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ABSTRACT

	Aims: To investigate the Synergistic ameliorative effect and the safety of Vitamin C/ Activated Charcoal on Paraquat-induced lung histotoxicity and normal lungs of Wistar rats respectively. To investigate the relationship between the level of tissue damage and clinical manifestations with the duration of paraquat exposure.
Place and Duration of Study: National Veterinary Research Institute, Vom, Nigeria, from March 1st to March 28th, 2025.
Methodology: A total of 40 female 8 week old Wistar rats, weighing between 150 to 200 grams were used, The rats were randomly assigned into 4 groups, of 10 rats each. Group 1 rats, normal control, received   orally, 1ml of normal saline solution daily for 28 days. Group 2 animals received paraquat solution at 50mg/kg body weight dissolved in 1ml of distilled water once daily, for 28 days. Group 3 animals received paraquat solution at 50mg/kg body weight daily, followed after 5 minutes by 1ml of a combination of a solution of Vitamin C at 250mg/ kg body weight and a suspension of activated charcoal in distilled water at 0.175g/kg body weight, once daily for 28 days. Group 4 animals were administered 1ml of a combination of a solution of Vitamin C at 250mg/ kg body weight and a suspension of activated charcoal in distilled water at 0.175g/kg body weight once daily for 28 days. There were observed weekly. Lung tissue was harvested weekly for histopathology processing and microscopic examination from the groups randomly. The histopathological method applied is tissue morphology assessment and intra as well as extra cellular substances manifestation
Results: Group 1 and 4 animals present with normal physical behavior, water/ feed consumption. Group 2 animals present with severe reduction in feed/ water intake, respiratory distress and other physical abnormalities, which worsened with duration of the experiment. A mortality was recorded on each of days 8, 17 and 25. Group 3 animals present with milder signs of what was observed I group 2, with a mortality on day 23. Microscopically, Lung sections of groups 1 and 4 remain histologically normal throughout the experiment. Group 2 lung sections show massive diffuse edema   and   vacuolations   in   alveolar   spaces, indistinct alveolar epithelium, interalveolar septal haemorrhages and profuse infiltration of inflammatory cells  in  alveolar spaces, with complete loss of tissue architecture, which worsens with duration. Group 3 sections shows mild alveoli septa enlargement from day 7 to day 14, with mild interseptal haemorahes and edema from day 21 to day 28.
Conclusion: Histopathologically, group 2 shows established histotoxicity while group 3 shows amelioration and recovery from toxicity. As the duration of the experiment increases, the ameliorative effect of the dosage of this combination begins to decrease. There is hence, a need, to use graded doses of the combination of vitamin C and activated charcoal, to establish the optimum dose that can withstand long term exposure to paraquat toxicity. The normal morphology seen in both group 1 and group 4 has shown that at this dose, the combination of vitamin C and activated charcoal is safe for the animal
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1. INTRODUCTION

