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Abstract. In the present investigation healthy and adult male dromedary camel (Camelus dromedarius)
with mandible fracture were investigated. All animals belonged to farmers’ stock from arid tract of
Rajasthan, India. The blood samples were analyzed to determine serum electrolytes viz. calcium,
phosphorus and magnesium and serum antioxidants viz. superoxide dismutase (SOD), glutathione
reductase (GR), catalase (CAT), vitamin A, vitamin E, vitamin C and glutathione. Among the electrolytes,
the mean values of serum calcium, phosphorus and magnesium showed significant decrease (p≤0.05) in
the cases with mandible fracture in comparison to healthy dromedaries. The mean values of calcium,
phosphorus and magnesium were 1.59, 1.74 and 1.52 fold lower, respectively in affected cases. Among
the antioxidants, the mean values of serum enzymes viz. SOD, GR and CAT showed significant increase
(p≤0.05) in the cases with mandible fracture. The mean values were 1.41, 3.29 and 1.45 fold higher,
respectively in affected cases. Among the antioxidants, the mean values of vitamin A, E and C and
glutathione showed significant decrease (p≤0.05) in the cases with mandible fracture. The mean values
were 1.77, 1.61, 1.34 and 1.61 fold lower, respectively in affected cases. It was observed that an
association existed between ailment and pattern of variation of the parameters studied. Electrolyte
variation showed the physiological adjustments to facilitate more minerals for healing and as a result
blood levels decreased. Changes in antioxidants clearly reflected the presence of oxidative stress in the
affected dromedaries. Present study provided data which can be used as reference values to assess the
extent of oxidative stress in the cases like surgical affections. This would be helpful in recommending the
supplementation of the minerals and immune nutrients to the affected animals.
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Introduction. Diseases affecting bone and mineral metabolism encompass a wide range
of skeletal and soft tissue disorders. Major research efforts are being made worldwide to
improve the currently available treatment options of fractures and to develop new
strategies for the surgical treatment and simultaneous health management. Mandible
fractures are common among camels and commonly occur during the breeding season
(Al-Mujalli 2012). Mandibular fracture is most commonly caused by bites and can be
repaired by interdental wiring or a U-bar technique (Ahmed 2011). There is a need to
understand the role of electrolytes in the healing process of the bones so that proper
mineral supplementation can be carried out during the healing period and afterwards.
Endogenous antioxidants are very useful in combating excessive reactive oxygen
species (ROS) produced during various processes. Certain enzymes viz. superoxide
dismutase, glutathione reductase and catalase and vitamins like A, E and C function as
antioxidants (Kataria et al 2010a). Faster rate of formation of ROS may exhaust the
endogenous sources of antioxidants leading to a phenomenon named as oxidative stress
(Kataria et al 2010b). Detection of oxidative stress is the need of health management to
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timely treat the animals. Many a times it has been observed that an ailment requires
specific line of treatment like fractures or surgical affections but due to other associates
reactions, animal simultaneously suffers from oxidative stress which may hinder in the
recovery process of main ailment. In such situations it becomes mandatory to provide
supportive treatment to combat oxidative stress. Eloquence in understanding of the
mechanism behind the development of oxidative stress in animals may help in developing
categorical therapies including supplementation of antioxidants. This can provide features
to understand the connection of oxidative stress with various kinds of stressors (Kataria
et al 2010c).
Superoxide dismutases, glutathione reductase and catalase are well known
antioxidant enzymes which help to alleviate the menace of free radicals before they
produce harmful effects. Dromedary camels contribute immensely in short distance
transport in western states of India. It becomes essential to monitor general health
condition during such problems to protect the animals from peril of stress. Oxidative
stress is extremely dangerous (Kataria et al 2010a) and can be a prelude to many
disease conditions. For stress free management of the animals, assessment of oxidative
stress is mandatory (Kataria et al 2010d). Paucity of research work relating surgical
affections with oxidative stress in dromedary camel led the foundation of this
investigation.
Material and Method. In the present investigation 44 adult male dromedary camels
(Camelus dromedarius) were used, out of which twenty two animals were healthy and
rest dromedaries were having mandible fracture. All animals belonged to farmers’ stock
from arid tract of Rajasthan, India. The samples were analyzed to determine serum
antioxidants viz. superoxide dismutase (SOD), glutathione reductase (GR), catalase
(CAT), vitamin A, vitamin E, vitamin C and glutathione and serum electrolytes viz.
calcium, phosphorus and magnesium. Antioxidants were determined following the
methods as described by Kataria et al (2010d) and electrolytes as per the standard
techniques (Oser 1976). The mean value of each parameter of the animals with mandible
fracture was compared to the corresponding mean value of the healthy animals to test
(students’ ‘t’ test) the significance (Kaps & Lamberson 2004).
Results and Discussion
Mean ± SEM values of serum antioxidants and electrolytes are presented in table 1.
Table 1
Mean ± SEM values of serum antioxidants and electrolytes in the healthy and with
mandible fracture dromedaries (Camelus dromedarius)

