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a b s t r a c t

Ethnopharmacological relevance: Huperzia saururus (Lam.) Trevis. has an extensive ethnopharmacological
use, mainly because of its aphrodisiac properties. The species is consumed as decoctions or infusions in
traditional medicine. The purpose of the present research was to determine if Huperzia saururus is able to
increase sexual potency by evaluating the ejaculatory response, in the presence of a decoction in spinal
cord transected male rats.
Materials and methods: The fictive ejaculation model to record the rhythmic contractions of the
bulbospongiosus muscles that accompany ejaculation as an indicator of ejaculation occurrence was
used. Sexually experienced male Wistar rats were used. The activation of the fictive ejaculation by the i.v.
administration of a decoction was tested, as well as the effects of the oxytocinergic, cholinergic,
adrenergic and nitrergic antagonism upon the pro-ejaculatory activity of Huperzia saururus.
Results: Decoction (3 mg/animal) was able to activate the fictive ejaculation in spinal male rats, producing
a statistically significant diminution on the latency of discharge parameter and a statistically significant
augment for the number of discharges. Moreover, when sequential treatments using antagonists plus
decoction were administered, the effects produced showed that prazosin prevent the pro-ejaculatory
effect of the decoction and that the four antagonists assayed blocked the facilitatory effect of Huperzia
saururus since the facilitation in the latency of response was prevented, and the number of discharges
was reduced. Together these findings support the notion that the decoction exerts an aphrodisiac effect
influencing the ejaculatory potency which is partially mediated by oxytocinergic, cholinergic, adrenergic
and nitrergic spinal mechanisms.
Conclusion: In agreement to the ethnopharmacological uses, Huperzia saururus decoction has aphrodisiac
properties by influence on the ejaculatory potency.

& 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The plants are a valuable resource in the Health System of
developing countries. Although there are no accurate data to
assess the extent of global use of medicinal plants, the World
Health Organization (WHO) has estimated that over 80% of the
world's population uses traditional medicine routinely to meet
their primary health care (Ortega et al., 2006; Vallejo et al., 2007),
and that much of the traditional treatments involve the use of
plant extracts or their active principles (Akerele, 1985).

One of the traditionally used species in Argentina is Huperzia
saururus (Lam.) Trevis. (ex Urostachys saururus (Lam.) Herter.;

Lycopodium saururus Lam.) (Lycopodiaceae). Component of
Andean-Pampas vegetation, Huperzia saururus is known as “cola
de quirquincho“ and is used in the folk medicine because it is
reputed as an aphrodisiac agent and also has been reported as a
memory improver agent (Martıńez and Crovetto, 1981). The
consumption of this plant has been reported early in the XVIII
century (Hieronymus, 1882) and posteriorly, by Toursarkissian
(1980). In addition, Huperzia saururus is used to solve mood and
sentimental disorders (Amorín, 1977). Recent studies have corro-
borated the reputation of Huperzia saururus as an aphrodisiac and
it has been shown in guinea pigs that dichloromethane and
methanolic extracts of this plant exert relaxation of the smooth
muscle of the penis, thus promoting penile erection (Hnatyszyn
et al., 2003). In agreement to Sandroni (2001) aphrodisiacs can be
classified by their mode of action into three types: those that
increase libido (i.e. sexual arousal), potency (i.e. sexual reflexes)
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or sexual pleasure (a criterion only applied to humans). It is well
known that aphrodisiac compounds can act at different levels of
the central nervous system to promote changes in neurotransmit-
ters concentrations among other mechanisms (Sandroni, 2001).
We wonder if Huperzia saururus possess aphrodisiac properties to
increase sexual potency largely targeting ejaculation. Thus, the
aphrodisiac effects of Huperzia saururus would be modulated by
neural mechanisms controlling ejaculation. In the present study
we carried out an experimental study to provide evidence about
the ability of Huperzia saururus to increase sexual potency by
evaluating the ejaculatory response, in the presence of an aqueous
extract (a decoction) of Huperzia saururus in spinal cord transected
male rats. For this purpose, we used the fictive ejaculation (FE)
model to record the rhythmic contractions of the bulbospongiosus
muscles that accompany ejaculation as an indicator of ejaculation
occurrence. In this model in spinally-transected and anaesthetized
male rats, the ejaculatory response can be induced by physiological-
like stimulation and by pharmacological means and permits the
quantitative evaluation of the genital motor pattern of ejaculation
and the visualization of penile events accompanying expulsion of
seminal material (Carro-Juárez et al., 2003) as a response of the
activation of the spinal generator for ejaculation. Thus, this animal
model has been useful for the study of the neural control of the
ejaculatory response by the spinal pattern generator of ejaculation
(Carro-Juárez et al., 2003; Carro-Juárez and Rodríguez-Manzo,
2008; Watcho et al., 2014).

