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The purpose of the present work was to assess the abil-
ity of five new oxicam analogues to interact with the 
lipid bilayers. To characterize the interaction of newly 
synthesized NSAIDs (non-steroidal anti-inflammatory 
drugs) analogues with DPPC lipid bilayers the two fol-
lowing techniques were applied – differential scanning 
calorimetry (DSC) and fluorescence spectroscopy. The 
results obtained by these experimental approaches show 
that new oxicams analogues interact with the lipid mod-
el membranes under consideration. As demonstrated 
both in calorimetric and spectroscopic studies, the great-
est influence on the thermotropic properties of the li-
pid membrane and on the quenching of fluorescence of 
Laurdan and Prodan was exerted by a derivative named 
PR47 containing in its structure a two–carbon aliphatic 
linker with a carbonyl group, as well as bromine and trif-
luoromethyl substituents.
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INTRODUCTION

Oxicams (e.g. piroxicam, meloxicam, Fig. 1), which 
are known as a class of non-steroidal anti-inflammato-
ry drugs (NSAIDs) are mainly used in the treatment of 
inflammation and pain which occur during chronic rheu-
matic diseases. Enriched with an enolic moiety they are 
1,2-benzothiazine derivatives (Xu et al., 2014).

 The molecular basis of NSAIDs mechanism of action 
is the ability of these drugs to inhibit cyclooxygenase 
(COX), occurring in the form of two isoforms, COX-
1 and COX-2. COX enzymes are membrane-bound, lu-
minal surface of endoplasmic reticulum (ER) resident, 
glycoproteins, which catalyze the conversion of arachi-
donic acid to prostaglandins, acting as second messen-
gers for immune processes and stimulating malignan-
cies (Mbonye et al., 2006; Dixon et al., 2013). Moreover, 
COX-2 protein is involved in activation of carcinogens, 
tumor initiation and promotion, as well as inhibition of 
apoptosis together with promotion of angiogenesis and 
metastasis (Ghosh et al., 2010). Increased expression of 
the COX-2 protein, which is the target of NSAIDs, has 
been widely reported in pathogenesis mostly of solid tu-

mors, and for this reason these drugs are evaluated also 
as cancer preventive compounds (de Groot et al., 2007; 
Park et al., 2017). Furthermore, Lenard Lichtenberger et 
al. have proposed that one of the alternative mechanism 
by which NSAIDs may induce differential biological ef-
fects and exert a toxic influence is their interaction with 
components of cellular membranes and in consequence 
an alteration of membrane biophysical properties (Licht-
enberger et al., 2012). The chemopreventive activity of 
NSAIDs might be at least partially related to their abil-
ity to interact with the lipid phase of biological mem-
branes. In order to achieve the main cellular target of 
NSAIDs which is COX enzyme associated with ER 
membrane, these compounds have to pass through the 
biological membranes first. That is why many efforts are 
being made for better understanding of NSAIDs inter-
action with biological membranes (Nunes et al., 2011). 
Pharmacological actions of different drugs (among them 
NSAIDs) may be a consequence of their direct interac-
tion with proteins, as well as with lipid phase of mem-
branes. Changes induced in lipid phase, such as an al-
teration of membrane curvature and phase behavior 
may in consequence indirectly modify a conformation of 
membrane proteins. For that reason the investigation of 
drug-membrane interactions is essential for understand-
ing of drugs’ pharmacokinetics and molecular mecha-
nisms of their action. This knowledge is crucial for de-
signing new drug structures (Lucio et al., 2010; Peetla et 
al., 2009; Seddon et al., 2009). Peetla et al. have indicated 
that biophysical changes in membrane phospholipids ob-
served in multidrug resistant cancer cells affect the trans-
port and delivery of anticancer drugs (Peetla et al., 2013). 
On the other hand, Chakraborty et al. have demonstrated 
that permeabilization of the mitochondrial membrane in-
duced by piroxicam may promote apoptosis (Chakraborty 
et al., 2007). The results of these studies indicate that an 
alteration of biophysical membrane properties in the 
presence of NSAIDs may be important for putative an-
ticancer activity of these drugs (Pereira-Leite et al., 2013). 

Figure 1. Chemical structures of typical oxicams
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An understanding of the relationship between biophysi-
cal properties of cell membrane and drug delivery pro-
cesses or modulation of drug-resistance mechanisms may 
be crucial for developing new strategies to overcome the 
multidrug resistance (MDR) of cancer cells.

