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Abstract

Background: To investigate the protective effects of Tualang honey against the toxicity effects induced by
cadmium (Cd) on the ovary.

Methods: A total of 32 female Sprague Dawley rats were taken and randomly divided into four groups (n = 8).
Throughout the experimental period of 6 weeks, negative control-NC (vehicle deionized water), positive control-CD
(Cd at 5 mg/kg), Tualang honey followed by Cd exposure-TH (Tualang honey at 200 mg/kg and Cd at 5 mg/kg) and
Tualang honey control-THC (Tualang honey at 200 mg/kg) groups, were administered orally on a daily basis.

Results: Rats exposed to Cd were significantly higher in ovarian weight, number of antral and atretic follicles as
compared to the NC group. The disruptive effects of Cd on ovarian follicles were associated with a disruption in
gonadotropin hormones and decreases in follicular stimulating hormone (FSH) and luteinizing hormone (LH).
Moreover, a significant formation of oxidative stress in ovarian Cd-exposed rats has been proven by increasing the
level of lipid peroxidation products (malondialdehyde) and decreasing the levels of enzymatic antioxidant (catalase).
Interestingly, a daily supplementation of high antioxidant agents such as Tualang honey in these animals, caused
significant improvements in the histological changes. Additionally, less atretic follicles were observed, restoring the
normal level of LH and FSH (P < 0.001), and normalizing the ovarian malondialdehyde (P < 0.05) and catalase levels
in comparison with CD group (P < 0.05).

Conclusions: Tualang honey has protective effects against Cd-induced ovarian toxicity by reducing morphological
abnormalities, restoring the normal levels of gonadotropin hormones and stabilizing equilibrium levels of lipid
peroxidation and antioxidant enzyme in ovaries of rats.
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Background
Cadmium (Cd) is recognized as one of the endocrine
disrupting chemicals (EDCs) which could have adverse
effects on reproductive health by interfering with hor-
monal functions [1–3]. The main route of Cd exposure
occurs primarily through dietary sources (seafood,
grains, vegetables), smoking cigarettes, and drinking
water [4]. It has a long biological half-life of 20 to 30
years [5], low excretion rate from the body, and can ac-
cumulate in blood, kidneys, liver [6] and in the repro-
ductive organs [7–9].
The exposure of Cd has been well documented to in-

duce oxidative stress (OS) by producing excessive react-
ive oxygen species (ROS) in the body [10–12]. This can
cause damage to cell structures, including lipids, mem-
branes, proteins and nucleic acids. Toxic effects of Cd
are associated with increased levels of lipid peroxidation,
resulting in the alterations of antioxidant defense sys-
tems including enzymes such as catalase (CAT), and
non-enzymatic molecules, whose function is to act
against the toxic effects of the free radicals [13, 14]. Pre-
vious studies revealed that Cd could induce significant
changes in ovarian and uterus morphology [15–17]. The
toxic effects of Cd may disrupt the process of steroido-
genesis, leading to ovarian function-failure, and promot-
ing hemorrhage and necrosis of the ovary [18, 19]. This
becomes a matter of great concern, especially with all
the consequences of Cd toxicity that can lead to infertil-
ity, particularly among women. Therefore, an extensive
study on the possible therapeutic approaches to prevent
toxic effects of Cd on the reproductive system is
necessary.
According to traditional belief, high antioxidant nat-

ural products such as Tualang honey and Ficus deltoidea
can help in maintaining the reproductive health. Study
by Zaid et al. (2018) showed that Ficus deltoidea has the
ability to protect female reproductive system from tox-
icity effects of EDC, namely Bisphenol-A (BPA) [20].
The study found that antioxidant activity of Ficus deltoi-
dea has the capability to improve the percentage of nor-
mal estrous cycle, normalize the gonadotropins and sex
steroid hormone levels, and reduce the formation of
atretic follicles in the ovary of rats [21]. Thus, based on
this scientific evidence, selection of Tualang honey in
protecting female reproductive system from toxicity ef-
fects of Cd is unquestionable. Tualang honey is pro-
duced by Apis dorsata bees, reported to have high
antioxidant properties [22, 23], and known to contain
high amounts of phenolic acids and flavonoids, which
have strong free radical-scavenging activities [23, 24]. A
study by Khalil et al. had found that there are six phen-
olic acids and five flavonoid compounds in Tualang
honey [22]. The findings were in agreement with a clin-
ical study on the reduction of oxidative stress levels in

