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ABSTRACT 
 

This work measured the status of oxidative stress (OS) biomarkers during the periparturient period in dromedary 

camels with ketosis. The Qassim University Veterinary Hospital in Saudi Arabia registered 17 diseased female 

dromedary camels. They underwent examination because of the gradual decline in body condition during the first 

three months post-parturition. Ten clinically healthy female dromedary camels were enrolled in this study as controls. 

For serum harvesting, collected a 7mL blood sample in plain tubes from each camel. Malondialdehyde (MDA) as lipid 

peroxidation biomarker and stress indicators, including catalase (CAT), Glutathione (GSH), and superoxide dismutase 

(SOD), were determined in the sera. In addition, lipid profiles that included cholesterol, triglycerides (TG), high-

density lipoproteins (HDL), and low-density lipoproteins (LDL), as well as β-hydroxybutyric acid (βHBA), were 

measured in the same samples. Compared to the values in the controls, the MDA was significantly higher (P<0.001) 

in the diseased group. However, the GSH value was significantly lower in the diseased camels compared to the 

healthy ones (P<0.01). Similarly, the SOD value was lower in the diseased animals than in the healthy camels 

(P<0.001). The βHBA values were significantly higher in the diseased group than in healthy females (P<0.01). The 

cholesterol, TG, and LDL values were more elevated in the diseased group than in the healthy animal group 

(P<0.001). On the contrary, a statistically significant lower HDL value (P<0.001) was found in the diseased group 

compared to the healthy animal group.   
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INTRODUCTION 

 

The periparturient period, 3 weeks before to 3 weeks 

after parturition, is characterized greatly by the increased 

rate of disease. The animal experiences a series of 

nutritional, physiological, and social changes during this 

period, and is more vulnerable to infectious and metabolic 

diseases. Successful transition of the animal from the fetal 

to the neonatal state involves tremendous physiological 

adaptations on the part of the neonate and the dam. The 

success or failure of this transition process equally 

dictates the survival of the offspring and the subsequent 

recovery of the dam (Tharwat 2020). During the 

periparturient period, lipolysis in adipose tissue mobilizes 

fatty acid reserves to meet high energy needs of dairy 

cows (Zachut and Contreras 2022). 

Overproduction of reactive oxygen species (ROS) 

indicates an imbalance of oxidants/antioxidants as a 

source of oxidative stress (OS) that can cause cellular and 

tissue damage. As in humans, the occurrence of OS in 

animals may be the consequence of stressful activities 

such as transport, exercise, and intensive management 

(Kirschvink et al. 2002) Thus, this imbalance between the 

activities of generating and scavenging of radicals 

required for molecular detoxification results in damage to 

all cell components, including lipids, proteins, and DNA 

(Kowaltowski and Vercesi 1999; Niki 2009). Heightened 

ROS generation, an impaired antioxidant system, or the 

two in combination can lead to OS. Under OS, an 

uncontrolled ROS attack can modify and denature 

molecular function and structure, resulting in dysfunction 

and tissue damage (Vaziri 2008) and subsequently causing 

disruptions in the normal cellular detoxification or 

damage-repair mechanisms of the reactive intermediates 

(Lands et al. 1999; Wang et al. 2022). 

The antioxidative status of the body was determined 

by two mechanisms, the non-enzymatic one (antioxidants, 

free radical scavengers, transition metal ions, sequester 
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transition metal ions, albumins, ceruloplasmin, and 

metallothioneins). The other was enzymatic mechanisms, 

both determine the state of oxidative stress (Kleczhowski 

et al. 2003; Ghaffar et al. 2021) Dangerously reactive 

intermediates can be generated by the reduction of oxygen 

as a by-product of normal aerobic metabolism. All cellular 

macromolecules are threatened by these ROS as well as 

by others they engender, therefore creating the need for 

defences. Nucleic acids and proteins suffering from 

oxidative damage are repaired or recycled by enzymes 

that form part of these defences. The role played by this 

oxidative damage in neurodegenerative diseases and in 

aging is well established (Freidovich 1999). 

Intermediates reactive oxygen can be made in various 

areas of the hepatocytes. In order for the liver to function 

normally, it is essential that a balance be maintained 

between free radical reactions and antioxidant activities. 

