Received: 24 March 2022

Accepted: 11 July 2023

DOI: 10.1111/jpn.13864

ORIGINAL ARTICLE
Rabbits and Rodents

Journal of
Animal Physiology and Animal Nutrition

Herbal inclusions ameliorate effect of heat stress on
haematology, proinflammatory cytokines, adipokines and
oxidative stress of weaned rabbit does in humid tropics

Olatunji A. Jimoh! ® |
Simeon O. Ayodele! |
Tolulope O. Faniyi® |

1Department of Agricultural Technology, The
Federal Polytechnic Ado-Ekiti, Ado Ekiti,
Ekiti State, Nigeria

2Department of Science Technology, The
Federal Polytechnic Ado-Ekiti, Ado Ekiti,
Ekiti State, Nigeria

3Department of Physiology, Osun State
University Oshogbo, Osogbo, Osun State,
Nigeria

“Animal Science Department, Ahmadu Bello
University, Zaria, Kaduna State, Nigeria

5Department of Agricultural and Industrial
Technology, Babcock University, llishan Remo,
Ogun State, Nigeria

SDepartment of Crop and Animal Science,
Ajayi Crowther University, Oyo, Oyo State,
Nigeria

“Department of Agricultural Science
Education, School of Vocational and Technical
Education, Alvan lkoku Federal College of
Education, Owerri, Imo State, Nigeria

Correspondence

Olatuniji A. Jimoh.

Email: abubakarjimoh2011@gmail.com and
jimoh_oa@fedpolyado.edu.ng

1 | INTRODUCTION

Global warming undoubtedly is a serious challenge facing livestock
production in tropical climate, subjecting animals to heat stress

condition, leading to multiple physiological alterations such as atypical
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Abstract

A study was designed to evaluate the effect of Moringa oleifera, Phyllanthus amarus
and Viscum album leaf meal as herbal inclusions to alleviate the detrimental
outcomes of heat stress in weaned female rabbits. Forty (40) weaned rabbit does
(527.99 £10.35g; 28 days old) were randomly allotted to four dietary groups
consisting of Diet 1(control diet; without leaf meal), Diets 2 (supplemented with 10%
V. album); 3 (supplemented with 10% M. oleifera) and 4 (supplemented with 10%
P. amarus) in an 84 days trial at the peak of heat stress in Southwest Nigeria. At the
end of the trial, blood samples were collected to assess physiological responses and
oxidative status of the rabbit does. The results obtained revealed that rabbit does
were exposed to heat stress; rabbit does fed control diet had higher leucocyte and
neutrophil/lymphocyte ratio compared to rabbit does fed on herbal inclusions. The
herbal inclusions enhanced oxidative stability of rabbit does by lowering lipid
peroxidation and enhancing antioxidant activities during heat stress conditions.
Rabbit does fed control-based diet had significantly higher heat shock protein 70,
leptin and adiponectin compared to rabbit does on M. oleifera, P. amarus and V. album
supplemented diets. The herbal inclusions tend to suppress proinflammatory
cytokines in rabbit does during heat stress condition. In conclusion, the herbal
inclusions suppress inflammation, adipokines and promotes oxidative stability of

rabbit does exposed to heat stress conditions.
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systemic immune and inequal expression of inflammatory molecules,
and ignition of lipid peroxidation in cell membranes (Mehaisen
et al,, 2017). The body homoeostasis activates endogenous cellular
defense mechanism in an attempt to cope with heat stress that

