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Introduction  

Zingiber officinale is the generic name of ginger from the 

family Zingiberaceae. It commonly used in folk medicine for the 

treatment of diseases in both adult and children and this is based on its 

antioxidant property.
1
 Gingerol and shogaol are major chemical agents 

present in ginger and have been shown to inhibit arachidonic acid 

release through the suppression of prostaglandin synthetase. 

Arachidonic acid becomes oxygenated to form free radical mediators. 

Therefore, ginger exert its effect by suppressing the production of 

arachidonic acid by the body cells which will subsequently reduce the 

activities of free radicals and inflammatory agents and finally inhibit 

the progression of diseases 
2,3

 

Children are predominantly susceptible to the health consequences of 

biochemical exposures, and this is one of the factors that contribute to 

the increasing rates of diseases in younger population.
4
 Even though 

there is deep belief regarding the effectiveness of plant medications 

from ancient practice, scientific evidences are important to 

substantiate the possible side-effects that may come with them 

especially on other organs in the body. Further investigations 

specifically on evaluating the safety of these natural plant products on 

other functions exerted by the body should be of urgent demand.
 5 
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Considering the increase in the consumption of ginger also by the 

younger generation and while its antioxidant effect is considered as an 

advantage, it is imperative to check its impact on other system-induced 

functions in the body such as reproduction when adulthood is attained.   

Reproduction is a vital essence of life that ensures procreation, 

continuity and variation of species.  Prepuberty is the period in a 

child's life before they start to develop adult sexual features. This 

period a sensitive window for male reproductive clock when 

spermatogenesis has not been staged but susceptible to agents that can 

disrupt endocrine regulations.
6
 Male reproduction is under the control 

of synchronized hormone events through the hypothalamic-pituitary-

gonadal axis. The hypothalamus produces gonadotropin releasing 

hormone that stimulates the anterior lobe of the pituitary gland to 

produce follicle stimulating hormone (FSH) and luteinizing hormone 

(LH).
7
 FSH regulates the maturation of germ cells while LH excites 

the Leydig cells to secrete testosterone which is needed for the 

regulation of male sexual activities.
8    

Estrogen secreted by the testes is 

responsible for controlling sexual desire and spermatogenesis.
9      

All 

hormones must be kept under regulated levels and precise enough to 

exert events that are basis for establishing fertility. Even though there 

have been associated beneficial effects of Zingiber officinale on 

reproductive profiles in male rats, which were established with 

increased sperm parameters, testosterone, FSH and LH levels. 
10-13

 It is 

important to investigate its effect on reproductive indices in adulthood 

following a prepubertal exposure as a reproductive preparatory stage 

that is vulnerable. Hence, this study was designed to evaluate the 

possible effects of prepubertal exposure to ginger suspension on 

reproductive hormones in adulthood. 
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There has been continuous interest in the use of ginger due to its antioxidant indices in the 

treatment of diseases. Considering the increase in the consumption of ginger also by the younger 

generation and while its antioxidant effect is considered a benefit, it is important to investigate 

its impact on other system-induced functions in the body. Therefore, this study was designed to 

determine the possible effects of prepubertal exposure of ginger on reproductive hormones. A 

total of 24 male prepubertal models were divided into three experimental groups of 8 pups each. 

Group A received distilled water while group B and C received low dose (250 mg/kg body 

weight) and high dose (500 mg/kg body weight) of ginger suspension daily for 14 days 

respectively. The antioxidant status was evaluated using serum biochemical assays while 

reproductive hormone profiles were determined by chemiluminescence immunoassay 

techniques. Data were analysed using Graph pad prism version 8.0. The estimations of 

glutathione, superoxide dismutase and catalase levels were significantly higher in the low and 

high dose groups while malondialdehyde estimations in both low and high dose groups showed 

a statistical significance lower level when compared with the control. There were significant 

higher levels of follicle stimulation hormone, luteinizing hormone, estrogen and testosterone in 

all high dose groups (β**P<0.01; (β***P<0.001) when compared with the control. It is evident 

that ginger has positive impact on reproductive hormones following prepubertal exposure. 
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Materials and Methods 

Collection of plant material and preparation of extract 

Fresh ginger was sourced from Botany Department of University of 

Lagos in September, 2021 and was identified by Dr Nodza George 

with voucher number LUH8936. The extraction procedure was carried 

out using maceration method in the Department of Pharmacology, 

University of Lagos. Ginger was washed with clean water and dried.  

The dried ginger was grounded into powder, 5 g of the powder was 

added into 500 ml of ethanol and 500 ml of distilled water. The 

mixture was continuously stirred and then pass through Whatman 

filter paper to filter the mixture.  The extract collected was 

concentrated in an oven and the final ginger extract was stored in the 

refrigerator throughout the course administration. 
14 

 

Animal procurement, care and handling 

Twelve female and six male adult Sprague-Dawley (SD) rats of 

weights ranging from 145 g to 170 g were purchased from the animal 

house unit of the University of Lagos.  The animals were allowed to 

acclimatize for a duration of two weeks under standard laboratory 

housing condition in well-ventilated compartments with 12-hours light 

alternate with 12-hours dark periods. The rats were fed ad libitum with 

pelletized rat chow and clean water throughout the study duration. 

