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SUMMARY 

 

 The current study was conducted to evaluate the effects of maturation time (30 or 40 hours) on 

maturation rate (%) and two sources of spermatozoa; epididymal spermatozoa (G1), frozen semen 

(G2) and two insemination methods IVF (G1 and G2) and intra-cytoplasmic sperm injection (ICSI) 

(G3) on the cleavage rate and development competence of in vitro produced embryos as a trial to 

improve the reproductive efficiency of the dromedary camel. Cumulus oocytes complexes (COCs) were 

recovered from ovaries by slicing technique. Based on morphological characteristics (number of 

cumulus cells enclosed the oocytes and the clearance of the cytoplasm) only grade A and B oocytes 

were selected to be cultured in TCM-199 medium for maturation at 5% CO2 and 38.5 
ᵒ
C for 30 or 40 

hours. According to maturation results, the mature oocytes were subjected to two sources of 

spermatozoa. For G1, a number of 205 oocytes were inseminated with fresh epididymal spermatozoa 

(1x10
6
 spermatozoa/ml). In G2, a number of 290 oocytes were inseminated with frozen thawed semen 

(3x10
6
 spermatozoa/ml). Whereas in G3, 28 oocytes were denuded and inseminated (individually 

injected) by ICSI technique. The results showed a significantly (P≤0.05) higher maturation rate (83%) 

in oocytes subjected to 30 h compared to 40 h group (64%). There was no significant (P> 0.05) 

difference in cleavage rate between the three groups being 21, 20 and 23 % for G1, G2 and G3, 

respectively. Blastocyst rate calculated to fertilized oocytes was higher in G1 (8.27%) and G2 (8.33%) 

compared to G3 (5.5%). In conclusion, this study validates the first application of the ICSI technique 

as a successful method for embryo production in dromedary camel. Moreover, there is no difference 

between frozen and epididymal spermatozoa on blastocyst rate when applying in vitro fertilization. 
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INTRODUCTION 

 

 Dromedary camel is considered a multi-

purpose animal. It is used for milk, meat 

productions, transport and sports (Skidmore, 

2005). In Egypt, despite of its major important 

and high potential value, camel participate a 

small part in agriculture system for meat 

production with 47250 ton/year (FAO, 2013).  

 The reproductive efficiency of camels under 

natural conditions is approximately 40%, this is 

probably due to the relatively short breeding 

season, long pre-pubertal period, long gestation 

period, prolonged lactation period and the lack of 

use of assisted reproductive techniques 

(Skidmore, 2005). 

In vitro embryo production technology (IVP) has 

been successfully applied to number of animal 

species with different success rate (Gordon, 

2003). The purposes of produced embryos vary 

from commercial to research such as studies the 

pre-implantation development and application of 

new technologies. However, there is still a lack 

of application of such technique in camels 

(Skidmore, 2005).  

 Many trails were conducted to study the 

possibility of success of in vitro oocyte 

maturation in camelids and dromedary (Abdoon, 

2001; Torner et al., 2003; Khatir et al., 2004; 

Nowshari and Wani, 2005; Khatir and Anouassi, 

2006 and El-Sayed et al., 2012) indicating that 

preparation of semen and culture media are 

restricting the success on in vitro embryo 

production. 

Previous works aimed at reaching an appropriate 

protocol for in vitro camels’ embryo production. 

The results indicated that the success rate of 

reaching to blastocyst stage ranged from 14 to 

23% (Khatir and Anouassi, 2006; Abdoon et al., 

2007 and Wani, 2009).  

 Semen preparation is one of the corner 

stone’s on in vitro embryo production in camels. 

