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Immunohistochemical Effects of Lutein on Paraquat-induced Toxicity in Kidneys and Liver of Adult Wistar Rats 


ABSTRACT 
[bookmark: _Hlk179281457]Introduction: Paraquat is one of the major causes of herbicide-related death globally, and lacks effective treatment till date. Lutein has a free radical scavenging ability with potential for amelioration and preservation of hepatorenal pattern following chemical poisoning. 
Objective: The study evaluated the immunohistochemical effects of lutein on paraquat-induced toxicity in kidney and liver of adult Wistar rats.
[bookmark: _Hlk217435805]Methods: Thirty-five male Wistar rats weighing between 150 and 180 g were randomly assigned to five experimental groups (A–E). Paraquat-induced toxicity was established in Groups B through E by administering 5 mg/kg for three consecutive days, while Group A served as the control and received normal saline only. Following induction, Groups C, D, and E were treated with lutein at doses of 50, 100, and 150 mg/kg, respectively, for a period of 21 days. Body weights were monitored and recorded twice weekly throughout the study. At the end of the experimental period, the animals were euthanized, and the liver and kidneys were harvested, excised, and processed for analysis. Immunohistochemical staining was performed using 4-hydroxynonenal as a biomarker of lipid peroxidation, followed by standard incubation procedures and slide preparation. The prepared slides were digitized using a Motic Easy Scanner.
[bookmark: _Hlk212122524]Results: Immunohistochemical assessment of lipid peroxidation in the kidneys and liver of control group A showed decreased expression of 4-HNE. However, there was an increased expression of the antibody in the PQ-only group; other groups (C-E) that had graded dosages of lutein demonstrated decreased expression of 4-HNE in a dose dependent manner.
[bookmark: _Hlk217485244]Conclusion: The findings of this study demonstrate that animals exposed to paraquat alone exhibited marked changes in body weight when compared with both the treatment groups and the control group. In the treated groups, lutein demonstrated dose dependent attenuation of lipid peroxidation, indicative of successive improvements in the immunohistochemical features, closely similar to the control when the highest dose of lutein was given. Accordingly, lutein may be regarded as a promising therapeutic candidate for mitigating the toxic effects associated with paraquat exposure.
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INTRODUCTION
[bookmark: _Hlk213503030]“Paraquat (1,1′-dimethyl-4,4′-dipyridylium) is extensively used in agriculture and remains one of the most widely applied herbicides by farmers” (Nafi’u et al., 2021). “Despite its effectiveness, it is recognized as a major contributor to herbicide-related deaths worldwide” (Sun et al., 2016; Nafi’u et al., 2021). “Data from the American Association of Poison Control Centers’ National Poison Data System identified paraquat as a prominent cause of fatalities linked to weed control agents in 2008” (Bronstein et al., 2009). “The significantly high fatalities associated with PQ exposure is linked to severe injuries to the heart, liver, kidneys, and lungs, among other organs (Sun et al., 2016); this is compounded by lack of effective treatment” (Adejumo et al., 2016).
After unintentional or intentional exposure through ingestion, the toxic compound is only partially absorbed but is swiftly transported to vital organs, including the lungs, liver, kidneys, and skeletal muscles (Ujowundu et al., 2018). “Paraquat generates reactive oxygen species (ROS) that leads to cellular damage through lipid peroxidation, activation of NF-kB, mitochondrial damage and apoptosis in many organs coupled with the absence proven treatment till date” (Gawarammana, and Buckley, 2011; Sun et al., 2016; Ujowundu et al., 2018).
Lutein is a bioactive carotenoid with strong antioxidant properties that has been shown to improve renal function and protect against kidney injury caused by ischemic conditions (Gundogdu et al., 2022; Gad El-Karim et al., 2023). Evidence also indicates that lutein can attenuate oxidative stress and prevent degenerative alterations in hepatic tissue (Kim et al., 2012; Li et al., 2018). Beyond these effects, lutein exhibits a wide range of pharmacological actions, including antioxidant and anti-inflammatory activities (Mammadov et al., 2019), cardioprotective effects (Ouyang et al., 2019), and anti-cancer potential (Zhang et al., 2018). Its ability to neutralize free radicals and enhance endogenous antioxidant defense mechanisms underlies its protective and potential therapeutic benefits (Hirdyani et al., 2017).
The absence of an effective antidote and universally accepted treatment protocols for paraquat intoxication (Adejumo et al., 2016) highlights the urgent need for novel therapeutic strategies at the preclinical level. Accordingly, the present study investigates lutein as a candidate protective agent against paraquat-induced liver and kidney damage in Wistar rats, aiming to contribute toward reducing the health impact of paraquat poisoning in humans.
















