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Abstract: The antioxidant potential of many flavonoid containing plants is increasingly being exploited in therapy. 

Hibiscus sabdariffa (HS) is one of the most widely used nutraceuticals, used traditionally to combat various 

illnesses due to its high flavonoid contents. The present study was aimed at evaluating the ameliorative effect of co-

administration of HS and vitamin E on sub-chronic carbamazepine (CBZ)-induced alterations in semen 

characteristics. Thirty young male Wistar rats were divided at random into five groups containing 6 rats per 

groups. Group I and II were administered normal saline and carbamazepine (20 mg /kg), respectively, while group 

III was treated with CBZ and aqueous extract of Hibiscus Sabdariffa (200 mg/kg); group IV was treated with CBZ 

and vitamin E (VE) 30 minutes after treatment with CBZ. The regimens were administered orally by gavage once 

daily for a period of 8 weeks. At the end of the treatment, four animals from each group were randomly selected 

and sacrificed by jugular fenestration. 

Keywords: Carbamazepine, Hibiscus sabdariffa, sperm count, sperm morphology, sperm motility, testicular 

histology, testosterone and vitamin E. 

I.     INTRODUCTION 

Carbamazepine is one of the most commonly used antiepileptic drugs. In men with epilepsy, long-term use of liver 

enzyme inducing antiepileptic drugs (AEDs), is associated with increased serum concentration of sex hormone-binding 

globulin and reduced bioactive serum testosterone, which may affect reproductive function [1]. In addition, the use of 

certain antiepileptic drugs may reduce sperm motility, induce sperm abnormalities and decrease testicular volume. 

Change in sperm quality can obviously have a direct effect on fertility in men [2][3]. Hibiscus sabdariffa L. is used in folk 

medicine against many complaints that include high blood pressure, liver diseases and fever [4][5][6][7]. In Nigeria, a 

decoction of the seeds is given to augment or induce lactation in poor milk let-down [8]. Hibiscus sabdariffa L. is taken as 

a common local drink, popularly known as “zobo” in Nigeria. It is cultivated for leaf, fleshy calyx, seed or fibre according 

to the respective properties of the two major varieties variety. ruber (red) and variety intermedius (green) [4]. The thick 

red and fleshy cup-shapes calyces of the flower are consumed worldwide as a cold beverage and as a hot drink (sour tea) 

[9]. It is known as roselle or red sorrel (English), karkade (Arabic), yakuwa (Hausa), amukan (Yoruba) and okworo ozo 

(Ibo). Hisbiscus sabdariffa Linn is a herb belonging to the Malvaceae family and it is grown in Central and West Africa, 

South- East Asia, and elsewhere in parts of West Indies, Jamaica and Central America. In Africa, roselle is frequently 

cooked as a side dish, eaten with pulverized peanuts. For stewing as sauce or filling for tarts or pies, the products were 

indistinguishable from cranberry sauce in taste and appearance [9][10]. Hibiscus sabdariffa L. is an important source of 
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vitamins, minerals, and bioactive compounds, such as organic acids, phytosterols, and polyphenols, some of them with 

antioxidant properties. The phenolic content in the plant consists mainly of anthocyanins like delphinidin-3-glucoside, 

sambubioside, and cyanidin-3- sambubioside; other flavonoids like gossypetin, hibiscetin, and their respective glycosides; 

protocatechuic acid, eugenol, and sterols like -sitoesterol and ergoesterol [11]. Hibiscus sabdariffa L. is used as a source 

of food and beverages in local communities in Africa and other parts of the world. Hibiscus sabdariffa L.is reported to 

have antioxidant effect on some haematological indices and in alleviating the toxicity induced by chronic administration 

of sodium nitrate in Wistar rats [12]. In India, Africa and Mexico, roselle plants are valued in native medicine. Infusions 

of the leaves or calyces are regarded as diuretic, cholerectic, febrifugal and hypotensive, decreasing the viscosity of the 

blood and stimulating intestinal peristalsis. Pharmacognosists in Senegal recommend roselle extract for lowering blood 

pressure. Sharaf (1962) [13], confirmed the hypotensive activity of the calyces and found them antispasmodic, 

anthelmintic and antibacterial as well. In 1964, the aqueous extract was found effective against Ascaris gallinarum in 

poultry [9]. Sharaf (1962) [13] showed that both the aqueous extract and the colouring matter of the calyces are lethal to 

