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Abstract:
The aim of this study was the formulation and examination of a novel thermo-responsive and bioadhesive in situ
gelling drug delivery system, which can be used in the treatment of oral thrush. A bioadhesive polymer was used as
a thermo responsive material, because poloxmer 188 and carbopol 934 has thermal gelation properties at certain
temperature. The thermal gelation temperature 15% w/w poloxmer 188 and carbopol 934 1% w/w solutions is above
body temperature, but by using different ratio of poloxmer and carbopol combination of system, it can be shifted
near to body temperature. The optimized formulations were evaluated for gelling capacity, viscosity, gel strength,
bioadhesive force, drug release, FTIR and DSC.
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Introduction: Polymers are the substances
of high molecular weight made up of
repeating monomer units. These are widely
used in pharmaceutical systems as adjutants,
suspending and emulsifying agents,
adhesives, packaging and coating materials
and increasingly, components of controlled
and site specific drug delivery systems. The
chemical reactivity of polymers depends
upon the chemistry of their monomer units,
but their properties depend to large extent on
the way the monomers are put together.
Polymer molecules may be linear or
branched, and separate linear or branched
chains may be joined by crosslink’s.
Polymers in which all the monomeric units
are identical are referred to as
homopolymers; those formed from more
than one monomer type are called
copolymers. Various arrangements of
monomers, say A and B lead to formation of
varieties of copolymers. Copolymers may be
described as alternating copolymers, block
copolymers, or graft copolymers. Pluronic is
one of the most widely used block
copolymer and forms heterogels [1].The use
of
pluronic
block
copolymers
in
experimental medicine and pharmaceutical
sciences has a long history. Several
excellent articles are available that provide
detailed information about pluronic based
formulations, particularly gels, w/o and o/w
emulsions, nanoparticles coated with block

copolymer and solid polymer blends [2, 3]
The use of pluronic micelles in drug
delivery, including issues of solubilization
of water insoluble drugs, preparation of
stable micellar formulations and specific
applications in cancer, gene therapy and
other areas, has been recently reviewed [4].
The concept of pharmaceutical excipients as
non-active formulation ingredients has
undergone substantial evalution [5]. This is
because many excipient considered ‘inert’,
in actuality display important and sometimes
very useful activities, making them essential
constituents of the formulation. As a result,
these formulation components are referred
to as ‘functional excipients’. Pluronic block
copolymers fall into this functional excipient
category having demonstrable effects.
Poloxamers or pluronic (marketed by BASF
Corporation) are the series of commercially
available difunctional triblock copolymers
of non-ionic nature [6]. They comprise of a
central block of relatively hydrophobic
polypropylene oxide surrounded on both
sides by the blocks of relatively hydrophilic
poly ethylene oxide [7, 8]. Due to the
PEO/PPO ration of 2:1, when these
molecules are immersed into the aqueous
solvents, they form micellar structures above
critical micellar concentration [9, 10]. They
are regarded as PEO-PPO-PEO copolymers.
Chemically they are Oxirane, methyl-,
polymer with oxirane or α-Hydro-ω-
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Table 1: Optimized Formulation of M- Code Formulation
Ingredients (w/w) %
S.No
1.
Fluconazole
2.
Poloxmer 188
3.
Carbopol 934
4.
DMSO
5.
Triethanolamine
6.
Cold.Distilled Water
poly(oxypropylene)b
poly(oxyethylene)a
block copolymer. Generally, these are waxy,
white granules of free-flowing nature and
are practically odorless and tasteless [11].
aqueous solutions of pluronic in presence of
acids, alkalis, and metal ions are very stable.
The poloxamers are readily soluble in
aqueous, polar and non-polar organic
solvents and due to this fact they have
established themselves as a preferred
molecule in the formulation techniques.The
pluronic triblock copolymers are available in

