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Abstract

5, 10, 15, 20-tetraphenyl-21 H, 23 H-porphine tetrasulfonic acid, tetrasodium salt (TPPS4) forms in ground state 1:1 supramolecule
complexes with 2-hydroxypropyl-cyclodextrins (hp-CD) in agueous neutral solutions. It was investigated with UV-VIS absorption and
fluorescence spectroscopy. The complexing ability of CD’s exhibits marked differencesde€Bphp{-CD and hpy-CD. The hpg-CD
was found to bind the porphyrin the strongest vihabout two order of magnitude greater when compared to nat@®. It suggests
that the binding site on the porphyrin moiety predominantly interacts with the primary face of the modified CD’s. Complexation of TPPS4
significantly prevents protonation of pyrrole nitrogens, induce deaggregation of J-aggregates and slows down metalation indicating th
the porphyrin moiety is shielded from bulk solution. The presence of hp-CD’s considerably prolong the lifetimes of the triplet states of the
title porphyrin; simultaneously, the rate constants of quenching of the triplet states by oxygen are decreased. In the presg+&€b of hp-
the quantum yields of the triplet states and of singlet oxygen formation remain unchanged. The additi@g©@Dbhgrevents staining
effect of TPPS4 on the cellular membranes and greatly affects the uptake of TPPS4 by human Caucasian acute lymphoblastic leuker
CCRF-CEM cells. In conclusion, TPPS4 in a supramolecular complex represents an efficient sensitizer, which is due to shielding effect «
hp-CD'’s (against protonization, aggregation, metalation, or interaction with membrane proteins) much less sensitive towards the influent
of its environment. ©2000 Elsevier Science S.A. All rights reserved.
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1. Introduction Cyclic oligosacharides, cyclodextrins (CD) consist of 6,

7 or 8a-1,4-D-glucopyranose units [10] arranged to a trun-

Numerous tetrapyrrole compounds as porphyrins and ph-cated cone thus giving rise to three readily available,

thalocyanines photosensitize production of singlet oxygen y-CD’s. The interior is lined by C—H groups and glycosidic
(0,) whose multiform oxidative effects are the basis for oxygen bridges making the cavity of CD’s nonpolar relative
photodynamic therapy (PDT) of tumors [1-3]. Appropri- to the hydrophilic exterior with primary and secondary hy-
ate chemical and photochemical properties of a sensitizerdroxyl groups. This combination implicates high tendency
such as spectral characteristics, fluorescence, quantum yieldsf CD’s to form noncovalent host-guest inclusion complexes
of the triplet states and singlet oxygen formation, are pre- as has been reviewed in detail by Connors [11]. As a result,
requisites for photodynamic action [4,5]. Still, their bind- complexation to CD prevents aggregation of a guest, facil-
ing to biopolymers in the biological systems and/or to vec- itates transfer of hydrophobic substances to aqueous solu-
tors transporting the sensitizer to tumor tissue is decisive tions [12,13], and directs electron transfer reactions [14,15].
for the final photodynamic efficiency since it can result CD’s have been also used as carriers of pharmaceuticals or
in changes of physico-chemical, photophysical and photo- for improving their solubility and stability [16]. It is worth

chemical properties [6-9]. considering them as inert carriers in PDT as proposed by
Ruebner et al. for cyclodextrin dimers [17]. However, the de-
* Corresponding author. Fax: +42-02-21952371 tailed ground state and photophysical data of sensitizer-CD
E-mail addressmosinger@natur.cuni.cz (J. Mosinger) complexes have not been collected so far.
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Fig. 1. Schematic representation of the structures of 2-hydroxypropyl-cyclodextrin and the porphyrin sensitizer TPPS4.

