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ABSTRACT

The objective of this study was to investigate ¢ffects of heat stress on oxidative stress statds a
biochemical parameters. For this purpose, 24 rarthips female rabbits aged 6 months and weighing
between 1953.1 and 2375.4g were divided into 4 ggoef 6 animals each and subjected for 30
consecutive days to following temperatures: ambientperature (19-26 °C) for the control group
(TO), 27-28°C for group 2 (T1), 31-32°C for groupgT®) and 35-36°C for group 4 (T3) using
electrical heaters from 8:00 am to 4:00 pm. At #mel of experimental period all animals were
humanely sacrificed, blood samples and kidney welected for analysis of respectively biochemical
parameters and oxidative stress biomarkers. Resealed that animals submitted to 31-32°C and
35-36°C significantly decreased (p<0.05) the tptatein content while the content in creatininesaur
and ASAT increased. The level of MDA was signifittgnncreased (p<0.05) in animals exposed to
31-32°C and 35-36°C, whereas the level of kidneytgin, CAT, SOD and GSH were significantly
lower (p<0.05) in exposed animals as compared wathtrols. It was concluded that exposure of
female rabbits to 31-32°C and 35-36°C for 30 dagluce heat stress that causes oxidative stress and
physiological disorders. Alternative strategiesra@eded for heat stress alleviation.
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INTRODUCTION

In Africa, rabbits have been promoted as tool forapty alleviation, food security management, raayc
rural-urban migration, entrepreneurial skills, haitaian services including recovery efforts froatural
disasters and gender empowerment (Kaplan-Past&@ak, Mutweduwet al., 2015). It is highly preferred
because of its body size, high rate of reproductiataptability to inexpensive housing and useful by
products. However, African rabbit husbandry isrigcseveral constraints such as the lack of reptwguc
management, predation, uncontrolled crossingseé@uing and negative selection (Mutwetial., 2015),
environmental stress (Kumetral., 2011).

Stress results from external forces that disruptdastasis. Animals are affected by several typsgess,
including physical, nutritional, chemical, psychgitzal and thermal (Ngouk al., 2017). The latter occurs
when the environmental temperature exceeds thetmautrality zone of the animal (Kuréral., 2011).
Rabbits ideal environmental temperature rangesdegtwl6 and 21°QMarai et al., 1994). Above this
range, they should be subject to heat stress ledaess are very sensitive to the heat as they dbave
enough sweat glands which can remove the bodydxeassTheir long exposure to the thermal stress
leads to the increase of free radicals which mdyda the oxidative stress (Kungaal., 2011).

Oxidative stress occurs when the production of @iy destructive reactive oxygen species (ROS)
exceeds the body’s own natural antioxidant defémsemellen, 2008) and increases not only risk of
spontaneous abortion but also other factors sutitieasperformance, the well-being and healthustadf
animals including impaired milk production, reprotive performance, and longevity (Zheial., 2011).
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Rabbits, as a homoeothermic animal, can regulatedht input and output of their bodies using aaysi
morphological, biochemical, and behavioral proce$samnaintain a constant body temperature (Marai

al., 1994). This assessment is carried out to ascewbether female rabbits are able to maintain a
homeostatic condition in spite of heat stressed@mwent which would be very useful in considetihg
health status of female rabbits (Pasqetiai., 2008).

Unfortunately, the link between the oxidative stresatus, biochemical parameters and heat stress in
female rabbits under different ranges of africanpierature is not well defined in the literature.fillahis

gap of knowledge, the aim of this work was to eaduthe oxidative stress status and physiological
changes in female rabbits submitted at differergi$eof temperature.

