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Abstract: Culture conditions for in vitro embryo production (IVP) in domestic species have 

been improved in recent years. Despite the low reproductive performance, camels are probably 

the last large domestic species to experience the benefit from these in vitro culture techniques. 

The aim of the present study was to compare the in vitro maturation (IVM) of camel oocytes 

in different culture media. The effect of epidermal growth factor (EGF) on camel oocyte 

maturation was also examined. 

Oocytes (n=8805) were aspirated from 604 camel ovaries during the breeding season. Selected 

oocytes were cultured in TCM-199 and CR1aa media at 38.5 ºC, under 5% CO2 for 40 h. 

Oocytes were also matured in culture media supplemented with EGF (20 ng/ml).Maturation of 

camel oocytes was assessed at end of incubation. Assessment of cytoplasmic maturation of 

camel oocytes was carried out through 4 grades (G0, G1, G2 and G3) of cumulus cell 

expansion. Nuclear maturation rate (MII) was calculated based on number of oocytes with 1st 

polar body. 

In the present study, retrieval rate of camel oocytes was 14.58%. TCM-199 and CR1aa culture 

media for camel oocytes showed no significant differences in cytoplasmic maturation 

expressed as G3 cumulus expansion (66.02%, 63.43% respectively) and nuclear maturation 

expressed as MII (77.90%, 79.01 % respectively).Addition of EGF (20 ng/ml) to the TCM-199 

maturation medium significantly increased the proportion of camel oocytes reaching 

cytoplasmic maturation rate (G3, 72.46%) and nuclear maturation metaphase II (MII, 87.93 

%).When present in CR1aa maturation medium, EGF significantly improved cytoplasmic 

maturation rate (G3, 68.98%) with 82.00% nuclear maturation rate (MII) of camel oocytes. 

Hence, our data indicate that TCM-199 and CR1aa media are suitable for in vitro maturation 

of camel oocytes. EGF supplementation improves camel oocyte maturation especially in TCM-

199 culture medium. 
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Introduction 

 The camel has been a very important animal for centuries in the desert regions and is gaining popularity 

in many countries of the world because of its ability to survive and perform well under arid and semi-arid climatic 

conditions. Development of camel racing in the Middle East has led to increased interest in improving 

reproductive efficiency. The low reproductive performance is one of the most important factors affecting camel 

productivity 1,2,3,4,5,6,7. 

 Reproductive technologies have been developed to improve reproductive efficiency and genetics of 

animals as well as for infertility treatment. Great progress has been made in most farm animals. The camelids are 

probably the last large domestic species to experience the benefit from these technologies8,9,10,11,12,13,6,7.  

 In vitro production of embryos (IVP) is an important reproductive biotechnology for the multiplication 

of genetically superior animals and the preservation of genetics. Methods for (IVP) are prevalent for cattle; proved 

by the birth of innumerable calves worldwide14. In camelids, relatively limited information is available on 

development of this technology. The production of embryos by IVM/IVF in camelids was first reported in llamas 
15, however, the first offspring’s were produced in dromedary camel in 2006 by Khatir and Anouassi16.  

 Improvement of in vitro embryo production is mainly dependent on oocyte developmental competence. 

One of the most important factors regulating the number and quality of oocytes maturing in vitro, is the culture 

system used for IVM. The components of the culture media and culture conditions can affect and even modulate 

the meiotic regulation of mammalian oocytes17,18,19. Culture conditions for in vitro maturation in other domestic 

species have been improved in recent years such that nowadays a large percentage of oocytes successfully 

complete nuclear maturation20,21,22;Therefore, it is necessary to devise and optimize culture system that takes into 

account all the factors essential for the completion of oocyte maturation in vitro 23. 

 TCM-199 and CR1aa media were used successfully for the in vitro maturation of domestic species 
19,24,25,26,27. Moreover, the culture employed in IVM not only affect the proportion of the oocytes to reach 

metaphase II (MII) and become cable of undergoing in vitro fertilization, but can also influence subsequent 

embryonic development 28,29,23. It has also been demonstrated that epidermal growth factor (EGF) participates in 

the regulation of many ovarian function as a potent mitogen for granulosa cells30, a biological amplifier of FSH 

action in the ovary 31  and a better oocyte maturation rate32.  

The present study was carried out to evaluate the: 

1. Influence of maturation media (TCM-199 and CR1aa) on in vitro maturation (IVM) of camel oocytes 

(Experiment 1). 

2. Effect of addition of epidermal growth factor (EGF) to the in vitro maturation media on maturation rate of 

camel oocytes (Experiment 2). 

