhizome of A. calcarata. Herbal preparations of plants,
which are applied to the penis to delay ejaculation, are known to contain essential
oils that possess an aphrodisiac activity [23]. Thus, a strong possibility exists that
A. calcarata rhizomes may also have this aphrodisiac activity. However, as yet, the
effects of A. calcarata rhizomes on sexual behaviour has not been scientifically val-
idated. The main aim of this study was to investigate the effects of A. calcarata rhi-
zomes on male sexual competence. The other aim was to ascertain its effects on male
fertility. These aspects were tested in rats using a hot water extract (HWE) of the rhi-
zome with a view to extrapolate the data obtained to humans.

A. calcarata, known as Heen-aratha in Sinhala and Amkoliniji in Tamil is a rhi-
zomatous perennial herb. The mature rhizomes are branched and dense with a light
to dark brown colour. The leaves of the plant are simple and alternate. The flowers
are irregular, bisexual and pedanculate [8, 13]. A. calcarata is cultivated in tropical
countries including Sri Lanka, India and Malaysia. Especially, decoctions are made
from the rhizomes of 4. calcarata are used for medicinal purposes [13]: in the treat-
ment of bronchitis, cough, respiratory ailments, diabeties, asthma [25] and arthritis
[2, 25]. Experimentally, extracts of A. calcarata have shown to possess antibacterial
[11], antifungal [24], antihelmintic [14] and antinociceptive activities [4]. Further,
essential oil of A. calcarata is shown to have repellant activity against the common
cockroach Periplanata americana [20].

Phytochemical screening have shown the presence of alkaloids, steroides,
coumarins, reducing sugars and flavonoids in hot water and hot ethanolic extracts of
the rhizomes of Sri Lankan A4. calcarata [4].

MATERIALS AND METHODS
Plant material
Fresh A. calcarata rhizomes were collected from home gardens in the Kalutara dis-
trict, Sri Lanka between August-November 2002. The plant material was identified
and authenticated by Mr. D. H. P. Peramunagama, Curator of the National
Herbarium, Royal Botanical Gardens, Peradeniya, Sri Lanka. A voucher specimen
(AS 01) was deposited in the Industrial Institute, Colombo 7, Sri Lanka.

Animals

Adult Wistar rats of proven fertility (males 225-250 g and females 200-225 g) kept
under standardised animal house conditions (temperature: 28-31 °C, photoperiod:
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approximately 12 hours with natural light per day, relative humidity: 50-55%) were
used. They had free access to pelleted food (Master Feed Ltd., Colombo, Sri Lanka)
and tap water.

Preparation of A. calcarata HWE

Fresh A. calcarata rhizomes were cut into small pieces and air-dried for 56 days in
the shade. Five hundred grams of dried rhizomes were boiled with 2.5 L (to cover the
raw material) of distilled water (DW) [4] for 4 hours. The hot water extract was con-
centrated under vacuum at 60 °C and freeze-dried at —20 °C (yield 15.6% w/w dry
weight basis) and stored at 4 °C until use.

Administration of extracts

Doses of 150, 250 and 500 mg/kg of HWE were made in 1 ml DW [4] and were
given orally to separate groups of rats. One millilitre of DW was given orally as a
control.

