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Chemotherapy-induced neuropathy is a disabling pain condition resulting from 
chemotherapy for cancers. Up to now, no drug is available to cure chemotherapy-
induced neuropathy. In the present study, we describe the structural design, synthe-
sis, chemical and pharmacological characterization of 15 thiazolidinones, a class of 
potential analgesic compounds. The synthesis of new thiazolidinones was achieved 
by using the thiazolidinone heterocyclic as main structural pharmacophoric group 
and varying the substituents attached to the phenyl near to the iminic bond. The an-
algesic potential of the compounds was investigated in a mice model of oxaliplatin-
induced neuropathic pain, using von Frey, rota-rod and open-field tests. Except for 
compound 14, these thiazolidinones exhibited antinociceptive property without caus-
ing motor impairment. Thiazolidinones 12, 15 and 16 displayed a dose-dependent 
antinociceptive effect, with similar efficacy and enhanced potency than gabapentin, 
the gold standard drug used for neuropathic pain. In addition, the antinociceptive 
activity of 16 lasted longer than gabapentin. The antinociceptive effect of thiazolidi-
nones was prevented by GW9662, a PPARγ antagonist. The main antinociceptive 
compounds exhibited positive Lipinski’s index, predicting their oral bioavailability. 
In conclusion, the structural design performed here led to the identification of new 
compounds endowed with potent antinociceptive activity, potentially useful to treat 
chemotherapy-induced neuropathic pain.
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1  |   INTRODUCTION

The neuropathic pain is mainly initiated by a primary lesion 
in the nervous system, commonly caused by a trauma, infec-
tion or ischemia. Alternatively, a dysfunction can be induced 
by cancer and the use of chemotherapy.[1] This chronic syn-
drome is characterized by spontaneous pain and an increased 

response to painful and innocuous stimuli.[2] Despite the 
great morbidity, social cost and negative impact on quality 
of life, the neuropathic pain has limited therapeutic options, 
due to the reduced number of pharmaceutical with efficacy 
in this syndrome.[3] Painful peripheral neuropathy is a com-
mon and dose-limiting side effect of anticancer drugs, such 
as vinca alkaloids, taxanes, epothilones and platinum-based 
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compounds.[4,5] Due to this chemotherapy-induced neurop-
athy, many oncological patients are unable to receive the 
entire treatment.[6] The prevalence of chemotherapy-induced 
neuropathy varies from 10% to 80%, according to the drug 
used. For instance, the platinum drug oxaliplatin, a well-
known peripheral neuropathy inducer, leads to the develop-
ing pain signs in 75% of the patients.[7] Up to now, no drug 
is available to reliably prevent or cure oxaliplatin-induced 
neuropathy, stressing the importance of the development 
of new agents with analgesic activity during neuropathic 
conditions.[8]

Thiazolidinones are small molecules, most known as 
antidiabetic glitazones, that act as agonists of nuclear recep-
tors, mainly the peroxisome proliferator-activated receptors 
(PPAR) family.[9–11] Thiazolidinones are considered pleio-
tropic agents with hypoglycemic, antihyperlipidemic, anti-
inflammatory and antinociceptive properties.[10,12–15] Park 
and collaborators first described the neuroprotective prop-
erties of thiazolidinones, showing that pretreatment with 
pioglitazone prevented numerous consequences of spinal 
cord injury, including neuronal damage, inflammation and 
behavioral neuropathic pain.[16] After this original work, it is 
becoming increasingly clear that the use of thiazolidinones, 
such as rosiglitazone and pioglitazone, represents a prom-
ising therapeutic strategy for neuropathic pain.[17–19] The 
oxaliplatin-induced mechanisms causing the neuropathic pain 
are still unclear, but a relationship between chemotherapy-
dependent mitochondrial alteration and neuropathy has been 
established. Recently, it was demonstrated a protective role 
of PPAR signaling in oxaliplatin neurotoxicity.[20] Therefore, 
the development of novel PPAR agonist–thiazolidinones 
endowed with analgesic property in chemotherapy-induced 
neuropathic pain holds great potential. In the present study, a 
series of thiazolidinone compounds were structurally planned 
from aryl thiosemicarbazones, prepared and chemically char-
acterized by spectroscopy analyses. Following this, the anal-
gesic potential of these new thiazolidinone compounds was 
evaluated in a mouse model of oxaliplatin-induced neuro-
pathic pain.

2  |   MATERIALS AND METHODS

2.1  |  Reagents and spectra analysis
All reagents were used as purchased from commercial 
sources (Sigma-Aldrich, Acros Organics, Vetec or Fluka). 
Progress of the reactions was followed by thin-layer chro-
matography (silica gel 60 F254 in aluminum foil). IR was 
determined in KBr pellets. For NMR, it was used a Bruker 
AMX-300 MHz (300 MHz for 1H and 75.5 MHz for 13C) 
instrument. DMSO-d6 was purchased from CIL. Chemical 
shifts are reported in ppm, and multiplicities are given as s 
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet) 

and dd (doublet of doublets) and coupling constants (J) in 
hertz. NH signals were localized in each spectrum after the 
addition of a few drops of D2O. Structural assignments were 
corroborated by DEPT analysis. Mass spectrometry experi-
ments were performed on a Q-TOF spectrometer LC-IT-TOF 
(Shimadzu). When otherwise specified, ESI was carried out 
in the positive ion mode. Reactions in an ultrasound bath 
were carried out under frequency of 40 kHz (180 W) and 
without external heating.

2.2  |  Synthesis of aryl thiosemicarbazones (2)
Compounds were prepared as described in the literature.[21] 
These compounds were isolated as solid crystals and recrys-
tallized in ethanol prior to use.

