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Abstract
This study aimed at investigating the relationship between concentrations of macro and trace elements in blood serum, and fluids
from small and large follicles (SFF and LFF, respectively), oviduct (OF), and uterus (UF) of female dromedary camels. Fluids
from small (2–6 mm) and large follicles (7–20 mm), oviduct and uterus, and blood samples were collected from 19 camels. The
results indicated that the concentrations of serumMg, Fe, andMnwere significantly higher than their follicular fluid, OF, and UF
concentrations. Levels of Zn, Fe, Cu, Cr, and Mn were significantly higher in SFF than in LFF. Se and Mo concentrations were
higher in LFF. Co concentration was lower in serum than in reproductive tract fluids. Cr concentration was higher in UF and OF
than in the serum, SFF, and LFF. High Ca concentration was observed for serum and SFF, followed by LFF. The concentration of
Na was about 1.18-fold higher in SFF than in serum, OF, and LFF, and approximately 4.1-fold higher in serum than in UF. K was
present in higher concentration in SFF than in serum and LFF; however, its concentration was low in UF and OF. In conclusion,
this study shows the concentrations of certain elements in small and large follicular, uterine, and oviductal fluids, which may be
low or high depending on their function in the development and growth of follicles. This information can support the develop-
ment of new media for in vitro oocyte maturation and fertilization of female camels.
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Introduction

Camels are highly valued in the agricultural production sys-
tems of the Arabian subcontinent. They are a better source of
milk and meat in the stressful environment, compared with
other farm animals, which are harshly affected by high tem-
peratures and scarcity of food and water (Saadeldin et al.
2018). Camels have adapted biologically to their environment
and can tolerate a high dietary intake of salt, high, and low
ambient temperatures, and do not develop hypertension or
diabetes even after consuming eight times of salts more than
sheep or cattle (Vito et al. 2009). Furthermore, camel milk has
potential therapeutic effects, due to its antibacterial (Habib
et al. 2013; Kanwar et al. 2015; Shori 2015), antiviral
(Habib et al. 2013), antidiabetic, anti-aging (Choi et al.
2013), and anticarcinogenic (El-Redwan and Tabll 2007;
Kanwar et al. 2015) properties.

Fluctuations in the biochemical constituents of blood se-
rum can potentiality affect the biochemical components of
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follicular fluid (small follicular fluid—SFF, large follicular
fluid—LFF), oviductal fluid (OF), and uterine fluid (UF)),
thus indirectly influencing oocyte maturation, development
and quality, and subsequently, the fertilization, and develop-
ment of embryo in the reproductive tract (Sreenan and Morris
2007; Ur-Rahman et al. 2008; Ménézo et al. 2015). Ovarian
follicles contain the oocyte, which is affected by the follicular
fluid composition, as serum transudates can be altered by fol-
licular metabolic activities. In addition to providing nutritional
supplies to the developing oocyte, follicular fluid also sustains
an environment suitable for oocyte development and matura-
tion, and locally created constituents that share the metabolic
activity of cumulus cells (Gerard et al. 2002).

This follicular fluid also contains several molecules that are
involved in follicular cell development, proliferation, and dif-
ferentiation (Ghoneim et al. 2013; Hamdi et al. 2018). The
metabolic activity and barrier properties of the blood–follicle
barrier have been shown to alter significantly during the fol-
licular growth phases. Consequently, the biochemical compo-
nents of follicular fluid also vary according to the phase of
follicular development, in order to provide proper nutrients for
normal oocyte development. Alterations in the follicular fluid
metabolites can also influence oocyte competence within the
follicles (Hugentobler et al. 2007; Ur-Rahman et al. 2008).
Recently, it has been shown that low concentrations of OF
and UF promote embryo development in in vitro serum-free
cultures, where UF potentially has antioxidative activity, and
OF provides a better control over embryomethylation (Hamdi
et al. 2018).

Before focusing on the potential impacts of follicular met-
abolic molecules on oocyte competence, it is necessary to
assess the physiological concentrations of certain minerals in
fluids from small and large follicles, oviduct, and uterus, and
then determine the extent of correlation between the serum
and follicular fluid values of these metabolites. Therefore,
the current study aimed at investigating the electrolytes and
metabolites present in follicular fluids from small and large
follicles, oviductal fluids, uterine fluids, and the blood serum
of dromedary camels.

