
215

Shahnaz Shekarforoush1* , Nahid Rezaee1, Elaheh Farzanfar1 

1. Department of Physiology, Arsanjan Branch, Islamic Azad University, Iran.

Background: Sulfites including Sodium Metabisulfite (SMB) are commonly used as food 
preservatives and pharmaceutical products. Despite their worldwide use, there is evidence 
suggesting their toxicity on human organs and tissues. The purpose of this study was to 
evaluate the effect of SMB with or without Zingiber officinale (ginger) extract on the rat ovary. 

Methods: A total of 32 adult, female Wistar rats were divided into four groups of eight each. 
They consisted of, a) control group, b) ginger group (500 mg/kg/day), c) SMB group (260 mg/
kg/day), and d) combined SMB and ginger group at identical doses. After 28 days, the rats were 
sacrificed and the ovarian tissue Malondialdehyde (MDA), as a marker of lipid peroxidation 
was measured. The volume and weight of the ovaries and the number of follicles at different 
stages were counted by stereological methods. 

Results: The SMB treatment caused a significant decrease in the ovarian volume and the 
number of follicles with simultaneous increase in the number of degenerate follicles (P≤0.001) 
and MDA level (P≤0.01). Ginger treatment of the rats exposed to SMB significantly increased 
the number of follicles at various stages and partially reversed the ovarian tissue level of MDA, 
compared to that in the control group (P≤0.05).

Conclusion: The SMB treatment induced structural changes in the rats’ ovaries and the 
concomitant treatment with ginger largely reversed the damages caused by SMB.
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Introduction

n recent years, increasing changes in many 
aspects of dietary habits in humans, especially 
the high consumption of processed foods load-
ed with preservatives and additives have raised 
concerns about the relationship with reproduc-

tive system disorders. Sulfite compounds, such as Sodium 
Metabisulfite (SMB) are used increasingly in food and 
pharmaceutical industry. The daily consumption of sulfite 
in foods and beverages by people is more than the accept-

able safe level (0-0.7 mg/kg) and may reach 180-200 mg/
kg [1]. In spite of the apparent safety of sulfite additives, 
numerous reports have been published on the adverse ef-
fects of sulfite exposure, leading to dermatological, gastro-
intestinal, respiratory and renal disorders and may cause 
life-threatening anaphylactic and asthmatic reactions [2-4]. 
In addition, sulfites generate free radicals and are strong 
oxidants of biomolecules [5]. 

It has been suggested that the oxidative stress creates an 
environment that leads to abnormal physiological reac-
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tions in women, causing diseases of reproductive system 
and complicating pregnancies [6]. In a previous study, our 
group reported that sulfite ingestion decreased the number 
of normal ovarian follicles while increasing the degenerate 
one [7]. Studies in mice and rats have suggested that dif-
ferential follicle counts are the best markers to determine 
the extent of ovarian injury induced by xenobiotics [8, 9]. 

Previous studies have shown that natural antioxidants 
have great potential for protecting DNA and other biomol-
ecules from damages caused by oxidation [10, 11]. Ginger 
(Zingiber officinale) with a wide range of biological proper-
ties contains high amount of antioxidants, such as gingerol 
and shogaol [12, 13]. Ginger has been shown to lower lipid 
peroxidation by maintaining antioxidant enzymes activities 
and increasing glutathione level in the rat blood [14]. Its 
beneficial effect has been observed on ovarian folliculogen-
esis [15], ovarian cancer by inhibiting growth and modu-
lating secretion of angiogenic factors [16], and cisplatin-
induced reproductive damages by normalizing antioxidant 
enzyme activities in rat testes [17]. 

Due to high consumption of processed and fast foods con-
taining various harmful chemical additives [18] in today’s 
human society, there is a need to find a solution to reduce 
the adverse effects of preservatives on the human reproduc-
tive system. In spite of many reports revealing the antioxi-
dant effect of ginger, no research has been conducted to as-
sess the protective effects of ginger on the ovaries against 
SMB. This study was designed to investigate the protective 
effects of ginger extract on the structural changes developed 
in rats’ ovaries following exposure to SMB. 

