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Transportation causes stress in livestock that may alter numerous physiological variables with a 
negative impact on production and health. The objective of the current study was to investigate the 
effects of road transport on oxidative stress biomarkers in camels. Ten Iranian dromedary camels were 
selected and subjected to a journey of approximately 300 km in a truck by road in August 2008. Blood 
samples were collected immediately before loading at 8:30 A.M., after 1 h transportation, at 9:30 A.M., 
and at the end of the journey after unloading at 1:30 PM. Final blood sample was taken 24 h after arrival. 

Plasma concentrations of malondialdehyde and -tocopherol, erythrocyte superoxide dismutase and 
whole blood glutathione peroxidase activities were measured using validated methods. The mean 
concentration of MDA (1.87 ± 0.26 nmol/mL) and glutathione peroxidase activity (297.86 ± 25.68 U/g Hb) 
in basal pre-transport conditions show significant increase 24 h after arrival. The mean concentration of 

-tocopherol (5.22 ± 0.74 mol/L) and superoxide dismutase activity (1742.5 ± 74.36 U/g Hb) in basal pre- 
transport conditions had no significant change during and after transportation. Results suggest that 
transport stress causes an oxidative challenge in dromedary camels and represent novel biomarkers 
for stress-associated disease susceptibility and welfare assessment. However, further research efforts 
should be directed towards understanding the role of particular antioxidants and oxidants on the 
stressful conditions. 
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INTRODUCTION 

 
The dromedary camel is one of the most important dome-
stic animals in the arid and semi arid regions as it is 
equipped to produce high quality food at comparatively 
low costs under extremely harsh environments (Yagil, 19-
82; Yousif and Babiker, 1989). It can survive well on san-
dy terrain with poor vegetation and may chiefly consume 
feeds unutilized by other domestic species (Shalah, 19-
83). Camel husbandry in Iran is almost localized in south-
ern provinces, while its slaughter and meat consumption 
is done in most parts of this country. Sale and slaughter 
are the most usual reasons for transporting camels in Iran.  

Farm livestock experience a variety of stressors that can 

modify normal behavior and growth, leading to losses in perf  
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formance. Transport is a critical phase in animal produc-tion 

and utilization and often considered as one of the main 

causes of stress raising considerable interest, both in 

economic and animal welfare terms (Mormede et al., 1982). 

During transport, animals are exposed to a variety of 

potential stressors such as motion of the vehicle, noise, 

vibrations, centrifugal forces, rapidly changing light 

conditions, heat, cold, poor air quality, deck height, mix-ing 

of unfamiliar groups, poor road conditions and the po-ssible 

lack of water and feed (Parrott et al., 1998 ; Bro-om, 2000; 

Hurtung, 2003) . Animal health can be impaired by various 

pre-transport and transport conditions and may cause injury, 

reduce performance and can promote the development of 

diseases in animals (Hurtung, 2003).  
In addition, the time between removing animals from farms 

to the slaughter house has a major impact on meat quality 

(Kadim et al., 2006). Stress is directly related to lipid oxida- 



 
 
 

 

tion in muscle (McClelland, 2004) and the ratio and the 
proportions of oxidation in meat are also influenced by 
pre-slaughter (example, stress) and post-slaughter 
events (Linares et al., 2007). Signs of transportation 
stress have been demonstrated in different animal spe-
cies by, for example, increased adrenal cortical activity 
(Ruiz-de-la-Torre et al., 2001), decreased humoral immu-
nity (Machenzie et al., 1997), increased morbidity and 
mortality due to infectious diseases in the few weeks fol-
lowing transportation (Hurtung, 2003; Chirase et al., 20-
04). Increased susceptibility for infections such as pneu-
monia following transportation is well documented in ani-
mal species such as cattle (Knowles 1999; Hurtung 2003; 
Chirase et al., 2004), sheep (Hurtung, 2003), goat 
(Kannan et al., 2000), horse (Smith et al., 1996; Knowles, 
1999) and camel (Wernery and Kaaden, 2002). Although 
there are many factors affecting animal susceptibility du-
ring these times, vulnerability may be traced back to bio-
chemical processes within the body.  
Oxidative stress resulting from increased production of 
free radicals and reactive oxygen species (ROS), and/or 
a decrease in antioxidant defense, leads to damage of 
biological macromolecules and disruption of normal me-
tabolism and physiology (Trevisan et al., 2001). When 
reactive forms of oxygen are produced faster than they 
can be safely neutralized by antioxidant mechanisms, 
oxidative stress results. These conditions can contribute 
and/or lead to the onset of health disorders in animals 
(Miller et al., 1993; Chirase et al., 2004). Oxidative stress 
has been implicated in the pathophysiology of transport-
related maladies (McBride et al., 2001; Chirase et al., 20-
04; Pregel et al., 2005; Urban-Chmiel, 2006; Wernicki et 
al., 2006; Burke et al., 2009). Diminished antioxidant de-
fenses or excess oxidative species resulting from trans-
port stress may be deleterious to tissues, and may be 
linked to the manifestation of disease. Stress of any ori-
gin is capable of depleting the body’s antioxidant resour-
ces (Sconberg et al., 1993). Serum concentrations of the 
antioxidant vitamin E are reduced in transported steers, 
and exposure to simulated dust storm after being trans-
ported further decreases these concentrations (Chirase et 
al., 2001) . Vitamin E addition to receiving diets seemed 
beneficial for increasing average daily gain and decree-
sing shipping fever mortality (Galyean et al., 1999), high-
lighting the importance of antioxidants to health. Physical 
and psychological stressors have an influence on the in-
crease of catabolic reactions, which may cause an 
increase of ROS production (Wernicki et al., 2006). Con-
centration of ROS is increased in white blood cells isola-
ted from calves after shipping, likely as a result of en-
hanced respiratory burst (Wernicki et al., 2006). Chirase 
et al. (2004) observed decreased serum total antioxidant 
capacity in transported calves. Similarly, Pregel et al. (20-  
5) surmised that total antioxidant status of serum was a 