Mycobacterium tuberculosis [9]. In experiments with domestic fowl, roselle extract decreased the rate of absorption of 

alcohol and so lessened its effect on the system [9]. In Guatemala, roselle "ade" is a favorite remedy for the after-effects 

of drunkenness. The heated leaves are applied to cracks in the feet and on boils and ulcers to speed maturation of new 

cells. A lotion made from the leaves is used on sores and wounds [14]. The brownish-yellow seed oil is claimed to heal 

sores on camels. In India, a decoction of the seeds is given to relieve dysuria, strangury and mild cases of dyspepsia and 

debility [9].Vitamin E can protect critical cellular structures against damage both from free radicals such as peroxyl 

radical, hydroxyl radical, and superoxide, and from oxidation products such as malondialdehyde (MDA) and 

hydroxynonenal [15]. Vitamin E, as an important antioxidant, playing a role in inhibition of mutagen formation and repair 

of membranes and DNA. Therefore, it has been suggested that vitamin E may be useful in cancer prevention [16].  

Vitamin E supplementation in cancer patients showed that vitamin E has an important neuroprotective effect [17]. 

Vitamin E has the ability to protect neuronal tissue in several neurodegenerative disorders, including Alzheimer's disease 

[18]. Oxidative stress is thought to contribute to the development of a wide range of diseases, including Alzheimer's 

disease [19][20],
 
Parkinson's disease [21],

 
diabetes [22][23], rheumatoid arthritis [24] and neurodegeneration in motor 

neurone diseases [25]. In many of these cases, it is unclear if oxidants trigger the disease, or if they are produced as a 

secondary consequence of the disease and from general tissue damage. One case in which this link is particularly well-

understood is the role of oxidative stress in cardiovascular disease. Here, low-density lipoprotein (LDL) oxidation appears 

to trigger the process of atherogenesis, which results in atherosclerosis, and finally cardiovascular disease [26]. 

II.     MATERIALS AND METHODS 

1.1 Experimental Design And Treatment Of  Animals 

1.1.1 Acute toxicity studies of Hibiscus sabdariffa 

Acute toxicity (LD50) of Hibiscus sabdariffa l. was determined using the method of Lorke [27]. The study of Hibiscus 

sabdariffa l. on Wistar rat toxicity was divided into two phases. Nine Wistar rats were used in the first phase in 3 divided 

groups of 3 each named group A, B and C. Group A received extract doses of 10 mg/kg body weight orally, while group 

B and C received extract doses of 100 and 1000 mg/kg body weight by oral route respectively. The treatment animals 

were observed for 24 hours for sign of discomfort or death. In the second phase, four Wistar rats were divided into four 

groups, named group D, E, F and G. Group D received the extract at a dose of 600 mg/kg body weight orally, group E, F 

and G received the extract at a dose of 1000, 1600 and 2900 mg/kg body weight, respectively. The animals were also 

observed for 24 hours for sign of discomfort or death. No sign of discomfort or death was observed during the period of 

observation. Therefore, the extract was considered relatively non-toxic even at doses higher than 5000 mg/kg [27]. 

1.1.2 Experimental animals 

Thirty adult male Wistar rats between the ages of 8-12 weeks, weighing from 120-180 g were used for this research. The 

animals were obtained from the Department of Pharmacology and Therapeutics, Ahmadu Bello University, Zaria. The 

rats were housed in the animal house of the Department of Human Physiology, Faculty of Medicine, Ahmadu Bello 

University Zaria, Nigeria. The animals were kept in cages under normal environmental temperature (20 – 22 
o
C) and fed 

with standard pellet diet and water given ad libitum.  
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1.1.3 Identification of plant and extract preparation 

The Hibiscus sabdariffa l. plant was authenticated and given herbarium/voucher number 1056. The calyces were then 

shaded-dried and pounded into powder using pestle and mortar and extraction was done using the method of cold 

maceration [28]. Five hundred gram (500 g) of the powder was poured into a conical flask and one litre of distilled water 

was added to it and was shaken for 1 hour, and then allowed to stand overnight.  It was then filtered using a filter paper 

and the filtrate was poured into an evaporating dish, and concentrated with water bath (70-75 
o
C) to granules. The 

granules/extract was then scrape off and preserved in a sample bottle. 

