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Abstract: In the present study, some hydrazone derivatives were synthesized via the reaction of 3-cyclohexylpropionic
acid hydrazide with various benzaldehydes. The chemical structures of the compounds were elucidated by spectroscopic
techniques such as IR, 'H-NMR and FAB-MS and elemental analyses. The compounds were evaluated for their anti-
inflammatory and cytotoxic activities. Anti-inflammatory activity was determined in terms of inhibition of NF-xB, ROS
generation and iNOS activity. Several derivatives inhibited NF-kB and iNOS, but no effect was observed on intracellular
ROS generation. Furthermore no cytoxicity was observed. Biological activity compared with the chemical structural
information suggests that different functional groups on the phenyl ring influence the physicochemical properties and thus

modulate biological activity.
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INTRODUCTION

Inflammation, a biological stress response of vascular
tissues to harmful stimuli, such as pathogens, damaged cells,
or irritants, is a protective attempt by the organism to remove
the injurious stimuli and then initiate the healing response
[1,2].

Nonsteroidal anti-inflammatory drugs (NSAIDs) act
primarily by inhibiting cyclooxygenase (COX) enzymes,
which catalyze the first step in the prostaglandin
biosynthesis. These agents are currently used as first-line
therapeutics in the treatment of osteoarthritis, rheumatoid
arthritis, systemic lupus erythematosis, and other
inflammatory syndromes to reduce inflammation and control
pain. In each case, the treatment is palliative rather than
disease modifying [3].

The frequent use of NSAIDs as over-the-counter (OTC)
drugs has been rising in recent years and therefore the
adverse effects associated with the widespread use of these
agents have become an inevitable problem. In order to
overcome this serious problem, the search for new effective
anti-inflammatory agents has gained great importance [4-6].

Hydrazones have received considerable attention due to
their biological importance in medicinal chemistry. Many
studies have confirmed that hydrazone derivatives exhibit a
wide spectrum of biological effects including anti-
inflammatory activity [7-25]. Fraga and co-workers
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discovered new effective analgesic, anti-inflammatory and
antithrombotic agents bearing hydrazone moiety and carried
out considerable research for identifying the pharmacophoric
contribution of N-acylhydrazone moiety to modulation of
biological activity [25].

In this study, we described the synthesis of some
hydrazone derivatives and focused on their anti-
inflammatory activity and cytotoxicity.

MATERIALS AND METHODS
Chemistry

All reagents were purchased from commercial suppliers
and were used without further purification. Melting points
(m.p.) were determined on a Electrothermal 9100 melting
point apparatus (Weiss-Gallenkamp, Loughborough, UK)
and are uncorrected. Proton nuclear magnetic resonance ('H-
NMR) spectra were recorded on Bruker 500 MHz
spectrometer (Bruker, Billerica, MA, USA). Chemical shifts
were expressed in parts per million (ppm) and
tetramethylsilane was used as an internal standard. Mass
spectra were recorded on a VG Quattro Mass spectrometer
(Agilent, Minnesota, USA). Elemental analyses were
performed on a Perkin Elmer EAL 240 elemental analyzer
(Perkin-Elmer, Norwalk, CT, USA).

General Procedure for Synthesis of the Compounds
3-cyclohexylpropionic acid hydrazide (1)

The compound was prepared by reacting ethyl 3-
cyclohexylpropionate with hydrazine hydrate according to
the literature [26].

© 2012 Bentham Science Publishers
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N-(benzylidene)-3-cyclohexylpropionic
derivatives (2a-j)

acid  hydrazide

A mixture of 3-cyclohexylpropionic acid hydrazide (1)
(30 mmol) and appropriate benzaldehydes in absolute
ethanol (25 mL) was refluxed for 3-5 hours. The resulting
solid was filtered and crystallized from ethanol.

N-(benzylidene)-3-cyclohexylpropionic acid hydrazide (2a)

IR (KBr) vpex (cm™): 3450-3246 (NH), 1680 (C=0),
1600-1542 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.87-1.75
(11H, m, cyclohexane), 2.19-2.22 (2H, cyclohexane-CH,),
2.60-2.65 (2H, t, CH,-CO), 7.40-8.18 (6H, m, phenyl and
CH=N protons), 11.19-11.35 (1H, two s, N-H).