Materials and Methods 

 The present study was conducted in the Department of Animal Reproduction and Artificial Insemination, 

Veterinary Research Division, National Research Center, Cairo, in collaboration with the Department of 

Theriogenology, Faculty of Veterinary medicine, Cairo University. The experimental work was carried out during 

the breeding season for two successive years from November (2013, 2014) to March (2014, 2015). 
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1. Materials: 

1.1. Ovaries: 

 Ovaries (n=604) were collected from camels of unknown reproductive history, at El-Bassatin main 

slaughterhouse in Cairo. 

1.2. Chemicals: 

          All chemicals and media used in the present work were purchased from Sigma-Aldrich (Saint. Louis, 

MO, USA) unless otherwise mentioned.  

1.3. Media:  

1.3.1. Aspiration medium 

 Phosphate buffer saline (PBS) supplemented with 3 mg/ml bovine serum albumin (BSA) and 50 µg/ml 

gentamycin was used as aspiration medium. 

1.3.2. Basic maturation media                                                                           

 9 m1 TCM-199 or CR1aa media were supplemented with10% fetal calf serum (FCS, Sigma), 10µg/m1 

FSH (Foltrobin-V) and 50 µg/m1 gentamycin sulphate with or without addition of 20 ng/m1 epidermal growth factor 

(EGF, Sigma). All media were sterilized before use by passing through Millipore filter 0.22 µm in diameter fitted 

on 10 ml syringe to remove bacteria particulates32. 

2. Methods 

2.1. Ovaries Collection 

 Camel ovaries were selected from main slaughterhouse in Cairo and placed into a thermos containing 

warm normal saline solution (NSS, 0.9% NaCl) at 37ºC to be  transported to the laboratory within 2-3 h. At the 

laboratory, the ovaries were washed once with 70% ethanol and at least three times in normal saline (NSS) 

supplemented with 100 IU/m1 penicillin and 100 µg/m1 streptomycin33. 

2.2. Retrieval Rate of Camel Oocytes 

Camel ovaries (604) were selected for aspiration of oocytes. Retrieval rate was calculated by dividing 

total number of aspirated oocytes by total number of ovaries X100. 

2.3. Cumulus Oocytes Complex (COCs) 

 The cumulus oocytes complex (COCs) were aspirated from  2-8mm diameter follicles using sterile 

disposable 10 ml syringe with 18 gauge needle containing 1 m1 of aspiration medium (PBS).  

 The contents of each syringe were placed into 15 ml sterile Falcon tube (Falcon, USA) and kept in water 

bath at 37ºC for 15 minutes, allowing oocytes to settle down. The sediment at the bottom of the falcon tube was 

aspirated using pasture pipette and placed into sterile Petri dish (Nunclon, Denmark) containing 5ml aspiration 

medium (5ml PBS plus 3mg/ml bovine serum albumin BSA, Sigma, USA) for searching oocytes under 

stereomicroscope (Olympus, Japan) at 90x. 

2.4. Oocytes Quality  

 Camel oocytes quality (COCs) was determined according to Kandil et al. (2014) and classified under 

stereomicroscope (90X) into four categories (Figure 1) based on their cumulus investment and evenly granulated 

ooplasm as follows:  

Excellent quality (EX.): oocytes with five or more layers of complete cumulus-cells and evenly granulated dark 

ooplasm.  
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Good quality (G.): oocytes with 1-4 layers of cumulus-cells and evenly granulated dark ooplasm.  

Fair quality (F.): oocytes with cumulus-cells incompletely surrounding the oocytes and little granulation in 

ooplasm.  

Denuded (D.): oocytes without cumulus cells and covered by zona pellucida. 

2.5. Experiments 

2.5.1. Experiment1: Effect of Culture Media (TCM-199 and CR1aa) on In Vitro Maturation (IVM) Rate 

of Camel Oocytes 

 Excellent and good oocytes with more than 3 layers of cumulus-cells were selected for in vitro maturation. 

Selected oocytes were cultured in two culture media (IVM): TCM-199 and CR1aa34,24. Selected oocytes were 

matured in 9m1 TCM-199 (Sigma) or 9m1 CR1aasupplemented with10% fetal calf serum (Sigma), 10µg/ml FSH 

(Sigma) and 50 mg/ml gentamycin. Cultured oocytes were incubated in 5% CO2 at 38.5ºC for 40 h. 

2.5.2. Experiment II: Effect of Addition of Epidermal Growth Factor (EGF) to the Culture Media on 

Maturation Rate of Camel Oocytes  

 Excellent and good oocytes were cultured in TCM-199 and CR1aa media with addition of 20 ng/ml 

epidermal growth factor (EGF, Sigma) at 38.5 ºC, under 5% CO2 for 40 h in humidified air 34.24. 

