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Abstract 
This study aimed to evaluate the effect of altitude on some male fertility related traits in Saudi 
sheep and goats. Testicular tissues were collected from a slaughterhouse in Taif governorate (1800 
m above sea level) and Makkah governorate (sea level). Sperm characteristics (1 – individual 
motility, 2 – percent live sperm 3 – percent abnormal sperm) were examined. Semi-quantitative 
RT-PCR assay was used to evaluate the expression of IGF-II, StAR, LDLr and CYP11A genes. No 
significant effect of altitude on tested sperm parameters was revealed. Expression of IGF-II gene 
in both sheep and goats was significantly (P<0.05) higher at sea level compared to high altitude. A 
similar effect of altitude on StAR gene expression was only observed in goats, while in sheep the 
level of effect did not reach the significance threshold. Moreover, LDLr gene expression was sig-
nificantly (P<0.05) higher for both sheep and goats at high altitude than at sea level. The CYP11A 
gene expression was significantly (P<0.05) higher in high altitude sheep than in those raised at sea 
level, while the opposite trend was observed for goats. In conclusion, high altitude had an effect 
on the expression of some studied male fertility related genes, but sperm parameters were not 
significantly affected.
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Elevation above sea level reduces partial pressure of oxygen (PO2), which is 
known as hypobaric hypoxia (HH) (Reeves and Weil, 2001). During hypobaric hy-
poxia, multiple physiological processes are affected (Bustos-Obregon et al., 2006) 
such as reduction of fecundity in human populations resident at high altitude (Ver-
rati and Di Giulio, 2012; Bomhard and Gelbke, 2013). Exposure to HH for more 
than 60 days resulted in morphological injury in the seminiferous tissue, associated 
with energetic and metabolic alterations in spermatogenic cells (Farias et al., 2005). 
Exposure to chronic simulated hypobaric hypoxia (CSHH) induced damage in the 
seminiferous epithelium, a decrease of lipoperoxidation in spermatozoa and testicu-
lar tissue, and damage to the testicular and sperm morphology (Bustos-Obregon et 
al., 2006). Velickovic and Stefanovic (2014) stated that, in healthy men, chronic 
hypoxia induces a state of reversible oligozoospermia. A reduced sperm count can 
be related to the increase in germ cell apoptosis promoted by this hypoxic condition. 

Spermatogenesis is affected by high altitude exposure, particularly the onset of 
mitosis and spermiation in rat (Gasco et al., 2003) and human (Verrati and Di Gi-
ulio, 2012). It has been shown that hypoxia exposure induces a partially reversible 
decrease in semen volume, sperm count and sperm motility (Saxena, 1995; Ver-
ratti et al., 2008) and an increase in abnormal or immature spermatozoa in human 
(Verratti et al., 2008). Also, semen analyses of the members of the Masherbrum ex-
pedition (7821 m above sea level) showed a reversible sperm count decrease, an 
increase in abnormal shaped sperm but no change in semen volume (Okumura et al., 
2003). Damage to mature spermatozoa after hypoxia exposure was also described 
by Bustos-Obregon and Olivares (1982). Histological examination of rat testis after 
hypoxia showed changes in testicular morphology, loss of spermatogenic cells at all 
stages of the spermatogenic cycle, degeneration of the germinal epithelium and sper-
matogenic arrest, degeneration and sloughing of spermatogenic cells in occasional 
tubules and differences in the volume of the testis occupied by Leydig cells (Gosney, 
1984; Farias et al., 2005). These changes are associated with an increase in intersti-
tial space and in testicular mass, a decrease in height of the seminiferous epithelium, 
depletion of cellular elements and vacuolization in epithelial cells and folding of the 
basal membrane (Farias et al., 2005).

High attitude exposure stressors such as cold and hypoxia are known to have 
profound effects on genome-wide pattern of gene expression (Cheviron et al., 2008; 
Cheviron and Brumfield, 2012). The exposure to high altitude hypoxia affected the 
expression of both IGF-I and IGF-II in female sheep (Parraguez et al., 2013). Adrenal 
mRNAs for CYP17, CYP11A1, and the ACTH receptor were significantly reduced 
in high altitude sheep compared with levels shown in controls (Myers et al., 2005).

