
Acta Poloniae Pharmaceutica ñ Drug Research, Vol. 71 No. 6 pp. 1004ñ1012, 2014 ISSN 0001-6837
Polish Pharmaceutical Society

Piroxicam, from the group of the oxicams, is
mainly known as a non-steroidal anti-inflammatory
drug (NSAID), used in the treatment of chronic
rheumatic diseases. The molecular target of
NSAIDs is cyclooxygenase (COX), the enzyme that
catalyzes the conversion from arachidonic acid to
prostaglandins (PGs). There are three isoforms of
COX (COX-1, COX-2 and COX-3). 

Most solid tumors express the cyclooxygenase-
2 (COX-2) protein, which is the target of NSAIDs,
and that is why those drugs are evaluated as anti-
cancer. They inhibit proliferation, invasiveness of
tumors, and angiogenesis and overcome apoptosis
resistance in a COX-2 dependent and independent
manner (1). Moreover, chronic inflammatory
processes affect all stages of tumor development,
and there are many molecular and cellular pathways
that participate in the crosstalk between cancer cells
and inflammatory mediators (2). The incidence of
colon, breast and prostate cancer is closely associat-
ed to the inflammation. The inflammation may play
a role in tumor initiation by triggering the produc-
tion of reactive oxygen species responsible for DNA
damage, and also in tumor promotion, because it

triggers the secretion of growth factors. COX-2
induction or overexpression is associated with an
increased production of PGE2, one of the major
products of COX-2 which is known to modulate cell
proliferation, cell death and tumor invasion in many
types of cancer (including colon cancer) (3).
NSAIDs particularly decrease the incidence of, and
mortality from, colon cancer, and therefore those
drugs have been a major advance in chemopreven-
tion, which is a strategy aimed at preventing tumor
progression before irreversible changes to the pro-
teome are in full progress (4, 5). 

The trials of aspirin (versus control) and COX-
2 inhibitors showed that those medicines reduce the
risk of colon cancer. Unfortunately, prevention with
COX-2 inhibitors is not possible because of an
increased risk of vascular events, and, on the other
hand, the greater risk of bleeding complications in
patients on high-dose aspirin limits its chemopre-
vention potential in cases of colon cancer (6). That
is why the other NSAIDs (e.g., sulindac) are exam-
ined for inhibiting colon cancer occurrence.
However, all the studies strongly suggest a role for
aspirin and other NSAIDs in the reduction of the
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risk of colon cancer (7). Emerging evidence of as
much as 40% reduction in mortality in patients
undergoing curative treatment of colorectal cancer
makes the concept of the use of NSAIDs as adjuvant
treatment in high risk disease more compelling,
when potential survival benefits may outweigh the
risk of their use in cancer prophylaxis (8).

Lichtenberger et al. presume that one of the
alternative mechanisms by which NSAIDs can be
effective is by interacting with cellular membranes
and altering their biophysical properties. Those
drugs can induce changes in the fluidity, permeabil-
ity and biophysical properties of cell membranes
(9). Also L˙cio et al. consider the interaction of
NSAIDs with membrane models concluding that in
order to achieve their main target ñ membrane asso-
ciated enzyme COX ñ NSAIDs have first to pass
through the membranes, that is why understanding
this interaction plays a key role in understanding the
therapeutic effects of those drugs (10). 

In the present work, we describe the results of
calorimetric and fluorescence spectroscopic experi-
ments of two new synthesized analogues of piroxi-
cam, named PR17 and PR18 on the phase behavior

of phospholipid bilayers and fluorescence quench-
ing of two fluorescent probes which molecular loca-
tion within membranes is known with certainty. 

EXPERIMENTAL

Chemicals

Egg yolk phosphatidylcholine (EYPC) and
1,2-dipalmitoyl-n-glycero-3-phosphatidylcholine
(DPPC) were purchased from Sigma-Aldrich
(PoznaÒ, Poland). All lipids were used as delivered,
without further purification.

Fluorescent labels: 6-dodecanoyl-2-dimethyl-
aminonaphthalene (Laurdan) and 6-propionyl-2-
dimethylaminonaphthalene (Prodan) were pur-
chased from Molecular Probes (USA). 

