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ABSTRACT

The aim of this study was to examine the effecteminatal heat exposure treatment on oxidativesstres
profile, some gastrointestinal enzymatic activiteesd performance of growing rabbits during hot
(summer) season. Fifty New Zealand White (NZW) Witse divided into two groups (25 kits/group).
In the control group (C), kits were kept under narmmbient temperature (21+2°C). In the neonatal
heat exposure group (H), kits were exposed to aighient temperature (34+2°C for 6 hours) at day 5
post-partum. All kits were weaned at 30 days of. agee total antioxidant capacity in plasma of
neonatal heat exposure group was significantly (0higher than that of control group under hot
condition. Nitric oxide (NO) significantly decreaken neonatal heat exposure group. Specific
activities of amylase, protease and lipase in thallsintestine of H kits were higher compared with
those of C group. Neonatal heat exposure improedg teed intake and feed conversion compared
with control group. There was no difference in virtigf kits at weaning between groups. The body
weights of young H rabbits at post-weaning andOavéeks of age were higher than those of C group.
In conclusion, neonatal heat exposure improved hted young rabbits when reared under hot
condition. This may be due to increasing total@fitiant capacity with decreasing the nitric oxide a
cellular level. Moreover, neonatal heat exposurg mmgprove the efficiency of enzymes activity in the
gastrointestinal tract of rabbit.
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INTRODUCTION

Several studies indicated that after exposure &, idasma levels of super-oxide anions, hydrogen
peroxide and nitric oxide increased, as well assiased lipid per-oxidation products that can beou

in various cell lines and tumor tissue (Matsumetoal, 1999). Free radicals and intracellular
metabolic oxidation/reduction (redox) reactions daleen implicated in such phenomenon.
Superoxide dismutase, catalase and glutathionexip@s®e are the main cellular reactive oxygen
species (ROS) degrading enzymes. Superoxide dismutanverts the superoxide radical into
hydrogen peroxide, which is metabolized by catalasé glutathione peroxidase (Lenehanal,
1995). In hyperthermal condition, heat shock pretgHSPs) may be induced as a cellular defense,
which would support the concept of an inverse m@tship of HSP induction and heat-induced
cytotoxicity (Riabowolet al, 1988). Liewet al (2003) reported that the improved heat toleramud
disease resistance by early age feed restricteahdrheat exposed birds could be attributed tése
HSP 70 response. Also, some studies indicate tiadtrmal short-term heat exposure and neonatal
short-term heat exposure led to lower weight ahband weaning, but it did not result in lower pre-
and post- weaning mortality rate, heavier weightt higher growth rate in growing rabbits during hot
weather than those in control group (Abdel-KafyQ&0 Similar trends were found in ducks (El-Badri
et al, 2007) and in chickens (Yahav and Plavnik, 1999).
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The effect of neonatal heat exposure on the oxidairess profile and gastrointestinal tract enzyme

has not been studied. The purpose of the presedy stas to examine the effect of neonatal heat
exposure treatment on oxidative stress profile,esgastrointestinal enzymes activity and performance
of growing rabbit during hot season.

MATERIALSAND METHODS
Animals and experimental design

This work was carried out in a commercial rabblitryated in Cairo Governorate, Egypt from May to
August, 2006 (hot season). Fifty New Zealand W{HEW) rabbit kits were divided into two groups
(25 kits/group). The first group (Control group, @ps kept under normal ambient temperature
(21+2°C) as control group. The second group (Heaum H) was exposed to high ambient
temperature (34+2°C for 6 h) by using electric besatat day 5 post-partum. All kits in both groups
were weaned at 30 days of age.

