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Effect of Hibiscus sabdariffa on sperm quality and testicular oxidative
stress in rats fed with high fat diet
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Abstract
Obesity, a condition of abnormal fat accumulation in adipose tissue, is a major risk factor for deleterious
associated pathologies such as insulin resistance, type 2 diabetes and male infertility. Several studies have
shown the positive correlation between obesity and oxidative stress and its effect on the male reproductive
system. Roselle (Hibiscus sabdariffa) contains phenolic compounds, especially anthocyanins which act as
antioxidants. The objective of this study was to evaluate the effect of roselle on sperm quality and oxidative
stress in the testes of rats fed a high fat diet. The rats were divided into 4 groups (n = 6): control group fed with
a normal diet, rats fed with a high fat diet (HFD), rats fed with a high fat diet treated with 250 mg/kg body
weight roselle (HFD-L), and rats fed with a high fat diet treated with 500 mg/kg roselle (HFD-H). Eight weeks
after administration, sperm were collected from rat epididymis and the sperm quality and morphology were
assessed. The rats’ testes were assessed for malondialdehyde (MDA) levels. Sperm concentration, motility and
normal morphology showed a significant increase in HFD-L and HFD-H groups when compared with HFD
group (P < 0.05). Sperm viability was not significantly different among experimental groups (P > 0.05). MDA
levels in the HFD group showed a significant increase when compared with the control (P < 0. 05). MDA
levels in the HFD-L and HFD-H groups were significantly decreased when compared with the HFD group (P
< 0. 05). These results show that roselle reduced oxidative stress and increased sperm quality, which clearly
demonstrate that roselle has the beneficial effects on sperm quality in rats fed with high fat diet.
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Introduction

O

besity occurs as an accumulated excess amount
of body fat. It is a risk factor for deleterious
associated pathologies, such as hypertension, cardiovascular disease,1 type 2 diabetes associated with
insulin resistance, and male infertility.2,3 Numerous
studies confirmed that obesity is the cause of various
changes including oxidative stress,4 inflammation,4
mitochondrial dysfunction,5 and apoptosis.6 These
changes encourage many pathophysiological conditions in the body.
The increase in fat accumulation, especially white
adipose tissue, leads to the production of adipokines7
involving the secretion and generation of free radicals
(reactive oxygen species, ROS). Adipokines and ROS
are important mediators for inducing oxidative
stress.4 Lipid peroxidation is a process whereby
oxygen reacts with unsaturated lipids, especially
polyunsaturated fatty acid (PUFA), producing
mixtures of lipid hydroperoxide and aldehydic end-
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products, such as malondialdehyde (MDA). This
reaction occurs in several cell types, including sperm
cells, particularly in the plasma membrane which
contains a high lipid content. Sperm cells are sensitive
to oxidative stress. Lipid peroxidation can affect
sperm cells by decreasing sperm concentration,
motility, viability, and normal morphology.3,8,9 In a
normal physiological state, antioxidant enzyme
mechanisms can alleviate these ROS and protect the
spermatozoa against any likely damage. However,
high ROS levels in the obese may diminish
antioxidant mechanisms resulting in oxidative stress.
Emerging research evidence has suggested that
antioxidant can attenuate the effects of oxidative
stress from obesity.10 In addition, treatment with
antioxidants or ROS inhibitors could restore
adipokine regulation.11 Antioxidants act as free
radical scavengers to protect spermatozoa against
ROS12 and compensate for the loss of cytoplasmic
antioxidant molecules in sperm during the cytoplasm
removal stage in spermiogenesis.13 Therefore,
supplementation with antioxidants could reduce the
risk of complications related with obesity and
oxidative stress.14
Roselle (Hibiscus sabdariffa) has been used
traditionally in herbal medicines for antibacterial,15
antihypertensive,16 antidiabetic,17,18 antiinflammatory,19
or anticancer effects20 and Alzheimer’s disease
prevention.21 Previous studies have reported that
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roselle could decrease the levels of total lipids,
cholesterols and triglycerides, suggesting an
antiobesity effect.22 Anthocyanin pigments, an
antioxidant agent, in roselle have been confirmed as
beneficial in various cells by attenuating the negative
effects of oxidative stress.23,24 Previous studies have
shown that roselle aqueous extract ameliorates sperm
defects in streptozotocin-induced diabetic rats.25,26 In
addition, roselle could protect cisplatin-induced
testicular damage and oxidative stress, and improve
sperm quality, by decreasing the MDA level.27
The purpose of this study was to investigate the
effects of H. sabdariffa on the sperm functions as
well as oxidative stress in the sperm and testes in high
fat diet-induced obese rats.
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Sample collection and preparation
The epididymis and vas deferens were squeezed
using forceps in a 4-well plate containing 1 ml PBS at
37°C. The testicular tissues were homogenized in 1
ml PBS at 37°C and collected in microcentrifuge
tubes. The samples were centrifuged at 3500g at 4°C
for 20 minutes and the supernatants were collected
and stored at -80°C until analysis.
Sperm concentration and motility
Sperm concentration and motility were examined by
loading 10 µl of the sperm suspension on a Makler
counting chamber and observed under light
microscope. A total of 200 sperm were counted for
motility and categorized as progressive, nonprogressive motility, or non-motile, and reported as
percentage of sperm motility. Sperm concentration
and motility were evaluated according to methods
described by the World Health Organization
(WHO).28