M1

M6

M7

1
1
1
15
15
15
--0.02
0.03
q.s
q.s
q.s
q.s
q.s
q.s
15 ml
15 ml
15 ml
various grades differing in molecular
weights and physical forms. Depending
upon the physical designation for the grades
are assigned, as F for flakes, P for paste, L
for liquid. The general structure for the
pluronic can be stated as follows
General Structure of Pluronic:
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Material: Poloxamer 188 Were Kindly
Gifted By Pharmaceutical Pvt. Ltd,
(Bombay) Fluconazole Was
Used as a
Standard Drug from Four’s India, Carbopol
934 and DMSO Was Supplied by Merck,
Mumbai, All Other Chemical Used Were of
Analytical Grade.
Method:
Evaluation of buccal gel:
Preliminary evaluation of gel (gelation
temperature): The different formulations of
poloxamer 188 and poloxamer 188:
Carbopol 934 combinations were evaluated
for gelation temperature.
The gelation
temperature was determined by heating the
solution (1-20c)/min in a test tube with
gentle stirring until gel was formed. The gel
was said to have formed when there was no
flow after container was overturned [12].
Determination of pH: The pH of the gel
was determined using a calibrated pH meter.
The readings were taken for average of 3
samples.
Measurement of Gel Strength: A sample
of 50 gm of gel was placed in a 100 ml
graduated cylinder and gelled in a
thermostat at 370c. The apparatus for
measuring gel strength (weigh or apparatus
as shown in figure 1, weighing 27 gm) was
allowed to penetrate in poloxamer 188 gel.
The gels strength, which means the viscosity
of the gels at physiological temperature, was
determined by the time (seconds), the
apparatus took to sink 5cm down through
the prepared gel.
Viscosity Studies: The rheological studies
were carried out using Brookfield
programmable DVII+Model pro (USA). The
gel under study was placed in a small
sample holder with a facility of water
circulation. Water was circulated in the
jacket with the help of water immersion
pump. Initially ice-cold water was circulated
and then hot water to raise the temperature
gradually. The temperature–sensing probe
was lowered in the gel was recorded.

Spindle number SS64 was lowered
vertically in it. The spindle was rotated at
varying speed.

Determination of mucoadhesive Force:
The mucoadhesive force of all the optimized
batches was determined as follows, a section
of mucosa was cut from the chicken cheek
portion and instantly fixed with mucosal
side out onto each glass vial using rubber
band. The vial with chicken cheek mucosa
was connected to the balance in inverted
position while first vial was placed on a
height adjustable pan. Oral gel was added
onto the nasal mucosa of first vial. . Before
applying the gel, 150µL of simulated saliva
solution (2.38 g Na2HPO4, 0.19 g KH2PO4
and 8 g Nacl in 1000 ml of distilled water
adjusted to pH 7.4) was evenly spread on the
surface of the test memberane.Then the
height of second vial was so adjusted that
the mucosal surfaces of both vials come in
intimate contact. Two minutes time of
contact was given. Then weight was kept
rising in the pan until vials get detached.
Mucoadhesive force was the minimum
weight required to detach two vials. The
cheek mucosa was changed for each
measurement.
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was measured at 260 nm using Schimadzu
1700UV-VIS spectrophotometer.
Anti fungal activity:
Name of the analysis
diffusion method

method:

Agar

Fungi analyzed: Candida albicans
Content Uniformity: Buccal cavity of
Isolation of chicken cheek mucosa from the
anterior healthy chicken was obtained from
the local slaughter house. It was cleaned and
the mucosa was re-moved from the anterior
buccal cavity. The mucosa was stored in
normal saline with few drops of gentamycin
sulphate injection, to avoid bacterial growth.
After the removals of blood from the
mucosal surface it become ready for use
Diffusion Medium: The diffusion medium
used was phosphate buffer 7.4 pH,
Assembly of diffusion cell for in–vitro
diffusion studies the oral diffusion cell was
designed as per the dimension given. The
diffusion cells were placed on the magnetic
stirrers. The outlet of the reservoir
maintained at 37±0.5. C and was connected
to water jacket of diffusion cell using rubber
latex tubes. The receptor co presentment
was filled with fluid. Then the prepared
chicken cheek mucosa was mounted on the
cell carefully so as to avoid the entrapment
of air bubble under the mucosa. Intimate
contact of mucosa was ensured with receptor
fluid by placing it tightly with clamp. The
speed of the sitting was kept content
throughout the experiment .With the help of
micropipette 1ml of sample was withdrawn
at a time intervals of fifteen min. from
sampling port of receptor compartment and
same volume was the replaced with receptor
fluid solution in order to maintain sink
condition.
The
samples
were
appropropriately diluted and the absorbance

