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ABSTRACT

Background: Sodium metabisulfite (SMB) is a frequently utilized as food preservative. While
it is generally acknowledged to be safe, there have been concerns regarding its potential
impacts. This study aimed to investigate the effects of sodium metabisulfite on the hormonal
levels, ovarian and uterine histology, and oxidative stress markers in female Wistar rats.

Methods: Twenty-four adolescent female Wistar rats were randomly allocated.into four
groups of siz rats each: Group 1 (control) received 0.5mL normal saline; Group 2 was given
100 mg/kg SMB; Group 3 received 300 mg/kg SMB; and Group 4 was administered 500 mg/kg
SMB. The administration was done orally over 28 days, followed by euthanasia for tissue
collection. Blood samples were collected to assess the serum folliclesstimulating hormone
(FSH) and luteinizing hormone (LH), while ovary and uterus tissue samples were harvested for
malondialdehyde (MDA) assays and histopathology. For. histopathology, we used
haematoxylin and eosin and periodic acid schiff staining.

Results: The administration of SMB at doses of 300 and 500mg/kg had a notable impact on
the hormone levels, particularly FSH and LH. The SMB doses also resulted in disrupted histo-
architecture and altered glycogen expression.in ovaries and uteri, as observed by histological
examinations. Furthermore, SMB at 500mg/kg led to a significant increase in the oxidative
stress marker malondialdehyde.

Conclusions: The SMB treatment affected FSH and LH levels, influencing ovarian and uterine
structures. Disrupted structure‘and raised oxidative stress imply reproductive health risks.
Further research is needed,-including the effects of SMB on glycogen and FSH status.

Keywords: .Food preservative; Hormonal levels, Ovary; Oxidative stress; Sodium
metabisulfite;Uterus



INTRODUCTION

Food preservatives are substances added to food with the goal of extending the storage life
by hindering the growth of microorganisms and the oxidation process [1]. Their function is to
uphold the food's freshness, taste, and overall quality, allowing for prolonged shelf life.
Common examples include agents that combat microbes, antioxidants, salt, sugar, and
natural essences, effectively ensuring food safety and diminishing waste. Sodium
metabisulfite (SMB) is used in various industries such as food, beverages, cosmetics,
medicine, rubber, and photography, serving as a preservative, bleaching and antioxidant
agent [2]. It carries substantial significance for preserving items like wine, beer; grapefruit
juice, dried fruits, and seafood, as well as being extensively utilized in_processed food
manufacturing [3]. However, SMB's impact can be diverse; under certain.conditions, it
counteracts peroxide effects, leading to the creation of harmful oxidizing agents [4].

The effects of SMB are varied; for instance, at high doses and prolonged exposure it has been
associated with diminished root growth, reduced mitotic index, and increased chromosomal
abnormalities [5]. Moreover, it can induce significant detrimental effects on healthy human
cells, such as causing apoptosis. The chronic use of SMB leads to changes in immune response,
along with shifts in biochemical, hematological, and physiological parameters in Wistar rats
[6]. Administration of SMB is linked to reduced activity of antioxidant enzymes in the blood
and increased lipid peroxidation, as demonstrated by earlier studies [7, 8]. The administration
of SMB also leads to a significant decline'.in testosterone levels, and is a crucial factor
contributing to changes in the morphology, morphometry, and histology of male mice, as
shown previously by Naureen, etal. [9].

The ovaries are compact; oval-shaped structures positioned on both sides of the uterus within
the pelvic cavity, as'described in detail by Gibson and Mahdy [10]. A layer called the ovarian
cortex encases the outer surface of the ovary, housing numerous small sacs termed follicles.
The ovarian follicles serve as the sites for the development and maturation of ova. The ovary's
roles encompass oogenesis, hormone production, and various other functions, as described
by the above-mentioned former study [10]. Uterus is a vital female reproductive organ and
situated in the pelvis cavity between the bladder and rectum [11]. Comprising of the fundus,
body, and cervix, it undergoes cyclical changes in response to hormonal cues. The uterus
presents as a tri-layered histological structure. The innermost layer, the endometrium, The
middle layer, the myometrium, and the outermost layer, the perimetrium [11, 12].

