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ABSTRACT

Nonsteroidal anti-inflammatory drugs (NSAIDs) represent non-specific
inhibitors of the cycloxygenase pathway of inflammation, and thereforean

understanding of the interaction process of these type of drugs with Sulindac;
membrane phospholipids is of high importance. There are still many Naproxen;
unresolved points about the exact molecular mechanism behind the action Model membranes;
of NSAIDs. The present study was designed to investigate the effects of Fluidity.

two NSAIDs, namely sulindac and naproxen, on phospholipid membranes.
The effectsof sulindac and naproxen at various concentrations (1, 6, 9, 12,
and 18 mol%) on phospholipid model membranes prepared from
dipal mitoyl phoshatidylcholine (DPPC)-Cholesterol has been studied by
turbidity technique as a function of temperature (25 °C — 65 °C; with 2 °C
intervals). Sulindac decreases the fluidity of the DPPC-cholesterol model
membrane system at all temperatures studied, while naproxen increases
thefluidity of the same model membrane system at |ow temperatures (below
40 °C). Sulindac and naproxen alter the physicochemical properties of
phospholipid membranes by changing the dynamics of the model

membranes.

INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are among the most widely used medications today
because of their efficacy in the treatment of pain,
inflammation, and fever. Although their exact molecular
mechanism of action is still not clear, inhibition of
prostaglandin synthesis contributessignificantly totheir
andgesic, anti-inflammeatory, and antipyretic effects.
Recently someof theNSAIDs, especialy sulindac, have
emerged as a new cancer chemotherapeutic and
chemopreventivetherapy!:3.

Although NSAIDs are classified into several
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subgroups based on their chemical structure, the
common mechanismof action of al themistheinhibition
of the cyclooxygenase (COX) enzyme. The COX
pathwaly convertsarachidonic acid into prostaglandins
and thromboxans, contributingto severd physiologica
functiong®. Itiswell knownthat there areat least two
COX isoenzymes, called COX-1 and -2, possessing
distinct enzymatic activities®. Most of theNSAIDsare
non-selectiveinhibitorsof COX-2 duetothehigh degree
of structura similarity”l. Most seriousside-effectsare
gastrointestina damage including ulceration and
haemorrhage, renal toxicity, inhibition of the platel et
aggregation’®. Additionally, studies have shown
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alternative COX independent mechanisms of action
inducingloca ulcerationsinthegastrointestinal tract®.
These findings suggest the possibility of a direct
membraneactivity.

Although sulindac and ngproxen areamong themost
widely investigated drugs in terms of their
pharmacological action, lessisknown about their real
effectson cell membranes'®. The number of studies
concerning theeffect of thesedrugs, specificaly onthe
membranedynamics, arequitelimited and contradictory.
Inapreviousstudy, it wasreported that sulindac alters
the physical state of the membrane and strongly
decreasesfluidity of cellular membranes™. Severa
other groups also suggested that NSAIDs strongly
reduce membranefluidity!®3. Ontheother hand, Hwang
and Shen (1981) reported in adifferential scanning
calorimetry (DSC) study that sulindac increasesthe
fluidity of the membrane systems. Intheir study, the
interaction of the active sulfide metabolite of sulindac
with phosphatidylcholine (PC) liposomes was
investigated*3. Intheliterature, the studiesregarding
theeffect of ngproxen on membranedynamicsaso seem
to reveal contradictory results. In a recent study
performed by Manrique-Moreno et a. (2010), the
effectsof naproxen on cdl membranemol ecular models
were investigated by DSCI9, Their data showed a
decrease in the melting temperature of
dimyristoyl phosphatidyl choline (DM PC) liposomes,
whichwasattributed to adestabilization of thege phase.
These results were also supported with the data
presented in another study in which theinteraction of
the NSAID drugs including naproxen with model
membranesfrom syntheticlecithinwasinvestigated™.
Their infrared results showed that the napoxen shifts
the phase transition temperature to lower values,
indicating a strong fluidization of the system. In a
previous calorimetric study done in 1991, it was
reported that addition of increasing amountsof ngproxen
to dipa mitoyl phosphatidyl choline (DPPC) liposomes
causes a decrease in the transition temperature,
asociated tothegd-to-liquid crysta phasetrangtion™,
Ontheother hand, arigidifying effect of naproxenwas
alsoreportedintheliterature®?.

