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Abstract

Background: This study aimed to assess the effect of ascorbic acid and sodium bicarbonate on thermoregulatory
response and oxidative stress markers of rabbit bucks during highest temperature-humidity index in a humid tropi-
cal environment as a mitigation strategy against impact of high ambient temperature on the animals. Twenty-eight
exotic rabbit bucks of 9 months old weighing 2.54 4+ 0.23 kg were randomly allotted to four treatments consisting of
T1 (Control-2 ml of sterile water), T2 (2 ml of 300 ppm ascorbic acid), T3 (2 ml of 0.30% sodium bicarbonate) and T4

(2 ml mixture of 150 ppm ascorbic acid + 0.15% sodium bicarbonate, administered orally at 48 h interval for 12 weeks.
After a month of administration, rectal temperature, ear temperature, respiratory rate and pulse rate were monitored
twice daily (8:00 am and 4:00 pm). Semen samples were collected from all bucks weekly for seminal lipid peroxidation
and total antioxidant activity assay. Blood samples were collected from all bucks and serum obtained using standard
procedure to assay for lipid peroxidation and total antioxidant activity.

Results: The result revealed that the rabbits were exposed to very severe heat stress for greater part of the day. At
week 5, bucks on T2, T3 and T4 had increased respiratory rate at 8 am than those on T1, similar trend was observed at
week 4 and 6. At 4 pm, the pulse rate was significantly (p < 0.05) different among the treatments at weeks 11, bucks
onT2,T3 and T4 had significantly lowered (p < 0.05) pulse rate than those on T1. The administration of ascorbic acid,
sodium bicarbonate and its combination did not significantly (p>0.05) influence the ear and rectal temperature of
the bucks. At week 11, seminal total antioxidant activity of bucks onT1, T2 and T3 was significantly (p <0.05) lower
than bucks on control T4. Lipid peroxidation level was significantly (p <0.05) lower in bucks on T2, T3 and T4 than
those bucks on the control.

Conclusion: The administration of ascorbic acid, sodium bicarbonate and its combination had enhanced seminal
total antioxidant and reduced lipid peroxidation in heat-stressed bucks.
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Background
Most part of Nigeria are characterised by extended
periods of high ambient temperature and humidity and

*Correspondence: eoewuola@gmailcom referred to as humid tropics (Jimoh & Ewuola, 2018a).
! Animal Physiology and Bioclimatology Unit, Department of Animal Science, Temperature-humidity index (THI), which is an indica-
University of Ibadan, Ibadan, Nigeria tor of thermal comfort level for animals in enclosure, has
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been discovered to peak from February to March, thus
animals are exposed to varying severity of heat stress in
Nigeria (Jimoh & Ewuola, 2016). Heat stress occurs when
the core body temperature of a given specie exceeds its
specified range for normal activity resulting from a total
heat load (internal heat production and heat gained from
environment), exceeding the capacity for heat dissipa-
tion. Thermal stress is often accompanied by oxidative
stress in which ROS compounds are produced in greater
amounts, while radical scavenging antioxidants are con-
sumed by the increased free radicals (Jimoh et al., 2017).

Thermoregulation is a tool to maintain animal body
temperature, via balance between heat gain and heat
loss, associated with increased ambient temperature
which leads to enhanced heat gain as compared to heat
loss from the body and may cause heat stress in animals
(Jimoh & Ewuola, 2016). Previous reports revealed that
exotic rabbits exercise their thermoregulatory apparatus
to cope with the prevailing heat stress conditions (Jimoh
& Ewuola, 2018b). Heat stress inflicts suboptimal repro-
ductive efficiency and heavy economic losses on rabbit
farmers by limiting the breeding season of rabbits and
attempts to improve semen quality of rabbit bucks under
heat stress is linked or connected to enhancing the anti-
oxidant activity and reducing lipid peroxidation of semi-
nal fluid (Jimoh & Ewuola, 2018a). This is due to seminal
oxidative stress in exotic rabbits resulting from increase
in ROS production and decrease in antioxidants during
heat stress.

