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The present work describes the study of the photophysics and dynamics of a prospective anti-cancer antibacterial drug
norfloxacin (NFX) within the micro-heterogeneousenvironment of Aerosol OT (AOT) reversemicelle(RM). Theenvironment
sensitive fluorescence spectroscopic behavior of NFX isfound to exhibit asignificant red-shift with increasing water pool
size (w, = [water]/[surfactant]) of the RM. A prominent decrease of fluorescence anisotropy of NFX with increasing w,
demonstrates a relaxation of the motional restrictions imposed on the bound drug molecules with enhanced hydration.
These results are further substantiated from our time-resolved measurements. Study of the rotational dynamics of NFX
within the RM asafunction of w, exhibitsatypical biexponential decay behavior which has been adequately described on
the basis of the wobbling-in-cone model. The rotational dynamical parameters are also calcul ated for wobbling motion of

the drug within the RM as a function of w,,
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I ntroduction

Reverse micelles (RMs; Scheme 1) are spherical
aggregates formed by surfactant molecules in non-
polar medium and consist of a solvent water pool
entrapped in the core of the reverse micellar unit
surrounded by the headgroups of surfactantswith the
non-polar hydrocarbon chains of surfactants projected
toward the non-polar bulk medium (Levinger et al.,
2002; Bhattacharyyaet al., 2003; Baruah et al., 2006;
Willard et al., 1998; Silber et al., 1999; Satpati et al .,
2009). The water molecules entrapped inside the
reverse micelle are characterized to be highly
structured and non-homogeneous in nature. The
average size of areverse micelleisdependent onthe
amount of solubilized water and expressed by water
to surfactant molar ratio, w, = [water]/[surfactant]
(Luisi etal., 1984; Kalyansundaramet al., 1987; Luis
et al., 1988; Jain et al., 1989). Several studies have
shown that two types of water population exist inside
the water pool (Levinger et al., 2002; Bhattacharyya
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etal., 2003; Baruah et al., 2006; Willard et al., 1998),
namely, water molecul esthat are strongly bound with
the headgroup of the surfactant and hence display
distinct characteristics compared to bulk water (Dutt
et al., 2004) and the free water molecules that reside
deepinsidethecoreof thewater pool. Thustheinterior
of areverse micelleistruly heterogeneous. Reverse
micellesarewidely considered as an efficient model
for biological systemsbecauseof their ability tomimic
severa essential and important features of biological
membranes. Given the structural, compositional and
functional complexities associated with biological
membranes, researchers have been particularly
motivated to find some simple model systemtomimic
the physicochemical properties of membranes (Fendler
et al., 1976; Mitra et al., 2008; Faeder et al., 1989;
Venables et al., 2001; Nandi et al., 2000;
Bhattacharyya et al., 2000). In our case we have
used aerosol OT (AQT) to prepare the reverse
micellar system. AOT is a double tailed anionic
surfactant which is used for solubilization and
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emulsification. It can form spherical aggregates in
wide range of w, values (Nave et al., 2000), that is,
the AOT reverse micelle can compartmentalize large
amount of water into its core.

Fluoroquinolone (FQ) classes of compoundsare
widely known for their broad spectrum antibacterial
activities. FQs are used as antibacterial drugsin the
treatment of various infectious diseases (Lipsky et
al., 1999; Sahlmannetal., 1999; Anand et al., 2012),
sexually transmitted diseases such as prostatitis, skin
infection, acute cystitisand selected pneumonias(Ting
etal., 2003; Appelbaumet al., 2000; Ball et al., 2000;
Blondeau et al., 1999). The mechanism of action of
FQswith biological or biomimicking assemblies has
been quite uniquein the sensethat both the hydrophilic
aswel| as hydrophobic pathways have been invoked
asthe actual mechanistic conduits, and thelatter being
mainly responsiblefor therouteleadingto their entry
into the cytoplasm (Nikaido et al., 1993; Berlanga et
al., 2000).

