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ARTICLE INFO ABSTRACT

Article History Background: Cadmium (Cd*?) is a substantial environmental contaminant
Received:16/11/2024 acknowledged for its extensive adverse effects. Glycine max (GM), native
Accepted:19/12/2024  to Asia, is recognized for its hepatoprotective and antioxidative properties.
Available:23/12/2024 Objective: The current study investigates the protective influences of
Glycine max on cadmium (Cd*?)-triggered oxidative stress in the hepatic

Keywords: tissue of male rats. Methods: Cd*? (5 mg/kg) was given orally for six
Liver, Cd*2, Liver ~ Weeks to induce hepatotoxicity, followed by Glycine max oil (300 mg/kg)
enzymes treatment. Results: The results indicated that cadmium caused damage to

the hepatic cells, leading to anincrease inthe levels of aspartate
transaminase (AST), alanine transaminase (ALT), total protein (T.P), and
serum total bilirubin (T. Bil), and a decrease in albumin. The detrimental
effect of Cd*? was evident in the substantially reduced levels of glutathione
(GSH) and superoxide dismutase (SOD). The activity of hepatic enzymes
was restored to near-normal levels when cadmium-induced rats were
administered with 300 mg/kg Glycine max oil. Additionally, Glycine max
oil significantly restored the antioxidant levels in the hepatic tissue.
Histopathological examinations of rat livers demonstrated that Glycine max
(300 mg/kg) significantly mitigated the influence of Cd*? toxicity and
preserved the tissue's typical histological structure. Conclusion: Recent
research has suggested that Glycine max potentially reduces the oxidative
damage caused by cadmium in rats' hepatic tissue.

Antioxidants,
Glycine max.

INTRODUCTION

A substantial source of health issues for individuals has been the emergence of
environmental toxicants, adversely impacting the health and overall well-being of people.
Recently, industrial activity has increased, resulting in extended human exposure to industrial
pollutants, including Cd*?, that is utilized in the manufacture of batteries, the creation of
pigments, electroplating applications, refineries, plastics, and petrochemical fields, and
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cigarette smoke (Genchi et al., 2020a). Exposure to Cd*? has been documented in different
forms throughout the last century, with Cd*2 prevalent in the environments associated with
various activities carried out by humans. Cd*? is a persistent heavy metal with a long half-
life, accumulating in biological tissues and causing toxicity and dysfunction. Cd*? exhibits
many toxicological pathways in certain species within controlled experimental
circumstances, and it is a prevalent hazardous element that induces the generation of free
radicals and increases reactive oxygen species (ROS), including hydrogen peroxide and
thiobarbituric acid, which compromise the antioxidant defense system (Bull & Chapd, 2010;
Renugadevi & Prabu, 2010).

Moreover, Cd*2 absorption in plant and animal tissues constitutes an additional
pathway for human exposure to this contaminant. As a result of the genetic and epigenetic
influence of Cd**triggered toxicity, biological indicators are being studied for low levels of
cadmium as a water contaminant (Khalil et al., 2014). Prolonged exposure to cadmium by
humans may harm several organs, including the lungs, gastrointestinal tract, nervous system,
testes, immunological system, endocrine system, kidneys, and liver (Unsal et al., 2020).
Moreover, Cd*? is a potential carcinogen that induces oxidative damage in the blood and
other organs, resulting in cellular membrane malfunction (Jemai et al., 2007). Recent studies
demonstrate that Cd*? may produce several variations in epigenetic and genetic in both plant
and mammalian cells, in both vivo and in vitro (Genchi et al., 2020Db).

Urine enzymes (lactate dehydrogenase, alkaline phosphatase, and N-acetyl-beta-D-
glucosaminidase) rise following a 10-month exposure to Cd*? (Groten et al., 1994). Chronic
exposure to Cd*?in hepatic tissue has resulted in elevated lipid peroxidation and alterations
in critical components. Furthermore, Cd*? may disrupt hepatic cellular respiration (Miiller &
Ohnesorge, 1984). Consequently, many pathological hepatocyte alterations have been seen
because of Cd*? poisoning, featuring granulomatous inflammation, cellular proliferation,
nodular hyperplasia, programmed cell death, and necrosis. Morphological alterations occur
with elevated blood levels of liver enzymes, such as ALT and AST (Jeong et al., 2000).

