
Science & Technologies 

 Volume IV, Number 5, 2014 

 Animal studies & Veterinary medicine 74 

INFLUENCE OF ROAD TRANSPORT ON THE LEVELS OF ACTH AND CORTISOL IN 

OUTBRED AND INBRED RABBITS 

 

S. Tanchev, L. Sotirov*, S. Georgieva, D. Hristova, Ts. Кoynarski* 

Trakia University, Faculty of Agriculture – Stara Zagora, 6000 

*Trakia University, Faculty of Veterinary Medicine – Stara Zagora, 6000 

e-mail:dhristova@uni-sz.bg 

 

ABSTRACT 
The effects of breed, inbreeding and sex on blood hormones cortisol and ACTH 

concentrations in outbred and inbred rabbits was studied before and after transportation stress. 
The results allowed assuming that the response of purebred rabbits from consolidated breeds as 

well as inbred strains with higher level of homozygosity to transportation stress was within a 

narrower range in comparison with hybrid forms with higher heterozygosity and hence, broader 
range of reactivity. Therefore, transportation stress which is often combined with other stress 

factors posed a higher risk for increased mortality rates to purebred and inbred rabbits than to 

hybrid forms.  
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INTRODUCTION 

Livestock husbandry production systems and the trade with breeders are connected with use 

of different modes of transport. Numerous studies have however reported the harmful effects of 

transportation and associated activities as loading and unloading on the health and welfare of 

different animal species and the quality of production (Sanhour et al., 1989; Ayo and Oladele 

1996; Broun et al., 1999; Von Borell 2001; Giovagnol et al., 2002; Kannan et al. 2003; 

Tanchev et al., 2005; Lambertini et al.; 2006, Bucham Maria et al., 2006;  Sporer et al., 2008; 

Minka and Ayo, 2009; Zhong et al., 2011; Gianmarco et al., 2012). This determines 

transportation as a major stress factor of livestock production.  

Many studies provide evidence that road transport provokes stress in domestic rabbits 

(Oryctolagus cuniculus). Some of them point at different physiological changes during 

transportation including changes in corticosteroids (De la Funte et al., 2007;  Vignola et. al., 2008; 

Gianmarco et al., 2012) . Others demonstrated that road transport worsened rabbit meat quality 

(Maria et al., 2006; Lambertini et al., 2006; Vignola et al., 2008; Mazzone et al.; 2010).  

The effect of the different genetic factors on stress response of animals during transportation 

is also of interest. The studies in this field in various animal species (mice, swine and fowl) showed 

that factors as genotype, breed, strain and sex determine a variable degree of sensit ivity to 

transportation stress (Wallance 1976; Tuli et al. 1995; Marche and Marche 1998;  Debut et al., 

2003; Faure et al., 2003; Fabrega et al., 2004; Obernier and Baldwin, 2006; Averos et al., 

2009; Weschenfelder et al., 2012). 

The purpose of the present study was to establish the effect of road transport on blood АСТH 

and cortisol in outbred and inbred rabbits. 

 

MATERIAL AND METHODS 

Experimental animals.  

Depending on the breed, the level of inbreeding (Fx) and the sex, the studied rabbits were 

divided as followed:  

 

Purebred Californian: 

Outbred (Fx=0) – 5 ♂  and 5 ♀  , total - 10 rabbits 

Inbred(Fx=0.25) – 4 ♂  and 5 ♀  , total - 9 rabbits 

Inbred(Fx=0.375) – 4 ♂  and 4 ♀  , total - 8 rabbits 
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Crossbreds (Californian × Chinchilla): 

Outbred (Fx=0) – 13♂  and 17 ♀  , total - 30 rabbits 

Inbred (Fx=0.25) – 6 ♂  and 6 ♀  , total - 12 rabbits 

Inbred (Fx=0.375) – 8 ♂  and 7 ♀  , total - 15 rabbits 

 

Hormonal assays.  

Blood samples from rabbits (manually fixated) were obtained 1 week before transportation 

stress and 1 h after the stress from the ear marginal vein in tubes with EDTA. Blood samples were 

centrifugated at 4 °C for 15 min (1811g). Plasma was stored at -20 °C for subsequent cortisol and 

ACTH assay. Cortisol quantitation was done with a commercial kit Cortisol RIA, (Crosling, 1995). 