Herein, we have carried out a spectroscopic
Investigation of interaction of afluoroquinolonedrug,
norfloxacin (NFX; Scheme 1) with AOT reverse
micellar system. The chemical structure of NFX is
comprised of acarbonyl group and apiperazinyl moiety
at the 7-carbon atom. The 4’ ‘N’ of the piperazinyl
ring and the carboxylate group are the most significant
proton binding sites from the biological viewpoint
which |eads to pH-dependent prototropismwhichin
NFX is characterized by two pK , values, pK, = 6.23
and pK,, = 8.55 (Albini et al., 2003; Sortino et al.,
1998; Monti et al., 2002; Paul et al., 2015).

Inthis study, we have studied the photophysical
properties and rotational dynamics of NFX in AOT
reverse micelle with various w,, values by using
steady-state and time-resolved fluorescence
spectroscopic techniques. The photophysical and
spectroscopic data are very useful in elucidating the
interaction of these drug molecules with relevant
biological and biomimicking assemblies. Upon
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Scheme 1: (A) Prototropic Equilibrium of NFX (pK, = 6.23 and pK, = 8.55) and (B) Simplified Cartoon Representation of a

Reverse Micellar System
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entrapment inside an organized molecul ar assembly,
the drug molecules will experiencerestriction onits
dynamics and mobility. Fluorescence depolarization
measurement yields an estimation regarding the
dynamical information about the fluorophore in the
complex micro-heterogeneous environment such as
the reverse micelle. Understanding the rotational
behavior of aprobeinthe microheterogeneous medium
issignificant for determining the dynamicsof drugin
biological systems. Hence, in the present study we
intend to explore the dynamics of the drug (NFX)
within the anionic RM sto understand their rotational
behavior in such organized assemblies.

Materials and Methods

Norfloxacin (NFX) (Scheme 1) and sodium bis (2-
ethylhexyl) sulfosuccinate (AOT) from Sigma-
Aldrich, USA and spectroscopic grade n-heptanefrom
Spectrochem, India were used as procured. Triply
distilled deionized Milli pore water was used for all
measurements.

Seady-Sate Spectral Measurements

The absorption and fluorescence emission (and
excitation) spectrawere acquired on aCary 100 UV-
Vis spectrophotometer and Fluorolog 3-111
fluorometer, respectively. In al measurements the
concentration of NFX was maintained at ca. 2.0 mM
inorder to avoid aggregation and reabsorption effects.
Only freshly prepared solutions were used for
spectroscopic measurements. Appropriate spectral
background correction and instrumental correction
have been ensured during all spectral measurements.

Steady-State Fluorescence Anisotropy

Steady-state anisotropy (r) wasrecorded on Fluorolog
3-111 fluorometer. The steady-state anisotropy (r) is
defined as (Lakowicz, 1999):

i g
wW =TVH
G: HV (2)

where, |, and 1, ,, arethe emission intensities when
the excitation polarizer isvertically oriented and the
emission polarizer isoriented vertically and horizontally,

respectively. G isthe correction factor.

Time-Resolved Measurements

Fluorescence lifetimes were obtained by the method
of Time Correlated Single Photon Counting (TCSPC)
following excitation of the samplesat X\, = 340 nm
(IBH-NanoLED-340, FWHM ~ 750 ps) using
picosecond diodesand the signalswere collected using
aHamamatsu M CP Photomultiplier (Model R-3809U-
50) at themagi c angle polarization of 54.7° to eiminate
any considerable contribution from fluorescence
anisotropy decay (Lakowicz, 1999). The decayswere
deconvoluted on DAS-6 decay analysissoftware. The

averagelifetime (t ) iscalculated usingthefollowing
equation (Lakowicz, 1999):

(t)=% o7, ©)

where, o; is the normalized pre-exponential factor
for theit lifetime component.

For time-resolved fluorescence ani sotropy decay
measurements, the polarized fluorescence decaysfor
the parallel [I“(t)] and the perpendicular [1 | (t)]
emission polarizations with respect to the vertical
excitation polarization were first collected at the
emission maximaof the samples under investigation.
The anisotropy decay function, r(t) was then
constructed using these I”(t) and | (t) decayson the
following equation (Lakowicz, 1999):

[(t)-Gl (1)

() +2GI | (1)
where, G, the grating factor was determined fromlong
timetail matching technique (Lakowicz, 1999).

