J=Serb. Chem. Soc. 72 (8-9) 737-746 (2007) UDC 539.219.1+535.42+54-77:547.458.68
JSCS-3607 Original scientific paper

A molecular inclusion complex of atenolol with
2-hydroxypropyl-f#-cyclodextrin; the production
and characterization thereof

VESNA NIKOLIC!*# LJUBISA NIKOLIC!¥, MIHAJLO STANKOVIC! AGNES KAPOR?Z,
MIRJANA POPSAVIN3 and DRAGAN CVETKOVIC!

! Faculty of Technology, Bulevar oslobodenja 124, 16000 Leskovac, *Faculty of Science,
Department of Physics, Trg Dositeja Obradovic¢a 4, 21000 Novi Sad and >Faculty of Science,
Department of Chemistry, Trg Dositeja Obradovica 3, 21000 Novi Sad, Serbia

(Received 28 August 2006, revised 21 March 2007)

Abstract: The molecular inclusion complex of atenolol with 2-hydroxypropyl-/£-cy-
clodextrin was synthesized using the coprecipitation method. The complex obtained
was characterized by FT-IR, !H-NMR, 13C-NMR spectroscopy, as well as by DSC
and X-ray diffraction analysis. The DSC analysis confirmed the existence of the com-
plex with the endothermic atenolol melting peak at about 155 °C disappearing. The
X-ray diffraction patterns of the complex and 2-hydroxypropyl-£-cyclodextrin were
very similar, thus confirming the complete inclusion of the atenolol molecule within
the cavity of the 2-hydroxypropyl-f-cyclodextrin. The peaks originating from ate-
nolol were completely absent in the diffractogram of the complex. 'H-NMR and
I3C-NMR spectra showed certain changes in the chemical shifts of protons and C
atoms from atenolol and 2-hydroxypropyl-fS-cyclodextrin, indicating that a complex
had been formed and also which protons participated in the hydrogen bonds which
formed the complex. The atenolol solubility in water was improved (254 mg com-
plex cm™, i.e, 37.5 mgatenolol cm™), and in pH 3 HCI solution (251 mg com-
plex cm?, i.e., 37 mg atenolol cm™) when compared to pure atenolol, and even when
compared to the atenolol complex with S-cyclodextrin. The increased solubility en-
sures greater bioavailability of the active component and, due to the low solubility,
significantly corrects for the lack of the basic active substance and, simultaneously,
increases its overall therapeutic effect, combined with reduced side effects.

Keywords: atenolol, 2-hydroxypropyl-f-cyclodextrin, inclusion complex, FT-IR,
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INTRODUCTION

Cyclodextrins and their derivatives build canal inclusion compounds, so-ca-
lled “molecular inclusion compounds”. In these compounds, a single molecule can
receive a molecule of another compond into the cavity of its large ring (canal ca-
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vity diameter 0.5-0.9 nm). In crystalline state, some spirally wound molecules of
cyclodextrin are placed one above the other, thus forming longer canal where mo-
lecules of various organic substances can be located, representing so-called mole-
cular encapsulation.!=9 There are a number of examples of molecular inclusion
complexes of cyclodextrins and their derivatives, especially with respect to vari-
ous types of drugs.

Ammar gave a description of the formation of an ampicillin and fcyclodex-
trin complex, which eliminates one of the drawbacks of ampicillin, i.e., its tendency
to polymerize when alone in an aqueous solution.!0 With most drugs, their bio-
availability, i.e., the absorption of the remedial substance is low due to their poor
solubility and, therefore, their application is limited. This is the case with some
antibiotics, such as polymixin and tetracycline hydrochloride.!1:12 By forming a
complex of naproxen (a steroid anti-inflammatory agent with an analgesic effect)
and S-cyclodextrin, the absorption of the former is increased and, thus, its bioava-
ilability.13 Heptacain, a local anesthetic, has better activity when in a complex with
[-cyclodextrin because of its improved physico—chemical properties, i.e., solubi-
lity, dissolution rate and membrane permeability.!4 The chemical and photochemi-
cal stabilities of retinol, meclozin hydrochloride and nicerdipin are improved after
formation of inclusion complexes with cyclodextrins.!1:15.16 In order to form an
inclusion complex, the diameter of the guest molecule must correspond to the dia-
meter of the host molecule cavity.!! Drugs from the B-blocker group are chara-
cterized by poor solubility in aqueous and gastric fluids and, therefore, the low
solubility rate and the variability of their bioavailability directly affect the effici-
ency of the drug.!7 Consequently, in order to increase the solubility and solubi-
lity rate, atenolol was complexed into an inclusion complex with f-cyclodextrin,
whereby a better, but still not completely satisfactory, solubility of the complex
was achieved.!8 For the same reason, celiprolol, a well known B-blocker, was
complexed with S-cyclodextrin and a correction of the solubility of this drug was
achieved.!” An improved solubility of felodipine was achieved by complexing with
[-cyclodextrin.!9 Prazosin hydrochloride, an o -adrenoceptor antagonist used in
clinical practice for the treatment of hypertension, vascular sclerosis and cardiac
arrest, also has the problem of poor solubility in water, which is very important for
its activity. By complexing this drug with S-cyclodextrin and hydroxypropyl-/-cy-
clodextrin, these complexes obtained solubility superior to those of the non-com-
plexed drug.20