Effects on sexual behaviour

Sexual behaviour was examined in a noncompetitive copulation test. Twenty-five
male rats were assigned into four groups and orally administrated with HWE in the
following way: (1) HWE, 150 mg/kg, n=6, (2) HWE, 250 mg/kg, n=06, (3) HWE,
500 mg/kg, n=7 and (4) vehicle control, 1 ml of DW, n= 6. The treated rats were
placed individually in cages for 3 hours following administration of vehicle or HWE.
Following a 10-min adaptation period, a female that had been brought into oestrous
(oestradiol benzoate 12 g in olive oil injected intramuscularly 56 hours plus 0.5 mg
progesterone in olive oil 8 hours prior to pairing) was placed in the cage. The pre-
coital behaviour was observed for 15 min or until ejaculation. During this period the
mount latency (the time from the introduction of the receptive female to the first
mount): intromission latency (the time from the introduction of the receptive female
to the first intromission) and ejaculation latency (the time from the introduction of
the receptive female to ejaculation) and the number of mounts and number of intro-
missions displayed by the rats were recorded. When there is no intromission and
ejaculation during the observation period their latencies were taken as 15 min. Using
these data the following parameters were computed, % mounted, % intromitted, %
ejaculated, copulatory efficiency [(number of intromissions/number of mounts) x 100],
intromission ratio (number of intromission/number of intromission + number of
mounts) and intercopulatory interval (average time between intromissions) [27].
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Partner preference test

Twelve male rats were assigned into two equal groups (n = 6/group). One group was
orally treated with 500 mg/kg of HWE and the other group with 1 ml of DW. These
rats were then individually caged. Sixty minutes later, one oestrous (receptive) and
one dioestrous (nonreceptive) female were introduced to the cage of each of the treat-
ed males. The cumulative time spent by a male in physical contact with each of the
females was recorded for 15 min. Partner preference index was calculated by sub-
tracting the time spent with dioestrous female from the time spent with oestrous
female. A positive score indicates preference for the sexually receptive female while
a negative score indicates its preference for the nonreceptive female [10].

Determination of serum testosterone level

Twelve male rats were randomly divided into two groups (n = 6/group). One group
was orally treated with 500 mg/kg/day of HWE and the other with 1 ml of DW/day
for 3 consecutive days. On day 1 post-treatment, these rats were anaesthetised with
ether and 1 ml of blood was removed from the heart of each rat using a syringe. The
blood was stored overnight at 4 °C and serum was separated on the following morn-
ing (8.00-9.00 h). Testosterone level was measured using and immunometric assay
with IMMULITE analyser (Diagnostic Products Corporation, Califonia, USA), as
per instructions given by the manufacturer.

Determination of serum prolactin level

Twelve male rats were randomly divided into two equal groups (n = 6/group). One
group was orally treated with 500 mg/kg/day of HWE for 3 consecutive days and the
other with 1 ml/day of DW. On day 1 post-treatment, these rats were anaesthetised
with ether and 1 ml of blood was removed from each rat through a cardiac puncture
using a syringe. The blood was stored overnight at 4 °C and on the following morn-
ing serum was separated carefully using a micropipette. Prolactin level was deter-
mined using an immunometric assay with IMMULITE analyser, as per instructions
given by the manufacturer.

Effects on penile erections

Twelve male rats were assigned into two equal groups (n = 6/group). One group was
orally treated with 500 mg/kg of HWE and the other group with 1 ml of DW. Shortly
after treatment, these rats were placed individually in plexiglass cages and the num-
ber of penile erections (characterized by penile body elongation and its dorsiflection,
reddening and engorgement of glans and its flaring) were recorded for 30 min as
described in detail by De Mateos-Verchere et al. [9].
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Effects on fertility

Fifteen rats were divided into two groups. One group (n=9) was orally treated with
500 mg/kg of HWE and the other group (n=6) with 1 ml of DW at 16.00 h. Each
male was then individually paired overnight with a pro-oestrous female at
16.30-17.00 h. Vaginal smears of the paired females were taken on the following
morning (at 8.00-8.30 h) and examined microscopically (x100). If spermatozoa were
present, their numbers and gross morphology were noted and this was taken as the
onset of pregnancy. If spermatozoa were absent then daily vaginal smearing was
undertaken for at least 14 days to determine the appearance or pregnancy or pseudo-
pregnancy. At 14 days after mating, the females were subjected to uterotomy under
ether anaesthesia to determine the number and viability of fetuses and number of
resorption sites. The gross appearance of corpora Iutea was also recorded. The fol-
lowing reproductive indices were computed: index of libido [(number mated/number
paired) x 100], quantal pregnancy [(number pregnant/number mated) x 100], fertility
index [(number pregnant/number paired) X 100], implantation index [(total number
of implantation/number mated) x 100], pre implantation loss [(number of corpora
lutea-number of implants)/number of corpora lutea] x 100, and postimplantation loss
[(number of implants-number of viable implants)/number of implants] x 100 [27].