MS (FAB); m/z: 259 [M + 1]

Anal. Calc. for C;4H,,N,O: C, 74.38; H, 8.58; N, 10.84.
Found: C, 74.40; H, 8.57; N, 10.88.

N-(4-nitrobenzylidene)-3-cyclohexylpropionic acid
hydrazide (2b)

IR (KBr) vpe (cm™): 3468-3255 (NH), 1685 (C=0),
1605-1530 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.88-1.75
(11H, m, cyclohexane), 2.24-2.27 (2H, m, cyclohexane-
CH,), 2.65-2.68 (2H, t, CH,-CO), 7.91-8.30 (5H, m, phenyl
and CH=N protons), 11.53-11.66 (1H, two s, N-H).

MS (FAB); m/z: 304 [M+1]

Anal. Calc. for C;4H,N;O0;5: C, 63.35; H, 6.98; N, 13.85.
Found: C, 63.39; H, 6.95; N, 13.83.

N-(4-methylbenzylidene)-3-cyclohexylpropionic acid
hydrazide (2c)

IR (KBr) vpex (cm™): 3475-3239 (NH), 1684 (C=0),
1625-1510 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.85-1.75
(11H, m, cyclohexane), 2.18-2.21 (2H, m, cyclohexane-
CH,), 2.33-2.34 (3H, CH3;), 2.60-2.63 (2H, t, CH,-CO), 7.24-
8.12 (5H, m, phenyl and CH=N protons), 11.13-11.27 (1H,
two s, N-H).

MS (FAB); m/z: 273 [M+1]

Anal. Calc. for C;7H4N,O: C, 74.96; H, 8.88; N, 10.28.
Found: C, 74.99; H, 8.90; N, 10.27.

N-(4-bromobenzylidene)-3-cyclohexylpropionic acid
hydrazide (2d)

IR (KBr) vpex (cm™): 3440-3222 (NH), 1688 (C=0),
1621-1511 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.87-1.74
(11H, m, cyclohexane), 2.19-2.23 (2H, m, cyclohexane-
CH,), 2.60-2.65 (2H, t, CH,-CO), 7.59-8.14 (5H, m, phenyl
and CH=N protons), 11.28-11.41 (1H, two s, N-H).

MS (FAB); m/z: 339 [M+2]

Anal. Calc. for C;¢H,;BrN,O: C, 56.98; H, 6.28; N, 8.31.
Found: C, 56.95; H, 6.25; N, 8.31.
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N-(4-florobenzylidene)-3-cyclohexylpropionic acid
hydrazide (2e)

IR (KBr) vpe (cm™): 3472-3225 (NH), 1679 (C=0),
1588-1502 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.87-1.74
(11H, m, cyclohexane), 2.19-2.22 (2H, m, cyclohexane-
CH,), 2.60-2.63 (2H, t, CH,-CO), 7.26-8.17 (5H, m, phenyl
and CH=N protons), 11.21-11.35 (1H, two s, N-H).

MS (FAB); m/z: 277 [M+1]

Anal. Calc. for C;¢H,;FN,O: C, 69.54; H, 7.66; N, 10.14.
Found: C, 69.54; H, 7.68; N, 10.11.

N-(4-hydroxybenzylidene)-3-cyclohexylpropionic acid
hydrazide (2f)

IR (KBr) vpex (cm™): 3458-3228 (NH), 1681 (C=0),
1595-1508 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.85-1.74
(11H, m, cyclohexane), 2.15-2.19 (2H, m, cyclohexane-
CH,), 2.57-2.60 (2H, t, CH,-CO), 6.80-8.04 (5H, m, phenyl
and CH=N protons), 9.86-9.89 (1H, O-H), 10.98-11.12 (1H,
two s, N-H).

MS (FAB); m/z: 275 [M+1]

Anal. Calc. for C;4H,,N,0,: C, 70.04; H, 8.08; N, 10.21.
Found: 70.01; H, 8.11; N, 10.24.

