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Usefulness of cyclodextrins for detection
In molecular fluorescence.
Application to xenobiotics and drugs
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Cyclodextrins (CDs) present the unique ability to
entrap molecules. In analytical chemistry, they
have been mainly used for separation purpose.
The present review deals with their potential
interest towards the detection by molecular fluo-
rescence of the included compounds mainly
xenobiotics and drugs.

As some of the included molecules exhibit native

fluorescence due to their aromaticity, the addi-
tion to their aqueous solution of CDs entails, in

some cases, a large enhancement of their emis-
sion of fluorescence. This feature appears of par-
ticular interest from an analytical point of view,

either for direct detection of the guest molecule

or as a detection mode after separations tech-
niques (i.e.. chromatography or electrophoresis).
Decrease in rotation motion of entrapped mole-
cule and (or) decrease in solvent relaxation
appear as the main causes of the enhancing
emission effect.

Some example picked up from pharmaceutical
and bioanalytical literature are presented in
order to demonstrate the interest of CDs in the
field of the fluorescence techniques.

Introduction

cyclodextrins derivative controls the entire or partial inclu-
sion of the guest molecule. Moreover, the hydrophobicity of
the organic compounds is also of crucial importance with
regards to the fit of the molecule in the internal cavity of
CDs. It is assumed that the driving forces of such interac-
tions are: hydrogen bonding, van der Waals forces or
hydrophobic interactiofil,2]. Native CDs give rise to numer-
ous hemisynthetic derivatives by grafting the outer hydroxyls
of the molecules by various functional groups either
hydrophobic or hydrophilid3] in order, for instance, to
decrease or increase their water solubility. This inclusion
capability, common at various degrees, to all CDs derivatives,
makes them good candidates for molecular recognition anc
thus, explain their extensive chromatographic and elec-
trophoretic use especially for chiral separatjdh On the
other hand, the inclusion capability of CDs are of great inter-
est in stabilizing, solubilizing substancgs. Selective pre-
cipitation or extraction can be, also, achieved using {&Ps
Without claiming to be exhaustive, the aim of this short
report is to underline the potential interest of CDs in an other
field of analytical chemistry: fluorescence spectrometry to
improve the sensitivity and selectivity of the detection of
included compounds.

Preliminary considerations

The first observation of fluorescence enhancement upor
inclusion in BCD aqueous solutions of the fluorophore:
1 anilino-8-naphtalene sulfonate (ANS) was due to Cramer

Cyclodextrins (CDs) are cyclic oligomers f1-4 linked D-  in 1967[6]. This prompted many authors to use fluorescence
glucose and can form inclusion complexes with a variety ctechniques as a spectroscopic tool to study the mechanisrr
organic compounds in aqueous solution. Tde B, y,  Of the inclusion process in solution. As an example, Harads

cyclodextrins have six, seven and eight glucose units respeand coworker47] as early as 1976 showed that the fluores-
tively. cence of 2-p-toluidinyl naphtalene sulfonate (TNS) was

increased by 25 times wifBCD and up to 25 and 30 times
They are called native cyclodextrins as they are issuewith polymers containing cyclodextrins. The authors already
from bacillus macerangermentation. The size of the inter- stated that the fluorescence increase observed with TNS we
nal cavity of native cyclodextrins increase from circa 5 A formainly due to the restriction of intramolecular rotation in the
a CD to 8 A fory CD. Consequently, the geometry of therigid environment of the cavity and/or to the exclusion of sol-
guest compound is the first factor that rules the inclusiovent relaxation. The direct consequence is a decrease i
process. In other words, the internal diameter of ththe vibrationnal desactivation. Thus, the CDs acts as
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spectroscopic shield, protecting the fluorescing singlet state These two metallic ions were fluorometrically determined by
the phosphoring triplet state (see the article of Mufioz de means of authraquinonic ligandse.. 1,4—dihydroxyan-
Pefiaet al. in this issue) from the external quenchersthraquinone and 1-amino-4 hydroxyantraquinone, respec-
Actually, the CDs cavity looks like an organic solvent sur-tively. Neither of these ligands was water soluble enough to
rounding the entrapped molecules, which often yields tprepare convenient working solutions of the analytical
higher quantum efficiency. Modifying the microenvironmentreagents. In contrast, in the presence of M BCD, 10*

of the caged analyte can, also, be interpreted as increasing M aqueous solutions of both ligands could be prepared and
water solubility by complexation of a hydrophobic moleculethus permitted trace determination of the metallic ions of
.interest. This resulted from a partial inclusion of the reagent

