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Abstract

Background and objective. Chemical spermicides currently marketed and widely
used are known to have many side effects. Thereby, and in order to look for more
tolerated natural spermicidal agents, the aim of this work was to evaluate the spermicidal
potential of saponin extracts from the roots of Saponaria officinalis / Caryophyllaceae,
Glycyrrhizia glabra / Fabaceae, and Herniaria glabra / Caryophyllaceae by studying
their in vitro effects on sperm mobility and vitality.

1) Laboratory of Drug Science,
Biomedical and Biotechnological
Research, Faculty of Medicine and
Pharmacy, Hassan II University of
Casablanca, Casablanca, Morocco

2) Laboratory of Pharmacology-
Toxicology, Faculty of Medicine and
Pharmacy, Mohamed V University in

Rabat, Rabat, Morocco Methods. Methanolic saponin extracts from the plants roots were performed. Sperm

suspensions were prepared by centrifugation on a PureSperm® density gradient (70
and 45%) and incubated with various concentrations of saponin extracts (50, 250,
500 and 750 pg/mL) at 37°C. The spermicidal activity was evaluated by studying the
mobility and vitality of spermatozoa at different time intervals ranging from 10 to 240
minutes.

Results. A dose and time dependent effect on sperm mobility and vitality was observed
for our extracts.

Extracts from Saponaria officinalis roots induced an irreversible immobilization and
a total non-viability of sperm within 10 minutes at a concentration of 750 pg/mL. A
similar effect was observed within 30 minutes at 750 pg/mL for Herniaria glabra
extract and within 90 minutes at 500 pg/ml for Glycyrrhizia glabra extract.

Conclusion. The results of our study showed that the saponin extracts of our plants
roots possess potent in vitro dose and time dependant spermicidal effect. These natural
products could therefore represent a safer and better tolerated alternative to chemical
spermicides.
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Background

The World Health Organization
has recognized sexual and reproductive
health as a human right [1]. With the
use of methods that allow women to
plan and space their pregnancies, health
indicators have improved [1]. Many
general and local contraceptive methods
are available today [2]. These methods
are hormonal, natural, or based on

physical or chemical barriers [3]. The
estrogen-progestogen combination is the
most effective hormonal method, when
used correctly [4]. Natural or traditional
methods aim to regulate births without
using a drug or medical device. They
include the method of withdrawal or
coitus interruptus [4], the Ogino method,
known as the “calendar” method [5], the
body temperature method [6], the cervical
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mucus method or the “Billings” method [6], the method
of breastfeeding and amenorrhea [6] and the urinary
strips of Luteinizing Hormone (LH) [7]. Barrier methods,
physical (male and female condoms, diaphragms, cervical
caps) or chemical (spermicides), prevent fertilization [6].
However, spermicides have numerous side reactions,
including tingling and irritation effects such as burning,
itching or a rash and also genital ulcers that can increase
the risk of sexually transmitted diseases [6]. In addition,
spermicides containing 9-nonoxynol are contraindicated
in cases of infections or risk of HIV [6].

Saponosins are heterosides formed of a water-
soluble carbohydrate chain and a triterpene or steroid
liposoluble structure [8,9]. They are widely present in the
plants kingdom [8]. The classical definition of saponins is
based on their surfactant properties [10].

These secondary metabolites have been proven to
possess many pharmacological activities including anti-
inflammatory, immunomodulatory, and anticancerigen
properties [9,11-13]. Saponins are also recommended
in the treatment of hypercholesterolaemia [14]. The
saponosides of certain plants are also being studied for
their potential spermicidal effect and could be used in
contraceptive formulations [15,16].

Glycyrrhizia glabra L / Fabaceae, better known
under the name liquorice in French or sweet-wort in
English, is a herbaceous plant that can reach more than
a meter in height [17]. Its stems are flowering, erect with
alternate, compound, imparipinnate, bright green leaves
[18]. Its papilionaceous flowers are pale blue and grouped
in erect clusters [17]. The fruit is a flattened pod (1.5 - 2.5
cm), strangled between the seeds [17,18]. Glycyrrhizia
glabra contains 0.6 to 2% flavonoids (chalcones,
flavanones, flavanolols, isoflavones, isoflavans), 3 to
15% of triterpene saponins (glycyrrhizin), coumarins
(coumarin, herniarine, umbelliferone, glycocoumarin,
glycocoumarin, glycocoumarin), phytosetrols,
carbohydrates, and volatile aromatic compounds [19,20].