N-(4-methoxybenzylidene)-3-cyclohexylpropionic acid
hydrazide (2g)

IR (KBr) vpex (cm™): 3468-3215 (NH), 1688 (C=0),
1612-1535 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.87-1.74
(11H, m, cyclohexane), 2.17-2.20 (2H, m, cyclohexane-
CH,), 2.59-2.62 (2H, t, CH,-CO), 3.79-3.80 (3H, OCH,),
6.99-8.10 (5H, m, phenyl and CH=N protons), 11.07-11.20
(1H, two s, N-H).

MS (FAB); m/z: 289 [M+1]

Anal. Calc. for C7;H,4N,O,: C, 70.80; H, 8.39; N, 9.71.
Found: C, 70.84; H, 8.41; N, 9.73.

N-(4-chlorobenzylidene)-3-cyclohexylpropionic acid
hydrazide (2h)

IR (KBr) vma (cm™): 3442-3216 (NH), 1686 (C=0),
1590-1526 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.85-1.74
(11H, m, cyclohexane), 2.19-2.23 (2H, m, cyclohexane-
CH,), 2.61-2.65 (2H, t, CH,-CO), 7.49-8.15 (5H, m, phenyl
and CH=N protons), 11.27-11.40 (1H, two s, N-H).

MS (FAB); m/z: 293 [M+1]

Anal. Calc. for C;cH,;CIN,O: C, 65.63; H, 7.23; N, 9.57.
Found: C, 65.65; H, 7.25; N, 9.56.
N-(4-isopropylbenzylidene)-3-cyclohexylpropionic acid
hydrazide (2i)

IR (KBr) vma (cm™): 3452-3240 (NH), 1688 (C=0),
1635-1555 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.85-1.74
(17H, m, cyclohexane, isopropyl (CH3),, 2.18-2.21 (2H, m,
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cyclohexane-CH,), 2.60-2.65 (2H, t, CH,-CO), 2.89-2.95
(1H, m, isopropyl CH), 7.30-8.12 (5H, m, phenyl and CH=N
protons), 11.15-11.27 (1H, two s, N-H).

MS (FAB); m/z: 301 [M+1]

Anal. Calc. for C;9H3N,O: C, 75.96; H, 9.39; N, 9.32.
Found: C, 75.97; H, 9.41; N, 9.34.

N-(4-dimethylaminobenzylidene)-3-cyclohexylpropionic
acid hydrazide (2j)

IR (KBr) vpex (cm™): 3440-3215 (NH), 1685 (C=0),
1610-1500 (C=N, C=C).

'H NMR (500 MHz) (DMSO-d,) & (ppm): 0.84-1.75
(11H, m, cyclohexane), 2.15-2.18 (2H, m, cyclohexane-
CH,), 2.57-2.59 (2H, t, CH,-CO), 2.92-3.05 (6H, N(CHj;),),
6.73-8.00 (5H, m, phenyl and CH=N protons), 10.90-11.02
(1H, two s, N-H).

MS (FAB); m/z: 302 [M+1]

Anal. Calc. for C;gH,;N;O: C, 71.72; H, 9.03; N, 13.94.
Found: C, 71.74; H, 9.05; N, 13.97.

Biological Assays

In vitro cytotoxicity and anti-inflammatory activities
were determined at National Center for Natural Products
Research, Research Institute of Pharmaceutical Sciences,
The University of Mississippi.

