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Abstract: In this study, a total of forty semen ejaculates were collected during the breeding season from 

eight different stud camels using artificial vagina. All ejaculates were spilt into 3 equal parts of aliquots. 

One aliquots was kept as control (A1) and two of these were diluted with tris buffer media in 1:1 with (A3) 

or without (A2) addition of 0.1% collagenase type-1 enzyme and evaluated for macroscopic and 

microscopic semen characteristics after being kept at room temperature for 20 min. All aliquots were 

pipetted to observe the macroscopic examination (Consistency and rheological (Thread formation) 

properties). Aliquot (A3) did not form thread when pipetted and showed thin watery consistency while the 

other two aliquots (A1 and A2) did evidence thick viscid, thick and thin watery consistency in different 

proportions. Only aliquot (A3) showed initial individual sperm motility and functional activity (HOST) 

curled tailed spermatozoa with overall average over 70%. There were significant differences (p<0.01) 

between all the aliquots for sperm motility and sperm with functional membrane where as non-significant 

differences (p>0.01) were observed between all the aliquots for live spermatozoa and sperm abnormalities 

percentage. An overall mean of sperm concentration in the camel semen treated with collagenase enzyme 
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was 331.75± 13.71 million/ml. The results showed that treating semen with 0.1% collagenase in tris 

buffer media improves semen macroscopic and microscopic seminal characteristics and also facilitates the 

separation of spermatozoa from seminal plasma in dromedary camel semen. 
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1. INTRODUCTION 

Assisted reproductive technologies such as artificial insemination (AI), in vitro fertilization 

(IVF), embryo transfer (ET) and cryopreservation of gametes allow exchange of genetic material 

between populations without the need of transporting animals [1]. It also eliminates the problems 

of behavioral incompatibility, overcomes physical conditions that limit breeding, and reduce 

opportunities for disease transmission [2, 3]. Artificial insemination (AI) has been the most 

powerful tool for livestock improvement ever available to the breeder; however, this technique 

has not been well developed as a routine method for breeding camelids compared with its fast 

and universal application in other farm animals. The judicious use of artificial insemination (AI) 

and embryo transfer (ET) could be used to increase overall reproductive efficiency and 

accelerate genetic improvement in this species. 

Interest in the use of artificial insemination in the camel has been stressed [4] and 

conservation of dromedary camel semen on a global basis attached importance [5]. Opportunities 

to improve reproductive efficiency of dromedary camels are limited by different constraints such 

as semen characteristics, long gestation, late sexual puberty and maturity, limited breeding 

season and the mechanism of estrous cycle and ovulation of she-camel [6]. The highly viscous 

nature of camel semen is one of the major constraints facing semen packing and freezing process. 

Vyas [7] had reported an absence of mass motility in freshly collected camel semen ejaculates 

mainly due to the presence of a thick gel in semen. They had also observed that the motility 

improved after extension of ejaculates in Tris egg yolk citrate buffer. The absence of initial 

motility hampers the qualitative evaluation of the semen ejaculate. Various methods of 

liquefaction of semen, such as the use of enzymes [8] and mechanical stirring [9] have been 

investigated in camelids with varied success. The results of collagenase enzyme addition in 

improvement of seminal characteristics have been encouraging in Llama (Lama glama) [10]. 
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Success of artificial insemination is dependent on the quality of semen obtained and its capacity 

for dilution and storage with minimum loss of fertilizing ability. The present study was therefore 

planned to evaluate the effect of addition of 0.1 % collagenase enzyme type -1(in Tris buffer 

media) on seminal characteristics of dromedary camel semen. 

2. MATERIAL AND METHODS 

2.1 Experimental animals  

Eight sexually mature male stud camels aged between 5-10 years and stationed at 

National Research Centre on Camels, Jorbeer, Bikaner were included in the present study. All 

the stud camels were reared under uniform conditions of feeding, management and housing. All 

the animals were in good health throughout the study. The brand numbers of the stud camels 

were B-480, B-592, B-600, J-218, J-242, J-244, J-246, and K-138.  

2.2 Experimental design 

A total of 40 semen ejaculates from 8 male camels (5 from each) were collected using 

artificial vagina according to the technique described previously [7,11,12] for the present 

experiment in order to study the improvement in seminal characteristics by addition of 0.1% 

collagenase Type-1 enzyme (Sigma chemicals, USA). Each ejaculate was divided into 3 equal 

aliquots. One aliquot served as control (A1) and each one of the other aliquot was extended 1:1 

in both Tris buffer media [13] alone (A2) kept at 37
0
 C for 10 min, and Tris buffer media and 

0.1% collagenase type -1 enzyme (A3) kept at 37
0
 C for 20 min respectively. Macroscopic and 

microscopic semen evaluations were made for all the 3 aliquots and were computed separately. 

2.3 Macroscopic and microscopic semen evaluation 

All the three groups (aliquots A1, A2 and A3) of semen were subjected to macroscopic 

and microscopic evaluation as follows. Macroscopic evaluation included the evaluation of 

consistency and rheological properties of aliquots. Viscosity of the semen was assessed by 

pipetting the semen and was graded as thick viscid (T.V.), thick (T), thin watery (T.W.), 

respectively as per method described by Agarwal [14]. The semen thread was pulled slowly and 
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thread formation was observed directly by naked eye as per the method described previously [15]. 

