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ARTICLE INFO ABSTRACT

Keywords: In this study, there was investigation of the effect of heavy metals on the fertility of dromedary

Camel camels. Fourteen camels at the Camel Research Center, King Faisal University, and 41 infertile

Seminal plasma dromedaries admitted to the Veterinary Teaching Hospital were used for semen evaluation

Serum during the breeding season. Seminal plasma and blood serum were collected from all males until

Heavy metals analysis. Concentrations of three heavy metals [arsenic (As), cadmium (Cd), and lead (Pb)] were
determined in the seminal plasma and serum using an atomic absorption spectrophotometer. The
results indicate there are differences (P < 0.05 — P < 0.01) in pH, sperm motility, sperm
concentration, and sperm abnormalities between the fertile and infertile male camels. In seminal
plasma, there were marked differences (P < 0.01- P < 0.0001) between the control and in-
fertile male camels in As, Cd, and Pb concentrations. In serum, there were differences (P < 0.01
— P < 0.001) between the fertile and infertile camels in serum As, Cd, and Pb concentrations.
There was a positive correlation (P < 0.05; r = 0.77 and r = 0.94, respectively) between serum
and seminal plasma concentrations of both As and Cd in the infertile dromedaries. In the control
group, there was a positive correlation (P < 0.05; r = 0.70) between seminal plasma con-
centrations of Cd and percent sperm abnormalities. In conclusion, relatively greater seminal
plasma and serum concentrations of As, Cd, and Pb are associated with lesser values for semen
quality variables and infertility in dromedary camels.

1. Introduction

Camels are reported to have lesser reproductive efficiency compared to other domestic species (Kaufmann, 2005; Skidmore,
2005). Camel semen evaluation is an important issue to determine quality and fertilizing capacity (Skidmore et al., 2013; El-Bahrawy
et al., 2015). Heavy metals such as arsenic (As), cadmium (Cd), and Lead (Pb) are reproductive toxicants widely distributed in the
environment that may contribute to reproductive and health disorders in humans (CDC, 2005; Juan, 2012; Amadori and Macera,
2014; Gao et al., 2014; Ab Razak et al., 2015; Lei et al., 2015). The harmful effects of heavy metals are due to interference with
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normal body metabolic processes (Okunola et al., 2011). Toxic metals can interfere with the metabolism of essential metals and
reduce the concentration in the body or decrease bioavailability (TeliSman, 1995; Pizent et al., 2003; Lazarus, 2010; Matovi¢ et al.,
2011). The competition between As, Cd, and Pb with other metals in regulating metabolic processes can alter enzyme activity, affect
the structure and function of cell membranes, induce oxidative stress, and inhibit DNA and RNA synthesis and repair (Pizent et al.,
2012), and this may have serious consequences on cell growth, development, and differentiation (Pizent et al., 2012). As is a toxic
metalloid that effects male animal fertility (Kim and Kim, 2015). Harmful concentrations of As are associated with reproductive
dysfunction including reduction of the weight of the testes and accessory sex organs (Sarkar et al., 2003; Kim and Kim, 2015), and
reductions in epididymal sperm counts, testosterone, and gonadotropins. There can be actions of Cd that directly damage the testes
(Kar and Das, 1960). The action of Cd is spermatogenic-stage specific, and large doses of Cd cause rapid testicular degeneration,
edema, hemorrhage, ischemia, necrosis, and severe damage to the spermatogenic epithelium in men and animals (Kar and Das, 1960;
Boscolo et al., 1985; Jurasovi¢ and TelisSman, 1993; Waalkes et al., 1999). The actions of Pb lead to a decrease in epithelial thickness
diameter in the seminiferous tubules of adult rats (Al-Omar et al., 2000; Corpas et al., 2002), and reduction of epididymal sperm
count (Dorostghoal et al., 2011), and testicular atrophy (Chowdhury et al., 1986) in rodents. In men, where there are greater than
basal systemic concentrations of Pb for long time periods semen quality is markedly compromised (Jurasovi¢ and TeliSman, 1993).
Even when there are relatively small amounts of systemic Pb and Cd there are marked decreases in the quality of semen (Alloway,
1990; Telisman et al., 2000). The effects of Pb on male reproduction probably occurs by altering the reproductive hormonal control of
spermatogenesis, rather than by a direct harmful effect on the seminiferous tubules (Vigeh et al., 2011). Dromedary camels are
environmentally important animals. Camels have a unique adaptation mechanisms that allow for survival in dry and arid climates.
These mechanisms include water concervation capacity, body temperature regulation, selective brain cooling, unique features of
blood content regulation, nitrogen metabolism and gastric digesion (Gebreyohanes and Assen, 2017). Dromedaries similar to other
domestic animals and humans, however, are affected by heavy metals.