Pathological processes upset this balance (Blázovics et 

al.1992). The antioxidant system is composed of 

antioxidant enzymes including superoxide dismutase 

(SOD), CAT, and glutathione peroxidase, glutathione 

(GSH), ancillary enzymes (glutathione reductase and S-

transferase, in addition to glucose 6-phosphate 

dehydrogenase), metal-binding proteins (ceruloplasmin, 

transferrin, and albumin), vitamins (ascorbate, alpha-

tocopherol, and beta-carotene) in addition to flavonoids, 

and urate (Halliwell 1994; Abd Ellah et al. 2007; El-

Motaily et al. 2022; Mahmood et al. 2022). Under several 

diverse pathological conditions, free radicals generate 

tissue damage via the general mechanism of lipid 

peroxidation (Halliwell and Chirico 1993) 

Malondialdehyde (MDA) is the most extensively applied 

common biomarker used in biological and medical 

science for the assessment of lipoperoxidation (Bird and 

Draper 1994; Suttnar et al. 2001; Salar-Amoli et al. 2009; 

Li et al. 2022).  Thus, as MDA is one of the end products 

of lipid peroxidation, the degree of peroxidation is most 

frequently determined by evaluating MDA levels (Lata et 

al. 2004).  

A complex relationship occurs between OS and 

inflammation, with OS considered as a major component 

involved in in the pathogenesis of conditions and diseases 

of the skin including edema, erythema, wrinkling, 

hypersensitivity, abnormal keratinization, and cancer 

(Bickers and Athar 2006; Portugal and Barak 2007). The 

design of this work was aimed at assessing the status of 

the OS biomarkers during the periparturient period in 

dromedary camels with ketosis. It is hoped that ongoing 

research on these biomarkers will provide insights that 

increase the understanding of the physiology of this 

period. 

 

MATERIALS AND METHODS 

 

Ethical approval  

Animal Ethical Committee, Scientific Research 

Deanship in the University of Qassim, Saudi Arabia was 

approved this study. 

 

Camels, History, Physical Examination, and Blood 

Sampling 

Seventeen female dromedary camels were examined 

at the Qassim University Veterinary Hospital in Saudi 

Arabia. They were described for evaluation because of 

gradual loss of body condition during the first three 

months after parturition. During the clinical examination, 

the overall behavior and physical illness was observed, 

auscultation of the heart, lungs, rumen, and intestines was 

done, the heart rate, respiratory rate, and rectal 

temperature were measured, and finally, swinging and 

percussion auscultation of both sides of the abdomen and 

a rectal examination were performed. Ten clinically 

healthy female dromedary camels were enrolled in this 

study as controls. A 7mL blood sample was collected in 

plain tubes from each camel for serum harvesting. 

 

Determination of Stress Biomarkers and Lipid Profile 

Levels of serum malondialdehyde (MDA, 

Elabscience), cholesterol (Quimica Clinica Aplicada, 

S.A.), triglycerides (TG, Linear Chemicals, S.L.U.), high-

density lipoproteins (HDL, Cintronic GmbH), low-density 

lipoproteins (LDL, TRI-(TRI/5+HDL) and β-

hydroxybutyric acid (βHBA, Biochemical Enterprise) as 

well as glutathione (GSH, Elabscience), and superoxide 

dismutase (SOD, Elabscience) activities were 

calorimetrically measured using kits. 

 

Statistical Analysis 

Statistical analysis was performed using GraphPad 

prisms 5. Descriptive statistics and simple t test were 

performed to compare the diseased and normal groups, 

with P<0.05, P<0.01, and P<0.001 revealing a significant 

difference. 

 

RESULTS 

 

Fig. 1 shows mean±SD values of the MDA (mmol/g 

Hb) and βHBA (mg/dL) in diseased female camels during 

the periparturient period compared to controls and are 

significantly different at P<0.0001 and P<0.05, 

respectively. Compared to the value of 177±55mmol/g Hb 

in the healthy female camels, the MDA was significantly 

higher (487mmol/g Hb, P=0.0001) in the diseased group. 

The βHBA values were significantly higher in the 

diseased animals than in the non-diseased females 

(1534±1209 vs. 286±182mg/dL; P<0.05). 

 

 
 

Fig. 1: Mean±SD values of the MDA (mmol/g Hb) and βHBA 

(mg/dL) in diseased female camels (n=17) during the 

periparturient period compared to controls (n=10) are 

significantly different at P<0.0001 and P<0.05, respectively. 
 

Fig. 2 illustrate Mean±SD values of the GSH 

(mmol/g Hb) and SOD (U/mg Hb) in diseased female 

camels during the periparturient period compared to 
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controls and are significantly different at P<0.01 and 

P<0.0001, respectively. The GSH value was lower in the 

diseased camels than in the healthy ones, with a 

statistically significant difference (3.46±1.5 vs. 