In a patent application, a method for the separation of racemic atenolol by a
solid-liquid separation method is given. Moreover, another patent gives a descri-
ption of the slow release of some drugs from the corresponding forms, including
atenolol, carvedilol and hydrochlorothiazide.21-22 A further patent gives a descry-
ption of the increased bioavailability of atenolol in connection with cholic acid,
but there is no data on inclusion type complexes with f-cyclodextrin derivatives
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with the purpose of increasing the solubility of this drug.23 2-Hydroxypropyl-A-cy-
clodextrin was chosen for complexing atenolol because it has a better solubility
in water at room temperature than S-cyclodextrin.

EXPERIMENTAL
Reagents
Atenolol (RS)-2-{-4-[2-hydroxy-3-(isopropylamino)propoxy |phenyl }acetamide is a racemic mix-
ture of (R)-(+) and (S)-(—) stereoisomers of 99.43 % purity, purchased from Ipca Laboratories Limi-
ted, India, while 2-hydroxypropyl-f-cyclodextrin (average molecular weight 1540 g mol™') was ob-
tained from Sigma—Aldrich, Wisconsin.
Preparation of the inclusion complex by co-precipitation

Atenolol (266 mg) and 2-hydroxypropyl-S-cyclodextrin (1540 mg) were mixed and dissolved
in 150 cm3 of the water. The solution was stirred at room temperature for 24 h, evaporated using
rotary evaporator at 50 °C to a volume of approximately 20 cm?, and then dried in a desiccator abo-
ve concentrated sulfuric acid at 25 °C.

Preparation of a physical mixture

A homogenous physical mixture was prepared by mixing atenolol and 2-hydroxypropyl-f-cy-
clodextrin in a 1:1 molar ratio in a mortar.
X-Ray crystallography

X-Ray diffraction analysis was performed on a Phillips X’Pert powder diffractometer under
the following conditions: the samples were exposed to monochromatic CuK,, radiation and analy-
zed in the 26 range between 5 and 65° with a step of 0.05° and the recording time 7= 5 s. The vol-
tage and the strength of the electric current were 40 kV and 20 mA, respectively.

IH-NMR and 13C-NMR spectroscopy

The 'H-NMR and 13C-NMR spectra of the samples were recorded in a 5 mm diameter glass
cuvette at room temperature on a Bruker AC 250 E NMR spectrometer, operating at frequencies of
250 and 62.5 MHz, respectively, by the pulse method and with multiple pulse repetitions. D,O was
used as the solvent.

Differential scanning calorimetry (DSC)

DSC Curves of the samples were recorded on a DuPont DSC differential scanning calorimeter
in the temperature range 30-280 °C at a scanning rate of 10 °C min"!. The measurements were per-
formed on 5 mg of the sample in closed aluminum containers under a nitrogen atmosphere.

Fourier transformation infrared (FTIR) spectroscopy

The FTIR spectra of the samples were recorded in KBr pellets (0.6 mg sample, 140 mg KBr) in the

wavenumber range 4000-400 cm’!, on a Bomem Hartmann & Braun MB-series FTIR spectrophotometer.
RESULTS AND DISCUSSION
X-Ray crystallography

