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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 immuno-histochemical effects of lutein on paraquat-induced toxicity in kidney and liver of adult wistar rats.
Methods: Thirty-five male Wistar rats (150-180g) rats were randomly divided into five groups (A-E). Paraquat toxicity was induced in Groups B-E with 5mg/kg. Group A received normal saline only. Thereafter, Groups C-E received varying doses of lutein for 21 days. Their body weights were recorded twice weekly. The animals were sacrificed and their liver with kidneys were excised and processed. An antibody, 4-Hydroxynonenal, was applied followed by appropriate incubation and slide preparation. The slides were scanned using Motic Easy scanner.
[bookmark: _Hlk212122524]Results: There was significant reduction in the body weights (p=0.00) of the PQ-only group relative to the other groups. Immuno-histochemical assessment of lipid peroxidation in the kidneys and liver of control group A showed decrease expression of 4HNE. 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 4HNE in a dose dependent manner.
Conclusion: This study showed significant alterations in body weights of the PQ-only group relative to the treated groups and control. In the treated groups, lutein demonstrated dose dependent attenuation of lipid peroxidation, indicative of successive improvements in the immunological features, closely similar to the control when the highest dose of lutein was given. Hence, lutein may be considered a potential agent for amelioration of paraquat toxicity.
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INTRODUCTION
[bookmark: _Hlk213503030]Paraquat (1, 1′-dimethyl-4,4′-dipyridylium) is one of the most popular herbicides among farmers (Nafi’u et al., 2021) and a leading cause of herbicide-related mortality globally (Sun et al., 2016; Nafi’u et al., 2021). The American Association of Poison Control Centers' National Poison Data System reported paraquat as one of the most common causes of weed killer-associated fatality 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).
[bookmark: _Hlk213503737]Following accidental or deliberate ingestion of the toxic chemical, it is incompletely absorbed and rapidly distributed to lungs, liver, kidney, and muscle (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).
[bookmark: _Hlk213500628][bookmark: _Hlk179201937][bookmark: _Hlk216693625]Lutein, a potent antioxidant carotenoid, enhances kidney function and exhibits protective effects against ischemia-induced kidney damage (Gundogdu et al., 2022, Gad El-Karim et al., 2023). Studies have demonstrated lutein's potential to mitigate oxidative damage and degenerative conditions in the liver (Kim et al., 2012; Li et al., 2018). Its other pharmacological potentials include antioxidant, anti-inflammatory (Mammadov et al., 2019), cardio-protective (Ouyang et al., 2019) and anti-neoplastic (Zhang et al., 2018) activities. Lutein's free radical scavenging ability and promotion of antioxidant enzymes contribute to its protective and probably therapeutic effects (Hirdyani et al., 2017). 
The lack of a proven antidote and standardized treatment guidelines for paraquat poisoning (Adejumo et al., 2016) underscores the need for innovative preclinical therapeutic approaches. This study explores the potential of lutein, a potent antioxidant, to counteract paraquat-induced hepatic and renal toxicity in Wistar rats, with the ultimate goal of reducing the burden of paraquat poisoning on human health.


















MATERIALS AND METHODS
Experimental Design
[bookmark: _Hlk179212708][bookmark: _Hlk179210985]Thirty-five male Wistar rats (150-180g) were used for the study after obtaining ethical approval. Following a two-week period of acclimatization, the rats were randomly divided into five equal groups (A-E) of seven rats per group. 
Toxicity was induced in Groups B-E with 5mg/kg of paraquat for three days. Concurrently, Group A, which served as the positive control, received an equivalent volume of normal saline only, while Group B, the negative control, was given paraquat only. Twenty-four hours after the dosing, Groups C-E received varying doses of lutein (50, 100, 150mg/kg) once daily for 21 days. All the drugs were administered using oral cannula. The measurements of body weight were recorded twice weekly using a digital balance (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 Preparation:
Twenty-four hours after the final administration, the animals were euthanized, and their kidneys and liver were excised, fixed in 10% formol saline, and processed using paraffin wax embedding (Bancroft and Gamble, 2002). A 5µm thick section of routine paraffin was obtained, deparaffinized, and subjected to antigen retrieval by heating in a citrate buffer at pH 6.0 for 30 minutes in a steamer and allowed to cool on the bench at room temperature for 30 minutes. 
The primary antibodies (4-Hydroxynonenal, USA) at 1: 5000 was applied and incubated for 45 mins. Sections were rinsed twice in phosphate buffered saline (PBS) and incubated in ImmPRESSTM HRP AntiRabbit IgG (Peroxidase) polymer reagent, made in horse (vector Labs, USA) for 15 mins. Colour was developed with horseradish peroxidase (HRP) Substrate Kit (Vector Labs, USA), and sections were counter-stained in hematoxylin for 1min and rinse in distilled water. Blueing solution was applied for 5 mins and rinsed with water, dehydrated, clear and mount in Xylene using DPX mountant. Taylor and Rudbeck (2013).
The slides were scanned using Motic Easy scan scope Pro N6 in Virtual Slides Format (SVS). The slides were loaded on the slide tray and then inserted into the Motic machine. The slides were previewed and scanned at standard setting. Data was recorded as mean ± standard error of mean. The statistical significance was evaluated by one-way analysis of variance (ANOVA) using SPSS version with Duncans Multiple Range Test option and P- values < 0.05 will be considered statistically significant.