Different methods were used to separate good 

motile sperm to be used in in vitro fertilization 

step (Suthar and Shah, 2009). Fresh ejaculated 

spermatozoa have been used for IVF of 

dromedary oocytes with blastocyst rate up to 

23% (Khatir et al., 2004 and 2005), reduced to 

17% when epididymal spermatozoa were used 

after storing in tris extender (Nowshari and 

Wani, 2005). Up to the knowledge of the authors 
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rare data are available to describe the success 

rate of camel’s embryo production using frozen 

semen and little has done applying 

intracytoplasmic sperm injection (ICSI). This 

one is a powerful technique in the field of 

assisted reproduction technologies (ART). It 

implies the injection of the spermatozoa inside 

an oocyte, bypassing the natural process of 

sperm-oocyte interaction. It could be used in 

livestock species to solve the fertilization 

problems in IVF systems (García-Roselló et al., 

2009). Moreover, it can be very useful to use the 

sex-sorted semen in which spermatozoa are low 

in numbers and motility (Probst and Rath, 2003). 

 In this context, the current study was 

conducted to evaluate the effect of two sources 

of spermatozoa (epididymal spermatozoa and 

frozen semen) and two techniques of fertilization 

(intra-cytoplasmic sperm injection and in vitro 

fertilization) on the cleavage rate and 

development competence of in vitro produced 

embryos of dromedary camel. 

 

MATERIALS AND METHODS 

 

Chemicals and media: 

 Unless otherwise mentioned, all the 

chemicals and media constituents were 

purchased from Sigma-Aldrich Chemicals, 

Germany. 

 Dromedary camel frozen semen was obtained 

from artificial insemination and embryo transfer 

lab - Marriott Research Station - Desert Research 

Center, Alexandria, Egypt. 

 

In vitro maturation of oocytes: 

 A number of 376 dromedary camel ovaries 

were collected from two abattoirs (El-Bassatein 

and El-warrak).The collected ovaries were 

placed immediately after slaughtering into 

thermo flask contains normal saline solution 

(0.9% NaCl) supplemented with antibiotic (100 

IU penicillin and 100 µg streptomycin/ml) at 25-

30 ˚C and transported to the laboratory (Cairo 

University Research Park, Cairo University, 

Giza, Egypt) within two to four hours from 

slaughtering. Then, ovaries were washed once 

with ethanol (70%) to remove any 

contamination. Followed by final washing with 

pre-warmed (30 ˚C) phosphate buffered saline 

(PBS) supplemented with antibiotics (100 IU 

penicillin and 100 µg streptomycin/ml). All 

visible follicles on the ovarian surface (2–8 mm 

diameter) were sliced using normal sharp razor 

in a glass petri dish contains pre-warmed (30 ˚C) 

PBS. The harvesting medium containing the 

COCs transferred to glass tubes for 10 min for 

precipitation. Searching for COCs and grading 

has been done under stereo microscope (MZ6, 

Leica Microsystems, Wetzlar, Germany). Only 

good quality oocytes were selected and washed 

three times in washing medium (TCM-199 with 

HEPES - Gibco, Grand Island, NY, USA) 

supplemented with 10% (v/v) heat-treated (56 ˚C 

for 30 min) fetal bovine serum(FBS) and 

antibiotic(100 IU penicillin and 100 µg 

streptomycin/ml). Then, once in IVM medium 

(TCM-199 HEPES free - Gibco, Grand Island, 

NY, USA) supplemented with 0.3% Cysteine, 

10% FBS, 10 µg/ml FSH, 10 µg/ml LH, 20 

ng/ml EGF, 0.25 mg/ml Na
+
 pyruvate and 1 

mg/ml estradiol and antibiotic (100 IU penicillin 

and 100 µg streptomycin/ml) as final washing. 

Maturation medium was sterilized using 0.22 μm 

millipore syringe filters and incubated in CO2 

incubator two hours before using (Amer and 

Moosa, 2008). The oocytes were placed in four 

well plate each well contains 25 – 30 oocytes in 

400µl of IVM medium and covered with mineral 

oil then incubated in CO2 incubator at 38.5 ˚C in 

5% CO2 and humidity 95% in the air for 30 or 40 

hours depending on the experiment. 

