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Abstract:
A total of 260 ovaries, 260 oviducts and 130 cervices of 130 female camels including 15 female camel calves, 34 female camel heifers and 81 adult female camels were collected from Lahore abattoir. The biometrical values of both left and right ovaries comprising of length, width, thickness and weight were recorded. Statistically there was no difference in the measurement of both left and right ovaries which however, increased with the advancement of age of camel. The mean length of the oviducts of these 3 age groups of female camels showed no difference between the mean length of both left and right oviducts of same group but difference between the group and the length of the oviducts increased with the advancement of age. The mean length of cervices of female camels correlated well with the number of cervical annular rings among the age groups. The incidence of diseased condition of ovaries and cervices in the 3 age groups revealed that the incidence of disease condition of ovaries in camel calves was nil and in heifer ovarian hypoplasia 2.94 % on left ovary and follicular cyst 1.23 % in adult female camels on left ovary. The incidence of diseased conditions of cervices in camel calves was nil, mucocervix 2.96 % in heifers and 2.46 % comprising mucocervix 1.23 % and cervicitis 1.23 % in adult camels. The multiple diseased conditions were found 1.53 % out of 130 genitalia. Hematological parameters i.e. Normal TLC (Total Leukocytic Count) values were found higher in calf than in heifer and adult. DLC (Differential Leukocytic Count) values were higher in adult. The neutrophils number was higher while basophils were lower. The values of TLC and DLC were also increased in diseased conditions. The biometrical norms of ovary, oviduct and cervix have been established which could be used as yard stick in diagnosis of pregnancy in female camels. The study of diseased conditions of ovary and cervices has line-lighted the type of disease and their extent in camel. The hematological studies including TLC and DLC in both normal and diseased conditions will be helpful formulating better prophylactic and control measures in future.
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INTRODUCTION
The camel forms an integral part of the culture and agriculture of many countries and has done so far thousands of years. It integrates from, on the one hand, supremely sophisticated racing camel in Arabian Gulf, and on the other hand, the transhumant or pastoralist farmers Higgen et al., 1992()
. The total camel population is estimated to be 19 million of which 15 million live in Africa and 4 million live in Asia (FAO, 2001). In Pakistan 1.0 million heads of camels are present making it to stand sixth in the world. Our country produces 840 tons of camel milk annually that shares 1.7 % in total milk production (Pakistan Economic Survey 2012-13). In the country largest camel herd size are found in Baluchistan followed by Punjab, Sindh and Khyber Pakhtunkhwa Hussain et al., 2013()
. Camel has adapted itself to survive in hot and arid environments Schwartz et al., 1992()
 that enables it to be a potential source of food and draft power for pastorals. Despite its unique physiological characteristics, this animal has been neglected in scientific research and its role in economy is not well accessed Pasha et al., 2013(; Raziq et al., 2008)
. 
Camels belong to the family Camelidae and are of two species in the genus Camelus i.e. Camelus dromedarius (Single Humped) and Camelus bacterianus (Double Humped). Dromedaries are found in arid and semi-arid regions including Pakistan whereas Bactrians are found in central Asian region Knoess, 1977()
. Males and females reach sexual maturity at about 3 years of age. The gestation length in single humped camel is 12 months and that of two humped is 13 months 
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(Abdel Rahim, 1997; Mukasa-Mugerwa, 1981)
. Camels usually provide a source for baggage and riding purposes but they also provide source of meat, milk and hides in Pakistan. Inspite of great usefulness very little attention has paid to study some important anatomical and pathological aspects especially about the reproductive system. 
The sparseness of available literature on camel impedes the task of veterinarians so far as diagnosis of diseases and their treatment. Information about diseases of the reproductive tract of camel is far scantier. There is also dearth of information on reproductive disorders of female camel in Pakistan, hence undertaking of this study. The study included to record incidence and histo-pathological examination of ovary, oviduct and cervix of female camels and to estimate hematological parameters of the camels suffering from reproductive maladies. 
MATERIALS AND METHODS
Experimental design
The present study was conducted during which a total of 131 female camels without knowing their previous breeding history randomly collected at Lahore abattoir for biometrical and pathological record of ovary, oviduct and cervix. The internal genitalia from each carcass eviscerated, labeled and packed in polythene bag and brought to Department of Pathology, University of Veterinary and Animal Sciences, Lahore for further study. The animals were categorized age wise i.e. Camel calf <2 years, Camel heifer 2-4 years, Adult camel >4 years. Age determined by observing teeth eruption pattern as described by Khan, 2005()
. 
Biometry of Genital Organs
Of 131 specimens of genitalia, specimens appeared normal on gross examination were selected for biometry of ovary, oviduct and cervix. The organs were spread up in their normal position on table top and biometrical measurements were recorded according to techniques followed by Khan (1985). For length, width and thickness of the organs, vernier calipers were used to measure in centimeters. 
Pathological Examination

All of the samples as a whole were thoroughly examined for any abnormality. The organs were incised to record the consistency or any internal lesion. Small pieces of grossly affected organs were collected for histopathological examination.

