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Abstract  Ginger is suggested as an antioxidant, has androgenic as well as hypoglycemic effect, whereas zinc 
claimed as fertility supplement. However, scientific study on the effects of ginger along with zinc in combination is 
still very limited. Current study aims to investigate any possible effect of ginger extract combined with zinc on 
testicular function of male albino rats. Twenty-four male Wistar rats weighing180-200g and aged 10-12 weeks were 
randomly grouped into four consisted of six rats. Group 1 treated with distilled water (control); group 2, 3 and 4 are 
the rats given 500 mg/kg of ginger extract plus consecutively of 0 mg/kg; 0.5 mg/kg and 1 mg kg zinc sulfate. The 
testicular function variables measured were testosterone levels, sperm concentration, sperm quality, and 
spermatogenic cell counts. The results showed that serum testosterone levels, sperm count, percentage of sperm 
viability and motility was higher in the mice given a combination of ginger extract and zinc compared with controls 
(P<0.01). Conversely the percentage of abnormal sperm morphology was decreased (P<0.01). Moreover, rats group 
receiving oral combination of ginger extract and zinc significantly showed an increased in the pre leptotene and 
pachytene spermatocytes, and spermatids (P<0.01), but showed no significant difference in the spermatogonia cell 
counts (P>0.05). In conclusion, water extract of red ginger combined with zinc, administered orally potentially 
enhance testicular function including steroidogenesis and spermatogenesis in male rats. 
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1. Introduction 
Ginger (Zingiberofficinale) has been used as a medicine 

to treat a variety of diseases around the world since time 
immemorial. The active ingredients of rhizomes and 
leaves of ginger like zingerone, gingerdiol, zingibrene, 
gingerol and shogaol known to have antioxidant activity 
[1]. These ingredients particularly gingerol and shogaol 
have shown a protective effect on the liver prominent 
diabetes, kidney, eye, and nervous system complications 
[2]. Furthermore, studies with animal models suggest that 
ginger is generally useful as an antioxidant [3], and has 
androgenic effects [4] and hypoglycemic effects [5]. 

Natural antioxidants can protect the molecule and cell 
by suppressing the oxidation. In animal subject 
antioxidant could improve sperm quality [6]. Ginger is 
proven to have a protective effect against nucleic acid 
damage induced by H2O2 and improve the quality of 
sperm parameters [7], pro-fertility and androgenic [8], and 
chemo protective against toxic substances, such as 
aspartame, in male rats [9]. By considering the  
anti-diabetic and pro-fertility properties of ginger extract, 

drink of ginger rhizomes is recommended for diabetes 
patients with sexual dysfunction. 

Zinc (Zn) is an essential trace element for living 
organisms, because more than 300 enzymes depend on 
zinc for its function. It also plays an important role in 
nucleic acid replication, transcription and protein 
synthesis, cell division and differentiation [10] and plays 
an important role regeneration of the damaged cells. 

Moreover, zinc is suggested as an important component of 
the antioxidant defense system [11], and it was also 
revealed to inhibit generation of reactive oxygen species 
and enhance the activity of antioxidant pathways. [12]. 
Conversely, zinc deficiency increases lipid peroxidation in 
various tissues of rat, whereas Zn supplement corrects the 
disorder [13].  

In rat, zinc supplementation bring about weight loss, 
increase the number of spermatogenic cell and promote it 
to develope into spermatid cells in the testis [14]. In the 
reproductive system, deficiency of zinc paves the way for 
the destruction of cells in the testis of rat [15]. 

Other research findings suggested that zinc supplements 
can improve testicular damage due to lead induction and 
maintain normal spermatogenesis process [16]. Zinc is 
known to be involved in maintaining the normality of 
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testes, epididymis, prostate function and male fertility 
allegedly due to its effect on both spermatogenesis and 
testosterone production by the Leydig cells [17]. 

Effect of ginger or zinc has been widely studied 
separately, but the effects of both substances in 
combination had not been studied. The current study, 
therefore, was set and aimed to determine the effect of red 
ginger extract in combination with zinc on the testicular 
function of rat. 

