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Relationships Between Age, Breed, Body Condition Score, Lipogram
and Antioxidant Parameters in Female Dromedary Camels with
Reproductive Abnormalities
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Abstract | This study aimed to document the effect of body condition score (BCS) on blood metabolites and hormones
and their link with the occurrence of reproductive abnormalities in female dromedary camels. To determine their
link with two different ages of the Majaheem (black) and Waddah (white) breeds, measurements of lipogram and
antioxidant parameters were assessed. During the breeding season, 16 dromedary she-camels that appeared to be in
good health included in this study as controls. Their average body weight ranged from 430 kg for camels under 8 years
old to 480 kg for camels over 8 years old. Twenty-nine overweight female dromedary camels were examined, with a
BCS over 4.5 and an infertile period lasting between 12 and 36 months. When comparing repeat breeder female camels
to their respective controls, their estrogen levels were significantly different at P<0.01 at age > 8. Malondialdehyde
(MDA) levels in repeat breeder female Majaheem and Waddah camels with a BCS over 4.5 were compared to levels in
healthy female camels and revealed that the MDA levels in the two breeds were considerably higher (P<0.05). When
compared to the corresponding controls with a BCS of 4, the catalase (CAT) values in overweight female camels
with a BCS over 4.5 were substantially lower at P<0.01 in both breeds under study. At age > 8 for both breeds, the
glutathione (GSH) and superoxide dismutase (SOD) values were lower in the overweight camels than in the healthy
ones, with a statistically significant difference (P<0.05). Therefore, based on these results, reproductive abnormality in
camels was associated with high BCS and abnormal blood metabolites. Knowledge of the camel’s metabolic status and
BCS may offer a more solid foundation for preventing metabolic problems and increasing output.
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INTRODUCTION

ccording to official FAO estimates, there are more than
35 million one-humped camels worldwide as of 2018
(Data, 2020). Over the past ten years, their population has
increased by roughly 15%, and it is expected to continue to

grow steadily in the future (Data, 2020). While it is difficult
to predict the economic significance of camels presently
and in the future (Faye and Bonnet, 2012) there are several
reasons for their increasing popularity. Camels are versatile
mammals that are utilized for meat, milk, wool, hides,
and skins, as well as they also play an active role in the
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agricultural, cultural, and recreational activities of many

populations worldwide (Faye and Bonnet, 2012). Camels’

reproductive efficiency can be adversely aftected by diseases
and infections of their reproductive system (Benaissa e a/.,
2015). Therefore, these factors are impacting productivity,
indeed, the fertility rate can be also influenced by various
management and environmental factors including BCS,
age and breed (Benaissa ez o/, 2015). BCS is a crucial
tool for herd management since it provides a qualitative
evaluation of the amount of energy from an animal’s fat
storage that can be used for lactation and reproduction.
Lower BCS in female south American camelids has been
linked to decreased ovarian activity, which in turn leads
to decreased reproductive effectiveness (Perez-Guerra ez
al., 2022). In contrast to what has been found in cattle,
BCS can be controlled by breed, age, and body weight,
a prior exploratory study indicated that BCS in camels
is predominantly influenced by body weight (Kumar ez
al., 2014). The ability of camels to survive times of food
shortages is the product of a lengthy evolutionary process
that took place in environments where food availability
varies seasonally. Different body scoring-systems,
comprising visual and palpatory evaluation of various body
areas have been reviewed for animals, including camels
(Duncanson, 2012; Wagener and Ganter, 2020; Wagener
et al., 2023). The nutritional status is often assessed on
a scale of 1 to 5 (emaciated = 1, thin = 2, optimum = 3,
overweight = 4, and obese = 5) (Gauly ez 4/, 2018). A
straight line connecting the upper spinous and the lumbar
spine can be used to identify an ideal BCS (Gauly er
al., 2018). According to Wagener and Ganter (2020), a
negative correlation between concave line and BCS was
exist. Poor management practices, such as a restricted
animal to feeding space ratio, a lack of food availability,
an endoparasite infestation, dental issues, or any other
chronic condition, can all contribute to a dromedary’s
poor nutritional status. There are numerous methods for
evaluating BCS in animals, and some data exists on the
relationship between BCS and health in camelids, such
as llamas and alpacas (Proost ¢z a/., 2020). However, there
is currently no available data on the relationship between
higher BCS and lipogram and antioxidant parameters
in female camels with reproductive abnormalities. To
determine the degree of correlation between BCS and
laboratory parameters, we conducted this work.