induces inflammation and oxidative stress (Jang et al., 2014). Heat
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stress adversely influences the immunity of the animals and invokes
inflammatory reactions (Hirakawa et al., 2020; Sheiha et al., 2020),
which results in inadequate productive and reproductive performances
due to altered animal behaviour hormonal imbalances, and higher free
radical production (Abdelnour et al., 2021). Heat shock protein 70
(HSP70) is a heat shock protein that is stress induced. The ability of a
cell to release HSP at high environmental temperature empowers it to
withstand heat stress marshalling to the elevation of stress tolerance
and coherently enhancing the survival rate of stressed cells (Shehata
et al., 2020). The HSPs accumulation is associated with cell apoptosis
resistance suggesting its importance to the survival of cells under
stress (Shehata et al, 2020). HSP70 prevents cells from death
mediated by reactive oxygen species and free radicals which explains
the elevated levels of HSP70 when animals are exposed to heat stress
conditions (Jiang et al., 2020). There is a notion that natural feed
additives ameliorate the negative effects on heat stress of animals by
improving the immune system, oxidative status and proinflammatory
cytokines on stressed rabbits due to the antioxidant, antimicrobial and
immune-booster effects of these herbal plants (Abdelnour et al., 2020).
Several herbal plant extracts and its components have been reported
to elevate anti-inflammatory IL-10 production, reducing proinflamma-
tory IL-6 or TNF-a production (Mueller et al., 2010). Furthermore,
Moringa oleifera has been reported to decrease the production of TNF-
a, IL-6 and IL-8 in different disease conditions confirming its
effectiveness in treatment of inflammation (Kou et al., 2018). Phyllan-
tus amarus contains phytonutrients that serve as healthy inclusions and
growth enhancer in animal feed (Jimoh et al., 2020). Viscum album act
effectively as antioxidants and peroxyl radical scavengers, possess
immunomodulatory, anti-inflammatory and antimicrobial effects
(Jimoh, Ihejirika, Balogun, & Uwaeziozi, 2018). Previously, documen-
tary evidences had established anti-inflammatory properties of P.
amarus (Harikrishnan et al., 2018) and V. album (Hegde et al., 2011).
Polyphenols have the ability to boost up the expression of stress
response proteins and antioxidant enzymes, which can restrain
reactive oxygen species (Hu et al., 2019). Therefore, this study aimed
to assess the effects of herbal inclusions on haematology, serum
oxidative stress, proinflammatory cytokines, adipokines of heat-

stressed rabbit does.

2 | MATERIALS AND METHOD

2.1 | Experimental site

This study was carried out in South-Western agro-ecological zone of
Nigeria from January to March, 2020. Severity of heat stress based on
a combination of temperature and humidity (Temperature-Humidity
Index [THI]) was established to peak in Southern Nigeria between
February and March (Jimoh & Ewuola 2016; Jimoh & Ewuola, 2018;
Jimoh, Oyeyemi, & Oyeyemi, 2021). At 08:00 h, 12:00 h and 18.00 h
daily, temperature and relative humidity (RH) of the rabbitry unit was
recorded using a Thermo-Hygrometer throughout the period of study.
Daily records of the ambient temperature and RH were used to
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compute the THI as outlined by Jimoh et al. (2017). Briefly, THI=t -
[(0.31-0.31 xRH) (t - 14.4)]. Where RH = relative humidity/100. t=
ambient temperature. The values of THI obtained for the temperate
and 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.

2.2 | Phytogenics processing and evaluation

Fresh M. oleifera, P. amarus and V. album leaves were harvested from
an established orchard within the Ado-Ekiti metropolis of Ekiti State,
Nigeria. The herbal plants were identified and indexed with
herbarium voucher numbers; V. album UILH/002/084/1210/2021;
M. oleifera UILH/001/1008/2021; P. amarus UILH/003/1109/2021.
The fresh leaves were detached from twigs and shade-dried until it
was crispy to touch while retaining their greenish coloration. The
leaves were milled and stored in air-tight containers until when added

into the animal diets.

2.3 | Experimental animals and management

Forty (40) weaned female rabbits with average weight of
527.99 +10.35 at 4 weeks old were used for the experiment. The
rabbits were randomly assigned to the four (4) dietary groups in five
(5) replicates of two (2) does per replicate; and they were housed
individually in a Completely Randomized Design for a 12-week

feeding trial.

