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Introduction
Diabetes has been described as a disease where the body produces 

little insulin and/or ceases to produce insulin, or becomes progressively 
resistant to its action [1]. It is a chronic disorder in metabolism of 
carbohydrates, proteins, and fat often characterized by hyperglycaemia 
[2]. 

The involvement of oxidative stress in the progress of diabetic 
complications has been well documented as well as its implication in 
diabetic pathogenesis [3]. Oxidative stress is caused by generation of 
free radicals such as reactive oxygen species (ROS). In physiological 
condition, the body synthesizes both free radicals and anti-oxidants 
[4]. Oxidative stress sets in when an imbalance occurs between 
these free radicals and antioxidants in favor of the free radicals [5]. 
Hyperglycaemia – induced oxidative stress have been reported to occur 
via increased glycolysis; auto-oxidation of glucose and non-enzymatic 
protein glycation [6]. 

The testis contains an elaborate array of antioxidant enzymes and 
free radical scavengers to protect against oxidative stress. This is of 
great importance as peroxidative damage is currently regarded as the 
major cause of impaired testicular functions. Hyperglyceamia have 
been reported to be associated with testicular failure leading to sexual 
dysfunction, impotence and infertility [6]. The lipids in sperm are the 
main substrates for peroxidation, which is induced by ROS generated 
by hyperglyceamia. This will ultimately lead to infertility in most men, 
characterized by low sperm count and motility [7].

The use of plants in the use in the management of diabetes has 
been well documented [8]. The medicinal properties of fruits have 
been reported. Their daily consumption has been associated with 
reduced risk of cancer, heart disease, premature aging, stress, diabetes, 
and fatigue (Shibumon). This is primarily due to the integrated action 
of oxygen radical scavengers such as β- carotene and ascorbic acid, 
calcium and dietary fiber [9]. Among such fruits are the pawpaw (Carica 
papaya L.), and grape (Citrus paradissi) fruits. Their anti-diabetic and/
or hypoglyceamic properties have been reported in several studies [10-
12]. Extracts of unripe pawpaw fruits (Carica papaya L.) have been used 

in treatment of diabetes [10,12], while grape fruits (Citrus paradissi) 
have been reported to exhibit antidiabetic effect by protecting beta cells 
in the pancreas [11,12]. However, the post-harvest shelf life of these 
fruits is very limited due to their perishable nature, thereby leading to 
wastage [9]. Blending of two or more fruit juices for the preparation of 
ready-to serve beverage have been shown to be a convenient alternative 
for ensuring a longer postharvest shelf life and utilization of these fruits 
[9,13]. Blending of fruit juice helps in improving flavor, taste, nutritive 
value, and reduces production cost [9,14]. Blending juices with other 
medicinal plants such roselle calyx (Hibiscuus sabdarifa) and guava 
leaves (Psidium guajava L.) improves the medicinal properties. Guava 
leaves have been shown to exhibit hypoglycemic effect in normal and 
diabetic rats [15]. Its ability to inhibit increase plasma glucose level in 
alloxan-induced diabetic rats has been reported [12]. Locally known as 
Zoborodo in Northern Nigeria, aqueous extract of roselle calyx has been 
demonstrated as having beneficial effects on anti-oxidation and lipid-
lowering in experimental diabetic studies [16]. A blend of these fruits 
with the mentioned medicinal plants would therefore form a natural 
health drink suitable for the treatment and/or management of diabetes 
and its related complication.

This paper reports the effect of blends of these fruits with 
roselle calyx (Hibiscuus sabdarifa) and guava leaves on the testicular 
antioxidant activities and sperm quality as well as blood glucose level 
of diabetic rats.
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Abstract
Hyperglyceamia-induced oxidative stress has been reported to be associated with testicular failure leading to 

sexual dysfunction, impotence and infertility. The effect of blend of roselle calyx and selected fruits on the testicular 
antioxidant activities and sperm quality of diabetic rats was investigated. Diabetes was induced by a single 
intraperitoneal injection of alloxan. Treatment lasted for 14 days after induction. The rats were sacrificed by cervical 
dislocation. Testicular tissues were used for assessment of GSH, catalase, SOD and lipid peroxidation. Sperm cells 
were analyzed for sperm motility, counts and abnormality. Induction of diabetes led to a significant decrease in 
GSH level, elevated SOD and catalase activities. These were significantly modified by the blend. The blends were 
observed to reduce malondialdehyde level. Induction of diabetes led to significant decrease in the studied sperm 
quality parameters, treatment with the blend significantly improved these qualities. This study indicates improved 
testicular antioxidant activities and sperm qualities by single and double doses of the fruit blend suggesting its 
protective potential against spermatotoxic and testicular toxicity in diabetics.
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Materials and Methods
Plant materials

Improved varieties of unripe pawpaw fruits (Carica papaya), grape 
fruits (Citrus paradissi) as well as guava leaves (Psidium guajava) were 
identified and obtained from National Horticultural Research Institute 
(NIHORT), Ibadan, Nigeria. Roselle calyx (Hibiscuus sabdarifa) 
was obtained from Mushin market in Lagos, Nigeria. The varieties 
of pawpaw, guava, and grape fruit identified and purchased were Cg 
variety of pawpaw, sweet grape and local guava respectively.