Vitamin C (also known as L-Ascorbic acid or ascorbate) is a water-soluble compound found in Living organisms (Fenech et al., 2019). With formula C6H8O6, originally called hexuronic acid, vitamin C is an antioxidant protecting against damage by reactive molecules called free radicals, an essential co-factor for collagen biosynthesis, carnitine and catecholamine metabolism, and dietary iron absorption (Narayanan et al., 2021). Activated charcoal, or activated carbon, is an amorphous form of carbon prepared from incomplete combustion of carbonaceous organic matter such as charred bones, coal, petroleum coke, and coconut shells, among others (Khruengsai et al., 2024). It is activated by an oxidizing gas flow at high temperature passed over its surface to make a fine network of pores, producing a material with large surface area and high affinity for various substances (Chada et al., 2012). It is used as a gastric decontaminant and emergency medication to treat poisonings following excessive oral ingestion of certain medications or poisons by absorbing most drugs and toxins (Cataldi et al., 2022). Activated charcoal has been shown to be more effective in decontamination than silicon based compounds (Chen and Lo, 2022) and is cheaper too.  Paraquat (PQ) (1, dimethyl-4,4-bipyridylium dichloride-1), a family of bipyridine herbicides is a fast contact herbicide (Guo et al., 2023) that works on the mechanism of diverting electrons from photosystem I (PSI) into the chloroplast. This diversion of electrons can result to the production of free radicals which are detrimental to the tissue. This makes it kill plants or/and inhibit their growth (Gupta, 2018). Paraquat do not decompose rapidly in the environment, and prolonged exposure to it can cause hazardous bio-alterations in humans and mammals including decreased immunity and nervous disorders (Preston and Ros, 2018).
Scientists have found fatal serum PQ levels ranging from 0.5 to 372.0 µg/mL (Nuwongsa et al., 2024) and can cause pulmonary fibrosis (Min et al., 2024). Extensive applications of paraquat results to widespread residues on soil surfaces and aquatic environments that finally enter the food chain (Huang et al., 2019; Hossain, 2015). Oral route is the major route of exposure, while inhalation is another route, absorption through the intact skin is generally very limited (Afzali and Gholyaf 2008; Wilks et al., 2006; Yang and Tiffany-Castiglioni, 2007).  Paraquat is an effective, broad-spectrum, and highly poisonous water-soluble quaternary ammonium salt herbicide (Zhou et al., 2013). It is highly toxic to humans and animals and the main prognostic factors of paraquat absorption are pulmonary damage and fibrosis (Liu, et al., 2017; Xiao et al., 2020). It is banned in some countries but has continuously been used without regulation in many countries including Nigeria. Paraquat is highly used, globally, especially in developing countries and its use is unregulated, despite its hazards. Paraquat has a multi-target mechanism that causes damage to the organism, not only affecting the lungs, but also the heart, kidneys, gastrointestinal tract, nervous system, and the immune system (Cheng et al., 2021)
There is treatment against paraquat toxicity established, however, several studies taking into account oxidative stress as the main mechanism of PQ-induced toxicity suggest an antioxidant therapy as a viable alternative (Blanco-Ayala, et al., 2014). Vitamin C has been used for the management of Paraquat toxicity in humans but it ameliorative effect has not been studied significantly (Awadalla, 2012) and little is known about the therapeutic window of vitamin C. As paraquat is a life-threatening poison with no known antidote, a single dose of activated charcoal or Fuller's earth is recommended for consenting patients who have a protected airway (Koo et al., 2002). 
Paraquat was introduced as an herbicidal agent into the market in August 1962 by Imperial Chemical industries, now Syngenta (Khodayar et al., 2014; Roberts et al., 2002). This liquid herbicide was primarily used for weed and grass control but due to its highly poisonous nature was soon categorized as a “restricted-use” herbicide (Wesseling et al., 2005). However, as it is cheap and effective, its unregulated use in developing countries like India has made it a commonly used pesticide. Paraquat, when ingested, is extremely toxic and has no known antidote. It causes a spectrum of complications including acute respiratory distress syndrome, renal failure, hepatotoxicity, and pulmonary fibrosis (Cope et al., 2004; Dinis-Oliveira et al., 2008). When either accidentally, intentionally or maliciously ingested, paraquat selectively accumulates in the lungs resulting in the production of oxygen-free radicals, resulting in membrane damage and cell death (Okolonkwo et al., 2023).  Ingestion of even a very small quantity of paraquat, with delayed intervention can cause severe multiorgan dysfunction and death (Mehta et al., 2025). Although a substantial amount of research has been produced on paraquat intoxication for most developed countries, there are research gaps regarding the international research agenda in this research area (Baradaran Rahimi et al., 2019; Jain et al., 2022) especially in relation to the development of an antidote as many attempts have been made with different ameliorating agents without success. A 100 mg/kg b.wt dexamethasone as a single dose have shown encouraging result on the  lungs and liver against PQ intoxication in rats, with less success on the kidney (Dinis-Oliveira et al., 2006)
Vitamin C (Ascobic acid) as well as activated charcoal have been utilised, seperately, as ameliorating agents against Paraquat toxicity (Gawarammana, and Buckley, 2011; Ostadi and Paeezi, 2018) but the two are yet to be combined for the same purpose. The combination of these two compounds, to check their synergistic effects on paraquat-induced long toxicity, will open a great way for handling emergencies attributed to paraquat toxicity, and a possible gateway for the development of an antidote against paraquat-induced toxicity.