MATERIALS AND METHODS

ANIMALS

In the present study, 16 seemingly healthy dromedary
she-camels were designated as the control group and
were investigated at the University Veterinary Hospital,
Burydah, Qassim University, Saudi Arabia during the
breeding season. Two breeds, Majaheem (black) and

Waddah (white), were chosen for the study, and the camels
were raised outdoors in a yard. Their average body weight
ranged from 430 kg for young camels under 8 years old to
480 kg for animals over 8 years old. The camels had access
to drinking water throughout the day and were fed a diet
consisting mainly of barley, concentrate cubes,and berseem,
along with roughage material. To diagnose or exclude any
genital organ disease or pathology, all camels underwent
examination. A total of 29 female dromedary camels were
examined due to their overweight body condition and
infertility that lasted between 12-36 months.

INCLUSION CRITERIA

Only animals with known breed, age, and BCS were
considered for inclusion in the analysis. For each animal, the
absolute bodyweight in kilograms was not recorded. As a
result, they were only examined in a small group of animals.

INFORMATION OF THE ANIMAL

The animal’s clinic ID, breed (Majaheem and Waddah),
gender (female), day of inspection, birthdate, age and,
it available, the animal’s bodyweight in kilograms were
the basic pieces of information. Nutritional information
for this study was acquired during veterinary diagnostic
procedures with the owners’ signed consent.

CLINICAL SCORES

BCS was evaluated during the initial clinical examination
that followed the presentation of the animal to the clinic.
The score was described on a scale of 1 (emaciated) to 5
(obese) with 0.5 increments. Skilled examiners palpated
the lumbar spine to evaluate BCS using the previously
described approach. The camel was graded at a distance
of 2 to 3 meters based on visual criteria, with occasional
touching to validate the visual assessment. A note was
given to the flank, with consideration given to the aspect
of the basin, vertebral column, rib, and shoulder. The back
received a second note on the hump’s aspect and the basin
around the tail. The final score was the mean of the two
notes, rounded up to the nearest half. The procedure could
be replicated with the help of two skilled technicians, with
the technicians agreeing in approximately 80% of cases.
In fewer than 5% of cases, the two scorings could differ
by more than a half point, but solid training is required.
Based on the description provided by Faye ez a/. (2001),
the animals’ BCS was rated on a scale of 0 to 5, divided
into two groups of the same age and breed: Control as <4
and high as 4.5 in repeat breeder animals, based on visual
inspection and palpation of the camel’s body fat cover.

CLINICAL EXAM

The clinical examinations included a general assessment of
the animal’s behavior and condition, measurements of the
heart and respiratory rates, the getting of rectal temperatures,
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swinging auscultation of the rumen, percussion auscultation
of the abdomen on both sides, and rectal examination.
According to Hassan ez a/. (2019), the examination was
carried out.

BLOOD SAMPLES

Jugular venipuncture was used to obtain blood samples
from all camels at the same time as the ultrasonography.
Blood was sampled in three containers totaling 20 ml:
10 ml without an anti-coagulant and 10 ml with EDTA.
Following centrifugation, serum and plasma were frozen at
-20 °C and subjected to further hormonal and biochemical
analysis using commercial test kits in accordance with the
manufacturers’ established protocols.

DETERMINATION OF OXIDATIVE BIOMARKERS AND
LIPID PROFILE

Levels of serum cholesterol (Quimica Clinica Aplicada,
Spain), triglycerides (TG, Linear Chemicals, S.L., Spain),
high density lipoproteins (HDL, Cintronic GmbH), and
low-density lipoproteins (LDL, TRI-(TRI/5+HDL)
were measured calorimetrically according to Jain e al.
(2007) using kits. Activities of catalase (CAT, Elabscience,
USA), Glutathione (GSH, Elabscience, USA), superoxide
dismutase (SOD, Elabscience, USA) and malondialdehyde
(MDA, Elabscience, USA) were measured in sera
calorimetrically using kits (Wu ez a/., 2004). Estrogen
was measured in sera by ELISA test system using kits
(monocent, USA).

