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Abstract. – BACKGROUND AND OBJECTIVES,
Rheological evaluation of thermoreversible mu-
coadhesive nasal gel of zolmitriptan is done to
determine the steady shear behaviour and gela-
tion temperature. The thermoreversible mucoad-
hesive polymers are sucessesfully used to in-
crease the contact time of the therapeutic com-
pound in the nasal cavity as well as they cause
enhancement in permeation of drug through the
nasal mucosa.

MATERIAL AND METHODS, Pluronic (F127)
and Pluronic (F 68) were used as thermore-
versible polymers in combination with a mucoad-
hesive polymer obtained from natural resource
Zolmiriptan anti migraine drug obtained from
Cipla Ltd. Rheometer Brookfield R/S- CPS- PI
having cone-and-plate geometry was used for
steady shear behaviour study and the gelation
temperature was determined by Brookfield R/S
plus Rheometer (Brookfield viscometer Ltd,
Harlow, Essex, UK) fitted with spindle and Eu-
rotherm cone/plate geometry.

RESULTS, Steady shear behaviour study con-
cludes as content of mucoadhesive polymer
starts increasing subsequently the viscosity of
the solution starts increasing in the same man-
ner. Gelation temperature study suggests that as
the mucoadhesive content was increased in for-
mulation the gelation temperature of the formu-
lation was decreased subsequently. So it was
concluded from the study that gelation tempera-
ture of the formulation was influenced by the
mucoadhesive content. Temperature increases
the gelation time of the formulation. 

CONCLUSIONS, Above studies indicate that
even small difference in the composition of the
thermoreversible mucoadhesives gel formula-
tions may cause major change in the rheological
behaviour. Although the gelation temperatures
of all the three formulations L1, L2 and L3 were
below the human nasal temperature, they show
different responses to the varied shear rates at
different temperatures below and above the tem-
perature of nasal cavity. 
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Introduction

It is widely accepted that the most suitable and
easy way of administrating the drug is the oral
route. However, in some cases oral route is not
followed because of significant degradation via
first pass metabolism. Due to first pass effect,
amount of drug available for systemic absorption
is less; hence scientists are always in search of
alternate routes of drug delivery like parenteral,
intramuscular, subcutaneous, intranasal, transder-
mal etc.1. Among them intranasal (IN) adminis-
tration is a needle free, painless, invasive method
of administrating the drugs and it also do not re-
quire sterile preparations and hence it serves as
an ideal alternative approach to the parenteral
drug delivery system2-4.

The nasal mucosa has a rich vasculature and,
therefore, offers greater permeability than any oth-
er mucosal surfaces of the body. The nasal route
offers faster drug absorption as it bypasses the he-
patic first pass metabolism5-6. When drug is admin-
istered via inhalation the contact time is short and
clearance half time is about 15 min7-8. Mucoadhe-
sive drug delivery systems improve local and sys-
temic delivery of therapeutic compound as they in-
crease the absorption. Hence, mucoadhesive poly-
mers are used to improve the bioavailability of sev-
eral drugs9. The mucoadhesive polymers have ad-
vantage that these don’t get absorbed and, there-
fore, did not show any systemic toxicity.

Mucoadhesive polymer when used as carrier for
drug delivery, there is an increase in duration of
contact between the drug and nasal mucosa. This
augmented contact time increases drug concentra-
tion at the site of deposition and drug permeation
also get facilitated. To imitate the biological con-
ditions of the body like pH and temperature stim-
uli responsive polymers are used which leads to
change in the formulation properties10-13. These
changes can be found in conformation, solubility,
hydrophilic/hydrophobic balance or in release be-
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Formulations
Serial

number Ingredients L1 L2 L3

1 NaCl 0.65% w/v 0.65% w/v 0.65% w/v
2 KH2PO4 0.04% w/v 0.04% w/v 0.04% w/v
3 K2HPO4 0.09% w/v 0.09% w/v 0.09% w/v
4 Benzalkonium chloride 0.02% w/v 0.02% w/v 0.02% w/v
5 Pluronic F127 22% w/v 22% w/v 22% w/v
6 Pluronic F 68 5% w/v 5% w/v 5% w/v
7 Mucoadhesive polymer 0.5% w/v 1.0% w/v 1.5% w/v

Table I. Formulation composition.

preparing the nasal solution thermoreversible
polymers Pluronic F127 (PF127) and Pluronic
F68 (PF68) were solubilized and optimisation of
their concentration was done on the basis of gela-
tion temperature.the optimised concentration of
PF127 and PF 68were found 22% w/v and 5%
w/v respectively. At those respective concentra-
tions they get converted to gel at nasal tempera-
ture. Now natural mucoadhesive polymer was
slowly added to the optimized thermoreversible
formulation with continuous agitation to form
three formulations L1, L2, L3 which varied in
concentration of mucoadhesive polymer for L1
(0.5% w/v), L2 (1%w/v) and for L3 (1.5% w/v).
Composition details are mentioned in the Table I.

