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Heat stress is reported to have deleterious e�ects on rabbit physiology by

impairing reproductive performances arising from free radical production due

to oxidative stress. Plant extracts have been listed among e�cient and healthy

strategies for alleviating the e�ects of free radicals in the body of an animal.

Numerous studies have documented the medicinal value of Moringa oleifera

on various body functional systems althoughmost of these data have not been

scientifically validated. The growing concern of heat stress owing to the e�ects

of global warming has a�ected animal productivity and even reproductive

health, yet mitigation measures are still scanty. To this end, we investigated the

e�cacy ofMoringa oleifera aqueous seed extract on selected in the alleviation

of morphofunctional impairments on functional systems of the body. Here,

we quantified the e�ects of Moringa oleifera seed extracts on reproductive

performances, hormonal profile, and ovarian histology in the management

of heat stress in female rabbits. We were particularly interested in testing the

hypothesis that Moringa oleifera seed extracts do not have medicinal value

in the mitigation of oxidative stress accompanying heat-stressed animals and,

therefore, a�ecting growth performance and reproductive value. Twenty-eight

female rabbits aged 6 months and weighing between 2015.6 and 2322.7 g

were randomly assigned to four treatment groups of temperature, relative

humidity, temperature humidity index, and M. oleifera seed extracts as follows:

T0: ambient temperature (18–24◦C), 59 ± 0.48%, 23.6 ± 1.52; T1, T2, and T3:

35–36◦C, 64 ± 0.6%, 32.5 ± 0.7, followed by 100, 200, and 0 mg/kg b.w of M.

oleifera seed extracts. Artificial heat was introduced in each rabbit cage from

08:00h to 16:00h. Reproductive performances related to female rabbits and

relevant biodata of their young ones were recorded. All animals were sacrificed

at the end of 80 days of experiments, and blood was collected for hormonal
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assays and ovary tissues for histology. Data on hormones and reproductive

parameters of adult females as well as parameters related to kid performance

and milk yield were subjected to one-way ANOVA, and significant di�erences

among treatment subjects were analyzed using Tukey’s post-hoc test at 5%

significance level. The results revealed a significant decrease (P < 0.05) in food

consumption, body weight, and body weight gain in pregnant and lactating

female rabbits exposed to heat stress. A decrease in fur removal by mothers,

litter size from birth to weaning, litter weight, kid body weight, and body weight

gain in adult rabbits submitted to heat stress was observed. The findings were

also reflected on weekly milk yield and daily milk e�ciency as well as serum

hormone levels. Following administration of M. oleifera seed extracts at 200

mg/kg b.w., there was significant increase (P < 0.05) in these parameters. On

the contrary, an increase (P < 0.05) in the number of services per conception,

milk intake, and serum progesterone level was initially observed in the same

subjects, but upon administration of M. oleifera seed extracts, there was

a significant decrease (P < 0.05) on these measures. Ovarian histology of

animals at T0 and T2 treatments showed structural features comparable to

those of controls. Overall, our results show that administration of M. oleifera

seed extracts at 200 mg/kg b.w possesses therapeutic value to the e�ects of

oxidative stress associatedwith heat stress. Further pharmacological evaluation

on seed extracts of M. oleifera may yield the much-needed medicine in the

treatment and management of poor animal productivity and reproductive

health arising from severe weather associated with global warming.
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Introduction

Heat stress has been defined as a heat load sustained under

the combined effect of environmental factors (air temperature,

humidity, airflow, and heat radiation) and metabolic heat

production (1). It occurs when the environmental temperature

exceeds the thermoneutrality zone of the animal (2). Heat

stress alters animals’ physiology, with the reproduction as the

first function to be impaired (3). In fact, heat stress has been

reported to impair embryo development by increasing their

mortality in cattle (4). It is associated with the low fertility rate

in dairy cows by poor expression of estrus due to a reduced

estradiol secretion (5).

Rabbits are reported as one of the animals most affected

by thermal stress (6, 7) since they do not have enough

sweat glands to allow dissipation of excess body heat (8).

Rabbit thermoneutrality zone ranges between 16 and 21◦C, and

above this range, physiological, productive, and reproductive

performances begin to decrease (2). Marai et al. (6) reported a

decrease in rabbit weight, litter size, litter weight at weaning,

conception rate, and an increase in pre-weaning mortality in

adult females exposed to severe heat stress during summer. A

decrease in progesterone and estradiol levels has been reported

in female rabbits exposed to 41◦C (9). Meanwhile, rabbits

exposed to the temperature between 25 and 36◦C compared to

those maintained between 14 and 20◦C decreased their litter size

(9.7 vs. 11.4), litter weight (503.0 vs. 630.5 g), and kit weight at

birth (56.6 vs 61.4 g) and increased the stillbirth rate (25.4 vs.

9.9%) during pregnancy and lactation (10).

However, considering the economic benefits and social

considerations of the rabbit under the tropics (11, 12), it is

therefore important to look for alternative solutions to minimize

the effect of heat stress on its productive and reproductive

performances to enhance farmers’ income (12, 13).

Phytogenic feed supplements are plant-derived products

used in animal feeds to improve the agricultural livestock

performance (14). They are preferred because of their high

antioxidant capacity, cheap availability, and low toxicity and are

ecological friendly for the treatment of various ailments (14, 15).

Moringa oleifera, a perennial tree growing up to between

5 and 12m high and belonging to the Moringaceae family,

is considered as one of the best antioxidant plants worldwide

(16). All parts of this plant including leaves, stembarks,

pods, and seeds are reported to be rich in various bioactive

compounds such as alkaloids, saponins, phenols, flavonoids,

glycosides, terpenoids, and tannins (17–19). Due to the
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presence of these compounds, Moringa oleifera has been

therefore reported to alleviate damages caused by oxidative

stress (20, 21). Odeyinka et al. (22) reported an improvement

in litter size, litter weight, gestation length, and milk yield

following supplementation of leaves of Moringa oleifera. In

a study that included 10% of Moringa oleifera in female

rabbits’ meal, the litter weight at birth, the litter weight, the

weaning weight, and the survival rate were improved (23).

An improvement in reproductive hormones such as LH, FSH,

estrogen, progesterone and prolactin was reported in female

rabbits fed with 5, 10, and 15 g/kg of Moringa oleifera leaf

powder incorporated into rabbit grower’s pellet (24). All these

findings were performed usingMoringa oleifera leaves that have

been reported to possess better antioxidant activity (15) and

therefore overused compared to other parts of the plant. It

is, therefore, important to explore the effectiveness of other

parts of this plant for medicinal value in overcoming health

challenges associated with oxidative stress in animals. However,

the pharmacological efficacy of seeds of Moringa oleifera on

reproductive parameters of female rabbits exposed to heat stress

is scant in literature.

It is hypothesized that Moringa oleifera aqueous seed

extracts have no efficacy on the heat stress damage

leading to impaired reproductive performances, altered

ovarian histology, and reproductive hormonal profile

of female rabbits. This study was designed to evaluate

the efficacy of seeds of Moringa oleifera aqueous extract

on reproductive performances, hormonal profile, and

ovary histology in the management of heat stress in

female rabbits.

Materials and methods

Experimental location

The study was conducted from September to December

2019 at the Department of Veterinary Anatomy and Physiology,

University of Nairobi, Kenya. The average temperature

was 24◦C, and the relative humidity was generally greater

than 58%.

Plant extract

The seeds of Moringa oleifera (Lam) aged 2 to 3 years were

collected from Masii village of Machakos County in Kenya.

The plant was taxonomically identified at the Department

of Biology and Biotechnology, University of Nairobi, Kenya,

and a voucher specimen (MK032) was deposited in the

herbarium at the School of Biological Sciences, University

of Nairobi, Chiromo Campus. The seeds were air-dried

at 21 to 25◦C for 14 days. After spreading, the plant

TABLE 1 Percentage of crude phytochemicals in aqueous extract of

Moringa oleifera seed collected from Machakos County.

