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Abstract
In vitro storage and processing of animal semen is considered to be a risk factor to spermatozoa activity, possibly
leading to reduced fertility and litter sizes following artificial insemination (AI). A variety of substances isolated
from natural resources have the potential to exhibit protective or antioxidant properties on the spermatozoon, thus
they may extend the lifespan of stored semen. Drosera (Drosera rotundifolia L.) has been shown to possess
antimicrobial, anti-inflammatory and antioxidant properties, making the plant extract a potential candidate for
preserving liquid animal semen during in vitro storage. This study compared the ability of different concentrations of
Drosera extract on the motility, viability and superoxide production of bovine spermatozoa during different time
periods (0, 2, 6, 12 and 24h) of in vitro culture. Spermatozoa motility was assessed using the SpermVisionTM CASA
(Computer aided sperm analysis) system. Cell viability was examined using the metabolic activity MTT assay and
the nitroblue-tetrazolium (NBT) test was applied to quantify the intracellular superoxide formation. The CASA
analysis revealed that Drosera extract supplementation was able to prevent a rapid decline of spermatozoa motility,
especially in the case of concentrations ranging between 1 and 5 mg/mL (P<0.001 with respect to Times 6h, 12h and
24h). At the same time, concentrations ranging between 1 and 10 mg/mL of the extract led to a significant
preservation of the cell viability throughout short-term (P<0.05 in case of Time 6h) as well as long-term periods of
the experiment (P<0.01 with respect to Time 12h, and P<0.001 in case of Time 24h). 10 and 5 mg/mL of the extract
exhibited antioxidant characteristics, translated into a significant reduction of the intracellular superoxide production,
particularly notable at Times 12h (P<0.01) and 24h (P<0.001). The results indicate that the Drosera extract is
capable of delaying the damage inflicted to the spermatozoon by the in vitro environment.
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very sparse or controversial. Meanwhile, in vitro
data are essential, as it has been systematically
shown that diverse antioxidant molecules may
protect the spermatozoon against oxidative injury
and subsequent dysfunction (i.e. loss of motility
and viability). This information may be viable for
spermatozoa processing protocols performed in
medical and veterinary laboratories for long-term
spermatozoa preservation (cryoconservation) or
assisted reproductive techniques. The in vitro
environment contributes with an additional hazard
to the sperm survival, as it provides suitable

1. Introduction

Over the last years, numerous studies have
emphasized on the beneficial effects of oral
antioxidant supplementation on spermatozoa
physiology and fertility in animals and humans [1,
2]. Nevertheless, knowledge regarding the in vitro
effects of antioxidants on the sperm cell is still
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Preparation of plant extracts
After plant material collection and drying, the
plant tissues were crushed, weighed and soaked in
ethanol p.a. (96 %, Sigma-Aldrich, St. Lois, USA)
during two weeks at room temperature in the dark.
Exposure to sunlight was avoided to prevent the
degradation of active components. The ethanolic
plant extracts were subjected to evaporation under
reduced pressure at 40 °C in order to remove
ethanol (Stuart RE300DB rotary evaporator,
Bibby Scientific Limited, UK, and vaccum pump
KNF N838.1.2KT.45.18, KNF, Germany). Crude
plant extracts were dissolved in DMSO (Dimethyl
sulfoxide; Sigma-Aldrich, St. Louis, USA) to
equal 100.4 mg/mL as a stock solution [8, 9].