The aim of the present study was to determine concentrations of the heavy metals, As, Cd, and Pb in seminal plasma and serum of
fertile and infertile dromedary camels, and to ascertain effects of these metals on values for semen variables and fertility.

2. Materials and methods

This study was approved by the Camel Research Center Committee, King Faisal University, Saudi Arabia. Approval # 321/37/
2017.

2.1. Camel semen and blood collection

Fourteen fertile (control, served as sires for breeding females) dromedary camels with an average age of 8 years (range, 6-13
years) from the Camel Research Center, King Faisal University, and 41 infertile [lack of conception after matings with fertile females
during a period or for more than on breeding season] dromedaries admitted to the Veterinary Teaching Hospital were used for semen
collection and evaluation during the breeding season. One ejaculate was collected from each fertile and infertile camel during the
breeding season using the electro-ejaculation method as described earlier (Tingari et al., 1986). The ejaculate was assessed for routine
semen quality variables such as ejaculate volume (mL), sperm concentration (X 10°/mL) and percent progressively motile sperm by
the same trained individual using Sperm Vision” 3.5 (Minitube of America, Inc). An aliquot (3 mL) of fresh, raw semen was cen-
trifuged at 4000 X g for 10 min at room temperature, and seminal plasma was separated and frozen at — 80 °C. Blood samples (10 mL)
were collected from all camels, centrifuged at 4000 X g for 10 min, and the supernatant serum was separated and stored at —80 °C
until analyses were performed. All glassware and bottles used for the isolation of seminal plasma and serum and for analysis were
previously soaked in diluted nitric acid (10%) and rinsed thoroughly with deionized water to exclude the possibility of contamination
with heavy metals.

2.2. Heavy metals analysis in seminal plasma and serum

Concentrations of three heavy metals were determined in both camel seminal plasma and serum (110 replicates) using an atomic
absorption spectrophotometer. The heavy metals were arsenic (As), cadmium (Cd), and lead (Pb). The estimation of heavy metal
concentrations in seminal plasma and serum samples was performed in two phases, digestion of samples and analyses. Calibration
curves were obtained from stock solutions of As, Cd, and Pb. As Standard solution (1000 mg/L) was purchased and was an aliquot
from commercial stock solutions (Merck, Darmstadt, Germany). The working standard was prepared by suitable serial dilutions of the
stock (1000 mg/L) solution of all standards in deionized water and in room standard reference materials. The calibration graph using
the concentration system for As, Cd, and Pb was linear with a correlation coefficient of 0.997, 0.998, and 0.999, respectively. In the
case of some analyses, where there were not significant differences between the determined reference ranges and the ranges reported
in the literature, there was use of the clinical practice recommended by the World Health Organization (WHO) criteria.

