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Interaction of novel MDR reverting agents with rat small intestine membranes vesicles ATPase activity
Alderighi Daniela
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My doctoral work has dealt with the pharmacological characterization of novel compounds capable of reverting MDR in cancer cells. To investigate the interactions between drugs and MDR transporters, in search for novel effective MDR reverting agents, ATPase activity measurements on plasma membrane vesicles prepared from homogenates of rat small intestine mucosa (1) were performed with use of a spectrophotometric method based on continuous monitoring of ADP formation, regenerated in ATP by a coupled enzyme system (2). Western blot analysis indicated that MRP1, P-gp and MRP2 are expressed in these vesicles. MDR proteins exhibited both an ATPase activity correlated with drug transport and a basal ATPase activity in the absence of any drug. These enzyme activities were fully inhibited by μM concentrations of Na-orthovanadate, thus indicating that they are ascribable to P-gp and MRP1 (3). As reference substrates of these transporters both verapamil and epirubicin were used. Verapamil and epirubicin gave typical bell shaped concentration-activation curves with 30 μM and 1 μM maximum effective concentrations which stimulated basal ATPase activity by 55% and 250%, respectively. 3,5-Dibenzoyl-4- (3-phenoxy-phenyl)-1,4-dihydro-2,6-dimethylpyridine (DP7) has been shown to inhibit at sub μM concentrations P-gp mediated efflux of rhodamine 123 (R123) in LY5178 MDR1- transfected mouse lymphoma cells (4). DP7 inhibited concentration-dependently both basal and verapamil-stimulated ATPase activities, with IC50 values of about 1 μM. The inhibition mechanism of DP7 towards verapamil-stimulated enzyme was competitive in nature, with a Ki of 5.3 μM. Four novel isomeric N,N-dicyclohexane-4-ol-amine aryl esters, indirectly proven to be powerful inhibitors of P-gp in erythroleukemia K562 cells (5), were also tested for their effects on intestinal ATPase activity. The cis-cis isomer (MC185oxa) gave a typical bell shaped concentration-activation curve with 50 nM maximum effective concentration, thus behaving like an ATPase substrate. MC185oxa was tested also on 30 μM verapamil-stimulated ATPase activity showing a bimodal effect, at ≤25 nM stimulating while at higher concentrations inhibiting it. The trans-cis isomer (MC176oxa) inhibited in a typical U-shaped concentration-inhibition curve the basal ATPase activity, maximal inhibition (about 55%) being achieved at 5 nM. At higher concentrations the inhibition was reversed up to values comparable to those of control preparations. Moreover, at concentrations ≥5 nM, MC176oxa fully antagonised the portion of ATPase activity stimulated by either 1 μM epirubicin or 30 μM verapamil. The cis-trans and the trans-trans isomers did not exert significant effects. P-gp inhibiting properties of these compounds have been also evaluated by measuring the efflux of the P-gp specific, fluorescent substrate R123 in MDR1-gene transfected mouse T-limphoma L5178 cells in presence of different concentrations of the selected compounds. P-gp blocking activity was described by αmax, to express the efficacy and by IC50, to measure the potency of the inhibitor. αmax varied between 0 (in the absence of the inhibitor) and 1 (when the amount of R123 found in L5178 MDR1 cells was equal to that determined in presence of 5 mM vanadate, which completely inhibited R123 efflux). In agreement with the results observed in K562 cells, cis-cis and trans-cis isomers were very potent and efficient inhibitors, with IC50s in the low nanomolar range and αmax values very close to 1. In conclusion, trans-cis and cis-cis isomers exhibited both low nM potency and high efficacy in the tests used, thus appearing as novel inhibitors of MDR transporters and promising leads for the development of potent, efficient and safe MDR reverters.
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