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Abstract

Investigation of the interaction of quinizarin (Q), an analogue of the core unit of different anticancer drugs, with anionic
SDS micelles has been performed by absorption and conductance measurements in 0.1 M phosphate buffer, pH 7.4 and
over the temperature range of 293.15-323.15 K. The values of binding constant (Ky), partition coefficient (K;) and the
corresponding thermodynamic parameters (Gibbs free energy, enthalpy, entropy) for the binding and distribution of
quinizarin between the bulk aqueous solution and surfactant micelles have been determined and discussed in terms
of possible intermolecular interactions. Values of critical micelle concentration (CMC) and degree of ionization (a)
for SDS in the absence and the presence of quinizarin have been evaluated from conductometric study. Comparing the
absorption spectra of quinizarin in SDS micelles with the spectra in different solvents revealed that quinizarin molecules
are located in the hydrophilic region of SDS micelles. The trend of changes in Gibbs free energy, enthalpy and entropy
with temperature shows that both binding and partition processes are spontaneous and entropy driven. In addition, the
hydrophobic interactions are the main forces involved in binding and partition processes.
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Introduction

Quinizarin (1,4-dihydroxy-9,10-anthraquinone, Q)
belongs to the synthetic anthraquinones which are known
for their antifungal, antibacterial and antioxidant proper-
ties."> Quinizarin is also an interesting molecule from a
pharmaceutical point of view; this chromophore frame-
work is the main part in the structure of anticancer drugs
such as doxorubicin, daunorubicin, and mitoxantrone
which are widely used in clinical practice. These drugs ex-
hibit their antitumor activity by intercalation of the aro-
matic moiety between the DNA base pairs, resulting in the
inhibition of both DNA replication and RNA transcrip-
tion.>® Because the biological activity of these drugs is
governed by the planar anthraquinone moiety, the interac-
tion of different anthraquinones (quinizarin, danthron,
purpurin) with DNA has been already investigated and
compared with the established drugs. These studies re-
vealed the different types of binding modes as partial in-
tercalation and hydrogen binding, and binding constants
values similar with anthracyclines.”"12 In addition to affin-
ity of anthraquinone chromophore toward DNA, the qui-

6.18091

9.27658

Figure 1. Optimized molecular structure of quinizarin using B3LY-
P/6-311G* basis set.

none functionality is involved in generation of reactive
oxygen species responsible for the cardiotoxicity of these
drugs.!*! Also, quinizarine is commonly used as fuel
marker to distinguish the origin and quality of fuels.'®

As DNA, the main target of anthracycline anticancer
drugs is localized in the nucleus of cells they must cross the
cell membrane as well the nuclear envelope to obtain phar-
macological activity. Also, in eukaryotic cells the drug
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molecules may interact with membranes of organelles
such as the endoplasmic reticulum, the Golgi and the mi-
tochondria once they are released into the cytosol. There-
fore, the understanding of the interactions between anti-
cancer drugs and cellular membranes is of primary impor-
tance because these interactions are related with drug
transport, accumulation and pharmacological activity.!®
Although the cellular and nuclear membranes are not the
primary target of the anthraquinone anticancer drugs, in-
teractions between drug molecules and membrane lipids
may induce profound alterations in cell functions like
transient increase in membrane fluidity, correlated with
ceramide generation and the fusion of membrane lipid
rafts leading to activation of the apoptotic cascade.!” As
the anthraquinone chromophore of quinizarin is the ma-
jor part in the structure of these anticancer drugs, it can be
inferred that the similar major effects are expected to be
induced by quinizarin at the level of biological membranes.
These interactions are very difficult to investigate because
of the complexity of structure and functions of biological
membranes. Therefore, different simplified model mem-
branes composed by a hydrophobic core and hydrophilic
surface have gained a significant role in research as alter-
natives for biological membranes. Micelles are colloi-
dal-sized aggregates of surfactants at concentrations high-
er than critical micelle concentration (CMC). The struc-
tural similarity of micelles with biological membranes al-
lows them to be used as simple model system to conduct in
vitro study of drug-membrane interactions.'®-2* Besides,
the micelles can solubilize poorly soluble drugs and can be
used as drug carriers in different drug delivery systems.?*
Micelles with their hydrophobic core and hydrophilic in-
terface region mimic biological membranes and are able to
account for both hydrophobic and hydrophilic (hydrogen
bonds, electrostatic and dipole-dipole) interactions, which
occur during the interaction of different drugs with bio-
logical membranes.?>26

Taking into account that the planar anthraquinone
unit of quinizarin plays a key role in pharmacological activ-
ity of different anticancer drugs and that the surfactant mi-
celles are accepted as simple model systems for studying
different aspects of drug molecules interactions with biolog-
ical membranes, in the present paper the interaction of qui-
nizarin with SDS micelles was studied by employing absorp-
tion and conductometric techniques. The binding constant,
partition coefficient and thermodynamic parameters for
both binding and partition processes were calculated. These
quantitative results would further help as a basic knowledge
for the design of more efficient drug delivery systems.