Mesatetraphenyl porphyrins were reported to interact 2-hydroxypropylg-cyclodextrin (hpp-CD, f3=0.6 and 1.0;
with CD’s via encapsulation of thmesephenyl substituents  Aldrich) and 2-hydroxypropyk-cyclodextrin (hpy-CD,
[10,12,13]. The same model was applied on complexation f;=0.6; Fluka) were used as received. TPPS4 was synthe-
of water-solublanesetetrakis(4-sulfonatophenyl)porphyrin  sized and purified as described elsewhere [25]. Incubation
(TPPS4) (Fig. 1) with native CD’s on the basis of NMR minimum medium RPMI 1640, fetal calf serum, antibiotics,
investigation [18,19]. However, the binding modes can be Hank’s solution and phosphate buffered saline solution PBS
masked by high concentrations required by NMR measure- were purchased from the Gibco company.
ments and therefore possible porphyrin aggregation that UV-VIS absorption and fluorescence spectra were
affects the values of binding constants [20]. Hydrophilic measured on a Varian Carry IE spectrophotometer and
porphyrins can also form cofacial, ‘cup-and-saucer’ Perkin—-Elmer LS 50B spectrometer, respectively, using
type complexes, attached by hydrogen bonding be- 10mm quartz cells. Unless otherwise stated, binding ex-
tween the side polar groups and/or the tetrapyrrole ni- periments were performed in 0.02 M phosphate buffer (pH
trogens of porphyrin and the OH groups on the primary 7.0) at room temperature (22).
face of the CD ring. This geometry was proposed for  The fluorescence quantum yield#) was obtained by
mesatetrakis(4-carboxyphenyl)porphyrin [21,22]. comparison of the total porphyrin fluorescence intensity in

Despite growing amount of information about the inter- the absence (a reference widhx=0.06 [26]) and in the
action of pophyrins and other dyes with CD, a detail study presence of hg-CD (molar ratios TPPS4/hp-CD =0.01)
of their complexation in the context of photodynamic effect when excited at the isosbestic point of 417 nm.
is still missing. Acido-basic properties were studied in Britton—Robinson

The aim of this study was to find out, whether and how buffers of various pH’s. The concentrations of free, com-
the presence of CD affects the physico-chemical, pho- plexed, and the diprotonated form were calculated from
tophysical and photochemical properties of monomeric absorbances at 413, 420 and 432 nm, respectively, under
form of porphyrin sensitizers. Our selection of TPPS4 and 100-fold molar excess of hg-CD. The apparenti,’s were
2-hydroxypropyl-cyclodextrins (hp-CD, see Fig. 1) was evaluated graphically from the concentration vs. pH plots.
based on three factors. First, TPPS4 is well soluble in water The stoichiometry of the TPPS4 complexes with CD’s
with low aggregation tendency at concentrations @iVl was evaluated by Job’s method of continuous variations [27].
Second, TPPS4 has been suggested for application in PDTThe solutions of TPPS4 and each of the corresponding CD’s
due to its proper photochemical properties [23]. Third, the were mixed to standard volume while the total concentra-
modification of the primary face of CD’s causes better tion of both components remained constant, i.gML Job’s
solubility and suppresses aggregation of CD’s in agueousplots were constructed from the absorbance differences at
media, compared to native CD [12,13,24]. the absorption maxima of the complexes at 420nm. The
same results were obtained for wavelengths throughout the
Soret band. The determination of the binding const&npts
between TPPS4 and CD’s is based on the equilibrium ex-
pression

Nativeg-cyclodextrin ¢-CD, Fluka), 2-hydroxypropyé- [TPPS4-CQ]

cyclodextrin (hpe-CD, molar substitutiof, = 0.6; Aldrich), Kb = ([CD]"[TPPS4)’ @

2. Experimental details
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where [TPPS4-C[), [TPPS4], [CD] are the equilibrium ' ' '
molar concentrations of the complex, the free porphyrin 02
and CD, andn expresses the stoichiometry. Two wave-
lengths, 413 and 420 nm, were selected and absorbances
were recorded for a set of about 15 solutions containing
1uM TPPS4 and variable concentrations of CD’s. The
molar absorption coefficients of TPPS4 and that of the l
complex at both wavelengths were calculated from the