Preparation of extracts

Extracts of pawpaw fruit, guava leaf and grape fruit were produced 
using hot extraction methods as described by Okafor et al. [17]. Briefly, 
unripe pawpaw fruits were washed peeled, seeds were removed and 
the fruits were cut into smaller sizes. This was boiled for 30 minutes at 
60°C. The boiled fruits were then milled in a warring blender with the 
water in which they were boiled to get slurry, which was later filtered 
using a fine sieve to get the extract. Grape fruits were washed, peeled, 
cut into smaller pieces; seeds were removed and milled in a warring 
blender into slurry. The slurry was then filtered using a fine sieve. The 
guava leaves and the roselle calyx (Hibiscuus sabdarifa) were sorted, 
washed and boiled in water separately for 20 minutes, and the extracts 
were decanted.

Blend formulation

Varying proportion of the extracts were mixed together to get a 
blend as depicted on table 1. Roselle calyx (Hibiscus sabdariffa) was 
used as a carrier and part of the formulation. The blend was pasteurized 
at 80°C.

Animals

Twenty male albino rats of wister strain weighing about 150-200 g 
were used for the study. They were fed on standard rat pellet diet and 
allowed to adapt for one week. They were provided water ad libitum 
and maintained under standard laboratory conditions of natural photo 
period of 12-hr light - dark cycle. The animals used in the present study 
were maintained in accordance with the approval of the Animal Ethical 
Committee, Federal Institute of Industrial Research, Lagos, Nigeria

Induction of diabetes

Diabetes was induced by a single intraperitoneal injection of 150 
mg/kg of alloxan monohydrate in normal saline water in a volume of 
about 3 mL. After 72 hours, the diabetic rats (glucose level > 150 mg/dl) 
were separated and used for the study.

Experimental design

The rats were divided into four groups, each consisting of five 
animals.

Group 1 – Pelletized mouse chows

Group 2 – Diabetic (Untreated)

Group 3 - Diabetic + 2.5 ml of blend/bw

Group 4 - Diabetic + 5 ml of blend/bw

The rats were monitored daily for food and water intake, and body 
weight. The fruit blends were orally administered. Blood glucose levels 
of the rats were monitored on weekly basis with a glucometer. Treatment 
lasted for 14 days after induction. At the end of the treatment trials, the 
rats were fasted overnight and sacrificed by cervical dislocation.

Preparation of tissue homogenates

The testes were removed, rinsed in ice-cold 1.15% KCl solution to 
wash off excess blood, blotted dry with filter paper and weighed. The 
organs were homogenized in four parts of homogenizing buffer and 
centrifuged at 10,000 g for 15 min in an ultracentrifuge at a temperature 
of -2°C to get the mitochondrial fraction. The supernatant (post-
mitochondrial fraction) was decanted and stored at -4°C for subsequent 
analysis. Each time the supernatant was outside the freezer, it was kept 
in ice bags. 

Determination of oxidative stress parameters

 Lipid peroxidation was determined by measuring malondialdehyde 
(MDA) formed by thiobarbituric acid reaction (TBAR) [18]. Catalase 
(CAT) activity was estimated by measuring the rate of decomposition 
of H2O2 [19]. The level of superoxide dismutase (SOD) activity was 
determined by the method of Kakkar et al. [20], while the method 
of Ellman [21] was adopted in estimating the activity of reduced 
glutathione (GSH). 

Evaluation of sperm quality

The tail of the epididymis was cut into small pieces in 2 mL of normal 
saline and sperm collected by squeezing it gently on clean slide [22]. 
Sperm motility and count were evaluated using conventional methods 
[23]. Sperm abnormality was carried out by microscopical examination 
of the seminal smears stained with Eosin and Nigrosin stain. Presence 
of epithelial cells, triple phosphate crystals and oil droplets were also 
investigated.

Statistical analysis

Statistical significance was established using one-way analysis 
of variance (ANOVA), and data were reported as mean ± standard 
deviation. Significant difference was established at P<0.05. Statistical 
analyses were carried out using SPSS for Windows, version 15.0 (SPSS 
Inc., Chicago, IL).