Materials and Methods

Animals & Experimental Design: A total of 32 virgin 
female Wistar rats, 12-14 weeks old weighing 220 to 250g, 
were obtained from the animal house of Shiraz Univer-
sity of Medical Sciences, Shiraz, Iran. The rats were kept 
under 12 hours of light-dark cycles at 21–24°C with free 
access to food and water. All experiments were conduct-
ed in accordance with the guiding principles for the care 
and use of research animals as approved by Animal Ethics 
Committee of the Islamic Azad University (Registration # 
16030517922007).

The rats were divided into four groups of eight, consist-
ing of, a) control group receiving distilled water, b) group 
2, receiving ginger at 500 mg/kg/day, c) group 3, receiving 
SMB at 260 mg/kg/day, and d) combined group, receiving 
both SMB and ginger at the same doses used for groups 2 
and 3. SMB and ginger dissolved in 1 ml of distilled water. 
The SMB dosage used in this study was determined based 

on our previous results [7]. All animals received their as-
signed treatment by daily gavage for 28 days. Vaginal 
smears were taken at regular intervals to monitor the ovar-
ian cyclicity. When the ovaries reached their estrous stage, 
the animals were given their last treatment, and 24 hours 
later, they were euthanized with diethyl ether and their ova-
ries removed.

To examine the protein content and MDA in the right 
ovaries, the tissue samples were briefly washed and kept 
in liquid nitrogen. It was then weighed and stored at -70˚C 
until used for the experiments. The left ovaries were fixed 
in 4% formaldehyde buffer. Leitz Rotary Microtome was 
used to serially section each paraffin-embedded ovary at 26 
µm in thickness. Eight to twelve sections from each ovary 
were selected and stained with hematoxylin and eosin [19].

Drug & Ginger Extract Preparation: The SMB stock 
was purchased from Sigma (EC No: 231-673-0, CAS. 
No: 7681-57-4; Karlsruhe, Germany) and was dissolved 
in distilled water at 260 mg/mL. Dried ginger rhizomes 
were obtained from Arsanjan grocery. The rhizomes were 
confirmed by Dr. Rafiee (botanist) and then powdered by 
grinder. After soaking the ginger powder (200 g) in one li-
ter of 50% ethanol for 72 hours, the extraction process was 
initiated through percolation several times until complete 
exhaustion. Rotary evaporator (Genser Scientific Instru-
ments; Bavaria, Germany) at a temperature 40-50°C was 
used for evaporation of the remainder solvent [20]. At the 
completion of this process, 20 g of the extract concentrate 
was obtained from a 200 g initial ginger powder. 

Ovarian Volume Measurement: Ovarian volume was 
measured according to our previous study, using the Caval-
ieri principle [7]. Using a stereomicroscope, the volume of 
sampled sections was obtained by point counting method 
and the following formula 1 [21]:

1. V=Σp×(a/p)×t

where “Σp” is the total number of points superimposed 
on the sections; “a/p” is the area per point, and “t” is the 
distance between the sampled sections. Additionally, “a/p” 
is calculated by the following formula 2:

2. (a/p)=(Δx×Δy)/m2

where “Δx” and” Δy” are the distance between the two 
adjacent points on the grid in the x-axis or the y-axis, re-
spectively. Moreover, “m” is the final linear magnification 
of the microscopic images.
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Follicle Numbers: The stage of follicles’ maturation 
was determined based on the Mayer et al. method [22]. 
Optical disector method with Nikon E200 microscope 
(Nikon, Japan) with 100x magnification and the microca-
tor (MT12, Heidenhain, Germany) was used for counting 
the follicle numbers. The unbiased counting frame was 
superimposed on the monitor images of the 26µm sec-
tions of the ovary and the oocyte nuclei were counted if 
they lied within the frame and did not touch the exclusion 
boundaries. On average, 80-100 microscopic fields were 
selected in each ovary via a systematic sample. The num-
ber density of different types of follicles was estimated 
using the following formula (3):

Nv=ΣQ/Σp.a/f.h

where “ΣQ” is the total number of the counted follicles, 
“h” is the tissue thickness considered for counting, “a/f” 
is the frame area in the true tissue scale and “Σp” is the 
total number of the points superimposed on the selected 
fields. The result of the equation was then multiplied by 
the total volume of the ovary to obtain the total number 
of follicles [23].