Results and Discussion

Seady-Sate Fluorescence Study

Beforediscussing the spectral changesof NFX inside
AOT reverse micelles, we first focus on the
photophysical properties of the drug in bulk solvents
which could serve as a comparative avenue for
assessing the changes in spectral properties of the
drugwithintheAQOT reversemicellar assembly. NFX
exhibits highly environment-sensitive spectral
properties because of the pH-dependent protropic
equilibrium (Scheme 1).
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Figure laexhibitsthe absorption spectraof NFX
in aqueous solution of different pH(s). Theabsorption
profile of NFX at pH = 7.4 showsastrong absorption
at ~ 270 nm due to the presence of the aromatic ring
and another absorption band in the 300-350 nm
wavelength region with two sub-peaks at ~ 325 nm
and 335 nm. This long wavelength absorption is
ascribed tothe n —n* electronic transition (Albini et
al., 2003; Paul et al., 2015). With decrease in pH of
the solution from pH = 7.4 to an acidic value (pH =
4.0), the short wavel ength absorption band is found
to undergo ared-shift by ~5 nm (from ~ 270 nmto ~
275 nm), along with the appearance of atail at the
long wavelength region (beyond 350 nm) (Fig. 1A).
Theabsorption spectral changesto thisdirection have
been identified with the formation of the cationic
species of NFX in acidic pH (Albini et al., 2003).
Figure 1la also shows a considerable decrease of
absorption of NFX at alkaline pH (pH = 10.7), in
analogy to literature reports (Albini et al., 2003; Paul
et al., 2015).

Figure 1b represents the emission spectra of
NFX in agueous medium of different pH(s). The
emission profileof NFX at pH =4.0(i.e., acidic pH)
showsmaximaat \,~445nmwhichischaracteristic
emission of the cationic species. The emission
wavelength at A, ~ 418 nmin pH 7.4 (i.e., neutral
pH) providesthe signature of the zwitterionic form of
NFX (Paul et al., 2015). At pH = 10.7 the emission
spectra of NFX is centered at ~ 420 nm (Fig. 1B)
and thefluorescenceyield of NFX at alkaine pH (pH
= 10.7) is significantly low. Fluoroquinolone
derivatives, e.g., NFX, are also known to exhibit
solvent-dependent chargetransfer emission fromthe
nitrogen center of the piperazinyl group to the keto
oxygen following photo-excitation (Blondeau et al.,
1999; Nikaido et al., 1993; Berlangaet al ., 2000; Albini
et al., 2003).

Figure 1C represents the emission spectra of
NFX in various solvents of different polarity. In
chloroform (CHCI 3) and 1, 4-dioxane, NOF shows
emission maximaat ~404 nmattributableto the neutral
species(Albini et al., 2003). In aqueous medium, NFX
exhibits characteristic emission from the cationic
species having emission maximaat ~ 442 nm. Thus,
the maximum emission wavelength of NFX at ~ 434
nmin methanol iscloseto that of the cationic species
of NFX.

