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Abstract: Introduction: Paraquat is a leading cause of herbicide-related fatalities worldwide. Its high mortality rate is
attributed to its inherent generation of ROS-mediated toxicity, and lack of effective treatment till date. Lutein is an
antioxidant with free radical scavenging ability, which may contribute to its protective effects and possible DNA
preservation. Objective: The study is evaluating the effects of lutein on body weights and hepato-renal antioxidant capacity
with DNA quantification following paraquat toxicity in wistar rats. Methods: Thirty-five male Wistar rats (150-180g) rats
were randomly divided into five equal groups (A-E). Paraquat toxicity was induced in Groups B-E with 5mg/kg for three
days. Group A received normal saline only, while Group B was given paraquat only. Thereafter, Groups C-E received
varying doses of lutein (50, 100, 150mg/kg) for 21 days. Their body weights were recorded twice weekly using a digital
balance. The animals were sacrificed and their liver with kidneys were excised and processed. The photomicrographs were
taken at various magnifications while Image J software was employed for DNA densities. The total antioxidant capacity
(TAC) was assessed by Prieto method. Results: There was significant reductions in the body weights, (p=0.00) hepato-
renal DNA densities (p=0.00, p=0.01) and antioxidant capacities of the PQ-only group relative to the positive control A in
both liver and kidneys (p-0.01, p=0.02). However, the lutein-treated groups had dose-dependent similar features with the
control, which had normal histo-morphological feature. The highest dose of lutein showed the best correlation with the
control. Conclusion: This study showed significant alterations in body weights, hepato-renal DNA densities and
antioxidant capacities especially in the PQ-only group. Meanwhile, the lutein-treated groups, especially at high dosages,
showed significant improvements in the indices similar to the control. Hence, lutein may be a useful agent for attenuating
paraquat toxicity.
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INTRODUCTION

Paraquat (1, 1'-dimethyl-4,4'-dipyridylium) is a leading cause of herbicide-related fatalities worldwide,
accounting for significant human mortality rates worldwide (Dawson et al., 2010). In England and Wales, paraquat was
responsible for 56% of pesticide-related deaths between 1945 and 1989 (Dargan et al., 2006). The American Association
of Poison Control Centers' National Poison Data System also reported paraquat as the leading cause of herbicide-related
mortality in 2008 (Bronstein et al., 2009).

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). The high incidence of its associated fatalities is
attributed to its inherent toxicity and lack of effective treatment (Adejumo et al., 2016). Paraquat's toxicity stems from its
ability to undergo redox-cycling, and the generation of reactive oxygen species (ROS) (Yang et al., 2007; Castello et al.,
2007). This mechanism causes mitochondrial damage in various cell lines, primarily through reduction by complex |
(NADH ubiquinone oxidoreductase) in mitochondria (Cocheme and Murphy, 2008).
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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). Its other pharmacological
potentials include antioxidant, anti-inflammatory (Mammadov et al., 2019), nephron-protective (Bilgic et al., 2022),
cardio-protective (Ouyang et al., 2019), anti-neoplastic (Zhang et al., 2018), and hepato-protective (Li et al., 2015)
activities. Lutein's free radical scavenging ability and promotion of antioxidant enzymes contribute to its protective and
probably therapeutic effects (Hirdyani et al., 2017). It decreases lipid peroxidation and attenuates the inflammatory
responses (Kim et al., 2012).

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 DNA toxicity in Wistar rats, with the ultimate goal of
reducing the burden of paraquat poisoning on human health.

MATERIALS AND METHODS
Experimental Design

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 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).

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). Feulgen
staining of the sections was done in line with Bancroft and Gamble (2002). Examination was done using a motic Scanner;
the photomicrographs were taken at various magnifications while Image J software was employed for DNA densities of
the organs. Blood samples were collected via ocular puncture, centrifuged (2500rpm, 15min), and plasma stored at -20°C.
The total antioxidant capacity (TAC) was done based on the reduction of Molybdenum-VI to Molybdenum-V and the
subsequent formation of a green phosphate-molybdenum (V) complex at an acidic pH (Prieto et al., 1999).