Duetothecontradictionsintheliteratureregarding
theeffect of sulindac and ngproxen onmembranefluidity,
weamed toinvestigatetheir concentrati on dependent

effects on model membranes prepared from
DPPC:Cholesteral as function of temperature. To
accomplish this purpose, we used turbidity technique
which can be applied to study drug-lipid interactions
by measuring the changein theabsorbance va ues. We
have chosen DPPC asthe phospholipid component of
our mode membrane, because phosphatidylcholinesare
themajor lipidic components of cellular membranes,
including gastric mucosa, and consequently they arethe
most commonly used onesin model membrane studies
as the representative phospholipid of most cellular
membranes’®. Cholesterol wasalsoincluded in our
membrane model together with DPPC to mimic the
natural membranes, because this combination can
provideac oser understanding of biologica membranes
than the pure lipid systems. Besides, cholesterol is
generally used in liposomal formulationsto increase
bilayer resistanceto in vivo degradation”.

EXPERIMENTAL

DPPC, cholesteral, sulindac, ngproxen, ethanol, and
chloroform were purchased from Sigma, USA. DPPC
and cholesterol were stored at —20 °C, sulindac and
naproxen wereasstored at room temperature. All other
chemicalswere purchased from Merck, Germany.

Samplepreparation

For turbidity measurements, pure phospholipid
multilamellar vesicles(M LV s) were prepared according
to the procedure reported previously*819., Briefly, 1.5
mg of DPPC wasdissolved in 150 pL of chloroform
and excesschloroform wasevaporated by usngagentle
stream of nitrogen. A dried lipid film was obtained by
subjecting the samplesto vacuum drying for 2 hours,
using the HETO-spin vac system (HETO, Allerod,
Denmark). Thelipidfilmswerethen hydrated by adding
1.5mL of 0.1 M phosphate-buffered saline (PBS) buffer
(pH 7.4). MLV swereformed by vortexing the mixture
a 60°C, which is above the phase transition temperature
(T ) of DPPC (whichisaround 41 °C) for 20 minutes.
Thetemperaturewas maintained at thisspecificvalue
by immersing thetubesin awater bath at 60 °C for 2
minutes, followed by vortexing for 2 minutes. In order
to prepare binary mixtures of DPPC and chol esterol,
therequired amount of cholesterol (DPPC:Cholesterol
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mol ratio of 1:1) from astock solution of 5mg/mL in
chloroform was added and excess chloroform was
evaporated by using agentle stream of nitrogen. Then,
the same procedurefor the preparation of pure DPPC
liposomeswasfollowed. To prepare drug containing
DPPC-Cholesterol liposomes, the required amount of
sulindac (or naproxen) (1, 6, 9, 12, and 18 mol %) from
astock solution of 5mg/mL in ethanol wasfirst added
to atube, excess ethanol was evaporated by using a
gentle stream of nitrogen, then 1.5 mg of DPPC was
added and dissolved in 150 pL chloroform. MLVs were
then prepared as described above.

Turbidity measurements

Turbidity studieswere carried out by usngaVarian-
Cary 300 UV/Visible spectrophotometer (Varian Inc.,
Méelbourne, Austrdia) asreported previoudy®!. Plastic
clear cuvettes(LPItdiana, Milan, Italy) of 1cmin path
length were used. To automatically account for
background absorbance of the buffer, reference cuvettes
werefilled with PBS buffer. In order to minimizeany
light-scattering effect, turbidity measurementswere
performed at 440 nm?, Samples were scanned
between 25 °C and 65 °C with 2 °C intervals. The
sampleswereincubated for 5 minbeforerecordingthe
absorbancevalues.

RESULTSAND DISCUSSION

A study on cholesterol containing DPPC liposomes
were performed asafunction of temperatureto assess
thefluidity changesof the membranesin the presence
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of different concentrationsof NSAIDs, namely sulindac
and naproxen, by using turbidity technique. Although
thistechniqueisnot as sensitiveas other spectroscopic
techniques, the lower cost of the equipment,
maintenance, avail ability, and ease of use should be
noted asthe advantages of thetechnique. In addition,
therequired concentrations of the samplesarevery low,
compared to other techniques?®.

Alterationswithin cdlular membranesoftengodong
with changesin membranefluidity, whichisaphysica
parameter susceptibleto perturbations by membrane
activedrugs. Fluidity refersto the rate of motion but
not to the ordering of themol ecular system?l. Changes
inthisspecific parameter can be measured by tracing
thechangeintheabsorbanceva uesinturbidity technique,
where an increase in absorbance is equivalent to a
decreaseinmembranefluidity and visaversa. Thephase
transition of phospholipidsfrom the gel to theliquid
crystalline phase causes a decrease in absorbance
values. Thisismainly dueto the changesthat occur in
therefractiveindex of thelipids, asaconsequence of
changesinthelipid density duringmelting®. Figure 1
shows the temperature dependent variations in the
absorbance values at 440 nm for pure and 50 mol%
cholesterol containing DPPC liposomes (thisamount
mimicscholesterol content of biologica membranes®).

