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Abstract
The current study explores Lamotrigine for nasal delivery by incorporating the drug into a

natural in-situ gelling system and further the retention in the nasal cavity was increased using
the natural mucoadhesive polymer locust bean gum (LBG). The preliminary study was
carried out to optimize the gellan gum concentration. The dose of the drug was estimated
using the Robinson Erikson equation. The central composite design was engaged for
optimization of the effect of individual variables gellan gum and locust bean gum on
responses such as gelation time, the viscosity of the gel, mucoadhesive strength, and time
taken for the drug to release half of its initial concentration (tso). The drug and polymer
compatibility was characterized by FT-IR and DSC. After evaluating all the parameters,
formulation F6 which has 0.45%w/v gellan gum and 1.58%w/v LBG is selected as the
optimized formulation.For F6 the drug release was sustained upto 12h (89.03%) with an
adequate mucoadhesive strength.
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1. INTRODUCTION

International league against epilepsy (ILAE) defined epilepsy as a condition characterized by
recurrent seizures unprovoked by any immediate identified cause [1]. Almost 50 million
people are suffering from epilepsy among them 80% are from developing countries, the
statement was made by WHO [2], this shows the emerging condition of epilepsy. Though
Epilepsy is a CNS disorder, it affects social, physiological and vocational function along with
brain physiology [3]. Many antiepileptic drug formulations are available in the market but
they are limited to oral, transdermal, intravenous. One-third of the epileptic patients are still
experiencing seizers and suffering from unaccepted medication-related side effects [4].The
challenge accept in the treatment of epilepsy is to achieve seizure freedom without drug
toxicity and affecting normal brain function. About 30% of epileptic patients
experiencepharmacoresistance. The mechanism for the pharmacoresistance is still cagey [5].
So polytherapy came into existence and the combination of sodium channel blocker with
GABA-ergic enhancer is the most effective polytherapy [6]. This polytherapy leads to
transport of antiepileptic drugs concentration in high limiting to the effective drug
concentration to the therapeutic target due to the overexpression of various efflux transporters
[7].

Lamotrigine (LTG) is a novel and widely used second-generation antiepileptic drug in both
partial and generalized seizures in adults and pediatrics alone or as adjunctive therapy [8].
Because of the P-glycoprotein mediated drug efflux, it cannot reach therapeutic concentration
thereby doesn’t show any effects in refractory epilepsy [9]. Presently Lamotrigine is available
only as a tablet dosage form for oral delivery and because of the poor water solubility; the
parental formulation was not available [10]. When a patient is emesis, undergoing any
surgical treatment, or experiencing status epilepsy, LTG therapy cannot be continued but
simultaneously termination of the LTG therapy leads to the increased risk of high seizure’s
activity [11]. To show the therapeutic effect, LTG should cross the blood brain barrier (BBB)
with extensive systemic absorption. Therefore an attempt was made by increasing the dose of
LTG, but this leads to the deposition of the drug concentration in blood and results in
undesirable adverse effects like extreme skin rashes. So the alternative route of
administration is demanded to control the partial and generalized seizures when the oral route
is not realistic. In years back, nasal delivery is one of the prominent route than other routes
for drug delivery as it is non-invasive, the patient can administer the drug by him/herself and
more patient compliance [12]. Rapid onset of action is possible as absorption of drugs is more
because of the high membrane permeability and rich vascularized nasal cavity [13]. At
present, the vast research work is going on nasal in-situ gel dosage forms of CNS drugs
where the drug is directly targeted to the brain.[14, 15].