Compounds (%) Aqueous extract

Alkaloids 5.56

Saponins -

Phenols 3.88

Flavonoids 0.53

Glycosides 4.18

Terpenoids 0.28

Tannins -

material was ground using an electric mill and the fine

powder was collected and stored in airtight glassware until

aqueous extraction.

The aqueous extract was obtained using the method

described by Okumu et al. (25). Briefly, a total of 1,000 g of dried

Moringa oleifera seed powder were aliquoted into a vial wrapped

in aluminum foil. Ten l of distilled water was gradually added

to the powder with gentle stirring using a magnetic wand until

a slurry of uniform consistency was formed. The formed slurry

was further stirred using amagnetic stirrer operating at 200 RPM

for 48 h. The resulting slurry was centrifuged at 3,000 RPM for

5min, and the filter media were collected for further processing.

The bioactive compounds were detected using

phytochemical tests according to standard methods developed

by Harborne (26). For quantitative analysis, the concentration

of different compounds mainly alkaloids, saponins, flavonoids,

total phenols, glucosides, terpenoids, and tannins was evaluated

following the methods developed, respectively, by Harborne

(27), Ejikeme et al. (28), Edeoga et al. (29), Amadi et al. (30),

Ferguson (31), and Van-Burden and Robinson (32). Table 1

shows the bioactive compounds detected in Moringa oleifera

seed aqueous extract.

Experimental animals and their feeding

A total of 28 female rabbits, aged 6 months and weighing

2,286.1 ± 63.5 g (Mean ± SE), purchased from a local

recognized and licensed breeder, were used. Throughout

the experimental period, feed and water were provided ad

libitum to animals. All animals used for the experiment

were provided with the basal commercial pelleted ration

containing 18.18% crude protein, 13.43% crude fiber, 2,656

MJ/kg diet digestible energy, and 2.29% ether extract that

met all nutritional requirements of rabbit does according to

the National Research Council (33). The rabbit cages were

routinely cleaned every morning before clinical observations to

the animals.
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Experimental design

During the acclimatization period, the rabbits were housed

in wire cages (0.8 × 0.6 × 0.6m) at room temperature of 21

± 3◦C with animal house relative humidity of 66 ± 3% and

kept under the same hygienic and managerial conditions. Before

starting the experiment, the animals were weighed, randomly

assigned to four groups of seven female rabbits each with

comparable body weight, and distributed to T0 and T3 (normal

and positive control, respectively) and T1 and T2 (low and

high doses of Moringa oleifera, respectively). Thereafter, during

80 consecutive days, animals were submitted to different room

temperatures, relative humidity, temperature humidity index

(THI), and of Moringa oleifera aqueous seed extract (MOASE)

as follows: T0: ambient temperature (18–24◦C), 59 ± 0.48%,

23.6 ± 1.52; T1: 35–36◦C, 64 ± 0.6%, 32.5 ± 0.7, 100 mg/kg

b.w of MOASE; T2: 35–36◦C, 64 ± 0.6%, 32.5 ±0.7, 200 mg/kg

b.w of MOASE; T3: 35–36◦C, 64 ± 0.6%, 32.5 ± 0.7. The

heat was induced in each rabbit cage, using electrical heaters

(brand: ARMCO from India) from 08:00 h to 16:00 h followed

by exposure to the normal air temperature as in the control

group from 16.00 h to 08:00 h. During the experimental period,

the relative humidity and ambient temperature were recorded

twice daily using an automatic thermo-hygrometer (Brand:

RC dalys, Size: 48∗28.6∗15.2 cm, temperature precision: ±1◦C,

hygrometry precision: ±5). The selected range of temperature,

relative humidity, and THI was chosen according to the results

observed in our previous study (34) and was classified as very

severe heat stress (35). Moringa oleifera aqueous seed extracts

(MOASE) were administrated per os once a day for 80 days

using an endogastric cannula, while normal and negative control

animals (T0 and T3, respectively) orally received 10ml of

distilled water daily. 2 weeks after submitting animals to heat

stress and gavaging Moringa oleifera aqueous seed extract, each

female rabbit was transferred in a single proven fertile males’

cage for mating. 10 days after mating, pregnancy was evaluated

by abdominal palpation by hands feeling around until finding

of little lumps that can pass through fingers as gently probe and

search (35). The females failing to conceive were immediately

returned to the same buck for another service.

In pregnant and lactating female rabbits, feed intake (F.I.)

and weight gain (W.G.) were measured daily and daily body gain

was calculated for each female rabbit according to the method

described by Sabah and Dalal (9).

Reproductive performances

The gestation length was obtained by calculating the

duration (in days) between the date of the coupling and

the date of farrowing (36, 37). The conception rate was

estimated as number of services per conception, and the type of

mating observed was classified as voluntary mating (i.e., mating

receptive does) and hand mating (i.e., mating unreceptive does)

(35). The litter size was obtained by counting the number of

young rabbits of each female at farrowing and weekly until

weaning (36–38). The stillbirth rate was evaluated as the number

of stillborn young rabbits on the litter size at birth (38), and the

survival rate was calculated as the litter size at weaning on the

litter size at birth (37, 38). The young rabbit weight evolution

was obtained by weighing young rabbits at birth and every week

until 5 weeks post-partum (weaning) (36–38).

For each female, milk yield was evaluated as the difference in

weight of the kids before and after suckling. Milk intake per kit

was calculated as the milk yield on the number of kits in the litter

for each female rabbit, and the efficiency of converting milk into

body weight gain was calculated as the kit weight gain on the

milk intake per kit (35).

The litter weight was evaluated by weighing the whole kids

of the litter, the kit body weight was estimated by weighing

separately each kid, and the kit body weight gain was evaluated

as the difference between the actual kit weight and the kit

weight of the previous week (35). These parameters were

estimated at weekly intervals between birth and 35 days of

age (weaning).

Sacrifice of rabbits, blood collection, and
processing

At the end of the experimental period (80 days), all

animals were fasted for 24 h and humanely sacrificed by

euthanizing using ether vapor and then dissected. Ten

ml (10ml) of the blood was collected directly by cardiac

puncture before euthanasia using ether vapor by inhalation.

The obtained blood was then centrifuged, and the resultant

serum was kept at −20◦C for hormones assessment. After

sacrifice, the ovaries were collected by dissection, freed of

adipose tissue, washed using saline solution, and blot-dried

for histology.

Hormone evaluation

The principal hormones analyzed were as follows: estradiol,

follicle-stimulating hormone (FSH), luteinizing hormone

(LH), progesterone, prolactin (PL), and cortisol. Cortisol

was estimated by the radioimmunoassay (RIA) technique

using coated tubes kits (Diagnostic Systems Laboratories,

Inc. Webster, Texas 77598-4217, USA) and the tracer labeled

with iodine-125 (I125). Quantitative determination of serum

estradiol, FSH, LH, progesterone, and PL was performed using

the solid-phase enzyme-linked immunosorbent assay (ELISA)

as described by the commercial kit Omega Diagnostic (23961

Craftsman Road, Suite D/E/F, Calabasas, CA 91302). Briefly,

100 uL of samples was added to the appropriate well in the
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antibody pre-coated Microtiter Plate. Then, 100 uL of PBS

(pH 7.0–7.2) was added in the blank control well; 10 uL of

Balance Solution was dispensed into 100 uL specimens and

then mixed well; 50 uL of the conjugate was added to each

well-except the blank control well and then mixed before

incubation for 1 h at 37◦C. After incubation, the plate was

washed using manual washing. The incubation mixture was

removed by aspirating contents of the plate into a sink; then,

the plate was washed five times with a wash solution. After

washing, invert the plate and blot dry by hitting the plate

onto absorbent paper until no moisture appears. About 50

uL of Substrate A and 50 uL of Substrate B were added into

each well-including blank control well, subsequently, and

then incubated for 10–15min at 20–25◦C. After incubation,

50 uL of Stop Solution was added to each well-including

blank control well. Therefore, the optical density (O.D.) was

determined at 450 nm using a microplate reader immediately.