As it is demonstrated in Figure 1, pure DPPC
liposomes show anumber of distinct thermodynamic
phasetransitions. Withincreasing temperature, themain
phasetransition takesthelipid bilayer fromthegel to
theliquid-crystalline phase. The gel phase, below the
T, ischaracterized by dow trandationd and rotationd

—— DPFC

—&— DPPC+Cholesterol

25 30 35 40

45 50 55 60 65

Temperature (°C)
Figurel: Temperaturedependenceof theabsor bance at 440 nmfor pure DPPC and 50 mol% cholester ol containing DPPC

liposomes
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diffusion of lipid molecules. Above T _, the lipid
mol ecul es exhibit increased diffusional mobility!.
Figure 1 shows that, with the addition of 50 mol%
cholesteral, the main phase transition completely
disappears. It wasreported in apreviousstudy that the
addition of cholesterol inducesanew phase, called as
theliquid-ordered phase, whichischaracterized by fluid-
like membrane propertiesand high molecular order of
thelipid chaing?!. It wasa so reportedinthesamestudy
that, at high cholesterol concentrations (exceeding 25
mol %), themain phasetrangtion completely disappears
and the bilayer isin the liquid-ordered phase at all
temperatures, whichisin agreement with our current
findings. Our turbidity results also reveal that the
incorporation of cholesterol into pure DPPC liposomes
decreasesthe absorbancevauesinthegd phasewhich
impliesitsfluidizing effect in the system, and increases
the absorbancevaluesintheliquid crystalline phase,
whichimpliesitsrigidifying effect (decreaseinfluidity)
inthesystem. Thesefindingsaredsoin closeagreement
with the previous studies'”. There is a general
consensusintheliteraturethat thelipid—cholesterol
interactionisdominated by the hydrophobicinteraction
between cholesterol and thelipid acyl chains of the
phospholipids?!.

Figure 2 displaysthetemperature-induced changes
in the absorbance values at 440 nm for DPPC-
Cholesterol liposomescontaining 1, 6,9, 12, and 18
mol% sulindac.

As can be clearly seen from the Figure, the
incorporation of 1 mol% sulindac does not have any
sgnificant effect ontheabsorbancevauesinthestudied
temperature range (25-65 °C). Addition of 6, 9, 18
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mol % sulindac increases the absorbance values
suggesting that thisdrug hasrigidifying effectinour modd
membrane system regardless of thetemperature. Our
resultsarein close agreement with apreviousstudy in
whichit was suggested that sulindac ltersthe physical
state of the membranes by strongly decreasing their
fluidity™™!. Thefluidity isexpected toinfluencebilayer
permeability property, whichisrequired for optimal
activity of membraneassociated structureswhichinturn
influencecdlular processesand disease states. Sulindac
may be beneficial intherapy of and prevention from
cancers because of its membrane stabilizing effect
(decreasing fluidity), Since metastatic tumor cellshave
higher plasmamembranefluidity than non-metastatic
cells, thus decreased membranefluidity could restore
contact inhibition between the cellsby increasing the
rigidity of thecells. Furthermore, cell divison may be
slower asaresult of reduced membranefluidity!?. In
close aggreement with our experimental findingsand
discussion, it wassuggested in avery recent study thet,
sulindac might be exerting its antineoplastic rolein
colorectal cancer by decreasing the fluidity of the
membranetoward normdizing the physica conditions
in membrane?l. The sulindac induced decrease in
membranefluidity might beexplained likethefollowing:
Sulindac exigtsinanionicformsat pH 7.4, andit would
interact with the zwitterionic groups of DPPC. As
NSAIDsarelikely to be present at the surface of the
bilayer asit was previously suggested®, the possible
charge head group induced by NSAID surfacebinding
and the consequent elimination of the electrostatic
repulsion between polar head groups of the
phospholipids may allow a better packing of the

—&— DPPC+Cholesterol

—&— DPPC+CholesteroH1 mol% Sulindac
—¥— DPPC+CholesteroH6 mol% Sulindac
—*¥— DPPC+Cholesterol+9 mol% Sulindac
—&— DPPC+Chol
—+— DPPC+Chol

oH-12 mol% Sulind

118 mol% Sulind

25 30 35 40

45 50 55 60 65

Temperature (°C)
Figure2: Temperatur edependenceof the absorbance at 440 nm for 50 mol% cholester ol containing DPPC liposomesin the
presence of different sulindac concentrations(1, 6,9, 12, and 18 mol%)

s LBioTechnology

An Tudian Yourual



106

Effects of sulindac and naproxen on model membrane dynamics

BTAIJ, 11(3) 2015

FULL PAPER o

hydrocarbon chaing®!. Sulindac couldreachthe surface
of thebilayer, most probably with the negative carboxyl
group anchored near the phospholipid head group, and
with therest of the drug moleculesburied partly inthe
membraneand digned with the phospholipid diphatic
tailg%.

