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Abstract The use of colloidal organized media, such as
micelles, to solubilize tetracaine hydrochloride (TC.HCI), a
local anaesthetic drug, in aqueous solution has been studied
by means of fluorescence spectroscopy at 298.15 K.
Because tetracaine molecule is a fluorescent probe, changes
in the fluorescence emission spectra of the drug when it is
solubilized by the micelles enable the study of the micelles—
drug association process through the calculation of the
association constants. Two kinds of micelles have been
selected to solubilize the drug: non-ionic micelles and
cationic micelles. Complementary conductometric experi-
ments were also done to determine the critical aggregation
concentration of the surfactants in the presence of the drug.
The micelle-drug association process has been also
analyzed by deconvoluting the fluorescent of the drug into
several Gaussian components, each of which assigned to
the solubilization of the drug within different microenvi-
ronment inside and outside the cationic and/or non-ionic
micelles.
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Introduction

Self-assembly colloidal structures are known to play an
important role in overcoming the undesirable side effects
that usually accompany the function of many drug
molecules in the organism, serving as suitable drug vehicles
in aqueous media [1 and 2 and references therein]. The
complex molecular architectures of these lipid-based drug
delivery systems can be advantageously used to facilitate
solubilization, stabilization, and delivery of many drug
substances. Among these self-assembly colloidal carriers,
the more commonly used are micelles, microemulsions,
emulsions, vesicles/liposomes, and liquid crystal nano-
structures [1, 2 and references therein]. In particular,
micelle aggregates, considered the simplest colloidal orga-
nized media, may solubilize the hydrophobic parts of drugs
both within the micelle core or in the surface, depending on
the structure of the drug molecule [1, 2]. Fluorescence
spectroscopic techniques make use of this fact to analyze
the solubilization phenomena of drugs that has a fluoro-
phore group in their molecules, as it well documented the
intensification of luminescent processes of lumiphors
partial or totally solubilized by an organized hydrophobic
media, due to the better protection from quenching and
other processes occurring in the bulk solvent [3-7]. In this
sense, the micelle core behaves similarly to an organic
solvent; it affords an apolar environment and a non-
hydrated state for the solubilized probe. The maximum
fluorescence intensity is obtained from a molecule that is
totally solubilized inside the micelle core, and the more a
molecule is subjected to a less apolar environment, the
lower its fluorescence intensity. Accordingly, the observa-
tion of steady-state emission enhancement on the fluores-
cence spectrum of a fluorophore in an aqueous environment,
upon addition of surfactant over its critical aggregation
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concentration, can be used as an indication of association. A
number of references in the literature [2, 3, 8—10] use this
change on the spectroscopic properties of the drug, as
solubilization by the micelle aggregate occurs, to study the
binding process through the association constant.

Tetracaine hydrochloride (see Scheme 1) belongs to an
important class of synthetic drugs of the therapeutic family
of local anesthetics whose structures resemble natural
compounds actively participating in nerve-impulse trans-
mission. It is believed that the cationic form of the drug that
seems to be the active principle joins the Na* channels on
the nerve membrane, thus, blocking the initiation and
transmission of nervous impulses [11, 12]. Most of the
local anesthetics that have a hydrophilic region (a tertiary or
secondary amine) and a hydrophobic region (an aromatic
portion), separated by an alkyl chain of the ester or amide
type, often show a short duration of action, and adverse side
effects, such as cardiac and neurological toxicity, accom-
panied sometimes by allergic reactions. It is then expected
that the formulation of tetracaine hydrochloride, as solubi-
lized in surfactant nanoaggregates, may show a better
bioavailability with all or some of these undesirable effects
masked or abolished.