2. Materials and methods

2.1. Plant material

Plant material consistent in aerial parts of Huperzia saururus
was collected in the Pampa de Achala, San Alberto Department,
Province of Córdoba, Argentina, in April 2012. It was identified by
Dr. Gloria Barboza (Instituto Multidisciplinario de Biología Vegetal,
Universidad Nacional de Córdoba). A voucher specimen is depos-
ited at the herbarium of the Museo Botánico de Córdoba (CORD) as
CORD 684.

2.2. Preparation of Huperzia saururus extract

Aerial parts of Huperzia saururus were dried in the shade and
ground before use. In agreement to the way that this species is
consumed in popular medicine, the method selected for extract
preparation was a decoction. This was prepared according to
Farmacopea Argentina (Farmacopea Argentina VI Edición, 1976)
using a proportion of 1:20 W/V. After filtered, the decoction was
lyophilized and weighed to calculate the yield. The solution was
prepared by dissolution of the lyophilized decoction in saline at
the time of use (LDS).

2.3. Phytochemical screening

An aqueous extract (a decoction) prepared as already explained
was analyzed in relation to the different kind of compounds that
could be present. Tests for phenolic compounds were developed
including tannins (Wagner et al., 1984; Trease and Evans, 2002),
flavonoid glycosides (Shinoda, 1928; Markham, 1982; Trease and
Evans, 2002), sulphated flavonoids (Markham, 1982), anthocya-
nines (Harborne, 1973). Other secondary metabolites were also
tested like saponins (Harborne, 1973), alkaloids (Harborne, 1973;
Wagner et al., 1984), coumarins (Wagner et al., 1984), anthraqui-
nones (Wagner et al., 1984), steroids (Reich and Schibli, 2006).
Primary metabolites were investigated as well, including reducing

sugars (Trease and Evans, 2002) and amino acids (Bradford, 1976;
Trease and Evans, 2002).

2.4. Animals

Sexually experienced male Wistar rats (300–350 g body
weight) were used. Animals were housed in groups (four rats
per cage), under an inverted LD cycle 12:12 h, at 22 1C and with
free access to food (Harlans, México, S.A. de C.V.) and water. The
Local Committee of Ethics on Animal Experimentation approved
all experimental procedures, which followed the regulations
established in the Mexican official norm for the use and care of
laboratory animals “NOM-062-ZOO-1999”.

Ten groups (G) of four animals each selected at random were
used to develop the experiments, named G1 (control), G2 (Huperzia
saururus LDS, 3 mg/animal), G3 (atosiban, 1 mg/kg), G4 (hexametho-
nium, 30 mg/kg), G5 (prazosin, 10 mg/kg), G6 (L-NAME, 30 mg/kg),
G7 (atosiban, 1 mg/kg plus Huperzia saururus LDS, 3 mg/animal),
G8 (hexamethonium, 30 mg/kg plus Huperzia saururus LDS, 3 mg/
animal), G9 (prazosin, 10 mg/kg plus Huperzia saururus LDS, 3 mg/
animal), and G10 (L-NAME, 30 mg/kg plus Huperzia saururus LDS
3 mg/animal). All the drugs were i.v. administered.