2.3  |  Synthesis of aryl thiazolidinones (3–17)
Example for compound (3): aryl thiosemicarbazone (5 mmol, 
1.1 g) and 15 mmol (1.2 g) of anhydrous sodium acetate were 
solubilized in 100 ml of ethanol and were added to a 250-ml 
round-bottomed flask under magnetic stirring and warmed 
for 30 min. Ethyl 2-chloro-2-phenyl acetate (2.0 g, 10 mmol) 
was added in portions, and the reaction mixture was stirred 
under reflux for 10 hr. After cooling back to r.t., salt was fil-
tered off and the solvent was evaporated for half of its volume 
and cooled to 0°C overnight. A colorless solid was obtained, 
filtered in Büchner funnel with sintered disc filter, washed 
with cold water and dried in vacuum.

2.3.1  |  5-Phenyl-2-(2-(1-phenylethylidene)
hydrazinyl)thiazol-4(5H)-one (3)
Crystallization from toluene afforded white crystals, yield 
70%. M.p. (°C): 182. IR (KBr): 3,358 (N–H), 1,713 (C=O), 
1,601 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 2.16 
(CH3), 5.00 (s, 1H, CH), 6.89–7.01 (m, 3H, Ar), 7.21–7.29 
(m, 7H, Ar), 10.80 (s, 1H, NH). 13C NMR (75.5 MHz, 
DMSO-d6): δ 25.1 (CH3), 51.4 (CH), 114.2 (CH, Ar), 114.2 
(CH, Ar), 120.9 (CH, Ar), 128.3 (CH, Ar), 128.7 (CH, 
Ar), 129.4 (CH, Ar), 130.4 (CH, Ar), 137.4 (C–N, Ar), 
157.1 (C=N), 162.8 (C–O), 164.4 (S–C=N), 174.2 (C=O). 
HRESIMS: 310.0615 [M + H]+.

2.3.2  |  5-Phenyl-2-(2-(1-(4-tolyl)ethylidene)
hydrazinyl)thiazol-4(5H)-one (4)
Crystallization from toluene afforded white crystals, yield 
63%. M.p. (°C): 201. IR (KBr): 3,350 (N–H), 1,709 (C=O), 
1,598 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 2.11 
(CH3), 2.30 (CH3), 3.41 (br s, 1H, NH), 5.00 (s, 1H, CH), 
6.92–7.03 (m, 3H, Ar), 7.14–7.22 (m, 6H, Ar). 13C NMR 
(75.5 MHz, DMSO-d6): δ 25.1 (CH3), 30.9 (CH3), 50.2 



      |  299MOREIRA et al.

(CH), 114.2 (CH, Ar), 114.2 (CH, Ar), 128.3 (CH, Ar), 128.7 
(CH, Ar), 130.1 (CH, Ar), 130.4 (CH, Ar), 137.4 (C–N, Ar), 
157.1 (C=N), 162.8 (C–O), 164.4 (S–C=N), 174.2 (C=O). 
HRESIMS: 324.1321 [M + H]+.

2.3.3  |  5-Phenyl-2-(2-(1-(4-anisyl)ethylidene)
hydrazinyl)thiazol-4(5H)-one (5)
Crystallization from toluene afforded white crystals, yield 
70%. M.p. (°C): 189. IR (KBr): 3,352 (N–H), 1,710 (C=O), 
1,601 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 2.11 
(CH3), 3.41 (br s, 1H, NH), 4.30 (OCH3), 5.00 (s, 1H, CH), 
6.92–7.03 (m, 3H, Ar), 7.10–7.16 (m, 6H, Ar). 13C NMR 
(75.5 MHz, DMSO-d6): δ 20.1 (CH3), 50.9 (OCH3), 52.2 
(CH), 114.2 (CH, Ar), 114.2 (CH, Ar), 120.9 (CH, Ar), 
128.3 (CH, Ar), 128.7 (CH, Ar), 130.1 (CH, Ar), 130.4 (CH, 
Ar), 137.4 (C–N, Ar), 157.1 (C=N), 162.8 (C–O), 164.4  
(S–C=N), 176.9 (C=O). HRESIMS: 340.0950 [M + H]+.

2.3.4  |  5-Phenyl-2-(2-(1-(4-tertbutylphenyl)
ethylidene)hydrazinyl)thiazol-4(5H)-one (6)
Crystallization from toluene afforded white crystals, yield 
55%. M.p. (°C): 162. IR (KBr): 3,330 (N–H), 1,710 (C=O), 
1,600 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 2.03 
(br s, 9 H, CH3), 2.11 (CH3), 3.41 (br s, 1H, NH), 4.97 (s, 
1H, CH), 6.87–7.00 (m, 3H, Ar), 7.11–7.18 (m, 6H, Ar). 13C 
NMR (75.5 MHz, DMSO-d6): δ 18.2 (CH3), 20.1 (CH3), 36.2 
(C), 52.2 (CH), 114.2 (CH, Ar), 114.2 (CH, Ar), 120.9 (CH, 
Ar), 128.3 (CH, Ar), 128.7 (CH, Ar), 130.1 (CH, Ar), 130.4 
(CH, Ar), 137.4 (C–N, Ar), 157.1 (C=N), 162.8 (C–O), 165.2 
(S–C=N), 176.9 (C=O). HRESIMS: 365.1732 [M + H]+.