the reproductive system of postmenopausal women [25].
In vivo study has found that Tualang honey is capable in
preventing uterine and vaginal atrophy in postmeno-
pausal animal models [26], besides exhibiting improve-
ments in normal estrous cycles while reducing the
formation of atretic follicles [27]. It has also been re-
ported to prevent osteoporosis [28] and reduce the toxic
effects of BPA on the morphology, lipid peroxidation,
protein and molecular changes of the uterus [29]. In an-
other study, Tualang honey had protective effects against
oxidative stress induced by streptozotocin in diabetic
rats [30]. Antioxidant properties of honey could be the
reason for these positive results. A further evaluation on
the possible beneficial effects of honey demands studies
to be done.
Thus, the aim of the present study is to investigate the

toxic effects of Cd on ovarian follicular development,
hormonal profile of luteinizing hormone (LH), follicular
stimulating hormone (FSH), estrogen (E2), progesterone
(P4), lipid peroxidation and antioxidant enzyme activ-
ities. Consequently, the protective effects of Tualang
honey in these selected parameters is also investigated.
In this study we used rats as a model as it has been
widely used in investigation of implication of EDC on re-
productive health. Moreover, the processes underlying
the development and physiology of rat and human
models are considered the same [31].

Methods
Tualang honey and cadmium
The Tualang honey used in this study was supplied by
Federal Agricultural Marketing Authority (FAMA),
Ministry of Agriculture and Agro-Based Industry,
Malaysia. Tualang honey was selected in this study be-
cause it has the highest antioxidant activity compared to
the other local Malaysian honey, such as pineapple
honey, gelam honey and Indian forest honey [24]. While
the cadmium chloride used was obtained from Sigma
Aldrich, USA.

Animals
Thirty-two female Sprague Dawley rats aged 30 days
(135–145 g) were used in this study. The animals were
obtained from the Animal Resources Unit, Faculty of
Veterinary Medicine, Universiti Putra Malaysia. All ex-
perimental procedures were conducted in accordance
with the protocols set by National Institute of Health
(Guide for the Care and Use of Laboratory Animals)
which were approved by the Animal Ethics Committee,
Universiti Putra Malaysia (UPM/IACUC/AUP-R059/
2017). The administration of the rats for 6 weeks was
conducted at Comparative Medicine and Technology
Unit (COMeT), Universiti Putra Malaysia. All of the ani-
mals were acclimated for 7 days and housed under
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standard conditions where the temperature was set to
24 ± 2 °C with a 12 h light – 12 h dark cycle in polypro-
pylene rat cages (595*380*200 mm). They were fed with
standard laboratory pellets (Altromin, Germany) and
distilled water ad libitum.

Experimental design
The rats were randomly divided into four groups (n = 8)
and administered by oral gavage as follows:

� Negative Control (NC): Vehicle deionized water
� Positive Control (CD): Cd at 5 mg/kg body weight
� Tualang honey + Cadmium (TH): Tualang honey at

200 mg/kg body weight followed by Cd at 5 mg/kg
body weight

� Tualang honey Control (THC): Tualang honey at
200 mg/kg body weight

This indicate that the cage is the experimental unit for
comparing the treatment. The administration was done
by oral gavage once daily in the morning for six con-
secutive weeks. Oral administration was done to imitate
the most likely human exposure to cadmium. Tualang
honey was freshly prepared daily to prevent oxidation of
the antioxidants. The dose selection for Tualang honey