All other chemicals used in this study were of
analytical grade.

Synthesis 

The proton nuclear magnetic resonance (1H-
NMR) spectra were measured on a Bruker 300 MHz
NMR spectrometer using CDCl3 as solvent and TMS
as an internal standard. Spin multiplicities are given

Scheme 1. General procedure for the preparation of PR17 and PR18
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as s (singlet), d (doublet), t (triplet) and m (multi-
plet) as well as b (broad). Coupling constants (J) are
given in hertz. Infrared spectra (cm-1) were recorded
on a Perkin-Elmer Spectrum Two UATR FT-IR
spectrometer. The samples were applied as neat
solids. Melting points were determined in open cap-
illary tubes and are uncorrected. Elemental analyses
were performed by Carlo Erba NA 1500 analyzer
and were within ± 0.4% of the theoretical value.
Reactions were monitored by thin layer chromatog-
raphy (TLC) on silica gel plates (Merck 60 F254),
visualized with ultraviolet light. Flash chromatogra-
phy was performed on silica gel column (230ñ400
mesh) using ethyl acetate. 

General procedure for the preparation of PR17

and PR18 (Scheme 1):
Compound 2 was obtained by alkylation of

saccharine with 2-bromo-4í-chloroacetophenone in
DMF with addition of a small amount of triethyl-
amine at room temperature. Newly obtained com-
pound was rearranged using sodium ethoxide to give
compound 3. The alkilation of 3 by 1-(chloroalkyl/
acyl)-4-arylpiperazine resulted in products PR17

and PR18. 

2-(4-Chlorophenacyl)-2H-1,2-benzothiazol-3-on

1,1-dioxide (2)

A mixture of commercially available saccha-
rine 1 (0.92 g, 5 mmol) with 5 mmol of 2-bromo-4í-
chloroacetophenone in 7 mL of N,N-dimethylfor-
mamide (DMF) and triethylamine (0.7 mL, 5 mmol)
was stirred at room temperature for 10 h, then
poured into ice cooled water (50 mL) resulting in the
formation of a white solid, which was filtered and
washed with cold water. The solid was dried and
crystallized from ethanol to give 2 with 99% yield.
Analytical data for 2: C15H10ClNO4S (m.w. 335.76);
m.p. 179ñ181OC (EtOH). 1H-NMR (δ, ppm): 5.11 (s,
2H, CH2), 7.49ñ8.12 (m, 8H, ArH). FT-IR (UATR):
1748, 1699 (CO), 1330, 1180 (SO2) cm-1. 

3-(4-Chlorobenzoyl)-4-hydroxy-2H-1,2-benzo-

thiazine 1,1-dioxide (3)

Three millimoles of 2 was dissolved in 7.5 mL
of sodium ethoxide (2.3%) at 40OC and stirred with
heating to 55ñ60OC for 5ñ10 min. Color changes
from beige to deep red were observed. After this time
and dissolution of all the substance, the mixture was
rapidly cooled to 25OC and 7.5 mL HCl (9%) was
added. Color changed from deep red to deep yellow
and the product precipitated. The solid was filtered
off, washed with cold water, dried and purified by
crystallization from EtOH to give 3 (yield 92%).

Analytical data for 3: C15H10ClNO4S (m.w.
335.76); m.p. 238ñ241OC (EtOH). 1H-NMR (δ,
ppm): 6.48 (s, 1H, NH), 7.47ñ8.24 (m, 9H, ArH),
15.72 (s, 1H, OHenolic). FT-IR (UATR): 3222 (NH),
1588 (CO), 1365, 1178 (SO2) cm-1. 

1-(3-Chloropropyl)-4-(2-fluorophenyl)piperazine

(4a)

Ten millimoles of 1-(2-fluorophenyl)piper-
azine and 11 mmol (1.1 mL) of 1-bromo-3-chloro-
propane were dissolved in acetone (3 mL) with addi-
tion of 25% NaOH (2 mL), stirred slowly at room
temperature for 8 h and left overnight. After this
time, diethyl ether (20 mL) was added and the mix-
ture was stirred further for 30 min then was divided
in a funnel into two parts. The ether part was dried
with MgSO4 and evaporated under vacuum. The
residue was purified by flash silica gel chromatogra-
phy, eluting with EtOAc to give 4a (yield 74%). 