Ethical approval was sourced from the College of Medicine, 

University of Lagos (CMUL/ACUREC/11/22/1129) and the animals 

were handled according internationally accepted principles for 

laboratory investigations throughout the experiment .
15 

 

 

Stagging of estrous cycle, Mating, pregnancy and collection of 

neonates 

The establishment of the phases of estrous cycle was done by daily 

microscopic evaluation of fresh vaginal smear each morning. The 

collected smear was viewed under a light microscope and microscopic 

evaluations of the types and population of cells were used to stage the 

phases of estrous cycle. 
15

 Three groups each of female rats on estrus 

phase when on heat and highly receptive to males were caged together 

with the opposite sex in the ratio of 3:1 for mating.   Mating was 

confirmed by the presence of vaginal plug the next morning after 

couplation.
16 

The pregnant animals were closely monitored throughout 

the duration of pregnancy till delivery. The neonates were born by the 

21
st
 day and allowed to stay with their mothers for nurturing.

17 
The 

mothers were fed ad libitum with rat chow while the pups received 

breast milk from their mothers until when they are weaned to rat 

chow. 

 

Experimental design 

A total of 24 male pubertal rats at postnatal age of 28 day after 

delivery were obtained and given tail tag as identification mark. The 

pubertal rats were divided into three groups A, B and C of 8 pups 

each. Group A the control received distilled water only, group B was 

given 250 mg/kg body weight of ginger suspension and group C was 

given 500 mg/kg body weight of ginger suspension daily for 14 days 

through the oral route.
18

  

 

Animal sacrifice and sample collection for biochemical analysis 

The animals were left in fasting mood overnight following the last 

dose of administration. The next morning, the animals were 

anesthetized with pentobarbital sodium (50 mg/kg intraperitoneally). 
19

   

Blood was collected from the apex of the heart into heparinized 

bottles, after which centrifugation was done at 3,000 rpm and the 

plasma content was kept frozen until needed for biochemical assay.   

 

Antioxidant status 

Total Antioxidant Capacity Assay (TAC) Kit was used to evaluate 

antioxidant levels. This was done according to the operation manual 

which uses reduction in ion antioxidant defence mechanism. TAC of 

Glutathione (GSH), Superoxide Dismutase (SOD), Catalase (CAT) 

and Malondialdehyde (MDA) levels were measured by the required 

levels needed to make changes in absorbance rate.
20

 

 

 

 

Hormone profile evaluation 

Hormone profile of plasma FSH, LH, testosterone and estrogen were 

determined by the chemiluminescence techniques using kits and in 

accordance with standard protocols outlined by the kit‟s producer 

Autobio diagnostics Co., Ltd. Zhengzhou, China. 

 

Statistical analysis  

Data analysis was done using Graph pad prism version 8.0. The results 

obtained were presented as mean ± SD (Standard Deviation). Analysis 

of significant difference between the mean of the control group and 

treatment groups were determined using one-way analysis of variance 

(ANOVA) while multiple comparisons were done using Turkey‟s post 

hoc test with significance level at p-value≤0.05  

 

Results and Discussion 

Total antioxidant capacity (TAC) 

The GSH levels in the ginger treated prepubertal animals showed 

significantly higher levels when compared with the control.  Group C 

that received low doses of ginger (250mg/kg) showed a less significant 

value (β*P<0.05) while group B that received high doses of ginger 

(500mg/kg) showed a higher significant value (β***P<0.01) when 

compared with the control (Figure 1).  In the same way, the serum 

analysis from group B that received high doses of ginger showed 

significant higher level in the estimation of SOD when compared with 

control group (β*P<0.05) (Figure 2). The estimation of catalase level 

in group B showed higher significant value (β**P<0.01) while group 

C showed less significance difference (α*P<0.05) when compared 

with the control group (Figure 3).  There were significance reductions 

in malondialdehyde estimation of all ginger treated groups when 

compared with control. However, Group B showed a higher 

statistically significant reduction (β**P<0.01) when compared with 

control while Group C that received low dose of ginger showed less 

significant reduction (β*P<0.05) of MDA when compared with  

group B. (Figure 4).   

Hormonal assay  

FSH and LH levels were higher in both B and C groups that received 

high and low dose of ginger respectively when compared with the 

control group. However, the serum levels of FSH were significantly 

higher in group B (β**P<0.01), the high dose group while less 

significantly higher (β*P<0.05) in group C, the low dose group 

(Figure 5). The same expression was seen with LH levels with 

significant higher levels in group B (β**P<0.01) the high dose group 

and less significant higher (β*P<0.05) in group C (Figure 6). There 

were high significant differences in the mean values of serum estrogen 

and testosterone in group B and C when compared with the control 

group.   

