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ABSTRACT

The prolonged residence of drug formulation in the nasal cavity is of utmost importance for intranasal drug delivery.
The objective of the present investigation wasto develop amucoadhesivein situ gel with reduced nasal mucocilliary clearance
in order to improve the bioavailability of the antiemetic drug, metoclopramide hydrochloride. Thein situ gelation upon contact
with nasal mucosa was conferred via the use of the thermogelling Pluronic flake 127 whereas mucoadhesion and drug release
enhancement were modul ated viathe use of sodium alginate and polyethylene glycol polymersrespectively. Theresultsrevealed
that the mucoadhesive polymer increased the gel viscosity but reduced its sol gel transition temperatures and the drug rel ease.
Theinclusion of polyethylene glycol polymer counteracted the effect of mucoadhesive polymer where by it decreased the gel
consistency and increased the sol gel transition aswell asin vitro drug diffusion. Thein vitro tests performed for mucoadhesive
strength and drug diffusion showed that nasal in situ gelling formul ations prepared are having good mucoadhesive strength with
nearly100% drug diffusion within 4 hours.

So this study points to the potential of mucoadhesivein situ nasal gel in terms of ease of administration, accuracy of
dosing, prolonged nasal residence and improved nasal bioavailability.

Keywords. Nasa, Pluronic F 127, Mucoadhesive, PEG 6000.

cavity is limitation of this route, which may affect
absorption and in turn biocavailability of drug. Hencethe
design of nasal dosage forms has to consider the
anatomic and physiologic characteristics of nasal mucosa

INTRODUCTION

Metoclopramide hydrochloride (MTCH) is a
potent antiemetic, effective in the trestment of nausea

and vomiting associated with cancer thergpy, pregnancy,
and migraine etc[1]. The interest was renewed in this
drug with its in vitro and in vivo radio- and
chemosensetizing properties. However the oral
biocavailability of MTCH ishighly variable showing vaues
between 32 and 98% due to extensive presystemic
metabolismt. Ora forms of MTCH often get vomited
before systemic absorption compdling parentera or
rectd administration where both methods result in low
patient compliance. In these conditions, the intranasal
ddivery ssemsto be an attractive dternative.
However, low resdence time of drug in nasal
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and more particularly the rapid mucocilliary clearance
(MCC) that limitsthe time available for drug absorption
from the applied dosage form [2-3]. So the possible
drategy to decrease rgpid MCC is by the use of gd/
mucoadhes veformulationsto prolong theresidencetime
at the nasd absorption ste and thereby facilitate the
uptake of the drug. Ordinary gels are difficult to
administer and an accurate drug dose cannot be
measured while mucoadhesve powders are not highly
favored products. They can causeirritation on the nasa
mucosa and give a gritty fed to the tissued4].

A nasd mucoadhesive in Situ gdl appears very
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attractivesinceitisfluidlike prior to nasa administration
and can thus easily be administered as a drop adlowing
accurate drug dosing. Pluronic flakel27(PF127) has
excdllent thermosensitive gelling propertieg5], low
toxicity andirritation[6], excellent water solubility, good
drug release characteristics and compatibility with other
chemicas|[7]. Itisan ABA triblock copolymer conssting
of the hydrophilic polyethyleneoxide (PEO) and the
hydrophobic polypropyleneoxide (PPO). The
temperature-induced gelation of PF127 has been
explained onthebasisthat the polymer exisssasamobile
viscous liquid a reduced temperatures but formsarigid
semisolid gd network with an increase in temperature
[6]. The objective of the present study was to develop
a MTCH mucoadhesive in situ nasal gel with a
modulated phase trandtion temperature which would
enhance nasal resdence time and absorption of drug
across nasd mucosa membrane.