Effects of sperm number in urine

This was done as described by Ratnasooriya et al. [26]. Briefly, 18 male rats were
randomly assigned into two groups. One group (n=29) was orally treated with 500
mg/kg of HWE and the other with 1 ml of DW. These rats were individually placed
in wire-meshed cages and urine was collected for 24 h. These were centrifuged at
approximately 1600 g for 5 min and the pellet was resuspended in saline. Then the
sperm numbers were estimated in duplicate using improved Neubaur type haemocy-
tometer.

Effects on muscle strength and co-ordination

Twelve rats were randomly divided into two equal groups (n= 6/group). One group
was orally treated with 500 mg/kg of HWE and other with 1 ml of DW. One hour
post-treatment, each of these rats was subjected to bar holding test [to evaluate mus-
cle strength [22] and the time taken (in sec) for the rat to fall from the bar was deter-
mined. Immediately following this test, these rats were subjected to Bridge test
[to evaluate muscle co-ordination [22] and the latency to slide off (in sec) were
recorded.
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Chronic toxicity

Male rats were randomly divided into two equal groups (n=9/group). Group 1
received 1 ml of HWE orally at the dose of 500 mg/kg and group 2 received 1 ml of
DW per day for 42 consecutive days (between 9.00-11.00 h). Rats were checked
twice daily (12.00 h and 16.00 h) for overt signs of toxicity (salivation, diarrhoea,
teeth exposure, lacrimation, ptosis, stupor, tremors, ataxia, rolling, jumping, yellow-
ing of hair, loss of hair, postural abnormalities and behavioural changes), stress (fur
erection or exopthalmia) and aversive behaviours (biting of paw and penis, intense
grooming behaviour, scratching behaviour, licking of tail or vocalization), morbidity
and mortality. The consistency of the facces and colour of urine were noted daily.

On day 1 post-treatment, blood was taken from the tail under ether anaesthesia and
serum was separated. The serum activities of glutamic oxaloacetic transaminase
(SGOT), serum glutamic pyruvic transamiase (SGPT), urea and creatinine were
determined using Randox enzyme kits (Randox Laboratories Ltd., Antrium, UK) and
a spectrophotometer (Jasco V 500, Jasco Corporation, Tokyo, Japan), as per instruc-
tions given by the manufacturer.

At the same time anticoagulant blood samples were analyzed for red blood cell
(RBC) counts, white blood cells (WBC) counts and hemoglobin (Hb) concentration.

Statistical analyses

Data are given as mean + SEM. Statistical comparisons were made using the G-test
and Mann-Whitney U-test as appropriate. p <0.05 was accepted as indicating signif-
icance.

RESULTS

Effect on sexual behaviour

All the three doses of the HWE significantly (p<0.05) and dose-dependently
(r*=10.80, p <0.05) reduced the number of rats that ejaculated (low dose, 3 of 6, mid
dose, 1 of 6 and high dose 0 of 7) within the test period (see Table 1 and Fig. 1). In
addition, the time required for the HWE treated rats to ejaculate was greatly (low
dose, by 48.4%; mid dose, by 48.6%; and high dose, by 55.3%) and significantly
(p <0.05) prolonged (Table 1 and Fig. 2).

On the other hand, all the HWE treated rats mounted and intromitted without dis-
playing aberrant sexual behaviour, as the vehicle treated rats. Furthermore, the times
required to mount and intromit, intromission ratio, copulatory efficiency and inter-
copulatory interval of treated rats were not significantly (p > 0.05) altered (Table 1).
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Effect on partner preference test

The high dose of HWE moderately (by 68%) and significantly (p <0.05) impaired
the partner preference index (control vs. treatment: 59.9 £5.0 vs 19.1 £2.9 sec).