Steady Shear Viscosity
The steady shear viscosity of thermoreversible

mucoadhesives nasal gels of zolmitriptan was de-
termined using Rheometer Brookfield R/S-CPS-
PI having cone-and-plate geometry. The shear
rate was varied from 1 to 100/s. Samples were
applied to the plate using a spatula to ensure that
formulation shearing did not occur. To find out
the effect of temperature, the measurements were
made at 20.0°C and 36.9°C. Each point is the av-
erage of at least nine readings26. 

Gelation Temperature 
The sol/gel transition temperatures of all the

three batches of zolmitriptan pluronic were deter-
mined using a thermostatically controlled Brook-
field R/S plus Rheometer (Brookfield Viscometer
Ltd, 1 Whitehall Estate, Flex Meadow, Pinnacle
west, Harlow, Essex CM19 5TJ, United Kingdom)
fitted with spindle and Eurotherm. The cone/plate
geometry was used. The cone had a 1.2 cm radius
and an angle of 3°C. As the rate gelation is deter-
mined simultaneously so temperature was in-
creased in steps of 1°C, from 22°C to 45°C to lo-

haviour of the drug14. Temperature is the most pre-
dominant stimuli which would be responsible for
in situ gel formation among the various stimuli
like pH, electric field, light and magnetic field15-24.
When mucoadhesive polymers are used in combi-
nation with thermoreversible polymers then this
combination provides better drug administration
as the mucoadhesive polymer get adhered to the
nasal mucosa which increases the residence time
of the formulation into nasal cavity. Thermore-
versible polymers remain in solution form at stor-
age temperature and convert into gel when admin-
ister into cavity at the body temperature. This
mechanism minimizes administration difficulties
and also improve the retention of formulation by
low flow mechanism of gel. In this paper we are
going to perform rheological studies on the nasal
gel of zolmitriptan.

Materials and Methods

Materials
Pluronic (F127) was supplied from Sigma lab-

oratories Mumbai, India. Pluronic (F 68) was
supplied from Himedia laboratories Mumbai, In-
dia. Zolmitriptan was kindly provided by Cipla
Ltd. (R&D centre, L.B.S.Marg, Vikhroli, Mum-
bai, Maharastra, India). All other chemicals were
of reagent grade and used without further purifi-
cation.

Preparation of Formulations
Thermoreversible-mucoadhesive gels were

prepared by using the cold method25. The nasal
solution was prepared using 0.65% NaCl, 0.04%
KH2PO4, 0.09% K2HPO4 and 0.02% benzalkoni-
um chloride. pH of this nasal solution was ad-
justed to 5.5 by 1N HCl. The concentration of
drug in nasal solution was kept 2.5 mg/ml. After
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Figure 1. Viscosity vs shear rate graph at 36.9°C and 20°C.

V
is

co
si

ty
 (

m
 P

a 
S) A (20°C)

B (20°C)

C (20°C)

A (36.9°C)

B (36.9°C)

C (36.9°C)

Shear rate (d/s)

Steady shear viscosity

cate the solution/gel transition point25. The gelling
temperature was determined graphically as the in-
flection point on the curve of the apparent viscosity
(mPa s) as a function of the temperature (°C).

Effect of pH on the Viscosity 
The effect of pH on the viscosity of the formu-

lation L1, L2 and L3 solution was studied at dif-
ferent pH values ranging from 6.8 to 7.8. As the
pH of the nasal mucosa lies in this range under
different pathological conditions, the solution of
these pH was prepared with HCl and NaOH and
required amount of nasal gel was dispersed. The
apparent viscosity measured at shear rate of 60 s-1

using Rheometer Brookfield R/S-CPS PI having
cone-and-plate geometry. A graph of apparent
viscosity vs pH was plotted.

Effect of Moist Heat Sterilisation 
The effect of moist heat sterilisation on the vis-

cosity of all the three formulations L1, L2 and L3
was studied. All the formulations were sterilised at
121°C at 15 psi pressure for 30 min in an auto-
clave. The viscosity of all the formulations were
recorded using Rheometer Brookfield R/S-CPS PI
having cone-and-plate geometry at 60 s-1 shear rate
before, immediately after sterilisation and after a
relaxation period of 1 hour till 4 hours.

Results and Discussion

Steady Shear Behaviour
The steady shear behaviour of thermore-

versible mucoadhesive polymer based formula-
tions was influenced by the temperature and the

content of mucoadhesive polymers. At 20.0°C,
all the three formulations L1, L2 and L3 did not
shown any notable changes in the viscosity by
changing the shear rate from 1 to100 s-1. The vis-
cosity of formulation L3, which contains 1.5% of
mucoadhesive polymer, was found greater than
the rest formulation. It may be due to the higher
concentration of mucoadhesive polymer in the
formulation the viscosity of L3 formulation was
found 1.5 times more from L1. At 36.9°C the
viscosity of nasal gel formulation was found de-
creased since it increases the shear rate unlike the
shear viscosity pattern. At 20.0°C the remarkable
shear-thinning behaviour is observed in nasal gel.
Newtonian behaviour was showed by all the for-
mulations at 36.9°C and regardless of the mea-
surement conditions, all the shear viscosity
curves showed relatively constant slope. It was
concluded from the graph plotted that viscosity
of the formulation L1 was lower than the other
two as it has the lowest concentration of the mu-
coadhesive polymer. However, as content of mu-
coadhesive polymer starts increasing form L1
(0.5%) to L2 (1.0%) to L3 (1.5%) subsequently
the viscosity of the solution starts increasing in
the same manner. Graph obtained is shown in
Figure 1 between viscosity and shear rate.