	




	RESULTS
Percentage Body Weight Change 
Figure 1 showed a significant reduction (p= 0.00, F= 10.69) in the percentage body weight in group B relative to the treated groups (C, D and E), which were given graded doses of lutein. There was also significant decrease ((p=0.00) in the body weight of groups B, C and D when compared with the positive control (group A). Across the treated groups, there was a dose dependent significant increase (p= 0.00) in the sequential weights when groups C, D and E were compared with one another.
[image: ]
Figure 1: Shows percentage change in body weight: values are given Mean ± SEM in each group. a, b, c, d within column signifies that mean with different letters differs significantly at p= 0.05, while mean with the same letter does not differ significantly at p= 0.05. PQ=Paraquat. 

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 increased expression of the immunological antibodies. Meanwhile, groups C to E which were treated with graded dosages showed observable decrease in the expression of 4HNE in a dose dependent manner as shown in Plate 1.
[bookmark: _Hlk213500525]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 increased expression of the antibody. There was successive decrease in the expression of 4HNE in a dose dependent manner in groups C, D and E, which had graded dosages of lutein (50, 100 and 150 mg/kg respectively) as shown in the plate.
For both organs, the expression of 4HNE-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: Photomicrograph of kidney tissue using Motic scanner: A (Control), B (Paraquat + Normal saline), C (Paraquat+50 mg/kg of Lutein), D (Paraquat+100 mg/kg of Lutein), E (Paraquat+150 mg/kg). 4-HNE (4-hydroxynonenal, immune marker) stains brown (X400).
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Plate 2: Photomicrographs of liver section using Motic scanner: Group A (Control), B (Paraquat + Normal Saline), C (Paraquat+50 mg/kg of Lutein), D (Paraquat+100 mg/kg of lutein) and E (Paraquat +150 mg/kg of Lutein), 4 HNE (4-hydroxynonenal, Immuno-marker) stains brown (X400).





DISCUSSION
The study shows a significant decrease in the percentage body weight of the rats treated with paraquat only relative to the control and the treated groups. This may be due to a reduction in food and water intake. In a related study by Edo (2022), the authors observed that reduction in weight in animals that were induced with paraquat may be associated with marked reduction in feeding with inadequate water consumption. Pourgholamhossein et al. (2018) and Reddy et al. (2019) also reported a similar gastrointestinal tract toxic activity of paraquat dichloride and asserted that free radical oxidative damage at the subcellular level in many major organs may be associated with it. 
Ofusori et al. (2008) asserted that generation of free radicals and their systemic release have been linked to weight loss. Free radical release with cellular damage has been associated with paraquat mechanism of toxicity. There was, however, a significant increase in the weight of the treated groups when compared with the groups treated with paraquat only, although rats treated with the highest dose tend to have the highest weight gain. This may be due to the anti-inflammatory and anti-oxidant properties of lutein), leading to repair of the gastrointestinal tract (Mammadov et al., 2019; Zhao et al., 2023).
There was a significant increase in the expression of 4-HNE in the paraquat-only group of   the kidney and liver tissue as a result of the induced oxidative stress. This is in line with Kovacevic et al., (2021) and Jin et al. (2023), who worked on the expression of 4-hydroxynonenal (4-HNE) and heme oxygenase-1 (HO-1) 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 treated with graded dosages of lutein, there was a significant reduction in the expression of 4-HNE in the liver and kidney tissue of the rats in a dose-dependent fashion similar to the control. This implies that lutein was able to protect the cells from the effects of ROS and those of reactive nitrogen species such as 4-HNE. This is in line with Leung et al., 2020, who reported that lutein was able to ameliorate the impact of oxidative stress induced by hydrogen peroxide (H202) in the retina cell. 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 its 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][bookmark: _Hlk213500796]The successive decrease in the expression of 4HNE 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). Studies have demonstrated lutein's potential to mitigate oxidative damage and degenerative conditions in the liver (Kim et al., 2012, Li et al., 2018). Lutein, a potent antioxidant carotenoid, exhibits protective effects against ischemia-induced kidney damage thereby preserving 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: This study showed significant alterations in body weights of the PQ-only group relative to the treated groups and control. In the treated groups, lutein demonstrated dose dependent attenuation of lipid peroxidation, indicative of successive improvements in the immunological features, closely similar to the control when the highest dose of lutein was given. Hence, lutein may be considered a potential agent for amelioration of paraquat toxicity.
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