2.3.5  |  5-Phenyl-2-(2-(1-(4-1′,1-biphenyl)
ethylidene)hydrazinyl)thiazol-4(5H)-one (7)
Crystallization from toluene afforded white crystals, yield 
53%. M.p. (°C): 187. IR (KBr): 3,343 (N–H), 1,708 (C=O), 
1,608 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 2.12 
(CH3), 3.36 (br s, 1H, NH), 5.05 (s, 1H, CH), 6.87–7.00 (m, 
3H, Ar), 7.43 (t, 2H, Ar), 7.49–7.54 (m, 6H, Ar), 7.62 (d, 2 
H, Ar). 13C NMR (75.5 MHz, DMSO-d6): δ 18.2 (CH3), 20.1 
(CH3), 36.2 (C), 52.2 (CH), 114.2 (CH, Ar), 114.2 (CH, Ar), 
114.9 (CH, Ar), 120.5 (C, Ar), 120.9 (CH, Ar), 129.3 (CH, 
Ar), 129.2 (CH, Ar), 130.1 (CH, Ar), 130.4 (C, Ar), 138.4 
(C–N, Ar), 157.1 (C=N), 162.8 (C–O), 165.2 (S–C=N), 
176.9 (C=O). HRESIMS: 386.1247 [M + H]+.

2.3.6  |  5-Phenyl-2-(2-(1-(4-hydroxyphenyl)
ethylidene)hydrazinyl)thiazol-4(5H)-one (8)
Crystallization from toluene afforded white crystals, 
yield 76%. M.p. (°C): 203 IR (KBr): 3,240 (N–H), 

1,711 (C=O), 1,597 (C=N) cm−1. 1H NMR (300 MHz, 
DMSO-d6): δ 2.06 (CH3), 3.30 (br s, 1H, NH), 5.01 (s, 
1H, CH), 6.92–7.03 (m, 3H, Ar), 7.10–7.16 (m, 6H, Ar), 
7.42 (t, 2H, Ar). 13C NMR (75.5 MHz, DMSO-d6): δ 20.1 
(CH3), 50.7 (CH), 113.9 (CH, Ar), 114.2 (CH, Ar), 120.9 
(CH, Ar), 128.3 (CH, Ar), 128.7 (CH, Ar), 130.1 (CH, 
Ar), 132.0 (CH, Ar), 137.4 (C–N, Ar), 157.1 (C=N), 
162.8 (C–O), 164.4 (S–C=N), 175.0 (C=O). HRESIMS: 
326.1034 [M + H]+.

2.3.7  |  5-Phenyl-2-(2-(1-(4-nitrophenyl)
ethylidene)hydrazinyl)thiazol-4(5H)-one (9)
Crystallization from toluene afforded yellowish crystals, 
yield 55%. M.p. (°C): 211–212 IR (KBr): 3,311 (N–H), 
1,710 (C=O), 1,597 (C=N) cm−1. 1H NMR (300 MHz, 
DMSO-d6): δ 2.06 (CH3), 5.01 (s, 1H, CH), 6.92–7.03 (m, 
3H, Ar), 7.10–7.16 (m, 6H, Ar), 7.52 (t, 2H, Ar). 13C NMR 
(75.5 MHz, DMSO-d6): δ 20.1 (CH3), 50.7 (CH), 113.9 (CH, 
Ar), 114.0 (CH, Ar), 120.9 (CH, Ar), 128.3 (CH, Ar), 128.7 
(CH, Ar), 130.1 (CH, Ar), 132.0 (CH, Ar), 135.0 (C–N, Ar), 
157.1 (C=N), 162.8 (C–O), 164.4 (S–C=N), 175.0 (C=O). 
HRESIMS: 354.9743 [M + H]+.

2.3.8  |  5-Phenyl-2-(2-(1-(4-fluorphenyl)
ethylidene)hydrazinyl)thiazol-4(5H)-one (10)
Crystallization from toluene afforded white crystals, 
yield 73%. M.p. (°C): 201 IR (KBr): 3,311 (N–H), 
1,710 (C=O), 1,605 (C=N) cm−1. 1H NMR (300 MHz, 
DMSO-d6): δ 2.06 (CH3), 5.21 (s, 1H, CH), 6.90–6.97 (m, 
3H, Ar), 7.10–7.16 (m, 6H, Ar), 7.52 (t, 2H, Ar). 13C NMR 
(75.5 MHz, DMSO-d6): δ 22.1 (CH3), 50.7 (CH), 111.0 
(C, Ar), 113.9 (CH, Ar), 114.0 (CH, Ar), 120.9 (CH, Ar), 
128.3 (CH, Ar), 128.7 (CH, Ar), 130.1 (CH, Ar), 131.1 
(C, Ar), 132.0 (CH, Ar), 135.0 (C–N, Ar), 157.1 (C=N), 
162.8 (C–O), 159.3 (S–C=N), 175.0 (C=O). HRESIMS: 
328.8231 [M + H]+.

2.3.9  |  5-Phenyl-2-(2-(1-(4-chlorophenyl)
ethylidene)hydrazinyl)thiazol-4(5H)-one (11)
Crystallization from toluene afforded white crystals, 
yield 73%. M.p. (°C): 232 IR (KBr): 3,401 (N–H), 
1,710 (C=O), 1,605 (C=N) cm−1. 1H NMR (300 MHz, 
DMSO-d6): δ 2.06 (CH3), 5.00 (s, 1H, CH), 6.90–6.97 (m, 
3H, Ar), 7.10–7.16 (m, 6H, Ar), 7.52 (t, 2H, Ar). 13C NMR 
(75.5 MHz, DMSO-d6): δ 21.1 (CH3), 50.7 (CH), 111.0 
(C, Ar), 113.9 (CH, Ar), 114.0 (CH, Ar), 120.9 (CH, Ar), 
128.3 (CH, Ar), 129.7 (CH, Ar), 130.1 (CH, Ar), 131.1 
(C, Ar), 132.0 (CH, Ar), 135.0 (C–N, Ar), 157.1 (C=N), 
162.8 (C–O), 164.4 (S–C=N), 175.0 (C=O). HRESIMS: 
344.9878 [M + H]+.
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2.3.10  |  5-Phenyl-2-(2-(1-(4-
trifluormethylphenyl)ethylidene)hydrazinyl)
thiazol-4(5H)-one (12)
Crystallization from toluene afforded white crystals, yield 
45%. M.p. (°C): 197 IR (KBr): 3,310 (N–H), 1,710 (C=O), 
1,605 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 2.06 
(CH3), 5.00 (s, 1H, CH), 6.90–6.97 (m, 3H, Ar), 7.10–7.15 
(m, 6H, Ar), 7.50 (t, 2H, Ar). HRESIMS: 378.0721 [M + H]+.