2. Material and Methods

2. 1. Materials

Quinizarin (96% purity), SDS and other chemicals
were purchased from Sigma Aldrich and employed as re-

ceived without further purification. Experiments were
performed in 0.1 M phosphate buffer (pH 7.4) and deion-
ized water (Mili-Q water purification system) was used for
the preparation of solutions. A concentrated (2mM) stock
solution of quinizarin was prepared by dissolving appro-
priate amount of compound in methanol. Then, a small
aliquot of that stock was diluted with phosphate buffer.
Methanol content in the investigated solutions was always
below 1%. The solutions were kept in the dark due to qui-
none moiety being sensitive to light.

2. 2. Apparatus and Methods

Spectrophotometric measurements were made on a
JASCO V-630 spectrophotometer equipped with a Pelti-
er-controlled ETCR-762 model accessory (JASCO Corpo-
ration, Tokyo, Japan) using a matched pair of quartz cu-
vettes with a path length of 1 cm. The absorption spectra of
pure quinizarin in 0.1 M phosphate buffer (pH 7.4) and in
the presence of different concentrations of SDS have been
recorded in the temperature range of 293.15-323.15 K with
an increment of 10 K interval, in the wavelength range of
350-700 nm. The absorption titration experiments were
performed by successive additions of concentrated surfac-
tant stock solution directly into a cuvette containing 2 ml of
quinizarin solution. After addition of surfactant aliquots,
the mixtures were gentle shaken and the absorption spectra
were registered after 3 minutes of equilibration.

Specific conductivities were measured with Consort
K912 conductivity meter (Parklaan 36, B-2300 Turnhout,
Belgium). This instrument has auto ranging from 0 to 1000
mS/cm and conductivity control with accuracy of £0.5%.
The electrodes used have a cell constant of 0.98 cm™!. The
conductivity runs were carried out by gradually adding
small amounts (20 pl) of a concentrated solution of SDS
into 0.1 M phosphate buffer (pH 7.4), in the absence and
the presence of quinizarin.

3. Results and Discussion

3. 1. Absorption Spectral Characteristics
of Quinizarin in the Presence of SDS

The absorption spectra of quinizarin in the absence
and in the presence of various concentrations of SDS in 0.1
M phosphate bufter (pH 7.4) at 293.15 K and 313.15 K are
given in Fig. 2. The pK, values of quinizarin are reported to
be pK; = 10.15 and pK, = 13.19, therefore quinizarin can
exist in neutral, monodeprotonated and dideprotonated
forms as a function of pH. Also, the deprotonation pro-
duces significant changes in the visible absorption spec-
trum of quinizarin.?” At pH 7.4, quinizarin exists in neu-
tral form and the visible absorption spectrum shows a
broad absorption maximum at ~ 470 nm and a shoulder at
about 520 nm. It can be seen from Fig. 2 that the absorption
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Figure 2. Absorption spectra of 1.80 x 10~ M quinizarin in 0.1 M phosphate buffer (pH 7.4) in the absence (spectrum 1) and in the presence of

increasing amounts of SDS: (a) T = 293.15K; (b) T = 313.15 K.

maximum of quinizarin increases as the SDS concentration
enhances. Moreover, with increasing SDS concentrations
the absorption maximum is split in three peaks, a new peak
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Figure 3. The influence of temperature on: (a) the absorption spec-
trum of quinizarin and (b) the absorption spectrum of quinizarin
incorporated in SDS micelles.

appeared around 515 nm and the shoulder at about 535 nm
disappeared. Also, the addition of SDS yields two isobestic
points at 416 nm and 524 nm. These spectral changes clear-
ly suggest the occurrence of interaction between quinizarin
and SDS micelles and the gradual incorporation of quiniza-
rin molecule in SDS micelles. Also, the environment around
quinizarin molecules in surfactant micelles is different from
bulk aqueous solution as the absorption maxima are red
shifted (for about 10 nm).