2.5. General surgical procedures

All animals were anesthetized with urethane (0.7 g/kg, i.p.) and
the adequacy of anesthesia was assessed by the absence of a
withdrawal reflex after noxious paw pinch. The bulbospongiosus
genital muscles were identified after a surgical incision on the
perineum and two platinum wires (Grass) were inserted into the
muscles to record electromyographic (EMG) activity, which was
registered on a polygraph (Grass M7). An additional surgery was
performed to expose the bulbar portion of the penis and its
anatomical connections with the striated bulbospongiosus mus-
cles, for a better visualization of the genital rhythmic motor
pattern of ejaculation and its associated genital events. The right
femoral vein was cannulated for the LDS and drugs administration.
At the end of the surgery the spinal cord was blunt transected at
T6 spinal cord level, a cord level that clearly permit the expression
of sexual reflexes without disrupting significantly thoracic, lum-
bosacral and coccygeal reflexive responses.

2.6. Activation and recording of the fictive ejaculation response

The FE response consists in the expression of the genital motor
pattern of ejaculation that accompanies expulsion of intraurethral
secretions and the expression of penile reflexes by the spinal cord,
in anesthetized and spinal cord transected male rats. Thus, after
the spinal cord transection, the FE is immediately and sponta-
neously expressed with a mean latency of 1–3 min. In order to
assess the capacity of the spinal cord to produce the FE response,
after spinalisation, one spontaneous genital motor pattern of
ejaculation (GMPE) was allowed to be expressed and then
recorded in the bulbospongiosus muscles. This muscle was
selected as a monitor of the genital muscles activity since it
discharges during ejaculation in synchrony with all genital mus-
cles and given its superficial position on the perineum. Immedi-
ately after the expression of a spontaneous GMPE, we evoked the
ejaculatory response by sensory stimulation of the urethra, which
consisted in its distension produced by the injection of saline
solution with a syringe pump (200 mL/min) during 10 s, through a
PE-50 catheter (0.965 mm OD) inserted into the pelvic urethra via
a bladder incision, while occluding the penis meatus to achieve
an intraurethral stimulation by increasing its pressure that
ranged from 20 to 30 mm Hg. Once the GMPE was obtained by
physiological-like (by urethral mechanical stimulation) means, the
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LDS was administered (3 mg/animal) and the responses under its
influence were analyzed. Finally, the GMPE was repeatedly
activated at 3m in intervals by urethral stimulation under the
presence of circulating LDS until its inhibition. The criterion used
to consider the inhibition of this response was the absence of the
GMPE expression upon two consecutive stimulation periods
following its repeated elicitation. At this moment, the stimulation
protocol was finished.

2.6.1. Activation of FE by the i.v. administration of the LDS of
Huperzia saururus in spinal cord transected male rats

In order to establish the aphrodisiac properties of Huperzia
saururus upon ejaculation in spinal male rats, in animals from G2,
one GMPE was elicited after spinalisation by urethral simulation to
establish the capacity of the spinal cord to produce the ejaculatory
motor response. The ejaculations obtained occurred within a
3-min period. Immediately after the expression of the first
urethrally-induced ejaculatory pattern, the Huperzia saururus LDS
was i.v. injected and the GMPE responses observed under its
influence were registered and graphed. After the LDS injection,
to verify the expression of ejaculation by the spinal cord, addi-
tional urethral stimulations were applied and its resulting genital
responses, if present, were observed. If no response was obtained,
the experiment was ended. If expressed, the ejaculation responses
were evoked by mechanical stimulation of the urethra at 3 min
intervals, as below described, until the inhibition of the ejaculatory
motor pattern. Data were compared to those obtained in control
(G1) animals.