In recent times, introduction of exotic rabbit to Nigeria,
aimed at improving rabbit population, has been pelted
with oxidative stress greatly compromised animal physi-
ology, with high reactive oxygen species and its metabo-
lites (ROS-M) accumulation in blood and seminal fluid of
bucks during heat stress (Jimoh et al., 2017). Mitigating
strategies to ameliorate the adverse effects of heat stress
in exotic rabbits in humid tropics is important to unleash
the potential of the animals, owing to the fact that heat
stress perhaps poses detrimental effects on productivity
and reproductive process of commercial flocks. NaHCO,
in drinking water is useful for alleviating heat load, cor-
recting acid—base balance disturbances under stress con-
ditions (Majekodunmi et al., 2013). Inclusion of vitamin
C in water during the hot season aid adaptation, reduce
the generation of oxidants by reducing the blood glucose
and preventing the lipid peroxidation (Majekodunmi
et al,, 2015). However, these previous studies are limited
to poultry species as experimental subject used for the
studies and little or none is known about the adoption
of the mitigating agents in rabbit production. Therefore,
the possibility of ascorbic acid and sodium bicarbonate to
mitigate oxidative stress by thermoregulatory mechanism
or increase antioxidant defence and/or its precursors in
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rabbit bucks exposed to heat stress was investigated in
this study.

Methods
Experimental animals and management
Twenty-eight exotic rabbit bucks which include New
Zealand White, Chinchilla, English spots and Fauve de
Bourgogne, 9 months old weighing 2.5440.23 kg were
used for the experiment conducted in Rabbitry Unit of
the Teaching and Research Unit, University of Ibadan,
Ibadan, Nigeria. The rabbits were randomly allotted
to four treatments with seven rabbits/treatment and
blocked for breed effect. The rabbits were housed in a
2-tier rabbit hutches measuring 50 cm x 50 cm x 30 cm.
The hutches are made up of steel frame with wire gauze
of 0.3 mm covering both sides of the hutch. The experi-
mental rabbits were stabilized for two weeks before the
commencement of the actual experiment. During this
period, the rabbit bucks were given formulated diet as
presented in Table 1, which includes crude protein of
17.78%, crude fibre of 7.55% and digestible energy of
3156.6 kcal/kg. The diets were not pelleted and animals
were fed ad libitum and water was made available to the
animals throughout the period of the experiment.

Between the hours of 7.00-9.00 am, there was oral gav-
age of ascorbic acid (vitamin C) and sodium bicarbonate
at 48 h interval for 12 weeks. The experimental layout
was:

Treatment 1 (Control): 2 ml of sterile water.

Treatment 2: 300 ppm of ascorbic acid (dissolved in
2 ml of sterile water).

Treatment 3: 0.3% sodium bicarbonate (dissolved in
2 ml of sterile water).

Table 1 Gross composition of experimental diet for rabbit bucks

Ingredients (%) Quantity
Maize 25.00
Palm kernel cake 12.00
Wheat offal 22.00
Corn bran 23.00
Soybean meal 15.00
Fish meal 0.50
Salt 0.25
Premix 0.25
Dicalcium phosphate 2.00
Total 100.00
Calculated nutrient analysis

Crude protein (%) 17.78
Crude fibre (%) 755
Digestible energy (Kcal/kg) 3156.6
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Treatment 4: 0.15% of sodium bicarbonate+ 150 ppm
of Aacorbic acid (dissolved in 2 ml of sterile water).

Rabbitry microclimate data

The rabbit pen was monitored throughout the 12 weeks
experimental period, using a thermohygrometer (hydro
thermograph). The temperature—humidity index (THI)
computed using the formula established by Marai et al.,
(2002) for rabbits as following:

THI = db°C — {(0.31 — 0.31RH) (db°C — 14.4) }

where db °C=dry bulb temperature in degrees Celsius
and RH = relative humidity expressed in percentage.

The values of THI obtained for the temperate and sub-
tropical region are classified as: <27.8 °“C=absence of
heat stress, 27.8—28.9 °C=moderate heat stress, 28.9—
30 °C=severe heat stress and above 30 °C=very severe
heat stress (Marai et al., 2002).

Thermoregulatory assessment

After 4 weeks of treatment administration, rectal tem-
perature, ear temperature, respiratory rate and pulse
rate were taken twice daily (8:00am and 4:00pm). The ear
temperature was taken by placing the digital thermom-
eter in direct contact with the central area of the auricle.
Rectal temperature was measured by inserting a digital
thermometer (Hartman-UK) to a depth of approximately
4 cm into the rectum for 1 min. Respiratory rate was
measured by visually counting the number of movements
of the flanks of the rabbits in a resting position for 1 min
with a stopwatch calculated as breaths/min, while heart/
pulse rate was measured by placing the stethoscope on
the chest of the rabbits for 1 min to determine the rhyth-
mic beats of the heart which is calculated as beats/min as
described by Jimoh and Ewuola (2016, 2018b).

