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The host-guest inclusion system of ethyl substituted B-cyclodextrin (DE-B-CD) with mangiferin (MA) was
investigated by fluorescence spectra in solution. The results showed that the MA was encapsulated in the
DE-B-CD’s cavity to form a 2:1 stoichiometry host-guest inclusion complex (DE-B-CD/MA) and the inclu-
sion constant (K = 3.04 x 10° L2/mol?) was confirmed by the typical double reciprocal plots. Furthermore,
several experimental conditions were optimized in order to obtain the maximum fluorescence signal. In
addition, the thermodynamic parameters, Gibbs free energy (AG°), enthalpy change (AH°) and entropy
change (AS°) of DE-B-CD/MA were obtained by the Van't Hoff equation. A spectrofluorimetric method
for the determination of MA in solution in the presence of DE-B-CD was developed based on the
remarkable enhancement of the fluorescence intensity of MA. The linear range was 2.00 x 10~5-
7.00 x 10-% mol/L and the detection limit was 4.05 x 10~° mol/L. The proposed method was successfully

applied to the analysis of MA in serum with the satisfactory result.

© 2011 Elsevier Ltd. All rights reserved.

B-Cyclodextrin (B-CD), the macrocyclic compound with seven
p-glucopyranose units linked by o-1,4-glycosidic bonds, which
possess a hydrophilic exterior and an interior hydrophobic cavity.
B-CD has been extensively investigated in host-guest chemistry
for construction of versatile supramolecular aggregations owing
to its special hydrophobic cavities and ability to improve physico-
chemical properties and chemical stability of drugs.!”> Neverthe-
less, the natural p-CD, whose solubility is poor.® It is well known
that any of the hydrogen bond-forming hydroxyl groups of p-CD
are substituted, even by lipophilic functions, the water solubility
of B-CD will be greatly enhanced.” So far, native and modified
B-CD have been extensive application in many fields such as
medicinal chemistry and supramolecular chemistry.3-1°

Mangiferin (MA, 1,3,6,7-tetrahydroxyxanthone-C-2-B-p-gluco-
side, Fig. 1) is a naturally occurring glucosyl xanthone derived from
barks, leaves, and fruits of mango tree (Mangifera indica). It has a
wide range of pharmacological activities such as anti-diabetic,
anti-HIV, immunomodulatory activities, anti-cancer, anti-inflam-
matory, and antibone resorption effects.''"'® However, MA is a
low water-soluble drug, whose scarce absorption is well known.!”
These aspects limit the application and determination of MA. Thus,
it is quite meaningful to develop new methods for determination
of MA in aqueous media. Until now, several methods, such as
UPLC-MS/MS,!” reversed-phase HPLC,'® spectrophotometry,'92°
TLC,2'22 NIRS,?? and capillary electrophoresis method,?* have been
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reported in the literatures for determination of MA. Among these
studies, there was no spectrofluorimetric method for MA determi-
nation in the presence of DE-B-CD. This proposed method’s domi-
nance displayed high sensitivity, wide linear range and low
analytical cost.

In this study, the host-guest inclusion interaction between
DE-B-CD and MA were explored by spectrofluorimetry. A series
of conditions during the formation of the inclusion complex was
investigated. Based on the great enhancement of the fluorescence

a 0 OH CH}OH

Figure 1. The structure and sketch of MA.
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intensity of MA, a novel method was developed to determine MA in
serum. The proposed method for MA determination is fairly sim-
ple, rapid and has high selectivity and wide linear range, which
is of significance for analytical determination, it will provide some
basis for developing new methods for determination of MA in bio-
logical fluids.

The experiment procedure was carried out as follows: DE-B-CD
was synthesized according to the reference®® and its stock solution
(1.0 x 1073 mol/L) was conducted in doubly distilled water. In a
10 mL color comparison tube, 1.0 mL of 2.0 x 107> mol/L MA,
1.0 mL H3BO3-KCI-NaOH (pH 8.0) buffer solution, and the varied
amounts of DE-B-CD (0.0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 mL of
1.0 x 1072 mol/L) were added in this order. Then the mixed solu-
tion was diluted to the mark with doubly distilled water and ultra-
sonically oscillated for 30min at room temperature. The
fluorescence spectra was measured at Aex/iem =406 nm/505 nm,
Slitexjem = 5/10 nm. The stoichiometry and inclusion constant of
DE-B-CD/MA was gained from the double reciprocal plots.?®

Calibration graph of MA: an aliquot of solutions containing 0.0-
2.0 x 107> mol/L of MA were added in colorimetric tube, respec-
tively, then 1.0 mL pH 8.0 H3BO5-KCI-NaOH buffer solution and
6.0 mL of 1.0 x 103 mol/L DE-B-CD were added sequentially. The
mixture was diluted to 10.0 mL with doubly distilled water and
ultrasonically oscillated for 30 min at room temperature. The fluo-
rescence intensities at 505 nm were measured.

