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Oxidative stress plays a critical role in diabetes-induced complications including injurious effect on male reproductive 
organ. Hibiscus sabdariffa Linn. or roselle possesses antioxidant properties and widely used to treat various diseases. 
The study was aimed to evaluate the effect of H. sabdariffa polyphenol-rich extract (HPE) from the calyces towards 
male reproductive organs in diabetic rats. Twenty-four male rats were divided into three groups; (i) normal non-
diabetic (NDM), (ii) diabetic (DM) and (iii) diabetic treated with HPE (DM + HPE) groups. Diabetes was induced 
with streptozotocin (60 mg/kg, single i.p.). HPE (100 mg/kg) was administrated by forced feeding for 28 consecutive 
days before being sacrificed to harvest their reproductive organs. Results showed that superoxide dismutase (SOD) 
and catalase (CAT) activities as well as gluthathione (GSH) levels in the testis homogenate of DM + HPE group were 
significantly higher (p < 0.05) compared to DM group. Meanwhile, significantly lower levels of malondialdehyde 
(MDA) and protein carbonyl (PC) were observed in DM + HPE group compared to DM group. The histological 
observation showed morphological alteration of the testis in DM group, which was impeded following supplementation 
of HPE. In conclusion, this suggests that HPE supplementation is able to prevent oxidant injury of testis of diabetic 
rats.
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INTRODUCTION
Diabetes mellitus is a chronic progressive disease, 

mainly featured by high blood glucose level. It is a common 
metabolic disease and affects millions of patients worldwide and 
the prevalence is rapidly rising in developing countries (Rajiv et 
al., 2014). This ailment is originated from the failure of insulin 
secretion due to β cells destruction in the pancreas or the insulin 
resistance of the peripheral tissues due to prolonged over-exposure 
of insulin (Goycheva et al., 2006). Prolonged hyperglycemia causes 
the disturbance of carbohydrate, protein and lipid metabolism, 
which would cause free radicals overproduction through various 
metabolic pathways, leading to intracellular oxidative stress. 

Tissue damage exerted by free radicals activity is 
an important factor in the pathogenesis of DM complications, 

displayed by marked elevation of oxidative stress markers 
including high levels of malondialdehyde (MDA) and protein 
carbonyl (PC) as well as alteration in antioxidants status (Murali 
et al., 2013), Testis is composed of high polyunsaturated fatty 
acid and possesses scanty antioxidants reserve for its defense 
thus making it highly vulnerable to free radicals attack. Being 
the organ that produces the sperm and taking parts in regulating 
the reproductive hormones, testis is a key organ for reproductive 
events. Studies reported that diabetic condition caused testicular 
dysfunctions including alterations of reproductive hormone, 
disturbances in spermatogenesis and reduction of sperm qualities, 
which all directly related to the testicular health (Agarwal et al., 
2012; Aitken et al., 2014). 

It has been postulated that the balance between oxidant 
and antioxidant caters an important role in preventing the 
pathogenesis of diabetic complications. A wide array of natural 
products has been found to be endowed with the ability to control 
oxidative stress and metabolic disorders in diabetic conditions. 
Hibiscus sabdariffa Linn., also known as roselle, was reported 
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to have strong antioxidant properties mainly due to the abundant 
content of polyphenolic compounds, including anthocyanin, 
phenolic acids, flavonoids and many others (Lin et al., 2012; Lim 
et al., 2016). Roselle calyx extract possesses antihypertensive, 
hypolipidemic and hepatoprotective properties (Puro et al., 2014; 
Si et al., 2017). Protocatechuic acid known to be present in roselle 
acts as a potent antioxidant and has a potential in preventing the 
development of diabetes-related pathologies (Farombi and Ige, 
2007). 

Polyphenols are compounds possessing aromatic rings 
with hydroxyl group, making it a potent antioxidant (Dai and 
Mumper, 2010). As antioxidants, polyphenols may protect cell 
constituents against oxidative damage and therefore, limit the risk 
of various degenerative diseases associated to oxidative stress 
(Scalbert et al., 2005). Polypenol-rich extract derived from roselle 
(HPE) was specifically reported to be able to improve the state of 
oxidative stress significantly in diabetic kidney and heart (Lee et 
al., 2009; Lim et al., 2017).

