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ABSTRACT: pH dependent host-guest complexation of Dapoxyl Sodium Sulfonate (DSS), an
intramolecular charge transfer dye with 2-Hydroxypropyl beta cyclodextrin (HP-$-CD) has been
investigated. Complexation of DSS with HP-£-CD has been studied at four different pH using
steady-state and time-resolved spectroscopy. Cyclodextrin encapsulation alters the acid-base
property of DSS and results in host-induced deprotonation. A large fluorescence enhancement of
DSS was observed upon HP-f-CD binding at different pH and it enabled us to evaluate the pH
dependent affinity of DSS with HP-$-CD. Binding affinity for non-protonated DSS was much
higher when compared to its protonated state. Subsequently, the encapsulation induced fluorescence
enhancement at ca. pH 7.0 has been implemented for developing a fluorescence displacement
principle for assaying binding affinity of food-additives namely monosodium glutamate, trans-
ferulic acid, p-coumaric acid, gallic acid and its methyl, ethyl and propyl ester derivatives with HP-
S-CD. Other than monosodium glutamate, all other tested food-additives show preferential binding
to the hydrophobic cavity of HP-5-CD. Therefore, this quick method for assaying the binding
affinity of food additives with water-soluble macrocyclic host molecule can offer better food

processing ability, control activity, and stability.
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1. Introduction:

There is a long-lasting and growing concern on the unrestricted use of pesticides, antibiotics, and
food-additives on human life."  Uncontrolled use of antibiotics in both developed and developing
countries is one of the definite cause for antibiotic resistance of bacteria. Similarly, excessive use of
food-additives also causes multiple health problems in terms of hormonal disorder, indigestion,
ulcers in intestines and ultimately leading to colon cancer.>” Poor aqueous solubility and long-term
stability of food-additives demand their excessive use and ultimately causes accumulation and

adverse effect in biosphere.® !

In many cases, degradation products originating from these
molecules also cause an unhealthy effect on human life.'" '? Therefore, there is a constant effort to
increase the solubility, overall stability, and control release of food additives. Polyphenol
containing compounds are well-known food additives and important biologically active molecules,

" In fact, these polyphenol-based

generally found in plants as a secondary metabolites.'>
compounds have been widely used as food additives, due to their favourable antioxidant,
antimicrobial, and taste enhancing properties.'* ' Distinctly, good hydrogen-bonding ability and
aromaticity of such phenolic compounds enable them to act as free-radical scavengers by forming a
stable aryloxyl radical. Importantly, such stabilization of these radicals in combination with other
functional groups enhances the antioxidant activity.'® In addition to their primary antioxidant
activity, phenolic compounds are known to modulate carcinogenesis. Gallic acid and its alkyl ester
derivatives are employed as antioxidant in food additives, which prevents oxidative damage
induced by reactive oxygen species (ROS).'> '® Moreover, gallic acid derivatives are known to
cause apoptosis in tumour cell lines and to inhibit lymphocyte and estrogen.!” The dependence of
their rate of incorporation into cell directly related to their lipophilicity.'® '* The lipophilicity of any
compound can be modulated mainly in two different ways: covalent functionalization by synthetic
modification or via introducing intermolecular interactions with other benign additives.***'

Encapsulation of small molecule food-additives by non-toxic, and water-soluble macrocyclic host
can reinforce their bioavailability and solubility by modulating physical and chemical properties.?
Water-soluble macrocyclic host molecules can encapsulate sparingly water-soluble drug, antibiotic,

and food-additives as a consequence of weak intermolecular interactions. Such encapsulation

causes modulations of their solution properties and triggers the activation of a drug from its
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proactive form to its active state.”> ** Supramolecular drug-macrocycle complex has already been
shown great promise for their usefulness in targeted drug delivery applications.>**

High water solubility of cyclodextrins (CDs) makes them suitable for the formulation of water-
insoluble to sparingly-soluble drugs, antibiotics, hormones erc.’’> ?” CDs are a family of
macrocyclic compounds composed of sugar units connected by 1,4-glycosidic linkage and
depending on the number of sugar units present in the cyclic structure, they are dubbed with
different names. Alpha-, beta- and gamma-cyclodextrin consists of six, seven and eight number of
sugar units respectively.”’ The hydrophobic cavity of CD provides a new environment to the
encapsulated guest molecule, which is significantly different from the exterior bulk aqueous
environment. This unique cavity can modulate chemical and physical properties of encapsulated
guest molecule.*