absorption spectra of TPPS4 alone and of the TPPS4/CD 02}
solutions under complete porphyrin complexation. The con-
centrations of [TPPS4] and [TPPS4-(}Dvere obtained by . : L
two-component analysis of the absorption spectra [28] and 380 400 420 440
were subjected to a least squares routine. The linear rela- Wavelength (nm)

tionship was obtained when Eq. (1) was plotted as the r 5 pifterence absorption spectra of TPPS4 in the presence of 0, 5, 10,
ratio [TPPS4)/[TPPS4-Cpvs. 1/(CDr—n [TPPS4-CRY)) ", 20, 100 and 50Q.M hp-B-CD. Porphyrin concentration isiiM in 0.02 M
where CL; is the total analytical concentration of CD. The phosphate buffer, pH 7.0. Arrows designate increasing concentration of

absorbance changes were also plotted in a double-reciprocap$-CD.
form known as the Benesi—Hildebrand treatment [29].

Laser flash photolysis experiments were performed with
a Lambda Physik FL 3002 dye laser (417 nm, output en-
ergy 1-3mJ/pulse, pulse width28 ns) [8]. Transient spec-
tra were recorded within 300—600 nm on a laser kinetic spec-
trometer (Applied Photophysics, UK). The time profiles of
the triplet states were probed at 450 or 460 nm using a 250 W
Xe lamp equipped with a pulse unit and a R928 photo-
multiplier. The triplet lifetimes were measured at 460 nm in
oxygen-free solutions saturated with argon. The bimolecular
constants of quenching of the triplet state of the sensitizer
by oxygen were calculated from the known oxygen concen-
trations [30] and the measured rate constants of deactiva-
tion of the triplet states for aqueous solutions saturated with
oxygen, air and argon.

To calculate the molar absorption coefficients of the
triplet stateseT, solutions were prepared with identical
absorbance at the excitation wavelengthyi(A= 0.50, in
10 mm quartz cell). Thet's were estimated by the com-

lete conversion method [25]. The quantum yields of the
P [25] d y (30 min in sonificator with heating). The absorbances of dis-

triplet statesbt at low excitation energy density were cal- : ) .
culated by the comparative method (TPPS4 as a Standardsolved cell pellets were measured at 418 nm (isosbestic point

£460=1.3x 108 Imol—Lcm-1, ¢¥3f:0_76) [31] using the in hydrolyzate) and the fluorescence intensities at 643 nm

0,0

A Absorbance

solution @4 =0.62 [32,33]) — and the working solutions.
The linear dependence of the signal amplitude on the laser
fluence was verified.

The biological tests were carried out using human Cau-
casian acute lymphoblastic leukemia cells (CCRF-CEM).
The cells were grown up to a concentration of &élls/ml
by incubation in RPMI 1640 medium enriched by 10% fetal
calf serum and antibiotics at 3Z under air with 5% con-
centration of CQ@. The cell concentration was determined
by a cytometer (Coulter counter, model ZM). The cell sus-
pension was centrifuged (1000 rpm, 5min) to remove the
nutrient solution. A total of 5 10° cells were washed twice
by PBS and incubated in the dark in 2 ml of Hank’s solution
(pH 7.2) containing (a) k 107°M TPPS4, (b) 1x 10°M
TPPS4 with Ix 10-3 M hp-g-CD for 15 min, 3, 6, 24, 48 and
72 h. After incubation, the cells were separated by centrifu-
gation (1000 rpm, 5min) and washed twice with PBS. Cell
pellets were dissolved in 2ml of 10 mM NaOH Bt 60°C

(Aexc=418nm).