Uterus is a vital female reproductive organ and situated in the pelvis cavity between the
bladder and rectum [11]. Comprising of the fundus, body, and cervix, it undergoes cyclical
changes in response to hormonal cues. The uterus presents as a tri-layered histological
structure. The innermost layer, the endometrium, undergoes cyclical changes and houses the



implantation site. The middle layer, the myometrium, consists of smooth muscle fibers,
enabling contractions during childbirth. The outermost layer, the perimetrium, provides
structural support for the uterus [11, 12]. Pathologies, such as endometriosis can disrupt the
uterine function and can ultimately lead to infertility.

Aim of the Study: The primary objective of this research is to fill the knowledge gap pertaining
to the impact of SMB on the hormonal balances, the structural composition of ovaries and
uterus, and the oxidative stress markers in rats. This study also addresses the existing
concerns about food additives, and the possibility of disturbing hormonal equilibrium. Thus,
we planned to evaluate the consequences for reproductive well-being and the effects of
oxidative stress effects, and the associated health consequences.

MATERIALS and METHODS

Animals: A total of 24 young female Wistar rats were-obtained from Temilola animal
husbandry located in Ogbomoso, Oyo State, Nigeria. The rats were placed and cared for in
the animal facility at Adeleke University in Ede, Nigeria:They were housed in regular plastic
rat cages with metal lids. A period of seven days was observed for the rats to acclimatize
before they were sorted into four groups.of six.rats each, and the administration of the
substances began. Throughout the acclimatization period and until the end of the
experiments, the rats were under a consistent cycles of alternating light and darkness (12hr.).
Furthermore, the rats had unrestricted access to pellet food and water, enabling them to eat
and drink at will. The experimental protocol and treatments were approved by the Research
Ethics Committee of Adeleke University Ede, Nigeria (00670).

Sodium Metabisulfite: Powdered form of SMB (product code 05935) at 96.5% purity,
1.48g/cm3 density, and 1901.07g/mol molecular weight, was purchased from Mayor Ade
Multi-Services Nig. Enterprise at Osogbo, Nigeria.

Experimental Design: After the acclimatization period, the rats were divided randomly into
four groups of six rats each. For 28 successive days, the oral treatments were given as follows:

Group 1 (control) was provided with 0.5 mL of distilled solution.
Group 2 was given SMB at 100 mg/kg of body weight.
Group 3 was given SMB at 300 mg/kg of body weight, and

Group 4 was administered SMB at 500 mg/kg of body weight.



Tissue Collection: After the completion of substance administration, a procedure known as
thoracotomy was performed on each rat. This involved extracting blood from the heart's apex
using a 5mL needle and syringe. The collected blood was then transferred into a sample bottle
and subsequently subjected to centrifugation at 4000 revolutions per minute for duration of
5 minutes, utilizing a centrifuge (Model 80-2, Gallenkomp, UK). The resulting serum was
promptly utilized for hormonal analysis. For rats were assigned for histopathological
examinations. These rats were anesthetized by intraperitoneal injection of ketamine at
50mg/mL. Subsequently, the rats were euthanized through decapitation, and the ovaries and
uteri of each rat were carefully removed and thoroughly rinsed in normal saline. Following
this step, the harvested tissues were fixed in Bouin's fluid.

Hormonal Tests

Follicle Stimulating Hormone: The FSH test was performed, using.an FSH kit (AccuBind ELISA
Microwell FSH test system; Code #: 425-300). To analyze the serum samples, the microplates
were arranged in pairs, with each well designated for serum.references, calibrators, controls,
or patient specimen. A volume of 50ul of the suitable sample was transferred into the
designated well, and then 100ul of FSH-Enzyme reagent solution was added. The microplates
were gently swirled, covered, and incubated at:room temperature (20-252C) for 60 minutes.
Upon discarding the contents, 350ul of wash buffer was introduced into each well, and this
process repeated three times to accomplish three wash cycles. Subsequently, 100ul of the
working substrate solution was added to each well in the predetermined sequence. The
absorbance of the solutions from the microplates were read and documented. The outcomes
were expressed in units of milli-international units per milliliter (mlU/mL).

