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ABSTRACT

An equation is proposed for the evatluation of partition
or association constants from Huorescence properties
{such as spectrum shape or anisotropy) whose values are
uaot Hoearly related to the solute distribution. The pro-
posed procedure is applied to the binding of pyrene to -
cyciodextrin {(employing the 1/, relationship and fiuo-
rescence anisotropy) and to the association of pyrene to
dioctadecyldimethylammoniom small unilamellar vesi-
cles (sonicated) and large unilamellar vesicles (injected).
The results obtained in the Iatfer system indicate that the
pyrene partition constant between the vesicles and the
aqueous medium is nearly 10 times farger in the small
vesicles.

INTRODUCTION

The extent in which one molecule is associated o micro-
phases ar macromolecutes, as well as o dimer or small ag-
gregute formation, can be followed spectrophotometrically if
the characteristics of the emission andfor absorption spectra
ditfer for “bound™ and *“free’’ molecules because for any
properiy. A, which is lincarly related 1o the solute concen-
tration. the tieasured value of the property can be related 10
the fraction of hound molecules. . by the relaionship

3‘_ {1 A

where A" and A correspond to the measured propery value
in the free and bound states. respectively. :
Fluorescence measurements are particularly suited to eval-
uste the extent of binding of Auorescent solutes, due 10 their
high sensitivity, that allows monitoring very low solute con-
ventrations and its strong dependence upon the characteris-
ties of the environment, The fluorescence properties that de-
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pend on the probe environment are the Titetime. polarizaion
and position, intensity and fine swucture of the spectra. In
principle, any of them conld be employed (o evaluate the
extent of binding. However, this simple formula (Eq. 1) can
only be employed when l.lu, value of the considered param-
eter varies linearly with the hinding extent (i.e. the fluores-
cence igtensity 4t very low absorhancesy. In particalar. this

equation cannot be employed when the fuorescence polar-

fzation or the spectrum shape (Le. changes in relative inten-
sity between different vibronic bands or band position) is
measured. However, this limitation is frequently averlooked
and formulas like Eq. | are employed o treat data obtained
in these types of measurements.

Polyeyelic wramatic hydrocarbons stand among the com-
pounds whose properties and disuribution are more frequent-
ty evaluarted using Huorescence measurements (1-3), Pyveene
(Py)t whose litetime and fuorescence speetin shapes are
extremely sensitive 1o the medium. is one of the probes most
extensively employed in fhese type of studies (4-61. In par-
ticutar, the ratio between the infensities of the first and third
vibromic bands (1,/1: ratio) has been frequently emploved o
characterize the Py microenvirenment (7.8) and 10 evalune
Py distribution and/or association (9-13) in spite of the fact
that this property is not linearly related to the probe distri-
bution. making the treatment of the data according 1o Fuy. |
unwirranted (12-15), In the present communication u simple
correction 1o Eg. 1 is proposed, alfowing its use i order o
ohtain the degree of solute association. We then apply the
corrected equation to the distribution of Py between pseu-
dophases and to its association W B-cyclodextrin (3-CDy,

MATERIALS AND METHODS

Pyrene (Sigma Chemical Co was puritied Iy L:L\!.g.i]/.lll&ﬂ[ i
methanol. Dipalmitoyviphosphatidvicholine (DP PO 18Iz Chew
Coband B-CD (Sipma Chem. Coll were wxed as received. withont
turther purihcation. Divctadecy ldipethylammonium ehioride (D0-
PACH (Herga Industria Quinicat was purified ax previoush de-
seribed {16y Al weous salutions were prepared o HPLC qualiny
water, (mnisoly,

TAbheviationy: O, cyeltodexivin: DODAC,
ammenium clloride: DPPC, dipaimitoviphosphatadyloh
LUV, Bage unilamelar vesicle: Py, pyrene: SUV. simall anils
miellar vesicle

dioctadecvldime
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Fluorescence intensity and fluorescence polarization measure-
ments were carried om in 4 Perkin-Elmer LS.50B luminescence
spectrophotometer equipped with a thenmostated cell bousiag. Tem-
perature was kept av 25 = 0.1°C

Solutions of Py/g-CD inclusion compounds were prepared by ad-
dition of the appropriate geantity of B-CD 10 a stock solution of
aguepus Py ihelow 107 AF o Py Equilibrium was achieved by
shuaking the mixture for @ least 18 bhoin a water bath thermostated
€ 250 = 0.0°C

Viesicles were prepared by controtled mjection of DODAC/chio-
roform or DPPCHexane solutions in water, with simultancous va-
porization of solvent {large vesicles) or ultrasonie wradiation of an
aqueous suspension of the amphiphile (small vesieles) {16). Prepa-
ration: of Pyfvesicle solutions was performed in a similar way to Py¢
{#-CD solutions. However, in this case equilibriam was rapidly ob-
taned (less than 10 min).