conditions for ROS (reactive oxygen species)
overproduction and a subsequent structural and/or
functional damage to the cell [3].
Supplementation of synthetic antioxidants to cell
cultures is an effective way to prevent oxidative
stress (OS). However, the safety of synthetic
additives has been questioned leading to the
renaissance of naturally occurring substances with
antioxidant properties. The chemical diversity,
structural complexity, availability, intrinsic
biologic activity or lack of substantial toxic effects
of natural products transforms them into ideal
candidates for new therapeutics [4].
Drosera is a cosmopolitan genus of insectivorous
plants and consists of approximately 170 species.
Various Drosera species are used as important
components in the traditional indian Ayurvedic
preparation „Swarna Bhasma“ (Golden ash), used
in several clinical manifestations including loss of
memory, defective eyesight, infertility, overall
body weakness and incidence of early aging. It is
also used for the folkloric treatment of diseases
like bronchial asthma, rheumatoid arthritis,
diabetes mellitus and nervous disorders [5, 6].
Drosera species have been shown to contain a
variety of physiologically active compounds
including
flavonoids,
ellagic
acid
and
naphthoquinones [7] commonly exhibiting
antimicrobial and anti-inflammatory properties,
which are have been reported to be effective in
cellular protection against diverse stress situations
[8].
The present in vitro study is therefore aimed to
find out the efficacy of the Drosera rotundifolia L.
plant extract on bovine spermatozoa motility,
viability and superoxide radical formation during
a 24 hour in vitro cultivation, in order to provide
information on its behavior in the male
reproductive cell, as well as to define an optimal
concentration of this extract for further
experiments in veterinary andrology.

Sample collection and processing
Bovine semen samples were obtained from 10
adult breeding bulls (Slovak Biological Services,
Nitra, Slovak Republic). The samples had to
accomplish the basic criteria given for the
corresponding breed. The samples were obtained
on a regular collection schedule using an artificial
vagina. After collecting the samples were stored in
the laboratory at room temperature (22–25°C).
Each sample was diluted in physiological saline
solution (PS; sodium chloride 0.9 % w/v; Bieffe
Medital, Italia) containing various concentrations
of the Drosera extact (Sigma-Aldrich, St. Louis,
USA; A – 50; B – 10; C – 5; D – 1; E – 0.5; F –
0.1 mg/mL) using a dilution ratio of 1:40. The
samples were cultured at room temperature (22–
25°C). We compared the control (Ctrl) group
(medium without Drosera supplementation,
containing 0.5% DMSO) with the experimental
groups.
Assessment of spermatozoa vitality characteristics
Spermatozoa motility (percentage of spermatozoa
with a motility >5 μm/s; %; MOT) was examined
with the help of the Computer-aided sperm
analysis (CASA) system using the SpermVisionTM
program (Minitube, Tiefenbach, Germany) and
Olympus BX 51 phase contrast microscope
(Olympus, Tokyo, Japan). The samples were
placed into the Makler Counting Chamber (depth
10 μm, 37°C; Sefi Medical Instruments, Haifa,
Israel) and immediately assessed. At least 1000
cells were evaluated in each sample [10].
Viability of the cells exposed to Drosera in vitro
was evaluated by the metabolic activity (MTT)
assay [11, 12]. This colorimetric assay measures

2. Materials and methods
Plant Material
Drosera rotundifolia L. plants were grown
aseptically on an agar medium (1/2 MurashigeSkoog, 10 % sucrose, 0.6 % plant agar, pH 5.2) in
225 mL plastic boxes and growth chamber under a
16/8 day/night period at 22°C [9].
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with respect to antibacterial, anticancer,
antiinflamatory protection and longevity, the
Drosera genus has attracted a widespread
scientific and consumer interest [6-8].
Different studies have reported that Drosera
extracts are well absorbed and rapidly
metabolized, at the same time they seem to be
well tolerated and no distinct toxicity was reported
[15, 16]. However, in vitro experiments show that
Drosera extracts may have a dose-dependent
activity on the cultured cells, displaying an
interesting dichotomy: low doses may improve
cell survival, yet high doses may lead to cell death
[6].
The CASA assessment showed a continuous
decrease of spermatozoa motility in all groups
over the course of a 24h in vitro culture (Table 1).
The initial (Time 0h) MOT was higher in the
experimental groups B-E (0.5-10 mg/mL Drosera
extract) when compared to the control group (0
mg/mL Drosera extract), although without any
statistical significance (P>0.05). A statistically
significant motion-promoting effect of the
Drosera extract became visible after 2h,
specifically in the group C (P<0.05). Furthermore,
50 mg/mL Drosera extract (group A) caused a
non-significant decrease of the spermatozoa
motility (P<0.05). After 6h, the decline of
spermatozoa MOT became significant in the
group A (P<0.001) in comparison with the
control, while we recorded a significantly higher
spermatozoa motion in the experimental groups C
and D (P<0.001). Examination at 12h of in vitro
culture showed that the spermatozoa motility was
significantly increased in groups C, D and E
(P<0.001) when compared to the control.
Moreover a significantly decreased motion was
detected in the group A (P<0.001) in comparison
to the control. At the end of the experiment (24h),
the motility parameter observed in the
experimental groups supplemented with 0.1-10
mg/mL Drosera extract (experimental groups B –
F) was significantly higher in comparison with the
control (P<0.05 in case of group B; P<0.001 with
respect to groups C-F). Meanwhile, MOT was
significantly decreased in the group A (P<0.001),
supplemented with the highest concentration of
the Drosera extract (50 mg/mL) after a
comparison with the Ctrl group (Table 1).