Recently, we have reported the solvent dependent photophysical properties of Dapoxyl Sodium

Sulphonate (DSS, see Fig 1), an intramolecular charge transfer (ICT) dye *'~

and its pH dependent
complexation with a, 8, and y-CD *** In our earlier studies, we have also demonstrated that the
encapsulation causes modulation of acid-base properties of DSS and relocation of DSS to a less
polar hydrophobic cavity of y-CD compared to bulk aqueous phase resulted a remarkable
fluorescence enhancement originating from the charge transfer state.”> Further, we have also used y-
CD induced fluorescence enhancement for displacement assay for estimating the binding affinities

of small molecule drug and antibiotics.”
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Figure 1. Chemical structures of 2-Hydroxypropyl f-cyclodextrin (HP-£-CD) and Dapoxyl Sodium

Sulfonate (DSS).
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Herein, we have further extended our study of DSS complexation with one of the highly water-
soluble cyclodextrin derivative namely 2-Hydroxypropyl f-cyclodextrin (HP-4-CD, for structure
see Fig. 1) using UV-Vis., steady-state and time-resolved fluorescence spectroscopy. Much
stronger binding affinity of DSS with highly water-soluble HP-$-CD as compared to parent f-CD
was observed. Differential pH dependent binding strength of DSS with HP-4-CD also reflected in a
complexation-induced deprotonation by one logarithmic unit. A large fluorescence enhancement of
DSS upon encapsulation with HP-f-CD was observed and this was utilized to develop a
fluorescence-based displacement assay to assess the binding affinities of seven frequently used food
additives (monosodium glutamate, trans-ferulic acid, p-coumaric acid along with gallic acid and its

methyl, ethyl and propyl ester) with HP--CD at physiological pH.

2. Materials and Method:

2.1 Materials: DSS was purchased from Invitrogen (USA). HP-4-CD, trans-ferulic acid, and p-
coumaric acid were from Sigma-Aldrich, USA. All other food additives were purchased from TCI
chemicals, Japan. All the chemicals were used as received without performing any further

purification.

2.2 Steady state absorption and fluorescence measurement: Steady state absorption
measurement was done by Shimadzu UV-Spectrophotometer 1800 (UV probe 2.42 software) using
1 cm path length quartz cuvette. All steady state fluorescence measurements were carried out using
HORIBA Jobin Yvon Fluoromax-4 fluorimeter. A dilute solution of DSS (4 «M) was taken for all
the measurements to keep the absorption value low in order to avoid the inner filter effect. Binding
titration experiments were carried out at four different pH ca. 2.0, 4.0, 7.0 and 9.0 where pH was
adjusted by using dilute HCl and NaOH solutions. To avoid dilution effect in the titration, HP-4-
CD stock solutions were prepared in the same DSS solution and pH was adjusted accordingly.
Displacement assay with food-additives was performed at physiological pH ca. 7.4 with HP-5-CD
using different concentration of food additives. All the experiments were carried out at ambient

temperature (298 K).
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2.3 Time resolved measurement: Time resolved fluorescence measurements were performed
using a Hamamatsu MCP photomultiplier (R-3809U-50). A time-correlated single photon counting
(TCSPC) setup consists of an Ortec 9327 pico-timing amplifier was used. Pulse laser was used as
an excitation (4=375 nm) source with fwhm ~167 ps. The instrument response function (IRF) was
collected using a dilute suspension of Ludox (colloidal silica, purchased from Sigma). The emission
polarizer was positioned at magic angle (54.7°) with respect to excitation polarizer. Single and
multi-exponential fitting function was applied by iterative deconvolution method using supplied
software DAS v6.2. General form of the fitting function was:
[(t)=1(0) X ajexp (-t/1;)

Where I (t) and I (0) are the fluorescence intensity at time t and 0 respectively, t is time and a;
and 7; are the contributing amplitude and its corresponding lifetime. Quality of the fitted data was
judged from the reduced chi-squared value (x°). All the measurements were carried out at ambient

temperature (298 K).

2.4 Displacement assay titration: Displacement assay was performed at pH 7.4 using a 96-well
microtiter plate containing a total of 200 xL solution of 5 mM HP--CD and 4 uM DSS and
required amount of food additive solutions having same concentration of DSS and HP-4-CD. We
used 96 well plate purchased from Globe Scientific, USA and measured the fluorescent intensity at
550 nm using bottom read manner upon excitation at 340 nm using HIM synergy microplate reader

from Biotek instrument, USA.