Thefluorescenceprofileof NFX inAOT reverse
micelle with increasing water pool size (designated
by w, value) isdisplayedin Fig. 2. A progressivered-
shift of the emission wavelength with increasing w,
valueindicatesincrease of polarity inthe vicinity of
the drug microenvironment. In this context, it is
intriguing to notethat the emission wavelength of NFX
undergoes aremarkable red-shift to x ., ~ 442 nmat
W, =22from X\, ~408 nmat w,= 1. Onthebasis of
adirect comparison of the spectral properties of NFX
in bulk solvents it can be argued that at low w,, the
probe experiences a predominantly hydrophobic
environment in which the neutral form of NFX is
preferentially stabilized (as indicated by the
characteristic fluorescence maxima, X\, ~408 nm at
W, =1, whichiscloseto that of the neutral speciesof
NFX, Xy, = 404 nm in CHCI, (Paul et al., 2015;
Blondeau et al., 1999; Nikaido et al., 1993; Berlanga
et al., 2000; Albini et al., 2003). Whereas, with
increased hydration (high w,) the microenvironment
surrounding the probe becomes considerably
hydrophilicinwhichthecationicformof NFX appears
to be preferentialy stabilized (as designated by the
characteristic fluorescence maxima, Nem ~ 442 nm at
W, = 22, which closely resemble the characteristic
cationic emission of NFX, Nem ~ 445 nminacidic pH
(Fig. 1) (Paul et al., 2015; Blondeau et al., 1999;
Nikaido et al., 1993; Berlangaet al., 2000; Albini et
al., 2003). However, it is important to note in this
context that besides polarity of the micro-environment,
change of pH in the locality of the drug within the
AOT reverse micelle could also play a role in
modulating the photophysics of the bound drug. A
critical discussion on the matter has been attempted
based on some specifically designed experimental
resultsin aforthcoming section. Photophysics of the
drug Using the anthroloxy probe of varying chain
length, Kelkar et al. (Kelkar et al., 2004) have shown
that the shift of the emission maxima in reverse
micellar micro-heterogeneous assembliesis largely
governed by its precise location in the RMs. They
have reported that the emission maximaof 7-nitorbenz-
2-oxa-1,3-diazol-4-yl (NBD)-cholesterol is
independent of w,, indicating that the probeislocalized
away from the core of the RM which ischaracterized
by reduced water penetration (Kelkar et al., 2004).
In parity with earlier studies (Kelkar et al., 2004,
Senguptacet al., 2013), the possibility of localization
of the probe in the bulk solvent (n-heptane) can be
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Fig. 1: (A) Absorption spectra of NFX in bulk agueous solvent of varying pH(s) as indicated in the figure legend (pH = 4.0: —o—
, pH = 7.4: —e—, pH = 10.7: —-W-), (B) Fluorescence spectra of NFX in bulk aqueous solvent of varying pH(s) as indicated
in the figure legend (pH = 4.0: —o—, pH = 7.4: —e—, pH = 10.7: -B-). X, = 335 nm, [NFX] = 2.0 pM and (C) Fluorescence
spectra of NFX in various solvents as indicated in the figure legend (CHCI,: —e—, 1,4-dioxane: —o—, MeOH: -O-, Water
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Fig. 2: Normalized fluorescence spectra of NFX (X, = 335
nm, [NFX] = 2.0 puM) in AOT/n-heptane reverse
micelles as a function of w, Curves (i) ® (vii)
represent w, = 1, 2, 4, 6, 10, 20, 22

ruled out with aview to the observed marked shiftin
the emission wavelength as a function of the water
pool size (w, value). It isalso noted that the extent of
red-shift of NFX gradually decreaseswith increasing
w, and the variation of fluorescence wavelength
almost attains saturation beyond w,= 15 (Fig. 2). This
can be rationalized based on the fact that the
compartmentalized water in the water pool devel ops
bulk type properties with increase of w, value.
Caorimetric studies (Gotoet al., 1992), determination
of dielectric constant (Biswaset al., 2008) and micro-
polarity studiesinside thereverse micellar water pool
(Biswaset al., 2008) have demonstrated that beyond
W, ~ 10, the bulk-like properties become prominent in
the water pool.

Fluorescence Anisotropy Study

The photophysical propertiesof agiven drug molecule
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inamicro-heterogeneousassembly islargely governed
by its precise location. The fluorescence anisotropy
can function assensitiveindicator for any modification
in rigidity of the surrounding environment of the
fluorophore (Paul et al., 2015; Paul et al., 2014). In
the present study, the fluorescence anisotropy of NFX
is found to be higher inside the reverse micellar
microenvironments at all w, values compared to that
in bulk water (r ~ 0.013) (Paul et al., 2015). This
result suggeststheimpartation of motional restriction
on the drug moleculesinsidethe AOT RM (Fig. 3).

It is noted that the fluorescence anisotropy of
the drug exhibits a specific variation as afunction of
w, value in RM-encapsulated state (Fig. 3). With
increase of w, value, the anisotropy regularly
decreases followed by a gradual saturation. This
suggests the impartation of gradual relaxation on
motional degrees of freedom of the probe with
increasing w,, inside the RM. This observation
probably indicatesthat the drug molecules move closer
to the water pool with increasing w, value. These
findings are found to be in parity with the results
reported (Sengupta et al., 2000).