After weaning, kits were housed in individual cagéages were equipped with feeding hopers made
of galvanized steel and have nipples for automdticking. The internal minimum and maximum
ambient temperatures and relative humidity throughtbe experimental period were 20.6°C and
34.3°C, and the relative humidity were 47.2% and'%§ respectively. Kits were fed ad-libitum on a
commercial pelleted diet. The chemical compositibriet was: 16.4% crude protein, 13.3% crude
fiber, and digestible energy of 10.45 MJ/kg dieteiglts of kits and feed intake were recorded at
weekly intervals from weaning up to the"Week of age.

Plasma and tissue sampling

Four kits from each group were sacrificed at th8 week of age. Blood samples were collected in
tubes containing EDTA. Plasma was separated byiftegation of blood samples at speed of 3000
r.p.m. for 15 minutes. Plasma was stored at -80A@l assaying oxidative profile parameters.
Gastrointestinal tract was removed to collect thetents of the small intestine and caecum. Samples
were stored at -80°C until enzymes assays. Lives removed and tissue samples were stored at
-80°C until catalase activity determination.

Oxidative stress parameters

Parameters of oxidative stress profile were assayetblorimetric technique using commercial kits
(Biodiagnostic, Egypt). Total antioxidant capadmymol/l) in plasma and activity of catalase (U/g) i
liver were determined according to Koraceegtcal (2001) and Aebi (1984), respectively. Oxidative
damage parameters in plasma included lipid-perogideol/ml), nitric oxide (umol/l) and hydrogen
peroxide (mmol/ml) were determined as describe@bkawaet al (1979), Schabedt al (1961) and
Aebi (1984), respectively.

Enzyme activity assays

All enzyme activities were assayed in contents lebtbmall intestine and caecum colorimetrically as
following: amylase, cellulase and pectinase actifid/ml) were assayed using starch, CM-cellulose
and sodium polypectate as substrates, respectaatprding to Somogyi (1952). Protease (U/ml) was
assayed by using azo-casein as a substrate aagtodBhopra and Mathur (1983). Lipase (U/ml) was
assayed by colorimetric technique using kit of Bagghostic (Egypt).

Statistical analysis

All results were analyzed using the general limeadels procedure of SAS (1999). The model was:
Y= u+G+e;; where: p = the overall mean; &effects of heat treatment and eesidual error term.
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RESULTS AND DISCUSSION
Oxidative stress prafile

Levels of both lipid-peroxide (nmol/ml) and hydrageeroxide (mmol/ml) were not significantly
different between control and neonatal heat exgogtoup (Table 1). However, nitric oxide (NO) was
significantly higher in control than in neonatalaheexposure group. This result is consistent with
findings of Pittetet al (2002), who reported that stress preconditiomiagreased the production of
NO. Level of hydrogen peroxide (as a source for R@&eration) in control group was nearly equal to
that of heat group, but it might affected by HSHalihis more induced in the heat group as proved by
Abdel-Kafy (2006) in rabbit. This explanation mag bupported by a significant decrease of NO in
the neonatal group (Table 1) which may be due ® ftinctions of HSP families under stress
conditions.

Table 1: Oxidative damage parameters and total antioxidapécity in plasma of NZW rabbits at 10
weeks of age

Control Heat +SE
Oxidative damage parameters:
Lipid-peroxide (nmol/ml) 135 15.7 2.03
Nitric oxide (pmol/l) 12.8 5.5 0.47
Hydrogen peroxide (mmol/ml) 9.35 9.60 1.67
Total antioxidant capacity (mmol/l) 243 2.24 0.024

abyalues having different superscripts in the saoveare significantly different (P<0.05)

Total antioxidant capacity (mmol/l) in plasma ofgkbup was significantly higher than that in plasma
of C group under hot condition. The partial resiseato hyperthermia was correlated to the higher
antioxidative capacity of the apoptosis cells g@ried in rats by Doérthet al (2000).

Activity of catalase (U/g) as detoxifying enzymeswaot significantly different between control and
heat group (Table 1). The activation of anti-RO3yemes induced by hyperthermia was important in
the acquisition of cardioprotection against iscladraperfusion injury in rats (Yamashitgt al,
1998).