2. material and methods

2.1 Study Location
This research work was conducted at  National Veterinary Research Institute, Vom, Plateau state, latitude 9° 53' N, and  longitude 8° 51' E, an altitude of 1,217m above sea level (National Population Commission, 2006).
2.3 Experimental Animals
 A total number of 40 female 8 week old Wistar rats that weigh between 150 to 200 grams were obtained from the small animal Experimental station of the National Veterinary Research institute (NVRI) Vom, Plateau State, Nigeria, and used for the experiment. All experimental activities were carried out conformity with internationally acceptable guidelines on the ethical use of experimental animals in research (Haripriya et al., 2017; Reddy et al., 2019).  The rats were housed in the Animal Experimental station of the Federal College of Veterinary and Medical Laboratory Technology, NVRI, Vom in cages during the experiment period (Edo, 2022; Ijaz et al., 2023). The rats were allowed to adjust in accordance with favorable conditions for two (2) weeks that would allow them to adapt to their new environment and fed with a standard grower’s mash obtained from Grand Cereal Ltd and water to meet the nutritional requirements for growth and maintenance in rats (Lewis et al., 2006). The constant environmental condition was maintained with proper ventilation and a good source of light (12h light -12h dark and 20ºC ± 30ºC) (Nwafor et al., 2020) with free access to food and water (Amin et al., 2025).  Excrement and spillage were changed frequently (Reed et al., 2011). A veterinarian ascertained the health status of as well as provided care and ensure the health of the laboratory animals throughout the experiment so as to maintain a standard experimental protocol (Debnath et al., 2024; Pedroso et al., 2025). Animals were divided into 4 groups of 10 animals each.

2.4 Chemical and treatment compounds sources
Paraquat was purchased under the trade name ‘KINGRAMO’, from Agricultural Services and Training Centre, Vom Station, Jos Plateau State.  Vitamin C (Ascorbic Acid) was obtained from Lamed Pharmacy Ltd, Jos under the brand name ‘Nature’s Field Vitamin C 1000mg, manufactured by Bactolac Pharmaceuticals Incorporated, USA (Lot 2503034). Activated charcoal was obtained from Lamed Pharmacy Ltd, Jos under the brand name ‘Kunimed Activated Charcoal Powder Anti-poison’ (Batch number KAC10). Distilled water and deionised water were obtained from the Cell culture Laboratory of the Viral Vaccine production Division, National Veterinary Research Institute, Vom.
2.5 Experimental Design
 The rats were randomly assigned into 4 groups, containing 10 rats each. Group 1 served as normal control were exposed to normal atmospheric and nutritional condition, and received 1ml of normal saline solution daily (0.9% NaCl) throughout the experiment period (Hernandez-Baixauli, et al., 2024). Group 2 animals were administered paraquat solution at 50mg/kg body weight dissolved in 1ml of distilled water once daily, for 28 days. Group 3 animals were administered paraquat solution at 50mg/kg body weight daily, followed after 5 minutes by 1ml of a combination of a solution of Vitamin C at 250mg/ kg body weight and a suspension of activated charcoal in distilled water at 0.175g/kg body weight, once daily for 28 days. Group 4 animals were administered 1ml of a combination of a solution of Vitamin C at 250mg/ kg body weight and a suspension of activated charcoal in distilled water at 0.175g/kg body weight, once daily for 28 days. All solutions of the compounds were administered via oral gavage route. Although activated charcoal can bind some of the vitamin C and reduce its efficacy, the activated charcoal also binds the paraquat hence a significant quantity of the vitamin C will still be available to perform its antioxidant ability. The dose of Paraquat was chosen to model occupational exposure to paraquat. Doses of Activated Charcoal and Vitamin C were chosen based on previous related studies (Reddy et al., 2019).
2.6 Procedure for paraquat and treatment solutions administration
The rats were held at the skin over the head and turned so that the mouth was faced upward and the body lowered towards the holder. The syringe needle bevel was then placed into the mouth of the rat a bit laterally in a way to avoid the teeth which are located centrally. The content in the syringe was then emptied into the mouth of the rat gradually (Okolonkwo, 2022)
2.7 Experimental Protocol
Animals were observed before and after the administration of the Paraquat solution across the treatments groups (Turner et al., 2011). During the experimental period, clinical signs and behaviors of all rats such as physical activity, diarrhea, tremor, paralysis, food/water consumption, injury and death were monitored daily.  At the end of the each week (that is, day 7, day 14, day 21 and day 28), animals from each group were randomly selected, and sacrificed by cervical dislocation after 12 hours of fasting. The Lungs were observed, harvested and fixed immediately in 10% buffered formalin, for histopathology processing (Adefola et al., 2024).
2.8 Histopathological Processing and Evaluation: Tissues (Lungs) from all groups were subjected to standard routine histopathological procedures, using the conventional paraffin wax method (Avwioro, 2011), embedded, sectioned and stained using the haematoxylin and Eosin Staining technique (Choji et al., 2015). They were read microscopically: A commercially available web camera (QHM495 LM, Shenzhen Hiper Song Electronic Limited, Hong Kong, China) with complementary metal oxide semiconductor sensor which yield interpolated 25 mega pixel images was used for micrograph capture after slide reading and interpretation (Mondal et al., 2019)