2.5.3. Assessment of Maturation of Camel Oocytes 

 Assessment of cytoplasmic and nuclear maturation of camel oocytes was carried out according to Abd 

El-Kader 35. Cumulus oocytes complexes (COCs) maturation was judged into 4 grades (G0, G1, G2, G3), 

according to degree of cumulus-cell expansion (Cytoplasmic maturation). 

Grade 0 (G0): with no expansion. 

Grade 1 (G1): with slight expansion in the outer layer of cumulus-cells. 

Grade 2 (G2): with moderate expansion. 

Grade 3 (G3): with full expansion. 

  At the end of maturation period, oocytes were recovered from the culture medium. Cumulus-cells were 

removed to count the number of oocytes with first polar body in the perivetteline space as matured oocytes 

(Nuclear maturation).Nuclear maturation (MII) rate was calculated (number of oocytes with 1st polar body divided 

on the total number of cultured oocytes X100). 

2.3. Statistical Analyses 

 Data were expressed as mean ±standard error (SE). The significance of differences was tested by paired 

t-test and analysis of variance (ANOVA) followed by post hoc test. Statistical analyses were performed using 

SPSS. The percentage differences were carried out by using decision analyst STATS 2.0. 

Results 

1. Retrieval Rate of Camel Oocytes 

  The camel oocytes (n=8805), aspirated from 604camel ovaries during the breeding season, characterized 

by high number of excellent and good quality oocytes (n= 8161) compared to low number of fair and denuded 

oocytes (n=644) (Figure 1, Table 1). The retrieval rate was 14.58% (8805/604%). 
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Table 1: Retrieval rate of aspirated camel oocytes 

Items Total No. 

Number of ovaries 604 

Total number of oocytes 8805 

Excellent and good oocytes 8161 

Fair and denuded oocytes 644 

Retrieval rate 14.58% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Different quality of immature camel oocytes: Excellent (EX), Good (G), Fair (F) and Denuded 

(D) under inverted microscope 200X 

2. Effect of Culture Media on In Vitro Maturation Rate of Camel Oocytes 

2.1. Cytoplasmic Maturation  

 Table 2 shows the number (M±SE and sum) of excellent and good oocytes cultured in the TCM-199 and 

CR1aa media. The cytoplasmic maturation (Figure 2) expressed as cumulus expansion G3and G2was not 

significantly higher in TCM-199 (66.02% and 24.22% respectively) when compared with CR1aa (63.43% and 

22.86% respectively). The G1 and G0 expansion showed significance difference (P<0.05) between TCM-199 

(7.28% and 3.21% respectively) and CR1aa (6.69% and 7.02% respectively). 
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Table 2. Effect of TCM-199 and CR1aa maturation media with or without EGF on the in vitro 

maturation (Cumulus expansion rate) of camel oocytes 

Group 

No. of oocytes G3 G2 G1 G0 

mean 

± SE  
Sum 

mean ± 

SE 
% Sum 

mean ± 

SE 
% Sum 

mean ± 

SE 
% Sum 

mean ± 

SE 
% Sum 

TCM-

199 

144.64 

± 

5.13a 

2170 

94.57 

± 

2.61b 

66.02 

± 

1.89c 

1419 

34.86 

± 

2.64a 

24.22 

± 

1.68a 

523 

10.64 

± 

0.88a 

7.28 

± 

0.49bc 

160 

4.57 

± 

0.96b 

3.21 

± 

0.71b 

69 

TCM-

199 

+EGF 

136.21 

± 

5.68ab 

2043 

98.5 

± 

3.88b 

72.46 

± 

0.66a 

1477 

28.71 

± 

1.01b 

21.41 

± 

0.88ab 

431 

6.57 

± 

0.92b 

4.56 

± 

0.54c 

99 

3.07 

± 

0.59b 

2.19 

± 

0.41b 

46 

CR1-aa 

131.20 

± 

2.33b 

1968 

83.20 

± 

1.42b 

63.43 

± 

0.06c 

1248 

30.00 

± 

0.53b 

22.86 

± 

0.01ab 

450 

8.80 

± 

0.35a 

6.69 

± 

0.20b 

132 

9.20 

± 

0.31a 

7.02 

± 

0.21a 

138 

CR1-aa 

+EGF 

132.00 

± 

3.08ab 

1980 

91.00 

± 

1.97b 

68.98 

± 

0.24b 

1365 

27.00 

± 

0.72b 

20.45 

± 

0.21b 

405 

10.60 

± 

0.50a 

7.99 

± 

0.25a 

159 

3.40 

± 

0.27b 

2.58 

± 

0.20b 

51 

a-b, b-c,a-c between rows of the same column, values with different superscripts indicate a significant difference (P<0.05). 