6.02±1.6mmol/g Hb; P<0.01). In a similar manner, the 

SOD value was lower in the diseased female camels 

compared to the healthy ones, with a statistically 

significantly difference (5.26±3.2 vs. 10.92±3.9mmol/g 

Hb; P<0.001). 

 

 
 

Fig. 2: Mean±SD values of the GSH (mmol/g Hb) and SOD 

(U/mg Hb) in diseased female camels (n=17) during the 

periparturient period compared to controls (n=10) are 

significantly different at P<0.008 and P<0.0001, respectively. 
 

Fig. 3 shows mean±SD values of the cholesterol and 

triglycerides (mg/dL) in diseased female camels during 

the periparturient period compared to controls and are 

significantly (P<0.0001) different. Fig. 4 clarify 

Mean±SD values of the high-density lipoproteins (HDL) 

and low-density lipoproteins (LDL) (mg/dL) in diseased 

female camels during the periparturient period compared 

to controls are significantly (P<0.001) different. 

Cholesterol, TG, and LDL values were higher in the 

diseased group compared to the healthy group (151±15, 

223±20mg/dL, and 100±19 vs. 108±7, 139±24, and 

59±16mg/dL; P<0.0001, P<0.0001, and P=0.0002, 

respectively). On the contrary, the HDL value was lower 

in the diseased group compared to the healthy animals, 

with a statistically significant difference of 7.67±5.9 vs. 

36.46±8.8mg/dL; P<0.0001). 

 

 
 
Fig. 3: Mean±SD values of the cholesterol and triglycerides 

(mg/dL) in diseased female camels (n=17) during the 

periparturient period compared to controls (n=10) are 

significantly (P<0.0001) different. 

 
 

Fig. 4: Mean±SD values of the high-density lipoproteins (HDL) 

and low-density lipoproteins (LDL) (mg/dL) in diseased female 

camels (n=17) during the periparturient period compared to 

controls (n=10) are significantly (P<0.0001) different. 
 

DISCUSSION 

 

During the periparturient period, dairy cattle 

experience physiological and hormonal changes and 

severe negative energy balance, followed by oxidative 

stress. To maintain successful lactation and combat 

negative energy balance, excessive fat mobilization 

occurs, leading to overproduction of ROS. Excessive fat 

mobilization also increases the concentrations of non-

esterified fatty acids and βHBA during the periparturient 

period (Khan et al. 2022). Dairy cows experience 

increased oxidative stress during periods of transition 

such as at the cessation of lactation and around the 

periparturient period, thus increasing disease risk 

(Strickland et al. 2021). Dairy cattle experience health 

risks during the periparturient period. The continuous 

overproduction of ROS during the transition from late 

gestation to peak lactation leads to the development of 

oxidative stress.  

Oxidative stress is usually considered the main 

contributor to several diseases such as retained placenta, 

fatty liver, ketosis, mastitis and metritis in periparturient 

dairy cattle. The OS is generally balanced by the naturally 

available antioxidant system in the body of dairy cattle. 

However, in some special conditions, such as the peri-

parturient period, the natural antioxidant system of a body 

is not able to balance the ROS production (Xiao et al. 

2021). A better comprehension of the redox status 

(balance between oxidants and antioxidants) during the 

periparturient period may facilitate the development of 

management and nutritional solutions to prevent 

subclinical hyperketonemia and subclinical hypocalcemia 

in dairy goats (Huang et al. 2021).  

Conditions, activities, or events that occur within the 

body are termed biomarkers because they can indicate 

physiological or pathophysiological processes (e.g., 

growth and aging) as well as disease (e.g., heart failure 

and cardiac damage). Overwhelming change in the two 

arms of antioxidant either enzymatic or non-enzymatic 

parameters could be a biomarker to that supports 

continuation health during the peri-parturient period in 

dromedary camels with the purpose of diminish the 

incidence and harshness of diseases and, subsequently, to 

build up a respectable organization procedure (Ateya et 

al. 2021). 

https://pubmed.ncbi.nlm.nih.gov/?term=Strickland+JM&cauthor_id=34573052
https://doi.org/10.1007/978-3-540-29807-6_2812
https://doi.org/10.1007/978-3-540-29807-6_2101
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The biomarkers of stress are used for evaluation of 

many diseases in camel medicine. For example, the 

activities of SOD and CAT and reduced glutathione 

(RGSH) levels were significantly lower in camels with 

paratuberculosis compared to healthy camels. On the 

contrary, lipid peroxidation was significantly higher, as 

reflected in higher MDA values in the serum of the 

infected camels compared to controls (El-Deeb et al. 