useful tool for measuring stress in transported calves. 
Moreover, heat stress has been recognized as one of the most 

common problems encountered during road transport-tation of 
livestock (Mitchell and Kettlewell, 1998) and con- 

 
 
 
 

 

tributes to transportation- induced stress during summer 
months (Stull and Rodiek, 2000).  

It is well established that different animal species and 
even animals of the same species but different genetic 
background respond differently to the same stressor (Hall 
et al., 1998). No reference is available about oxidative 
changes under stressful conditions in dromedary camels. 
As camels are normally raised and thrive under harsh 
environmental and dietary conditions, we thought it 
worthwhile to assess if these desert animals would res-
pond differently to the stressful stimulus of transportation. 
The objective of the study reported here was to deter-
mine the effect of transportation under hot summer condi-
tions on oxidative stress biomarkers in Iranian dromedary 
camels. Plasma malondialdehyde (MDA) concentration 
was measured because MDA is one of the end-products 
of lipid peroxidation, and the extent of lipid peroxidation is 
most frequently measured by estimating MDA levels (La-
ta et al., 2004). Estimating the activities of enzymatic anti-
oxidants, such as superoxide dismutase (SOD) and glu-
tathione peroxidase (GSH-Px), is another means of eva-  
luating oxidative stress (Kleczhowski et al., 2003) . - 
toco-pherol measurement also was done because of its 

anti-oxidant properties. 

 
MATERIALS AND METHODS 
 
Animals and transportation 
 
The 10 clinically healthy Iranian dromedary camels (Camelus dro-
medarius), 5 males and 5 females, ranging in age from 3 - 4 years 
and weighing about 300 kg were selected for the study. The camels 
had been reared at the Camel Research Institute in Yazd province 
of Iran, which is supervised by an experienced veterinarian. Prelimi-
nary procedures (handling, physical restraint, loading, and unload-
ding) were undertaken by the same staff and blood sampling was 
always carried out by the same operator. The journey took place on 
one day in August 2008. Transportation of the camels was conduc-
ted between Camel Research Institute in Baphgh to Yazd and back 
to Institute, on smooth roads in an open truck which took 5 h (about 

300 Km). Stocking density was about 1 m
2
 per animal. Environmen-

tal temperature and relative humidity during the journey was 32 - 
36°C and 17 - 25%, respectively. The camels had similar feeding 
and watering conditions ad libitum before and after the journey. Du-
ring the journey there was no feed, water or unloading for rest. 

 

Blood sampling and processing 
 
Blood samples were collected immediately before loading, at 08:30 
am (T1), after 1 h transport, at 09:30 am (T2) and immediately after 
transport termination and unloading, on arrival at Institute (T3) at 
01:30 pm. Final blood sample was taken 24 h after arrival (T4). 
Blood samples were collected by jugular venepuncture into vacuum 
containers containing EDTA (Becton Dickinson, NJ, USA). The 
blood tubes were placed on ice until laboratory arrival (<2 h). The 
samples were centrifuged at 750 g for 20 min, and then the plasma 
was pipetted into different aliquots and stored at -70°C until analysis 

for plasma content of MDA and -tocopherol. Haemoglobin con-
centration was measured by Cyanmethaemoglobin method. SOD 
activity was measured by a modified method of iodophenyl nitro-
phenol phenyltetrazolium chloride (RANSOD kit, Randox Com Uni-
ted Kingdom). This method employs xanthine and xanthine oxidase 



 
 
 

 
Table 1. Mean (± SE) of circulating oxidative status indices in female and male dromedary camels(n=5 in each gender) before 

transport (T1), 1 h after transport initiation (T2), on the end of transportation (T3) and 24 h after arrival (T4).  
 

