





Dichlorvos-Induced Vital-Organ Toxicity and the Modulatory Effects of Vitamin C and Costus afer extract in Male Mice
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Aim: This study investigated dichlorvos-induced vital-organ toxicity and the modulatory effects of Vitamin C and Costus afer extract in Male Mice
Study Design: The study was a completely randomized design employing relevant statistical tools for analysis and interpretation.
Place and duration of study: The experiment was carried out in the animal house of the Department of Animal and Environmental Biology, Rivers State University, Port Harcourt. The experiment lasted for 35 days between April to June 2023.
 Methodology: A total of 30 male rats were assigned to six groups (n= 5). Animals were assigned to control and treatment groups receiving 25mg/kg/bw/day of  dichlorvos (DDVP) only, 100% Vitamin C supplement and Costus afer extract alone @ 250mg/kg/bw/day, 25mg/kg/bw/day of DDVP +Vitamin C and 25mg/kg/bw/day of DDVP +Costus afer extract @250mg/kg/bw/day. Data on body weights were taken twice a week throughout the experimental period. Each mouse was dissected and weight of vital organs recorded. Data were subjected to one-way ANOVA with SPSS version 23.
Result: Body weight showed no significant (p>0.05) differences across all groups. In contrast, DDVP exposure produced organ-specific effects, with notable alterations observed in the liver, kidney, seminal vesicle, and epididymis. DDVP alone was associated with increased liver weight and reduced kidney and epididymal weights. Vitamin C co-administration partially attenuated these changes. Conversely, Costus extract provided  inconsistent protection, and in some cases, particularly in the kidney and epididymis, did not prevent DDVP-associated reductions in organ weight. Testis, prostate, heart, and spleen weights remained relatively stable across treatments.
Conclusion: DDVP induces selective organ toxicity without affecting overall body weight, with the liver, kidney, and accessory reproductive organs being most susceptible. while Vitamin C offers greater protective benefits, Costus extract alone or in combination with DDVP may not sufficiently counteract DDVP-induced organ damage.
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Introduction

Dichlorvos (DDVP) is an organophosphate pesticide widely used in agriculture and domestic pest control, particularly in many developing countries. Despite its effectiveness against insect pests, DDVP is associated with significant health risks due to its high toxicity and ease of exposure through inhalation, ingestion, and dermal contact. Repeated or prolonged exposure to dichlorvos has been reported to elicit adverse effects on several organ systems [1,2,3],  raising public health concerns for occupationally exposed individuals and the general population.
The primary mechanism of dichlorvos toxicity involves inhibition of acetylcholinesterase activity, leading to accumulation of acetylcholine at synaptic junctions and subsequent neurotoxicity. Beyond its neurotoxic effects, growing evidence indicates that dichlorvos induces multi-organ toxicity, affecting the liver, kidneys, heart, spleen, and reproductive organs [2,3,4].  These effects are often mediated through the generation of reactive oxygen species (ROS), resulting in oxidative stress, lipid peroxidation, inflammation, and cellular damage.  Alterations in body and organ weights are commonly used as reliable indicators of such toxicological insults, reflecting functional impairment and structural changes in affected tissues [2,5].
Male reproductive organs appear particularly vulnerable to organophosphate toxicity. Studies have shown that dichlorvos exposure can disrupt the hypothalamic–pituitary–gonadal axis, reduce testosterone levels, impair spermatogenesis, and cause atrophy of androgen-dependent organs such as the testes, epididymis, prostate, and seminal vesicles [6,7]. In addition, DDVP-induced hepatotoxicity and nephrotoxicity have been linked to increased metabolic burden and oxidative injury, while cardiac and splenic alterations suggest systemic toxic and immunological effects.
Given the central role of oxidative stress in dichlorvos-induced toxicity, antioxidant therapy has attracted considerable attention as a potential protective strategy. Vitamin C (ascorbic acid) is a well-established water-soluble antioxidant that scavenges free radicals, enhances endogenous antioxidant defense systems, and stabilizes cellular membranes. Previous studies have demonstrated the ability of vitamin C to ameliorate pesticide-induced damage in various organs, including the liver, kidneys, and reproductive tissues [3,5,8,9].
In addition to synthetic antioxidants, medicinal plants are increasingly explored for their protective roles against chemical-induced toxicity. Costus species are traditionally used in herbal medicine for their anti-inflammatory, antioxidant, and immunomodulatory properties. Phytochemical constituents of Costus extracts, including flavonoids and phenolic compounds, suggest potential efficacy in reducing oxidative stress and tissue injury. However, scientific evidence regarding their modulatory effects against organophosphate-induced toxicity remains limited and inconsistent.
Therefore, this study was designed to investigate dichlorvos-induced multi-organ toxicity in male mice, using body and organ weight indices as markers of toxicological impact, and to evaluate the modulatory effects of vitamin C and Costus extract. Understanding the comparative protective potential of these agents may contribute to the development of effective strategies for mitigating the harmful effects of organophosphate exposure and improving public health outcomes.
2. Materials and methods
 2.1Experimental Location 
This study was carried out in the Animal house of department of Animal and Environmental Biology of Rivers State University, Nkpolu Oroworukwo, Port Harcourt.
2.2 Experimental Animal Care and Management  
Thirty (30) male rats were purchased from the Animal house of Department of Animal and Environmental Biology of Rivers State University. 
The rats were grouped into six groups of five (5) mice each and were housed in a wire mesh cages under standard laboratory conditions (temperature of 25oC, relative humidity of 60-70%). The rats were fed with vital feed and clean water ad libitum. All experiments were conducted according to the institutional protocols of animal Care at Rivers State University, Port Harcourt, and standard treatment for ethical treatment of animals.
2.3 Experimental Design
A total of 30 male rats were assigned to six groups (n= 5). Animals were assigned to control and treatment groups receiving 25mg/kg/bw/day of dichlorvos (DDVP) only, 100% Vitamin C supplement and Costus afer extract only @ 250mg/kg/bw/day respectively, 25mg/kg/bw/day of DDVP +Vitamin C @250mg/kg/bw/day and 25mg/kg/bw/day of DDVP +Costus afer extract @250mg/kg/bw/day. 
2.4. Determination of Body weight and Organ weight 
Body weight of each rat was taken thrice weekly throughout the experimental period. After 35 days of the experimental period, the rats were dissected and the vital organs such as heart, liver, testis, epididymis, prostate, spleen, kidney and seminal vesicle from each rat was removed and weighed to the nearest 0.01g.
 2.5 Data Analysis
The data obtained from this study were analyzed using SPSS (Statistical Package for Social Sciences) Version 23. Values were expressed as mean, Standard deviation. Statistical significance was defined as a p-value of less than 0.05 at 95% confidence interval.