2.3.1 | Experimental diet

The four experimental diets were formulated to meet the nutrient
requirement for growing rabbit based on the National Research
Council (2012) recommendation. The leaf meals (test ingredients)
were added and mixed thoroughly with other feedstuffs and
formulated according to each groups inclusion rate. Diet 1 (control)
without the leaf meal (the control diet; and Diets 2, 3 and 4 contained
10% V. album (Mistletoe: MILM), 10% M. oleifera (MOLM) and 10%
P. amarus (PHLM), respectively, as shown in Table 1 (Jimoh, Oyeyemi,
Okin-Aminu, et al., 2021). The diets were pelleted and fed at 4% of
their body weight. Clean water and Animal feeds were added ad

libitum throughout the 12 weeks feeding trial.

2.3.2 | Blood collection and analysis

At the end of the feeding trial, blood samples were collected from all
the animals via jugular venipuncture into heparinized and plain
bottles for evaluation. Samples in heparinized bottles were analyzed
for packed cell volume (PCV), haemoglobin (HB), red blood cells,



JIMOH ET AL
TABLE 1 Gross composition of experimental diets (g/100 g).
Ingredient Control Moringa Mistletoe Phyllanthus
Rice bran 6 1 1 1
Salt 0.25 0.25 0.25 0.25
Wheat offal 5 5 5 5
Brewer dried grain 5.0 0 0 0
Grower premix 0.25 0.25 0.25 0.25
Maise 25 25 25 25
Methionine 0.40 0.40 0.40 0.40
Soyabean meal 17.0 17.0 17.0 17.0
Lysine 0.10 0.10 0.10 0.10
Bone meal 1.0 1.0 1.0 1.0
Groundnut hauluns 40.0 40.0 40.0 40.0
Moringa 0 10 10 0
Mistletoe 0 0] 10 0
Phyllanthus 0 0 0 10
Vegetable oil 0.20 0.20 0.20 0.20
Total 100 100 100 100
Calculated nutrient composition
Dry matter % 88.05 85.41 81.2 87.45
Crude protein % 16.47 16.58 17.94 17.667
Digestable energy 2721.6 2515.35 2479.6 2509.4
kcal/kg
Ether extract % 3.344 3.022 3.754 2419
Crude fibre % 16.5 17.325  15.378 16.32
Lysine % 1.0085 0.9385 0.9385 0.9385
Methionine % 0.7482 07162  0.7162 0.7162
Calcium % 1.5999 1.7479  1.7159 1.5979
Phosphorus % 04491 05181  0.5211 04211

white blood cells (WBC) and its differential counts using standard
procedures. Samples in plain bottles were centrifuged; serum
obtained was stored at —20°C for analysis.

233 |
assay

Proinflammatory cytokines and adipokines

Serum obtained were also assayed using different commercial ELISA
kits according to the manufacturer's instructions for each assay.
HSP70, Catalogue No: E0522Ra (Bioassay Technology Laboratory,
www.bt-laboratory.com, 1008 Junjiang International), leptin, Cata-
logue No: EO561Ra (Bioassay Technology Laboratory, www.bt-
laboratory.com, 1008 Junjiang International), interleukin 6 (IL-6),
E-EL-RO015

Catalogue No: (Elabscience Biotechnology Inc),
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TABLE 2 THI of rabbit pen.

THI range THI @ 8:00 h THI @ 12:00h THI @ 18:00h
Average 24.05 30.89 30.15
Minimum 18.15 28.14 24.45
Maximum 32.63 33.04 33.26

Abbreviation: THI, temperature-humidity index.

adiponectin, Catalogue No: EO758Ra (Bioassay Technology Labora-
tory, www.bt-laboratory.com, 1008 Junjiang International), interleu-
kin 1 Beta (IL-1B), Catalogue No: E-EL-R0012 (Elabscience Bio-
technology Inc), tumour necrosis factor alpha (TNF-a), Catalogue No:
E-EL-R0019 (Elabscience Biotechnology Inc), interferon Gamma
(IFN-y), Catalogue No: E-EL-RO009 (Elabscience Biotechnology Inc)

using enzyme-linked immunosorbent assay.

