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SUMMARY

physiological parameters in New Zealand White (NZW) rabbits. Animals were divided into four

groups with five replicates, in each replicate six kits (4 x 5 x 6), the first group kits were taken from
litter of control does (control), the second group kits were taken from litter of does were exposed to heat
conditioning at day 15 of pregnancy (36+1°C for 6 hrs), the third group were taken from litter of control does,
and were exposed to early age heat conditioning (36+1°C for 6 hrs) after birth and the fourth group were taken
from litter of does were exposed to heat conditioning at day 15 of pregnancy (36+1°C for 6 hrs) at day 15 of
pregnancy and were exposed to early age heat conditioning (36£1°C for 6 hrs) after birth. Red blood cells
(RBCs), White blood cells (WBCs) and Hemoglobin (Hb) values were greater on rabbits in fourth group than
the third and second groups compared with the lowest values in control group. Rectal temperature and the level
of Cholesterol and Corticosterone of rabbits in the 16 week of age under hot summer season in the control
group were greater than that in other groups. Early age heat conditioning of all treated groups caused significant
(p<0.05) decreased in liver functions (plasma ALT and AST activity) and Kidney functions (urea and creatinine
levels). Total antioxidant capacity, Catalase in plasma and Heat shock proteins 70 (HSP70) of all treated groups
were higher than in the control group. Body weight and body weight gain at 8, 12 and 16 weeks in kits of heat
exposure groups than in the control group. In conclusion, early age heat conditioning of rabbits kits post, pre
birth or together led to the improvement in post weaning growth and in thermo-tolerance during the summer
season in rabbits.

This study was conducted to investigate the effect of early life heat conditioning on some
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INTRODUCTION

Rabbits are homoeothermic animals and they are very sensitive to high temperatures since they have
few functional sweat glands, limiting them ability to eliminate excess body heat when the environmental
temperature is high, rabbits are very susceptible to heat stress when the environmental temperature is high
(Marai et al., 2002 and Badawy et al., 2010). Heat stress may lead to increased production of transition
metal ions, which can make electron donations to oxygen forming superoxide or H202, which is further
reduced to an extremely reactive OH radical causing oxidative stress (Zhao et al., 2006), also, produced
Reactive oxygen species (ROS) which resulted in drastic damage to the cell structures; protein, lipids and
DNA, and further induce physiological and pathological changes, resulting in poor performance (Abdel-
Khalek, 2010). In the rabbit, stress associated with exposure to high ambient temperatures decreases growth
performance, possibly because of excessive production of ROS that oxidize and destroy cellular biological
molecules (Liu et al., 2011). Several strategies have been recommended to ameliorate the negative effects
of a high environmental temperature, one of them exposing animals to heat conditioning noticeably
ameliorated by heat acclimation (Yalcin et al., 2001), Recently demonstrated that heat acclimation (HA)
improves arterial elasticity (Kaldur et al., 2013), which has been shown to be directly linked to oxidative
stress and inflammation (Kals et al., 2011). Heat conditioning associated with the synthesis of heat shock
proteins (HSP) enhances the animal survival in rats (Villar et al., 1994), as well as the thermo-tolerance
under hot condition in rabbits (Abdel-Kafy, 2006). Therefore, the purpose of this study was to investigate
the impact of early heat conditioning on some physiological changes in New Zealand White (NZW) rabbits.
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MATERIALS AND METHODS

One hundred and twenty New Zealand White (NZW) rabbit-kits were used in this study. Kits were
housed in cages in an open room 4x6m with windows representing 30% of the walls area. The room was
equipped with thermometers and humidity measuring equipment. Animals were divided in cages into four
groups (each group of 30 kits into five replicates) as follows: 1st group: Kits were taken from litter of
control does (Control group (C)), 2nd group: kits were taken from litter of does were exposed to heat
conditioning at day 15 of pregnancy (36+1°C for 6 hrs) using electric heaters at day 15 of pregnancy (Heat
conditioning group at pregnancy (HCP)), 3rd group: A number of 30 kits were taken from litter of control
does, and were exposed to early age heat conditioning (36x£1°C for 6 hrs) at one day after birth (Heat
conditioning group after born (HCB)) and 4th group: kits were taken from litter of does were exposed to
heat conditioning at day 15 of pregnancy (36+1°C for 6 hrs) using electric heaters at day 15 of pregnancy
and were exposed to early age heat conditioning (36£1°C for 6 hrs) at one day after birth (Heat
conditioning group at pregnancy and after born (HCPB)). Cages were equipped with feeding hopers made
of galvanized steel and have nipples for automatic drink. Rabbits reread on cages from weaning (4 week of
age) until 16 week of age, the range of environmental temperature during this period was from 34-
38°C.Weights of kits were recorded weekly from weaning until the 16th week of age. At 16 weeks of age
under hot ambient temperature (410C) five rabbits from each replicates, rectal temperature was measured
by digital thermometer and blood samples were collected few fresh drops of blood taken to determine Red
blood cells (RBCs), White blood cells (WBCs), blood haemoglobin (Hb) and Hematocrit % (HCT) as
described by Nemi (1986), blood samples after centrifuged at 3000 rpm for 15 min plasma stored at -80 oC
to determine plasma total proteins (g/dl) by the method described by Henry (1974), plasma albumin (g/dl)
based on a colorimetric method described by Doumas et al. (1971). Globulin was calculated by subtraction
of plasma albumin from plasma total protein, Cholesterol (mg/dl), Corticosterone (hg/ml) and total
antioxidant capacity (mmol/l) by Koracevic et al. (2001). Urea, creatinine, activity of aspartate (AST) and
alanine (ALT) aminotransferases, were estimated by the colorimetric method using commercial Kits
(Diamond Diagnostic, Egypt). Livers were removed directly from the five rabbits to determine the activity
of catalase (U/g) according to Aebi (1984) and mRNA heat shock protein 70 (HSP 70) according to Tizard
(1996).