Results
Blood glucose level

Induction of diabetes led to an increase in the blood sugar level as 
depicted in figure 1. Treatment with 2.5 ml of the blend led to 13.25% 
reduction of the blood glucose level which was statistically significant 
(p<0.05) at the first week of treatment, while at a double dose (5.0 
ml) a 56.62% reduction was observed. A further 33.95% reduction 
was observed in the single dose group (group 3) in the second week. 
However, there was a 32.90% increase in the blood glucose level of rats 
treated with a double dose compared to the first week of treatment.  

Antioxidant activities

There were significant differences (p<0.05) in all the studied 
antioxidant parameters. Induction of diabetes led to a significant (p< 
0.05) reduction of GSH activity in the testes of the experimental rats 

Extracts Percentage (%)
Pawpaw 30
Grape fruit 10
Guava leaves 20
Roselle calyx 40
Sweetener 10 tablets/litre

Table 1: Product formulation.
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(Figure 2). Treatment with the blend at both single and double doses 
significantly (p<0.05) increased the activity. There was an increase in 
the SOD activity in the untreated diabetic rats (group 2). Treatment 
with 2.5 ml of the blend led to 12.59% decrease of the activity. However, 
it was further reduced in the double dose group (group 4) by 21.32% 
as shown in figure 3. There was an increase in the catalase activity in 
the testes of the untreated diabetic rats as shown in figure 4. However, 
treatment with both doses reduced in its activity. Induction of diabetes 
led to increased level of MDA signifying lipid peroxidation (Figure 5). 
This was however reduced by 48.69% and 55.22% by single and double 
doses of the blends respectively.

Sperm quality

The effects of the blend at both single and double dose are shown 
in table 2. The sperm cells were observed to be grayish and opaque. 
They were also observed to be watery.  Sperm count, and motility were 
significantly decreased in the untreated diabetic group in comparison 
to the control. These were observed to increase in the treated groups. 
However, treatment with single dose (2.5 ml) had no effect on the 
motility. Sperm abnormality was observed to increase in the untreated 
group. Treatment with single and double dose had no effect on the 

abnormality. The concentration of pus cells was observed to be constant 
in all experimental groups.  The concentration of epithelial cells were 
observed to increase in the untreated diabetic group, this was reduced 
in both treated groups. Triple phosphate crystal was observed in the 
sperm cells of the untreated diabetic group but absent in the treated. 
Oil droplets were observed in the sperm cells of the groups 1 and 4 
respectively.

Discussion
The antioxidant capacity of juices (fruit blends) has been linked 

to in vivo protection from oxidative stress in numerous studies [24]. 
Various studies have also demonstrated the ability of these blends to 
scavenge free radicals and protect against lipid peroxidation in vitro 
[25]. These studies emphasized the protective effect of fruits against 
oxidative damage. These antioxidant activities can be explained in 
part by their dietary components especially the phytochemicals and 
vitamin C [26]. The testes are susceptible to oxidative stress despite the 
low oxygen tensions that typify the testicular cells. This is attributed 
to abundance of highly unsaturated fatty acids and the presence of 
potential ROS – generating systems [27]. The testes have developed 
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Figure 1: Blood glucose level of experimental groups. Values = mean ± SD; 
n = 5. Note: Values = mean + SD; n = 5. a= statistical significant (p < 0.05) 
as compared with group 1; b = statistical significant (p < 0.05) as compared 
with group 2; c = statistical significant (p < 0.05) as compared with group 3; d = 
statistical significant (p < 0.05) as compared with group 4.
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Figure 2: Effect of blends on GSH activities of testes in diabetic rats. Values = 
mean ± SD; n = 5. Note: Values = mean + SD; n = 5. a= statistical significant (p < 
0.05) as compared with group 1; b = statistical significant (p < 0.05) as compared 
with group 2; c = statistical significant (p < 0.05) as compared with group 3; d = 
statistical significant (p < 0.05) as compared with group 4.