2014). The activities of SOD, CAT, and RGSH were also 

reduced significantly in camels with trypanosomiasis 

compared with controls, whereas lipid peroxidation was 

increased significantly, as revealed by higher MDA 

values in the serum of these camels compared to healthy 

controls (El-Bahr and El-Deeb 2016). In camels with 

sarcoptic mange, concentrations of MDA did not differ in 

mild cases, but were elevated in moderate and severe 

cases when compared to control group values. The values 

of SOD and CAT were significantly higher in mild cases 

and significantly lower in moderate and severe cases than 

in the healthy camels. The GSH concentration followed a 

similar trend, where it was higher in mild and lower in 

moderate and severe cases compared to the healthy 

animal values (Saleh et al. 2011). The prognostic and 

diagnostic significance of OS markers was also studied in 

camels with urinary tract infection, where CAT, SOD, 

and GSG activities were decreased in the diseased 

animals than in the control camel group (El-Deeb and 

Buczinski 2015; Hussain et al. 2018). 

During the periparturient (transition) period, the 

endocrine status of an animal undergoes more affected 

changes than at any other time in the cycle of gestation 

and lactation, in addition to being affected by a reduction 

in feed intake at a time when the developing conceptus 

and imminent lactogenesis create an increasing nutrient 

demand (Drackley 1999). During this transition phase, 

bovines must adapt to a remarkable and manifold rise in 

nutrient intake resulting from the lactogenesis needs of the 

mammary glands, in contrast to the much smaller 

nutritional requirements of the developing conceptus in 

late gestation (Tharwat et al. 2012; Tharwat et al. 2015a) 

This situation is in parallel with various 

hematobiochemical changes reported as taking place in 

female dromedary camels in the course of the 

periparturient period (Tharwat et al. 2015b). 

This study was carried out on female camels with 

ketosis during the first three months postpartum, when 

their high milk production resulted in a negative energy 

balance. In periods of food deprivation, ruminants suffer 

from a breakdown of body tissue, which commonly 

induces the main energy-producing pathway to shift 

towards increasing ketone body formation (i.e., βHBA 

and acetoacetate). However, when food is unavailable, 

camelids have the ability to utilize free fatty acid and 

ketone bodies more successfully for their energy and 

glucose requirements and therefore, do not need to rely 

entirely on the traditional ruminant biochemical routes 

(Wensvoort et al 2001). The negative energy balance in 

the diseased camels was confirmed in this study by the 

significant elevations in βHBA and by significant 

increases in cholesterol, TG, and LDL and decreases in 

HDL compared to the control values. Similar increases in 

cholesterol and LDL and decreases in HDL were observed 

in goats and cows postpartum (Tharwat et al. 2015a; Afzal 

et al. 2022). 

In dromedary camels with a normal periparturient 

period, it was reported that the levels of MDA did not 

differ significantly between the prepartum and postpartum 

periods (Saleh et al. 2021). However, in the present study, 

the MDA biomarker of lipid peroxidation increased 

sharply in female camels with progressive weight loss 

during the three months post parturition (P=0.0001).  

Saleh et al. (2021) observed that SOD activity also 

increased by 71.7% (P<0.05) one-week prepartum and by 

57% at parturition. On the other hand, the serum activity 

values of SOD in this study were lower in the 

periparturient female camels compared to the healthy 

ones, with a highly significant difference of P=0.0001. 

 

Conclusion 

In conclusion, OS biomarkers and lipid profiles 

measurements might be applied as suggesting biomarkers 

during the periparturient period in dromedary camels with 

ketosis. The antioxidant therapy may be valuable in the 

cure of ketosis in dromedary camels at periparturient period. 

 

Conflict of Interest 

The author declares that there is no conflict of 

interest. 

 

Acknowledgments 

The researcher would like to thank the Deanship of 

Scientific Research, Qassim University for funding the 

publication of this project. 

 

REFERENCES 

 
Abd Ellah MR, Okada K and Yasuda J, 2007. Oxidative stress 

and bovine liver diseases: role of glutathione peroxidase 

and glucose 6-phosphate dehydrogenase. Japanese Journal 

of Veterinary Research 54: 163-173. 