Hematological Study
One hundred and thirty blood samples were taken from camels of different age groups for Total Leukocyte Count (TLC) and Differential Leukocyte Count (DLC). TLC was performed according to the method described by Benjamin (1979). DLC was made on the blood stained by Wright’s procedure. 
Statistical Method
Data collected regarding biometry, gross and histopathological examination and hematological parameters in both normal and diseased conditions were tabulated according to different age groups. Analysis of Variance was used to analyze the difference among and between group means. 
RESULTS
Biometry of Genital Organs
Of total animals, biometrical study regarding the size (length, width, thickness and weight) of 256 ovaries, 260 oviducts and 127 cervices of 128 healthy female camels were conducted. 
The mean length of the left ovary was 2.5 ± 0.10 cm in camel calves, 3.06 ± 0.08 cm in heifers and 3.63 ± 0.05 cm in adults whereas for right ovary it was 2.42 ± 0.07 cm in calves, 2.90 ± 0.07 cm in heifers and 3.45 ± 0.06 cm in adults. Statistically the mean length of left and right ovary in camel calf, heifer and adult showed non-significant difference. However the mean length of the ovary was significantly more (P<0.001) in between female camel calf, heifer and adult. 
Left ovary in female camel calves showed a mean width of 1.89 ± 0.15 cm, 2.24 ± 0.06 cm in heifers and 2.62 ± 0.05 cm in adults. The right ovary showed 1.90 ± 0.08 cm in calves, 2.11 ± 0.06 cm in heifers and 2.57 ± 0.05 cm in adults of mean width values. Statistically the mean width of left ovary was significantly more (P<0.001) than the right ovary between three age groups of camel. 
Mean thickness of left ovary was 0.8 ± 0.05 cm in calves, 0.75 ± 0.04 cm in heifers and 0.93 ± 0.02 cm in adult camels. The right ovary showed mean thickness of 0.71 ± 0.06 cm in calves, 0.79 ± 0.04 cm in heifers and 0.82 ± 0.02 cm in adults. Statistically mean thickness of left ovary was significantly more (P<0.001) than the right ovary among camels of three age groups. 
In female camel calves the mean weight of left ovary was 3.65 ± 0.46 g, 4.52 ± 0.12 g in heifers and 4.76 ± 0.08 g in adults however right ovary showed mean weights of 3.50 ± 0.37 g in calves, 4.24 ± 0.11 g in heifers and 4.33 ± 0.08 g in adult camels. Statistically the mean weight of left ovary was more significant (P<0.001) than mean weight of right ovary. Biometrical values of normal ovary in female camels are given in Table-I. 
Table-I: Biometrical values of normal ovary of female camel
	Organs
	Calf

(N=15)
	Heifer

(N=33)
	Adult

(N=30)

	Left Ovary
	Mean ± Standard Error

	Length (cm)
	2.5 ± 0.10
	3.06 ± 0.08
	3.63 ± 0.05

	Width (cm)
	1.89 ± 0.15
	2.24 ± 0.06
	2.62 ± 0.05

	Thickness (cm)
	0.8 ± 0.05
	0.75 ± 0.04
	0.93 ± 0.02

	Weight (g)
	3.65 ± 0.46
	4.52 ± 0.12
	4.76 ± 0.08

	Right Ovary
	

	Length (cm)
	2.42 ± 0.07
	2.90 ± 0.07
	3.45 ± 0.06

	Width (cm)
	1.90 ± 0.08
	2.11 ± 0.06
	2.57 ± 0.05

	Thickness (cm)
	0.71 ± 0.06
	0.79 ± 0.04
	0.82 ± 0.02

	Weight (g)
	3.50 ± 0.37
	4.24 ± 0.11
	4.33 ± 0.08


Table-II: Biometrical values of normal oviduct and cervix of female camel
	Organs
	Calf

(N=15)
	Heifer

(N=33)
	Adult

(N=30)

	Left Oviduct
	Mean ± Standard Error

	Length (cm)
	19.2 ± 0.60
	23.5 ± 0.53
	25.5 ± 0.29

	Right Oviduct
	
	
	

	Length (cm)
	19.2 ± 0.60
	23.5 ± 0.53
	25.2 ± 0.29

	Cervix
	
	
	