Anti-Inflammatory Assay

Anti-inflammatory activity was determined in terms of
inhibition of NF-xB-mediated transcription and inhibition of
intracellular generation of reactive oxygen species (ROS)
and nitric oxide (NO). Free radicals are formed in
pathological events, such as oxidative stress during
inflammatory processes, which are often correlated with
increased levels of inducible nitric oxide synthase (iNOS)-
derived nitric oxide. Nitrite and nitrate, nitric oxide stable
metabolites, can react with superoxide radical, thus
generating peroxynitrites which, in turn, may activate NF-
kB. Inhibition of NF-xB mediated transcription was
determined in human chondrosarcoma (SW1353) cells by a
reporter gene assay as described earlier [27]. In brief, at
about 75% confluency, cells were harvested and transfected
with NF-«xB reporter luciferase plasmid construct at 160 V
and one 70-ms pulse in a BTX Electro Square Porator T 820.
Transfected cells were plated in 96-well plates (1x10°
cells/well) and incubated for 24 h. After 24 h, cells were
exposed to test samples for 30 min and then incubated for 8
h with PMA (70 ng/mL) for the activation of NF-xB. After
removing medium, cells were lysed by adding 40 uL of a 1:1
mixture of LucLite reagent and PBS containing 1 mM
calcium and magnesium. Luciferase activity was measured
as light output on a SpectraMax plate reader. I1Cso values
were obtained from dose response curves. Sp-1 was used as
a control transcription factor to evaluate the toxicity of tested
compounds in the same assay. Parthenolide was used as the
positive control. Inhibition of intracellular NO production as
a result of iNOS activity was assayed in mouse macrophages
(RAW 264.7 cells) as described [27]. Cells were seeded in
96-well plates at a density of 50,000 cells/well and grown for
24 h for a confluency of 75% or more. Test samples were
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added at various concentrations and after 30 minutes LPS (5
pug/mL) was added and cells were further incubated for 24 h.
NO concentration was determined by measuring the level of
nitrite in the cell culture supernatant with Griess reagent. The
degree of inhibition of nitrite production was calculated in
comparison to the vehicle control. ICs, values were obtained
from dose response curves. Cytotoxicity of test samples to
macrophages was also determined in parallel to check if the
inhibition of iNOS is due to cytotoxic effects. Parthenolide
was used in each assay as the positive control.

Inhibition of intracellular ROS generation (antioxidant
activity) was assayed in human promyelocytic leukemia
(HL-60) cells. Cells were seeded in 96-well plates (100,000
cells/well) and treated with different concentrations of test
samples for 30 min. Cells were then stimulated with PMA
(100 ng/mL) for 30 min. ROS generation is determined by
using DCFH-DA as described previously [27]. DCFH-DA is
a non-fluorescent probe that diffuses into the cells.
Cytoplasmic esterases hydrolyze the DCFH-DA to 2'.7'-
dichlorofluorescein (DCFH). The reactive oxygen species
(ROS) generated within cells oxidize DCFH to 2'7'-
dichlorofluorescein (DCF) that fluoresces. The ability of the
test compounds to inhibit production of DCF in PMA treated
HL-60 cells was measured in comparison to the vehicle
control. The ICsy values were calculated from dose curves of
the % DCF production versus test concentrations. Trolox
was used as positive control.

Cytotoxicity Assay

Cytotoxicity was determined against a panel of four
human tumor cell lines [SK-MEL (malignant melanoma);
KB (oral epidermal carcinoma); BT-549 (breast ductal
carcinoma); and SK-OV-3 (ovary carcinoma)]; and two
noncancerous cell lines Vero (African green monkey kidney
fibroblasts) and LLC-PK1 (pig kidney epithelial cells)] as
described earlier [27]. Cells were seeded at a density of
25,000 cells/well in 96-well plates and grown for 24 hours.
Samples were added and plates were incubated for 48 hours.
Cell viability was determined by using Neutral Red. 1Cs,
values were obtained from dose response curves of percent
viability versus test concentrations. Doxorubicin was used as
a positive control.

RESULTS AND DISCUSSION
Chemistry

Initially, 3-cyclohexylpropionic acid hydrazide (1) was
obtained by the reaction of ethyl 3-cyclohexylpropionate
with hydrazine hydrate [26]. The target compounds (2a-j)
were synthesized via the nucleophilic addition-elimination
reaction of 3-cyclohexylpropionic acid hydrazide with
various benzaldehydes. These reactions are summarized in
Scheme 1 and some properties of the compounds are listed in
Table 1.

The structures of the compounds (2a-j) were confirmed
by IR, '"H- NMR and mass spectral data and elemental
analyses.