was based on previous studies where there are signifi-
cant beneficial effects of this natural product on female
reproductive organ [26, 27]. The dose of 200 mg/kg is
equivalent to one table spoon, which is the daily amount
commonly consumed by an adult. The dose for Cd was
based on previous studies, where it was shown to exhibit
changes in morphological and biochemical parameters
in the reproductive system [32]. Figure 1 show the illus-
tration on the study design.
Throughout the administration period, the body

weight of the rats was recorded weekly, started from day
1 of administration until the last day of administration.
All rats were monitored once a day for health status. All
rats were in good condition and no adverse events were
observed. After 6 weeks of treatment, the rats were
weighed and anesthetized by intraperitoneal injection of
ketamine and xylazine (Ilium, Troy Laboratories Pty
Limited, Australia) at doses of 50 and 10mg/kg body
weight [33], respectively. This method of anaesthesia has
less effect on the rate of blood pressure. Subsequently,
an approximately 5 ml of blood samples were collected
from the abdominal aorta for hormonal profile analyses
(LH, FSH, E2, P4). The rats were euthanized by cervical
dislocation. The ovaries were removed by laparotomy
and immediately weighed. The right side of the ovary

Fig. 1 Illustration of the study design
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was carefully dissected for histopathological examin-
ation, while the left side of the ovary, for oxidative stress
markers and antioxidant level (catalase) analyses.

Histopathological examination
The harvested ovary was fixed in 10% buffered formalin,
hydrated in a graded series of ethanol, cleared by xylene
and embedded in paraffin blocks. Each tissue block was
sectioned into 5 μm thickness, stained with hematoxylin
and eosin (Sigma-Aldrich, USA) and evaluated histologi-
cally using a light microscope attached with an image
analyzer (Motic Images plus 2.0, Hong Kong). Sections
were analyzed quantitatively and qualitatively. Classifica-
tion and quantification of ovarian follicles were con-
ducted according to the criteria as described in a
previous study by Zhuang et al. [34]. The pathologist
(IHB- 3rd author and NMM- 5th author) was blinded to
the treatment received by the rats.

Hormonal profile
The blood samples were collected from the abdominal
aorta and put into a serum separator tube. After 2 h at
room temperature, clotted blood samples were centri-
fuged at 1000 x g for 15 min. Extracted serum was
stored at − 20 °C until subsequent analysis. Enzyme-
linked immunosorbent assay (ELISA) (Cusabio, USA)
was used for the measurement of the circulating levels
of FSH, LH E2 and P4. Each sample was run in duplicate.
In brief, 50 μl of each of the standards and serum sam-
ples were added to respective wells and incubated with
50 μl of HRP-conjugate enzyme and 50 μl antibody, for
an hour at 37 °C. After the incubation period, aspirating
and decanting steps were done three times using wash
buffer solutions. Subsequently, 50 μl of Substrate A and
Substrate B were added to each well and incubated again
for another 15 min at 37 °C. Reactions were terminated
using 50 μl of stop solution. The optical density (O.D)
was measured at 450 nm using a microplate reader
(Tecan, Switzerland). For determination of each hormo-
nal level, a standard curve was constructed by plotting a
graph of the absorbance reading against the concentra-
tion of the standards.

Lipid peroxidation
The measurement of MDA level was carried out using
an MDA kit (Cusabio, USA). The samples and the MDA
standards were run in duplicate. In brief, the ovarian tis-
sues were homogenized in phosphate-buffered saline
(PBS) with the addition of butylated hydroxytoluene
(BHT) solution (10 μl/mL sample volume) at 10,000 g on
ice for 5 min. The supernatants were transferred into a
new microcentrifuge tube for further analysis.
The supernatant (samples) were assayed directly for

thiobarbituric acid reactive substances (TBARS) levels.

