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Abstract Tiagabine (TGB) is an antiepileptic agent

enhancing the activity of GABA at neuronal and glial region.

It has recently been shown that enhancement of TGB

chemical stability was improved by complexation with 2-

hydroxypropyl-beta-cyclodextrin (2-HPbCD). The aim of

this project is to explain the improvement of the chemical

stability of complexed TGB by studying the inclusion

properties and factors affecting the complexation selectivity

between 2-HPbCD and TGB. Analysis of the interaction

between 2-HPbCD and TGB and the effect of 2-HPbCD on

TGB solubility was performed by phase solubility method

described by Higuchi and Connors; the complexation was

followed by characterization using DSC, FTIR and NMR

spectroscopy. In aqueous media, the analysis of NMR proton

shift change continuous variation method (Job’s plot) and

the NMR diffusion-ordered spectroscopy (DOSY) mea-

surements clearly show that TGB form 1:1 inclusion com-

plex with 2-HPbCD with an association constant (Ka) of

3396 M-1. More detailed information about the inclusion

mode and the geometry of the complex was obtained by the

analysis of 2D NMR NOESY experiment and molecular

modelling calculations. The inclusion process indicates that

A-ring, C10–C11 double bond and the half of the B-ring of

TGB molecule were located inside the cavity while the

nipecotic acid part of TGB (Ring C) was exposed towards

the outside of the 2-HPbCD cavity. These results suggest

that the inclusion of the C10–C11 double bond in the 2-

HPbCD cavity may possibly the reason of improvement of

TGB chemical stability.
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Introduction

The poor physicochemical stability of a drug may limit its

delivery through different routes of administration. Svens-

son et al. [1] pointed that the major challenge during the

formulation of tiagabine HCl (TGB) in a variety of dosage

forms are related to its weak stability. TGB is considered as

the first antiepileptic drug that acts selectively by enhancing

the GABAergic inhibition specifically by decreasing neu-

ronal and glial uptake of GABA in the synaptic region.

Another promising research area for TGB related to its

possible control of cocaine dependence [2–7]. TGB is a

drug composed from two parts (Fig. 1a) the first is the

nipecotic acid which has a GABA inhibiting effect, and its

zwitterionic structure suggested that it was incapable to

penetrate the blood brain barrier. A lipophilic anchor, the

second part, has been incorporated to facilitate crossing of

the blood brain barrier after oral administration [8, 9].

Nahata and Morosco [10] prepared simple extemporaneous

syrups of TGB 1 mg/mL in which the results indicated that

TGB can tolerate up to 13-week storage at 4 �C in plastic

bottles without substantial loss of potency. However,

Svensson et al. [1] reported a loss of about 5% of TGB

potency per storage of TGB tablets for 18 month, whereas

only 2% was lost after storage with alpha-tocopherol under
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similar conditions. Alpha tocopherol works as an antioxi-

dant or a stabilizing agent. Bhiwgade et al. [11] claimed an

alternative method concerned with the combination of 4

stabilizing agents, butylated hydroxyl anisole BHA, butyl-

ated hydroxyl toluene BHT, propyl gallate PG and ethylene

diamine tetra acetate EDTA for controlling the stability of

TGB where a synergic effect of these stabilizing agents has

been demonstrated. The study showed a better enhancement

of TGB stability using these antioxidants than formulations

prepared using alpha tocopherol alone. All described and

used methods to improve the stability of TGB were based

on the addition of antioxidants stabilizers [12–14]. These

observations prompted us to probe the efficiency of cyclo-

dextrins to interact and to form an inclusion complex with

TGB. Complexation with cyclodextrins improved the sol-

ubility of drug substance forming non-covalent inclusion

complexes [15]. Further, the resulted inclusion complex

between drug (Guest) and cyclodextrins (Host) can also

improve the stability and other organoleptic properties [16,

17]. We showed in a recent work that enhancement of TGB

stability was noticed by complexation with 2-HPbCD [18].

