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Abstract Exposure to extreme temperature during pregnancy was associated with abnormal
birth outcomes including preterm birth, low birth weight, and placental abortion. Bee bread is a
natural product created by bees that is highly nutritional and was recommended for human
consumption as a source of high energy and protein. Hence, this study aims to determine the
effect of bee bread on pregnancy outcomes and the reproductive organs (i.e. ovary and uterus) of
the Sprague Dawley rats exposed to heat stress. Pregnant Sprague Dawley rats were divided into
four treatment groups (Control (C: standard feeding); Treatment 1 (T1: Bee bread); Treatment 2
(T2: Heat stress) and Treatment 3 (T3: Bee bread + Heat stress)). Rats from T1 and T3 groups
received bee bread (0.5 g/kg body weight/day) orally using oral gavage starting from day-0 of
pregnancy until delivery, while rats from T2 and T3 groups were exposed to 43°C of heat by using
an egg incubator for 45 min/day until delivery. After delivery, pregnancy outcomes were assessed
and the dams were euthanised. Reproductive organs were dissected and weighed. Rats in the T2
group had significantly (p<0.05) decreased litter size and foetal birth weight as well as an
increased percentage of resorption and increased gestation period when compared with C and T1
groups. T3 group had shown improvement as positive effects of bee bread during heat stress
exposure on litter size, foetal birth weight and percentage of resorption. It can be concluded that
bee bread supplementation has beneficial effects on the adverse effects of pregnancy in rats
subject to heat stress.
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Introduction

Most mammals maintained a body temperature above environment temperature through the generation
of metabolic heat. However, when the body temperature rises above normal, the effect of heat stress
starts to appear. When both temperature and humidity increase, the higher the risk of heat stress occurs
[1]. Heat stress is a natural hazard that has a detrimental effect on human health, resulting in an
increased incidence of mortality (death), morbidity (illness) [2,3,4,5,6], high risk of respiratory disease
[7], and cardiovascular disease [8,9,10].

Heat stress has been shown to harm reproductive performance, including oogenesis, oocyte maturation,
fertilisation development, and implantation rate [11]. Studies on mice [12] and cows [13] show that
exposing pregnant females to heat stress after fertilisation caused a reduction in the embryo’s quality
and quantity by decreasing the pregnancy rate and causing embryonic death [13,14]. This might be due
to the inhibition of luteal function by heat stress that causes a reduction in progesterone levels, which
function in follicular development as well as the initiation and maintenance of pregnancy [15].
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Furthermore, maternal heat stress promotes prostaglandin F2a (PGF2a) [16] that have been negatively
associated with embryo quality and pregnancy rates [17]. In addition, exposure to extreme ambient
temperature (40°C) during pregnancy has an adverse impact on birth outcomes, including stillbirth,
preterm birth, spontaneous abortion, growth retardation, developmental defects, and low birth weight
[18,19,20,21,22,23,24]. The molecular mechanisms of heat stress causing these results are yet to be
clarified.

However, it is reported that exposure to extreme temperatures (i.e. 231.2°C to 34.1°C) during pregnancy
was likely to induce high maternal stress [25]. In most studies, exposure to stressors activated the
hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system (SNS) which lead to the
release of corticotropin-releasing hormone (CRH), adrenocorticotropin-releasing hormone (ACTH),
cortisol, and noradrenaline into the bloodstream [26]. Increasing maternal stress was also identified as
a risk factor for the abnormal development of the foetus that resulted in preterm birth and low birth weight
[27,28].

Heat stress is likely to induce oxidative stress in animals [29]. It is reported that the concentration of
oxidative stress marker, malondialdehyde (MDA) increases while the concentration of fat-soluble
vitamins was decreased due to heat stress [20]. Heat stress raises energy metabolism and oxygen
demand of tissues in the body, causing the increase of mitochondrial activity up to a thermal limit and
also increasing the rate of reactive oxygen species (ROS) production [31]. The imbalance between the
production of free radicals and the enzymatic defence mechanisms reduction triggered oxidative stress
[32] that had affected several birth outcomes like miscarriage and premature rupture of the membranes
[33,34].