Most of the studies reported in the literature regarding
the use of lipid-based drug delivery systems are focused on
their pharmacological aspects, the physicochemical stand-
point being less frequent [8—10, 13—18]. In this work, we
present a spectroscopic study of the solubilization of
tetracaine hydrochloride by micelle aggregates, aimed at
determining the association constant of the micelle-drug
system. Because tetracaine molecule is a fluorescent probe
due to its planar aromatic ring, the analysis is based on the
measurement of the fluorescence intensity of the anesthetic
drug in aqueous solutions at constant concentration in the
presence of increasing surfactant and/or micelle concentra-
tion. Complementary conductometric experiments are also
done to determine the critical aggregation concentration of
the surfactants in the presence of the drug. Two kinds of
micelles have been selected to solubilize the drug: (a) non-
ionic micelles formed from a glycosilated single-chain
surfactant, octyl-(3-D-glucopyranoside (OBG), a non-ionic
alkylglycosidic surfactant widely used in biomembrane
research and reconstitution processes of biological mem-
branes or mimetic bilayers [19-24] and of great biochem-
ical and pharmacological importance [25-27], and (b)
cationic micelles formed from dodecyltrimethylammonium
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Scheme 1 Molecular structure of tetracaine hydrochloride (TC.HCI)
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bromide (C;,TAB), a single-chain surfactant of the alkyl-
trimethylammonium salts family also used in pharmaceuti-
cal applications [28].

We believe that the results of these studies will show the
convenience of characterizing this kind of associations from
a physicochemical point of view to improve the under-
standing of the interactions in the drug—colloidal aggregates
that will positively affect the design of suitable new drug
delivery systems.

Experimental
Materials

The local anesthetic drug 4-(butylamino)benzoic acid 2-
(dimethylamino)ethyl ester monohydrochloride, usually
named tetracaine hydrochloride (TC.HCI), the non-ionic
surfactant OBG, and the cationic surfactant dodecyltrime-
thylammonium bromide (C;,TAB) were from Sigma, the
purities being higher than 99% for the drug and higher than
98% for the two surfactants. All were used without further
purification. Distilled water was deionized using a Super Q
millipore system (with a conductivity lower than 18 uS
cm ') and, finally, was also degassed with a vacuum pump
before the preparation of the solutions. The drug is an ester
of the p-aminobenzoic acid that may suffer hydrolysis in
aqueous media. Additionally, its cationic form (TCH") is in
equilibrium with its non-ionized form (TC). The pH of the
aqueous solutions of TC.HCI, measured as a function of
drug concentration at 25 °C with a computerized procedure
described previously [29], revealed (pK,=8.4) that the ester
is not hydrolyzed in aqueous solution with the concentra-
tion ranges used herein and that the above-mentioned
equilibrium is almost totally shifted toward the ionized
form of the drug with a negligible contribution of the non-
ionized form. For that reason, unbuffered drug solutions
were used in all the experiments reported herein.

Fluorescence spectroscopy

Steady-state fluorescence experiments were carried out with a
Perkin—Elmer LS-50B luminescence spectrometer equipped
with a xenon discharged lamp equivalent to 20 kW for 8-us
duration, with a pulse of FWHM (full width half maximum)
<10 ps and a frequency of 50 Hz, and a Monk—Gillieson
monochromator that may scan the excitation from 200<\..
<800 nm and the emission from 200<\.,,<900 nm, with a
resolution of 0.5 nm [30, 31]. A 10-mm stoppered
rectangular silica cell was placed in a stirred cuvette holder
whose temperature was kept constant at 298.15+0.01 K with
a recirculating water circuit. An excitation wavelength of
305 nm was chosen, and the emission wavelength was
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varied from 315 to 500 nm to record the fluorescent
emission of tetracaine. In all the cases, excitation and
emission band slits were fixed at 2.5 nm, and the scan rate
selected at 240 nm/min. Following a procedure previously
detailed [32, 33], the experiments were done as a function of
nanoaggregates concentration at a constant drug concentra-
tion. All the spectra used in the analysis of this work were
obtained by discounting from the measured spectra
(tetracaine/surfactant/water solution) the corresponding blank
spectra (surfactant solution of the same concentration but in
the absence of tetracaine).