	Length (cm)
	3.22 ±0.09
	4.06 ± 0.08
	4.68 ± 0.06

	No. of Rings
	3 ± 0.13
	3 ± 0.05
	3.38 ± 0.07


The mean length of left oviduct in calves showed values of 19.2 ± 0.6 cm whereas 23.5 ± 0.53 cm in heifers and 25.5 ± 0.29 cm in adults. Right oviduct length showed 19.2 ± 0.60 cm in calves, 23.5 ± 0.53 cm in heifers and 25.2 ± 0.29 cm in adults. 
Cervix showed a mean length of 3.22 ±0.09 cm with 3 ± 0.13 mean number of annular rings in calves, 4.06 ± 0.08 cm length in heifers with rings3 ± 0.05 and 4.68 ± 0.06 cm length with 3.38 ± 0.07 number of rings in adults Table-II. 
Pathological Examination

Following pathological conditions were observed.
Follicular Cyst: One case (1.23 %) of follicular cyst was found unilaterally on left ovary in adult female camel. Macroscopically it was several times larger than normal follicles and projected above the surface of ovary. It contained watery fluid with extremely thin walls. Microscopically it revealed generative granulosa cells. Cystic follicles were absent with ovum. Theca externa and interna exhibited degenerative changes. Follicles stained eosinophilic with tissue debris.

One case (2.94 %) of ovarian hypoplasia was recorded unilaterally on left ovary in heifer. The affected ovary was smaller and rudimentary on gross examination. The surface was irregular and no visible follicles. Microscopically ovary revealed medullary connective tissue and blood vessels. Cortical area was reduced and germinative stroma was found deficient.

Cervicitis was observed in one case (1.23 %) in adult female camel only. Affected cervix was enlarged, severly congested and edematous. Exudate was present between cervical rings. Microscopically, muscle fibers were thickened due to proliferation of fibroblasts and desquamation of epithelium. Lamina properia was infiltrated with lymphoid cells. 
Mucocervix was noted in two animals i.e. one case in heifer (2.94 %) and one (1.23 %) in adult female camel. Tenacious material was found between cervical rings.
Table-III: Frequency of Disease Conditions of Ovary and Cervix of Female Camels
	Pathological Condition
	Calf (N = 15)
	Heifer (N = 33)
	Adult (N = 80)

	Ovary
	

	Follicular Cyst
	

	Left Ovary
	-
	-
	1

	Right Ovary
	-
	-
	-

	Hypoplasia
	

	Left Ovary
	-
	1
	-

	Right Ovary
	-
	-
	-

	Total (Percentage)
	-
	1 (3.03 %)
	1 (1.25 %)

	Cervix
	

	Cervicitis
	-
	-
	1

	Mucocervix
	-
	1
	1

	Total (Percentage)
	-
	1 (3.03 %)
	2 (2.5 %)


Fig. 01: Cervicitis in female camel
[image: image1.jpg]



Fig. 02: Cervicitis Histopathology
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Fig. 03: Mucocervix
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Fig. 04: Follicular Cyst
[image: image4.jpg]



Hematological Study

The mean value of TLC in female calves was 10.8 ± 0.85 × 103/mm3, in heifers 9.7 ± 0.46 × 103/mm3 and in adults 8.04 ± 0.48 × 103/mm3. The mean values of TLC in diseased cases were 23.5 × 103/mm3 in heifers while 25.2 × 103/mm3 in female adult camels. In diseased animals DLC was also increased (Table IV).
Table-IV: Total and Differential Leukocytic Count of Normal Female Camels
	Hematological Value
	Calf (N=15)
	Heifer (N=33)
	Adult (N=78)

	
	Mean ± Standard Error

	TLC × 103/mm3
	10.8 ± 0.85
	9.7 ± 0.46
	8.04 ± 0.48

	Lymphocyte (%)
	28.3 ± 1.97
	31.6 ± 0.41
	32.3 ± 0.61

	Monocyte (%)
	3.4 ± 0.44
	3.8 ± 0.41
	3.7 ± 0.21

	Neutrophil (%)
	55.9 ± 2.39
	54.6 ± 1.37
	54.1 ± 0.64

	Eosinophil (%)
	5.53 ± 1.02
	6.2 ± 0.71
	7.5 ± 0.54

	Basophil (%)
	2 ± 0.36
	1.6 ± 0.16
	1.9 ± 0.12


Table-V: Total and Differential Leukocytic Count in Diseased Camels

	Hematological Value
	Calf (N=15)
	Heifer (N=33)
	Adult (N=78)