Afzal A, Hussain T, Hameed A, Shahzad M and Mazhar MU, 

2022.  Dietary moringa oleifera alters periparturient plasma 

and milk biochemical indicators and promotes productive 

performance in goats. Frontiers in Veterinary Science 3: 

1618. 

https://doi.org/10.3389/fvets.2021.787719.eCollection 2021 

Ateya A, El-Sayed A and Mohamed R, 2021.  Gene expression 

and serum profile of antioxidant markers discriminate 

periparturient period time in dromedary camels. Mammal 

Research 66(4): 603-613.  https://doi.org/10.1007/s13364-

021-00578-3 

Bickers DR and Athar M,2006. Oxidative stress in the 

pathogenesis of skin disease. Journal Investigative 

Dermatology 126: 2565-2575. https://doi.org/10.1038/sj.jid. 

5700340 

Bird RP and Draper HH, 1984. Comparative studies on different 

methods of malonaldehyde determination. Methods in 

Enzymology 105: 299-305. https://doi.org/10.1016/s0076-

6879(84)05038-2 

Blázovics A, Fehér E and Fehér J, 1992. Role of free radical 

reactions in experimental hyperlipedemia in the 

pathomechanism of fatty liver. In: Csomos G, Feher J (eds) 

Free Radicals and Liver. Berlin Springer Verlag. 

Drackley JR, 1999. Biology of dairy cows during the transition 

period: The final frontier?  Journal of Dairy Science 82: 

2259–2273.https://doi.org/10.3168/jds.s0022-0302(99)7547 

4-3 

https://doi.org/10.3389/fvets.2021.787719.eCollection%202021
https://doi.org/10.1007/s13364-021-00578-3
https://doi.org/10.1007/s13364-021-00578-3
https://pubmed.ncbi.nlm.nih.gov/?term=Bickers+DR&cauthor_id=17108903
https://pubmed.ncbi.nlm.nih.gov/?term=Athar+M&cauthor_id=17108903
https://doi.org/10.1038/sj.jid.%205700340
https://doi.org/10.1038/sj.jid.%205700340
https://doi.org/10.1016/s0076-6879(84)05038-2
https://doi.org/10.1016/s0076-6879(84)05038-2
https://doi.org/10.3168/jds.s0022-0302(99)75474-3
https://doi.org/10.3168/jds.s0022-0302(99)75474-3


Int J Vet Sci, 2023, 12(3): 450-455. 
 

 454 

El-Bahr SM and El-Deeb WM, 2016. Trypanosoma evansi in 

naturally infected Dromedary Camels: lipid profile, 

oxidative stress parameters, acute phase proteins and 

proinflammatory cytokines. Parasitology 143: 518–522. 

https://doi.org/10.1017/S0031182016000123 

El-Deeb WM, Fouda TA and El-Bahr SM, 2014. Clinico-

biochemical investigation of aratuberculosis of dromedary 

camels in Saudi Arabia: Proinflammatory cytokines, Acute 

phase proteins and oxidative stress biomarkers. Pakistan 

Veterinary Journal 34: 484-488. 

El-Deeb WM and Buczinski B, 2015. The diagnostic and 

prognostic importance of oxidative stress biomarkers and 

acute phase proteins in Urinary Tract Infection (UTI) in 

camels. Peer J 3: e1363. https://doi.org/10.7717/peerj.1363  

El-Motaily NM, Farag HS, Abdou OM, Saber M and Ahmed 

KA, 2022. The relationship between antioxidant trace 

elements (Zn-Cu and Se) and oxidative stress in dogs 

affected with dermatophytosis. International Journal of 

Veterinary Science 11(4): 467-473. https://doi.org/ 

10.47278/journal.ijvs/2022.137 

Freidovich I, 1999. Fundamental aspects of reactive oxygen 

species, or what’s the matter with oxygen? Annals of the 

New York Academy of Sciences 893: 13-20. 

https://doi.org/10.1111/j.1749-6632.1999.tb07814.x 

Ghaffar A, Hussain R, Ahmad N, Ghafoor R, Akram MW, Khan 

I and Khan A, 2021. Evaluation of hemato-biochemical, 

antioxidant enzymes as biochemical biomarkers and 

genotoxic potential of glyphosate in freshwater fish (Labeo 

rohita). Chemistry and Ecology 37 (7): 646-667. 

https://doi.org/10.1080/02757540.2021.1937141 

Halliwell B and Chirico S, 1993. Lipid peroxidation: its 

mechanism, measurement, and significance. American 

Journal of Clinical Nutrition 57(Suppl. 1): 715S–725S. 