Conductometry

Conductivity data were collected at 298.15 K (£1 mK) with
a Hewlett—Packard 4263A LCR meter, using a Metrohm
electrode whose calibration with a KCI standard solution
yields a cell constant of 0.8084 cm '. Mixtures were
prepared from a Metrohm digital burette, whose cylinder
was kept at the same constant temperature of the measuring
cell. The conductometer and the burette were controlled via
IEEE-488 bus and RS-232C interfaces, respectively, with a
QuickBasic software designed by us. The whole equipment,
the preparation of mixtures, and the fully computerized
procedure was widely described previously [34]. The
accuracy on the specific conductivity, x, obtained as an
average of 2,400 measurements for each concentration, is
better than 0.03%. The conductivity measurements were
made as a function of surfactant concentration at constant
drug concentration.

Results and discussion

When a surfactant that forms self-aggregates is added to a
drug aqueous solution at concentrations over the critical
aggregation concentration, the drug may be solubilized
within the micelle aggregate with the establishment of an
equilibrium between the free and solubilized/associated
drug as follows:

K
micelle + drug &—— micelle:drug
(1)

the association constant, K, being expressed as

[MIC : Drug]
[MIC][Drug]

Ifree

a

Lircy @

K =

where MIC is the abbreviation used herein for micelles.

In Eq. 2, a and b are the molar fraction of the drug in the
aggregate and in the solvent, respectively, and [MIC] the
concentration of micelles defined as
1“6 [S] cMC

mrc) = £ = Blo ST (3)
N, agg N, agg

=

where [S]i: is the total concentration of the surfactant,
[S]*#¢ is the concentration of the aggregated surfactant,
CMC is the critical aggregate concentration of the surfac-
tant in the micelle/drug system, and N, is the aggregation
number. Several physicochemical properties can be used to
determine the association constant, as long as the property
is sensible to the association phenomena being studied. If
the property is the intensity, /, of the fluorescence emission
of the drug immersed within the micelle microenvironment,
a method of measuring the distribution of the drug between
the water and the micelle phase (the a/b ratio in Eq. 2) is
based on the fact that the lifetime of the fluorescent probe
in the micelle is different than that in water. By changing
the ratios of associated to free probe, the equilibrium
constant can be obtained by fitting the experimental
fluorescence intensity results to the well-known linearized
form of the fluorescence-binding isotherm [3]:

1 1 1

T— 1) Ux—1) (- I)KMIC]

(4)

where /, and 7, are the fluorescence intensity of the drug in
the absence of micelles and when all the drug is solubilized
within the aggregate, respectively. If the plot of (I—1,) " vs
[MIC]™' is linear, the slope and intercept of this plot
according to Eq. 4 permit to obtain /,, and K as parameters
of the fit. On the contrary, nonlinear regression methods are
highly recommended.

To apply the above-mentioned equations, several micelle
parameters should be known, such as CMC and N,,,. OBG
and C;,TAB are well-known non-ionic and cationic
surfactants, respectively, that forms micelles at a certain
concentration. In the case of OBG, as both monomers and
micelles are non-ionic, its self-aggregation can not be
studied with conductometric techniques; other nonelectro-
chemical methods, such as surface tension or speed of
sound must be used [31, 35]. However, if an ionic substrate,
as is the case of tetracaine, is present, the potential
association/solubilization of the drug by the OBG micelles
can be analyzed by running conductometric experiments, as
is also the case of cationic C1,TAB micelles. Figures 1 and 2
collect the conductivity values, «, of aqueous solutions of
tetracaine (at constant concentration of 1.95 and 4.87 mM,
respectively) as a function of surfactant concentration. As
expected, x remains constant in Fig. 1 with [OBG] up to its
micelle aggregation, but after the micelles are formed, it
decreases, indicating a clear association of tetracaine to the
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Fig. 1 Plot of conductivity, , as a function of octyl-/3-glucopyrano-
side concentration, [OBG], at constant concentration of tetracaine
hydrochloride ([TC.HCI]=1.95 mM). The inset at the bottom shows
the third derivative of conductivity with respect to the concentration
(Phillips plot)