Serum parameters

Healthy (n=22)

With mandible
fracture (n=22)

Calcium, mmolL-1
Phosphorus, mmolL-1
Magnesium, mmolL-1
Superoxide dismutase, k U L-1
Glutathione reductase, k U L-1
Catalase, k U L-1
Vitamin A, µmol L-1
Vitamin E, µmol L-1
Vitamin C, µmol L-1
Glutathione, µmol L-1

2.75 ± 0.05
2.25 ± 0.04
0.78 ± 0.006
133.40 ± 4.11
3.10 ± 0.003
75.93 ± 3.22
1.99 ± 0.09
6.63 ± 0.10
25.87 ± 1.00
5.00 ± 0.09

1.72 * ± 0.04
1.29 * ± 0.03
0.51 * ± 0.003
188.32 * ± 3.31
10.21 * ± 0.004
110.10 * ± 3.12
1.12 * ± 0.05
4.11 * ± 0.08
19.21 * ± 1.00
3.10 * ± 0.04

Magnitude of
variation value
(fold)
- 1.59
- 1.74
- 1.52
+1.41
+3.29
+1.45
- 1.77
- 1.61
- 1.34
- 1.61

* significant (p≤0.05) difference from healthy mean value, + increase from healthy mean value, - decrease
from healthy mean value.
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Electrolytes. Among the electrolytes, the mean values of serum calcium, phosphorus
and magnesium showed significant decrease (p≤0.05) in the cases with mandible
fracture in comparison to healthy dromedaries. The mean values calcium, phosphorus
and magnesium were 1.59, 1.74 and 1.52 fold lower, respectively in affected cases. The
mean values of healthy dromedaries corroborated the earlier findings (Kataria et al
2002). Electrolyte concentration particularly of magnesium reflects changes due to
oxidative stress (Kataria et al 2012a). Earlier researchers have also reported lower levels
of calcium, phosphorus and magnesium in the dromedaries with fractured jaw and
attributed them as one of the contributing factors in the occurrence of fracture (Al-Mujalli
2012).
Changes in the inorganic metabolism of the minerals may determine the
deposition of bone salts and the process must take place at the site of fracture.
Parathyroid hormone secretion is normally increased in response to even slight decreases
in blood calcium concentration. However, hypomagnaesemia can blunt this response
(Rude et al 1978). Changes in the levels of calcium regulating hormones are important
for fracture repair. Fracture repair is generally coupled with increased levels of
parathyroid hormone, calcitonin and vitamin D. This showed that all the aspects of
calcium metabolism should be covered at the time of healing process. Probably this could
be the reason of variation in electrolyte levels in the present study. Scientists have
observed that levels of minerals return to normal during callus formation (Meller et al
1984). Lower levels of electrolytes in the present investigation also explained the
mobilization of minerals in the bone.
Antioxidants. Among the antioxidants, the mean values of serum enzymes viz. SOD, GR
and CAT showed significant increase (p≤0.05) in the cases with mandible fracture. The
mean values were 1.41, 3.29 and 1.45 fold higher, respectively in affected cases.
Probably fracture in the dromedaries produced immense stress. Relationship of
stress associated increased activities of the antioxidant enzymes have been reported by
the earlier studies due to biotic and abiotic stressors (Kataria et al 2010b; Kataria et al
2010c; Kataria et al 2010d; Maan & Kataria 2012; Kataria & Kataria 2012a; Kataria &
Kataria 2012b; Kataria & Kataria 2012c; Kataria et al 2012a; Maan et al 2013).
Increased activities were probably to neutralize the free radicals produced.
Superoxide dismutase is responsible for the quenching of superoxide radicals
which are released during the chemical reactions and serum increased activity can be
used as biomarker of oxidative stress. This principle antioxidant enzyme is involved in