2.3.11  |  5-Phenyl-2-(2-(1-(3-
trifluormethylphenyl)ethylidene)hydrazinyl)
thiazol-4(5H)-one (13)
Crystallization from toluene afforded white crystals, yield 
41%. M.p. (°C): 201 IR (KBr): 3,307 (N–H), 1,709 (C=O), 
1,605 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 
2.06 (CH3), 5.00 (s, 1H, CH), 6.86–6.96 (m, 3H, Ar), 7.25–
7.34 (m, 6H, Ar), 7.61 (d, 2H, Ar). 13C NMR (75.5 MHz, 
DMSO-d6): δ 20.1 (CH3), 50.7 (CH), 111.0 (C, Ar), 113.9 
(CH, Ar), 114.0 (CH, Ar), 120.9 (CH, Ar), 128.3 (CH, Ar), 
128.7 (CH, Ar), 130.1 (CH, Ar), 131.1 (C, Ar), 132.0 (CH, 
Ar), 135.0 (C–N, Ar), 157.1 (C=N), 162.8 (C–O), 164.4  
(S–C=N), 176.8 (C=O). HRESIMS: 378.1211 [M + H]+.

2.3.12  |  5-Phenyl-2-(2-(1-(3,4-
dimethoxyphenyl)ethylidene)hydrazinyl)
thiazol-4(5H)-one (14)
Crystallization from toluene afforded white crystals, yield 
53%. M.p. (°C): 169 IR (KBr): 3,401 (N–H), 1,710 (C=O), 
1,605 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 
2.11 (CH3), 3.41 (br s, 1H, NH), 4.33 (OCH3), 5.00 (s, 1H, 
CH), 6.90–7.03 (m, 3H, Ar), 7.10–7.16 (m, 5H, Ar). 13C 
NMR (75.5 MHz, DMSO-d6): δ 20.1 (CH3), 52.1 (OCH3), 
53.0 (CH), 114.2 (CH, Ar), 115.0 (C, Ar), 120.9 (CH, Ar), 
128.3 (CH, Ar), 128.7 (CH, Ar), 130.1 (CH, Ar), 132.3 
(CH, Ar), 137.4 (C–N, Ar), 157.1 (C=N), 162.8 (C–O), 
164.4 (S–C=N), 176.9 (C=O). HRESIMS: 370.1133 
[M + H]+.

2.3.13  |  5-Phenyl-2-(2-(1-(3,4-
hydroxyphenyl)ethylidene)hydrazinyl)thiazol-
4(5H)-one (15)
Crystallization from toluene afforded white crystals, yield 
50%. M.p. (°C): 189 IR (KBr): 3,401 (OH), 1,708 (C=O), 
1,590 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 
2.11 (s, 1H, CH3), 3.41 (br s, 1H, NH), 5.11 (s, 1H, CH), 
6.89–6.96 (m, 3H, Ar), 7.10–7.14 (m, 5H, Ar). 13C NMR 
(75.5 MHz, DMSO-d6): δ 23.1 (CH3), 53.0 (CH), 114.2 (CH, 
Ar), 115.0 (C, Ar), 120.9 (CH, Ar), 128.3 (CH, Ar), 128.7 
(CH, Ar), 130.1 (CH, Ar), 132.3 (CH, Ar), 147.4 (C–N, Ar), 

157.1 (C=N), 162.8 (C–O), 164.4 (S–C=N), 176.9 (C=O). 
HRESIMS: 341.1233 [M + H]+.

2.3.14  |  5-Phenyl-2-(2-(1-(3-methoxy-4-
hydroxyphenyl)ethylidene)hydrazinyl)thiazol-
4(5H)-one (16)
Crystallization from toluene afforded white crystals, yield 
69%. M.p. (°C): 174 IR (KBr): 3,411 (N–H), 1,710 (C=O), 
1,605 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 2.11 
(CH3), 3.64 (br s, 1H, NH), 4.33 (OCH3), 5.00 (s, 1H, CH), 
6.90–7.03 (m, 3H, Ar), 7.10–7.16 (m, 5H, Ar). 13C NMR 
(75.5 MHz, DMSO-d6): δ 20.1 (CH3), 52.1 (OCH3), 53.0 
(CH), 114.2 (CH, Ar), 115.0 (C, Ar), 120.9 (CH, Ar), 128.3 
(CH, Ar), 129.3 (CH, Ar), 130.1 (CH, Ar), 132.3 (CH, Ar), 
137.4 (C–N, Ar), 157.1 (C=N), 162.8 (C–O), 164.4 (S–
C=N), 176.9 (C=O). HRESIMS: 356.1162 [M + H]+.

2.3.15  |  5-Phenyl-2-(2-(1-(3,4-
dimethylphenyl)ethylidene)hydrazinyl)thiazol-
4(5H)-one (17)
Crystallization from toluene afforded white crystals, yield 
73%. M.p. (°C): 181 IR (KBr): 3,410 (N–H), 1,710 (C=O), 
1,605 (C=N) cm−1. 1H NMR (300 MHz, DMSO-d6): δ 
2.12 (CH3), 2.18 (CH3), 3.64 (br s, 1H, NH), 5.03 (s, 1H, 
CH), 6.90–7.00 (m, 3H, Ar), 7.10–7.16 (m, 5H, Ar). 13C 
NMR (75.5 MHz, DMSO-d6): δ 20.1 (CH3), 52.1 (OCH3), 
53.0 (CH), 114.2 (CH, Ar), 115.0 (C, Ar), 120.9 (CH, Ar), 
128.3 (CH, Ar), 129.3 (CH, Ar), 130.1 (CH, Ar), 132.3 (CH, 
Ar), 137.4 (C–N, Ar), 157.1 (C=N), 162.8 (C–O), 164.4  
(S–C=N), 176.9 (C=O). HRESIMS: 338.1244 [M + H]+.