Time-Resolved Fluorescence Decay

Thetypical time-resolved fluorescence decay profiles
of NFX inRMsasafunction of w, value are displayed
in Fig. 4 and the relevant decay parameters are
collected in Table 1. NFX is found to exhibit bi-
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Fig. 3: Variation of steady-state fluorescence anisotropy of
NFEX (A = 335 nm, [NFX] = 2.0 uM) in AOT/n-heptane
reverse micelles as a function of w,. Each data point
is an average of 15 individual measurements

exponentia decay patternwithintheAOT RMs(Table
1), however, the mean (average) fluorescencelifetime
isused to explorethe behavior of thedruginthemicro-
heterogeneous reverse micellar environments in
variouswater pool sizes(itisindeed anon-trivial task
to assign specific mechanistic models to each decay
component in a heterogeneous environment). A
gradual decrease of the average fluorescencelifetime
of NFX with increasing w,, (Table 1) points out the
fact that with increasing w, swelling of the RMs
becomes increasingly prominent which in turn
accompanies decrease of motional constraint on the
bound drug molecules. These results are found to be
in keeping with the steady-state results as discussed
above. Thedatasummarized in Table 1 show that the

Table 1: Time-resolved fluorescence decay parameters of
NFX in AOT reverse micelle with icreasing w,

Wy TANs)  T,(ns) 0y Q, (t)(ns) X2
1.31 4.81 0.35 0.65 3.59 1.07
1.22 4.38 0.30 0.70 343 1.08

1
2
4 1.10 4.16 0.24 0.76 3.44 1.02
6
8

1.02 3.89 0.22 0.78 3.25 1.05
0.99 3.64 0.17 0.83 3.18 1.06
10 1.02 3.50 0.35 0.65 2.64 101
12 1.04 3.38 0.17 0.83 2.99 1.09
15 101 3.27 0.22 0.78 277 1.00
22 1.00 3.19 0.34 0.66 2.45 101
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Fig. 4: Time-resolved fluorescence decay transients of NFX
(Aex = 340 nm, [NFX] = 2.0 uM) in AOT/n-heptane
reverse micelle with varying w,. Curves (i) — (iv)
indicate w, = 2, 6, 12, 22
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average lifetime of the probe even at the highest w,
value studied (T = 2.45 nsat w, = 22) isgreater than
that in agueous medium (T = 1.91 ns) and thus
suggesting a more restricted environment of NFX
within the RMs compared to bulk agueous phase.

Time-Resolved Fluorescence Anisotropy Decay

To obtain further information about rotational
relaxation of the fluorophore and the microenviron-
ment around the fluorophore in reverse micellar
environment time-resolved fluorescence anisotropy
measurement has been performed as a function of
water pool sizein RM. Thetypical anisotropy decay
profiles of NFX in RMs at various w, values are
presented in Fig. 5 and the relevant parameters are
summarizedin Table 2.
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Fig. 5: Time-resolved fluorescence anisotropy decay
transients of NFX (A, = 340 nm, [NFX] = 2.0 uM) in
AOT/n-heptane reverse micelles at various w, values
(wy=2: -l W, = 6: -0~ w, = 12: —e—, W, = 22! —o-) as
specified in the figure legend

Table 2: Time-Resolved Fluorescence Anisotropy Decay
Parametersof NFX in AOT Reverse Micellewith Increasing

Wo

W, T, PS)  T,A(ns) Qy, Qyy (T)(ns)
356 7.25 0.63 0.37 2.91
431 6.31 0.76 0.24 184
12 527 3.66 0.84 0.16 1.03
22 537 1.89 0.88 0.12 0.61
+ 4%

1

x

Scheme 2: Simplified ilustration of the Wobbling-in-Cone
Rotation (Here, ﬁ signifies the symmetry axis of
the flourophore, which forms an angle 6 with the z-
axis which is coincident with the orientation of the E
vector of the incident radiation (linearly polarized).
There is unrestricted motion around the ﬁ axis
which wobbles around the z-axis within a cone of
semi-angle, 6,)