Semen and blood sample collections

After a month of administration of treatments, semen
was individually collected from the bucks. The semen
was collected at weeks 6, 7 10 and 11 of administration
by stimulation of the bucks using artificial vaginal devel-
oped by Ewuola et al.,, (2014). Semen samples per buck
were centrifuged at 3000 rpm for 15 min to obtain semi-
nal plasma. Seminal plasma obtained was used for oxida-
tive status assay; lipid peroxidation and total antioxidant
activity (Jimoh & Ewuola, 2019).

Blood samples were collected from the rabbits at the
end of the trial via the jugular veins into plain sample
bottles and allowed to clot as described by Ewuola and
Egbunike (2008). The blood samples were centrifuged at
3000 rpm at 4 °C for 15 min and the clear supernatant
was decanted as serum. The serum obtained was assayed
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for glucose, lipid peroxidation and total antioxidant activ-
ity (Jimoh & Ewuola, 2018a).

Glucose determination

Determination of glucose was carried out using Randox
Glucose Assay kit with 4-amino phenazone as oxygen
acceptor. 1.0 ml of reagent (GOD-PAP reagent made up
of glucose oxidase (GOD), peroxide and 4-aminophena-
zone (POD)) was mixed with 0.1 ml of sample in a test
tube; 0.1 ml of prepared standard glucose was also be
mixed with 1.0 ml of reagent in another test tube while
1.0 ml of reagent was measured into the third test tube
as blank. The mixtures were thoroughly mixed and incu-
bated for 25 min at 25 °C. The absorbance of the standard
and the samples were measured against the reagent blank
at wavelength 500 nm. Glucose concentration (mg/dl) of
samples was calculated by: Absorbance sample x stand-
ard concentration (mg/dl)/absorbance standard.

Lipid peroxidation assay

Lipid peroxidation in seminal plasma and serum was
measured by reaction of thiobarbituric acid (TBA) with
malondialdehyde (MDA) according to Yagi (1984). Con-
tent of MDA is measured spectrophotometrically using
a spectrofluorometer (excitation 515 nm, emission
553 nm). The MDA fluorescence intensity of serum and
seminal plasma was determined using various concentra-
tions of tetraethoxypropane as standards. The results are
expressed as nmol MDA/10 x 10° cells, nmol MDA/ml
seminal plasma and nmol MDA /total seminal plasma.

Measurement of antioxidant activity

The antioxidant activity of the seminal plasma and serum
was measured according to Koracevic et al. (2001). The
reaction mixture containing 0.5 ml of a Na-Benzoate
(10 mmol/l), 0.2 ml of H,O, (10 mmol/l), 0.49 ml of
phosphate buffer (100 mmol/l, pH="7.4) (prepared by
mixing 19.5 ml of KH,PO, (100 mmol/l) with 80.5 ml
of Na,HPO, (100 mmol/l), then adjusted the pH to 7.4
and 0.2 ml of Fe-EDTA complex (2 mmol/l). (prepared
freshly by mixing equal volumes of EDTA (2 mmol/l),
and ferrous ammonium sulphate (2 mmol/l), then left
at 25 °C for 60 min. Ten microliters of the blood serum
were added to the latter reactive mixture and were
incubated at 37 °C for 60 min. Finally, 1 ml glacial ace-
tic acid (20 mmol/l) and 1 ml thiobarbituric acid (0.8%
w/v in 100 ml of 50 mmol/l NaOH) were added, and the
absorbance at 532 nm was measured spectrophotometri-
cally after incubation at 100 °C for 10 min. Total antioxi-
dant capacity was calculated according to the following
formula:
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T A capacity(mmol /1) = (CUA)(K — A) /(K — UA)

where CUA (mmol/l); concentration of uric acid; K:
absorbance of the control (K1 — KO0); A: absorbance of the
sample (A1l — AQ); UA: absorbance of uric acid solution
(UA1 —UAO0).

Statistical analysis

Data obtained were subjected to descriptive analysis
and analysis of variance using the General Linear Model
Procedure while significant means were separated using
Duncan multiple range test (SAS, 1999). P<0.05 was
considered significant at 95% confidence interval.

Results

Temperature-humidity index

The temperature-humidity index of rabbitry microcli-
mate is shown in Fig. 1. The temperature-humidity index
range within the study period at 8am was between 24.87
and 26.53, at 12 pm values ranged between 30.39 and
31.47, while at 4 pm values was between 30.99 and 31.82.
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The average temperature-humidity index range within
the study period was between 29.05 and 29.83, this is an
indication of severe heat stress (28.9-30.0; Marai et al.,
2002). The result revealed that the rabbits were exposed
to very severe heat stress for greater part of the day (12
pm and 4 pm observation; 30.39-31.82).