In order to elucidate the improvement of chemical stability

of complexed TGB, we have investigated the interaction

between TGB and 2-HPbCD (Fig. 1b) to report the char-

acterization of TGB/2-HPbCD complex by DSC and FTIR

and apply NMR spectrometry and molecular calculation to

investigate the TGB/2-HPbCD complex.

Materials and methods

Materials

TGB and 2-HPbCD were purchased from Molecula UK

and Wacker Germany, respectively. NMR grade D2O was

obtained from Eurositop France and HPLC-grade acetoni-

trile and Trifluoroacetic acid (TFA) was supplied by Acros

Organics France.

Phase solubility measurements

The interaction test between TGB and 2-HPbCD was per-

formed according to the phase solubility study method

described by Higuchi and Connors [19]. An excess amount of

TGB was added to aqueous 2-HPbCD solution ranging in

concentration from 0 to 300 mM in 10 mL capped tubes. All

tubes were sealed to avoid evaporation and shielded from

light to prevent any degradation. A magnetic stirring to attain

equilibrium 48 h in a thermostated bath at 27 ± 0.1 �C was

employed. After, suspensions were filtered through Millip-

ores 0.45 mm filters and an aliquot from each vial was

withdrawn to be assayed chromatographically by high per-

formance liquid chromatography (HPLC) for the evaluation

of dissolved amount of TGB. TGB concentrations in solution

were measured by HPLC. The HPLC system comprised: a

Varian system equipped with a 9050 variable wavelength

UV-detector, a 9010 solvent delivery system and a 9100

auto-sampler. A Nucleosil-C18 column (125 mm94 mm,

5 lm particle size) was used. An isocratic mobile phase was

employed. The mobile phase was composed of aqueous 0.1%

TFA in water and acetonitrile at a ratio 65:35% respectively.

The flow rate was 1.0 mL/min, column temperature

18 ± 2 �C and injection volume 50 lL. A similar ratio of

mobile phase was used to prepare standard solutions for the

calibration measurements. The analysis of TGB was carried

out 10 min after preparing the sample to ensure analysis of

total TGB quantity. Chromatograms were collated at wave-

length of 250 nm using Varian System Software. The

experiment was carried out in triplicate.

Fig. 1 The chemical structure of tiagabine HCl (a) and 2-HPbCD (b)
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Preparation of inclusion complex

The inclusion complex of TGB/2-HPbCD was prepared by

freeze drying method. Equimolar quantities of TGB base

and 2-HPbCD were dispersed into 50 mL Millipore water

and stirred for 24 h at 27 ± 0.1 �C. In order to estimate the

quantity of TGB could be weighed from the bulk, it was

calculated upon the Eq. 1.

WTGB ¼ P
412

375:6
� 100

100� H
ð1Þ

where WTGB is amount of TGB could be weighed, P is

amount of corresponded TGB base needed to form an

equimolar complex with 2-HPbCD and H is the relative

humidity. The suspension was filtered through a 0.45 mm

Millipore filter, frozen and then lyophilized using freeze

dryer. The heating temperature during freeze drying was

27 �C. A physical mixture was prepared by mixing equi-

molar quantities of TGB and 2-HPbCD with a porcelain

mortar and pestle to obtain a homogeneous blend. Both

prepared complex and physical mixture were refrigerated in

well tight containers for further tests.

DSC and FTIR spectroscopy

DSC analysis was performed using a Perkin Elmer differ-

ential scanning calorimeter model DSC-4 USA equipped

with a compensated power system. The thermal behaviours

of TGB, 2-HPbCD, TGB/2-HPbCD physical mixture and

TGB/2-HPbCD complex were studied by separate heating.

An accurately weighed sample each equivalent to 3 mg TGB

was in a sealed aluminium pan, using a sealed empty pan as

reference, over the temperature range of 30–300 �C and at a

rate of 10 �C/min in a dynamic nitrogen environment.