Subsequently, 100 μl of the samples and the MDA stan-
dards were added into microcentrifuge tubes respect-
ively. Afterwards, 100 μl of SDS lysis solution was added
into each of the microcentrifuge tubes which were then
incubated for 5 min at room temperature. After the in-
cubation, 250 μl of thiobarbituric acid (TBA) was added
before being re-incubated at 95 °C for 45–60 min. After
cooling in an ice bath for 5 min, all the samples were
centrifuged at 554 g for 15 min. The supernatants and
the MDA standards (200 μl) were transferred into re-
spective wells (microplates) and absorbance at 532 nm
was measured. A standard curve was constructed for the
determination of each MDA level, by plotting a graph of
the absorbance reading against the concentration of the
standards.

Enzymatic antioxidant
Catalase (CAT) is an important antioxidant enzyme that
is responsible for the degradation of the reactive oxygen
species (ROS) and hydrogen peroxide [35]. A manual
provided in the CAT kit was used as reference for the
measurement of the CAT level (Cusabio, USA). Super-
natant (from the ovarian samples that have been homog-
enized in PBS at 10,000 g on the ice for 5 min) and the
catalase standards were added into respective wells
(20 μL). Each sample and catalase standard were run in
duplicate. Hydrogen peroxide working solution (50 μL)
was directly added to each well and incubated at room
temperature for 1 min. The reactions were terminated
by using 50 μL of catalase quencher and mixed thor-
oughly. Subsequently, 5 μL of each well was transferred
to a fresh well. Lastly, 250 μL of the chromogenic work-
ing solution was added to each well and the plate was
incubated at room temperature for 40–60min with vig-
orous mixing. The optical density was measured at 520
nm. A standard curve was plotted based on the absorb-
ance reading and concentration of the standards.

Sample size
Sample size of rats was based on previous studies [36,
37]. Thus, the sample size used in this study was eight
rats in each group.

Statistical analysis
Data was evaluated using the Statistical Package for So-
cial Sciences version 25.0 (SPSS Inc. Chicago, Illinois,
USA) software. All of the data was presented as mean ±
S.E.M. The normally distributed data was analyzed using
one-way analysis of variance (ANOVA) followed by Bon-
ferroni post-hoc test for multiple comparisons to identify
significant differences between groups. The P value of
less than 0.05 was considered significant.
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Results
Body and ovary weight
The values of body weight gain, changes in body weight,
absolute (wet weight) and relative weight of the ovary in
all experimental groups are shown in Table 1. Even not
statistically significant, the body weight gain and changes
in body weight in the CD group were slightly lower than
the NC group. Meanwhile, treatment of Tualang honey
in Cd-exposed rats only caused slightly higher body
weight compared to the rats in CD group. The changes
in body weight in THC group were comparable to that
of the NC group.
The ovary relative weight in the CD group was signifi-

cantly higher than in the NC group. Interestingly, treat-
ment with Tualang honey in Cd-exposed rats showed
significant reduction compared to the Cd-exposed group
without the treatment.
All groups of rats showed a gradual increase in weekly

body weight gain throughout the 6 weeks of treatment
as shown in Fig. 2. During the period, rats in CD group

showed only a slight increase in weekly body weight, es-
pecially compared to the NC and the THC group. Treat-
ment with Tualang honey in Cd-exposed rats showed an
improvement in body weight gain. However, the differ-
ence was not statistically significant among all the ex-
perimental groups.

Follicular development
Generally, ovaries from all groups displayed all stages of
follicular development as shown in Table 2.
Quantitative results revealed no significant differ-

ence in preantral follicles (primordial, primary, sec-
ondary follicles) and corpora luteum number among
all experimental groups. Even though not statistically
different, the number of those follicles were lower in
the CD group compared to the NC and the THC
groups.
However, the number of antral and atretic follicles

were statistically higher in the CD group as compared to
the NC group. Follicles were counted based on

Table 1 Effects of Tualang honey on body and ovarian weights

Group Body weight gain (g) Changes in body weight gain (%) Ovarian wet weight (mg) Relative weight of ovary (wet weight/ body weight)