2.3.4 | Oxidative stress marker assay

Determination of serum total antioxidant capacity activities, super-
oxide dismutase (SOD), glutathione peroxidase, catalase (CAT)
activities and lipid peroxidation assay according to Jimoh (2019)

procedures.

24 | Statistical analysis

The statistical model applied is as follows: Yj; = u + B; + ej;, where Y
represents the value of haematological indices, oxidative stress,
proinflammatory cytokines and adipokines measured in the Ith
animal; u is the overall mean for each character; B; is the fixed effect
of ith herbal supplement administered and ej; is the random residual
effect. For the experiment, p < 0.05 was declared as significant and
experimental data values are presented as mean + SEM (standard
error mean) or pooled SEM. The experiment was replicated ten
times and within experiment. Data obtained from the study was
tested using generalized linear model procedure of one-way
Analysis of variance according to statistical analysis software IBM
SPSS 20.

3 | RESULT

3.1 | THI of rabbit pen

The THI of the rabbit pen is shown in Table 2. The THI obtained at
08:00 h indicate that the does were exposed to average THI values of
24.05 (absence of heat) with a range between 18.15 (absence of heat
stress)—2.63 (very severe heat stress). At 12:00 h, average THI values
obtained was 30.89 which indicates very severe heat stress with a
range of THI of 28.14 (severe heat stress)—33.04 (very severe heat
stress). The average THI value at 18:00 h was 33.26 (very severe heat
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TABLE 3 Haematological indices of rabbit does fed herbal
inclusions during heat stress condition.
Parameters Control MILM  MOLM PHLM SEM

Packed cell volume (%) 33.00° 34.00* 36.67° 3133 0.73

Leucocytes (x10%/L) 12607  8.00®® 637° 523> 098

Erythrocyte (x10%/L) 4.63 4.73 5.50 450 0.29

Mean cell haemoglobin 32.27 33.47 32.33 33.29 0.24
concentration
(g/dL)

Mean cell volume (fL)  74.52 72.51 69.79 71.23 3.90

Mean cell haemoglobin 24.84 24.17 23.26 23.74 1.30
(pg/cell)
Haemoglobin (g/dL) 11.00° 11.33%° 12222 1044°> 0.24

Neutrophils (x10°/L) 4.30% 2.10%* 1.87° 1.38° 0.39

Lymphocytes (x10°/L) ~ 8.15* 585" 441> 382° 074

Monocytes (x10°/L) 0.15° 0.06®* 0.05®® 0.03° 0.04

Neutrophil/ 0.68°  036° 046® 045 0.09

lymphocyte ratio
Note: a, b, ab, bc, c mean in the same row with different superscripts are
significantly (p < 0.05) different. Diets (n = 10/treatment; 100% females).
Abbreviations: MILM, diet with mistletoe leaf meal; MOLM, diet with

moringa leaf meal; PHLM, diet with phyllanthus leaf meal; SEM, standard
error of mean.

stress), and a range of values 24.45 (absence of heat stress)—30.15
(very severe heat stress) were recorded.

3.2 | Haematological indices of heat-stressed does
fed on herbal inclusions

Haematological indices of rabbit does fed herbal inclusions during
heat stress condition is shown in Table 3. Rabbit does fed M. oleifera
(MOLM) diet had significantly (p <0.05) higher PCV and HB than
those fed the control diet, and P. amarus (PHLM) group. The PCV and
haemoglobin of does on MILM was not significantly (p > 0.05)
different from does on other treatments. Erythrocyte. MCV, MCH
and MCHC were not significantly (p>0.05) affected by the
treatments. Rabbit does fed control diets had significantly (p < 0.05)
higher leucocyte, its differential counts and neutrophil/lymphocyte
ratio compared to rabbit does fed on MILM, PHLM and MOLM
inclusions.