 

Semen preparation: 

 For epididymal spermatozoa, testicles were 

collected within their scrotum under hygienic 

conditions and transported to the laboratory 

within one hour in an ice box at temperature 

between 25–30 °C using water bags. Each 

testicle was dissected away from its tunica 

vaginalis and other extraneous tissues, washed 3 

times by tab water and once by alcohol 70%. 

Various incisions in the tail of epididymis were 

performed with a scalpel and then, the 

spermatozoa were released and allowed to swim 

out by gently pressing that region manually in 6 

cm petri dish containing 5 ml sperm TALP 

(Parrish et al., 1986), for five to 10 min. The 

recovered spermatozoa were placed in 15 ml 

falcon tube in water bath at 37 ºC. For IVF, the 

sperm suspension was washed twice with sperm 

TALP by centrifugation at 250×g for 10 min 

each. The pellet was overlaid with fertilization 

medium (TALP supplemented with 4mg/ml 

BSA, 50 IU/ml penicillin and 10µg/ml heparin) 

and allowed to swim up for 1 hour in an 

incubator (5% CO2 and 38.5 ºC) with angle of 45 

degree. The motile spermatozoa were added to 

the oocytes at the concentration of approximately 

1×10
6
/ml (Wani, 2009). 

 For frozen semen, two 0.5 ml straws were 

thawed in water bath at 37˚C for 40 seconds (El-

Bhrawi, 2005). Straws were wiped with 70% 

ethyl alcohol before being opened. The content 

over layered on 5 ml of sperm washing medium 

(Sperm TALP medium) in a 15 ml falcon tube. 

Then, centrifuged twice at 300xg for 5 min each. 

The final pellet was re-suspended in appropriate 

volume (depending on the sperms concentration 

after washing) of pre-warmed fertilization 

medium (Fert. TALP medium) then the final 

sperm concentration was adjusted to 3x10
6
/ml 

(El-Sayed et al., 2012). 
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Conventional IVF: 
 Sperm suspension and matured oocytes were 

co-incubated in groups of 20 – 25 oocytes/ 400 

µl fertilization medium at 38.5 ºC, 5% CO2 and 

95% humidity in air for 18 h. 

 

ICSI: 
 For injection procedure an inverted 

microscope (DMI 3000B, Leica Microsystems, 

Wetzlar, Germany) has been used with micro-

manipulator system (NARISHIGI, Japan). 

 Amount of 1 µl of sperm suspension was 

added to a 10 µl drop of polyvinyl-pyrrolidone 

(PVP; 10%, FrtiPro, Belgium) shortly before 

microinjection. Thereafter, injection was done 

using a pipette with inner diameter of eight µm, 

and the holding pipette with 25 µm. Sperms were 

individually immobilized by targeting the mid 

piece, aspirated tail-first and injected into the 

ooplasm through the zona pellucida. The first 

polar body was adjusted to either six or 12 

o’clock position, and the injection pipette 

adjusted to three o’clock position. During the 

injection, cytoplasm was aspirated to approve 

that the oolema was broken. The spermatozoon 

was injected into the ooplasm with a minimum 

volume of medium at the 9 o’clock position 

(Shirazi et al., 2009) as shown in Plate 2. 

 

In vitro culture system: 

 After IVF or ICSI, the presumptive zygotes 

were transferred to a washing medium (TCM-

199 with HEPES supplemented with 10% (v/v) 

heat-treated (56 ˚C for 30 min) FBS and AA 

(100 IU penicillin and 100 µg streptomycin/ml), 

then cultured in a modified synthetic oviductal 

fluid (mSOF) medium supplemented with 5% 

FBS and AA (100 IU penicillin and 100 µg 

streptomycin/ml) in groups of 5 embryos per 100 

µl culture medium. Thereafter, the embryos were 

incubated at 38.5 ˚C in sterile filtered human 

lung air containing around 4% carbon dioxide 

and 16 to 17% oxygen using submarine 

incubation system (SIS) as stated by (Vajta et al., 

1997). 

