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Abstract | The camel forms an integral part of the culture and agriculture of many countries and has done so for
thousands of years. How it integrates varies greatly from; the supremerely sophisticated racing camel in the Arabian
Gulf. This study aimed to explore the oxidative stress index (OS], a ratio between pro-oxidants and antioxidants) in
the blood serum of camels (Camelus dromedaries) during the peripartum period. Sera samples were collected from ten
late pregnant and ten non-pregnant, non-lactating (as a baseline status, BL) multiparous nomadic Balady camels in
their natural habitat in the Egyptian oases concerning sampling weekly throughout the last three weeks prepartum,
day of calving and weekly throughout the first three weeks postpartum. Total oxidant status (TOS) and total oxidant
capacity (TAC) did not differ between pre and postpartum periods and they were within the values of the basal non
pregnant- non lactating (NPNL) state. At parturition the values were higher (P < 0.05) than the peripartum and
the BL concentrations. Accordingly, the calculated OSI values showed a roughly stable trend (P > 0.05) and did not
achieve a clear tendency or statistical significance among sampling times. A positive correlation of TOS with oxidant
stress index (0SI) (P<0.001) and TAC (P < 0.001) was noticed. From a redox standpoint, the stability of OSI indicates
that the redox system is adapted to the homeostatic status during the peripartum period in nomadic camels. This may
indicate that, OSI is not a challenge of these peripartum camels, where the generated redox oxidative stress (ROS) is
attacked by a superior defense potential to neutralize it. This study may aid in a better understanding of the physiolog-
ical adaptation mechanisms of camels and may be useful for comparative studies with other species.
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INTRODUCTION and molecular mechanisms against pathogenic agents and
pathological conditions. The immune system consists of a

Camels bear exceptional genotypes and phenotypes complex network of cellular and non-cellular components,
that are different from any other well-being for met- Wwhich contribute equally to an effective immune response
abolic processes and adaptation to the harsh environment —against pathogens (Ali et al., 2019). Recently, the impor-
(Faye and Bengoumi, 2018; Tibary and EI Allali, 2020). tance of camel breeding in Egypt has increased; how-

Interestingly, the camel employs brilliant immunological ~ever, one of the major limitations in this industry is the
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extremely low reproductive efficiency (El-Bahrawy et al.,
2015). Where during the transition from late pregnancy to
early lactation (the peripartum period), ruminants may fail
to adapt to the profound increase in nutrient requirements
associated with fetal growth, parturition and lactogenesis,
and develop metabolic stress (Sordillo and Mavangira.,
2014; Abuelo et al., 2019). Camels have a unique ability
to control their lipolytic and gluconeogenic rates, under
diverse conditions of increased metabolic demands (Faye
and Bengoumi, 2018). However, the peripartum period in
camels is characterized by acute inflammatory processes
and fluctuations in metabolic and hormonal homeosta-
sis (Tharwat et al., 2015; Tharwat and Al-Sobayil, 2015;
Ahmadpour et al., 2019). These alterations in the physi-
ological conditions trigger neutrophils, macrophages and
enhance the generation of pro-inflammatory cytokines
such as interleukin 1 (IL-1), IL-6, tumor necrosis factor-o
(TNF-a) and other chemotactic factors such as IL.-8 (Celi
and Gabai, 2015), and provoke the generation of free radi-
cals and pro-oxidants (Abuelo, et al., 2019).

Total oxidant status (TOS) has been used for several years
as an indirect biomarker for the enhanced oxidation state
in the body, reactive oxygen species (ROS), and oxidative
stress Fereidoon and Ying (2015). Besides the superoxide
anion (O2), ROS includes the peroxide functional group
(ROOR'), which is considered as structural derivatives of
H,O, (Halliwell and Gutteridege, 2015). These metabolites
exert crucial effects on cell disruption, cytotoxicity, DNA
damage and pathological processes during the transition
period in ruminants (Abd Ellah, et al., 2016; Celi and Ga-
bai, 2015). As a defense, the body has a sufficient enzy-
matic and non-enzymatic antioxidant array that acts in a
harmony and fine-tuned mechanism to neutralize the con-
tinuous production of oxidants during metabolism (Caro-
cho and Ferreira, 2013). The measurement of the total an-
tioxidant capacity (TAC) considers the cumulative action
of all antioxidants and provides relevant information that
may effectively describe the dynamic equilibrium between
pro-oxidants and antioxidants Fereidoon, and Ying (2015).
Oxidative stress (OS) arises when oxidant substances over-
whelm antioxidant defenses; it may therefore cause an in-
crease in the generation of oxidation by-products and a
decrease of antioxidant protection mechanisms (Sies et al,
2017).Redox balance plays a key role in ensuring a satis-
factory preipartum period in ruminants; however, OS re-
sulted from redox imbalance has been linked to peripartum
diseases (Abuelo et al., 2019). Enhanced TOS, decreased
TAC and evoked OS was demonstrated in several stud-
ies in peripartum cows (Abd Ellah, 2010, 2016; Abuelo et
al., 2019), sheep (Mutinati, 2013) and goats (Radin et al.,
2015).The TOS to TAC ratio was regarded as a novel tool
to measure oxidative stress index (OSI) that could be used
as an approach to study redox homeostasis in veterinary