2.5 pH titration, binding titration and their analysis: pH dependent ground-state absorption
properties of 4 uM DSS and in case of complex a 4 uM DSS and 10 mM HP-B-CD were used to
determine the acid-dissociation constant values. The pH dependent binding constants of DSS with
HP--CD were obtained from the data fitted with 1:1 binding equation using nonlinear fitting
procedure of the Pro Fit 6.2.9 software as reported earlier by Nau and co-workers.” *® In all the

measurements estimated error was below +10%.
3. Result and Discussions:

3.1 UV-Vis and fluorescence titration of DSS with HP-£-CD at pH 7.0
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In order to study the interaction between DSS and HP-$-CD in ground state at pH 7.0, a UV-Vis
titration was performed. A pH adjusted solution of 4 uM DSS was titrated with a concentrated
solution of HP-4-CD prepared in same concentration of DSS at same pH to avoid the dilution and
pH change effect. The experiment results in a gradual hyperchromic shift (OD 0.105 to 0.120) in
absorption associated with a significant hypsochromic shift (20 nm) in absorption maxima (Fig.

2a).
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Figure 2. UV-Vis and fluorescence titration of 4 uM DSS with HP-4-CD at pH 7.0 (a)
complexation induced changes in the absorption spectra of DSS with gradual addition of HP-4-CD,
(b) fluorescence enhancement of DSS upon complexation with gradual addition of HP-4-CD up to

10 mM

A clearly visible isosbestic point at 365 nm indicates formation of 1:1 HP-S-CD-DSS complex.
This is in accordance with 1:1 binding of the parent f-CD.** The small hyperchromic shift followed
by a large hypsochromic shift indicates that the encapsulation of DSS by HP-4-CD does not alter
the allowance of electronic transition probability but does stabilize the HOMO, from where the
electronic transition occurs. On the other hand, the fluorescence titration of DSS with the increasing
concentration of HP-#-CD using steady state fluorescence spectroscopy results a huge fluorescence
enhancement associated with ca. 60 nm blue shift. A typical fluorescence titration of DSS with
increasing concentration of HP-$-CD at pH 7.0 is shown in Fig. 2b. Encapsulation of DSS by HP-
S-CD protects DSS from outside solvent environment and the collision with other quenchers like

dissolved oxygen and impacts immensely on the excited-state emissive properties (vide infra). For

6
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any fluorophore in solution, one of the major excited-state deactivation pathways arise mainly from
the interaction and collision between fluorophore and solvent molecules via dipole-dipole
interaction. In fact, excited state of an ICT dye like DSS has high dipole moment, causes obvious
interactions with solvent dipoles and deactivation of excited-state via non-radiative processes.’’
Hence, the encapsulation of DSS by HP-$-CD not only protects it from the collisions with solvent
molecules and but also offers a unique local environment to DSS in terms of polarity and results in

a huge enhancement (ca. 25 times) in the fluorescence intensity.

3.2 Effect of HP-f-CD on the acid-dissociation constant of DSS

Supramolecular recognition is often reinforced by the complementary size and shape between the
host cavity and the guest, whereas the weak intermolecular forces like dipole-dipole, dipole-
induced dipole, charge-dipole and H-bonding interaction in cooperation strengthen the binding
strength. In case of CD, primary and secondary hydroxyl groups residing on the periphery can act
both as H-bonding donor and acceptor.”’ Therefore, being a polar protic group it is a suitable
partner for dipolar interactions and delivers differential binding interactions with different
prototropic form of the encapsulated guest molecule. As a result, this preferential stabilization of
one prototropic form of the guest molecule than the other form causes a shift in the protonation-

deprotonation equilibrium."**4°

Therefore, depending on the extent of the stabilization of different
forms, there will be a shift in the acid-dissociation constant.”* The shift can be in both sides of the
pK, value.”' In this study, in the studied pH range, the guest DSS can remain in mainly two
different prototropic form monoprotonated and non-protonated. In aqueous solution, the pK, value
of DSS is around 4.2°' In fact, this protonation effect can easily be monitored
spectrophotometrically as protonated and deprotonated form of DSS have distinct absorption
spectral features. Indeed, the pH dependent UV-Vis. spectra of DSS in absence and presence of HP-
S-CD (Fig. 3a) shows the evolution of 305 nm band and attenuation ca. 380 nm band occurs

through one isosbestic point at 337 nm allow us to determine the pK, values in free and in

encapsulated state.
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Figure 3. pH titration of DSS (a) pH dependent UV-Vis spectra of 5 uM DSS, (b) pH dependent
plot of optical density of DSS in presence and absence of 10 mM HP-4-CD; arrow indicate 1.1

units pK, shift upon encapsulation.

