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a b s t r a c t 

Background: Advertisements of most alcoholic beverages in Ghana persuasively entice con- 

sumers with herbal constituents believed to enhance sexual performance, although, alco- 

hol has negative effect onfertility. The impact of herbal constituents in these alcoholic bev- 

erages on the known negative effects of alcohol on fertility remains to be evaluated. This 

study evaluated the effects of three alcoholic beverages manufactured in Ghana on male 

reproductive function in rats. 

Methods: Male Sprague-Dawley rats received 0.5, 2.5 or 5 ml/kg of 3 herb-based alcoholic 

beverages (Brand A, B & C), 42% v / v ethanol or distilled water p.o. for 21 days. On day 

22, blood was collected and assayed for serum prolactin, testosterone and, hematological 

parameters. Testes were removed for histology and sperm from the cauda epididymis an- 

alyzed for sperm count, motility and morphology. Total antioxidant capacity of the testes 

was determined. 

Results: The three alcoholic beverages did not cause any changes in hematological param- 

eters and relative weight of the testes. However, Brand C reduced epididymal sperm count 

and increased serum prolactin and induced loss of germinal epithelial cells, necrosis, inter- 

tubular edema in seminiferous tubules and lipid and fluid accumulation in the Sertoli cells. 

Both Brands A and B caused tubular atrophy and enlarged spermatogonia at 5 ml/kg. All 

three brands significantly ( p < 0.001) reduced sperm motility and serum testosterone, al- 

though they increased total antioxidant capacity. 

Conclusion: The herb-based alcoholic beverages evaluated did not enhance or exert a ben- 

eficial effect on male reproductive function but rather demonstrated spermatotoxic prop- 

erties irrespective of the presence of medicinal plants. 

© 2020 The Author(s). Published by Elsevier B.V. on behalf of African Institute of 

Mathematical Sciences / Next Einstein Initiative. 

This is an open access article under the CC BY license. 
( http://creativecommons.org/licenses/by/4.0/ ) 
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Introduction 

Alcoholism is a primary, chronic relapsing disease of brain reward, motivation, memory, and related circuitry. It is marked

by excessive and compulsive drinking of alcohol which progresses into physiological and physical dependence accompanied

by clinically significant impairment or distress. [1] Alcohol has known toxic effects on the reproductive functions in both

males and females. The hypothalamus, the anterior pituitary gland, and the gonads (HPG) axis can malfunction under the

influence of alcohol, to cause impotence, infertility and reduced secondary sexual characteristics in males. [2 , 3] Other spe-

cialized cells involved in normal reproductive functioning are also negatively impacted by chronic alcohol consumption. The

Leydig cells responsible for the production and secretion of testosterone are adversely affected by alcohol leading to a de-

crease in serum testosterone. [4] Additionally, the significant role of testicular Sertoli cells in sperm maturation is impaired

under the influence of alcohol. Furthermore, hormone production and release from the anterior pituitary gland and hypotha-

lamus can also be compromised by alcohol. [5] In rodents, an alcohol-rich diet induces anomalies in sperm parameters and

alterations in the reproductive tract. [6] 

Despite these known negative effects of alcohol on reproductive function, there are numerous reports of increased con-

sumption of alcoholic beverages in most parts of the world. Alcoholic beverages are mostly consumed by both males and

females in large quantities and alcoholism has become a major public health concern. In Ghana, 43% of the youth consume

some form of alcohol and there is growing concern about the increase in alcohol consumption and its undesirable health

outcomes. [7 , 8] This increased consumption of alcoholic beverages has been enhanced by the airing of enticing advertise-

ments on various electronic media. [8] Osei-Bonsu et al., reports in a survey of Ghanaian youths that, one in five respondents

cite advertisements as the main influence for patronizing alcoholic beverages. This newfound love for alcoholic beverages

stems from the fact that these new alcoholic beverages are herb-based. They are thus touted as having medicinal proper-

ties not limited to good health and sexual vitality. Thus, it is very enticing to take in these herb-based alcoholic beverages

(HBABs). 

The impact of the herbal constituents in these alcoholic beverages on the known negative effects of alcohol on fertil-

ity remains to be evaluated even though several studies have been conducted on the effects of ethanol on male fertility.