Statistical analysis:

Statistical analysis for all measured parameters was performed using the general linear model (GLM)
produced by the Statistical Analysis Systems Institute (SAS, 2009).

RESULTS AND DISCUSSION

Hematological data (Figures 1, 2 and 3) revealed that rabbits were exposed to early age heat
conditioning pre and before birth had significantly (p<0.05) increased number of circulating RBCs, WBCs
and Hb concentration followed by the groups were exposed to early age heat conditioning before or after
birth compared with the control group, HCT % showed a different pattern as there was a significantly
increased in all treated groups compared with control. With regard to plasma biochemical (Figures 4 and 5)
plasma Cholesterol and Corticosterone decreased (P<0.05) linearly as all early age heat conditioning groups
compared with control group. However, plasma total protein and albumin increased (P<0.05) in all treated
groups but there is no differences between the control and the group were exposed to heat conditioning
before born in total protein and albumin Liver functions (plasma ALT and AST activity) and Kidney
functions (urea and creatinine levels) in different groups are shown in Figures 6 and 7. Early age of heat
conditioning of all treated groups caused significant (p<0.05) decreased in these parameters compared to
control animals. Total antioxidant capacity, Catalase (as antioxidative enzyme) activity and heat shock
protein 70 (HSP 70) of all treated group was higher than that control group, however, rectal temperature
recorded significantly (P<0.05) lower of all treated groups was higher than that control group under hot
condition which are shown in Figures 8, 9, 10 and 11. The body weight and body weight gain of rabbits are
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indicated in Figures 12, 13 and 14. The rabbits had similar body weights at the start of the experiment on
four week of age (Weaning). The final body weight at 8, 12 and 16 weeks of age and weight gain (4 -8 and
4-16 week of age) significant (P<0.05) increased by heat conditioning groups compared with control group,
there is no differences between body weight at 12 and 16 weeks of age in heat conditioning group at
pregnancy (HCP) and heat conditioning group after born (HCB).