MATERIALSAND METHODS
Materials:

Metoclopramide hydrochloride was kindly
gifted by Medi-Orads Pvt. Ltd., Satara India. PF127
was purchased from Hi MediaLab Pvt. Ltd., Pune, India
Sodium dginate (Na dginate), and polyethylene glycol
6000 (PEG 6000) were purchased from Loba Chemie
Pvt. Ltd., Mumbai, India
Methods:

A. Preformulation Studies:
Preparation and optimization of thermoreversible
PF127 gels:

The plain and drug loaded PF127 gels were
prepared by cold method described by Schmolkaet d
[8]. For drug loaded PF127 gels, 10% of drug was
dirred with sufficient quantity of double digtilled water
while for plan PF127 gds, only sufficient quantity of
double digtilled water without drug was kept overnight
at 4°C in refrigerator. The PF127 was added dowly
with continuous gtirring. The dispersonswerethen stored
in a refrigerator until clear solution was obtained and
findly volume was adjusted.

Optimization of plain and drug loaded PF127
gdswere done by varying concentration of PF127 and
evauating them for gelaion temperature.

Optimized concentration of PF127 was used
for further sudy of effect of mucoadhesive polymer on
gelation temperature, mucoadhesive strength and
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spreadability. The concentration of mucoadhesive
polymer was screened in therange of 0.1t0 0.5%. Also,
optimized concentration of PF127 was used to study
the effect of PEG 6000 on gelation temperature in the
concentration range of 0.3-1%.

B. Formulation Studies:

Preparation of mucoadhesive thermoreversible
nasal gels:

MTCH dong with mucoadhesve polymer, and
Jor PEG 6000 and methyl paraben was dissolved in
double digtilled water by agitation at room temperature.
After cooling the solution to #C, PF127 was added
dowly with agitation. The resulting dispersion was then
kept overnight at 4°C until clear and viscoustransparent
solution was formed. Findly volume was adjusted by
using cold didtilled weter.

Evduation of find formulations was done with
respect to clarity, pH, content uniformity, gelation
temperature, mucoadhesive force, diffusion through
nasal mucosa and viscosty of formulation.

C. Evaluation of formulations:.
1. Clarity:

The clarity of various formulations was
determined by visud inspection under black and white
background and it was graded asfollows; turbid: +, clear
++, very clear (glassy): +++.

2. pH of Formulation:

1ml quantity of each formulation was trandferred
to the 10ml volumetric flask and diluted by using ditilled
water to make 10ml. pH of resulting solution was
determined by using pH meter. ( Systronicsi pH System
362)
3. Content Unifor mity:

Iml of formulation was taken in 200ml volu-
metric flask, added 50ml of digtilled water with gentle
shaking and fina volume was adjusted to 100ml. 1ml
quantity from this solution wastransferred into the 1200ml
volumetric flask and finad volume was made to 100ml
by using digtilled water to get 10mg/ml. Findly the ab-
sorbance of prepared solution was measured at 309nm
by usng UV visble spectrophotometer. (Shimadzu UV
1700, Japan)

4. Gelation Temperature:

The gelation temperature of agueous solution
of PF127 was measured by using procedures reported
by Choi et d [9]. In brief, 20ml volume of solution was
trandferred to 20ml transparent via containing a mag-
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netic girrer bar (1x5/16 inch octagona). The vid was
hested at an increasing rate of 1°C/min with congtant
dirring at 100 rpm. The temperature at which rotation
of bar stopped was taken as the gelation temperature.
5. Determination of Mucoadhesive For ce:

The mucoadhesive potentia of each formula-
tion was determined by measuring the force required to
detach the formulation from sheegp nasa mucosdl tissue
by usng amodified chemicd baance. A section of nasad
mucosa was cut from the shegp’s nasd cavity and in-
gantly fixed with mucosa Sde out onto each glass vid
using arubber band. The vids with nasal mucosawere
gored a 37°C for 5 minutes. Then next via with asec-
tion of mucosawas connected to the balanceininverted
position while firgt via was placed on a height adjud-
able pan. Fixed amount of sample of each formulation
were placed onto the nasal mucosa of firgt vid. Then
the height of second vial was adjusted so that mucosal
surfaces of both vids come in intimate contact. Two
minutes contact time was given to ensure intimate con-
tact between tissues and the sample. Then weight was
kept rising in the pan until vials get detached. The
bioadhesive force, expressed as the detachment stress
in dyne/cn?, was determined from the minimal weights
that detached the tissues from the surface of each for-
mulation usng the following equetion [10].