2.6.2. Effects of the oxytocinergic, cholinergic, adrenergic and
nitrergic antagonism upon the pro-ejaculatory activity of Huperzia
saururus

This experiment was designed to uncover possible roles of
oxytocinergic, cholinergic, adrenergic or nitrergic mechanisms in
the establishment of the proejaculatory effects of the LDS of
Huperzia saururus in spinal male rats. To this purpose, in all
animals of G3–G6 immediately after spinal cord transection,
urethral stimulation was applied and once a FE response was
expressed, the intravenous injection of antagonistic doses of
atosiban (1 mg/kg; G3), hexamethonium (30 mg/kg; G4), prazosin
(10 mg/kg; G5), and L-NAME (30 mg/kg; G6), respectively, were
administered and its effects upon the FE response were depicted.
Besides, all of G7–G10 animals were treated as previously
described but the sequence of administration was the antagonist
first and 3 min later, the Huperzia saururus LDS in a concentration
of 3 mg/animal, upon the expression of FE. After the administration
of individual treatments, the animals received repeated mechan-
ical stimulation of the urethra at 3 min intervals, as below
described, until the inhibition of the ejaculatory motor pattern.
Data were compared to those obtained in control (G1) and
Huperzia saururus (G2) animals.

2.7. Quantitation of GMPE variables

In order to analyze the pro-sexual properties of Huperzia
saururus, we used electromyographic techniques to register the
rhythmic activity of the bulbospongiosus muscles. In the present
study we defined a GMPE as the expression of the first motor train
of a GMPE (which could be accompanied or not by an after-
discharge component) obtained in response to mechanical stimu-
lation of the urethra or after the systemic administration of the
LDS. The parameters considered for the analysis of the GMPEs
registered were the latency to the expression of the GMPE after
mechanical stimulation of the urethra and after the administra-
tion of the LDS, the number of discharges in the GMPEs and its

frequency, as well as the number of GMPEs expressed prior to
its inhibition. The after-discharge component of the GMPE is
only observed in urethrally-evoked responses. Since this type of
sensorial stimulation exerts an almost immediate cumulative
inhibitory effect on the expression of the after-discharge compo-
nent, we determined to exclude the after-discharge component
from the quantitative analysis of both the physiological-like- and
drug-induced GMPEs.

2.8. Drugs

Urethane, atosiban, hexamethonium, prazosin and L-NAME
were all purchased from Sigma Chemical Co. St. Louis, USA.
Urethane was dissolved in saline solution and administered at
20%. Doses of the selected antagonists were decided based on
previous studies (Carro-Juárez et al., 2003, 2006; Carro-Juárez and
Rodríguez-Manzo, 2006; Estrada-Reyes et al., 2013).

2.9. Data analysis

Bulbospongiosus electromyographic activity was recorded dif-
ferentially, amplified and filtered (1000� , 0.1–1 kHz bandpass)
(Poliview Data Acquisition System; Grass Astro-Med Inc. USA,
2003). Quantitative comparisons among groups were calculated
from means of GMPEs and statistically analyzed by using a one-
way ANOVA followed by the Tukey test. The variables analyzed
from the GMPE included the latency of response, the number and
frequency of discharges and the total number of evoked GMPE.
A po0.05 was considered to be statistically significant. The
GraphPad InStat program was used for all statistical analyses.

3. Results

3.1. Decoction yield

According to the way that Huperzia saururus is mainly con-
sumed in Argentina, a decoction of the aerial parts was prepared.
After lyophlization this extract gave a yield of 7.19%. The solution
was prepared by dissolution of the lyophilized decoction in saline
at a concentration of 7.5 mg/mL (W/V) at the time of use. In relation
to the phytochemical screening tannins and reducing sugars were
positive. It is interesting to point out that besides alkaloids (Vallejo
et al., 2009; 2013a) and amino acids (Vallejo et al., 2013b), whose
presence was already detected in our lab, another kind of second-
ary metabolites were detected. The presence of saponins deserves
to be investigated because these chemical compounds are well
known in relation to their biological activity.