relationship:
f
_ ref(g'rl'e AAT)
&1 = o7 m @) 3. Results

Singlet oxygen quantum yields, were determined us- 3.1. Ground state interaction between TPPS4 and CD’S
ing time-resolved near-infrared emission at 1270 nm. Emis-
sion was monitored at right angle to the excitation beam with  The addition of CD’s to the neutral buffered solutions of
a germanium diode (Judson J16-8SP-R05M-HS, USA) after TPPS4 results in substantial changes in absorption and emis-
being selected by a 1270 nm band-pass filter (Laser Com-sion spectra. In absorption spectra, the Soret band of TPPS4
ponents, Olehing, FRG). All traces were accumulated 256 is bathochromically shifted from 413 up to 420nm. The
times. Optically matched solutions at the excitation wave- changes are best visualized in difference absorption spec-
length of the isosbestic point were prepared in phosphatetra after subtracting the absorbances of free TPPS4 (Fig. 2).
buffer containing 90% BO to increase the singlet oxygen These results are attributed to the formation of a ground state
lifetime. The®A’s were calculated by comparing the max- complex between TPPS4 and CD and suggest the presence
imum amplitude of the signals for a reference — TPPS4 of only two absorbing species in equilibrium in the solutions
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Table 1

Photophysical data of TPPS4 and of its complexes with CD’s. In the column of triplet staigsstands for absorption maxima of T-T specta,for
absorption molar coefficients at 460 niy, for bimolecular rate constants of oxygen quenching,for lifetimes in the absence of oxygen adg- for
quantum vyields of the triplet states. In the column of singlet oxyggnstands for lifetimes an@ for quantum yields of singlet oxygen formation.
All measurements were performed in 0.02M phosphate buffer (pH 7.0) or in Britton—Robinson buffer (pH 4.2) pdhAPS4 and 10Q.M CD’s

System pH ©F)?2 Triplet states Singlet oxygen
Amax (MM)  ET)2 (M7Tem™)  kgx107° (M7is™h)  (e1)? (ns)  @1)2  (za) (ns)  (@a)?
TPPS4 70 0060 444 (1.3x 10P)° 1.8 290 0.78 20 0.62
TPPS4 4.2 - - - - - - 23 0.58
TPPS4 + hpx-CD 7.0 - 450 - 1.6 290 - - -
TPPS4 +hp3-CD 7.0 0.053 450 1.14 10° 0.3 2000 0.76 26 0.60
TPPS4 +hp3-CD 42 - - - - - - 23 0.67
TPPS4 +hpy-CD 7.0 - 450 - 1.0 340 (40%) - - —
2100(60%)

agstimated error 15%.

br28.

¢[31].

d[33].

€[32].

— the free porphyrin and the porphyrin supramolecular com- T '
plex. Examination of the absorbance changes as a function 80 04l - . ] 1
of CD concentration reveals the high complexing strength =) < . .
of CD since the most marked changes were found for molar 3 60 -40,2 | = o 1
ratios TPPS4/CD above 0.10. Fluorescence emission bands @ . X ppg, = 0.5
are red shifted from 648 to 654 nm and from 708 to 720 nm, & a0l 00kt
thus copying the shift of the Soret band, whereas the flu- = 00 02 O’ir 06 08 10
orescence quantum yield remains nearly unaffected (Table — @ -
1). Due to low porphyrin concentrations ofulM, the as- & 20 1
sociation takes place between the porphyrin monomer and -
cyclodextrin. 0 — —

The stoichiometry of the complexes was assessed by Job’s 0 5x10 1x10
method of continuous variations. For all CD’s studied, the 1/(CD,-[TPPS4-CD]) B

maximal difference of absorbance appears at the porphyrin
molar fraction of 0.5 (Fig. 3, inset). It obviously indicates a Fig. 3. Determination of Ky for the TPPS4-hf3-CD complex.