3. results and discussion
This research was   designed   to   study   the   Synergistic ameliorative effect of Vitamin C and activated charcoal on Paraquat-induced lung histotoxicity in female Wistar rats   at   definite   time   intervals   in   different   groups.
3.1 Clinical Signs
Clinical signs and behaviors of all rats such as physical activity, diarrhea, tremor, paralysis, food/water consumption, injury and death were observed daily across the groups, with group 1 and 4 showing normal physical presentation and feed consumption.  Severe reduction in feed/ water intake, respiratory distress, Squeaking sound and generalized weakness of the body, anorexia and bloody nasal discharges were observed in group 2 animals especially as from day 12 to 28, with 3 mortalities, one recorded on each of  day 8, day 17 and day 25. Group 3 animals, showed mild weakness of the body, mild reduction in feed consumption and respiratory distress, especially from the 7th to 14th day, with no bloody nasal discharge and are more active compared to group 2 animals. There was one mortality recorded in group 3 on day 23. 
3.2 Histopathology
The Lungs from groups 1 and 4, microscopically, shows normal morphology throughout the experiment, with clearly defined lung architecture, showing the characteristic lung epithelium/ septa, retaining their morphology. However, lung tissue in group 2, from day 7 to day 28 presents with diffuse oedema   and   vacuolations   in   alveolar   spaces, indistinct alveolar epithelium, interalveolar septal haemorrhages and profuse infiltration of inflammatory cells in  alveolar spaces, which was mild on day 7 but increased from day 14 to day 28. Lungs tissue from group 3 show mild alveolar wall thickening from day 14 and mild alveolar oedema on day 21 and day 28, when compared with group 2. 
3.3 DiscussionA

Micrsocopically, on day 7 (Plate 1), the lungs in group 1, 3 and 4 presented with normal histology while the lung in group 2 presents with diffuse interstitial  oedema and vacuolation,  complete  alveolar  collapse, dilation    and    congestion    of    blood    vessels,   interalveolar  septal  haemorrhages and  prominent infiltration  of  inflammatory  cells in  perivascular area. Group 3 lungs shows retention of normal morphology with thickened alveolar septa and mild isterstitial oedema when compared to group 2 tissue. The presentation of normal tissue architecture and absence of pathological components are signs of recovery. On day 14 (Plate 2), Lungs in Group 1, 3 and 4 shows normal morphology while Group 2 lungs, shows massive interstitial inflammation and oedema with vacuolation. There is also complete loss of tissue architecture. Group 3 lung shows thickened alveolar septa with normal tissue architecture, as a sign of tissue recovery. On day 21 (Plate 3), lung in group 1 and 4 are normal in architecture. Lung in group 2 shows massive inflammation and distortion of tissue architecture with severe oedema and vacuolation. The lung in group 3 shows retention of tissue architecture with very mild oedema, mild interstitial haemorrhage and mild vacuolation. This signifies recovery but at a slower rate as compared to days 7 and 14. This agrees with other research work, that, lung injury recovery form paraquat toxicity, takes a long duration (Lee, et al., 2006). This shows that with continues exposure to the toxicant, the ameliorative effect of the combination of Vitamin C and activated charcoal begins to diminish. At 28 days ((Plate 4), histological manifestations show normal morphology in groups 1 and 4 while group 2 shows complete loss of tissue architecture with massive intercellular inflammation and congestion. Group 3, however, shows mild oedema and thickened alveola septa with no inflammation.
This combination shows a synergistic effect in ameliorating paraquat-induced lung toxicity. The research is novel in that there is no research that used this combination in an effort to ameliorate the toxicity of paraquat on lung histopathology. Activated charcoal, though an adsorbent, now administered in this experiment, simultaneously with vitamin C, may interact with a portion of the vitamin C, reducing its efficacy, however, some volume of vitamin C will still be available to exact its antioxidant effect. Activated charcoal has been used in combination with other substances like Fuller’s earth, antioxidants (acetylcysteine and salicylate) (Gawarammana and Buckley, 2011), magnesium citrate (Gaudreault, et al., 1985), immunosuppressants (corticosteroids and cyclophosphamide) (Shabrina et al., 2023) with very good outcomes. Vitamin C combined with other compounds like Vitamin E, glutathione, and garlic has shown significant ameliorative effect on the liver of rats (Okolonkwo et al., 2023; Ujowundu et al., 2018). Further work is recommended where graded concentrations of the combination would be used, and the duration of experiment extended. The work has also shown that duration of exposure to paraquat increases the toxicity on the lungs of Wistar rats
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Plate 1: Lung of Wistar rat from the four groups on day 7. Group 1, 3 and 4 show normal morphology with the presentation of normal alveolar epithelium with normal septa:  The alveoli (black stars) and alveolar ducts (white lines) are clear and surrounded by intact pneumocytes (white arrows). Group 3 shows slightly enlarged pneumocytes and mild interstitial haemorrhage (black arrows) with tissue architecture well preserved. Group 2 lung shows diffuse interstitial  oedema (white stars) and vacuolation (black arrowheads),  complete  alveolar  collapse, dilation    and    congestion    of    blood    vessels,   interalveolar  septal  haemorrhages (black arrows)  and  prominent infiltration  of  inflammatory  cells (white arrowheads)  in  perivascular area. H&E X100  
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Plate 2: Lung of Wistar rat from the four groups on day 14. Group 1, 3 and 4 show normal morphology with the presentation of normal alveolar epithelium with normal septa:  The alveoli (black stars) and alveolar ducts (white lines) are clear and surrounded by intact pneumocytes (white arrows). Group 3 shows slightly enlarged pneumocytes and mild interstitial haemorrhage (black arrows) with tissue architecture well preserved with mild tissue oedema (white star). Group 2 lung shows diffuse interstitial oedema (white stars) and vacuolation (black arrowheads), complete alveolar collapse, dilation and congestion    of    blood    vessels, and prominent infiltration of inflammatory cells (white arrowheads) within the tissue.  H&E X100