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.

Liver and Kidneys DNA Quantification

The control group in Plate 1 showed a uniformly arranged liver cells with high density of DNA within the nuclei.
Similar finding is seen in the treated groups, which showed improvement in the density and arrangement of the nuclear
element when compared with the control. In group B (PQ-only), the cellular elements were scanty with displacement in
the alignment of the nuclear DNA. The hepatic DNA quantification in figure 2 showed a significant decrease (p= 0.00,
F=109.72) in group B, when compared with groups A, C, D and E. There was a significant increase in the treated groups
(C-E) in a dose dependent fashion when compared with one another. Group A showed a significant increase (p=0.00) when
compared with groups B, C, D, but had similar hepatic DNA count with group E which received the highest dose of lutein.
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Figure 1: Shows percentage change in body weight: values are given Mean + SEM in each group. a, b, ¢, 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
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Plate 1: Photomlcrographs of Liver Section Using Motic scanner: Group A (Control) B (Paraquat +Normal
Saline), C (Paraquat+50mg/kg of Lutein), D (Paraquat+100mg/kg of lutein), E (Paraquat +150mg/kg of Lutein),
CTRL-control for Feulgen. FeulgenX400
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Figure 2: Shows DNA Quantification in the Liver Using Image J: values are given Mean £ SEM in each group. a,
b, ¢ and 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.

Plate 2 showed a high density of sequentially arranged DNA in the nuclei of group A. However, there were limited
and disorganized nuclear DNA in group B, while the treated groups demonstrated an improved histological density of the
nuclear element in a dose dependent version. Figure 3 showed insignificant difference in kidney DNA count between
groups B (PQ only) and C (lowest dose of lutein), but the quantification was remarkably different when the two groups
were compared with the control, and groups D and E (p= 0.01, F=24.65), which had higher doses of lutein. Although the
control showed a significant increase (p=0.01) when compared with groups B, C, D, there was no significant difference in
kidney DNA count when it (group A) was compared with group E which had the highest dose of lutein.

(Paraquat+50mg/kg of Lutein), D (Paraquat+100mg/kg of Lutein), E (Paraquat+150mg/kg), F (40mg/kg of
Vitamin C), G (Paraquat+ 40mg/kg of Vitamin C). CTRL-control for Feulgen. Feulgen (X400).
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Figure 3: Shows DNA Quantification in the Kidney Using Image J: values are given Mean + SEM in each group.
a, b, ¢, 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 and VIT.C= Vitamin C.

Total Antioxidant Capacity of the Liver and Kidney

The liver and kidney total antioxidant capacities were lowest in group B, but highest in the control and group E
(Figures 4 and 5). Hence, group B was significantly lower compared with groups D and E for both liver and kidney (p=
0.01 and p=0.02). For both organs, there was no significant difference between groups B and C; similarly, there was no
remarkable difference between the control, groups D and E.
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Figure 4: Shows Concentration of Total Antioxidant Capacity (TAC) in the liver: values are given Mean £ SEM in
each group. a, b, 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.
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Figure 5: Shows Concentration of Total Antioxidant Capacity (TAC) in the kidney: values are given Mean + SEM
in each group. a, b, 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.

DiscussION

The study showed a significant decrease in the percentage body weight of the rats treated with paraquat only when
compared with the control and the treated groups. This is similar to the findings by Edo et al., (2022) reported significant
weight loss in Wistar rats exposed to PQ for 14 days; this was attributed to reduced food intake and increased oxidative
stress as also observed by Goudarzi et al., (2014). Ofusori et al., (2008) also reported that parquat-induced generation of
free radicals and their systemic cytokines may be linked to weight loss in wistar rats. In line with studies by
Pourgholamhossein et al., (2018) and Reddy et al., (2019), gastrointestinal tract toxicity as a result of oxidative damage
and subsequent mucosa ulceration may alter feeding pattern leading to weight reduction. Similarly, Mohamed et al., (2015)
and Hassan et al., (2018) found about 25 % decrease in body weight of Wistar rats treated with PQ for three weeks.