1.2 Experimental procedure 

A total of 30 Wistar rats were used for the experiment. They were divided into five groups of six animals each. Group I 

served as control and given 5 ml/kg of 0.9% saline, while groups II, III, IV and V were treated with 20 mg/kg of 

carbamazepine, carbamazepine (20 mg/kg) + 200 mg/kg/day of H. sabdariffa  30 minutes after administration of 

carbamazepine, carbamazepine (20 mg/kg) + vitamin E (50 IU/kg body weight) 30 minutes after administration of 

carbamazepine and carbamazepine (20 mg/kg) + H. sabdariffa   (20 mg/kg) + vitamin E (50 IU/kg body weight) orally for 

8 weeks, respectively. After 24 hours from the last treatment, the animals were used for the experiment. Each rat was 

sacrificed by jugular fenestration. After fenestration the rat was dissected and the epididymis was exposed by scrotal 

incisions and transferred into petri dish. The weight of the epididymis was recorded for each rat. 

1.3 Sperm analysis  

The epididymis was crushed using a blunt forceps in a petri dish and 1 ml of physiological saline solution (PSS) at room 

temperature (22 
o
C) was added to semen and mixed thoroughly using a syringe to draw and release the mixture 

continuously. One millilitre of 0.5% formolsaline was added to the homogenate and mixed in the petridish [29].The 

semen mixture was then sucked into a red blood cell pipette to the 0.5 mark, then normal saline was sucked up to the 101 

mark and allowed to settle down for about 10 minutes before introducing into haemocytometer. The normal saline in the 

stem of the pipette was discarded and the content of the bulb of the pipette was mixed thoroughly. A drop of the mixture 

was placed on the counting chamber which then spreads under the cover slip by capillary action. The counting chamber 

was then mounted on the slide stage of the microscope and viewed under x 40 magnification. A grid system divides the 

counting chamber into five major squares each containing 16 smaller boxes. The count included all the sperm cells within 

the five major squares using the top and right or left and bottom system of counting as described by Verma and Chinoy 

(2002) and Zaveneid and Polakoski (1977) [29][30]. 

The sperm count for a rat was calculated as = n x 1x10
-6

/mL of semen. 

1.4 Sperm motility 

A drop of the semen mixture was placed on a glass slide using 2 ml syringe, the preparation was placed on a microscope. 

Sperm motility was assessed as described by Sonmezet al. (2007) [31].The motility of epididymal sperm was evaluated 

microscopically within 2–4 min of their isolation from the caudal epididymis and data were expressed as percentages of 

progressive motile, non-progressive motile and non-motile spermatozoa. The percentage of motility was evaluated 

visually at X 40 magnification.  

1. Progressive movement sperm cells 

2. Non-progressive movement sperm cells 

3. No movement or immotile sperm cells 

1.5 Sperm Morphology 

The epididymis was minced in 1 ml PSS to make a suspension. Sperm morphology was determined by the method of 

Rouge (2004). Briefly, microscope slides and nigrosin-eosin stains were pre-warmed to body temperature. A drop of stain 

was made onto the end of a slide and a small droplet of semen was pipette next to the stain. The edge of another slide was 

placed inside the drops of stain and semen, and the slide was rocked back and forth a few times to mix the sperm and 
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stain. A second side was smeared across the surface of the first. The second slide was dried by waving it back and forth in 

the air. The slide was examined using a bright field microscope using X 40 objective lens. Sperm head morphology was 

classified into normal and abnormal types. The abnormal spermatozoa were classified into two categories: (1) 

spermatozoa with defective heads (amorphous, hook less, banana shaped, double head, microcephaly and cephalo-caudal 

junction defects; and (2) Spermatozoa with defective tails (two-tailed, coiled/bent tails) [33]. 