 

Statistical analysis: 

 Data was statistically analyzed using IBM 

SPSS 22.0 Software Package (IBM corp., NY, 

USA, 2013). Independent-Samples T Test was 

used to analyze the effect of sperm source 

(epididymal and frozen), insemination methods 

(IVF and ICSI) on cleavage and blastocyst rates 

and to compare the maturation rates due to 

expansion and polar body for oocytes exposed to 

30h or 40 h maturation time. Results are 

expressed as means ± S.E.M. and the 

significance level was set at P<0.05. 

 

RESULTS AND DISCUSSION 

 

Effect of maturation time 

 The maturation rate (83%) according to 

expansion of cumulus cells for oocytes incubated 

for 30 h was significantly higher (P <0.05) than 

that for oocytes incubated for 40 h (64%). In 

addition, nuclear maturation rate that indicated 

by extrusion of the first polar body was higher in 

30h group but not significantly different (P 

<0.05) than 40h group as shown in Table 1. The 

results are in agreement with those obtained by 

Khatir et al. (2007) who found that incubation 

for 30 h has resulted in 84% maturation rate. The 

lower maturation rate resulted from 40 h 

maturation, maybe due to the tendency towards a 

higher percentage of degenerated oocytes as the 

culture period increased more than 30 h as 

reported before by Kafi et al. (2005). On the 

other side, this result is lower than that obtained 

by El-Nahla et al. (2014) who recorded 

maturation rate 92% for oocytes incubated for 40 

h and average of 80% extrusion of the first polar 

body. This discrepancy maybe due to the few 

numbers of trials which have been done on 

oocyte maturation testing the incubation time in 

dromedary especially when different media were 

used or the experiments were performed in 

different seasons.  

 

 

Table 1. Effect of different incubation periods on maturation rate 

Trait  40h  30h 

No. of oocytes  157  218 

Expansion (%)  64.3±4.0
 a
  83±2.0

b 

Polar body (%)  15.7±3.0
 a
  22.7±2.0

 a
 

Means within the same row having different superscript letters differ significantly at (P <0.05). 

 

Effect of sperms source and fertilization 

techniques on cleavage and blastocyst rates: 

 The results of this study (Table 2 and plate 2) 

show that the cleavage rate of the in vitro 

dromedary embryos resulted from fertilization 

by using epididymal spermatozoa, frozen semen 

or ICSI were not significant (P> 0.05) where it 

has recorded 21%, 20% and 23% respectively. 

There was no significant difference (P > 0.05) in 

the proportion of blastocyst resulted from 

oocytes fertilized with epididymal spermatozoa, 

frozen semen or ICSI (8.27%, 8.33% and 5.5% 

respectively). The result of epididymal 

spermatozoa regarding cleavage rate is higher 

than that obtained (17%) by Fathi et al. (2014) 

and it is related to that obtained by Moawad et 

al. (2012) who reported that  the cleavage rate 

was 26.8% in in vitro camel embryos. On the 
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other side this result using epididymal 

spermatozoa tended to be low compared to the 

results (37% - 43%) reported by Wani (2009) 

and Badr and Abdel-Malak (2010). The 

blastocyst rate resulted from oocytes fertilized by 

epididymal spermatozoa is higher than the rate 

(1.2%) obtained by Badr and Abdel-Malak 

(2010) and that (3%) obtained by Fathi et al. 

(2014) but comparable to the rate (10%) 

obtained by Wani (2009). The cleavage and 

blastocyst rates resulted from fertilization by 

frozen semen is considered to be high compared 

to the few studies of using frozen semen for in 

vitro production of camel embryos done by 

Abdoon et al. (2007) who reported 17% and 0% 

for cleavage and blastocyst rates respectively, 

and previous study reported by, El-Sayed et al. 

(2012) who reported 19% and 3.8% for cleavage 

and blastocyst rates respectively. The ICSI 

results even though the low percentage of 

blastocyst rate (5.5%) but according to the 

author’s knowledge it is considered to be novel 

in this species. 