1:1 TPPS4-CD complex (Table 2). The equilibrium equa- The concentrations of respective components were calculated using
tion is given as follows two-component spectral analysis. The solid line indicates the least-squared

fit to the experimental data assuming the 1:1 complex. Inset: Job’s plot
Kp in 0.02M phosphate buffer, pH 7.0 at 420nm. The total concentration
TPPS4+ CD=TPPS4-CD was 1uM. Molar fraction is given byxrppss= Crpps4/(CTppsat Ccp)-

The binding constantsy of the TPPS4-CD complexes were 1 e 2

determined (see Table 2) from the changes in absorption Binding constant¥y of TPPS4 with studied CD. All measurements were
spectra at 413 and 420 nm of TPPS4 upon titration by CD’s. performed in 0.02M phosphate buffer at pH 7.0

The best fit to the experimental data is obtained assumingcomplex Molar substitution ~ TPPS4:CD Kp [M—1]2

a 1:1 stoichiometry (Eq. (1), Fig. 3) confirming that bind-

ing in 1:1 ratio prevails in the studied systems. When the gigj\?g’gw 8'6 ill g'g’; 1833
Benesi—Hildebrand treatment is applied, the values of esti- rppsa ng-co 0.6, 1.0 11 2 6 105
matedKy's are the same within experimental error of 20%. TPPS4-hpy-CD 0.6 1:1 1.3« 10*

The complexmg ablllty of CD’s exhibits marked differences aAverage range calculated from all independent experiments was 20%.

for hp«-CD, hp$-CD, hp+-CD. The strongest compleX-  pata were treated by two-component and by the Benesi-Hildebrand anal-

ing ability to bind the porphyrin was found for the igp€D ysis from the absorption spectra (see Section 2).

with Ky about two order of magnitude greater when with na-

tive B-CD. It suggests that the binding site on the porphyrin carried out with the strongest complex TPPS48h@D.

moiety predominantly interacts with the primary face of the Qualitatively similar results can be concluded for other

modified CD (see Fig. 1). CD's studied, however, higher molar ratios CD/TPPS4 have
We found that complexation of TPPS4 affects protonation to be used to bring about the equivalent effects. TPPS4

of the porphyrin nitrogens. The detailed investigation was forms the diprotonated 3TPPS4+ in acidic aqueous media
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Fig. 4. Absorption spectra of LM TPPS4 in the absence (a) and presence Fig. 5. Transient absorption traces $FPPS4 at 450nm in the absence
(b) of 1x 104 M hp-a-CD. Curve (a) is the spectrum for the diprotonated (a) and presence (b) ofx110~*M hp-B-CD. Argon-saturated solutions,
H,TPPS4+. 0.02 M acetate buffer, pH 3.6. Inset: absorption spectra of the 1M TPPS4, 0.02M phosphate buffer.

J-aggregate (c); the same solution after addition af1®4M hp--CD

(d). 5uM TPPS4 in 0.02M acetate buffer, 1M NaCl, pH 3.6.

formed with argon-saturated solutions at pH 7.0, under the

with a Soret band at 432 nm and a Q-band at 645 nm (Fig. 9iven conditions (TPPS4/hp-CD=0.01), the presence of
4a). After addition of hys-CD, the spectrum of complexed NP#-CD significantly prolongs the lifetime of the triplet
free-base TPPS4 appears with a Soret band at 420 nm angtates of TPPS4 (Fig. 5). At the same molar ratio, in the pres-
four Q-bands; the shoulder at 432nm belongs to small €NC€ of hpy-CD, there are two decay components: a fast one
amount of the remaining sTPPS&* (Fig. 4b). d(_acaylng as the triplet stgtes of free TPPS4 and a _slower one
Similarly, fluorescence emission spectra of the free dipro- With I|fetm;e corresponding to the complex. The time pro-

tonated porphyrin Xexc=400-650 nm, pH 3.6) show only files of the TPP$4 inthe presence of kpED are pest fltted.