Thermoregulatory indices

Respiratory rate

The respiratory rate of heat-stressed bucks administered
ascorbic acid, sodium bicarbonate and their combination
are shown in Table 2. Significant (p<0.05) differences
were observed among the treatments at 8am in weeks 4,
5, 6, 8 and 9. At week 5, bucks on T2, T3 and T4 (93.55,
92.71 and 87.50 breath/min, respectively) had increased
respiratory rate than those on T1 (77.48 breath/min),
similar trend was observed at weeks 4 and 6. At 4 pm,
significant (p<0.05) differences were observed in the
respiratory rate of the rabbits among the treatments in
weeks 4, 5, 6, 8,9, 10 and 11. Rabbit bucks on T2, T3 and
T4 (121.11, 121.41 and 121.77 breath/min, respectively)

Weeks
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Fig. 1 Temperature-humidity index (THI) patterns during the weeks of study
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Table 2 Respiratory rate (breath/min) of heat-stressed bucks administered ascorbic acid and sodium bicarbonate and their

combination

Weeks Time T1 T2 T3 T4

4 8am 9178 +7.91° 9637 £7.62° 96.43+9.12% 96.50+ 12612
4pm 105.96 4 8.05° 112.564+9.18° 10845 = 14.75° 111.30413.022
Daily 98.87 £7.53° 104.46 4 8.05 100.94 4 11.367 108.904 11.507

5 8am 77484+11.22° 93.55+7.36 92.71+7.38 92.50+8.80°
4pm 96.68 +8.32° 111.534+9.79% 116.564+6.912 11731411122
Daily 87.08 +£3.85° 102.54 4 5.70° 116.564+6.91° 102404523

6 8am 99.20+7.31° 105.98 4 5.89% 109.75 4 6.542 105.24 4 6.99°
4pm 113.96+6.72° 119.2645.38° 123.90+7.61° 121.614+4.87°
Daily 10658 +6.17° 112,62 £4.45° 116.82 £6.73° 11342 £4.62°

7 8am 104464229 106.224597 110.80+6.82 108.0247.49
4pm 125264507 126.734+7.33 125.05+8.46 127.0545.83
Daily 114.8642.83 11647 +4.80 117924335 117.544566

8 8am 102.2045.34° 106.37 +8.89° 96.30£40.36° 108.6249.94°
4pm 12042+5.15° 14373+16.77° 123.66+9.69° 12211+781°
Daily 111.314+5.03° 125.05 4 12.342 109.98 4 17.92° 11537 +6.19°

9 8am 103.90 4+ 6.32° 105.05 +8.82° 112.76412.652 99.52 +6.24°
4pm 120.04 45372 119.96 4 10.74° 112.76412.65° 122.70+636°
Daily 111.97 4345 112.5049.09 106.9946.99 111114409

10 8am 1088841215 111.2647.66 106.1548.40 108.68+5.10
4pm 125184759 121.11 £4.04° 12141 £4.74° 12177 £4.76°
Daily 125.03+£8.70% 116.19+£7.16° 114.28 £5.58° 116.22£541°

11 8am 98.22+7.24 104.734+593 106.6044.37 108.74 4 4.86
4pm 113.26 +8.09° 120.164+6.53° 122.7046.55° 127404926
Daily 105.74 4 7.49° 112.4545.98° 114.6544.13? 11807 +6.52°

a, b, c means within a row with different superscript are significantly different (p <0.05)

T1 control, T2 Ascorbic acid, T3 sodium bicarbonate, T4 ascorbic acid + sodium bicarbonate

had lowered respiratory rate than those on T1 (125.18
breath/min) at week 10. At average daily respiratory rate,
significant (p<0.05) differences were observed among
the treatments in weeks 4, 5, 6, 8, 10 and 11. Rabbit bucks
on T2, T3 and T4 (116.19, 114.28, 116.22 breath/min,
respectively) had lowered respiratory rate compared to
those on T1 (125.03 breath/min) at week 10.

