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Abstract: Free radicals are molecules that lose one electron from their lone pair. Free radicals from human
cells that take electrons can cause DNA structure changes, resulting in mutations and disease. Substances
that can prevent or slow down cell damage caused by free radicals are antioxidants. Many foods, plants, and
fruits rich in antioxidants. Genistein is an isoflavonoid class secondary metabolite compound with antioxidant
activity that can inhibit the aging process, type 2 antidiabetic, and anti-inflammatory. This review will discuss
the activity of genistein as an antioxidant.
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1. Introduction
Free radicals are an atom, group, or molecule, which contains one or more unpaired electrons [1]. The
biochemical reactions of respiration and metabolism in the reactive oxygen species (ROS) or free radicals are
formed [2]. ROS plays a role in physiological processes, such as reducing inflammation, killing bacteria, and
regulating blood vessel and organ smooth muscle tone [1]. However, the excessive increase in ROS production
in the body can reduce the number of cells, tissues, and the incidence of various diseases [3].
In the neutralization of ROS, the body naturally has defenses, namely endogenous antioxidants such as the
enzymes superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase [4]. Antioxidants work to
avoid the damage of cells and tissues, thereby inhibiting the body's oxidative reactions [3]. Several synthetic
antioxidant compounds are available, such as butylated hydroxytoluene (BHT), butylated hydroxyanisole
(BHA), and tertubutylhydroquinone (TBHQ) [5]. The use of synthetic antioxidants has been reported in several
studies to be carcinogenic and may affect organs [5,6]. Therefore, as additional antioxidants, natural
antioxidants are more in demand to decrease carcinogenic effects.
Many natural antioxidants are found from phenolic compounds such as the flavonoid group. Flavonoids are a
group of secondary metabolites produced by plants [7]. Genistein is one of the most well-known types of
isoflavonoids. Genistein [49,5,7-trihydroxyisoflavone or 5,7-dihydroxy-3- (4-hydroxyphenyl) chromen-4-one]
(C15H10O5) belongs to the class of natural isoflavonoid flavonoids with a 15-carbon framework, as shown in
Figure 1.
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Figure. 1. 2D structure of genistein [8]
Isoflavonoids found in beans, especially soybeans [9,10,11,12]. Genistein is also found in several other plants,
which are excellent sources of phytoestrogens such as Lupine (Lupinus spp.), Fava beans (Vicia faba), Psoralea
(Psoralea corylifolia), and Kudzu (Pueraria lobata) [13]. The genistein content of various fruits, nuts, and
vegetables can vary widely [14]. Like other plant constituents, such as lignans, which have an estrogenic
effect, genistein is a typical example of a phytoestrogen compound. This plant was first isolated from Genista
tinctoria L. in 1899 [11].
According to the American Dietetic Association (ADA), consuming soybeans can neutralize toxins and
maintain a healthy body. Genistein acts as a preventive and therapeutic effect for cancer, postmenopausal
syndrome, osteoporosis, and cardiovascular disease. Genistein is believed to have an inhibitory effect on red
blood cell hemolysis, with dialuric acid or hydrogen peroxide acting as an antioxidant [9]. As time progresses,
natural antioxidants' potential can develop into supplements or beauty products, especially in the drug industry.
This review article aims to provide information about genistein's potential as an antioxidant.

2. Methods
In compiling this review article, the technique used was the literature study method. Also, in making this
review article, several keywords, such as "Antioxidants," "Free Radicals," "Genistein," "Isoflavonoids," were
used to conduct online research. Research for the main references used in this review article conducted was
through trusted websites such as ScienceDirect, NCBI, Researchgate, Google Scholar, and other trusted
journals.