Materials and Methods
Chemicals
Phosphate buffered saline (PBS), sodium dodecyl
sulphate (SDS), acetic acid solution, thiobarbituric
acid (TBA), 1,1,3,3- tetramethoxypropane (TMP) and
nigrosin were purchased from Sigma–Aldrich (St
Louis, MO, USA). Pierce™ BCA protein assay kit
was purchased from Thermo Fisher Scientific
(Waltham, MA, USA) and Diff-Quik staining kit was
purchased from RVL supply (Thailand).

Sperm viability
Sperm viability was evaluated using eosin-nigrosin
staining technique and was carried out according to
WHO standards.28 Eosin (1%) and 10% nigrosin was
prepared in distilled water. First, 10 µl sperm
suspension were mixed with 1% eosin. After 30
seconds, an equal volume of nigrosin was added to
this mixture and then smears were prepared and
observed under light microscopy at 400x magnification. Two hundred sperm were counted and the
percentage of viable sperm was calculated; viable
sperm remained colorless (unstained heads) while
nonviable sperm stained pink or red.

Plant extract
One hundred milligrams of roselle powder mixed
with 1 ml of distilled water was freshly prepared
before use.
Animals and experimental design
All animal protocols were approved from the
Research Ethic Committee on Animal Study,
Naresuan University, Thailand (NU-AE 580713).
Four-week-old male Sprague Dawley rats were
purchased from Nomura Siam International,
Bangkok, Thailand. Rats were housed at the Center
for Animal Research, Naresuan University, under a
standard light-dark cycle, constant humidity, and
controlled temperature (22 ± 1°C). Twenty-four rats
were used in this study. They were divided into four
groups of six animals each (n = 6/group). The first
group was used as the control and fed a normal diet.
The second group was fed a high fat diet (HFD) by
gavage, while the third was fed a high fat diet
supplemented with roselle 250 mg/kg body weight
(BW)/day (HFD-L), and the fourth was fed a high fat
diet supplemented with roselle 500 mg/kg BW/day
(HFD-H). This process took place over an eight-week
period. At the end of the experimental period, rats
were anesthetized using thiopental 50 mg/ kg BW
before their testes, epididymis, and vas deferens were
removed and weighed. The left testis was dissected
and kept in 4% formaldehyde and the right testis was
dissected and stored at -80°C. Sperm were obtained
for sperm quality analysis. Relative testicular weight
was calculated by dividing with body weight.

Sperm morphology
To study sperm morphology, 10 µl semen was spread
onto a glass slide and allowed to air-dry at room
temperature. The smears were then stained with DiffQuik staining kit and sperm morphology was
assessed according to WHO criteria.28 Two hundred
sperm were counted and the percentage of normal
and abnormal sperm morphology were evaluated at
400x magnification. An abnormal sperm morphology
included defects in the neck, midpiece, and tail.
Thiobarbituric acid reactive substance (TBARS)
assay
TBARS was expressed in terms of MDA equivalents.
Testes were placed into an ice-cold PBS. A mixture
of standard or sample, 8.1% SDS, 20% acetic acid
solution, and 0. 8% TBA were placed in a centrifuge
tube and vortexed. The mixtures were incubated at
95°C for one hour and were then added into each well
of a 96-well plate. All reactions were done in
duplicate. Absorbance was read at 532 nm on a
microplate reader. TBARS results were expressed in
nmol/mg protein.
Statistical analysis
Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) software.
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Figure 1 Effects of H. sabdariffa extracts on testicular
relative weights in high fat diet-induced obesity in rats. Data
were expressed as mean ± SEM; n = 6/group. *P < 0.05
compared to control group; #P < 0.05 compared to HFD
group.

Figure 2 Effects of H. sabdariffa extracts on sperm
concentration in high fat diet-induced obesity in rats. Data
were expressed as mean ± SEM, n = 6/group. *P < 0.05
compared to control group; #P < 0.05 compared to HFD
group.