MATERIALS AND METHODS
Experimental Design
Thirty-five male Wistar rats weighing between 150 and 180 g were used in this experiment following ethical clearance from the Institute of Public Health, Ladoke Akintola University of Technology, Ogbomoso (approval number: ERCFBMS 071/10/2024). The animals were allowed to acclimate to laboratory conditions for two weeks before the commencement of the study. Thereafter, they were randomly allocated into five groups (A–E), with seven rats in each group. Paraquat-induced toxicity was established in Groups B through E by administering paraquat at a dose of 5 mg/kg for three consecutive days. Group A served as the positive control and received an equivalent volume of normal saline, whereas Group B functioned as the negative control and was treated with paraquat alone. After a 24-hour interval following paraquat exposure, rats in Groups C, D, and E were treated with lutein at doses of 50, 100, and 150 mg/kg, respectively, administered once daily for 21 days. All treatments were delivered orally using a gavage cannula. Body weights were measured twice weekly with a digital weighing scale (Camry, China).
· Group A- Normal saline (1ml/ kg body weight) 
· Group B –Paraquat (5mg/kg) + Normal saline (1mg/kg) 
· Group C-Paraquat (5mg/kg) + Lutein (50mg/kg) 
· Group D- Paraquat (5mg/kg) +Lutein (100mg/kg) 
· Group E- Paraquat (5mg/kg) + Lutien (150mg/kg) 
Tissue Collection, Histological, and Biochemical Processing
Twenty-four hours following the final treatment, the animals were humanely sacrificed by cervical dislocation. The liver and kidneys were excised, immediately fixed in 10% formol saline, and processed for histological analysis using the paraffin wax embedding technique as previously described (Bancroft and Gamble, 2002). Paraffin-embedded tissues were sectioned at a thickness of 5 µm, deparaffinized, and subjected to antigen retrieval by heating in citrate buffer (pH 6.0) for 30 minutes in a steamer. The sections were then allowed to cool on the laboratory bench at room temperature for an additional 30 minutes.
For immunohistochemical analysis, tissue sections were incubated with primary antibodies against 4-hydroxynonenal (USA) at a dilution of 1:5000 for 45 minutes. The slides were subsequently washed twice with phosphate-buffered saline (PBS) and incubated with ImmPRESS™ HRP anti-rabbit IgG polymer detection reagent, prepared in horse serum (Vector Laboratories, USA), for 15 minutes. Visualization was achieved using a horseradish peroxidase (HRP) substrate kit (Vector Laboratories, USA). The sections were counterstained with hematoxylin for one minute, rinsed with distilled water, treated with a bluing solution for five minutes, and then rinsed again. The tissues were dehydrated through graded alcohols, cleared in xylene, and mounted with DPX mounting medium, following established protocols (Taylor and Rudbeck, 2013).
The stained slides were digitized using the Motic EasyScan Scope Pro N6 and saved in Virtual Slide (SVS) format. Slides were loaded onto the scanner tray, previewed, and scanned using standard imaging settings. The results were expressed through descriptive text and visual representation of color intensities across the groups.
	



	RESULTS
Kidney and Liver Immuno-histochemistry
In the kidney section, immunohistochemical features of lipid peroxidation in control group A demonstrated a decreased expression of 4-hydroxynonenal (4-HNE) as shown in Plate 1. In group B, which was treated with paraquat only, there was an increased expression of the immunohistochemical antibodies. Meanwhile, groups C to E which were treated with graded dosages showed observable decrease in the expression of 4-HNE in a dose dependent manner as shown in Plate 1.
Similarly, as shown in the liver section, immunohistochemical expression of lipid peroxidation in control group A was reduced as shown in plate 2. However, group B (paraquat only) demonstrated an increased expression of the antibody. A dose-dependent reduction in 4-HNE expression was observed across groups C, D, and E, which received increasing doses of lutein (50, 100, and 150 mg/kg, respectively), as illustrated in the plate. 
For both organs, the expression of 4-HNE-induced lipid peroxidation appeared to be similar in both the control group A (non-induced, non-treated) and the group that had the highest lutein dose (150 mg/kg).