 

Table 2. Effect of sperm sources and fertilization techniques on cleavage and blastocyst rates 

(mean ± S.E) 

Sperm 

source/technique 

No. of fertilized 

oocytes Cleavage rate Blastocyst rate 

Epididymal (G1) 290 21.2±1.7
 a
 8.27±2.3

 a
 

Frozen (G2) 205 20.7±2.0
 a
 8.33±2.5

 a
 

ICSI (G3) 28 23±9.3
 a
 5.5±5.0

 a
 

Means within the same column with different superscript letters differ significantly at (P <0.05). 

 

 In conclusion, the present results validate for 

the first time ICSI technique as a successful 

method for in vitro production of camel embryos 

with further investigations to enhance the 

success rate. Moreover, frozen semen could be 

used for in vitro production of camel embryos 

with comparable results as epididymal 

spermatozoa. 
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(A) (B) 

(C) (D) 

(E) 

Plate.1. Developmental stages of in vitro produced camel embryos showing: A- immature 

oocytes, B- mature oocytes with expanded cumulus cells, C- denuded mature oocyte with 

1
st
polar body, D- 2 cell stage embryo and E- blastocyst.   
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(A) 

(B) 

(C) 

1 

2 

Plate. 2. ICSI process: A- Sperm immobilization (arrows toward sperms) B- Adjusting the 

polar body to 6 or 12 o'clock (arrow toward polar body) C- Sperm injected into the ooplasm 

(arrow 1: the polar body to 12 o'clock, arrow 2: injection pipette penetrated the oolema with 

sperm inside). 
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 لوعولىا إنتاج أجنت اإلبل هعولٍا بإستخدام هصدرٌن للحٍواناث الونوٌت وتقنٍتٍن لالخصاب تقٍٍن

 
اشرف السٍد

1،2
جوال عاشور،

2
احود هحود كاهل، 

3
، خالد احود البحراوي

3
 

 

هجوع الوعاهل البحثٍت، كلٍت الزراعت، جاهعت  -1،الجٍزة،هصر.21623قسن االنتاج الحٍوانً، كلٍت الزراعت، جاهعت القاهرة،  -2
 ، هصرالقاهرة،بحوث الصحراءهركز  ،شعبت االنتاج الحٍوانى و الدواجن-3، الجٍزة هصر،21623القاهرة، 

 
عبػت ػيٚ ّغبت اإلّضبس ٗمزىل حأرٞش اعخخذاً ٍصذسِٝ ىيحٞ٘اّبث  03 -03حٌ إصشاء ٕزٓ اىذساعت ىخقذٝش حأرٞش فخشة اىخحضِٞ 

ذ(ٗحقْٞخِٞ ىإلخصبة، )اىحقِ اىَضٖشٛ ىيحٞ٘اُ اىَْ٘ٛ داخو اىغٞخ٘اٗ اىَْ٘ٝت )حٞ٘اّبث ٍْ٘ٝت ٍِ اىبشبخ َّ ٗ ببالصٍاىغبئو اىَْ٘ٛ اىَض

اإلخصبة اىَؼَيٚ( ػيٚ ّغبت االخصبة ٍٗشاحو اىخط٘س ٍب قبو اإلّغشاط ىألصْت اىَْخضت ٍؼَيٞب. فٜ ٍحبٗىت إلّخبس أصْتاىضَبه ٗحٞذة 

اىغْبً ٍؼَيٞب. حٌ صَغ اىب٘ٝضبث ٍِ اىَببٝض بإعخخذاً طشٝقت اىخششٝح. بْبءا ػيٚ اىخصبئص اىشنيٞت )ػذد طبقبث اىخالٝب اىَحٞطت 