STATISTICAL ANALYSIS

GraphPad prisms 5 was used for statistical analysis.
Descriptive statistics and simple one-way analysis of
variance were performed. The descriptive values of data
were expressed as mean * standard error. Post hoc analysis
using the Mann-Whitney test was performed to compare
the two groups and, with P < 0.05, P < 0.01 and P < 0.001
reflecting a significant difference (Steel ez a/., 1997).

RESULTS AND DISCUSSION

A total of 29 female dromedary camels were referred for
examination due to their overweight body conditions and
infertility lasting between 12-36 months (Figure 1).In both
breeds, Majaheem and Waddah, animals over and under 8
years old were diagnosed with various ovarian and uterine
abnormalities such as ovarian hydrobursitis and pyometra
due to pseudopregnancy or repeated breeding (Figure 1).
The diagnoses included adhered bursa at left side (n=2),
hydrobursitis (n=9), endometritis (n=9), vaginal adhesions
(n=2), hydrosalpinx (n=1), luteal cyst (n=2), inactive ovaries
(n=2), cervical stenosis (n=1), and pyometra plus vaginal
adhesions (n=1). The values of estrogen and antioxidant

biomarkers MDA (mmol/L), CAT (U/L), GSH (U/mL),

and SOD (U/mL) are summarized. The estrogen (pg/
mL) values in repeat breeder female Majaheem (Figure 2)
and Waddah (Figure 4) camels with BCS over 4.5 were
significantly lower (P<0.01 and P<0.05, respectively)
compared to respective controls for animals under 8 years
old. The MDA value in repeat breeder female Majaheem
and Waddah camels with BCS over 4.5 was significantly
higher (P<0.05) than the value of healthy female camels.
The CAT values in overweight female camels with BCS
over 4.5 were significantly lower (P<0.01) in both breeds
studied compared to respective controls with a BCS of 4.
The GSH values were lower in overweight camels than
in healthy ones, with a statistically significant difterence
(P<0.05) for both breeds in animals over 8 years old.
Similarly, the SOD values were lower in overweight
female camels compared to the respective healthy ones,
with a statistically significant difference (P<0.05) only for
Majaheem breed over 8 years old (Figures 3, 5).
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Figure 1: Ultrasonographic features of the normal(A) and
abnormal ovary (B), normal(C) and abnormal uterus (D)
of female camel.
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Figure 2: Means + standard errors of the estrogen and
antioxidant biomarkers in diseased female Majaheem
camels aged <8 years with a complain of repeat breeding
compared to controls. Column having ** in the same
column have significant values at (P<0.01) compared to
the respective control group.
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Figure 3: Means + standard errors of the estrogen and
antioxidant biomarkers in diseased female Majaheem
camels aged >8 years with a complain of repeat breeding
compared to controls. Column having mark * have
significant values at (P<0.05) compared to the respective
control group.
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Figure 4: Means + standard errors of the estrogen and
antioxidant biomarkers in diseased female Waddah camels
aged <8 years with a complain of repeat breeding compared
to controls. Column having mark * have significant values
at (P<0.05) compared to the respective control group.

SOD U/ml

*

400+

Control iBCS <4) Repeat breedler (BCS>4.5)

Figure 5: Means + standard errors of the estrogen and
antioxidant biomarkers in diseased female Waddah camels
aged >8 years with a complain of repeat breeding compared
to controls. Column having mark * have significant values
at (P<0.05) compared to the respective control group.

'The lipid profile is shown in Table 1. Cholesterol (mg/
dL), triglycerides (mg/dL), and LDL (mg/dL) values
were significantly higher in the Majaheem group with
BCS over 4.5 at age over 8 years old compared to the
healthy group (at P<0.05, respectively). In contrast, the
HDL value was lower in both breeds’ groups with BCS
over 4.5 at both ages compared to healthy animals, with a
statistically significant difference of P<0.05 and P<0.001,
respectively. Triglycerides (mg/dL) was significantly
higher in Waddah group with BCS lower than 4 at age
less than 8 years old compared to the healthy group
(P<0.01). Cholesterol (mg/dL) and LDL (mg/dL) values
were significantly higher in Waddah group with BCS
over 4.5 at age over 8 years old compared to the healthy
group (at P<0.05 and P<0.01, respectively). However,
triglyceride (mg/dL) and HDL (mg/dL) values were
significantly lower in Waddah group with BCS over 4.5
at age over 8 years old compared to the healthy group (at
P<0.01 and P<0.05, respectively).