2. Material and Methods 

2.1. Plant Material and Extraction 
Plant material of red ginger (Zingiberofficinale var 

rubrum.) was collected from local farmers in Gisting, the 
District of Tanggamus, Lampung Province, Indonesia. 
Taxonomic identification of the plant was conducted by a 
professional botanist at the Herbarium Bogoriences, 
Indonesian Institute of Sciences, Bogor, Indonesia. The 
rhizomes cut into thin slices and then sun-dried between 
10:00 to 12:00 o’clock. After being milled, the rhizome 
powder macerated indistilled waterfor 48 hoursat room 
temperature and filtered. Lastly, the macerate was 
evaporated to obtain a dry powder extract of ginger for 
further use. 

2.2. Experimental Animals and Treatment 
Twenty-four albino male Wistar rats weighing 180-

200g, aged 10-12 weeks, obtained from PT Indoanilab 
Bogor, Indonesia. Animals were placed in cages (one 
animal per cage) at room temperature, under controlled 
environmental conditions, 12/12 hour light/dark cycle, and 
given water and food ad libitum. 

By using a completely randomized design, the animals 
were grouped into four groups consisted of 6 rats. Group 1 
received 1ml of distilled water; group 2 given 500 mg/kg 
of ginger extract; group 3 treated with 500 mg/kg of the 
extract and 0.5 mg/kg zinc sulfate; and group 4 fed with 
500 mg/kg of extract and1 mg/kg of zinc. The zinc sulfate 
used in this study is a zinc sulfate heptahydrate 
(ZnSO4.7H20) from Merck. 

The dosage of ginger extract used in this study refers to 
the work of [8], while the zinc sulfate dose refers to the 
dosage applied by [16]. All of the test materials were 
administered daily via oral for 28 days.  

2.3. Blood Sampling and Surgical Procedure 
To get a sample of blood and the testes, the rats were 

sacrificed after the animals being deeply anesthetized 
using ether. Blood sample was collected by cardiac 
puncture and allowed to clot at room temperature for 45 
minutes. Sera then separated by centrifugation at 2500 
rpm for 15 minutes and kept frozen at -20°C for hormone 
assays. 

Testis and epididymis were taken by dissecting the 
peritoneal cavity at the posterior part of the abdomen. Any 
excess fat or connective tissue removed from the sampled 
organs, and then both testis and epididymis weighed using 
analytical-density digital balance with readability of 
0.0001g.  

2.4. Testosterone Assays 
Total concentration of testosterone was determined at 

the Department of Physiology, Faculty of Medicine 
University of Indonesia, Jakarta, using a double antibody 
RIA (radio immunoassay) kit from DPC-USA (diagnostic 
product corporation). 

2.5. Testicular Functions Assessment 
Testicular function parameters assessed in this study are: 

testis weight, epididymis weight, diameter of seminiferous 
tubule, spermatocyte count, spermatid count, spermatozoa 
concentration, sperm motility and normal morphology. 

Testes and epididymis removed and weighted using 
analytical-density digital balance with readability of 
0.0001g. Semen in the epididymis was squeezed and 
diluted with physiological saline. Spermatozoa was 
counted using a Neubauer’s haemocytometer under a light 
microscope at 400x magnification and expressed as 
million/ml of suspension. Quantitative epididymal sperm 
motility expressed as an index determined by counting 
both motile and immotile spermatozoa per unit area.  

Sperm morphology was assessed from a smear of the 
epididymal filtrate prepared on a clean glass slides by 
addition of a drop of 1% eosin. After the object dried 
observation done under a light microscope at 400x 
magnification and abnormalities of either head or tail were 
noted.  

To assess the seminiferous tubular diameters and 
spermatocyte as well as spermatid count, left testis from 
each mouse was fixed in Bouin’s solution. Transverse 
sections of the organs were cut at 5 μm and stained with 
hematoxylin and eosin. The tubular diameter was 
determined by measuring the width of the tubules using 
occulometer. Spermatocytes and spermatids counts were 
done at 10 seminiferous tubules of each experimental unit 
and then averaged.  

