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Abstract

This study evaluated the effects of oral administration of Curcuma longa rhizome (turmeric)
powder on some reproductive hormones, reproduction related serum biochemical parameters and
uterus of female rabbits. Sixteen mature rabbit does were used for the experiment. They were
randomly assigned to four groups (A — D) of four does each. Groups A, B and C does received 250,
500 and 1000 mg/kg body weight of turmeric powder mixed with 1 ml of distilled water. Group D
(control) received 1 ml of distilled water as a placebo. All treatments were given per os, once daily
for 45 days. Blood samples for the assay of the female reproductive hormones were collected on
days 15 and 45 of treatment, while that for the assay of other reproduction related serum
biochemical metabolites was only on day 45 of treatment. The uteri were collected on day 45 from
three females in each group for histological evaluation. All laboratory evaluations followed
standard procedures. Results showed that on both days 15 and 45, the mean serum levels of follicle
stimulating hormone (FSH) of rabbits in Groups B and C were significantly higher (p < 0.05) than
those of rabbits in Groups A and D. The serum triglyceride levels of Groups B and C does were
significantly higher (p < 0.05) than those of Groups A and D. The serum total protein levels of Group
B does were significantly (p < 0.05) lower than that of Group D does, while the serum MDA of
group B was significantly (p < 0.05) lower than those of Groups A and C. The serum phosphorus
levels of Group A does were significantly (p < 0.05) lower than those of all other groups. Uterine
sections from rabbits in all groups showed no lesions. It was concluded that Curcuma longa
powder, as used in the study, especially at higher doses (500 mg/kg and 1000 mg/kg), led to
significantly higher serum levels of FSH and did not lead to any deleterious effects on serum levels
of oestradiol, other reproduction related biochemical metabolites, and the uterine
histomorphology of the rabbit does.
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Introduction

The rabbit (Oryctolagus cunniculus) has been
identified as one of the animals that can be
successfully reared at the family level (FAO,
1996), due to its favourable biological
characteristics, such as being a monogastric
with a short gestation interval and high
prolificacy (Beaumont et al., 2002). Rabbits are
also well-known in the fields of medicine and
biotechnology (Chantry-Darmon et al., 2003),
making them versatile animal species for both
research and human use. Rabbits require
inexpensive feed, simple housing, and do not
compete with humans for cereals as much as
chickens or pigs (Petrescu et al., 2013). In
comparison to beef, pork, chicken or lambs,
rabbit meat has lower cholesterol, fewer
calories, and a lower fat percentage (Aduku
and Olukosi, 1990). According to Janieri
(1987), the low cholesterol value makes it a
potentially life-saving animal protein source
for people with high blood pressure.

Inadequate supply of animal protein from
traditional livestock (cattle, sheep, goats, pigs,
and chicken) sources is reported to be causing
a decline in animal protein consumption in
many developing countries around the world,
and approximately 854 million people, or
12.6% of the global population, are severely
malnourished FAO (2006). There is thus need
to improve the reproductive performance of
rabbits in order to increase their ability to
provide the much-needed animal protein.

Previously, drugs and synthetic hormones
were used to boost fertility and treat
reproductive diseases in farm animals. There is
however a global campaign for organic
livestock production to prevent the harmful

effects of drug residues and hormones
derivable from edible animal tissues on
humans.

Turmeric, a spice derived from the rhizome of
Curcuma longa Linn (Zingiberaceae), is widely
used for colouring, flavouring, and medicinal
purposes (Ammon and Wahl, 1991). Curcuma
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longa rhizomes contain volatile oils, which are
primarily made up of monoterpenes and
curcuminoids, as well as minerals, carotene,
and vitamin C (Leung and Foster, 1996).
Curcumin, the active principle in turmeric, is
widely used as a colouring agent in foods,
drugs, and cosmetics and has been reported to
have a variety of effects (Anto et al., 1996).
Indians has long utilised turmeric for a variety
of medical applications (Akram et al., 2010).
According to reports, C. longa extract has the
following benefits: anti-diabetic (Kowluru and
Kanwar, 2007), neuroprotective (Shukla et al.,
2003; Aggarwal and Harikumar, 2009),
gonadoprotective (llbey et al., 2009),
hepatoprotective (Khazdair et al., 2016), and
renal protective (Aggarwal and Harikumar,
2009).