The effect of temperature on the absorption spectra
of quinizarin alone and in the presence of SDS micelles is
shown in Fig. 3. As seen from Fig. 3(a), the absorbance
value of quinizarin increases with increasing temperature
from 298.15 K to 323.15 K and the absorption maximum
is red shifted. In the presence of SDS micelles, the shape of
the absorption spectrum is similar for all investigated tem-
perature and the absorption maximum (483 nm) decreas-
es with increasing temperature (Fig. 3(b)).
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Figure 4. The variation of absorbance with SDS concentration at
different temperatures.
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The absorbance of quinizarin in the presence of SDS
increases rapidly for SDS concentrations lower than CMC,
while in post micellar region the absorbance increases
very slowly and becomes almost constant because of the
maximum incorporation of drug molecules into micelles
(Fig. 4). This spectral behavior is observed for all investi-
gated temperatures but the maximum absorbance increas-
es as the temperature increases for the same SDS concen-
tration.

The CMC of pure SDS in 0.1 M phosphate buffer (pH
7.4) at 293.15 K was determined from conductivity mea-
surements (see Conductivity studies paragraph) and it is
9.28 x 10~* M. This value is smaller than the CMC of SDS
in water (8.08 x 10> M) and is an agreement with litera-
ture data, which indicate that the CMC value decreases in
phosphate buffer as the concentration of electrolyte in-
creases (from 6.09 x 10~ M in 5 mM electrolyte concen-
tration to 1.99 x 10~ M in 50 mM electrolyte concentra-
tion).28

3. 2. Determination of Binding Constant

The quantification of the degree of the interaction of
quinizarin with SDS micelles was made by determination
of the binding constant (K;) and micelle-water partition
coefficient (K,) at different temperatures. These parame-
ters were determined from the absorbance values at 470
nm of series of solutions containing a fixed quinizarin con-
centration and increasing surfactant concentrations.

The binding constant (K;,) was estimated from the
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Figure 5. Plot of 1/(A-A,) versus 1/[SDS],, for the interaction of
quinizarin with SDS micelles at various temperatures.

served that the binding constant increases with increasing
temperatures.

Comparing the values of the binding constants at
293.15 K for the interaction of quinizarin with SDS mi-
celles with those for the interaction of mitoxantrone?>3! or
epirubicin?! with SDS micelles, it is clear that the interac-
tion of quinizarin with SDS micelles is stronger than the
interaction of mitoxantrone or epirubicin with SDS mi-
celles. Mitoxantrone is a synthetic anthracenedione anti-
cancer drug, which at pH 7.4 exists as di-cation with two
positive charges on the nitrogen atoms from the side

Benesi-Hildebrand equation:?*30 chains, while epirubicin has one positive charge localized
at protonated amino nitrogen on the sugar moiety. In spite

T _ 1 L1 of positive charges of mitoxantrone and epirubicin and

A-A, K, (4,-4,)SDS], " 4, -4, 0 electrostatic attractions for negatively charged SDS mi-

where [SDS],, is the concentration of the micellized SDS
([SDS],, = [SDS] — CMC), A,, A, A, are the absorbance
in the absence of, at intermediate concentration, and at
high concentration of SDS, respectively. The plot of 1/(A
-Ay) vs. 1/[SDS] gives straight lines for all investigated
temperatures (Fig. 5), which further indicates the forma-
tion of a 1:1 complex between quinizarin and SDS mi-
celles. The values of the binding constant obtained from
the ratio of the intercept to the slope of the Benesi-Hildeb-
rand plots (Fig. 5) are presented in Table 1. It can be ob-

celles, these drugs exhibit smaller binding constants than
neutral quinizarin. A possible explanation for the stronger
interaction of quinizarin with SDS micelles than that of
mitoxantrone or epirubicin could be the smaller size of
quinizarin which leads to a better accommodation of qui-
nizarin molecules into SDS micelles. This explanation is
supported by our previous results which indicate higher
binding constants for the interaction of mitoxantrone with
SDS micelles at pH 10 (when mitoxantrone molecule is
uncharged) in comparison with pH 7.4 when mitoxan-
trone is positively charged.’!

Table 1. Binding constant, partition coefficient and corresponding standard thermodynamic parameters for the interaction of quinizarin with SDS
micelles.

T K, AGY, AHY ASY K,/ 10° AG? AHY AS?

