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Abstract
The aim of the present study was to investigate the effect of alterations in hematological and biochemical parameters especially liver, renal enzymes and some element concentration on the reproductive performance of female camels. Blood samples were collected from 51 adult female camels. 39 adult female camels (diseased) suffered from anorexia, decreased body
gain, some camels were emaciated and with varying degrees of reproductive abnormalities starting from repeat breeder,
anestrous and infertility and 12 control camels that showed no evidence of clinical disease during clinical examination and
samples collection. The results of hematological, biochemical and ultrasonographic findings were recorded. The hematological results showed significant reduction in erythrocyte count (RBCs), hemoglobin (Hgb), mean corpuscular volume
(MCV) and mean corpuscular hemoglobin concentration (MCHC) with significant increase in packed cell volume (PCV%).
The leucocyte count (WBCs) and neutrophils percentage were significantly increased in diseased camels compared to controls while, lymphocyte percentage was significantly decreased in diseased camels. The serum activity of aspartate aminotransferase (AST), lactate dehydrogenase (LDH), creatine kinas (CK) and γ-glutamyl transferase (γGT) was significantly
increased in diseased camels. The concentration of selected elements in serum indicated significant reduction in copper,
calcium and phosphorous concentration in diseased camels. Progesterone concentration was significantly decreased in diseased camels. Other tested parameters did not differ significantly in diseased and control camels. In conclusion, the hepatorenal dysfunction parallel with inanition might affect on the reproductive performance especially ovulation.
Keywords: Camel; Infertility; Ultrasound; Liver; Enzymes; Copper.

Introduction
Camels play a very important role in the economy and social life
of bedouins and pastoralists in different localities in the world.
The breeding capacity is of major importance to camel owners
and industry, the decrease in reproductive performance affects
negatively on camel industry. Regular monitoring of camel herd
for breeding problems and/or infertility is considered a major
part of herd health management [1].
Generally, camels have low reproductive performance which
seems to be a characteristic feature for camel under natural

pastoral conditions [2]. There are different factors affecting
on the reproductive performance of camels including short
breeding season, age at first calving, low libido of male and late
postpartum estrous [3]. Reproductive performance of camels
kept under pastoral management was studied in northern Kenya
by Kaufmann [1].
The change in the hematological and biochemical profiles of the
blood is an important indicator of physiological and metabolic
status of animals. The progesterone is metabolized in the liver and
thus the disturbances in liver function might results in hormonal
disturbances. Meanwhile, the progesterone concentration reaches
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its peak after ovulation and falls immediately before parturition
[4].
To our knowledge, no research work was published focusing on the
effect of liver, renal enzymes and serum elements concentration
on the reproductive performance of female camels. Therefore
the objectives of the present study were to investigate the effect
of alterations in some hematological and biochemical profile
parameters on the reproductive performance of female camels
with special reference to liver, renal enzymes and some element
concentration.