In-situ gels are the types of gels that are in liquid form and convert to gel instantly after
applying to the site of application through different mechanisms like temperature-induced, p"
triggering, by chemical reactions like ionic cross-linking and enzymatic cross-linking
[16].Numerous polymers are available for the in-situ gel formulations but the present
research work was focused on biodegradable polymers which are easily and cheaply
available. Among the polymers used for in-situ gels, Gellan gum is one of the ideal polymer.
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It is an anionic deacetylatedexocellular polysaccharide secreted by the bacteria pseudomonas
elodea [17,18]. When formulation consists of gellan gum administered at the site of
application, it forms a clear gel upon contact with the cations present in the nasal secretions
because of the cross-linking reaction of polysaccharide helices by the Na*, K*, and Ca*? ions.
This gelation delays the runoff process and prolongs the drug residence time. So in the
present research work,gellan gum was selected as the in-situ gel polymer. Locust bean gum
(LBG) is a natural polymer obtained from the seeds of leguminous plant C.Siliqua Linn,
Fabaceae family.so it also called as carob bean gum. It is massively used as a food additive
and a recognized scarcity of toxicity. So the use of locust bean gum was extended to
pharmaceutical and biotechnological fields [19, 20, 21].Based on the literature, locust bean
gum was selected as the mucoadhesive polymer in in-situ gel formulation through nasal
delivery. Central composite design (CCD) is a statistical experimental design employed to
determine the effects of experimental factors and related interactions with fewer experimental
runs compared to other designs.

Though many papers were publishedregarding the Lamotrigine intranasal in-situ gel, none of
them are focused on locust bean gum as a mucoadhesive polymer. Mucociliary clearance is
one of the most considering factors in formulation design to nasal delivery.Hence the current
research was aimed at the development of intranasal in-situ gel of Lamotrigine using gellan
gum as an in-situ gelling agent and locust bean gum as mucoadhesive polymer. PEG 6000
was used as a permeation enhancer and benzalkonium chloride as a preservative. The central
composite design was employed to study the effects of independent variables gellan gum
(%wl/v) and locust bean gum (%w/v)on responsesgelation time, the viscosity of the in-situ
gel, mucoadhesive strength, and time is taken for the drug to reduce to the half of its initial
concentration duringin-vitro diffusion studies.

2. MATERIALS AND METHODS

Lamotrigine was a gift sample kindly supplied by CTX life sciences Pvt. Ltd. Gujarat, India.
Gellan gum was kindly gifted by Marine Hydrocolloids, Cochin, India. Locust bean gum,
PEG 6000, benzalkonium chloride was purchased from Merck life sciences PvtLtd.Methanol,
Propylene Glycol, Acetone, Acetic acid, Dimethyl formamide, Potassium dihydrogen
phosphate, Sodium hydroxide was purchased from SD Fine chemical Ltd.

2.1 Preformulation studies
2.1.1 Solubility studies:

To examine the solubility of Lamotrigine, excess drug was added in different organic
solvents like water, methanol, propylene glycol, acetone, acetic acid, dimethyl formamide,
phosphate buffer solution p™ 6.8 and 7.2. The 10ml solution of each flask wasequilibrated by
shaking upto 48 hours on a thermostatically controlled water bath at 37+0.5°C. After 48 hours
the aliquots were filtered and analyzed spectroscopically at 303nm. [22, 23].

2.1.2 Melting point and Ay« determination
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Melting point is one of the tests which can access the purity of the sample. The melting point
of Lamotrigine was determined using the fusion method. Absorption maxima was determined
in the phosphate buffer solution (PBS) p" 6.4. The solution was scanned from 400 -200 nm
using a UV-Visible spectrophotometer against PBS as a blank. [24, 25].

2.1.3 Fourier Transform Infra-Red Spectroscopy (FT-IR) Studies:

To evaluate the physical interactions between pure drug Lamotrigine and excipients used in
the formulation, compatibility studies are carried out using FT-IR (Bruker Alpha T,
Switzerland). The FT-IR of pure drug and excipients, alone and in combinations (1:1) was
analyzed by the KBr pellet technique [26, 27].

2.2 Preliminary experiments for the selection of most suitable concentration range of
gellan gum [28,29]

Gellan gum at different concentrations were prepared from 0.1 to 1%wi/v using water as a
solvent to access the critical cation concentration (CCC) of gellan gum for in-situ gel
formulation. In the current study, CCC is measured in terms of the degree of gelation (time
and stiffness of gel) were noted in grades form. The results were tabulated in Table 1.