 

 
Figure 1: Showing Glutathione levels in prepubertal ginger 

treated male animals. (β*** =P<0.001/ more significant value; 

β* =P<0.05/less significant value) 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/distilled-water
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Figure 2: Showing superoxide dismutase levels in in 

prepubertal ginger treated male animals. (β* =P<0.05/less 

significant value) 
 

 
Figure 3: Showing catalase levels in prepubertal ginger treated 

male animals.   (β** =P<0.01/more significant value; α* 

=P<0.05/less significant value) 
 

 
Figure 4: Showing malonaldehyde levels in prepubertal ginger 

treated male animals. (β*** =P<0.001/high significant value; 

β* =P<0.05/less significant value) 
 

For the serum estrogen analysis, group B was significantly higher 

(β***P<0.001) while group C was less significantly higher 

(α**P<0.01) (Figure 7). Similarly, there was higher significant mean 

value of serum testosterone in group B when compared with group C 

(β***P<0.001) (Figure 8). 

This current evaluation validates the antioxidant effect of ginger where 

its application in disease treatment is rooted from. As observed in this 

study, ginger showed positive effects on antioxidant indicators which 

include; GSH, SOD, CAH and MDA. It is well established in literature 

that the antioxidant capacity of ginger through the scavenging impact 

on free radicals subsequently suppresses the progressive activities in 

disease conditions such as; cancer, neurogenerative, cardiovascular, 

liver and kidney diseases. 
21-25

 

More of interest, ginger administration has been shown to improve 

sperm parameters such as; sperm count, sperm motility and structural 

configuration. This seems to be attributed to the strong antioxidant 

property due to its phenolic content and androgenic effect. The 

integration of the antioxidant and androgenic properties improves 

semen value and enhances fertility by hindering free radical actions 

through the destruction of oxidative chain reactions which in turns 

reduces oxidative stress damage on the testis.
26  

Upon the 

establishment its antioxidant characterization,  gonadotropins (FSH 

and LH) and sex hormones (testosterone) are the drivers of 

reproductive  functions and thus exerts their actions to birth viable 

sperm cells.
27

 The positive effects of prepubertal exposure of ginger on 

reproductive hormones in this present study establishes the androgenic 

property of ginger which also compliments its antioxidant capacity 

even when taken at a window period that is susceptible to endocrine 

manipulations. As observed in this study, ginger increases serum 

levels of FSH, LH, testosterone and estrogen levels in a dose-

dependent manner.  This result is supported by the finding from a 

study that showed that ginger extract in a dose and duration dependent 

manner increased reproductive hormones and sperm parameters.
28-30

 

It has been established that the androgenic effect of ginger is targeted 

primarily to increase LH and FSH under the stimulation of 

hypothalamic gonadotropin releasing hormone. These actions are 

propagated through ginger actions of increasing cholesterol level, 

decreasing oxidative stress damage and reducing lipid peroxidation in 

the testes. 
30

 In male, LH enhances the maturation of primordial germ 

cell to become mature sperm cell and also stimulates the Leydig cells 

in the testes to produce testosterone.   FSH regulates the development 

of primordial cells into mature germ cells and at the end, these 

regulated endocrine events will exert reproductive activities used to 

gauge fertility.
 31

 The consequential actions are projected as basis for 

the effect of ginger on improved semen quality.
28-31

   

More importantly, the direct effect of the antioxidant property of 

ginger could also be a factor to consider. There are obvious differences 

between the plasma membrane of sperm cell and other cells in the 

body in-terms of lipid composition. The plasma membranes of sperm 

cells contain higher amount of polyunsaturated fatty acids which 

subject them to hazards, leading to oxidative stress mutilation. 
32-33

 

Increased oxidative stress lowers LH, FSH, testosterone and estrogen 

productions. The degeneration of Sertoli cells and rupture of the 

blood-testicular barrier are also exhibited and these could disrupt the 

process of spermatogenesis and ultimately leading to a decrease in 

sperm count and consequently infertility. 
34-36

 Natural product with 

antioxidant property such as ginger has been shown to reduce free 

radicals, end oxidative chain reactions and ultimately improved 

reproductive actions. 

 

Conclusion 

Zingiber officinale manifested antioxidant activity which compliments 

its androgenic actions by increasing reproductive hormones following 

prepubertal exposure. This underscores its safety and benefit on male 

fertility. 
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Figure 5: Showing FSH levels in prepubertal ginger treated 

male animals (β** =P<0.01//more significant value; β* 

=P<0.05//less significant value) 

 

Contro
l

High Dose

Low Dose
0

2

4

6

Groups

LH
 Co

nc
 (IU

mL
)

**

*

 
Figure 6: Showing LH levels in prepubertal ginger treated 

male animals (β** =P<0.01/more significant value; β* 

=P<0.05/less significant value) 

 

 
 

Figure 7: Showing estrogen levels in prepubertal ginger 

treated male animals (β*** =P<0.001/more significant value; 

β** =P<0.01/less significant value)  
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Figure 8: Showing testosterone levels in prepubertal ginger 

treated male animals (β*** =P<0.001/high significant value; 

α** =P<0.01/less significant value) 
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