 

Figure 2: Cumulus expansion (G3, Cytoplasmic maturation) of in vitro matured camel oocytes after 40 h  

2.2. Nuclear Maturation 

 As showed in Table 3, maturation rate (MII) (Figure3) was slightly higher in the CR1aa medium when 

compared with the TCM-199 medium (79.01% vs. 77.90%, respectively). The rate of cultured oocytes without   

1st Pb was higher (P<0.05) in CR1aa (15.68±0.17 %) thanTCM-199 (10.93±0.44 %). 

 

 

 

 

 

 

 

Figure 3: Matured camel oocytes after 40 h in vitro maturation showing the first polar body (MII, 

nuclear maturation) 
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Table 3. Effect of TCM-199 and CR1aa maturation media with or without EGF on the in vitro 

maturation (Nuclear maturation) of camel oocytes 

Group 
No. of oocytes 1st pb Without 1st pb Degenerated 

mean ± SE Sum mean ± SE % Sum mean ± SE % Sum mean ± SE % Sum 

TCM-199 
144.64 

±5.13a 
2170 

112.29 

±3.27ab 77.90 

±0.59c 

1684 
15.79 

±0.83b 

10.93 

±0.44b 

236 
16.57 

±1.56a 

11.17 

±0.75a 

248 

TCM-199 

+EGF 

136.21 

±5.68ab 
2043 

119.14 

±4.08a 87.93 

±1.06a 

1787 
11.57 

±0.75c 

8.47 

±0.38c 

173 
5.50 

±1.59b 

3.60 

±0.93c 

82 

CR1aa 
131.20 

±2.33b 
1968 

103.6 

±1.79b 
79.01 

±0.61c,b 

1554 20.60 

±0.50a 

15.68 

±0.17a 

309 7.00 

±0.61b 

5.31 

±0.44bc 

105 

CR1aa+ 

EGF 

132.00 

±3.08ab 
1980 

108.2 

±2.46b 
82.00 

±0.37b 

1623 15.80 

±1.51b 

11.72 

±0.86b 

237 8.00 

±1.03b 

6.29 

±0.88b 

120 

 a-b, b-c,a-c between rows of the same column, values with different superscripts indicate a significant difference 

(P<0.05). 

3. Effect of Epidermal Growth Factor (EGF) on Maturation of Camel Oocytes Cultured in TCM-199 and 

CR1aa Media 

3.1. Cytoplasmic Maturation  

 In vitro matured camel oocytes showed higher (P<0.05) cumulus expansion rate G3 (Table 2, 

figure4) in culture media (TCM-199 and CR1aa) supplemented with EGF when compared with media without 

EGF (72.46% and 68.28%,vs. 66.02% and 63.43%, respectively). The cumulus expansion rate of G2 and G0 was 

higher (P<0.05) in CR1aa without EGF. GI expansion rate was also higher (P<0.05) in TCM-199 medium without 

EGF. 

 

Figure 4: Effect of in vitro maturation media with or without EGF on cumulus expansion rate of camel 

oocytes 

3.2. Nuclear Maturation  

 Epidermal growth factor (EGF) increased (P<0.05) the maturation rate (Table 3,Figure 5) of oocytes 

(with 1st Pb) cultured in TCM199+EGF (87.93±1.06%) versus TCM-199 (77.90±0.59 %).Addition of EGF also, 

decreased (P<0.05) the oocytes without Pb as well as the degenerated oocytes. 
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Figure 5: Effect of in vitro maturation media with or without EGF on nuclear maturation rate of camel 

oocytes 

 

 Supplementation of EGF to the CR1aa medium improved the maturation rate of camel oocytes, as 

indicated by higher oocytes with 1st Pb and lower (P<0.05) oocytes without 1st PB and degenerated oocytes (Table 

3,Figure 5).TCM-199+EGF significantly increase (P<0.05) the maturation rate (MII) when compared with 

CR1aa+EGF in camel oocytes. 

Discussion 

1. Retrieval Rate of Camel Oocytes 

 A wide range in number of oocytes per camel ovary was observed, being 3.5 36, 3.9937, 4.1 38, 4.23 39, 5.3 
40, 6.6741, 7.64 42, 9.4% 29, 10.85 23 and 12.443. In the present study, the number of aspirated oocytes/ ovary 

(Retrieval rate) of dromedary camels during the breeding season was 14.58%. This wide variation in number of 

oocytes / ovary may be attributed to differences in animal age and season 44,45,42, reproductive status42,46  , site of 

the ovary 37,47, method of oocytes collection 48,49,50,51 and  periods of ovary preservation43. 

