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Pharmaceutics

The demand always remains for a dosage form that will 
provide a drug at a sustained and constant level in solution, in 
the basic pH conditions of  the intestinal lumen over the full 
dosage period. By achieving the constant blood level, the drug 

[2]

There are several ways of  achieving sustained release, 
such as by suspending the drug in the suspension (at a 

drug as micro- or nanospheres, by distributing the drugs 

interaction between the drug and the polymer.[3]

 Carbopol polymers form hydrogel that changes their 

such as change in pH,[4,5] temperature,[6] light, or electric 
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ABSTRACT

Till now very few formulations are available from which the drug is uniformly absorbed, so that the safe and effective 
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field, and are known as “environmentally responsive 
polymers” or “smart gels”.  They have recently attracted 

of  providing an on–off  release by shrinking and swelling 
in response to the change in pH.
carbopol polymer forms the hydrogen bond with the drug 
and also with the polysaccharides or proteins of  mucosa, 
which is probably the major mechanism for bioadhesion. 

carbopol gels are very highly swollen.  The carbopol 
polymer in mucoadhesive formulation may provide a gastric 
retention system by swelling in the stomach and inducing 
a pseudofed state, thereby reducing peristaltic contraction. 
This phenomenon is dependent on viscosity—the higher 
the viscosity, lower is the contraction.

The 
 the low 

The backbone structures and symmetric bonds of  molecules 

spectroscopy are complementary vibrational spectroscopic 

 

MATERIALS AND METHODS

Materials

Glycerol, Methyl praraben sodium, Propyl paraben sodium, 

Methods

Preparation of  formulation

continuous stirring. The temperature was monitored 

the sucrose was completely dissolved. The prepared 
syrup was cooled properly at room temperature and 

nylon cloth.

drug were added with continuous stirring.
3. Preparation of  mucoadhesive suspension and 

were added with continuous stirring. Methyl paraben 

was made up to 25 ml by ultra pure water and the pH 

®

Figure 1: Figure 2:
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to the sound transducer were made of  high-strength 
titanium alloys, built as 
the vertical oscillation, and transferred the ultrasonic 
energy via
density into the sample that was to be subjected to 

wave and in addition, mild rise in temperature of  the 
sample occurred during ultrasonication which helped 

was then divided into two parts: one part was for 

spectroscopy.

Fourier transform infrared spectroscopic analysis

sprayed on to an aluminum slip with the aid of  an 

temperature, and the solid samples were then collected 

possibility of  interaction of  chemical bonds between 

computer-controlled translation stage, programmable in 
the  x and y

carefully using clean dry nitrogen gas to increase the signal 
level and reduce moisture. The spectra were collected in 

imaging in the present investigation was carried out using 

Raman spectroscopic analysis

powder samples, i.e., both pure drug and polymers were 

into the formulation (prepared as per the above mentioned 

interference of  the outside light was also prohibited to 
prevent photon shot noise. The spectra were collected over 

.

RESULTS

groups may vary over a wide range. However, it has been 

range but a functional group often gives rise to several 
characteristic absorptions. Thus, the spectral interpretations 

represented 
a functional group region, the appearance of  strong 

 was 
due to stretching vibrations between hydrogen and some 

 region 

causing peak broadening and shifts in absorption to lower 

.

, which was 

suggested the NH stretching 
 

 cm indicated the presence ethyl 
group.  group 

 represented 
. The band at 

 represented 
 suggested bending 

 suggested the 
NH  

was due to the meta distribution of  the aromatic protons 
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vibration, i.e.,  and intramolecular hydrogen bonding 

cm
i.e.,  was for 

 was assigned to 
of  acrylates. The ethereal cross linking, proved by a 

, indicated stretching vibration 
of  the was 
for out of  plane bending of  =C–H, i.e., =C-H [Table 2].  

, was assigned to  and polymeric 

cm represented the 

was assigned to , i.e., carbonyl stretching 

 was assigned 

to 
cm  represented indicated 
the meta distribution of  the  group [Table 3].  

drug, polymer and formulation. 

cm  indicated 
strong bending vibration of  C–C of  the aliphatic chain and 

[24-26] The 
 represented the symmetric stretching 

was 

was for symmetric 
stretching of  the carbonyl group  of  the pyridone moiety, 

 also indicated the N+H2 
 

Figure 5:
Figure 6:

Figure 3:

Figure 4:
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The characteristic prominent Raman bands for C934 

. The 
was due to the stretching vibration 

 was assigned to symmetric vibration 
[24]

represented bending 
CC

was assigned to symmetric stretching 

 suggested 

 was due to asymmetric vibration 
 was 

the characteristic of  stretching vibration of  the carbonyl 
group of  esters [Table 4c].
comparative Raman shifts of  the pure drug, polymer 
and formulation.