Differences among experimental groups were
assessed using one-way ANOVA and were analyzed
with Least Significant Difference (LSD), at a
significance level (P value) of < 0.05.

compared with the control group (19.92 ± 0.98 × 106
/ml; P < 0.05). The sperm concentration in HFD
group was significantly higher than that of HFD-L
(17.13 ± 1.05 × 106 /ml) and HFD-H (18.9 ± 1.41 ×
106 /ml) groups (P < 0.05). (Figure 2)

Results

Effect of roselle on sperm motility
The percentage of sperm motility in the HFD group
(37.40 ± 0.79%) was significantly decreased
compared with the control group (51. 77 ± 0.98%) (P
< 0.05). The percentages of sperm motility were
significantly increased in HFD-L and HFD-H groups
(47.87 ± 1.05% and 46.36 ± 1.41%, respectively)
when compared with the HFD group (P < 0. 05).
(Figure 3)

Effect of roselle on relative testes weight
The body weight in the HFD group was significantly
increased when compared among the control, HFD-L
and HFD-H groups. The actual testicular weight was
not significantly different among the experimental
groups. However, the relative testes weight in the HFD
group (0.41 ± 0.003 g/100 g BW) was significantly
decreased compared with the control (0. 47 ± 0. 009
g/100 g BW) (P < 0.05). In comparison with HFD
group, administration of 250 and 500 mg/ kg body
weight roselle resulted in significantly higher relative
testes weights (0.44 ± 0.013 and 0.45 ± 0.012 g/100 g
BW, respectively; P < 0.05). (Figure 1)

Effect of roselle on sperm viability
There were no statistically significant differences in
the percentage of sperm viability among the
experimental groups (control, 79.67 ± 0.03%; HFD,
59.29 ± 0.02%; HFD-L, 66.48 ± 0.02%; and HFD-H,
71.73 ± 0.04%, respectively). (Figure 4)

Effect of roselle on sperm concentration
The sperm concentration in the HFD group (13.77 ±
0.79 × 106 /ml) was significantly decreased when

Effect of roselle on sperm morphology
The percentage of normal sperm morphology in the

Figure 3
Effects of H. sabdariffa extracts on the
percentage of sperm motility in high fat diet-induced obesity
in rats. Data were expressed as mean ± SEM, n = 6/group.
*P < 0.05 compared to control group; #P < 0.05 compared to
HFD group.

Figure 4 Effects of H. sabdariffa extracts on the percentage of sperm viability in high fat diet-induced obesity in rats.
Data were expressed as mean ± SEM, n = 6/group.
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Table 1 Sperm morphology
Control
HFD
HFD-L
HFD-H
Normal, %
89.4 (0.5) 71.7 (4.7)* 81.6 (0.5)# 80.9 (0.3)#
Abnormal, %
Head defect
2.8 (0.03) 6.9 (0.02) 3.1 (0.02) 4.0 (0.04)
Middle piece defect 0.9 (0.2) 1.0 (0.1) 0.3 (0.06)# 0.5 (0.1)#
Tail defect
7.3 (1.0) 16.2 (2.0)* 8.0 (1.0)# 8.0 (0.9)#
Data were expressed as mean (SEM), n = 6/group. *P < 0.05
compared to control group; #P < 0.05 compared to HFD group

HFD group (71.7 ± 4.7%) was significantly decreased
when compared with the control group (89.3 ± 0.5%)
(P < 0.05). In comparison with HFD group, the HFDL and HFD-H groups (81.6 ± 0.5% and 80.9 ± 0.3%,
respectively) had significantly increased percentage
of normal sperm morphology (P < 0.05).
The percentage of head defects were not
significantly different among all experimental groups
(P > 0.05). The percentage of middle piece defects in
the HFD-L (0. 3 ± 0. 06%) and HFD-H (0. 5 ± 0.1%)
were significantly decreased compared with the HFD
group (1.0 ± 0.1%; P < 0.05). In addition, the
percentage of tail defects in the HFD group (16. 2 ±
2.0%) was significantly increased compared with the
control group (7. 3 ± 1.0 %; P < 0.05), whereas the
HFD-L and HFD-H (8.0 ± 1.0% and 8.0 ± 0.9%,
respectively) groups had significantly decreased
percentage of tail defects (P < 0.05). (Table 1)

Figure 5 Effects of H. sabdariffa extracts on MDA levels in
high fat diet-induced obesity in rats. Data were expressed
as mean ± SEM, n = 6/group. *P < 0.05 compared to
control group; #P < 0.05 compared to HFD group.

