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ABSTRACT
Atenolol β1 cardio selective adrenoreceptor blocking agent, which is poorly soluble with only 40-50% bioavailability. In the present study
attempt has been made to prepare and characterize inclusion complexes of Atenolol with HP-β-CD.The phase solubility analysis indicated
the formation of 1:1 molar inclusion complex of atenolol with HP- β-CD. Apparent stability constant ( KC) was 43.195 M-1 for HP- β-CD
complexes. The inclusion complexes were prepared by three different methods viz. physical, kneading, co-precipitation method. The
prepared complexes were characterized using solubility study, differential scanning calorimetry and X-Ray diffractometry. The inclusion
complex prepared with HP- β-CD by co-precipitation method exhibited greatest enhancement in solubility and fastest dissolution (102.015%
drug release in 45 min) of Atenolol.
Keywords: HP-β-CD, Atenolol, Physical method, Kneading method, Co-precipitation method

INTRODUCTION
Cyclodextrins (CDs) are cyclic oligosaccharides and
were discovered approximately 100 years ago with the
foundation of cyclodextrin chemistry being laid down in
the first half of this century. In the beginning only small
amounts of relatively impure cyclodextrins could be
generated and high production costs prevented their
industrial usage. Recent bio-technological advancements
have resulted in dramatic improvements in the efficiency
of manufacture of Cyclodextrins, lowering the cost of
these materials and making highly purified cyclodextrins
and cyclodextrin derivatives available.
Where a drug is administered orally in solid dosage
form, the rate of absorption is controlled by how fast the
Solid drug in
GI fluids

Kd
Dissolution

Drug solution
in GI fluids

When Kd and Ka are the rate constants for dissolution
and absorption process respectively.
In determining the dissolution rate of drugs from solid
dosage forms under standardized conditions, several
physico-chemical properties have to be considered.
These include solubility, wetting characteristics of the
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drug dissolves in the fluid at the site of absorption.
Before a drug can pass through a biological membrane, it
must first be solubilized in the fluids bathing the
membrane. It is well known that the drug efficacy can be
severely limited by poor aqueous solubility. An insoluble
or sparingly soluble drug is administered; the rate of
absorption and extent of bioavailability is controlled by
dissolution rate in gastrointestinal fluid. The dissolution
process thus limits the absorption of such drugs. The
therapeutic effectiveness of a drug whose absorption is
dissolution rate limited is hampered by its poor
dissolution in an aqueous medium1. The following chart
can depict the absorption of solid drugs administered
orally.
Ka
Absorption

Drug in
systemic
circulation

solid dosage forms, the penetration ability of the
dissolution medium into the dosage form, the swelling
process, disintegration and disaggregation. Wagner
proposed the following scheme for the process involved
in the dissolution of the solid dosage forms.
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Solid dosage
Form
Disintegration

Granules or
aggregates

Fine particles
Deaggregation

Dissolution
(minor)

Dissolution
(major)
Drug in solution in vitro or in Vivo
Absorption (in vivo)
Drug in blood and other biological fluid and tissues