In that kind of pioneering work, the authors focused thei; " o B-CD cavity. As analytical consequence, a significa-

E’Tﬁo_rtj‘ gn tTet ?uarltrgaﬂye a?pe(c;tst of Fhet'lnclusf;'orjt ProCe%ve increase in sensitivity was obtaine.: for beryllium
(i.e: Job's plot for stoichiometry determination, affinity Con- e |imit of detection (LOD), as impurity in organic mater-

Siﬁm CglchIat_iO”t)' These ea_rlylstl_Jdiest v(\;ere _confit:med Bial, was lowered to 3 ng/ml in the presence3eED instead
others[8] for instance in an inclusion study using benzence’s 2" mi'in the absence of CDs.

derivative probes that showed that the fluorescence enhar™ ~ . _
ing was ascribed to the increase of the radiation rate co Similarly, the water insoluble and non fluorescent pig-
stant kr) of the excited state of the entrapped molecules. ment retinal exhibited, after addition BfCD, a strong emis-

. . sion due to the solubilizing effect after encapsulation in the
Once more, it should be pointed out that these elegajyierior of thep-CD cavity [20].

spectroscopid9-1Q studies were fundamentally conducted
with the aim of getting a better insight in the host-gues
interaction but without any analytical application purpose

The fluorescence probe acted in such a system only as Increase in molecular fluorescence
“molecular spy” to elucidate the supramolecular interaction by affecting the vibrational motion
involved between various cyclodextrins derivatives and gue: of the caged analyte

organic species. Though, out of scope of our analytical pu

pose, it is worth noting that this probing approach still

remains, of great inFerest, si_nce it allows_ra_pid, and simplpjrect analytical methods

assessment of physicochemical characteristics of newly sy . ] .

thesized cyclodextring11-13. At last, in the case of CDs The first analytical uses of cyclodextrins as fluorescence

complexes of native fluorescent compound, fluorescence e€nhancer were reported in the mid-eighties. The emission of

often used for the determination of stoichiometry and assduminol derivatives showed a 7 fold increase in terms of

ciation constant§14-1§. chemiluminescence, but only 2 fold in molecular fluores-
cence in presence @CD. Considering the general use of

In the same time, it was rapidly established that such flyyminol in chemiluminescence techniques, this result is of
orophore/cyclodextrins inclusion complexes did not systenconsiderable analytical interei@].

atically lead to a fluorescence increase. Indeed, the stel ) o )
constraints of the guest molecule, the nature and the inte Another analytical application was due to Garcia-Sanchez
sity of the feeble forces involved in the supramolecular inte@nd his group concerning the determination of the local
action rule the fit between host and guest and were respcanesthesic drug: procainamide hydrochloride in solid dosage
sible of the subsequent emission change of the guest. As forms [22]. In this work, the authors associated the use of
illustration, an increase of about 6 fold of the fluorescencB-CD and synchronous second derivative spectrofluorimetry
of 5-methoxypsoralen has been reported whereas its strWith the aim of simplifying the sample treatment and
tural isomer: 8-methoxypsoralen did not exhibit any fluoresincreasing both the selectivity and the sensitivity of the
cence increase upon addition ED [17]. In such a way, Qetermmanon. It was demonstrateq tBatED_ a_IIewates the

the dual analytical interest of using CDs for luminescencinterferences due to some fluorescing excipients and the use

detectioni.e.: sensitivity and selectivity is clearly underlined. of second derivative synchronous fluorimetry instead of
direct measurement ensured to the technique a remarkable

Whatever the exact mechanism involved, in theselectivity. Following these first analytical works, most of
CDs/organic species interactions, and keeping in mind ththe published methods in the field involvBeCD due to its
our goal is only to depict analytical applications, the fol{ow cost, although having a limited water solubility
lowing examples will attempt to illustrate the interest of CDs(~ 0.011 M at room temperature). In this respect, determi-
in molecular fluorescence spectrometry. nation of warfarind23], warfarine and bromadioloni@4],

thiols benzoxadiazole derivativg®5] and othero-phtalalde-
i lyde derivativeqd26] have been reported. Some examples of
Increase in molecular fluorescence use of CDs for determination of hallucinogenic drugs were
using CDs by solubilizing effect also cited[27].