In this study, the histo-morphometric parameters namely 
seminiferous tubules (STD), spermatogonia (Sg), preleptotene 
spermatocytes (PLSc), pachytene spermatocytes (PSc), 
and spermatid cells (Sd) observed and assessed using 
Olympus microscope (Olympus-BX53) and Olympus 
Stream-Application Software Version1.7 (Art. Code: 5-
648-111-11-4). 

2.6. Statistical Analysis 
The data, presented as Mean ± SD, was analyzed with a 

one-way ANOVA. Means were separated using Least 
Significance Difference (LSD) test. All of the statistics 
that applied are programmed in IBM SPSS (Version 21). 

3. Results 
The effects of water extract of red ginger combined 

with zinc on body weight, testis weight, epididymis 
weight, and testosterone levels of male rats are presented 
in Table 1. Among the parameters mentioned, only 
testosterone levels that showed a significant difference 
between controlled and treated rats, and specifically 
between the rats fed only ginger extract and the rats that 
fed with the combination of ginger and zinc (p < 0.01). 
This figure shows that the administration of a combination 
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of ginger rhizome extract together with zinc in rats 
markedly increased serum testosterone levels. 

Sperm parameters of rats fed ginger extracts with or 
without zinc for 28 days are described in Table 2. All 
sperm parameters namely sperm count, sperm viability, 

sperm motility, and sperm morphology markedly indicate 
a positive effect of ginger extract with and without zinc 
supplement (p < 0.01) on the reproductive function of 
male rats. Specific to sperm motility, the effect of zinc 
supplementation even increased with the dose administered. 

Table 1. Effects of red ginger extract combined with zinc on body weight, testis weight and testosterone levels of male rats  

Parameters Group1 
(Control) 

Group 2 
(500 mg/kb of ginger 

extract) 

Group 3 
(500 mg/kg of ginger 

extract + 0.5mg/kg of zinc) 

Group 4 
(500 mg/kg of ginger 

extract + 1mg/kg of zinc) 

ANOVA 
(p-value) 

Initial body weight (g) 192.50±7.58 a 191.67±6.83 a 193.33±7.53 a 191.33±7.52 a .975 

Final body weight (g) 205.00±7.07 a 205.83±5.85 a 208.33±4.08 a 210.83±8.33 a .323 

Testis weight (g) 1.76±.30 a 1.82±.42 a 1.84±.20 a 1.94±.24 a .757 

Epididymis weight (g) 0.395±0.053 a 0.414±0.056 a 0.411±0.079 a 0.432±0.064 a .793 

Total testosterone (ng/ml) 2.10±0.94a 4.75±1.33b 6.74±1.16c 7.09±1.39c .000 

Values are mean ± SD; values of each parameter that share the same superscript are not significantly different at α=0.05 using LSD test. 

Table 2. Effects of red ginger extract combined with zinc on sperm parameters of male rats 

Parameters Group1 
(Control) 

Group 2 
(500 mg/kb of 
ginger extract) 

Group 3 
(500 mg/kg of ginger 

extract + 0.5mg/kg of zinc) 

Group 4 
(500 mg/kg of ginger 

extract + 1mg/kg of zinc) 

ANOVA 
(p-value) 

Sperm concentration (x106/ml) 18.69±2.81a 26.05±4.55b 42.01±3.78c 41.43±3.74c .000 

Sperm viability (%) 69.77±3.56a 77.37±5.89b 86.34±6.35c 88.18±4.55c .000 

Sperm motility (%) 66.71±3.90a 70.96±3.26b 77.98±3.19c 82.69±4.03d .000 

Sperm abnomal (%) 9.13±1.76a 7.24±1.32b 5.19±1.36c 4.98±1.19c .000 

Values are mean ± SD; values of each parameter that share the same superscript are not significantly different at α=0.05 using LSD test. 
The histomorphometric data, as shown in Table 3, 

indicated that only the number of spermatogonia was not 
significantly different between groups (P>0.05 but the 
diameter of seminiferous, the number of spermatocytes 
and spermatids cell are significantly increased in the 
treated rats compared to that of controlled (P<0.01). 

However, among the spermatogenic cells, only the 
spermatid cell counts which indicate that there was the 
effect of zinc supplement on spermatogenesis in rats. 
While in the spermatocyte cells, both pre-leptotene and 
pachytene, the effect of zinc added to the ginger extract is 
not significance. 