OBG non-ionic micelles that leads to a decrease on its
mobility. In the case of cationic C;,TAB (Fig. 2), because
both drug and surfactant are ionic, the conductivity always
increases with surfactant concentration but with a different
slope when C;,TAB micelles are formed in the presence of
a constant tetracaine concentration. The breaks shown by &
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Fig. 2 Plot of conductivity, «, as a function of dodecyltrimethylam-
monium bromide concentration, [C;,TAB], at constant concentration
of tetracaine hydrochloride ([TC.HCI]|=4.87 mM). The inset at the
bottom shows the third derivative of conductivity with respect to the
concentration (Phillips plot)
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Fig. 3 Emission fluorescence spectra of tetracaine hydrochloride
([TC.HCI1]=5.45 uM) immersed on aqueous solutions of OBG at
increasing surfactant concentration: curve 0 0 mM, curve 1 31.50 mM,
curve 2 34.44 mM, curve 3 38.39 mM, curve 4 42.96 mM, curve 5
47.44 mM, curve 6 51.86 mM, curve 7 55.58 mM, curve 8 60.93 mM,
curve 9 67.41 mM, curve 10 72.95 mM, and curve 11 99.01 mM
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Fig. 4 Emission fluorescence spectra of tetracaine hydrochloride
([TC.HCI1]=5.45 uM) immersed on aqueous solutions of C,,TAB at
increasing surfactant concentration: curve 0 0 mM, curve 1 20.37 mM,
curve 2 22.50 mM, curve 3 25.04 mM, curve 4 27.92 mM, curve 5
31.06 mM, curve 6 34.39 mM, curve 7 37.85 mM, curve 8§ 41.38 mM,
curve 9 44.92 mM, curve 10 48.43 mM, curve 11 51.87 mM, curve 12
55.23 mM, curve 13 61.58 mM, curve 14 64.55 mM, and curve 15
67.38 mM
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Fig. 5 Plot of 1/(I-1y) vs [MIC]' (where [MIC] ' represents the
inverse micelle concentration) for OBG and/or C;,TAB micelle
solutions at constant tetracaine hydrochloride concentration, [TC.
HCI]=5.45 uM

in Figs. 1 and 2 correspond to the critical aggregation
concentration of OBG and C,TAB in the presence of
tetracaine and have been determined with Phillips plots
[36], i.e., as the concentrations at which the third derivative
of the experimental property is equal to zero (% = 0; see
the insets in the figures). Values of CMC=23.1 mM and
CMC=13.64 mM has been respectively obtained for OBG
and C;,TAB in the presence of tetracaine.

Once the solubilization of tetracaine by either nonionic
or cationic micelles has been confirmed, we have used the
fluorescence spectroscopic technique to determine the
association constants. Figures 3 and 4 show the effect of
the addition of OBG and/or C;,TAB on the fluorescence
emission spectra of tetracaine in aqueous solution at a
constant concentration of 5.45 uM. As can be seen in the
figures, the increase on surfactant concentration (always
above CMC) leads to clear emission intensity enhance-
ments, pointing again to a solubilization/association of the
drug within the micelle in a microenvironment that has to
be more hydrophobic than the bulk solvent. Aiming at
determining the association constant between the nonionic
and/or cationic micelles and the drug, the quantities 1/(/—
Iy), where [ are the experimental fluorescence intensity
values at A=362 nm (which is the \,,,+3 nm for all the
spectra), have been plotted in Fig. 5 as a function of the
inverse micelle concentration, 1/[MIC]. The micelle aggre-
gation numbers, Ny, =105 for OBG and N,e,=58 for
C,TAB, necessary to obtain [MIC] with Eq. 3 have been
previously determined in our laboratory from static fluo-
rescence experiments, using pyrene as fluorescent probe
and hexadecylpyridinium chloride as static quencher [31].
As can be clearly seen, the plots in Fig. 5 are not linear,
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Fig. 6 Plot of the emission fluorescence intensity, /, of tetracaine
hydrochloride ([TC.HCI]=5.45 uM) vs [MIC], (where [MIC] repre-
sents the micelle concentration of OBG and/or C,,TAB)