3.3 | Proinflammatory cytokines of heat-stressed
does fed on the herbal supplement

Proinflammatory cytokines of rabbit does fed on herbal supplement
during heat stress condition is shown in Table 4. IL-6 of does fed
control were significantly (p < 0.05) higher than does on PHLM. IL-1B
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TABLE 4 Proinflammatory cytokines of rabbit does fed herbal
inclusions during heat stress condition.
Control MILM MOLM PHLM SEM

Interleukin 6 (ng/L) 129.09% 63.68%° 62.26®° 44.19° 16.70

Interleukin 1B 3.29°  052°  063° 104 063

(pg/mL)

Tumour necrosis 94.992 60.04° 61.09%° 6147 749

factor a (pg/mL)

Interferon y (pg/mL) 29.25° 21.59% 20.19° 21.28%° 1.09

Note: a, b, ab, mean in the same row with different superscripts are
significantly (p < 0.05) different. Diets (n = 10/treatment; 100% females).
Abbreviations: MILM, diet with mistletoe leaf meal; MOLM, diet with
moringa leaf meal; PHLM, diet with phyllanthus leaf meal; SEM, standard
error of mean.

TABLE 5 Adipokines of rabbit does fed herbal inclusions during
heat stress condition.

Control MILM MOLM PHLM SEM

Heat shock protein 0.32 021* 0.19°  023* 003
70 (ng/mL)

Leptin (ng/mL) 3.30% 1.62°  1.56° 1.70®® 044

Adiponectin (mg/L)  16.10*°  14.08%° 1443 1270° 0.64

Note: a, b, ab, mean in the same row with different superscripts are
significantly (p < 0.05) different. Diets (n = 10/treatment; 100% females).
Abbreviations: MILM, diet with mistletoe leaf meal; MOLM, diet with
moringa leaf meal; PHLM, diet with phyllanthus leaf meal; SEM, standard
error of mean.

of does on control were statistically (p >0.05) similar to does on
PHLM and the significantly (p < 0.05) least values were recorded in
does on MILM and MOLM. TNFa was significantly (p < 0.05) higher in
does fed on control diets compared to does on MILM. IFN-y of does
on control were significantly higher than does on MOLM group.

3.4 | Adipokines of rabbit does fed on herbal
supplement

Adipokines of rabbit does fed herbal supplement during heat stress
condition is shown in Table 5. Does fed the control diet had
significantly higher HSP70, leptin and adiponectin compared to does
fed MOLM, PHLM and MILM-supplemented diets.

3.5 | Oxidative status of heat-stressed does fed on
herbal inclusions

Oxidative status of does fed on herbal inclusions during heat stress
condition is shown in Table 6. Does fed on MOLM-based diets had
significantly (p > 0.05) similar total antioxidant activity than does on
MILM and PHLM, while the significantly (p < 0.05) least values were
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TABLE 6 Oxidative status of rabbit does fed herbal inclusions during heat stress condition.

Parameter Control

Total antioxidant activity (mmol/L) 0.92°

Lipid peroxidation (x10">°MDA/mg protein) 2.19°

Superoxide dismutase (U/min/mg protein) 2.67°

Glutathione peroxidase (mg GSH/min/mg 46.52°
protein)

Catalase (nm H,O,/min/mg protein) 0.21°

MILM MOLM PHLM SEM
3.08% 3.69° 2.48% 0.19
0.77% 0.34° 0.91%° 0.28

10.112 10.50° 5.33% 1.94

115.61% 93.72%0 70.36%° 13.19

1.432b 4.14° 1.75% 0.54

Note: a, b, ab, mean in the same row with different superscripts are significantly (p < 0.05) different. Diets (n = 10/treatment; 100% females).
Abbreviations: MDA, malondialdehyde; MILM, diet with mistletoe leaf meal; MOLM, diet with moringa leaf meal; PHLM, diet with phyllanthus leaf meal;

SEM, standard error of mean.

obtained in does on control. Lipid peroxidation of does on MOLM
were statistically (p <0.05) lower to does on control, while both
groups were (p >0.05) similar to does on MOLM and PHLM-based
diets. Does on MILM and MOLM had significantly (p < 0.05) higher
SOD activity than does on control. GPx of does on MILM-based diets
were significantly (p < 0.05) higher than does on control group. Does
fed on MOLM and PHLM had significantly (p >0.05) similar values
with does fed on MILM. CAT activity of does on control group was
significantly (p < 0.05) lower to does on MOLM.