NC 117.76 ± 15.79 84.31 ± 7.41 86.60 ± 3.21 0.35 ± 0.01bbb

CD 97.65 ± 13.58 69.07 ± 6.37 102.80 ± 2.84 0.45 ± 0.02aaa,c,dd

TH 105.49 ± 14.30 76.50 ± 6.70 88.93 ± 3.64 0.38 ± 0.02b

THC 110.01 ± 14.71 79.42 ± 6.90 87.71 ± 3.44 0.37 ± 0.02bb

Data are expressed as mean ± SEM
1) aaaP < 0.001 vs. NC
2) bP < 0.05, bbP < 0.01 and bbbP < 0.001 vs. CD
3) cP < 0.05 vs. TH
4) ddP < 0.01 vs. THC

Fig. 2 Weekly body weight growth curve of four experimental groups. NC (Negative Control) = Vehicle deionized water. CD (Positive Control) =
Cd at 5 mg/kg body weight. TH (Tualang honey + Cadmium) = Tualang honey at 200 mg/kg body weight followed by Cd at 5 mg/kg body
weight. THC (Tualang honey Control) = Tualang honey at 200 mg/kg body weight
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histopathological examination (HPE) on the tissue in
Fig. 3. The morphological abnormalities can be observed
from Figure (B). Interestingly, treatment on Cd-exposed
rats with Tualang honey showed less antral follicles and
atretic follicles compared to the CD group.

Hormonal profile
The FSH and LH hormones significantly reduced in
the CD group compared to the NC group as shown
in Table 3. However, FSH levels were significantly
increased on treatment with Tualang honey in Cd-

Table 2 Effects of Tualang honey on the follicular ovarian development after 6 weeks of administration

Group Primordial follicle Primary follicle Secondary follicle Antral follicle Corpora luteum Atretic follicle

NC 6.00 ± 0.99 4.71 ± 0.54 4.16 ± 0.18 7.00 ± 0.55bbb 8.67 ± 1.03 9.43 ± 0.71bb

CD 4.50 ± 0.87 3.81 ± 0.39 3.95 ± 0.38 9.93 ± 0.50aaa,c,dd 7.95 ± 0.97 12.51 ± 0.83aa,dd

TH 5.00 ± 0.57 4.02 ± 0.44 4.00 ± 0.39 8.16 ± 0.55b 8.19 ± 0.89 11.00 ± 0.79

THC 5.90 ± 0.91 4.40 ± 0.48 4.14 ± 0.16 7.71 ± 0.37bb 8.19 ± 0.88 9.26 ± 0.86bb

Data are expressed as mean ± SEM
1) aaP < 0.01 and aaaP < 0.001 vs. NC
2) bP < 0.05, bbP < 0.01 and bbbP < 0.001 vs. CD
3) cP < 0.05 vs. TH
4) ddP < 0.01 vs. THC

Fig. 3 Representative ovarian section in all experimental groups. NC (Negative control) = vehicle deionized water; CD (Cadmium) = Cd at 5 mg/kg;
TH (Tualang honey + Cadmium) = Tualang honey at 200 mg/kg followed by Cd at 5 mg/kg; THC (Tualang honey Control) = Tualang honey at 200
mg/kg. A: Antral; CL: Corpus luteum; At: Atretic; PO: Preovulatory. Scale bar = 250 μm
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exposed rats (TH group). Meanwhile for LH serum,
Tualang honey treatment on Cd-exposed rats showed
only a slight increase compared to the CD group.
For E2 serum, a significant increase was observed in

the CD group compared to the NC group. However,
only a slight reduction can be seen in the TH group for
E2 serum. While for P4 serum, a significant reduction
was observed in the CD group compared to the NC
group. Treatment with Tualang honey in Cd-exposed
rats showed a slight increase in P4 level compared to the
CD group. Whereas, a significant decrease in P4 level
was observed CD group as compared to the THC group.

Biochemical analysis
Results on oxidative stress markers (MDA) and enzym-
atic antioxidant activity (CAT) are shown in Table 4.
There were significant increases in lipid peroxidation,
with significant reduction in the catalase activities in Cd-
exposed rats (CD group) compared to the NC group.
Interestingly, administration of Tualang honey in CD-
exposed rats resulted in a significant reduction in lipid
peroxidation and an increase in catalase activities.