Methodology: Media Used: Potato Dextrose
Agar (PDA). 250 g of peeled potato were
boiled for 20 min and squeezed and filtered.
To this filtrate 20 g of dextrose was added
and the volume was made up to 1000ml by
distilled water
Initially, the stock cultures of test organisms
were revived by inoculating in broth media
and grown at 270C for 48 hrs. The agar
plates of the above media were prepared and
wells were made in the plate. Each plate was
inoculated with 18 hrs. old cultures (100 μl
10-4 CFU) and spread evenly on the plate.
After 20 min, the wells were filled with of
compound at different concentrations. The
control plates with standard antibiotics were
also prepared. All the plates were incubated
at 270C for 48h and the diameter of
inhibition zone were noted in cm.
Result and discussion:
Gelation temperature: The thermosensitive
property of gels was evaluated by sol/gel
transition temperature. The sol/gel transition
temperatures correspond to the temperaturegels containing fluconazole.M1, M6 and M7
formulations code existed as a liquid form at
the room temperature and might gel at the
human buccal temperature, known to be
37.0 °C. Usually, the gelation temperatures
have been considered to be suitable if they
were in the range of 25–37 °C. If the gelation temperature of a thermosensitive
formulation is lower than 25 °C, a gel might
be formed at room temperature leading to
difficult manufacturing, handling, and
administering. If the gelation temperature is
higher than 37 °C, a liquid dosage form still
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exists at the body temperature, resulting in
the
leakage
of
the
administered
antimicrobial agents from the buccal.
Viscosity of temperature induced gel
formulation were increases with increase in
concentration of poloxamer 188 (M1-10%,
M2-11%, M3-13%, M4-15%) at 350 C, 340
C, 250 C, 230 C. In addition of carbopol 934
with poloxamer188 ratio (15:.01), (15:.02),
(15:.03).it was found that the gradual
increase in the gelation temperature of
formulation (M5, M6, M7).the buccal gel
prepared with high concentration of
carbopol 934 (0.1 to 0.4) with poloxamer
188 (15%) exhibited gelation above body
temperature, M9, M10, M11 formulations
showed no reverse in sol-gel >600 c.
Viscosity study: All optimized formulations
composed of P188 (10%), P 188 (11%) and
P188 (13%) did not show notable changes in
the viscosity over a broad range of shear
rates. All three formulations, existing as a
liquid form at 20.0 °C, similarly broad range
of shear rates. All three formulations,
existing as a liquid form at 20.0 °C,
similarly exhibited a Newtonian behavior.
But, the formulation with 15% P188 showed
at least 3.5-fold higher levels of viscosity
relative to the other formulation like
(10%,11%,13%,15%) ratio of poloxmer 188.
It has been reported that the thickening
power of poloxamers in water increased
with hydrophobic molecular weights and the
ethylene oxide/propylene oxide ratios A
dramatic shear-thinning behavior was
observed in the corresponding profiles of the
formulations at 37.0 °C. Moreover, the
content of P188 affected the extent of shear
thinning. As the shear rates increased
from10 to 100 rpm, the viscosity dropped
15- and 165-fold for the formulation with
15% of P188,
Gelation time: All optimized M1, M6 and
M7 formulations showed gel-like rheologic
properties at 35°C,340C and 360C showed
different rate of gelation depending on the