In the IR spectra, all derivatives (2a-j) had a strong,
characteristic band in the region 1700-1650 cm™ due to the
C=0 stretching vibration. The N-H stretching vibration of
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Fig. (1). The synthesis of hydrazone derivatives (2a-2j).
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Table 1. Some Properties of Hydrazone Derivatives (2a-2j)
Compound R Yield (%) M.p. (°C) Molecular formula Molecular weight
2a H 85 109-112 CisHN,O 258
2b NO, 95 164-168 Ci6H2N;0;5 303
2¢ CH; 75 113-116 C7HuN,O 272
2d Br 85 180-183 Cy6H2BrN,O 337
2e F 85 110-113,5 CisH2 FN,O 276
2f OH 80 174-178 CisH2N, 0, 274
2g OCH; 80 122-125 Ci7HuuN, O, 288
2h Cl 85 149-152 CisH2CIN,O 292
2i CH(CHj;), 80 83-86 CoHxsN,O 300
2j N(CHs), 80 116-118 CisHyN;0 301

the compounds (2a-j) gave rise to a band at 3475-3215 cm’.
The stretching bands for C=C and C=N groups were
observed at 1635-1500 cm™.

In the "H-NMR spectra of the compounds (2a-j), the
cyclohexyl protons were observed at 0.84-1.75 ppm. The
CH,-cyclohexyl protons were observed at 2.15-2.27 ppm.
The signal due to CH,-CO protons appeared at 2.57-2.68
ppm as a triplet. The N=CH and phenyl protons were
observed at 6.73-8.30 ppm. The hydrazone proton signal
appeared as two singlet peaks at 10.90-11.66 ppm.

The mass spectra of all compounds (2a-j) showed M+1
peaks, in agreement with their molecular formula. All
compounds (2a-j) gave satisfactory elemental analysis.

Biological Activity

All synthesized compounds (2a-j) were evaluated for
their anti-inflammatory effects and cytotoxicity in
mammalian cells.

Anti-inflammatory  activity ~was  determined by
monitoring the effects of these compounds on cellular targets
for inflammation. Three targets were selected for this study
which includes NF-xB, reactive oxygen species (ROS) and
inducible nitric oxide synthase (iNOS).

Inhibition of NF-xB mediated transcription and
inhibition of intracellular generation of ROS and nitric oxide
(NO) were determined in cell based assays. Inhibition of NF-
kB mediated transcription was seen in SW1353 cells with
ICsy values in the range of 6-14 pug/mL (Table 2). The
considerable inhibition of NF-xB activity in SW1353 cells
was observed for compounds 2a, 2¢ and 2h with 1Cs, values
of 6.9, 7.7 and 6.4 ug/mL, respectively. This outcome
confirms that methyl and chloro groups have a considerable
influence on the inhibition of NF-kB mediated transcription.
Other compounds (2d, 2e, 2g, 2i) inhibited the NF-xB
activity to a much lesser extent, and their ICsy values were in
the range 10-14 pg/mL.
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Table2. Anti-Inflammatory and Antioxidant Activities of the Target Compounds (2a-2j)
Cytotoxicity (anti cell proliferation activity) Inhibition of Antioxidant Activity Inhibition of iINOS
NF-xB activity (inhibition of ROS activity (NO production)
in a panel of cell lines in SW1353 cells | generation) in HL-60 cells in RAW 264.7 cells
ICs) (ng/mL) ICs) (ng/mL) ICs) (ng/mL) ICs) (ng/mL)
SK- o
Compound N?]li(]:' KB' ?41;1 OY_ VERO? ;k(lj; NF-xB | SP-1 AI::(t)if]lictl;m Cytotoxicity iNOS Cytotoxicity
3

2a NA NA | NA | NA NA NC 6.9 NA NA NA 11 NC

2b NA NA | NA | NA NA NC NA NA NA NA >25 NC

2c 17 18 | 185 12 NA 25 7.7 19 NA NA 8.9 NC

2d NA NA | NA | NA NA NC 14 NA NA NA >25 NC

2e NA NA | NA | NA NA NC 12 NA NA NA 9.5 NC

2f NA NA | NA | NA NA NC NA NA NA NA 12 8.6

2g NA NA | NA | NA NA NC 10 NA NA NA 12 6.7

2h NA NA | NA | NA NA NC 6.4 NA NA NA 10 >25

2i NA NA | NA | NA NA 17.5 10 14 NA NA 9.5 NC

2j NA NA | NA | NA NA NC NA NA NA NA 20 NC

Doxorubicin® 0.8 1.45 | 1.35 1.3 >5 0.9 0.24
Parthenolide’ 13 9 0.4 13.5
Trolox® 0.12

!Cancer cells. *Noncancer cells. SK-MEL — Human malignant melanoma; KB — Human oral epidermal carcinoma; BT-549 — Human Breast ductal Carcinoma; SK-OV-3 — Human
ovary carcinoma; Vero — Monkey Kidney Fibroblasts; LLC-PK1 — Pig kidney epithelial cells. *Standard compounds with known biological activities. NA — no activity up to 25

png/mL. NC — no cytotoxicity up to 25 pg/mL.

