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Plant Growth Regulators Ethephon-Induced Oxidative Stress and Its Impact on Liver, Kidney, Heart, and Testicular Tissues in Male Albino Rats
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ABSTRACT 
	[bookmark: _GoBack]Plant growth regulators (PGRs) are compounds that regulate plant growth and development and are used in agriculture to enhance productivity and stress tolerance. Major classes include auxins, gibberellins, and cytokinins. However, improper use of PGRs can pose toxicological risks to non-target organisms, including humans, affecting organs such as the liver and kidneys. Oxidative stress is a primary mechanism of PGR toxicity, leading to tissue injury and organ dysfunction. Current study was designed to study the possible effects of Ethephon to induced oxidative stress on liver, kidneys, heart and testes of male albino rats. A total of 20 male rats were divided into two groups control and ethephon groups. Our results revealed that; a significant elevation were detected in TBARS and a significant depletion in catalase (CAT), superoxide dismutase (SOD) and glutathione (GSH) in Ethephon group as compared to control group in liver, kidney, heart and Testes tissues. Consequently, careful control in the application of PGRs is necessary to minimize health and environmental risks. 



Keywords: PGRs, Ethephon, organs toxicity, Oxidative stress


1. INTRODUCTION 

Plant Growth Regulators (PGRs) are a group of natural or synthetic organic compounds that influence plant physiological processes at very low concentrations. These compounds play an essential role in regulating plant growth, development, and responses to environmental conditions (Abou-zeid et al., 2018; Taiz et al., 2018; Bayoumy et al., 2023). PGRs include several major classes such as auxins, gibberellins, cytokinins, abscisic acid, and ethylene, in addition to various synthetic growth regulators used in modern agriculture (Rademacher, 2015; Sharma et al., 2012).
Due to their ability to regulate plant development, PGRs are extensively used in crop production to increase yield, promote rooting, control flowering, enhance fruit development, and improve stress tolerance. For example, compounds such as ethephon are applied to stimulate ethylene release and promote fruit ripening, while gibberellins are used to enhance stem elongation and fruit size (Iqbal et al., 2017).
Although plant growth regulators are beneficial for agricultural productivity, their widespread use has raised concerns regarding their potential toxicological effects on non-target organisms. Improper use, high concentrations, or prolonged exposure to these compounds may lead to adverse physiological and biochemical effects in animals and humans. Some PGRs have been associated with oxidative stress, enzyme imbalance, cellular damage, and disturbances in normal organ functions (Valko et al., 2007; Aktar et al., 2009; Iqbal et al., 2019).
Common natural PGRs include abscisic acid (ABA), gibberellins (GA), auxins (IAA), cytokinins (CTK), brassinosteroids (BRs), strigolactones (SLs), jasmonates (JAs), salicylic acid (SA), and ethylene (ETH). These hormones regulate key physiological processes such as seed germination, bud dormancy, root growth, and flowering (Uckan et al., 2015; Taiz et al., 2018; Jan et al., 2020).
Ethephon (2-chloroethylphosphonic acid; Ethrel®) is a commonly used plant growth regulator that releases ethylene, a simple gaseous hormone produced in small amounts by various plant tissues. Ethylene plays an essential role in controlling plant growth and developmental processes (Abd Eldaim et al., 2019; Mondal et al., 2025). Ethephon promotes the formation of endogenous ethylene and may affect humans both directly and indirectly. Direct exposure can occur through inhalation during crop spraying, whereas indirect exposure may happen through consumption of food products derived from plants treated with this chemical (Bhadoria et al., 2018). Recent toxicological studies have indicated that certain plant growth regulators may affect multiple organ systems including the liver, kidneys, brain, reproductive organs, and blood parameters. Understanding these potential toxic effects is essential for assessing environmental safety and protecting human health (Sharma et al., 2019).
Oxidative stress occurs when there is an imbalance in any cell compartment between reactive oxygen species (ROS) and antioxidant defense (Sharma et al., 2019). According to Iwan et al. (2021) PGRs induced oxidative stress leading to the generation of free radicals and caused lipid peroxidation. Plant growth regulators (PGRs) cause oxidative stress that cause free radicals' generation and lipid peroxidation, some enzymes are affected such as catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidases (GPx). PGRs induced inflammation and degenerative changes in the liver with associated cholestasis, probably indication of toxic hepatitis (Bhadoria et al., 2015). PGRs alone or combined with other pesticides have been found to be harmful to kidney and liver of albino rats (Yazar and Bayden, 2008). Therefore; the present study was designed to study the possible effects of Ethephon to induced oxidative stress on liver, kidneys, heart and testes of male albino rats.