2.2.1. Atomic absorption spectrophotometer analysis

The AA-7000 Shimadzu (Koyoto, Japan) atomic absorption spectrophotometer coupled with a FAAS Flame Atomic Absorption,
GFA-7000 graphite furnace atomizer, HVG-1 Hydride Vapor Generator, MVU-1A Mercury Vaporizer, and ASC-7000 auto sampler
from Shimadzu (Koyoto, Japan) was used for the heavy metals analysis. A high-density graphite tube was used for atomization. A
normal single hollow cathode lamp was used for irradiation. Values for absorbance are reported in Table 1 and were obtained by



A.M.A. Meligy, et al. Animal Reproduction Science 208 (2019) 106115

Table 1
Programs of heating method for arsenic (As), cadmium (Cd) and lead (Pb) in graphite furnace atomic absorption spectrophotometer (GFAAS).
Steps Temperature (°C) Ramp (s) Hold (s) Argon flow rate (ml min~?)
As Cd Pb
Drying 1 150 150 150 5 20 250
Drying 2 200 200 200 5 15 250
Pyrolysis 1200 500 800 10 20 250
Atomization 2000 1800 2000 0 5 0
Clean-out 2000 2200 2200 1 3 250

adjusting the hollow cathode lamps at the operation conditions as previously described by Meligy (2018).

2.2.2. Sample digestion

The seminal plasma and serum samples were thawed, and 1 mL was taken from each sample. The microwave method was applied
for the digestion procedure of samples (Usero et al., 2005) by using the Microwave digestion system Model MARS Xpress 907511
(CEM Cooperation, Mathews, North Carolina, USA) according to USEPA method 3051. The thawed seminal plasma and serum
samples were placed in [polytetrafluoroethylene (PTFE)] digestion vessels with 6 mL of nitric acid (65%) and 2 mL of hydrogen
peroxide (30%). The samples in the vessels were then digested using an optimized microwave method. In the first stage, the tem-
perature was increased to 120 °C within 5 min. Then, the temperature was increased to 180 °C within 10 min followed by a period of
10 min when there was no further temperature adjustments. The samples were maintained at 180 °C for 15 min, and cooled for 5 min.
The sample was transferred into a measuring flask and diluted with Milli-Q water (Millipore, Bedford, MA) to a total volume of
50 mL. The cooled mixture was then filtered using Whatman filter paperl. After filtration, the filtrates of digested samples were
analyzed by atomic absorption, using the method described by Meligy (2018). The recovery of elements in the digested samples
varied between 89.6% and 94.2% (Table 2), which were considered reliable analyses (El-Bahr and Abdelghany, 2015; Meligy, 2018).

2.3. Statistical analysis

Data are presented as mean =+ standard error of the mean (SEM) for camel fertility, serum, and seminal plasma heavy metals. The
normality (Shapiro and Wilk, 1965) and homogeneity of variances (Levene, 1960) were assessed and confirmed prior to conducting
the t-test. Variances were compared by the Student t-test (t) and correlation coefficient (r) using the SPSS program, version 24.0
(SPSS, 2016).

3. Results

There was a difference (P < 0.05-P < 0.01) in values for some semen variables between the control and infertile male camels,
including pH, sperm motility %, sperm concentration, and percent sperm abnormalities (Table 3). In the seminal plasma, there were
differences (P < 0.01 — P < 0.0001) between the control and infertile male camels in As, Cd, and Pb concentrations (Table 3). There
were differences (P < 0.01 -P < 0.001) between the fertile and infertile camels in serum As, Cd, and Pb concentrations (Table 4).
There were positive correlation coefficients (P < 0.05; r = 0.76 and r = 0.94, respectively) between serum and seminal plasma
concentrations of both As and Cd in the infertile dromedaries (Table 5). In the control group, there was a positive correlation
coefficient (P < 0.05; r = 0.70) between seminal plasma concentrations of Cd and percent sperm abnormalities.

