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ABSTRACT

The main objective of the present study was to
evaluate the effect of short term Heat Stress on
productive performance and some blood parame-
ters in two strains of growing rabbits. A total num-
ber of 60 weaned unsexed rabbits (6 weeks of
age) were used in this study (30 from each of New
Zealand White, NZW, and Local Baladi Black, BB
rabbits). They were randomly divided into two ex-
perimental groups: a control group and heat
stressed one. The latter group was exposed to four
hours of heat stress at 36 + 1 °C and 55 — 60% RH
for three consecutive days at 42 days of age. The
same manner was applied after six weeks of age
(at marketing). After HS exposure, three rabbits
from each treatment were used to determine some
blood parameters, heat shock protein (HSP 70,
90); Growth performance data were also recorded.
Results showed that daily weight gain was signifi-
cantly increased in heat stressed rabbits than con-
trol, while feed consumption was significantly re-
duced in NZW rabbits, resulting in an improvement
in FCR of NZW rabbits than BB. Heat stress
(p<0.05) increased plasma total protein, albumin
and Globulin than control group, while A/G ratio
was not influenced. Baladi Black rabbits had signif-
icantly lower IGF and Corticosterone level com-
pared by NZW rabbits, while T3 hormone level was
not significantly affected. HS increased (p < 0.05)
IGF and Corticosterone levels. A significant inter-
action effect between HS and breed was recorded
for all studied hormones. Heat shock protein were
significantly increased in local BB rabbits com-
pared to NZW ones. It is concluded that it is con-
cluded that early age heat exposure of weaning
rabbits could be used as an alternative tool to alle-

viate the negative impact of heat stress at older
age. We chosen two strains of rabbits (BB, WZN)
because they the most common types in our coun-

try.
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INTRODUCTION

In Egypt, rabbits production is faced with the
problem of heat stress, especially during summer
season, since, It is well known that rabbits are very
sensitive to high environmental temperature (Sakr,
2005). Under heat stress conditions, rabbits use
many strategies to alleviate the negative impact of
heat load including reduction of feed intake, in-
crease water consumption, modulation of thyroid
gland function, regulation of body temperature and
respiration rate, and also some physical and be-
havioral aspects (Marai et al 2001). Many Studies
were conducted to investigate the productive po-
tentialities of native and exotic breeds of rabbits
under hot environmental conditions all reported a
negative response of rabbits to different stressors
but the degree of stress indices, differ between
genotypes, humidity, air velocity and housing con-
ditions (Abd El-Halim, 2003; Fernandez — Car-
mona and Cervera, 2010).

The comfort zone for rabbits was reported to be
15 to 20 ° C, so rabbits can withstand cold weather
than warmer one. The metabolic rate increased by
about 20% in rabbits when exposed to high air
temperature ranged from 30 to 35 °C (Gonzalez et
al 1971). It is well known that HS induce specific
protein fractions to protect cells from different
stressors. Since, Heat shock protein 70 (HSP 70)
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is a stress induced protein. It is an important part of
the cell’s machinery for protein folding. This protein
acts as a molecular chaperone by binding to other
cellular proteins, assisting intracellular transport
and folding into the proper secondary structures,
thus preventing aggregation of protein during
stress (Hartl, 1996). Many Programs were during
early age applied, to induce HSP by heat shock
exposure to HS (at weaning or after kidding) as an
alternative practice to increase thermos tolerance
and acclimate rabbits to heat stress conditions
which led to minimize heat- related mortality, im-
proving productive performance and enhance im-
munity (Morai et al 1996). Exposure of rabbits to
heat stress conditions during the growing period
led to induce HSP70 protein family which acts as
chaperone that assists in the folding, transport and
assembly of protein in cytoplasm, mitochondria,
and endoplasmic reticulum or it appears to play a
critical role in protecting cells against the adverse
effects of hyperthermia ( Morimots et al 1990).
Therefore, the present study was conducted to
evaluate the physiological and productive re-
sponse of two strains of rabbits to early age heat
exposure.