medicine (Abuelo et al., 2013) and determine which fac-
tors have the greatest influence on oxidative status (Urh et
al., 2019) during the peripartum period in cattle.

To the best of our knowledge, to date, there is no scien-
tific report on estimating the redox status in the peripar-
tum camels. The present study aimed to measure the redox
homeostatic status and deducing the OSI in the nomadic
camel by using the ratio between TOS and TAC during
the peripartum period.

MATERIALS AND METHODS

STUDY AREA

This study was carried out in El-Kharga oasis, El Wadi
El-Gadid Province (in the Western Egyptian Desert) dur-
ing September 2020.El-Kharga oasis is a depression that
lies between 22° 30" and 26° 00’ N latitudes and between
30° 27" and 30° 47" E longitudes. The climate of this area
is arid and rainfall is almost absent. During the study trial,
the mean atmospheric temperature and relative humidity
in this oasis were 36.5 + 2.5°C and 31 £ 4%, respectively.

ANIMALS

'The nature of camels in this oasis is nomadic. They browse
freely on the scattering ephemeral vegetation and bush-
es, mainly German grass (Haloxylon salicornicum), Kassala
(Cyperus conglomerates), and sometimes Barseem (Medica-
go sativa) is offered without concentrate or mineral sup-
plementations. The chance of watering depends on water
pumped from the few scattering ground wells or water
passages when available. Water quality assessment by water
research institute, includes an evaluation of the physical,
biological and chemical properties of water in relation to
the natural quality and the results revealed the water fit for
the consummation.

Ten pregnant and ten non-pregnant non-lactating
(NPNL) multiparous Balady camels were selected and
enrolled in this study. They were selected randomly and
depending on the balance of the expected calving date in
consultation with owners or experienced camel’s breed-
ers who had known their mating history. The mean body
weight of these camels ranged from 300-350 kg. Their
mean age was 13.2 years (11-15) and their body condi-
tion score ranged from 2.5 to 3.0 (scales 0-5); Iglesias et al
(2020). All the selected camels have been reared similarly
in their natural habitat in the desert environment under
unorganized farming with unsatisfactory standards of an-
imal management and feeding (nomadic system). These
animals were identified by their fire tattoo. According to
clinical examination (Temperature, Pulse, Respiratory rate
and body condition) and laboratory investigations (Direct
examination by microscopically and indirect examination
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by serological), these camels were clinically healthy, free
from parasites and systemic diseases.

The pregnant camels were balanced across the expected
calving date and were observed throughout the last three
weeks of pregnancy, the day of parturition (within 12
hours) and the first three weeks after calving. All pregnant
camels had normal easy calving without clinical abnor-
malities. The NPNL camels were established as a baseline
(BL) control group, when neither lactation nor pregnancy
was major metabolic burdens (Seri et al., 2015). Their bio-
chemical values were compared with those obtained from
the transitional camels.

BLOOD SAMPLING

Blood samples were collected from all the selected
she-camels before the morning feeding by the jugular vein
puncture in a 10-ml vacuumed tube without anticoagu-
lant. From the pregnant camels, blood was collected weekly
throughout the last three weeks prepartum (PrP), at calv-
ing time (within 8 h) and weekly throughout the first three
weeks postpartum (PsP). The accurate estimation of the
weeks of PrP sampling was assessed concerning the calv-
ing time. Samples were immediately sent to the laboratory
on crushed ice for subsequent sera collected by centrifu-
gation at 1500 xg for 15 min at 4 °C. The collected clear,

non-hemolyzed sera were frozen at -20°C until analysis.