Unfortunately, the chronic usage of nonselective 
COX inhibitors is burdened with a risk of gastrointes-
tinal side-effects, such as ulceration and bleeding, while 
usage of COX-2 selective inhibitors may cause adverse 
cardiovascular effects as myocardial infraction (Rizzo, 
2011; Wang & Dubois, 2010). Therefore, we designed 
and synthesized new oxicam derivatives as potential mul-
titarget drugs which would be an analgesic and at the 
same time anti-inflammatory and chemopreventive drugs 
in cancer. Preliminary experiments on the few newly 
synthesized oxicams derivatives carried out in our lab-
oratory revealed that these compounds reduce the level 
of the expression of COX-2, Bcl-2 proteins and ABCB1 
multidrug transporter in the human colorectal adenocar-
cinoma cell line LoVo (Środa-Pomianek et al., 2015). The 
purpose of the present work was to assess the ability of 
five new oxicam analogues to interact with lipid bilayers 
used as simple model of cell membranes. For compari-
son, the piroxicam, well known NSAID was also used in 
the experiments.

MATERIALS AND METHODS

Chemicals. 1,2-dipalmitoyl-n-glycero-3-phosphati-
dylcholine (DPPC) was purchased from Sigma-Aldrich 

(Poznań, Poland). The lipid was used as delivered with-
out further purification.

Fluorescent labels: 6-dodecanoyl-2-dimethylamino-
naphthalene (Laurdan) and 6-propionyl-2-dimethylamin-
onaphthalene (Prodan) were purchased from Molecular 
Probes (USA).

Tris-EDTA buffer solution (pH 7.4) was purchased 
from Sigma-Aldrich.

Fluorescence probes: 6-dodecanoyl-2-dimethylamino-
naphthalene (Laurdan) and 6-propionyl-2-dimethylamin-
onaphthalene (Prodan) were purchased from Molecular 
Probes (USA). Laurdan and Prodan were dissolved in 
DMSO to obtain 1 mM stock solutions.

Since studied oxicams derivatives were insoluble in 
water their chloroform or DMSO solutions were used 
for experiments. All other chemicals used in this study 
were of analytical grade.

Synthesis

General procedure for the preparation of com-
pounds PR14, PR44, PR45, PR47 and PR48 
(Scheme 1). The proton nuclear magnetic resonance 
(1H NMR) spectra of synthetized compounds were mea-
sured by Bruker 300 MHz NMR spectrometer using 
CDCl3 as solvent and TMS as an internal standard. Spin 
multiplicities are given as s (singlet), brs (broad singlet), 
d (doublet), t (triplet) and m (multiplet). 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 

Scheme 1. Synthesis of new oxicams derivatives – PR14, PR44, PR45, PR47 and PR48.
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capillary tubes and were 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 chromatography (TLC) on 
silica gel plates (Merck 60 F254), visualized with ultravi-
olet light. Flash chromatography was performed on silica 
gel column (230–400 mesh) using ethyl acetate.

Synthesis and experimental data of compounds 2 
5 (Scheme 1) was previously reported; for 2 and 3 
(Krzyżak et al., 2013), for 4 and 5 (Maniewska et al., 
2014).

3-(4-chlorobenzoyl)-4-hydroxy-2-[2-(4-phenyl-1-piperaz-
inyl)-2-oxoethyl]-2H-1,2-benzothiazine 1,1-dioxide (PR 14). A 
mixture of 5 (3 mmol, 1.00 g) and 1-(2-chloro-1-oxoeth-
yl)-4-phenylpiperazine c (3 mmol, 0.72 g) with EtONa 
(3 ml, 2.3%) in 20 ml of anhydrous EtOH was stirred at 
70°C under reflux for 8 h. After cooling to room tem-
perature ethanol was distilled off in vacuo. The residue 
was dissolved in CHCl3 (50 ml) and filtered. The filtrate 
was concentrated in vacuo and the residue was purified 
by crystallisation from ethanol (50 ml) to give PR 14 as 
yellow crystals with 41% yield.

Anal. C27H24ClN3O5S (m.w. 538.01); mp 182-183°C 
(EtOH). 1H NMR (300 MHz, CDCl3) δ (ppm): 2.61-4.20 
(m, 10H, Hpiperazine and CH2CO), 6.81-8.26 (m, 13H, ArH), 
15.47 (s, 1H, OHenolic). FT-IR (cm-1): 1668, 1592 (CO), 
1335, 1170 (SO2); Anal. Calcd: C, 60.28; H, 4.50; N, 7.81. 
Found: C, 60.38; H, 4.61; N, 7.64.