RESULTS AND DISCUSSION

When the property being measured is not linearly related 1o
the probe distribution. Eg. 1 must be modified i order to
take into account differences in absorption coelficients and/
or fluorescence quantum yields between the free and bound
states. When the 1,/1; ratio or the anisotropy is the employed
propenty {fe. A = L/ or A = r)itis easily shown that the
value of « is related 1o the vulue of the measured property
through Eg. 2. (See Appendix for equation deduction when
A =yl

bt AT - A
§ U A 2
[n: { ) i {-A“ A 12y

where 9% and @7, € and €’ are the guantum yield of fuo-
rescence and the exunction coefiicient in the free (O) and
bound (%} states, respectively. When the property employad
is the 1/ ratio. the above defined guantities correspond 1o
the third vibronic band. When anisotropy is micasured. they
correspond to the wavelength of measurement.

In compuarison with Fqg. 2, Eq. 1 is correct only when

bl = ihrgr 3)

If this condition holds, T, remains constant and the [/ ratio
only measures the changes in the intensity of the first vi-
bronic band. and the procedure is equivialent to measure the
band intensity and not the change in the spectrinm shape,

The above considerations are particularly relevant because
changes in the fluorescence band shape are generally accom-
panied by chunges in absorption cocfficients and fluores-
cence vields: This mmplies that Eg. § will never be appro-
priate when parameters assoctated with the spectrum shape
or the generalized polarization are employed. Furthermore,
it must be noticed that the corrected Eqg. 2 and the uncor-
rected Eq. | can only be emploved at low absorbances and
when the fluorescence quantum yields of the bound and free
molecales are independent of the microphase (or macro-
maolecule) concentration and, for the association 10 micro-
phases, of the mean occupation nuntber (171,

Association of pyrene to §-CD

The change in the 1/1; ratio of Py Huorescence spectra with
B-CD concentration 14 shown in Fig. 1. These data indicate
that the 1,71, o changes from L8 in bulk water 1o pear
{16 when the probe s totally assoctated w B-CI (8,12}
Under the conditions emploved in the present work, the
results obtained for the association of Py to B-CD suggest

20
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Figure L. Change in the I/ matdo of Py fluorescence spectra with
F-CD concentration.

that the stoichiometry can be represented according to Eq.
4. The same stoichiometry has been proposed by Munoz de
ta Pefia ef al. {123 and by Xu er al (8) at high B-CD con-
centration.

Py + 2B-CD = Py(p-CD), cay

The equilibricen can then be represented in woms of the
association constunt K, detined by

oy
-

K= = ot = coF e

Linearization of Eq. § by a double reciprocal plot, use of
o values derived from Eg. | and the assumption that con-
centration of CD is rouch greater than the complex concen-
trations leads to

1 i |

= F e ()
AT A AV A (AP~ AHKIR — CDR ;

Fitting the data shown in Fig. 1 to Eq. 6 yields a best
value of K = (3.3 = 0.1) ¥ 105 M. Previous results for
the association constant, not corrected. exhibit marked dit-
ferences. The value reported by Munoz de la Pena ef al
(123, 8.5 2 10% M2 is in good agreement with our result
without correction. That reported by Kusumota (181 1.16 X
10* M2, is far from our uncorrected association constant,
but it must be noticed that Kusumolo’s L/l ratio at ingh B-
CD concentration, 0.9, is bhigher than 0.6, the value experi-
mentally obtained by us and other authors (8,121

On the other hand. when the measured spectrum shape is
ietated o o through Eq. 2. with the above-mentioned ax-
sumptions, then

i i @
- .{. >
At— & AV A (AR AR ~CDJ

where @ 1s the correction facior that takes into accoum
changes in absorbance and/or quantum yields between the
bound and free states. b = (&% dre ). By comparison of
Eq. 6 with 7. it can be shown thar if the correction factor is
neglected, the obtained partition constant (K" will be related
to the corrected value (K by the equation
st
K= - (8}
@

and the introduced ervor will be proportional to the value of
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Figure 2. Plot of {1/ — (1,4 * against [B-CDI-2, for the as-
socigtion between Py and B-CD.