revealing that Eq. 4 is not valid for the analysis of the
solubilization of tetracaine neither in non-ionic OBG
micelles nor in cationic C;,TAB micelles. In these cases,
non-linear regression fits of / vs [MIC] data, shown in
Fig. 6, are usually recommended. The equation that best fits
the experimental data on this figure is

I = Io— (Io — Iy) e XMICT (5)

where 7, and K can be obtained as nonlinear regression fit
parameters. The fitted curves confirm the goodness of the
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Fig. 7 Deconvolution of the emission fluorescence band of tetracaine
hydrochloride immersed on a micelle solution of OBG ([OBG]=
42.96 mM) on three Gaussian components
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Fig. 8 Deconvolution of the emission fluorescence band of tetracaine
hydrochloride immersed on a micelle solution of OBG ([C;,TAB]=
22.50 mM) on three Gaussian components

procedure (r2>0.999) that gives values of Krcp+ropg =
(1, 560 + 260)M_1 aIld.KTCHjC]QTAB = (170 + 70)]\4_l for
the association constant of tetracaine with OBG non-ionic
micelles and C;,TAB cationic micelles, respectively.

It is well-known [1, 4] that, as long as the organism
“makes use” of a drug, the equilibrium shown by Eq. 1 is
shifted by mass action toward the release of the active
principle, keeping and regulating its presence in the
medium. This controlled delivery has advantages that can
be resumed as follows: (1) the adverse side effects can be
substantially reduced because the quantity of drug that is
really free and available in the medium may be much lower

Table 1 Parameters of the deconvoluted Gaussian components of the
fluorescence emission of tetracaine (TC.HCI) in aqueous solutions at
constant concentration ([TC.HCI]=5.45 uM) in the presence of OBG

than the administered dose and (2) the time of action of the
drug can be prolonged, which in the case of most drugs, is
particularly important given its well-known fast onset of
action and subsequent short elimination half-life. It is
evident that the value of the association constant of the
drug/micelle complex depends on the characteristics of the
micelle aggregate and the drug to be solubilized, and this
overall affinity involves a particular balance between the
different noncovalent intermolecular forces that take place
in the association process, i.e., van der Waals contacts,
electrostatic and hydrophobic interactions, hydrogen bonds,
solvation processes, etc. It is, then, necessary to determine
these association constants and to choose the optimum
vector for each specific drug. Association constant values
ranging from 100 to 10,000 M~' are found to be
appropriate [1, 5, 37], as they enable the above described
controlled release of the drug. In this sense, the association
constants obtained in this work for the tetracaine/OBG
micelles and for tetracaine/C;,TAB micelles fall within the
optimum range, with moderate values, indicating that the
micelles studied herein are suitable vehicles to solubilize
and transport the local anesthetic drug tetracaine. In par-
ticular, OBG nonionic micelles seem to be more appropri-
ate as tetracaine carrier than C;,TAB cationic micelles,
mostly due to the following: (1) The corresponding binding
constant is higher, and (2) the toxicity of the OBG sur-
factant is less, widely used in biomembrane research [19-24].