3-(4-chlorobenzoyl)-4-hydroxy-2-[3-(4-phenyl-1-piperazinyl)pro-
pyl]-2H-1,2-benzothiazine 1,1-dioxide (PR44). A mixture of 
5 (3 mmol, 1.00 g) and 1-(3-chloropropyl)-4-phenylpip-
erazine d (3 mmol, 0.72 g) with EtONa (3 ml, 2.3%) 
in 20 ml of anhydrous EtOH was stirred at 70°C under 
reflux for 8 h. The rest of the procedure was similar to 
that used for PR 14 except crystallisation from toluene. 
Compound PR 44 was obtained as yellow powder with 
16% yield.

Anal. C28H28ClN3O4S (m.w. 538.06); mp 134-136°C 
(toluene). 1H NMR (300 MHz, CDCl3) δ (ppm): 1.30 
(brs, 2H, CH2CH2CH2), 2.01 (brs, 2H, CH2CH2CH2), 
2.29-2.35 (m, 4H, Hpiperazine), 3.07-3.45 (m, 6H, Hpiperazine 
and CH2CH2CH2), 6.85-8.17 (m, 13H, ArH), 15.71 (s, 
1H, OHenolic). FT-IR (cm-1): 1605 (CO), 1325, 1175 (SO2); 
Anal. Calcd: C, 62.50; H, 5.25; N, 7.81. Found: C, 62.35; 
H, 5.22; N, 7.67.

3-(4-chlorobenzoyl)-4-hydroxy-2-[2-(3-trifluoromethyl-
phenyl)-1-piperazinyl)-2-oxoethyl]-2H-1,2-benzothiazine 1,1-di-
oxide (PR45). A mixture of 5 (3 mmol, 1.00 g) and 
1-(2-chloro-1-oxoethyl)-4-(3-trifluoromethylphenyl)-pip-
erazine a (3 mmol, 0.91 g) with EtONa (3 ml, 2.3%) 
in 20 ml of anhydrous EtOH was stirred at 70°C under 
reflux for 8 h. The rest of the procedure was similar to 
that used for PR14. Compound PR45 was obtained as 
yellow powder with 39% yield.

Anal. C28H23ClF3N3O5S (m.w. 606.01); mp 125-130°C 
(EtOH). 1H NMR (300 MHz, CDCl3) δ (ppm): 2.07 (brs, 
2H, CH2CO), 2.93-3.28 (m, 8H, Hpiperazine), 6.93-8.23 (m, 
12H, ArH), 15.55 (s, 1H, OHenolic). FT-IR (cm–1): 1668, 
1593 (CO), 1332, 1170 (SO2); Anal. Calcd: C, 55.49; H, 
3.83; N, 6.93. Found: C, 55.55; H, 3.93; N, 6.73.

3-(4-bromobenzoyl)-4-hydroxy-2-[2-(3-trifluoromethyl-
phenyl)-1-piperazinyl)-2-oxoethyl]-2H-1,2-benzothiazine 1,1-di-
oxide (PR47). A mixture of 3 (3 mmol, 1.14 g) and 
1-(2-chloro-1-oxoethyl)-4-(3-trifluoromethylphenyl)-piper-
azine a (3 mmol, 0.91 g) with EtONa (3 ml, 2.3%) in 20 
ml of anhydrous EtOH was stirred at 70°C under reflux 
for 8 h. The rest of the procedure was similar to that 
used for PR14. Compound PR47 was obtained as yellow 
crystals with 16% yield.

Anal. C28H23BrF3N3O5S (m.w. 650.46); mp 139-140°C 
(EtOH). 1H NMR (300 MHz, CDCl3) δ (ppm): 2.98-3.70 
(m, 10H, CH2CO and Hpiperazine), 6.97-8.27 (m, 12H, ArH), 
15.47 (s, 1H, OHenolic). FT-IR (cm-1): 1664, 1587 (CO), 
1342, 1177 (SO2). Anal. Calcd: C, 51.70; H, 3.56; N, 6.46. 
Found: C, 51.34; H, 3.27; N, 6.28.