content of P188/C 934. Gelation time was
defined as the time when the elasticity
modulus became higher than the viscosity
modulus. The gelation of P188/ C 934
(15/0.02), (15/0.03) was observed at 40 sec.
and 44sec., the formulation with 15% of
P188 alone gelled within 35 sec, whereas
gelation time were increased in formulations
(M8, M9, M10, M11 and M12) from 47sec.
to 73sec. When temperature of formulation
increased (No Reverse in Sol-Gel) this
finding may be increased concentration of
carbopol 934 in the formulation. Every
addition of 0.1% (C 934) into the
formulations leads to 50c increase in gelation
temperature.
Content Uniformity: All the optimized
formulation (M1, M6, M7) were checked for
their content uniformity. The content was
determined at 260 nm, which is of drug
using
Shimadzu
1700UV-VIS
spectrophotometer.
Gel Strength: At 370 C, the gel strength of
formulation M6 was found to be more as
compared to formulation M1 and gel
strength of formulation M7 was found to be
more than as compared to formulation M6.
This may be due to reversible gelation of
poloxamer 188 at 37. C.

Figure 3: Gelation time of optimized
formulation
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more Bioadhesive strength of carbopol may
be due to availability of carboxylic groups.
These groups may form hydrogen bonding
with glycoprotein of Buccal membrane.

Figure 4: Gel strength of optimized
formulation
Determination of mucoadhesive force:
The mucoadhesive strength in term of
detachment stress show that the poloxmer
188 formulations possessed adhesive
properties that increased with the addition of
carbopol 934 concentration in formulations
M6 and M7. Bioadhesive strength for
Figure 5: Mucoadhesive force (Dynes/Cm2)
formulations contain carbopol 934 in
of optimized formulation
concentration of 0.02, 0.0.3(% w/w)
respectively increased with respect to
bioadhesive strength of poloxmer 188 gels
Table 2: Antimicrobial activity of in situ gel in comparison to reference standard using
Candida Albican; Inhibition zones (in cm) of standard compounds & sample
0.125 mg

0.25 mg

0.5 mg

1.0 mg

2.0 mg

4.0 mg

mean

In situ gel

1.7

2.0

2.4

2.6

2.8

2.9

2.4

standard

0.9

1.2

1.5

1.4

1.6

2.0

1.43

Figure 6: photography showing the appearance of Fluconazole Solution & in situ gel formed in
simulated Artificial Saliva fluid pH 7.4 at 370C.
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DSC ‐Spectra

Figure: DSC Spectra
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Table: FTIR spectral Interpretation
compound
Fluconazole
Polymer
Com+Fluconazole

2966

C-C
Multible
Bond
Stretching
1618

2877

1635

CH
Stretching

Carboxylate
Anion

Ar-Ntertiary
vibration

CN
vibration

OHbending

Free
OH

1449

1344

1279

720

3478

1467

1344

1278

720

3479

Fluconazole compound formed the polymer active with no disturbance the functional group. so
polymerized active constituent has no change of effect after polymerization.

Figure 7: Showing in situ gel release
DSC Spectra: Fluconazole peak at 107.30C
and 145.85C, Polymer Combination Peak At
112.20C, Polymer Combination and Drug
Peak at 106.37C and 142.36C, Fluconazole
can be formulated with the mentioned above
polymer.
Diffusion across chicken cheek mucous
membrane: The percentage of drug
diffused through chicken cheek mucous
membrane over the period of 8 h for
formulation M1, M6, M7 was found to be
75%, 82% and 85% respectely.The diffusion
of drug from formulation M1 was less may
be due to presence of polaxamer 188 in the
gel which retards the drug release rate owing
to reduction in dimensition of water channel.
While diffusion of drug through formulation
M6, M7 was found to be more may be due to
presence of carbopol 934, which undergoes
rapid swelling and helps in faster diffusion.

Conclusion:
It was seen that as the
concentration of poloxamer 188 was
increased, the gelation temperature of
system decreased. Carbopol 934 tends to
increase the gelation temperature of
poloxamer 188.
A modulation of the
gelation temperature to reach the desired
range (350C- 370 C) could be achieved
through the use of a combination of the
polaxmer 188 /carbopol 934. carbopol 934
has shown a permeation enhancing effect.
Thus from the above results it can be
concluded that a temperature mediated in
situ gelling mucoadhesive buccal gel of
fluconazole can be formulated using
optimum quantity of polaxmer 188 and
carbopol 934 combination of both to have a
increase in Buccal residence time and
patient comfort.
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