Additionally, the association process of the fluorescent
tetracaine with the micelles has been also analyzed in terms
of the characteristics of the different Gaussian components
in which the global m — #* emission band can be
deconvoluted. Among others [7, 38], the approach used in
this work interprets the mechanism by which the excited
state is formed and deactivated considering that most of the
7 — 7* emission bands consist of several bands, attributed

at various micelle concentrations: wavelength A\, width W,, area 4;,
and percent contribution to the overall fluorescence emission area
(within the parenthesis)

[0BG]  [MIC] A he A W A (%) " W A (%) As Wy Ay (%)
mM)  (mM)  (@m) (nm) (nm) (nm)

31.50 0.080 365 109 357 23 1,798 (37) 372 30 2,153 (43) 389 49 1,008 (20)
34.44 0.108 364 145 357 24 2,533 (38) 372 31 2,774 (42) 389 50 1,320 (20)
38.39 0.145 363 192 355 22 2,278 (26) 368 31 4,231 (49) 388 25 2,204 (25)
42.96 0.189 363 245 356 23 3,850 (35) 369 30 4,178 (38) 385 50 2,998 (27)
47.44 0.232 362 291 356 24 4,980 (38) 370 30 4,791 (37) 385 51 3,334 (25)
51.86 0.274 362 335 355 23 5,687 (38) 370 29 5,433 (36) 384 52 3,947 (26)
55.58 0.318 362 370 355 23 6,402 (38) 370 28 5,759 (34) 383 51 4,619 (28)
60.93 0.360 361 419 355 23 7,351 (38) 370 28 6,716 (35) 384 51 5,114 (27)
67.41 0.422 361 467 355 23 8,346 (39) 370 28 7,600 (35) 385 53 5,530 (26)
72.95 0.474 361 550 353 22 8,671 (34) 368 27 9,271 (36) 382 50 7,575 (30)
99.01 0.722 361 662 354 24 12,775 (41) 369 28 10,930 (35) 383 52 7,534 (24)
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Table 2 Parameters of the deconvoluted Gaussian components of the
fluorescence emission of tetracaine (TC.HCI) in aqueous solutions at

constant concentration ([TC.HCI]=5.45 uM) in the presence of

C1,TAB at various micelle concentrations: wavelength \,, width W,
area A4;, and percent contribution to the overall fluorescence emission
area (within the parenthesis)

[C12TAB] [MIC] Amax Lea Al Wi Ay (%) A2 W, Az (%) A3 w3 A3 (%)
(mM) (mM) (nm) (nm) (nm) (nm)

20.37 0.116 367 61 358 26 919 (29) 370 37 1,557 (50) 393 55 649 (21)
22.50 0.153 366 79 358 25 1,291 (34) 370 36 1,822 (47) 393 54 718 (19)
25.04 0.197 365 93 357 24 1,225 (27) 370 32 2,189 (49) 392 51 1,069 (24)
27.92 0.246 364 114 356 23 1,274 (24) 368 31 2,656 (50) 390 49 1,388 (26)
31.06 0.300 364 133 356 23 1,552 (25) 368 31 3,027 (49) 389 49 1,579 (27)
34.39 0.358 363 150 355 22 1,907 (28) 368 31 3,360 (49) 390 49 1,649 (23)
37.85 0.417 363 172 355 23 2,666 (34) 370 30 3,311 (43) 390 48 1,809 (23)
41.38 0.478 363 193 354 22 2,580 (30) 368 29 3,802 (44) 387 47 2,246 (26)
44.92 0.539 362 209 356 23 3,534 (38) 370 30 3,932 (42) 391 48 1,923 (20)
48.43 0.600 362 229 355 23 3,796 (37) 370 30 4,333 (42) 391 48 2,086 (21)
51.87 0.659 362 248 355 22 3,578 (32) 368 30 5,105 (46) 389 47 2,402 (22)
55.23 0.717 362 273 356 23 4,500 (37) 369 31 5,303 (44) 391 48 2,213 (19)
61.58 0.827 362 309 355 22 4,254 (32) 367 30 6,179 (46) 388 47 3,017 (22)
64.55 0.877 362 322 354 22 3,889 (28) 366 29 6,580 (47) 387 46 3,566 (25)
67.38 0.927 362 338 354 21 4,021 (28) 366 29 6,879 (47) 387 47 3,721 (25)