It was only in the early nineties that authors paid atten-
This aspect can be clearly illustrated by the work of Garcietion to the other CDs derivativege.. the more soluble
SancheZ18-19 on the analysis of scandium and beryllium.native a andy CDs; but also the hemisynthetic derivatives:
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Figure 1. Chemical formulae of the insaturared B |, G, and satured B , and G, aflatoxins.

hydroxypropyl3-CD (HP B-CD) heptakiso-dimethyl 3B-CD  CD [29]. Other further applications confirmed the interest of
(DM B-CD). As a common feature, all these compound:DM B-CD and allowed the detection of the antioxidant agent
exhibit a higher water solubility than the pargCD, hesperidind30]. Some other attractive approaches combined
allowing the use of a larger excess of reagent available fphotochemically induced fluorescence (PIF) and CDs addi-
the complexation process. tion. In this caseBCD and HPBCD were used for the
determination in tap and river water of pesticides: coumate-
tralyl, pirimiphos-methyl, chlorpyriphos, deltamethin and
fenvalerate[31]. In that approach, the fluorescent photo-
products exhibited a drastic increase in their fluorescent sig-
nal after CDs derivatives addition, which permitted the
In the same paper, the selective effect of the inclusiodetermination of pesticides traces with limits of detection
process was, once more, demonstrated by the inefficiency ranging between 0.2 and 54 ng-hdepending on the com-
the addition of CDs on the fluorescence of the furanic sapound.
urated B and G aflatoxins which are distinguished from
their saturated homologues 8&nd G only by a small struc-
tural difference, as shown in figure 1.

As an illustration, Vazqueet al. [28] demonstrated the
superiority of the DMB-CD over all the other tested CDs
derivatives for enhancing the fluorescence paBd G afla-
toxins.

Tetracycline determination in urine was performed using
an ethyl substitute-cyclodextrin fluorosensor, consisting

The use of other native cyclodextrins thRB#CD was of a _fI_ow cell packed with 2, 6)_—d_|ethyl B-CD |_mmob|I|zed
finally rare. This may be due to the steric hindrance brougton silica gel. In such a way, limits of detection were 4, 7.5
by the smallet CD cavity, which limits the inclusion capa- and 9 mM for tetracycline, oxytetracycline and chlotetracy-
bility. On the other hand, the wider cavity piCD limited  cline, respectively. The authors noted the lack of specificity
the enhancing effect certainly by lack of fit between the hof the method when a large excess of bivalent cations com
and various guest compounds. Some exceptions were, nglexed tetracycline and directly enhanced the native fluores-
ertheless, reported as for the antibacterial agent: nalidixcence of the antibiotic. In contrast, most of the endogenous
acid whose enhanced fluorimetric determination in pharmespecies are ineffective towards the selectivity of the detec-
ceuticals and urine was made possible by using the nativetion [32].
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Detection in separation methods the whole system. As in the previous paragraph, some exam-
ples will illustrate the interest and limitation of the use of
CDs derivatives as sensitizer of molecular fluorescence in
separation sciences.

Although direct analytical methods based on the CDs deri\
ative fluorescence enhancement effect should be preferr
due to their simplicity and rapidity in many cases the com

plexity of the matrix i(e.: in biological media) requires the Cepeda-Saeet al. [33] reported the enhancing effect of

use of a separation technique. In that context, the way g2\ B-CD addition in methanol/water eluent to separate,
CDs derivative addition in the chromatographic system mus, reverse phase liquid chromatography, the antipsoriatic
be carefully considered. drug: 5-methoxypsoralen (5-MOP) from its parent com-