4. Discussion

Environmental contamination with heavy metals commonly occurs in Saudi Arabia. Oil extraction, as well as operations occurring
in the petroleum, domestic, agricultural, and medical industries have led to the wide distribution of heavy metals in the environment.
The outcomes for the manner operations in these industries occur raise concerns about the potential effects of heavy metals on animal
health and the environment (Tchounwou et al., 2012). Because of the extent of the harmful effects of the compounds, arsenic,
cadmium, and lead rank among the priority metals that induce multiple organ damage, even when there are relatively lesser amounts
in the environment (Tchounwou et al., 2012).

In the present study, there were differences in semen pH, sperm motility %, sperm concentration, and percent sperm

Table 2

Recovery of elements from digested samples.
Heavy metals Concentrations of Heavy metal added (ug/kg) Concentrations of heavy metal recovered (ug/kg) Recovery (%)
Arsenic (As) 5 4.48 89.6
Cadmium (Cd) 5 4.65 93
Lead (Pb) 5 4.71 94.2
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Table 3
Results of semen analyses and seminal plasma heavy metals in the control [normal males used for mating females] and infertile [lack of conception
after matings with fertile females during a 7 month period or for more than one breeding season] dromedary camels (mean = SEM).

Variables Control (n = 14) Infertile (n = 41) P - value
Age 8.67 = 1.29 8.39 + 0.48 —
Volume (mL) 7.71 = 0.45 7.67 = 0.68 —
Viscosity (0-5) 4.57 * 0.18 3.73 £ 0.25 —

pH 7.77% £ 0.10 8.07° + 0.07 P < 0.01
Motility (%) 66.117 = 1.46 5.93° + 1.41 P < 0.001
Sperm concentration (x10%/mL) 268.57* + 18.30 54.96° + 12.71 P < 0.05
Sperm abnormalities (%) 18.79% + 1.68 59.32" + 7.21 P < 0.01
Arsenic (As) ug/L 156.07* + 10.88 245.85" + 35.77 P < 0.01
Cadmium (Cd) ug/L 20.41% = 1.78 94.03" + 20.55 P < 0.01
Lead (Pb) ug/L 224.40* + 13.87 362.36" + 6.37 P < 0.0001

Means with dissimilar superscripts in the same row are different P < 0.05to P < 0.0001.
n = number of ejaculates.

Table 4
Heavy metals in serum of control [normal males used for mating females] and infertile [lack of conception after matings with fertile females
during a 7 month period or for more than one breeding season] dromedary camels (mean = SEM).

Serum toxic elements Control (n = 14) Infertile (n = 41) P - value
Arsenic (As) ug/L 100.22" + 4.88 173.71° + 4.62 P < 0.001
Cadmium (Cd) ug/L 22.13* + 3.57 74.70° + 12.38 P < 0.01
Lead (Pb) ug/L 212.68% + 12.63 353.29° + 10.23 P < 0.01

Means with dissimilar superscripts in the same row are different P < 0.01 and P < 0.001.
n = number of blood samples.

Table 5
Correlations Coefficients (r) of heavy metals between serum and seminal plasma of control [normal males used for mating females] and infertile
[lack of conception after matings with fertile females during a 7 month period or for more than one breeding season] dromedary camels.

Compounds Correlations Coefficients (r) of heavy metals between serum and seminal plasma
Control (n = 14) Infertile (n = 41)

Arsenic (As) ug/L —0.06 0.76*

Cadmium (Cd) ug/L —0.06 0.94*

Lead (Pb) ug/L 0.00 0.09

Values with astral superscript are different P < 0.05; n = number of blood and semen samples.

abnormalities between the control and infertile male camels. Similarly, Ali et al. (2014) and Waheed et al. (2014), (2018) reported
similar results in dromedary camels. The causes of abnormal spermatogenesis include gene defects, inflammation, testicular hypo-
plasia, testicular degeneration, nutritional deficiencies, and heavy metal toxicity (Blom, 1977; Johnson, 1997; Kennedy et al., 2002;
Tchounwou et al., 2012; Ali et al., 2014).