MATERIALSAND METHODS

Animal husbandry

Twenty four mature female New Zealand rabbits,icdilty healthy, aged 6 months and weighing
between 1953.1 ar375.4g were used for the study. They were purchfisen a local provider and
kept in the animal house, Anatomy and Physiologpddenent, of the University of Nairobi, Kenya.
Rabbit does were featl libitum the basal commercial pelleted ration containind.8% crude protein,
13.43% crude fibre, 2656 MJ/kg diet digestible ggeand 2.29% ether extract that met all nutritional
requirements of rabbit does according to the Natidtesearch Council (NRC) (1977) and housed in
wire cages (0.8 x 0.6 x 0.6 m). Fresh water wasenaailable to the animals always. After 2 weeks
of acclimatization, animals were randomly assigted groups of 6 animals each with comparable
weight for 30 consecutive days. The heat was indiuceeach rabbit cage, using electrical heaters
from 8:00 am to 4:00 pm followed by exposure to rioemal air temperature as in the control group
from 4:00 pm to 8:00 am. The temperature, relativenidity and temperature humidity index (THI)
were as follow: TO (control): ambient temperatui®-6°C), 58+0.72%, 22.3+1.84, T1: 27-28°C,
65+0.12, 26.1+0.6; T2: 31-32, 62+0.8, 29.5+0.6, B%-36, 32.9+0.6. The THI was calculated
following the formula developed by Marat al. (2001): THI= db°C-[(0.31-0.31RH)( db°C-14.4)
where RH = relative humidity/100, t = ambient temgpere. The obtained values of THI for rabbit
were classified as follow: < 27.8 °C = absencéedt stress, 27.8-28.9 °C = moderate heat stress,
28.9-30 °C = severe heat stress and above 30 “@y-severe heat strefidarai et al., 2001). The
experimental protocol was approved by the Ethicam@ittee of the department of Veterinary
anatomy and physiology of the University of Nair@REF: FVM BAUEC/2019/244).

Oxidative stress biomarker s biochemical analysis

At the end of the experimental period (30 days),a@imals were fasted for 24h and humanly
sacrificed. The blood was collected directly bydtac puncture before sacrificing, put in tubes free
from anticoagulant, centrifuged at 3000 rpm for B and supernatant separated as serum and
preserved at -20°C for the evaluation of serum emnin total cholesterol, albumin, aspartate
aminotransferase (ASAT), alanine aminotransfer#deAT), urea, creatinine, protein and glucose
using commercial assay kits. The kidney was quididynogenized and the homogenate was then
centrifuged at 4800 rpm for 60 min at 4°C and thpesnatant was stored at —20 °C till further
oxidative stress biomarkers estimations. Proteinteztt in the supernatant was determined by the
method using bovine serum albumin as standard ssrided by Lowryet al. (1951). The kidney
activities of catalase (CAT) and reduced glutatbid®SH) as well as the levels of superoxide
dismutase (SOD) and lipid peroxidation (MDA) werssessed in kidney homogenates using a
spectrophotometer (GENESYS 20.0) and accordingedartethods described respectively by Haétbu
al. (2008), Dimoeet al. (2006), Kodjoet al. (2016) and Sajeettt al. (2011).

Statistical analysis

All data were submitted to analysis of variancengsXL STAT for Windows 10 Software. Results are
expressed as mean * SD, and treatment effects amxpgyimental groups and controls assessed
using one-way ANOVA. The differences in mean valuese compared using the Tukey HSD post
hoc test at 5% significance level.
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RESULTSAND DISCUSSION

As shown in Table 1, creatinine, urea and ASAT vegaificantly increased in animals submitted to
31-32°C and 35-36°C while the level of total protdecreased in animals of these groups compared to
those submitted to 27-28°C and the control group®5). There was no significant difference on
cholesterol, ALAT, glucose and total albumin inatled groups compared to controlfiese results
agree with findings of Okabt al. (2008) in New-Zealand White rabbit males submitie®6.5°C-
32.2°C corresponding to summer conditions in Egype increase of urea and creatinine could also
be a result of the increase in protein catabolismtd the high stimulation by the heat of the sgsih

of the enzyme arginase (Yanardag and Sacan, 2Z00&)increase of ASAT reflects the state that it is
dependent on the amino acid groups of alanine &ndrgine taken up by the liver and reflect the
changes in the liver metabolism associated witbaga synthesis (EI-Maghawry et al., 2000).