Saponaria officinalis L / Caryophyllaceae, or
Saponaria vaccaria L, is known as Hameteras in English
or saponary and Lychnis officinalis in French [21,22]. It
is an herbaceous plant, 70 to 80 cm tall, with an orange to
brown twig rhizome, and a tuft of erect stems [21]. The
leaves are opposite, large, oval, lanceolate, marked with
three to five veins [23]. The flowers are pink or pinkish
white, arranged in a cyme. The fruit is an oval capsule
containing small seeds [21,23]. The whole plant contains
resinous substances, mucilaginous matters, flavonoids and
saponins [21,23]. The underground parts of Saponaria
officinalis contain 5 saponins (triterpene saponosides),
giving gypsogenin by hydrolysis [21,23]. They also
contain carbohydrates [21].

Herniaria glabra / Caryophyllaceae is also known
by its French name: Herniaire or Turquette or by its
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English name: Glabrous rupturewort, Smooth rupturewort
or Green carpet [24]. It is a perennial plant, 5 to 20 cm
long, glabrous, light green, with a small or thin root [25].
The stems are slender, lying down and spreading [25].
The leaves are glabrous, oblong or lanceolate, attenuated
at the base and opposite [24]. The flowers are very
small, sessile and form multiflorous, oblong glomeruli,
arranged in clusters [25]. Herniaria Glabra contains 3
to 9% of triterpene saponins derived from medicagenic,
gypsogenic and 16-o-hydroxymedicagenic acid and
bidesmoside saponosides branched on the C28 carboxyl
[26]. It also contains 0.2 to 1.2% of flavonoids derived
from quercetol and isorhamnetol (Hyperoside) and 0.1 to
0.4% of coumarins (umbelliferone, herniarine) [26].

Our study aims to assess the spermicidal potential
of saponosides extracted from the roots of Glycyrrhizia
glabra, Saponaria officinalis and Herniaria glabra.
The objective is to look for natural, non toxic and well
tolerated spermicides, suitable in particular for women in
whom hormonal contraception is contraindicated.

Methods

Study strategy

This work was carried out in two stages. The
extraction and preparation of saponins extracts took
place in the laboratory of drug sciences, biomedical and
biotechnological research of the Faculty of Medicine and
Pharmacy of Casablanca (Morocco). Then, the evaluation
of the spermicidal activity took place in the laboratory of
medical analyses “LABOMAC” in Casablanca (Morocco).

Preparation of plants for saponins extraction

Saponosides were extracted from 250 g of the
dry roots of three plants: Glycyrrhiza glabra / Fabaceae,
Herniaria glabra / Caryophyllaceae and Saponaria
officinalis / Caryophyllaceae. These roots were previously
ground into a fine powder using a grinder “Premium line
13 pulverisette disc mill (Fritsch GmbH Grinding and
Grain size)”.

The identification of plants was made by the
pharmacognosy department of the Faculty of Medicine
and Pharmacy, Casablanca (Morocco). The voucher
number is Gg-F22-1963 for Glycyrrhiza glabra / Fabaceae,
Hg-C19-1926 for Herniaria glabra / Caryophyllaceae and
S0-C43-1922 for Saponaria officinalis / Caryophyllaceae.
The storage was made in hermetically sealed jars, away
from light and heat.

Characterization of saponins in the plants
studied

An aqueous extract (decocted at 1%) from each
plant was prepared according to the following protocol:
in a 250 mL flask, 1 g of plant powder and 100 mL of
distilled water were mixed. After boiling for 20 to 30
min, the extract was filtered with filter paper in a 100 mL
erlenmeyer flask and the filtrate was allowed to cool.
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Table I. Dilution range for each extract prepared.

TubeNe. | 1 [ 2] 3 [ 4|5 [ 6] 7 [ 8 ]9 0]
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Decocte (mL)
Distilled water (mL) 10 9.5 9
Content of vegetable drugs (%) 0 5 10

The presence of saponins was determined by
a foam test. For every extract, a dilution sequence of
concentrations from 0 to 50% was prepared (Table I).
Then, each tube was closed and shaken vigorously in a
horizontal position for 15 seconds. After 10 min at rest,
the height of foam formed was measured. This height
represents the foam index and the concentration giving a
foam index of 1 cm will be determined.

Preparation of plant extracts for the study of
spermicidal activity

Two hundred grams of vegetable powder,
previously prepared, were defatted by pentane, for 24
hours. The residue obtained after filtration would be
subjected to three extractions with 250 mL methanol. The
three filtrates were mixed. The methanol was evaporated
by means of a rotary evaporator at 40 °C. The concentrated
residue was dried in open air. Then, 1 g of this residue
was dissolved in 100 mL of methanol and then 100 mL
of ethyl ether were added to precipitate the residue again.
The precipitate recovered by filtration was dried in open
air.

Sperm samples used for the study

The study of spermicidal activity was carried out
using 90 sperm samples, collected at the “LABOMAC”
medical analyses laboratory. These samples were collected
after the classic spermogram analyses.