Indium standard was used for calibrating the temperature. A

FTIR Perkin Elmer equipped with an ATR-Ge crystal from

Pike Technologies was used for the analysis of TGB, 2-

HPbCD, TGB/2-HPbCD physical mixture and TGB/2-

HPbCD complex. The frequency range was fixed between

4,000 and 500 cm-1, at a 4 cm-1 resolution (20 scans).

NMR measurements

All NMR spectra have been performed on a Bruker AVI-

II600 NMR spectrometer equipped with a 10 A gradient

amplifier and a 5 mm CPTXI (1H, 13C, 15N) including

shielded z-gradients. The NMR spectra were recorded in

D2O solution at 298 K and all chemical shifts were mea-

sured relative to external TMS.
1H NMR spectra were recorded with a 12020 Hz spec-

tral window digitized with 32 K points. The 1D 13C spectra

were recorded between 0 and 200 ppm using a 25026 Hz

spectral window digitized into 64 K points. Broad band

proton decoupling was employed. The following parame-

ters were used for acquiring the COSY spectra in absolute

values: 256 experiments with 2048 data points and 8 scans

each were recorded. HMQC spectra were measured using

512 increments of 16 scans each of 2048 complex points,

with spectral widths in f1 and f2 of 18770 and 12020 Hz,

respectively. All two-dimensional NMR data matrices were

zero-filled in the f1 dimension. Prior to Fourier transfor-

mation, a phase shifted sine bell filter function was applied.

The HMQC spectra were displayed in phase sensitive mode

and the COSY in absolute value. Intermolecular proximity

was obtained from 2D NOESY experiment. The measuring

conditions for the 2D spectra were: spectral width

12020 Hz; 512 experiments with 2048 data points; relax-

ation delay 3 s, and 32 scans with a mixing time of 600 ms.

Phase sensitive spectra were acquired using TPPI scheme.

Diffusions coefficients were obtained from 2D DOSY

(Diffusion Ordered SpectroscopY) experiments. 2D DOSY

experiments were performed using a bipolar gradient LED

pulse sequence [20]. The applied diffusion time (D) was

150 ms and the duration of gradient pulses (d) was 2.5 ms.

The maximum gradient was 5.35 G cm-1 A-1 and it took

10 different values. Therefore, the data contained 16 spectra

and in each spectrum there were 8192 points on the chemical

shift dimension. The DOSY processing program as imple-

mented in TOPSPIN Software (Bruker, Germany) was used.

Determination of stoichiometry

The stoichiometry of the complex was determined by

the continuous variation method. The overall concentration

of the two species was kept constant ([TGB] ?

[2-HPbCD] = 5 mM) and the mole fraction of TGB (i.e.,

r ¼ TGB½ �
TGB½ �þ 2-HPbCD½ �) was varied from 0.1 to 0.9. This

was accomplished by using the equimolar solutions of TGB

and 2-HPbCD and mixing them to constant volume to the

desired ratio r. Then, the quantity Dd Hið Þ
obs [TGB] was plotted

against r. DdðHiÞ
obs is the difference between the chemical

shift of free TGB and the observed value for a given ratio r.

Molecular modelling

The three-dimensional coordinates of b-cyclodextrin was

taken from CSD (www.ccdc.cam.ac.uk) (Ref. code

BCDEXD03) and imported into the molecular modelling

program InsightII [21]. The structure was checked for

chemically consistent atom and bond type assignment.

All b-cyclodextrin containing 4 or 5 hydroxypropyl

group in position 2 were generated and protonated using

the InsightII software. To avoid steric clashes, added

hydrogen atoms were energy-minimized using the Powel

algorithm, with a convergence gradient of 0.5 kcal mol-1
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for 1500 cycles. This procedure affected only non-experi-

mentally detected hydrogen atoms.