Table 3. Effects of red ginger extract combined with zinc on histomorphometry of seminiferous tubules of male rats  

Parameters Group1 
(Control) 

Group 2 
(500 mg/kb of 
ginger extract) 

Group 3 
(500 mg/kg of ginger 

extract + 0.5mg/kg of zinc) 

Group 4 
(500 mg/kg of ginger 

extract + 1mg/kg of zinc) 

ANOVA 
(p-value) 

 

Seminiferous diameter (µm) 288.39±8.21a 291.66±5.39a 314.41±8.19b 311.65±3.82b .000 

Spermatogonia 7.55±1.86 a 7.66±1.46 a 8.16±1.03 a 7.80±1.62 a .907 

Preleptotene spermatocyte 16.97±2.01a 21.20±2.53b 22.68±3.72b 20.76±2.07b .010 

Pachytene spermatocyte 21.51±4.24a 31.28±4.69b 36.25±4.84b 34.04±2.66b .000 

Spermatid 76.66±15.28a 118.24±15.32b 138.58±17.10c 131.43±9.09c .000 

Values are mean ± SD; values of each parameter that share the same superscript are not significantly different at α=0.05 using LSD test. 
The histomorphological difference between seminiferous 

tubules of rats that fed distilled water (Group 1), fed only 
ginger extract (Group 2), fed 500 mg/kg of ginger extract 
plus 0.5 mg/kg of zinc (Group 3) , and fed 500 mg/kg of 
ginger extract plus 1mg/kg of zinc (Group 4) respectively 
are viisualized in Figure 1. 

Subsequently, bivariate correlation test was performed 
to determine the relationship between the increases in 
testosterone with testicular function (Table 4). Apparently, 
all sperm parameters (dependent variable) significantly 
can be accounted for by testosterone levels (independent 
variable) (P<0.01) with a strong manner (0.641 < r 
<.0.845). 

Table 4. Pearson bivariate correlation test (r) between testosterone 
levels (independent variable) and sperm parameters (dependent 
variable) of rats given orally ginger extract combined with zinc 

 
Dependent Variables 
 

Independent Variables 
Total testosterone (ng/ml) 
N r P-value 

Spermatid 24 .705 .000 
Spermatid degeneration (%) 24 -.802 .000 
Sperm concentration (106/ml) 24 .845 .000 
Sperm viability (%) 24 .792 .000 
Sperm motility (%) 24 .715 .000 
Sperm abnormal (%) 24 -.641 .001 
Seminiferous tubule diamater (µm) 24 .671 .000 
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Figure 1. The diameter of seminiferous tubules and spermatogenic cell counts of male rats get different treatment. Group 1, the control rats, showed 
normal seminiferous tubules with normal spermatogenesis; Group 2, received ginger extract of 500 mg/kg without zinc, showed a normal 
spermatogenesis and a better association of spermatogenic cells; Group 3, given a mixture of 500 mg/kg and 0.5 mg/kg of zinc, showed a normal 
spermatogenesis, better association and higher density of spermatogenic cells, Group 4, that given a mixture of 500 mg/kg and 1 mg/kg of zinc, showed 
normal spermatogenesis, very good association, spermatogenic cells denser and lumen contains full mature spermatozoa 

4. Discusions 

In mammals, the testes have a dual function: 
spermatogenesis and steroidogenesis. However, some 
conditions can interfere with spermatogenesis and reduce 
sperm quality and production. Various factors such as 
medication, chemotherapy, toxins, polluted air, lack of 
nutrients and vitamins can adversely affect spermatogenesis 
and sperm production [18]. Similarly, in a natural or 
normal spermatogenesis, apoptosis can be taken place. 
Normal spermatogenesis is set appropriately and the 
balance between cell proliferation continuously and 
apoptosis [19]. 

Current findings show that the administration of ginger 
extract combined with zinc (Zn), increases spermatogenesis 
in mice with normal reproductive function. It can be 
assumed that the high effectiveness of ginger on 
spermatogenesis along with zinc in this study is due to 
such an agent allegedly works through hypothalamus-
pituitary-gonad axis. As has been proved that ginger 
treatment cause significant increase in FSH, LH and 
testosterone serum of infertile patients [20]. 