The standard curve was used to determine the concentration

of samples as corresponding to the mean absorbance from the

standard curve.

All analyses were performed following the

manufacturers’ recommendations.

Ovary histology

Immediately after sacrifice, the left ovary of each female

rabbit was removed, fixed in 10.00% formalin for 1 week,

then washed, dehydrated with ascending grades of alcohol

bath, clarified in xylene immersion, embedded in paraffin,

cut at 5.00-µm thickness, and stained with hematoxylin

and eosin. The sections were observed under a light

microscope (Leica DM 750, X10, and X40) equipped with

a DCM35 digital camera (350 Kpixels, USB 2.0), which was

connected to the central processing unit of a computer.

The images were directly observed on the computer

equipped with an image capture program. The captured

images were magnified 100 times (100X) for histology and

cellular integrity.

Statistical analysis

Data were compiled into a database using Excel package.

For the analysis of the different treatments, the effects among

experimental groups and control were assessed using one-way

ANOVA. The differences in mean values were compared using

the Tukey HSD test at P < 0.05. Data analysis was performed

using XLSTAT for Windows 10 Software. The results are

expressed as the means ± SD, graphs, and charts. The effect

rate (ER) was calculated as the ratio between the value of

the control group and the value of the group with the most

relevant impact.

Results

Growth performances in pregnant and
lactating female rabbits

The results on feed consumption (Figure 1) showed decrease

of 21 and 34%, respectively, in pregnant (A) and lactating

(B) female rabbits submitted to heat stress compared to those

of the control group. However, in Moringa oleifera aqueous

seed extract-treated animals, this parameter increased in a

dose-dependent manner. Similar results have been reported in

body weight of both pregnant (C) and lactating (D) female

rabbits by 8 and 26%, respectively, except at the 5th week

where body weight of animals submitted to heat stress and

treated with 200 mg/kg b.w. of Moringa oleifera aqueous seed

extract. In these animals, body weight was slightly higher by

4% compared to that of the control group in pregnant females

(C) and of animals submitted to heat stress and treated with

100 mg/kg b.w. of Moringa oleifera aqueous seed extract which

suddenly decreased by 3% in lactating females (D). There

was a dose-dependent effect of Moringa oleifera aqueous seed

extract on body weight gain in pregnant females (E) except

at the 2nd week where animals of the control group and

those submitted to heat stress alone showed a greater body

weight gain. However, in lactating females (F), the animals

of the control group showed the highest body weight gain

(8%) compared to those submitted to heat stress, except at

the 1st week of lactation where animals treated with 200

mg/kg b.w. of Moringa oleifera aqueous seed extract had the

highest body weight gain. In these animals, body weight gain

decreased weekly until weaning while animals solely submitted

to heat stress showed loss in body weight from the 2nd week

of treatment.

Reproductive performances in female
rabbits

The results of Table 2 showed that voluntary mating

was the most observed type of mating in female rabbits

even though hand mating increased with the heat stress.

Generally, most of animals of the control group required

one service to achieve pregnancy (71.4%), while 42.9% of

animals submitted to heat stress and co-treated with 100

and 200 mg/kg b.w. Moringa oleifera aqueous seed extract,

respectively, required two services to achieve pregnancy and

most of animals submitted to heat stress alone required two

services to become pregnant (71.4%). The self fur removal

was intense in most animals of control group (71.4%),

lightly intense in animals co-treated with 100 mg/kg b.w.

(57.1%) and 200 mg/kg b.w. Moringa oleifera aqueous seed

extract (85.7%), while most of animals of the group solely

submitted to heat stress did not remove their fur (57.1%).
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FIGURE 1

Reproductive hormones profile following administration of di�erent doses of the Moringa oleifera aqueous seed extract in female rabbits

exposed to heat stress. T0: control group, T1: 35−36◦C + 100 mg MO, T2: 35−36◦C + 200 mg MO, T3: 35−36◦C. LH: Luteinizing Hormone;

FSH: Follicular Stimulating Hormone; n = 7.

A significant decrease in the litter size was observed in

animals submitted to heat stress compared to those of control

group. However, this parameter increased in a dose-dependent

manner following administration of Moringa oleifera aqueous

seed extract. There was no group significant difference in the

gestation length.

Litter size at di�erent ages of litter from
birth to weaning

The number of kids was significantly higher in female

rabbits from the control group from birth to weaning (35

days) compared to those submitted to heat stress. However, in
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TABLE 2 Reproductive performances following administration of di�erent doses of theMoringa oleifera aqueous seeds extract in female rabbits

exposed to heat stress.

Parameters T0 T1 T2 T3

Type of mating (%)

Voluntary mating 85.7 71.4 71.4 71.4

Hand mating 14.3 28.6 28.6 28.6

Number of services per conception (%)

One 71.4 57.1 57.1 28.6

More 28.6 42.9 42.9 71.4

Self plucked fur (%)

Dense 71.4 14.3 14.3 0

Light 28.6 57.1 85.7 42.9

Without plucking 0 28.6 0 57.1

Gestation length 30.8± 0.3 31.1± 0.4 31.1± 0.2 31.1± 06

Litter size 8.3± 1.2a 6.2± 1.1b 7.6± 1.4ab 5.6± 1.3b

The superscripts a, ab, b: means the mean values are significantly different at P < 0.05; T0: control group, T1: 35–36◦C+100mg MO, T2: 35–36◦C+200mg MO, T3: 35–36◦C; n= 7.

animals submitted to heat stress and co-treated with Moringa

oleifera aqueous seed extract, this parameter increased in a dose-

dependent manner without reaching the values of the control

group (Table 3).

Litter weight, kit body weight, and kit
body weight gain from birth to weaning

The results of Table 4 showed a significant increase in litter

weight of the control group from birth to weaning (35 days)

compared to groups submitted to heat stress. However, when

co-treated with Moringa oleifera aqueous seed extracts, this

parameter increased in a dose-dependent manner but without

achieving the values of the control group. The kit body weight

at weaning (35 days) and the daily kit weight gain indicated a

significant increase in the control group compared to groups

submitted to heat stress. Nevertheless, in heat-stressed animals,

these parameters were increased in female rabbits co-treated

with 100 and 200 mg/kg b.w. Moringa oleifera aqueous seed

extract, respectively, compared to those submitted to heat

stress alone.

Milk yield, milk intake, and milk e�ciency

The results indicate a significant increase in milk yield in

female of the control group from birth to weaning (35 days)

compared to groups submitted to heat stress. However, in

animals submitted to heat stress and co-treated with Moringa

oleifera aqueous seed extract, this parameter increased in a dose-

dependent manner without reaching the values of the control

group. The daily kit milk intake of the 1st and 2nd weeks

was high in animals of the control group and those receiving

100 and 200 mg/kg b.w. Moringa oleifera aqueous seed extract,

respectively, compared to those only submitted to heat stress;

the opposite trend was observed at the fourth and 5th weeks,

while there was not any significant difference at the 3rd week.

Except the 3rd week where there was no significant difference,

the milk efficiency significantly increased in females of the

control group and those co-treated with 100 and 200 mg/kg

b.w. Moringa oleifera aqueous seed extract, respectively, during

the first, second, fourth, and fifth weeks compared to the group

submitted to the heat stress alone (Table 5).

Reproductive hormones profile

The results of Figure 2 indicated that serum levels of

estradiol and FSH significantly decreased in the heat-stressed

animals compared to the control group. These parameters

increased in heat-stressed animals, co-treated with 100 and 200

mg/kg b.w. Moringa oleifera aqueous seed extract, respectively,

compared to those submitted to heat stress alone. The opposite

trend was observed in serum progesterone and cortisol levels.