This study addresses this gap in knowledge by evaluating the effects of three popular herb-based alcoholic beverages man-

ufactured in Ghana on serum sex hormone levels, sperm characteristics and testicular histology in male Sprague Dawley

rats. 

Materials and methods 

Sampling of locally-manufactured herb-based alcoholic beverages 

The three (3) most common locally produced brands of alcoholic beverages were sampled and purchased from the five

drinking pubs in Cape Coast. Both the selection of drinking pubs and the subsequent sampling of the top three brands were

by convenient sampling. [9] The 3 brands of beverages sampled were listed in the product information packs to contain

Xylopia aethiopica, Khaya senegalensis, Anthocleista nobilis and Zingiber officinale as herbal constituents. All 3 samples had the

same manufacturer-listed concentration of ethanol (42% 

v / v ). They were randomly assigned groups as Brand A, B, and C.

Brands A and B contained similar herbal constituents ( Xylopia aethiopica, Khaya senegalensis, and Anthocleista nobilis ) while

Brand C contained Zingiber officinale as the sole herbal constituent. 

Animals 

Fifty-five healthy male Sprague-Dawley rats (130–200 g) were obtained from the Noguchi Memorial Institute for Medical

Research, University of Ghana, Legon, Ghana. The experimental animals were housed and acclimatized for two weeks in the

animal facility of the Department of Biomedical Science, University of Cape Coast (UCC), Cape Coast, Ghana, prior to the

experiments. They were housed in stainless steel cages with softwood shaving as bedding, cleaned and maintained daily in

an environmentally controlled room provided with 12/12 h light/ dark cycle and maintained at 25 °C. They were fed with

standard commercial rodent pellets and water ad libitum . The mice were handled humanely throughout the experimental

period. All experiments were in accordance with National Institutes of Health (NIH) guidelines for care and use of laboratory

animals. Experimental protocols were subjected to scrutiny and approval by the Animal Ethics Committee of the University

of Cape Coast Institutional Review Board (UCCIRB) under the approval identifier UCCIRB/CoHAS/2018/062. 

Experimental design 

The rats were randomly assigned to 5 main groups i.e. A, B, C, D and E. Groups A, B and C were assigned to Brands A, B,

and C respectively. Subsequently, each group was subdivided into 3 subgroups to yield eg. A1, A2 and A3 n = 5 rats in each

subgroup. Rats in group A1, A2, and A2 received 0.5, 2.5 or 5 ml / kg of Brand A. Rats in Group D ( n = 5) received 2.5 ml / kg

of 42% 

v / v ethanol while rats in Group E ( n = 5) received only 10 ml / kg distilled water as detailed in Table 1 . Rats in their

various groups received twice daily for 21 days, either Brands A, B, C, 42% 

v / v ethanol or distilled water administered orally

via an intragastric gavage. Doses were based on the reported amount consumed daily during the pilot study. The smallest
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Table 1 

Experimental treatment groups used in the study. 

Treatment group Dose 

A A1 0.5 ml/kg Brand A 

A2 2.5 ml/kg Brand A 

A3 5.0 ml/kg Brand A 

B B1 0.5 ml/kg Brand B 

B2 2.5 ml/kg Brand B 

B3 5.0 ml/kg Brand B 

C C1 0.5 ml/kg Brand C 

C2 2.5 ml/kg Brand C 

C3 5.0 ml/kg Brand C 

D 2.5 ml/kg of 42% v / v ethanol 

E 10 ml/kg distilled water 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dose was computed from the minimum reported dose of 1 shot/day (30 ml/day) with the middle dose being the average

reported dose and highest dose being 10 times the minimum reported dose. The same dosing schedule was used for brands

B and C (3 subgroups per brand n = 5 in each subgroup). Twenty-four hours after the last daily administration, the rats

were euthanized to remove the testes for histological analysis while the cauda epididymis was removed for semen analysis.

Blood was collected into gel separator tubes through cardiac puncture to determine serum concentrations of testosterone

and prolactin. 