 Parameter*  T1 T2 T3 T4  

 Plasma malondialdehyde Female 1.67 ± 0.24 1.62 ± 0.36 1.95 ± 0.11 2.12 ± 0.27  

 (nmol/mL) Male 2.07 ± 0.49 1.72 ± 0.51 2.16 ± 0..39 2.35 ± 0.28  

  Total 1.87 ± 0.26 
a
 1.67 ± 0.29 

a
 2.06 ± 0.19 

a,b
 2.23 ± 0.21 

b
  

 -tocopherol Female 5.51 ± 1.28 4.43 ± 0.95 4.32 ± 0.74 5.18 ± 0.98  

 ( mol/L) Male 4.94 ± 0.92 5.2 ± 0.83 4.11 ± 0.97 3.56 ± 1.09  
  Total 5.22 ± 0.74 4.8 ± 0.6 4.22 ± 0.57 4.37 ± 0.74  

 Glutathione peroxidase Female 317.52 ± 38.71 242.6 ± 33.68 279.86 ± 27.42 343.84 ± 28.96  
 (U/g Hb) Male 278.2 ± 35.73 297.24 ± 29.11 301.44 ± 21.16 322.14 ± 25.44  

  Total 297.86 ± 25.68 
a
 269.92 ± 22.88 

a
 290.65 ± 16.72 

a
 332.99 ± 18.53

b
  

 Superoxide dismutase Female 1837 ± 82 1436 ± 90 1950 ± 40 1823 ± 116  

 (U/g Hb) Male 1648 ± 117 1740 ± 146 1810 ± 173 1814 ± 97  

  Total 1742 ± 74 1588 ± 96 1880 ± 87 1819 ± 71  
 

*No significant difference was observed in any parameter between sexes at all sampling times. Time gender interaction was not 

significant for all parameters (P < 0.05). 
a,b

Mean (± SE) in each row with no common superscript differ significantly (P < 0.05). 

 
(XOD) to generate superoxide radicals which react with 2-(4- iodo-
phenyl)-3-(4-nitrophend)-5-phenyltetrazolium chloride (INT) to form 
a red formazan dye. The superoxide dismutase activity was then 
measured by the degree of inhibition of this reaction. One unit of 
SOD was considered a 50% inhibition of reduction of INT under the 
condition of the assay. Glutathione peroxidase activity (GSH-Px) 
was measured by the method of Paglia and Valentine (1967) (RAN-
SEL kit, Randox Com, United Kingdom). GSH-Px catalyses the oxi-
dation of glutathione (GSH) by cumene hydroperoxide. In the pre-
sence of glutathione reductase (GR) and NADPH, the oxidised glu-
tathione (GSSG) is immediately converted to the reduced form with 

a concomitant oxidation of NADPH to NADP
+
. The decrease in ab-

sorbance was measured at 340 nm by UV-visible spectrophotome-
ter (Pharmacia LKB Biochrom, England) . Total MDA concentration 
of the plasma was measured by reverse phase high-pressure liquid 
chromatography with UV detection at 310 nm after derivatisation 
with 2, 4-dinitrophenylhydrazine as described by Pilz et al. (2000). 

-tocopherol content of plasma was measured in deproteinized, 
hexane-extracted plasma using reverse phase high-pressure liquid  
chromatography with UV detection at 295 nm (Solichova et al., 2003). 

 

Statistical analysis 
 
The data are presented as mean ± standard error (SE). A two way 
(time, gender) repeated measures analysis of variance was applied 
for statistical analysis. The level of significance was set at P < 0.05. 
Significances between means were assessed using the least-
significant-difference procedure. All calculations were performed 
using SPSS/PC software. 

 

RESULTS 
 
The mean ± SE of the measured parameters of oxidative 
status in Iranian dromedary camels subjected to road 
transportation are presented in Table 1. Mean concentra-
tion of MDA increased significantly 24 h after arrival. No 
significant change was observed in plasma concentra- 

tions of -tocopherol during and after transportation. Ery-

throcyte glutathione peroxidase activity showed a significant 

increase 24 h after arrival. The increase in superoxide dis-

mutase activity on arrival and 24 h later was not signifi- 

 
 

cant. No significant difference was observed in any para-  
meter between sexes at all sampling times. Time  gen-
der interaction was not significant for all studied 

parameters. 