(K) (M) (kJ mol 1) (kjmol!)  (Jmol 1K) M) (kJ mol 1) (kJmol!)  (Jmol ! K1)
293.15 2524 + 0.05 -19.08 14.34 114.00 3.44 + 0.08 -31.06 16.84 163.40
303.15 3290 + 0.09 -20.40 114.60 4.74 + 0.07 -32.92 164.14
313.15 3520 + 0.09 -21.25 113.65 5.26 + 0.08 -34.28 163.24
323.15 4530 + 0.08 -22.61 114.34 6.77 £ 0.09 -36.05 163.67
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Based on these results, we can say that the hydropho-
bic interactions play a major role in the binding of quiniz-
arin to SDS micelles. Studies performed by Das and
co-workers established that the hydrophobic interaction
plays a crucial role in the binding of 2-amino-3-hy-
droxy-anthraquinone to SDS micelles, while the hydro-
philic interaction plays an important role in its interaction
with CTAB micelles.??

3. 3. Determination of Partition Coeflicient

Partition coefficient (K,) was evaluated from the fol-

lowing equation, according to the pseudo-phase mod-
e]:33.34

.. d ., My
A4~ 44, K 44, (SDS]+C, —CMC) @)

where AA = A — Ay, AA,, = A; — A, Cr is the total drug
concentration and n,, = 55.5 M is the molarity of water.
The value of K, is obtained from the slope of the plot of 1/
AA versus 1/(Cp + [SDS] — CMC) as shown in Fig. 6 for
different temperatures. This relation is linear for very high
surfactant concentrations and the curve tends to bend up-
wards for decreasing surfactant concentrations.>
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Figure 6. Plot of 1/(A-A,) versus 1/(Cr + [SDS]-CMC) for the inter-
action of quinizarin with SDS micelles at various temperatures.

From Table 1 it follows that quinizarin presents large
positive values of K, indicating that quinizarin molecules
prefer to move from aqueous environment to SDS mi-
celles. Moreover, the results show that the partition coeffi-
cient increases with the increase in temperature. The val-
ues of K, obtained for quinizarin are higher than those
obtained for the distribution of mitoxantrone in SDS mi-
celles.’! This indicates that quinizarin molecules are parti-
tioned in SDS micelles to much greater extent than mitox-
antrone. The smaller molecular size of quinizarin molecule
in comparison with mitoxantrone allows them to be ac-

commodated in palisade layer close to the micelle surface
where large space is available and can fit larger number of
molecules.

3. 4. Thermodynamic Parameters for the
Binding and Partition Processes

The binding and partition processes for the interac-
tion of quinizarin with SDS micelles were characterized
thermodynamically by determining the standard Gibbs
free energy of interaction (AGY) and the standard Gibbs
free energy of the transfer of drug from bulk aqueous
phase to micellar phase(AGY), and the corresponding stan-
dard enthalpy (AH?) and the standard entropy (ASP)
changes. These parameters, summarized in Table 1, were
calculated from the values obtained for K}, and K, at differ-
ent temperatures from the spectral studies using the fol-
lowing equations:

AG® = —RTInkK (3)
o (4G°IT)
e a(1/T) @
0 0
ASY = u (5)

A plot of AGYT versus 1/T yields a straight line (Fig.
7) and the slope of this line is equal to AH? according to
Eq. 4.
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Figure 7. Plot of AG%/T versus 1/T for the binding and partitioning
of quinizarin to SDS micelles.

As seen in Table 1, AG? values are negative at each in-
vestigated temperature and for both binding and partition
processes. These negative values of AG? indicate the sponta-
neity of the binding process of quinizarin to SDS micelles
and the partition process of qunizarin between the micellar
and the bulk aqueous phases. Besides, the AG? values be-
come more negative with the increase in temperature for

Toader et al.: Study of Quinizarin Interaction with SDS Micelles ...

633



634

Acta Chim. Slov. 2020, 67, 629-637

both binding and partition processes indicating that both
processes are more spontaneous at higher temperatures.

The values of AH® were found to be positive suggest-
ing the endothermic nature of both binding and partition
processes. The net AH? is the sum of the change in enthal-
pies resulting from hydrophobic interactions, electrostatic
interactions, hydration of polar head groups, and counte-
rion binding to micelles.*> Positive values of AH® sug-
gest that the hydrophobic interactions are the main forces
involved in both binding and partitioning processes. The
values of AS? are positive and constant for all investigated
temperatures and for both binding and partition process-
es. The positive values of AS? and AH? indicate that both
binding and partition processes are entropy controlled
over the range of studied temperatures. The endothermic
nature of both binding and partition processes accompa-
nied with a strong favorable entropic contribution suggests
dominant hydrophobic interactions.