1.6 Histological procedures 

After the extraction of the testis from the rats, the organ was promptly and adequately treated with 10% formaldehyde 

(fixation) in order to preserve its structure and molecular composition. After fixation, the piece of organ was dehydrated 

by bathing it successfully in graded mixture of ethanol and water (70 – 100%). The ethanol was then replaced with a 

solvent miscible with the embedding medium. As the tissues were infiltrated with xylene, it became transparent (clearing). 

The impregnated tissue by xylene was placed in melted paraffin in an oven, maintained at 58 – 60
o
C (embedding). The 

heat caused the solvent to evaporate and the spaces within the tissues became filled with paraffin. The tissue together with 

its impregnating paraffin hardened after removal from the oven. The sections (5 µm) were then floated on water and 

transferred to a glass slide, and stained with haematoxylin and eosin stains. The slides were viewed under light 

microscope with magnification x 100. 

1.7 Statistical analysis 

The results obtained were presented as mean ± SEM. The data were analyzed using ANOVA and Tukey’s post hoc test to 

determine the level of significance between the control and experimental groups. Values of P < 0.05 were considered to 

be of statistically significance. 

III.     RESULTS 

The result showed that mean sperm counts in the CBZ-treated alone group was lower but higher in groups co-treated with 

HS, Vitamin E, and  HS and vitamin E (P < 0.05) when compared to the control groups (Figure 1). 

 

 

Figure 1: Effects of treatments on epididymal sperm count in adult male Wistar rats 
a, b, c = Means with different superscript letters are significantly (P < 0.05) different 

 

There was significant decrease in mean progressive sperm motility but an increase in the means non-progressive motility 

and non-motile sperm cells of the CBZ-treated group as compare to the control group (P < 0.05). While there were 

significant increases in mean progressive sperm motility but decrease in non-progressive motility and non-motile sperm 
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cell of the groups treated with CBZ in combination with HS, vitamin E, and HS and vitamin E as when compared to the 

CBZ-treated alone and control groups (P < 0.05) (Figure 2).  

 

 

Figure 2: Effect of treatments on progressive sperm motility in adult male Wistar rats 
a, b, c = Means with different superscript letters are significantly (P < 0.05) different 

 

There was no considerable statistically significant different in abnormal sperm cells in the treatment groups (except for 

tail abnormality) (P < 0.05) when compared to the control group (Figure 3). 

 

Figure 3: Effect of treatments on sperm morphology of adult male Wistar rats 
a, b, c = Means with different superscript letters are significantly (P < 0.05) different 
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Figure 4 shows relatively decrease in mean serum testosterone level in treatment groups as compared to control group but 

significant increase in the group treated with CBZ in combination with HS and vitamin E only (P < 0.05).  

 

Figure 4: Effects of treatments on serum testosterone concentration in adult male Wistar rats 
a, b, c = Means with different superscript letters are significantly (P < 0.05) different 

 

Plate I shows normal testicular histology of the control group treated with normal saline, plate II shows conspicuous 

damaged germ cell and mature spermatozoa layers of  the group treated with CBZ alone, while plates III, IV and  V show 

amelioration of damaged testes in groups treated with CBZ in combinations with HS, VE and HS + VE, respectively.  
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Plate I: Photomicrograph of the testis of an adult male Wistar rat treated with normal saline. Note the normal spermatogonia 

layer (A) beneath the basement membrane (B), spermatocyte layer (C), spermatozoa (D) in the central lumen and interstitial 

space (E). H & E X 100. 
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Plate II: Photomicrograph of the testis of an adult male Wistar rat treated with carbamazepine. Note the degeneration of 

germinal epithelia cells (A), slight vacuolation appearing between the epithelium and the spermatogenic cells and few matured 

spermatozoa and degenerative germ cells (B) in the central lumen (C). H & E X 100 

 

