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Abstract A research investigation evaluated the beneficial advantages of nano-piperine (administered
at 20 mg/kg of body weight) on reducing sodium benzoate's (100 mg/kg of body weight) damaging
effects on female hormones and particular antioxidants. The experiment involved forty Wistar rats
of female gender at 120 days old with a weight range of 200+10 g which were organized randomly
into four equal treatment groups for four weeks. Distilled water was given to the control group (C) in
a one-cc solution. A sodium benzoate substance served as the treatment agent for group T1. Nano-
piperine constituted the second treatment protocol that the T2 group received. The experimental
group receiving treatment T3 received both sodium benzoate and nano-piperine combined within a
single dosage. The research trial culminated with the execution of female subjects followed by heart
blood extraction for tests measuring serum LH, FSH, oestrogen concentration together with MDA,
CAT and GSH levels. Measures of LH, FSH, and Oestradiol showed significant reduction in T1
while T2 and T3 presented higher levels than the control group according to the obtained findings
(p<0.05). The concentrations of MDA increased remarkably in T1 rats and simultaneously there was
a significant decrease in CAT and GSH levels yet T2 and T3 rats exhibited opposing results. The
research shows that nano-piperine functions as a protective agent which counteracts sodium benzoate-
induced harm to female hormones together with antioxidant balance in adult female Wistar rats.
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INTRODUCTION

Food preservation agents use sodium benzoate as one of their most frequently applied substances.
Tropical food safety and protection depend on the bacteriostatic and fungistatic actions of sodium
benzoate because it dissolves easily in water (Shahani and Sharma, 2021). The cosmetic and
pharmaceutical industries utilize sodium benzoate to produce their products and silage makers
apply it as an additive (Baranowska et al., 2014). Food safety programs designed by the Food and
Agricultural Organisation accept a 0.1 percent allowance of sodium benzoate. (Lennerz et al.,
2015). The research discovered harmful sodium benzoate effects in food products thus
recommending a restriction on its usage (Salviano et al., 2015). The severity of sodium benzoate
exposure directly influenced the_ FUNC_ oxidative stress levels in treated subjects (Dinc et al.,
2023). Natural antioxidants have taken the market lead over synthetic antioxidants because
consumers prefer them more than chemical antioxidants (Ni et al., 2002). Future research has
intensified about functional food constituents due to their recognized health benefits and disease
prevention abilities. (Ul-Haq et al., 2019). Black pepper which belongs to the Piperaceae family
plays a crucial role in biological studies (Zadorozhna et al., 2019). Piperine represents the majority
of black pepper molecules because it functions as an alkaline compound that brings diverse health
benefits (Acharya et al., 2012; Ahmad et al., 2012). The substance exists in multiple medical
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pharmaceutical formulations used for different disease treatments alongside its application for
antiseptic medication and diuretic and digestive enhancement and antibacterial properties and
insectical properties (Meghwal et al., 2013). This research study examined whether piperine can
protect against sodium benzoate-induced damage to female hormones and antioxidants in adult rats'
system.

MATERIAL AND METHODS
ETHICAL APPROVAL

The students have obtained ethical permission from the Ethical permission Committee of Al-
Qadisiyah University for the inquiry.

EXPERIMENTAL ANIMALS

The research employed forty Wistar female rats weighing 200+10 grams at their 120-day maturity
for four experimental condition analysis. All animals received a period for accommodation within
the animal housing before starting the experiment. A well-ventilated room provided polypropylene
cages as the housing space for these animals. During the experiment the rats received standard chow
while having an unlimited supply of distilled water. The experimental room maintained a
temperature between 23 degrees and 2 degrees Celsius under twelve hours of light and twelve hours
of darkness periodicity.

EXPERIMENTAL DESIGN:

A total of forty adult female rats received a four-week treatment under four different study
conditions that contained ten rats within each group. The investigators created the following
treatment groups for their study:

1.The control group (C) received 1 ml of distilled water through gavage needle administration
throughout oral intake.

2.Animals in T1 received the sodium benzoate treatment with 100 mg/kg body weight amount
dissolved in 1 ml of distilled water according to Boutlelis (2021).