B1OCHEMICAL ANALYSIS

The biochemical analysis of sera samples included total
oxidant status (TOS) were measured by using test kits
(Spectrum, diagnostic, Cairo. Egypt) according to man-
ufacture instruction UV/VIS spectrophotometry cal-
orimetrically at 560 nm, and expressed in pmol H,O,
Equiv/L ,according to Fereidoon, and Ying, (2015);
Total antioxidant capacity (TAC) was determined after
the method described by Yang et al. (2017), by using the
colometric ABTS assay kits (Beyotime institute of Bio-
technological, Haimen, China) and expressed as mmol
Trolox equiv /1. The TAC unit, mmol Trolox equivalent /L,
was converted to pmol Trolox equivalent/L. The OSI value
was calculated as follows: OSI (Arbitrary unit) = (TOS,
pmol/L / TAC, pmol Trolox equivalent /L) x100 (Dikalov
and Harrison, 2014).

STATISTICAL ANALYSIS

Statistical procedures were carried out using the packaged
SPSS programmer for windows version 20.0.1 (SPPS,
Chicago, 11, USA). The normal distribution of data of each
parameters was checked using the Shapiro-wilk test.Data
were analysed by using an analysis of variance( one-way
ANOVA).repeated measure procedure followed by means
of pairs multiple comparison procedures using Duncan’s
new multiple range test to determine the differences be-

tween sampling times for each parameters. Data was ex-
pressed as mean * standard error (SE). Differences were
considered significant at P < 0.05. Statistical results ex-

pressed in (Table 1).

Table 1: mean values ( se) of total oxidant status (TOS),
total antioxidant capacity (TAC) and oxidative stress index
(OSI) in non-pregnant non-lactating (NPNL), prepartum
(PrP), parturient (part) and postparturent (PrP) camels.

NPNL PrP Part PsP
TOS 10.22  12.04 16.72* 12.71
(pmol HZO2 Equiv/L) 1.55 1.01 1.33 1.43
TAC 0.784 0.895 1.152* 0.945
(mmol Trolox equiv/l)  0.09 0.04 0.11 0.05
OSI (Arbitrary unit) ~ 0.013  0.0135 0.0145 0.0135

0.0009 0.0008 0.0011 0.0008

* Significantly different from NPNL at P < 0.05

RESULTS

The results illustrated in Table 1, where oxidative status
markers including TOS, TAC and OSI in the non-preg-
nant, non-lactating, peripartum, parturient, and postpar-
tum camels. The Value of the NONL was considered as a
baseline. The cumulative TOS, TAC and OSI values did
not differ during the peripartum period, but the values of
the TOS and TAC increased compared with the BL value.
In comparing the values during the different sampling
times, the TOS (Fig. 1a) as a representative of ROS,
showed unvarying values (P > 0.05) during the early PrP
weeks (Weeks -3 and -2) and when compared with the
BL data. However, the value began to increase significantly
(P < 0.05) at the first week just before calving compared
with BL data. At parturition, the TOS peaked to reach
its maximal level, where the value was significantly (P <
0.05) higher than the PrP and the BL concentrations. Af-
ter calving, the value decreased gradually (P < 0.05) until
reaching the levels of PrP and the BL values in the second
and third weeks PsP.

Levels of TAC (Fig. 1b) showed a relatively steady state
(P > 0.05) throughout the PrP stage and did not differ
significantly from the BL value. At parturition there was
a remarkable increase (P < 0.05) in TAC compared with
the W-3 and BL values. After calving, the value returned
to reach the PrP and BL level. Accordingly, the calculated
OSI (Fig. 1c) values showed a roughly stable trend (P >
0.05) and did not achieve a clear tendency or statistical
significance (P > 0.05) among sampling times.

Pearson’s correlation (7) and linear regression analysis of
the paired data obtained by the individual cases (Fig. 2),
revealed that TOS was positively correlated with TAC (r
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Figure 1: concentrations mean (SE) of total oxidant sta-
tus (T'OS, pmol/L), total antioxidant capacity (TAC, pmol
Trolox equv/L) and oxidative stress index (OSI, Arbitrary
unit) in the non-pregnant non-lactating (NPNL) and
peripartum Bedouin camels (N=10/period).
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Figure 2: Pearson’s correlation (r) and linear regression
analysis of the paired data obtained by the individual
cases of total oxidant status (T'OS) with total antioxidant
capacity (TAC) ) in peripartum Bedouin camels (N=70).

