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ABSTRACT 
 

Inclusion Complex formation is a methodology of monitoring emvironmental 
pollution. Benzathine Penicillin is a well known antibiotic for curing of a number of 
diseases like Rheumatic fever, Rheumatic pain etc. But due to its poor solubility in 
polar medium, the drug given to the patient is not effectively used. One of the ways 
to increase the solubility of the drug and to make it more efficient may be to form an 
inclusion complex with nontoxic β-cyclodextrin which is an oligosaccharide 
appearing like a small hollow cylinder and have a tendency to form inclusion 
complex with a wide variety of guest molecules. In the present work, the inclusion 
complex of the drug has been synthesized with β-cyclodextrin. The formation of 
inclusion complex is evident from increase in solubility in polar medium, change in 
spectral characteristics and change in pharmacological characteristics. In addition, 
thermodynamic properties of the inclusion complex have been studied. 
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INTRODUCTION 

There are numerous reports regarding the 
multifarious application of -Cyclodextrin, 
an oligosaccharide, through inclusion 
complex formation1. Some important 
applications include stabilization of drug, 
masking of their undesirable side effect, 
increasing their bioavailability, controlling 
environmental pollution through 
immobilization of toxic compounds and 
heavy elements etc². Benzathine penicillin is 

a dibenzyl antibiotic formed by the 

interaction of two moles of benzyl penicillin 
with one mole of N, N-dibenzyl ethylene 
formamide. It is sparingly soluble in polar 
solvent and it is known for curing diseases 
like rheumatic fever, rheumatic pain etc. 
Because of its low solubility, its biological 
adsorption is slow and far from complete³. 
So the drug given to the patient is not 
effectively used. One of the ways to increase 
drug efficiency is to form an inclusion 
complex with a nontoxic oligosaccharide, -
Cyclodextrin. The -Cyclodextrin-drug 
complex is well known to increase the rate of 
dissolution and solubility limit by a factor of 
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101 to 103 resulting in an accelerated and 
significantly improved bioavailability4. In the 
present work, an attempt is made to 
synthesize an inclusion complex of 
Benzathine penicillin and -Cyclodextrin 
and to study the physico-chemical and 
pharmacological characteristics of the 
inclusion complex. Physiological properties 
include study of absorption characteristics of 
the drug with and without the formation of 
inclusion complex, determination of 
thermodynamic properties like 
thermodynamic stability constant, free 
energy of activation etc. Pharmacological 
property includes study of antimicrobial 
characteristics. 

MATERIAL AND METHODS 
-cyclodextrin is obtained from High 

Media company.  Benzathine penicillin 
(named as PENICOM-12) is obtained from 
local source.  Absorption Spectral 
measurements are carried out with Sumarji 
1700 UV-Visible Spectrophotometer.  The 
pH values are measured by Systronics Type-
335 pH meter.  The magnetic stirring is 
carried out in Remi-1 MCH stirrer.  Unilab 
oven is used for drying the substance and 
refrigeration is carried out in a Whirlpool 
refrigerator. 

Preparation of Inclusion Complex : 
The inclusion complex of benzathine 

penicillin and -cyclodextrin is prepared as 
per Stalin et.al.5 

Accurately weighed 1.135 gm of -
cyclodextrin is taken in a 100 ml beaker.  50 
ml of double distilled water is added to it.  
The content is stirred for half an hour.  0.454 
gm of Benzathine penicillin is taken in a 250 
ml dry conical flask and 50 ml of double 
distilled water is added to it.  The content is 
placed on the electromagnetic stirrer.  The -
cyclodextrin solution is poured into it slowly.  
The above mixed solution is continuously 
stirred for 48 hours at room temperature.  

The solution is then placed in the refrigerator 
for 48 hours which produces a slight turbid 
solution.  The solution is passed through a 
silica gel column.  The filtrate is dried in the 
oven at 60 C for 24 hours to give a pale 
yellow solid sample.  It is then collected 
carefully.  This is the solid inclusion 
complex of benzathine penicillin with -
cyclodextrin. 

Study of Aqueous Solubility of 
Benzathine Penicillin- -Cyclodextrin 
Solution : 

The aqueous solubility of benzathine 
penicillin at various concentrations of -
cyclodextrin is studied by the method 
reported by Higuchi and Corners6  

Accurately weighed 0.0908 gm of 
Benzithine penicillin is taken in eight 
different 100 ml Borosil measuring flasks.  
0.1135 gm, 0.227 gm, 0.3405 gm, 0.454 gm, 
0.5675 gm, 0.681 gm and 0.7945 gm of -
cyclodextrin are added to the 2nd, 3rd, 4th 5th, 
6th, 7th and 8th flasks respectively.  The 
volumes are made up to the mark by double 
distilled water.  The final concentration of 
Benzathine penicillin is 110-3 mole/litre.  
Concentration of -cyclodextrin is varied 
from zero to 0.710-3 mole/litre. 

Absorption Characteristics of the 
Different Solution : 

About 5 ml of Benzathine penicillin 
solution is taken in a quartz cell (cuvette).  
The absorption characteristic of the solution 
is studied in the wave length zone 200-380 
nm. The absorption  maximum of the 
solution is noted down. The absorption 
characteristics of the different -cyclodextrin 
and Benzathine penicillin solution is studied 
in the said wavelength region. 

Calculation of K and  ∆ G‡    : 
The thermodynamic stability constant 

(K) and free energy of activation   ∆ G‡   of 
inclusion complex has been calculated as per 
the method described by Das and Behera7  
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Where ‘A’ is absorbance,   is molar 
extinction coefficient, ‘a’ is concentration of 
-cyclodextrin, ‘b’ is concentration of 
benzathin penicillin and ‘l’ is the path length. 