On the contrary, LH content was decreased (P < 0.05) in

animals submitted to heat stress alone compared to those of

the control group and those receiving 100 and 200 mg/kg b.w.

Moringa oleifera aqueous seed extract, respectively. There was

no significant difference in serum prolactin content.

Ovarian histology

The ovary of animals (Figure 3) from control group (A) was

characterized by the presence of a dominant growing follicles

with oocyte, forming antral cavity, and surrounded by atretic

follicles. However, the ovary of animals submitted to heat stress
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TABLE 3 Litter size at di�erent ages of litter from birth to weaning following administration of di�erent doses of theMoringa oleifera aqueous seeds

extract in female rabbits exposed to heat stress.

Parameters T0 T1 T2 T3 p-value

Birth 8.3± 1.2a 6.2± 1.1b 7.6± 1.4ab 5.6± 1.3b 0.029*

7 days 7.2± 0.3a 4.4± 0.3b 6.5± 1.6a 4.1± 0.2b 0.044*

14 days 6.9± 0.3a 4.4± 0.3c 5.8± 0.5b 3.5± 0.3d <0.001***

21 days 6.9± 0.3a 3.5± 0.3c 4.5± 0.4b 2.7± 0.2d <0.001***

28 days 6.9± 0.3a 2.9± 0.2c 4.0± 0.3b 1.6± 0.2d <0.001***

35 days 6.9± 0.3a 2.9± 0.2c 4.0± 0.3b 1.6± 0.2d <0.001***

The superscripts a, b, c, d: means the mean values are significantly different at P < 0.05; T0: control group, T1: 35–36◦C+100mg MO, T2: 35–36◦C+200mg MO, T3: 35–36◦C. * , *** :

significant at P < 0.05 and 0.001, respectively; n= 7.

TABLE 4 Evolution of the litter weight, kit body weight and kit body weight gain from birth to weaning following administration of doses of the

Moringa oleifera aqueous seed extract in female rabbits exposed to heat stress.

Parameters T0 T1 T2 T3 p-value

Litter weight (kg)

Birth 332.6± 17.3a 241.8± 18.2b 253.5± 14.7b 218.4± 16.3b 0.038*

7 days 553.6± 26.8a 277.2± 31.4c 449.5± 14.7b 230.8± 12.5d <0.001***

14 days 1092.1± 23.1a 804.3± 14.6c 891.7± 28.8b 351.2± 22.3d <0.001***

21 days 1485.7± 31.5a 616.4± 17.7c 850.5± 23.5b 434.7± 13.4d <0.001***

28 days 2435.7± 31.5a 925.1± 24.1c 1321.9± 22.7b 476.8± 22.7d <0.001***

35 days 3081.8± 57.4a 1220.9± 34.5c 1752.1± 34.3b 592.4± 23.7d <0.001***

Kit body weight (g)

At birth 41.6± 1.3 39.6± 1.7 39.2± 1.1 39.3± 1.5 0.066

35 days 448.7± 12.5a 428.1± 10.4b 431.1± 6.9b 373.2± 11.4c 0.027*

Kit weight gain (g/day) 14.4± 0.4a 12.8± 0.4b 13.2± 0.7b 9.8± 0.6c 0.034*

The superscripts a, b, c, d: means the mean values are significantly different at P < 0.05; T0: control group, T1: 35–36◦C+100mg MO, T2: 35–36◦C+200mg MO, T3: 35–36◦C. * , *** :

significant at P < 0.05 and 0.001, respectively; n= 7.

and co-treated with 200mg/kg b.w. ofMoringa Oleifera aqueous

extract (C) showed multifocal areas of follicular degeneration

characterized with oocyte lysis in graafian follicle, degeneration

of granulosa cells and theca cells, and disorganization of corona

radiate and cumulus oophorus cells. Animals submitted to heat

stress and receiving 100 mg/kg b.w. ofMoringa Oleifera aqueous

extract (B) showed a marked degeneration of graafian ovarian

follicle having eosinophil amorphous material (oocyte lysis),

severe degeneration of corona radiata cells, granulosa cells,

and cumulus oophorus. The tissues from the animals exposed

only to heat stress (D) showed focal areas of proliferation of

fibroblast in the interstitial tissues, in addition to severe follicular

degeneration characterized by oocyte lysis and accompanying

enhanced general follicular cell degeneration.

Discussion

In this study, feed consumption, body weight, and body

weight gain in both pregnant and lactating female rabbits

have shown to be altered with the exposition to 35–

36◦C. This observation is in accordance with findings of

Marai et al. (35) in female rabbits submitted to heat stress

under subtropical conditions of Egypt. It has been observed

that in hot environmental temperatures, the appetite center

of the hypothalamus is negatively affected and, therefore,

decreases feed intake especially in pregnant animals prone

to environmental stressors (39). The reduction in feed

consumption in this study is expected since the homeostatic

thermoregulatory mechanism tends to decrease endogenous

heat production which might be produced by the body

metabolism if feed intake is high (40) in an already heat-

stressed animal. Lactating animals solely submitted to heat

stress showed negative body weight gain from the 2nd week.

Rhoads et al. (41) reported a decrease in feed intake by around

40% in lactating sows exposed to temperatures above 35◦C

where negative energy balance was observed and consequently

body weight substantially decreased (42). However, in this

study, administration of Moringa oleifera aqueous seed extract

increased these parameters. The increase in feed consumption

observed in this study could be explained by the presence of
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TABLE 5 Evolution of the milk yield, milk intake and milk e�ciency from birth to weaning following administration of doses of theMoringa oleifera

aqueous seed extract in female rabbits exposed to heat stress.

Parameters T0 T1 T2 T3 p-value

Milk yield (g per litter per day) per day

7 days 75.8± 2.8a 54.6± 3.6c 68.3± 2.5b 48.1± 3.1d <0.001***

14 days 99.3± 8.4a 76.4± 7.7bc 80.6± 6.5b 65.3± 7.1c 0.019*

21 days 94.1± 9.5a 59.8± 7.4c 71.7± 7.9b 44.3± 6.5d <0.001***

28 days 90.1± 7.3a 42.6± 5.3c 53.1± 3.8b 33.7± 4.9d <0.001***

35 days 79.2± 5.5a 34.7± 4.8c 46.1± 5.9b 31.8± 3.4c 0.033*

Milk intake (g per litter per day) per day

7 days 10.6± 0.8a 8.9± 0.5b 10.4± 1.0a 8.6± 1.1b 0.040*

14 days 14.1± 1.0b 16.4± 1.1a 13.8± 0.7b 14.8± 0.4b 0.021*

21 days 13.4± 1.1 14.3± 1.8 14.9± 1.3 14.1± 0.6 0.081

28 days 13.1± 1.5b 14.1± 1.5b 13.3± 3.8b 19.4± 0.2a 0.033*

35 days 11.6± 0.8b 10.9± 4.8b 11.4± 0.6b 18.7± 0.7a 0.029*

Milk efficiency

7 days 1.4± 0.3a 1.4± 0.1a 1.3± 0.1a 1.1± 0.1b 0.040*

14 days 1.0± 0.1a 0.7± 0.1b 0.9± 0.1a 0.6± 0.1b 0.021*

21 days 1.1± 0.2 0.9± 0.2 0.8± 0.1 0.7± 0.2 0.081

28 days 1.1± 0.3a 0.9± 0.2a 1.0± 0.2a 0.5± 0.2b 0.033*

35 days 1.2± 0.2a 1.2± 0.2a 1.2± 0.1a 0.5± 0.2b 0.029*

The superscripts a, b, c, d: means the mean values are significantly different at P < 0.05; T0: control group, T1: 35–36◦C+100mg MO, T2: 35–36◦C+200mg MO, T3: 35–36◦C. * , *** :

significant at P < 0.05 and 0.001, respectively; n= 7.