Pulse rate

The pulse rate of heat-stressed bucks administered ascor-
bic acid, sodium bicarbonate and their combination
are shown in Table 3. The pulse rate was significantly
(p<0.05) different among the treatments at 8am in weeks
4, 6,7 and 11. At week 7, bucks on T2, T3 and T4 (144.38,
140.83 and 139.88 beat/min, respectively) had increased
pulse rate than those on T1 (128.64 beat/min), similar
trend was also observed at week 4. At 4 pm, the pulse rate
was significantly (p <0.05) different among the treatments
at weeks 11, bucks on T2, T3 and T4 (157.03, 154.03 and
153.39 beat/min, respectively) had significantly lowered
(p<0.05) pulse rate than those on T1 (163.40 beat/min).
The average daily pulse rate at weeks 4, 5 and 11 was sig-
nificantly (p <0.05) higher in the control bucks (T1) than
other treatments.

Ear temperature

The ear temperature of heat-stressed bucks administered
ascorbic acid, sodium bicarbonate and their combination
are shown in Table 4. At 8 am, 4 pm and average daily ear
temperature values obtained were not significantly differ-
ent among the treatments and the control throughout the
study.

Rectal temperature

The rectal temperature of heat-stressed bucks adminis-
tered ascorbic acid, sodium bicarbonate and its combi-
nation are shown in Table 5. At 8 am, 4 pm and average
daily rectal temperature values obtained in all the weeks
were statistically (p>0.05) similar. Indicating that the
administration of ascorbic acid, sodium bicarbonate and
its combination did not significantly influence the rectal
temperature of heat-stressed bucks.

Serum biochemical indices

The serum glucose of heat-stressed bucks adminis-
tered ascorbic acid, sodium bicarbonate and its com-
bination are shown in Fig. 2. The glucose of bucks on
control (95.5+0.22 mg/dL) was significantly (p <0.05)
higher than bucks on T4 (71.834+0.12 mg/dL).
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Table 3 Pulse rate (beat/min) of heat-stressed bucks administered ascorbic acid and sodium bicarbonate and their combination

Weeks Time T T2 T3 T4
4 8am 109.66+6.20° 12846+8.15° 1213642437 1263041867
4pm 169.78+6.72 16860522 161.98+437 168.54+3.99
Daily 155.224+52.50° 148.53+2902° 140.67+2082° 14592 423.98°
5 8am 1206441208 11390+968 130.51+4.00 12427 +4.71
4pm 2257643257 186.76 43365 1559641352 147.08413.85
Daily 173.2041240° 150.33+19.56° 143244739 13567+7.75°
6 8am 127.08 +3.08° 137.8541557¢ 15560+ 1648° 17300 17.84°
4pm 163424783 160.71+13.70 168311009 143.85+19.00
Daily 145.25+295 149.28+1289 161.95+1291 17835+17.72
7 8am 128.6447.90° 14438+16.15° 1408342137 139.88+1681°
4pm 159.26+1547 16325897 1606141537 169.9047.30
Daily 14395+11.27 1538141050 150.72+9.90 150.39410.50
8 8am 1452241647 155651340 121.71£11.18 12005+7.96
4pm 162.22+7.80 164.46+7.40 186.65+42.50 136,02+ 1487
Daily 1537241188 160.05+6.68 1541842197 128041030
9 8am 121.66+11.93 121.13+874 12378+808 122274583
4pm 150.54 20,26 156,50+ 14.84 159.13+13.74 154104 16.52
Daily 136.10+14.23 13881+11.10 14145+882 138.18+888
10 8am 1448841393 1412841436 146.88+13.30 1438541522
4pm 169324835 161.25£1031 167.95+962 162.924+1143
Daily 157.10+942 151.26+11.90 15741+1137 15339+1298
11 8am 14854 415.10° 14661410.27° 13598+751° 132.94+473°
4pm 16340+ 1349° 157.03£1161° 15403+731° 15417 +£4.71°
Daily 15597 £13.19° 141.8241089° 145.0047.14° 143554334°

T1 control, T2 ascorbic acid, T3 sodium bicarbonate, T4 ascorbic acid + sodium bicarbonate

a, b, c means within a row with different superscript are significantly different (p <0.05)

Table 4 Ear
administered
combination

temperature

Q) of

heat-stressed
ascorbic acid and sodium bicarbonate and their

bucks

Weeks Time

T1

T2

T3

T4

4 8am
4pm
Daily
5 8am
4pm
Daily
6 8am
4pm
Daily
7 8am
4pm
Daily
8 8am
4pm
Daily
9 8am
4pm
Daily
10 8am
4pm
Daily
11 8am
4pm
Daily