AutoDock: Cyclodextrins were treated using the united

atom approximation. Only polar hydrogens were added to

the structure and atomic charges were then calculated using

the Gasteiger method [22].

All water molecules were removed from the target

structure. 60 9 60 9 60 Å affinity grids, centred on the

cyclodextrin cavity with 0.375 Å spacing, were calculated

by use of Autogrid 4.0 [23], for each of the following atom

types: C, A (aromatic C), N, O, S, H and Cl.

Only polar hydrogens were added to the ligand and

Gasteiger charges were assigned. The rotatable bonds were

selected via AutoTors [23].

We selected the Lamarckian genetic algorithm (LGA)

for ligand conformational searching. LGA adds local

minimization to the genetic algorithm, enabling modifica-

tion of the gene population [23]. The following docking

parameters were used: trials of 100 docking, population

size of 100, random starting position and conformation,

translation step ranges of 1.0 Å, rotation step ranges of 1.0

Å, elitism of 1, mutation rate of 0.02, crossover rate of 0.8,

local search rate 0.06 and 250,000 energy evaluations.

Structures with lower energy and in agreement with the

experimental NMR distances were selected.

Results and discussion

The solubilisation of TGB by the 2-HPbCD was quanti-

tatively evaluated at pH 7.4 by Higuchi and Connors phase

solubility method [19]. The solubility of TGB was

increased 7.5-folds from 26.8 g L-1 for TGB alone to

reach 201.06 g L-1 after complexation with 2-HPbCD.

The phase solubility diagram, i.e., plots of solubility of

TGB as a function of 2-HPbCD concentration (Fig. 2)

shows a linear increase of TGB solubility with the increase

of 2-HPbCD concentration. This linear trend can be con-

sidered as an AL-type diagrams according to the phase

solubility principle which indicate TGB/2-HPbCD inter-

action with a 1:1 stoichiometry.

In order to prove the formation of the TGB/2-HPbCD

complex, DSC and FTIR experiments were performed on

TGB, 2-HPbCD, TGB/2-HPbCD physical mixture and
Fig. 2 The phase solubility diagram of TGB as a function of 2-

HPbCD concentration

Fig. 3 DSC diagram of TGB

(1), 2-HPbCD (2), physical

mixture (3) and TGB/2-HPbCD

complex (4)
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complex. The DSC thermogram of TGB (Fig. 3.1) presents

an endothermic peak at 89 �C indicating the melting point

of the active substance, while the DSC curve of 2-HPbCD

(Fig. 3.2) shows a melting peak of 169 �C. The DSC curve

of physical mixture (Fig. 3.3) indicates that no major

change was observed of the endothermic peaks of the pure

TGB (89 �C) and 2-HPbCD (169 �C) suggesting that no

inclusion complex was formed by physical blends.
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Fig. 4 Experimental FTIR–ATR spectra collected in the frequency region (4000–500 cm-1) for 2-HPbCD (blue), TGB (Black), TGB/2-HPbCD

physical mixture (Red) and TGB/2-HPbCD complex (Green)
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Fig. 5 1D proton NMR

spectrum of 5 mM 2-HPbCD in

D2O (600 MHz, T = 298 K)
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However, the absence of drug and cyclodextrin melting

temperatures from the thermogrammes of TGB/2-HPbCD

complex (Fig. 3.4) points toward the formation of an

inclusion complex [24].