As shown in the results, the steady and significant increase in the weight of the lutein-treated groups when
compared with the PQ-only group, may be due to the anti-inflammatory and anti-oxidant potential of the chemical (Zhao
et al., 2023; Li et al., 2015), leading to repair of the gastrointestinal tract.

The present study also showed a significant decrease in DNA density of the kidney and liver tissue in group B
relative to others. This is indicative of cellular degeneration, which is akin to the findings by Onur et al., (2022); the authors
reported that genotoxic effects can result from the interaction of DNA and its related proteins with paraquat causing protein-
associated DNA breaks. Related finding was reported by Soheila et al., (2022) who worked on paraquat induced oxidative
stress, DNA damage and cytotoxicity in lymphocytes. In line with other studies, PQ-induced oxidative stress causes DNA
damage and fragmentation in Wistar rats as observed by Mohamed et al., 2015 and Bhattacharya et al., 2020. Similarly, Li
et al., (2018) and Serpeloni et al., (2019) reported increased DNA damage in liver and kidney tissues of Wistar rats treated
with PQ for one week.

As observed in the lutein-treated groups, the DNA density significantly increase in a dose dependent manner as
shown in the photomicrographs. The anti-inflammatory hepatoprotective effect may be attributed to this finding (Li et al.,
2015). Feulgen, a histochemical stain specific for DNA, is frequently damaged in cells exposed to reactive oxygen species
(Demirbag et al., 2005). DNA damage may be evident by changes in structure, its encoding properties or cell cycle
interference.

There was a significant reduction in the total antioxidant capacities (TAC) of the paraquat only group which is
similar to findings (Jiaxin et al., 2022; Atashpour et al., 2017). This confirmed the role of free radical generation and
attenuation of antioxidant level in paraquat mediated renal and hepatic injury through oxidative damage. Similar to other
reports, PQ poisoning decreases TAC in liver and kidney tissues, indicating impaired antioxidant defenses (Li et al., 2018;
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Serpeloni et al., 2019). A study by Hassan et al., (2018) and Bhattacharya et al., (2020) found significant a 35-45%
reductions in liver TAC, and a 25-35% decline in kidney TAC in Wistar rats exposed to PQ for 14 days.

However, there was significant increase of TAC in the groups treated with graded dosage of lutein in a dose
dependent fashion, this may be linked to the antioxidant property of lutein (Fuad et al., 2020; Li et al., 2015), which has
been known to counteract hydroxyl (HO¢), peroxyl (ROOv¢), superoxide anion (O2¢-) and hypochlorous acid (HOCI) than
other carotene and lycopene. Total antioxidant capacity is an indicator of blood, cells and tissues defense system against
free radicals and all antioxidants present in a biological sample (Ferrari 2012).

Findings have shown that weight loss correlates with decreased TAC and increased DNA damage in PQ-treated
Wistar rats as reported by Edo et al., (2022). Studies by Hassan et al., (2018) and Serpeloni et al., 2019) found that reduced
TAC and increased DNA damage contributed to PQ-induced hepatorenal toxicity and weight loss. However, antioxidant
supplementation with lutein may mitigate PQ-induced oxidative stress and weight loss (Serpeloni et al., 2019). Anti-
inflammatory compounds may reduce PQ-induced inflammation and DNA damage (Li et al., 2018).

CONCLUSION

This study showed significant alterations in body weights, hepato-renal DNA densities and antioxidant capacities
especially in the PQ-only group. Meanwhile, the lutein-treated groups, especially at high dosages, showed significant
improvements in the indices similar to the control. Hence, lutein may be a useful agent for attenuating paraquat toxicity.
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