3. RESULTS

Fig 1-fig 9 shows the body weight and vital organ weights of male rats exposed to DDVP, Vit C and Costus afer. Fig 1 shows no significant difference (p > 0.05) in body weight among the groups, although a lower mean value was recorded in the DDVP-only group (30.76 ± 1.84g) and a relatively higher mean in the DDVP + Vitamin C group (34.68 ± 0.84g) when compared with the control.  
In fig 2, the DDVP + Vit C, Costus only, and Vitamin C only groups had mean values (0.12±0.02g, 0.12±0.01g, and 0.11±0.03g, respectively). All other treatments maintained seminal vesicle weight at a level significantly lower than these groups. The DDVP + Costus group recorded the lowest seminal vesicle mean weight (0.04±0.02g) and was significantly lower than all other groups. The Control and DDVP-only groups had mean values (0.07±0.02g and 0.09±0.01, respectively) not significantly different from other groups.
In fig 3, The DDVP + Costus group recorded the highest mean prostate weight (0.08±0.03g), followed by DDVP + Vitamin C (0.07±0.02g) and the control group (0.06±0.02g). Lower mean values were observed in the Vitamin C only (0.04±0.02g), Costus only (0.02±0.01), and DDVP-only (0.01±0.02) groups. However, despite this apparent trend, post-hoc comparisons confirmed that there were no significant difference among treatments  groups (p > 0.05).
In fig 4, the Vitamin C–only group recorded the highest mean testis weight (0.14±0.03g), while the Costus-only group showed the lowest value (0.07±0.02g). The DDVP-only group also exhibited a reduced mean testis weight (0.08±0.01) compared with the control (0.10±0.03g). However, these observed differences were not statistically significant (p > 0.05).  
 In fig 5, the DDVP + Costus and DDVP-only groups had the lowest mean Epididymal values (0.02±0.01g and 0.02±0.03g) which is significantly lower than the control and Vitamin C–only  with highest mean epididymis weights (0.07±0.02g and 0.06±0.02g, respectively). The Costus-only and DDVP + Vit. C groups show intermediate mean values (0.04±0.02g and 0.04±0.03g).
In fig 6, the DDVP-only group recorded the highest mean liver weight (1.09±0.04g). This indicates a significant increase in liver weight compared with other groups- Vitamin C only, DDVP + Vitamin C, Control, and DDVP + Costus groups with liver weights (0.94±0.03g, 0.84±0.03g, 0.78±0.04g, and 0.75±0.02g, respectively).
The Control and Costus-only groups recorded the highest mean heart weight (0.11±0.01g), while the DDVP + Costus group had the lowest mean value (0.08±0.02g) in fig 7. Intermediate values were observed in the Vitamin C only, DDVP + Vitamin C, and DDVP-only groups. However, these numerical variations were not statistically significant (p>0.05).
The spleen weight data indicate no statistical significant difference among treatments (p > 0.05) as seen in fig 8. Although the DDVP + Costus group recorded a numerically higher mean spleen weight (0.24±0.02g) compared with the control and other treatment groups, this increase did not reach statistical significance. The remaining groups—including DDVP + Vitamin C, Vitamin C only, Costus only, Control, and DDVP-only—showed relatively close mean values. 
In fig 9, the Control group recorded the highest mean kidney weight (0.19±0.03g). The Vitamin C only, DDVP + Vitamin C, Costus only, and DDVP-only groups had intermediate mean values (0.16±0.03g, 0.15±0.01g, 0.15±0.03g, and 0.13±0.02g, respectively). Statistically, these groups were not significantly different from the control. However, The DDVP + Costus group had the lowest mean kidney weight (0.12±0.02g) and was significantly lower than the control group. 
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Fig 1:  Mean Body weight of male rats exposed to the treatment for 35days 
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Fig 2:  Seminal vesicle of male rats exposed to the treatment for 35days                                  Fig 3:  Prostate gland of male rats exposed to the treatment for 35days