3.2. General observations on the activation of the fictive ejaculation
by the LDS of Huperzia saururus

As previously reported, in all studied control animals the
GMPEs elicited by urethral stimulation were registered as highly
rhythmic motor patterns of bulbospongiosus muscle activity and
included a first ejaculatory motor train and an after-discharge
component. Rhythmic contractions elicited by urethral stimulation
were always accompanied by the expulsion of seminal secretions
and always coincided with phasic penile erections including penile
movements such as flaring, flips and cups. Consecutive stimulation
of the urethra induced an inhibitory effect on the GMPE, which
was gradually evidenced in the parameters of the first ejaculatory
motor trains and in its after-discharge component and a progres-
sive reduction in the number of motor discharges and its
frequency. In these animals the first sensory elicited ejaculatory
phase was the most potent and the last one previous to its
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inhibition, the weakest. The ejaculatory capacity of control animals
consisted on the expression of a mean number of seven GMPEs.
Once the ejaculatory capacity maximum level was accomplished,
no further GMPEs including its associated penile movements
or expulsion of seminal contents occurred. At this moment, the
ejaculatory ability was considered as inhibited.

Huperzia saururus LDS was able to activate the GMPE in spinal
male rats. Thus, systemic administration of the LDS elicited GMPEs
that always consisted on the expression of highly rhythmic motor
patterns registered in the bulbospongiosus muscles very similar
to those registered in control animals (Fig. 1). LDS of Huperzia
saururus elicited ejaculatory motor responses always accompanied
by penile movements including flaring, flips and cups, but without
the after-discharge component. General visual observations of
penile erections and movements elicited by the LDS here analyzed,
permitted us to notice that the expression of these sexual
responses was significantly more potent as compared to that
elicited by urethral stimulation.

3.3. Effects of Huperzia saururus LDS upon the GMPE parameters

The latency of discharge for Huperzia saururus LDS 3 mg/animal
(G2) was statistically significantly diminished (Fig. 2a), showing an
improvement of this parameter. On the other hand, administration
of the Huperzia saururus LDS provoked a statistically significant
augment for the number of discharges (Fig. 2b). In relation to the
frequency of discharge another situation was evidenced, since no
statistically significant difference when compared to control
animals after Huperzia saururus administration was found.
The number of GMPE was not significantly modified after Huperzia
saururus administration. The modified parameters revealed an
improvement in the ejaculatory potency elicited by the Huperzia
saururus LDS.

3.4. Effects of the oxytocinergic, cholinergic, adrenergic and nitrergic
antagonism upon the pro-ejaculatory activity of Huperzia saururus

3.4.1. Antagonists effect on FE parameters
With respect to the use of the antagonists above mentioned

upon the expression of ejaculation in spinal cord transected male
rats, it was found that with the exception of L-NAME, atosiban,
hexamethonium, and prazosin, all them did not provoke any
ejaculatory responses (Table 1). When L-NAME was administered
we observed in the latency of discharge a statistically significant
increase with respect to control animals, the number of discharges
was significantly diminished in comparison to control and no
statistically significant variations were observed for the frequency
of discharge and the number of genital motor patterns showed a
decrease in relation to control animals (Table 1).

3.4.2. Antagonists effect upon the pro-ejaculatory activity of
Huperzia saururus

When sequential treatments using the antagonists plus LDS
were administered, the effects produced on the four analyzed
parameters were as follows: the oxytocinergic antagonist atosiban
significantly reduced the number of discharges, but not its
frequency. Otherwise, latency of discharge and the ejaculatory
capacity was not changed as evidenced by a non-significant
number of ejaculatory motor patterns (Table 2).

With regard to the administration of the cholinergic antagonist
hexamethonium followed by the LDS, we observed that hexam-
ethonium partially blocked the pro-ejaculatory effect of the LDS
since the number of discharges was significantly reduced. On the
other hand, the frequency of discharge, the latency of response
and the number of GMPE were not significantly modified (Table 2).