2.4  |  Physicochemical properties
Four physicochemical properties, molecular weight, lipo-
philic index (octanol–water partitioning, log P), hydrogen 
bond donors (H-bond donors) and hydrogen bond acceptors 
(H-bond acceptors), were calculated for thiazolidinones com-
pounds using the Program MarvinSketch 16.7.18 (ChemAxon 
Ltd., Budapest). These descriptors were used to the applica-
tion of Lipinski rules. The Lipinski’s rule states that bioavail-
able molecules are more likely to have <5 H-bond donors, 
<10 H-bond acceptors, <500 molecular weight and <5 log 
P.[22] The Lipinski’s index positivity is achieved to molecules 
that have no more than one violation (descriptor’s values that 
is out of the range).

2.5  |  Animals
Experiments were performed on male C57Bl/6 mice (18–
22 g) obtained from the Animal Facilities of Centro de 
Pesquisas Gonçalo Moniz/FIOCRUZ (Brazil). Animals were 
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housed in temperature-controlled rooms (22–25°C), under 
a 12:12 hr light–dark cycle, with access to water and food 
ad libitum. All behavioral tests were performed between 
8:00 a.m. and 5:00 p.m., and animals were only tested once. 
Animal care and handling procedures were in accordance 
with the National Institutes of Health guide for the care and 
use of Laboratory animals (NIH, 8023) and the Institutional 
Animal Care and Use Committee FIOCRUZ (CPqGM 
025/2011). Every effort was made to minimize the number of 
animals used and to avoid any discomfort. Behavioral tests 
were done without knowing to which experimental group 
each mouse belonged. Results shown are from two independ-
ent experiments performed.

2.6  |  Oxaliplatin-induced peripheral 
neuropathy and treatments
Peripheral neuropathy was induced in mice by a single 
intraperitoneal (i.p.) administration of 3 mg/kg oxaliplatin 
(Glenmark, India) dissolved in 5% dextrose at 100 μl.[23] Ten 
days after oxaliplatin injection, test compounds (thiazoli-
dinones; 5–40 mg/kg), reference drug (gabapentin, 150 mg/
kg, Pfizer, São Paulo, Brazil) or vehicle (200 μl) was given 
by intraperitoneal route and the nociception was assessed 1, 
2, 4, 6 and 8 hr after injection. The dose of gabapentin to 
induce the maximum effect was selected according to a previ-
ous study in mice.[24] For the antagonism assay, the PPARγ 
antagonist GW9662 (Sigma-Aldrich, St. Louis, MO, USA) 
was used. GW9662 was dissolved in 4% DMSO and imme-
diately given as an intraperitoneal injection (4 mg/kg) to the 
mice 24 hr prior to test compounds.[25]

2.7  |  Assessment of nociceptive threshold: 
von Frey filaments
The threshold to mechanical stimulation was measured with 
von Frey filaments (Stoelting, Chicago, IL, USA). In a quiet 
room, mice were placed in acrylic cages (12 × 10 × 17 cm) 
with wire grid floor which allowed full access to the ventral 
aspect of the hind paws, 30 min before the beginning of the 
test. A logarithmic series of nine filaments were applied to 
the left hindpaw to determine the threshold stiffness required 
for 50% paw withdrawal according to the non-parametric 
method of Dixon, as described by Chaplan and collabora-
tors.[26,27] A positive response was characterized by the 
removal of the paw followed by clear flinching movements. 
The development of sensorial neuropathy was characterized 
by mechanical hypersensitivity, indicated by the paw with-
drawal threshold reduction. The effects of thiazolidinones on 
the sensorial neuropathy were represented as paw withdrawal 
threshold and as percent maximum possible effect (% of inhi-
bition), considering the reversion of the mechanical hyper-
sensitivity at 2-hr time-point.

2.8  |  Rota-rod test
To evaluate possible non-specific muscle-relaxant or seda-
tive effects of thiazolidinones, mice were submitted to the 
rota-rod test. The rota-rod apparatus (Insight, Ribeirão Preto, 
Brazil) consisted of a bar with a diameter of 3 cm, subdivided 
into five compartments. The bar rotated at a constant speed 
of eight revolutions per min. The animals were selected 24 hr 
previously by eliminating those mice that did not remain on 
the bar for two consecutive periods of 120 s. Animals received 
intraperitoneal administration of diazepam (10 mg/kg,  
reference drug; Cristália, Itapira, Brazil), thiazolidinones 
(40 mg/kg), or vehicle, and 1 hr afterward, were placed on 
a rotating rod. The resistance to falling was measured up to 
120 s. The results are expressed as the average time (s), and 
the animals remained on the rota-rod in each group.

2.9  |  Open-field test
To assess the possible effects of thiazolidinones on locomotor 
activity, mice were evaluated in an open-field test.[28] Mice 
were treated with diazepam (10 mg/kg; reference drug), thia-
zolidinones (40 mg/kg) or vehicle by intraperitoneal route 
and 1 hr afterward were placed individually in a wooden box 
(40 × 60 × 50 cm) with the floor divided into 12 squares. The 
number of squares crossed with the four paws was counted 
for a period of 3 min.