 

DISCUSSION 
 
The transportation stress can be viewed as a combina-
tion of a number of concurrent stressors that are likely to 
operate during and around transportation, and which 
exert both ‘‘physical’’, ‘‘physiological’’ and ‘‘psychological’’ 
stressful stimuli (Knowles, 1998). Oxidative stress may 
exacerbate psychological and physiological demands 
brought about by stressful conditions. Oxidative stress, 
involving an imbalance between the production of free ra-
dicals and the capability of an organism to absorb their 
excess, has been proposed to play a role in the patho-
genesis of several infectious diseases of domestic ani-
mals (Miller et al., 1993; Lykkesfeldt and Svendsen, 20-
07). Oxidative stress is extremely dangerous because it 
does not exhibit any symptoms and is recognizable with 
great difficulty by means of common methods of analysis. 
Oxidative stress promotes the insurgence of serious pa-
thologies as a result of the degenerative damage of cellu-
lar structures (Freidovich, 1999; Matsuo and Kaneko, 20-
00; McCord, 2000). Measure of oxidative stress allows 
es-timation of the real status of physiological defense and 
prevention of the appearance of correlated pathologies 
(Piccione et al., 2007). The inevitability of livestock trans-
port makes stress associated with transportation an ap-
propriate field of focus. Physiological stress due to trans-
portation or inappropriate housing elevates oxidative 
stress in calves as measured by plasma ascorbate levels 
or serum total antioxidant capacity (Cummins and Brun-
ner, 1991; Tyler and Cummins 2003; Chirase et al. 2004; 
Pregel et al. 2005; Wernicki et al., 2006). 

Lipid peroxidaion is a general mechanism whereby free 



 
 
 

 

radicals induce tissue damages, and implicated under se-

veral diverse pathological conditions (Halliwell and Chiri-
co 1993). Malondialdehyde (MDA) has been widely ap-

plied as the most common biomarker for the assessment 
of lipoperoxidation in biological and medical sciences 

(Bird and Draper, 1984; Suttnar et al., 2001). MDA con-
centration in the present study at basal pre-transport 
state was lower than values (30.44 ± 2.89 mol/L) ob-

tained by Mohamed (2008) in healthy dromedary camels. 
The mentioned difference may be due to different metho-

dologies utilized in two trials. In the present experiment 
significant increase in plasma MDA concentrations was 

observed 24 h after transport termination. Our finding is in 
conformity with the reported results in cattle (Chirase et 
al. 2004; Wernicki et al. 2006). Chirase et al. (2004) 

found that serum MDA concentrations in calves tripled 
after transportation. Wernicki et al. (2006) reported large 

increases in plasma thiobarbituric acid reactive substan-
ces on the first 3 days after transportation, with a gradual 

decline on the sixth day, and a return to baseline levels 
on the ninth day post-transport. Oxidative stress associated with 

cattle transport has also been evidenced by excessive 

accumulation of leukocyte lipid oxidation products (Urban-Ch-

miel, 2006). In horses, after the transportation and training 
exercises a significant increase of lipid peroxide-tion was 

observed (Ishida et al. 1999). Burke et al. (2009) fail to 

detect any increase in plasma MDA 7 days after transport in 
beef calves and reported a decline in MDA concentration 7 

days after transport. The week of recupe-ration time given to 
steers in that experiment may have been sufficient for 

recovery from oxidative insult and re-turn to normal redox 
balance.  

Higher concentrations of MDA in dromedaries after 
transportation under hot temperatures may be explained 
by higher levels of glucocorticoids and adrenaline-in-
duced pathways of aerobic energy production associated 
with stress, which generate reactive oxygen metabolites 
and thus lipid peroxidation (Freeman and Crapo, 1982; 
Nockels et al., 1996). Glucocorticoids, as the final effect-
tors of the hypothalamic–pituitary–adrenal (HPA) axis, 
participate in the control of whole body homeostasis and 
the organism’s response to stress. In mammals, lipid per-
oxidation was induced while the nonenzymatic antioxi-
dant capacity was decreased, and enzymatic antioxidant 
systems were suppressed in the liver (Ohtsuka et al., 19-
98), erythrocytes (Orzechowski et al., 2000), skeletal 
muscle and lymphoid organs (Pereira et al., 1999) after 
administration of glucocorticoid hormones. Furthermore, 
presence of heat stress conditions in the present study, in 
addition to other stressful stimuli, can induce the metabo-
lic changes that are involved in the induction of oxidative 
stress. Heat stress can enhance the formation of ROS 
and induce oxidative stress in cells (Flanagan et al., 19-
98; Lord-Fontaine and Averill-Bates, 2002) and intact ani-
mals (Hall et al., 1994; Harmon et al., 1997; Bernabucci 
et al., 2002; Lin et al., 2006).  