ACTH concentrations were analysed with a commercial RIA kit RIA–mat ACTH, (Moldon and 

Yalow, 1980). 

 

Transportation conditions.  

The rabbits were transported by truck in two runs in metal cages at a distance of 100 km via 

the second-class road network, with an average speed of 60 km/h. The cage dimensions (cm) were 

84×60×40 (length×width×height). Four rabbits were housed per cage. The transportation took place 

in two consecutive days in early June (8-10 a.m.) at ambient air temperature between 26 
о
С and 28 

о
С. The experimental rabbits weighed 3-4 kg and were 4-6 months of age.  

 

Statistical analysis.  

Experimental data were processed by dispersion analysis, using additive models with fixed 

effects. Depending on the number of analysed variable, either ANOVA (analysis of one variable) or 

MANOVA (analysis of multiple variables) were used. The level of statistical significance was 

р<0.05.  

Multiple between-group comparisons were performed with the Least Significant Difference 

test (LSD test) at a level of significance р< 0.05.  

 

RESULTS  

The results from the analysis on the influence of all factors on the levels of cortisol and 

ACTH before and after stress are presented in Table 1. A statistically significant influence on the 

examined parameters was exercised by the rabbits’ breed, the level of inbreeding and the sex, as 

well as the general interaction of the origins and the level of inbreeding. No significant influence 

was detected with the remaining combinations of the factors. 
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Table 1. Influence of the factors - breed, degree of inbreeding and sex on levels of cortisol 

and ACTH in rabbits. 

Factors 

influence 

 

Wilks
 
Lambada 

 

Raos R 

 

df 1 

 

df 2 

 

p-level 

Breed 0.862003* 3.32184* 4* 83* 0.014172* 

Level of 

inbreeding 

 

0.682401* 

 

4.36876* 

 

8* 

 

166* 

 

0.000083* 

Sex 0.611433* 13.18665* 4* 83* 0.000001* 

Breed+ 

level of 

inbreeding 

 

0.742174* 

 

3.33603* 

 

8* 

 

166* 

 

0.001445* 

Breed+ 

sex 

 

0.936476 

 

1.40752 

 

4 

 

83 

 

0.238655 

Level of 

inbreeding+  

sex 

 

0.909458 

 

1.00839 

 

8 

 

166 

 

0.431684 

df – degree of freedom  

* – statistical significant influence 

 

Figures 1 and 2 show the blood levels of cortisol and ACTH depending on the rabbits’ breed. 

A clearly expressed tendency for higher levels of the two hormones was observed in the inbred 

rabbits.  
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Figure 1. Cortisol levels depending on the breed of rabbits. 
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Figure 2. ACTH levels depending on the breed of rabbits. 

 

With regard to the cortisol levels, the differences between the groups were not significant. In 

the levels of ACTH before and after stress, the trend was preserved, however the established 

differences were significant. 

The level of inbreeding had a varying influence on blood cortisol before and after stress – 

Figure 3.  
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Figure 3. Cortisol levels depending on inbreeding level of rabbits. 

Before stress, a slight parallel increase in cortisol levels along with increase in the level of 

inbreeding was found. Regardless of the fact that the increase in the mean values of cortisol from Fx 

= 0 towards Fx = 0.375 was apparently not greater, the difference between the groups of outbred 

and inbred rabbits with Fx = 0.375 before stress was significant. On the other hand, after stress we 

established a relatively high level of cortisol values without the presence of considerable differences 

between the groups, depending on the level of inbreeding. There was a slight decrease in the values 

as the inbreeding levels increased, yet the differences were not significant. 

The trend in blood ACTH concentrations was different from that observed for cortisol (Fig. 4.) 
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Figure 4. ACTH levels depending on the inbreeding level of rabbits. 

 

As the level of inbreeding increased, the levels of ACTH before and after stress went down. 