3. Genistein as Antioxidant
Antioxidants are molecules that can prevent or slow down the oxidation of macromolecules. Antioxidants' role
is to reduce or stop this chain reaction by eliminating free radicals or inhibiting other oxidation reactions by
oxidizing themselves. Thus, antioxidants are often reducing agents [15]. Various antioxidants are currently
found in food, namely, natural antioxidants, synthetic antioxidants, dietary antioxidants, and endogenous
antioxidants that play an important role in food preservation [16].
Antioxidants are very important for the health of the body, one of which is anti-aging. The aging process is a
natural process that happens from time to time. Both physical and physiological changes can identify the aging
process. Physical changes can be characterized by wrinkles, reduced skin elasticity, uneven pigmentation,
brown spots, weakness, and a rough appearance. It can be caused by free radicals, which can also accelerate the
aging process. The formation of ROS can cause oxidative damage and tissue damage in the skin and cause loss
of elasticity in the skin [18]. Genistein reported having acted as an antioxidant, which had a reduction activity
value of IC50, using the 2,2'-azinobis-3-ethylbenzo-thiazoline-6sulfonic acid (ABTS) method, which was
around 43.17 µg/ mL [17].
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Research by Savoia et al. reported that estrogens and phytoestrogens are promising alternatives to the
treatment of the aging process through mechanisms associated with estrogen receptors (ER), guanine
nucleotide-binding protein (GPER30) coupled receptors, mitochondrial function, and release of nitric oxide
(NO). Research showed that genistein is a phytoestrogen that can prevent the aging process due to its
antioxidant activity. Genistein can decrease the activation/expression of eNOS and iNOS induced by hydrogen
peroxide-induced peroxidative stimulation [19]. In addition to its antioxidant properties and
estrogenic/antiestrogenic activity, genistein has several molecular roles, including inhibition of protein tyrosine
kinase and topoisomerase II and degradation of phosphatidylinositol and proteins involved in multidrug
resistance in cancer cells. The various cellular roles of genistein have led to its use as a modulator of cell
proliferation, apoptosis, differentiation, and cell cycle development, especially in cancer cells [20].
Often, antioxidants impact the prevention of diabetes. Diabetes refers to a category of metabolic disorders in
which blood glucose elevated, either due to inadequate insulin production or because insulin or both do not
respond well to the body's cells. Polyuria (frequent urination), becoming constantly thirsty (polydipsia), and
hungry (polyphagia) typically encountered in patients with elevated blood sugar[21]. Relatively specific longterm microvascular complications involving the skin, kidneys, and nerves associated with chronic
hyperglycemia in diabetes, as well as an elevated risk of cardiovascular disease (CVD) [22].
According to etiology, it is possible to classify diabetes mellitus; type 1 diabetes and type 2 diabetes are the
most common types. Autoimmunity in pancreatic beta cells in the root of type 1 diabetes, in which pancreas
beta cells do not produce insulin so that glucose can not reach the cells in the blood. Type 2 diabetes,
meanwhile, is a heterogeneous group of disorders characterized by insulin resistance, impaired secretion of
insulin, and increased production of glucose in the liver. Type 2 diabetes is a type of diabetes that enough in all
individuals worldwide [23]. Uncontrolled ROS can increase oxidative stress to lead to cell injury and
cytotoxicity and may, therefore, destroy DNA, proteins, and lipids [24]. The increased development of reactive
oxygen (ROS), lipid peroxidation, and antioxidant defenses are related to the increase of diabetes [25].
Genistein in soybeans can increase insulin in plasma and decrease HbA1c in vivo [26]. Amanat et al., 2017
reported that genistein is shown to influence insulin action and increase glucose uptake by promoting glucose
transporter translocation on phosphatidylinositol 3-kinase from the rapamycin and protein kinase C pathways
[27]. Genistein controls insulin secretion via two cell lines, INS-1 and MIN6 insulin, through a signal cascade
for cAMP activation. Genistein can increase CAMP intracellular and stimulate adenylate-cyclase activation of
protein tyrosine kinase (PTK). Glucose-related pathways, such as tyrosine phosphorylation, changes in insulinreceptor counts, disrupted glucose transportation, and intracellular phosphorylation[28]. Besides, the alphaglucosidase enzyme can be inhibited by the genistein [29]. Hyperglycemia can decrease by inhibiting the
alpha-glucosidase enzyme's effect when the amount of monosaccharides that can be consumed by the gut is
reduced[30].
A study by Jin et al., 2019, reported that genistein reduced inflammation [31]. NF-κβ act as signals of
inflammation and some research suggests that this pathway can enable high lipid, TNF-α, endotoxin, and
TLR4 associated with inflammation [32]. According to Yin et al., 2019, it concluded that genistein reduces
lipid metabolism and TNF-𝛼 and can inhibit the expression of TLR4 and mRNA proteins in inflammatory liver
cells by decreasing the level of endotoxins in the blood, thereby preventing synthesis in the liver [33].

4. Conclusion
Genistein is a secondary metabolite compound of several advantages, one of which is antioxidant. Antioxidants
are an effective system for fighting different diseases. Based on this review article, genistein is suspected to be
a natural antioxidant capable of resisting aging, antidiabetic and anti-inflammatory processes.
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