2. material and methods

2.1. Chemical and reagent
Ethephon: Sigma-Aldrich Chemie GmbH (Riedstrasse 2D-89555 STEINHEIM) Product Number: C0143 Sigma Index-No.: 015-154-00-4 CAS-No.:16672-87-0
2.2. Experimental Animals
This study was carried out on 20 adult male albino Sprague–Dawley rats, weighing 150 ± 10 g and aged between 10 and 12 weeks. The animals were housed under controlled environmental conditions, with a temperature of 23 ± 2 °C, relative humidity of 80 ± 5%, and a 12-hour light/dark cycle. 
2.3. Experimental design and sample collection
The animals were randomly divided into two groups, each consisting of ten rats, as follows:
Control: Rats received no treatment and served as the control group
Ethephon: Rats received ethephon orally at a dose of 200 mg/kg body weight per day for four weeks (Bhadoria et al., 2015).
At the end of the experimental period, rats were anesthetized with sodium pentobarbital and then sacrificed. Blood samples were collected aseptically via venipuncture into clean, dry, sterile tubes without anticoagulant and allowed to clot at 4 °C for 20 minutes. The samples were then centrifuged at 4000 rpm for 5 minutes. The separated serum was carefully collected and stored at −18 °C until used for biochemical analysis.
2.4. Enzymatic and non-enzymatic antioxidant assays
The tissues from different organs were excised, washed, and homogenized in saline then centrifuged at 4000 rpm for seven min and resulting suspension were collected and kept at -80oC for further assessment.
2.4.1. Thiobarbituric acid-reactive substances content (TBARS) assay 
Thiobarbituric acid-reactive substances (TBARS) were estimated in heart homogenate using the method of Esterbauer and Cheeseman (1990) and expressed as nmole/g tissue.
2.4.2. Reduced glutathione (GSH)
GSH concentration was determined in liver homogenates using the Beutler (1963) method following treatment with 5.5′- dithiobis-(2-nitrobenzoic acid) and expressed as mol GSH/ mg protein.
2.4.3. Catalase (CAT)
The catalase enzyme (EC 1.11.1.6) transforms H2O2 into water. The CAT activity was assessed by spectrophotometry at 240 nm through determining the degradation rate of hydrogen peroxide as reported by Saggu et al. (2014).
2.4.4. Superoxide Dismutase (SOD)
According to Misra and Fridovich (1972), superoxide dismutase activity (EC 1.15.1.1) was assessed. The assay approach involves inhibiting epinephrine auto-oxidation to adrenochrome in an alkaline media that is significantly inhibited by the presence of SOD.
2.5. Statistical Assessment
Data were reported as the one-way ANOVA was used to examine the significance of difference. *and# significant difference from control and from Ethephon group respectively. Values are expressed as means SE at p 0.01. All statistical analyses were carried out using SPSS software package, version 21 (SPSS Inc., USA).

3. results and DISCUSSION

The toxic impacts of plant growth regulators (PGRs) are mainly related to several biological mechanisms, including oxidative stress, metabolic disturbances, and cellular injury. Oxidative stress represents one of the major pathways of toxicity and occurs due to the excessive generation of reactive oxygen species (ROS), which can damage different cellular structures (Lushchak, 2014; Sharma et al., 2012). One of the important outcomes of oxidative stress is lipid peroxidation, which leads to deterioration of cellular membranes and loss of membrane stability (Ayala et al., 2014). Moreover, exposure to certain chemical growth regulators may interfere with enzymatic activities either by inhibiting enzymes or by causing abnormal enzyme activation, thereby disturbing vital metabolic processes within cells (Rademacher, 2015).
Therefore, the present study was designed to evaluate the potential role of Ethephon in inducing oxidative stress in various organs of male albino rats. The liver plays a central role in the detoxification and metabolism of xenobiotic substances, including plant growth regulators. Our results showed a significant increase in TBARS levels along with a significant reduction in catalase (CAT), superoxide dismutase (SOD), and glutathione (GSH) in the liver tissues of the Ethephon-treated group compared with the control group (Table 1). These findings suggest increased lipid peroxidation and a weakened antioxidant defense system, which are key factors involved in chemical-induced liver toxicity.


Table (1): Changes antioxidant parameters (TBARS, SOD, CAT and GSH) levels in liver, tissues in control and Ethephon group.
	