In animal models, ginger also could act as antioxidants 
[21], whereas the oxidative stress it self is an inducer of 
apoptosis [22]. Many agents that induce apoptosis is 

oxidants or stimulators of cellular oxidative metabolism. 
Conversely, many inhibitors of apoptosis have antioxidant 
activity or increase cellular antioxidant defenses system 
[23,24,25]. Furthermore, ginger showed antioxidant 
properties because it managed to increase superoxide 
dismutase and catalase activity in rat testis which would 
then optimize testicular function [21,26]. 

This study managed to show that a combination of 
ginger extract and zinc works mutually reinforcing in the 
process of spermatogenesis and steroidogenesis. The 
presumption is referred to the fact that testosterone, 
spermatocyte and spermatid, sperm concentration and 
sperm quality (viability, motility, and normal morphology) 
in treated rats showed a better trend than that of normal 
control group. The other interesting thing found by current 
study is the percentage of degenerate spermatid in the 
treatment group is lower and allegedly be associated with 
the decrease in the rate of apoptosis. In other word, the 
increasing concentration of spermatozoa is due to 
inhibitory effects of ginger extract and zinc on apoptosis. 

The increasing quantity and quality of sperm in the 
study is consistent with the study reported by [27] that the 
administration of Zingiber officinale increases the 
antioxidant enzyme activity of testis and is androgenic. In 
addition, ginger significantly lowered lipid peroxidation 
by maintaining the activity of antioxidant enzymes such as 
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superoxide dismutase, catalase and glutathione peroxidase 
[28] that allows a better sperm quality in mice.  

Effect of zinc supplementation along with ginger 
extract in this study clearly seen in testosterone levels 
(Table 1), sperm concentration, viability and motility 
(Table 2), and sperm morphology (Table 3). Current 
findings confirm the previous studies on the biological 
role of zinc in living organism. Reference [29] suggested 
that zinc (Zn) is needed for more than 300 different 
biological processes, including DNA transcription, protein 
translation, cell proliferation and differentiation, and 
apoptosis.  

From the perspective of reproductive function, zinc is 
proven to play a key role in spermatogenesis [30]. Zn 
found mainly in the Leydig cells, type-B spermatogonia 
and spermatids and is essential for the production and 
secretion of testosterone from the Leydig cells as well [31]. 
Along with follicle stimulating hormone, Zn is suggested 
as the key regulator of spermatogenesis [32]. Conversely, 
the deficiency of Zn causing the reduced function of the 
luteinizing hormone receptors, reducing the synthesis of 
steroid, and damage to the Leydig cells [33,34,35]. Zinc is 
quite high in the developing spermatocytes because Zn is 
required for DNA condensation and meiosis [36] and 
facilitates DNA packaging in spermatids [37]. 

Referring the data in Table 4 it is markedly that all 
sperm parameters related to the testosterone concentration 
changes. In vertebrate, especially mammals, both spermatozoa 
and testosterone are produced in reproductive tract, 
whereas the reproductive endocrine systems in male 
comprises of hypothalamus, anterior pituitary and testes 
[38], so that, it is very likely that ginger extract in 
combination with zinc works on hypothalamic-pituitary-
gonadal (HPG) system. 

Lastly, the positive trend of supplementation effect of 
zinc combined with the ginger extract is shown by Figure 1. 
The combination of ginger and zinc (Group 3 and 4) make 
the spermatogenic cells denser and better in association. 
These facts confirmed that zinc, as well as selenium, folic 
acid, or vitamin is involved in spermatogenesis, sperm 
maturation and development. Also, confirmed that Zn 
functioned as an antioxidant that protect sperm cells from 
oxidative damage during the entire production of sperm 
took place [38]. 

5. Conclusion 
In conclusion, the combination of water extract of red 

ginger and zinc effectively improve testicular function 
including steroidogenesis and spermatogenesis in rats and 
thus the addition of zinc into ginger extract can be used as 
the potential fertility herbs in male. 
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