DISCUSSION

vary over a wide range. However, it has been found that 

absorption of  the functional groups may vary over a wide 
range. However, it has been found that many functional 

 

peaks for  

Table 2: Prominent FTIR peaks of C934
Peaks (cm-1) Groups Peak assignment 
3000–2950 Hydroxyl group O–H stretching vibration, 

intramolecular H-bonded
1750–1700 C=O group of acids C=O stretching vibration
1450–1400 Carbonyl group of acids C–O

1250–1200 Acrylates C–O–C stretching vibration
1160 Ethereal C–O–C group Stretching vibration of the 

C–O–C group
850–800 Aromatics and enes =C–H out of plane bending 

vibration

Table 3: Prominent FTIR peaks of mucoadhesive 
formulation
Peaks (cm-1) Groups Peak assignment 
3550–3400 Hydroxyl group Polymeric H-bonding
2650–2500 Hydroxyl group of 

carboxylic acid 
Strong intermolecular 
H-bonding

1650–1600 O–C–O group of acid as stretching vibration 
of the O–C–O group

1500–1450 O–C–O group of acid s stretching vibration of 
the O–C–O group

1300–1250 Acrylates and esters C–O–C stretching 
vibration

1100–1000 C–F groups C–F
800 Aromatic m-distribution  Ar–H

mucoadhesive formulation
Raman shifts (cm-1) Functional groups/vibrations

485.6 Strong (CC) aliphatic chain and C–N 
stretching vibration

872.7 Symmetric vibration of the C–F bond
1418.5 S O–C–O and methylene deformation of 

the piperazinyl group 
1655.1 s of the C=O group of the pyridone 

moiety and N+H2 scissoring of the 
piperzinyl group

b. Prominent Raman shifts of C934
350 Strong (CC) aliphatic chain
514.31 C–C–O bending vibration
872.69 (C–O–C) of acrylates
1335.03 (CH3) medium

c. Prominent Raman shifts of  
mucoadhesive formulation
338.8 (CC) aliphatic chain
900–800 Symmetric stretching vibration of 

both the C–F group and C–O–C 
group for acrylates and esters

1343.2 sO–C–O
1550 asO–C–O
1850–1700 C=O medium

Peaks (cm-1) Groups Peak assignment 
3550–3500 Hydroxyl group Intermolecular H-bonding 

by single bridge
3500–3300 Imino-moiety of 

piperazinyl groups 
NH stretching vibration 

3000–2950 Aromatic, cyclic enes =CH and Ar–H
2750–2700 Ethyl group 2

2500 Acid group
1700 Carbonyl of acids 
1650–1600 Quinolones
1500–1450 O–C–O group of acid s stretching vibration of 

the O–C–O group
1300–1250 Hydroxyl group O–H bending vibration
1050–1000 C–F groups C–F
950–900 Amines NH bending vibration 
800 Aromatic 

m-distribution 
Ar–H
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 bands for esters and the absence 

role in its antibacterial activity. 

peaks for intramolecular hydrogen bonding,  stretching 

 in this 

 and  

is hydrogen bonding, i.e., intermolecular hydrogen bonding 

cm  represented polymeric  

bonding, respectively [Table 3].

 indicating deprotonation and probably 

group in the bonding to the polymer can be deduced 

cm

Figure 7: Figure 8:

Figure 10:Figure 9:
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nitrogen atoms are not likely to be involved in binding 

possibility of  involvement of  the imino moiety of  the 

cm  could be assigned to the asymmetric and symmetric 

outer sphere of  polymer. The shift in the characteristic 

intensity, leading to the appearance of  several absorbance 
bands of  the asymmetric and symmetric stretching 
vibrations and overtone of  the deformation vibrations. 
This indicates the confirmation of  the hydrogen  
bonding.[34]

 was not detected in the 
mucoadhesive system probably due to interaction with 
polymer. The missing peak was replaced with two very 

cm , which were assigned to 
 asymmetric and symmetric stretching vibrations, 

respectively.  - ] is a 
useful characteristic for determining the involvement of  

 indicates the 

by  and 
By comparing the Raman spectra of  pure drug with the 
drug incorporated in the carbopol suspension, the peak 

, assigned to the , is not prominent. 
Both symmetric and asymmetric stretching vibrations of  

and Raman spectra indicate that both the spectra show 

esters between the drug and polymer. Moreover, both the 

intermolecular and polymeric hydrogen bonding are also 

CONCLUSION

of  ultrasonication, there is a very good interaction between 

hydrogen bonding, by virtue of  which a stable formulation 

may aggregate, forming a micelle-like structure which can 

carbopol polymer may function as a useful carrier for the 

be possible in dosage forms as compared to conventional 

the polymer monomerically. Release of  the drug from the 

the attack by the water molecules for the hydration and 

hydrogen bonding with the polysaccharides and proteins 

other hand, mucoadhesive suspension is highly swollen 
and stiffened in an alkaline condition of  the intestine 
showing a very good mucoadhesive property of  the 
formulation in the gastrointestinal mucosa. This may 
lead to a better bioadhesive and controlled release action. 
The utility of  the present work may be improved if  their 

such mucoadhesive suspension would be monitored and 
controlled.
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