Luteinizing Hormone: To conduct the LH test, the AccuBind ELISA microwell LH test was
performed on the system kit (Code #: 625-300). To perform the procedure, the microplates
were arranged @and“50uL of either serum references, calibrators, controls, or patient
specimens were: added to the designated wells. Subsequently, the microplates were
incubated-at'.room temperature for one hour. Following the incubation, the microplates'
contents were removed, and the wells were washed three times using the wash buffer.
Subsequently, 100uL of the working substrate solution was added to all wells, and the
absorbance was read for each well. Next, a dose-response curve was plotted for each pair of
duplicate serum references against their corresponding LH concentration in mlU/mL on a
linear graph paper. The curve that best fitted the data was drawn and used to determine the
LH concentration of an unknown sample. This was done by identifying the average
absorbance of the duplicate measurements for each unknown well on the vertical axis of the
graph. By locating the point where the value intersected the curve, the LH concentration was
read on the horizontal axis of the graph, and the outcome was presented in mlU/mL.



Histopathological Analyses: Upon fixation, the ovarian and uterine tissue samples went
through a processing phase and were embedded in paraffin wax blocks. The blocks were
subsequently sliced in sections and stained using hematoxylin and eosin and periodic acid
Schiff methods as described by Bancroft and Layton [13]. The stained sections were then
examined under light microscopy (Olympus, XSZ-107BN, and Amscope, MD500, USA).

Malondialdehyde Concentration Assay: The MDA concentration was assessed on tissue
samples that were homogenized in a 1:10 ratio with a 1.15% (w/v) cold KCI solution; using
thiobarbituric acid (TBA) method. The two compounds (MDA & TBA) interact to generate a
pink-coloured solution, the highest absorbance of which observed at 532 nm. The findings
were quantified and reported as nmol per milligram protein.

Statistical Analyses: The data analyses were performed using GraphPad Prism software,
version 7. Statistical comparisons were carried out by employing one-way analysis of variance
(ANOVA) coupled with Tukey's multiple comparison test. All results were expressed in Means
1SD, with statistical significant difference set at P<0.05.

RESULTS

Effect of SMB on FSH and LH: The FSH.concentration, as shown in Figure 1, was significantly
higher in the groups subjected to SMB treatment at 100mg/kg, 300mg/kg, and 500mg/kg
compared to that of the control group (P<0.05). Also, there was a significant rise in the FSH
levels in the group treated with.SMB at 100mg/kg compared to both of the groups treated
with SMB at 300mg/kg or 500mg/kg (P<0.05).

The LH concentration, as depicted in Figure 2, was significantly higher in the groups that
received SMB-at.100mg/kg and 300mg/kg, compared to that of the control group. However,
there was'no significant difference observed in the LH level of the group treated with SMB at
500mg/kg compared to that of the control group (P>0.05).

Impact of SMB on the Histopathology: The photomicrograph shown in Figure 3 illustrates the
rats’ ovary sections stained with H&E. In the rats that were administered SMB at 300mg/kg
or 500mg/kg, the outer layer of the ovaries appeared disorganized and degenerated (yellow
arrows). The disruption also affected the follicles within the ovarian cortex. Conversely in the
control group, the ovarian cortex appeared well-organized (blue arrows) with many ovarian
follicles present. In Figure 4, the image presents the rats uterine sections stained with H&E.
In the groups treated with SMB at 300mg/kg or 500mg/kg, both the uterine epithelia and
glands were degenerated (yellow & black arrows).



Figure 5 represents sections of the rat ovaries subjected to PAS staining. Both the controls
and the group treated with SMB at 100mg/kg exhibited a strong PAS presence in the zona
pellucida of the ovarian follicles and the theca interna cells. However, in the groups treated
with SMB at 300mg/kg or 500mg/kg, the PAS was distributed throughout the ovarian cortex
and the epithelia. The photomicrographs in Figure 6 illustrate sections of the rat uteri
subjected to PAS staining. The PAS staining was detected in the endometrial epithelia in all
groups. Nevertheless, in the groups treated with SMB at 300mg/kg or 500mg/kg, the intensity
of PAS staining was more intense that that in the control group.

Effect of SMB on Oxidative Stress: The MDA concentration, as depicted in Figure 7, exhibited
a significant increase in the group that received SMB at 500mg/kg as opposed to that of the
control group. However, the MDA levels in the groups treated with/SMB at 100mg/kg or
300mg/kg did not show a significant difference compared to that of the control group.