 

180

160

140

120

100

80

60

40

20

0

Group 1                Group 2                 Group 3                 Group 4

µm
ol
/L

b,c

a,c,d

a,b,d

a,b,c

Figure 3: Effect of blends on SOD activities of testes in diabetic rats. Values = 
mean ± SD; n = 5. Note: Values = mean + SD; n = 5. a= statistical significant (p < 
0.05) as compared with group 1; b = statistical significant (p < 0.05) as compared 
with group 2; c = statistical significant (p < 0.05) as compared with group 3; d = 
statistical significant (p < 0.05) as compared with group 4.
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Figure 4: Effect of blends on CAT activities of testes in diabetic rats. Values = 
mean ± SD; n = 5. Note: Values = mean + SD; n = 5. a= statistical significant (p < 
0.05) as compared with group 1; b = statistical significant (p < 0.05) as compared 
with group 2; c = statistical significant (p < 0.05) as compared with group 3; d = 
statistical significant (p < 0.05) as compared with group 4.
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an array of antioxidant systems comprising both enzymatic and non-
enzymatic constituents to counteract this effect [27]. In diabetes these 
antioxidant systems are compromised, thus subjecting the testes to 
free radicals leading to testicular oxidative stress. The effect of blends 
of selected fruits with roselle calyx was investigated on testicular 
antioxidant activities and sperm quality in diabetic rats and reported 
in this paper.

The observed reduced blood glucose level portrays a hypoglyceamic 
effect of the blend. Our previous study on the chemical properties of 
the blend revealed the presence of a high percentage of flavonoid and 
phenols, which have been reported to have hypoglycemic potentials 
[17,28]. Their hypoglycemic activity and antioxidant potentials in 
normal and alloxan-induced diabetic rats have been studied [29]. 
This could explain the observed hypoglyceamic activities of the blend. 
Moreover, the anti-diabetic properties of extracts of the selected fruits 
have been reported [10-12].

Induction of diabetes by alloxan administration produced a marked 
oxidative impact as indicated by the significant increase in testicular 
lipid peroxidation and decrease in testicular antioxidants. This reflects 
the inhibitory action of alloxan on both enzymatic and non-enzymatic 
antioxidants in testes [30]. Alloxan exhibits its action by generating 
ROS resulting to destruction of the pancreatic β cells thereby leading 
to diabetes [31]. 

Reduced cellular level of GSH has been reported to be a marker 
of oxidative stress [29]. The reduced level in the untreated diabetic 
group corresponds to previous studies which report reduced GSH level 
in diabetic patients and in experimental models [32,33]. This reduced 
GSH level indicates oxidative stress. The decrease in testicular GSH was 
reversed by the blend at both doses, indicating its antioxidant potentials. 

Increased SOD and CAT activities due to oxidative stress have 
been reported [34]. Their observed increase in the testes of untreated 
diabetic rats might be attributed to hyperglycemia - induced oxidative 
stress. The importance of SOD in controlling O2- leakage from 
testicular mitochondria has been reported [35]. Gu and Hecht [35] 
further reported that its mRNA is higher in the testes than the liver. 
CAT catalyzes the decomposition of hydrogen peroxide (H2O2) into less 
reactive gaseous oxygen and water molecules [36]. The present study 
demonstrated significant decreases in SOD and CAT activities in testes 
of rats treated with blends at both single and double dose. 

Induction of lipid peroxidation (LPO) in diabetics has been 
observed in numerous tissues both in vitro and in vivo [37]. The testes 
are potent target owing to the high concentration of polyunsaturated 
fatty acids. In the present study, induction of diabetes enhanced the level 
of testicular lipid peroxidation in accordance to previous studies. The 
increased MDA level in the untreated diabetic rats depicts peroxidation 
of the lipids of the testicular tissues. Reduction of the MDA level by 
both doses of the blend reflects their protective potentials against 
hyperglyceamia – induced peroxidation of testicular membrane lipids. 

Increasing evidence suggests that diabetes has an adverse effect on 
male reproduction function and oxidative stress may be involved [7]. 
This is evidenced by the sperm quality of the untreated diabetic rats. 
Their low sperm motility and count as well as percentage abnormality 
corresponds to previous studies on the sperm quality of diabetic rats 
[7,27,38]. Single dose of the blend was observed not to improve the 
sperm motility. However, at double dose the cell motility was restored. 
Insufficient sperm motility is a common cause of infertility, thus the 
improved motility at a double dose of the blend signifies improvement 
of the sperm quality and improved fertility. The observed improvement 
of the sperm count by both single and double doses of the blend portrays 
its potency in the management of the diabetic-induced spermatoxic 
and impotency in males. This could be attributed to the ability of the 
blend to improve the testicular antioxidant activities as evidenced 
by the enhanced antioxidant markers. The reduced concentration of 
epithelial cells and absence of triple phosphate crystals in the semen in 
the testes of the treated group further portrays the potency ability of the 
blend. Epithelial cells from the genitourinary tract, as well as leukocytes 
and immature germ cells are often present in ejaculates other than the 
spermatozoa which may be clinically relevant [39]. 

Conclusion
This paper indicates improved testicular antioxidant activities and 

sperm qualities by single and double doses of the fruit blend suggesting 
its protective potential against spermatotoxic and testicular toxicity in 
diabetic male rats.
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