Wagner’s scheme was later modified to incorporation
other factors that preceded the dissolution process of the
dosage forms.
Cartensen proposed the following scheme
· An initial mechanical lag
· Wetting of the dosage forms
· Penetration of the dosage form by the dissolution
medium
· Disintegration
· Disintegration of the dosage form and dislodgement
of the granules
· Dissolution
Methods of enhancement of the drug dissolution
Characteristics
1. Increasing the effective surface area of the drug
2. Incorporation of surface-active agents in the
formulations
3. Alternation of the pH of the surrounding medium
4. Solute-solvent complex reaction
5. Eutectic mixture and solid solution techniques
6. Dispersion techniques
7. Use of salt forms
8. Complexation with cyclodextrins.
In the recent years much attention has been focused on
the problems of drugs bioavailability. The dissolution
rate of a drug from its dosage form is now considered as
an important parameter in bioavailability. Dissolution is
the rate-limiting step in the absorption of drugs from the
solid dosage forms, especially when the drug is poorly
water-soluble. Among the various approaches to improve
the dissolution of the drugs, the preparation of
cyclodextrin inclusion complex has often proven to be
highly successful.
Atenolol a β1 selective antagonist acting selectively and
competitively on β- adrenoreceptor and by blocking the
actions of catecholamines used in the treatment of
diverse cardiovascular diseases like hypertension, angina
pectoris, cardiac arrhythmias and myocardial infarction.
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The drug is also indicated in the prophylactic treatment
of migraine. Administration of conventional tablets of
atenolol has been reported to exhibit fluctuations in the
plasma drug levels resulting in either manifestation of
side effects or reduction in drug concentration at the
receptor site.
Chronic rise in arterial blood pressure may leads to
development of hypertension, angina pectoris, cardiac
arrhythmias or myocardial infarction.
With the view to all the above information, Present
research work was initiated with an objective of
formulation of inclusion complexes of Atenolol with HPb-CD and then characterization by various methods with
a view to improve its aqueous solubility, dissolution rate
and hence the bioavailability.
MATERIALS
Atenolol was obtained as a gift sample fromEmcure
Pharmaceutical, Pune and gift sample of Hyroxypropyl
β-Cyclodextrin was received from GangwalChemicals
Pvt. Ltd., Mumbai.
METHODS
Phase Solubility Studies
Phase solubility studies for Atenolol (ATE) complexes
were performed to determine how the complexes of
cyclodextrin affect the solubility of the Atenolol. These
studies also determine the stoichiometry of drug:
cyclodextrin complexes and numerical values of their
stability constants.
Phase solubility of ATE with hydroxypropyl b cyclodextrin (HP-b
b-CD)
Procedure For phase solubility studies of Atenolol
complexes, an excess of drug (400 mg) was added to 20
ml portions of distilled water, each containing variable
amount of hydroxypropyl b-cyclodextrin (HP-b-CD)
such as 3, 6, 9, 12 and 15x10-3 moles/liter. All the above
solutions with variable amount of HP-b-CD were shaken
for 72 hours. After shaking, the solutions were filtered
and their absorbances were noted at 225 nm. The
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solubility of the ATE in every HP-b-CD solutions was
calculated and phase solubility diagram were drawn
between the solubility of ATE and different
concentrations of HP-b-CD.
The stability constant of ATE- HP-b-CD complex was
calculated using Higuchi and Connor’s equation.
Slope
K (1:1) =
S 0 (1 - slope )
S0 = intrinsic solubility of ATE in aqueous complexation
media (distilled water).
“Slope” was calculated from phase solubility diagram.
Solubility of ATE with different HP-b-CD concentration
are shown in table-8 and phase solubility diagram is
shown in figure.
Methods used in present work
a) Physical mixture Atenolol with HP-b-CD in ratio
(i.e., 1:1M) were mixed in a mortar for about one hour
with constant trituration, passed through sieve No. 80
and stored in a desiccators over fused calcium chloride.
b) Kneading method Atenolol with HP-b-CD in ratios
(i.e.1:1M) were taken. First cyclodertrin is added to the
mortar, small quantity of 50% ethanol is added while
triturating to get slurry like consistency. Then slowly
drug is incorporated into the slurry and trituration is
further continued for one hour. Slurry is then air dried at