37.16%£062
38564045
37.86+044

37.444+1.00
38.70+£047
38.07+0.69

37.22£0.56
3812£0.22
37.67+0.36

36.78+£0.29
38.204+0.23
3749£0.26

3740071
38664030
38.03+044

38364041
38.7440.28
38554032

37304043
38.20£0.10
37.754+0.25

37564048
38.2240.16
37894029

3701£1.12
38834057
37.92+£0.77

37414083
38.55+£0.32
37984051

37.06£0.18
3848+0.30
37.77£021

37534031
38.30£0.31
3791£0.29

37.75+£1.04
3868+0.30
38.21+0.64

38.20+0.51
38.504+040
38354038

37484033
38.08+0.21
37.784+0.25

37684031
38.534+0.13
38.10+0.18

36.684+0.97
38.66+0.78
3767%066

37.71+0.96
38.53£045
38.1240.70

37.85£0.84
3863+0.54
38.24£061

3750£0.82
38.15+037
37.82£0.58

36.85+1.13
3841043
37.63+0.71

3856£0.25
38.66+0.32
3861026

3721+£058
37.96£0.15
37594036

37564022
3821021
37.8940.20

3728051
38.784+0.29
38034036

38.0140.71
38514+0.58
38.26+0.52

37.24£0.53
38.70+£0.33
37.97£0.30

3790£0.36
38.3840.29
38.14£0.30

37.78+0.87
3890£0.23
38344046

3760£0.58
38844044
38224046

3761+£0.56
38.50£0.36
38054037

3768+£0.29
38544025
3811£0.19

Table 5 Rectal temperature (°C) of rabbit bucks administered
ascorbic acid and sodium bicarbonate

Weeks Time

T1

T2

T3

T4

4 8am
4pm
Daily
5 8am
4pm
Daily
6 8am
4pm
Daily
7 8am
4pm
Daily
8 8am
4pm
Daily
9 8am
4pm
Daily
10 8am
4pm
Daily
M 8am
4pm
Daily

38.284+0.69
38.9040.50
38.5940.58

38.90£0.18
39.3640.20
39.13£0.18

38744023
39.104+0.23
389240.19

38.5840.23
38204023
38.8140.06

38.64£0.63
38644063
38.98+£0.33

39.18+0.37
39.18+0.37
39484032

38.10£0.14
38.10£0.14
38.57£0.09

3850+0.29
39.14£0.15
38.82+0.20

3795+1.01
39.08 £0.20
38514053

38.66+0.73
39.784+043
39224051

38514017
39.384+044
389540.25

38614033
39354062
38.9840.27

38.21£0.64
39.754+0.38
3943+£041

383540.38
39484042
39.07+£0.35

37.78£0.25
39414031
38.87£0.14

38.81+044
3946£0.27
39.144+0.28

38.53+0.64
39454055
38994045

39.33£0.30
39.804+0.34
39.56+0.28

39.054+0.56
39.664+0.37
39354036

38.73+0.18
39454037
39.0940.20

38.21£0.70
39.10+0.35
38.65+£048

39.20+0.54
39.784+0.24
39494037

38.21£0.24
39.504£0.23
38.85£0.25

3823£0.15
39.21+£0.16
38.1440.30

3837£0.76
39.78+0.51
39.26+£0.22

39.01£0.26
3951£042
39.53£0.25

39.214+045
39.8540.26
39.254+0.26

38.754+0.23
39.754+0.32
39424049

39.15£0.56
39.704+043
39.64£0.15

39.304£0.17
39.98£0.18
39.07+0.54

38.51£0.24
39.74£041
39.12£0.30

383240.18
39314013
38.82+0.14




Ewuola et al. The Journal of Basic and Applied Zoology (2022) 83:55 Page 7 of 11

120
100
5
W gp b
£
)
8
S 60
=
[-1:]
£
3 40
o 2 serum glucose
concentration
20 I- L) l.l
0 ﬁ

T1 T2 T3 T4

T1- Control, T2- Ascorbic acid, T3- Sodium bicarbonate, T4- Ascorbic acid + Sodium

bicarbonate.

Fig. 2 Serum glucose level of the rabbit bucks administered ascorbic acid and sodium bicarbonate. T1-control, T2-ascorbic acid, T3-sodium
bicarbonate, T4-ascorbic acid + Sodium bicarbonate

Heat-stressed bucks on T2, T3 and T4 (1.45+0.18, lipid peroxidation values compared to those on T1
1.1040.21 and 1.48 +0.20 x 10~° mol MDA/g, respec-  (1.96%0.31 x 10° mol MDA/g) as shown in Fig. 3.
tively) had significantly (p<0.05) lowered serum The serum total antioxidant profile of heat-stressed
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Fig. 3 Serum lipid peroxidation profile of rabbit bucks administered ascorbic acid and sodium bicarbonate. T1-control, T2- ascorbic acid, T3-sodium
bicarbonate, T4-ascorbic acid + sodium bicarbonate
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bucks presented in Fig. 4 was not significantly differ-
ent across the treatments.