the band of HTPPS4* at 674nm. In the presence of to one exponential curve indicating that the lifetime remains

hp--CD, the spectrum displays the typical emission bands _unaffegted. The complexation _also influences the quench-
of complexed free-base TPPS4jat 654 and 721nm. Ex- N9 Of “TPPS4 by oxygen. Typically, the TPPSA-{§:D
citation at 432 nm yields the low-intensity emission band of COMPlex has the bimolecular rate constepalmost 1 order
H,TPPS&™. of magnitude lower than TPPS4 in solution (Table 1). No
The apparentlg, values were graphically evaluated from €fféct of hpg-CD was found on the quantum yield of the
the pH-titration curves, giving k" = 4.8+ 0.1 for TPPS4 triplet state and consequently on the sensitizing ability of
) a ~— - . 1 . . .
which is in good agreement with reported p of 4.8 [34], TPPS4 characterized by the quantum yields of singlet oxy-
and FKaB — 2.1+ 0.1 for the supramolecular complex. gen formation. The lifetime of singlet oxygen is indepen-
Evidently, binding to hge-CD shifts the acid—base equi- dent .of the CD presence implying that neither chemical nor
librium in favor of the free-base TPPS4. Because the pro- Physical quenching of singlet oxygen by CD's can occur.
tonated HTPPS&t forms readily J-aggregates [35], the The lifetimes and thésg values reflect formation of the
complexation also exerts a strong influence on this processCOmplex. In the case of hp-CD, the photophysical data
under aggregation conditions (pH 3.6, 1M NaCl). The ab- In Table 1 are given by predominantly complexed TPPS4
sorption spectrum in Fig. 4c represents a mixture of the (@Pout 96%) differing from those of free TPPS4. Since
J-aggregate (absorption bands at 492 and 708 nm) and th&P-y-CD exhibits intermediaty, both complexed (about
diprotonated HTPPS4*. After addition of hpg-CD (Fig. 60%) and free TPPS4 forms contribute to the kinetic pro-
4d) both diprotonated form and J-aggregates are convertedi!€S Of the triplet states. The hpCD appears to have a
into the supramolecular complex. marginal effect since only about 30% of TPPS4 is bound.
Strong association between TPPS4 and pHpD

(100-fold molar excess) considerably reduces the rate of3.3. The effect of h-CD on uptake of TPPS4 into

insertion of zinc(ll) and copper(ll) into TPPS4 [36]. On  |eukemia CCRF lymphoblastic cells: preliminary dark
the contrary, hpe-CD with much lower complexing ability  experiments
exerts under the same conditions almost no influence.

Fig. 6 summarizes the results obtained for TPPS4 in the
3.2. Photophysical properties of the complexes absence and in the presence of 100-fold excess GG
after incubation with cells in the dark. For incubation with
Photophysical quantities characterizing TPPS4 in solu- TPPS4, the most profound increase in absorption of the cell
tion and upon complexation with CD’s are summarized in hydrolyzate occurs within first 15 min. Similarly, the fluo-
Table 1. When the flash photolysis experiments are per-rescence emission increases within the same time period,
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~. 4000 ' ' T the number of glucose units and consequently in the inner
3 . . -CD, ./° cavity diameter. The hp-CD is a much stronger binder,
‘8’ 3000k f/' {5 whereas binding constant for Rp€D is comparable to that
5 ! \\1\-CD 3 of B-CD and hpy-CD has only moderately high&. From
2 / f g these results we can conclude that 2-hydroxypropyls on the
S 2000 H 1 § primary side (for both molar substitutions of 0.6 and 1.0)
= AN - play a major role in the formation of these complexes. Since
; P - = the Ky values are similar fop-CD, hp«-CD and only two
2 1000 P +CD, o 18 times higher for hpy-CD regardless of modification, the
2 __/4,______-——;60])/(‘ e proper size of the CD molecule is the second important
- 0 et . i factor for the binding process.
0 2(}n X ﬁoﬁ%me (hou?so) 80 It is well established [11] that CD's bind aromatic
cuba compounds into the hydrophobic cavity. In this respect,
Fig. 6. Time course of uptake of TPPS4 (M) by leukemia lym- experimental results based on NMR and circular dichro-