ىإلّضبس  TCM-199فقظ ىنٜ حضسع فٜ بٞئت اىـ  (A&B)، ٗحضبّظ اىغٞخ٘بالصً( حٌ إخخٞبس اىب٘ٝضبث راث اىض٘دة اىؼبىٞت ببىب٘ٝضت

 عبػت. 03اٗ 03ربّٜ امغٞذ اىنشبُ٘ ىَذة  % 3ٗ ٍئ٘ٛ  3..0ػيٚ دسصت حشاسة 

ػذد  (G1)اىَضَ٘ػت األٗىٚ عبػت ححضِٞ خضؼج ىطشق إخصبة ٍخخيفت.  03طبقب ىْخبئش اإلّضبس، اىب٘ٝضبث اىْبحضت ٍِ  

x 13 1ب٘ٝضت حٌ اخصببٖب بحٞ٘اّبث ٍْ٘ٝت ٍِ اىبشبخ بخشمٞض ) 533
6

حٞ٘اُ ٍْ٘ٛ/ عٌ 
0

 593ػذد  (G2)(. فٜ اىَضَ٘ػت اىزبّٞت 

x 13 0ب٘ٝضت حٌ إخصببٖب ببعخخذاً عبئو ٍْ٘ٛ ٍضَذ ٍغبه )
6

حٞ٘اُ ٍْ٘ٛ/ عٌ 
0

ب٘ٝضت حٌ حؼشٝخٖب ٍِ اىخالٝب  .5(. ٗمزىل 

 .(G3)اىَحٞطت بٖب ٗحقْٖب بص٘سة ٍْفشدة مال ػيٚ حذٙ بطشٝقت اىحقِ اىَضٖشٛ

عبػت ٍقبسّت ببىَضَ٘ػت   03فٜ اىب٘ٝضبث اىخٜ خضؼج ىيخحضِٞ  %(0.ّغبت إّضبس ٍشحفؼت بص٘سة ٍؼْ٘ٝت )أظٖشث اىْخبئش  

ٝت فٚ ّغبت االّضبس اىَؼخَذة ػيٚ ظٖ٘س اىضغٌ اىقطبٚ االٗه. أٝضب ىٌ مزىل مبّج ْٕبك فشٗق ٍؼْ٘%(60)عبػت  03 اىَحضْتىَذة

ىيَضَ٘ػت األٗىٚ ٗاىزبّٞت %( 50%، 53%، 51)حنِ ْٕبك فشٗق ٍؼْ٘ٝت فٜ ّغبت االخصبة بِٞ اىَضَ٘ػبث اىزالد حٞذ عضيج 

قذ حٌ حغببٖب ببىْغبت ىيب٘ٝضبث اىَخصبت. عبػت. ٍغ ٍالحظت اُ ّغبت اىـبالعخ٘عٞغج  03ٗاىزبىزت ػيٚ اىخ٘اىٜ اىخٚ حٌ إّضبصٖب ىَذة 

 .%(3.3) ٍقبسّت ببىَضَ٘ػت اىزبىزت ػيٚ اىخ٘اىٜ (%00..ٗ  %.5..)ٗاظٖشث اىْخبئش اّٖب مبّج اػيٚ فٜ اىَضَ٘ػت األٗىٚ ٗاىزبّٞت 

ٚ اُ اىذساعت قذ اربخج ّغخخيص ٍِ ٕزٓ اىذساعت أّ َٝنِ اعخخذاً حقْٞت اىحقِ اىَضٖشٛ مطشٝقت إلّخبس أصْت اىضَبه. ببالضبفت اى 

خصبة اٗ إلاىَضَذ اٗ ٍِ اىبشبخ فٜ ّغبت ا أّ الٝ٘صذ إخخالف بِٞ اىحٞ٘اّبث اىَْ٘ٝت اىَخحصو ػيٖٞب ٍِ اىغبئو اىَْ٘ٛ

 اىبالعخ٘عٞغج ػْذ اعخخذاٌٍٖ فٜ اإلخصبة اىَؼَيٜ ىب٘ٝضبث اىضَبه.

 