Honeybees products are known for their medicinal and health-promoting properties. Their broad
biological effects have been known and are capable of counteracting the effects of oxidative stress. Bee
bread is one of the products from bees that consist of pollen, honey and secretions of the bee’s salivary
gland [35,36]. Compared to pollen, bee bread contains a higher nutritional value, better digestibility, and
richer chemical composition [37], including proteins, lipids, microelements, and vitamins [38]. It is also
known to be abundant in antioxidants, both enzymatic and non-enzymatic, such as glucose oxidase,
catalase, ascorbic acid, flavonoids, and phenolic compound [39,40,41,42]. Studies demonstrated that
bee bread has an effect on the development of the digestive tract and improves the immune system and
facilitates medicinal therapy. Bee bread proved to have some beneficial effects such as antimicrobial,
anti-atherosclerotic activity, anti-ageing and anti-anaemic activity including effective antioxidant that has
acted against active oxidative stress [43]. Hens fed with a 0.5 g bee bread/kg diet were found to produce
significantly increased egg number and laying rate compared to the control group [44]. Furthermore,
supplementation of 1 g/kg body weight of bee bread has significantly reduced the percentage of
abnormal sperm in adult rats [45]. In addition, bee bread also contains a local analgesic that can relieve
pain due to stress or injury [46].

To date, a minimal study was done to determine the beneficial effect of bee bread supplementation in
preventing or relieving the adverse effect of heat stress on pregnancy outcomes and reproductive
performance. This study aimed to determine the effect of bee bread on pregnancy outcomes such as
gestation length, litter size, birth weight, congenital abnormality, and percentage of resorption and the
weight of the reproductive organs, including the ovary and uterus in rats exposed to heat stress.

Materials and Methods

Experimental animals

Twenty-four (n=24) of eight-week-old sexually matured female Sprague Dawley rats were used as the
animal model in this study. All animals were housed individually in a cage supplied with clean and
absorbent bedding and commercial pellet food and water ad libitum and maintained for a 12-hour
light/dark cycle at a temperature of 20-24°C. This study protocol was approved by the UniSZA Animal
and Plant Research Ethics Committee (UAPREC/04/043). All dams were exposed to 43°C of heat for 45
min/day until delivery except for T2 and T3 groups.

Determination of oestrous phases and mating

Vagina smears of the virgin rats were obtained daily for ten consecutive days to determine the oestrous
cycle regularity. The rats were restrained by proper handling methods to minimise stress and to prevent
injury to the handler. The vagina fluid was collected by flushing the vagina with 0.9% normal saline using
a blunt-ended pipette. The tip of the pipette is softly placed into the vaginal entrance to a depth of 2-5
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mm, and the fluid is flushed into the vagina and back into the pipette two or three times by gently
squeezing and releasing the pipette's bulb. If the fluid seems to be "cloudy" after the initial flush, no
further flushing is required [47].

After that, a little portion of the cell suspension is ejected onto a glass slide that has been labelled before
being examined under a light microscope with 100x and 400x magnifications. The proestrus or oestrus
phase of the cycle was determined once the regularity of the cycle is obtained. The proestrus is
characterised by epithelial cells that are rounded and usually nucleated, and occur in low to moderate
(sometimes high) numbers. While oestrus phase consists mainly of cornified and non-nucleated cells in
large numbers that form clumps and sheets [47].

Then, each female rat was mated with a proven fertile male (male that has reached matured sexual age
and has successfully mated before) rats overnight to induce pregnancy. Each smear from the females
was rechecked the following morning to determine the existence of sperm and a positive sperm smear
was marked as day-0 of pregnancy [48].

Treatment groups

Pregnant rats were randomised into four groups (n=6 per group) which were Control (C: standard
feeding), Treatment 1 (T1: 0.5 g bee bread/kg body weight/day), Treatment 2 (T2: standard feeding with
heat exposure) and Treatment 3 (T3: 0.5 g bee bread/kg body weight/day with heat exposure). Bee
bread (0.5 g/kg body weight/day) was given by force-feeding using oral gavage to the corresponding
pregnant rats starting from day 0 of pregnancy until delivery [48].

The bee bread samples used in this study was the same as one of the bee bread samples that were
subjected to a nutritional analysis done by Othman [49]. The bee bread was purchased from a local bee
farm located in Kelantan. The bee bread was diluted with 1.0 ml distilled water for easier administration
of the bee bread by oral gavage. The doses of bee bread were based on human consumption which was
one tablespoon daily or approximately 30 g/ 60 kg of body weight [43]. Rats in C and T2 groups were
given 1.0 ml of distilled water daily to experience the same force-feeding procedure as T1 and T3 groups
to avoid other stress interference. Heat stress was experimentally induced by placing both rats from T2
and T3 groups in an egg incubator (M&M Ternak) for 45 minutes at a temperature of 43°C daily until
delivered. This temperature and duration were modified from a previous study by Mohd Nor and Haron
[50].