Interestingly, the presence of distinct isosbestic point clearly indicates the presence of only two
prototropic states both in free and as well as in the encapsulated state. The pH titration of free DSS
and DSS<HP-4-CD results in a sigmoidal shaped graph. Eventually, fitting of these sigmoidal
curves with two-state equation provides us the pK, value of DSS in free and in complexed state.** A
negative shift of 1.1 units in the pK, value was obtained. This indicates a destabilization of the
protonated state of DSS in the HP-S-CD cavity in comparison to the non-protonated form.
Agreeably, this because of the fact that hydrophobic CD cavity disfavour encapsulation of
positively charged molecule over neutral molecule and such preferential binding causes negative
one unit shift in the pK, value of DSS. Indeed, this pK, shift also affects on the pH dependent

fluorescence properties and binding affinity of encapsulated DSS.

3.3 pH dependent binding of DSS with HP-4-CD

The driving force for encapsulation of guest molecules by CD originates mainly due to two types of
intermolecular forces. The non-polar hydrophobic cavity offers dispersion forces and the hydroxyl
groups projected at the entrance of the cavity enforce the possibility of H-bonding with the polar

part of the encapsulated guest. The incorporation of hydroxypropyl groups in both primary and
8
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secondary surface of f-CD strengthens both hydrophobic and H-bonding interactions with guest
molecules. Hence, HP-5-CD will preferentially encapsulate a hydrophobic molecule containing a
negatively charged moiety over positive charge. The pK, of DSS is 4.2, accordingly, it is likely that
at pH 2.0 and pH 4.0 the guest DSS will be fully or partially protonated i.e., with an extra positive
charge, whereas at pH 7.0 and 9.0 the guest is not protonated i.e., devoid of any extra positive
charge. Therefore, HP-4-CD is likely to encapsulate non-protonated DSS with stronger affinity
within compared to the protonated or partially protonated DSS. Indeed, fluorescence titration of
DSS with HP-B-CD at four different pH ca. 2.0, 4.0, 7.0 and 9.0 confirm our hypothesis. In acidic
pH range, below pK, value, DSS exhibits two emission bands, one maxima is around 385 nm
corresponds to the locally excited state and the other one with maxima around 585 nm in agreement
with the ICT state (Fig. 4a and 4b). At pH above pK, value of DSS, only one fluorescence band due
to ICT state has been observed (Fig. 2b and 4c). This fact reveals that the protonated form can have
a radiative relaxation to the ground state from locally excited state but that is absent in deprotonated

form.
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Figure 4. Binding titration of DSS with increasing concentration of HP-$-CD in water (a) at pH
2.0, (b) at pH 4.0 and (c) at pH 9.0, (d) relative fluorescence intensity change of DSS in different
pH upon HP-$-CD complexation is plotted against HP-f-CD concentration and fitted using 1:1

binding equation.

The titration at pH ca. 4.0 which is close to the pK, of DSS (pK, is 4.2) shows two bands without
HP-$-CD but the band due to emission from locally excited state diminished with the increase of
the concentration of HP-f-CD, which is due to the host dependent deprotonation of the guest DSS.
Not only the enhancement of fluorescence intensity or host promoted deprotonation of the species,
HP-p-CD also provides a relatively nonpolar environment to the guest as observed in the case of
previously studied examples. The shift of the fluorescence maxima from 585 nm to 550 nm

confirms relocation of DSS from water to the hydrophobic cavity of HP-4-CD. The fluorescence

10
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enhancement of DSS upon HP-4-CD encapsulation was utilized to determine the binding affinity.
The cavity volume offered by both the parent f-CD and HP-$-CD is similar. According to our
previous report based on the Job’s plot, we showed that only one DSS molecule can be
accommodated by S-CD.** Fluorescence intensity of DSS at a particular wavelength was plotted
against the concentration of HP--CD and fitted with a 1:1 equation.” A comparison of pH
dependent binding between DSS and parent f-CD and HP-#-CD are summarized in Table 1.