3.The T2 group received Nano-piperine at the dose of 20 mg/kg body weight through
administration of 1 ml of distilled water solution (Sahu et al., 2014).

4.The T3 treatment involved giving animals Nano-piperine (20 mg/kg body weight) together with
sodium benzoate (100 mg/kg body weight) as a solution with 1 ml of distilled water.

Animal Sacrifice and Sample Collection: The animals underwent sacrifice through anesthesia after
the treatment duration concluded. The researchers collected blood samples to obtain serum
through centrifugation for testing LH and FSH and determining estrogen levels as well as measuring

MDA, GSH, and CAT activities.
ESTIMATION OF HORMONE LEVEL :

The blood levels of FSH, LH, and Oestrogen were quantified using an ELISA test using a kit
produced by Cusabio (China).

MARKERS OF OXIDATIVE STRESS AND ANTIOXIDANT PARAMETERS :

The serum levels of MDA, CAT, and GSH were measured using equipment produced by Solarbio
(China).

STATISTICAL ANALYSIS

The data were examined using SPSS using a one-way analysis of variance (ANOVA) with the least
significant difference (LSD) method.
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RESULTS

SERUM CONCENTRATIONS OF HORMONES
ESTROGEN

The blood oestrogen levels, shown in Fig. (1), significantly reduced (p<0.05) in the T1 group of
female rats compared to the control group, whereas the T2 and T3 groups exhibited elevated levels
(p<0.05) relative to the control.
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Fig.1 The Influence of Nano-piperine on Estrogen( pg/ml) in Females Rats Treated with
Sodium Benzoate.

LUTEINIZING HORMONE (LH)

Figure 2 indicates that the T1 group exhibited the lowest serum LH levels (p<0.05) compared to the
control female rats, whereas the T2 and T3 groups had the greatest concentrations (p<0.05) relative
to the control group.
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Fig.2 The Influence of Nano-piperine on LH( mlU/ml ) in Females Rats Treated with Sodium
Benzoate.

FOLLICLE STIMULATING HORMONE (FSH)

The blood FSH levels in T1 female rats of the experiment group measured at a minimum quantity
compared to both T1 rats of the control group and T1 rats of the experiment group (p<0.05) as
depicted in figure 3. The serum FSH concentration in the T2 and T3 groups registered the highest
values with statistically significant results compared to the control group (p<0.05).

Fig.3 The Influence of Nano-piperine on FSH( mlU/ml ) in Females Rats Treated with Sodium
Benzoate
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Oxidative status

SERUM CONCENTRATION OF MALONDIALDEHYDE (MDA)

The results in figure (4) showed that T1 group participants had elevated MDA serum levels above
the control values with statistica significance (p<0.05). The experimental data from the control
group was compared to this set of measurements. T2 and T3 groups showed decreased MDA
concentration than the T1 group.

Fig.4 The Influence of nanopiperine on MDA in Females Rats Treated with Sodium
Benzoate
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SERUM ACTIVITY OF GLUTATHIONE (GSH)

A significant reduction (p<0.05) emerged in GSH serum levels of the T1 group when compared to
levels observed in the control group according to figure (5). The rats from T2 and T3 groups
showed a significant enhancement (p<0.05) against the control group measurements.
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Fig.5 The Influence of nanopiperine on GSH in Females Rats Treated with Sodium
Benzoate

SERUM CATALASE CONCENTRATION (CAT)

Data in Figure 6 established a statistically significant decrease (p<0.05) of CAT activity within the
T1 group versus the control group. CAT activity measured higher levels in T2 and T3 groups than
it did in the control group.
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Fig.6 The Influence of nanopiperine on CAT in Females Rats Treated with Sodium
Benzoate

DISCUSSION
ESTRADIOL

The research data showed that sodium benzoate consumption by T1 group female rats resulted in
notable hormone oestradiol level decreases. The decline of reproductive ability resulted from
oxidative stress which reduces the hypothalamus's capacity to release Gonadotropin-releasing
hormone (GnRH). A decrease happens in LH and FSH production inside the pituitary gland due
to this process and it ultimately damages ovarian operations and sex hormone synthesis (Ojeda and
Skinner, 2006). The research data matches data observed by Jyothi (2021).