4 | DISCUSSION

From the result obtained in this study, the rabbit does were
exposed to severe heat stress according to the range of THI
recorded. This study reveals that moringa inclusions promoted
PCV and HB among all the treatments. Leucocytes and its
differential counts were lowered by the herbal inclusions, which
was accompanied with lower neutrophil/lymphocyte ratio com-
pared to does without inclusions on control during heat stress
condition. These findings on haematological indices were contrary
to the results obtained on nonstressed rabbits fed moringa,
Phyllanthus and MILM. Such as Ewuola et al. (2012) reported that
the inclusion of M. oleifera leaf meal does not alter the
haematological indices of rabbits. Also, Jimoh et al. (2020)
reported that the addition of P. amarus in rabbit diets did not
alter the haematological indices of the rabbits. These suggest that
the physiological state of the animals and the environmental
condition played a part in the animals' response to these
inclusions.

The trend of results indicates that herbal inclusions tend to
suppress proinflammatory cytokines in does during heat stress
condition occasioned by hot dry climate. MOLM depressed IFN-y
in does compared to those on control diet during stressed condition.
As obtained in does on control diets in this study, increased TNF-a
was associated with increased IFN-y and decreased IL-10 as has been
reported in heat-stressed animals (Abdel-Latif et al., 2018). Increased
production of proinflammatory cytokines (TNF-q, IL-6 and IL- 1B) has
adverse effect on inflammatory responses (Makarov, 2000). Similar to

the result of this study are that Moringa oliefera leaves extracts
inhibits TNF-a, interleukin-6 (IL-6 and IL-8) induced by cigarette
smoke and lipopolysaccharide in humans (Kooltheat et al., 2014).

Proinflammatory cytokines initiated for immune responses are
hepatotoxic and cause adverse pathophysiological damages to the
liver (Shawki & McCole, 2017). Poor liver function can suppress
antioxidant enzymes and causes homoeostatic imbalances, thereby
increasing reactive oxygen species (Huang et al., 2015). TNFa
overexpression promotes the reduction of feed intake and body
weight, as the reduced feeding potentially derived from a TNFa
increase might account for the weight loss in obese animals (Decara
et al., 2018). This shows the mechanism by which the herbal
inclusions improve the welfare and productivity of rabbit does
exposed to heat stress.

The trend of reduced TNFa and adiponectin in does fed on
herbal inclusions during heat stress in this study, is explained by
claims of Decara et al. (2018) that an increase in TNFa occur as a
feedback mechanism to block the production of more adiponectin,
and reduce feed intake and weight by promoting satiety. Similarly,
licorice extract has also been credited for inhibition of IL-6 and TNFa,
IL-18 and IL-8 were reduced (Mueller et al., 2010). Also, several
herbal active compounds, plant extracts and isolated compounds
were reported to be more efficient in the reduction of IL-6 and TNF-
a secretion (Mueller et al., 2010).

HSP70 is the protein responsible for protein folding and the
inhibition of protein aggregation which is involved in cell protection
and tissue repair from different pathological conditions. The protein
maintains cellular homoeostasis during and after physiological and
environmental stress such as oxidative stress, chemical stresses and
pathogenic stresses (Wang et al., 2014). Adiponectin is a protein
hormone (adipokines: cell-signalling proteins) that modulates various
metabolic processes of fatty acid oxidation, insulin secretion and
glucose regulation (Al-Braich et al., 2014). Adipokines are secreted
in the cells to modulate inflammation and insulin resistance
(Elekofehinti et al., 2017). Our study revealed that herbal inclusions
fed to the rabbit does during heat stress conditions reduced HSP70,
leptin and adiponectin in comparison with rabbit does on control diet
that is without inclusions. Lower leptin and adiponectin could be