Antioxidants are implied in the inactivation or transfor-

mation of oxidants, which can either be transformed by anti- 

 
 
 
 

 

oxidant enzymes into less reactive forms or which can 
react with antioxidant molecules that are chemically sta-  
ble.-tocopherol is considered to be the most biologically 
active of several forms of vitamin E. It is an effective lipo-
philic antioxidant which protects lipid membranes against 
peroxidation (Solichova et al., 2003). Cattle that were 
stressed or were given a stress treatment of ACTH and 

epinephrine injections were found to have reduced -to-
copherol concentrations in their plasma, neutrophils, and 
red blood cells (Sconberg et al., 1993). After stress cattle  
may have reductions in -tocopherol concentrations in 
certain tissues. Supplemental vitamin E may be required 

after stress to restore -tocopherol in tissues (Nockels et 
al., 1996). The importance of antioxidant status during 
shipping and receiving can be further substantiated by 
work demonstrating decreased average daily gain and in-
creased bovine respiratory disease in conjunction with 
decreased post-transport concentrations of serum vita-
mins A and E (Chirase et al., 2001). Based on our results  
no significant difference was observed in plasma -toco-
pherol concentration during and after transportation in 
dromedary camel. However, caution should be observed  
in interpreting vitamin E status based solely on plasma -
tocopherol values, because of plasma vitamin E values 
may not accurately reflect body status of vitamin E (Scon-
berg et al., 1993; Nockels et al., 1996).  

Antioxidant enzyme levels are sensitive markers of oxi-

dative stress. Both increased and decreased antioxidant 

enzyme levels have been reported in different conditions as 

a consequence of enhanced ROS production either by up-

regulation of enzyme activity or utilization of the anti-oxidant 

enzymes to counter the ROS. Superoxide dismu-tase (SOD) 

is a metalloenzyme which catalyses the dismutation of O2
•-

 

into O2 and H2O2. It is important in the antioxidative defense 

mechanism and protects against li-pid peroxidation (Halliwell 

and Chirico, 1993; Miller et al. 1993). Erythrocytes, due to 

their role and their propensity to generate radical species, 

may be considered as sensi-tive and intermediate cells in 

oxidative reactions (Sato et al., 1998). Various kinds of 

stressors increase lipid per-oxidation levels and therefore 

SOD activity (Gaal et al., 1993; Lata et al., 2004). The higher 

erythrocyte SOD acti-vity attributed to elevated temperatures 

during summer months has been reported in cattle 

(Bernabucci et al., 20-02). At the present study no significant 

increase was ob-served in erythrocyte SOD activity due to 

road transport-  
tation stress. This could be due to the fact that we mea-sure 
erythrocyte SOD activity, and perhaps whole blood SOD 
activity might be a better measure.  

The seleno-enzyme glutathione peroxidase, as one of the 

primary antioxidant enzymes, contributes to the oxidative de-

fense of animal tissues by catalyzing the reduction of hydro-

gen and lipid peroxides (Arthur 2000). GSH-Px functions in 

cellular oxidation-reduction reactions to protect the cell 

membrane from oxidative damage caused by free radicals 

(Flohe et al., 1973). Whole blood G-SH-Px activity at basal 

conditions reported here is in line with the data reported for 

the dromedary camel by Corbera et al. (2001). GSH-Px ac- 



 
 
 

 

tivity show significant increase 24 h after arrival in com-
parison with previous activity concentrations and this is 
different from results of Burke et al. (2009) that reported 
GSH-Px activity does not fluctuate appreciably in calf leu-
kocytes due to two-stage weaning and subsequent trans-
port. This difference might be due to different sampling 
schedule because in the mentioned trial sampling was 
done 7 days post-transport and this time might be suffi-
cient for recovery from oxidative damage as Wernicki et 
al. (2006) showed a post-transport decline in lipid oxida-
tion on the sixth day. We speculate that the significant in-
crease in GSH-Px activity might be an indirect compen-
satory response of cells to increased oxidant challenge 
due to stressful stimuli of transportation under hot temp-
eratures. Increased GSH-Px activity attributed to elevated 
temperatures during summer has been reported in cattle 
(Bernabucci et al., 2002). In humans, GSH-Px activity in-
creases after long- term exercise training regimens, a 
res-ponse which may be an adaptive mechanism against 
physical stressors (Tessier et al., 1995; Tauler et al., 20-
06). Stabel et al. (1989) reported that signs of morbidity 
coincided with elevated plasma GSH-Px in weaned and 
transported calves challenged with Manhemia hemolytica. 

In line with the data reported for other species men-
tioned above, our findings show significant increased 
concentrations of plasma MDA due to transportation 
stress in dromedaries which, in parallel with increased 
whole blood GSH-Px activity supported the hypothesis 
that transport stress represents an oxidative challenge for 
livestock. These findings suggest novel biomarkers for 
stress-associated disease susceptibility and welfare 
assessment. Better understanding of the mechanisms of 
ROS production and further investigation of their effects 
on the stress-related maladies are essential to obtain new 
insight into this issue and eventually develop new 
diagnostic, prophylactic and therapeutic strategies. How-
ever, further research efforts should be directed towards 
understanding the role of particular antioxidants and oxi-
dants on the stressful conditions because of this fact that 
susceptibility to disease is enhanced when physiological 
stress increases oxidative stress. In the other hand, be-
cause of the potential effects of lipid peroxidation on tis-
sue types, it would be interesting and economically rele-
vant to find out whether plasma MDA concentrations are 
related to carcass characteristics of meat animals. 