Materials and methods

Sample collection

Clinically healthy reproductive tracts were collected from 19
healthy, adult (6–11 years of age), non-pregnant female
camels (Camelus dromedarius), immediately after slaughter
in local slaughterhouses, during the breeding season
(December–April). At the time of slaughter, blood samples
(10 mL) from each animal were collected into non-
heparinized tubes, kept at room temperature for 20 min to

coagulate, and then centrifuged (3000 rpm for 15 min.). The
serum was separated and stored at − 20 °C until analysis.

Camels were slaughtered for their meat, and not for the
investigations; hence, ethical approval from the institutional
ethical committee was not required. Female reproductive or-
gans were removed from the body after slaughter, washed
twice in 0.9% NaCl and blotted dry. Ovarian follicles were
assessed using Vernier calipers and were classified as small
(2–6 mm) or large (7–20 mm) depending on their diameter.
Only the growing and dominant follicles were aspirated, while
the atretic and cystic follicles (˃ 20 mm in diameter) were
excluded (Tibary and Anouassi 1997; Swelum and
Alowaimer 2015; Swelum et al. 2018). The total number of
aspirated follicles was ≥ 114/follicular group.

Follicular fluids were aspirated from small to large follicles
by means of a sterilized 22-gauge hypodermic needle and
syringe. The follicular fluid was centrifuged at 1250×g at
4 °C for 10 min, after which the supernatant was isolated
and stored at − 20 °C till further analysis.

Oviductal and uterine fluids (20–40 μL per animal) were
collected by gentle aspiration using a fire-polished glass
Pasteur pipette. Oviductal fluid was collected from the ampul-
la and isthmus, while uterine fluid was collected from the base
of the two uterine horns. Collected fluid was centrifuged at
1250×g at 4 °C for 10 min; the supernatant was collected and
filtered using a polyether sulfone syringe filter (low protein
binding 0.2 μm), for removing any cells or debris. All samples
were stored at − 20 °C until further analysis and processing.
All procedures relating to sample collection were completed
within 30 min of slaughter (reviewed by Pillai et al. 2017).

Estimation of elements

Macro and trace elements were evaluated by ion chromatog-
raphy, approved by Analytical Data Services Ltd., UK
(Brickfield Trading Estate, Brickfield Lane, Chandlers Ford,
Hants, SO53 4DR, UK). The samples were diluted with de-
ionized water before analysis, 100 and 200-fold for cations
and anions, respectively, and then transferred to Dionex
autosampler vials (0.5 mL).

The levels of Na and K in the different fluids (serum, SFF,
LFF, OF, and UF) were evaluated using a flame photometer
(Jenway PFP7 Industrial Flame Photometer, Garforth, Leeds
Ls25 IDX, UK), while the concentration of Ca was assessed
using an atomic absorption spectrophotometer (SpectrAA 5,
Varian Techtron, Mulgrave, Victoria 3170, Australia). Trace el-
ements, such as Zn, Mg, Fe, Se, Cu, Co, Cr, Mn, and Mo, were
determined using the atomic absorption spectrophotometer.

Statistical analyses

The data were analyzed statistically using general linear
models with one-way ANOVA in SPSS. The differences in
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concentrations of elements were determined using the post
hoc Newman–Keuls test. Pearson’s correlation coefficients
were calculated to determine the correlation between the con-
centration of an element in the serum and in fluids from dif-
ferent female reproductive organs. The strength of the linear
association between the concentration of an element in the
serum and in aforementioned fluids was evaluated by calcu-
lating the coefficient of determination. Bonferroni’s correction
was applied, and a difference was considered significant at
P < 0.05. Data are expressed as mean ± standard error.