Thetime-resolved anisotropic decay isfound to
be biexponential in nature in reverse micellar
assemblies of varying water pool sizes. The overall
biexponential decay comprises of an ultrafast (,,)
andaslow (1,,) component indicating the occurrence
of two types of dynamical processes on varioustime
scales. This anisotropy decay is described by the
following equation (Lakowicz, 1999):

r(t)= OZOCireXp(_t/Tir) (5)

where, o, is the amplitude of the i" rotational
correlation time, 7, and r,is the limiting anisotropy
that describes the inherent depolarization of the
fluorophore. The averagerotational relaxationtimeis
calculated as (Lakowicz, 1999):

<Tr>=2i0(‘ir1:ir (6)

Thedatacompiled in Table 2 reflect anoticeable
decrease of the average rotational correlation time
((r,)) of NFX (that is, enhancement of therotational
motion) with increasing w,,. Thisindicates agradual
rel axation of themotional restriction on theAOT-bound
drug molecules with increasing w,, (Kinosita et al.,
1977; Paul et al., 2011), in conformity with the steady-
state results as discussed earlier (Steady State
Fluorescence Study Section).

In tune with numerousliterature reports, such a
bi-exponential fluorescence depol arization behavior
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can be rationalized on the basis of the well-known
wobbling-in-cone model (Scheme 2) (Kinisitaetal.,
1977). Accordingto thismodel, the overall anisotropy
decay may arise from three independent motions:

(i)  Wobbling motion of thedrug (r, ()) withatime
constant 7, ,

(i) Tranglational motion of the drug (r(t)) along
the surface of the macromolecule (herereverse
micelle) with atime constant 7, and

(iii) Overal rotation of the macromolecule (r(t))
with atime constant 7, (Kinositaet al., 1977).

It isoften argued that invol vement of morethan
one type of rotational motions leads to deviation of
the overall fluorescence depol arization from amono-
exponential pattern. According to this model, the
shorter rotational correlationtime (,,) isinterpreted
according to arestricted rotor model whaoserotational
diffusionisrestricted in apotential cone of semi angle
0, about an imaginary axis. The cone itself is
considered to rotate on a slower time scale.

Thus, r(t) isdecomposed into threeindependent
motions as (Paul et al., 2014; Kinosita et al., 1977;
Paul et al., 2011; Tan et al., 2005):

r() = r, (OrpOr ) ()

Further, r(t) in terms of the generalized order
parameter S, is given as (Kinositaet al., 1977; Paul
etal., 2011; Tan et al., 2005):

r(t) = r& + (1 - Hexpl-t(U7,)]
exp[—t(l/TD + 1/7'p)] (€S)]

Thus, the various rotational dynamical
parameters are related to the faster (7,,) and slower
(,,) rotational correlation time constants as follows
(Paul et al., 2014; Kinosita et al., 1977; Paul et al.,
2011; Tanet al., 2005):

S=4a, ©)

1 1 1

W )

w

Here, Sisthe generalized order parameter.

Again the order parameter (S) is connected to

the semi angle, 6, according to (Paul et al., 2014;
Kinosita et al., 1977; Paul et al., 2011; Tan et al.,
2005):

S= %cosew(l+ coso,,) (1)

Thewobbling diffusion coefficient (D, ) of NFX
producing information of the cone-restricted maotion
of the RM-bound drug is given as (Paul et al., 2014;
Kinosita et al., 1977; Paul et al., 2011; Tan et al.,
2005):

_ .
v o,

D , for 9, <30° (12)

For 6,,>30°D,,is obtained as (x = cos 0, ):

D, ={(@-S) .}
X2 (1+ x)? In(1+ x)j+ (1— X) j}
2(x—1) 2 2

+(1;—:)j (6+8x—x*—12x% - 7x4)} (13)

Inthe present case (6,,> 30°, Table 3), equation
13 is used to elucidate the wobbling diffusion
coefficient (D,,) as collected in Table 3.