to the emission of the probe immersed in several micro-
environments characterized by different hydrophobicity,
microviscosity, solvation, etc. [38—42]. Accordingly, the
overall emission band of tetracaine in the absence and
presence of increasing amounts of OBG and of C,,TAB
micelles has been deconvoluted after conversion of wave-
length to frequency into the optimum number of reproduc-
ible overlapping curves (see Figs. 7 and 8 as examples) that
have been assigned to different probe environments,
bearing in mind that, as long as the hydrophobicity of the
solubilizing region increases, the emission becomes more
energetic; i.e., the spectral band component is more shifted
to lower wavelength. For that purpose, a commercial
nonlinear least-squares multi-peaks fitting procedure that
uses an iterative Marquardt-Levenberg fitting algorithm,
the center, width, and amplitude of each Gaussian curve
being the adjustable fit parameters, was used. Several
features were chosen as control tests to assure the goodness
of the deconvolution: (1) the reproducibility of the final

Table 3 Averaged wavelengths and area percentages of the three
Gaussian components of the fluorescence emission of tetracaine (TC.
HCI) in the presence of OBG and of C;,TAB micelles

System Gaussian band A (nm) Area (%)
TC.HCI+OBG 1 355+2 37

2 370+2 38

3 385+3 25
TC.HCI+C,,TAB 1 356+2 31

2 369+3 46

3 390+3 23

results for the center, width, and amplitude of the peaks,
irrespective of the choice of the starting parameters on a
series of different fits; (2) a minimum value in the \*
parameter; (3) a random residual plot with no systematic
features; and (4) a maximum value for the square of the
multiple correlation coefficient, 72, better than 0.999.
Tables 1 and 2 resume the fitting parameters for all the
experimental spectra of tetracaine in the presence of both
nonionic and cationic micelles.

In all the cases, the fitting procedure reveals the presence
of three microenvironments that have been assigned as
follows: (1) the most red-shifted peak (higher wavelength)
has been assigned to the emission of tetracaine in the bulk
solution because it is the unique peak that also appears in
the fluorescence spectra of tetracaine in pure water. This
peak appears at 385+3 nm in the presence of OBG and at
39043 nm in the presence of C;,TAB micelles. This small
difference can be explained in terms of the polarity of the
media, as the presence of C;,TAB monomers and bromide
counterions coming from the dissociation of the cationic
micelle drives to a more polar media than that one found by
tetracaine in a solution with nonionic OBG monomers and
micelles. (2) The most blue-shifted peak (lower wave-
length) has been attributed to tetracaine inside the hydro-
phobic core of the micelles. This core is constituted by the
hydrocarbon tails of the surfactants and, as it is similar for
both nonionic OBG micelles and cationic C;,TAB micelles,
this peak appears at the same wavelength for both kind of
micelles (at 355+2 nm in the presence of OBG micelles
and at 356+2 nm in the presence of C;,TAB micelles); and
finally, (3) the intermediate peak that appears at the same
wavelength in the presence of both kind of micelles (at 370+
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Fig. 9 Plot of (4,+4;) vs [MIC], where 4; and 4, are the areas of the
Gaussian components assigned to tetracaine hydrochloride solubilized
within the core and the surface of the micelles, respectively, and [MIC]
represents the concentration of OBG and/or C;,TAB micelles
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2 nm in the presence of OBG micelles and at 36943 nm in
the presence of C;,TAB micelles) has been assigned to the
emission of tetracaine within the micelle surface (see
Table 3).