the conversion of 3-(4,5-dimetylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT; SigmaAldrich, St. Louis, USA) to purple formazan
particles
by
mitochondrial
succinate
dehydrogenase of intact mitochondria of living
cells. Formazan can then be measured
spectrophotometrically at a measuring wavelength
of 570 nm against 620 nm as reference by a
microplate ELISA reader (Multiskan FC,
ThermoFisher Scientific, Finland). The data are
expressed in percentage of control (i.e. optical
density of formazan from cells not exposed to
Drosera). Results from the analysis were collected
during five repeated experiments at each
concentration.
The nitroblue-tetrazolium (NBT) test was used to
assess the intracellular formation of superoxide
radical [13]. This assay is conducted by counting
the cells containing blue NBT formazan deposits,
which are formed by reduction of the membrane
permeable,
water-soluble,
yellow-colored,
nitroblue tetrazolium chloride (2,2′-bis(4Nitrophenyl)-5,5′-diphenyl-3,3′-(3,3′-dimethoxy4,4′-diphenylene)ditetrazolium chloride; SigmaAldrich, St. Louis, USA) and superoxide radical.
Formazan
can
be
measured
spectrophotometrically at a measuring wavelength
of 620 nm against 570 nm as reference by a
microplate ELISA reader (Multiskan FC,
ThermoFisher Scientific, Finland). The data were
expressed in percentage of control (i.e. optical
density of formazan from cells not exposed to
Drosera). Results from the analysis were collected
during five repeated experiments at each
concentration [14].
Statistical analysis was carried out using the
GraphPad Prism program (version 3.02 for
Windows; GraphPad Software, La Jolla California
USA, www.graphpad.com). Descriptive statistical
characteristics (mean, standard error) were
evaluated at first. One-way ANOVA with
Dunnett's post test was used for statistical
evaluations. The level of significance was set at ∗∗∗
(P<0.001); ∗∗ (P<0.01); ∗ (P<0.05).
3. Results and discussion
Over the past years, Drosera has emerged as a
plant exhibiting a complex biological activity. Due
to its remarkably broad range of effects, especially
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Table 1. Spermatozoa motility (%) in the absence (Ctrl) or presence (A-F) of Drosera extract during
different time periods (Mean±SEM; n=10)
Groups
Ctrl
A
B
C
D
E
F
Time 0h
86.22±3.33
81.51±1.44
85.25±1.75
91.44±1.83
92.02±2.41
88.99±1.26
85.30±2.73
Time 2 h
80.99±3.10
72.91±2.58
79.88±2.48
88.85±4.02*
86.55±1.71
84.55±2.14
79.79±2.35
Time 6 h
66.10±1.50 37.21±2.15*** 68.54±1.84 84.07±2.21*** 81.04±2.21***
73.08±1.76
65.95±2.09
Time 12 h
53.09±1.62 21.08±2.02*** 55.51±1.87 77.05±2.67*** 75.05±1.54***
58.05±2.16
55.64±3.22
Time 24 h
40.11±3.11 8.09±1.24*** 47.65±1.51* 69.12±1.88*** 67.09±2.32*** 56.19±1.48*** 51.99±2.58**
∗∗∗ (P<0.001); ∗∗ (P<0.01); ∗ (P<0.05). Ctrl – 0; A – 50; B – 10; C – 5; D – 1; E – 0.5; F – 0.1 mg/mL Drosera extract.