The primary and biologically active ingredient
in C. longa (curcumin) was identified as being
responsible for the variedly reported
therapeutic effects of C. longa (Sharma and
Singh, 2010). Curcumin has been shown to
have a variety of other pharmacological
effects, including anti-inflammatory (Jurenka,
2009), anti-oxidant, and anti-cancer (Aggarwal
and Harikumar, 2009). It has been reported
that the anti-cancer properties of curcumin is
based on its ability to scavenge free radicals,
raise glutathione levels, and aid in the liver's
detoxification of mutagens and carcinogens
(Kunchandy and Rao, 1990; Akram et al.
2010).The United States Food and Drug
Administration (FDA) has approved curcumin
as safe for human consumption (Chainani-Wu,
2003), and its pharmacological safety has been
demonstrated (Ammon and Wahl, 1991).

With regards to reproduction, El-Sayed (2008)
investigated the effects of curcumin on in vitro
uterine contractility of non-pregnant rats. In
the rat uterus, curcumin demonstrated
possible tocolytic effects, potentially via
antagonising receptor-dependent process
(oxytocin-induced  contraction); it was
speculated that this effect may be
advantageous for women experiencing
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dysmenorrhea or going through early labour
(EI-Sayed, 2008). According to findings from a
different study, curcumin relaxed the smooth
muscles of the rat uterus through both
receptor-dependent and independent
mechanisms (Itthipanichpong et al., 2003).
Liduan and colleagues (Liduan et al., 2004)
also looked into the growth inhibitory effect of
curcumin on human ovarian cancer: following
treatment with varying doses of curcumin, the
growth of cancerous masses was significantly
inhibited in the ovary. Some cancer cells
presented characteristic morphological
changes of apoptosis. Estradiol has been
established as a risk factor for cervical cancer
and has been shown to play a synergistic role
with viral oncoproteins. One study conducted
showed that curcumin counteracts the
proliferative effects of estradiol and induces
apoptosis in cervical cancer cells through
inhibition of the pathways which were
improved by estradiol (Singh and Singh, 2011).

There is paucity of information on the effect of
turmeric on female reproduction in animals,
particularly in rabbits. Although a lot of work
has been done to verify the medicinal
properties of this plant, to the best of our
knowledge, very little has been reported
concerning its effect on rabbit reproduction.
The present study evaluated the effects of oral
administration of Curcuma longa rhizome
(turmeric) supplement on some reproductive
hormones, reproduction related serum
biochemical parameters and histomorphology
of the uterus of female rabbits.

Materials and Methods

Study location: The study was conducted at
the Animal House of the Department of
Veterinary Obstetrics and Reproductive
Diseases, Faculty of Veterinary Medicine,
University of Nigeria, Nsukka. The location of
the study is in the Northern Guinea Savannah
Zone of Nigeria, at an elevation of 646 metres
above sea level, between latitudes 11°3 N and

609

12°N and between longitudes 7°42 E and 8°E.
The region receives 1100 mm of rain on
average annually, or 816 mm of rain per
month, from May to October. During the wet
season, the average daily temperature is 25°C
with a mean relative humidity of 72%.
November through April is considered the dry
season, with average daily temperatures
between 18 and 36°C and relative humidity
between 20 and 30°C (Ezeh and Ugwu, 2010).

Turmeric used for the study: The turmeric
(Tiger® brand) used for this study was
procured from Tiger Foods Limited, Obosi,
Anambra, Nigeria. The turmeric powder was
reconstituted in distilled water into different
concentrations of 250, 500 and 1000 mg/kg as
needed.