Once the different microenvironments are identified and
assigned to wavelengths, attention can be paid to the
information yielded by the intensity of the bands in terms of
the areas (or as percentages over the total area of the
experimental band). Tables | and 2 also resume the areas,
A;, of the deconvoluted bands for each emission peak,
including the percent contribution to the overall fluores-
cence emission area. It is well known that there is not a
direct correlation between concentration and intensity (or
area) of a Gaussian band component assigned to a hydro-
phobic microenvironment with respect to that assigned a
hydrophilic one, as the quantum yield of fluorescence is
different in hydrophobic and hydrophilic environments.
Thus, for the same probe concentration, fluorescence
emission is usually much more intense in hydrophobic
media than in an aqueous environment [7]. Accordingly, a
larger spectral area of a Gaussian peak that is blue shifted
with respect to other is not necessarily correlated with a
higher probe concentration within the corresponding micro-
environment. But if the Gaussian peak with the larger
spectral area is red shifted with respect to the other, a
correlation can be established between this intensity (or
area) and a higher probe concentration in this more-polar
microenvironment. In this case, the quantum yield would be
expected to be lower, so a larger area necessarily has to do
with a higher probe concentration [7]. In that sense, in view
of the averaged area percentages reported in Table 3, we

@ Springer

can say that, in the presence of cationic C;,TAB micelles,
tetracaine drug prefers the surface to the hydrophobic core
of the micelles, as 4,>A4; (46 against 31%). In contrast,
nothing conclusive can be said about the preferred
solubilization site of the drug in the case of OBG micelles
because it has been found in Table 1 that 4;~A4, (37 against
38%). In any case, it is worth noticing that tetracaine drug
seems to be predominantly solubilized within the micelles
(core+surface) in both cases, i.e., (4;+4,) >> A3, as can be
seen in Tables 1, 2, and 3 (see the percent contribution to
the overall fluorescence emission area); it is noticeable that,
in both micelle systems, the relation (4;+4,):43 follows a
ratio of 3:1, independently of the concentration of micelle
aggregates. Also, the evaluation of the sum of the emission
areas of the peaks due to the tetracaine solubilized inside,
Ay, or in the micelle surface, 4,, helps on the interpretation
of the association drug/micelle. Figure 9 shows a plot of
(4,+A4,) vs [MIC] for both OBG and C;,TAB micelles.
Two features can be concluded from this figure: (a) The
roughly linear increase of (4,+4,) with the micelle aggre-
gates concentration confirms the drug—micelle association
for both non-ionic and cationic micelles, and (b) the increase
in (4,+A4,) is much more accentuated in the presence of
OBG aggregates that is in agreement with the values
obtained for the association constants (Krcy+ opc >
Krcu+_cia148)-

Conclusions

This work presents a fluorimetric and conductometric study
of the association processes of an anesthetic drug, tetracaine
hydrochloride, with two types of micelles: (a) nonionic
micelles formed from n-octyl-3-D-glucopyranoside (OBG)
and (b) cationic micelles formed from dodecyltrimethylam-
monium bromide (C;,TAB). The study not only confirms
the association between the drug and both kind of micelles,
but also reports a nonlinear method to determine the binding
constants. The moderate K values obtained for the associ-
ation of the tetracaine hydrochloride with both nonionic and
cationic micelles fall within the optimum range, indicating
that both type of micelles are suitable vehicles to solubilize
and transport the local anesthetic drug. In particular, OBG
nonionic micelles seem to be more appropriate as tetracaine
carrier than C|,TAB cationic micelles, mostly due to the
higher binding constant and the less toxicity of OBG sur-
factant widely used in biomembrane research. Additionally,
the drug—micelles association process has been also analyzed
by deconvoluting the overall fluorescence spectra into the
optimum number of reproducible overlapping curves that
have been assigned to different drug solubilizing environ-
ments. In all the cases, the fitting procedure reveals the
presence of three microenvironments where the drug is
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housed: the bulk solution, the micelle core, and the micelle
surface. Nothing conclusive can be said about the preferred
solubilization site of the drug in the case of OBG micelles,
but in the presence of cationic C;,TAB micelles, tetracaine
drug prefers the surface to the hydrophobic core of the
micelles.
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