Materials and Methods
Camels and Management
The samples were collected from camels reared in a private farm
for camel breeding and management, the laboratory analyses were
performed at Veterinary Laboratories Division, Animal Wealth
Sector, Abu Dhabi Food Control Authority (adfca), Animal
Wealth Sector, United Arab of Emirates. Fifty-one female camels
(Camelus dromedarius) aged from 7 to 10 years with average
body weight of (425 ± 18kg) were used in the present study. All
camels were subjected to routine health check and divided into
control camels (12 adult females) that were considered healthy
on the basis of physical examination, with good body condition,
free from common infectious diseases as proven by the veterinary
authorities and with normal breeding capability. Diseased camels
(39 adult females) suffered from anorexia, decrease body gain,
indigestion and lowered reproductive performance expressed as
delayed ovulation, anestrous and repeat breeder.
The camels were housed in an open yards during day and
night with shelter all over the year. The animals fed a properly
formulated concentrated ration that contain 65% total digestible
nutrients and 14% crude protein according to their body weight
requirements, alfa alfa hay was introduced all the time. Fresh
water was presented twice daily.
Blood Samples and Handling
Blood samples were collected from the jugular veins in an EDTA
vacutainer for obtaining whole blood samples and on plain
vacutainer for obtaining serum samples. Serum was harvested
after centrifugation of the plain vacutainer at 3000 rpm for 15
minutes, and then stored at -20°C until analysis.
Blood Hematology Analyses
Hematological analyses were performed using Sysmex XT 2000i
hematology analyzer (VLD-DPM-CBC-06, Mundelein, IL 60060,
USA), for determination of RBCs, PCV%, Hgb concentration,
WBCs, differential leucocytic count including neutrophils,
lymphocytes, monocytes, eosinophils and basophils percentages.
The hematological indices including MCV, MCH and MCHC
were also measured during analysis.
Serum Biochemical Analyses
Blood chemistry profile was performed using Beckman Coulter
analyzers (VLD-DPM-CBC-02, Mundelein, IL 60060, USA). Serum
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samples were used to determine total protein, albumin, creatinine,
BUN, glucose, calcium (Ca), phosphorous (P), copper (Cu), Iron
(Fe), sodium (Na), potassium (K) and chloride (Cl). The activity
of serum enzymes including γGT, AST, ALT, CK and LDH were
also measured. Progesterone concentration was determined in
serum samples using Electrochemiluminescent immunoassay kits
(Roche Diagnostics, Indianapolis, Indiana, USA), with a measuring
range of 0.030 to 60.00 ng/ml.
Ultrasonography
The genital tract was examined ultrasonographically using
portable ultrasound scanner with 7.5 MHz transrectal transducer
(Prosound 2, Model UST-660-7.5, Aloka, Japan). Ovaries were
carefully examined for structure, size and consistency.
Statistical Analysis
Data were statistically analyzed using SPSS Statistics® 17.0 (Version
17.0 released 2008, SPSS Inc., Chicago) and the results were expressed
as mean values ± standard error (SE). Normal distribution test
were performed using Shapiro Wilks W Test. The data were
normally distributed. One way ANOVA test were performed to
compare between the control group and the disease group. The
level of significance was set at < 0.05.

Results
The results of the hematological and biochemical profiles
parameters of female camels affected with varying degrees of
infertility are listed in Tables (1 and 2); the results are expressed
as mean ± SE. The control camels used in the present study were
clinically healthy, the feeding status, clinical examination results
were normal, there was no reproductive disorders. The diseased
camels showed signs of anorexia, decrease food intake, varying
degrees of emaciation, decrease body gain and different forms of
reproductive impairments including repeat breeder, anestrous and
delayed ovulation.
There was significant (P ≤ 0.05) reduction in the total erythrocyte
count, hemoglobin, MCV and MCHC concentration and
significant (P ≤ 0.05) increase in packed cell volume in diseased
camels compared to clinically healthy. In addition, there was
significant (P ≤ 0.05) increase in leucocyte count and neutrophils
percentage while the lymphocyte percentage was significantly
decreased.
The serum liver enzymes including ALT, AST, LDH and γGT
were determined in serum samples. There was significant (P ≤
0.05) increase in AST, LDH and γGT in diseased camels compared
to clinically healthy, while ALT did not change. In addition, the
concentration of CK showed significant (P ≤ 0.05) increase
while progesterone concentration was significantly decreased in
diseased camels compared to clinically healthy.
The protein status was measured by the concentration of renal
enzymes (BUN and creatinine) and the concentration of total
protein and albumin in serum. There was significant (P ≤ 0.05)
increase in BUN and creatinine concentration and significant
(P ≤ 0.05) decrease in total protein and albumin concentration
in diseased camels compared to clinically healthy. The glucose
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concentration was significantly (P ≤ 0.05) decreased in diseased
camels compared to clinically healthy.
The concentration of elements and electrolytes was determined.
There was significant (P ≤ 0.05) reduction in the concentration of
copper, calcium and phosphorous in diseased camels compared
to clinically healthy. On the other hand, the concentration of iron,
sodium, potassium and chloride did not change.
The results of ultrasonography on the ovaries of healthy camels
showed the presence of normal ovarian follicle with a mean

diameter of 13 mm and corpus luteum with a mean diameter of
16 mm (Figure 1 and Figure 2) respectively while, no structure
was observed on the ovaries of diseased camels (Figure 3). No
ovarian cyst or persistent corpus luteum. The uterine image was
normal.