Table 1. Serum biochemical parameters (meanzs.d.) for doleitsa as affected by different ranges of

temperature

Parameters TO(n=6) T1(n=6) T2(n=6) T3(n=6) p-value
Cholesterol (mg/dl) 122.12+6.08 123.40+9.13 111.93+9.11 108.42+10.21 24D.
Creatinine (mg/dl) 0.69+0.06 0.69+0.04 0.84+0.08 0.89+0.04 0.004
Urea (mg/dl) 92.12+11.18 89.30+17.42 136.93+13.81 141.13+12.87 0.003
ALAT (U/L) 49.22+3.70 46.29+6.02 51.9345.15 53.01+7.19 0.072
ASAT (UIL) 23.90+1.19 23.64+1.22 25.91+0.08 29.47+1.28 0.036
Glucose (mmol/L) 7.26+0.08 6.55+0.16 6.61+0.12 5.81+0.39 0.241
Total protein (g/L) 73.87+2.04 72.12+1.4% 67.80+1.08 64.99+2.28 0.014
Total albumin (g/dl) 4.51+0.23 4.60+0.19 4.48+0.31 4.55+0.33 0.131

a, b, c: means with different letters are signifitya different at p<0.05; n denotes number of anéma each group. TO
control group, T1: 27-28°C, T2: 31-32°C, T3: 35-36ACAT: alanine aminotransferase; ASAT: aspartaterantiansferase

In female rabbits submitted to 31-32°C and 35-3@H@, proteins level in the kidney significantly
decreased as compared to control and 27-28°C aiffiaé opposite trend was recorded for MDA
concentration (Table 2). The activities of CAT, S@Bd GSH were significantly lower (p<0.05) in
animals submitted to 35-36°C than in other randdasraperature. Similar results have been reported
by Jimoh et al. (2019) in exotic breeds of rabhitinly peak of heat stress in Nigeria during 7
consecutive weeks. The increased amount of MDAI lexdicates the lipid peroxidation process in
tissues wherever the fatty acids in the cell membr@se hydrogen molecules (Celi, 2011). Serum
GSH activity has a major role in the oxidative aeie of animal tissues by catalysing the reductfon o
hydrogen and lipid peroxides. SOD catalyses thendligtion of superoxide to hydrogen peroxide
(H.0,) and it is considered the first defense againstgxidants (Halliwell & Chirico, 1993) while
CAT is known for its facile ability to convert hyalyen peroxide into water and oxygen, reducing
therefore HO, concentration in animal cells.

Table 2. Oxidative stress biomarkers in kidney tisqueeants.d.) for doe rabbits, as affected by
different ranges of temperature

Parameters TO(N=6) T1(n=6) T2(n=6) T3(n=6) p-value
Protein (mg/ml) 10.65+0.55  10.50+0.67  9.3+0.8% 6.62+0.43 <0.001
MDA (nmol/mg tissues) 19.88+0.99 20.63+1.64  30.75+1.65  34.65+1.29  <0.001
CAT (Ul/mg tissues) 9.75¢1.63  9.65+1.39 8.40+0.60 6.55+0.84 <0.001
SOD (Ul/mg tissues) 6.3020.52  6.73+0.42 5.02+0.4% 4.77+0.69 <0.001
GSH (mmol/mg of tissue wet) 9.55+0%7  9.55+0.39 6.38+0.60 6.27+0.78 <0.001

a, b, c: means with different letters are signifita different at p<0.05; n denotes number of amama each group. TO
control group, T1: 27-28°C, T2: 31-32°C, T3: 35-36°CAT: catalase, GSH: reduced glutathione, SOD: sixde
dismutase, MDA: lipid peroxidation

CONCLUSIONS

In this study, exposition of female rabbits at ZEG and 35-36°C for 30 consecutive days altered
their oxidative status and biochemical parametamugh oxidative stress following the exposition to
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the heat. However, further works are needed farmditives to alleviate the effects of heat stress o
oxidative stress and biochemical damages in animals

ACKNOWLEDGEMENTS

This study was funded by the Université Evangéligue Afrique (UEA) through the project on
improvement of research and teaching quality furtleBain pour le Monde (grant number: A-COD-
2018-0383).

REFERENCES

Celi, P., 2011. Biomarkers of oxidative stress in inant medicine. Immunopharmacology and Immunotdgigg. 33,
233-240.

Dimo, T., Tsala, D.E., Dzeufiet, D.P.D., Penlap, B.Wijifutie, N., 2006. Effects of Alafia multiflorastap on lipid
peroxidation and antioxidant enzyme status in aatetrachloride-treated rats. Pharmacology Onkng6-89.

El-Maghawry, A.M., El-Sayiad, G.H.A., Mahrose, K\, 2000. Effects of breed, season of kindling pnegnancy status
on some blood measurements of doe rabbits raiségyipt. Egypt. J. Rabbit Sci., 10, 295-306.

