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Abstract (300 word limit)
Statement of the Problem: In current scenario ZnO NPs are used as a new type of micro nutrient zinc source in food additives for food and dairy industry. Due to good antimicrobial ability zinc based nano materials (NMs) are added to food packages and also used for nutritional purposes. It is also being used as a dietary supplement for livestock (feed additives) and humans but the usage of ZnO NPs has generated the debate on health complication of this nano material with studies showing possible toxicity. In vitro cell line studies have shown decreased mitochondrial function (cell viability) and oxidative stress after exposure to ZnO NPs in Tetrahymena thermophila and cytotoxic properties may be affected by the dose rate and physicochemical properties (size and shape) of ZnO NPs.
Methodology & Theoretical Orientation: The Balb/c mice were divided into eight groups with six animals each for 4 weeks of treatment. Control group which was divided into two subgroups; control group (n = 6) was given 0.3 mL drinking water and vehicle control group (n = 6) received 0.3 mL of ethanol (10%) and the next two groups (ZnO NPs treated, n = 6) received 5.0 and 50 mg/kg b.w/day by oral gavages according to organization for economic cooperation and development (OECD) guideline and another four groups (n = 6) were treated with repeated dose of 5.0 and 50 mg/kg b.w of ZnO NPs along with co-treatment WS (3.5 mg/dose/animal) and WA (2.5 mg/kg b.w) for 4 week. The animals were administered with ZnO NPs to investigate the effect of ZnO NPs on animals. Further, the protective effect of WS and WA against ZnO NPs investigated. After 28 days exposure period of administration, animals were euthanized and different organs in PBS solution and the peritoneal fluid was collected in fresh Dulbecco’s Modified Eagle’s Medium Hams F-12 (DMEM) media.
Findings: In vivo study showed that, dose-dependent reduction in phagocytosis, an increase in the levels of NO production along with up-regulation of TLR6, arginase gene was significant (P < 0.05) in ZnO NPs exposed animals. However cytoxicity of ZnO NP was reduced in presence of WS and WA with decreased TLR6 over expression and restoration of phagocytic activities of macrophages. 
Conclusion & Significance: Overall, our results suggest that WA steroidal lactone derived from WS one of medicinal plant of solanaceae family has immunomodulatory activities. It could be concluded that WA and WS have antioxidant and anti-inflammatory properties against ZnO NPs generated oxidative stress. Our study also imply that administration of WA and WS may show beneficial effects in restoring macrophages activity on the ZnO NPs mediated cytotoxic effect in male Balb/c mice. The immuno-protective properties of WS defend the cells from oxidant injury induced through ZnO NPs. It means WS could be used as a phytomedicine in ZnO NPs induced toxicity; further ZnO NPs are toxic only at 50 mg/kg/b.w as it was indicated in our work in mice model..
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Mechanism of toxicity induced by Zinc oxide nanoparticles ZnO NPs and immunomodulatory protective effects of Withania somnifera extract (WS) and Withaferin A (WA), in Balb/c mice modal of peritoneal macrophages. Red arrows: effect of ZnO NPs independently leads to ROS production which attenuated the phagocytosis of yeast by macrophages through, up-regulation of TLR6 and down-regulation of arginase gene expression? Green arrows: co-treatment, Impact of Withania somnifera extract with zinc oxide nanoparticles (WS+ZnONPs), Withaferin A along with zinc oxide nanoparticles (WA+ZnONPs) enhance phagocytic activity by counteracting mechanism of ZnO NPs toxicity. Black arrows: increasing or decreasing effects
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