Several genes are controlling the male fertility process. Insulin-like growth fac-
tor II (IGF-II), cholesterol, Steroidogenic Acute Regulatory (StAR), low density li-
poprotein receptor (LDLr) and Cytochrome P450 (CYP11A) genes are involved in 
many steps of spermatogenesis and testosterone production. IGF-II gene expression 
has been localized by in situ hybridization in testis and epididymis and found to be 
increased by treatment with FSH and LH (Dombrowicz et al., 1992). IGF-II is pro-
duced locally in the testis and found to play an important role in the local regulation 
of testicular function (Peters et al., 2003).
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Male fertility depends mainly on de novo synthesis of androgens from choles-
terol. Steroidogenic Acute Regulatory (StAR) gene encoding protein transfers cho-
lesterol from the outer membrane to the inner mitochondrial membrane (Luo et al., 
2011). StAR is considered to be the limiting step in testosterone biosynthesis and 
reduced StAR is always found in testicular dysfunction (Wang et al., 2010). Low 
density lipoprotein receptor (LDLr) gene plays an important role in male fertility by 
mediating the endocytosis of LDL and other cholesterol-carrying particles. Impair-
ment of LDL receptor activity results in the accumulation of LDL in the circula-
tion and decreased level inside cell which in turn decreases testosterone biosynthesis 
from cholesterol (Fagundes et al., 2005).

Cytochrome P450, a gene encoding cholesterol side-chain cleavage enzyme 
(CYP11A) is affected by steroidogenesis. CYP11A is a mitochondrial enzyme that 
catalyzes conversion of cholesterol to pregnenolone. This is the first reaction in the 
process of steroidogenesis in all mammalian tissues that specialize in the production 
of various steroid hormones (Hanukoglu, 1992).

Most findings about altitude effects have been examined in humans and experi-
mental animals, less is known about small ruminants. Therefore, the present work 
aimed to study the effect of altitude on some sperm characteristics (motility, live 
percentage and abnormalities percentage) and expression of testicular genes (IGF-II, 
StAR, LDLr and CYP11A) in Saudi ovine and caprines.

Material and methods

This study was carried out in 2 regions (Taif as a high altitude region and Makkah 
as a sea level region). Testicular tissues from Sawakni sheep breed and Harri goat 
breed were collected from slaughterhouses in both areas under completely sterile 
conditions. Samples were collected from both goat and sheep breeds of the same 
mature age. Testicular samples (approximately 100 mg per sample) were taken im-
mediately after slaughter in TriZol for RNA extraction and gene expression analysis 
and stored at –80ºC. The rest of testicular sample were transferred to the laboratory 
for sperm analysis.

Sperm analysis 
The epididymal sperm was collected according to Blash et al. (2000) with some 

modification. The testes were removed from the scrotal sac within 5 to 10 minutes, 
placed in an insulator box and transported to laboratory and processed individually. 
The parietal tunic was removed leaving the tail of the epididymis exposed. A small 
lateral incision was made along the tail of the epididymis to open the convoluted 
tubules and put in petri dish with 3.025 g Tris, 1.7 g citric acid, 1.25 g fructose (TFC) 
supplemented with 5.5 mg tylosin, 27.5 mg gentamycin, 16.5 mg lincospectin, and 
330 mg spectinomycin per 100 ml. Spermatozoa were sedimented by gentle centrifu-
gation at 800 X g (1200 rpm) for 5 min at 30°C and the pellet was washed twice with 
TFC medium to remove contaminating epididymal plasma. The cells were dispersed 
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in the same medium and this preparation of spermatozoa was used for the experi-
ments. 

Individual sperm motility was assessed by bright field microscopy. Diluted sperm 
was examined microscopically using adjusted hot stage microscope at 38ºC. Indi-
vidual sperm motility percent was determined on a subjective scale of 0–100% to the 
nearest 5% after examining several microscopic fields. The percentage of live and 
abnormal sperms was assayed by staining smears with eosin-nigrosin (Campbell et 
al., 1956). A total of 200 sperm cells were examined randomly. Total sperm abnor-
malities and live percentage were recorded.

RNA extraction
For preparation of total RNA, frozen samples were thawed then homogenized 

using a Polytron 300 D homogenizer (Brinkman Instruments, Westbury, NY). Then 
0.3 ml chloroform was added to the homogenate. The mixtures were shaken for  
30 seconds followed by centrifugation at 4°C and 12,500 rpm for 15 min. The su-
pernatant aqueous clear layer was transferred to a new set of tubes, and an equal 
volume of isopropyl alcohol was added to the samples, shaken for 15 seconds and 
centrifuged at 4°C and 12,500 rpm for 15 min. The RNA pellets were washed with 
70% ethanol, briefly dried up and then dissolved in diethylpyrocarbonate (DEPC) 
water. RNA concentration and purity were determined spectrophotometrically at 260 
nm using Bio-RAD-SmartSpec Plus spectrophotometer. The ratio of the 260/280 
optical density of all RNA samples was 1.7–1.9 to check the purity of RNA used for 
RT-PCR analysis.