Similar to the DSC, FTIR-ATR spectrometry also

allows the characterization and detection of inclusion

complex in the solid state. The resulted data of FTIR

confirmed the formation of the inclusion complex. The

bands of the functional groups implicated in the formation

of inclusion process were changed. The intensity of the

very weak aromatic stretch sulphur –S–C at *650 cm-1

and both of the medium strength methyl R-CH3 sym. at

*1455 cm-1 and asymmetrical stretch at *1377.5 cm-1

were clearly reduced in the case of inclusion complex

spectrum when compared to the other spectral bands [25,

26] (Fig. 4). However, the carboxyl group –COOH that

is characterized by a strong C=O stretch band at

*1712.5 cm-1 and medium –OH stretch at *3000, weak

deformation at *1417.5 and medium deformation at

*917.5 cm-1, respectively, were unchanged. Likely, the

tertiary amine band (R)3–N that is characterized by a strong

stretch C–N at *1335 cm-1 [27] was also unchanged

indicating a partial inclusion of the heterocyclic aromatic

moiety of TGB whereas the nipecotic acid part is probably

exposed.

NMR is considered as the tool of choice for precise

structural characterization of organic molecules in solution.

In order to better characterize the tridimensional structure

of the complex, a structural NMR study on TGB/2-HPbCD

complex was carried out.

6.06.26.46.66.87.07.27.4 ppm 1.61.82.0 ppm

H19
H23

H14

H20

H15

CH3(22)

CH3(16)

(a)

(b)

Fig. 6 Zoom of proton 1D

NMR spectra (600 MHz,

T = 298 K) of TGB (a) and

TGB/2-HPbCD 1:1 complex (b)

Fig. 7 Continuous variation

plot of TGB/2-HPbCD,

showing the observed TGB

chemical shifts of H14 (filled
circle), H15 (filled diamond),

H19 (filled square) and H20

(filled triangle) as a function of

mole fraction
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In the first step, the 2-HPbCD sample was characterized

by 1H NMR in order to verify the number and the position

of hydroxypropyl group substitution. Assignment of 1H and
13C NMR spectra of the 2-HPbCD forms in aqueous

solution was achieved by two dimensional 1H/1H COSY

and 1H/13C HMQC and HMBC. The 1H and 13C assign-

ments for all the monosaccharides derivatives are in

agreement with those obtained by Zoppetti and co-workers

[28]. Besides, the degree of substitution (DS), i.e., the

average number of hydroxypropyl chain in D-glucose

units, was quantitatively determined from the ratio of the

area of peaks belonging to all the anomeric protons over

those belonging to methyl protons of hydroxypropyl chain

(Fig. 5). A value of DS & 0.63 was found. These data

confirm that the D-glucose residues in 2-HPbCD are un-

substituted or monosubstituted with three different substi-

tutions: mainly hydroxypropyl group substitution in the

position 2, smaller number in the position 3 and very few

numbers in the position 6.
1H NMR spectra of TGB and TGB/2-HPbCD solutions

are shown in (Fig. 6). Here, shifted TGB NMR signals of

H16, H19, H20, H22 and H23 as well as 2-HPbCD NMR

signals of H3 and H5 are in accordance with a complexa-

tion involving inclusion phenomena.

To establish the stoichiometry of the complex, the

continuous variation method was used to follow the

changes in chemical shifts of protons H16, H19, H20 and

H22 of TGB which shows the most marked variations

(Fig. 7). The maximum or minimum values show insig-

nificant deviation from r = 0.5, indicating the existence of

a 1:1 stoichiometry within the range of investigated

concentrations. These results were in agreement with the

phase-solubility studies between TGB and 2-HPbCD. The

phase solubility study indicates the existence of AL profile

from the linear regression plot of the molar concentration

of TGB versus molar concentration of 2-HPbCD according

to Higuchi and Connors [19].

DOSY is a two-dimensional NMR experiment, in which

the idea is to correlate chemical shifts with molecular

diffusion coefficients of individual molecules by using the

pulse field gradient (PFG) [29–31]. The DOSY NMR

experiment results in a 2D spectrum, displaying chemical

shifts on one axis (f2) and the calculated diffusion coeffi-

cients on the other axis (f1) (Fig. 8).

In the case of complex of 1:1 stoichiometry, NMR dif-

fusion measurements are one of the recognized methods

used for determination of the association constant; partic-

ularly its convenient to indicate the binding between

molecules of different size [32].