Microscopic evaluation included the evaluation of spermatozoa motility, percent of live sperms, 

sperm morphological abnormalities, sperm concentration and hypo osmotic swelling test. Initial 

individual motility of spermatozoa was checked by taking a small drop of semen diluted in either 

Tris –buffer media or in Tris –buffer media with 0.1% collagenase enzyme on a pre-warmed dry 

and clean glass slide under high power objective (40X) of the inverted phase contrast microscope 

(Nikon). It was observed that in the aliquot (A1) spermatozoa were entrapped in the gel so the 

estimation of motility was not possible. To determine the percent of live spermatozoa in the three 

groups of semen, the differential staining technique was carried out with the Eosin-Nigrosine 

stain [16]. The slides prepared for live sperm percentage count were also used for the 

determination of percent sperm showing morphological abnormalities. The abnormal 

spermatozoa were classified as per the method described previously [17]. The morphological 

abnormalities were graded as head abnormalities, mid-piece and tail abnormalities. 

Concentration of the spermatozoa (million/ml) in the enzyme treated neat semen was 

determined by the haemocytometer method adopting WBC counting procedure. The Hypo-

osmotic swelling test was performed by mixing 0.1 ml of semen from all the three aliquots with 

1.0 ml of a hypo-osmotic solution separately prepared by mixing 0.735 gm of sodium citrate and 

1.351gm of fructose in 100 ml of distilled water (incubated for 10 min at 37ºC) in accordance 

with a previously described technique [18]. 

2.4 Statistical analysis 

                Semen collected from 8 males was replicated 5 times each. Sperm initial individual 

motility was analyzed using a student paired‘t’ test. Live spermatozoa, morphological 

abnormalities and curled tail spermatozoa were analyzed using F table ANOVA method.  

3. RESULTS 

3.1 Influence of 0.1% collagenase Type-1 enzyme addition on macroscopic seminal 

characteristics. 
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The consistency of the semen was recorded for all the three aliquot groups. The proportions of 

grades of consistency recorded are presented (Table-1). The consistency of semen ejaculates 

improved in A2 group with 80% of the ejaculates evidencing a thick and remaining 20% thin 

watery consistency. The consistency of semen further improved in the A3 group with no 

ejaculates evidencing a thick viscid or thick consistency and 100% of ejaculates showing a thin 

watery consistency. The rheological property (Thread formation) of the semen was recorded for 

all the three aliquots and it was found that 100% of ejaculates of A2 group showed moderate 

thread formation, and enzyme treated A3 aliquots showed no thread formation (Table 1). 

3.2 Influence of 0.1% collagenase Type-1 enzyme addition on microscopic seminal 

characteristics (spermatozoa motility, percent of live sperms, sperm morphological 

abnormalities, sperm concentration and hypo osmotic swelling test).  

Initial individual motility in control semen aliquot (A1) was examined and it was observed that 

spermatozoa were entrapped in the gel so the estimation of motility was not possible. Thus a 

significantly higher (P< 0.01) motility could be observed for semen in A3 group compared to A2 

group indicating that addition of 0.1% collagenase improves the sperm motility, which is 

otherwise entrapped in a thick gel in undiluted semen. When the raw data was subjected to 

statistical analysis (Paired t test), significant difference (P<0.01) was found between the initial 

individual motility percentages of A2 and A3 groups. 

Live spermatozoa percentage was computed for all the three aliquots separately (Table2). 

When the raw data was subjected to analysis of variance (F test), non significant difference 

(P>0.01) was found between the live sperm percentages of group A1, A2 and A3 indicating that 

addition of either tris buffer alone or tris buffer and 0.1% collagenase did not have detrimental 

effects on spermatozoa. Similarly morphological abnormalities of head, mid-piece, tail were 

examined in all the three aliquot groups (Table 2). When the raw data was subjected to analysis 

of variance (F test), non significant ( P>0.01% ) difference was found between the total sperm 

morphological abnormalities of groups A1, A2 and A3 indicating that addition of neither tris 

buffer nor collagenase increased sperm morphological abnormalities although both treatments 

increased sperm functions. 
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The concentration of the spermatozoa (million/ml) in the semen collected from eight stud 

camels ranged between 150-480 million/ml with an overall mean of 331.75 ± 13.71 million/ml.  

Curled tail percentage of spermatozoa was observed for all the three aliquots (Table 2). 

When the raw data was subjected to analysis of variance (F test), significant difference (P<0.01) 

was found between the sperm hypo osmotic swelling test (curled tail) of control (A1), diluted 

(A2), and 0.1% collagenase treated (A3) camel semen. The curled tails were highest for the 0.1% 

collagenase treated camel semen indicating that curled tailed sperms have higher functional 

activity. 