  [image: ]   [image: ]
Fig 4:  Testis of male rats exposed to the treatment for 35days.                                                      Fig 5:  Epididymis of male rats exposed to the treatment for 35days
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       Fig 6::  Liver of male rats exposed to the treatment for 35days.                                                         Fig 7:  Heart of male rats exposed to the treatment for 35days
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        Fig 8:  Spleen of male rats exposed to the treatment for 35days                                    Fig 9:   Kidney of male rats exposed to the treatment for 35days



4. Discussion
The present study evaluated the effects of dichlorvos (DDVP) exposure and the modulatory roles of Vitamin C and Costus extract on body weight and selected organ weights in male mice. Organ weight changes are widely regarded as sensitive indices of systemic toxicity and target-organ involvement, reflecting functional and structural alterations induced by xenobiotics [10].
Body weight showed no statistically significant differences among groups, indicating that DDVP exposure over the study period did not markedly impair overall growth or feed utilization. This agrees with previous reports suggesting that short-term or moderate organophosphate exposure may cause organ-specific toxicity without necessarily affecting general somatic growth [10,11}. The absence of significant body weight loss suggests that observed organ alterations were not secondary to generalized wasting.
In contrast, reproductive organ weights, particularly the seminal vesicle and epididymis, demonstrated notable sensitivity to treatment. Seminal vesicle weight was significantly reduced in the DDVP + Costus group, while DDVP-only and control groups showed intermediate values. Given that seminal vesicle mass is strongly androgen-dependent, this reduction suggests possible disruption of androgen signaling or testosterone availability following DDVP exposure, exacerbated when combined with Costus extract [12, 13]. Similarly, the significant reduction in epididymis weight in the DDVP-only and DDVP + Costus groups indicates impaired epididymal development or function, which may compromise sperm maturation and storage. Organophosphates are known to interfere with the hypothalamic–pituitary–gonadal axis and induce oxidative stress within reproductive tissues, leading to such outcomes [9,13].
Conversely, testis and prostate weights did not differ significantly across groups despite numerical reductions in DDVP-treated animals. This suggests that functional impairments may occur prior to gross anatomical changes, or that the exposure duration was insufficient to elicit marked structural degeneration in these organs. Previous studies have similarly shown that testicular oxidative damage and spermatogenic disruption can occur without significant changes in testis weight [14].
The liver, a primary site for xenobiotic metabolism, exhibited a significant increase in weight in the DDVP-only group, indicative of hepatic hypertrophy, congestion, or inflammatory responses commonly associated with toxicant biotransformation [15]. The attenuation of liver weight in the DDVP + Vitamin C and DDVP + Costus groups suggests some degree of hepatoprotection, particularly with Vitamin C. Vitamin C’s antioxidant capacity likely reduced lipid peroxidation and cellular swelling, thereby limiting DDVP-induced hepatic alterations [4,16].
Similarly, the kidney weight findings point toward DDVP-induced nephrotoxicity. The lowest kidney weights recorded in the DDVP + Costus group, and the trend toward reduction in the DDVP-only group, suggest renal tissue loss or atrophy, possibly due to tubular degeneration and oxidative injury [3,17]. Partial normalization observed in the DDVP + Vitamin C group supports Vitamin C’s renoprotective role, likely through scavenging of reactive oxygen species and preservation of membrane integrity.
In contrast, heart and spleen weights remained statistically unchanged across all treatment groups. This indicates that, under the present experimental conditions, DDVP exposure did not induce overt cardiotoxicity or splenic hypertrophy/atrophy. The relative stability of spleen weight suggests that immune or hematopoietic responses were not sufficiently severe to alter splenic mass, consistent with reports that organophosphates primarily target metabolic and reproductive organs [2, 3,18].
Overall, the pattern of organ weight changes observed in this study highlights the selective vulnerability of the liver, kidney, and male accessory reproductive organs to DDVP toxicity. Vitamin C consistently demonstrated partial protective effects, while Costus extract showed limited or inconsistent protection, particularly in the kidney and epididymis. These findings emphasize that antioxidant supplementation can modulate pesticide-induced organ toxicity, but the efficacy is dependent on the nature of the antioxidant and the target organ.
Conclusion
DDVP induces organ-specific toxicity without necessarily affecting overall body weight, and while Vitamin C offers measurable protective benefits, Costus extract alone or in combination with DDVP may not sufficiently counteract DDVP-induced organ damage.
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