the neglected correction factor. When the 1,/15 ratio is em-
ployed, the correction factor can be calculated from the flu-
orescence intensities of the third vibronic band in the free
and bound states dt the same 1otal Py concentration. These
values were obtained from measurements in the bulk solvent
and by extrapolation of the B-CD data o infinite concentra-
tion, respectively. The value obtaited by this procedure is
= .35 = 0.02. The experimentally determined data, plotted
as (A° — A)! against [B-CD]*, using the corrected Eq. 7
is shown in Fig. 2. The linearity of this plot suppons ne-
glecting the contribution of a 1:1 Py/B-CD complex, allow-
ing the evaluation of K = (1.2 £ 0.1) X 107 M2 greater
than 3 X 10" M2, the corrected valie reported by Xu er al,
(8). This difference can be attributed to the different math-
emathical method applied to fit the data.

The large difference between our corrected value and that
obtained by a similar procedure but based on Eq. 1 (12) is
associated with the greater quanttim yvield of the emission of
the bound Py,

Attempts to take in account the effect of changes in flu-
orescence quantum yields upon partition constants evaluated
from I/l measurements have been carried our by Nakajima
(10) in the Py/B-CD system and by Almgren er al. (19) in a
study of Py/tetraalkylammonium ion associations. However,
these treatments are not general because it is assumed that
= 1 (10) or that the extinction coefficients and the fraction
of the intensity associated with the third vibronie bands are
the same in the free and bound states (19).

The Py fluorescence anisotropy can also be employed 1o
evaluate the extent of binding to the CD. In this case, Eq. 2
takes the form

[ + (1 = a) 1(2*‘:\}=a C)
S

where the correction factor, Wi, 15 the ratio between the fiu-
orescence intensities for the free and totally bound molecules
at the wavelength at which the emission is being observed
(b = Iy,

Anisotropy measurements were camied out at 372 nm.
From the plot of anisotropy data according to Eq. 7. see Fig.
3, and employing an experimental correction factor of U =
0.8, an association constant of (0.95 = 0.1) ¥ 10% i5 ob-
tained. This value agrees Favorably with that obtained from
the [,/I: ratio measurements.

Photochemistry and Photobiology, 1996, 63(6) 711
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Figure 3. Plot of (" - rj
between Py and 3-CD.

Uagainst (B-CDJ YL for the association

Association of Py to vesicles

“The association of Py 10 DODAC or DPPC vesicles. inside

the framework of the pseudophase approximation. can be
given in terms of the partition constant
o [ "
K met il (1th
G I sty
where Xy represents the molar fraction of the amphiphile
in the aquesus pseudophase. The value of K can be obtained
from the double reciproval relation according to

1 1 55.6¢
~ A" (A" = A")K[Amph]

(hh)

where [Amph] is the molar concenwation of amphiphile.
The association of Py to DODAC large unilamellar vesi-
cles (LUV) wag evaluated using the 1;/1; ratio as the mea-
sured property. The obtained data, plotted as (AY — A) !
against {DODAC] !, are shown in Fig. 4. From this plot we
obrain a partition constant, equal to (7.1 = 0.4) > 105 M1,
when an experimentally obtained Correction factor, . of
0.50 % 0.02 is used. Applying the same procedure for DPPC

LUV, with @ = 0.60 & 002, a partition constant of (6.0 +

0.5) % LF M- is obtained. For DODAC sinall unilamellar
vesicles (SUV), with b= 048 = 0,02, the partition constant
takes a value of (4.4 = 0.3 X 108 M .

These data are the first reported values regarding the par-
tition of Py in vesicles and indicate that it is considerably
maore prong to incorporate into the smaller vesiclés. Similar
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Figure 4. Plot of (LY — (1017 against [DODACT!, for the
association between Py and DODAC.



712 E.A. Lissi el al.

dependence of the solubilization with the size of the vesicles
has been reported for L-alkanols (7) and anthracene deriva-
tives €207 and is explained in terms of the more open surface
of SUV due o the defects introduced by the smaller cur-
vature radius,

APPENDIX

The intensities measured at the wavelengths of the first thd
and third (1) vibronic bands. in the free (1% and bound (1
staies, can be expressed as

1 = Pt (12j
I = Bed; (13}
1= Bl (14)
Ii = Berdy (15

where § is & proportionality constmt between absorption and
CHRINSION,

The observed emission in the first and third band, when
i fraction o is complexed with B-CD, will be given by

L= fledio + ) = wi (16)
L= Blerdy + et - )] (17

because

AV A AT,
Al A Wi - 11

the invroduction in Eq, I8 of I and I, values, given by Eq.
16 and 17, leads to Eq. 2
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