cDNA synthesis and semi-quantitative PCR analysis
For synthesis of cDNA, a mixture of 2 µg total RNA and 0.5 ng oligo dT primer 

in a total volume of 11 µl sterilized DEPC water was incubated in an Eppendorf® 
thermal cycler at 65°C for 10 min for denaturation. Then, 4 µl of 5X RT-buffer, 2 µl 
of 10 mM dNTPs and 100 U Moloney Murine Leukemia Virus (M-MuLV) Reverse 
Transcriptase (SibEnzyme Ltd. Ak, Novosibirsk, Russia) were added and the total 
volume was completed up to 20 µl by DEPC water. The mixture was then re-incu-
bated in the thermal cycler at 37°C for 1 h, then at 90°C for 10 min to inactivate the 
enzyme. Specific primers for examined genes (Table 1) were designed using Oligo-4 
computer program and synthesized by Macrogen (Macrogen Company, GAsa-dong, 
Geumcheon-gu, Korea). PCR was conducted in a final volume of 25 µl consisting 
of 1 µl cDNA, 1 µl of 10 picomolar (pM) of each primer (forward and reverse), and 
12.5 µl PCR master mix (Promega Corporation, Madison, WI) volume was brought 
up to 25 µl using sterilized, deionized water. PCR was carried out using an Ep-
pendorf® thermal cycler with the cycle sequence at 94°C for 5 minutes per cycle, 
followed by different cycles according to each gene; each cycle consisted of dena-
turation at 94°C for one minute, annealing at the specific temperature corresponding 
to each primer and extension at 72°C for 1 minute with additional final extension 
at 72°C for 7 minutes. Changes in mRNA level were detected using RT-PCR and 
calculated as proportion of the target gene amplification product to the amplifica-
tion product of housekeeping gene 18s mRNA. Names and sequences of the used 
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specific primers are illustrated in Table 1. PCR products were electrophoresed on 
1.5% agarose gel (Bio Basic Inc., Markham Ontario, Canada) stained with ethidium 
bromide in Tris-Borate-EDTA (TBE) buffer. PCR products were visualized under the 
UV light and documented using a GeneSnap 4.00 Gene Genius Bio Imaging System 
(Syngene; Frederick, Maryland, USA). The intensities of the bands were quantified 
densitometrically using ImageJ software (http://imagej.en.softonic.com/). 

Table 1. Primer sequence and PCR conditions of examined genes using RT-PCR analysis in testicular 
tissues of sheep and goat

mRNA 
expression Forward primer (5‘-3‘) Reverse primer (5‘-3‘) PCR cycles and annealing 

conditions
IGF-2 
(277bp)

5‘-CGTGGCATCGTGGAA-
GAGTGT- 3’

5-GGTGACTCTTGGC-
CTCTCTGA-3’

30 cycles, 60°C for 1 min

LDLr 
(337 bp)

5’- GACGAGGAGAACTGC-
GATGT-3’

5‘-GGCACTCATAGC-
CGATCTTG-3’

33 cycles, 60°C 1 min

StAR 
(393bp)

5-’GGTTCTCAGCTGGAA-
GACAC-3’

5’-GGTACAGCCGACACT-
CACAA-3’

33 cycles, 60°C for 1 min

CYP11a 
(304 bp)

5’-CTCGGCAACTTG-
GAATCTGT-3’

5’-AGCCATTACCTCCGT-
GTTCA-3’

35 cycles, 60°C for 1 min

Ovine 18S 
(315 bp)

5’-CGATGCTCTTAGCT-
GAGTGT-3’

5-GGAACTACGGTATCT-
GA-3’

28 cycles, 59°C 1 min

PCR cycles of respective genes are shown, while temperature and time of denaturation and elongation steps 
of each PCR cycle were 94°C, 30 sec and 72°C, 60 sec, respectively.

Statistical analysis
Results are expressed as means ± standard error (SE). Statistical analysis was 

done using ANOVA and Fisher’s post hoc test, with P<0.05 being considered as 
statistically significant.

Results

Effect of high altitude on sperm characteristics in sheep and goats
The changes in motility, percentages of live and abnormal sperms were shown in 

Table 2. As seen in Table 2, sperm motility and live percentage were low in goats and 
sheep from Taif compared to Makkah area. Abnormal sperm percentages were high 
in goats and sheep from Taif compared to Makkah area but did not reach the level 
of significance. The overall results showed that high altitude affected tested sperm 
parameters without significant effect in both sheep and goats.