The superscripts a, b, c: means the mean values are significantly different at P < 0.05; T0: control group, T1: 35–36◦C+100mg MO, T2: 35–36◦C+200mg MO, T3: 35–36◦C. * : significant

at P < 0.05; LH, Luteinizing Hormone; FSH, Follicular Stimulating Hormone; n= 7.

flavonoids found in the aqueous extract ofMoringa oleifera seeds

(16, 43). In fact, flavonoids have been implicated in protection

of tissue from the destructive effects of external agents and,

therefore, the structures of the central nervous system that

regulate appetite (44). Stimulation of this region induces an

increase in food intake, while bilateral damage induces rather a

complete cessation of food intake (32).

The results of this study indicate a decrease in voluntary

mating in female rabbits, an increase in number of services to

achieve pregnancy, and the absence of plucking fur in female

rabbits exposed to heat stress. These observations are similar to

those of Marai et al. (35) in Egypt that female rabbits decreased

receptivity and percentage of voluntary mating frequently in

heat stress situations under subtropical conditions. Plucking fur

in female rabbits means they are actively searching for materials,

including their own fur to build a kid’s nest, which if not done

kids shall be exposed to several harmful climatic conditions

that can culminate into death (35, 45). In animals, female

receptivity is influenced by physiological and environmental

factors such as heat stress (46). When rejecting male mating

advances, female fertilization may be, at least in part, controlled

by female acceptance of copulation (47).

The reduction in receptivity, voluntarymating, and plucking

fur is considered as factors indicating the drop in fertility in

female rabbits exposed to hot temperatures (48) and may be

the cause of the low litter size reported in females submitted

to heat stress in this study. Litter size has been previously

linked to decreased animal fertility and conception rate with

accompanying significant reduction in total young born and in

an increase in percentage of young born dead in animals affected

by environmental stress (45). In addition, heat stress decreases

length and intensity of estrus while increasing anestrous

incidence and silent heat in females (49). The improvement on

litter size due to administration of Moringa oleifera aqueous

seed extract in this study may be attributed to vitamin

C and polyphenols found in Moringa (32). In this regard,

these compounds have been previously reported to improve

oocyte development and fertilization rate (50) by increasing

distribution of compact follicular oocytes in female rabbits (51).

There was a significant decrease in litter weight from birth

to weaning, individual kid body weight at weaning, and daily

kid weight gain in animals exposed to heat stress. The decrease

in litter weight may be associated with the reduction in food

consumption in lactating female rabbits which impacts their

milk production and lack or reduced nourishment of the kids.

The decrease in the litter weight directly impacts other related

parameters such kid body weight at weaning and daily kid

weight gain. These results are similar to those observed in litter

weight at 21 days by Marai et al. (6) and at 35 days by Marai

et al. (35). The amelioration of these parameters, following
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FIGURE 2

Histological changes in animals following administration of di�erent doses of the Moringa oleifera seeds aqueous extract in female rabbits after

exposure to heat stress. (A) Ovary with a dominant growing follicle with oocyte (O), forming antral cavity (Arrow head), and surrounded by

atretic follicles (AF) (H/E X 40). (B) Marked degeneration of Graafian follicle with oocyte lysis (Arrow head), severe degeneration of granulosa

cells and cumulus oophorous (Arrow) (H/E X 100). (C) Multifocal areas of follicular degeneration characterized with oocyte lysis (Arrow head),

Degeneration of granulosa cells and theca cells (Arrow) (H/E X 100). (D) Focal areas of proliferation of fibroblast in the interstitial tissues (*), in

addition to severe follicular degeneration characterized by oocyte lysis and degeration of follicular cells (Arrow) (H/E X 100).

the administration of Moringa oleifera aqueous seed extract

in this study, has also been demonstrated by El-Desoky et al.

(52) in female rabbits receiving, respectively, 10, 25, and 50

mg/kg body weight of nonencapsulated Moringa oleifera leaves

ethanolic extract during summer seasons. Moreover, various

phenol compounds and vitamin C found in Moringa oleifera

have the ability to prevent the digestive system cell membranes

from oxidative stress by scavenging O2 radicals and, therefore,

restoring feed utilization (53). This action mechanism by these

compounds may partly explain the rise in pre-weaning weight

gain, as well as the higher weight at weaning and the decrease

in pre-weaning deaths (54). Indeed, in this study, kids’ weight is

strongly correlated with milk production, milk intake, and milk

efficiency. The results demonstrate that the low energy intake

from food consumption is not enough to cover for both animal

body metabolism and daily requirements for milk production

(39). It can be argued that, on the one hand, the low daily milk

production reported in this study is probably due to the decrease

in feed consumption as a result of body mechanism to decrease

heat production and, on the other hand, heat stress reducedmilk

production by decreasing mammary cell proliferation (55). The

drop in litter weight week after week is the result of the observed

low milk production as kids become more and more exigent

in milk quantity for their metabolic needs, and this situation

leads to the daily milk efficiency of converting milk into body

weight gain. The improvement of these parameters could be

associated with the antioxidant activity of bioactive compounds

present inMoringa oleifera that act against lipid oxidation in the

cell membrane (14, 56). This is also important in pre-weaning

kids which have been reported to be highly sensitive to oxidative

stress than adults and for the development of the immune system

in young animals (57).

The elevated daily milk intake in litter submitted only to

heat stress compared to those receiving Moringa oleifera and

the control group is mainly due to the high kids’ mortality rate

reported in this group. It is noted that at weaning, there were

only 28.6% kids alive in the group submitted to heat stress alone

compared to 83.1% of the control group. Therefore, the little

quantity of milk produced by these females was enough to meet

kids’ requirements in contrast to animals of the control group

that produced a large quantity of milk but insufficient to meet

kids’ nutritional needs.
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FIGURE 3

Variation of the food consumption, body weight and body weight gain following di�erent doses of the Moringa oleifera aqueous seed extract in

pregnant and lactating female rabbits exposed to heat stress. Control: ambient temperature; Heat stress: 35–36◦C, MOSAE: Moringa oleifera

seeds aqueous extract, (A–B) Food consumption in pregnant and lactating female rabbits respectively; (C–D) Body weight in pregnant and

lactating female rabbits respectively; (E–F) Body weight gain in pregnant and lactating female rabbits respectively.

All these reported parameters are under the influence

of reproductive hormones as their main function is to

regulate reproductive system and therefore ensure the success

of such reproductive event (14). An increase in ambient

temperature of more than 2◦C is responsible for low or

desynchronized endocrine activities in females, mainly the

pineal-hypothalamo-hypophyseal-gonadal axis, followed by the

impairment of the respective reproductive hormone functions

(58). A deterioration of reproductive hormones (LH, FSH,

estradiol, and progesterone) and stress hormone (cortisol)

following exposition to heat stress was observed in this

study. Heat stress is responsible for the impairment of the

follicular estradiol synthesis activity and the reduction of LH

activity by decreasing its receptor level (59). The decrease

in the fertilization rate due to the inhibition of estrus signs,

gonadotrophin decrease, and ovulation disruption has been

associated with low estradiol secretion (60). Moreover, the

decrease in FSH serum content in heat-stressed female rabbits

is mostly a consequence of decrease in the inhibition of

negative feedback from smaller follicles which finally impair

the animal reproductive efficiency (61). The low progesterone

production observed in heat-stressed female rabbits impairs

the embryo development by disrupting endometrial function

(60, 61), while acyclicity and infertility as well as mammary

gland development impairment in pregnant females have been

associated with the increased prolactin in heat-stressed females

(49). Cortisol is a stress hormone released by the adrenal gland

and is important in enabling the body to deal with stressful

situations by enhancing blood sugar production, converting fats,

proteins, and carbohydrates into usable energy (62). However,

an increase in levels of these hormones in this study has been

observed following administration of Moringa oleifera aqueous

seed extract. Several compounds found in this plant have been

reported to stimulate reproductive hormones production. For

instance, phytosterols have a chemical structure similar to that

of cholesterol that can be used as precursors of steroid hormones

(testosterone, estradiol, and progesterone), while isoflavones

are one of the flavonoid compounds, also have estrogenic

activity, and are able to bind with estrogen receptors such

as ER-α and ER-β (63). Phenolic compounds and alkaloids

have been reported to protect embryonic tissue against reactive

oxidative stress impairment by enhancing the ovarian hormones

serum concentration (64). Phytosterols, polyphenols, saponins,

and flavonoids present in Moringa oleifera seeds have been
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previously associated with the increase in female reproductive

hormones (65, 66).