accompanied with higher triiodothyronine to boost appetition in
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herbal-supplemented groups and promote growth enhancement in
does to mitigate the effects of heat stress. Increased level of leptin
during heat stress has been reported to stimulate satiety signals or
prevention of food intake (Schwartz et al, 2000). Similarly,
administration of M. oliefera had been reported to ameliorate satiety
signals and stimulate hunger (Abdel-Latif et al., 2018). Some studies
reported decrease in serum leptin concentration after saponin
administration (Yang et al., 2010). Also, Hypoadiponectinemia is a
hallmark of fattened birds as it impedes satiety and enhances
appetition (Decara et al., 2018). Increase adiponectin is associated
with decrease blood glucose levels which culminates in increased
insulin sensitivity (Elekofehinti et al., 2017). The expression of
proinflammatory cytokines is impeded by HSP70 and the production
of anti-inflammatory cytokines are also accelerated (Siddiqui
et al., 2020). Inhibition of proinflammatory cytokine expression is
caused by the upregulation of HSP70 under stress conditions
preventing the transfer of nuclear factor-kB into the nucleus
(Pritts, 2000). Thus, elevated expression of HSPs during heat-stress
conditions confer cytoprotection by preventing cytokine production
and improving cell tolerance (Shehata et al., 2020). Similar to result
obtained in does on control diets, of serum HSP-70 increased in
poultry subjected to heat stress (Archana et al., 2017). The HSPs
stimulates the immune system to encourage increased killing of
pathogenic bacteria by neutrophils and macrophages and other
innate immune cells against invading bacteria (Archana et al., 2017).
These mechanisms could account for increased WBC in recorded in
does fed on herbal inclusive diets diet in this study. The inclusion of
the herbal inclusions in does diet in this study, ameliorated the effects
of heat stress which led to reduction of HSP levels, and this could
account for its lowered leucocytes and differential counts. Similarly,
fermented herbal tea residues reduced serum HSP70 level in Holstein
heifer under heat stress conditions (Baumgard & Rhoads, 2013).
Contrariwise, HSP70 protein or mRNA expression during thermal
stress is enhanced by glutamine supplementation (Hao et al., 2012).
Immunity responses, reproductive performance and production
under severe heat stress conditions might be enhanced by increase
in HSP70 gene expression in rabbit does (Mousa et al., 2019). The
exposure of the does for 12 weeks in this study suggests that the
herbal inclusions could have restored the normal physiology of the
animals hence its lowered HSP 70 and leucocytic indices. exposure to
heat stress promote expression of genes related to survival (rapid
expression of Heat Shock Factors and Heat Shock Protein) (De Nadal
et al., 2011), while the stressors also promote none expression of
fewer essential genes (Cedraz et al., 2017). Natural plant-derived
compounds (antioxidant, detoxification and anti-inflammatory activi-
ties) have been reported to downregulate HSP expression through
their biological and pharmacological activities during stress condi-
tions (Abdel-Moneim et al., 2020; Naiel et al., 2020). HSP70 can force
target proteins to maintain an adequate structure and retain normal
function. Induced oxidative-stress conditions can decline HSP70
overexpression in mitochondrial permeability transition and the
swelling of mitochondria, and in the inhibition of cell apoptosis
(Wang et al., 2014). Also, Liu et al. (2014) reported that resveratrol
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had positive effects on serum oxidative status, attenuated the heat
stress induced over expression of HSP70, mRNA in the bursa of
Fabricius and spleen and increased the low expression of HSP27 and
HSP90 mRNA in the thymus upon heat stress (Akbarian et al., 2016).

