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ABSTRACT

The aim of this study was to evaluate the effect of Curcuma longa (CL) root extract on the rabbit embryo development in vitro.
Totally 113 pronuclear stage zygotes were used in this experiment. Zygotes were divided into 4 groups: control (C; n = 28) and
three experimental groups (E1, E2, E3; n = 31, 26 and 39, resp.) with addition of different concentrations of Curcuma longa
extract to the culture medium (E1- 0.1 pg-ml'; E2- 0.01 pg.ml'; E3- 0.001 pg.ml"). Zygotes were cultured up to the blastocyst
stage (120 h) in 5 % CO, at 37.5 °C. At the end of culture period the blastocysts were stained with DAPI fluorochrome for the
total cell number determination. Evaluation of embryo developmental potential showed, that higher blastocyst rate was observed
in the E2 (61.5 %) and E3 (60 %) groups compared to the control group (46.4 %). In the group with highest CL concentration in
culture (E1- 0.1 pg.ml") embryo development was stopped at the morula stage. In this group also the lowest (P <0.001) number
of cleaved embryos (19.4 %) compared to the control (60.7 %) and E3 group (82.1 %) was recorded. There were no differences
in the blastocysts total cell number among the groups with lower CL concentrations (E2 77.81 + 13.6; E3 89.25 + 15.94) and
control group (82.23 + 21.75). On the basis of our results we suppose that Curcuma longa affects rabbit embryo development
in a dose-dependent manner. Although lower concentrations showed positive effect, the highest concentration blocked embryo
development at morula stage. It is necessary to determine since which concentration Curcuma longa may be toxic for normal
embryonic development.
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INTRODUCTION

This rhizome in powder form is widely used as
a food additive for impart flavour and a yellow colour

Medical plants are widely used as a source of
remedies for the treatment and prevention of many
diseases as alternative therapeutic and medical tools
(Kaur and Mondal, 2014). Natural products from some
plants are used in pharmaceutical preparations either
as pure compounds or as extracts (Araujo and Leon, 2001).
One of them is Curcuma longa Linn. (Zingiberaceae
family), well-known as turmeric, broadly grown in tropical
areas of Asia and Central America (Ammon, 1991).

(Miquel et al., 2002). The major constituent, curcumin
(diferuloylmethane) is the most important fraction of
Curcuma longa (Aratijo and Leon, 2001). It has been
already demonstrated, that curcuminoids have anti-
atherosclerotic (Olszanecki et al., 2005), anti-diabetic
(Nabavi et al., 2015), anti-mutagenic, anti-cancer
(Goel et al., 2008), antioxidant (Huang et al., 1994;
Nishiyama et al., 2005; Wei et al., 2006; Kumar et al.
2007), anti-bacterial (Park e al., 2005), anti-inflammatory
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and anti-fertility (Mishra and Singh, 2009; Ammon and
Wahl, 1991; Lantz et al., 2005) activities. Garg et al.
(1974; 1978) found out, that aqueous extracts of turmeric
rhizome show complete inhibition of embryo implantation
in rats when fed orally. Curcumin has the potential
for the use in development of novel intravaginal
contraceptive (Rithaporn et al, 2003). Thakur et al.
(2009) observed significant anti-fertilizing activity and
decreasing of FSH and LH levels in blood plasma of
albino rat females after oral administration of aqueous
or ethanolic extracts from Curcuma longa. Many studies
showed strong correlation between antioxidant activity
and fertility (Ruder et al., 2009), as well as between
free radical accumulation and reduction in fertility
(Behrman et al., 2001). The aim of this study was
to examine the effect of Curcuma longa Linn. on rabbit
embryo development in vitro.

MATERIAL AND METHODS

Animals and superovulation

The treatment of the animals was approved by
the Ministry of Agriculture and Rural Development
of the Slovak Republic, no. SK P 28004 and
Ro 1488/06-221/3a. Sexually mature New Zealand
White rabbit does from the Department of Small Farm
Animals, APRC Nitra were used in this experiment.
Superovulation of rabbit does was induced by
intramuscular application of 50 IU PMSG (SERGON,

A

Bioveta, a. s. Ivanovice na Hané, Czech Republic) and
after 48 hours by 100 ul of HCG (Supergestran, Nordic
Pharma s.r.0. Jesenice, Czech Republic) per doe. Before
the HCG injection, all rabbit does were artificially
inseminated by heterospermic dose of rabbit semen
(0.5 ml/doe).