MATERIALS AND METHODS

This study was carried out at the Poultry Physi-
ology Lab, Poultry production Department, Faculty
of Agriculture, Ain shams University, Egypt, during
the period mid — April to June, 2018.

A total number of 60 unsexed weaned (five
weeks of age), rabbits, from both New Zealand
White (NZW) and local Baladi (LB) rabbits breeds,
were used in the present study. The average initial
body weight 500 g and 457g for NZW and LB rab-
bits, respectively. Rabbits were divided randomly
into two treatment groups (heat stressed and con-
trol). After an adaptation period of one week, the
heat stressed (HS) group was exposed to four
hours of high temperature (36°C + 1°C) and rela-
tive humidity (RH%, 55-60 %), for three consecu-
tive days, while the control group was exposed to
the normal in door Lab temperature being (28°C
and 40% RH). The same treatment was repeated
after six weeks of age at marketing age, 13 weeks
of age. All rabbits were fed ad libitum a commercial
pelleted diet, and fresh water was available all
times through nipples drinker system. Composition
and calculated analysis of the experimental diet is
illustrated in Table (1). After the HS period three
animals from each group were randomly chosen
and slaughtered for blood samples collection.
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Blood samples were collected in heparinized
tubes, centrifuged (400 rpm/min), then plasma was
decanted and stored at -20°C till the biochemical
analysis.

Experimental diets

Table 1. Composition and calculated analysis of
the basal diet

Ingredients %
Clover hay 30.00
Wheat bran 26.20
Barley grain 21.00
Soybean meal (44% CP) 18.00
Molasses 3.00
Limestone 1.00
Sodium chloride 0.50
Vitamins & mineral Permix * 0.30
Total 100.00
Calculated chemical composition
Crude protein (CP)% 18.72

Ether extract (EE)% 2.95
Crude fiber (CF)% 13.07
Digestible energy (Kcal/Kg diet) 2590.00
* Each one Kg of Premix contains

150000 IU of Vit., A, 100mg Vit. E, 21mg Vit. K3, 10mg
Vit By, 40 mg Vit. B7, 15mg Vit Bg, 0.1mg Vit. B1,, 200 mg
Niacin, 100mg Paurtotheric acid 0.5mg Biotin, 10 mg
Folic acid,5000mg Choline chloride, 450 mg Zn, 600 mg.
Mn, 0.3mg Fe, 50 mg Cu, 0.25g.1.1mg Se.

Productive performance

Live body weight, average daily weight gain,
feed consumption (FC) and feed conversion ratio
(FCR) were recorded for the whole experiment
period.

Blood measurements

Plasma total protein, albumin and globulin were

recorded and then albumin: globulin ratio (A/G)
was calculated, also, plasma cholesterol, triglycer-
ides, HDL and LDL were determined, by using
commercial kits Spectrum Diagnostic kits, Spect.;
Crop. For Biotech. S.A.E., Egypt).
*1- 13 denotes to: T3= triiodothyronine (ng/dl); IGF
-1 = Insulin- like growth factors; Cort. = Corti-
costerone (ng/dl); TP= Total protein (g/dl); Alb=
Albumin (g/dl); Chol= Cholesterol (mg/dl); Tri-g =
Triglycerides (mg/dl); HDL = high density lipopro-
tein (mg/dl); ALT & AST (u/l); TAC = total antioxi-
dant capacity (mmol/ml); Creat= creatinine (mg/dl);
Urea (mg/dl).
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MDA assay according to Mihara et al (1978).
Determination of malondialdehyde precursors in
tissues by thiobarbituric acid test.

TAC= Total antioxidant capacity, according to
Koracevic et al (2001). Method for the measure-
ment of antioxidant activity in human fluids. Thyroid
hormones assay by RIA technique according to
Britton et al (1975). A strategy for thyroid function
tests.

Heat Shock protein determination

A small specimen (2g) form the spleen of each
rabbit was immediately dissected, and quickly fro-
zen in liquid nitrogen for latter measurement of
HSPs.