 

ACKNOWLEDGMENT 
 
The authors gratefully acknowledge the staff of the Camel 

Research Institute for their kind helps in this study. 

 
REFERENCES 
 
Arthur JR (2000). The glutathione peroxidases. Cell Mole Life Sci. 57: 

1825–1835.  
Bernabucci U, Ronchi B, Lacetera N, Nardone A (2002). Markers of 

oxidative status in plasma and erythrocytes of transition dairy cows 

during hot season. J. Dairy Sci. 85: 2173–2179. 

 
 
 
 

 
Bird RP, Draper HH (1984). Comparative studies on different methods 

of malonaldehyde determination. Methods Enzymol. 105: 299-305. 
Broom DM (2000). Welfare assessment and welfare problem areas 

during handling and transport In: Grandin T editor. Livestock Handling 
and Transport. 2nd edn. CAB International 43-61. 

Burke NC, Scaglia G, Boland HT, Swecker Jr. WS (2009). Influence of 
two-stage weaning with subsequent transport on body weight, plasma 
lipid peroxidation, plasma selenium, and on leukocyte glutathione 
peroxidase and glutathione reductase activity in beef calves. Vet. 
Immunol. Immunopathol. 127: 365–370.  

Chirase NK, Greene W, Purdy CW, Loan RW, Auvermann BW, Parke 
DB, Walborg EF, Stevenson DE, Xu Y, Klaunig JE (2004). Effect of 
transport stress on respiratory disease, serum antioxidant status, and 
serum concentrations of lipid peroxidation biomarkers in beef cattle. 
Am. J. Vet. Res. 65: 860–864.  

Chirase NK, Greene LW, Purdy CW, Loan RW, Briggs RE, McDowell 
LR (2001) Effect of environmental stressors on ADG, serum retinol 
and alpha-tocopherol concentrations, and incidence of bovine 
respiratory disease of feeder steers. J. Anim. Sci. (Suppl.1) 79:188.  

Corbera JA, Gutierrez C, Morales M, Montel A, Ontoya JA (2001). 
Assessment of blood glutathione peroxidase activity in the dromedary 
camel. Vet .Res. 32: 185–191. 

Cummins KA, Brunner CJ (1991). Effect of calf housing on plasma 
ascorbate and endocrine and immune function. J. Dairy Sci. 
74:1582–1588. 

Flanagan SW, Moseley PL, Buettner GR (1998). Increased flux of free 
radicals in cells subjected to hyperthermia detection by electron 
paramagnetic resonance spin trapping. FEBS Lett. 431:285–286. 

Flohe L, Gunzler WA, Schock HH (1973). Glutathione peroxidase: a 
selenoenzyme. FEBS Lett. 32:132–134.  

Freeman BA, Crapo JD (1982). Biology of disease-free radicals and 
tissue injury Lab. Inves. 47: 412-426.  

Freidovich I (1999). Fundamental aspects of reactive oxygen species, or 
what’s the matter with oxygen? Ann. N.Y. Acad. Sci. 893: 13-20. 

Gaal T, Mezes M, Miskucza O, Ribiczey-Szabo P (1993). Effect of 
fasting on blood lipid peroxidation parameters of sheep. Res .Vet .Sci 
55: 104–107. 

Galyean ML, Perino LJ, Duff GC (1999) Interaction of cattle 
health/immunity and nutrition. J. Anim. Sci. 77: 1120-1134.  

Hall SJG, Broom DM, Kiddy GNS (1998) Effect of transportation on 
plasma cortisol and packed cell volume in different genotypes of 
sheep. Small Rum Res. 29: 233–237. 

Hall DM, Buettner GR, Matthes RD, Gisolfi CV (1994) Hyperthermia 
stimulates nitric oxide formation: electron paramagnetic resonance 
detection of NO-heme in blood. J. Appl. Physiol. 77: 548–553. 

Halliwell B, Chirico S (1993) Lipid peroxidation: its mechanism, 
measurement, and significance. Am. J. Clin. Nut. (Suppl. 1) 57:715S  
– 725S.  

Harmon RJ, Lu M, Trammel DS, Smith BA (1997) Influence of heat 
stress and calving on antioxidant activity in bovine blood. J Dairy Sci. 
(Suppl. 1) 80: 264. 

Hurtung J (2003). Effects of transport on health of farm animals. Vet. 
Res. Comm. 27: 525-527. 

Ishida N, Hobo S, Takahashi T, Nanbo Y, Sato F, Hasegawa T, 
Mukoyama H(1999). Chronological changes in superoxide-
scavenging ability and lipid peroxide concentration of equine serum 
due to stress from exercise and transport. Equine Vet. J. 30: 430-433. 

 
Kadim IT, Mahgoub O, Al-Kindi A, Al-Marzooqi W, Al-Saqri NM (2006). 

Effects of transportation at high ambient temperatures on 
physiological responses, carcass and meat quality characteristics of 
three breeds of Omani goats. Meat Sci. 73:626–634.  