2. Influence of Culture Media on In Vitro Maturation of Camel Oocytes 

 The current results showed that cumulus expansion rate of camel oocytes was significantly higher using 

tissue culture medium TCM – 199 compared with Charles Rosenkrans 1 (CR1aa). In accordance, Brackett and 

Zuelk 52, Nowshari 53 and Kandil et al. 23 concluded that for IVM and IVF of bovine and camel oocytes, TCM – 

199 was superior to oocytes cultured in CR1aa.The expansion of cumulus cells depends largely on the culture 

media used for maturation of the oocytes, differences in maturation percentage may be attributed to the 

composition of the media itself as well as supplements added to these media54. 

 The finding of no significant differences in nuclear maturation of camel oocytes cultured in TCM-199 

and CR1aa disagrees with Barakat et al.55, who revealed significantly increased nuclear maturation and greater 

cumulus expansion of buffalo oocytes during IVM using TCM-199 medium in comparison with CR1aa medium. 

A variety of media have been used for in vitro maturation of follicular oocytes, TCM-199 medium was the basic 

maturation medium in many studies56,57,58 .  

3. Effect of Epidermal Growth Factor on Maturation Rate of Camel Oocytes 

 A significant improvement in the maturation rate of camel oocytes cultured in TCM-199 and CR1aa 

media supplemented with EGF as indicated by a marked increase in GIII cumulus expansion percentage and 

nuclear maturation (MII). This finding agrees with reports of Wani and Wernery 59,El-Sayed et al. 29 and Kandil 

et al 23 on same species. According to former authors, maturation rates in media supplemented with 20 ng ⁄ ml 

were superior to rates of oocytes cultured in media with 0 ng ⁄ ml (controls), 10 ng ⁄ ml or 50 ng ⁄ ml of EGF. 

Therefore, in agreement with Wani and Wernery59, 20 ng ⁄ ml of EGF in the maturation medium is optimal and 

improves the maturation rate of dromedary oocytes. However, El-Sayed et al.29 found that10 ng/ml EGF improved 
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camel oocytes maturation and cleavage rates. EGF has been reported to promote oocytes nuclear maturation in 

several species, such as pigs 60,61, cattle62,63,64, sheep 65, rat 66 and buffalo 67. The mechanism of its action could be 

due to disruption of oocyte communication with cumulus cells 68, creation of a positive maturational signal 69and 

⁄ or mediation of effect via a tyrosine kinase dependent intracellular mechanism 70. 

The action of EGF, is likely to be on the oocytes itself, as was suggested by Lonergan et al., 71 in bovine 

oocytes. The zona pellucida allows the passage of molecules as large as 150 kDa in the mouse 72, the camel zona 

may be somewhat similar in this regard. Hence, the relatively small EGF molecules (6k Da) are likely to traverse 

easily through the zona of camel oocytes to exert its effect directly on the oocyte. The presence of EGF receptors 

on the camel oocyte and their up-regulation during the mid-follicular and the pre-ovulatory period further 

strengthen this possibility 73. Thus, EGF may have exerted its positive effects directly on the oocyte after binding 

to its receptor and activating the tyrosine kinase 74.  

 In accordance with Lonergan et al.71,supplementation of TCM-199 with EGF alone during IVM at 

physiological concentrations stimulates cumulus cell expansion and improves the percentage of oocytes 

undergoing nuclear maturation. EGF also increases the proportion of embryos attaining the blastocyst stage71. 

These authors suggested a physiological role for EGF/EGF-like molecules in the intra-follicular regulation of 

oocyte maturation. EGF acts by binding with high affinity to epidermal growth factor receptors (EGFR) on the 

cell surface and stimulating the intrinsic protein – tyrosine kinase activity of the receptor69 . The tyrosine kinase 

activity, in turn initiates a signal transduction cascade that results in a variety of biochemical changes within the 

cell – a rise in intracellular calcium levels, increased glycolysis and protein synthesis and increases in the 

expression of certain genes including the gene for EGFR – that ultimately lead to DNA synthesis and cell 

proliferation 69. The EGFR is expressed in both cumulus cell and oocytes 75,76, and its expression in oocytes 

increases with acquisition of meiotic competence 77. 

 In conclusion, the retrieval rate of camel oocytes during the breeding season was 14.58%. The TCM-199 

and CR1aa media were suitable for in vitro maturation of camel oocytes. Supplementation of EGF to TCM-199 

culture medium improved in vitro maturation rate of camel oocytes. 
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