Table 1
Effect of oral treatment of hot water extract of Alpinia calcarata (150, 250 or 500 mg/kg) on the sexual
behaviour of male rats (n = 67, £ SEM; ranges in parentheses)

Parameter Control 150 mg/kg 250 mg/kg 500 mg/kg
% mounted 100 100 100 100
% intromitted 100 100 100 100
% ejaculated 100 50.0* 0.0%* 0.0%*
No. of intromissions 155+24 18.3+2.0 145+13 182+2.0
(11-27) (13-25) (11-19) (11-26)
Mount latency (sec) 57.7+18.5 56.3+£223 74.5+17.0 474413
(17-130) (20-165) (18-136) (8-87)
Intromission latency (sec) 573 +18.5 56.3+22.3 78.5 +16.1 64.1 +18.2
(17-130) (20-165) (65-136) (8-150)
Intromission ratio 0.5+ 0.0 0.5+0.0 0.49+£0.0 0.49+£0.0
(0.5-0.5) (0.5-0.5) (0.49-0.5) (0.44-0.5)
Copulatory efficiency 100+ 0.0 100 £ 0.0 98.8+1.2 97.3+3.0
(100-100) (100-100) (92.8-100) (97.3-100)
Intercopulatory interval (sec) 39.1 +£3.7 51.2+5.0 61.8 £6.3* 533+64
(28.5-52.3) (38.4-69.2) (47.4-81.8) (36.0-1.8)
Ejaculatory latency (sec) 579.5+£62.3 860.3 £22.2% 861.2 £ 39.0%* 900.0 £ 0.0%*
(428-787) (769-900) (667-900) (900-900)

*p<0.05, **p <0.01, compared with the control (Mann—Whitney U-test and G-test)

7
o // AN |

Dosage

Fig. 1. Effect of oral treatment of hot water extract of Alpinia calcarata (150, 250 and 500 mg/kg) on %
ejaculation of male rats. n=6-7 £ SEM. *p <0.05, compared with the control (Mann—Whitney U-test)

Acta Biologica Hungarica 57, 2006



30 W. D. RATNASOORIYA and J. R. A. C. JAYAKODY

1000 - . .
S 900 - -
3
$ 800 -
2 700 \\
§ 600 \
5 500 \
E,‘ 400 \\\\
& 300 \
3 200 X
i 100 -
0 . N . / : ==
0 mg/kg 150 mg/kg 250 mg/kg 500 mg/kg
Dosage

Fig. 2. Effect of oral treatment of hot water extract of Alpinia calcarata (150, 250 and 500 mg/kg) on
ejaculatory latency of male rats. n=6-7 = SEM. *p <0.05, compared with the control (Mann—Whitney
U-test)

Effects on serum testosterone level

Inter- and intra-assay coefficient of variation for testosterone was 6.8% and 9.1%,
respectively. The high dose of HWE markedly (by 122%) and significantly (p < 0.05)
increased the serum testosterone level (control vs. treatment: 46.6+8.6 vs.
103.5+30.4 ng/dl).

Effect on serum prolactin level

Inter- and intra-assay coefficient of variation for prolactin were 5.5% and 7.4%,
respectively. The high dose of HWE did not significantly (p >0.05) alter the serum
prolactin level (control vs. treatment 0.50 +0.01 vs. 0.52 £0.03 mg/ml).

Effect on penile erection

The high dose of HWE provoked significant (p <0.05) increases in spontaneous
erections (control vs. treatment: 0.0 = 0.0 vs. 2.9 £0.2). Further, there were no milky
exudates evident at the penises of both HWE and control rats.