Discussion
In the present study, the diseased camels were presented with
signs of anorexia, decreased body gain, some camels were
emaciated and with varying degrees of reproductive abnormalities

Table 1. Hematological Profile in Female Camels Presented in the Present Study. The Results are Expressed as mean ± SE.
Parameters
RBCs (x106/ul3)
PCV (%)
Hemoglobin (g/dL)
MCV (fl)
MCH (pg)
MCHC (g/dL)
WBCs (x103/ul3)
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Basophils (%)

Control Group Disease Group P value
9.48 ± 0.16
7.85 ± 0.13*
0.000
28.62 ± 0,31
33.27 ± 0.45*
0.000
14.06 ± 0.24
11.76 ± 0.14*
0.000
36.45 ± 0.51
34.15 ± 0.35*
0.036
14.02 ± 0.17
14.85 ± 0.13
0.544
42.23 ± 0.19
35.31 ± 0.24*
0.002
10.95 ± 0.81
14.24 ± 0.48*
0.003
50.53 ± 1.77
68.05 ± 0.69*
0.000
34.86 ± 1.99
20.47 ± 0.75*
0.000
5.69 ± 0.41
5.93 ± 0.22
0.582
5.74 ± 0.56
4.6 ± 0.42
0.135
1.18 ± 0.06
1.06 ± 0.05
0.093

* asterisk indicates significant change.

Table 2. Biochemical Profile in Female Camels Presented in the Present Study. The Results are
Expressed as mean ± SE.
Parameters
Total proteins (g/dL)
Albumin (g/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Glucose (mg/dL)
AST (IU/L)
ALT (IU/L)
LDH (IU/L)
γGT (IU/L)
CK (IU/L)
Copper (ug/dL)
Iron (ug/dL)
Calcium (mg/dL)
Phosphorous (mg/dL)
Sodium (mmol/L)
Potassium (mmol/L)
Chloride (mmol/L)
Progesterone (ng/mL)

Control Group Disease Group P value
6.27 ± 0.13
5.65 ± 0.03*
0.000
3.82 ± 0.14
2.15 ± 0.03*
0.006
14.65 ± 0.39
20.56 ± 0.39*
0.000
1.12 ± 0.05
2.17 ± 0.07*
0.004
88.68 ± 1.66
53.38 ± 3.49*
0.000
74.92 ± 2.93
188.1 ± 5.13*
0.009
8.5 ± 0.52
9.72 ± 0.36
0.096
434.17 ± 12.82 634.21 ± 15.65* 0.001
15.17 ± 1.17
126.69 ± 8.38*
0.003
84.42 ± 2.43
173.23 ± 15.43* 0.003
72.94 ± 1.78
46.65 ± 5.71*
0.000
102.39 ± 2.31
98.13 ± 12.56
0.629
10.65 ± 0.18
8.94 ± 0.06*
0.000
5.41 ± 0.17
4.15 ± 0.36*
0.000
154.03 ± 0.38
152.95 ± 0.65
0.136
6.4 ± 0.19
5.23 ± 0.06
0.326
115.97 ± 0.59
116.56 ± 0.49
0.542
1.2 ± 0,09
0.42 ± 0.49*
0.002

* asterisk indicates significant change.
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Figure 1. Camel Ovarian Corpus Luteum Imaged by Transrectal Ultrasonography using Conventional Equipment
(left; 16 mm Corpus Luteum; 7.5 MHz Probe).

Figure 2. Camel Ovarian Follicles Imaged by Transrectal Ultrasonography using Conventional Equipment
(left; 13 mm Follicle; 7.5 MHz Probe).

Figure 3. Ultrasound Image of Camel Ovaries showing Structure Less in Active Ovary using Conventional Equipment (7.5
MHz probe).