Lipid Peroxidation Test: The lipid peroxidation in the 
ovarian tissue was quantified indirectly by measuring the 

malondialdehyde (MDA) levels. Using thiobarbituric acid 
(TBA) method, the MDA concentration in homogenized 
tissue samples was measured at a ratio of 1/10 in 1.15% 
(w/v) cold KCl solution. The reaction results of MDA with 
TBA was the production of a pink colored complex with 
a maximum absorbance of 532 nm [24]. The results were 
presented as nmol/mg protein. The tissue protein concen-
tration was measured by Bradford method.

Statistical Analyses: The statistical analyses were per-
formed by one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test to determine the differences 
among the means, using SPSS software, v. 16. The differ-
ences in the means were considered significant at P<0.05. 
The data were presented as Means±SEM.

Results

Ovaries Weight & Volume: No significant changes were 
found in the weight of the ovaries treated with ginger or 
SMB compared with that of the control group. However, 
the ovarian tissue samples treated with SMB showed a sig-
nificant decrease in the volume. Co-administration of gin-
ger with SMB increased the ovaries’ volumes compared to 
the SMB treated ones, although the values did not reach 
that of the controls (Table 1).

Table 1. The effects of various treatments on the ovarian weight and volume in rats

Groups (N=5) Weight of ovary (mg) Volume of Ovary (mm3)

Control 32.8±3.21 25.8±2.15

Z500 27.40±3.31 20.8±2.67

S260 22.6±1.43 17.2±0.97*

SZ 25.6±1.63 20±1.09

Values are Mean±SEM. Z500: administration of 500 mg/kg/day ginger; S260: administration of 260 mg/kg/day sodium 
metabisulfite; SZ: combined administration of sodium metabisulfite and ginger at the same dose vs the control group. *P<0.05.

Table 2. The effects of various treatments on the number of ovarian follicles in rats

Groups
Follicle Type

Primordial Primary Secondary Graafian Corpus Luteum Degenerate

Control 1658±210 1608±168 576±68 130±45 1194±48 503±48

Z500 2048±288 1374±130 738±150 107±27 1395±265 621±164

S260 553±141* 576±68*** 117±52* 5±2* 780±112 2713±282***

SZ 2166±241## 1559±227### 925±146## 74±11## 1532±224 1063±241###

Values are Means±SEM. Z500: administration of 500 mg/kg/day ginger; S260: administration of 260 mg/kg/day sodium 
metabisulfite; SZ: co-administration of sodium metabisulfite and ginger. *P<0.05, ***P<0.001 vs. control group; ##P<0.01, 
###P<0.001 vs. S260 group.
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The Follicle Numbers: The mean follicle numbers for 
the control and treatment groups are presented in Table 2. 
No significant variations were observed in the ginger treat-
ed ovaries. Treatment with 260 mg/kg/day SMB caused a 
significant reduction in the number of primordial, primary, 
secondary, and graafian follicles along with a significant 
increase in the number of degenerate follicles (P≤0.001). 
Co-treatment with ginger provided protection against the 
adverse effects in the number of follicles exposed to SMB.

Ovarian Lipid Peroxidation: There was no significant 
difference in the levels of MDA for the ovaries treated with 
ginger compared to that of the control group. The results in-
dicated that the ovarian MDA level significantly increased 
in the group treated with SMB compared to that of the 
control group (147.2±30.7 vs. 52.5±9.3 nmol/mg protein, 
P≤0.01). As shown in Figure 1, the MDA level was lower 
in ginger group than that in the SMB group (P≤0.05).