The diffractograms of atenolol (A), 2-hydroxypropyl-/-cyclodextrin (B), the
molecular inclusion complex of 2-hydroxypropyl-fcyclodextrin and atenolol
(C), and the physical mixture (D) are shown in Fig. 1. A comparative analysis of
these diffractograms shows that the diffractogram of the complex (C) is almost
identical to that of 2-hydroxypropyl-/-cyclodextrin (B), confirming the hypothe-
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sis that the atenolol molecule was included into the cavity of 2-hydroxypropyl-S-cy-
clodextrin, which shielded it completely from the X-rays. On the other hand, the
commercially available, high purity (99.46 %) atenolol sample had a high degree
of crystallinity, as evidenced by the very articulated peaks in its diffractogram.
The diffractogram of 2-hydroxypropyl-f-cyclodextrin indicates the existence of
two wide diffraction peaks in the range of about 26=10.516° to 26= 18.882°,
which are not structured and show the existence of a disorganized crystal struc-
ture at great distances. The diffractogram of the physical mixture (D) confirms by
the presence of the peaks of both components of the mixture that this really was a
mixture of atenolol and 2-hydroxypropyl-£-cyclodextrin; the peaks arising from
atenolol were absent in the diffractogram of the complex. The X-ray diffraction
pattern of the complex confirms that atenolol is complexed as a molecular inclu-
sion into the crystalline grid of the matrix, 2-hydroxypropyl-/-cyclodextrin.
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Fig. 1. X-ray diffractograms of atenolol (A), 2-hydroxypropyl-S-cyclodextrin (B),
the inclusion complex of atenolol and 2-hydroxypropyl-£-cyclodextrin (C) and
a mixture of atenolol and 2-hydroxypropyl-f-cyclodextrin (D).

NMR analysis

The 'H-NMR analysis shows the occurrence of the molecular encapsulation
of atenolol into the hydrophobic cavity of 2-hydroxypropyl-f-cyclodextrin be-
cause the spectra of the basic components are different from those of the mole-
cular inclusion complex. The labeling of the C atoms in atenolol and 2-hydroxy-
propyl-f-cyclodextrin where the protons are situated is shown in Figs. 2 and 3
and the chemical shifts, as well as the changes in proton chemical shifts in the
complex with respect to the pure components, are shown in Table I.
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Fig. 2. Labeling of the C atoms in an atenolol molecule.
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Fig. 3. Labeling of the C-atoms in the hydroxypropylglucose unit
T of a 2-hydroxypropyl-f-cyclodextrin molecule.

O

TABLE 1. Chemical shifts (6) and changes of proton chemical shifts (Ad) in the 'H-NMR spectra of ateno-
lol, 2-hydroxypropyl-/cyclodextrin, and the complex of atenolol with 2-hydroxypropyl-£-cyclodextrin

C atom o/ ppm AS/ ppm

Atenolol Complex

2 3.500 s 3.8525 +0.352

3and 4 4.000 m 4.200 m +0.200

Sand 6 2.750 m 2963 m +0.213

7 and 8 1.017d 1.179d +0.162

2"and 6' 6.958 d 7.037 d +0.079

3'and 5' 7.208 d 7.296 d +0.088
2-Hydroxypropyl-f-cyclodextrin Complex

1 5.137d 5.200d +0.063

2t08 3731 m 3852 m +0.121

9 1.108 d 1.179d +0.071

On the basis of these results it can be concluded that the protons from ateno-
lol on the 2, 3, 4, 5, and 6 C atom had the greatest shifts (Ao from 0.352 to 0.200)
in the complex, which means that they participated to a great extent in the inter-
action with 2-hydroxypropyl-/-cyclodextrin. The other protons from atenolol al-
so showed shifts, but they were slightly less in magnitude. The greatest proton
shifts in 2-hydroxypropyl-f-cyclodextrin in the complex relative to the uncom-
plexed compound occurred at the H atoms bonded to carbons C; to Cg, while the
shifts of those bonded to C; and Cg were slight.

This analysis indicates an inclusion type of complexing between atenolol and
2-hydroxypropyl-f-cyclodextrin, in which hydrogen bonds, apart from physical
factors, play an important role in the guest—host interactions.
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The analysis of the 13C-NMR results, also indicating the inclusion of the guest
into the host cavity, show that the greatest chemical shifts after complexing occur-
red at the Cy, Cy4, Cs, C7, and Cg atoms in atenolol, while in 2-hydroxypropyl-£-cy-
clodextrin, the greatest shifts were found at the C;, C4, and Cs atoms. The diffe-
rences in chemical shifts for each C atom in atenolol and in 2-hydroxypropyl-£-cy-
clodextrin with respect to the molecular inclusion complex are shown in Table II.