The calculated rotational parameters (Table 3)
show theimpartation motional restriction onthedrug
molecules within the RM-encapsulated state as
compared to bulk aqueous phase, whereasthe degree
of motional restriction imposed on thedrug molecules
gradually relaxes with increasing water pool size (w,
value) of the RM. Thisisdistinctly manifested by the
decreasing magnitude of the order parameter (S) with
W, (Table 3). The physical significance of the order

Table 3: Rotational Dynamical Parameters of NFX as
Calculated on the Basis of the Wobbling-in-Cone M odel

W, 7,(PS) S 0,(°) D,, x 108(s™)
374 0.61 44.68 3.91
462 0.49 52.48 3.93

12 616 0.40 58.35 3.37

22 750 0.35 61.9 2.96
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parameter (S=/a,, ) can beunderstood in terms of
the degree of spatial restriction on the wobbling-in-
cone orientational motion of the drug. The order
parameter provides a physical estimate to the
orientationa motion of thedrugwithinthelimit: S=0
for unrestricted motion to S = 1 for complete
restriction. A decreasing rigidity onthe drug molecules
withinthe RMswithincreasingw, valueisreinforced
from an enhanced magnitude of the semi angle (6, )
(Table 3).

Modulated Photophysics of NFX within AOT
Reverse Micelle: Effect of pH or Polarity?

Inthe present context, anatural inquisition may prevail
whether the changesin the photophysical properties
of NFX with increasing water pool size within the
AOT reverse micelle are originating from the
modulation of the polarity inthevicinity of themicro-
environment of the bound drug or change of pH
affecting the protonati on/deprotonation equilibrium of
NFX.

In order to resolve the issue, we have resorted
upon comparison of the photophysical properties of
the drug in AOT reverse micelle in which the water
pool (w,= 15) is created with (i) normal water, (ii)
acidic water of pH = 4.0 and (iii) alkaline water of
pH = 10.0 (Satpati et al., 2009). A detailed pH-
dependent study inAOT reverse micelleis, however,
not very relevant given the lacuna surrounding the
effect on the structure of the reverse micelle of the
additivesrequired for changing the pH within thewater
pool. Figure 6A showsthat in al thethree casesunder
investigation, the emission spectra of NFX are
strikingly similar to each other (having A,,, =440 nm).
Thisobservationisstrongly substantiated from time-
resolved fluorescence decay results (Fig. 6B) which
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; osl F/"‘:\ —o— ({iii)
& ¥
2 o6} / \
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S | 3
E 02} \“_
) A

0.0 * . -
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are found to be in close proximity with each other
within experimental error limit. Thus, it ppearsrational
to conclude that the observed changes in the
photophysical properties of the drug with varying
water content within the AOT reverse micelle are
morelikely to berelated to the changein polarity rather
than pH in the microenvironment of the bound drug
(Satpati et al., 2009).

Conclusions

The present work reports a spectroscopic study of
the photophysical properties of NFX within reverse
micellar environments as a function the water pool
size. Our results revea that with increasing water
pool size inside the micro-heterogeneous reverse
micellar core the spectroscopic properties of the bound
drug are remarkably modified. The marked red-shift
in fluorescence wavelength and decrease of
fluorescence anisotropy of NFX with increasing w,
suggest that the microenvironment in the vicinity of
the drug molecules tend to become more bulk like
with enhanced hydration (increase in w,). These
results are also found to bear reasonable parity with
earlier literature and are further corroborated from
time-resolved measurements. The rotational
dynamical parameters of NFX within AOT RM asa
function of the w, value have been calculated using
the wobbling-in-cone model which yiel ds meticulous
information regarding the degree of motional
constraint imposed on the drug mol ecul esin terms of
variation of the generalized order parameter (S) and
the cone semi angle (6,,). These results demonstrate
the decrease of motional restriction with increase of
the water pool size. Furthermore, we have tried to
show that our specific experimental results
demonstrate the predominating role of change of

15

10
Time (ns)

Fig. 6: Comparison of (A) fluorescence spectra and (B) time-resolved fluorescence decay transients (IRF: Instrument Response
Function) of NFX in AOT/n-heptane reverse micelles at w, = 15 with (i) normal water, (ii) water of pH = 10.0, and (iii)

water of pH = 4.0
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polarity rather than pH in the microenvironment of
thebound drug, whichisresponsiblefor the observed
modul ationsin the photophysical propertiesof thedrug
with water pool sizeinside AOT reverse micelle.
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