If the CDs derivative are directly added in the eluent, jPound: psoralen (PSO), used here, as internal standard.
must be kept in mind that spiking the mobile phase witiFigure 2 summarizes quite well the spiking effect3aiD
such compounds can lead to drastic changes in the elution detec_t|0n: first, a decreas_e in retention time (Flg._ 2b and
profile in comparison to what happens in absence ¢C) reducing the banq spreading but also. th.e resqlutlon; sec-
cyclodextrins. This chromatographic influence is largely pIu-Ond a whole enhancing effect on the emission (Fig. 2c) con-
rifactorial and depends on various factors, including the cicomitant with its selectivityife.. absence of influence on
concentration, the polarity of both mobile and stationnanPSO itself) and a signal increase due to the chromatographic
phases, etc. In some cases, it can benefit to the detection €fféct discussed above and to the spectroscopic enhancement
reducing the band spreading; conversely, selectivity and refésulting from inclusion inside of tH&CD cavity. The pro-
olution can be altered. posed method leads to a LOD of 2230°M for 5-MOP

and exhibits a circa 5 fold gain in sensitivity in comparison

When CDs are added in a post-column mode, a puito the same method used with@&D.
spectroscopic effect is expected and the convenient mixir
of the eluent with the post-column reagent and its duratioc The field of the aflatoxins determination is also a good
is the keypoint. Moreover, a post-column device generateexample of the attention paid by analytical chemists to the
band spreading due to extra column effect which should tenhancing effect of CDs on fluorimetric detection of xeno-
minimized by using appropriate mixing tee, coils and smalbiotics due to their very similar structure and their high tox-
inner diameter tubings, in order to limit the void volumes iricity. Francis and coworkers were the first to report the

A B ¢
PS0O PSO
5-MOP
5-MOP
f Y ——MIN ——MIN t ; —MIN
0 5 10 0 5 10 0 5 10

Figure 2. Typical chromatogram of spiked serum with 5-methoxypsolaren (5-MOP) and Psoralen (PSO, Internal Standard) from ref.
[33]. (a): blank serum (b): fluorimetric detection with mobile phase free of 3-CD (c): fluorimetric detection with the same eluent with
102 M B-CD added.
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potential interest of a post column addition BCD to  resolution between the two derivatized aminoacids. Recently
increase the detection of, Bnd G aflatoxins fluorescence. y-CD was used in micellar electrokinetic chromatography
They showed the selective increase in fluorescence signal (MEKC) to entrap a visualizing fluorescent amino agent
the unsaturated ;Band G aflatoxins[34]. belonging to the oxarine series. The latter compound is dis-
placed from they CD cavity when water pollutants such as

Similarly to the direct methods reported in the previougmino substituted polycyclic aromatic hydrocarbons (amino-
paragraph, it was demonstrated that [BACD gave rise 0 pAH), are injected.

the best gain in fluorescence as shown for the determinatit

of B, and @ aflatoxins in food analysig35] or more Due to the pH value of the buffer (about 4-5) amino-PAH
recently, for B aflatoxin and its metabolites, ih urine[36]  are protonated and thus, easily compete with oxariné, 750
as illustrated in figure 3. the encapsulated visualizing agent the subsequent displact

) ) ) ) ) ment leads to a reduction in fluorescence and thus, to neg
Finally, in capillary zone electrophoresis (CZE), if theative peaks. The real interest of introduci@D in the
addition of CDs derivatives to the electrolyte buffer is ONn¢puffer is to increase the fluorescence emission of the visu-

of the most popular way of improving the separations, theralizing compound and so, to increase the sensitivity of indi-
are a few examples using of CDs with the goal of fluoresrect detection when the displacement occurs.
cence detection enhancement.

BCD and HPBCD slighly enhance the fluorescence of 1-
cyano-2-substituted befik isoindole fluorescent derivatives Conclusion
of glutamate and aspartate issued from rat brain dialysa
[37]. This fluorescence increase remains limited and is ¢
the order of 1.70, for both derivatives, relative to a solutiorThis brief overview on the analytical interest of CDs in mol-
without CD. Moreover, addition of CD yields an optimum ecular fluorescence spectroscopy was an attempt to illustrate
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Figure 3. Typical chromatogram of Q ,, B;, P, aflatoxins determination in human urine sample from ref [36]. (a) blank sample (b) the
same urine spiked with the three aflatoxins Q ,, B;, P, using eluent free of DM B-CD (c) the same urine detected with an eluent
spiked with 10 2 M DM B-CD.
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by some selected examples, the potentiality of the inclusicl9.

complex concept in this spectroscopic area and also

remind that the use of CDs derivatives in analytical chen20.

istry is not exclusively limited to separation problems.
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