Analytical data for 4a: C13H18ClFN2 (m.w.
256.75); 1H-NMR (δ, ppm): 1.96ñ2.05 (m, 2H,
CH2CH2CH2), 2.56ñ2.68 (m, 6H, CH2N(CH2)2),
3.11ñ3.14 (m, 4H, N(CH2)2), 3.61ñ3.65 (t, J = 6.6
Hz, 2H, CH2CH2CH2Npiperazine), 6.92ñ7.26 (m, 4H,
ArH). 

1-(2-Chloro-1-oxoethyl)-4-(2-fluorophenyl)pi- 

perazine (4b)

Ten millimoles of 1-(2-fluorophenyl)piper-
azine was dissolved in 40 mL of diethyl ether with
the addition of 1.4 mL triethylamine and stirred
slowly at room temperature for 10 min and then 1.6
mL (20 mmol) of chloroacetyl chloride in 20 mL of
diethyl ether were slowly instilled and stirring was
continued for another 2 h. After this time, diethyl
ether was evaporated in vacuum, 10 mL of water
and 60 mL of chloroform were added and the mix-
ture was separated in a funnel. The chloroform part
was dried with MgSO4 and evaporated in a vacuum
to give 4b (yield 66%).

Analytical data for 4b: C12H14ClFN2O (m.w.
256.70); 1H NMR (CDCl3 δ, ppm): 3.02ñ3.12 [m,
4H, N(CH2)2], 3.64ñ3.78 [m, 4H, N(CH2)2], 4.08 (s,
2H, CH2), 6.87ñ7.06 (m, 4H, ArH). 

3-(4-Chlorobenzoyl)-2-substituted-4-hydroxy-

2H-1,2-benzothiazine 1,1-dioxides (PR17, 18)

To the stirred mixture of 5 mmol of 3 in 20 mL
of anhydrous EtOH 5 mL of EtONa (prepared from
0.115 g of Na and 5 mL of anhydrous EtOH) was
added. Then, 5 mmol of corresponding piperazine
(4a or 4b) was added and refluxed with stirring for
10ñ12 h. When the reaction was completed, which
was confirmed using TLC plates, ethanol was dis-
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tilled off, the residue was treated with 50 mL of
CHCl3 and insoluble materials were filtered off. The
filtrate was then evaporated and the residue was
purified by crystallization from ethanol to give com-
pounds PR 17 or 18. 

Analytical data: PR 17 C28H27ClFN3O4S (m.w.
556.05); m.p. 135ñ138OC (EtOH). 1H-NMR (δ,
ppm): 1.22ñ1.26 (m, 2H, CH2CH2CH2), 2.01 (brs,
2H, CH2CH2CH2Npiperazine), 2.30 (brs, 4H, N(CH2)2),
2.97ñ3.65 (m, 6H, CH2N(CH2)2), 6.93ñ8.20 (m,
12H, ArH), 15.47 (s, 1H, OHenolic); FT-IR (UATR):
1609 (CO), 1333, 1166 (SO2) cm-1. Analysis: calcd.:
C 60.48; H 4.89; N 7.56; found: C 60.70; H 5.17; N
7.22. Yield 49%.

PR 18 C27H23ClFN3O5S (m.w. 556,00); m.p.
200ñ203OC (EtOH). 1H-NMR (δ, ppm): 2.82ñ3.75
(m, 10H, CH2CO and Hpiperazine), 6.83ñ8.27 (m, 12H,
ArH), 15.47 (s, 1H, OHenolic). FT-IR (UATR): 1665,
1590 (CO), 1337, 1171 (SO2) cm-1. Analysis: calcd.:

C 58.32; H 4.17; N 7.56; found: C 58.39; H 4.20; N
7.22. Yield 41%.