Table 1: Gelation of gellan gum

S.No Concentration of gellan Grade
gum(%w/v)

1. 0.1 -

2. 0.2 +

3. 0.3 ++

4. 0.4 +++

5. 0.5 +++

6. 0.6 +++

7. 0.7 +++

8. 0.8 ++++

0. 0.9 +++++

10. 1.0 +++++

2.3 Experimental design

The central composite design was employed for constructing a quadratic model for
optimization of Lamotrigine in-situ gel keeping 2 independent variables and 4dependent
variables using design Expert (version 12.0, state-Ease Inc., Minneapolis, Minnesota). The
dependent and independent variable are as listed in Table 2. The quadratic equation generated
by the design is as follows:

Y=Bo+ B1X1 + B2Xa + Brz XiXot B3 Xo+ Ba X5
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Where Y is the measured response of dependent variables, o is the intercept, B1to B4 are the
regression coefficients computed from the observed experimental values Y. X; and X; are the
coded values of the independent variables. X;X, and Xi%, X, represents interaction and
quadratic terms respectively.

Table 2: Independent and dependent variables in central composite design

Levels
-a -1 0 +1 +a

Independent variables

X1=Gellan gum (%w/v) 0.096 0.2 045 0.7 08
Xo=Locust bean gum (%w/v) 1.59 20 3.0 40 441
Dependent variables Constraints

Y 1= Gellation time (sec) Minimum

Y= Viscosity of gel (cps) Optimum

Y 3= Mucoadhesive strength of gel (dynes/cm?) Maximum

Y 4= Invitro ty, (h) Maximum

Dependent variables Constraints

Y 1= Gellation time (sec) Minimum

Y= Viscosity of gel (cps) Optimum

Y 3= Mucoadhesive strength of gel (dynes/cm?) Maximum

Y 4= Invitro ty; (h) Maximum

2.4 Calculation of theoretical drug release profile

The total dose of LTG required for the in-situ gel was calculated as per the Robinson Erikson
equation using the available pharmacokinetic data. The total dose D; required is the
summation of immediate D; and maintenance dose Dr,. Di=D; + Dp,. Elimination rate constant
K=0.693/t1, =0.0288mg/h(ty, of the drug is 24 hours). Availability rate R=KD=0.7218mg/h,
where D is the usual dose of the drug (25mg). D,n,=Rh=8.662mg, h=Number of hours for
which sustained action is desired (12h). Di=D-RT,=22.11mg, Tp=Time period to achieve
peak plasma level (4h). Di=30mg. so as per the Robinson Erikson equation, the formulation
should release 22mg in the first 3-4 hour like conventional dosage forms and the remaining
drug should be sustained upto 12h.[30, 31]

2.5 Preparation of Intra nasal in-situ gel

Gellan gum and LBG solutions were prepared individually simply by dispersing an accurate
weighed quantity of gellan gum in hot distilled water using a magnetic stirrer for about 20
minutes. After complete dissolution, the LBG solution was added to the Gellan gum solution
drop by drop with constant stirring. By keeping gum solution aside until it cools to 40°C,
meanwhile drug solution (30mg/ml using methanol (2-3 drops) and excipients solution was
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prepared. PEG6000 and benzalkonium chloride were mixed by adding appropriate quantities
in adequate water. This excipients solution was added to the gum solution with continuous
stirring and make upto the final volume with distilled water. The formulations were filled in
amber-colored glass vials containing rubber closures and sealed with aluminum caps. The
vials were stored in the refrigerator (4-8°C) until further use [32].

2.6 Evaluation of in-situ gels
2.6.1 Homogeneity and clarity studies, measurement ofp"

The homogeneity and clarity of all the formulations were examined by visual observation
against the white and black backgrounds for appearance and any particle existence. p™ was
determined using standard p" meter[33].

2.6.2 Gelation study
Gelation time

Gelation time is the time required for the liquid to convert from sol to gel form. The cations
present in the gellan gum are responsible for the gelation. 2ml of each formulation was taken
to the 10ml transparent vial containing a small amount of simulated nasal fluid (SNF)
aqueous solution containing 8.77 mg/ml NacCl, 2.98 mg/ml KCI and 0.59 mg/ml CaCl, per
liter). The vial was subjected for the stirring using a magnetic stirrer at 37+0.5°C, gelling time
is the time at which the magnetic bead was stopped stirring due to gelation.