25°C for 24 hours, pulverized and passed through sieve
No. 80 and stored in desiccators over fused calcium
chloride.
c) Co-precipitate method Atenolol was dissolved in
ethanol at room temperature and
HP-b-CD was
dissolved in distilled water. Different molar ratios of
Atenolol and (1:1 M) HP-b-CD were taken respectively.
The mixture was stirred at room temperature, for one
hour and then slowly evaporated on a boiling water bath.
The inclusion complex precipitated as a crystalline
powder was pulverized and passed through sieve No. 80
and stored in a desiccator till free from any traces of the
organic solvent.
RESULT AND DISCUSSION
Phase solubility studies
Phase solubility diagram of ATE with HP-b-CD
illustrate the solubility enhancement capability of
cyclodextrin. The aqueous solubility of ATE increased
linearly (r = 0.990) as a function of HP-b-CD
concentration, the phase solubility diagram can be
classified as AL type according to Higuchi and connors.
The stability constant (KC) of ATE-HPb-CD 1:1M
inclusion complex was found to be 43.195M–1.
FTIR study
In the spectra of AHP1 showed peak at 3552.58cm-1,
1639.64cm-1, 2972.57 cm-1 because of –C0 –NH, C = O
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and C=CH stretching. Slight shift in the peaks in the
formulation indicate weak interaction between drug and
cyclodextrin.
FTIR spectrum of AHK1 (1:1M) showed characteristic
peaks for –CO-NH, C=O and C=CH stretching at
3586cm-1, 3524.26cm-1, 3545.48cm-1 when compared
with the characteristic peak values of pure drug. This
shift in the values of peaks indicates the interaction
between drug and polymer.
The FTIR spectrum of AHC1 showed peaks
at3552.58cm-1, 1639.64cm-1, 2972.57 cm-1 for of –C0 –
NH, C = O and C=CH. Slight shift in the peaks in the
formulation indicate weak interaction between drug and
cyclodextrin.
PX-RD Study
Complex prepared by physical mixture (AHP1) and
kneading method (AHK1) methods showed a series of
intense peak, while those obtained from co-precipitation
method (AHC1) showed less peaks with low intensity.
This indicates that the inclusion complex prepared by coprecipitation method is less crystalline than the
complexes prepared by physical mixture, kneading
method.
DSC Studies
In case of Kneading method showed broadened
endothermic peak at 120-155oc .This may be due to the
shifting of characteristic peak of Atenolol which was
observed at 154.85oc, indicates strong interaction of drug
and HP-β-CD.In case of physical and Co-precipitation
showed broadened endothermic peak at 135-154oc, 140155octhis may be due to the shifting of characteristic
peak of Atenolol which was observed at 154.85oc.this
revealed that the interaction of drug and HP-β-CD has
taken.
In-vitro dissolution
A marked improvement in dissolution rates of ATE were
observed with inclusion complexes. The higher
dissolution rates observed with inclusion complexes
prepared by kneading and co-precipitation method may
be due to better interaction of drug and cyclodextrin.
CONCLUSION
In the present investigation inclusion complexes of
Atenolol were prepared with HP-β-CD. Atenolol is well
absorbed in the stomach and hence these systems are
useful in enhancing aqueous solubility and oral
bioavailability.
Hence from the above results it can be concluded that
HP-b-CD can be used to formulate fast releasing
formulations of ATE.
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Figure – 1: Phase Solubility Studies of Atenolol Hydroxypropyl b-Cyclodextrin
Complexes

Figure – 5: X-RD Spectrum of Formulation- AHP1

Figure-6 : XRD Spectrum of formulation AHK1
Figure – 2: Plot of Atenolol Complexes (AHP1 & Pure Drug) in Distilled water &
Phosphate Buffer (pH=1.5)

Figure –7: X-RD Spectrum of Formulation-AHC1
Figure – 3: Plot of Atenolol Complexes (AHK1 & pure drug) in Distilled water &
Phosphate Buffer (pH=1.5).

Figure – 4: Plot of Atenolol Complexes (AHC1 & pure drug) in Distilled water &
Phosphate Buffer (pH=1.5)
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Figure - 8 : FT-IR Spectrum of Formulation – AHP1.
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Figure -9: FT-IR Spectrum of Formulation – AHK1
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Figure – 12: DSC Thermogram of formulation AHC1
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Figure - 10: FT-IR Spectrum of Formulation – AHC1
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Figure – 13: DSC Thermogram of formulation AHK
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Figure – 11: DSC Thermogram of formulation AHP1
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