Semen collection and analysis 

The left caudal epididymis was separated from the testis, minced and placed in 6 ml of PBS (pH = 6.8–7.4) pre-warmed at

35–37 °C. Sperm characteristics were evaluated with a slight modification of the procedure described. [10] A total of 10 μl

sperm suspension was pipetted from the sperm suspensions and loaded unto an improved Neubauer haemocytometer. A

30 s video of 4 fields of view (magnification = × 10) on each slide was recorded with a camcorder (Olympus U-TV1Xc)

fitted to the microscope (Olympus CX41, Tokyo, Japan). This was followed by sperm counting using procedures described

by Luthfi. [11] Sperm count was calculated as the total number of sperms per 1 ml cauda epididymis. Sperm motility was

assessed from the recorded videos by tracking the distance travelled by the sperm using the MTrackJ plugin of ImageJ

software. Distance travelled by each sperm in μm was measured and average speed for 20 sperms in μm / s from each slide

were obtained. The removed testes were weighed and the left testes from each rat stored in 10 ml of 10% formalin for

histology analyses. Four (4) μm sections were cut and stained with hematoxylin and eosin for routine histological analyses.

Determination of serum testosterone and prolactin 

To measure serum testosterone and prolactin levels in treated and control animals, collected blood samples were cen-

trifuged at 2500 rpm for 5 min. The serum obtained was collected and stored at −20 °C. Serum testosterone and prolactin

concentrations were determined with enzyme-linked immunosorbent assay (ELISA) kits according to manufacturers’ out-

lined protocols (testosterone: Rat Testosterone ELISA Kit EK7014, Boster Biological Technology, Pleasanton, CA, USA; pro-

lactin: Prolactin PicoKine TM ELISA Kit EK0594, Boster Biological Technology, Pleasanton, CA, USA). Absorbances were read

with a Microplate reader (URIT-660 Analyzer, URIT Medical Electronics, Guangxi, China). 

Statistical analysis 

Data obtained is expressed as bar graphs of the mean ± S.E.M. All data were assessed for normality using the D’Agostino-

Pearson test for normality. Data was subsequently analysed with a parametric test, analysis of variance. Where the difference

between the means compared by one-way analysis of variance (ANOVA) was found to be significant, the specific groups in

which significance is reported were further analaysed using Dunnet’s test as post hoc test. In all statistical tests, p < 0.05

was considered significant. All analysis was performed using GraphPad Prism 7 software for windows (GraphPad Prism, San

Diego, USA). 

Results 

Effect of selected brands of HBABs on testicular weight and sperm characteristics 

Treatment with all brands of the sampled herb-based alcoholic beverages showed no significant change in the relative

weight of testes as compared with the naïve group as shown in Fig. 1 a. Administration of HBABs Brand A and B yielded no

significant changes in sperm count compared to the naïve animals. However, Brand C-treated rats (0.5, 2.5, 5 ml / kg ) showed

significant ( p < 0.01) reduction in the epididymal sperm count when compared to naïve animals as represented in Fig. 1 b. 

After 21 days of treatment with the various samples of HBABs, sperm motility significantly reduced compared to ethanol

in 2.5 ml / kg and 5 ml / kg of Brand B ( p < 0.01) and all doses of Brand C ( p < 0.01) as observed is in Fig. 1 c. There was also a
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Fig. 1. Effect of various brands of herb-based alcoholic beverages (HBABs) and ethanol on rat testicular weight (a) sperm count (b) and sperm motility (c 

and d) after 21 days of treatment. ∗∗ p < 0.01 and ∗ p < 0.05 compared to the naïve group. 
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Fig. 2. Serum testosterone (a) and prolactin (b) concentrations of ethanol, brands A, B, and C-treated rats after 21 days of treatment. ∗∗∗ p < 0.001, ∗∗ p < 

0.01 and ∗ p < 0.05 compared to the naïve group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

significant reduction in total distance traveled by sperms of rats that received 5 ml / kg of Brand A ( p = 0.0428), 2.5 and 5

ml / kg of Brand B ( p < 0.01) and all doses of Brand C ( p < 0.01) compared to the naïve control just as was observed in ethanol

treatment group Fig. 1 d. 