The pH of solution system greatly affects the formation of inclu-
sion complex between DE-B-CD and MA. The concentrations of DE-
B-CD and MA were held constant: 6.0 x 10~% and 2.0 x 10~® mol/L,
respectively. The pH was changed from 4.0 to 10.0 with the Brit-
ton-Robinson buffer solutions. Figure 2 depicts the fluorescence
intensity was relatively high and remained constant in the range
of 7.0-8.6. Among Tris—HCI, H3BO3-KCI-NaOH, Britton—-Robinson,
and KH,P0O4-NaOH buffer solution systems (pH 8.0), it was more
sensitive for the reaction system in H3BO3-KCI-NaOH buffer solu-
tion. Therefore, the acidity of solution was adjusted to pH 8.0 with
H3BO5-KCI-NaOH buffer solution in subsequent experiments.

The influence of DE-B-CD concentration on the fluorescence
intensity of MA was also investigated by keeping its concentration
constantat 2.0 x 10~° mol/Land varying the DE-B-CD concentration
from 0.0 to 8.0 x 10~4 mol/L. The gradually increased fluorescence
signals of MA in solution with the stepwise addition of DE-B-CD
are shown in Figure 3. The fluorescence intensity reached its maxi-
mum when the concentration of DE-B-CD up to 6.0 x 10~* mol/L,
and there is slight change in fluorescence intensity by further addi-
tion of DE-B-CD. So 6.0 x 10~* mol/L of DE-B-CD was chosen.
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Figure 2. Effect of pH value on the fluorescence intensity of the complex.
Cnma = 2.0 x 10°* mol/L; Cpg-p.cp = 6.0 x 10~* mol/L.
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Figure 3. Fluorescence intensity variation at 406 nm are plotted against concen-
trations of DE-B-CD (Cpya = 2.0 x 10~ mol/L).

The effect sequence of adding reagents on the fluorescence
intensity of MA were also investigated. The order: MA, H3BO3-
KCI-NaOH buffer solution, DE-B-CD was proved to be best. The ef-
fect of reaction time was also tested. The fluorescence intensity of
the complex reached a maximum after the mixture of reagent solu-
tions had been ultrasonically oscillated for 30 min, and then, the
luminescence intensity could remain constant for at least 1h.
Hence, the reaction time of 30 min was selected.

In optimum conditions, the fluorescence spectra of MA in solu-
tions in the absence and presence of DE-B-CD was performed and
displayed in Figure 4, which exhibited emission maxima at
505 nm, the intensity of fluorescence increased with a concomitant
increase concentration of DE-B-CD. The enhancement of fluores-
cence intensity could be rationalized by the increased micro envi-
ronmental hydrophobicity and/or steric shielding around the
fluorophore arising from the cooperative interactions between
the host and guest. It is well known that fluorophores were par-
tially or wholly encapsulated within the CD’s cavity could be better
protection from quenching and other processes that occur in the
bulk solvent.?’?® It would be the hindered rotation of the guest
molecules as well as a considerable decrease in the relaxation of
the solvent molecules. The effects can result in a decreased
vibrational deactivation of the excited guest molecules and,
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Figure 4. Fluorescence excitation (left hand) and emission (right hand) spectra of
MA (2.0 x 10°mol/L) containing various concentrations of DE-B-CD (1-7:
00x10™% 10x10™% 20x10% 30x10% 40x10% 50x107%
6.0 x 10~* mol/L of DE-B-CD).
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Figure 5. Fluorescence excitation (left hand) and emission (right hand) spectra of
MA (2.0 x 10~® mol/L) in different media at pH 8.0: (1) without B-CD; (2) native
B-CD; (3) DE-B-CD. (Cp.cp = 6.0 x 10~ mol/L; Cpg.p.cp = 6.0 x 10~* mol/L).

consequently, in increased fluorescence intensity of the system.
Thus, the phenomena revealed that MA molecule was moved into
DE-B-CD’s cavities, an obvious inclusion process occurred.