Recent studies reported that aqueous extract of dried 
roselle calyx has a potential in protecting against diabetic-induced 
sperm damage (Md Idris et al., 2012). However, HPE’s beneficial 
effects on the reproductive organs in hyperglycemic condition has 
not been fully investigated yet. In diabetic condition the functional 
impairment of the testes might be resulted from oxidative stress (La 
Vignera et al., 2012). Therefore, our study aim is to evaluate the 
potential of HPE in preventing testicular damage in diabetic rats.

MATERIALS AND METHODS

Extraction of roselle polyphenols 
Dried roselle UKMR-1 calyces (Specimen Voucher No. 

UKM 40308) was supplied by Ai Agro Marketing, Terengganu, 
Malaysia. HPE was prepared as described by Peng et al. (2011). 
Five grams of dried UKMR-1 roselle calyxes were extracted with 
methanol and stirred for 30 minutes in a water bath at 60°C. The 
extracts were filtered and concentrated using rotary evaporator 
(≤5°C, 20 mbar). The dried residue was then solubilized in 
deionized water at pH 2.3. The aqueous solution then re-extracted 
with hexane followed by ethyl acetate. The ethyl acetate soluble 
fraction was evaporated to dry. The final product of dried crude 
HPE was stored at −40°C for further use. 

Experimental design and dosing schedule
Twenty-four male Sprague-Dawley rats weighing 

between 250-300 g each were obtained from the Animal Unit, 
Faculty of Medicine, Universiti Kebangsaan Malaysia. All 
animals were maintained on a balanced diet and water ad libitum 
without restriction, and were kept two rats per cage. The rats were 
randomized into three groups comprising of 8 animals each: (i) 
normal non-diabetic (NDM), (ii) diabetic (DM) and (iii) diabetic 
treated with HPE (DM + HPE). Type I diabetes was induced by a 
single intraperitoneal injection of streptozotocin (Sigma, USA) at 
the dose of 60 mg/kg body weight after an overnight fasting (Bagri 
et al., 2009). Blood glucose level was measured 72 hours after 
diabetes induction where rats with blood glucose levels above 15 
mmol/L were included in this study. NDM group and DM group 
received normal saline whereby DM + HPE group received HPE 
at the dose 100 mg/kg body weight (Peng et al., 2011) daily for 28 

consecutive days. The study design has been approved by Universiti 
Kebangsaan Malaysia Animal Ethics Committee Animal Ethics 
Committee (Ethical No: FSK/2015/BALKIS/11-FEB./643-FEB.-
2015-FEB.-2018).

Sample collection
At the end of study period, all rats were fasted overnight 

and blood specimen was collected via cardiac puncture under 
deep anesthesia. Testes were excised from sacrificed rats and 
weighed. One of the testes was stored in −40°C for homogenate 
preparation for oxidative stress study while the other was fixed in 
10% formalin for histological analysis.

Homogenate preparation
The testis was washed with normal saline before the 

capsule was removed to obtain the seminiferous tubule, which were 
then minced using a scalpel. After being weighed, the testis was 
then homogenized in phosphate buffer solution at pH 7.8. After 
centrifugation (13 000 rpm), the supernatant was removed and stored 
at −40˚C. The whole procedure was conducted in cold condition. 
This homogenate was used for oxidative stress evaluation. 

Assessment of oxidative stress biomarkers
The level of lipid peroxidation was estimated by measuring 

the level of thiobarbituric reactive species (TBARS) as described 
by Stock and Dormandy (1971). 2,4-dinitrophenylhydrazin 
(DNPH) reaction in the sample was measured to estimate the level 
of protein carbonyl (PC) as demonstrated by Levine et al. (1990). 
The level of superoxide dismutase (SOD) activity was estimated 
by using assay method by Beyer and Fridovich (1987). Reduced 
glutathione (GSH) level was measured according to Ellman (1959) 
and catalase activity was measured according to the method by 
Aebi (1984).

Histopathological studies
A portion of autopsied testis was washed in normal saline 

and fixed in 10% formalin solution. The tissues then dehydrated in 
alcohol series of ascending concentration, cleared in xylene before 
being embedded in paraffin to form blocks of tissues. Sections 
of the tissues of 3-4 μm thick were obtained using microtome 
then deparaffinized. The tissue sections were then stained with 
hematoxylin and eosin for histological observation under light 
microscope (Bancroft and Gamble 2002). 