Seminal plasma lipid peroxidation
The seminal lipid peroxidation in heat-stressed bucks
administered ascorbic acid, sodium bicarbonate and its
combination are shown in Fig. 5.

At weeks 6, 7 and 10, administration of ascorbic acid,
sodium bicarbonate and its combination to bucks had

no significant (p>0.05) difference on seminal lipid
peroxidation, but apparently seminal lipid peroxida-
tion was lower in bucks on T2-T4 over same period.
However, at week 11, lipid peroxidation level was sig-
nificantly (p<0.05) lower in bucks on T2, T3 and T4
(1.78 £0.46, 1.7040.36, 1.47 £0.22 x 10> mol MDA/g,
respectively) than those bucks on the control treatment
(2.7540.14 x 10° mol MDA/g).
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Fig. 5 Seminal lipid peroxidation in heat-stressed bucks administered ascorbic acid, sodium bicarbonate and its combinations
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Seminal plasma total antioxidant

The seminal total antioxidant activity of heat-stressed
bucks administered ascorbic acid, sodium bicarbonate
and its combination are shown in Fig. 6. At weeks 6, 7
and 10, the seminal total antioxidant heat-stressed bucks
administered ascorbic acid, sodium bicarbonate and
its combinations were apparently (p>0.05) higher than
bucks on control. However, at week 11, seminal total anti-
oxidant activity of bucks on T1, T2 and T3 (0.88+0.34,
1.06+0.81 and 1.26+0.67 x 10" mmol/], respectively)
was significantly (p<0.05) lower than bucks on control
T4 (1.66+0.72 x 10* mmol/l).

Discussion
Heat stress increases the demand of antioxidants; vita-
min C important in cellular antioxidant defence not only
by reacting with all oxygen species through formation of
dehydroascorbyl (inert radical) but also by transferring
radical equivalents from lipid phases to aqueous com-
partments (Abidin & Khatoon, 2013; Ciftci et al., 2005).
The range of afternoon/evening temperature-humidity
index recoded in this study at 30.39-31.82 demonstrates
that the animals were exposed to very severe heat stress
for greater part of the day. The values obtained were
lower than 30.66—35.02 recorded in the evening in the
same study site in February and March 2014 for exotic
breeds of rabbit (Jimoh & Ewuola, 2016). This reveals
that the severity of heat stress could vary depending on
the prevailing effects of global warming yearly. This justi-
fies higher range of pulse and respiratory rates and simi-
lar range of ear and rectal temperature recorded in heat
stress exotic rabbits (Jimoh & Ewuola, 2016) as compared
to the values obtained in this study. In hot environments,
animals attempt to maintain heat balance by increasing
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their respiratory activity, thereby losing more heat by
evaporation from the respiratory tract than under nor-
mal circumstances. This explains the increase respiratory
rate observed in this study compared to exotic rabbits at
least temperature-humidity index reported by Jimoh and
Ewuola (2018b).

Heat-stressed rabbits tends to have high rectal tem-
perature due to its poor functional sweat glands to lose
excess heat. The administration of ascorbic acid, sodium
bicarbonate and its combination did not influence the
rectal temperature of heat-stressed bucks in this study.
This is at variance to report of El-Desoky et al., (2017)
that bucks supplemented with moringa oleifera leaf
extract had lower rectal temperature. Also, Al-Zafry and
Medan (2012) indicated that supplementation of vitamin
E and selenium complex decreased both rectal and skin
temperatures in heat-stressed rabbits. This could suggest
that the supplements could not lower the rectal tempera-
ture beyond the values and/or exert other mechanism to
ameliorate its effects. Similar reports of vitamin C sup-
plementation and providing cool water were found to be
effective in alleviating the heat load of rabbits (Al-Shanty,
2003). Vitamin C has been reported to reduce panting
and body temperature in heat-stressed birds (Abidin &
Khatoon, 2013).