Gel strength

Gel strength is the mark of the viscosity of formulation in physiological conditions. It is
measured in terms of time. The time is taken for the 3.5 g of weight to penetrate into the
depth of about 3cm in a 5 g in-situ gel. [34, 35]

2.6.3 Syringiblity

Syringibility test is the indication for the passage of formulation from the dosage container to
the application site. The test was performed by taking the 1ml of formulation to the 5ml of
syringe consisting of a 20 gauge needle. If the solution is easily passed from the syringe
termed as ‘pass’ and vice versa. [36]

2.6.4 Viscosity Studies

Viscosity is measured to ensure the flow, quality, and consistency of the formulation. The
viscosity of all the formulations before and after gelation was measured using a digital
Brookfield viscometer fitted with an S-63 spindle at 100rpm. [37]

2.6.5 Spreadability
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The test was performed to evaluate the spreading of the gel on the physiological membrane.
The excess amount of sample (0.7g gel) was sandwiched between the two slides. The upper
slide was attached to the 20g weight. 100g of weight was placed on the upper slide for 5
minutes to ensure the uniform distribution of the sample, the excess of the gel was wiped
using the tissue at the edges. As soon as the 100g weight was removed, the time taken for the
upper slide to slip off from the bottom slide is noted and Spreadability(S) was calculated
using the formula S=WxL/T where W is the weight attached to the upper slide and L is the
length of the slide 7.5cm. [38]

2.6.6In-vitro Mucoadhesion Strength

The in-vitro mucoadhesive strength was determined using a fabricated physical balance in the
laboratory. The sheep nasal mucosa was used for the study. The mucosa was stored in the
phosphate buffer p™ 6.5 until use. One side of the balance the rubber closure containing the
nasal mucosa of area 1.33 cm?facing outwards was tied and another mucosa was placed to
the outside of the beaker in such a way that the two mucosae face each other. A 50 mg of
sample was placed on the mucosa of the beaker and allowed to remain in contact with each
other for a few minutes. The other side of the balance weights are kept going to place until
two mucosae detach from each other. The mucoadhesive strength dynes/cm®=mg/A, where m
IS weight in grams required for the detachment of mucosae, g is the acceleration due to
gravity and A is the area of the mucosa. [39]

2.6.7In-vitro drug release

In-vitro drug release studies were carried using the adjusted Franz diffusion cell. The dialysis
membrane (12,000-14,000 kDa) which was previously soaked in the phosphate buffer p"
6.5for 12 hours was mounted to the diffusion cell. The formulation equivalent to the 30mg of
drug was placed in the donor compartment and SNF of about 50ml was placed in the receptor
compartment. The temperature of 37+0.5°C and 100 rpm was maintained throughout the
experiment to mimic the biological conditions. At regular time intervals specified amount of
sample was pipetted out and simultaneously replaced with the SNF of the same quantity to
maintain sink conditions. The pipetted sample was diluted accordingly and analyzed using a
UV spectrophotometer at 303 nm. [26]

2.6.8Ex- vivo studies

The sheep nasal mucosa which was carefully separated from the connective and cartilaginous
tissue was used for the study. The mucosa of surface area 3.8 cm? was clutched between the
donor and receptor compartment. 50ml of SNF was taken into the receptor compartment. The
drug equivalent to 30 mg of Formulation F2 and F6 was placed in the donor compartment
after the pre-incubation of about 20 minutes. The same temperature, rpm, and sampling
intervals were maintained as that of the in-vitro drug release study. The apparent permeability
coefficient (cm/h) was calculated using the formula P.,,=Q/Axcxtwhere Q is the total amount
of drug permeated during the incubation (ug), A is the area of the diffusion cell (cm?), ¢ is the
initial concentration of drug taken into the donor compartment and t is the total time taken for
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complete release of the drug. The graph was plotted for cumulative percent of drug
permeated against time. [40]