4. DISCUSSION 

The camel’s semen is highly viscous and forms coagulum soon after copulation [19-21] 

which presents difficulties in separating sperm cells from seminal plasma by conventional 

methods to assess the semen quality parameters, especially the motility [22], sperm concentration 

and morphology which are considered as prerequisites to semen processing. Gel in the camel 

semen is the main hindrance to the sperm motility and the fibrous network formed by the gel 

allow little chance for the sperm to move till liquefaction is complete [23, 24]. According to 

Wani, [25] the viscosity in camel semen does not allow the semen to mix well with the extenders 

until it is completely liquefied. All the extended semen samples were liquefied with in 1.5 hrs at 

37 ºC. However, there was slow liquefaction in the sample without added extender (control). 

Similarly, Ghoneim [26] studied the effect of extenders (Citrate yolk, Tris fructose yolk, 

Androhep, Laciphos, Green buffer) on the semen viscosity and sperm viability of the dromedary 

camel and found a beneficial effect of adding extenders on liquefaction of camel semen and 

sperm motility. 

Different enzymes (Trypsin, collagenase, fibrolysin, hyaluronidase and papain) have been 

used to decrease seminal plasma viscosity in South American camelids [8, 12, 27, 28]. The 

favorable outcomes demonstrated by the use of enzymes also proved that the viscous component 

of seminal plasma was highly susceptible to liquefaction by proteolytic enzymes, thus proving 

that it has a major protein component. Addition of Tris buffer decreased the rheological 

properties of semen from a thick to moderate thread formation and addition of 0.1% collagenase 
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enzyme prevented thread formation. Thus, this treatment improved the semen quality by 

preventing the thread formation. The results of the present study resemble to those of Giuliano 

[10] who observed that incubation of semen from one llama male with a solution of collagenase 

0.1% in H-TALP-BSA prevented thread formation. 

Initial individual motility in control semen aliquot (A1) was examined and it was 

observed that spermatozoa were entrapped in the gel so the estimation of motility was not 

possible. Thus a significantly higher (P< 0.01) motility could be observed for semen in A3 group 

compared to A2 group indicating that addition of 0.01% collagenase improves the sperm motility 

which is otherwise entrapped in a thick gel in undiluted semen.  

Non significant difference was found between the live sperm percentages of group A1, 

A2 and A3 indicating that addition of either tris buffer alone or tris buffer and 0.1% collagenase 

did not have detrimental effects on spermatozoa viability. The results are in accordance with 

those of Giuliano [10] who reported that there is no significant detrimental effect of collagenase 

enzyme on the live spermatozoa percentage in the llama semen. In abnormal spermatozoa 

percentage non significant differences were observed between the total sperm morphological 

abnormalities of groups A1, A2 and A3 indicating that addition of neither tris buffer nor 

collagenase increased sperm morphological abnormalities. Sperm morphological abnormalities 

are found to be affected by the age of camel stud [23] and are found to be high in old males. 

Season is also having effect on the percentage of sperm abnormalities of camel semen [29]. 

Decapitated head, proximal droplets in middle piece and coiled tail are most commonly 

encountered abnormalities in dromedary semen.  Complete liquefaction of gel in the semen by 

action of proteolytic enzyme collagenase facilitates the release of entrapped spermatozoa from 

semen by which sperm concentration was estimated in the camel semen. Incomplete and 

dribbling ejaculation is known to be one reason for variation in sperm concentration in the camel 

[11]. 

Significant difference was found between the sperm hypo osmotic swelling test (curled tail) of 

control (A1), diluted (A2), and 0.1% collagenase treated (A3) camel semen.  Collagenase 

enzyme released the live sperm which are functionally active from the gel in the camel semen. 
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5. CONCLUSIONS 

The current study indicated that treating dromedary camel semen with 0.1% collagenase 

in tris buffer media improves semen macroscopic and microscopic seminal characteristics and 

also facilitate the separation of spermatozoa from seminal plasma.  
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Table.1. Comparison of macroscopic seminal characteristics (with different grades) in 

untreated (A1), tris buffer treated (A2) and tris buffer and enzyme treated (A3) camel semen. 

Seminal 

characteristics 

Grades A 1 A 2 A 3 

Consistency Thin Watery 6 (15%) 8 (20%) 40 (100%) 

Thick 14(35%) 32 (80%) 0 (0%) 

Thick viscid 20 (50%) 0 (0%) 0 (0%) 

Thread 

formation 

Thick 19 (47.5%) 0 (0%) 0 (0%) 

Moderate 21 (52.5%) 40 (100%) 0 (0%) 

Nil 0 (0%) 0 (0%) 40 (100%) 

 

Table.2 Comparison of microscopic seminal characteristics in untreated (A1), tris buffer 

treated (A2) and tris buffer and enzyme treated (A3) camel semen 

Microscopic seminal 

characteristics 

A 1 A 2 A 3 

Initial individual 

motility (%) 

0 20.25 ± 1.51 71.75 ± 1.28 

Live sperm (%) 67.72±1.28 70.37±1.23 71.72±1.33 

Morphological 

abnormalities (%) 

10.77±0.34 10.8±0.36 11.05±0.32 

Curled tailed (%) 55.77±1.99 66.22±1.00 73.07±1.03 

 