Ovary histology is usually used to assess its morphological

changes leading to cells and reproductive hormone impairment

(67). Analysis of the micrographs showed damages of

ovary of female rabbits solely exposed to heat stress.

These histopathologies were characterized by focal areas

of proliferation of fibroblast in the interstitial tissues evidenced

by the presence of large opened spaces. However, the

administration of Moringa oleifera aqueous seed extract

showed minimal alterations with atretic follicles.

Conclusion

The aqueous extract of the seeds of Moringa oleifera

minimizes the adverse effects of heat stress inducing

reproductive impairments in female rabbits mainly due to

a large variability of its bioactive compounds thus providing

this plant with a high antioxidant activity. From the foregoing,

Moringa oleifera aqueous seed extract could be used as a

mitigation measure for managing heat stress and associated

complications in rabbit farming with sole aim of improving on

reproductive performance and production.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by the Ethical

Committee of the Faculty of Veterinary Medicine, University of

Nairobi (REF: FVM BAUEC/2019/244).

Author contributions

AN, JK, and JM supervised and designed the project, cross

checked the draft of the manuscript, and finally approved

for submission. VM designed the project, conducted the

experiment, collected, analyzed data, and wrote the first draft

of the manuscript. RA and CB assisted in the conduction of

the experiment and collected data. VM and RA conducted

laboratory analysis of experiment. VM, AN, RA, VM, and CB

rechecked the draft of the manuscript. All authors contributed

to the article and approved the submitted version.

Funding

This work was funded by the Université Evangélique en

Afrique (UEA) through the University project on improvement

of research and teaching quality funded by Pain pour le Monde

(grant number: A- COD- 2018- 0383).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Nardone A, Ronchi B, Lacetera N, Ranieri MS, Bernabucci U. Effects of climate
changes on animal production and sustainability of livestock systems. Liv Sci.
(2010) 130:57–69. doi: 10.1016/j.livsci.2010.02.011

2. Kumar SBV, Kumar A, KatariaM. Effects of heat stress in tropical livestock and
different strategies for its amelioration. J stress Physiol and Biochem. (2011) 7:45–54.

3. Hansen PJ. Effects of heat stress on mammalian reproduction.
Philo Trans Royal Soc. (2009) 364:3341–50. doi: 10.1098/rstb.200
9.0131

4. Hansen PJ. Exploitation of genetic and physiological determinants
of embryonic resistance to elevated temperature to improve embryonic
survival in dairy cattle during heat stress. Theriogenology. (2007) 68:242–
9. doi: 10.1016/j.theriogenology.2007.04.008

5. De Rensis F, Scaramuzzi RJ. Heat stress and seasonal effects on
reproduction in the dairy cow—a review. Theriogenology. (2003) 60:1139–
51. doi: 10.1016/S0093-691X(03)00126-2

6. Marai IFM, Ayyat MS, Abd El-Monem UM. Growth performance and
reproductive traits at first parity of New ZealandWhite female rabbits as affected by
heat stress and its alleviation under Egyptian conditions. Trop Health Prod. (2001)
33:1–12. doi: 10.1023/A:1012772311177

7. Nourhan S, Hosny, Nesrein M, Hashem, Morsy AS, Abo-Elezz ZR. Effects
of organic selenium on the physiological response, blood metabolites, redox
status, semen quality, and fertility of rabbit bucks kept under natural heat stress
conditions. Front Vet Sci. (2020) 3:290. doi: 10.3389./fvets.2020.00290

8. Rafel O, Catanese B, Rodriguez P, Fuentes C, Llonch P, Mainau E, et al. Effect
of temperature on breeding rabbit behavior. World Rabbit Science Association
Proceedings 10th World Rabbit Congress. Sharm El- Sheikh – Egypt. September, 3,
6, 2012 (2012)1075-1079.

9. Sabah AH, Dalal AAB. Effect of the thermal changes on physiological,
biochemical and histological traits in pregnant and embryo of New Zealand white
rabbits. Int J Adv Biol Res. (2016) 6:313–27.

Frontiers in Veterinary Science 12 frontiersin.org

https://doi.org/10.3389/fvets.2022.883976
https://doi.org/10.1016/j.livsci.2010.02.011
https://doi.org/10.1098/rstb.2009.0131
https://doi.org/10.1016/j.theriogenology.2007.04.008
https://doi.org/10.1016/S0093-691X(03)00126-2
https://doi.org/10.1023/A:1012772311177
https://doi.org/10.3389./fvets.2020.00290
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Mutwedu et al. 10.3389/fvets.2022.883976

10. Marco-Jimenez F, Garcia-Diego FJ, Vicente JS. Effect of gestational and
lactational exposure to heat stress on performance in rabbits. World Rabbit Sci.
(2017) 25:17–25. doi: 10.4995/wrs.2017.5728

11. Schiere JB, Corstiaensen CJ. L’élevage familial de lapins dans les
zones tropicales. Série Agrodok N◦20. Digigraf, W.ageningen, Pays-Bas. (2008)
80. Available online at: http://publications.cta.int/media/publications/downloads/
1495_PDF.pdf

12. Mutwedu VB, Ayagirwe RBB, Metre KT, Mugumaarhahama Y, Sadiki JM,
Bisimwa EB, et al. Systèmes de production cunicole en milieu paysan au Sud-Kivu,
Est de la RD Congo LRRD. (2021) 27:14. Available online at: http://www.lrrd.org/
lrrd27/10/mutw27206.html

13. Mutwedu VB, Nyongesa AW, Azine PC, Daniel Chiregereza K, Ngoumtsop
VH, Mugumaarhahama Y, et al. Growth performance and reproductive function
impairment of glyphosate-based herbicide in male guinea pig (Cavia porcellus).
Vet Med Sci. (2021) 7:1–9. doi: 10.1002/vms3.443

14. Svoradova A, Balazi A, Chrenek P. Effect of selected natural and synthetic
substances on rabbit reproduction– A mini review. J An Physiol Nutr. (2021)
3:1–8. doi: 10.1111./jpn.13641

15. Chumark P, Khunawat P, Sanvarinda Y, Phornchirasilp S, Morales
PN, Phivthongngam L, et al. The in vitro and ex vivo antioxidant
properties, hypolipidaemic and antiatherosclerotic activities of the
water extract of Moringa oleifera Lam. Leaves. J Ethnopharm. (2008)
116:439–46. doi: 10.1016/j.jep.2007.12.010

16. Wadhwa SA. Review on commercial, traditional uses, phytoconstituents
and pharmacological activity of Moringa oleifera. Global J Trad Med Syst. (2013)
2:01–13.