Table 2. The sperm characteristics of goats and sheep from Taif and Makkah areas (values are  
mean ± standard error)

Motility (%) Live Sperm (%) Abnormal Sperm (%)
Taif Makkah Taif Makkah Taif Makkah

Goat 71.11±2.17 73.89±1.82 87.44±3.28 88.33±1.39 14.44±1.09 13.33±0.82
Sheep 75.00 ±1.86 77.22±1.21 89.44±1.64 90.78±1.26 10.33±0.78 9.00±0.41
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Effect of high altitude on IGF-II gene expression in sheep and goats
The results of IGF-II mRNA expression in sheep and goats from high altitude and 

sea level were shown in Figure 1. Densitometric analysis (Figure 2) showed that the 
expression of IGF-II in Makkah was significantly higher (P<0.05) than in Taif area 
in both sheep and goats.

Figure 1. RT-PCR analysis of IGF-II expression in testis of sheep (S) and goats (G) in different altitude 
areas

Figure 2. Densitometric analysis of IGF-II expression in testis of sheep at Taif and Makkah area. Val-
ues are expressed as means ± standard error. Means are significant at *P<0.05

Effect of high altitude on StAR gene expression in sheep and goats
The effects of altitude exposure on mRNA level of testicular StAR in sheep and 

goats were determined by RT-PCR analysis. As shown in Figures 3 and 4, high al-
titude (Taif area) decreased mRNA level of StAR in testes of both sheep and goats. 
The effect of high altitude was found to be only significant in goats.
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Figure 3. RT-PCR analysis of StAR expression in testes of sheep (S) and goat (G) in different altitude 
areas

Figure 4. Densitometric analysis of the expression of StAR in testis of sheep in Taif and Makkah area. 
Values are expressed as means ± standard error. Means are significant at *P<0.05

Effect of high altitude on LDLr gene expression in sheep and goats
Patterns of LDLr gene expression are shown in Figure 5. Densitomteric analysis 

(Figure 6) showed a significant increase in gene expression level at high altitude 
(Taif) compared to Makkah (sea level) for both species.

Figure 5. RT-PCR analysis of LDLr expression in testes of sheep (S) and goat (G) in different altitude 
areas
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Figure 6. Densitometric analysis of the expression of LDLr in testis of sheep in Taif and Makkah area. 
Values are expressed as means ± standard error. Means are significant at *P<0.05

Effect of high altitude on CYP11A gene expression in sheep and goat
Ambiguous patterns of CYP11A gene expression were detected for both altitude 

and species (Figures 7 and 8). The gene expression of CYP11A in sheep raised at 
Taif (high altitude) was found to be significantly higher than that for sheep raised at 
Makkah (sea level). However, for goats raised at Makkah (sea level) CYP11A gene 
expression was found to be significantly higher than for goats raised at Taif (high 
altitude). 

Figure 7. RT-PCR analysis of CYP11A expression in testes of sheep (S) and goat (G) in different 
altitude areas

Figure 8. Densitometric analysis of the expression of CYP11A in testis of sheep in Taif and Makkah 
area. Values are expressed as means ± standard error. Means are significant at *P<0.05
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Discussion

High altitudinal hypobaric hypoxia acts as a stressor that reduces fecundity (Var-
gas et al., 2011). Low fertility was observed in human populations residing at high 
altitude (Abelson 1976; Verratti and Di Giulio, 2012).

The obtained results of sperm characteristics in sheep and goats show the absence 
of significant differences between the two regions: Taif (1800 m above sea level) and 
Makkah (sea level). Our results are contrary to the reports in men (Okumura et al., 
2003), rat (Cikutovic et al., 2009), and mice (Vergas et al., 2011), which confirmed 
the effect of high altitude on sperm motility, live and abnormality percentages, but 
are in accordance with those obtained by Garcia-Hjarles (1989) who examined se-
men volume and sperm motility in healthy men at sea level and at moderate altitude 
(4300 m). The author found sperm volume and motility to be insignificantly lower at 
moderate altitude compared to sea level. These insignificant variations may be due 
to moderate altitude of the Taif region, accompanied by moderate level of hypoxia 
that in turn moderately affects the studied sperm characters. Two other possible ex-
planations are either the acclimatization process undergone by animals kept in Taif 
governorate or/and sample size.

High altitude altered the mRNA expression of IGF-II, StAR, LDLr and CYP11A 
(genes related to stability of fertility). The decrease in percentage of live, motile and 
abnormal forms of sperms reported in our study is consistent with the decrease in 
mRNA expression of steroidogenesis related enzymes essential for testosterone bio-
synthesis and normal sperm production. Moreover, another possible explanation is 
the decrease in oxygen concentration inside testicular tissues and consequently low 
anaerobic glycolysis as reported by Abdulmalek et al. (2001).