RNA isolation and real-time quantitative RT-
PCR

Total RNA was extracted from quick-frozen liv-
er samples using TRIzol® reagent (Invitrogen Life
Technologies, Palo Alto, CA, USA) following the
DNase | treatment and purification of total RNA by
RNeasy mini kit (Qiagen, Valencia, CA, USA). The
RNA quality and quantity were determined using
agarose gel electrophoresis and NanoDrop 1000
(Thermo Scientific, Wilmington, DE, USA). Two
micrograms of total RNA from fresh-frozen liver
were converted into cDNA with oligo (dT)16 primer
and SuperScript 1l reverse transcriptase (Invitro-
gen Grand Island, NY, USA), as previously de-
scribed (Kang et al 2017). The best primer pairs
were initially selected from several pairs based on
PCR product quality and lengths after electropho-
resis on a 2% agarose gel. A portion (1 pl) of the
cDNA was subjected to a quantitative real time
PCR (qRT-PCR) using an ABI prism 7300HT sys-
tem (Applied Biosystems LLC, Foster, CA, USA)
with Power SYBR Green PCR Master Mix (Invitro-
gen Grand Island, NY, USA). The specific oligonu-
cleotide primers were designed by the PRIMERS3
program (http:// frodo.wi.mit.edu).

Total RNA was extracted from quick-frozen liv-
er samples using TRIzol® reagent (Invitrogen Life
Technologies, Palo Alto, CA, USA) following the
DNase | treatment and purification of total RNA by
RNeasy mini kit (Qiagen, Valencia, CA, USA). The
RNA quality and quantity were determined using
agarose gel electrophoresis and NanoDrop 1000
(Thermo Scientific, Wilmington, DE, USA). Two
micrograms of total RNA from fresh-frozen liver
were converted into cDNA with oligo (dT)16 primer

and SuperScript Il reverse transcriptase (Invitro-
gen Grand Island, NY, USA), as previously de-
scribed (Kang et al 2017). The best primer pairs
were initially selected from several pairs based on
PCR product quality and lengths after electropho-
resis on a 2% agarose gel. A portion (1 pl) of the
cDNA was subjected to a quantitative real time
PCR (gRT-PCR) using an ABI prism 7300HT sys-
tem (Applied Biosystems LLC, Foster, CA, USA)
with Power SYBR Green PCR Master Mix (Invitro-
gen Grand Island, NY, USA). The specific oligonu-
cleotide primers were designed by the PRIMERS3
program (http:// frodo.wi.mit.edu).

Statistical analysis

Data were analyzed by two way analysis of var-
iance using the general liner model procedure
(SAS, 2006). The model was as follows:

Yik=u+Si+Tj+ (ST)ij + €ijk

Where:

p= Overall mean,

S i= Strain effect,

T = Treatment effect,

(ST)ij = Interaction between strain and Treatment,
e ijk = Experimental error.

RESULTS AND DISCUSSION
Growth performance traits

Effect of early age heat conditioning on produc-
tive performance of growing rabbits is presented in
Table (2). It is clear from the results that FC was
affected by heat treatment. Regarding to the effect
of breed, data revealed that there were no signifi-
cant differences between the two breeds in FC
during the growing period. This may be attributed
to the adaptive response of rabbits during heat
exposure at early age, or could be due mainly to
modulation of thyroid gland actively as physiologic
response to heat stress adaptation.

Feed consumption was not significantly varited
between control group and experimental group
(480.083 and 482.125 respectively), while feed
conversion and daily gain were better in animals
exposed to heat stress than control was (0.701 &
0.566 and 713.260 &795.65). These results are
agreement with Chiericato et al (1995) & Amici et
al (2000). Moreover (NZW) rabbits were butter
than (L), the best ones.
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Table 2. Effect of early heat conditioning and
breed on average of daily gain, feed consumption
and feed conversion of growing rabbits after early
— age heat exposure

Parameters Daily
Feed Feed gain
consumption|conversion (9)
Main effec (9) (9)