Assessment of reproductive and pregnancy outcomes

Once delivered, each dam was sacrificed by cervical dislocation. Reproductive organs (uterus and
ovaries) were collected and weighed. Implantation sites of the uterus were counted to determine the
percentage of resorption

The pregnancy outcomes such as day of delivery, litter size, birth weight, gross congenital abnormalities
and percentage of resorption were assessed. The ratio of the difference between the litter size and the
implantation sites were calculated to determine resorption. All pups were euthanised after being
evaluated.

Statistical analysis

Statistical analysis was done using Minitab software. All the data collected with normal distribution were
analysed using one way ANOVA followed by Tukey’s post hoc test and the results were expressed as
mean +SEM. Statistical significance was accepted at p<0.05.

Results and Discussion

Reproductive organs weight
The findings on ovary and uterus weights of 24 female Sprague Dawley rats are presented in Figure 1
and Figure 2.
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Figure 1. The ovary weight (mean + SEM) of female Sprague Dawley rats in different treatment groups
which are Control (C: standard feeding treatment), Treatment 1 (T1: Bee bread), Treatment 2 (T2: Heat
stress) and Treatment 3 (T3: Bee bread + Heat stress). The diamond shape with different colours
indicates the data distribution of each group.
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Figure 2. The uterus weight (mean + SEM) of female Sprague Dawley rats in different treatment groups
which are Control (C: standard feeding treatment), Treatment 1 (T1: Bee bread), Treatment 2 (T2: Heat
stress) and Treatment 3 (T3: Bee bread + Heat stress). The diamond shape with different colours
indicates the data distribution of each group.

There were no differences observed in different treatment groups on ovary and uterus weights of the
female Sprague Dawley rats. Fotsing [51] reported that exposure to chronic restraint stress had shown
a decline in ovarian weight and uterus weight. Another study using different types of stress, such as
chronic cold restraint and immobilisation stress also resulted in a significant decrease in the ovary and
uterus weight [52]. However, a study by Namwanje and Brown [53] has indicated that the reduction in
uterus weight was caused by the unavailability of hormones required for the uterus development, which
are oestrogen and progesterone. According to Shivalingappa [54], an absence of gonadotrophic or
steroidal hormones or both resulted in decreased stroma, follicles and corpus luteum activities thus,
reducing the weight of the ovary. In adult goats, 48 hours of heat stress exposure caused the
recruitment of ovulatory follicles delayed by about 24 hours and LH receptor levels were reduced [55].
Meanwhile, in the heat-tolerant bovine breed Gir [56], controlled heat stress day/night for 28 days had
a negative impact on ovarian follicular development, hormone levels and oocyte competence [57].
Based on these contrast findings, it is plausible that the effect of stress may vary depending on the
stressor’s type, timing and duration. Thus, the 45 minutes exposure to 43°C temperature daily to the
pregnant rats from day-1 of pregnancy until delivery of the pups is not likely to alter the ovary and
uterus weights.

Pregnancy outcomes

The findings for all experimental groups on pregnancy outcomes are presented in Figure 3, Figure 4,
Figure 5 and Figure 6. The length of gestation in the T2 group was significantly (P<0.05) higher than
in the control group but not significantly (P>0.05) different from the T1 and T3 groups (Figure 3).
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Figure 3. The gestation period (mean + SEM) of female Sprague Dawley rats in different treatment
groups which are Control (C: standard feeding treatment), Treatment 1 (T1: Bee bread), Treatment 2
(T2: Heat stress) and Treatment 3 (T3: Bee bread + Heat stress).

There was a significantly smaller litter size and a higher percentage of resorption in the T2 group
compared with the control, T1 group and T3 groups (Figure 4). Although there are no significant
differences observed in litter size among C, T1, and T3 groups; T3 which is under heat exposure had
shown the recovery from stress after bee bread treatment by litter size similar to C and T1’s litter size.
Meanwhile, the T3 with bee bread treatment also decreased the percentage of resorption compared to
T2 (Figure 5). This observation may indicate bee bread efficacy as a booster in improving pregnancy
outcomes under heat stress by delivering similar litter size and decreasing the percentage of resorption
as in normal control females.
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Significant differences were determined by one way ANOVA followed by Tukey’s post hoc test with p < 0.05. Different
superscript (a, b) indicates a significant difference.