Microcalorimetry

For each calorimetric sample 2 mg of DPPC
was dissolved in the appropriate amount of chloro-
form stock solution (5 mM) of the studied oxicam.
The oxicam/lipid molar ratios in the samples were:
0.05, 0.10, 0.15, 0.20. After that, the solvent was
evaporated by a stream of nitrogen and the residual
solvent was removed under vacuum for 1.5 h.
Samples were hydrated by 15 µL of Tris-EDTA-
NaCl (20 mM Tris, 0.5 mM EDTA, 150 mM NaCl)
buffer (pH 7.4). Hydrated mixtures were heated to
10OC higher than the main phase transition tempera-
ture of DPPC and vortexed until homogeneous dis-
persion was obtained. Then, the samples were trans-
ferred into aluminium sample pans and sealed.
Calorimetric measurements were performed using a

Figure 1. Thermograms of DPPC doped with PR17. Numbers in the Figure represent PR17 : DPPC molar ratios. The thermograms were
normalized to an equal amount of lipid for each profile

Figure 2. Thermograms of DPPC doped with PR18. Numbers in the figure represent PR18 : DPPC molar ratios. The thermograms were
normalized to an equal amount of lipid for each profile
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Rigaku microcalorimeter. The samples were
scanned at a rate of 1.25 OC/min. Data were stored
on hard disk and analyzed off-line using software
developed in our laboratory by £ukasz Fajfrowski.

Fluorescence spectroscopy

Unilamelar EYPC liposomes were obtained by
sonification of 2 mM phospholipid suspension in
Tris-NaCl-EDTA (20 mM Tris, 0.5 mM EDTA, 150
mM NaCl) buffer (pH 7.4) using UP 200s sonifica-
tor (Dr. Hilscher, GmbH, Berlin). Laurdan and
Prodan stock solutions (1 mM) were prepared in
DMSO. The stock solutions of the studied oxicams
(30 mM) were prepared in DMSO. The liposomes
were diluted and incubated with the fluorescent dye
in darkness for 30 min at room temperature, then the
studied oxicam was added and liposomes were incu-
bated for another 20 min (also in darkness, at room
temperature). In all of the experiments, the final
phospholipid concentration was 200 µM. The con-
centration of the fluorescent dye (Laurdan or
Prodan) was 5 µM. The oxicam concentration in
samples was 25ñ125 µM. The fluorescence experi-
ments were carried out with LS 50B spectrofluo-
rimeter (Perkin-Elmer Ltd., Beaconsfield, UK)
equipped with a xenon lamp using emission and
excitation slits of 5 nm. The excitation wavelength
for Laurdan was 390 nm and for Prodan ñ 360 nm.
The recorded fluorescence spectra were processed
with FLDM Perkin-Elmer 2000 software.

It was checked that the studied oxicams alone
did not exhibit fluorescence in the spectral region of
interest. All the experiments were performed in trip-
licate. 

Molecular modelling

Theoretical calculations were performed using
Spartan 10 software (Wavefunction, Inc., USA).
The optimized molecular structure of all compounds
and QSAR descriptors for them were calculated by
ab initio DFT method with 6-31+G* basis set.

RESULTS

Microcalorimetry

In the calorimetric experiments we investigat-
ed the influence of the studied compounds on the
thermal properties of DPPC bilayers. Since the pre-
transition was not detected in samples containing
any of those compounds (see Fig. 1 and 2) we fol-
lowed the dependencies of main transition tempera-
ture (Tm), enthalpy change (∆H) and transition half-
height width (∆T1/2) on the oxicam analogues con-
centration. In Figures 1 and 2, showing the thermo-
grams of DPPC mixed with PR17 and PR18 at dif-
ferent molar ratios, the impact of these oxicam
derivatives on the lipid thermal behavior is exempli-
fied. The addition of the studied compounds caused
the disappearance of the DPPC pretransition (even
at the lowest molar ratio used) and concentration-

Figure 3. Influence of PR17 (diamonds) and PR18 (circles) on the DPPC main phase transition temperature (TM). Bars represent stan-
dard deviations of eight measurements
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dependent lowering of the main phase transition
temperature accompanied by the decrease of the
transition peaks area and the peak broadening.
Additionally, at oxicam analogue: DPPC, molar

ratios 0.10, 0.15 and 0.20, the peaks appeared to be
composed of two overlapping peaks.