3-(4-bromobenzoyl)-4-hydroxy-2-{3-[4-(3-trifluoromethyl-
phenyl)-1-piperazinyl]propyl}-2H-1,2-benzothiazine 1,1-dioxide 
(PR48). A mixture of 3 (3 mmol, 1.14 g) and 1-(3-chlo-
ropropyl)-4-(3-trifluoromethylphenyl)-piperazine b (3 
mmol, 0.92 g) with EtONa (3 ml, 2.3%) in 20 ml of an-
hydrous EtOH was stirred at 70°C under reflux for 8 h. 
The rest of the procedure was similar to that used for 
PR14. Compound PR48 was obtained as yellow powder 
with 45% yield.

Anal. C29H27BrF3N3O4S (m.w. 650.51); mp 77-79°C 
(EtOH). 1H NMR (300 MHz, CDCl3) δ (ppm): 1.26 
(brs, 2H, CH2CH2CH2), 2.04 (brs, 2H, CH2CH2CH2), 
2.37 (brs, 4H, Hpiperazine), 3.19-3.45 (m, 6H, Hpiperazine and 
CH2CH2CH2), 7.03-8.19 (m, 12H, ArH), 15.47 (s, 1H, 
OHenolic). FT-IR (cm–1): 1606 (CO), 1330, 1177 (SO2). 
Anal. Calcd: C, 53.54; H, 4.18; N, 6.46. Found: C, 53.51; 
H, 4.26; N, 6.45.

Differential scanning calorimetry

For each calorimetric sample 2 mg of DPPC was 
dissolved in the appropriate amount of chloroform 
stock solution (5 mM) of the investigated oxicam de-
rivative. The oxicam/phospholipid molar ratios in the 
samples were: 0.06, 0.08, 0.10, 0.12. Than the phospho-
lipid was transferred onto the dry film – the solvent 
was evaporated under a stream of nitrogen and the 
residual solvent was evacuated under vacuum for 2 h. 
Samples were hydrated by 20 μl of Tris–EDTA buffer 
(pH 7.4). Hydrated mixtures were heated to the tem-
perature higher by 10°C than the main phase transition 
temperature of DPPC and vortexed until homogeneous 
dispersion was obtained. After that the samples were 
transferred into aluminium sample pans type Concavus 
(Netsch) and sealed. Thermal measurements were per-
formed using a differential scanning calorimeter DSC 
214 Polyma (Netzsch).The samples were scanned at 
a rate of 1°C/min. Data were analyzed off-line using 
Netzsch software. The transition enthalpies are stat-
ed in [J/g] and the measured heat was normalized per 
gram of lipid.

Fluorescence spectroscopy

Small unilamellar liposomes formed from DPPC 
were obtained by sonication of 2 mM lipid suspension 
in 20 mM Tris-HCl buffer (150 mM NaCl, 0.5 mM 
EDTA, pH 7.4) using UP 200s sonicator (Dr Hilscher, 
Berlin, Germany). The stock solutions of the studied 
oxicams derivatives (30 mM) were prepared in DMSO. 
Liposomes were incubated with 5 µM of fluorescent 
probe (Laurdan or Prodan) in darkness for 30 min at 
room temperature. Then the studied compound was 
added and the liposomes were incubated for another 20 
min (in darkness at room temperature). The oxicam de-
rivatives concentrations were within the range 25–125 
µM.

The fluorescence experiments were carried out with 
LS 50B spectrofluorimeter (Perkin-Elmer Ltd.) equipped 
with a xenon lamp using emission and excitation slits of 
5 nm. The excitation wavelength for Laurdan was 390 
nm and for Prodan – 360 nm. The recorded fluores-
cence spectra were processed with FLDM Perkin-Elmer 
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2000 software. The measurements were conducted at 
room temperature (25°C).

RESULTS

The evaluation of NSAIDs-membrane interactions has 
to date been the subject of numerous studies by its in 
vitro simulation using a wide range of experimental tech-
niques. The thermal effects of four oxicams (meloxicam, 
tenoxicam, piroxicam and lornoxicam) in model lip-
id membranes have been studied in DPPC bilayers by 
Kyriokou and coworkers (Kyriokou et al., 2004). The 
NSAIDs investigated there caused the lowering of the 
main phase transition temperature together with the abo-
lition of DPPC pretransition. Fluorescence quenching as 
an experimental technique has also been employed previ-
ously to characterize the interaction of NSAIDs (eg. in-
domethacin) with lipid bilayers (Zhou et al., 2010).

Differential scanning calorimetry

Differential scanning calorimetry (DSC) is a relatively 
fast and inexpensive research method showing how the 
studied additives modify the phase transition profile of 
lipid (Jain & Wu, 1977). In our research we use DSC 
as a preliminary technique to investigate the interaction 
of the newly synthesized compounds with model mem-
branes.