Figure 4. The litter size (mean + SEM) of female Sprague Dawley rats in different treatment groups
which are Control (C: standard feeding treatment), Treatment 1 (T1: Bee bread), Treatment 2 (T2: Heat
stress) and Treatment 3 (T3: Bee bread + Heat stress).
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Significant differences were determined by one way ANOVA followed by Tukey’s post hoc test with p < 0.05. Different superscript
(a, b) indicates a significant difference.

Figure 5. The resorption (mean + SEM) of female Sprague Dawley rats in different treatment groups
which are Control (C: standard feeding treatment), Treatment 1 (T1: Bee bread), Treatment 2 (T2: Heat
stress) and Treatment 3 (T3: Bee bread + Heat stress).
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Significant differences were determined by one way ANOVA followed by Tukey’s post hoc test with p < 0.05. Different superscript
(a, b) indicates a significant difference.

Figure 6. The foetal birth weight (mean + SEM) of female Sprague Dawley rats in different treatment
groups which are Control (C: standard feeding treatment), Treatment 1 (T1: Bee bread), Treatment 2
(T2: Heat stress) and Treatment 3 (T3: Bee bread + Heat stress).
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Foetal birth weight was significantly reduced in the T2 group compared with the T1 group (Figure 6).
There is no significant difference in foetal birth weight among T1, and T3; but the T3 which was given
bee bread treatment had shown the potential of improving the foetal birth weight even under heat stress
conditions. Among all experimental groups, no gross congenital abnormalities were observed.

In most studies, heat stress has negatively affected pregnancy outcomes, including spontaneous
abortion, low birth weight, growth retardation, and stillbirth [18,19,20,21,22,22,24]. The adverse effect of
heat stress on pregnancy outcomes was also observed in the present study. Rats in the T2 group had a
significantly higher gestation period than in the control group. Although the gestation length in the T2
group was significantly longer when compared with the control, the length was still considered as an
average gestation length in Sprague Dawley rats. However, a previous study also reported a significantly
longer gestation period in the stress group compared with the control group [48]. According to the study
[48], the longer gestation period observed in stressed rats might be due to an increase of corticosterone
levels found in rats from the stress group of the same study. This finding might suggest that a higher
corticosterone level could trigger a prolonged gestation period which requires further investigation.

Results from this study show that exposures to heat stress at pregnancy decreased the litter size
significantly compared with control, T1 and T3 groups. This result adheres to an earlier study
demonstrating a significant reduction of litter size due to daily exposure towards repeated restraint [48].
A study done by Gotz [58] has also resulted in reduced litter sizes when exposed to a chronic
psychosocial stressor during pregnancy. It is reported that disturbance in the intrauterine environment
for both embryos and uterine tissue caused by exposure to maternal stress after fertilisation resulted a
decrease in pregnancy and embryonic death before implantation [13,14]. In addition, Mulder [26] found
that foetal growth was restricted due to an increase in corticosterone level that activates the sympathetic
nervous system, which caused the flow of blood to the uterus and reduces the number of the foetus
which resulting in lower litter size.

Similarly, Brummelte and Galea [59] demonstrated that a high corticosterone level (40 mg/kg) during
pregnancy reduces litter size in rats. The lower litter size in the T2 group in the present study might be
due to an increase in corticosterone level that requires further investigation. Interestingly, the litter size
had significantly increased in the T3 group compared to the T2 group suggesting that bee bread
supplementation can improve litter size. A previous study has reported that consuming honey, part of
bee bread, improved corticosterone level, resulting in enhanced litter size in maternal stress rats [48]
which suggest that bee bread supplementation may improve litter size by decreasing the corticosterone
level. Dietary arginine supplementation has been found in a recent research study to increase litter size
in pigs [60] and rats [61]. Administration of L-arginine (16 g/day for 8 days) was reported to increase
uterine blood flow, endometrial receptivity and pregnancy rate [62] that leading to improved survival and
development of mammal’s embryos and fetuses [63]. Remarkably, according to a nutritional analysis
done by Othman [49], bee bread contain both essential and non-essential amino acid including arginine.
Hence, the improved litter size seen in the T3 group could also be partly due to the interaction of these
compounds to support foetal growth development which should be addressed in the future study.