Glycine max is a plant that originated in East Asia and is extensively farmed for
its edible beans. It is preferred by a broad range of temperatures and soils, hence it is regarded
as the cheapest crop (Zaefarian & Rezvani, 2016). It comprises around 20 % oil and 40 %
vital proteins. Glycine max protein comprises high critical amino acids (5%), whereas most
cereals are insufficient. Furthermore, it includes many minerals, unsaturated fats, salts, and
vitamins (thiamine, riboflavin), and its germinated grains contain a sufficient amount of
vitamin C (Miransari, 2016; Imtiyaz et al., 2014). This study examines the impact of Glycine
max oil treatment on mitigating chronic liver toxicity caused by Cd*? and enhancing hepatic
tissue and oxidant/antioxidant status rates.

MATERIALS AND METHODS

Animals:

The rats were obtained from the Animal Unit of the King Fahd Medical Research
Center at King Abdulaziz University in Jeddah, Saudi Arabia. Male albino rats (130-150 g)
were chosen for the investigation and kept within appropriate stainless-steel cages within a
conventional laboratory environment (maintained at 25 + 2°C, with 50 + 5% relative
humidity, and a 12-hour light/dark cycle). The rats were fed with ordinary rat chow and
allowed to drink tap water anytime. Rats were accustomed to lab atmospheres for 7 days. The
experiments were processed using the animal ethical rules of King Abdulaziz University’s
Animal Care and Use Committee (ACUC). Furthermore, all tests adhered to the Arrive
standards and the EU Directive 2010/63/EU regarding animal research.
Experimental Design:

Albino rats were categorized into four groups, including ten rats per group. The
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subsequent doses of Glycine max oil were delivered daily for six consecutive weeks as
follows:

Group I: Control group; oral (0.9% NaCl).

Group I1: Cd*2 group; oral Cd*? (5 mg/kg daily).

Group I11: Cd*? + Glycine max group; oral Cd*? (5 mg/kg daily) + oral Glycine max oil
(300 mg/kg daily).

Group 1V: Glycine max group; oral saline (0.9% NaCl) + oral Glycine max oil (300 mg/kg
daily).

Liver Function:

The levels of aspartate transaminase (AST) and alanine transaminase (ALT)were
tested in serum using the modified kinetic method (Tietz, 1976). Albumin was measured
utilizing Biocon Company's Kits using dye-binding procedures for bromocresol purple (BCP),
as reported by (Carter, 1970; Louderback & Shanbrom, 1968); total proteins (TP) were
evaluated according to the technique described by Marshall & Williams, (2003). Total
bilirubin was detected in blood serum using the method specified by Bonora et al. (1983).
Antioxidant Parameters:

The antioxidant markers superoxide dismutase (SOD) and glutathione (GSH) were
selected to evaluate oxidative stress. SOD activity was measured using the methods of Misra
& Fridovich (1972) and Greenwald (1985). GSH levels were assessed using the protocols
described by Moron et al. (1979) and Wendel (1981). Liver histopathological examination
Liver tissues were fixed in a 10% formalin solution, dehydrated in various alcohol
concentrations, cleaned with xylol, and embedded in paraffin wax. The histological
investigation used 5 pM sections stained with Harris haematoxylin and eosin.

Statistical Analysis:

Data is presented as mean + standard deviation (SD) for comparison. The findings
were analysed statistically using Prism® software for Windows, version 9.50 (GraphPad,
USA). Results were assessed for significance with P < 0.05 using one-way ANOVA.