Table 1: pH dependent binding constants, fluorescence lifetime of DSS and effect of CD

encapsulation
Studied pH pH 2.0 pH 4.0 pH 7.0 pH 9.0
_ b
K/ M-a S-CD 400 925 2970 2910
HP-4-CD 466 2940 7130 6120
Ooogb 1.5(1.2),2.0(1.2)c 1.6 (1.2), 1.9 (1.1)c 1.9(1.2) 2.1(1.1)
T:DD/DD (
) S-CDpb 1.5(1.2),2.2(1.1)¢ 1.5(1.1),2.2 (1.1)¢ 2.5(1.1) 2.5(1.1)
HP-f-CD 2.0(1.1),3.1(1.1)° 2.6(1.1),3.7(1.1)c 3.7(1.1) 3.7(1.2)

* +10% error, ° taken from ref. ****, © measured at the emission maxima originated from locally excited and charge

transfer state ref 33

It is clearly evident from table 1, that the pH dependent binding strength between DSS and HP- /-
CD is significantly higher as compared to the same with f-CD. This result clearly indicates that
hydrophobic interaction between DSS and HP-4-CD is the most dominant interaction. Thus, the pH
dependent binding results and its comparison further prompt us to have a look into the excited state

properties using time-resolved spectroscopy.

3.4 Fluorescence lifetime enhancement of DSS upon encapsulation with HP-4-CD

Upon irradiation with an appropriate energy of light, an organic fluorophore undergoes an
electronic transition into higher energy electronic level and reside in the higher energy state for

certain time before its deactivation to ground state. In fact, fluorescence occurs from an excited

11
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electronic state to the lower energy ground state having same spin state of the molecule via a spin
allowed and radiative de-activation process. Therefore, the average time spent in the excited state of
the fluorophore is called lifetime of that excited state. Generally, how long a molecule will stay in
the excited state is governed by several parameters. In most cases, the polarity of the medium,
possibility of H-bonding, presence of quencher molecules, excited state energy or proton transfer,
temperature, efc., have a prominent role on the fluorescence lifetime. Macrocyclic host molecules
like HP--CD can protect the excited state of DSS from collisions with surrounding solvent
molecules, which also acts as quencher. Other than this, conformational flexibility of encapsulated
DSS can be restricted upon encapsulation into HP-5-CD cavity. Eventually, such protective
shielding and conformational restriction by HP-4-CD can alter radiative rates, which in turn affect
on the fluorescence lifetime. To strengthen the evidence of the binding event between DSS and HP-

F-CD a time dependent fluorescence study also has been performed at different pH (Fig. 5, ESI S1).
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Figure 5. Effect of HP-$-CD encapsulation on fluorescence lifetime of DSS at (a) pH 2.0, (b) pH
7.0. Increase in fluorescence lifetime upon complexation using 10 mM HP-$-CD is shown by

arrows.

As we have seen in steady-state measurements, at higher pH, in the case of neutral DSS, the
binding strength is much stronger than that of lower pH and thus imparts greater influence on the
fluorescence lifetime. Upon complexation with HP-4-CD the fluorescence lifetime at pH 2.0

enhances by 1.5 fold (from 2.0 ns to 3.1 ns, Fig. 5a) whereas in case of pH 7.0 it gets almost
12
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doubled (from 1.9 ns to 3.7 ns, Fig. 5b). A summary of pH dependent lifetime values (Table 1)
indicate a decrease in radiative decay rates of DSS upon HP-$-CD encapsulation. The time resolved

fluorescence data strongly corroborates the results obtained from steady state studies.

3.5 Assaying binding strength of food-additives with HP-#-CD using displacement principle at
pH 7.0

Polyphenolic compounds are natural antioxidant, receiving a constant attention in the areas of
health and food processing industries.*” The frequently used food-additives have an influential
impact on human health. In fact, these additives are known to have multiple purposes such as taste
enhancer, antioxidant activity, food preservation etc.. Due to the excessive consumption of food
additives often creates a matter of health concern in terms of hormonal disorder, premature birth,
indigestion, and ulcers in intestines, which ultimately cause cancers.” The limits of the use of the
food additives become uncontrollable due to their poor water solubility, life span of existence
within the physiological system. This is the high time to find out some way out of this present
problem.” As a matter of fact, the CD based formulation of poor water soluble drugs is already

44, 45
d."™

popular and also commercialize The non-toxicity, high water solubility and variable cavity

size, and easy derivatization find CD as a well-suited macrocyclic molecule for encapsulation of

food-additives for increasing solubility, stability, and control release for long-term action.?"*°