Figure 5 shows the fluorescence spectra of MA in the presence
of B-CD and DE-B-CD, respectively. MA has weak fluorescence
and there was an obvious advantage in the presence of DE-B-CD.
Experimental results implied that DE-B-CD exhibits more forceful
inclusive ability than native g-CD. It may be attributed to the cavity
of DE-B-CD provides a better protective microenvironment, the
substitution groups leads to the enlargement of the bigger opening,
and destroy the strong hydrogen bond network, which makes it
easier for guest molecules to gain access to DE-B-CD’s cavity with
excellent fluorescence property.

It is desirable for considering the formation of inclusion com-
plex with a ratio of 1:1 or 1:2. From the fluorescence spectra, inclu-
sion constants of DE-B-CD/MA could be ascertained by the typical
double reciprocal plots.2®
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where F denotes the fluorescence intensity of the MA solution at
each DE-B-CD concentration tested. Fo and F., are the fluorescence
intensity in the absence of DE-B-CD and when all the MA molecules
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Figure 6. Double reciprocal plot obtained from 1/(F — Fy) plotted against1/Cpg_p-cp.
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Figure 7. Double reciprocal plot obtained from 1/(F— F,) plotted against
1/Ce . co-

were complexed, respectively. K and K’ are the inclusion constants.
It was taken into account as follows: (a) comparing with MA, DE-B-
CD was in a large excess to assure its free concentrations similar to
its analytical concentrations, (b) the variations in the fluorescence
signals are proportional to the complex concentration and all of
the MA molecules were absolutely complexed at high DE-B-CD
concentration.?®

1/(F — Fo) against 1/Cpg-g-cp, and 1/(F — Fy) against 1/C2D5757CD
were plotted through the experimental data. No linear relationship
was gained when 1/(F — Fy) was plotted against 1/Cpg_g-cp in Figure
6. While making a plot of 1/(F — Fo) against /C2DE7B7CD, good linear
relationship (r=0.9992) was observed in Figure 7, which con-
firmed that DE-B-CD and MA formed host-guest complex in 2:1
stoichiometry. It can be shown that these the inclusion constant
(K) was determined to be 3.04 x 10° L2/mol? and the relative stan-
dard deviation (RSD) was 2.32% (n=5).

The thermodynamic parameters, Gibbs free energy (AG°), en-
thalpy change (AH°) and entropy change (AS°) for the inclusion
complex of DE-B-CD/MA were obtained from the Van’'t Hoff equa-
tion: In K= —AH°/RT + AS°/R. The corresponding AH° and AS° can
be obtained from the slope and intercept by plotting In K versus
1/T (Figure 8), AG° was obtained according to the equation:
AG° = AH° — TAS°. The results of the analysis were collected in
Table 1.
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Figure 8. Plot of In K versus 1/T.
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As can be seen from Table 1, The negative value of AG° dis-
played that the inclusion process was a spontaneous process and
thermodynamically favored at experimental temperature. The neg-
ative AH° indicated that the complex dissociates when the temper-
ature increases. AH® plays a predominant role in the free energy
change, it is mainly affected by temperature and the size-fit degree
of host-guest. AS° depends on the confused degree of system. The
entropy increases is mainly due to the disorder caused by the
breakage of the ordered solvation shell around the guest or inside
the CD cavity, which only partially takes place when such a guest
hardly enters into it.2° Usually, the enthalpy decrease is beneficial
to the reduction of the free energy, while the entropy increase is
also in favor of the reduction of free energy.

A systematic study was carried out on the effects of the foreign
interferences on the determination of 1.0 x 10~ mol/L of MA. A
3000-fold mass excess of each interference over MA was investi-
gated first, if interferences occurred, the ratio was reduced gradu-
ally until the interferences ceased. The criterion for interference
was fixed at a +5% variation of the average fluorescence intensity
calculated for the established level of MA. The results are summa-
rized in Table 2, it can be seen the proposed method had outstand-
ing selectivity.