Kannan G, Terrill TH, Kouakou B, Gazal OS, Gelaye S, Amoah EA, 
Samake S (2000). Transportation of goats: effect on physiological 
stress responses and live weight loss. J. Anim. Sci. 78: 1450–1457. 

Kleczhowski M, Klucinski W, Sikora J, Jdanocviez M, Dziekan P (2003). 
Role of antioxidants in the protection against oxidative stress in cattle: 
non-enzymatic mechanisms (part 2). Polish J. Vet. Sci. 6: 301-308. 

 
Knowles TG (1999). A review of the road transport of cattle. Vet. Rec. 

144: 197–201. 
Knowles TG (1998). A review of the road transport of slaughter sheep. 



 
 
 

 
Vet. Rec. 143: 212–219.  
Lata H, Ahuja GK, Narang APS, Walia L (2004). Effect of immobilization 

stress on lipid peroxidation and lipid profile in rabbits. J. Clin. 
Biochem. 19: 1–4. 

Lin H, Decuypere E, Buyse J (2006). Acute heat stress induces 
oxidative stress in broiler chickens. Comp. Biochem. Physiol. A 144: 
11–17. 

Linares MB, Berruga MI, Bornez R, Vergara H (2007). Lipid oxidation in 
lamb meat: Effect of the weight, handling previous slaughter and 
modified atmospheres. Meat Sci. 76: 715–720. 

Lord-Fontaine S, Averill-Bates DA (2002) Heat shock inactivity cellular 
antioxidant defenses against hydrogen peroxide: protection by 
glucose. Free Radical Biol. Med. 32: 752–765. 

Lykkesfeldt J, Svendsen O (2007) Oxidants and antioxidants in disease: 
oxidative stress in farm animals. Vet. J. 173: 502–511. 

Machenzie AM, Drennan M, Rowan TG, Dixon JB, Carter SD (1997) 
Effect of transportation and weaning on humoral immune responses 
of calves. Res. Vet. Sci. 63:227–230. 

Matsuo M, Kaneko T, In: Z Radak (Ed.) (2000). The chemistry of 
reactive oxygen species and related free radicals. Leeds Human 
Kinetics 1–34. 

McBride KW, Greene LW, Chirase NK, Kegley EB, Cole NA (2001). The 
effects of ethoxyquin on performance and antioxidant status of feedlot 
steers. J Anim. Sci. 79: 285. 

McClelland GB (2004). Fat to the fire: The regulation of lipid oxidation 
with exercise and environmental stress. Comp. Biochem. Physiol. B 
139: 443–460. 

McCord JM (2000). He evolution of free radicals and oxidative stress. 
Am. J Med. 108: 652-657. 

Miller JK, Brzezinska-Slebodzinska E, Madsen FC (1993). Oxidative 
stress, antioxidants, and animal function. J. Dairy Sci. 76:2812–2823. 

Mitchell MA, Kettlewell PJ (1998). Physiological and welfare of broiler 
chickens in transit; solutions not problems. Poultry Sci. 77: 1803– 
1814. 

Mohamed HE (2008). Antioxidant status and the degree of oxidative 
stress in dromedary (Camelus dromedarius) with or without 
endometritis. Vet. Res. 2: 1-2. 

Mormede P, Soissons J, Bluthe RM , Rault J, Legarff G, Levieux D, 
Dantzer R (1982). Effect of transportation on blood serum 
composition, disease incidence, and production traits in young 
calves. Influence of the journey duration. 13:369–384.  

Nockels CF, Odde KG, Craig AM (1996). Vitamin E supplementation 
and stress affect tissue alpha-tocopherol content of beef. J. Anim. 
Sci. 74: 672-677. 

Ohtsuka A, Kojima H, Ohtani T, Hayashi K (1998). Vitamin E reduces 
glucocorticoid-induced oxidative stress in rat skeletal muscle. J. Nut. 
Sci. Vitaminol. 44: 779– 786. 

Orzechowski O, Ostaszewski P, Brodnicka A, Wilczak J, Jank M, 
Balasinska B, Grzelkowska K, Ploszaj T, Olczak J, Mrowczynska A 
(2000). Excess of glucocorticoids impairs whole-body antioxidant 
status in young rats. Relation to the effect of dexamethasone in 
soleus muscle and spleen. Hormon. Metab. Res. 32: 174–180.  

Paglia DE, Valentine WN (1967). Studies on the quantitative and 
qualitative characterization of erythrocyte glutathione peroxidase. J. 
Lab. Clin. Med. 70: 158–169. 

Parrott RF, Hall SJG, Lloyd DM (1998). Heart rate and stress hormone 
responses of sheep to road transport following two different loading 
procedures. Anim. Welf 7: 257-267. 