Habbu, P.V., Shastry, R.A., Mahadevan, K.M., Hanutmachar, J., Das, S.K., 2008. Hepatoprotective amtebxidant
effects of Argyreia speciosa in rats. Afr J Ttag@iomplement Altern Med. 5(2), 158-16.

Halliwell B., Chirico S., 1993. Lipid peroxidatiortsimechanism, measurement, and significance. AnmJ\Citr. 57(5),
715-724. doi: 10.1093/ajcn/57.5.715S

Jimoh, O.A., 2019. Oxidative stress indicatorsatiftit breedsin Ibadan, Southwest Nigeria. Bull. Rats. Centre. 43-62.

Kaplan-Pasternak M., 2011. Promoting entreprenewportunities through rabbit production in HaiRabbit
Production in Developing Countries. 4. WRSA. Avaitaht:_http://world-rabbit-science.com

Kodjo, N., Atsafack, S.S., Njateng, S.S.G., SokoudpB.J., Kuiate, R.J. (2016). Antioxidant effectamfueous extract of
Curcuma longa rhizomes (Zingiberaceae) in the typl@iver induced in wistar rats model. J. Adv. MBtar. Scie.
7(3):1-13.

Kumar, S.B.V., Kumar, A., Kataria, M., 2011. Effeds§ heat stress in tropical livestock and differstrategies for its
amelioration. J. stress Physiol. Biochem.7 (1), 45-5

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall].R1951. Protein measurement with the Folin pheseddent. J. Biol.
Chem. 193, 265-275

Marai, I.F.M., Ayyat, M.S., Abd EI-Monem, U.M., 200Growth performance and reproductive traitsrat fiarity of New
Zealand White female rabbits as affected by heasstand its alleviation under Egyptian conditiohp Anim
Health Prod. 33, 1-12.

Marai, I.F.M., Habeeb, A.A.M., El-Sayiad, G.A., des, M.Z., 1994. Growth performance and physioklgiesponse of
New Zealand White and Californian rabbits under stmer conditions of Egypt. Proceeding of the itirn.
Confer. on Rabbits Production in Hot Climates. Zag&higersity, Egypt, Options Mediterr. 8, 619-625.

Mutwedu, V.B., Ayagirwe, R.B.B., Metre, K.T., Mugumaahama, Y., Sadiki, J.M., Bisimwa, E.B., 2015. Systme
production cunicole en milieu paysan au Sud-Kist,de la RD Congo. LRRD, 27, Article #206. RetrievedoDet
10, 2019, from http://www.Irrd.org/lrrd27/10/mutw2d6.html

Ngoula, F., Tekam, M.G., Kenfack, A., Tchingo, C.Npuboudem, S., Ngoumtsop, H., Tsafack, B., Tegiia,
Kamtchouing, B., Galeotti, M., Tchoumboue, J., 2(Hffects of heat stress on some reproductive pasmef male
cavie (Cavia porcellus) and mitigation strategigagiguava (Psidium guajava) leaves essentialtbérpio. 64, 67-72.

Okab, A.B., El-Banna, S.G., Koriem, A.A., 2008. Iihce of environmental temperatures on some Phgsialoand
Biochemical Parameters of New-Zealand Rabbit Mal@8SS41 (1), 12 — 19.

Pasquini, A., Luchetti, E., Marchetti, V., Cardifd,, lorio, E.L., 2008. Analytical performances eR®OMs and BAP test
in canine plasma. Definition of the normal rangélgelt Labrador dogs. Vet. Res. Commun. 32, 137-143.

Sajeeth, C.I., Manna, P.K., Manavalan, R., 2011.oxdiant activity of polyherbal formulation on sttepotocin induced
diabetes in experimental animals. Der Pharmacie&i(2), 220-226

Tremellen, K., 2008. Oxidative stress and malertility—a clinical perspective. Human Repr. Updatd(3), 243-258.
doi:10.1093/humupd/dmn004.

Yanardag, R., Sacan, O.0., 2007. Combined effectdtafmin C, vitamin E, and sodium selenite supplematon on
absolute ethanol induced injury in various orgai&ts. Int. J. Toxicol. 26(6), 513-523.

Zhao, Y., Flowers, W.L., Saraiva, A., Yeum, K.JinK S.W., 2011. Effect of heat stress on oxidastress status and
reproductive performance of sows. J. Anim. Sci.183B.