2.10  |  Data analysis
All data are presented as means ± standard error of the mean 
(SEM) of measurements made on six animals in each group. 
Von Frey data were analyzed using two-way ANOVA (group 
and time) followed by Bonferroni’s multiple comparisons. 
Remaining data were analyzed using one-way ANOVA fol-
lowed by Tukey’s posttest. All data were analyzed using 
the Prism 5 computer software (GraphPad, San Diego, CA, 
USA). Statistical differences were considered to be significant 
at p < .05. In the present study, to determine the ED50 values 
of thiazolidinones, the compounds were administered at doses 
ranging between 5 and 40 mg/kg. Four doses were used for 
each compound. ED50 values and confidence limits were cal-
culated by computer-assisted log-probit analysis according to 
Litchfield and Wilcoxon.[29] ED50 values were calculated using 
the percent maximum possible effect, considering the inhibi-
tion of the mechanical hypersensitivity at 2-hr time-point.

3  |   RESULTS

3.1  |  Chemistry
The synthesis of 15 thiazolidinones (3–17) was accomplished 
in two steps, as outlined in Figure 1. The condensation 
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reaction between respective aryl ketone and thiosemicar-
bazide 1 afforded aryl thiosemicarbazones. Synthesized 
thiosemicarbazones 2 were then reacted in basic and reflux 
heating conditions with ethyl 2-chloro-2-phenyl acetate, 
forming 3–17 compounds. Thiazolidinones were isolated in 
acceptable yields (41%–86%) and purity (>95%). The struc-
tures were determined by 1H and 13C NMR, IR and mass 
spectra. An analysis of 1H NMR for these compounds also 
revealed only one isomer. Chemical shifts in the hydrogen of 
iminic group are suggestive of an E-geometry.[21] To study 
the structure–activity relationships, we firstly used mono-
substituents attached at 4-position of phenyl ring (CH3, F, Cl, 
Ph, OCH3, CF3, OH, NO2). In these substituent series, the σp-
Hammet values ranged from −0.37 for OH to +0.78 for NO2; 
therefore, the electronic contribution of the para-substituent 
on the phenyl group could vary significantly and allowing 
us to investigate the nature of each substituent for activity. 
Subsequently, we examined few substituents attached at 
3-position or at both 3- and 4-positions, which allowed us 
to investigate the importance of position of a substituent for 
activity.

3.2  |  Pharmacological evaluation
After structural characterization of thiazolidinones 3–17, the 
therapeutic potential of the new thiazolidinone compounds 
was evaluated in an established oxaliplatin-induced painful 
neuropathy model. Behavioral testing using von Frey, rota-
rod and open field were taken at baseline and at different 
times after treatment, and the antinociceptive activity was 
expressed as reduction in mechanical hypersensitivity. First, 
compounds were tested at single dose of 40 mg/kg by intra-
peritoneal route. This dose was established in a preliminary 
study of systemic toxicity showing that the designed thiazo-
lidinones at 40 mg/kg did not affect the animal corporal mass 
and did not induce any variation in the general appearance or 
evident toxic signs in the treated mice. Following the initial 
test, the most active compounds without motor performance 

interference were selected to evaluation of dose–response 
relationship, efficacy and potency (ED50). Gabapentin was 
used as the gold standard drug.

To monitor well-being, mice were observed and weighed 
daily throughout the experiment. All mice survived until 
the end of study. There were no signs of distress or general 
toxicity. Administration of oxaliplatin has been shown to 
induce neuropathy-associated behavioral mechanical hyper-
sensitivity in mice without causing severe body weight loss 
or motor impairment (Figures 2 and 3). Behavioral signs of 
sensorial neuropathy were evident 3 days after the oxalipla-
tin treatment, peaked around 8 days persisting throughout the 
experimental time (12 days). To determine whether thiazo-
lidinone compounds reduce the nociceptive hypersensitivity 
in chemotherapy-induced neuropathy, the paw withdrawal 
thresholds in neuropathic mice treated with thiazolidinone 
or vehicle were measured. All tested thiazolidinones showed 
statistically significant antinociception, but on a different 
scale of magnitude (Figure 2). Compounds 3, 4, 5, 6 and 
11 exhibited discrete and short-lived antinociceptive effect. 
Compounds 7, 8, 9 and 10 showed a moderate antinocicep-
tion. Compounds 12, 13, 14 and 17 showed improved anti-
nociception, while 15 and 16 presented maximum effect and 
long-lasting antinociception.

To rule out relaxing or motor impairing effects, the influ-
ence of the most active compounds 12, 14, 15, 16 on the motor 
performance was evaluated (Figure 3). Administration of thi-
azolidinones 12, 15 as well as 16 at therapeutic doses (40 mg/
kg) did not affect the motor performance of the mice, as tested 
in the rota-rod (Figure 3a) and open-field (Figure 3b) tests. As 
expected, 1 hr of treatment with the central nervous system 
depressant diazepam (10 mg/kg, ip), a standard drug, reduced 
the time of mice on the rota-rod and the number of cross-
ings on the open field. Similarly, compound 14 (40 mg/kg  
i.p.) caused motor impairment.