Female rats given nano-piperine exposure showed a major increase in their oestradiol hormone
levels. The authors credited nano-piperine with improving hormone regulation because it enhances
LH and FSH levels which lead to elevated ovarian function and subsequent steroid hormone
production. The oestradiol levels in T3 group rats were significantly elevated possibly due to the
antioxidant activities of nano-piperine. The antioxidant function of nano-piperine becomes
stronger because it fights free radicals while controlling oxidative stress which enhances ovarian
stimulation processes and boosts oestradiol production.

GONADOTROPINS (LH and FSH)

The results of this training demonstrated a decrease in LH and FSH levels in rats administered
sodium benzoate. This result aligns with the findings of the research conducted by El-Shennawy
(2020). This outcome may be elucidated by the influence of sodium benzoate on the hypothalamus,
which inhibits the synthesis and secretion of gonadotropins or adversely affects the pituitary gland,
resulting in an inadequate response to gonadotropin-releasing hormone (GnRH), thereby leading to
a reduction in gonadotropins, specifically LH and FSH. Piperine positively impacts oxidative stress
by diminishing radicals and lipid peroxidation (Mittal, 2000), which accounts for the increase in LH
and FSH levels in the T2 and T3 groups. This outcome aligned with the findings of Mansoor et al.
(2023).

OXIDANT-ANTIOXIDANT STATUS
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Research findings of Chatterjee (2016) reveal that ROS and antioxidants which generate oxidative
stress exhibit an imbalance. The major end product of free radicals stems from MDA which refers
to chemical damage of biological components. Polyunsaturated fatty acids in cellular membranes
have their double bonds as primary points for free radical-induced damage. Madiepins' acid
formation occurs during lipid peroxidative reactions due to free radical-induced oxidation of fatty
acids. Tests for chemical indicators of lipid peroxidation provide evidence about stress conditions
as well as oxidative damage and unidentified changes in antioxidant functions (Montjean et al.,
2010). The experimental T1 group demonstrated oxidative stress by elevated serum MDA levels
and reduced GSH and CAT activity that laboratory results confirmed. The consumption of sodium
benzoate boosted body lipid damage while reducing natural antioxidant capacity. Dog cells treated
with cell benzoate show elevated lipid peroxidation levels accompanied by reduced activities of SOD
and glutathione S-transferase together with CAT antioxidant enzymes according to Martina El-
Shennawy (2020). Research confirms female rats in T2 and T3 groups presented lower serum MDA
readings than controls because piperine behaves as a powerful antioxidant and anti-radical agent
which stops the formation of toxins and protects against lipid peroxidation throughout various
organs (Mittal, 2000). The study findings establish piperine as an effective substance which offsets
the detrimental effects of sodium benzoate. The scientific community has proven piperine serves as

an antioxidant chemical that protects cells against peroxidative damage to lipid chains (Vijayakumar
et al.,, 2004). The study results validate the findings reported by Park et al. (2019).

REFERENCES

Acharya, S., Momin, A., & Gajjar, A. (2012). Review of piperine as a bio-enhancer. American
Journal of PharmTech Research, 2, 32 -44.

Ahmad, N., Fazal, H., Abbasi, B. H., Farooq, S., Ali, M., & Khan, M. A. (2012). Biological role of
Piper nigrum L.(black pepper): A review. Asian
Pacific Journal of Tropical Biomedicine, 2(3), S1945-S1953 .

Dinc E, Sozen M, Savas H(2023).Anti-angiogenic and oxidative effects of sodium benzoate at
different concentrations in chorioallantoic membrane model.Volume 14 , Number 4 , ISSN: 1309-

6621 (Online)December ,em0083
El-Shennawy, L., Kamel, M. A. E. N., Khalaf, A. H. Y., & Yousef, M. 1. (2020). Dose-dependent

reproductive toxicity of sodium benzoate in male rats: Inflammation, oxidative stress and apoptosis.
Reproductive Toxicology, 98, 92-98.