Effect on serum testosterone and prolactin 

Serum testosterone levels in all groups were significantly reduced after treatment ( p < 0.001). However, the small doses

(0.5 ml / kg ) in brand A and B showed no significant change as compared to the naïve group showed in Fig. 2 a. Prolactin

levels in ethanol and brand C-treated mice were significantly increased when compared to the naïve group after treatment

( p < 0.01). However, brands A and B showed no statistically significant changes in serum prolactin when compared to the

naïve rats as shown in Fig. 2 b. 

Effects of HBABs on the histology of testes 

The 21-day treatment with all the brands of HBAB resulted in increased luminal diameter of seminiferous tubules in all

doses as compared with the naïve group. These results were similar to the ethanol treatment group. Additionally, thickening

of the basal layer of epithelium tubules, tubular atrophy and intertubular edema characterized by eosinophilic infiltration

in the interstitium was also observed in all the brands but most prominently in Brand C as shown in Fig. 3 . Morphometric

evaluation of spermatozoa of the treated rats revealed similar deleterious effects on rats that were treated with the HBABs

when compared to the ethanol group. Furthermore, treatment with the HBABs resulted in enlarged spermatogonia in addi-

tion to lipid and fluid accumulation in the Sertoli cells. There was also disorientation of germinal epithelium and necrosis

characterized by fading of the chromatin of germinal epithelial cells of the seminiferous tubules across all groups compared

to the naïve group as shown in Fig. 3 C top panel. 
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Fig. 3. Effects of various HBABs and ethanol on testicular histology 

Top panel: Representative histological slides showing inter-tubular oedema—eosinophilic infiltration of the interstitium (hollow arrows) and dilation of seminiferous tubules (bold arrows) in the testes of naïve 

(N), ethanol (E), Brand A 5 ml / kg (A), Brand B 5 ml / kg (B) and Brand C (5 ml / kg )-treated rats after 21 days of treatment. Magnification = × 40. Bottom panel: Spermatogonia undergoing necrosis (bold arrows) 

and exhibiting vacuolation (hollow arrows) in naïve (N), ethanol (E), Brand A 5 ml / kg (A), Brand B 5 ml / kg (B) and Brand C (5 ml / kg )-treated rats after 21 days of treatment. Magnification = × 400. 
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Fig. 4. Effect of ethanol, brands A, B and C on total antioxidant capacity of rat testes after 21 days of treatment. ∗∗∗ p < 0.001, ∗∗ p < 0.01 and ∗ p < 0.05 

compared to the naïve group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect on total antioxidant capacity of testes 

With the exception of 0.5 ml / kg Brand A and 5 ml / kg Brand C, all other tested doses of Brands A, B and C exhib-

ited significant antioxidant effects measured as equivalent antioxidant capacity of ascorbic acid in μg / ml as represented in

Fig. 4 . 

Discussion 

Results from our data indicate that contrary to popular belief in Ghana, herb based-alcoholic beverages (HBABs) caused

some deleterious effects to reproductive functions in male mammals; specifically, Sprague-Dawley rats. Despite the signif-

icant total antioxidant capacity of the samples evaluated, microscopic testicular deformities were observed in rats treated

with all HBABs brands sampled and tested. 

Ethanol is a known spermatotoxin. [6 , 12] There is a popular assumption that by combining it with medicinal plants, the

deleterious effects of alcohol might be prevented by the medicinal actions of these plants. The samples evaluated (which

were the most popular in the study area), contained either Khaya senegalensis, Xylopia aethiopica, Anthocleista nobilis or

Zingiber officinale as the base herbs. Several medicinal properties have been attributed to these herbs. Khaya senegalensis

possesses anti-inflammatory and anti-plasmodial effects [13] while Xylopia aethiopica has demonstrable anti-inflammatory

[14] , analgesic [15] , and antidepressant [16] properties. Anthocleista nobilis has been reported to possess wound healing and

anti-plasmodial effects. [17] Zingiber officinale has anti-inflammatory and anti-thrombosis effects. [18] All four medicinal

herbs possess potent antioxidant properties and were therefore expected to mitigate some of the known deleterious effects

of ethanol on the reproductive organs. [19 , 20 , 21] 