TABLE II. Chemical shifts and variations of the chemical shifts of the C-atoms in 13C-NMR spec-
tra of atenolol, 2-hydroxypropyl-f-cyclodextrin and the complex of atenolol with 2-hydroxypropyl-
-f-cyclodextrin

o/ ppm o/ ppm
Cratom Atenolol Complex Ad/ppm 2-Hydr0xypropyl-ﬁ- Complex Ao/ ppm
-cyclodextrin

1 180.818 179.912 -0.906 102.933 103.361 +0.428

2 43.585 43.897 +0.312 74.506 74.383 —0.123

3 73312 73.405 +0.093 75.629 75.806 +0.177

4 71342 70.660 —0.682 83.212 83.622 +0.410

5 51.011 51.526 +0.515 74.787 75.058 +0.271

6 50.922  51.030 +0.108 63.113 62.994 -0.119
7and 8 23.844 23420 -0.424 - - -

' 130.521 130.762 +0.241 - - -
2'and 6' 117.883 117.651 -0.232 - - -
3'and 5' 133.285 133.079 -0.206 - - -

4 160.143  160.308 +0.165 - - -

- - - 79.497 80.861 +1.364
- - - 69.219 69.224 +0.005
- - - 20.919 20.941 +0.022

DSC analysis

The DSC curves of atenolol (A), 2-hydroxypropyl-/-cyclodextrin (B), a mix-
ture of atenolol and 2-hydroxypropyl-/-cyclodextrin (C), and the complex of ate-
nolol and 2-hydroxypropyl-/-cyclodextrin (D) are shown in Fig. 4. A compara-
tive analysis of the DSC curves also confirms the inclusion of the guest molecule
into the cavity of the host. The DSC curve of the inclusion complex has no endo-
thermic melting peak of racemic atenolol at about 155 °C, which is, on the other
hand, present in the curve of atenolol and of the mixture of atenolol and 2-hydro-
xypropyl-/-cyclodextrin.

Infrared spectroscopy

By comparing IR spectrum of the inclusion complex of 2-hydroxypropyl-/-cy-
clodextrin and atenolol to those of the pure substances and the physical mixture,
it can be concluded that there are no variations in the spectrum of the physical
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mixture with respect to the spectra of the pure components, but that there are va-
riations in the IR spectrum of the complex (Fig. 5). Namely, pure atenolol has a
strong band at 1638 cm~1, originating from C=0 valence vibrations (amide band 1),
which, in the inclusion complex, has a significantly lower intensity and occurs at
1668 cm~1, which results from this vibration being covered due to the inclusion
of atenolol into the cavity of 2-hydroxypropyl-g-cyclodextrin. For the same rea-
son, the band at 3180 cm=1, originating from the NH valence vibrations, present
in the spectrum of atenolol is absent in spectrum of the complex, as is the amide
band I11, originating from the C-N valence vibration coupled with NH bending
vibrations, which is present in the spectrum of atenolol at 1417 cm~L. Also, the
band at 1516 cm-1, originating from C=C valence vibrations of the aromatic part
of the atenolol system, does not appear in the IR spectrum of the complex. This
analysis is in accordance with the results of the previous methods used to analyze
the complex and it confirms the realization of the inclusion of the atenolol mole-
cule into the hydrophobic cavity of the host molecule, 2-hydroxypropyl--cyclo-
dextrin, i.e., the formation of the molecular inclusion complex.
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Fig. 4. DSC curves of atenolol (A), 2-hydroxypropyl-S-cyclodextrin (B), a mixture of
atenolol and 2-hydroxypropyl-g-cyclodextrin (C), and the inclusion complex of
atenolol with 2-hydroxypropyl-4-cyclodextrin (D).

Dissolution study

The room temperature solubility of pure atenolol in water is 0.3 mg cm=3.24
On complexing it with 2-hydroxypropyl-/g-cyclodextrin, its solubility is increased
to 254 mg complex cm3, i.e., to 37.5 mg atenolol cm=3, in water and 251 mg com-
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plex cm=3, i.e., 37 mg atenolol cm™3 in a pH 3 solution of HCL. In this way, the
bioavailability of the drug to the organism can be increased and the effect of the
therapy can be achieved by administration a lower quantity of the substance.
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Fig. 5. FT-IR Spectra of atenolol (A), 2-hydroxypropyl-f-cyclodextrin (B), a mixture of
atenolol and 2-hydroxypropyl-f-cyclodextrin (C), and the inclusion complex of
atenolol and 2-hydroxypropyl-f-cyclodextrin (D).
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CONCLUSIONS

From the point of view of pharmacologically active formulations with basic
components of varied physical properties, inclusion complexes are of interest. In
such supramolecular structures the active substance, in this case atenolol, which
will have excellent solubility in this form, can be incorporated in an exact quan-
tity, thus ensuring better bioavailability and functional value in medicine.