Discussion
The 21st to 45th day after birth is the prepubertal phase
(post-weaning) in rats. Based on the age comparison be-
tween rats and humans as proposed by Hood, the phase
is equivalent to 2 to 12 year old in humans [38]. At this
age, the function of hypothalamus-pituitary-gonadal axis

is still unstable and the sex hormone levels are relatively
low [39]. This will cause the child’s reproductive system
to be highly vulnerable to xenoestrogenic substances, as
compared to the adult. Children are primarily exposed
to cadmium through oral exposure, by consuming cad-
mium contaminated food and beverages, inhaling to-
bacco smoke-polluted air, house dust and industrial
pollution [40]. According to animal studies, early age
exposure to cadmium may affect the hypothalamus-
pituitary axis (HPA) functions, which can lead to endo-
crine disorders, thereby causing serious health effects
which may become apparent at a later age [41].
In toxicological studies, assessments of body and organ

weights are sensitive indicators for adverse effects of
toxicants [42]. Several studies have reported that Cd ex-
posure in rodent models correlates with weight gain
[43–46]. In the present study, Cd caused a decrease in
weight gain; however, it was not statistically different
compared to the normal rats. A study by Sajjad et al.
had found that there is a relation between loss of body
weight and concentration of Cd in the hypothalamus
and the pituitary gland in Cd-exposed animals [47]. This
finding was probably due to the toxic effects of Cd on
body systems which was associated with a high forma-
tion of free radicals [48]. It would lead to many cellular
responses, thereby contributing to loss in body weight
[49]. In contrast, Monsefi and Fereydouni, [50] and
Nasiadek et al. [44] claimed that there are no significant
effects of Cd administration on the body weight of the
rats. Results were different from other studies, possibly
due to differences in exposure route, dosage and rat
strain used [15, 16, 51]. Thus, our findings are consistent
with the later findings. However, results in our experi-
ments could be significant if the exposure period of cad-
mium in rats was prolonged, something to look into in
future experimental studies.
Cadmium can mimic the action of the endogenous es-

trogen and may interfere with endocrine functions [15,
52–55]. Previous studies have found that the pituitary
gland is a highly sensitive organ to Cd exposure [56–59].
It has been recognized to alter prolactin secretion, by
modifying the lactotroph cell activity in the pituitary

Table 3 Effects of Tualang honey on the hormonal profile of the rats after 6 weeks of administration

Group Follicle Stimulating Hormone (FSH) Luteinizing hormone (LH) 17β-Estradiol (E2) Progesterone (P4)

NC 14.80 ± 0.24bbb,ccc,ddd 0.27 ± 0.03bb,c 3.52 ± 0.11bbb,c 53.29 ± 1.68bbb,c

CD 8.05 ± 0.13aaa,ccc,ddd 0.14 ± 0.03aa 4.16 ± 0.08aaa 42.35 ± 1.97aaa,dd

TH 9.81 ± 0.25aaa,bbb,ddd 0.19 ± 0.03a 3.96 ± 0.10a 46.10 ± 1.39a

THC 12.73 ± 0.35aaa,bbb,ccc 0.25 ± 0.02 3.76 ± 0.11 52.12 ± 1.55bb

Data were presented as mean ± SEM
1) aP < 0.05, aaP < 0.01 and aaaP < 0.001 vs. NC
2) bbP < 0.01 and bbbP < 0.001 vs. CD
3) cP < 0.05 and cccP < 0.001 vs. TH
4) ddP < 0.01 and dddP < 0.001 vs. THC

Table 4 Effects of Tualang honey in lipid peroxidation and
enzymatic antioxidant activities in the ovary from all
experimental groups

Group Malondialdehyde (MDA) (μmol/L) Catalase (U/mL)