Results

Table 1 shows the concentrations of macro and trace elements
in the blood serum and small and large follicular, oviductal,
and uterine fluids of studied animals. It is evident that the
values of Mg, Fe, and Mn in the serum were significantly
different (P < 0.05) from those in SFF, LFF, OF, and UF.
The concentrations of Se, Fe, Cu, Cr, and Mn were higher
(P < 0.05) in SFF than in LFF, while Mg and Fe had similar
concentrations in UF and OF. SFF showed the highest Zn
concentration, which was approximately 3-fold higher than
its concentration in the serum, LFF, OF, and UF. No signifi-
cant differences were observed in concentrations of Mg in
SFF, LFF, OF, and UF; however, serum concentration of Mg
was about 12-fold higher than its concentration in other fluids.
Concentration of Fe was the highest in the serum and the
lowest in LFF; however, its concentration in OF and UF was
not significantly different. The highest level of Se was noted
for LFF, followed by UF, SFF, and OF in decreasing order. Cu
concentration in SFF was 5, 3, 2.5, and 2.5-fold higher
(P < 0.05) than in OF, serum, LFF, and UF, respectively. The
concentration of Co was generally low in the serum and all
fluids; however, it had a higher concentration in LFF and UF,

than in SFF, serum, and OF. In uterine and oviductal fluids, Cr
concentration was higher (P < 0.05) when compared with that
in the serum, SFF, and LFF. Mn concentration was the highest
in the serum and significantly lower in other fluids. Mn con-
centration in LFF, UF, and OF was approximately 0.15%,
0.14%, and 10.7% of the serum concentration, respectively.
The concentration of Mo in the serum, SFF, and LFF was
significantly higher (P < 0.05) than that in UF and OF.

The concentration of Ca was higher in the serum and SFF
than in LFF, while it was comparable in both UF and OF. The
concentration of Na in SFF was about 1.18-fold higher than in
the serum, OF and LFF, while the serumNa concentration was
approximately 4.1-fold higher than the UF concentration.
Similarly, higher (P < 0.05) concentration of K was observed
in SFF than in the serum and LFF, while its concentration was
low in both UF and OF.

Tables 2 and 3 show associations between concentrations
of ions in LFF, SFF, OF, UF, and the serum. The concentra-
tions of Ca (P < 0.05) and Mn (P < 0.01) in LFF were signif-
icantly positively correlated with their serum concentrations.
Conversely, a significant negative correlation was observed
for SFF and serum levels of Se (P < 0.01) and Mn
(P < 0.05). K concentration in OF was positively correlated
(P < 0.05) with the serum concentration. Similarly, serum con-
centrations of Se andMo (P < 0.05) were positively correlated
with their UF (P < 0.05) and SFF (P < 0.05) concentrations,
respectively. Mo concentrations in OF and blood serum were
negatively correlated.

Discussion

The impact of macro and trace elements concentration in fol-
licular fluid on oocyte quality and maturation is showed in
Tables 4. The impact of macro and trace elements

Table 1 Concentrations of macro
and trace elements (nmol/L) in
serum, large and small follicular,
uterine, and oviductal fluids of
dromedary camels (mean ± SEM)

Items Serum Large follicles fluid Small follicles fluid Uterine fluid Oviduct fluid