Taking impairing of motor function and magnitude of 
effect as parameters steering, compounds 12, 15 and 16 
were further investigated. The physicochemical properties of 

F I G U R E   1   Synthesis of 
thiazolidinones (3–17). Reagents and 
conditions: (a) acetic acid (cat.), ethanol, 
ultrasound bath, 30 min. (b) ethyl 2-chloro-
2-phenyl acetate, NaOAc, ethanol, reflux, 
10 hr
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12, 15 and 16 were analyzed by testing the Lipinski rules. 
According to Table 1, thiazolidinones 15 and 16 satisfied all 
Lipinski rules, and thiazolidinone 12 satisfied three of the 
four Lipinski criteria. Next, pharmacological properties of 
12, 15 and 16 were investigated and compared to gabapen-
tin pharmacological profile (Figure 4). Thiazolidinones 12 
and 15 display a dose-related antinociceptive effect, with 

similar pharmacological efficacy compared to gabapentin. 
Thiazolidinone 12 exhibited an ED50 value of 18.6 mg/kg 
to reverse mechanical hypersensitivity, indicating a similar 
potency relative to gabapentin (ED50 value of 21.3 mg/kg). 
In contrast, compounds 15 and 16 were 6- and 12-fold more 
potent that gabapentin, respectively, displaying ED50 values 
of 3.3 and 1.7 mg/kg. The dose-related antinociceptive effect 

F I G U R E   2   Effects of thiazolidinones on oxaliplatin-induced nociceptive hypersensitivity in mice. Mechanical nociceptive threshold was 
tested 10 days after the oxaliplatin (3 mg/kg) treatment. Mice were treated with thiazolidinones (40 mg/kg) or vehicle (200 μl; control group) 
by intraperitoneal route (zero time), and the mechanical thresholds were evaluated at different times after injection, as indicated in the figure. 
Mechanical thresholds are represented as 50% paw withdrawal threshold, in grams. Panel a: antinociceptive effects of 7, 12, 13 and 17. Panel b: 
antinociceptive effects of 8, 9, 10 and 11. Panel c: antinociceptive effects of 14, 15 and 16. Panel d: antinociceptive effects of 3, 4, 5 and 6. Inset on 
panels showing the percent maximum possible effect (% of inhibition), considering the mechanical hypersensitivity inhibition at 2-hr point. Data 
are expressed as means ± SEM; n = 6 mice per group. *Significantly different from vehicle-treated group (p < .05), as determined by two-way 
ANOVA followed by the Bonferroni’s test
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F I G U R E   3   Effects of thiazolidinones on motor function. Bar graphs representing (a) the run time on the rota-rod and (b) the number of 
square crossings in the open-field test, 1 hr after the intraperitoneal administration of thiazolidinones 12, 14, 15 and 16 (40 mg/kg), vehicle (200 μl; 
control group) or diazepam (10 mg/kg; reference drug). Data are reported as means ± SEM; n = 6 mice per group. *Significantly different from the 
vehicle-treated group (p < .001), as determined by ANOVA followed by the Tukey’s range test
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of thiazolidinone 16 was long-lasting and with an enhanced 
efficacy than that of gabapentin. Aiming to confirm the con-
tribution of PPAR activation to the antinociceptive effects of 
the designed thiazolidinones, its effects on the mechanical 
hypersensitivity of neuropathic mice were also evaluated in 
the presence of GW9662, a PPARγ antagonist. Systemic pre-
treatment with GW9662 (4 mg/kg ip) completely prevented 
the antinociceptive effect of 12 and 15, and reduced in 66% 
the 16-induced antinociception (Figure 4d).

4  |   DISCUSSION

In the present study, the analgesic potential of the designed 
thiazolidinones was analyzed in a comparative way, by 
varying the substituents attached to the phenyl ring. First, 
the unsubstituted thiazolidinone 3 was evaluated, showing 
low antinociceptive activity on the chemotherapy-induced 
neuropathy model. Similar to 3, the substituted thiazoli-
dinone presenting a methyl 4, methoxy 5 or butyl 6 groups 
also presented low activity. These results indicated that the 
attachment of apolar groups does not increase antinocicep-
tive activity in thiazolidinone. The substituted thiazolidinone 
containing a phenyl group 7 displayed slightly superior 
activity than unsubstituted thiazolidinone 3. Similarly, when 
a polar group, such as hydroxyl 8 or nitro 9, was attached 
in the structure of thiazolidinone, the antinociceptive activ-
ity was increased up to 48% of mechanical hypersensitivity 
reversion, as observed in compound 8. Compounds contain-
ing halogen atoms were also evaluated. The thiazolidinone 
containing fluoro 10, but not chloro 11, presented improved 
antinociceptive activity than unsubstituted thiazolidinone 3. 
In addition, the trifluoromethyl 12 and 13 enhanced more 
than twofold the antinociceptive activity of the unsubsti-
tuted thiazolidinone 3. An important improvement of activ-
ity was observed when two substituents were attached, such 
as 3,4-dimethoxy, 3,4-dihydroxyl and 3-methoxy-4-hydroxy 
groups, yielding compounds 14, 15, 16, respectively. 
However, compound presenting two methyl groups 17 was 
slightly less active than other bi-substituent compounds. In 
summary, the identification of new synthetic antinociceptive 
compounds was achieved here by using the thiazolidinone 

heterocyclic as main structural pharmacophoric group. By 
varying the substituents attached to the phenyl ring, it was 
possible to observe substituents that maintain or increase the 
antinociceptive activity in comparison with the unsubstituted 
thiazolidinone.

Most tests that are used to study pain in animals involve 
motor responses to nociceptive stimuli.[30] Therefore, the 
reduction in the behavioral nociceptive response induced 
by new substances could be associated with motor deficits 
rather than antinociceptive activity. To avoid misinterpre-
tation of data, the motor performance of mice treated with 
thiazolidinones was evaluated. The negative results of thi-
azolidinones 12, 15 and 16 on the motor assays corroborate 
their antinociceptive properties indicated by the nociceptive 
test. Considering that thiazolidinones 12, 15 and 16 display 
antinociceptive activity without impairing general motor, 
their pharmacological characterization was next performed 
through the evaluation of dose–response relationship, effi-
cacy and potency (ED50). In addition, physicochemical prop-
erties of these thiazolidinones were calculated, allowing the 
application of the Lipinski rules to predict the bioavailable of 
this compounds.[22]