Unlike the transition period in other ruminants, the peri-
parturient period in dromedary camels has gained very lit-
tle attention. It is worth saying that this is the first report
that describes redox homeostatic status in the peripartum
camel. In this study, we observed an increase in the TOS
and TAC at parturition in the dromedary camel, where-
as the OSI was stable throughout the peripartum period
in a way suggesting adaptation toward redox homeostasis.

DISCUSSION

Levels of ROS increased gradually throughout the peri-

partum period in cattle and goats (Celi, et al., 2010; Seo
et al., 2014). Our results show stability of ROS concen-
trations with a transitory significant increase only at the
time of calving. This suggests the superiority of camels in
controlling extra free radical production during the per-
ipartum period, except in time of parturition, indicating
a temporary imbalance between ROS production and the
neutralizing capacity of antioxidant mechanisms at this
period. Undeniably, parturition is an inflammatory process
characterized by augmented endocrine and metabolic ac-
tivity, sharp physical effort, deep structural and functional
reorganizations of the uterus and cervix to expel the fetus
and placenta (Nagel et al., 2019). These changes enhance
the massive influx of triggered neutrophils and monocytes
with a subsequent dramatic explosion of free radicals and
the production of ROS (Halliwell and Gutteridege, 2015).
Further, cytokines activate the pro-inflammatory tran-
scription factor, nuclear factor-kappa B (NF-«xB) which
further amplifies free radicals and ROS production (Sies
etal., 2017).

Total antioxidant capacity is an analyst frequently used to
assess the antioxidant status of biological samples and can
evaluate the antioxidant response against the free radicals
produced in a given disease. Fereidoon and Ying, (2015);
during the peripartum period, a depletion of TAC to com-
bat the increase in ROS generation was reported in camel
(Hawida et al., 2017). Our results revealed enhanced TAC
at parturition, suggesting an augmented antioxidant po-
tential to cope with the amplified ROM at this time. It
was reported that enzymatic antioxidants in camels have
unique molecular, biochemical and superior defense po-
tential compared to other mammals; for instance, camel
SOD proceeds faster, preventing the accumulation of OS
generated (Al-Otaiba et al., 2010; Faye and Bengoumi
2018; Chafik et al., 2019). The strong positive correlation
between TOS and TAC in our camels confirms these re-
sults and suggests that the entire TOS and TAC appear to

be under homeostatic control.

It is difficult to determine whether and when animals are
experiencing OS.Therefore, in veterinary medicine the ‘ide-
al’ biomarker does not exist and a panel of measurements
is crucial to dutifully evaluate OS changes (Abuelo et al.,
2013). Oxidative stress is an imbalance toward the pro-ox-
idant side of the pro-oxidant/antioxidant homeostasis,
so that OS can result from increased oxidants, decreased
antioxidants or even both (Halliwell and Gutteridege.,
2015). This means that the players in redox homeostasis
are TOS and TAC (Valacchi et al., 2018). OSI provides an
objective judgment of the relationship between oxidants
and antioxidants, not seen by the separate determination
of both components (Abuelo et al., 2013). In cattle, OSI
was higher PsP than those before parturition indicating
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animal’s risk to develop postpartum diseases (Abuclo et
al., 2013; Urh et al., 2019). The absence of variations of
OSI between periods in our study, even at parturition, sug-
gests that the high burden of ROS does not mean a high
OS, which could be governed by an efficient TAC. Our
results confirm those obtained by (Urh et al., 2019) who
gave an emphasis to the value of exploring both sides of
the TOS and TAC balance because greater concentrations
of TOS might not always result in greater OS but might
be controlled by a greater capacity of antioxidants. Desert
camels exhibit appreciable metabolic adaptation and re-
dox defense mechanisms against ROS and oxidative stress.
(Al-Otaiba et al., 2010) suggested the existence of mecha-
nisms of protection in camel tissues against the deleterious
effects of ROS and oxidative stress. Camel tissues have a
significant ability to metabolize ROS in comparison with
other animals. Camel cytochrome enzymes are specially
developed and adapted to the camel environment. As a
form of adaptation, the camel mitochondrial proteins
showed a higher evolutionary rate in camels to allow for
living in different environments (Altaher et al., 2015).