We investigated the influence of five new compounds 
(PR14, PR44, PR45, PR47, PR48 – see Scheme 1) on 

thermal properties of DPPC bilayers in pH 7.4 (Tris–
EDTA buffer). For comparison the effect of piroxicam, 
a well-known NSAID was recorded as well. Thermo-
tropic properties of DPPC bilayers in the presence of 
oxicam derivatives in water and in acidic buffer have 
been previously studied by Kyrikou and coworkers. They 
studied the thermal effects of four oxicams in DPPC 
multibilayers (Kyrikou et al., 2004). They found that 
piroxicam caused broadening of the main phase transi-
tion (ΔT1/2) of DPPC bilayers and lowering of the main 
phase transition temperature (Tm). Similar results were 
obtained in our studies (Fig. 2).

The impact of the studied compounds on the lip-
id thermal behavior is presented in Fig. 3, showing the 
example thermograms of DPPC mixed with piroxicam 
(PRX), PR47 and PR44 at different molar ratios. The 
addition of the studied compounds caused the disap-
pearance of the DPPC pretransition and concentra-
tion-dependant shift of the main transition temperature 
towards lower values, accompanied by a decrease in the 
transition peaks area and the broadening of the peaks.

Additionally, at PR47:DPPC molar ratios of 0.08, 0.10 
and 0.12 the main peak appeared to be composed of 
two overlapping peaks and characterized by a shoulder 
on this peak shifted towards higher temperature. This 
means that phase transition is less cooperative.

The dependencies of the main transition temperature 
(Tm), transition half-height width (ΔT1/2) and the transi-
tion enthalpy (ΔH) on the oxicam derivative:lipid molar 
ratio obtained for the mixtures of DPPC with PR14, 

Figure 2. Influence of piroxicam (PRX, ) on the DPPC main phase transition temperature (Tm) and peak half-height width (ΔT1/2).
Bars represent standard deviations of eight measurements, where no error bars are shown, they were smaller than the symbols repre-
senting results.

Figure 3. The example thermograms obtained for DPPC mixed with piroxicam (PRX), compound PR47 or PR44 as well as pure lipid 
(the first curve from the top). 
Curves in the Figure represent the thermograms obtained for different studied compound:DPPC molar ratios (from the bottom: 0.12, 
0.10, 0.08, 0.06, pure lipid).
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PR44, PR45, PR47 and PR48 are shown in Figes. 4A–
C, respectively. All examined compounds decreased the 
main transition temperature Tm of DPPC in a concentra-
tion-dependent manner (see Fig. 4A).

Newly synthesized oxicam derivatives exerted a mark-
edly greater effect on thermotropic properties of DPPC 
multilamellar structures than piroxicam. The addition of 
studied compounds to phospholipid also caused broad-
ening of the transition peaks which was visible as an in-
crease of transition half-height width (Fig. 4B).

This process is accompanied by shifting of phase tran-
sition temperature Tm towards lower values and this shift 
is also dependent on the concentration of the studied 
compounds. Phase transition profiles were most effec-
tively broadened by PR47.

Figure 4C shows the influence of the studied com-
pounds on the enthalpy (ΔH) of DPPC main phase 
transition. PR47 decreased the transition enthalpy in a 
concentration-dependent manner to the greatest extent 
among all of the compounds examined.

In case of parameter changes of DPPC gel-liquid 
crystalline phase transition studied here, the most pro-
nounced effects were found in the presence of com-
pounds PR47 and PR45. In DSC studies PR44 appeared 

to be the least effective piroxicam derivative in the 
group of five studied compounds.

Fluorescence spectroscopy

To further study the effects of the new oxicams ana-
logues on phospholipid bilayers two fluorescent probes 
localized in different membrane segments were applied. 
Laurdan and Prodan both possess the same fluorophore 
connected to an alkyl chain of different length (3 car-
bon atoms in Prodan molecule and 12 of Laurdan). 
Therefore Prodan molecules locate closer to the hydro-
philic surface of a bilayer (Krasnowska et al., 1998) than 
Laurdan which flouorophore is located closer to the 
phospholipid glycerol groups (Bagatolli et al., 1999). All 
examined compounds caused quenching of both fluores-
cent probes in a concentration-dependant manner (see 
Fig. 5). The newly synthesized oxicams derivatives had a 
more pronounced effect on fluorescence quenching than 
piroxicam.