NC 1.28 ± 0.22 b 294.40 ± 2.12 b

CD 2.62 ± 0.32 a,c,d 282.28 ± 2.54 a,c,ddd

TH 1.41 ± 0.30 b 293.15 ± 3.24 b

THC 1.33 ± 0.26 b 298.18 ± 2.20 bbb

Data are expressed as Mean ± SEM
1) aP < 0.05 vs. NC
2) bP < 0.05 and bbbP < 0.001 vs. CD
3) cP < 0.05 vs. TH
4) dP < 0.05 and dddP < 0.001 vs. THC
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gland, resulting in biochemical, genomic, and morpho-
logical changes [56]. Moreover, Cd is readily absorbed
and accumulated in the pituitary gland of rats [60]. This
could be attributed to the alteration in the normal func-
tion of HPA. In our study, the levels of FSH and LH
serum were significantly lower in Cd-exposed rats as
compared to the normal rats. The interference in the
normal production of FSH and LH is an indicator of the
interference of normal production of gonadotrophin re-
leasing hormone (GnRH). This may cause disruption in
the normal mechanism of HPA. Reduction in FSH levels
may inhibit growth and maturation of immature oocytes
into mature follicles before ovulation (primordial, pri-
mary and secondary follicles). This could consequently
inhibit in later ovulation processes, reflecting in small
amounts of corpus luteum. Consequently, corpus luteum
deficiency would prevents P4 levels from rising. Low
levels of LH serum prevent the ovulation process, which
is attributed to the formation of large cystic antral folli-
cles. The high number of large cystic antral follicles
could be reflected in the higher ovarian weights in Cd-
exposed rats compared to the normal control rats. Cad-
mium has been found to disrupt the hormonal function
[61] and was able to inhibit the ovulation by interfering
with the ovulatory surge of LH [62]. Interestingly, treat-
ment of Tualang honey in Cd-exposed rats might con-
tributes to a significant normalizing of gonadotropin
hormone levels. Normalizing in LH levels will triggered
ovulation and thereby attribute to the formation of cor-
pus luteum for the production of P4. In summary, treat-
ment of Tualang honey in Cd-exposed rats has
normalized the positive and the negative feedback mech-
anisms in the HPA and ovary. As a result, number of the
ovarian follicles would be normalized as control rats.
Previous study found that quercetin and kaempferol that
contained in Tualang honey exerted the free radical
scavenging activity [24, 26, 63]. In addition, estrogenic
properties of quercetin and kaempferol might com-
pete with EDC to bind to estrogen receptors, thereby
against metalloestrogens of Cd. Study by Cao et al.
[64] showed a beneficial effect of these compounds in
normalizing the mechanism of HPA. This is due to
the structural similarity to the endogenous estrogen
(17β-estradiol), which promotes estrogenic effects
[65]. Therefore, it has the potential to compete with
estrogen-like effects of Cd to bind to ERα of the
hypothalamic-pituitary-gonadal axis, thereby stimulat-
ing GnRH release. This hormone is responsible for
regulating the reproductive system, that acts on re-
ceptors in the anterior pituitary gland of the brain
and signals the gonadotrophic cells to secrete LH and
FSH serum. Thus, increase in FSH stimulate follicular
growth and induce normal ovulation process with the
collaboration of LH serum.

In our study, rats exposed to Cd were significantly
high in the ovarian lipid peroxidation levels, and showed
reducing enzymatic antioxidant activity compared to the
normal rats. This might indicate that Cd acts as an
endocrine disruptor that induces oxidative stress and
could interrupt the endogenous antioxidant-oxidative
stress equilibrium. Cadmium toxicity mechanisms in-
clude glutathione depletion and protein-bound sulfhy-
dryl groups, resulting in the increased production of
reactive oxygen species (ROS) and free radical formation
such as superoxide anion, nitric oxide, hydrogen perox-
ide, and hydroxyl radicals [66–68]. The oxidative stress
results in damages in lipid metabolites, DNA damage, al-
tered gene expression and apoptosis [14, 69]. Further-
more, a study by Ciani et al. stated that the formation of
atretic follicles (follicles that undergo atresia from vari-
ous stages) is due to the accumulation of toxic metabo-
lites resulting from oxidative stress [70]. This is reflected
by high numbers of atretic follicles.
Antioxidant enzymes are an essential part of the cellu-