DISCUSSION

In this study, the FSH levels exhibited a marked increase in the cohorts exposed to SMB at
100mg/kg, 300mg/kg, or 500mg/kg compared to those of the control group. The observed
FSH increase in response to SMB may suggest potential disruptions in the regulatory
mechanisms of the hypothalamic-pituitary-gonadal axis. This hormone is a key to the
regulation of reproductive processes, such as follicular development in females and
spermatogenesis in males [14, 15].

The dose-responserelationship between SMB and FSH may suggest that SMB at higher doses
could interfere with the feedback loop that controls FSH secretion. Therefore, it is plausible
that SMB at higher.doses might affect the hypothalamus or the sensitivity of anterior pituitary
gland to the negative feedback from the gonads, leading to an elevated release of FSH.
Another-potential explanation might involve oxidative stress. The SMB compound has been
associated with changes in antioxidant enzyme activities and increased lipid peroxidation [8].
Oxidative stress can impact the endocrine system, including the regulation of hormonal
synthesis and release [16]. In this context, it is likely that the oxidative stress induced by SMB
could influence the production and release of FSH [17].

The LH levels, as illustrated in Figure 2, exhibited a marked increase in the groups treated with
SMB at 100mg/kg or 300mg/kg, as compared to that of the control group. However, there
was no significant difference in the LH levels between the group treated with SMB at
500mg/kg and the control group. The observed increase in LH levels in response to SMB



treatment at 100mg/kg or 300mg/kg could indicate differential interactions between SMB
and the hypothalamic-pituitary-gonadal axis. This hormone is critical in triggering ovulation
in female and stimulating testosterone production in male rats [18].

Another interpretation of the study’s findings could involve the disruption of the negative
feedback that regulates the LH secretion [19]. In this context, SMB might have influenced the
hypothalamus or pituitary gland response to the feedback signals from the gonads, leading to
arise in the LH release. The lack of a significant difference in the LH levels at 500mg/kg SMB
might indicate a saturation point beyond which the effects of this compound on LH secretion
would be limited. It's conceivable that the dose-response relationship is not linear, and there
could be a threshold effect beyond which additional SMB does not further influence the LH
levels.

In the rat groups subjected to SMB at 300mg/kg or 500mg/kg, the outer layer of the ovaries
exhibited disorganization and signs of cellular degeneration. The disruption also affected
numerous follicles on the ovarian cortices. In contrast, theovarian cortices in the control
group appeared well-structured, with a variety of observable follicles present. Also, in the
groups treated with SMB at doses of 300mg/kg or-500mg/kg, both the uterine epithelia and
the glands displayed degeneration. These findings'might suggest that SMB could be disrupting
the normal processes of follicular development and ovulation. This disruption could
potentially interfere with the release of mature ova and the ovarian function.

The impact of SMB on the ovarian.cortex and follicles may suggest damages due to oxidative
stress, since SMB has been linked to alterations in antioxidant activities and increased lipid
peroxidation [20]. The degeneration observed in the uterine epithelia and glands in the SMB-
treated groups might imply the adverse effect this compound has on the uterine health, which
is crucial for successful implantation and pregnancy in animal model and potentially in
humans [21]. The degeneration of the uterine lining could hinder the proper attachment of a
fertilized ovum and reduce the chance of a successful pregnancy [22].

The. primary effect of PAS staining for histological examinations is on glycogen, mucins, and
other substances abundant in tissue carbohydrates [23]. Glycogen is an important
carbohydrate storage molecule [24], and its presence within ovarian follicles and theca
interna cells is indicative of its role in providing energy for various cellular processes [24, 25].
The findings of this study provided evidence that both the controls and the group treated with
SMB at 100mg/kg exhibited strong PAS staining in the zona pellucida of the ovarian follicles
and theca interna cells. However, in the groups treated with SMB at 300mg/kg or 500mg/kg,
the PAS staining was distributed throughout the ovarian cortices and epithelia. Furthermore,
in the rat uteri, the PAS staining was observed in the endometrial epithelia in all rat groups.



However, in the groups treated with SMB at 300mg/kg or 500mg/kg, the intensity of PAS
staining was more intense than that of the control group.