Table 1: Lipid profiles in repeated and normal breeding camels.

Breed Age  State BCS Cholesterol TG HDL LDL
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
Majaheem <8 Control <4 141.739+6.55 145.756+4.82 19.56+3.09 49.123+5.65
Repeat breeder >4.5 153.921+7.08 165.154+8.09 8.100£2.32*  72.178+4.66™
>8 Control <4 138.228+8.88 122.069+5.83 17.37+3.64 51.004+6.44
Repeat breeder >4.5 186.416+9.34* 192.254+11.55* 8.56+2.21* 77.568+5.53*
Waddah <8 Control <4 191.859+3.52 116.182+4.87 5.95+1.62 51.026+6.54
Repeat breeder >4.5 219.712+10.27 182.555+6.22** 6.53+2.08 66.820+4.08
>8 Control <4 216.201+3.50 131.248+6.32 23.78+1.09 35.677+3.88
Repeat breeder >4.5 258.96+4.34* 224.959+7.59™ 13.86+2.41* 68.571+5.81™

Means having mark * and ** in the same column have significant values at (P<0.05) and (P<0.01) compared to the respective control

group within the same breed and age, respectively.
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As camels age, their BCS tends to increase, which is
typically attributed to changes in body composition
that occur with aging (Ouchene-Khelifi and Ouchene,
2021). The use of serum biochemical assays has provided
valuable information regarding the physiological state
and overall health of animals. The MDA was significantly
higher in the repeat breeding Majaheem and Waddah
animals with BCS 4.5 than in the healthy female camel
group (2 4 BCS). In both studied breeds, the values of
CAT in obese female camels with a BCS over 4.5 were
considerably lower than those in corresponding controls
with a BCS of 4. For both breeds aged 28, GSH values
were lower in overweight camels than in healthy ones, with
a statistically significant difference. Similar to this finding,
only Majaheem breed female camels older than 8 years
showed a statistically significant variation in their SOD
values compared to healthy ones. One significant effect
of oxidative stress is the oxidative degradation of lipids,
known as lipid peroxidation, which yields malondialdehyde
(MDA) as a stable end-product instead of short-lived free
radicals (Sharma ez a/., 2011). Free radical overproduction
is regulated by antioxidant defense systems, such as
the enzymes CAT, GSH, and SOD, which are utilized
as defense mechanisms. A cellular or individual level
imbalance between oxidants and antioxidants is known
as oxidative stress. Therefore, Oxidative stress should be
recorded as a disease marker because it has been linked
to several illnesses across numerous species, including
mastitis, enteritis, sepsis, respiratory and musculoskeletal
diseases, as well as transport and pregnancy-related
disorders (Piccione ¢z a/., 2013).

The reference ranges for serum MDA concentrations
provided by El-Deeb and Elmoslemany (2015) and El-
Bahr and El-Deeb (2016) were consistent with the MDA
concentrations observed in overweight camels. According
to El-Deeb and Elmoslemany (2015), this was likely due
to physiological oxidative stress, which leads to excess
production of free radicals as a result of lipid peroxidation.
The difference in serum MDA levels between the two
breeds was not significant, and they were also within the
physiological reference ranges. Additionally, she-camels
had serum MDA levels that exceeded the reference ranges.
Moreover, Jarikre ez al. (2017) noted that a significant
increase in MDA levels could increase the risk of cellular
damage and inflammation. Although the body is supported
by various antioxidants to counteract the damaging effects
of reactive oxygen species (ROS), several studies have
focused on the role of superoxide dismutase (SOD) as
an antioxidant biomarker (Alhidary ez 4/, 2016). SOD
facilitates the conversion of superoxide anions produced
during metabolic activities to hydrogen peroxide (Shoieb
et al., 2016). The most well-known low molecular weight
natural antioxidant is GSH. CAT is one of the first-line
defense antioxidant enzymes, and it can also have a pro-

oxidant role, although to a lesser extent than its antioxidant
activity (Abd El-Hamid, 2021). Long-term oxidative stress
causes a continuous increase in malondialdehyde (MDA)
levels and a decrease in the quantity of antioxidants and
antioxidant enzymes, such as GSH and CAT, following
an initial increase (Gaucher ez o/, 2018). This helps
counteract and mitigate the damaging effects of oxidant
chemicals. The current study suggests that a significant
decrease in the serum concentrations of these antioxidant
indicators in overweight camels may exacerbate oxidative
stress and worsen related illnesses. Similarly, Kamr ez a/.
(2020) observed significantly lower levels of CAT and
higher amounts of MDA in overweight camels compared
to healthy ones. The lower antioxidant levels observed in
the current study may be attributed to the consumption of
these enzymes for cell protection, which delays the onset
of peroxidation and the creation of harmful end-products
such as thiobarbituric acid reactive substances (Islam ez a/.,

2019).