Figure 3 showsthetemperature dependent changes
in the absorbance values at 440 nm for DPPC-
Cholesterol liposomescontaining 1, 6,9, 12, and 18
mol % naproxen.

AsitisseenintheFigure, the absorbance values
decrease at temperatures below 40 °C and dlightly
increase at higher temperatures with the addition of
naproxena al concentrationsexcept 9mol % (negligible
effect). Thesefindingssuggest that naproxen hasfluidizing
effect at low temperatures (below 40 °C) and a slight
rigidifying effect at high temperatures (above40°C).
Destahilizing effect of naproxen in gel phase was
reportedin aprevious DSC study in 2010, Different
than our study, they used DM PC liposomes without
cholesterol, astheir model membrane system. It was
suggested in another previous study that naproxenis
located withinthebilayer, at aleve closer tothe polar
head groupsthan thefatty acid tail™. In another study,
Lichtenberger found that ngproxen wasabletointeract
with the zwitterionic phospholipid DPPC possibly due
to hydrophobic and e ectrostaticinteractiong®. Inan
infrared study performed by Manrique Moreno et a.
(2009), it was revealed that naproxen was located
preferentially in the polar head groups of the
phospholipids, closeto the phosphateregion*4. The
naproxeninducedincreasein thefluidity of themodel
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membrane systemsinthege phase, whichissuggested
by us and the others mentioned above, might be
explained likethefollowing: Naproxen might induce
changesin thepacking of the polar head group region,
by modifying the surface-bond water moleculesinthe
bilayer. It iswell known that the phosphate group is
sengitiveto hydration aterationsin membranes. The
hydration playsanimportant roleinthestability of the
bilayer. The alterations of the hydration shell have
consequencesfor the membrane, like changesin the
semi-permeable properties, rate and efficiency of the
cell growth and modul ate the activity of avariety of
membrane-associated enzymes¥. A rigidifying effect
of naproxen at higher temperatures (above 40 °C) is
quitedifficult to explain. But, oneexplanation could be
the possibility of electrostatic bonding between the
negatively charged carboxyl group of thengproxenand
the positively charged quarternium ammonium of the
phosphatidyl choline, assuggested previoudy2.

In the present study, the concentration dependent
effectsof sulindac and naproxen on DPPC-Cholesterol
model membrane system by meansof lipid dynamics
have beeninvestigated for thefirst time. Our turbidity
data suggested that both sulindac and naproxen ater
the physicochemical propertiesof cellular membranes
by changing thefluidity of the DPPC-Cholesterol moded
membrane system. Thesignificanceof thesefindings
liesbehind thefact that the changesin membranefluidity
isimportant Since severd integral membrane proteins,
includingion channds, areaffectedintheir function by
dterationsinbilayer properties. Thiskind of effect dso
has clinical importance dueto thefact that NSAIDs

—&— DPPC+Cholesterol

—a— DPPC+Cholesterol+1 mol% Naproxen
—»— DPPC+Cholesterol+6 mol% Naproxen
—%— DPPC+Cholesterol+9 mol %Naproxen
—&— DPPC+Cholesterol+12 mol% Naproxen
—+— DPPC+Cholesterol+ 18 mol% Naproxen

0.1
25 30 35 40

45 50 55 60 65

Temperature (°C)
Figure3: Temperatur edependenceof the absorbance at 440 nm for 50 mol% cholester ol containing DPPC liposomesin the

presence of different naproxen
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induced changesin the optimal fluidity of thegastric
phospholipids may reduce their ability to form a
protective hydrophobiclayer. Theclinical significance
of these observationsbecomesevident withregard to
the development of anew formulation of NSAIDs,
where the drug is pre-associated to synthetic
phospholipid before administration to limit the
interactionsof theNSAID with theintring ¢ phospholipid
lining of the stomach.

CONCLUSIONS

In the present study, the effects of different
concentrations of sulindac and naproxen onfluidity of
the model membranes prepared from DPPC-
Cholesterol wasinvestigated by turbidity techniquefor
the first time. Our data suggested that sulindac has
rigidifying effect on the DPPC-Cholesterol model
membrane system at al temperatures studied; while
naproxen hasfluidizing effect a low temperatures (be ow
40 °C) and a slight rigidifying effect at higher
temperatures. Our findings suggested that both of the
drugsdirectly ater themembranearchitecture. These
generd membraneeffectsmight behd pful to understand
theunderlyingmechanism by whichNSAIDsshow thelr
effect in general and specially in cancer
chemotherapeutic and chemopreventive therapy.
Nevertheless, further investigations are required to
provideadeeper insight into theunderlying mechanism
that leadsto changesin membranefluidity-dynamics
especidly by including other techniquesand other types
of membranelipids(using different phospholipid mixtures
with appropriateratiosto mimicthenatura membranes).
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