There are some indirect evidences that the insulin like growth factors axis might 
be involved in preserving precursor and immature Leydig cell (LC) pools, as well as 
in the modulation of local steroidogenesis (Ge et al., 2006). As in an IGF-I KO mice 
model, Baker et al. (1996) found a reduced number of mature LCs, and Wang et al. 
(2003) reported that IGF-I was a critical factor in the control of adult LC number and 
LC maturation. Therefore, the presence of IGF-I was required for cell maturation 
and function. In addition, it has been reported that IGFs increase proliferation and 
differentiation of rodent LC precursors, as well as the steroidogenic response to LH, 
in fetal and adult LCs in culture (Wang et al., 2003). Parallel to that well established 
data, IGFs especially IGF-II plays a role in improvement of male infertility (Nakay-
ama et al., 1999; Colon et al., 2005; Berensztein et al., 2008; Park et al., 2010). Our 
findings showed that IGF-II gene expression was lower in Taif than Makkah breeds. 
This result might be due to the elevation above sea level in Taif area. Elevation 
above sea level negatively affected the secretion of both growth hormone and follicle 
stimulating hormone (FSH) (Nelson et al., 1975; Ҫoksevim et al., 2006), where both 
hormones are the main controller of IGF production (Park et al., 2010). 

Our findings revealed down regulation of StAR gene expression in Taif area 
compared to Makkah area for both sheep and goats. This down regulation of StAR 
mRNA level at high altitude could be attributed to the direct effect of hypoxia on 
testicular cells as stated by Zhang et al. (2012, 2013), who reported that the decrease 
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in StAR expression by the intermittent hypoxia causes a low oxygen tension in the 
bloodstream leading to damage of cellular organelles, reduction of serum testoster-
one, abnormal sexual behaviour and marked changes in morphology of the testes. 
Another possible explanation of the down regulation of StAR gene might be due to 
the oxidative stress induced by high altitude, since STAR gene expression is found to 
be sensitive to different stressors such as insecticides (Wang et al., 2010) and aflatox-
ins (Adedara et al., 2014). On the other hand, contradictory findings were obtained 
by Bruder et al. (2007) and Vargas et al. (2011). They reported that high expression 
of StAR gene was higher at induced hypoxia. This contradiction might be ascribed 
to the differences in organs used in both studies, as their study was carried out on 
adrenal glands and not on testicular tissues. 

A significant increase of LDLr gene expression in Taif compared to Makkah area 
in both sheep and goats was observed. As LDLr and StAR are considered as key 
players for influx of cholesterol inside the mitochondria to start testosterone syn-
thesis and production, so the observed increase of LDLr gene expression might be  
a compensatory mechanism for the decline in StAR gene expression. The results 
were in agreement with Bruder et al. (2007).

As is known, CYP11A is the enzyme that catalyzes the conversion of cholesterol 
to pregnenolone. Our results revealed a significant increase in sheep CYP11A gene 
expression in Taif compared to Makkah area; this escalation in gene expression may 
be another compensatory mechanism for decrease in StAR gene expression. The 
increase of CYP11A gene expression in response to different stressors induced by 
altitude is in agreement with the findings of Adedara et al. (2014), who found an 
increase in CYP11A gene expression as a response to aflatoxin treatment and ex-
plained the increase as a homeostatic adjustment triggered by decreased cholesterol 
availability. Chung et al. (2011) emphasized that the benzo[a]pyrene (insecticide) 
increases the CYP11A gene expression with marked decrease in androgen secretion.  
In goat CYP11A gene expression was lower in Taif than Makkah and was not af-
fected by the stress induced by high altitude. Moreover, exposure to cypermethin 
(insecticide) did not affect the expression of CYP11A. Inconsistency of results of 
CYP11A gene expression between sheep and goat breeds shows a different response 
between species to stress induced by high altitude (Wang et al., 2010). Further and 
thorough investigations are needed to outline the direct in vitro effects of altitude 
on the expression of steroidogenesis related enzymes in ovine and caprine testicular 
cells.

Conclusions 
High altitude above sea level affected the expression of studied fertility related 

genes but not sperm parameters in sheep and goats. Moreover, there was no stereo-
typic influence of high altitude on expression of the four male reproductive related 
genes considered in the present study, since the response of the gene expression 
varied with the altitude and species as well. Due to the importance of reproduction 
process, the presence of compensatory mechanism (to any possible fluctuation in 
gene expression) is a biological tool to maintain a certain level of reproduction, such 
that down regulation in expression of some genes is compensated by up regulation 
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of another. This mechanism may provide an explanation for the results of the present 
study.
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