obese males exhibited decreased motility and reduced
hyperactivated progression compared with lean
mice.33 Adipocytes secrete various adipokines, for
example, tumor necrosis factor α (TNFα), interleukin
6 (IL-6), and plasminogen activator inhibitor-1).34
They increased the release of adipokines from excess
white adipose tissue, resulting in inflammation and
possible toxic effects on spermatozoa through the
release of excess ROS and RNS.35
Roselle is traditionally used as folk and herbal
medicines. It was found that roselle had flavonoid
compounds containing anthocyanins, which are red
substances.36 However, not many studies determine
its benefits on male fertility. Therefore, we
considered it interesting to evaluate the effect of
roselle extract on the animal model of obese rats. In
the present study an increased lipid peroxidation was
observed in testes of HFD group but the
administration of roselle prevented the increased
tissue lipid peroxidation in HFD-L and HFD-H
groups. The testicular tissues and spermatozoa are
very sensitive to ROS attack that leads to oxidative
stress and lipid peroxidation. Oxidative stress
impaired sperm membrane and resulted in less sperm
motility.29 The decrease in the relative testicular
weight in HFD rats suggests that spermatogenesis in
seminiferous tubule and sperm morphology could
also have been impaired. It has been reported that
high fat diet consumption resulted in the spermatogenesis impairment and affected sperm quality.29
These changes may alter testicular functions and it
was also demonstrated in our present study that high
fat diet induced obesity can be an important causative
factor in the etiology of male infertility. The data
presented here showed that administration of roselle,
had multiple beneficial effects including protection
against loss of relative testicular weight associated
with high fat diet-induced obesity. Our results are
similar to those reported by another group of
researchers.37 Excessive fat accumulation in obesity

Effect of roselle on testicular MDA levels
The MDA levels in the HFD group (3.18 ± 0.54
nmol/mg protein) was significantly increased
compared with the control group (0.71 ± 0.16
nmol/mg protein; P < 0.05). In comparison with HFD
group, administration of 250 and 500 mg/kg body
weight roselle significantly decreased the MDA
levels (1.19 ± 0.07 and 0.97 ± 0.09 nmol/mg protein;
P < 0.05). These results demonstrated the antioxidative activity of roselle. (Figure 5)

Discussion
The obesity prevalence has grown to concern in
developing countries in the recent years. It can affect
physiological functions and lead to many disorders
and diseases, including male infertility. It has been
reported that BMI is correlated with semen quality
and sperm concentration.29 Altered semen parameters
ascribed to obesity include decreased sperm
concentration, abnormal morphology, compromised
chromatin integrity, and abnormal motility.30 Obese
men exhibit elevated aromatase activity and secrete
adipose-derived hormones including adipokines then
tending to present with elevated estrogen and low
testosterone and FSH levels.31 Hypogonadism found
in males who are obese can account for problematic
spermatogenesis and sperm quality and may
contribute to infertility.32 Diet-induced obesity in
mice caused a significant reduction in male fertility
and resulted in a fivefold increase in leptin levels
compared with control mice.33 Sperm from these
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induces oxidative stress in tissues, resulting in
malfunction of reproductive systems. Decreased
testosterone levels and altered testicular functions
caused by oxidative stress consequently lead to male
infertility.38 The MDA lowering effect in testes was
seen in HFD-L and HFD-H groups in the present
study. It indicates that roselle extract exhibits an
antioxidant capacity against HFD-induced obesity.38
The relation between oxidative stress and sperm
damage was reported in an experimental study. The
mechanisms underlying the protective effect of
roselle on male reproductive function of rat might be
due to its antioxidant effect.27 Many studies have
reported that antioxidants can improve fertility.
Roselle rich in antioxidants increased sperm counts,
motility, and viability, and enhanced sperm morphology. Treatment of antioxidants like anthocyanins
restored sperm motility of cisplatin-treated rats.27
Moreover, roselle ameliorated carbamazepineinduced oxidative stress responses in the testes of
Wister rats. Therefore, roselle has an antioxidant
protective effect on fertility. Roselle has a potential
protective role against diabetes-induced sperm
damage.37 High dietary fat intake leads to the
development of oxidative stress. Roselle showed
efficient antioxidant activity by scavenging lipid
peroxidation, resulting in decreased oxidative damage
to the tissues.
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Conclusion
Roselle administration reduce lipid peroxidation as
well as improve sperm quality such as sperm
concentration, motility, viability and morphology.
Thus, the protective role of roselle against high fat
diet-induced obesity may be used as an alternative
way in the treatment of obesity caused by oxidative
stress.
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