Only normal sperm samples (according to the
reference values for the semen parameters established
by the WHO) were used in our study. These criteria
were determined as follows: After liquefaction at 37 °C
for 30 min, the sperm analyzed must have at least 20
million counts per mL and a progressive mobility of at
least 50% 60 minutes after ejaculation. The sperms were
then treated according to the separation technique, with a
density gradient of PureSperm® 70% and 40%. The final
pellet obtained would be used to study the spermicidal
activity of the plant extracts.

Study of the spermicidal activity of plant
extracts

The spermicidal activity of plant extracts was
studied at different concentrations. A dilution range was
prepared from an initial 1 mg/mL stock solution. The
concentrations prepared were 50, 250, 500 and 750 pg/
mL. Then, 100 pL of each extract concentration was
added to 100 pL sperm sample previously treated (final
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8.5 7 7.5 7 6.5 6 5.5 5
15 20 25 30 35 40 45 50

pellet). The spermicidal activity was evaluated at regular
time intervals, from 10 min to 4 h. It was based on the
study of the mobility and vitality of sperm. Mobility was
analyzed by light microscopy to determine the percentage
of mobile and immobile spermatozoa in the sample. The
vitality was estimated by the eosin test. This test consists
in mixing 20 pL of treated sperm with an equal volume
of 1% eosin. The percentage of viable and non-viable
spermatozoa (colored heads) is determined by counting at
least 100 spermatozoa per sample.

Data analysis

The results were recorded on an Excel® database
and we used percentages calculation to determine the
qualitative and quantitative results variables.

Results

Demonstration of saponosides in the plants
studied

The foam index determination allowed to assess
the saponoside content in our sample. The height of the
foam was measured for each dilution (Figure 1).

Study of the spermicidal activity of plant
extracts

Sperm mobility was evaluated after the action of the
different extracts on the sperm samples. A total and instant
spermicidal effect was observed at the concentration of
750 pg/mL, for the three plant extracts.

At the concentration of 500 pg/mL, more than
90% of the spermatozoa lost their movements and became
completely immobile after 10 min (Figures 2, 3, 4). For
the control, only 5% of the spermatozoa become immobile
after 10 min (Figure 5).

At a concentration of 500 pg/mL, all of the
spermatozoa present in the sample acquired slow
movements, they became immobile after 30 min.

For a concentration of 250 pg/mL, the mobility
of the spermatozoa was suppressed after 90 min for
Herniaria glabra and Saponaria officinalis (Figures 2, 3),
and after 3 h for Glycyrrhizia glabra (Figure 4).

At a low concentration (50 pg/mL) the spermicidal
appeared more slowly, the spermatozoa were immobilized
after 3 h for Saponaria officinalis, and after 4 h for
Herniaria glabra (Figures 2, 3).

Sperm vitality was assessed using the eosin test. It
revealed an increase in death rate.




Pharmacy

Foam index
N e
[ ST I WS T N =

—
Lh

~
S e

1 2 3 4 5 6 7 8 9 10 11

Tube number

=———Foam height from Glycvrrhizia glabra (cm)
=———Foam height from Saponaria officinalis (cm)

=—=Foam height from Herniaria glabra (cm)

Figure 1. Assessment of foam height for each plant saponins extract.
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Figure 2. Evaluation of the mobility of the sperm as a function of time and concentration of the extract of Herniaria glabra.
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Figure 3. Evaluation of the mobility of the sperm as a function of time and concentration of the extract of Saponaria officinalis.
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Figure 4. Evaluation of the mobility of the sperm as a function of time and concentration of the extract of Glycyrrhizia glabra.
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Figure 5. Evaluation of the mobility of the sperm as a function of time for the control sample.
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Figure 6. Evaluation of the vitality of the sperm as a function of time and the concentration of the extract of Glycyrrhizia glabra.
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Figure 7. Evaluation of the vitality of the sperm as a function of time and the concentration of the extract of Herniaria glabra.
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Figure 8. Evaluation of the vitality of the sperm as a function of time and the concentration of the extract of Saponaria officinalis.
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Figure 9. Evaluation of the vitality of the sperm as a function of the time for the control sample.
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For the extracts of Glycyrrhizia glabra (Figure 6),
a concentration of 50 pg/mL caused the mortality of 86%
of the spermatozoa after 4 h. A concentration of 250 ng/
mL, the mortality was 90%. At the concentration of 500
pg/mL or 750 pg/mL, the mortality of the spermatozoa was
complete in 90 min.

For Herniaria glabra (Figure 7), a concentration of
750 pg/mL caused the mortality of 100% of the sperm after
30 min. With a concentration of 500 ug/mL, total inhibition
was reached after 90 min. On the other hand, the inhibition
was never complete with low concentrations, it does not
exceed 88% at the concentration of 250 ng/mL, and 77% at
the dose of 50 ug/mL after 4 hours.