Na 27.53 ± 2.43b 27.63 ± 0.36b 32.47 ± 0.39a 6.10 ± 0.09c 23.57 ± 0.51b

K 26.19 ± 0.47b 18.17 ± 0.24c 32.82 ± 0.14a 11.96 ± 0.17d 10.40 ± 0.31e

Ca 3.56 ± 0.05a 2.88 ± 0.05b 3.35 ± 0.21a 2.33 ± 0.02c 2.37 ± 0.03c

Mg 1.31 ± 0.04 a 0.11 ± 0.01 b 0.11 ± 0.01 b 0.07 ± 0.00 b 0.11 ± 0.00 b

Fe 18.58 ± 0.12 a 0.52 ± 0.01 d 1.56 ± 0.11 b 0.90 ± 0.06 c 1.06 ± 0.01 c

Co 0.04 ± 0.01 b 0.07 ± 0.00 a 0.05 ± 0.00 b 0.08 ± 0.00 a 0.02 ± 0.00 c

Cu 0.21 ± 0.00 b 0.24 ± 0.01 b 0.61 ± 0.01 a 0.23 ± 0.01 b 0.12 ± 0.05 c

Cr 3.81 ± 0.02 c 2.04 ± 0.02 e 3.68 ± 0.01 d 8.41 ± 0.03 a 6.95 ± 0.05 b

Mn 75.10 ± 0.4 a 11.27 ± 0.16 c 20.94 ± 0.14 b 10.90 ± 0.02 c 8.08 ± 0.03 d

Mo 78.52 ± 0.32 c 83.87 ± 0.14 a 81.33 ± 0.41 b 4.71 ± 0.04 e 6.35 ± 0.24 d

Se 8.87 ± 0.08 c 13.50 ± 0.38 a 11.89 ± 0.09 b 12.65 ± 0.42 b 4.77 ± 0.12 d

Zn 0.54 ± 0.01 b 0.57 ± 0.02 b 1.87 ± 0.06 a 0.36 ± 0.01 c 0.58 ± 0.01 b

Means ± SEM in the same rowwith no superscript letters after them or with a common superscript letter following
them are not significantly different (P < 0.05)
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concentration in oviductal fluid on fertilization and early em-
bryo development is showed in Table 5. The impact of macro
and trace elements concentration in uterine and oviductal fluid
on the embryo, early embryonic death and implantation is
showed in Table 6.

Mo and Mn were the main ions in follicular fluids (SFF
and LFF) and the blood serum. The concentrations of Se,
Mn, and Cr were higher in UF than in OF, while Na and
Mo concentrations were higher in OF than in UF. Ur-
Rahman et al. (2008) found that Na concentration was sig-
nificantly different in blood serum and small follicles in
one-humped camels, and it was higher in large follicular
fluid than in the small follicular fluid.

Previous studies have shown that Na levels are different,
although not significantly, in fluids from large and small fol-
licles in camels (Iwata et al. 2004; Ur-Rahman et al. 2008). Na
was one of the main elements and was present in higher con-
centrations, in OF, SFF, LFF, and blood serum. It has previ-
ously been reported that Na tends to have a lower concentra-
tion in bovine uterine fluid (Hugentobler et al. 2007). It is
known that sodium is associated with the development of
blastocyst, as blastocyst expansion, resulting from an accumu-
lation of fluids between the cells, is dependent on the pumping
of Na into the blastocoel cavity by the Na+/K+-ATPase pump

(Hobbs and Kaye 1986; Brison and Leese 1993). This state is
observed during pregnancy; however, the findings of the pres-
ent study reflect the concentration of Na during the breeding
season, in non-pregnant females. This could explain the lower
concentration of Na in UF than in OF, SFF, LFF, or blood
serum observed in this study.

A higher K concentration in SFF and serum than in LFF
was noted in the current study. The level of K in SFF was 3-
fold higher than in OF and UF and 1.25-fold higher than in the
serum. Leroy et al. (2004) and Iwata et al. (2004) have con-
firmed that K concentration is higher in SFF than in LFF in
bovines, which is consistent with our results. In addition,
Chang et al. (1976) suggested that higher K concentration in
small follicular fluid can be attributed to glucose uptake, a
mechanism that leads to the transfer of K from extracellular

Table 3 Correlations between the concentrations of trace elements in
serum and fluids from the different female reproductive organs of
dromedary camels

Element Fluid source Serum Small follicle Large follicle Oviduct

Co Small follicle 0.87

Large follicle 0.87 0.50

Oviduct − 0.87 − 0.50 − 1.00
Uterus 0.87 0.50 1.00 − 1.00

Cu Small follicle 0.87

Large follicle 0.94 0.65

Oviduct 0.34 − 0.17 0.63

Uterus 0.76 0.98 0.50 − 0.35
Cr Small follicle − 0.90

Large follicle − 0.70 0.33

Oviduct − 0.81 0.98 0.16

Uterus 0.71 − 0.34 − 1.00 − 0.17
Mn Small follicle − 1.00

Large follicle 1.00 − 1.00
Oviduct 0.98 − 0.99 0.97

Uterus − 0.75 0.78 − 0.73 − 0.87
Mo Small follicle 1.00

Large follicle 1.00 0.99

Oviduct − 1.00 − 1.00 − 0.99
Uterus − 0.70 − 0.65 − 0.76 0.66

Se Small follicle − 1.00
Large follicle 1.00 − 1.00
Oviduct − 0.99 0.99 − 1.00
Uterus 1.00 − 1.00 1.00 − 1.00