17. El-Alfy TS, Ezzat SM, Hegazy AK, Amer AM, Kamel GM. Isolation
of biologically active constituents from Moringa peregrina (Forssk.) Fiori.
(family: Moringaceae) growing in Egypt. Pharmacognosy Magazine. (2011) 7:109–
15. doi: 10.4103/0973-1296.80667

18. Ifesan BOT, Fashakin JF, Ebosele F, Oyerinde AS.
Antioxidant and antimicrobial properties of selected plant leaves.
Euro J Med Plant. (2013) 3:465–473. doi: 10.9734/EJMP/201
3/3383

19. Ayirezang FA, Azumah BK, Achio, S. (2020). Effects of Moringa oleifera
Leaves and Seeds Extracts against Food Spoilage. Fungi Adv Microbiol. 10:27–38.
doi: 10.4236/aim.2020.101003

20. Sharma V, Paliwal R, Pracheta, S.harma S. Phytochemical analysis and
evaluation of antioxidant activities of hydro-ethanolic extract of Moringa oleifera.
Lam Pods J Pharm Res. (2011) 4:554–7.

21. Chisholm H. Encyclopedia Brittanica A Dictionary of Arts Sciences
Literature and General Information. New York: Sagwan, Press (2015) 22. ISBN-13,
9781340141998. Available online at: https://www.britannica.com

22. Odeyinka SM, Oyedele OJ, Adeleke TO, Odedire JA. Reproductive
performance of rabbits fed Moringa oleifera as a replacement for
Centrosema pubescens. 9th World Rabbit Congress–June, Verona. (2008)
10:411–416.

23. Oshibanjo OD, Goholshak PM, Akinfolarin O, Akwashik MA, Adediran O,
Adesope I, et al. Evaluation of reproductive performance of rabbits fed graded
levels of Moringa oleifera leaves and twigs meals. Int J of Res and Innov in Appl
Sci. (2018) 3:1–4.

24. Ajuogu PK, Mgbere OO, Bila DS, McFarlane JR. Hormonal changes,
semen quality and variance in reproductive activity outcomes of post pubertal
rabbits fed Moringa oleifera Lam. leaf powder. J Ethnopharm. (2019) 233:80–
6. doi: 10.1016/j.jep.2018.12.036

25. Okumu MO, Mbaria JM, Kanja LW, Gakuya DW, Kiama SG, Ochola
FO, et al. Phytochemical profile and antioxidant capacity of leaves of Moringa
oleifera (Lam) extracted using different solvent systems. J of Pharm and Phyt.
(2016) 5:302–8.

26. Harborne JB. Phytochemical Methods: A Guide to Modern Techniques of Plant
Analysis. 2nd Edition. Springer: Chapman and Hall Publishers (1998).

27. Harborne JB. Phytochemical Methods. Chapman and Hall, Ltd: London.
(1973). pp. 49-188.

28. Ejikeme CM, Ezeonu CS, Eboatu AN. Determination of physical and
phytochemical constituents of some tropical timbers indigenous to Niger Delta
Area of Nigeria. Eur Scient Journal. (2014) 10:247–70.

29. Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical constituents
of some Nigerian medicinal plants. Afr J Biotech. (2005) 4:685–
8. doi: 10.5897/AJB2005.000-3127

30. Amadi BA, Agomuo EN, Ibegbulem CO. Research Methods in Biochemistry.
Owerri: Supreme Publishers (2004), pp. 66–69.

31. Ferguson NMA. Text Book of Pharmacognosy. New Delhi: Mac Milan
Company (1956). p. 191.

32. Ganong WF. Physiologie Medicale. Paris: Masson (2001). p. 408–411.

33. Nutrient Requirements NRC of Rabbits. Washington DC: The National
Academy Press. (1977).

34. Mutwedu VB, Nyongesa AW, Oduma JA, Kitaa JM, Mbaria JM. Thermal
stress causes oxidative stress and physiological changes in female rabbits. J Therm
Biol. (2020) 95:102780. doi: 10.1016/j.jtherbio.2020.102780

35. Marai IFM, Habeeb AAM, Gad AE. Reproductive traits of female rabbits as
affected by heat stress and lighting regime under subtropical conditions of Egypt.
An Sci. (2004) 78:119–127. doi: 10.1017/S135772980005390X

36. Musa AS, Jibrin M, Hassan DI. Yakubu, A. Effects of oral administration of
Moringa oleifera seed on blood chemistry and reproductive performance of female
rabbits. Int J Agri Sci Vet Med. (2014) 2:4.

37. Attia YA, Bovera F, El-Tahawy WS, El-Hanoun AM, Al-Harthi MA, Habiba
HI. et al. Productive and reproductive performance of rabbits does as affected by
bee pollen and/or propolis, inulin and/or mannan-oligosaccharides.World Rabbit
Sci. (2015) 23:273–82. doi: 10.4995/wrs.2015.3644

38. Celia C, Cullere M, Gerencsér Z, Matics Z, Zotte AD, Giaccone V,
et al. Effect of Digestarom

R©
, dietary supplementation on the reproductive

performances of rabbit does: preliminary results. Italian J Sci. (2015)
14:4138. doi: 10.4081/ijas.2015.4138

39. Das R, Sailo L, Verma N, Bharti P, Saikia J. Imtiwati. Kumar R, Impact of heat
stress on health and performance of dairy animals: A review. Vet world. (2016)
9:260–8. doi: 10.14202/vetworld.2016.260-268

40. Kadzere CT,MurphyMR, Silanikove N,Maltz E. Heat stress in lactating dairy
cows: a review. Liv Prod Sci. (2002) 77:59–91. doi: 10.1016/S0301-6226(01)00330-X

41. Rhoads RP, Baumgard LH, Suagee JK, Sanders SR. Nutritional interventions
to alleviate the negative consequences of heat stress. Adv Nutr. (2013) 4:267–
76. doi: 10.3945/an.112.003376

42. Hooda OK, Singh S. Effect of thermal stress on feed intake, plasma enzymes
and blood bio-chemicals in buffalo heifers. Indian J Nutr. (2010) 27:122–7.

43. Soltan YA, Hashem NM, Morsy AS, El-Azrak KM, Nour El-Din A,
Sallam SM, et a. Comparative effects of Moringa oleifera root bark and
monensin supplementations on ruminal fermentation, nutrient digestibility, and
growth performance of growing lambs. An Feed Sci Technol. (2018) 235: 189–
201. doi: 10.1016/j.anifeedsci.2017.11.021

44. Weston LA, Mathesius U. Flavonoids: their structure biosynthesis and
role in the Rhizosphere including allelopathy. J Chem Ecol. (2013) 39:283–
297. doi: 10.1007/s10886-013-0248-5

45. Balabel TM. Effect of heat stress on New Zealand White rabbits behaviour
and performance.Minufiya Vet J. (2004) 3:125–34.

46. Grant CA, Fowler K, Chapman, T. No reduction of female sexual
receptivity following mating in a stalk-eyed fly, Cyrtodiopsis dalmanni (Diptera:
Diopsidae). J Evol Biol. (2002) 15:210–5. doi: 10.1046/j.1420-9101.2002.0
0395.x

47. Hingle A, Fowler K, Pomiankowski A. Size-dependent mate preference
in the stalk-eyed fly, Cyrtodiopsis dalmanni. An Behav. (2001) 61:589–
95. doi: 10.1006/anbe.2000.1613

48. Marai IFM, Haeeb AAM, Gad AE. Biological functions in young pregnant
rabbit does as affected by heat stress and lighting regime under subtropical
conditions of Egypt. Trop Subtrop Groecosystems. (2007) 7:165–76.

49. Singh M, Chaudhari BK, Singh JK, Singh AK, Maurya PK. Effects of thermal
load on buffalo reproductive performance during summer season. J Biol Sci.
(2013) 1:1–8.

50. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. The
effects of oxidative stress on female reproduction: A review. Rep Biol Endocr. (2012)
10:1–31. doi: 10.1186/1477-7827-10-49

51. Younan GE, El-Nagar HA, Wafa WM, El-Ratel IT, Abdel-Khalek AE. Litter
size, ovarian characteristics, and oocyte in vitro maturation and fertilization of
rabbit administrated with coenzyme Q10 and L-carnitine. Egyptian J Nutr Feeds.
(2015) 18:227–36. doi: 10.21608/ejnf.2015.104478

52. El-Desoky NI, Hashem NM, Gonzalez-Bulnes A, Elkomy AG, Abo-Elezz
ZR. (2021). Effects of a nanoencapsulated moringa leaf ethanolic extract on the
physiology, metabolism, and reproductive performance of rabbit does during
summer. Antioxidants. (2021) 10:1326. doi: 10.3390/antiox10081326

53. Abou-Zeid AE, Isshak A, Badawy N, Abou-Ouf N. The potential effect of
vitamin C supplementation in quail. Egypt J Poultry Sci. (2000) 20:817–838.

54. Yassein SA, Mahmoud KGh, Maghraby N, Ezzo OH. Hot climate effects
and their amelioration on some Productive and reproductive traits in rabbit does.
World Rabbit Sci. (2008) 16:173–81. doi: 10.4995/wrs.2008.626

55. Tao S, Dahl GE. Heat stress effects during late gestation on dry
cows and their calves. J of Dairy Sci. (2013) 96:4079–93. doi: 10.3168/jds.20
12-6278

Frontiers in Veterinary Science 13 frontiersin.org

https://doi.org/10.3389/fvets.2022.883976
https://doi.org/10.4995/wrs.2017.5728
http://publications.cta.int/media/publications/downloads/1495_PDF.pdf
http://publications.cta.int/media/publications/downloads/1495_PDF.pdf
http://www.lrrd.org/lrrd27/10/mutw27206.html
http://www.lrrd.org/lrrd27/10/mutw27206.html
https://doi.org/10.1002/vms3.443
https://doi.org/10.1111./jpn.13641
https://doi.org/10.1016/j.jep.2007.12.010
https://doi.org/10.4103/0973-1296.80667
https://doi.org/10.9734/EJMP/2013/3383
https://doi.org/10.4236/aim.2020.101003
https://www.britannica.com
https://doi.org/10.1016/j.jep.2018.12.036
https://doi.org/10.5897/AJB2005.000-3127
https://doi.org/10.1016/j.jtherbio.2020.102780
https://doi.org/10.1017/S135772980005390X
https://doi.org/10.4995/wrs.2015.3644
https://doi.org/10.4081/ijas.2015.4138
https://doi.org/10.14202/vetworld.2016.260-268
https://doi.org/10.1016/S0301-6226(01)00330-X
https://doi.org/10.3945/an.112.003376
https://doi.org/10.1016/j.anifeedsci.2017.11.021
https://doi.org/10.1007/s10886-013-0248-5
https://doi.org/10.1046/j.1420-9101.2002.00395.x
https://doi.org/10.1006/anbe.2000.1613
https://doi.org/10.1186/1477-7827-10-49
https://doi.org/10.21608/ejnf.2015.104478
https://doi.org/10.3390/antiox10081326
https://doi.org/10.4995/wrs.2008.626
https://doi.org/10.3168/jds.2012-6278
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Mutwedu et al. 10.3389/fvets.2022.883976

56. Hashem NM, Soltan YA, El-Desoky NI, Morsy AS, Sallam SMA. Effects of
Moringa oleifera extracts and monensin on performance of growing rabbits. Liv
Sci. (2019). 228:136–43. doi: 10.1016/j.livsci.2019.08.012

57. Debier C, Pottier J, Goffe C, Larondelle Y. Present knowledge and unexpected
behaviours of vitamins A and E in colostrum and milk. Seventh international
workshop in the biology of lactation in Farm. Ani Liv Prod Sci. (2005) 98:135–
47. doi: 10.1016/j.livprodsci.2005.10.008

58. Upadhyay RC, Ashutosh Singh SV. Impact of climate change on reproductive
functions of cattle and buffalo. In: Aggarwal PK.Global Climate Change and Indian
Agriculture. New Delhi. ICAR (2009) 107–10.

59. Ozawa M, Tabayashi D, Latief TA, Shimizu T, Oshima I, Kanai Y, et al.
Alterations in follicular dynamics and steroidogenic abilities induced by heat
stress during follicular recruitment in goats. Reproduction. (2005) 129:621–
30. doi: 10.1530/rep.1.00456

60. Wolfenson D, Roth Z, Meidan R. Impaired reproduction in heat
stressed cattle: basic and applied aspects. An Reprod Sci. (2000) 60:535–
47. doi: 10.1016/S0378-4320(00)00102-0

61. Khodaei-Motlagh MM, Zare, Shahneh A, Masoumi R, Fabio D. Alterations
in reproductive hormones during heat stress in dairy cattle. Af J Biotech.
(2011) 10:5552–8.

62. Marai IFM, El Darawany AA, Fadiel A, Abdel HM. Physiological traits
as affected by heat stress in sheep a review. Small Ruminant Res. (2007) 71:1–
12. doi: 10.1016/j.smallrumres.2006.10.003

63. Setiasih, Abdurrahman AM, Soetanto H. Potensi Senyawa Bioaktif Daun
Kelor (Moringa oleifera, Lam) untuk Peningkatan Kinerja Reproduksi Ternak.
KelinciWARTAZOA. (2021) 31:67–74. doi: 10.14334/wartazoa.v31i2.2566

64. Grzanna R, Lindmark L, Frondoza CG. Ginger an herbal medicinal
product with broad anti-inflammatory actions. J Med Food. (2005) 8:125–
32. doi: 10.1089/jmf.2005.8.125

65. Estrada JE, Bermejo PB, Villar DFAM. Antioxidant activity of different
fractions of Spirulina platensis protean extract. Phytochemistry. (2001) 61:12–6.
doi: 10.1016/S0014-827X(01)01084-9

66. Khan Z, Bhadouria P, Bisen PS. Nutritional and therapeutic potential
of Spirulina. Cur Pharm Biotech. (2005) 6:373–9. doi: 10.2174/13892010577
4370607

67. Sorelle DN, Ferdinand N, Pascal MT, Omer NK, Laura MN, Bertin V, et al.
Oxidative Stress and Reproductive Damage Induced by Lead Acetate in Female
Guinea Pig (Cavia porcellus): curative effects of hydroethanolic extract of spirulina
platensis. Amer J of An and Vet. (2019) 77:69–77. doi: 10.3844/ajavsp.2019.
69.77

Frontiers in Veterinary Science 14 frontiersin.org

https://doi.org/10.3389/fvets.2022.883976
https://doi.org/10.1016/j.livsci.2019.08.012
https://doi.org/10.1016/j.livprodsci.2005.10.008
https://doi.org/10.1530/rep.1.00456
https://doi.org/10.1016/S0378-4320(00)00102-0
https://doi.org/10.1016/j.smallrumres.2006.10.003
https://doi.org/10.14334/wartazoa.v31i2.2566
https://doi.org/10.1089/jmf.2005.8.125
https://doi.org/10.1016/S0014-827X(01)01084-9
https://doi.org/10.2174/138920105774370607
https://doi.org/10.3844/ajavsp.2019.69.77
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Effects of Moringa oleifera aqueous seed extracts on reproductive traits of heat-stressed New Zealand white female rabbits
	Introduction
	Materials and methods
	Experimental location
	Plant extract
	Experimental animals and their feeding
	Experimental design
	Reproductive performances
	Sacrifice of rabbits, blood collection, and processing
	Hormone evaluation
	Ovary histology
	Statistical analysis

	Results
	Growth performances in pregnant and lactating female rabbits
	Reproductive performances in female rabbits
	Litter size at different ages of litter from birth to weaning
	Litter weight, kit body weight, and kit body weight gain from birth to weaning
	Milk yield, milk intake, and milk efficiency
	Reproductive hormones profile
	Ovarian histology

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