With Saponaria officinalis (Figure 8), a mortality
of 100% was reached after 10 min at a concentration of
750 pg/mL. This same effect is achieved after 30 min
with a concentration of 500 ug/mL and after 4 h at the
concentration of 250 pg/mL.

Compared to the control sample (sperm alone),
there was a mortality rate of 7 % after 10 min of incubation
at 37°C. Mortality is 17% after 4 hours (Figure 9).

Discussion

The objective of our work was to find alternative,
natural spermicidal agents that can be used for the
formulation of vaginal, well tolerated contraceptives. To
this purpose, we evaluated the in vitro spermicidal activity,
of three plants: Saponaria officinalis / Caryophyllaceae,
Glycyrrhizia glabra | Fabaceae and Herniaria glabra
/ Caryophyllaceae. The presence of saponoside in our
samples was made by determining the foam index.
Effectively, a height of foam equivalent to 1 cm in the
tube confirms the presence of saponoside. This height was
found in tube number 5 for Glycyrrhizia glabra and in tubes
number 4 for Saponaria officinalis and Herniaria glabra.

According to the results of our study, the saponins
extracted from these plants cause significant sperm
alteration. The immobilizing effect observed depends on
the plants saponins extracts concentration and the time of
sperm exposure to these extracts.

These results allowed us to evaluate, for the plants
extracts studied the concentration range and the time
interval needed to obtain a significant spermicidal effect.

For Saponaria officinalis, a concentration higher
than 750 ug/mL seems to give an instantaneous effect (10
min) leading to a total immobility and non-vitality of the
spermatozoa. This same effect is also observed after 30
minutes for a concentration of 500 pg/mL. For Herniaria
glabra, a concentration higher than 750 pg/mL gives a total
spermicidal effect within 30 min, both on the mobility and
the vitality of the spermatozoa. For Glycyrrhizia glabra
a concentration greater than 500 pg/mL results in a total
spermicidal effect after 90 min.

Our study found that sperm alteration by
saponosides affects both mobility and vitality. Indeed, we
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found pink sperm, keeping an oscillating movement on the
spot (after coloration with eosin). This allowed us to admit
that, the saponins altered the functional integrity of the cell
membrane of spermatozoa, without altering its structural
organization. Such spermicides are likely to affect the
membrane transport system. This results in a disturbance
of the osmotic balance, which accelerates the entry of
the dye (eosin) into the spermatozoa cells, before losing
their mobility. This action on the sperm membrane results
from the ease of saponosides to interact with cholesterol
membranes [28]. Saponin-cholesterol complexes are
indeed easily formed leading to membrane alteration [29].
The spermicidal effect is due to the modification of one of
the key parameters of fertilization [28]. The formation of
this complex disrupts the membrane permeability, causing
either the selectivity of the membrane transport, or the
loss of the biological activity of the sperm cell. [28-30].
According to several studies, this alteration can affect the
head, the intermediate piece and the flagellum of sperm
cells [31-33].

Spermicides are used as local, non-hormonal
contraceptive methods [34]. The two main spermicidal
molecules widely used are nonoxynol-9 and benzalkonium
chloride [34]. They are chemical surfactants that reduce the
surface tension of the sperm cell membrane, causing cell
death by osmotic imbalance (destruction of the flagellum
then bursting of the head) [34]. These spermicides have
many side effects such as irritation, burning sensations
and tingling [34]. In large doses, they cause ulcers,
increasing the risk of sexually transmitted diseases
[6,34]. The saponosides extracted from the plants studied
have a spermicidal activity evidenced, depending on the
plant used, within 10, 30 or 90 min of contact time with
normal sperm. The action of these substances takes place
according to a well-defined mechanism of action, similar to
that of chemical spermicides. They act by alteration of the
plasma membrane and induce the death or immobilization
of spermatozoa [34]. Also, according to previous works,
these plants have no toxicity at low doses [21,35-38].
Their use could be suitable in particular when hormonal
contraception is contraindicated and they also offer the
advantage to be well tolerated and non-toxic, permitting to
avoid the numerous side effects of chemical spermicides.

Conclusion

Our study revealed that the saponins contained
in the three plants studied (Saponaria officinalis /
Caryophyllaceae, Glycyrrhizia glabra /| Fabaceae,
and Herniaria glabra |/ Caryophyllaceae) proved to
possess potent spermicidal effect. They can be used for
contraception based on natural products formulations.
These saponins extracted probably act by deterioration of
the functional integrity of the spermatic plasma membrane.
This alteration is due to the interaction of saponins with
membrane lipids, causing its exaggerated permeabilization.

245




Pharmacy

Saponins are therefore natural products likely to be more
active and less toxic than synthetic spermicides. These
natural substances could replace nonoxynol-9 and other
chemicals in vaginal contraceptives, especially for women
in whom hormonal contraception is contraindicated.
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