RESULTS

Liver Function:

Figure 1 (A-E), depicts control and experimental rats' blood hepatic marker enzyme
levels, albumin, and total bilirubin. Cd*? treatment significantly impaired liver function in
experimental rats. Cd*2-intoxicated animals had substantially higher levels of ALT, AST and
total bilirubin (T.B) versus the control group (P < 0.05). Administration of Glycine max oil
(300 mg/kg) oil to Cd*2-induced rats significantly reduced (P < 0.05) blood liver enzymes
and T.B while increasing albumin levels compared to rats exposed to Cd*2. The dosage (300
mg/kg) restored ALT, AST, albumin, and total bilirubin to normal levels compared to Cd*?
induced rats. As a result of these results, 300 mg/kg was chosen as the dosage for the next
tissue study (Fig. 2).
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Fig. 1. Serum levels of liver function A) represent ALT, B) represent serum AST, D) represent
serum T.P, and E) represent serum T.B in different groups being studied. Findings are
presented as mean +/- standard deviation. A significance was conducted at P < 0.05.
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Hepatic Antioxidant Measurement:

Figure 2. (A, B), illustrates the change in GSH and SOD levels in the Cd+2-induced
rats' livers. A significant depletion (P < 0.05) in the GSH and SOD levels was detected in rats
exposed to Cd*? compared to normal untreated rats. Treatment via Glycine max oil (300
mg/kg) significantly restored GSH and SOD levels to near-normal values when compared to
untreated rats.
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Fig. 2. Blood serum measurements of oxidative stress markers A) represent serum GSH and
B) represent SOD in different groups being studied. Findings are presented as mean +/-
standard deviation. A significance was conducted at P < 0.05.

Histopathology:

Histopathological examinations demonstrated that exposure to Cd*?revealed liver
injury, including sinusoidal dilation, fatty degeneration, and necrosis (Figs. 3B, C) versus
untreated control liver (Fig. 3 A). The injuries were decreased in the hepatic tissue of rats
treated with Glycine max and induced with Cd* (Fig. 3 C). The histological examination was
roughly normal in rats treated with Glycine max alone (Fig. 3 D).
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(C) Cd + Glycine Mx group (D) Glycine Max group

Fig. 3. Photographs representing the hepatic tissue demonstrate Glycine max oil's potential
effect on Cd*2 -induced Rats. A) Untreated control liver (40 x). B) Cd*? exposure in rat liver
causes a noticeable alteration in the histological pattern of hepatic tissue. C) Treatment with
Glycine max rats induced with Cd*2 improved liver tissue effectively. D) The examination of
the untreated group and the group treated with Glycine max oil groups looked similar, and no
noticeable change was detected. Cd*2: Cadmium, CV: central vein.

DISCUSSION

Cadmium, a hazardous metal, is extensively utilized in various sectors. It increases
early oxidative stress and then leads to the progression of severe pathological diseases due to
its lengthy accumulation in specific tissues (Bagchi et al., 2000). The liver is the vital organ
for the metabolism of xenobiotics and the essential target site that reduces the toxicity of Cd*?
(Liu et al., 2009). Chronic exposure to Cd*? may cause nephrotoxicity, hepatotoxicity,
damage to the neurological system, immunological and endocrine systems, and,
subsequently, cancer in humans (Hartwig, 2013; Newairy et al., 2007). Several mechanisms
involving an increase in lipid peroxidation and an interaction with membrane compositions
have been suggested to explain Cd*?-induced liver damage.

It is claimed that Cd*? triggers oxidative stress and lipid peroxidation via decreasing
GSH or suppressing antioxidant enzymes (Bagchi et al., 1996). Previous studies have
demonstrated that antioxidants can lessen the damaging effects of Cd*2 exposure by reducing
the metabolic changes in the body. Therefore, antioxidant supplementation could deliver
protection against cadmium poisoning (Karbownik et al., 2001). Glycine max provides
essential minerals, including magnesium, phosphorus, iron, calcium, manganese, and
phosphate, with a high potassium concentration. Additionally, it supplies vitamins B6 and E
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(Caicedo et al., 2019; Tosquy-Valle et al., 2010). Several studies have investigated soy's
bioactive components, which have bioactive components, including proteins, fats, fiber, and
phytochemicals like isoflavones. Soybeans are rich in three main isoflavones: genistein,
daidzein, and glycitein. Notably, it has been suggested to act as an inhibitor of oxidative
stress, angiogenesis and metastasis, (Mezei et al., 2003). In this respect, the current research
also found that administering Glycine max oil (300 mg/kg) significantly protected hepatic
function from the harmful effects of Cd*2.