[image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X100.JPGGrp 3 Day 7 Lung mild oedema H&E X100] [image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X400.JPGGrp 3 Day 7 Lung mild oedema H&E X400]Group 2

Group 1


 [image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X100.JPGGrp 3 Day 7 Lung mild oedema H&E X100]  [image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X400.JPGGrp 3 Day 7 Lung mild oedema H&E X400]Group 4
Group 3




Plate 3: Lung of Wistar rat from the four groups on day 21. Group 1, and 4 show normal morphology with the presentation of normal alveolar epithelium with normal septa:  The alveoli (black stars) and alveolar ducts (white lines) are clear and surrounded by intact pneumocytes (white arrows). Group 3 shows mild interstitial haemorrhage (black arrows) with tissue architecture well preserved and mild tissue oedema (white star). Mild interstitial inflammation is seen by the presence of inflammatory cells (white arrowheads) within the tissue. Group 2 lung shows diffuse interstitial oedema (white stars) and vacuolation (black arrowheads), partial alveolar collapse, dilation and congestion    of    blood    vessels, and prominent infiltration by inflammatory cells (white arrowheads) within the tissue. H&E X100






[image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X100.JPGGrp 3 Day 7 Lung mild oedema H&E X100] [image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X400.JPGGrp 3 Day 7 Lung mild oedema H&E X400]Group 2

Group 1


 [image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X100.JPGGrp 3 Day 7 Lung mild oedema H&E X100]  [image: C:\Users\HP\Desktop\PhD Micrograph Pool\PhD Micrograph Group 3\Grp 3 Day 7 Lung mild oedema H&E X400.JPGGrp 3 Day 7 Lung mild oedema H&E X400]Group 4
Group 3




Plate 4: Lung of Wistar rat from the four groups on day 28. Group 1, and 4 show normal morphology with the presentation of normal alveolar epithelium with normal septa:  The alveoli (black stars) and alveolar ducts (white lines) are clear and surrounded by intact pneumocytes (white arrows). Group 3 shows mild tissue oedema (white star) with significantly normal alveoli (black stars) and thickened Pneumocytes (white arrows). Group 2 lung shows diffuse complete alveolar collapse and massive congestion/ interstitial haemorrhage (black arrows) with prominent infiltration by inflammatory cells (white arrowheads) within the tissue. H&E X100

4. Conclusion
The rationale behind the simultaneous administration of Activated charcoal and vitamin C is to utilize the adsorbent properties of the activated charcoal on the herbicide, Paraquat, and the antioxidant properties of vitamin C on the system, simultaneously. Since it is believed active charcoal may interfere with vitamin C when administered simultaneously, we recommend the administration of the vitamin C through other routes rather than the oral route or a time margin between their oral administration. An increase I the dosage of vitamin C is also advocated in future works.
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