Small intestine and caecal enzymes

Activities (U/ml) of amylase, protease and lipaseynes in small intestinal contents of H group were
higher compared with C group (Table 2). The sammedrwas found by Unét al (2001), who
reported that chicks in heat exposure group at3ay age increased the activity of small intestinal
enzymes compared to control group. This result bawttributed to higher mMRNA expressions that
translated to the new enzymes synthesis and alsm televation in the digestive and absorptive
capacity (Uniet al, 2001).

Neonatal heat exposure led to significant elevatiopectinase activity in caecum compared with
control, however, the activity of cellulase was sanificantly affected (Table 2). Information on
rabbit caecal pectin-degrading enzymes is not cetapkexcept on enzymes Bhcteroides caccae
(Siroteket al, 2004).

Table 2: Activities (U/ml) of some enzymes in contentstioé¢ small intestine and caecum of NZW
rabbit at 10 weeks of age

Control Heat + SE
In small intestine
Amylase 0.58 147 0.12
Protease 0.071 0.074 0.002
Lipase 0.077 0.083 0.009
In caecum
Cellulase 0.52 0.42 0.054
Pectinase 0.28 0.47 0.028

aPyalues having different superscripts in the roe significantly different (P<0.05)
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Feed intake and feed conversion

Neonatal heat exposure increased daily feed intakgared with control group from weaning to the
10" week age (Table 3). Also, positive linear corielatwas found in chickens and turkeys between
early-age thermal exposure and feed intake (Yahav, 1999).

Table 3: Daily feed intake and feed conversion from wegrB0 days) to 10week of age

Control Heat
Daily feed intake (g/d) 121.34 123.39
Feed conversion 3.47 3.14

Feed conversion in neonatal heat exposure groupm@®ved by 10.5% compared to control group
(Table 3). Improving feed conversion might be daethe association between early-age thermal
conditioning, feed intake and plasma [€vels which was reflected in better intestingbaeity to
proliferate, grow and digest nutrients (Yaletval, 1997). Also, this result may be due to incregsin
enzymes activity in the small intestine and cae(Uafle 2).

Body weight

There was no difference in weight of kits at wegn{ifable 4). The weaning in rabbits is often
associated with lower weight gain and in some mm=awith diarrhoea and morbidity (Ozimba and
Lukefahr, 1991), but in the present study the beejghts of H kits in the Land the 2 week post-
weaning were higher than those of C kits. Alscthim 18" week of age, the body weights of rabbits in
heat group were higher than of control group (TagleSimilar results were found by Abdel-Kafy
(2006), who reported that kit weights in neonatthexposure group were higher than in control by
65 and 70 g approximately at 4 week post weanimgdaming the growth period, respectively. The
broiler chicks exposed to heat and feed restriatioiday 4 or 5 of age had HSP 70 density and weight
gain higher than control chicks (Liest al, 2003). These results are in disagreement wiidirigs of
May (1995), who reported that early heat exposudendt influence the body weight gain, feed
efficiency, growth or mortality.

Table 4: Body weights (g) at weaningpst-weaning and in the Toveek of age

Control Heat
Body weight at weaning 574.0+29.8 538.3+30.5
Body weight at 1 week post-weaning 678.1+88.6 785.0+28.8
Body weight at 2 week post-weaning 865.1+46.1 908514
Body weight at 10 week of age 1986.1+41.2 2085.@41

ah/alues having different superscripts in the sameace significantly different (P<0.05)

CONCLUSIONS

In conclusion, neonatal heat exposure improved tira rabbits under hot condition. This may be
due to increasing total antioxidant capacity widti@asing nitric oxide concentration at the ceflula
level after neonatal heat exposure. Also, neorteat exposure may lead to the improvement in the
efficiency of enzyme activity in the gastrointestitract and consequently to the improvement of the
feed conversion.
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