The dependencies of TM, ∆T1/2 and ∆H on the
oxicam analogue/lipid molar ratio obtained for mix-

Figure 4. Influence of PR17 (diamonds) and PR18 (circles) on the DPPC peak half-height width (T1/2). Bars represent standard devia-
tions of eight measurements

Figure 5. Influence of PR17 (diamonds) and PR18 (circles) on the DPPC transition entalpy (∆H). Bars represent standard deviations of
eight measurements

Table 1. The molecular descriptors for PR17 and PR18.

Compound Log P PSA HBD HBA E HOMO E LUMO Polarizability

[�2] Count  Count [eV]  [eV]  

PR 17 3.42 70.030 1 8 ñ6.00 ñ2.62 82.95  

PR 18 2.23 80.328 1 9 ñ5.96 ñ2.68 81.62

Abbreviations: Log P ñ partition coefficient, PSA ñ polar surface area, HBD ñ hydrogen bond donor, HBA ñ hydrogen bond acceptor, E
HOMO ñ energy of highest occupied molecular orbital, E LUMO ñ energy of lowest unoccupied molecular orbital.
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tures of DPPC with PR17 and PR18 are shown in
Figures 3ñ5, respectively. In case of all DPPC
gelñliquid crystalline phase transition parameters,
the more pronounced effects were found for PR18

than for PR17.

Fluorescence spectroscopy

To further study the effect of PR17 and PR18

on phospholipid bilayers, we have used two fluores-
cent probes localized in different membrane seg-
ments, and EYPC as unsaturated phospholipid.

Laurdan and Prodan both possess the same fluo-
rophore connected to an alkyl chain of different
length (three carbon atoms in Prodan and twelve in
Laurdan). Therefore, Prodan molecules locate clos-
er to the hydrophilic surface of a bilayer than
Laurdan whose fluorophore is positioned close to
phospholipid glycerol groups (11, 12). The addition
of studied oxicam analogues resulted in fluores-
cence quenching of both probes. Stern-Volmer plots
are presented in Fig. 6 for PR17 and in Fig. 7 for
PR18. The studied compounds caused strong

Figure 6. Stern-Volmer plots for quenching of Laurdan (open symbols) and Prodan (full symbols) by PR17 (diamonds) in EYPC. Bars
represent standard deviations of three independent experiments

Figure 7. Stern-Volmer plots for quenching of Laurdan (open symbols) and Prodan (full symbols) by PR18 (circles) in EYPC. Bars rep-
resent standard deviations of three independent experiments



Interaction of new piroxicam analogues with lipid bilayers... 1011

quenching of both probes, although the effect was
much more pronounced in case of Laurdan for
PR18, and in case of Prodan for PR17. 

Molecular modelling

Applying of QSAR methods allowed to
describe electronic, structural and topological
parameters and hydrophobicity of new compounds
and to correlate these properties with their ability to
affect phospholipid bilayers. Log P and polarizabil-
ity of studied oxicam derivatives are ranked as fol-
lows: PR17 > PR18, while PSA is inversed. The
HOMO and LUMO energies are nearly the same for
PR17 and PR18. The HOMO level is at ñ6.00 for
PR17 and ñ5.96 for PR18 with respect to the vacu-
um level, while the LUMO level is ñ2.62 and ñ2.68,
respectively. Therefore, replacing the (CH2)2 group
by carbonyl group (C=O) in the side chain in posi-
tion 2 of the 1,2-thiazine ring did not significantly
changed the HOMO and LUMO energy. The values
of all molecular descriptors for newly synthesized
oxicam derivatives are presented in Table 1. The
obtained results may be related to the Lipinskiís rule
of five (RO5), which states that the poor absorption
or permeation of newly synthesized compounds are
more likely when: there are more than 5 H-bond
donors, the MWT (molecular weight) is over 500,
the LogP is over 5, there are more than 10-H bond
acceptors (13). Compound classes that are substrates
for biological transporters are exceptions to the rule.
The new oxicam analogues fail the RO5 (although
their MWT slightly exceed 500), that is why, we
could except that they would be the drug-like com-
pounds. 