Zn Small follicle − 0.95
Large follicle 0.19 0.11

Oviduct 0.98 − 0.99 0.00

Uterus − 0.50 0.74 0.76 − 0.65

0.00–.19 “very weak”, 0.20–.39 “weak”, 0.40–.59 “moderate”, 0.60–.79
“strong”, 0.80–1.0 “very strong”

Table 2 Correlations between the concentrations of macro elements in
serum and fluids from the different female reproductive organs of
dromedary camels

Element Fluid source Serum Small follicle Large follicle Oviduct

Na Small follicle − 0.16
Large follicle − 0.27 − 0.91
Oviduct − 0.14 1 − 0.91
Uterus − 0.72 0.8 − 0.47 0.79

K Small follicle − 0.94
Large follicle 0.98 − 0.99
Oviduct 1 − 0.96 0.99

Uterus 0.99 − 0.9 0.94 0.99

Ca Small follicle 0.07

Large follicle 1 0.14

Oviduct − 0.97 − 0.3 − 0.99
Uterus − 0.03 − 1 − 0.09 0.25

Mg Small follicle 0.5

Large follicle − 0.65 0.33

Oviduct 0.19 − 0.76 − 0.87
Uterus 0.19 − 0.76 − 0.87 1

Fe Small follicle 0.84

Large follicle 0.3 − 0.27
Oviduct 1 0.82 0.33

Uterus 0.94 0.97 − 0.04 0.93

0.00–0.19 “very weak”, 0.20–0.39 “weak”, 0.40–0.59 “moderate”, 0.60–
0.79 “strong”, 0.80–1.0 “very strong”
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fluid to intracellular lumens. We found higher levels of K in
SFF and serum, together with a lower K concentration in the
uterine fluid.

Ca levels in the present study were higher in the serum
than in the other fluids examined, which is in concordance
with the findings of Ur-Rahman et al. (2008). However, no
significant differences were recorded in the Ca levels of
UF and OF. Higher Ca concentration in the serum can be

explained by the fact that serum is the main pool of several
elements that are exploited by different tissues of the body.
Ca is also essential for normal development, expansion,
and functioning of the granulosa cells (Leung and Steele
1992). Furthermore, many previous studies have demon-
strated that higher concentration of Ca at the site of fertil-
ization (oviduct) is essential for sperm viability, as it al-
lows the binding of oviductal proteins to the spermatozoa

Table 4 The impact of macro and
trace elements concentration in
follicular fluid on oocyte quality
and maturation

Items Oocyte quality and maturation References

Na supports nuclear maturation of bovine, active follicular
synthesis of estrogen, and related to follicle viability

Geshi et al. 2000

K High level in late luteal phase of the estrous cycle

No effect on maturation oocyte

Jordan et al. 1983

Hugentobler et al. 2007

Ca High level of oviductal calcium at estrus and ovulation Hugentobler et al. 2007;
Grippo et al. 1992

Mg Supports mitosis of the follicular cells Nandi et al. 2008

Fe Adverse effect on oocyte development Ménézo et al. 2015

Co Enhances the ovulatory response and quality Mitchell et al. 2007

Cu Negative effect on oocyte development Ménézo et al. 2015

Cr Significant influence on follicular maturation and LH release Kumar et al. 2011

Mn Enhances the health of cumulus–oocyte complexes

Protects DNA integrity of cumulus cells, ensures “normal”
intracellular GSH content in cumulus–oocyte complexes

Anchordoquy et al. 2013, 2015

Mo Improves overall quality, but at a highdose damages the
ovarian function and M II oocyte quality

Zhang et al. 2013

Se Increases the rate of maturation of porcine oocytes Tareq et al. 2012

Zn Regulates methylation processes via recycling of
homocysteine regulates the exit of oocytes from the
meiosis I phase.