2.6.9 Differential scanning calorimetry (DSC)

DSC of the pure drug and physical mixture of drug and excipients (stored at 37+2°C, relative
humidity RH 75+5% for 2 months) were performed using (Mettler Toledo, Japan). The
sample of about 10mg was sealed in aluminum pans and scanned at a heating rate of 10°C per
minute over the temperature range of 30 to 300°C for drug and 30 to 300°C for the physical
mixture. [41]

2.6.10 Stability studies

The intention to do the stability studies is to bestow the confirmation on what way the quality
of the drug formulation varies with the time under the influence of the factors like
temperature, humidity, and light. The study helps to exhibit the shelf-life of the formulation
and to endorse the storage conditions. The abundant quantity of in-situ gel was sealed in the
amber-colored vials and stored at relative humidity, the temperature at 75+5% and 40+2°c
respectively. The samples for the estimation of clarity, in-vitro gelation time, drug content,
and drug release were withdrawn at time intervals of 1, 2, 3 months.

3. RESULTS AND DISCUSSION
3.1 Solubility, Melting point

The pure drug Lamotrigine was found to be slightly soluble in methanol (1.73mg/ml),
propylene glycol (1.78mg/ml), and acetone (1.67mg/ml). It was very slightly soluble in PBS
p” 6.8 (0.34mg/ml) and 7.2 (0.4mg/ml) whereas freely soluble in dimethylforamide
(125.36mg/ml). 0.275mg/ml solubility was found in water which indicates the drug is very
slightly soluble in water. The solubility terms used were based on the Indian pharmacopeia
IP.The melting point was found to be 216-218°C, in accordance with that of reference.

3.2 Fourier Transform Infra-Red Spectroscopy (FT-IR) Studies

The FT-IR spectra of pure drug LTG, gellan gum, Locust bean gum, PEG 6000, and physical
mixture of all the above components are shown in (Fig.1). The pure drug sample showed the
intense peaks 3449.58 cm™, 3317.03 cm™, 1623.32 cm™, 1431.36 cm™ and 796.06 cm™ which
are due to the N-H stretching at aliphatic primary and secondary amine, C=C stretch of
alkene, C-H bending of alkane, and C-CI stretch of halo compound respectively. Finally, the
formulation, the physical mixture of pure drug, gellan gum, locust bean gum, and PEG 6000
exhibited the intense peaks at the wavelengths of 3449.01 cm™, 3319.54 cm™, 3213.49 cm™,
2888.81 cm™, 1620.58 cm™, 1431.40 cm™, 1109.71 cm™ and 795.92 cm™. This data validates
that there was no major shifting in the functional groups of pure drug, individual samples of
excipients, and physical mixture of drug and excipients. Thus concluded that there is no
incompatibility between the drug and excipients which could affect the chemical stability of
the in-situ gel.
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Fig.1: FT-IR graphs of pure drug, excipients and optimized formulation
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3.3 Differential scanning calorimetry (DSC)

The DSC thermograms of pure drug and the physical mixture were shown in (Fig.2). The
pure drug exhibited a sharp exothermic peak at 223.01°C. The physical mixture showed the
board exothermic peak at 216.15°C which confirms that the formulation the chemical
stability and some additional board peaks appeared at 58.6°C, 84.6°C due to the presence of
excipients.

Fig. 2: DSC of the pure drug and formulation
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3.4 Selection of polymer concentration
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The concentration of gellan gum was selected from 0.2 — 0.7%w/v based on the degrees of
gelation shown in Table 1. Less than 0.2%w/v the polymer is doesn’t convert from sol to gel
and beyond the 0.7%wl/v, a hard instant gel was formed which is not suitable for the
formulation for the penetration of the drug. The concentration of Locust bean gum was
selected as 2—4 %w/v, which is the most suitable mucoadhesive concentration.

3.5 Experimental design

The selected four dependent variables showed a varied difference in all the 13 batches as
shown in Table 3. For deriving the conclusion, the polynomial equations are used after
considering the magnitude and sign of the coefficients.