CONCLUSION

From a redox standpoint, the stability of OSI indicates
that the redox system is adapted to the homeostatic sta-
tus during the PP in nomadic camels. This may indicate
that, OS is not a challenge of for these peripartum camels,
where the generated pro-oxidants are attacked by a supe-
rior defense potential that can neutralize it. This study may
aid in a better understanding of the physiological adapta-
tion mechanisms of Bedouin camels and may be useful for
comparative studies between camels and other species.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare. None
of the authors of this paper have a financial or personal
relationship with other people or organizations that could
inappropriately influence or bias the content of the paper.

ETHICS APPROVAL

'This study was approved by the ethical rules of the Animal
Health Research institute. Agriculture research center.
Egypt, and in accordance with local laws and regulation

(NO.17101)

AUTHORS’ CONTRIBUTION

'The authors participated and contributed sufficiently and
equally in the completion of the manuscript, developed
The hyposis, performed the computations, verified the
biochemical studies. Performed analysis, interpret the re-
sults, and contribute to the final manuscript.

REFERENCES

* Abd Ellah MR, Okada K, Uchiza M, Morita E, Sato R, Yasuda
J (2016). Evaluation of oxidative DNA damage in blood
lymphocytes during the transition period in dairy cows. J.
Appl. Anim. Res. 1(44):323-325. https://doi.org/10.1080/0
9712119.2015.1031788

*Abd Ellah MR (2010). Involvement of free radicals in animal
diseases. Comparative Clinical Pathology. 1;19 (6):615-9.
https://doi.org/10.1007/s00580-010-1016-3

*Abd Ellah MR (2016). Oxidant and antioxidants during the
transition period in dairy cows. J. Adv. Vet. Res. 1;6 (4):130-
3.

*Abuelo A, Hernindez ], Benedito JL, Castillo C (2013).
Oxidative stress index (OSi) as a new tool to assess the redox
status in dairy cattle during the transition period. Animal. J.
7:1374-8. https://doi.org/10.1017/51751731113000396

* Abuelo A, Herndndez J, Benedito JL, Castillo C (2019). Redox
biology in transition periods of dairy cattle: Role of the
health of periparturient and neonatal animals. Antioxidants.
8:¢20. https://doi.org/10.3390/antiox8010020

*Ahmadpour A, Christensen RG, Zarrin M, Malekjahani
F, Farjood F (2019). Study of the circulatory energy
balance indicators and hepatic fat content in dromedary
camel during late pregnancy and early lactation. Small
Rumin.  Res.  179:14-20.  https://doi.org/10.1016/j.
smallrumres.2019.08.018

*Ali A, Baby B, Vijayan R (2019). From desert to medicine: a
review of camel genomics and therapeutic products. Front
Genet. 10:e17. https://doi.org/10.3389/fgene.2019.00017

*Al-Otaiba A, John A, Al-Belooshi T, Raza H (2010). Redox
homeostasis and respiratory metabolism in camels
(Camelus dromedaries): comparisons with domestic goats
and laboratory rats and mice. J. Comp. Physiol. B. 180:1121-
32. https://doi.org/10.1007/s00360-010-0482-x

* Altaher Y, Nakanishi M, Kandeel M (2015). Annotation of camel
genome for estimation of drug binding power, evolution and
adoption of cytochrome P450 1a2. Int. J. Pharmacol. 11:
243-247. https://doi.org/10.3923/ijp.2015.243.247

*Carocho M, Ferreira IC (2013). A review of antioxidants,
prooxidants and related controversy: natural and synthetic
compounds, screening and analysis methodologies and
future perspectives. Food Chem. Toxicol. 51:15-25. https://
doi.org/10.1016/j.£ct.2012.09.021

*Celi P, Di Trana A, Claps S (2010). Effects of plane of nutrition
on oxidative stress in goats during the peripartum period.
Vet. J. 184:95-9. https://doi.org/10.1016/.tvjl.2009.01.014

*Celi P, Gabai G (2015). Oxidant/antioxidant balance in animal
nutrition and health: the role of protein oxidation. Front
Vet. Sci. 2:¢48. https://doi.org/10.3389/fvets.2015.00048

*Chafik A, Essamadi A, Celik SY, Mavi A (2019). Purification
and biochemical characterization of a novel copper,
zinc superoxide dismutase from liver of camel (Camelus
dromedarius): An antioxidant enzyme with unique properties.
Bioorg. Chem. 86:428-36. https://doi.org/10.1016/j.
bioorg.2019.02.024

*Dikalov SI, Harrison DG (2014). Methods for detection
of mitochondrial and cellular reactive oxygen species.
Antioxidants & Redox Signaling. 20(2):372-382. https://
doi.org/10.1089/ars.2012.4886

*El-Bahrawy KA, Khalifa MA, Rateb SA (2015). Recent
advances in dromedary camel reproduction: An Egyptian
field experience. Emir J. Food Agric. 27:350-4. https://doi.