Compounds 2¢ and 2i affected SP-1 activity as well,
indicating that their effect on NF-xB was not specific. It can
be concluded that compounds bearing aliphatic groups
(methyl and isopropyl) on phenyl ring show anti-
inflammatory activity via non-selective inhibition of NF-xB
mediated transcription.

Inhibition of iNOS activity was also observed in LPS-
induced RAW 264.7 cells with ICsy values in the range of
9.5 to 25 pg/mL (Table 2). Compounds 2¢, 2e and 2i were
more active than the other compounds. It is apparent that
there is a positive correlation between the inhibition of iNOS
activity and three functional groups, namely methyl, floro,
and isopropyl substituents on phenyl ring. Compounds 2b,
2d and 2j were comparatively less active than other
compounds or not effective in the inhibition of NF-xB and
iINOS activities. Cytotoxicity to RAW cells was also
measured as part of iNOS assay to determine if the cell
viability was affected by test samples during the assay and if
the inhibition of iNOS could be as a result of toxicity.
Compounds 2f, 2g and 2h were toxic to RAW cells. Toxicity
could result from the effects of hydroxy, methoxy, and
chloro groups, respectively.

Inhibition of reactive oxygen species (ROS) was
determined in HL-60 cells by DCFH-DA method to examine
antioxidant activity of these compounds. DCFH-DA is a
non-fluorescent probe that diffuses into the cells.
Cytoplasmic esterases hydrolyse the DCFH-DA to 2',7'-
dichlorofluorescin (DCFH). The reactive oxygen species
(ROS) generated within HL-60 cells oxidize DCFH to 2',7'-

dichlorofluorescin (DCF) fluorescence of which is measured
as an indicator of ROS generation. None of the compounds
showed any inhibition of intracellular ROS generation
indicating that they did not reduce the oxidative stress. None
of the compounds showed any cytotoxicity to the panel of
tested HL-60 cells.

The cytotoxic effects of the compounds (2a-2j) were
determined against selected human cancer cell lines (SK-
MEL, KB, BT-549, SKOV-3, VERO, and LLC-PK1). No
cytotoxicity was observed for any of the samples up to 25
pg/mL except compound 2¢. The compound bearing methyl
substituent (2¢) was weakly active towards to all cancer cell
lines with ICs, values of 12 to 18.5 ug/mL and was inactive
against mammalian Vero (monkey kidney fibroblast) cell.
However compound 2¢ was toxic to LLC-PK1 (pig kidney
epithelial) cell (ICsq: 25 pg/mL). Although compound 2i was
inactive to all these cancer lines, it showed toxicity to LLC-
PK1 (ICsp: 17.5 pg/mL) cell. Toxicity could be due to
increased lipophilicity associated with isopropyl group.

CONCLUSION

In the present paper, we synthesized a series of
hydrazone derivatives and evaluated their anti-inflammatory
activity and cytotoxicity. These observations clearly
indicated that functional groups at the para position on the
phenyl ring have a crucial influence on anti-inflammatory
activity and toxicity. In particular, compound 2a, which is
the unsubstituted derivative, can be identified as the most
promising anti-inflammatory agent due to its inhibitory
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effect on NF-xB mediated transcription with an ICs, value of
6.9 ug/mL. In addition, no effect was seen on the growth of
solid tumor cell lines and kidney epithelial and kidney
fibroblast cells. In the view of this study, further research
can be carried out on the development of new effective anti-
inflammatory agents bearing hydrazone moiety by the
modification of compound 2a.

CONFLICT OF INTEREST

The authors have reported no conflict of interest.

ACKNOWLEDGEMENTS

The authors also thank Mr. John Trott, Mr. Paul Bates,
Ms. Katherine Martin for great assistance with biological
assays. The authors express their gratitude for USDA, ARS,
NPURU financial support.