In the present study, there were differences in As, Cd, and Pb concentrations in both seminal plasma and serum between the
control and infertile male camels. In animals, inorganic As induces spermatotoxicity (Waalkes et al., 2003; Pant et al., 2004), alters
spermatogenesis, reduces concentrations of testosterone and gonadotropins, and inhibits testicular steroidogenesis (Sarkar et al.,
2003; Kim and Kim, 2015). In humans, As reduces the activities of approximately 200 enzymes, especially those related to cellular
energy pathways and DNA synthesis and repair (Ratnaike, 2003). Furthermore, blood As concentrations of greater than 5.8 ug/ L
were associated with lesser sperm motility in men (Meeker et al., 2008). This blood concentration value of As, however, is markedly
less than that detected in the present study (100.221 pg/L) in serum of control fertile dromedaries. When As concentrations exceed
the minimal for damaging biological tissues, there is a significant risk factor for lesser than optimal semen volume (Pizent et al.,
2012).

The effect of Cd on testes is primarily on the vascular system and appears to be manifested mainly in the Sertoli cells, germ cells
and Leydig cells (Boscolo et al., 1985; Waissmann, 2003). When Cd concentrations exceed the minimal for damaging biological
tissues, there is damaging effects on mitochondrial enzymes (Jequier, 2000) and less androgen production (Waalkes et al., 1999). In
men, results of some studies indicate there is no significant reproductive effect of occupational exposure to Cd (Mason, 1990;
McGregor and Mason, 1990). Results of several studies, however, indicate small amount Cd occupational exposure affects semen
quality and/or reproductive hormone concentrations (Pizent et al., 2012). Blood Cd concentrations of less than 1.5 ug/L have been
associated with decreased sperm concentration and number of sperm per ejaculate (Xu et al., 1993), decreased semen volume (Chia
et al., 1992; Xu et al., 1993), and increased percent of both sperm midpiece defects and immature sperm (Chia et al., 1992). In the
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present study, the serum concentration of Cd (22.125 ug/L) in control camels was greater than the value recorded in men with poor
semen quality. With acute Cd doses, there is a decrease in sperm counts in rats (Laskey et al., 1984).

In men, blood Pb concentrations of greater than 400 pg/L induce decreased sperm concentration, decreased sperm motility, and
increased abnormal sperm morphology, particularly of the sperm head (Cullen et al., 1984; Assenato et al., 1987; Gennart et al.,
1992; Hu et al., 1992; Lerda, 1992; Alexander et al., 1996; Robins et al., 1997; Alexander et al., 1998; TeliSman et al., 2000;
Eibensteiner et al., 2005). Similarly, in the present study, when there were serum concentrations of Pb of 353.288 ug/L values for
semen quality variables were less in the infertile dromedary camels. Nevertheless, there is an association between lesser semen
quality and Pb in seminal plasma, but not with blood Pb concentrations (Hernandez-Ochoa et al., 2005). In other studies, there has
not been found to be any association between seminal plasma Pb concentrations and lesser sperm concentrations in semen (Xu et al.,
2003; TeliSman et al., 2007). The effect of Pb on the reproductive variables is at least partly mediated through the interference with
zinc metabolism (Eibensteiner et al., 2005). Seminal plasma Pb concentrations are inversely correlated with the fertilizing capacity in
the process of in-vitro fertilization (Benoff et al., 2003). In mice, addition of Pb in the drinking water resulted in a decrease in sperm
concentrations by decreasing the number of layers of germ cells in the seminiferous tubules and disrupting germ cell alignment
(Wang et al., 2013).

5. Conclusions

In conclusion, relatively greater seminal plasma and serum concentrations of As, Cd and Pb are associated with lesser values for
semen quality variables and infertility in dromedary camels. Although, the equipment used for quantifying the heavy metal con-
centrations is expensive, it is recommeneded that there be closer assessment of heavy metals in serum and seminal plasma of
dromedaries when reproductive status of the animals is compromised.
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