Hence, it was essential to concentrate on specific breeds
and age ranges to examine variations in these parameters.
The lipid profile results, which included TG, HDL,
and LDL, showed that young camels had higher values
for these parameters than old ones, but there was no
significant difference between the age groups. This study
also found that the Majaheem breed had higher values
than the Waddah breed for certain lipid characteristics, and
breed had a statistically significant effect. Specifically, the
Waddah breed had slightly higher total cholesterol levels
than the Majaheem breed, while the Majaheem breed had
significantly higher HDL levels than the Waddah breed.
These findings are consistent with previous reports by

Sahraoui ez a/. (2016) on Algerian breeds.

It is well-established that an increase in TG storage is
associated with alinear rise in cholesterol production,which,
in turn, is related to an increase in cholesterol in bile and an
elevated risk of illness (Zhang e# a/., 2020). However, the
exact biochemical mechanisms underlying the association
between overweight and the aforementioned lipid profiles
have not been fully elucidated. Similarly, higher levels of
circulating TG in overweight individuals are associated
with lower levels of HDL, which may explain the
higher risks for disease (Latha ¢# a/., 2015). A number of
disorders, including obesity, have been strongly associated
with abnormalities in the lipid profile, particularly
hypertriglyceridemia and low levels of HDL (Shahid and
Sarwar, 2020).

Nazifi ez a/. (2003) found that age had a significant impact
on the serum concentration of cholesterol, T'G, total
lipid, HDL, and LDL in camels. Hugi and Blum (1997)
reported that while TG levels did not consistently change
with age, cholesterol concentration increased momentarily
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as animals aged. Studies on the levels of cholesterol, TG,
and lipoproteins in domestic animals have shown that there
are differences between species and even within species.
Mohamed (2008) evaluated the lipid status of Sudanese
camels according to age, sex, and breed. Gender did not
affect lipid status, but age had a significant impact, with
adult camels having a higher lipid status than yearlings and
newborns. There were also significant differences between

breeds, with Arabi having a higher lipid status than Anafi.

According to Nazifi ez a/. (2009), age has a major impact
on the serum lipids and lipoproteins of camels, with older
animals having higher concentrations of HDL, TG,
cholesterol, and LDL, while younger animals have lower
concentrations of these lipids. Significant correlations
between cholesterol and both HDL and LDL were found
in 5- to 6-year-old camels. Khajeh ez /. (2008) found a
negative correlation between TG and HDL in camels,
while LDL had a positive correlation with cholesterol.
Although the percentage of LDL increased with age,

serum cholesterol levels decreased.

In this study, serum cholesterol levels were comparable to
those reported by Sazmand ez a/. (2011), but lower than
those reported by Aichouni e7 a/. (2013) and higher than
those reported by Sazmand ez a/. (2011). The repeat breeder
Majaheem had the highest serum TG concentrations (P <
0.05) at both examined ages, likely due to an enhanced
rate of TG synthesis in the intestinal mucosa as a result of
a greater availability of substrates. The imbalance between
certain lipid fractions during under- and overnutrition
may have contributed to this phenomenon. Maintaining
dromedaries on a favorable nutritional plane is essential
for healthy reproduction and reducing fluctuations in
body condition score (BCS). Therefore, monitoring BCS
can provide a more precise picture of the animal’s state,
enabling veterinarians to control the camel’s nutritional

management (Ahmed ez a/., 2023).

CONCLUSIONS AND
RECOMMENDATIONS

There was a correlation between breeding camels aberrant
reproductive processes and age, breed, and BCS. However,
knowledge of the camel’s metabolic status that may be
obtained through specific strategic metabolic markers and
BCS may offer a more solid foundation for preventing
metabolic problems and increasing output.
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