From the value of ‘K’,  ∆ G‡ is calculated 
by using the formula: 

∆ G‡   = - 2.303 RT log K 

Antimicrobial Test : 
Kerby-Bauer Susceptibility Test is done 

to know whether the antimicrobial activity of 
the drug has increased or decreased after 
inclusion complex formation. Derivatives of 
Tetrazolium dyes are used to detect the area 
of growth and zones of inhibition.  The said 
dye enhances the delineation between areas 
of growth and zone of inhibition.  Inoculated 
Petri plates are prepared by using Kerby-
Bauer method.  These plates are placed in an 
incubator for 6 to 7 hours at 37C and then 
sprayed with MTT-tetrazolium resulting in 
redialy detecting zones of inhibition.  The 
same procedure is adopted for detecting the 
antimicrobial activity of Benzathine 
penicillin and the complex separately.   

RESULTS AND DISCUSSION  
Phase Solubilities Studies : 

The absorption characteristics of pure 
benzathin penicillin (concentration 0.001 M) 
are studied in the wavelength range of 200-
380nm. The max of absorption is found to be 
217.5 nm.  The corresponding absorbance 
value is 1.737. 

The aqueous solubility of Benzathine 
penicillin at various concentrations of -
cyclodextrin is studied.  The solutions are 
analysed by UV-visible spectrophotometer at 
217.5 nm. The standard plot of Benzathine 
penicillin over the concentration range is 

linear (as shown in Fig. 1) and the rate of 
increase becomes slower with an increase in 
the concentration. of -cyclodextrin. Since 
the slope of the line is less than 1, the 
complex stochiometry8 should be 1 : 1. 

Fig. 1 : Variation of absorbance with 
concentration 

Calculation of Thermodynamic Sta-
bility Constant And Free Energy of 
Activation : 

A plot of 
A
1

 against 
a
1

 gives a straight 

line whose intercept and slope are 
lb .

1


and 

lKb .
1


respectively. This is as shown in  

Fig. 2. 

From the plot, K = 
slope
erceptint

 

Slope = 
145

9.0
=6.2068 X 10-3 

Intercept = 0.26 

 K = 
6.2068 X 10-3

0.26
= 41.889 litre/ mole 

 ∆ G‡    = -2.303 RT log K 

         = -2.303 x 8.314 x 298 x log 41.889 
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         = -1.745 KJ/Mole 

Fig. 2 : Variation of inverse of absorbance  with 
inverse of concentration. 

Absorption Characteristics Of The 
Complex : 

The absorption characteristic of pure 
benzathine penicillin is shown in Fig. 3. The 
curve shows three peaks. The absorption 
maximum corresponds to 217.5 nm with an 
optical density of 1.737. After the formation 
of inclusion complex, when the compound 

solution is scanned, it shows a blue shift in 

absorption maximum from 217.5 to 241.0 
nm. This is as shown in the Fig. 4. 

Antimicrobial Test : 
Antimicrobial susceptibility test based on 

Kirby-Bauer showed that susceptibility of 
Benzathine penicillin is 21.5 mm and for the 
complex is 22 mm.  This indicates 
antibacterial property of the complex 
increases slightly. 

The absorption spectral changes upon the 
addition of  β-cyclodextrin to benzathine 
penicillin show a blue shift in absorption 
spectra with a gradual increase in absorbance 
(Fig. 1). The above result is due to 
encapsulation of the drug within non-polar 
cavity of β-cyclodextrin. At higher β-
cyclodextrin concentration there is a slow 
rise in absorbance value which is attributed 
to the dissolution of the drug molecule 
through hydrophobic interaction. Looking at 
Fig. 1, the slope of the plot is found to be 
less than 1. This can be correlated with the 
observation of Nagersenkar8, who have 
suggested that the slope value of less than 1 
indicates the formation of 1 : 1 guest-host 

inclusion complex.  Thus, the stochiometry 

0
0.1
0.2

0.3
0.4
0.5
0.6

0.7
0.8

0 500 1000 1500

inverse of Concntration

in
ve

rs
e 

of
 a

bs
or

ba
nc

e

Series1

 

 
Fig. 3 : Absorption characteristics of pure   
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of benzathine penicillin and β-cyclodextrin 
should   be   1 : 1. 

The thermodynamic stability constant of 
the inclusion complex is calculated to be  
41.889 (mole/liter)-1at room temperature 
(250C) which is below the ideal range of 100 
to 1000 (mole/liter)-1. The lower value of 
stability constant indicates that the inclusion 
complex formed is comparatively less stable 
and it is formed by some weak 
intermolecular interactions.  However, the 
free energy of activation    (∆ G‡ )of the 
inclusion complex is calculated to be -
1.74505 kJ/Mole. The negative value of ∆ G‡     
indicates that the formation of inclusion 
complex is a spontaneous process, i.e., it can 
be formed easily. 

Antimicrobial test of the inclusion 
complex shows a slight increase in drug 
efficiency after the formation of the inclusion 
complex.  This may be correlated with an 
increase in solubility of the drug in aqueous 
(polar) medium. 

CONCLUSION 
The inclusion complex formed by taking 

Benzathine penicillin and -Cyclodextrin is a 
spontaneous process and the drug is 
entrapped within the hydrophobic core of the  

-Cyclodextrin with some weak interactions 
which is evident from the lower  value of 
stability constant. However, it is found that 
the drug efficiency of Benzathine penicillin 
increases after the formation of inclusion 
complex with -Cyclodextrin. 
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