Despite advances in pharmaceutical sciences, drug dis-
covery is still an expensive and laborious process. An obsta-
cle to be transposed is the difficulty of identifying bioactive 
compounds with the appropriate properties that are ultimately 
successful in the clinical phase. A frequent problem related to 
the risk of clinical failure of new drugs is low oral bioavail-
ability of the compounds. Numerous studies have connected 
the bioavailability to the physiochemical properties of mole-
cules.[31] Among the different approaches that have been used 
to assess the properties of molecules in early stages of the 
discovery–research process, the Lipinski rules are the most 
widely employed. This set of rules identify descriptors based 
on intrinsic and physicochemical properties that help to infer 
whether the studied compounds might have, or not, problems 
regarding oral bioavailability.[22] In the present study, the 
physicochemical properties of the thiazolidinone compounds 
with the improved antinociceptive activity were analyzed by 
testing the Lipinski rules. Compounds 15 and 16 satisfied all 
Lipinski rules, while 12 satisfied three of the four Lipinski 
criteria. Compounds showing physicochemical descriptors 

Compound
Molecular  
weighta (g/mol) Log Pb

H-bond  
acceptorsc

H-bond  
donorsd

Lipinski’s  
rule

12 377 5.02 8 1 YES

15 341 3.56 7 3 YES

16 355 3.60 7 2 YES
aThe upper limit of the molecular weight is 500.
bThe log P value should not be >5.
cThe upper limit of the number of hydrogen bond acceptors is 10.
dThe upper limit of the number of hydrogen bond donors is 5. Number of violation allowed is 1.

T A B L E   1   Lipinski rules parameters 
results for the antinociceptive thiazolidinone 
compounds
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values within an established range are more likely to be mem-
brane permeable and more easily absorbed by the body.[31] 
Based on this analysis, 15 and 16 are predicted to have suit-
able bioavailability after oral administration, increasing the 
pharmaceutical potential of these molecules.

From the dose–response studies, it was possible to demon-
strate that 12, 15 and 16 display a dose-related antinocicep-
tive effect and improved pharmacological properties. The 
antinociceptive effect of 16 was more potent, long-lasting 
and with an enhanced efficacy than gabapentin, the gold 
standard drug used for clinical control of neuropathic pain, 
which is an ideal profile for drug development of novel pain 
killers. It is important to note that the antinociceptive effects 
of 12, 15 and 16 were prevented by the PPARγ antagonist, 
suggesting that these compounds have agonistic properties 
in PPARγ. In fact, the potential of thiazolidinones as a new 
therapeutic approach for oxaliplatin-induced neuropathic 
pain has been demonstrated.[20] This concept is based on the 
causal relationship between oxaliplatin-induced neuropathic 
pain and oxidative stress.[32] Mitochondria and peroxisomes, 

the main organelles involved with the cellular redox balance, 
have been considered key targets of oxaliplatin neurotoxic-
ity.[33] Oxaliplatin-evoked painful neuropathy is associated 
with impaired mitochondrial function in peripheral nerve 
axons, resulting in a chronic axonal energy deficit that may 
be the cause of the neuropathy symptoms.[33,34] In addition, 
a relationship between neuropathy and catalase impair-
ment has been demonstrated.[35,36] Catalase, an important 
antioxidant defense enzyme, shows decreased efficiency in 
pain pathways during oxaliplatin-induced painful neuropa-
thy.[20] The activity and gene expression of this enzyme are 
increased by PPARγ activation, triggering antioxidant mech-
anisms.[37] In fact, activation of PPAR in the pain pathways 
protects neuronal damage induced by oxidative stress.[17,18,38] 
PPAR is a class of ligand-activated transcription factors of 
the nuclear receptor superfamily. In addition to their physio-
logical role as a regulator of lipid metabolism, PPAR ligands 
repress the neuroinflammatory response in neurodegenera-
tive conditions, by molecular mechanisms of gene transre-
pression.[39] The ability of these nuclear receptors to reduce 

F I G U R E   4   Dose–response curves of thiazolidinones on oxaliplatin-induced nociceptive hypersensitivity in mice. Mechanical nociceptive 
threshold was tested 10 days after the oxaliplatin (3 mg/kg) treatment. Mice were treated with thiazolidinones (5–40 mg/kg) or vehicle (200 μl; 
control group) by intraperitoneal route (zero time), and the mechanical thresholds were evaluated at different times after injection, as indicated in 
the figure. Mechanical thresholds are represented as 50% paw withdrawal threshold, in grams. Panels A, B and C show the dose–response curves of 
12, 15 and 16, respectively. Gabapentin (100 mg/kg/ip) was used as reference drug. Inset on panels showing the ED50 values. Panel D shows data 
from PPAR antagonism assay. Bars representing the percent maximum possible antinociceptive effect, considering the mechanical hypersensitivity 
inhibition at 2-hr point. GW9662 (4 mg/kg; PPAR antagonist) or vehicle was administered by intraperitoneal route 24 hr prior to thiazolidinones 12, 
15 or 16. Data are expressed as means ± SEM; n = 6 mice per group. *Significantly different from vehicle-treated group (p < .05), as determined 
by two-way ANOVA followed by the Bonferroni’s test
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neuroinflammation and protect against neuronal oxidative 
damage makes them attractive targets for intervention in neu-
rological diseases, such as neurodegenerative diseases, spinal 
cord injury and neuropathic pain.[16,39–42] Data showed in the 
present study are in line with this propose, reinforcing that 
thiazolidinones are strong antinociceptive compounds, able 
to substantially reverse the nociceptive sensitization associ-
ated with oxaliplatin-induced neuropathy.

In conclusion, the present results show that the structural 
design and synthesis of new thiazolidinones are an efficient 
medicinal chemistry approach to the identification of new 
compounds with improved pharmacological properties and 
potentially useful to treat oxaliplatin-induced neuropathic 
pain.
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