Elevated serum hepatic marker enzyme levels, which show cellular leakage and loss
of functional integrity of the hepatic membrane architecture, indicate liver injury following
Cd*? exposure. Elevated ALT and AST levels are essential for identifying liver injury
(Williamson et al., 1996). Renuka et al. (2021) reported that total bilirubin and liver function
enzymes (ALT, AST) were significantly elevated during Cd*? poisoning. In contrast, albumin
and other proteins were significantly decreased (Lovasova et al., 2013). There was an
agreement that hepatic function enzymes are trustworthy indicators of liver health. In the
current investigation, the blood level of total bilirubin was also shown to increase in Cd*? -
intoxicated rats. This is consistent with the results of Liss et al. (1985), who proposed that
elevated serum T.B. is a clear indicator of liver dysfunction. Cd*? poisoning has been shown
to drastically increase blood hepatic marker enzymes and total bilirubin levels (Prabu et al.,
2008). Increased concentrations of these hepatic enzymes signify the pathological condition
of hepatic tissues and the consequent hepatic impairment (Kandemir et al., 2020).This aligns
with the findings of the current investigation, which found elevated AST, ALT, T. P, and T.
Bil activity, as well as lower Alb levels in the serum of Cd*2-treated rats.

The excessive production of reactive oxygen species (ROS) impairs the functionality
of cellular organelles, such as mitochondria and the endoplasmic reticulum, as well as DNA,
thus influencing protein synthesis. These activities cause necrotic damage to liver tissues and
impair hepatic functioning, leading to decreased albumin levels and total proteins (Dwivedi
et al., 2015; Ojo et al., 2014). The current study revealed that Cd*? exposure markedly
reduced SOD activity and GSH levels, signifying oxidative stress. SOD is regarded as an
antioxidant; it is classified as a primary endogenous antioxidant enzyme that possesses a
robust ability to combat ROS (Ighodaro & Akinloye, 2018). Superoxide ions are produced as
a secondary product during oxidative stress and convert into H.O (Kheradmand et al., 2010).
GSH is present in each biological system. By directly engaging its sulfhydryl group with
ROS, it functions as a non-enzymatic antioxidant and is the primary defense against oxidative
injury. It may serve as a cofactor or coenzyme in the enzymatic detoxification of ROS.
Cadmium is predominantly bound to the sulfhydryl groups of GSH, which is why it is inactive
(Sunitha et al., 2001). In this study, the liver's susceptibility to free radical injury may be
exacerbated by the reduced levels of GSH in Cd*? toxicity. Our findings are consistent with
earlier published research, which reveals that GSH concentrations decrease following Cd*?
poisoning (Pari & Murugavel, 2005). However, administering Glycine max oil (300 mg/kg)
boosted the activity of SOD and GSH. Nonetheless, administering Glycine max to rats
substantially reduced the hepatic marker levels. Glycine max has been shown to repair the
structural integrity of hepatocyte plasma membranes by decreasing ROS levels, which may
ultimately diminish the elevation of ALT, AST, and ALP into the bloodstream. Moreover,
the T.B concentration diminished, while the albumin concentration augmented due to the
ROS scavenging properties of Glycine max.

This study confirms that Glycine max oil effectively counters Cd*2-induced liver
damage by enhancing antioxidant defenses and mitigating oxidative stress. These findings
provide new insights into the therapeutic potential of Glycine max as a protective agent
against heavy metal toxicity. Future research could explore its efficacy in other organ systems
affected by Cd*™ and investigate the molecular pathways underlying its antioxidant
properties.
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Conclusion

Overall, Cd*? exposure caused hepatotoxicity in rats by increasing liver function
enzymes and total bilirubin levels. In contrast, albumin levels and SOD and GSH activities
were lowered. Cd*? exposure induced histological damage in the rat liver. However, Glycine
max oil administration significantly reversed all Cd*?-induced liver damage in rats, owing to
its antioxidant hepatoprotective properties. Finally, treatment with Glycine max oil is
suggested as a promising therapeutic method for reducing Cd*2-induced liver damage.
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