REFERENCES

[1] Ferrero-Miliani, L.; Nielsen, O.H.; Andersen, P.S.; Girardin, S.E.
Chronic inflammation: importance of NOD2 and NALP3 in
interleukin-1beta generation. Clin. Exp. Immunol., 2007, 147 (2),
227-235.

[2] Abbas, AK.; Lichtman AH. Basic Immunology: Functions and
disorders of the immune system, Saunders Elsevier: Philadelphia,
2010; chapter 2.

[3] Simmons, D.L.; Botting, R.M.; Hla, T. Cyclooxygenase Isozymes:
The Biology of Prostaglandin Synthesis and Inhibition. Pharmacol.
Rev., 2004, 56, 387-437.

[4] Turunen, J.H.O.; Maintyselkd, P.T.; Kumpusalo, E.A.; Ahonen,
R.S. Frequent analgesic use at population level: Prevalence and
patterns of use. Pain, 2005, 115,374-381.

[5] Buschmann, H.; Christoph, T.; Friderichs, E.; Maul, C.;
Sundermann, B. Analgesics: From Chemistry and Pharmacology to
Clinical Application, Wiley-VCH: Weinheim, 2002; chapter 1-2.

[6] Moore, N.D. In search of an ideal analgesic for common acute
pain. Acute Pain, 2009, 11, 129-137.

[71 Rollas, S.; Kiiciikgiizel, $.G. Biological activities of hydrazone
derivatives. Molecules, 2010, 12, 1910-1939.

[8] Giirsoy, A.; Terzioglu, N.; Otiik, G. Synthesis of some new
hydrazide-hydrazone, thiosemicarbazides and thiazolidinones as
possible antimicrobials. Eur. J. Med. Chem., 1997, 32, 753-757.

91 Kigiikgiizel, S.G.; Rollas, S.; Erdeniz, H.; Kiraz, M. Synthesis,
characterization and antimicrobial evaluation of ethyl 2-
arylhydrazono-3-oxobutyrates. Eur. J. Med. Chem., 1999, 34, 153-
160.

[10] Ulusoy, N.; Giirsoy, A.; Otikk, G. Synthesis and antimicrobial
activity of some 1,2,4-triazole-3-mercaptoacetic acid derivatives.
Farmaco, 2001, 56, 947-952.

[11] Rollas, S.; Gulerman, N.; Erdeniz, H. Synthesis and antimicrobial
activity of some new hydrazones of 4-fluorobenzoic acid hydrazide
and 3-acetyl-2,5-disubstituted-1,3,4-oxadiazolines. Farmaco, 2002,
57,171-174.

[12] Garoufalias, S.P.; Pouli, N.; Marakos, P.; Lada, A.C. Synthesis,
antimicrobial and antifungal activity of some new 3-substituted
derivatives  of  4-(2,4-dichlorophenyl)-5-adamantyl-1H-1,2,4-
triazoles. Farmaco, 2002, 57 (12),973-977.

[13] Vicini, P.; Zani, F.; Cozzini, P.; Doytchinova, I. Hydrazones of 1,2-
benzisothiazole hydrazides: synthesis, antimicrobial activity and
QSAR investigations. Eur. J. Med. Chem., 2002, 37, 553-564.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Letters in Drug Design & Discovery, 2012, Vol. 9, No. 3 315

Cacic, M.; Trkovnik, M.; Cacic, F.; Has-Schon, E. Synthesis and
Antimicrobial Activity of Some Derivatives of (7-Hydroxy-2-oxo-
2H-chromen-4-yl)-acetic Acid Hydrazide. Molecules, 2006, 11,
134-147.

Masunari, A.; Tavares, L.C. A new class of nifuroxazide
analogues: Synthesis of 5-nitrothiophene derivatives with
antimicrobial activity against multidrug-resistant Staphylococcus
aureus. Bioorg. Med. Chem., 2007, 15,4229-4236.