Ka ¼
Xbound

1� Xboundð Þ TGB½ �0�Xbound 2-HPbCD½ �0
� � ð2Þ

where

Xbound ¼
Dfree � Dobs

� �

Dfree � Dbound

� � ð3Þ

Association constant Ka is evaluated according to the

Eqs. 2 and 3. Where Xbound is the fraction of TGB bound

with 2-HPbCD, [TGB]0 and [2-HPbCD]0 are the total

concentration of TGB and 2-HPbCD. Dobs is the observed

diffusion coefficient, Dbound and Dfree are the diffusion

coefficient of bound and free TGB (Table 1). Based on

Eqs. 2 and 3, a molar fraction of bound TGB was calcu-

lated, C & 0.785, which corresponds to a complexation

association constant of 3396 M-1.

The most important information regarding the structure

of the complex was given by the two-dimensional 1H, 1H

NOESY spectrum. The NOESY spectrum of TGB/2-

HPbCD complex (Fig. 9a) shows intense intermolecular

Lo
g(

D
)µ

m
²/

s

234567 mpp8

2.4

2.6

2.8

3.0

3.2

3.4

234567 ppm

(a) (b)

Fig. 8 2D DOSY Spectra

(600 MHz, T = 298 K) of TGB

(a) and TGB/2-HPbCD 1:1

complex (b)

Table 1 Diffusion coefficients determined from DOSY experiments

for 2-HPbCD (Dbound), TGB in a complex form (Dobs) and in free

state (Dfree)

Dbound (m2/s) Dfree (m2/s) Dobs (m2/s) Cbound Ka (M-1)

3.60 9 10-10 6.40 9 10-10 4.20 9 10-10 0.785 3396
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correlations between protons H5, H3 of 2-HPbCD ad H14,

H15 of B-ring of TGB molecule, H3 of 2-HPbCD and H23

of TGB molecule and less intense correlations between H3

of 2-HPbCD and H19 and H20 of A-ring. However, no

dipolar interaction appears with H6 proton of 2-HPbCD

and between the proton of the C-ring and the protons of

2-HPbCD. These results suggest that TGB is partially

included (ring A and B) through the larger rim into

2-HPbCD cavity (Fig. 9b) with no favoured orientation for

the nipecotic acid part of TGB molecule (ring C).

All these experimental observations are supported by the

structure of the TGB/2-HPbCD complex obtained by

molecular modelling (Fig. 10). This was achieved by

docking of TGB molecule into 2-HPbCD cavity. The

structure of the complex shows that the A-ring of TGB

molecule was inside the cavity of 2-HPbCD, half of the B-

ring was also located inside the cavity while C-ring of TGB

molecule was oriented outside of 2-HPbCD cavity.

Conclusion

Characterization of TGB/2-HPbCD complex was carried

out essentially by DSC, FTIR, NMR and molecular
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Fig. 9 Partial contour plot of the NOESY spectrum (600 MHz, T = 298 K) of TGB/2-HPbCD complex (5 mM, 1:1 M ratio) (a) and the

conceptual design of TGB/2-HPbCD inclusion complex (b)

Fig. 10 Inclusion complex between TGB and 2-HPbCD obtained from molecular docking studies
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modelling studies. Inclusion complex was formed suc-

cessfully between TGB and 2-HPbCD with a relatively

effective association constant. The inclusion process

indicates that A ring, half of the B ring and the most

susceptible part of TGB molecule to chemical degradation

(C10–C11 double bond) were located inside the cavity

while the nipecotic acid part of TGB (Ring C) was

exposed towards the outside of the 2-HPbCD cavity. The

inclusion of the C10–C11 double bond in the 2-HPbCD

cavity may possibly the reason of improvement of TGB

chemical stability [18].
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References

1. Svensson, J.R., Nygaard, L., Andersen, T.M., Weibel, H., Hjorth,

T.B.: Pharmaceutical composition containing tiagabine hydro-

chloride and the process for its preparation. US Patent 5,866,590,

1999

2. Holtkamp, M., Pfeiffer, M., Buchheim, K., Meierkord, H.: Ti-

agabine and non-convulsive status epilepticus. Nervenarzt

70(12), 1104–1106 (1999)

3. Filip, M., Frankowska, M., Golda, A., Zaniewska, M., Vetulani,

J., Przegalinski, E.: Various GABA-mimetic drugs differently

affect cocaine-evoked hyperlocomotion and sensitization. Eur. J.