inhibitory effects on the hyaluronidase and
penetration activity of noncapacitated, capacitated
or acrosome-reacted Cynomolgus monkey
spermatozoa in a dose-dependent manner [21].
Meanwhile, ellagic acid has been shown to
possess protective effect on chemically-induced
testicular and spermatozoal toxicity in male rats.
Administration of this substance re-established
testosterone production decreased testicular
apoptosis and led to mild improvements in the
histopathological view of the testicular tissue. On
the other hand, it failed to improve deteriorated
sperm parameters due to induced testicular
toxicity [22]. In a different toxicological study,
ellagic acid supplementation markedly decreased
abnormal sperm rates, and increased epidiymal
sperm concentration as compared to the
spermatogenesis in rats with chemically-induced
testicular toxicity. Additionally, the induced
histopathological damages were totally or partially
recovered by ellagic acid administration [23].
On the other hand, plumbagin (2-methyl-5hydroxy, 1:4naphthoquinone) administration
exerted a significant effect in decreasing sperm
motility and sperm count in mice [24], being
presumably at least partially responsible for the
antifertility effects of Drosera burmannii extracts
administered to mice in the only study currently
available to be focused on the direct effects of
Drosera extracts on in vivo reproductive
performance [25].
Although Drosera extract had no instant effects on
the oxidative balance within the in vitro
spermatozoa culture (P>0.05; Time 0h and 2h;
Figure 2), experiments following a 6h cultivation
revealed that the administration of 5 and 10

According to the MTT assay, instant Drosera
administration (Time 0h and 2h) had no
significant effects on the sperm cell viability in
any of the experimental groups (P>0.05; Figure
1). At 6h it was revealed that 1-10 mg/mL extract
(groups B-D) had a stimulating and vitalitypromoting effect on the bovine spermatozoon,
alongside with statistically significant results
(P<0.05) when compared to the control group
(Figure 1). These beneficial effects remained
visible and statistically relevant throughout Time
periods of 12h (P<0.01), as well as 24h (P<0.05 in
case of group E; P<0.001 with respect to groups
B-D). Similar to the CASA analysis, the MTT test
revealed an inhibition in the cell viability followed
by the administration of 50 mg/mL Drosera
extract (group A), particularly during long-term
timeframes of the in vitro culture (P<0.05 with
respect to Time 12h; P<0.001 with regards to
Time 24h).
It has been previously stated that Drosera species
contain a grant variety of biologically active
compounds, including flavonoids, quercetin,
plumbagin or elagic acid [6], all of which have
been extensively studied for their potential roles
on spermatozoa production or in vitro survival.
Improved spermatozoa motility and mitochondrial
activity after quercetin administration was
recorded in different studies on fresh as well as
frozen semen samples from bulls or rats [17-19].
Moreover quercetin has been identified as a
possible specific inhibitor of plasma membrane
calcium-ATPase, inducing an increase of
intracellular calcium, thus exhibiting modulatory
effects on sperm capacitation [20]. In addition,
this polyphenol has been showed to possess
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mg/mL extract led to a significant decline of the
superoxide formation in comparison to the control

(P<0.05). Drosera extract concentrations ranging

Figure 1. The effect of various concentrations of Drosera extract on the viability of bovine spermatozoa (n=10) at
0h, 2h, 6h, 12h and 24h. Each bar represents mean (±SEM) optical density as the percentage of controls, which
symbolize 100%. The data were obtained from five independent experiments. The level of significance was set at ***
P<0.001; ** P<0.01; * P<0.05. Ctrl – 0; A – 50; B – 10; C – 5; D – 1; E – 0.5; F – 0.1 mg/mL Drosera extract.