Detachment stress (dyne/cn?) = mx g /A,

Where, m =Weight required for detachment of
two vids in grams, g = Acceleration due to gravity
[980cm/<?], A = Areaof tissue exposed

The nasd mucosa was changed for each mea
surement. Measurements were repested Six times for
each of the gel preparations.

6. Spreadability

As evident from the theory of mucoadhesion
[11], a mucoadhesive formulation that is having high
oreadability and high surfacetenson will adherestrongly
to the mucus membrane.

The spreadability in terms of flow ability of vari-
ousmucoadhesivethermoreversble gdswasdetermined.
For assessing spreadability a rectangular, hollow, glass
chamber (10x6x4cm) was used. Provison was made
to the chamber for inlet and outlet of hot weter.

The sheep nasd mucosa from serosd sdewas
pasted on chamber. Then hot water was circulated for
15-20 minutes for acquiring temperature of mucosa to
34+2°C. One drop of formulation was placed on mu-
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cosa at an angle of 120° and the distance traveled by drop
before it gets converted into gl was determined. Measure-
ments were repeated six times for each of the gel prepara
tion.

7. In-vitro Permeation Studies:

Fresh nasd mucosawas carefully removed from the
nasal cavity of sheep obtained from theloca daughterhouse.
The mucosa was stored in normd sdine with few drops of
gentamycin sulphate injection to avoid bacterid growth. Af-
ter theremova of blood and bony cartilage from the mucosd
membrane it becomes ready for use.

Modified nasd diffuson cdl[12]wasused to study in
vitro drug diffusion profile. 100ml of smulated nasd eectro-
lyte solution [13](SNES) pH 5.5 at 34°C was added to the
acceptor chamber. The temperature within the chamber was
maintained a 34°C by circulating hot weter. After apreincu-
bation time of 20 minutes, formulation equivaent to 10mg of
MTCH was placed in donor chamber. At predetermined time
intervals, Iml of sample was withdrawn from the acceptor
compartment and replaced the sample volume with SNES
pH 5.5 after each sampling, for a period of 4 hours. The
samples withdrawn were diluted to 10ml by SNES, filtered
and used for analysis. The amount of permeated drug was
determined using UV-visible spectrophotometer (? =
309nm). In vitro drug permeation was carried out in tripli-
cate.

8. Analysisof drug release data:

To understand the release mechanisms of various
nasd in Stu gelling formulations of MTCH, we atempted to
describetherate of release usng the semi-empirical modd of
Korsmeyer et d. and more precisely the equation proposed
by Peppas[14]:

M. /M. =k t" or the logarithmic form of this equation:

log (M, M, ) = log(k) + n log(t)

Where, (M, /M. )isthe fraction of released drug at time (t),
(k) a characterigtic congtant of the dosage form and (n) the
release exponent, indicative of the drug release mechanism.
The kinetic parameters (n and k) were caculated from the
plot of log (M, /M, ) versuslog (t).

When nis0.45-0.57, thedrug isreleased from polymer with
Fickian diffuson mechanism. If n is 0.57-0.84, the drug is
released from polymer with anon Fickian (anomalous) release.
9. Analysis of permeation coefficient:

The permeability coefficient was caculated for each
set of formulation. Permesbility coefficient was caculated a
Steady-date condition by using the following formula[15]:

Permegbility Coefficient: J_/ C,
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Where,
J.. = dope of linear portion of graph of
amount of drug
permesated per unit areaVstime
C, = Initia donor concentration
10. Viscosity measur ement:

Theviscostiesof variousformulaionswere mea:
sured with increase in temperature by usng Cone and
Plate viscometer (Brookfield viscometer Modd Cap
2000 +2).

11. Statistical treatment:

Vauesare expressed asmean + SD. Statistical
andyss of data was performed using paired t-test or
one-way ANOVA followed by Dunnett’ smultiple com-
parison test. A P vaue < 0.05 was consdered sgnifi-
cant.