September 2021 | Volume 9 | Issue 9 | Page 1394

=SS


https://doi.org/10.1080/09712119.2015.1031788 
https://doi.org/10.1080/09712119.2015.1031788 
https://doi.org/10.1007/s00580-010-1016-3 
https://doi.org/10.1017/S1751731113000396 
https://doi.org/10.3390/antiox8010020 
https://doi.org/10.1016/j.smallrumres.2019.08.018 
https://doi.org/10.1016/j.smallrumres.2019.08.018 
https://doi.org/10.3389/fgene.2019.00017 
https://doi.org/10.1007/s00360-010-0482-x 
https://doi.org/10.3923/ijp.2015.243.247
https://doi.org/10.1016/j.fct.2012.09.021 
https://doi.org/10.1016/j.fct.2012.09.021 
https://doi.org/10.1016/j.tvjl.2009.01.014 
https://doi.org/10.3389/fvets.2015.00048 
https://doi.org/10.1016/j.bioorg.2019.02.024 
https://doi.org/10.1016/j.bioorg.2019.02.024 
https://doi.org/10.1089/ars.2012.4886 
https://doi.org/10.1089/ars.2012.4886 
https://doi.org/10.9755/ejfa.v27i4.19907 

OPENaACCESS

Advances in Animal and Veterinary Sciences

org/10.9755/ejfa.v2714.19907

*Faye B, Bengoumi M (2018). Camel clinical biochemistry and
hematology. Springer; 2018. https://doi.org/10.1007/978-
3-319-95562-9

*Fereidoon S, Ying Z (2015). Measurements of antioxidant
activity .J. Funct. Food.18 (8):757-781. https://doi.
org/10.1016/}.j1£.2015.01.047

*Halliwell B, Gutteridge JM (2015). Free radicals in biology and
medicine. 5* Ed. Oxford University Press, USA. https://doi.
org/10.1093/acprot:0s0/9780198717478.001.0001

*Howida MA, Abd-El-Rahman, Maha A Ibrahim, HA
Elmetwaly (2017). Hormonal Profile, Antioxidant Status
and Some Biochemical Parameters during Pregnancy
and Periparturient Period in Dromedary She Camel.
Egypt. J. Vet. Sci. 48(2):81-94. https://doi.org/10.21608/
¢jvs.2017.2040.1022

* Iglesias, C, Navas FJ, Ciani E, Arando A, Gonzilez A, Marin C,
Nogales S, Delgado JV (2020). Zoometric characterization
and body condition score in Canarian camel breed t: https://
www.researchgate.net/publication/339513681

*Mutinati M, Piccinno M, Roncetti M, Campanile D, Rizzo A,
Sciorsci RL (2013). Oxidative stress during pregnancy in
the sheep. Reprod. Domest. Anim. 48:353-7. https://doi.
org//10.1111/rda.12141

*Nagel C, Aurich C, Aurich J (2019). Stress effects on the
regulation of parturition in different domestic animal species.
Anim. Reprod. Sci. 207:153-61. https://doi.org/10.1016/j.
anireprosci.2019.04.011

*Pascottini OB, LeBlanc SJ (2020). Modulation of
immune function in the bovine uterus peripartum.
Theriogenology. 150:193-200  https://doi.org/10.1016/j.
theriogenology.2020.01.042

*Radin L, Simpraga M, Vince S, Kosteli¢ A, Milinkovié-Tur S
(2015). Metabolic and oxidative status of Saanen goats of
different parity during the peripartum period. J. Dairy Res.
82:426-33. https://doi.org/10.1017/50022029915000552

*Seo J, Osorio JS, Schmitt E, Corréa MN, Bertoni G, Trevisi E,
Loor JJ (2014). Hepatic purinergic signaling gene network
expression and its relationship with inflammation and
oxidative stress biomarkers in blood from perpertual dairy

cattle. J. Dairy Sci. 97:861-73. https://doi.org/10.3168/
ids.2013-7379

*Seri HI, E AM Ashwag, MAH Ghurashi (2015). Comparative
biochemical values in pregnant and non-pregnant
dromedary camels (Camelus dromedaries) Sudan J. Sci.
Technol. 16(3):40-43.