Breed:

Local (L) 115.602 3.202 36.122

NZW (N) 96.42° 2.70° 35.72b

Overall 106.25 2.95 36.00

SEM +6.102 +0.103 +0.061

Heat stress:

Control (C) 88.31° 2.60° 33.96°

Heat 125.012 3.302 37.882

stress(H) 105.91 2.95 35.92

Overall +6.102 +0.103 +0.061
SEM

Interaction

LC 47.76¢ 1.36% 35.12°

LH 53.38¢ 1.52¢ 35.12b

NC 94.852 2712 35.00¢

NH 74.37° 2.01° 37.002

Means, within column in each followed by different su-
perscripts differ significantly (P< 0.05).

Blood biochemical paramerters

The results of blood parameters (TP, ALB.,
Globulin, A/G ratio) revealed that all plasma
profein fractions were insignificantly affected by
rabbits strain. However, heat exposure at early age
had significant effect on all plasma proteins (Table
3). In this concern, plasma TP, Alb., globulin and
A/G ratio were significantly higher in HS- rabbits
than control ones. On the other hand, the interac-
tion results showed an interesting results, where
plasma TP and Alb., levels were higher in both
heat — stressed breeds (LH and NH) compared to
control groups. However, results indicate that the
local breed rabbits had significantly higher plasma
globulin levels than those of the exotic NZW breed.
This support the well-known fact that the local
breed has better immunity than NZW rabbits.This
results agree with Vendemial et al (1989).

Safaa Hashem, El-Wardany; Galal and Madkour

Effect of early — age heat exposure on some
plasma hormones concentration

Table (4) illustrates that plasma tri- iodothyro-
nine (T3), insulin like growth factor (IGF) and corti-
costerone (cort.) levels were not significantly influ-
enced by the breed of rabbits. However, both IGF
and Cort., levels, but not T3, were significantly
increased in HS rabbits than the control ones.
Consequently, the HS by breed interaction showed
significant increases in all hormones level.

Results in Table (5) revealed a significant ef-
fect of early age heat exposure on heat shock pro-
tein (HSP 70 and HSP 90), expression in spleen
tissues, regardless rabbits breed. Both HSPs were
significantly higher in heat stressed rabbits than
control ones. This may be on early age adaptive
response to HS change. Exposure to acute stress-
ful experience can enhance the later ability to ac-
quire new memories about associations between
stimuli. Stressful experience can positively affect
the subsequent acquisition of associative memo-
ries. (Beylin and Shors, 2003). In poultry improv-
ing the acquisition of thermotolerance is possible
by exposing them to high ambient temperatures
during critical periods (first week of life) Yahav and
Mc-Murtry, 2001. The results of the our study cor-
roborate the previous reports by illustrating that
thermal conditioning has a positive effect on im-
proving thermotolerance acquisition in rabbit in
later life, since, the rabbit in both breeds on re-
exposure to thermal stress at 13 weeks old
showed significantly high level of gene expression
for heat shock response related genes ,HSP70
and Hsp90 indicating the adaptation of rabbit to
high temperature because of pre-conditioning and
reducing the stress condition and resulting in high
levels of expression. The results of our study
demonstrated that, in response to AHS at later life,
both hepatic Hsp70 and hsp90 expression in-
creased in thermal conditioned rabbits compared
to their relative control. These findings corroborate
those of previous studies that elevations of hsp70,
and hsp90 mRNA occur in the heart after 2 h of
heat stress, and these factors may act as important
markers and protective proteins in response to
adverse environmental conditions (Yu and Bao.
2008). Also, Wang et al 2014 reported that induc-
tion of Hsp70 overexpression suppress heat
stress-induced apoptosis of cardiomyocytes in
mice.) Increase in hepatic HSP70 gene expression
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Parameters
TP ALDb Globulin A/G ratio
(g\d) (g\d) (g\d)
Main effect
Breed
Local (L) 5.63 2.83 2.80 1.01
NZW (N) 5.75 3.04 2.71 1.12
Overall 5.69 2.94 2.75 1.05
SEM +0.147 +0.11
Heat stress
Control(C) 5.08b 2.47° 2.61b 0.94
Heat stressed(H) 6.292 3.392 2.902 1.16
Overall 5.69 2.93 2.755 2.1
SEM +0.25 +0.14
Interaction
LC 5.153b+ 0.26 2.126°+0.15 3.0272 0.70
LH 5.9762+ 0.26 3.3632+0.15 2.613P 1.28
NC 5.100°+ 0.26 2.900°¢+ 0.15 2.20¢ 1.31
NH 6.0432 £ 0.26 3.763%% 0.15 2.28¢ 1.65