Experimental animals: Sixteen sexually
mature Chinchilla rabbit does, of seven
months of age, weighing between 950 to 1000
g, were used for the experiment. They were

acclimatized for two weeks prior to
commencement of the experiment.
Experimental design: Following

acclimatization, the does were assigned to
four groups (A — D) of four each. Groups A, B
and C does received 250, 500 and 1000 mg/kg
body weight of turmeric powder, respectively.
For each doe, the powder was weighed out
and mixed with 1 ml of distilled water and
administered per os daily. Group D (control)
received 1 ml of distilled water as a placebo.
The treatment lasted for 45 days. Blood
sample collection for the assay of the female
reproductive hormones was done on days 15
and 45 of treatment, while that for the assay
of other reproduction related serum
biochemical parameters was done on day 45
only. At the end of the experimental period
(Day 45), the does were humanely sacrificed,
and their uteri were collected and processed
for histological evaluation.

Blood sample collection for the hormonal
assay and other biochemical evaluations:
Blood samples were collected from the jugular
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vein of the does into plain sample bottles and
allowed to clot for 45 minutes. The clotted
blood was subsequently centrifuged at 3,000
revolutions per minute for 10 minutes. The
supernatant was carefully aspirated and used
for hormonal and other biochemical assays.

Hormonal assay procedures: The serum levels
of follicle stimulating hormone (FSH) were
assayed by the quantitative sandwich ELISA
technique (Beastall et al., 1987). Serum
estradiol levels were determined using the
competitive enzyme-linked immunosorbent
assay (ELISA) technique (Gronowski, 2008).

Other serum biochemical assays: Serum levels
of total protein were determined by the direct
Biuret method (Johnson, 2008). The serum
total cholesterol levels was determined by the
enzymatic colorimetric method, while the
serum triglyceride levels was determined by
glycerol-phosphate oxidase method (Rifai et
al., 2008). Determination of serum calcium

levels was done following the ortho-
cresolphthalein direct method (Endres and
Rude, 2008). Serum levels of inorganic

phosphorus were determined by the Fiske-
SubbaRow method (Fiske and SubbaRow,
1925). Serum malondialdehyde was assayed
following the modified thiobarbituric acid
method (Draper and Hadley, 1990).

Statistical analysis: Data generated from the
study were subjected to one-way analysis of
variance (ANOVA) and variant means were
separated post-hoc using the least significant
difference (LSD) test. The statistical analysis
was done using the IBM Statistical Package for
Social Sciences (SPSS) software, version 16.0
for Windows. Probability values less than 0.05
were considered significant. Summary of the
results of the analysis were presented as
means t standard deviation in tables and bar
charts.
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Results

On both days 15 and 45, the mean FSH levels
of rabbits in Groups B and C were significantly
higher (p < 0.05) than those of rabbits in
groups A and D (Figure 1). However, for the
serum estradiol levels there were no
significant (p < 0.05) variations among the
groups on days 15 and 45 (Figure 2).

There were no significant (p > 0.05) variations
among the groups in their serum total
cholesterol levels (Table 1), but the serum
triglyceride levels of groups B and C rabbit
does were significantly higher (p < 0.05) than
those of groups A and D (Table 1). The serum
total protein levels of group B does was
significantly (p < 0.05) lower than that of
group D, while the serum MDA of group B was
significantly (p < 0.05) lower than those of
groups A and C (Table 1). The serum calcium
levels of the groups did not significantly (p >
0.05) vary, but the serum phosphorus levels of
group A was significantly (p < 0.05) lower than
those of all other groups (Table 1).

Histological examination of the uterus showed
no significant histomorphological changes in
the uterus of the treated groups when
compared with the untreated control (Figure
3). Uterine sections from rabbits in all groups
showed normal rabbit uterine histo-
architecture, consisting normal
endometrium and myometrium (Figure 3).