DISCUSSION AND CONCLUSION

To characterize the interaction of newly syn-
thesized piroxicam analogues with lipid bilayers we
employed the following techniques: microcalorime-
try and fluorescence spectroscopy. The results
obtained by these experimental approaches show
that new piroxicam analogues interact with the
model membranes under consideration. Calori-
metric measurements showed that PR17 and PR18

interact with DPPC bilayer and changes the lipid
phase behavior (Figs. 3ñ5) in a concentration-
dependent manner. Abolishing of the pretransition
from the thermograms, observed even at the lowest
of oxicam analogue: DPPC molar ratios examined,
suggests that the presence of small amounts of drug
affects the packing of lipid molecules strongly
enough to prevent formation of the ripple phase
(14). The effects of PR17 and PR18 on DPPC gel-

liquid crystalline phase transition parameters were
stronger than observed by Kyrikou et al. for piroxi-
cam and 3 other NSAIDs (15). As shown by the
example thermograms presented in Figures 1 and 2,
the increase in the oxicam analogue : lipid molar
ratio is accompanied by the broadening of DSC
peaks that suggests lower cooperativity of phospho-
lipid main phase transition in the presence of studied
compounds. Comparing the magnitude of changes
induced by the studied oxicam analogues in ther-
motropic properties of DPPC bilayers the order
PR18 > PR17 was observed. 

According to the standard interpretation of
calorimetric data proposed by Jain and Wu, the
decrease of both transition temperature and enthalpy
change suggests that lipid polar-heads as well as
hydrocarbon chains regions were affected by the
studied compounds (16). The character of observed
changes (decrease of TM, ∆H and increase of T1/2)
allows to conclude also that interactions between
phospholipid molecules in the gel state became
weaker in the presence of studied analogues of oxi-
cams. 

Alteration of the gel phase of model mem-
branes by oxicam derivatives gives an improved pic-
ture when observed also by fluorescence spec-
troscopy. In spectroscopic measurements, we used
two fluorescence dyes Laurdan and Prodan which
are located in different membrane regions. In the
present work, quenching of fluorescence of Laurdan
and Prodan, by newly synthesized oxicam deriva-
tives, was investigated. According to Joseph
Lakowicz, if the molecular location of fluorescent
probe within the lipid bilayer is known, quenching
studies can be used to reveal the location of
quenchers in the membrane (17). It was found that
PR17 quenched the fluorescence of Prodan to a
higher extend than Laurdan in studied bilayers. It
suggested that the regions close to the surface of the
model membrane (where Prodan is located) were
more affected by the presence of PR17. In the con-
trary, PR18 affected the regions near phospholipid
glycerol backbones, where Laurdan is located. Also
in Figs. 6 and 7, the upward curvature of Stern-
Volmer plots of quenching both fluorescent probes
was noticed. It suggested that studied oxicam ana-
logues were quenching the fluorescence of Laurdan
and Prodan both by dynamic and static mechanism.
What is more, PR18 was identified as an effective
multidrug resistance (MDR) modulator in LoVo/Dx
multidrug-resistant colon cancer cells (data not
shown ñ in press). That would confirm, that
NSAIDs and related compounds, which induce the
changes in biophysical properties of model mem-
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branes, might also be used as adjuvant treatment to
anticancer therapy.

The difference between studied oxicam ana-
logues is the occurrence - in PR18 - or the lack of -
in PR17 - the carbonyl group in the side chain in
position 2 of the benzothiazine ring (see Scheme 1).
The presented experiments revealed that the car-
bonyl group increased the ability of the compound
(PR18) to interact with model membranes. It is also
possible that the occurrence of three-carbon mole-
cule chain in PR17, instead of two-carbon molecule
chain with the carbonyl group (PR18), may allow
the rotation of the side chain of molecule and chang-
ing of the shape of PR17 compound, which may
cause its worse diffusion into the lipid bilayers,
although this hypothesis requires further verifica-
tion. 

Another studies, employing lipids of various
headgroups are needed to fully understand the inter-
action of studied analogues of oxicams with model
membranes. 
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