Egg recovery, culture and staining

At 19-20 h post-coitum, rabbit does were
humanely slaughtered by the electrical stunning (Relco,
Gewiss, Milano, Italy, alternating current 0.3 A/female,
frequency 50 Hz, exposition 4s) and reproductive organs
were expertly dissected. The pronuclear stage eggs were
flushed from the oviducts with PBS (Gibco, Auckland,
New Zealand) and subsequently morphologically
evaluated. The sclected eggs were placed into
4-well dishes (Nunc, Roskilde, Denmark) containing
500 ul of k-DMEM medium (Gibco) supplemented
with three different concentrations of Curcuma longa
(CL) extract (E1- 0.1 pg.ml!' CL; E2- 0.01 pg.ml;
E3- 0.001 pg.ml') and cultured up to 120 hours
post-coitum in 5 % CO, at 37.5 °C (the time point to reach
the blastocyst stage). After the culture, embryos were
washed in PBS with polyvinylpyrrolidone (PBS-PVP,
4 mg.ml") for 3 x 5 min, stained with 4 ul of Vectashield
mounting medium with DAPI (Vector Laboratories,
Burlingames, CA, USA) and mounted between
the microslide and coverslip. Total cell number was
counted under a Zeiss fluorescence microscope equipped
with a specific wave-length filter (Fig. 1).

B

Fig. 1:

Representative image of the embryo cultured with the lowest concentration (0.001 pg.ml") of Curcuma

longa extract. A: light microscopy; B: fluorescence microscopy (cells stained by DAPI fluorochrome)
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Statistical analysis
The data were analysed by Pearson‘s Chi-square
test.

RESULTS AND DISCUSSION

To examine the effect on embryo development
we cultured rabbit pronuclear stage eggs in the medium
enriched with three different concentrations of Curcuma
longa.

The highest concentration of CL (E1 group) had
negative effect on the embryo development, as was
shown by decreasing (P < 0.001) cleavage rate (19.4 %)
compared to the control and the other experimental
groups (C: 60.7 %, E2: 69.2, E3: 82.1 %).

The lowest concentration of CL (E3 group)
increased (P < 0.001) cleavage rate (82.1 %) when compared
to control. Development to the blastocyst stage was
completely stopped in the E1 group, whereas blastocyst
rates in the E2 (61.5 %), E3 (60 %) and C (46.4 %)
groups were not statistically different (Chi-square test).

Negative effect of Curcuma longa on reproduction
was already reported on granulosa cells of porcine
ovary, where it inhibited proliferation (accumulation
of PCNA) and induced apoptosis (accumulation of bax)
(Kadasi et al., 2012; Voznesenska et al., 2010; Bhaumik
et al., 1999). In our study, the highest concentration
(0.1 pgml') of CL in the culture stopped embryo
development at the morula stage. Possible explanation
could be the stimulation of apoptotic process due to
the toxicity of mentioned concentration in culture.
At the blastocyst stage apoptosis is responsible
for the elimination of undesirable cells during
the normal embryonic development (Hardy et al., 2003).
However, increased occurrence of apoptosis before or
during the blastocyst stage probably removes important

cell lineages, what might negatively affect embryonic
development and lead to embryo degeneration (Long ef al.,
2000). Although, the objective of our study was not
an evaluation of apoptosis incidence, the similar total
cell number in each group indicates that there is no
a developmental delay and increased apoptosis incidence.
A similar conclusion was reported by Chen et al. (2010),
who applied Curcuma longa to mouse embryo culture.
On the basis of the blastocyst development evaluation
by differential staining, the authors found that higher
concentration (24 uM.ml") of the CL extract induced
apoptosis in the ICM but not in trophoblastic cells.
Nevertheless, lower concentrations (6 and 12 pM.ml)
did not affect the apoptosis incidence or cell number.
Likewise, in our study similar blastocyst cell
numbers in the groups with lower CL concentration
(E2: 77.81 £ 13.6; E3: 89.25 + 15.94) and control group
(82.23 + 21.75) were found. Because none of the embryos
were developed to blastocyst stage in the group with
the highest concentration, counting of the total cell
number in this group was not performed.

CONCLUSION

According to our results we can conclude that
the highest concentration of Curcuma longa root extract
added to culture medium negatively affects embryo
cell number and terminates embryo development
at the morula stage.
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Table 1: Effect of different Curcuma longa concentrations on rabbit embryo development

Group Number of embryos Cleavage rate Morula rate Blastocyst rate
(n) (%) (%) (%)

C 28 17/60.7° 4/14.3¢ 13/46.4

El 31 6/19.4 6/19.4¢ 0/0¢

E2 26 18/69.2° 2/7.7¢ 16/61.5°

E3 39 32/82.1° 7/17.9¢ 23/60.0f

Level of significance: P<0. 001 a:b and e:f; P<0.01c:d

C- control group, E1- 0.1 pg-ml" of Curcuma longa in the culture, E2- 0.01 pg.ml" of Curcuma longa in the culture,

E3-0.001 pg.ml" of Curcuma longa in the culture
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