Ménézo et al. 2015

Jeon et al. 2014

Table 5 The impact of macro and
trace elements concentration in
oviductal fluids on fertilization
and early embryo development

Items Fertilization and early embryo development in oviduct References

Na Essential for blastocyst expansion Hugentobler et al. 2007

K The embryo moves from a relatively stable potassium
environment in the oviduct on days 3 and 4

Hugentobler et al. 2007

Ca Stimulates fertilization processes, cell division
and proliferation in early embryos

Hugentobler et al. 2007;
Stock and Fraser 1989

Mg In vitro capacitation and acrosome reactions
affected in bull spermatozoa

Hugentobler et al. 2007

Fe Appears to arrest embryo development, Ménézo et al. 2015

Co Improves morphological grade and higher mean cell number in
sheep, cell division, growth

Mitchell et al. 2007;
Kumar et al. 2011

Cu Appears to arrest embryo development, Ménézo et al. 2015

Cr Prevents embryonic loss by participating in the of secretion of
specific proteins from the uterine endometrium

Kumar et al. 2011

Mn Improves embryo development and quality Anchordoquy et al. 2015

Mo Negatively affects the development of preimplantation Bi et al. 2013

Se Increases the rate of fertilization of porcine oocytes and,
development of the blastocyst

Tareq et al. 2012

Zn Higher formation rates, improved developmental potential of
porcine embryos

Jeon et al. 2014
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(Bavister 2000; Lapointe and Sirard 1996). Studies have
also shown that Ca is indispensable for sperm capacitation,
acrosome reaction, and processes associated with fertiliza-
tion in mammals, humans in particular (Stock and Fraser
1989). The high SFF Ca concentration, compared with
LFF, OF, and UF concentrations, recorded in the present
study, could be related to oocyte development and matura-
tion occurring in the follicles. However, as the size of fol-
licles increases, the concentration of Ca decreases. It was
interesting to note that the serum Ca concentration record-
ed in this study (3.65 nmol/L) was lower than that previ-
ously reported (13.3 nmol/L) by Ur-Rahman et al. (2008),
which might be due to variations in nutritional status, age,
and genetic makeup.

The present study showed that serum concentrations of
Mg, Fe, and Mn were significantly higher than their SFF,
LFF, OF, and UF concentrations. Ménézo et al. (2015) stated
that the levels of Ca, Mg, Na, Cl, and PO4 are not taken into
account during in vitro maturation (IVM), in vitro fertilization
(IVF), or embryo culture in humans and other animals, and
their influence on oocyte maturation and preimplantation em-
bryo growth has not been examined.

In our study, Fe had a significantly higher concentration in
serum than in other fluids. Further, it was shown that a signif-
icantly higher concentration of Fe was found in SFF and OF,
than in LFF and UF. This difference in the Fe concentration
might be related to its function at these sites. Fe plays an

important role in the synthesis of nucleic acids and proteins,
cellular respiration, electron transport, and cell proliferation
and differentiation (Lieu et al. 2001), all of which are closely
related to hormone secretion, development of oocytes and
zygote, and metabolism occurring in the small follicular and
oviductal fluids (Kolesarova et al. 2011).

Zinc, which is the second most abundant transition metal
after iron, is also of importance. It attenuates toxicity induced
by Cu and/or Fe and is involved in many significant metabolic
responses that are a prerequisite for cell growth and develop-
ment pathways. In the present study, we found a higher level
of Zn in SFF than in other fluids. This might be due to the
metabolic activities occurring during oocyte development,
which produce free radicals than can be scavenged upon by
zinc, thus reducing the oxidative stress. In addition, it acts as a
co-factor for at least 200 enzymes, including zinc superoxide
dismutase and carbonic anhydrase, both of which are present
in oviductal fluid.

Zinc can scavenge on oxidative agents by capturing hy-
droxyl and superoxide radicals, through its participation in
metallothioneins and metal-response element-binding tran-
scription factors (Ménézo et al. 2013). It is involved in the
regulation of the one-carbon cycle and consequently in meth-
ylation and imprinting during oocyte maturation and embryo
development (Ménézo et al. 2013). Recently, Junior et al.
(2018), in their study characterizing the main proteomics of
ovarian follicular fluid during different physiological stages in

Table 6 The impact of macro and
trace elements concentration in
uterine and oviductal fluid on the
embryo, early embryonic death,
and implantation

Items Embryo, early embryonic death and implantation References

Na Essential for blastocyst expansion Brison and Leese 1993;
Hugentobler et al. 2007

K Higher and more changeable potassium
environment in the uterus.