The altered distribution of glycogen in the ovarian tissues of the groups treated with SMB at
300mg/kg or 500mg/kg was suggestive of disruptions in the glycogen regulation and
metabolism. The wide distribution of PAS stain in the ovarian cortices and epithelia in these
groups might imply that SMB, at high doses affects the processes that control glycogen
synthesis, storage and/or utilization. This could be due to the SMB-induced changes-in‘the
hormonal levels, metabolic pathways, or cellular signal transduction [26]. The increased
intensity of PAS stain in the endometrial epithelia of the groups treated with SMB/at .doses of
300mg/kg or 500mg/kg may suggest enhancement in the carbohydrate storage or utilization.
This event might be linked to the altered metabolic activities in the uterine lining via the SMB
effects on the hormonal levels or tissue physiology. The exact mechanisms behind these
events would require further investigations into the mechanism by.-which SMB affects
glycogen metabolism in the ovarian and uterine tissues.

Malondialdehyde is a marker of lipid peroxidation, a process that occurs when free radicals
react with lipids in cell membranes, leading to cellular damages [27, 28]. The concentration
of MDA increased significantly in the rat group: treated with SMB at 500mg/kg compared to
the controls. However, the MDA levels in the groups treated at 100mg/kg or 300mg/kg SMB
were significantly different compared to the.controls. The increased MDA level in the group
treated at 500mg/kg SMB could be due'to.the enhanced level of oxidative stress.

The significant rise in MDA levels suggests that SMB at high concentration (500mg/kg) induces
greater oxidative stress,resulting in increased lipid peroxidation [20]. Conversely, the lack of
significant differences in the MDA levels between the groups treated with SMB at either
100mg/kg or 300mg/kg, compared to the controls, may imply that these doses do not induce
a substantial rise’in oxidative stress or lipid peroxidation. It's possible that SMB at lower doses
may not cause.enough oxidative damage to be detected by the MDA assay. The dose-
dependenteffect on MDA levels could suggest that SMB might have a threshold, above which
its impact on oxidative stress becomes pronounced. Factors such as the duration of exposure,
the.metabolic capacity of the subjects, and the cumulative effect of the substance could all
contribute to the observed differences in MDA levels.

CONCLUSIONS

This study explored the effects of SMB on the hormonal levels, ovarian and uterine
histological alterations, and oxidative stress markers in rats. The SMB administration resulted
in significant alterations in FSH and LH concentrations, and impacted the ovarian and uterine



histology. The presence of SMB was associated with disrupted histological architecture and
increased oxidative stress, indicating potential adverse effects on the reproductive health in
rat model. Further investigations are warranted to fully understand the cytotoxic effects of
SMB exposure. For instance, additional research is recommended to uncover how SMB
influences glycogen-related processes in ovaries and uterine tissues at varying doses.
Furthermore, understanding the precise mechanisms underlying the SMB's impact on FSH
levels is also warranted.
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FIGURES

FSH (miWmi)

Figure 1: The levels of follicle stimulating hormone (FSH) in Wistar rats.

NaMBS = Sodium metabisulphite; 2P<0.05 vs control; ®P<0.05 vs-NaMBS (100mg/kg); n=6.

LH (miUim)

Figure 2: The levels of luteinizing hormone (LH) in Wistar rats.

NaMBS = Sodium metabisulphite; ?P<0.05 vs control; n=6.



Figure 3: Representative photomicrographs of H&E stain in rats ovary.
NaMBS = Sodium metabisulphite; Yellow arrows = Degenerating cortex;
Blue arrow = Properly arranged cortical cells. Green ring = Qvarian follicles.

Scale bar =180 um.

Figure 4: Representative photomicrographs of H & E stain in rats’ uterus.
NaMBS = Sodium metabisulphite; Blue arrow = Normal epithelial lining, No degeneration;

Yellow arrows = Degeneration of endometrial epithelium; Black arrows = Necrosis in glands.



Scale bar = 45 um.

Control ; NaMBS 100mg/kg

Figure 5: Representative photomicrographs of PAS stain in rat’s ovary.
NaMBS = Sodium metabisulphite; Yellow arrows = Location of PAS expression.
Scale bar =180 um.

Control NaMBS 100mgf:_(g

Figure 6: Representative photomicrographs of PAS stain in rat’s uterus.
NaMBS = Sodium metabisulphite; Yellow arrows = Location of PAS expression.

Scale bar = 180 um.
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Figure 7: Malondialdehyde (MDA) level in rats’ ovaries.
Data expressed as mean * SD. NaMBS = Sodium metabisulfite.

2P< 0.05 vs Control group.