0.5-1 mg/mL at Time 12h; P<0.001 in terms of 510 mg/mL, P<0.01 with respect to concentrations
of 0.5-1 mg/mL at Time 24h). On the other hand,
high (group A) concentrations of Drosera
exhibited pro-oxidant properties reflected in a
significant superoxide overproduction, staring at
Time 6 (P<0.05) and deepening the detrimental

from 0.5 to 10 mg/mL (groups B-E) exhibited a
long-term and statistically significant antioxidant
protection of the male germ cells and a subsequent
prevention of the escalating intracellular
superoxide production, considered to be the first
step in the creation of oxidative stress (P<0.01 in
case of 5-10 mg/mL, and P<0.05 with respect to
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effects in a time-dependent manner (P<0.01 in
case of Time 12h and P<0.001 with respect to

Time 24h; Figure 2).

Figure 2. The effect of various concentrations of Drosera extract on the spermatozoa (n=10) superoxide production
at 0h, 2h, 6h 12h and 24h. Each bar represents the mean (±SEM) optical density as the percentage of controls, which
symbolize 100 %. The data were obtained from five independent experiments. The level of significance was set at ***
P<0.001; ** P<0.01; * P<0.05. Ctrl – 0; A – 50; B – 10; C – 5; D – 1; E – 0.5; F – 0.1 mg/mL Drosera extract.

[26]. Thus, Drosera extracts could be promising
natural sources of antioxidants, possibly used in
nutritional or pharmaceutical industry for the
prevention of ROS-mediated diseases.
The in vitro antioxidant activity of the ethanol and
aqueous extracts of Drosera indica L were
extensively studied using several routinely

Numerous studies have emphasized on the fact
that different Drosera species possess significant
antioxidant and anticancer activities when tested
in different in vitro models [4-8]. The antioxidant
ability could be attributed to the exceptionally
high content of phenolic compounds, particularly
flavonoids with potent ROS-scavenging activities
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spermatozoa from the oxidative damage and
improve their energy requirements is absolutely
necessary. Drosera extracts, in small amounts,
could be used as a ROS scavenging and a
metabolic promoting supplement, especially in
routine andrology techniques such as in vitro
fertilization, artificial insemination or spermatozoa
cryopreservation. These results obviously cannot
foresee a definitive in vivo outcome, since a direct
impact of Drosera extract supplementation on
male subfertility needs to be explored further. To
translate our findings into clinical practice, studies
on
the
toxicity,
pharmacokinetics
and
bioavailability of Drosera extracts in the organism
are needed.

available methods [6], including the DPPH, ABTS
or nitric oxide assay. All methods have provided
evidence on a significant antioxidant potential of
the extracts in comparison with the reference
antioxidant, ascorbic acid. Ethanol as well as
aqueous Drosera extracts exhibited significant
scavenging effects on the hydroxyl radical (•OH),
which results in the suppression of •OH
generation and inhibition of peroxidation
processes of biological molecules [27, 28]. At the
same time, the extracts behaved as chelating
agents forming sigma bonds with different metals
reducing the redox potential, thereby oxidized
forms of metal ions [6, 29].
Our NBT results complement the report by
Asirvatham et al. [6] who studied the potential of
Drosera extracts to consume superoxide.
Superoxide is biologically important as it forms
singlet
oxygen
and
hydroxyl
radical.
Overproduction of superoxide radical may
contribute to redox imbalance and is associated
with harmful physiological consequences [29].
From their results, it was found that the ethanol
and aqueous Drosera extracts showed potent
superoxide scavenging activity compared to
ascorbic acid.
Phenolic compounds have been repeatedly shown
to have beneficial effects of the oxidative balance
in male reproductive tissues and cells. As shown
by Ateşşahin et al. [23] biologically active
compounds frequently found in Drosera plants
were able to significantly decrease lipid
peroxidation, restore glutathione synthesis and
catalase activity, associated with normal
spermatogenesis and sperm viability. In a different
study [22], polyphenol administration led to
markedly decreased testicular thiobarbituric acid
reactive substances level, and increased the
glutathione level, glutathione peroxidase and
catalase activities leading to an overall restoration
of the oxidant/antioxidant balance in male
reproductive cells and tissues.
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