Table 3: Results of the experimental design

Formulation X1 X2 Y1 Y2 Y3 Y4
(Yowl/v) (%wl/v) (Sec) (Cps) (dynes/cm?2)

(Hours)
F1 0.45 3 6.66+0.57 137+3.3 2514.94 1
F2 0.45 4.41421 8+1.0 151.2+7.0 2741.65 1
F3 0.7 4 3.33£0.34 261.98+2.59  3017.68 15
F4 0.45 3 6.33+0.57 134.84+3.49 2514.94 1
F5 0.45 3 6.66+1.15 136.77£3.02  2514.94 0.8
F6 0.45 158579 5.33+0.53 133.15+1.79  2318.59 1.5
F7 0.803553 3 1.33+0.57 301.8+5.03 3574.14 1.25
F8 0.2 4 21.6+0.57 122.26+1.75  1147.24 1.5
F9 0.7 2 2.33+0.57 252.11+2.32  2846.12 1
F110 0.45 3 6.6+0.57 134.7243.47  2514.94 1
F11 0.0964466 3 44+3.6 93.27£2.92 1042.61 8
F12 0.2 2 19+1.0  119.25+1.14  1078.48 0.83
F13 0.45 3 6.33+0.57 135.86+4.44  2514.94 1

*All the values are in meantsd (n=3), X1=Gellan gum, X2=LBG, Y1=Gelation time,
Y2=Viscosity of gel, Y3=1t50%

3.6 Effect of the formulation variables on gelation time (Y1)

With respect to the response Y1, the outcome of the multiple regression analysis reveals that
the coefficient B; bearsa negative sign and [, has a positive sign. This indicates that as the
concentration of gellan gum increases the gelation time decreases. The B, has a positive sign
that shows gelation time increases an increase in the LBG concentration. The fitted equation
for the response Y1 to the transfigure factor is shown in the following equation.

Y1=6.52- 11.91X; + 0.9220X; - 0.4000 X1 Xo+ 7.30 X, - 0.7005 X,°

The Y1 for all the runs F1 to F13 shows a good correlation co-efficient of 0.8950. The
variable X; has the P-value <0.0001 and X, has 0.5125. This indicates that only the
concentration of gellan gum significantly affects the gellan gum but not the LBG as the P-
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value for X, is >0.05. This is due to the interaction between the ions of the gellan gum and
the concentration of the nasal secretions. As the gum concentration increases the ions of the
gel also inclined this leads to less gelation time. The correlation between formulation
variables and response Y1 was further illuminated using response surface and contour plot as
shown in (Fig. 3).

Fig. 3: 3D Response surface and contour plot for the response Y1.

Gellation time (s)

Gellation time (s} B.LBD [%w/v)
Selation

B.LBD (%w/v) ;
A.Gellan sum (%6w/v) A.Gellan gum %w/v)

3.7 Effect of the formulation variables on viscosity (Y2)

On concerning the response Y2, the end result of the multiple regression analysis showed that
both the coefficients B; and P, has a positive sign. This indicates that an increase in the
concentration of gellan gum and LBG results in an increase of viscosity. The fitted equation
for the response Y2 to the transfigure factor is shown in the following equation.

Y2=135.83+70.94X; + 4.80X,+1.72X; X»+35.61X;2 +7.93X,°

The response Y2 for all the runs F1-F13 showed a good correlation coefficient of 0.9722. The
variable X; has the P-value <0.0001 and X; has 0.2479 both the values are >0.05. This
indicates that only X1 significantly affects the response Y, compared to X,. Mostly in the
nasal preparations the viscosity should be optimum in such a way that it should hold to the
nasal mucosa until it absorbs. Table 3 also shows that as the concentration of gums increases
the viscosity also increases but high viscous gels tenders the drug release. The interaction
between formulation and response variable can be further exhibited by the 3D surface and
contour plots as shown in (Fig.4)

Fig. 4: 3D Response surface and contour plot for the response Y2
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3.8 Effect of the formulation variables on mucoadhesive strength (Y3)

With respect to the response Y3, the results of the multiple regression analysis reveal that
both the coefficients f; and [, possess positive sign. This indicates that the mucoadhesive
strength increases with an increase in the concentration of gellan gum and LCB gum. The
fitted equation for the response Y3 to the transfigure factor is shown in the following
equation.