Animals pre-treated with the adrenergic antagonist prazosin
blocked the facilitatory effect of Huperzia saururus since the
facilitation in the latency of response was prevented, the number
of discharges was reduced, but without significant effects on the
frequency of discharge and on the expression of the GMPE
(Table 2).

Finally, for animals pre-treated with L-NAME only the number
of discharges was influenced and a statistically significant reduc-
tion was registered (Table 2). Together, these data indicate that the

Fig. 1. Activation of ejaculatory rhythmic motor patterns in sexually experienced
spinal male rats by urethral stimulation (A), and by the intravenous injection of the
Huperzia saururus decoction (3 mg/animal) (B). Downward arrows indicate the
Huperzia saururus administration. Calibration bar 50 mV, 10 s.
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Fig. 2. Specific parameters of the ejaculatory motor patterns obtained in response
to Huperzia saururus decoction (G2, 3 mg/animal). Values are expressed as mean7-
standard error of the mean. (a) Latency of discharge was significantly diminished
(TLD (3)¼5.185; p¼ 0.0002); (b) statistically significant augment for the number of
discharges (TND (10)¼21.359; po0.0001). T- test, *** po 0.001.
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compounds contained in Huperzia saururus LDS that promote
pro-ejaculatory actions target at least partially the oxitocinergic,
cholinergic, adrenergic and nitrergic spinal system to exert its
effects.

4. Discussion and conclusions

Previous studies on the medicinal properties of Huperzia saururus
showed that it facilitates penile erection and thus, an aphrodisiac
component on sexual potency was evidenced (Hnatyszyn et al.,
2003). Here, evaluation of the LDS pro-ejaculatory activities was
focused on the analysis of the latency of response, the number and
frequency of discharges of the ejaculatory motor pattern and the
number of motor patterns of ejaculation evoked.

In the animal model here employed, it has been shown that
the latency to express ejaculation after the application of
physiological-like stimulation (urethral stimulation) or after the
administration of standard drugs or plant extracts reflects the
responsiveness of the spinal cord to the sexual stimuli and mirrors
the threshold of ejaculation that could be seen in conscious male
rats (Carro-Juárez and Rodríguez-Manzo, 2009). Present findings
show that LDS, when acutely administered, significantly reduces
the latency to induce ejaculatory activity (expression of the genital
motor patterns of ejaculation, penile erections and movements
and the expulsion of urethral contents) implying that LDS
possesses aphrodisiac activity which, could be acting on the spinal
generator of ejaculation. As a result, chemical compounds
contained in LDS could provoke a substantial modification of
the ejaculatory threshold, after modifications in the intraspinal
inhibitory tone, which control the rhythmic expression of the
ejaculatory response. If the aphrodisiac capacity of LDS on the
ejaculatory threshold here obtained is enough to affect male
copulatory behavior is a matter that deserves future studies.

The discharges registered in the motor responses obtained after
Huperzia saururus administration were also significantly augmen-
ted. It has been showed that the augmented number of ejaculatory
discharges reflects the robustness of the rhythmic motor pattern
and this parameter is strongly associated to the ejaculatory
potency (Carro-Juárez et al., 2014). This datum is in line with a
previous study of Hnatyszyn et al. (2003). Together, these results
suggest that Huperzia saururus improve sexual potency promoting
the ejaculatory potency.