phoblastic cells CCRF-CEM in the absence (-CD) and presence of 1mM iSm are consistent with a model in which porphyrins of
hp3-CD (+CD). Absorbance at 418 nm (index a) and fluorescence inten- proper size and shape are incorporated within the inte-
sities at 643r_1m)(exc=418nm, index f) were measured after hydrolyzing rior of the cyclodextrin cavity [19,20,37_42]_ The por-
5x 1P cells in 10mM NaOH. . . L
phyrins with the anionic carboxy or sulfonato groups
on the mesephenyls are expected to bind similarly to
however, further incubation is accompanied by sharp flu- native CD’s [19,20,38-42] as proposed for anilinonaph-
orescence quenching. The microscopic analysis indicatedthalenesulfonates [43] where the hydrophobic naphtha-
that these results corresponded to fast staining of the celllene slips into the cavity via the secondary face to form
membranes that leads to high local porphyrin concentra-the 1:1 complex with the deprotonated sulfonato group
tions. This is consistent with phenomena occurring at high oriented into bulk solution on the opposite side. Alter-
TPPS4/protein molar ratios, i.e. extensive TPPS4 aggrega-natively, cofacial, ‘cup-and-saucer complexes between
tion after binding to a protein. The aggregate formation 2-hydroxypropyl-CD’s andnesetetrakis(4-carboxyphenyl)
considerably reduces fluorescence quantum yields, quantunporphyrin have been proposed [21,22], where the supramo-
yields of the triplet states, and consequently production of |ecular assembly 1: 1 is hold together via hydrogen bonding
singlet oxygen upon irradiation [6]. between the carboxy groups and/or pyrrole nitrogens of the
The cyclodextrin complex prevents the immediate stain- porphyrin and OH groups of hydroxypropyls on primary
ing effect. As the incubation period is prolonged, both ab- face of hp-CD.
sorbance and fluorescence of the cell hydrolyzate increase — Qur experiments demonstrate that much lower pH'’s are
the sensitizer after the uptake remains in a fluorescent form.necessary for formation of diprotonateg HPPS4* upon
The fact that fluorescence is not quenched leads to an asaddition of hp-CD’s, i.e. complexation hinders protonation
sumption that h-CD protects TPPS4 against binding to  of the pyrrole nitrogens of TPPS4. An explanation was given
organelle and/or cytoplasmic proteins (or other substances)py Lawrence et al. [38,39] for the host-guest model, stat-
and that hp3-CD may maintain the photosensitizing ability ing that the hydrophobic interior of the cavity may prefer-
of TPPS4. Monitoring the number of disturbed cell struc- entially bind a porphyrin with a neutral nucleus. It causes
tures under a fluorescence microscope led to the qualita-that the equilibrium concentration of the complexed, unpro-
tive information that the slight ‘dark’ cytotoxicity of TPPS4  tonated form of porphyrin is shifted to higher value simply
decreases in the presence ofgy&D. by binding to CD’s.
The protonation of TPPS4 at lower pH’s in the pres-
ence of hpg-CD has interesting consequences with regards
4. Discussion to formation of extended J-aggregates occurring at high
ionic strength. Deaggregation of J-aggregates can be used
The TPPS4 forms 1:1 complexes with title CD’s in neu- as a measure of TPPS4 complexation with CD’s. Because
tral aqueous solutions. The binding constaftsobtained hp-s-CD forms much stronger complex than native CD’s
for these systems depend strongly on the structure of themeasured by Ribé et al. [19] lower excess of hp-CD’s is
porphyrin counterpart. The highelsp values are those for  needed for deaggregation. The TPPS4 in the supramolecu-
hp-s-CD, the cyclodextrin consisting of seven glucose units lar complex is metalated very slowly compared to TPPS4
with the hydroxypropylated primary hydroxyl groups. This itself that again confirms changes in availability of the pyr-
modification leads to about two order of magnitude increase role nitrogens.

of binding affinity when compared to natigeCD under the Considering these effects the reasonable conclusion is that
same experimental conditions. Dramatic influences on thethe assembly alow concentrationsused here is hold to-
complex strength are also seen when we compare-Gp, gether via hydrogen bondings or combination of hydrogen

hp-CD and hpy-CD, the modified CD differing only in bondings and hydrophobic interactions. The formation of
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