A significantly higher percentage of resorption was observed in the T2 group when compared with the
control, T1 and T3 groups. The previous research noted that the growth of pre-implantation embryos
decreased when exposed to heat stress (39°C- 41°C) at the time of fertilisation [64]. This finding might
explain the higher percentage of resorption in the T2 group in this study since the developing embryos
were said to be the most sensitive within a limited period in between the fertilisation and implantation as
it is the state where they undergo dynamic growth, proliferation and differentiation of cells, and many
changes in gene expression [11]. Furthermore, Wolfenson [15] reported that exposure to high
temperature could also inhibit the luteal function, which caused a decrease in the levels of progesterone
secretion which may have resulted in spontaneous abortion or embryo death [65]. Based on these
findings, exposure to heat stress at the early gestation seems to disturb the embryo development,
resulting in embryo death, hence, might explain the higher percentage of resorption in the present study.
The higher percentage of resorption might explain the reduced litter size found in the T2 group as the
number of implantations that was observed on the uterus is higher when compared with the number of
delivered pups. This might suggest that some embryo resorption might occur during implantation or early
post-implantation stages and reduce the number of pups delivered as seen in the T2 group.

On the contrary, supplementation of bee bread during heat stress significantly reduced the percentage
of resorption compared with the heat stress group suggesting that bee bread poses the ability to reduce
the effect of heat stress. According to Arechiga [66], an increase in antioxidants such as glutathione
during embryonic development could counteract the effect of heat stress. Glutathione is one of the
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antioxidants contained in bee bread [49]. It is very crucial for the foetus and placenta development [67].
It regulates cell differentiation, proliferation and apoptosis, all of which are crucial activities in the
developing embryo [68]. Similarly, Sakatani [69] also reported that in vitro antioxidants administration
could protect the embryo from the adverse effect of heat shock. Bee bread is also rich in antioxidants
like vitamin E, vitamin P (rutin) and provitamin A (carotene) [70]; these antioxidants may function as a
precursor in decreasing the effect of heat stress on the percentage of resorption as demonstrated by T3
in Figure 5. These data, taken together, may point to a probable explanation of bee bread's antioxidant
activity, which will require more investigation to understand the actual molecular mechanism of action.

In comparison, heat stress also significantly reduced the foetal birth weight when compared with the T1
and T3 group. The results are similar to previous studies that reported a significant decrease in offspring
birth weight delivered from stressed dams [71]. The same findings were also observed in the offspring
of stressed mice [72] and snowshoe hares [73]. According to Cheong [74], corticosterone concentrations
could also function as a precursor to reducing birth weight in both male and female offspring. Exposure
to prenatal stress reduced placenta enzyme, 11B-hydroxysteroid dehydrogenase type 2 (11p-HSD2),
resulting in lower birth weight as deficient in placenta 118-HSD2 permits transfusion of more
corticosterone from mother to the foetal [75]. Therefore, a reduction in birth weight reported from the T2
group in this study may be associated with a rise in corticosterone level, as mentioned in previous studies
which also required further investigation.

However, the T3 group which was given bee bread treatment had shown the possibility of improving the
foetal birth weight even under heat stress conditions. This finding suggests that supplementation of bee
bread to rats subjected to heat stress during pregnancy could partly minimize the adverse effect of heat
stress. Moreover, bee bread is also rich in both essential and non-essential amino acids [49] According
to Hussain [76], essential amino acids play a critical role in foetal development and other vital processes
throughout pregnancy, ensuring a healthy pregnancy. It is reported that L-glutamine supplementation in
the diet improves nutrition conversion and litter birth weight [76]. Another study conducted by Gonzalez-
Anover [77], shown that supplementation of L-proline was able to enhance reproductive efficiency thus,
increasing birth weight.

Conclusions

The present results revealed that heat stress affects pregnancy outcomes through the reduction litter
size and foetal birth weight, and increment of the percentage of resorption and gestation period in
Sprague Dawley rats. Whilst, the supplementation of bee bread on pregnant rats exposed to heat stress
has shown a positive impact on the pregnancy outcomes; increased litter size, reduced percentage of
resorption and increased foetal birth weight. As a natural bee product contains super anti-oxidative
potential and nutrients, bee bread may function as a precursor for protection against the adverse effect
of heat stress during pregnancy. However, further research especially on the beneficial effect of bee
bread, needs to be done for a better understanding of its actual mechanism of action against the effect
of heat stress during pregnancy.
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