Effect on fertility

In the fertility study, all the rats treated with high doses of HWE ejaculated but the
number of vaginal sperms was significantly (p<0.05) and markedly (by 89%)
reduced (control vs. treatment 27.7+1.5 vs. 2.9+0.3 x 105ml) (see Fig. 3).
However, these ejaculated sperms were not decapitated and were devoid of any gross
morphological abnormalities. On the other hand, despite this lowering of vaginal
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Fig. 3. Effect of oral treatment of hot water extract of Alpinia calcarata (500 mg/kg) on vaginal sperm
counts of female rats. n=6, £ SEM. *p <0.05, compared with the control (Mann—Whitney U-test)

sperm numbers none of the fertility parameters investigated, namely, quantal preg-
nancy, fertility index, implantation index, number of implants, pre implantation loss
and post implantation loss were significantly inhibited (p > 0.05) (Table 2).

Table 2
Effect of oral treatment of high dose (500 mg/kg) of Alpinia calcarata hot
water extract on some fertility parameters of female rats (means + SEM)

Parameter Control Treated

Index of libido % 100 100
Quantal pregnancy % 100 100
Fertility index % 100 100
Implantation index % 916 777
Number of implants 9.16 7.77
Pre-implantation loss 26.0 £ 4.0 341+1.8
Post-implantation loss 0.0 375+ 1.24
Vaginal sperm counts (10%/ml) 277+1.5 2.9 +£0.33%*

**p <0.01, compared with the control (Mann—Whitney U-test and
G-test)

Sperm in urine

No sperms were detected in the urine of both control and HWE-treated rats.
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Effect on muscle strength and co-ordination

The HWE failed to alter the latency to fall significantly (p > 0.05) in the bar holding
test (control vs. treatment: 60.0 + 0.0 vs. 60 + 0.0 sec) and the latency to the slide off
in the Bridge test (control vs. treatment: 40.9 + 9.6 vs. 48.8 £4.3 sec).

Effect of chronic toxicity

There were no treatment-related deaths or morbidity evident. Further, the HWE did
not induce any overt signs of toxicity, stress or aversive behaviour. The consistency
of faeces and colour of urine of HWE treated rats were essentially similar to that of
the control. The HWE did not significantly (p > 0.05) induce toxicity in terms of liver
SGOT (control vs. treatment: 37.0+2.3 vs. 41.1£3.5 U/l) and SGPT (control vs.
treatment: 16.8+1.0 vs. 17.5+1.1 U/l) levels and kidney serum urea (control vs.
treatment: 32.0+2.7 vs. 34.7+4.0 mg/dl) and creatinine (control vs. treatment:
0.74 £ 0.05 vs. 0.71 £ 0.04 mg/dl).

DISCUSSION

In this study we examined the effects of HWE of 4. calcarata rhizome on male
reproductive competence in rats. Rats were used as subjects as they are one of the
most widely used animals in reproductive studies [33] as there are obvious homolo-
gies between the copulatory behaviour of humans and rats [21]. The results show that
the oral administration of HWE of 4. calcarata rhizomes markedly prolonged the
ejaculatory latency without concurrently altering other parameters of male sexual
behaviour and producing unacceptable side-effects. This indicates strong and safe
aphrodisiac action. Further, the HWE neither induced anejaculation nor interrupted
orgasm. Collectively, these observations also indicate that the HWE may be effective
in the treatment of premature ejaculation. Premature ejaculation is the most common
sexual dysfunction [18] affecting the sexual well-being of both partners.