The frequency of discharge obtained after LDS was not
significantly modified in the fictive ejaculatory responses. The
frequency of discharge of the genital motor pattern contributes to
the evaluation of the ejaculatory potency. Thus, if a reduced
frequency of discharge is obtained when physiological-like or
pharmacological stimuli are applied, a diminished potency could
be expected and on the contrary, when an augmented frequency
of discharges is obtained, improvements in the potency of the
ejaculatory trains are expected (Carro-Juárez and Rodríguez-
Manzo, 2009; Carro-Juárez et al., 2014). Besides, when pharma-
cological and physiological stimuli provoke the facilitation of
ejaculatory motor patterns, augmented numbers and frequencies
of discharges in the ejaculatory trains would be expected. In the
present study, we observed that LDS augmented number of
discharges but not elicited significant modifications in its fre-
quency. We have not an explanation for these unexpected results,
but we can offer probable explanations. Thus, it has been
proposed that at least two modules or neural nucleus mainly
comprise the spinal generator for ejaculation (SGE) (Carro-Juárez
and Rodríguez-Manzo, 2008). These SGE modules could be
separately controlling the expression of the motor discharges
and its frequency of discharge and if this were the case, it is
tempting to suggest that molecules contained in LDS act on the
different modules of the ejaculation generator, on one side
targeting those neurons in charge of the expression of the motor
train discharges and consequently, promoting the force to expel

Table 1
Comparison among the parameters of the genital motor patterns of ejaculation registered in response to urethral stimulation, after the injection of Huperzia saururus
decoction and after the administration of the antagonists used in this study.

Control Decoction Atosiban Hexamethonium Prazosin L-NAME

LD 14.3871.58nna 2.0071.00nb,nnnc 0.0070.00nna,nb 0.0070.00nna,nb 0.0070.00nna,nb 23.074.30nnnc

ND 6.6370.42nna,nnnc 30.2371.38nb,nnnc 0.0070.00nna,nb 0.0070.00nna,nb 0.0070.00nna,nb 1.7570,48nnnc

FD 1.1670.07nna 0.9570.03nb 0.0070.00nna,nb 0.0070.00nna,nb 0.0070.00nna,nb 0.9870,05
GMPEs 7.6370.71nna,nc 8.5072.50nb 0.0070.00nna,nb 0.0070.00nna,nb 0.0070.00nna,nb 1.7570,85nb,nc

T- test, LD¼ latency to discharge; ND¼ number of discharges; FD¼ frequency of discharge; GMPEs¼ genital motor patterns of ejaculation.
nna control group versus the antagonist groups for each parameter.
nb decoction group versus the antagonist groups for each parameter.
nnnc L-NAME group compared to the decoction or control groups for LD and ND.
nc control group versus the antagonist L-NAME.

Table 2
Comparison among the parameters of the genital motor patterns of ejaculation registered in response to the Huperzia saururus decoction (3 mg/mL), and after the pre-
treatment with the selective antagonists followed by Huperzia saururus decoction.

Decoction AtosibanþDecoction HexamethoniumþDecoction PrazosinþDecoction L-NAMEþDecoction

LD 2.0071.00n 30.5726.6 10.579.84 43.0717.0n 6.0074.70
ND 30.2371.38nnna,b,c,d 9.5072.50nnna 4.2572.53nnnb 7.7571.84nnnc 9.007 3.08nnnd

FD 0.9570.03 0.9970.01 0.5070.29 0.9570.05 0.6470.24
GMPE 8.5072.50 3.7571.03 1.7571.43 5.2571.49 4.2571.75

T'-test, LD¼ latency to discharge; ND¼ number of discharges; FD¼ frequency of discharge; GMPEs¼ genital motor patterns of ejaculation.
nnna decoction group versus atosiban plus decoction group.
nnnb decoction group hexamethonium plus decoction group.
nnnc decoction group versus prazosin plus decoction group.
nnnd decoction group versus L-NAME plus decoction group.
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the seminal secretions and, on the other side, targeting those
neurons in charge of the quality or refinement of the movement,
those involved in the control of the frequency of discharges.
Further electrophysiological studies are necessary to test this
proposal.