A simple and rapid spectrofluorimetric method for MA determi-
nation in solution in the presence of DE-B-CD was developed. At
the optimum experimental conditions, there was a linear relation-
ship (r=0.9975) between the fluorescence intensity and the

Table 1
The thermodynamic parameters

Temperature (K)
293 K 298 K 303K 313K 323K
InK*? 13.1 12.9 12.7 12.4 12.0

AG®® (KJ mol 1) -31.911 -31.960 -31.993 -32.268 —32.225
AH°¢ (K] mol 1) —28.777
As** (Jmol ™' K™')  10.800
¢ Apparent formation constant (K).
b Standard free energy (AG°).
¢ Enthalpy (AH°).
4 Entropy (AS°).
Table 2
Effect of interference (tolerance error + 5.0%)
Tolerance ratio in mass Interference
3000 K*(CI7), Na*(Cl7), CI(Na®), CO42~(K*), SO,2~(Na")
2500 HPO,(K"), NO;~(Na*), Ca**(Cl"), Mg*(Cl")
2000 Sucrose, polyethylene glycol
1500 Sodium acetate
1000 Carbamide, glucose, tryptophan
800 Glycine, polyethylene glycol
600 Polyvinyl pyrrolidone, corn starch, L-histidine
500 Lysine, lactose
300 B-Alanine, uric acid, L-cysteine

Table 3
Determination of MA in human serum (n =5, p = 95%)

Sample MA added MA found Recovery  RSD
No. (10~% mol/L) (10-5 mol/L) (%) (n=5)

1 2.00 2.02 101 132

4.00 3.97 99 2.21

8.00 8.25 103 0.95

10.00 9.83 98 1.98

2 2.00 2.04 100 1.36

4.00 3.96 99 3.64

8.00 3.89 97 0.87

10.00 10.18 102 2.87

concentration of MA in the range of 2.00x 107°8-
7.00 x 10~% mol/L. The detection limit, as defined by IUPAC?® was
calculated to be 4.05 x 1072 mol/L and RSD was 1.87%. The pro-
posed method had high sensitivity, selectivity, and reproducibility
at the same temperature.

The proposed method was also employed to determine MA in
samples of human serum. The samples of human serum, obtained
from the hospital of Lanzhou University, were stored below 4 °C
and diluted appropriately to be within the linear range of determi-
nation of MA using the standard calibration method. Serum sample
was treated according to the literature.>! The standard solution
containing 0.84 mg was added to 2.00 mL serum of adult man. This
solution was divided into two same parts. One was transferred into
100 mL volumetric flask and diluted to the mark with doubly dis-
tilled water (sample 1). The other was mixed with acetonitrile in
the volume ratio of 1:3 order to remove protein completely. Then,
the mixture was centrifugated for 10 min. After that, the centrifu-
gate was diverted into a 100 mL volumetric flask and diluted to
volume with doubly distilled water (sample 2). The determination
results were gained in Table 3 and displayed there was no interfer-
ence from the serum compositions.

The host-guest inclusion system of DE-B-CD with MA was re-
ported, which revealed that the inclusion compound was form in
host-guest ratio 2:1 with excellent fluorescence property and
MA enter the DE-B-CD’s cavity. Moreover, thermodynamic param-
eters for inclusion complex were calculated. A spectrofluorimetric
method with good accuracy and practicability for determination of
MA in the presence of DE-B-CD was established on the basis of the
significant enhancement of fluorescence intensity of MA. All these
information will provide some theoretical and practical methods
for determination of MA in biological fluids.

Acknowledgments

Authors thank State Key Laboratory of Applied Organic Chemis-
try, Lanzhou University, for assistance during the experiment. The
works are supported from the National Natural Science Foundation
of China (No. J0730425) and the Main Nature Science Foundation
of Gansu Province in China (No. 3ZS041-A25-009).

References and notes

1. Abdel-Shafi, A. A. Spectrochim. Acta, Part A 2007, 66, 1228.

2. Ficarra, R; Tommasini, S.; Raneri, D.; Calabro, M. L.; Di Bella, M. R;
Rustichelli, C.; Gamberini, M. C.; Ficarra, P. J. Pharm. Biomed. Anal. 2002, 29,
1005.

3. Stancanelli, R.; Crupi, V.; De Luca, L.; Ficarra, P.; Ficarra, R.; Gitto, R.; Guardo,
M.; Iraci, N.; Majolino, D.; Tommasini, S.; Venuti, V. Bioorg. Med. Chem. 2008, 16,
8706.