 For all of the studied oxicams analogues quenching 
of Prodan fluorescence (open symbols) was significantly 
stronger than quenching of Laurdan emission (full sym-
bols). According to the standard interpretation of fluo-
rescence quenching proposed by Joseph Lakowicz if the 
molecular location of fluorescent probe within the lipid 
bilayer is known, quenching studies can be used to re-
veal the location of quenchers in membrane (Lakowicz, 
2006).

The results of our fluorescence quenching studies sug-
gest that in DPPC model membranes the oxicam deriva-
tives are located in the region closer to the surface of the 
membrane where fluorescence probe Prodan is located. 
It was also found, that two out of five compounds un-
der consideration, PR45 and PR47 (Fig. 5) quenched the 
fluorescence of both fluorescent probes most strongly.

The experiments carried out by fluorescence spec-
troscopy have shown that the presence of a two–carbon 
aliphatic linker with a carbonyl group between 4-[(3-tri-
fluoromethyl)phenyl]piperazine substituent and 1,2-ben-
zothiazine ring as well as trifluoromethyl substituent that 
occurs in compounds PR45 and PR47, seems to increase 
the ability of oxicams derivatives to quench the fluores-
cence of both applied probes.

DISCUSSION

The results obtained by both applied experimental 
techniques, differential scanning calorimetry and fluores-
cence spectroscopy have shown that the new oxicam an-
alogues interact with model lipid membranes applied in 
these studies. All of the new oxicams analogues studied 
here abolished DPPC pretransition. These compounds 
were able to decrease the temperature of main phase 
transition and to influence enthalpy of the transition. 
They also increased half-height of the transition peaks.

Comparing the magnitude of changes induced by the 
studied analogues of oxicam in thermotropic properties 
of DPPC bilayers with their ability to quench Laurdan 
and Prodan fluorescence the following order was ob-
served: PR47>PR45>PR48>PR14>PR44.

However, in case of two studied derivatives their abil-
ity to quench Laurdan fluorescence followed another 
order, i.e. P14>P48. The presence of a two–carbon ali-
phatic linker with a carbonyl group (PR14, PR45, PR47) 
in position 2 of the 1,2-benzothiazine ring (instead of a 
three–carbon chain in the same position of a compound 
scaffold – PR44, PR48) together with a trifluoromethyl 

Figure 4. Influence of PR14 (◊), PR44 (), PR45 (), PR47 (×) 
and PR48 () on the parameters of DPPC main phase transi-
tion: temperature (A), peak half-height width (B) and enthalpy 
change (C). 
Bars represent standard deviations of eight measurements, where 
no error bars are shown, they were smaller than the symbols rep-
resenting results.
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substituent in the benzene ring of phenyl-piperazine 
moiety (PR47 and PR45) appears to be crucial for model 
membrane perturbing potency of the studied derivatives. 
On the contrary, the substitution of the benzene ring 
by halogen substituents (Cl or Br) in position 3 of the 
1,2-benzothiazine ring has little or no influence on the 
potency to perturb DPPC bilayers structure by these de-
rivatives. No substituent in the benzene ring of 4-phe-
nylpiperazine moiety (PR44, PR14) appears to be charac-
teristic for compounds that perturb only polar head and 
in small extent acyl chain regions of lipid membranes.

CONCLUSIONS

As it was demonstrated in our calorimetric and spec-
troscopic studies, the greatest influence on thermotropic 
properties of DPPC membrane and on the efficiency of 
quenching of Laurdan and Prodan fluorescence was ex-
erted by a PR47 derivative which contains in its struc-
ture a two–carbon aliphatic linker with a carbonyl group 
between 4-[(3- trifluoromethyl)phenyl]piperazine substit-
uent and 1,2-benzothiazine ring as well as bromine and 
trifluoromethyl substituents.

In the present work we have used differential scan-
ning calorimetry and fluorescence spectroscopy to study 
the interactions of new five oxicam derivatives with lipid 
bilayers. We have shown that these interactions indicate 
dependence on the chemical structure of individual com-
pounds. However, the importance of the interactions of 

oxicam derivatives with lipids for their impact on differ-
ent cellular pathways is far from being recognized. In the 
next step of the research we plan to study an ability of 
the new oxicam derivatives to inhibit transport activity 
of ABC multidrug transporters which are mostly respon-
sible for anticancer drug resistance. Furthermore, the 
results of this study indicate that this area of research 
would be advanced by examination at a molecular level.
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