In the fictive ejaculation model the number of genital motor
patterns of ejaculation evoked by urethral or pharmacological
stimulation is related to the ejaculatory capacity of male
rats (Carro-Juárez et al., 2009, 2014), with sustained expression
of ejaculatory motor patterns previous to its inhibition by repeated
urethral stimulation (Carro-Juárez and Rodríguez-Manzo, 2000;
Carro-Juárez et al., 2003). We observed no significant changes in
the ejaculatory capacity of male rats after the administration of
LDS. This is a very interesting result since it seems that the
compounds contained in LDS acts only in the neural elements
conforming the modules of the spinal pattern generator in charge
of the expression of the ejaculatory train but not in those neural
elements in charge of the pacemaker activity, in which the
intraspinal ejaculatory rhythm arises. In all probability the LDS
acts targeting synaptically interacting excitatory interneurons that
synchronize the ejaculation generator spiking activities (Brocard
et al., 2010). Further physiological studies are necessary to test this
hypothesis.

With respect to the potential actions of the compounds con-
tained in LDS upon spinal neural circuits in charge of ejaculation, it
is important to point out that the main biologically active
constituents of Huperzia saururus are alkaloids (Lycopodium alka-
loids). For this reason, many studies have been developed with the
alkaloid extract (AE). Thus, AE has demonstrated to possess a
marked capacity to inhibit the acethylcholinesterase enzyme
(AChE) in vitro and ex vivo studies (Ortega et al., 2004a; Vallejo
et al., 2007). However, when isolated alkaloids were assayed, our
findings showed that alkaloids have not the same behavior, i.e.,
sauroine does not inhibit AChE (Ortega et al., 2004b) and on
contrary, sauroxine (Puiatti et al., 2013) and N-de-methylsauroxine
(Vallejo et al., 2013a) are active. In addition, we have demon-
strated in an electrophysiological ex vivomodel of rat hippocampal
slices that AE induce and maintain the long-term potentiation
(LTP) (Ortega et al., 2006). Finally, in electrophysiological experi-
ments (on hippocampus slices) and behavioral tests (step down
test), sauroine have shown significative effects on memory reten-
tion by significantly increasing hippocampal plasticity (Vallejo
et al., 2009). All these data could suggest that alkaloids present
in LDS act by different mechanisms and at different modules of the
spinal generator for ejaculation. Specific studies using individual
alkaloids from LDS upon the functioning of the ejaculation gen-
erator are necessary to test suggestions.

The exact mechanism (s) through the aqueous crude extract of
Huperzia saururus exerts its pro-ejaculatory actions is at present
unknown. A role for the oxytocinergic (Carro-Juárez et al., 2004,
2006), dopaminergic (Kada Sanda et al., 2013), cholinergic (Lee et al.,
2011), adrenergic (Mao et al., 2014) and nitrergic (Singh and Singh,
2012; Estrada-Reyes et al., 2013) mechanisms in the mediation of the
pro-sexual actions promoted by aphrodisiac plants have been
described. In the present study we evaluated the antagonism of
atosiban, hexamethonium, prazosin and L-NAME on the facilitation
of the ejaculatory potency induced by LDS. Data revealed that all
antagonists here employed prevent the pro-ejaculatory effect seen
after LDS administration, suggesting that the oxytocinergic, choliner-
gic, adrenergic and nitrergic spinal mechanisms are partially turned
on by the aphrodisiac activity of LDS, interestingly centered on the
ejaculatory potency, but not in the ejaculatory capacity. Thus, present
data support the notion that in spinal cord transected male rats, LDS
is promoting its aphrodisiac actions on ejaculation after the improve-
ment of the ejaculatory potency with the participation of all the four
spinal mechanisms studied.

All in all, present study shows that LDS exert important
aphrodisiac actions acting on the spinal circuits that control the
male rat ejaculatory potency. It seems that pro-ejaculatory effects
of LDS are mediated by differential activity of the compounds
contained in it upon different modules of the ejaculation gen-
erator, with the participation of the oxytocinergic, cholinergic,
adrenergic and nitrergic mechanisms.
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