Statistical analysis
The data were analysed using GraphPad Prism software 

(GraphPad Software 6.0, San Diego) and expressed as mean 
± standard error of mean (SEM). Statistical significance was 
determined by one-way ANOVA followed by Post Hoc Tukey’s 
test and p-value < 0.05 was considered statistically signicant 
difference. 

RESULTS AND DISCUSSION

Fasting blood glucose levels
Table 1 shows the fasting blood glucose levels of 

all experimental groups. DM and DM + HPE groups showed 
significant rise in fasting blood glucose (FBG) level (p < 0.05) 
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when compared with NDM. However, the FBG level of DM + 
HPE group was significantly lower than DM group (p < 0.05).

In the present study, normal rats were administered with 
STZ to induce type I diabetes mellitus. High level of blood glucose 
in STZ-induced rats was observed when compared to normal 
rats. Disturbance in glucose homeostasis is owed to STZ-induced 
damage on pancreatic β cells, causing insufficiency of insulin 
secretion (Mohamed et al., 2012; Budin et al., 2013). Diabetic 
rats showed significant decrease in blood glucose level upon 
treatment with HPE. The improvement of blood glucose level 
might be due to the protective effect exerted by the antioxidant 
properties in HPE resulting in prevention of further destruction 
of β cells by antioxidant mechanism (Peng et al., 2011). Previous 
study had found that the use of tocotrienol-rich fraction, a potent 
antioxidant, was able to reduce the damage of pancreatic β cells 
and improve the blood glucose in diabetic rats (Budin et al., 
2011). Polyphenols are also functioning by increasing glucose 
uptake and causes up-regulation of glucose transporter in skeletal 
muscle, thus lowering the blood glucose level in diabetic rats 
(Kim et al., 2016). 

Table 1: Fasting blood glucose level.

Group NDM DM DM + HPE

FBG (mmol/L) 4.28 ± 0.553 32.23 ± 1.840a 23.06 ± 2.920a,b

Values are expressed as mean ± SEM where mean significant at p < 0.05. 
acompared with NDM group; bcompared with DM group.

Table 2: Body and organ weights.

Groups NDM DM DM + HPE
Body weight (g)

Initial 265.3 ± 3.7 250.4 ± 1.6a 254.5 ± 1.7a,b

Final 353.4 ± 5.4 171.1 ± 2.6a 266.6 ± 12.2a,b

Absolute weight of reproductive organs (g)
Testis 1.30 ± 0.04 0.40 ± 0.04a 0.99 ± 0.14a,b

Prostate 0.57 ± 0.02 0.27 ± 0.02a 0.38 ± 0.04a

Seminal vesicle 0.63 ± 0.15 0.30 ± 0.04a 1.38 ± 0.08a

Values are expressed as mean ± SEM where mean significant at p < 0.05. 
acompared with NDM group; bcompared with DM group.

Body and reproductive organs weights
The initial and final body weights of all experimental groups 

are shown in Table 2. The reduction of body weight in diabetic rats is 
obviously seen in both diabetic groups. In diabetic condition, because 
of insulin deficiency, peripheral cells are unable to use glucose as 
energy source. Body weight progressively reduced due to energy 
source being rerouted from glucose metabolism to fat and muscle from 
the process of lipolysis and proteolysis respectively.

Figure 1: Effects of HPE treatment on the levels of (A) Malondialdehyde (MDA) and (B) Protein carbonyl (PC) as well as the status of (C) Superoxide dismutase 
(SOD), (D) Glutathione (GSH) and (E) Catalase (CAT) of testis.
Values are expressed as mean ± SEM where mean significant at p < 0.05. acompared with NDM group; bcompared with DM group.

Treatment of diabetic rats with HPE was potent in protecting against weight loss and instead helped the rats to gain 
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weight. The improvement of body weight in DM + HPE group 
could be due to the amelioration of diabetic status as can be seen 
in the reduction in the blood glucose level. Improvement of body 

weight in diabetic rats by treatment of anti-diabetic plant extracts 
have been previously reported in past studies (Algariri et al., 2013; 
Pandhere et al., 2011).

Figure 2: Testicular histology. (A) NDM group testis. Note germinal epithelium lining seminiferous tubules are well defined and the spermatogenic cells are seen in 
the tubules. (B) DM group testis. Note disrupted and thinned germinal epithelium, sloughing of spermatozoa from the lumens (arrows), decreased tubule diameter and 
increased in interstitial space between tubules. (C) DM + HPE group testis. Note the histology is comparable to NDM group. (H&E) (X100).