Plate III: Photomicrograph of the testis of an adult male Wistar rat treated with carbamazepine + Hibiscus sabdariffa. Note the 

scanty germ cell layer (A), spermatocytes layer (B) and spermatozoa layer (C) close to the tubular lumen (D). H & E X 100 

C

B

A

E

D

D

B

C

A



 

International Journal of Novel Research in Life Sciences 
Vol. 2, Issue 1, pp: (22-33), Month: January - February 2015, Available at: www.noveltyjournals.com 

 

Page | 29 
Novelty Journals 

 

 

Plate V: Photomicrograph of the testis of an adult male Wistar rat treated with carbamazepine + vitamin E. Note the reduction 

in the number of germ cell layer (A), spermatocyte cells layer (B) and central spermatozoa layer (D) in the seminiferous tubular 

lumen (E)  and enlargement of interstitial cell of Leydig  (C) and interstitial spaces  (F). H & E Mag. X 100 

 

Plate VI: Photomicrograph of the testis of an adult male Wistar rat treated with carbamazepine + Hibiscus sabdariffa + vitamin 

E. Note the relatively normal spermatogonia layer (B) lining the basement membrane (A), spermatocyte layer (C), and 

spermatozoa layer (D) close to the center of the seminiferous tubular lumen (E). H & E X 100 
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IV.     DISCUSSION 

The present study showed a significant reduction in epididymal sperm concentration in the CBZ group as compared to 

other groups after 28 days of oral administration, which agreed with the result obtained by Leskiewicz et al. (2008) [34]. 

The lower sperm count in the CBZ group could be partly due to the induction of oxidative stress in the testes and the 

spermatozoa as reported by earlier workers Gallup et al. (2002); Isojarvi et al. (2004) and Krishnamoorthy et al. (2007) 

[35][3][36]. The spermatozoa are highly susceptible to damage from ROS due to high concentration of polyunsaturated 

fatty acids within their plasma membrane [37], high production of free radicals, resulting from mitochondrial respiration 

and deficient DNA repair mechanism [38]. Although, spermatozoa require a short exposure to low amount of free radicals 

for sperm capacitation and to become hyperactive [39], reactive oxygen species (ROS) must be continuously inactivated 

to a level that will not be injurious to the spermatozoa. Spermatozoa possess an array of antioxidant defence mechanisms 

such as superoxide dismutase (SOD), catalase (CAT) and glutathione (GPx) [40]. Anti-epileptic drugs like CBZ are 

capable of increasing oxidative challenge, which can be neutralized by an array of antioxidant mechanisms in the body. 

When the activities of antioxidant enzymes and molecules are overwhelmed, oxidative stress ensures. The resulting 

excess free radicals damage lipid and protein components of cell membranes. This leads to acceleration of germ cell 

apoptosis, resulting in a decline in sperm count and alteration of gonadal integrity and function [41].  

The Sertoli cell is a major determinant of sperm output in the testes (Sharpe et al., 2003) [42]. The reduced sperm count 

seen in this study in the CBZ group may be due to the reduced testosterone concentration possibly due to low LH and 

oxidative damage to the Leydig cells, consistent with the finding of Sharpe et al. (2003) [42]. The net effect of low 

testosterone levels is decreased spermatogenesis and androgen-dependent epididymal sperm maturation [43]. The present 

study has shown that treatment with the aqueous extract of HS and VE, ameliorated the CBZ-induced low sperm count. 

This may be due to anti-oxidant activities of the extract and VE apparently acting synergistically to reduce free radical 

load in the testes. The increase in the sperm concentration in the groups co-treated with the HS and VE may be due to 

decreased lipoperoxidative damage to the testicular tissues. Also, the amelioration of oxidative damage to the testes by HS 

and VE may have enhanced LH production, hence increasing the testosterone production by Leydig cells. 

The present study showed a marked decrease in the sperm motility in the group exposed to CBZ compared to the control 

and other treated groups. This result agreed with previous findings by Shen and Chen (1990) [44], who reported that 

carbamazepine has membrane stabilizing effect and inhibit human sperm motility. The reduced sperm motility in both 

progressive and non-progressive movement seen in this study may be ascribed to accumulation of proteins in the testes 

and epididymis, secondary to androgen deprivation, resulting in increased formation of abnormal spermatozoa [45]. 