https://doi.org/10.1093/ajcn/57.5.715S 

Halliwell B, 1994. Free radicals, antioxidants, and human 

disease: curiosity, cause, or consequence? Lancet 344: 721-

724. https://doi.org/10.1016/s0140-6736(94)92211-x 

Huang Y, Wen J, Kong Y, Zhao C, Liu S, Liu Y, Li L, Yang J, Z

hu X, Zhao B, Cao B and Wang J, 2021. Oxidative status in 

dairy goats: periparturient variation and changes in 

subclinical hyperketonemia and hypocalcemia. BMC 

Veterinary Research 17: 238. https://doi.org/10.1186/ 

s12917-021-02947-1 

Hussain R, Khan A, Jahanzaib, Qayyum A, Abbas T, Ahmad M, 

Mohiuddin M and Mehmood K, 2018. Clinico-

hematological and oxidative stress status in Nili Ravi 

buffaloes infected with Trypanosoma evansi. Microbial 

Pathogenesis 123: 126-131. https://doi.org/10.1016/j. 

micpath.2018.07.001 

Khan, MZ, Ma Y, Xiao J, Chen T, Ma J, Liu S, Wang Y, Khan 

A, Gibson Alugongo M and  Cao Z, 2022. Role of selenium 

and vitamins e and b9 in the alleviation of bovine mastitis 

during the periparturient period. Antioxidants (Basel) 11: 

657. https://doi.org/10.3390/antiox11040657 

Kirschvink N, Moffart BD, Smith N, Marlin D, oberts C and 

Lekeux P, 2002. Relationship between markers of blood 

oxidant status and physiological variables in healthy and 

heaves-affected horses after exercise. Equine Veterinary 

Journal 34: 159-164. https://doi.org/10.1111/j.2042-

3306.2002.tb05410.x 

Kleczhowski M, Klucinski W, Sikora JZ, danocviez M and 

Dziekan P, 2003. Role of antioxidants in the protection 

against oxidative stress in cattle: non-enzymatic 

mechanisms (part 2). Polish Journal of Veterinary Science 

6: 301- 308. 

Kowaltowski AJ and Vercesi AE, 1999. Mitochondrial damage 

induced by conditions of oxidative stress. Free Radical 

Biology and Medicine 26: 463–471. https://doi.org/10. 

1016/s0891-5849(98)00216-0 

Lands LC, Grey V, Smountas AA, Kramer VG and McKenna D, 

1999. Lymphocytes glutathione levels in children with 

cystic fibrosis. Chest 116: 201–205. https://doi.org/ 

10.1378/chest.116.1.201 

Lata H, Ahuja GK, Narang APS and Walia L, 2004. Effect of 

immobilization stress on lipid peroxidation and lipid profile 

in rabbits. Journal of Clinical Biochemistry 19: 1–4. 

https://doi.org/10.1007/BF02894248 

Li X, Naseem S, Hussain R, Ghaffar A, Li K, and Khan A, 2022. 

Evaluation of DNA damage, biomarkers of oxidative stress 

and status of antioxidant enzymes in freshwater fish (Labeo 

rohita) exposed to pyriproxyfen. Oxidative Medicine and 

Cellular Longevity 2022: 5859266. https://doi.org/10.1155/ 

2022/5859266 

Mahmood Y, Hussain R, Ghaffar A, Ali F, Nawaz S, Mehmood 

K and Khan A, 2022. Acetochlor affects bighead carp 

(Aristichthys nobilis) by producing oxidative stress, 

lowering tissue proteins, and inducing genotoxicity. 

BioMed Research International, 2022: 9140060. 

https://doi.org/10.1155/2022/9140060 

Niki E, 2009. Lipid peroxidation: physiological levels and dual 

biological effects. Free Radical Biology and Medicine 47: 

469–484. 

https://doi.org/10.1016/j.freeradbiomed.2009.05.032 

Portugal M, Barak V, Ginsburg I and Kohen R, 2007. Interplay 

among oxidants, antioxidants, and cytokines in skin 

disorders: present status and future considerations. 

Biomedicine and Pharmacotherapy 61: 412–422. 

https://doi.org/10.1016/j.biopha.2007.05.010 

Salar-Amoli J, Hejazy M and Esfahani T, 2009. Comparison 

between some oxidative Stress Biomarkers values in serum 

and plasma of clinically healthy adult camels (Camelus 

dromedarius) in Iran. Veterinary Research Communications 

33: 849. https://doi.org/10.1007/s11259-009-9233-4 

Saleh MA, Mahran OM and Al-Salahy MB, 2011. Circulating 

oxidative stress status in dromedary camels infested with 

sarcoptic mange. Veterinary Research Communications 35: 

35–45. https://doi.org/10.1007/s11259-010-9450-x 

Saleh MA, Rateb MH, Mostafa HI, Abou-Khalil NS and  Hassan 

MS, 2021. Circulating oxidative stress status in Bedouin 

she-camels (Camelus dromedarius) during the peripartum 

period. Tropical Animal Health and Production 53: 446. 

https://doi.org/10.1007/s11250-021-02846-5 

Strickland JM, Lauren Wisnieski 2, Vengai Mavangira 1, 

Lorraine M Sordillo. 2021. Serum vitamin D is associated 

with antioxidant potential in peri-parturient cows. 