Jyothi C., Sujatha K., Srilath C.H. and Vinod Kumar N.,(2021). Amelioration of sodium benzoate
induced reproductive toxicity by Punicagranatum peel extract in female Wistar rats.Indian J. Vet.

Pathol., 45(4) : 301-306,: DOI: 10.5958/0973-970X.2021.00052.3 .
Lennerz B.S., Vafai S.B., Delaney N.F., Clish C.B., Deik A.A., Pierce K.A., Ludwig D. S., Mootha

V.K. (2015) , Effects of sodium benzoate, a widely used food preservative, on glucose homeostasis

and metabolic profiles in humans, Mol. Genet. Metab. 114 (1) 73-79.

Mansoor S, Suhail M, Suhail AB, Zia A, Afzal A, Shafqat F.(2023) Effect of Piperine on
Hypothalamic PituitaryGonadalAxis ofFemaleAlbinoRats: ARandomizedControlledStudy.
JAIMC;21(3):208-212.

Meghwal, M., & Goswami, T. (2013). Piper nigrum and piperine: An update.Phytotherapy
Research, 27(8), 1121-1130.

Mittal R, Gupta RL (2000) In vitro antioxidant activity of piperine. Exp Clin Pharmacol . 22:271-
274.

Naidu, K.A.; Thippeswamy, N.B(2002). Inhibition of human low density lipoprotein oxidation by
active principles from spices. Mol. Cell. Biochem., 229(1-2), 19-23.

466



International Journal of Environmental Sciences

ISSN: 2229-7359

Vol. 11 No. 2s, 2025

https://www.theaspd.com/ijes.php

Ni H, Simile C and Hardy AM. (2002). Utilization of complementary and alternative medicine by
United States adults. ] Med Care 40: 353-358.

Ojeda, S.R.; and Skinner, M.K. (2006). Puberty in the rat. In: Neill JD, editor. The Physiology of
Reproduction. 3ed. Academic Press/Elsevier; San. Diego., pp: 2061-2126.

Park HM, Kim ] H, and Kim D K (2019).Effect of Piperine from Piper nigrum L. in
Caenorhabditis elegans .Natural Product Sciences 25(3) : 255-260
https://doi.org/10.20307/nps..25.3.255 255 Anti-oxidative * College of Pharmacy, Woosuk
University, Jeonju 55338, Republic of Korea

Sahu P., Sharma A., Kour G. Rayees S., (2014).Pharmacokinetic study of Piperine in Wistar rats
after oral and intravenous administration. International Journal of Drug Delivery 6(1).

Salviano dos Santos V, Paula N, Medeiros Salgado A, Guedes Torres A, Signori Pereira K (2015).
Benzene as a chemical hazard in processed foods. Int ] Food Sci;: 1-7.

Shahani . and Sharma p (2021).A review on effects of food additives: allura red (azo dye) and
sodium benzoate (preservative).

Ul-Hagq, L., Butt, M. S., Randhawa, M. A., & Shahid, M. (2020).
Hepatoprotective effects of red beetroot-based beverages against

CCl4-induced hepatic stress in Sprague Dawley rats. Journal of Food
Biochemistry, 43(12), e13057.

Vijayakumar R.S., Surya D., Nalini N.( 2004).Antioxidant efficacy of black pepper (Piper nigrum L.)
and piperine in rats with high fat diet induced oxidative stress. Redox Report. ; 9: 105-110.

Zadorozhna, M., Tataranni, T., & Mangieri, D. (2019). Piperine: Role in prevention and
progression of cancer. Molecular Biology Reports, 46(5),5617-5629.

Chatterjee, S. (2016). Oxidative stress, inflammation, and disease.In Oxidative stress and
biomaterials (pp. 35-58). Academic Press.

Montjean, D., Ménézo, Y., Benkhalifa, M., Cohen, M., Belloc, S., CohenBacrie, P., and de Mouzon,
J. (2010). Malonaldehyde formation and DNA fragmentation: two independent sperm decays linked
to reactive oxygen species. Zygote, 18(3), 265-268.

467