Means, within column in each parameter, followed by different superscripts differ significantly (P< 0.05).

Table 4. The effect of early age heat conditioning of rabbits on some plasma hormones con-

centration
Parameters
T3 IGF Cort.

(ng/dl) (ng/dl) (ng/dl)
Main effect
Breed
Local (L) 2.20 22.40b 2.02b
NZW (N) 2.07 25.652 2.272
Overall 2.13 24.03 2.15
SEM +0.162 +1.17 +0.115
Heat stress
Control(C) 2.18 20.07 1.980
Heat stressed(H) 2.20 25.092 2.202
Overall 2.18 22.58 2.09
SEM +0.31 +2.4 +0.23
Interaction
LC 2.41¢ +0.32 20.524 +2.4 1.439+0.23
LH 2.55°+0.32 23.55P+2.4 2.42°+0.23
NC 3.052+0.32 22.31°+2.4 1.93b¢ +0.23
NH 2.813» +0.32 26.373+ 2.4 3.232+0.23

Means, within column in each parameter, followed by different superscripts differ significantly (P< 0.05).
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Table 5. Effect of early age heat exposure of growing rabbits on heat
shock protein expression in liver tissue samples
Parameters
Hsp 70 Hsp 90
Main effect
Local (L) 0.859 +0.082 1.031 £ 0.056
NZW (N) 0.681 +0.021 1.014 £0.129
Overall 0.77 507.51
SEM
Heat stress
H 1.0016 + 0.382 1.0036 + 0.06142
C 0.859+ 0.047° 1.0315 £ 0.0327°
Overall 0.9303 1.0175
Means, within column in each parameter, followed by different superscripts differ
significantly (P< 0.05).
A) B)
HSP70 Hsp90a
4 a 1.6 a
3.5 ] 1.4
% 3 % 1.2 ]
E b E | b
%5 2.5 s 1
g 2 ¢ 08 ¢
c [
815 ¢ c & 0.6
(%] o
- 1 - 0.4 d
2 05 H 2 0.2 M
0 0
NZWC2 NZWT2 BBC2 BBT2 NZWC2 NZWT2 BBC2 BBT2
Treatments Treatments

Fig. 1. Heat shock protein (HSP) gene expression in liver of NZW and Baladi Black rabbits breed at 13
weeks of age. A. HSP 70 alpha and B. HSP 90,a, b Means with different superscripts differ significantly

(P<0.05)

compared with that in the control group BBC, this
activation may be is a kind of cytoprotective mech-
anism and that further permits the cells to survive,
this finding has been confirmed by previous stud-
ies in rabbit testis (Pei et al 2011) in broilers
(Zulkifli et al 2014) in chicken (Cedraz et al 2017)
in mice (Wang et al 2014) and in fish (Benitez-
Dorta et al 2017). Enhanced Hsp70 expression
may be a response to stressful condition, and may
enhance cell survival by protecting proteins from
degradation and facilitating their refolding (Yu and

Bao 2008) moreover, this up-regulation of hsp70
can block apoptosis through the inhibition of sev-
eral caspase proteins (Beere, 2004) and naturalize
damaged proteins before initializing the apoptotic
process.

CONCLUSIONS

It is concluded that early age heat exposure of
weaning rabbits could be used as an alternative
tool to alleviate the negative impact of heat stress
at older age.
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