Antioxidants (Basel) 10:1420. https://doi.org/10.3390/ 

antiox10091420 

Suttnar J, Masova L and Dyr E, 2001. Influence of citrate and 

EDTA anticoagulants on plasma malondialdehyde 

concentrations estimated by high-performance liquid 

chromatography. Journal of Chromatography B 751: 193–

197. https://doi.org/10.1016/s0378-4347(00)00453-9 

Tharwat M, Ali A and Al-Sobayil F, 2015a. Hematological and 

biochemical profiles in goats during the transition period. 

Comparative Clinical Pathology 24: 1–7. https://doi.org/ 

10.1007/s00580-013-1842-1 

Tharwat M, Ali A, Al-Sobayil F and Abbas H, 2015b. 

Hematobiochemical profiles in female camels (Camelus 

dromedaries) during the periparturient period. Journal of 

Camel Practice and Research 22: 101-106. 

https://doi.org/10.5958/2277-8934.2015.00016.8 

Tharwat M, Oikawa S and Buczinski S, 2012. Ultrasonographic 

prediction of hepatic fat content in dairy cows during the 

transition period. Journal of Veterinary Science and 

Technology 3: 1. https://doi.org/10.4172/2157-7579. 

1000111 

Tharwat M. 2020. Serum concentration of bone metabolism 

biomarkers in goats during the transition period. Veterinary 

https://doi.org/10.1017/s0031182016000123
https://pubmed.ncbi.nlm.nih.gov/?term=El-Deeb+WM&cauthor_id=26587339
https://pubmed.ncbi.nlm.nih.gov/26587339/#affiliation-1
https://doi.org/%2010.47278/journal.ijvs/2022.137
https://doi.org/%2010.47278/journal.ijvs/2022.137
https://nyaspubs.onlinelibrary.wiley.com/journal/17496632
https://nyaspubs.onlinelibrary.wiley.com/journal/17496632
https://doi.org/10.1111/j.1749-6632.1999.tb07814.x
https://doi.org/10.1080/02757540.2021.1937141
https://doi.org/10.1016/s0140-6736(94)92211-x
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+Y&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#equal-contrib-explanation
https://pubmed.ncbi.nlm.nih.gov/?term=Wen+J&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#equal-contrib-explanation
https://pubmed.ncbi.nlm.nih.gov/?term=Kong+Y&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#equal-contrib-explanation
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+C&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#equal-contrib-explanation
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+S&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+Y&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Li+L&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+J&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+X&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+X&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+B&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Cao+B&cauthor_id=34229683
https://pubmed.ncbi.nlm.nih.gov/34229683/#affiliation-3
https://doi.org/10.1186/%20s12917-021-02947-1
https://doi.org/10.1186/%20s12917-021-02947-1
https://doi.org/10.1016/j.%20micpath.2018.07.001
https://doi.org/10.1016/j.%20micpath.2018.07.001
https://pubmed.ncbi.nlm.nih.gov/?term=Khan%20MZ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ma%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Xiao%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ma%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Liu%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wang%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Khan%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Alugongo%20GM%5BAuthor%5D
https://doi.org/10.3390/antiox11040657
https://doi.org/10.1111/j.2042-3306.2002.tb05410.x
https://doi.org/10.1111/j.2042-3306.2002.tb05410.x
https://doi.org/10.%201016/s0891-5849(98)00216-0
https://doi.org/10.%201016/s0891-5849(98)00216-0
https://doi.org/
https://doi.org/10.1378/chest.116.1.201
https://doi.org/10.1007/bf02894248
https://doi.org/10.1155/%202022/5859266
https://doi.org/10.1155/%202022/5859266
https://doi.org/10.1155/2022/9140060
https://doi.org/10.1016/j.freeradbiomed.2009.05.032
https://doi.org/10.1016/j.biopha.2007.05.010
https://doi.org/10.1007/s11259-009-9233-4
https://doi.org/10.1007/s11259-010-9450-x
https://pubmed.ncbi.nlm.nih.gov/?term=Saleh+MA&cauthor_id=34427777
https://pubmed.ncbi.nlm.nih.gov/?term=Rateb+MH&cauthor_id=34427777
https://pubmed.ncbi.nlm.nih.gov/34427777/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Mostafa+HI&cauthor_id=34427777
https://pubmed.ncbi.nlm.nih.gov/34427777/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Abou-Khalil+NS&cauthor_id=34427777
https://pubmed.ncbi.nlm.nih.gov/34427777/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Hassan+MS&cauthor_id=34427777
https://doi.org/10.1007/s11250-021-02846-5
https://pubmed.ncbi.nlm.nih.gov/?term=Strickland+JM&cauthor_id=34573052
https://pubmed.ncbi.nlm.nih.gov/34573052/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Wisnieski+L&cauthor_id=34573052
https://pubmed.ncbi.nlm.nih.gov/34573052/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Mavangira+V&cauthor_id=34573052
https://pubmed.ncbi.nlm.nih.gov/34573052/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Sordillo+LM&cauthor_id=34573052
https://doi.org/10.3390/%20antiox10091420
https://doi.org/10.3390/%20antiox10091420
https://doi.org/10.1016/s0378-4347(00)00453-9
https://doi.org/%2010.1007/s00580-013-1842-1
https://doi.org/%2010.1007/s00580-013-1842-1
https://doi.org/10.5958/2277-8934.2015.00016.8
https://doi.org/10.4172/2157-7579.%201000111
https://doi.org/10.4172/2157-7579.%201000111