Prostaglandin output turnover increases during stress
and has a direct effect on the hypothalamic thermoregu-
latory zone. Vitamin C have an ameliorating effect upon
heat-stressed animals by decreasing prostaglandin output
(Al-Zafry & Medan, 2012). Similarly, Anwar and Aslam
(2013) reported that supplementing a combination of
dietary vitamin C and sodium bicarbonate reduce heat
stress-related decreases in broiler Japanese quails. Ascor-
bic acid levels in the blood decrease as environmental
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temperature increases, hence exogenous ascorbic acid
will be beneficial for proper metabolism of amino acids
and minerals as well as for the synthesis and production
of hormones involved in resistance to stress (Abidin &
Khatoon, 2013).

Higher glucose in control rabbits could be due to
increase in glucose probably led to stress induced acti-
vation of cortisol secretion and the consequent stimula-
tion of gluconeogenesis (Marai et al,, 2007). The range
of serum glucose obtained in this study is higher than
values of 60-75.65 in exotic rabbits (Jimoh, 2019) and
38.04—-46.73 in heat-stressed exotic rabbits (Jimoh et al.,
2017). This suggests a possible stimulation of gluconeo-
genesis as a result of heat stress.

The result of this study shows that the supplement
lowers serum lipid peroxidation. This is in accordance
with claims that antioxidant vitamins have a scavenging
effect on reducing oxidative stress by the elimination of
excessive ROS, have been demonstrated in various spe-
cies (Jang et al., 2014). The values of serum total antioxi-
dant activity of heat-stressed bucks supplemented with
ascorbic acid, sodium bicarbonate and its combination
were higher than values of 0.8—1 mmol/l in heat-stressed
exotic bucks (Jimoh et al., 2017), and 0.62—-0.76 mmol/l
in exotic bucks at thermal comfort (Jimoh, 2019). Appar-
ently, this coupled with lower values in control groups
of this study, which indicates that antioxidant systems
of bucks could be enhanced in serum of heat-stressed
bucks. Jang et al. (2014) reported similar trend in heat-
stressed broilers administered vitamin C had enhanced
hepatic and serum total antioxidant status and reduced
lipid peroxidation.

The ameliorative effect of NaHCO, could be attributed
to the acid-base balance due to increased metabolic aci-
dosis (Voiculet et al. 2016; Abdel-Latif et al., 2018). Yin
et al. (2018) reported that supplementation with vitamin
C or vitamin C-sodium bicarbonate greatly enhanced
exogenous antioxidants, which decreased the need for
endogenous antioxidants. Ascorbic acid being an essen-
tial nutrient in maintenance of homeostasis, actively
transported in tissues and increase in its utilisation and
demand during hot weather. Similarly, Yassein et al.,
(2008) reported that vitamin C alleviates heat stress in
rabbit does, and Jang et al. (2014) revealed that vitamin
C is more effective in alleviating heat stress than vitamin
E in birds, despite both antioxidant vitamins having ben-
eficial effect in maintaining immunity and antioxidant
status.

The results of seminal oxidative status show the beneficial
effect of the supplement to enhance oxidative stability of
spermatozoa and improve its fertility. Similarly, addition of
ascorbic acid to the drinking water of rabbits does relieved
the adverse effect of heat stress on reproductive parameters
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(Zeweil et al,, 2009). Similarly, Jimoh and Ewuola (2018a,
2018b) reported that oxidative stress due to hyperthermia
reduces seminal antioxidant activity and result in impair-
ment of sperm membrane integrity. The range of seminal
total antioxidant values obtained in heat-stressed bucks
supplemented with ascorbic acid, sodium bicarbonate
and its combination in this study is higher than values
recorded by Jimoh (2019) in exotic breeds of rabbit at ther-
mal comfort (0.60—0.82 mmol/l) and Jimoh et al., (2017) in
heat-stressed exotic rabbit bucks (0.19-0.60 mmol/l). This
signifies the antioxidant enhancement in seminal fluids
of heat-stressed bucks by the supplementation of ascor-
bic acid and sodium bicarbonate. Abdel-Latif et al., (2018)
reported that vitamin C, and NaHCOj, can ameliorate heat
stress-induced symptoms in rabbit.

Conclusions

This study reveals that administration of ascorbic acid at
300 ppm, sodium bicarbonate at 0.3% or its combination
at 150 ppm ascorbic and 0.15% NaHCO; to heat-stressed
bucks enhanced antioxidant status and prevented semi-
nal and serum oxidative stress by reducing the lipid per-
oxidation. Therefore, when ambient temperature is high
to the extent of inducing heat stress in rabbits, any of
ascorbic acid, sodium bicarbonate or their combination
could be used by farmers to improve performance and
overall productivity of the animals.
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