lar defense against ROS. The catalase (CAT) is an anti-
oxidant enzyme function that reduces or scavenges
hydrogen peroxide to form water and oxygen [71]. In
this present study, rats exposed to Cd showed signifi-
cantly lower ovarian CAT levels and were high in lipid
peroxidation activity compared to the normal rats. The
imbalance between ROS production and scavenging ac-
tivities may induce oxidative stress which in turn can
cause oxidative damage and alter many cellular
functions, including a loss of enzymatic activity [72].
However, with the supplementation of Tualang honey in
Cd-exposed rats, the activities of CAT were significantly
restored. The antioxidant properties of Tualang honey
could be the reason for the improvement in antioxidant
enzymatic levels. When endogenous antioxidants are in-
sufficient to eliminate ROS from the body, obtaining the
exogenous natural antioxidants becomes important for
the body. Many researchers notion that flavonoids and
phenolic acids are responsible for the antioxidant activity
of honey as it has the ability in scavenging the free rad-
ical formation [22, 23, 73]. Phenolic compounds work
against oxidative stress as they have the properties of re-
ducing agents (they have hydrogen- or electron-donating
capacity) with chemical structure of hydroxyl groups
[74, 75]. The more hydroxyl groups there are in phenolic
compounds, the more efficiently they can react as anti-
oxidant agents due to their ability to donate hydrogen
atoms to free radicals. Thus, the free radical formation
will be reduced. Besides, vitamin E and C contained in
honey also has a protective effect against oxidative stress.
Vitamin E helps to prevent lipid peroxidation reactions
by inhibiting the production of lipid radicals in cellular
membranes, whereas vitamin C is a water-soluble anti-
oxidant that can interact directly against free radicals in
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cytosol and extracellular fluids to reduce oxidative
damage [76]. Therefore, it is possible to propose that
phenolic compounds and vitamin C and E in Tualang
honey might help in the reduction of ROS and free rad-
ical formation, subsequently attributing to reduced lipid
peroxidation and increased activities of CAT.
Apart from that, Tualang honey is rich in various nu-

trients, consists of complex sugars, amino acids, min-
erals, proteins, organic acids, vitamins and various
phytochemicals that contribute to its antioxidant effects
[22, 24]. Flavonols (quercetin and kaempferol) which are
also contained in honey, are the most common and lar-
gest subgroup of flavonoids, and can also be obtained
from fruits and vegetables [63]. Quercetin and kaemp-
ferol exerted the free radical scavenging activity and es-
trogenic properties which allow it to bind to estrogen
receptors and combat against metalloestrogens like Cd.
The increase in the levels of gonadotropins hormones
(FSH and LH) observed in the group treated with
Tualang honey in Cd-exposed rats, showed improve-
ment in the normal function of the HPA. The HPA con-
trols many body systems, including the endocrine
system. The increase in FSH levels resulted in the in-
creasing number of preantral follicle (primordial, pri-
mary and secondary) formation. A surge in LH levels
triggers ovulation and is attributed to the development
of corpus luteum. This leads to an increase in P4 and E2
levels. Additionally, treatment of Tualang honey in Cd
exposed rats resulted in significant improvements in the
morphological abnormalities with a reduction in the
number of atretic follicles. More interestingly, the treat-
ment of Tualang honey on Cd-exposed rats result in the
reduction of lipid peroxidation and an increase in en-
zymatic antioxidant activity. These findings prove that
Tualang honey has the ability of reducing ovarian tox-
icity induced by Cd.

Conclusion
In conclusion, our results demonstrated that daily sup-
plementation of Tualang honey has protective effects in
reducing the ovarian toxicity induced by Cd. The pro-
tective effects may be observed in the form of a reduc-
tion in morphological abnormalities in the ovary,
restoration of the gonadotropin hormones, reduction in
the lipid peroxidation level and increase in the levels of
enzymatic antioxidants.
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