Int J Vet Sci, 2023, 12(3): 450-455. 
 

 455 

Medicine International 2020: 4064209. https://doi.org/ 

10.1155/2020/4064209 

Vaziri ND, 2008. Causal link between oxidative stress, 

inflammation, and hypertension. Iranian Journal of Kidney 

Diseases 2: 1–10. 

Wang JQ, Hussain R, Ghaffar A, Afzal G, Saad AQ, Ahmad N, 

Nazir U, Ahmad HI, Hussain T and Khan A, 2022. Clinico-

hematological, mutagenic, and oxidative stress induced by 

pendimethalin in freshwater fish bighead carp 

(Hypophthalmichthys nobilis). Oxidative Medicine and 

Cellular Longevity 2022: 2093822. https://doi.org/10.1155/ 

2022/2093822 

Wensvoort J, Kyle DJ, 0rskov ER and Bourke DA, 2001. 
Biochemical adaptation of camelids during periods where 
feed is withheld. RangiSer 21: 45-48. https://doi.org/ 
10.7557/2.21.1.1527 

Xiao J, Khan MZ, Ma Y, Alugongo GM, Ma J, Chen T, Khan A,
 Cao Z. 2021. The antioxidant properties of selenium and 
vitamin E; their role in periparturient dairy cattle health 
regulation. Antioxidants (Basel) 10: 1555. https://doi.org/ 
10.3390/antiox10101555 

Zachut M, Contreras A. 2022. Symposium review: Mechanistic 
insights into adipose tissue inflammation and oxidative 
stress in periparturient dairy cows. Journal of Dairy Science 
105: 3670-3686. https://doi.org/10.3168/jds.2021-21225 

 

https://doi.org/%2010.1155/2020/4064209
https://doi.org/%2010.1155/2020/4064209
https://doi.org/10.1155/%202022/2093822
https://doi.org/10.1155/%202022/2093822
https://doi.org/%2010.7557/2.21.1.1527
https://doi.org/%2010.7557/2.21.1.1527
https://pubmed.ncbi.nlm.nih.gov/?term=Xiao+J&cauthor_id=34679690
https://pubmed.ncbi.nlm.nih.gov/34679690/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+MZ&cauthor_id=34679690
https://pubmed.ncbi.nlm.nih.gov/34679690/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+Y&cauthor_id=34679690
https://pubmed.ncbi.nlm.nih.gov/34679690/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Alugongo+GM&cauthor_id=34679690
https://pubmed.ncbi.nlm.nih.gov/34679690/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+J&cauthor_id=34679690
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+T&cauthor_id=34679690
https://pubmed.ncbi.nlm.nih.gov/34679690/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+A&cauthor_id=34679690
https://pubmed.ncbi.nlm.nih.gov/34679690/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Cao+Z&cauthor_id=34679690
https://doi.org/%2010.3390/antiox10101555
https://doi.org/%2010.3390/antiox10101555
https://pubmed.ncbi.nlm.nih.gov/?term=Zachut+M&cauthor_id=35151484
https://doi.org/10.3168/jds.2021-21225