4. Bergonzi, M. C.; Bilia, A. R.; Bari, L. D.; Mazzi, G.; Vincieri, F. F. Bioorg. Med. Chem.
Lett. 2007, 17, 5744.

5. Bertolla, C.; Rolin, S.; Evrard, B.; Pochet, L.; Masereel, B. Bioorg. Med. Chem. Lett.
2008, 18, 1855.

6. Qian, L.; Guan, Y.; Xiao, H. Int. J. Pharm. 2008, 357, 244.

7. Szejtli, J. Cyclodextrin Technology; Kluwer Academic Publisher: Dordrecht, 1988.

8. Pescitelli, G.; Bilia, A. R.; Bergonzi, M. C.; Vincieri, F. F.; Di Baria, L. J. Pharm.
Biomed. Anal. 2010, 52, 479.

9. Wu, H. H,; Liang, H.; Yuan, Q. P.; Wang, T. X.; Yan, X. Carbohydr. Polym. 2010, 82,
613.

10. Abdel-Shafi, A. A.; Al-Shihry, S. S. Spectrochim. Acta, Part A 2009, 72, 533.

11. Miura, T.; Ichiki, H.; Iwamoto, N. Biol. Pharm. Bull. 2001, 24, 1009.

12. Rajendran, P.; Ekambaram, G.; Magesh, V.; Sakthisekaran, D. Environ. Toxicol.
Pharmacol. 2008, 26, 278.

13. Ichiki, H.; Miura, T.; Kubo, M.; Ishihara, E.; Komatsu, Y.; Tanigawa, K.; Okada,
M. Biol. Pharm. Bull. 1998, 21, 1389.

14. Zhou, T.T.; Zhu, Z. Y.; Wang, C.; Peng, J. Y.; Chai, Y. F.; Wu, Y. T. J. Pharm. Biomed.
Anal. 2007, 44, 96.

15. Andreu, G. P.; Delgado, R.; Curti, J. A.; Vercesi, A. E. Eur. J. Pharmacol. 2005, 51,
347.

16. Pardo-Andreu, G.; Sanchez-Baldoquin, C.; Avila-Gonzalez, R.; Delgado, R.; Naal,
Z.; Curti, C. Eur. J. Pharmacol. 2006, 54, 731.

17. Han, D. D.; Chen, C. H. ].; Zhang, C.; Zhang, Y.; Tang, X. J. Pharm. Biomed. Anal.
2010, 51, 260.



L. Huang et al./Bioorg. Med. Chem. Lett. 21 (2011) 1113-1117

. Hui, W.; Guan, Y.; Yi-Hong, T.; Hai-Yan, Z.; Rong-Rong, M.; Zhao-Ling, S.;

Cheng-Gang, H. Biomed. Chromatogr. 2006, 20, 1304.

. Sethiya, N. K.; Nahata, A.; Dixit, V. K. Asian J. Trad. Med. 2008, 3, 224.
. Krivut, B. A.; Fedyunina, N. A.; Kocherga, S. I.; Rusakova, S. V. J. Chem. Nat.

Compd. 1977, 12, 36.

. Rastogi, S.; Pandey, M. M.; Rawat, A. K. S. J. Planar. Chromatogr. 2007, 20, 317.
. Shetty, P.; Mangaonkar, K.; Sane, R. T. J. Planar. Chromatogr. 2007, 20, 65.
. Joubert, E.; Manley, M.; Botha, M. J. Agric. Food Chem. 2006, 54, 5279.

Nong, C.; He, W.; Fleming, D.; Pan, L.; Huang, H. J. Chromatogr., B 2005, 826, 226.

1117

. Gong, Z. L.; Zhang, Z. J. Anal. Chim. Acta 1997, 351, 205.
. Tang, B.; Jia, B. X.; Shi, S. F. Spectrochim. Acta, Part A 2005, 61, 2203.
. Liu, Y.; Song, Y.; Wang, H.; Zhang, H. Y.; Wada, T.; Inoue, Y. J. Org. Chem. 2003,

68, 3687.

. Valero, M.; Tejedor, J.; Rodriguez, L. J. J. Lumin. 2007, 126, 297.
. Alvariza, C.; Usero, R.; Mendicuti, F. Spectrochim. Acta, Part A 2007, 67, 420.
. IUPAC Compendium of Analytical Nomenclature, Definitive Rules; Irving, H. M. N.

H., Freiser, H., West, T. S., Eds.; Pergamon Press: Oxford, 1981.

. Liu, F.; Liang, H. L.; Xu, K. H.; Tong, L. L.; Tang, B. Talanta 2007, 74, 140.



	Investigation on a host–guest inclusion system b
	Acknowledgments
	References and notes