Discussion

In this study, rat ovarian protection against damage in-
duced by SMB was investigated. To our knowledge, this is 
the first study that evaluated the protective effects of ginger 
against the ovarian damage induced by SMB. The structural 
changes in the rat’s ovary after SMB exposure were asso-
ciated with reductions in the ovarian volume and follicle 
numbers. The co-treatment with ginger clearly restored the 
number of follicles close to the normal level, which is sug-
gestive of its antioxidant property.

Over the past twenty years, the prevalence of low infertil-
ity has significantly increased [25]. It is estimated that 40%-
50% of infertility cases are due to female problems [25]. 
There is a positive correlation between the ovarian volume 
and the follicles count [26]. It has been shown that reduced 
ovarian volume is predictive of reduced ovarian reserve in 

infertile women [27]. Therefore, a significant decrease in 
the ovarian volume and the number of mature follicles at 
different stages of ovulation due to SMB ingestion may re-
duce the chances of fertility.

Increased serum MDA, one of the end products of lipid 
peroxidation, is an important indicator of oxidative dam-
age to cellular structures in humans and animals [28]. De-
creases in the antioxidant production in rats treated with 
SMB may lead to an increase in MDA and Reactive oxygen 
species (ROS) and free radicals levels, which will eventu-
ally lead to a number of reproductive disorders, such as in-
fertility [6]. It has been demonstrated that sulfite radicals 
are strong oxidants [5], which may interfere with the anti-
oxidant defense system in the ovary and result in the tissue 
injury. The reduction in the follicular antioxidant activities 
could impair the scavenging efficiency against ROS, giving 
rise to oxidative stress [29, 30]. 

Increased free radicals correlate well with a low success 
for in vitro fertilization [31]. As reported by a previous 
study, the elevated intracellular ROS levels are involved in 
the ovarian aging [32]. Gradual decreases in the numbers 
of follicles and the viability of oocytes during ovarian aging 
lead to a gradual decline in fertility [33]. Oxidative stress is 
a good model for the aging process, because it has a negative 
impact on the oocytes’ development in young mice [34]. In 
fact, oxidative stress will finally leads to pathological ovar-
ian aging through a decline in the antioxidant defense and 
a rise in the ROS production [33]. In this study, the MDA 
level increased in the SMB treated rats as compared to that 
in the control group. The oxidative stress induced by the 
overproduction of free radicals apparently played a major 
role in the development of the ovarian damages subsequent 
to sulfite treatment. Further, decreased MDA level was ob-
served in the rats treated with combined SMB and ginger, 
which is suggestive of the inhibition of the oxidative activi-
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Figure 1. Ovarian Malondialdehyde (MDA) levels in the control and other experimental rats

Z500: administration of 500 mg/kg/day ginger; S260: administration of 260 mg/kg/day sodium metabisulfite; SZ: co-administration 
of sodium metabisulfite and ginger. Data are presented as Means±SEM. *P<0.05 vs. control group. #P<0.05 vs. S260 group.
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ties in the presence of ginger. This finding is in agreement 
with a previous study suggesting that ginger significantly 
lowered the lipid peroxidation [35]. This effect of ginger is 
believed to occur by the induction or enhancement of anti-
oxidant enzymes [14].

Recommendation for Future Studies: Stereological ex-
amination of ovary showed an increase in the degenerate 
follicles. The measurement of serum estrogen and antioxi-
dant enzymes levels helped confirm the results. Therefore, 
we recommend that researchers consider these variables in 
the future studies.

Conclusions

This study demonstrated that SMB at 260 mg/kg stimu-
lated lipid peroxidation and reduced the number of ovarian 
follicles at various stages of ovulation in rats. With struc-
tural changes in the rat ovary, SMB appears to be effective 
on the female rat fertility. On the other hand, ginger restored 
the number of follicles towards normalcy and reduced the 
ovarian tissue MDA levels. Therefore, the protective effect 
of ginger against the ovarian damages subsequent to sul-
fite exposure might be mediated through the inhibition of 
the scavenging activity of free radicals. Therefore, women 
are likely to be at increased risk of ovarian damages and 
fertility disorders as a result of dietary exposure to sulfites 
from processed foods and beverages. We recommend that 
women who consume processed foods and beverages add 
ample ginger to their daily diets.
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