of

Discussion

The evaluation of the hormonal profiles of
female animals and humans may help
clinicians to understand potential reproductive
efficiency or deficiency. Simoni and Nieschlag,
(1995) remarked that follicle stimulating
hormone (FSH) is essential for gonadal
development and maturation at puberty as
well as gamete production during the fertile
phase of life. In another study (Modupe,
2015), it was reported that FSH stimulated
growth and maturation of ovarian follicles by
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acting directly on the receptors located on the
granulosa cells. Findings in the present study
showed significantly higher levels of mean
serum FSH concentration in groups B and C
does that were given higher (500 and
1000mg/kg) doses of Curcuma longa powder,
in comparison to other groups. The
significantly positive effect on serum FSH
concentration of the does after dietary
supplementation with higher doses of
Curcuma longa in this study may possibly be
attributed to findings in previous studies by
Sak et al, (2013) and Kunnumakkara et al.
(2016) which suggested that curcumin can
reduce ovarian cell death and cause ovarian
follicle atresia (the breakdown of the ovarian
follicles, which consist of an oocyte
surrounded by granulosa cells and internal and
external theca cells) through its anti-oxidatve
properties in both ovarian and non-ovarian
tissues. The possible implication of the finding
in the present study of significantly higher
serum FSH levels in does given 500 and 1000

mg/kg turmeric powder is that there may be a
potential increase in viability and fecundity
(the number of live-born and weaned pups),
as well as in production and growth of ovarian
follicles (Sirotkin et al, 2018) in groups fed
higher doses of Curcuma longa compared to
group A and control does. This present finding
as regards serum FSH levels of does given
turmeric powder is contrary to earlier reports
by Thakur et al. (2009) which showed
significantly dose-dependent lower serum FSH
concentration in does given oral doses of
ethanolic extract of Curcuma longa.
Meanwhile, the serum FSH level of does in
Group A given 250 mg/kg turmeric powder
(lower dose) did not significantly differ,
compared to the control group, throughout
the period of treatment. This result of does
given the lower dose may be attributed to
inability of lower dose of Curcuma longa
components to significantly induce enhanced
FSH biosynthesis in the does.
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Figure 1. Serum levels of follicle stimulating hormone (FSH) in does given varied doses of Curcuma

longa (turmeric) powder for 45 days.
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Figure 2. Serum oestradiol levels of female rabbit groups given varied doses of Curcuma longa
(turmeric) powder for 45 days.

Table 1. Reproduction related serum biochemical parameters of female rabbits given varied doses
Curcuma longa (turmeric) powder for 45 days.

Means of serum biochemical parameter * standard error
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Parameters Group A Group B Group C Group D
(250 mg/kg (500 mg/kg (1000 mg/kg (Untreated
turmeric) turmeric) turmeric) Control)
Total
Cholesterol 56.40 + 0.29° 56.68 + 0.20° 56.64 + 0.27° 56.50 + 0.12°
(mg/dl)
Triglycerides 27.81+1.61° 31.74 +0.63° 32.16 + 0.87° 25.28 +0.81°
(mg/dI)
Total Protein 5.60 + 0.10%° 5.28 + 0.23° 5.58 + 0.12% 6.17 + 0.39°
(g/dl)
MDA (nmol/ml) 5.08 +0.15° 3.58 + 0.51° 4.60 +0.16° 4.42 +0.60™
Calcium (mg/dl) 7.34 +0.04° 7.41 +0.03° 7.38+0.18° 7.47 +0.24°
Phosphorus 6.88 +0.70° 8.12+0.71° 8.12+0.41° 8.45+0.70°
(mg/dI)
a, b, c

Means with different alphabetical superscripts in a row indicate significant (p < 0.05)
difference.
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Group A (250 mg/kg)
turmeric

Group C (1000 mg/kg)
turmeric

Group B (500 mg/kg)
turmeric

Group D (Untreated
Control)

Figure 3. Photomicrograph of the uteri of rabbit does treated with varied doses of turmeric for 45

days, (H & E x 100).