Pharm. 541(3), 163–170 (2006)

4. Gonzalez, G., Desai, R., Sofuoglu, M., Poling, J., Oliveto, A.,

Gonsai, K., Kosten, T.R.: Clinical efficacy of gabapentin versus

tiagabine for reducing cocaine use among cocaine dependent

methadone-treated patients. Drug Alcohol Depend. 87(1), 1–9

(2007)

5. Bauer, J., Bergmann, A., Reuber, M., Stodieck, S.R., Genton, P.:

Tolerability of tiagabine: a prospective open-label study. Epi-

leptic Disord. 4(4), 257–260 (2002)

6. Grunze, H., Erfurth, A., Marcuse, A., Amann, B., Normann, C.,

Walden, J.: Tiagabine appears not to be efficacious in the treat-

ment of acute mania. J. Clin. Psychiatry 60(11), 759–762 (1999)

7. Knake, S., Hamer, H.M., Schomburg, U., Oertel, W.H., Rosenow,

F.: Tiagabine-induced absence status in idiopathic generalized

epilepsy. Seizure 8(5), 314–317 (1999)

8. Johnston, G.A.: GABAA receptor phramacology. Pharmacol.

Ther. 69(3), 173–198 (1996)

9. Leach, J.P., Brodie, M.J.: Tiagabine. Lancet 351(9097), 203–207

(1998)

10. Nahata, M.C., Morosco, R.S.: Stability of tiagabine in two oral

liquid vehicles. Am. J. Health Syst. Pharm. 60(1), 75–77 (2003)

11. Bhiwgade, R., Singh, B.R., Nagaprasad, V.: Stable pharmaceu-

tical compositions of tiagabine and processes for their prepara-

tion. WO 067605, 2006

12. Kaufman, M.J.: Applications of oxygen polarography to drug

stability testing and formulation development: Solution-phase

oxidation of hydroxymethylglutaryl coenzyme A (HMG-CoA)

reductase inhibitors. Pharm. Res. 7(3), 289–292 (1990)

13. Sawicka, J.: The influence of excipients and technological pro-

cess on cholecalciferol stability and its liberation from tablets.

Pharmazie 46(7), 519–521 (1991)

14. Moore, D.E.: Antioxidant efficiency of polyhydric phenols in

photooxidation of benzaldehyde. J. Pharm. Sci. 65, 1447–1451

(1976)

15. Abounassif, M.A., El-Obeid, H.A., Gadkariem, E.A.: Stability

studies on some benzocycloheptane antihistaminic agents. J.

Pharm. Biomed. Anal. 36(5), 1011–1018 (2005)

16. Loftsson, T., Duchene, D.: Cyclodextrins and their pharmaceu-

tical applications. Int. J. Pharm. 329(1–2), 1–11 (2007)

17. Loftsson, T., Brewester, M.: Pharmaceutical applications of

cyclodextrins. 1. Drug solubilization and stabilization. J. Pharm.

Sci. 85(10), 1017–1025 (1996)

18. Sughir, A., Lahiani-Skiba, M., Oulyadi, H., Skiba, M.: 2-

Hydroxypropyl b-cyclodextrin: a new tool for the improvement

of chemical stability of tiagabine HCl. Lett. Drug Des. Discov.