In broilers (Mujahed et al., 2007), rabbit (Jimoh et al., 2017) and
laying birds (Jimoh, Ihejirika, Balogun, Adelani, et al., 2018) environ-
mental heat stress is associated with increase lipid peroxidation
through arisen Thiobarbituric acid-reactive species (TBARS) and
malondialdehyde (MDA) levels. TBARS and MDA are the major
products of polyunsaturated fatty acid peroxidation (Belhadj Slimen
et al,, 2015). In biological systems, there are three line of antioxidant
defense: first, radical detoxification by the major antioxidant
enzymes; SOD, glutathione peroxidase and CAT; second, radical
scavenging antioxidants of Vitamin E, Ascorbic acid, Glutathione, Uric
acid in the cellular level; and the damaged molecule repair
(Methionine sulfoxide reductase, Heat shock proteins and DNA-
repairing enzymes) or removal (phospholipases, proteasomes) (Surai
et al., 2019). During heat stress conditions according to our study, the
herbal inclusions of V. album (MILM), M. oleifera (MOLM) and
P. amarus (PHLM) leaf meals enhance oxidative stability of animals
by lowering lipid peroxidation and enhancing total antioxidant and
antioxidant enzymes activities. Results obtained showed that rabbit
does fed M. oleifera supplemented diets had the most oxidative
stability with the higher total antioxidant activity, SOD, CAT and the
least lipid peroxidation than other treatments. Study done by Jimoh,
Ayedun, et al. (2018) revealed that administration of soursop juice on
heat-stressed bucks at 2.22 mlkg-1 body weight offered optimum
antioxidant defense against oxidative stress, reduced serum lipid
peroxidation and demonstrated hypocholesterolemic effect in a
dose-dependent manner throughout the study. In our study,
decrease lipid peroxidation and oxidative stability might be attributed
to the induction of these herbal plants supplement causing
hypocholesterolemia on the rabbit does. In line with the report of
Faremi et al. (2008) who reported that P. amarus can decreased the
level of glutathione, SOD, CAT, rate of lipid peroxidation and
increasing the antioxidant defense mechanism in rats. Naaz et al.
(2007) also reported an enhancing effect of enzymatic and
nonenzymatic antioxidant systems of P. amarus conferring hepato-
protective activity on mice. Research has shown that leaves of
M. oleifera have high-level antioxidants like phenolic acids (gallic,
chlorogenic, ellagic and ferulic acid), flavonoids (kaempferol, querce-
tin and rutin) and glucosinolates (Mbikay, 2012). Also, Leaves of M.
oleifera have been reported to have a lot of B-carotene (precursor of
vitamin A) and other vitamins like B-complex, C, D and K (Abd
El-Hack et al., 2020). Thus, these findings confirm that antioxidant
enrichment of the herbs and improving oxidative stability on the
rabbit does. Similarly, Daramola et al. (2018) observed that M. oleifera
enhances SOD and glutathione activities on laying pullets and led to a
reduction in serum malonaldehyde. Oxidative stability could influ-
ence the immune status and productivity of animals like rabbits.
When animals are at thermal comfort of oxidative stress due to
hyperthermia, there is reduction in the activity of antioxidant
enzymes (Jimoh & Ewuola, 2019). Thus, improved oxidative stability
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obtained in herbal-supplemented diets of our study could be an
indication of enhanced productivity and most likely promote

performance in rabbit does.

5 | CONCLUSION

This study revealed that dietary inclusion of M. oleifera to female
rabbits exposed to heat stress, enhanced PCV and heamoglobin,
increased SOD, CAT and total antioxidant activities, lowered lipid
peroxidation, interleukin 18 and Interferon y, suppressed HSP70 and
leptin. V. album lowered neutrophil/lymphocyte ratio, depressed
interleukin 1B, TNF-a and leptin, enhanced SOD and glutathione
peroxidase activities. The inclusion of P. amarus in rabbit does diet,
mitigated effect of heat stress by lowering lymphocytes, suppressed
IL-6 and adiponectin. It can be concluded that any of the three-leaf
meals (M. oleifera, P. amarus and V. album) can be incorporate to
rabbit does diet to ameliorate effects of heat stress.
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