+Sies H, Berndt C,Jones DP (2017). Oxidative stress. Annu. Rev.
Biochem. 86:715-48. https://doi.org/10.1146/annurev-
biochem-061516-045037

*Sordillo LM, Mavangira V (2014). The nexus between nutrient
metabolism, oxidative stress and inflammation in transition
cows. Anim. Prod. Sci. 54:204-14. https://doi.org/10.1071/
AN14503

*Tharwat M, Ali A, Al-Sobayil F, Selim L, Abbas H (2015).
Haemato-biochemical profile in female camels (Camelus
dromedarius) during the periparturient period. J. Camel
Pract. Res. 22:101-6. https://doi.org/10.5958/2277-
8934.2015.00016.8

*Tharwat M, Al-Sobayil F (2015). Serum concentrations
of acute phase proteins and bone biomarkers in female
dromedary camels during the periparturient period. J.
Camel Pract. Res.22:271-8. https://doi.org/10.5958/2277-
8934.2015.00045.4

*Tibary A, El Allali K (2020). Dromedary camel: A model of
heat resistant livestock animal. Theriogenology. 154:203-11.
https://doi.org/10.1016/j.theriogenology.2020.05.046

*Urh C, Deniflen J, Gerster E, Kraus N, Stamer E, Heitkonig
B, Spiekers H, Sauerwein H (2019). Pro-and antioxidative
indicators in serum of dairy cows during late pregnancy and
early lactation: Testing the effects of parity, different dietary
energy levels, and farm. J. Dairy Sci. 102:6672-8. https://
doi.org/10.3168/jds.2019-16248

*Valacchi G, Virgili F, Cervellati C, Pecorelli A (2018). Ox-
Inflammation: from subclinical condition to pathological
biomarker. Front. Physiol. 9:e858. https://doi.org/10.3389/
tphys.2018.00858

*Yang S,ChangY, Rong T (2017). Nomenclature and general
classification of antioxidant activity/ capacity assays. http://
doi.org/10.1002/9781119135388 chi.

September 2021 | Volume 9 | Issue 9 | Page 1395


https://doi.org/10.9755/ejfa.v27i4.19907 
https://doi.org/10.1007/978-3-319-95562-9 
https://doi.org/10.1007/978-3-319-95562-9 
https://doi.org/10.1016/j.jff.2015.01.047
https://doi.org/10.1016/j.jff.2015.01.047
https://doi.org/10.1093/acprof:oso/9780198717478.001.0001
https://doi.org/10.1093/acprof:oso/9780198717478.001.0001
https://doi.org/10.21608/ejvs.2017.2040.1022 
https://doi.org/10.21608/ejvs.2017.2040.1022 
https://www.researchgate.net/publication/339513681 
https://www.researchgate.net/publication/339513681 
https://doi.org//10.1111/rda.12141 
https://doi.org//10.1111/rda.12141 
https://doi.org/10.1016/j.anireprosci.2019.04.011 
https://doi.org/10.1016/j.anireprosci.2019.04.011 
https://doi.org/10.1016/j.theriogenology.2020.01.042
https://doi.org/10.1016/j.theriogenology.2020.01.042
https://doi.org/10.1017/S0022029915000552 
https://doi.org/10.3168/jds.2013-7379 
https://doi.org/10.3168/jds.2013-7379 
https://doi.org/10.1146/annurev-biochem-061516-045037 
https://doi.org/10.1146/annurev-biochem-061516-045037 
https://doi.org/10.1071/AN14503 
https://doi.org/10.1071/AN14503 
https://doi.org/10.5958/2277-8934.2015.00016.8 
https://doi.org/10.5958/2277-8934.2015.00016.8 
https://doi.org/10.5958/2277-8934.2015.00045.4 
https://doi.org/10.5958/2277-8934.2015.00045.4 
https://doi.org/10.1016/j.theriogenology.2020.05.046 
https://doi.org/10.3168/jds.2019-16248 
https://doi.org/10.3168/jds.2019-16248 
https://doi.org/10.3389/fphys.2018.00858 
https://doi.org/10.3389/fphys.2018.00858 
http://doi.org/10.1002/9781119135388 chi
http://doi.org/10.1002/9781119135388 chi