Y3=2514.94+902.28X; + 104.83X,+25.70X1X5-202.50X,2 -91.63X,°

The response Y3 for all the runs F1-F13 showed a correlation coefficient of 0.8925. The
variable X; has the P-value <0.0001 and X, has 0.0215 both the values are <0.05. This
indicates that both variables X; and X, significantly affect the response Y3. As the
concentration of gums increases with an increase in the viscosity the mucoadhesive strength
also increases. The response is clearly exhibited in (Fig. 5).

Fig. 5: 3D Response surface and contour plot for the response
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3.9 Effect of the formulation variables on the tsgo, (Y4)

tsos 1S the time taken for the drug release to reduce to its 50% of concentration. On
concerning the response Y4, the end result of the multiple regression analysis showed that the
coefficients B; negative and B, has a positive sign. The fitted equation for the response Y4 to
the transfigure factor is shown in the following equation.

Y4=0.96-1.17X; + 0.0579X,-0.0425X;X,+1.40X,%-0.2875X,2

The response Y4 for all the runs F1-F13 showed a correlation coefficient of 0.2963. The
variable X; has the P-value of 0.092 and X, has 0.9221. This indicates that the variable X;
shows a significant impact on the tsoy than the X,. As the concentration of gellan gum
increases the drug release also increases but only to a certain level. Beyond the optimum
concentration of gellan gum, the drug release decreases this is due to the hindrance of the
drug molecules in the polymer cavities. This can be clearly elucidated in the 3D surface and
contour plots as shown in (Fig. 6).

Fig. 6: 3D Response surface and contour plot for the response Y4
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3.10 Homogeneity, clarity, p" of in-situ gels

All the prepared formulations were clear without any coalesces in the sol form. The p" of all
formulations ranged from 5.84 — 5.9, which indicates a suitable range for nasal delivery
without any irritation of the mucosa. The p" range is also suitable for the solubility of the
drug.

3.11 Gel strength, Syrengibility and Spredability

Gel strength plays an important role in the formulation of nasal in-situ gels. The good gel
strength formulation allows the administration of droplets easily from the container and
extends its post nasal drip. The formulations F1-F13 possess gel strength in the range of 1.02
to 30.51 sec. The F11 formulation has gel strength of 1.02 sec which is not suitable for the
administration and F7 has 30.51 sec which creates discomfort upon the administration
because of its gel stiffness. So the F1,F4,F5,F6,F10 and F13 formulations has the optimum
gel strength. The Table 4 clearly exhibited that the syrengibility increases with increase in the
concentration of gel. The formulations which are difficult to pass and very easily pass from
the syringe are considered as fail in the test as they retard the drug release. So only passed
formulations are taken to consideration. Among all the formulations only F6 has the
spreadability of 2.61 g cm/sec which is adequate to increase the residence time.

Table 4: Results for p™, gel strength, syringibility, spreadability, viscosity of sol, drug
content

Formul Viscosity of Drug
ation p" Gel Syringibility  Spreadability  sol (cps) content
strength (g cm/sec) (%)
(sec)
F1 5.58+0.0 8.13+0.54 Pass 26.50 30.62+0.19  90.9+0.65
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3