The high potassium level in uterine fluid expected for
successful implantation

Hugentobler et al. 2007;
Casslen and Nilsson 1984

Ca Calcium signaling plays a key part in the development of
patterning in early embryos

Whitaker 2006

Mg Magnesium deficiency causes fetal malformations,
moderate level enhances embryo and fetal development

Jordan et al. 1983

Fe Appears to arrest embryo development, Ménézo et al. 2015

Co Cobalt deficiency reduces ovulatory response in
superovulated ewes, early embryonic mortality,
increased incidence retention of placenta

Mitchell et al. 2007;
Kumar et al. 2011

Cu Appear to arrest embryo development, early embryonic
mortality, increased incidence retention of placenta

Ménézo et al. 2015;
Kumar et al. 2011

Cr Decreases fertility and influences fetal growth
and development

Tuormaa 2000

Mn Deficiency increases embryonic mortality Corrah 1996

Mo Negatively affects the development of preimplantation
embryos in a dose-dependent manner

Bi et al. 2013

Se Reduces the embryonic loss by enhancing
the oxidative stress

Bedwal and Bahuguna 1994

Zn Inadequate concentrations may contribute to the failure of
early embryonic development

Bedwal and Bahuguna 1994
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locally adapted “Canindé” goats, found that zinc-alpha-2-
glycoprotein (AZGP1) was one of the most abundant proteins.
AZGP1 is associated with the activation of β3-adrenoceptors,
resulting in an increase in intracellular cAMP (Russell et al.
2004). This unique feature of zinc is essential during sperm
capacitation and acrosome reactions and may be associated
with Ca signaling pathways (Qu et al. 2007).

Magnesium concentrations in SFF, LFF, OF, and UF
were found to be similar in the present study, ranging
from 0.07 to 0.11 mg/dL, which is in concordance with
the results of Grippo et al. (1992) and Kenny et al.
(2002). In the present study, the concentration of Mg was
higher in serum than in other fluids. Jordan et al. (1983)
proposed that magnesium is required for embryonic and
fetal development, as fetal malformations were found to
be associated with magnesium shortages.

Se, a micro mineral, plays a significant role as an antioxi-
dant in different tissues and is the main structural component
of many antioxidant enzymes, including glutathione peroxi-
dase and thioredoxin reductase, which decrease the amount of
reactive oxygen species (ROS) (Ramos et al. 2013). In the
present study, a higher concentration of Se was observed in
SFF, LFF, and UF; however, its concentration was the lowest
in OF. It has previously been reported that Se influences pro-
cesses occurring during pregestation and gestation stages, and
can improve the activity of thioredoxin reductases (TrxRs),
which are selenoproteins involved in reducing and maintain-
ing the levels of a small antioxidative protein known as
thioredoxin (Ufer and Wang 2011; Mistry et al. 2012).

Cu is considered to be one of the most essential elements,
indispensable to the activities of two enzymes that are vital for
immune responses, i.e., copper/zinc-superoxide dismutase
and ceruloplasmin (Hussein and Staufenbiel 2012). The con-
centration of Cu in SFF was about 3-fold higher than in other
fluids in the present study. Thus, we can presume that Cu is
important for the proper functioning of the thyroid gland and
secretion of its hormones. These thyroid hormones play a vital
function in the development of follicles. No previous studies
have been conducted concerning this element.

Co is essential for several metabolic activities, such as cell
division, synthesis of thymine for DNA synthesis, formation
of red blood cells, growth, and reproduction (Kumar et al.
2011). We found low concentrations of Co in all fluids, as
well as in the serum, ranging from 0.8 in UF to 0.2 mg/dL
in OF. It is possible that Co has a vital role in later stages of
follicular and zygote development. Hence, higher concentra-
tion of Co was recorded in UF and LFF, when compared with
other fluids.