RESULTS
A. Preformulation studies
Optimization of concentration of PF127:

Gdation temperaturesfor plain PF127 gelswere
observed for the concentration range of 16-20% wiv of
PF127 and it wasfound that the gelation temperature of
plane PF127 gels decreased with increasing concentra-
tion of PF127. When 10% of MTCH was added into
PF127 gels, it was found that gelation temperature of
formulations increased significantly (P<0.05). From
Table Il it was found that only 18% of PF127 gd with
drug showed ability to form gd in the range of 25 to
32°C. So, 18% w/v concentration of PF127 was used
for further Sudies.

Optimization of Mucoadhesive Polymer with 18%
wiv of PF127:

The optimization of Na aginate was done by
considering optimum gelation temperature,
mucoadhesive force and spreadability. As concentra-
tions of mucoadhesive polymer increased, therewassg-
nificant (P<0.05) decrease in gdlation temperature and
spreadability while increase in mucoadhesive srength
of formulations. From Table 111 it was found that 0.2%
of Na-aginate, with 18% wi/v of PF127 showed opti-
mum resultsin terms of mucoadhesion and spreedability.
Hence that concentration of mucoadhesve polymer was
s ected for find formulations.

Effect of PEG on Geation Temperature of PF127

Effects of PEG 6000 in the concentration range
of 0.3to 1% areshownin TablelV. Asthe concentra-
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tion of PEG 6000 increased gelation temperature was
found to be increased significantly (P<0.05). Inthefina
formulations concentration of PEG 6000 was varied so
as to maintain, gelaion temperature in the range of 29
to 32°C.

B. Formulation studies
Clarity, pH and Content Unifor mity:

All the prepared sats of formulationswerefound
to beclear. pH of dl theformulationswasfound to bein
therange of 4.5-6.5. The percentage drug content of all
prepared nasa formulations were checked and found
to be in the range of 93-104%. The percentage drug
content of formulations from same batch was found to
be uniform (See Table V).

Gelation Temperature:

Various excipients like mucoadhesive polymer
as well as PEG 6000 had shown to have effect on the
gelation temperature. Mucoadhesive polymer reduced
the gdlation temperature while PEG 6000 increased the
Te1.ga Of the corresponding mucoadhesive nasdl insitu
gelling formulations in a concentration dependent man-
ner as described earlier (See Table V).
Determination of Mucoadhesive force

Preformulation studies have shown that
mucoadhesive srength of formulations increases with
increase in concentration of mucoadhesive polymer.
From Table V it was found that as the concentration of
PEG 6000 wasincreased therewas significant (P<0.05)
decrease in mucoadhesive strength.

In vitro drug diffusion studies

Diffusion of drug from variousformulationswas
sudied by usng sheep nasd mucosa. 100% of drug
diffuson was obtained a 240 minutes for formulation
FO (seetable V1).

Drug permeation studies

Amount of drug permeated per unit area for
variousnasd ingtu gdling formulationsareshownin Hg-
urel. Figurereveded that, formulations containing PEG
6000 permeate more quantity of drug per unit areaand
per unit time than the formulations without PEG 6000.
Viscosity studies

The plots of viscosity versus temperature for
variousnasd indtu gelling formulaionsare shownin fig-
ure Il. There was no condgderable change in viscosity
upto the point of gelation temperature. Sharp rise in
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viscosity was observed at the point of T, trangition.
From viscosity sudiesit was found that dl formulations
werein liquid state at room temperature and were con-

verted into gd a nasd physologica temperature.

DISCUSSION

The physologica range of the nasd mucosal
temperature lies between 32-34°C [16]. So the
thermoreversible nasal gels were prepared with the
phase trangition temperature in the range of 29-32 °C.
From viscogty sudies dl formulaions are in a liquid
Sate at room temperature for ease of administration and
accurate measurement of dose and would be converted
into gel with increased resdence time a the lower limit
of the nasal physiologica temperature range. The load-
ing of MTCH in the different formulations was kept at
10%wiv such that 100il gel (the optimum volume for
nasal adminidration) would contain 10mg, which isthe
adult dose[17].

The decrease in the gdlation temperature with
increase in PF127 concentration may be attributed to
the higher number and volume occupied by micelles at
low temperature. As the concentration of PF127 in-
creases, the gel structure becomes more closely packed
with the arrangement in the lattice pattern. Incorpora
tion of MTCH into ingtu nasd gelsincreases the gda
tion temperature. This may be due to water soluble na-
ture of metocl opramide hydrochl oride which may cause
modification of the process of micdlar association of
PF127 gelsthereby increesing their T, [18].