All groups subjected to early age of heat conditioning before or after birth and together improved in all
parameters that were studied in this experiment, these results indicate that heat conditioning used in the
current experiment may have acted as an anti-stressor and diminished the neuropathological influence of
heat stress Heat conditioning rabbit's may be due either to ability of animals to prevent the negative effect
of heat stress or to the failure of the physiological mechanisms of animals to balance the excessive heat
load caused by exposure to high ambient temperature, early age of heat conditioning used as a heat
acclimation by influence the activity of a number of dehydrogenases and oxygenases (Habeeb et al., 1993,
Ahmed Nagwa, 2000, Ahmed Nagwa et al., 2005 and Fadila and Amal, 2015). Hematological changes
seem to play an important role in adjusting the rabbit’s physiology during elevated heat stress conditions by
improving on RBCs, WBCs, Hb concentration and HCT %, this improvement can be due to the rabbits
adaptation to hot conditions and reducing the oxygen up take and reduces metabolic heat production in a
cellular level as counter act to heat load (Marai et al. 1994 and El-Kholy 2003). When animals exposed to
heat stress plasma protein, aloumin and globulin were decreased, such decline may be due to a decrease in
feed utilization and, consequently, to a decrease in protein and fat bio synthesis (Habeeb et al., 1993 and
Marai et al. 1999). However, the improvement on plasma protein, albumin and globulin affected by all
treatments compared with the control is due to the positive impact early age heat conditioning in enhancing
nutrients utilization and heat tolerance (Toghyani et al., 2008 and El-Wardany et al., 2012). Cholesterol
concentration also decreases markedly with exposure heat conditioning (Marai et al., 1995; Habeeb et al.,
1996). Abdel-Samee (1998) confirmed that exposure of farm animals to heat conditioning in accompanied
by a decrease in cholesterol concentration. The decline in cholesterol concentration may be due to the
increase in total body water or to the decrease in acetate concentration which is the main precursor for the
synthesis of cholesterol (Habeeb et al., 1992; Marai and Habeeb, 1998). The increase in corticosterone
level resulted in rabbits more adapted and with better thermo-tolerance under heat stress conditions which
used as a stress indicator (Hannela et al. 1990), the treatments in this experiment Blood ALT and AST are
biomarkers in the diagnosis of hepatic damage because they are released into the circulation after cellular
damage (Naik and Panda, 2007). The acclimation followed by heat stress caused significant (P<0.05)
decreased in enzymes of the liver (ALT and AST levels) and this means that heat acclimation had
protective effect against the heat stress, these elevated liver enzyme activities may indicate hepatocellular
damage (Mostafa, et al., 2007). These results are in agreement with those of previous studies in rabbit
(Fadila and Amal, 2015). Also the results revealed that the heat conditioning was more effective in
improving the negative effects of heat stress conditions, as a measure of kidney function status, urea and
creatinine are often regarded as reliable markers, thus, elevations in the serum concentrations of these
markers are indicative of renal injury simply because the kidneys excrete them, elevation in urea and
creatinine in agreement with results of previous studies of (Gudev et al., 2010 and Fadila and Amal, 2015)
who suggested that increasing plasma urea level in heat stressed buffaloes closely related with the dynamic
of cortisol and blood volume fluctuation in animals under heat stress. The reduction of the rectal
temperature in all heat conditioning groups may be due to the fact that rabbits were able to maintain
constant rectal temperature during heat exposure by low metabolic rate when previously acclimated to high
temperature and in more adaptive rabbits due to more thermo-tolerance during hot condition (Abdel-Kafy
et al., 2008). Total antioxidant capacity all heat conditioning groups were significantly higher than control
group, the partial resistance to hyperthermia was correlated to the higher antioxidative capacity of the
apoptosis cells as reported by Dérthe et al. (2000) and Abdel-Kafy et al., (2008). Catalase enzyme as an
antioxidative enzyme was induced for protecting the whole-body against ischemia and reperfusion injury
caused by hyperthermia (Yamashita et al., 1998). Catalase activities of all heat conditioning groups were
higher than control group, these results were in agrees with previous works reported by Abdel-Kafy et al.,
(2008) and Fadila and Amal, (2015). mRNA HSP 70 levels in all heat conditioning groups were higher than
control group, this may be attributed to estradiol level, has been shown to regulate mMRNA levels of HSP 70
(Rivera-Gonzalez et al., 1998 and Tang et al., 1995) and the heat shock transcription factor-1 HSF-I (Yang
et al., 1995), which is involved in transcriptional regulation of HSP 70 gene expression (Morimoto et al.,
1992) Significant improvements in the physiological parameters in this study reflected positively on the
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growth rate and body weight. It was observed that thermal treatment thermally recorded the best growth
under hot stress condition and the possibility of early age of heat conditioning in all treatment led to change
the temperature of the beginning of the suffering of the effect of heat stress Similar results were found by
Abdel-Kafy (2006) and Abdel-Kafy et al., (2008), they reported that rabbit weights were subjected to heat
conditioning were higher than in control.

Finally, here we show that early heat conditioning systems have improved heat-tolerance of growing
rabbits to heat stress conditions and improved performance. Further research on the effects of heat
conditioning we help usrecognize the development of the nervous system of developing rabbits and
understand thermal stress more clearly.

Figure 1: Red blood cells (RBCs), White blood
cells (WBCs) as affected by early age
heat conditioning in NZW rabbits at 16
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Figure 5: Total protein (g/dl), Albumin (g/dl) and
Globulin (g/dl) as affected by early age heat
conditioning in NZW rabbits at 16 week of

age
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Figure 7: kidney function as affected by early age
heat conditioning in NZW rabbits at 16
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Figure 9: Antioxidant capacity (mmol/l) as
affected by early age heat
conditioning in NZW rabbits at 16
week of age
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Figure 6

: Liver function as affected by early age heat

conditioning in NZW rabbits at 16 week of age
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Figure 8: Rectal temperature °C as affected by early age

heat conditioning in NZW rabbits at 16 week of
age
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Figure 10: Catalase (U/l) as affected by early age heat

conditioning in NZW rabbits at 16 week of age
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Figure 11: mRNA HSP70 (mg) as affected by early
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