Sperm DNA damage occurs secondary to oxidative stress, exacerbated by a decline in local antioxidant protection, 

especially during epididymal maturation. This results in variety of adverse clinical outcomes [46]. Hence, a cascade of 

defective spermiogenic processes with characteristic retention of excess residual cytoplasmic, persistent nuclear histones, 

and poor zona binding and disrupt chaperone content, causing formation of dysmature cells [46]. 

In the current study, there was a relatively higher testosterone level in the control as compared to the treated groups. The 

lower serum testosterone concentration in the CBZ group may be linked to the inhibitory effect of CBZ on the secretion 

of pituitary gonadotropins (FSH and LH), which aid in testosterone biosynthesis [47]. Similarly, decrease in testosterone 

concentration seen in the CBZ-treated group may occur due to direct damage to Leydig cells [36]. Therefore, the low 

testosterone concentration in the CBZ-treated group as compared to the control group may be due to deleterious effect of 

CBZ on both the brain and the testicular tissues due to oxidative damage. The improvement seen in the groups co-treated 

with HS and VE suggests an ameliorative effect of HS and VE on CBZ-induced testicular and sperm defects. 

Histological examination of the testes of rats treated with CBZ revealed degeneration in spermatogonia cells, lining the 

seminiferous tubule, associated with incomplete spermatogenesis when compared with the control group treated with 

normal saline. The degeneration of germ cells and abnormal interstitial spaces with degeneration of Leydig cells in CBZ 

treated group seen in this study may due to the cytotoxic effect of CBZ. This agrees with the findings of Shetty and 

Naryana (2007) [48], who reported that CBZ depresses spermatogenesis, which results in the death of immature germ 

cells present in the seminiferous epithelium. Improvements in the histopathological pictures with preservation of testicular 

integrity that were observed from rats treated with CBZ + HS and CBZ + VE could be ascribed to the antioxidant effects 

of HS and VE. This is consistent with the findings of Dare et al. (2012) [49], who showed that flavonoids, which are part 
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of the phytochemical constituents of HS, exhibit a wide range of biological activities, especially their ability to scavenge 

for hydroxyl and superoxide anion radicals. The CBZ + HS + VE group had relatively normal seminiferous tubule and 

germ cells, when compared to the CBZ, CBZ + HS and CBZ + VE treated groups. This result suggests better ameliorative 

effect of HS + VE as compared with co-treated HS or VE alone. 

The present study revealed no significant difference in sperm head and mid-piece abnormalities, but a significant 

difference in sperm tail abnormalities in CBZ + HS, CBZ + VE and CBZ + HS + VE treated groups was recorded, 

compared to the control and CBZ treated groups. In the group exposed to CBZ only, relatively higher sperm 

morphological abnormalities were observed as compared to other treated groups. This finding agrees with the earlier 

report by Shetty and Naryana (2007) [48], that the abnormalities seen may be due to alterations in the process of sperm 

maturation, where sperm cells develop from damaged seminiferous tissue, which may have occurred as a result of the 

lipoperoxidative damage induced by CBZ exposure on the testicular tissues. 

V.     CONCLUSION 

Oral administration of carbamazepine for 8 weeks in adult male Wistar rats caused a significant decrease in sperm count, 

progressive sperm motility, serum testosterone concentration, and an increase in non-progressive sperm motility, non-

motile sperm cells, and damage to the seminiferous tubules of the Wistar rat testis, but these effects were reversed in the 

groups treated with CBZ in combination with oral administration of aqueous root extract of H. sabdariffa and vitamin E. 

In conclusion, the results obtained from the present study demonstrated that CBZ treatment induced oxidative stress in the 

testes of Wistar rats. Hibiscus sabdariffa and vitamin E or their combination ameliorated carbamazepine-induced 

oxidative stress responses in the testes of Wistar rats. Therefore, Hibiscus sabdariffa has an anti-oxidant protective effect 

on fertility. 
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