Cr is essential for carbohydrate, protein, and lipid metabo-
lism pathways. It is a biologically active component of
chromodulin, an oligopeptide potentiating the influence of
insulin, where it acts as an insulin cofactor and facilitates the
binding of insulin to its receptors on the cell membrane. The

effects of Cr on reproduction in cattle have been given little
consideration (Pechova and Pavlata 2007). Our study shows
that concentration of Cr is higher in both UF and OV, and it is
lowest in LFF No data were available about this element, for
comparison with other animals.

The concentration of Mo was found to be higher in serum
and LFF. According to Phillipo et al. (1987), Mo has negative
effects on reproductive aspects, such as delayed puberty, re-
duced fertility, and increased incidence of anovulation in
cows. Mn concentration was significantly different in all
fluids, and serum Mn concentration was about 6.6, 3.6, 6.9,
and 9.3 times higher than its LFF, SFF, UF, and OF concen-
trations, respectively.

Mn2+ is an abundant, naturally occurring, crucial trace min-
eral that is essential for normal mammalian physiological pro-
cesses, such as those associated with normal growth and de-
velopment of bones, connective tissues, and cartilage (Hurley
1981) and the reproductive system (Greger 1998). The results
of the present study further suggest that Mn, through its ability
to stimulate cell development and division, may contribute to
events leading to enhanced oocyte competence, and embryon-
ic growth and development. Trace elements greatly influence
animal health, productivity, and reproductive physiology, and
their scarcity can lead to depressed reproductive efficiency,
and subsequent economic losses to the dairy industry
(Kumar et al. 2011).

The significant positive correlation between Ca and Mn
levels in LFF blood serum, found in the present study, show
that the ion levels in large follicular fluid are dependent on
their concentrations in blood. This further suggests that Ca
andMn have an important role in the development of follicles,
and their concentration in the blood may determine the phys-
iological status of animals. A strong negative correlation was
found for the concentration of Se in SFF and blood serum,
while a positive correlation was observed for Se levels in UF
and blood serum. This shows that Se may benefit the capita-
tion of spermatozoa, and also the early stages of embryonic
development and implantation. Previous reports on uterine
and oviductal pH (Hugentobler et al. 2004), and on energy
substrates (Salleh et al. 2005) of these reproductive tract fluids
support the conclusion that OF and UF formation operate
under different mechanisms (Hugentobler et al. 2007). An
unexpected result of this study was that the serum Mo con-
centration was positively and negatively correlated with its
SFF and OF levels, respectively. No previous studies have
investigated the role of Mo in the reproductive tract and the
maturation of oocytes. This provides scope for future studies
on the biological role of Mo and its effects on reproduction.

Iron concentration in OF was positively correlated with its
serum concentration. Fe plays a significant role in modulating
the functions of physiological pathways in various cells of the
body. This correlation demonstrates the importance of Fe in
OF, where it elevates the antioxidant enzymes activities and
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prevents the increase in lipid peroxidation, in a dose-
dependent manner during spermatozoa maturation (Murugan
et al. 2002; Massányi et al. 2003). Furthermore, K concentra-
tion in OF was positively correlated with its serum concentra-
tion. Ion diffusion across epithelial cells of the reproductive
tract is certainly related to physiological responses and hor-
mone regulation in female animals.

In conclusion, the results of the present study depict the
comparative levels of some macro- and microelements in
small and large follicular, uterine, and oviductal fluids and
blood serum of female dromedary camels. This knowledge
improves our understanding of the in vivo environment
during oocyte maturation and early embryonic develop-
ment, which can lead to the enhancement of in vitro culture
media, consequently improving in vitro embryo produc-
tion. The energy and pH sources of the gametic microen-
vironment, the embryonic alterations during the early re-
productive stages, and the culture media for in vitro em-
bryo production should reflect the in vivo physiological
conditions more closely. For example, the fact that Na, K,
Ca, Fe, Cu, Mo, Se, and Zn levels are higher in the small
follicular fluid and blood serum than in other fluids pro-
vides information on the in vivo ion levels and the
resulting physiological conditions. The discrepancies re-
garding the functions of trace elements can pave the way
for future research investigating the biological role of trace
minerals and their relation with oocyte competence and
embryonic growth and development. Further studies are
required to evaluate the relationship between the concen-
trations of macro and trace elements and the quality of
granulosa cells and oocyte.
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