starting from repeat breeder, anestrous and infertility. Blood
hematological and biochemical profiles is an important indicator
of the physiological processes in animal's body. The values of
the hematological and biochemical results obtained for healthy
camels in the present study (Table 1) were in the normal ranges
and are in agreement with previous studies by Mohamed and
Hussein [5] and Alhadrami [6].
The hematological indices were performed. There were significant
decrease in RBCs, Hgb, MCV and MCHC concentration while
there was significant increase in PCV% in diseased camels
compared to clinically healthy. This indicates a microcytic
hypochromic type of anemia attributed to bad management and
poor nourishment. The WBCs and neutrophils % were significantly
increased and lymphocytes was significantly decreased in diseased

camels compared to clinically healthy camels which might also be
attributed to poor nutrition and environmental stresses [7].
The present study provides a new insight into the role of the
liver and liver enzymes on fertility. It was observed that, the
concentration of AST, γGT and GLDH were significantly
increased in camels with signs of infertility compared to
their values in healthy camels. Moreover, the progesterone
concentration was significantly decreased in diseased camels
compared to clinically healthy camels. The serum concentration
of progesterone represents a balance between the production by
the corpus luteum and the metabolism in the liver [8]. The altered
liver enzymes are suggestive of liver dysfunction and altered
metabolism which is reflected by the changes in the progesterone
metabolism and expression [9], this result is supported in parallel
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with the ovarian inactivity on ovarian ultrasonogrphy.
The concentration of glucose is used to evaluate carbohydrate
metabolism [10]. In the present study the glucose concentration is
decreased in camels with signs of infertility compared to clinically
healthy camels, this might be attributed to under nutrition and
negative energy balance. This result are in agreement with previous
studies in cattle where the glucose availability and insulin may
decrease the LH expression and/or limit the ovarian response to
gonadotropins [11].
Additionally, the creatine kinase concentration in the present
study was significantly increased in diseased camels compared to
clinically healthy; this might be attributed to malnutrition with the
active breakdown of muscle protein to provide energy resulting
in increased level of CK, this was in agreement with studies by
Lehnert, et al., [12].
The blood urea nitrogen concentration is used for monitoring the
protein status in animals. In the present study, it was observed
that, BUN and creatinine concentration is increased in camels
showed signs of infertility compared to clinically healthy camels.
The increased level of BUN and creatinine might be attributed
to renal disease which can interfere with the excretion of urea
[13]. In addition, the high dietary protein intake causing increased
BUN concentration which is associated with altered uterine
environment and infertility including decreased conception and
pregnancy rates [14].
The serum total protein and albumin were significantly decreased
in camels with signs of impaired reproductive performance
compared to healthy controls, this result are agreed to previous
study by Pariza, et al., [15] on anestrous Zebu cows. The decreased
serum total protein level resulted in deficiency of specific amino
acids needed for the synthesis of gonadal hormones and thus
results in inactive ovaries due to hormonal disturbances [16].
Elements such as Ca, P and Cu have an important role in
digestive, physiological process in addition they are involved in
the growth and reproduction for both male and female camels. In
dairy cattle, they constitute part of the body fluids and enter in the
structure of enzymes and hormones [17]. The deficiency and/or
the imbalance in the major elements concentration can results in
metabolic disturbances and infertility in most animal species [18].
Copper is an essential trace element that is necessary for the normal
hemoglobin synthesis. In addition, it enters in the structure of
some enzymes including ceruloplasmin and superoxide dismutase.
In the present study copper concentration in diseased camels are
significantly decreased compared to that of healthy camels, this
supports the fact that the copper deficiency symptoms including
suppressed estrous, impaired ovulation, decreased conception
and infertility in cattle [19-21].
The disturbances in phosphorous level are mostly associated with
reduction in the appetite, decreased body gain, altered estrus,
decreased ovarian activity and impaired reproduction [17]. In
addition, reduced serum calcium level might affect on the uterine
motility and involution [22]. In the present study, there was
significant decrease in phosphorous level in camels with infertility
compared to the healthy camels.
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The concentration of electrolytes during the routine analysis
revealed that sodium, potassium and chloride were not changed
in disease and healthy camels. Generally, camel serum is always
showing a wide range of normal concentration of sodium and
potassium [23].

Conclusion
We concluded that liver dysfunction originated either from liver
disease or from malnutrition may result in delay ovulation due to
impairment of progesterone hormone metabolism. On the other
hand, copper is considered an important trace element supports
the reproductive performance of camels and its deficiencies might
results in infertility. However, renal enzymes also give an idea
about the nutritional status and the turnover of wastes from the
body. Therefore, regular hematological and biochemical profiling
is very important for early detection of serious conditions and
improving reproductive performance.
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