	
	TBARS (nmole/g tissue)
	SOD
(U/g tissue)
	CAT
(U/g tissue)
	GSH
(mg/g tissue)

	Liver
	Control
	45.11 ±3.40
	56.34 ± 3.44
	71.53±4.35
	8.35 ±0.66

	
	Ethephon
	107.6*±8.09
	29.21*±1.88
	40.19*±2.71
	4.22*±0.35


The data is presented in the form of the mean ± standard error, based on ten observations. * denotes a significant deviation from control at p < 0.01

These findings are consistent with those reported by Alsemeh et al. (2019), who indicated that oxidative stress is a major contributor to PGR-induced hepatotoxicity. The overproduction of reactive oxygen species (ROS) can lead to lipid peroxidation, oxidation of proteins, and damage to DNA within liver cells. Similarly, Valko et al. (2007) reported that exposure to high concentrations of plant growth regulators may cause liver injury as a result of oxidative stress and the accumulation of harmful metabolites. Our results agree with Ozok and Celik (2012) who find that PGR induce liver damage and oxidative stress in rats.
The kidney is also considered one of the major organs that may be affected by exposure to plant growth regulators, since it is responsible for the filtration and elimination of toxic compounds from the body. In the present study, kidney tissues of the Ethephon-treated group showed a significant elevation in TBARS levels, accompanied by a marked decrease in catalase (CAT), superoxide dismutase (SOD), and glutathione (GSH) compared with the control group (Table 2).

Table 2: Changes antioxidant parameters (TBARS, SOD, CAT and GSH) levels in kidney tissues in control and Ethephon group.
	
	
	TBARS (nmole/g tissue)
	SOD
(U/g tissue)
	CAT
(U/g tissue)
	GSH
(mg/g tissue)

	Kidney
	Control
	19.25 ±1.82
	21.22 ±1.40
	28.51 ±1.62
	9.15 ±0.48

	
	Ethephon
	41.03*±2.75
	14.59*±0.92
	17.06*±1.01
	4.49*±0.71


The data is presented in the form of the mean ± standard error, based on ten observations. * denotes a significant deviation from control at p < 0.01

These alterations indicate increased oxidative stress and reduced antioxidant capacity in renal tissues. These results are consistent with those reported by Soliman et al. (2022), who observed that gibberellic acid exposure caused oxidative stress and hepatorenal dysfunction. In addition, Tousson et al. (2019) also reported that the plant growth regulator Ethephon can induce renal toxicity in male rats.
Reproductive toxicity represents another possible adverse effect linked to exposure to plant growth regulators. Several experimental investigations have shown that high concentrations of certain PGRs may disrupt reproductive hormones and impair fertility. In the current study, the testes and heart tissues of the Ethephon-treated group exhibited a significant increase in TBARS levels along with a noticeable reduction in CAT, SOD, and GSH compared with the control group (Table 3). These findings indicate enhanced oxidative stress and a decline in antioxidant defense mechanisms in testicular tissues.

Table 3: Changes antioxidant parameters (TBARS, SOD, CAT and GSH) levels in heart and Testes tissues in control and Ethephon group.
	
	
	TBARS (nmole/g tissue)
	SOD
(U/g tissue)
	CAT
(U/g tissue)
	GSH
(mg/g tissue)

	Heart
	Control
	48.60 2.38
	21.451.58
	11.31±0.79
	23.32±1.15

	
	Ethephon
	71.55*±5.61
	13.17*±0.80
	7.28*±0.43
	9.45*±0.66

	Testes
	Control
	20.37±1.19
	41.8±2.45
	27.49 ±1.51
	9.57±0.81

	
	Ethephon
	53.20*±3.44
	17.86*±0.90
	14.57*±1.23
	5.01*±0.38


The data is presented in the form of the mean ± standard error, based on ten observations. * denotes a significant deviation from control at p < 0.01

These observations are consistent with the findings of Wang and Hao (2023), who reported that plant growth regulators can induce toxicity and oxidative stress in both humans and animals. Likewise, Valko et al. (2007) demonstrated that pachypodol reduces perfluorooctane sulphonate-induced testicular damage by alleviating oxidative stress. In addition, Khalaf et al. (2019) reported that gibberellic acid exposure leads to oxidative stress in the testes of adult rats. The present findings are in line with those of Celik et al. (2006), who examined the effects of subacute exposure to several plant growth regulators on serum marker enzymes, antioxidant defense mechanisms, and lipid peroxidation in erythrocytes and tissues of rats. Likewise, Tousson et al. (2020) reported that gibberellic acid exposure can trigger oxidative stress in sweet sorghum plants. Additionally, Larkindale and Knight (2002) found that signaling molecules such as calcium, abscisic acid, ethylene, and salicylic acid can promote oxidative stress in heart tissues.
4. Conclusion

Ethephon exposure induces significant oxidative stress in male albino rats, as indicated by increased TBARS and reduced CAT, SOD, and GSH levels in the liver, kidneys, heart, and testes. These findings suggest that ethephon can cause multi-organ damage through oxidative mechanisms, highlighting the need for careful and controlled use of plant growth regulators to minimize potential health risks.
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