The weights of testis, prostate and seminal vesicle of all 
groups at the end of the study are shown in Table 2. The weights of 
all organs in DM group are significantly lower than NDM group. 
The weight of testes in DM + HPE group is significantly higher 
than DM group (p < 0.005), whereas for prostate and seminal 
vesicle weight in DM + HPE group, both show increase in weight 
but no significant difference compared to DM group (p > 0.05). 
Decreased in reproductive organs weight could also be a factor to 
the decreased of body weight in diabetic rats due to hormonal and 
metabolic changes in hyperglycemia state (Fernandes et al., 2011; 
Md Idris et al., 2012). 

Oxidative stress markers
The etiology of oxidative stress in diabetic state 

originates from various mechanisms which includes over-
production of free radicals from glucose auto-oxidation and 
glycation of proteins. The alteration in antioxidative enzymes 
results in the limitation of their capacity to detoxify oxygen 
radicals (Matough et al., 2012). Oxidative stress biomarkers 
investigated in this study are MDA and PC which both were 
significantly higher in the testis of diabetic rats without 
treatment (p < 0.05), indicating an increase of lipid peroxidation 
and protein oxidation. Similar findings also had been reported in 
previous studies pertaining similar diabetic models (Lee et al., 
2009; Budin et al., 2013). Meanwhile, low levels of endogenous 
antioxidants, which is GSH, as well as reduced in CAT and 
SOD activities are manifested in diabetic rats without treatment 

compared to non-diabetic rats (p < 0.05). 
From this study, the level of MDA and PC were decreased 

significantly (p < 0.05) in diabetic rats treated with HPE, which 
supported the antioxidant properties of HPE. Polyphenol is the 
main source of human exogenous antioxidant and is naturally 
found in abundance in plants (Kim et al., 2016; Rocha et al., 2014). 
Previous studies reported that polyphenol are potent antioxidant 
and able to scavenge free radicals. Polyphenols also has an anti-
hyperglycaemic activity, which may suppress glucose release from 
the liver as well as improving glucose uptake in peripheral tissues 
(Prabhakar and Dioble, 2009). The amelioration of blood glucose 
level in HPE-treated diabetic rats and the antioxidant property 
of HPE reduced the reactive oxygen species (ROS) generation 
and activities, subsequently reduces the lipid peroxidation and 
protein oxidation (Murali et al., 2011; Kim et al., 2016). In this 
study, diabetic rats treated with HPE shown the improvement in 
the antioxidant status as the levels of GSH, as well as CAT and 
SOD activities well as SOD activity were increased significantly 
(p < 0.05). The improvement in endogenous antioxidants status 
most probably due to low levels of ROS generation and also 
the capacity of polyphenol to scavenge free radicals that cause 
reduction antioxidant consumption (Lim et al., 2016). 

Histopathological studies of testis
Histology studies of testis showed that in the NDM group, 

seminiferous tubules appearance, spermatogenic cells density and 
thickness of basement membrane appeared normal (Figure 2A). 
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On the other hand, there were obvious morphological changes 
in the testis of diabetic rats. The size of the seminiferous tubule 
was smaller whereas the interstitial space between the tubules was 
larger. There were also less spermatids seen in the tubules and 
atrophy of seminiferous tubules was also observed (Figure 2B). In 
the DM + HPE group, morphological changes due to diabetes was 
not observed. The appearance of all tubules was normal and all the 
spermatogenic cells were normally visible (Figure 2C). 

Prolonged and constant exposure to free radicals in 
diabetic state leads to destruction of testicular tissue (Giacco and 
Brownlee, 2010; Ding et al., 2015). The testicular tissue is highly 
vulnerable to oxidative damage contributed by the abundance 
of polyunsaturated fatty acid (PUFA) content in its structure 
(Giacco and Brownlee, 2010). The present finding showed that 
administration of HPE to diabetic rats could reverse this effect. 
The protective effects of this extract may be due to its free 
radical scavenging properties, which leads to the reduction in the 
oxidative damage of testis.

CONCLUSION
We concluded that HPE was able to protect against 

oxidant damage to the testis in diabetic condition by possibly 
inhibiting the oxidative stress through its anti-hyperglycemic and 
antioxidant activities.
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