Kaplancikli, Z.A.; Turan-Zitouni, G.; Ozdemir, A.; Teulade, J.C.
Synthesis and Antituberculosis Activity of New Hydrazide
Derivatives. Arch. Pharm. Chem. Life Sci., 2008, 341, 721-724.
Kumar, P.; Narasimhan, B.; Sharma, D.; Judge, V.; Narang, R.
Hansch analysis of substituted benzoic acid benzylidene/furan-2-yl-
methylene hydrazides as antimicrobial agents. Eur. J. Med. Chem.,
2009, 44, 1853-1863.

Vicini, P.; Incerti, M.; La Colla, P.; Loddo, R. Anti-HIV evaluation
of benzo[d]isothiazole hydrazones. Eur. J. Med. Chem., 2009, 44,
1801-1807.

Gemma, S.; Kukreja, G.; Fattorusso, C.; Persico, M.; Romano, M.
P.; Altarelli, M.; Savini, L.; Campiani, G.; Fattorusso, E.; Basilico,
N.; Taramelli, D.; Yardley, V.; Butini, S. Synthesis of NI-
arylidene-N2-quinolyl- and N2-acrydinylhydrazones as potent
antimalarial agents active against CQ-resistant P. falciparum
strains. Bioorg. Med. Chem. Lett., 2006, 16, 5384-5388.
Ragavendran, J.V.; Sriram, D.; Patel, S.K.; Reddy, LV.
Bharathwajan, N.; Stables, J.; Yogeeswari, P. Design and synthesis
of anticonvulsants from a combined phthalimide-GABA-anilide
and hydrazone pharmacophore. Eur. J. Med. Chem., 2007, 42, 146-
151.

Ergen¢, N.; Giinay, N.S.; Demirdamar, R. Synthesis and
antidepressant evaluation of new 3-phenyl-5-sulfonamidoindole
derivatives. Eur. J. Med. Chem., 1998, 33, 143-148.

Terzioglu, N.; Giirsoy, A. Synthesis and anticancer evaluation of
some new hydrazone derivatives of 2,6-dimethylimidazo[2,1-b]-
[1,3,4]thiadiazole-5-carbohydrazide. Eur. J. Med. Chem., 2003, 38,
781-786.

Salgin-Goksen, U.; Gokhan-Kelekgi, N.; Goktas, O.; Koysal, Y.;
Kilig, E.; Isik, S.; Aktay, G.; Ozalp, M. 1-Acylthiosemicarbazides,
1,2,4-triazole-5(4H)-thiones, 1,3,4-thiadiazoles and hydrazones
containing 5-methyl-2-benzoxazolinones: Synthesis, analgesic-anti-
inflammatory and antimicrobial activities. Bioorg. Med. Chem.,
2007, 15, 5738-5751.

Todeschini, A.R.; Miranda, A.L.; Silva C.M.; Parrini, S.C.;
Barreiro, E.J. Synthesis and evaluation of analgesic,
antiinflammatory and antiplatelet properties of new 2-
pyridylarylhydrazone derivatives. Eur. J. Med. Chem., 1998, 33,
189-199.

Fraga, C.A.M.; Barreiro, E.J. Medicinal Chemistry of N-
Acylhydrazones: New  Lead-Compounds of  Analgesic,
Antiinflammatory and Antithrombotic Drugs. Curr. Med. Chem.,
2006, /3, 167-198.

Buu-Hofi, N.P.; Xuong, N.D.; Lescot, E. Characterization of higher
fatty acids by means of their hydrazides and derivatives of the
latter. Bull. Soc. Chim. Fr., 1957, 441-443.

Sobolev, V.S.; Khan, S.I.; Tabanca, N.; Wedge, D.E.; Manly, S.P.;
Cutler, SJ.; Coy, M.R.; Becnel, J.J.; Neff, S.A.; Gloer, J.B.
Biological activity of peanut (Arachis hypogaea) phytoalexins and
selected natural and synthetic Stilbenoids. J. Agric. Food Chem.,
2011, 59, 1673-1682.

Ma, G.; Tabanca, N.; Baser, K.H.C.; Kirimer, N.; Pasco, D.S.;
Khan, I.A.; Khan, S.I. Inhibition of NF-kB-mediated Transcription
and Induction of Apoptosis in Human Breast Cancer Cells By
Epoxypseudoisoeugenol-2-methyl butyrate. Cancer Chemother.
Pharmacol., 2009, 63, 673-680.