Pereira B, Bechara EJ, Mendonca JR, Curi R (1999). Superoxide 
dismutase, catalase and glutathione peroxidase activities in the 
lymphoid organs and skeletal muscles of rats treated with 
dexamethasone. Cell Biochem. Function 17:15– 19.  

Piccione G, Borruso M, Giannetto C, Morgante M, Giudice E (2007).  
Assessment of oxidative stress in dry and lactating cows. Acta Agric. 
Scand A 57: 101-104. 

Pilz J, Meineke I, Gleiter CH (2000). Measurement of free and bound 
malondialdehyde in plasma by high-performance liquid 
chromatography as the 2, 4-dinitrophenylhydrazine derivative. J. 
Chromat. B 742:315–325.  

Pregel P, Bollo E, Cannizzo FT, Biolatti B, Contato E, Biolatti PG (2005) 

Antioxidant capacity as a reliable marker of stress in dairy calves 

transported by road. Vet. Rec. 156:53–54. 

 
 
 
 

 
Ruiz-de-la-Torre JL, Velarde A, Diestre A, Gispert M, Hall SJ, Broom 

DM, Manteca X (2001). Effect of vehicle movements during transport 
on the stress response and meat quality of sheep. Vet. Rech. 
148:227–229.  

Sato Y, Kanazawa S, Sato K, Suzuki Y (1998) Mechanism of free 
radical induced haemolysis of human erythrocytes: II. Hemolysis by 
lipid soluble radical initiator. Biol. Pharmacol. Bull. 21: 250–256. 

Sconberg S, Nockels CF, Bennet DW, Bruyninclese W, Blancquaret 
AMB , Craig A (1993). Effect of shipping handling, 

adrenocortiocotropic hormone and epinephrine on -tocopherol 
content of bovine blood. Am. J. Vet. Res. 54: 1287–1293.  

Shalah MR (1983). The role of camels in overcoming world meat 
shortage. Egyptian J. Vet. Sci. 20:101–110.  

Smith BL, Jones JH, Hornof WJ, Miles JA, Longworth KE, Willits NH 
(1996) Effect of road transport on indices of stress in horses. Equine 
Vet. J. 28: 446-454. 

Solichova D, Korecka L, Svobodova I, Musil F, Blaha V, Zdansky P, 
Zadak Z (2003). Development and validation of HPLC method for the 
determination of -tocopherol in human erythrocytes for clinical 
applications. Ann. Biann. Chem. 376: 444–447.  

Stabel JR, Spears JW, Brown TT, Brake J (1989). Selenium effects on 
glutathione peroxidase and the immune response of stressed calves 
challenged with Pasteurella hemolytica. J Anim. Sci. 67: 557–564.  

Stull CL, Rodiek AV (2000). Physiological responses of horses to 24 
hours of transportation using a commercial van during summer 
conditions. J. Anim. Sci. 78: 1458-1466. 

Suttnar J, Masova L, Dyr E (2001). Influence of citrate and EDTA 
anticoagulants on plasma malondialdehyde concentrations estimated 
by high-performance liquid chromatography. J. Chromat. B 751:193– 
197.  

Tauler P, Aguilo A, Gimeno I, Fuentespina E, Tur JA, Pons A (2006) 
Response of blood cell antioxidant enzyme defenses to antioxidant 
diet supplementation and to intense exercise. Euro. J. Nut. 45: 187– 
195.  

Tessier F, Margaritis I, Richard M, Moynot C, Marconnet P (1995). 
Selenium and training effects on the glutathione system and aerobic 
performance. Med. Sci. Spor. Exe. 27: 390–396. 

Trevisan M, Browne R, Ram M, Muti P, Freudenheim J, Carosella AN, 
Armstrong D (2001). Correlates of markers of oxidative status in the 
general population. Am. J. Epid. 154: 348–356. 

Tyler PJ, Cummins KA (2003). Effect of dietary ascorbyl -2-phosphate 
on immune function after transport to a feeding facility. J. Dairy Sci. 
86: 622–629. 

Urban-Chmiel R( 2006). The influence of transport stress on oxidative 
stress parameters in bovine leukocytes. Slovakia. Vet. Res. 43:243– 
246. 

Wernery U, Kaaden OR (2002). Infectious Diseases in Camel Ides, 2nd 
edn, Blackwell Wissenschafts-Verlag Berlin 97.  

Wernicki A, Urban-Chmiel R, Kankofer M, Mikucki P, Puchalski A, 
Tokarzewski S, (2006). Evaluation of plasma cortisol and TBARS 
levels in calves after short-term transportation. Rev. Med. Vet. 157: 
30–34.  

Yagil R (1982). Camels and Camel Milk. FAO Animal Production and 
Health. Publications Division, Food and Agriculture Organization of 
the United Nations. Via delle Terme di Caracalla, 00100 Rome, Italy, 
26.  

Yousif OK, Babiker SA (1989). The desert camel as meat animals. Meat 

Sci. 26: 245–254. 