Oestradiol is a steroid hormone, which
together with other hormones, is responsible
for the control of ovulation cycle, mating
behavior and preparation of the reproductive
tract for pregnancy in mammals. In synergy
with FSH, it is reported that oestradiol
stimulates granulosa cell proliferation during
follicular development (Levin and Hammes,
2011). Findings in the present study indicated
no significant variations among all the groups
in their serum oestradiol levels. It could be
posited that in the present study,
supplementation with Curcuma longa in the
diets of does exerted no deleterious impact on
oestradiol biosynthesis in the treated does.
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An understanding of the interplay between

reproduction related serum biochemical
parameters of females can help in
understanding their fertility potentials.
Cholesterol and total protein have been

reported to be among key nutrients affecting
fertility and cyclicity in farm animals (Park et
al., 2010). Cholesterol is reported to be
essential for building and maintaining key
parts of cells (such as cell membranes) and
making of several important female
reproductive hormones. It had also been
reported in a previous study (Arosh et al,
1998) that low levels of plasma protein
resulted in deficiency of amino acids required
for biosynthesis of gonodatropins and gonadal
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hormones, and might cause reproductive
hormonal disturbances in animals leading to
inactive ovaries. The results of the present
study showed no significant difference
between the groups in the serum total
cholesterol levels. This is in agreement with
the findings of Majeed et al. (2019) who
reported no significant variations in total
cholesterol, serum total protein and
triglyceride levels in adult female rats after
treating them with graded doses of
tretrahydrocurcumin comparison  to
untreated controls.

in

Serum triglyceride levels of does in groups
given higher doses of Curcuma longa powder
for 45 days in the present study was
significantly higher than that of the control
and group A does given 250 mg/kg. This
finding is contrary to the results obtained by
Majeed et al. (2019) who reported no
significant variation in serum triglyceride (TG)
concentrations in adult female rats after oral
administration of graded doses
tretrahydrocurcumin comparison
untreated controls. In some earlier reports,
serum total cholesterol and triglyceride levels
were reported to positively correlate with
obesity (Ahmad et al, 2004; William et al,,
2004). In turn, dysfunction of female gonads
has been linked to obesity which results to
complications in fertility, including delayed
conception, increased rate of miscarriage and
reduced outcome in assisted conception
treatments (Silvestris et al., 2018).

in to

In this present study, there were no significant
effects of the supplementation with turmeric
powder on the serum calcium and phosphorus
levels of the does. These present findings are
in agreement with reports by Majeed et al.
(2019), which showed no significant variation
in  serum  calcium and  phosphorus
concentrations in female rats orally given
various doses of tetrahydrocurcumin for 90
days compared to untreated control rats.
Serum mineral profiles of mammals had been
used in some studies to predict reproductive
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strength. It was opined (Samad et al., 1987)
that serum calcium and phosphorus imbalance
may result in infertility in mammals. Levels of
calcium were found to be significantly higher
in normal cyclic buffalos than in non-cyclic and
repeated breeders, while supplementation
with calcium and phosphorus of deficient dairy
cows was reported to improve reproductive
performance (Samad et al., 1987).

Biochemical assay of malondialdehyde can be
used as a marker of oxidative stress and
potential predicting
reproductive outcome (Oral et al., 2006). In
female mammals, oxidative stress is found to
be associated with poor reproductive health

tool in assisted

status, which can affect ovarian
steroidogenesis, oocyte maturation, ovulation
as well as luteal maintenance during

pregnancy (El-Ratel et al, 2017). Pregnancy
rates were found to be decreased in females
with high serum malondialdehyde levels (Oral
et al., 2006). The result of this study showed a
dose-dependent outcome with low MDA
levels in the group treated with 500 mg/kg and
1000 mg/kg while the MDA levels in the group
treated with 250 mg/kg was high. It is
probable that at a higher dose (500 mg/kg and
1000 mg/kg), C. longa exhibits significant anti-
oxidative effects.

Histological examination of uteri of the rabbit
does given varied doses of turmeric powder
supplement showed no obvious lesions. The
absence of obvious lesions in the does treated
with turmeric powder in this study suggests
that Curcuma longa has no deleterious effect
on the morphology of the uterus of the does.

Conclusion: The administration of Curcuma
longa powder as used in this study, especially
at higher doses (500 mg/kg and 1000 mg/kg)
led to significantly higher serum levels of FSH
and did not lead to any deleterious effects on
serum levels of oestradiol and other
reproduction related biochemical metabolites
and also on the histomorphology of the uterus
of the rabbit does.
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