T oo1-er OWering effect of mucoadhesive polymer
could be explained by its ability to bind to PEO chains
present in the PF127 molecules promoting dehydration
and causng an increase in entanglement of adjacent
moleculeswith more extensve intermolecular hydrogen
bonding*®. Theincreesein T, observed upon addi-
tion of PEG 6000 could be attributed to itsinterference
with the process of micellar association of PF127
chains®. The concentration of PEG 6000 was adjusted
in such amanner that formulations may form gel a nasa
physologicd temperature. So its further addition was
stoppedwhen T, of theinsitu nasal gels approaches
to 32 °C.

Mucoadhesive strength increases with incress-
ing concentration of mucoadhesive polymer. Themecha
nism of mucoadhes on may bere ated to hydrogen bond-
ing between gel formulation and mucosal membranevia
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carboxyl groups of Naaginate[21]. The addition of
PEG 6000 to the formulations decreases the
mucoadhesive strength in concentration dependent man-
ner; this might be related to the decrease in viscosity
caused by PEG 6000.

Asessment of spreadability intermsof distance
traveled by in Stu nasal gdls reved's that Spreadability
may be related to the viscosgity of in Stu nesd gds. In-
crease in concentration of mucoadhesive polymer de-
creases the distance traveled by in Stu nasal gels, since
mucoadhesive polymer increase the viscosty of in Situ
nasd gds.

Lysozymeisformedinthenasa secretions which
is respongble for destroying certain microbes at acidic
pH. Under dkaine pH lysozyme is inactive and nasa
tissueis susceptible to microbid infection. It istherefore
advisable to keep the pH of formulation in the range of
4.5-6.5.

The retardation of MTCH release with the
mucoadhesive polymer could beexplained by therr ability
to increase the overal gd product viscosity [22]. Also
the molecular interactions between MTCH and
mucoadhesive polymer appeared to be involved in the
release retarding effect of the mucoadhesive polymer
[23]. Also the release enhancing effect of PEG 6000
might be dueto its higher water solubility and itsviscos-
ity lowering effect [22].

Permesbility coefficient increases with increas-
ing concentration of the PEG 6000, which proves its
release enhancing effect. The Fickian (anomaous) re-
leasekinetics, reveded by (n) va ues between 0.45-0.57,
might indicate that the rease of drug followed by diffu-
son mechanism [14](See Table VI).

In the present study, effects of drug,
mucoadhesi ve polymer and PEG 6000 on gelation tem-
perature of PF127 were studied. Preformulation stud-
ies showed that drug and PEG 6000 increasesthe gela-
tiontemperature while mucoadhes ve polymer wasfound
to decrease the gelation temperature of PF127.
Mucoadhesive strength increases with increase in con-
centration of mucoadhesive polymer. From the results
of formulation studies it can be concluded thet, PEG
6000 increased the drug diffusion and permeghility while
mucoadhesive strength gets decreased.
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Tablel Composition of variousthermorever sible mucoadhesive nasal gel formulations

Composition F1 F2 F3 F4 F5
Metoclopramide HCI 10 10 10 10 10
PF127 18 18 18 18 18
Na-Alginate . 02 02 0.2 0.2
PEG 6000 . . 04 05 0.6
Methyl Paraben 0.33 033 033 033 033
Purified Water g.s. g.s. gs. g.s. g.s.

*All concentrationsin percentage; batch size 20ml

Tablell Gelation temperature of PF127 solutions

Composition Gelation Temper atur eCC)

Mean + S.D. n=6 Pvalue
PF127 16% 42.25+0.30 0.30
PF127 16% + 10 % MTCH 44,00 £0.62
PF127 18% 25.58+0.23 0.0001
PF127 18% + 10 % MTCH 29.06 £0.42
PF127 20% 24.23+0.25 0.0068
PF127 20% + 10 % MTCH 24.70£0.48

PF127- pluronic flake 127; MTCH-metocl opramide hydrochloride

Values are expressed as mean + SD; n=6
p < 0.05 considered statistically significant

Tablelll Gelation temperature, mucoadhesive strength and spreadability of for mulations containing sodium alginate

Composition Gelation Mucoadhesive Distance Traveled (mm)
Temperature Strength (dyne/cm?)
(°C) Mean + S.D. Mean + S.D. Mean + S.D.