3. 5. Conductometric Studies

The electrical conductivity measurement was used to
determine CMC of SDS in the absence and the presence of
quinizarin at 293.15 K. Figure 8 shows the conductance (k)
versus surfactant concentration plot obtained for SDS in
the absence and in the presence of quinizarin. The values
of CMC were estimated as the intersection point between
the two straight lines obtained for low and high concentra-
tions of SDS. The results are summarized in Table 2.

It can be observed that the presence of quinizarin in-
creases the CMC of SDS in 0.1 M phosphate buffer from
9.28 x 107 M to 1.06 x 10~ M. The increase of the CMC
of surfactants was also reported for other different drugs
or dyes and it was explained by the possibility of hydrogen
bonding between hydrophilic parts of drug and water, as
the localization of drug molecules is more probable in the
outer portion of micelle close to micelle water interface.
This kind of drug solubilization leads to decrease in entro-
py thus making process of micellization less convenient
and increases the CMC.2%3>-38

The degree of ionization (a) of the micelles can be
estimated from the ratio of the slopes of the two straight
lines above and below the CMC, when the specific con-
ductivity is plotted versus concentration. The degree of
counterion association (B) is given as § = 1 - a.** The re-
ported values for the degree ionization for SDS micelles in
aqueous medium are in the range 0.29-0.86, depending on
the experimental technique employed.***! In our study,
the degree of ionization of SDS is 0.23 in 0.1 M phosphate
buffer (Table 2) and this value is smaller than the reported
values in aqueous solution. In phosphate buffer, the salts of
phosphates ionize in solution and the sodium ions tend to
condense onto the micelle surface. This leads to a decrease
of the ionization degree and an increase in the aggregation
number and microviscosity.*?> The presence of quinizarin
leads to an increase of the degree of ionization. This can be
explained by the location of quinizarin in the palisade lay-
er of the micelles leading to a steric hindrance to the bind-

Table 2. Critical micelle concentration (CMC), degree of ionization (a) and degree of counterion bind-
ing (B) for SDS in 0.1 M phosphate buffer (pH 7.4) and in the presence of 2.15 x 10> M quinizarin at

293.15 K.
CMC,M a B
SDS (9.28 +0.11) x 104 0.230 + 0.020 0.770 + 0.020
SDS + quinizarin (1.06 +0.08) x 10 0.380 + 0.016 0.620 + 0.016
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Figure 8. Plots of electrical conductivity versus SDS concentration
in the absence and the presence of quinizarin at 293.15 K.

ing of counterions to the micelles, facilitating the dissocia-
tion of the counterions, which yields higher degree of ion-
ization.®> Also, the solubilization of quinizarin in the pali-
sade layer of SDS micelles decreases the surface charge
density, facilitating the ionization of the counterions from
the head groups of surfactant, and, thereby, yielding high-
er degree of ionization in the presence of quinizarin.*

3. 6. Location of Quinizarin in SDS Micelles

Drug molecules can interact with surfactant micelles
in distinct ways, depending on the hydrophobic character
of drugs. They can be adsorbed on the surface of micelles
(hydrophilic molecules), entrapped into the hydrocarbon
core (hydrophobic molecules) showing a deep penetra-
tion) or oriented near the surface in the palisade layer dis-
playing a short penetration.3*#4-46 The position of incor-
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Figure 9. (a) Absorption spectra of quinizarin in different solvents and SDS micelles; (b) Absorption maxima of quinizarin in different solvents as a

function of the dielectric constant.

porated molecules into micelles determines the extent of
solubilization, the chemical reactivity of the solubilized
molecules, and the rate of their release from the micelles
and is also a measure of the strength of specific interac-
tions between the solubilized molecules and the micelle
(electrostatic or hydrophobic interactions, hydrogen
bonds, etc).¥”

Information about the position of quinizarin mole-
cule into SDS micelles was obtained indirectly by compar-
ing the absorption spectrum of the drug in surfactant mi-
celles with the adsorption spectra in solvents with different
polarities which mimic the polarity of different parts of the
micelles. The spectra of quinizarin in different solvents
and SDS micelles are shown in Fig. 9a.