[image: ]Plate 1: Photomicrographs of kidney tissue captured with a Motic scanner: A (Control), B (Paraquat + Normal Saline), C (Paraquat + 50 mg/kg Lutein), D (Paraquat + 100 mg/kg Lutein), E (Paraquat + 150 mg/kg Lutein). 4-HNE (4-Hydroxynonenal) is indicated by brown staining (magnification ×400).
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Plate 2: Photomicrographs of liver sections obtained with a Motic scanner: Group A (Control), B (Paraquat + Normal Saline), C (Paraquat + 50 mg/kg Lutein), D (Paraquat + 100 mg/kg Lutein), and E (Paraquat + 150 mg/kg Lutein). Brown staining indicates 4-HNE (4-Hydroxynonenal) (magnification ×400).





[bookmark: _GoBack] 				DISCUSSION
The results of this study showed that the paraquat-only group exhibited a marked increase in 4-HNE expression in both kidney and liver tissues, reflecting oxidative stress induced by paraquat exposure. These findings are consistent with the studies of Kovacevic et al. (2021) and Jin et al. (2023), who reported elevated “4-HNE and heme oxygenase-1 (HO-1) levels in the kidneys of Plasmodium berghei-infected mice”. Similar finding was also observed by Bekyarova et al., 2019 who worked on 4-HNE and hepatic injury related to chronic oxidative stress. The study by Kang et al. (2011) also showed increased expression of 4-HNE in the context of hepato-renal toxicity. 
In the groups that received increasing doses of lutein, 4-HNE expression in the liver and kidney tissues was significantly reduced in a dose-dependent manner, approaching levels observed in the control group. This suggests that lutein effectively protected cells against the damaging effects of reactive oxygen species (ROS) and reactive nitrogen species, including 4-HNE. These findings are consistent with Leung et al. (2020), who demonstrated that lutein mitigated hydrogen peroxide (H₂O₂)-induced oxidative stress in retinal cells. The hepatic and renal protective, anti-oxidant, and anti-inflammatory properties of lutein may be responsible for this ameliorative reduction in the expression of 4HNE (Sharavana et al., 2017; Ahn et al., 2021).
Four (4)-hydroxynonenal (4-HNE) is a toxic reactive aldehyde that belongs to the advanced lipid peroxidation end products (Dalleau et al., 2013). Since oxidative stress is one of the implicated factors in most human illnesses (Breitzig et al., 2016), reactive oxygen species (ROS) and other free radicals are the primary cause of 4-HNE accumulation and adduct formation; this contributes to a number of cytotoxic processes, including inflammatory injury, protein dysfunction, and apoptosis, which culminate in diverse harmful effects (Xiao et al., 2017; Zarkovic et al., 2017). 
[bookmark: _Hlk216693890]The successive decrease in the expression of 4-HNE in the dose dependent treated groups suggest the reno-protective and hepatic preservative effects of lutein following induced toxicity (Hirdyani et al., 2017; Bilgic et al., 2022; Gundogdu et al., 2022). Researches indicate that lutein may help reduce oxidative stress and prevent degenerative changes in the liver (Kim et al., 2012; Li et al., 2018). As a strong antioxidant carotenoid, lutein also demonstrates protective properties against kidney injury caused by ischemia, contributing to the maintenance of renal function (Gundogdu et al., 2022; Gad El-Karim et al., 2023). These cumulative findings suggest the potential therapeutic effect of lutein against hepatorenal toxicity.
Conclusion: The findings of this study demonstrate that animals exposed to paraquat alone exhibited marked changes in body weight when compared with both the treatment groups and the control group. In the treated groups, lutein demonstrated dose dependent attenuation of lipid peroxidation, indicative of successive improvements in the immunohistochemical features, closely similar to the control when the highest dose of lutein was given. Accordingly, lutein may be regarded as a promising therapeutic candidate for mitigating the toxic effects associated with paraquat exposure.
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