Before stress, the differences between the groups were not substantial and were insignificant, yet 

after stress the outbred rabbits surpassed their inbred peers, with the differences being statistically 

significant. The mean values of blood cortisol and ACTH in female rabbits were statistically 

significantly greater than the corresponding values in male individuals (Fig. 6.). Quite expectedly, 

the levels of both hormones after stress were significantly higher than those before stress in both 

sexes (Fig. 5. and 6.). 
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Figure 5. Cortisol levels depending on the sex of the rabbits. 
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Figure 6. ACTH levels depending on the sex of the rabbits. 
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DISCUSSION 

The analyses of the results indicated that road transportation is a stress factor, which leads to 

an increase in the levels of ACTH and cortisol in outbred as well as inbred groups of rabbits. This 

had been established by a number of other authors as well, while performing studies on cortisol, 

corticosterone, and ACTH before and after road transport of outbred rabbits and species of outbred 

animals (Obernier and Baldwin, 2006; Vignola et al., 2008; Adenkola and Ayo, 2009; Aye et 

al., 2011; Giammarco et al., 2012). 

In the current study, the comparative analyses were more important, as they showed the 

influences of the factors breed, level of inbreeding and sex on blood ACTH and cortisol as criteria 

for stress after transportation. 

All these factors had a significant effect on ACTH, expressed through a considerable increase 

of its values after transportation, compared to the hormone’s level before the transportation of the 

rabbits. An important element was the fact that the increase in the level of inbreeding caused a 

decrease in the ACTH levels. The differences between purebred and inbred groups were significant 

with regard to this parameter. Regarding the breed factor, the results indicated that both before and 

after stress, the Californian rabbits had lower values of ACTH compared to crossbred rabbits, which 

is a criterion for differences in the range of their response to transportation stress. 

A similar trend was observed with regard to the influence of the studied factors on cortisol. In 

this case, the levels of the hormone after transportation stress increased in both groups, with the 

heterogeneous animals (crossbred rabbits) exhibiting higher blood hormonal values and a wider 

range of variation. The differences between the groups, however, were not significant. With regard 

to the influence of inbreeding, however, there was a clear reverse trend, which shows that the 

increase in the level of inbreeding was related to decreased level of cortisol after transportation 

stress. This means that for both hormones the increase in inbreeding leads to a narrowing in the 

range of the rabbits’ response to stress during and after transport. 

After analysis of the results, two things could be noted – first, the increase in the extent of 

inbreeding led to a gradual reduction in the blood levels of ACTH and cortisol after transportation 

stress, and second, the levels of these hormones in purebred rabbits were lower after transportation 

and varied within a narrower range than the concentrations in crossbreds. This gave us reason to 

assume that the increase of inbreeding levels leads to a narrower range of rabbits’ response to 

transportation stress. On the other hand, the comparative analysis showed that despite the 

implementation of inbreeding, crossbred animals preserved their heterogeneity over a longer period, 

which guaranteed them a broader range of reactivity, compared to purebred Californian rabbits. 

The studies performed by other authors on the influence of various genetic factors in the 

formation of the stress response in different animal species are conflicting. For example, in a study 

on the influence of transportation on the stress reaction of laboratory mice and wild mice, Wallance 

(1976) established hat the different genotypes reacted in different ways. 

Another study on the variations of blood cortisol and ACTH in pigs from three genotypes, 

subjected to vibrations (hh – halothane positive and two different halothane negative lines – HHA 

and HHB) showed that genotype-related differences were not observed in the variations in the 

levels of the two hormones (Perremans et al., 2001). 

Differences in the response to transportation stress in two lines of broilers was reported by 

Debut et al. (2003). Faure et al. (2003) established differences in the behaviour and changes of the 

hormone corticosterone in two species of ducks, which were subjected to stress through contacts 

and manipulations by the serving staff. The same authors found out that in most cases the levels of 

corticosterone and other behavioural reactions in inter-species hybrids had approximately 

intermediate values. 
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CONCLUSIONS 

Our results gave us reason to assume that purebred rabbits from consolidated breeds, as well 

as rabbits from inbred lines, which were characterised by a higher degree of homozygosity had a 

narrower range of response to transportation stress, compared to the hybrid forms, which exhibited 

a higher heterozygosity and a broader range of reactivity. This means that under transportation 

stress, which is often combined with other stress factors, purebred and inbred rabbits are at greater 

risk of high mortality rates, compared to hybrid forms. 
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