It can be observed that the absorption spectra of qui-
nizarin in phosphate buffer present a maximum at 470 nm.
As the polarity of the solvents decreases, the shape of qui-
nizarin spectrum changes and new peaks and / or shoul-
ders appears. Also, the absorption maximum is shifted to
higher wavelength with the decrease of the solvents polar-
ity (Fig. 9b). The absorption spectrum of quinizarin in
SDS micelles is quite similar with the spectra in polar sol-
vents like methanol and ethanol and different from the
spectra in a non-polar solvent such as toluene. Also, the
relative polarity of quinizarin molecule in SDS micelles
has a value (eq sps ~ 27.5) characteristic for polar solvents,
such as methanol and ethanol. It is well known that mi-
celles present an increasing polarity gradient from the core
to the surface of the micelles.*® As the absorption spec-
trum of quinizarin in SDS micelles reproduces the charac-
teristics of the spectra in polar solvents, we can say that
quinizarin molecules are located in an aqueous microenvi-
ronment similar to methanol and ethanol. Hence, it can be
deduced that quinizarin molecules are solubilized in the
hydrophilic region rather than the hydrophobic region of
micelles. This location in the outer portion of micelle close

to micelle water interface can be explained by the structure
of quinizarin molecule: a rigid, planar anthraquinone sub-
stituted by uncharged hydrophilic groups, which can be
involved in hydrogen bonds with water molecules.**->°
Studies regarding the solubilization of quinizarin in anion-
ic, cationic, nonionic and cationic gemini surfactants indi-
cated that the straight chain surfactants were better solubi-
lizers than alkyl aryl surfactants, the solubilization in-
creases with the temperature and is higher for gemini sur-
factants than that of DTAB and quinizarin molecules are
located just below the head group region of the surfactant
micelles.*-%0

4. Conclusions

This paper presents the results regarding the interac-
tion of quinizarin with SDS micelles using spectrophoto-
metric and conductometric techniques. The binding con-
stant and partition coefficient values indicate a strong in-
teraction between quinizarin and SDS micelles. The posi-
tive values of AS” and AH? indicate that both binding and
partition processes are entropy controlled over the range
of studied temperatures and the hydrophobic interactions
are dominant. Regarding the position of quinizarin mole-
cule in SDS micelles, the changes of absorption spectra of
quinizarin in solvents with different polarities suggest that
quinizarin molecule are located in a comparatively polar
environment at the outer hydrophilic region of micelles.

The anthraquinone chromophore of quinizarin is
present in the structure of widely used drugs in the treat-
ment of different types of cancers. Even if the prevailing
mechanism is the interaction with DNA, these drug mole-
cules must pass the cell and nuclear membranes before in-
teracting with DNA. The understanding of molecular in-
teractions between drugs and biological membranes are
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important for medical research because these interactions
are connected with the pharmacological activity of drugs.
The present results using simple surfactant micelles as bio-
mimetic model membranes give useful information re-
garding the interaction of drug molecules with biological
membranes which will allow the rational design of new
more efficient therapeutic agents and drug delivery sys-
tems. However, further more detailed investigations using
distinct model membranes (i.e., liposomes with different
lipid composition, supported lipid bilayers) are necessary
for better understanding of the interaction mechanism.
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Preiskava medsebojnega delovanja kvinizarina (Q), ki je podoben osrednji enoti razli¢nih zdravil proti raku, in anion-
skih micel natrijevega dodecil sulfata (SDS), je bila izvedena z meritvami absorpcije in prevodnosti v 0,1 M fosfatnem
pufru s pH 7,4 in v temperaturnem obmodju 293.15-323,15 K. Vrednosti vezavne konstante (Kj,), porazdelitvenega
koeficienta (K,) in ustrezni termodinami¢ni parametri (Gibbsova prosta energija, entalpija, entropija) za vezavo in po-
razdelitev kvinizarina med vodno raztopino in micelami povrsinsko aktivne snovi so bile dolo¢ene in obravnavane v
smislu moznih medmolekulskih interakcij. Vrednosti kritiéne micelne koncentracije (CMC) in stopnje ionizacije (a) za
SDS v odsotnosti in prisotnosti kvinizarina so bile dolo¢ene iz kondometri¢ne studije. Primerjava absorpcijskih spektrov
kvinizarina v micelah SDS s spektri v razli¢nih topilih je pokazala, da se molekule kvinizarina nahajajo v hidrofilnem
obmocju SDS micel. Trend sprememb Gibbsove proste energije, entalpije in entropije s temperaturo kaze, da sta oba
procesa,vezava in porazdelitev, spontana in entropijsko vodena. Poleg tega so hidrofobne interakcije glavne gonilne sile,

ki sodelujejo v procesih vezave in porazdeljevanja.
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