reversion of myofibroblasts to fibroblasts (Kataria et al 2010d). Scientists have attributes
protection of cells from oxidative stress as a primary role of SOD. Catalase functions to
catalyze the decomposition of hydrogen peroxide to water and oxygen (Chelikani et al
2004). Oxidative stress results in higher CAT activity making the latter a potent
biomarker of oxidative stress (Maan & Kataria 2012). Glutathione reductase is an enzyme
that reduces glutathione disulfide to the sulfhydryl form GSH, which is an important
cellular antioxidant. The activity of glutathione reductase is used as an indicator for
oxidative stress. Researchers have recommended the use of catalase in the situations
where free radicals are formed (Seekamp et al 1988).
Among the antioxidants, the mean values of vitamin A, E and C and glutathione
showed significant decrease (p≤0.05) in the cases with mandible fracture. The mean
values were 1.77, 1.61, 1.34 and 1.61 fold lower, respectively in affected cases.
Relationship of stress associated decreased levels of the antioxidants have been
reported by the earlier workers due to biotic and abiotic stressors ( Chaturvedi & Kataria
2012; Kataria et al 2012b; Pandey et al 2012; Joshi et al 2013). Low levels of
antioxidants result in development of oxidative stress which may damage or kill cells
along with alteration in the immune status of animals by increasing susceptibility to
various infections. A decrease in antioxidant defense leads to oxidative damage of
biomolecules (Beckman & Ames 1998).
Vitamin A is considered as a powerful antioxidant along with other vitamins like C
and E with its role in health maintenance (Schünemann et al 2001; Dimri et al 2012).
Vitamin A has an effect on lipid peroxidation whereas Vitamin C protects the body against
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oxidative stress (Padayatty et al 2003). Stress can use up large quantities of vitamin C
(Kataria et al 2010b). Vitamin E stops the production of ROS during oxidation of fat. It
protects cell membranes from oxidation by reacting with lipid radicals produced in the
lipid peroxidation chain reaction. Vitamin E is important in cell homeostasis. Glutathione
is the major endogenous antioxidant produced by the cells, participating directly in the
neutralization of free radicals and reactive oxygen compounds, as well as maintaining
other antioxidants such as vitamins C and E in their reduced or active forms (Kataria et al
2010c).
Trauma of fracture may bring about burst of free radicals contributing in the
development of oxidative stress. This can devastate the endogenous antioxidants. It was
observed that an association existed between ailment and pattern of variation of the
parameters studied. Electrolyte variation showed the physiological adjustments to
facilitate more minerals for healing and as a result blood levels decreased. Dietary
deficiency of minerals was not present as all the animals were well fed. Changes in
antioxidants clearly reflected the presence of oxidative stress in the affected
dromedaries.
Conclusions. Results clearly indicated the presence of oxidative stress in dromedaries
having mandible fracture. The changes in electrolytes reflected their mobilization to
bones for healing. In a part low levels could also be due to oxidative stress. Present study
provided data which can be used as reference values to assess the extent of oxidative
stress in the cases like surgical affections. This would be helpful in recommending the
supplementation of the minerals and immune nutrients to the affected animals.
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