	TLC × 103/mm3
	-
	23.5
	25.2

	Lymphocyte (%)
	-
	56
	65

	Monocyte (%)
	-
	11
	15

	Neutrophil (%)
	-
	70
	84

	Eosinophil (%)
	-
	18
	21

	Basophil (%)
	-
	14
	10


DISCUSSION
Biometry of Genital Organs
Biometrical values of 256 ovaries, 260 oviducts and 127 cervices of 128 female camels. Statistically the size and weight of the both left and right ovaries in camel calves, heifers and adults were same but varied with the advancement of age. Tayes, 1948()
 recorded the biometrical values of the ovary of adult female camel which measured 2-4 cms in length 1.5-2 cms in width, 0.8-1 cm in thickness and 2-4 gms in weight. 
Musa, 1969()
 measured the length of adult camel ovary was 3-4 cms, in length 1-2 cms in width and 0.5-1 cm in thickness. Chahrasbie and Goulbazhagh, 1975()
 recorded the size of the adult camel ovary was 1.3×2.9×3.3 cms, weighed 10 gms and found that the left ovary was slightly greater in size than the right ovary. Musa, 1979()
 noted the weight of non-functional ovary of adult female camel of 4.5 gms. The biometrical values of the ovary of adult female camels are in accordance with above mentioned authors. 
Length of oviduct in female camel ranged from 17-28 cm with a mean length of 20.0 ± 0.25 cm that correlate with the observed figures Abdalla, 1967(; Iqbal et al., 1993)
. The numbers of cervical annular rings are reported to be 3-4 in number with 3-5 cm in length in adult female camels Joshi et al., 1978()
. Ali et al., 1992()
 observed the cervix size 1.5-3.5 cm and 3.7-5.5 cm in calves and adult female camels. 
Pathological Examination

Nawito et al., 1967()
 found 16.72 % diseased conditions out of 2075 genital organs of female camel. Musa, 1984()
 noted two cases of cystic ovaries out of 216 non-pregnant female camels.  Out of 100 genital organs collected from abattoir, Ribadu et al., 1991()
 noted follicular cystic degeneration (0.12%) and ovarian hemorrhagic cyst (0.46%). Another study showed 4.6 % prevalence rate of follicular cysts and 2.3 % luteal cysts among slaughtered camels Al-Afaleq et al., 2012()
. Fetaih, 1992()
 found (3.39%) follicular cyst out of 620 female genital organs of female camel. Author didn’t find literature on the diseased condition of the cervix while author found mucocervix (2.94%) in heifer and cervicitis (1.23%) and mucocervix (1.23%) in adult female camels. 
Hematological Study
Total leukocytic count and Differential leukocytic count in 3 different age groups of female camels in normal and diseased conditions were studied. 
The TLC values were higher in camel calves than heifer and adult female camel. Lakhotia et al., 1964()
 noted TLC values were 11.3 × 103/mm3 in adult female camels and 11.8 × 103/mm3 in calves. Bokori, 1974()
 noted TLC values were 13.2 × 101 in adult female camels. Ghodsian et al., 1978()
 found TLC values were higher in camel calves than adult female camels. Ateeq et al., 1984()
 noted TLC values 14.7 × 103/mm3 in adult female camels. El-Baghdady et al., 1991()
 noted TLC values in adult female camel were 10.3 × 103/m3. Sabir et al., 1991()
 noted TLC values 12.2 × 103/mm3 in adult female Pakistani camel. Iqbal et al., 1992()
 noted TLC values were 8.3 × 103/mm3 in adult female Pakistani camels. 
Statistically the normal DLC values were lower in camel calves than in heifer and adult female camel, with highest number of neutrophils and lowest number of basophils. Soni and Aggarwala, 1957()
 noted the lymphocytes were higher but neutrophils were commonest cell in the female adult camels. Ghodsian et al., 1978()
 noted that DLC values were higher in adult female camel than calves if Iranian camel. Sabir et al., 1991()
 noted lymphocytes were higher in number while no basophils were found in adult female camel. El-Baghdady et al., 1991()
 found that neutrophils were higher in number than lymphocytes. Iqbal et al., 1992()
 found the neutrophils higher in number and basophils lowest in number in adult female Pakistani camel. A recent study showed significant increase in TLC and DLC in disease female camels Ali et al., 2010()
. The above results were in accordance with the author results. 
TLC and DLC in diseased conditions were only noted in heifer and adult camels. The TLC values were 23.5 × 103/mm3 in camel heifer and 25.2 × 103/mm3 in adult female camel. These results vary with Ali et al., 2010()
 who didn’t find any significant difference in TLC and DLC in female camels with reproductive disorders. 
Such low incidences of diseased conditions in female camels could be attributed to species differences and selective breeding, limited breeding period and the height could possibly inhabit the chances of infection from the contaminated soils as in case of other ruminants.

Conclusion

In the present study it was found that the size and weight of left ovary was more than the right ovary. Moreover diseased conditions were more frequent in left ovary than in right ovary. This suggests that the functional activities of left ovary in camel are more than in right ovary.
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