All the HWE treated rats mounted and intromitted without any impairment of
mount and intromission frequencies, copulatory efficiency or intercopulatory inter-
val. This suggests that the sexual arouseability [6], libido, sexual vigour and sexual
performance [27] were uninhibited during the induction of the aphrodisiac action.
Interestingly, HWE did not suppress intromission ratio, suggesting an unimpaired
penile erectile function [31]. In addition, HWE provoked spontaneous noncontact
erections. These are analogous and perhaps homologous to human psychogenic
penile erections [31]. This also indicates that HWE may be useful in the treatment of
at least some forms of erectile dysfunction. In contrast, several herbal extracts such
as Terminalia catappa seeds [27], Mucuna prurita seeds [28], Piper betle leaves [30],
Artocarpus heterophyllus seeds [29] although prolong time to ejaculation severely
depresses other aspects of sexual behaviour. Thus, the aphrodisiac action of 4. cal-
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carata is superior to these plant extracts. However, in the partner preference test,
although HWE displayed a positive score, the partner preference index was moder-
ately reduced. This suggests that the HWE exert mild depressive action on sexual
motivation [10]. This is a negative effect of HWE on sexual function, which is note-
worthy.

Male libido is androgen-dependent and antiandrogens suppress masculine sexual
behaviour of rats [19]. There is evidence that hyperprolactenaemia in males inhibit
libido [7]. HWE elevated the serum testosterone level rapidly and markedly without
changing the prolactin level. This indicates that the HWE may facilitate overall male
sexual function. Furthermore, male sexual function decreases profoundly with age-
ing [16]. Because HWE has serum testosterone elevating activity with no alterations
in the liver function tests, HWE may be useful in improving sexual function of age-
ing men and men with impaired libido.

The onset of prolongatory effect on ejaculation was quite rapid. This suggests an
action on the central nervous system. Several neurotransmitter systems in the central
nervous system are implicated with male sexual behaviour [31]. Dopamine and
dopamine agonist facilitate male sexual behaviour [31]. Since HWE lacks dopamin-
ergic activity [4] prolongation of ejaculatory latency is unlikely to be mediated via
dopaminergic system. On the other hand, HWE may prolong ejaculatory latency via
opioid mechanisms: opioids facilitate masculine sex behaviour [31] and HWE is
shown to have opiomimetic activity [4]. The prolongation of the ejaculatory latency
could also be due to essential oils reported to be present in the rhizomes [3] as herbal
preparations with essential oils are shown to delay ejaculation [23]. On the other
hand, the effect of HWE on the other neurotransmitter systems in the mediation of
this aphrodisiac action is unknown at present. Interruption of penile sensitivity can
prolong latency to ejaculation [31]. But such a mechanism is unlikely as there was
no aberrant sexual behaviour [31] and because intromission ratio of HWE rats
remained unaltered [31]. Motoric incordinations can prolong time to ejaculation but
this mechanism seems unlikely since the latencies of both bar and Bridge tests
remained unchanged.

In the fertility study, rats treated with HWE produced oligozoospermic ejaculates
without teratozoospermia. Since the onset of this effect was extremely quick it can-
not be attributed to inhibition of spermatogenesis [17], production of sperm granulo-
mas [15] or the enhanced epididymal sperm resorption [5]. Because there were no
overt signs of stress oligozoospermia cannot be due to stress either [15]. Sperma-
torrhoea can reduce sperm numbers in ejaculates [15] but this mechanism is also
unlikely as there were no sperms in the urine of HWE-treated rats. Production of
spontaneous ejaculations is yet another mechanism that can induce oligozoospermia
[1]. But this too is unlikely as there were no milky exudates evident in HWE-treated
rats. So, it is likely that HWE induced oligozoospermia via inhibition of ejaculatory
contraction of vas deferens and epididymis [32]. In spite of the marked oligo-
zoospermia HWE failed to impair fertility: rats are known to be fertile even after
90% depletion of sperm counts [17]. In contrast, human fertility is impaired by even
a small reduction of sperm counts [17]. Thus, if HWE can induce oligozoospermia
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in a magnitude comparable to that in rats, fertility in humans would be seriously
impaired.

In conclusion, this study scientifically demonstrates, for the first time, aphrodisi-
ac potential and the ability of HWE of Alpinia calcarata rhizomes to produce oligo-
zoospermic ejaculates.
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