However, earlier reports indicate that some of the herbs contained in the sampled HBABs in themselves have certain

undesirable effects on male reproduction functioning. It has been shown that the extract of K. senegalensis causes a deple-

tion of spermatogenic cells with a corresponding loss of architecture of seminiferous tubules which could result in male

infertility. [22] It is thus not surprising that similar observations are seen in HBAB Brands A and B both of which contained

K. senegalensis. Furthermore, Nwanga [23] and Woode et al. [10] , have both showed independently similar changes in sperm

count and functionafter the administration of ethanolic extracts of Xylopia aethiopica on the male reproductive organ in

Wistar rats. 

HBAB Brand C-treated rats exhibited the most profound reduction in sperm count in contrast to the ethanol group and

Brands A and B-treated rats. Precipitous reduction in sperm count associated with no significant testicular weight change

seen in the study could be attributed to a significant decrease in serum testosterone levels with concomitant destruction to

Leydig cells and spermatogonia which was observed in Brand C treated rats. [3] Pressure buildup from the elevated volume

of seminiferous tubule fluid within the lumen of tubules accounts for the thinning and compression of the seminiferous

epithelium and the loss/degeneration of epithelial germ cells located in the tubules. These elevated volumes may arise due

to impaired or decreased reabsorption of fluid in the efferent ducts, decreased emptying of fluid from the seminiferous

tubules, or increased production of seminiferous tubule fluid by the Sertoli cells. This can then lead to seminiferous tubular

dilation with a sequel of atrophy. [24] The presence of seminiferous dilation and intertubular edema in HBABs treated groups

similar to the ethanol treatment group is an indication of the direct effect of HBABs on the testicular tissue irrespective of

their herbal constituents. 

The successful and complete male germ cell maturation and development is dependent on the balanced endocrine in-

terplay of the hypothalamus and pituitary hormones and the testes. [5] Prolactin is inversely related to testosterone con-
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centrations [25] and elevated prolactin in males suppresses serum testosterone level. [5] There was a significant reduction

of serum testosterone occurring in all the HBABs tested with corresponding elevated levels of prolactin in Brand C. The re-

duction in testosterone levels could also be linked with the significant fluid accumulation observed in the Leydig cells and

seminiferous tubules. This can result in the induction of necrosis in Leydig cells with a subsequent decrease in their number

which may account for reduced production. [10] 

In alcoholics, there is a suppression of prolactin response to thyrotropin-releasing factor suggesting a gonadotropin de-

ficiency in these individuals. Gonadotropin-releasing hormone (GnRH) is known to stimulate luteinizing hormone (LH) pro-

duction which in turn stimulates testosterone production and hence, low testosterone levels and elevated prolactin levels

observed in this study could also be attributed to impaired GnRH production. It is thus possible that the medicinal herbs

acted in synergy with ethanol to act as a direct insult to the Sertoli cells, testosterone-producing cells (Leydig cells) or

anterior pituitary gland responsible for follicle-stimulating hormone (FSH) production to adversely affect sperm motility. 

Reduction in motility could also be associated with the immense mortality of Sertoli cells characterized by necrosis and

vacuolation observed in the histological analyses. 

Ethanol reduces the energy (ATP) required for the movement of the flagella of sperms by reducing mitochondria function

and thus impeding sperm motility. [25] With the mitochondria as a primary site for the generation of free radicals, an

inhibition of mitochondrial function leads to increased oxidative stress. [26] Despite all the HBABs tested having a high

total antioxidant capacity, reduced sperm motility was observed in all the brands similar to the effects seen in ethanol

alone. Thus, the findings of the present work indicate that all the 3 sampled HBABs may promote infertility by altering the

functioning of the testes and distort sperm characteristics. 

In conclusion, the results obtained from the present study suggest that all the alcoholic beverages caused a significant

decrease in serum testosterone, sperm motility, and sperm count by causing disorganization and loss of the germinal ep-

ithelium of the seminiferous tubules of the testes irrespective of their herbal constituents. It is thus recommended that

consumers of such products should be mindful of the potentially deleterious effects of locally manufactured herb-based

alcoholic beverages. 
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