Rational Design and Synthesis of Thioridazine Analogues as
Enhancers of the Antituberculosis Therapy
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Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis infection, is one of deadliest diseases that the human kind have faced
throughout the centuries. Although the many efforts toward the discovery of novel antibacterial agents, efflux pumps have been seldom
investigated for their potential to prevent the pathogenesis. In fact, inhibition of efflux pumps may help to prevent the raise of drug
resistance, to contain its spread, and to re-establish obsolete therapeutic options.! Thioridazine (TZ) is an old neuroleptic that, by virtue of
its capability to inhibit bacterial and macrophage efflux mechanisms, has shown to cure drug-resistant tuberculosis when administered in
combination with other anti-TB drugs.?> However, its use in therapy is hampered by its general toxicity. These findings have inspired our
work on the search of TZ analogues to be used as adjuvants with first-line drugs for the cure of TB, and the prevention of resistance raise.
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Table 1. Antimycobacterial (MIC), efflux inhibitory activity of the compounds against M. smegmatis mc?155 - -
and M. tubercuylosis H.,Rv (RFF), and cytotoxicity Zowardsyhuman monrc))cyte der%ved macrophgges (IC.,). c test MIC (png/mL) against M. tuberculosis H37Rv (MF)g
. 2 o Omp a
Comp M. smegmatis mc“155 M. tuberculosis H37Rv ICso (1g/mL) conc NH oIEe AMIKE OFX® B
MIC (ug/mL)® RFF®  MIC (ug/mL)  RFF 01 . , , 1o s
Compounds more ; '
i ea 0.81 256 199 10.5 active than TZ in 16 0.1 0.0625(4,16) 1 1 12.5
: : : . ep oge 1 3 0.1 0.25(,4) 1 1 12.5
2 >256 15.3 >256 1.00  170.8 inhibiting efflux A 01 05 . . 19
3 >256 0.39 nd nd nd and less toxic T = e ] ] X
5 256 0.95 128 0.33 8.8 were selected for 0.1 0.5 1 1 12.5
6 >64 0.61 nc nc nd synergistic activity . 8 0.1 0.5 1 1 12.5
7 64 0.94 fe e 0.762 4 0.1 1 1 1 12.5
8 >256 0.08 Ne Ne NC P 9 16 0.1 0.25(4/4) 2 2 12.5
9 >64 0.61 NC NC no CD @ > 11 8 0.1 0.25(,4) 2 2 12.5
10 >256 0.72 NC NC NC 4 0.1 0.25(4,4) 2 2 12.5
11 >256 1.17 >256 0.84 4.8 i 7 g 0.00078 <0.0156 <0.0156 <0.0156 <0.195
TZ 30 0.82 15 027  13.78 o 1z (V128 (Ded)  (V128)  (>128)  (>V64)
VP 800 2.21 512 1.94  116.6 SRR 375 005 L L 1 3125004
_ - o _ VP 64 0.05 0.25 ({ 4) 1 1 3.125 ({1 4)
aDetermined by microdilution; ’Relative final fluorescence based on accumulation of EtBr at 0.25 pg/mL for M. 5 11

smegmatis and 0.5 pg/mL for M. tuberculosis strains; nd: not determined. aConcentration at which the compound was tested (in pg/mL). The concentrations reported were those seleceted for

* Compounds were tested at % MIC in efflux assays poster purpose; ? Isoniazid; ¢ Rifampin; ¢ Amikacin; ¢ Ofloxacin; fEthidium bromide; TZ, thioridazine; VP, verapamil. 9

modulation factor (MIC Antibiotic without adjuvant / MIC Antibiotic with adjuvant)

* The phenothiazine scaffold was successfully substituted with other heterocyclics Conclusions

* Compounds 1, 2, 5, 11 were more active than TZ in inhibiting efflux, both in M. Smegmatis and M. 1)vieiros, m. et al. (2012) Inhibitor of mycobacterial efflux pumps as
TUberCU/OSiS potential boosters for anti-tubercular drugs; Expert Reviews; 10, 983-998. 2)

Martins, M. et al. (2007) The curative activity of thioridazine on mice infected
.« . with Mycob ium tuberculosis. Vivo Ath G 21, 771-775

e Compounds 1, 2, 5, 11 showed low toxicity than TZ e e e e

* Compound 1 showed synergistic activity with first and second line drugs, in particular with RIF

3) Abbate, E. et al. (2012) Successful alternative treatment of extensively drug-
resistant tuberculosis in Argentina with a combination of linezolid,
moxifloxacin and thioridazine. J. Antimicrob. Chemother. 67, 473-477