PF127 18 % (control) 2558 +0.23 486+20 37.5+1.33

PF127 18%+0.1% Naalginate =~ 24.92 +0.15* 571 +30* 23.33 +1.53*

PF127 18%+0.2% Naalginate ~ 24.53 +0.16* 659 +20* 17.67 +1.15*

PF127 18%+0.3% Naalginate ~ 23.93 £0.12* 701 +46* 13.33 +1.15*

PF127 18%+0.4% Naalginate ~ 23.52 +0.12* 732 +32* 10.33 +1.53*

PF127 18%+0.5% Naalginate ~ 23.1 *+0.11* 756+25* 8.4+1.25*

Values are expressed asmean + S.D.; N=6; PF127- Pluronic Flake 127; Na alginate- sodium alginate
* p < 0.05 considered statistically significant
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TablelV Effect of PEG on gelation temper atur e of PF127

Composition Gelation TemperatureC
Mean + S.D.
PF127 18 % (control) 2558+ 0.23
PF127 18%+0.3% PEG 6000 2652+ 057
PF127 18%+0.4% PEG 6000 27.05+0.10*
PF127 18%+0.5% PEG 6000 274 +0.06*
PF127 18%+0.6% PEG 6000 27.62+0.01*
PF127 18%+0.7% PEG 6000 27.93+0.08*
PF127 18%+0.8% PEG 6000 2826+ 0.1*
PF127 18%+0.9% PEG 6000 2848+ 0.11*
PF127 18%+1.0% PEG 6000 28.7+0.15*

Values are expressed asmean+ SD.; N = 6. PEG 6000- polyethylene glycol 6000;
* p < 0.05 considered statistically Significant

TableV Clarity, pH, content unifor mity, gelation temper atur e and mucoadhesive strength of mucoadhesive nasal insitu gelling
formulations

Formulation  Clarity pH Content Gédation TemperatureCC) Mucoadhesve
Unifor mity Mean £ SD. n=6 Strength (dyne/cn?)
n=3 Mean + SD. n=6

F1 +++ 5.7 104.31 29.06+ 0.42 446+8.87

F2 ++ 52 10247 2896+ 0.15 659+11.13
F3 ++ 51 94.16 309 +0.17 649.6+12.66*
F4 ++ 5 99.79 3146 +0.21 633+12.49*
F5 ++ 49 98.31 3186 +0.15 618.3+9.45*

Values are expressed as mean+ SD.
For mucoadhesive strength: F2 control. * p < 0.05 considered statistically significant

Table VI Release data of Metoclopramide HCI mucoadhesive nasal in situ gels

Formulation % Drug diffused ‘n ‘K’ Permeability Release
at 240 minutes value Value Coefficient M echanism
(Meanzt SD) Mean + SD
(mg.cm/min)
F1(contral) 77.6+ 2.45 0.6275 2.5786 0.006562+0.00087 Non Fickian
F2 68.44+ 8.93 0.3349 12.3178 0.0078005+0.00029 Fickian
F3 77.55+ 6.53 0.4527 7.2959 0.0080107+0.00050 Fickian
F4 101.83+ 1.86 0.5333 5.3368 0.0087238+0.00069* Fickian
F5 98.67+ 0.8 0.4618 7.5641 0.0083042+0.00062* Fickian

Vauesaremean = S.D.; N =3 p < 0.05 considered statistically significant
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Figurel Amount of drug permeated per unit areaagaing timefor thein stu gdling formulationscontaining
0.2% Na alginate:
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F1 contains PF127 with 10% MTCH without mucoadhesive polymer

Figurell Viscosty against temperature plot for the formulations containing 0.2% Na alginate:
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F1 contains PF127 with 10% MTCH without mucoadhesive polymer
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