Compared to free atenolol of hard consistency and with poor solubility in wa-
ter and, consequently, low bioavailability, the molecular inclusion complexes of
atenolol with cyclodextrin derivatives are also solid, powdery substances con-
taining the active substance in a form giving them manifold solubility, and conse-
quently, better bioavailability and efficiency.

Acknowledgements: This paper was supported by the Ministry of Science of the Republic of Serbia
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U3BO/J

MOJIEKYJICKU MHKJIY30HU KOMITJIEKC ATEHOJIOJIA CA 2-XUAPOKCUITPOITNII- 4
-HUKJIIOAEKCTPUHOM; ITOCTVYIIAK JJOBUJABBA U KAPAKTEPU3ALIIA

BECHA HUKOJINR', JbYBHIIIA HUKOJWR!, MUXAJJIO CTAHKOBUR!, ATHEIL KATIOPZ,
MUPJAHA IIOIICABUH? u IPATAH LIBETKOBUR!

! Texnonowku paxyaitiei, Byaesap OcaoGobera 124, Jleckosau, *Ipupodrno—maiiemaifiusiu axyaiied,
Heiiapitiman 3a pusuxy, Tpz Jocuitieja O6padosuha 4, Hosu Cad u > Ipupodno—maitiemaimiuuku pakyaiiei,
Heitapiuman 3a xemwjy, Tpz Hocuitieja O6padosuha 3, Hosu Cao

MOoJIeKyJICKY HHKITY3HOHU KOMILIEKC aTeHOJIONA ca 2-XUIPOKCHIIPOIIHII-S-IUKIIOIEKCTPHHOM
CHHTETHUCAH je MEeTOIOM Kompenunuranyje. JlooujeHn KoMILIeKc je okapakrepucal Mmerongama FT-IR,
DSC, '"H-NMR, 3C-NMR n mudpaxumjom X-3paxa. DSC aHanmsa je MOTBpAMIA MOCTOjake KOM-
IUIeKca y KOMe HecTaje eHAOTEPMHH MK Of TOIUbEHa areHonona Ha oko 155 °C. Iudpakrorpamu
KOMILIEKCA ¥ 2-XHAPOKCUIIPOIHII-F-LIUKIOIEKCTPHHA Cy BEOMa CIIMYHU YMMeE je NOTBpheHa MmoTiy-
Ha 3aKJIOHCHOCT MOJIEKYJIa aT€HOJIONA YHYTAp IIYIUbMHE 2-XUAPOKCHIPOINI-S-1UKIONCKCTPUHA.
TTMKOBH KOjH OTHYY OJf aTEHOJONA Ha JUBPAKTOrpaMy KOMILIEKCa Y TIOTITYHOCTH HecTajy. |H-NMR
i 3C-NMR criexTpu cy moKasanm H3BecHe POMEHE y XEMHjCKUM IToMeparmiMa rpotora u C aTo-
Ma M3 aTeHOJIONA U 2-XUIPOKCHUIIPOIIII-/-IIUKIOIEKCTPHHA, MITO Takohe ykasyje Ha cTBapame KOM-
IUIEKCa, Ka0 M Ha TO KOjH MPOTOHHU YUECTBY]y y CTBapamy BOJOHIMYHHUX Be3a KOjuMa je popMUpaH KOM-
riekc. [TocturayTa je moboJpliiaHa pacTBOPJHUBOCT KOMILIEKCHPAHOT aTeHosoNna y Boau (254 mg kom-
rexca e, 1j. 37,5 mg arenonona cn>) u y pactopy HCI, pH 3 (251 mg kommiexca cnn>, 1j. 37 mg ate-
HOJIOJIA CM™>) y OIHOCY HA YHCT aTEHOJIOJ, 1A YaK 1 Yy OJHOCY Ha ATEHOJON KOjH je KOMILIEKCHPaH
S-uuknonexctpuaoM. [loBehana pactBopsemBocT 00e30ehyje u Behy GHOpacHoNoKMBOCT aKTHBHE
KOMITOHEHTE M 3Ha4YajHO KOPHTYje HEJOCTaTaK OCHOBHE aKTHUBHE CYICTAHIIE yciex ciabe pacTBop-
JeuBOCTH MoBehaBajyhul leH YKYIIHU TePAINCYTCKH YUYUHAK Ca CMAFkEHUM CIIOPEIHUM I0jaBama.

(ITpumsbeno 28. aBrycra 2006, peuaupano 21. mapra 2007)
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