6(3), 236–241 (2009)

19. Higuchi, T., Connors, K.A.: Phase solubility technique. Adv.

Anal. Chem. Instrum. 4, 117–212 (1965)

20. Fordham, E.J., Gibbs, S.J., Hall, L.D.: Partially restricted diffu-

sion in a permeable sandstone: observations by stimulated echo

PFG NMR. Magn. Reson. Imaging 12, 279–284 (1994)

21. Accelrys-Inc: Insight II User Guide. Accelrys Software Inc, San

Diego (2005)

22. Gasteiger, J., Marsili, M.: Iterative partial equalization of orbital

electronegativity—a rapid access to atomic charges. Tetrahedron

36, 3219–3228 (1980)

23. Morris, G.M., Goodsell, D.S., Halliday, R.S., Huey, R., Hart,

W.E., Belew, R.K., Olson, A.J.: Automated docking using a

Lamarckian genetic algorithm and empirical binding free energy

function. J. Comput. Chem. 19, 1639–1662 (1998)

24. Bounoure, F., Lahiani-Skiba, M., Barbot, C., Sughir, A., Mallet, E.,

Jezequel, S., Didier, L., Arnaud, P., Skiba, M.: Effect of partially

methylated b cyclodextrin on percutaneous absorption of meto-

pimazine. J. Incl. Phenom. Macrocycl. Chem. 57, 191–195 (2007)

25. Cannavà, C., Crupi, V., Ficarra, P., Guardo, M., Majolino, D.,

Stancanelli, R., Venuti, V.: Physicochemical characterization of

coumestrol/[beta]-cyclodextrins inclusion complexes by UV–vis

and FTIR-ATR spectroscopies. Vib. Spectrosc. 48(2), 172–178

(2008)

26. Crupi, V., Ficarra, R., Guardo, M., Majolino, D., Stancanelli, R.,

Venuti, V.: UV–vis and FTIR-ATR spectroscopic techniques to

study the inclusion complexes of genistein with [beta]-cyclo-

dextrins. J. Pharm. Biomed. Anal. 44(1), 110–117 (2007)

27. Usha, S., Johnson, I.M., Malathi, R.: Interaction of resveratrol

and genistein with nucleic acids. J. Biochem. Mol. Biol. 38, 198–

205 (2005)

28. Torri, G., Bertini, S., Giavana, T., Guerrini, M., Puppini, N.,

Zoppetti, G.: Inclusion complex characterization between pro-

gesterone and hydroxypropyl-b-cyclodextrin in aqueous solution

by NMR study. J. Incl. Phenom. Macrocycl. Chem. 57(1), 317–

321 (2007)

29. Johnson, C.S.: Diffusion ordered nuclear magnetic resonance

spectroscopy: principles and applications. Prog. Nucl. Magn.

Reson. Spectrosc. 34, 203–256 (1999)

30. Morris, K.F., Johnson, C.S.: Resolution of discrete and continuous

molecular size distributions by means of diffusion-ordered 2D

NMR spectroscopy. J. Am. Chem. Soc. 115(10), 4291–4299 (1993)

31. Antalek, B.: Using pulsed gradient spin echo NMR for chemical

mixture analysis: How to obtain optimum results. Concepts

Magn. Reson. 14(4), 225–258 (2002)

32. Cohen, Y., Avram, L., Frish, L.: Diffusion NMR spectroscopy in

supramolecular and combinatorial chemistry: an old parameter—

new insights. Angew. Chem. Int. Ed. 44(4), 520–554 (2005)

J Incl Phenom Macrocycl Chem (2010) 68:55–63 63

123


	Study of interaction between tiagabine HCl and 2-HP beta CD: investigation of inclusion process
	Abstract
	Introduction
	Materials and methods
	Materials
	Phase solubility measurements
	Preparation of inclusion complex
	DSC and FTIR spectroscopy
	NMR measurements
	Determination of stoichiometry

	Molecular modelling

	Results and discussion
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