In this study, seven different non-fluorescent food-additives were selected viz., monosodium
glutamate, trans-ferulic acid, p-coumaric acid, gallic acid and their derivatives (for structure see
Fig. 6a) to evaluate their binding with HP-5-CD as a macrocyclic receptor with a hydrophobic
cavity. The supramolecular entity consists of DSS and HP-4-CD is a well-suited candidate for
constructing a supramolecular displacement assay based on the enhanced fluorescence intensity of
DSS upon relocation into HP-g-CD cavity as already reported for small drugs and antibiotics.*
Weakly fluorescent or non-fluorescent molecules also having binding affinity with HP-4-CD can
relocate highly fluorescent DSS from HP-4-CD cavity via competitive displacement. Interestingly,
a titration of a preformed DSS*HP-5-CD complex with increasing concentration of competitor food
additive molecules will result in reversal of fluorescence intensity, and this can allow us to

determine the binding affinity of the competitor molecule. This competitive displacement strategy
13
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for investigating the binding event of seven important food-additives i.e., monosodium glutamate,
trans-ferulic acid, p-coumaric acid, gallic acid, methyl gallate, ethyl gallate, and propyl gallate,
with HP-4-CD has been implemented. A typical fluorescence displacement titration using DSS*HP-

S-CD and Coumaric acid as a competitor is shown in figure 6a.
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Figure 6. Binding study of food-additives with HP-£-CD using switch-off displacement assay (a)
structure of studied food aditives; (b) Fluorescence spectra of DSS on addition of p-coumaric acid
(CA) ranging concentration from 0-5 mM in a solution of 4 uM DSS and 5 mM HP-$-CD; (c)
Change in fluorescence intensity of DSS at 550 nm on addition of FA-frans-ferulic acid, GA-gallic
acid, CA-p-coumaric acid, MSG-monosodium glutamate, PG-propyl gallate, EG-ethyl gallate and

MG-methyl gallate ranging concentration from 0-5 mM.

14
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During displacement assay the pH of the solution of both complex and food-additives were adjusted
to pH 7.4, and the concentration of DSS and HP-£-CD in the solution of food-additives were kept
same to avoid the effect of change due to pH and dilution. Further, we have performed the
fluorescence displacement assay in lower (pH 4.0) and higher (pH 9.0) and our result (figure S2)
suggest similar binding trend and this suggest that the intermolecular interaction between HP-4-CD
and the food-additives gets unaltered and ionic strength does not cause much effect on guest
binding. Later the decrease in fluorescence intensity at fluorescence maxima against the
concentration of competitor food additives is plotted and fitted with the previously published
competitive binding equation.’ The study unveils the fact that except monosodium glutamate
(Binding constant K<20 M™) other food additives can be considered as potent candidate for
formulation with HP-f-CD, as they have moderate binding affinity (p-coumaric acid K= 320 M,
trans-ferulic acid K= 555 M, gallic acid K= 551 M, methyl gallate K= 595 M, ethyl gallate K=
380 M, propyl gallate K= 250 M™") towards the cavity of HP-5-CD (Fig. 6b). Binding constant of
the measured food additives are summarized in table 2. The binding constants of the investigated
food-addtives with HP-B-CD is not significantly high and our study is a proof-of-concept on the

application of fluorescence-based off assy for food-additive formulations.

Table 2: Binding constant of investigated food additive with HP-4-CD at pH 7.0

Food Additive FA CA MSG GA MG EG PG
KM 555 320 <20 551 595 380 250

“using competitive binding equation®’

4. Conclusion

In this report, we have studied the effect of pH on supramolecular recognition of DSS and HP-$-
CD. Host-guest complex formation between DSS and HP-£-CD has been characterized using UV-
Vis. study and steady-state and time-resolved fluorescence spectroscopic techniques. In fact, the
preferential binding affinity of different prototropic forms of DSS with HP-4-CD shifts acid-
dissociation constant of encapsulated DSS and causes large (ca. 25 times) fluorescence

enhancement. Such huge enhancement has been utilized to evaluate the binding affinity of seven

15
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frequently used food-additives via switch-off displacement assay. Indeed, the demonstration of this
displacement assay can be further utilized to evaluate the binding affinity of other frequently used
non-fluorescent food-additives and small drug molecules. We also believe that the complex entity
consists of DSS and HP-4-CD is a useful reporter system for pre-investigation of important small

molecule prior to their real formulation.
SUPPORTING INFORMATION AVAILABLE

Electronic supporting information (ESI) is available containing fluorescence lifetime plot in other

pH values from time-resolved fluorescence measurements.
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