Gelation Temperature
The gelation temperature is the criteria for

analysing the properties of a thermoreversible
gel. The gelation temperature corresponds to the
temperature at which the solution converts to
gel temper shear rates. All the formulations ex-
ist as liquids at 20.0°C, and exhibit Newtonian
coefficient of solubility of block copolymer mi-
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Formulations
Serial Temperature

number (°C) L1 L2 L3

1 22 60 ± 0.57 69 ± 0.78 96 ± 1.6
2 23 109 ± 0.59 102 ± 0.58 159 ± 0.98
3 24 154 ± 0.79 187 ± 0.47 207 ± 1.46
4 25 207 ± 0.85 243 ± 0.57 298 ± 1.45 
5 26 268 ± 1.02 312 ± 0.56 978 ± 0.57
6 27 348 ± 0.95 1008 ± 1.15 1246 ± 0.33
7 28 996 ± 0.57 1276 ± 1.08 1457 ± 1.09
8 29 1435 ± 0.86 1458 ± 1.2 1689 ± 1.57
9 30 1867 ± 0.95 1689 ± 1.6 1879 ± 0.56

10 31 2011 ± 0.49 1998 ± 0.98 2145 ± 0.87
11 32 2258 ± 0.33 2159 ± 1.46 2435 ± 1.56
12 33 2465 ± 1.09 2598 ± 1.45 2765 ± 0.85
13 34 2789 ± 1.57 2875 ± 0.96 3091 ± 1.02
14 35 3018 ± 0.56 3123 ± 0.98 3345 ± 0.95
15 36 3279 ± 0.87 3387 ± 1.01 3567 ± 0.78
16 37 3509 ± 1.56 3619 ± 0.85 3876 ± 0.67
17 38 3865 ± 1.78 3978 ± 0.47 4235 ± 0.97
18 39 4103 ± 0.95 4210 ± 0.37 4456 ± 0.47
19 40 4336 ± 0.67 4468 ± 0.45 4678 ± 0.68
20 41 4573 ± 0.97 4653 ± 0.67 4897 ± 0.47
21 42 4756 ± 0.47 4879 ± 0.86 5098 ± 0.68
22 43 4876 ± 0.68 4907 ± 0.58 5234 ± 0.29
23 44 5097 ± 0.29 5123 ± 0.38 5467 ± 1.07
24 45 5188 ± 1.07 5325 ± 0.46 5598 ± 0.95

Table II. Observation table for gelation temperature.

Figure 2. Viscosity vs temperature graph showing gelation temperature.
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for gelation temperature were tabulated as Table
II and respective graph obtained was given as
Figure 2.

celles. Consequently, the micelles become so
tightly packed that the solution becomes immo-
bile and gel was formed. The readings obtained
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Figure 3. Viscosity vs pH graph at 60 s-1shear rate.
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gel. For this the formulation was kept in auto-
clave for 30 minutes at a temperature of 121°C at
15 psi pressure and its viscosity was determined
before autoclaving and immediately after auto-
claving a sharp downfall in the viscosity was
recorded and then the viscosity was measured af-
ter every one hour. A complete recovery of the
gel with respect to viscosity was obtained in a
duration of 4 hours27-28, as shown in Figure 4. 

Conclusions

Above studies indicate that even small differ-
ence in the composition of the thermoreversible
mucoadhesive gel formulations may cause major
change in the rheological behaviour. Although
the gelation temperatures of all the three formu-
lations L1, L2 and L3 were below the human

Viscosity Behavior Influenced
by Change of pH

Nasal mucosa is a very sensitive part of our
body and its pH changes between 6.8 and 7.8 un-
der the influence of climatic conditions and in
the presence of some sort of allergic conditions
like rhinitis. The effect of change of pH was
measured on all the three formulations L1, L2
and L3.

From the graph above (Figure 3) it was record-
ed that the pH of nasal mucosa did not signifi-
cantly affect the viscosity of the nasal gel. 

Effect of Moist Heat Sterilization
on Viscosity

Sterilization is a very important part of any
pharmaceutical preparation as they are to be ster-
ilized before packaging, so it was essential to test
the effect of sterilization on viscosity of nasal

Figure 4. Viscosity vs time graph at 60 s-1shear rate.

V
is

co
si

ty
 (

m
 P

a 
S)

L1

L2

L3

Time

Effect of moist heat sterlisation

Before
autoclaving

Immediately
after

autoclaving

After 1 hr After 2 hr After 3 hr After 4 hr



nasal temperature, they show different responses
to the varied shear rates at different temperatures
below and above the temperature of nasal cavity.
Furthermore, our results suggest that the rheolog-
ical studies at different temperature and shear
rates would be a useful application for the pre-
dicting the behaviour of gel and its drug efficacy
after intranasal application.
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