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Chapter 1 (Diclofenac + Rutin) 

This chapter deals with the effect of rutin on pharmacokinetics, pharmacodynamics, and toxicities of 

diclofenac. Results suggest that rutin significantly augmented diclofenac’s anti-inflammatory and anti-

nociceptive activities in rats using the carrageenan-induced paw edema model and acetic acid-induced writhing 

model, respectively. Further, rutin substantially enhance the oral bioavailability of diclofenac upon single-dose 

administration in rats. It may be linked to the inhibition of BCRP transporters and the CYP2C9 enzyme that 

increases the permeability and delays the metabolism of diclofenac, respectively. However, rutin upon 

multiple-dose administration revealed a minimal effect on the oral exposure of diclofenac compared to the 

rutin’s single-dose administration which may be correlated to alterations in the mRNA expression level of 

CYP2C11 (CYP2C9) upon multiple-dose administration of rutin compared to its single-dose administration. 

We also developed diclofenac-induced cardiac injury model in Wistar rats. Results showed that rutin improved 

cardiac injury markers, reduced oxidative stress, inhibited inflammation, and lowered apoptosis to elicit a 

cardioprotective effect supported by histopathological and S.E.M findings. Additionally, rutin showed the 

protective effects against diclofenac-induced alterations in the stomach and liver by improving the critical 

injury markers, preventing histopathological changes, and shielding the normal tissue surface architecture.  

Chapter 2 (Methotrexate + Glabridin) 

This chapter deals with the effect of glabridin on the pharmacokinetics, pharmacodynamics, and toxicities of 

methotrexate. Results suggest that glabridin could exhibit a hepatoprotective effect against the MTX-induced 

liver injury in the mice model by reducing the oxidative stress via activating the Nrf2 pathway, inhibiting 

inflammation via hindering the NF-κB pathway, and retarding BAX-mediated apoptosis. These effects further 

supported by the histopathological and S.E.M observations. Further, glabridin augmented the anti-arthritic 

efficacy of methotrexate by inhibiting the inflammatory cytokines and preventing the joint architecture 

deterioration in rats using the Mycobacterium-induced arthritis model. Additionally, concomitant glabridin 

administration lessened the hepatotoxic effect of methotrexate therapy by lowering oxidative stress via 

activating the Nrf2 pathway. Moreover, glabridin showed a minor effect on the pharmacokinetics of 

methotrexate in the rat model to precipitate any severe drug interactions. The absence of potential 

pharmacokinetic interaction with enhanced anti-arthritic effect of methotrexate upon simultaneous 

administration with glabridin demonstrates that glabridin itself aids the anti-arthritic efficacy of methotrexate. 

In conclusion, both rutin and glabridin are found to be the promising candidates for improving the efficacy and 

reducing the dose-related toxicities of diclofenac and MTX, respectively, based on the preclinical 

investigations. 
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