F2 5.84+0.1 8.35+0.67 Pass 28.14 46.33+0.18 89.26+1.3
4 8 6

F3 5.97+0.4 24.67+0.8 Difficult to 64.37 80.04+0.46 79.50£2.0
5 7 pass 4

F4 5.89+0.6 8.13+0.98 Pass 26.50 30.62+0.19 91.61+0.8
2 7

F5 5.34+0.5 8.15+0.81 Pass 26.50 30.62+0.19 91.26%0.9
6 7

F6 5.84+0.3 7.98+0.43 Pass 2.61 30.62+0.19 91.69+1.3
4 2

F7 6.12+0.6 30.51+0.5 Difficult to 150 94.55+0.29 78.92+2.7
1 2 pass 9

F8 5.12+0.7 3.61+0.43 Pass 17.32 24.4+3.45  92.05+1.8
3 4

F9 5.39+0.8 23.48+0.6  Difficult to 56.39 74.33£0.45 79.97+2.1
7 7 pass 2

F10 5.62+0.4 8.54+0.12 Pass 26.50 30.62+0.19 89.69+1.0
3 6

F11 5.27+0.6 1.02+0.22  Very easily 7.89 9.85+0.26  94.87+1.3
9 Pass 2

F12 5.81+0.1 3.65+0.52 Pass 15.48 21.0240.46 94.15+0.9
8 4

F13 5.32+0.2 8.56+0.67 Pass 26.50 30.62+0.19 93.00+1.7
5 3

3.12 Viscosity

The viscosity was measured both for sol and gel states. In both states the viscosity increases
with an increase in the concentration of gellan gum. Based on the results from Table 4 and
(Fig. 3), the formulation F6 has desired viscosity of 30.62 and 133.15 cps in sol and gel state
respectively.

3.13 Drug content

The drug content was ranged from 79.50-94.87%. The F6 formulation which has the
0.09%w/v gellan gum and 3%w/v LBG showed the highest drug content 94.87% and the F7
has the least drug content 79.50% which consists of 0.8%w/v and 3%w/v of gellan gum and
LBG respectively. This shows that a linear relationship between the drug content and
concentration of gellan gum.

3.14In-vitro Drug release

As shown in (Fig. 7), the effect of the polymer concentration in the drug release clearly
exhibits that as the concentration of polymer increases the drug release also increases but
only to a certain level. Beyond that, the decline in the cumulative drug release (CDR) is
shown in formulations F7 and F9 because the more polymer concentration the drug
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molecules are strongly gets imbibed in the gel structure. In formulations F8, F11 and F12
where the drug molecules are not strong interlinked with the drug molecules due to less
polymer concentration, burst release was seen. The F2 formulation has a drug release of
85.46+3.1% at the end of the 10™ hour. Among all the formulations the F6 shows the
sustained drug release of 94.99+2.51% up to 12 hours. So the F2 and F6 formulations are
selected for the ex-vivo studies.

Fig. 7: In-vitro drug release profile of formulations F1-F13
(All the values expressed are mean £SD, n=3)
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To determine the drug release mechanisim from in vitro drug release data obtained from the
improved formulation, various kinetic models like zero order, first order Higuchi and
Krosmeyer Peppas model were fitted. Both Higuchi and Krosmeyer Peppas models showed
good linearity with regression R2 values 0.982 and 0.990 respectively which suggests that the
release mechanisim was diffusion controlled.

3.15Ex- vivo studies

The ex- vivo studies were performed for the F2 and F6 formulations. Both the formulations
showed a slighter CDR compared to the in-vitro CDR. F6 formulation showed 89.03+0.78%
drug release at the end of the 12" hour and F2 shows 76.53+0.67% as shown in (Fig. 8). The
apparent permeability coefficient (Papp) was found to be 0.015 and 0.018cm/s for F2 and F6
formulations respectively.
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Fig. 8:Ex- vivo drug release profile
(All the values are expressed are mean £SD, n=3)
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3.16 Stability studies

The optimized formulation F6 was elevated for short term stability testing at 1%, 2" and 3
months. The results of the stability studies were given inTable 6. From the results it can be
concluded that there is not much remarkable change in the clarity, gelation time,drug content
and drug release.

Result

Test parameter 1%t Month o Month 3%
Month

Clarity Clear Clear Clear
Gelation time (S) 5.8t1.5 5.6+£0.8 6.4+2.1
Drug content (%) 90.2+1.7 90.0+2.6 87.62+0.6
CRP at 6h (%) 83.3t1.5 81.8+1 81.3+2.9
CRP at 12h (%) 93.5+3.2 93.1+2.5 92.6+2.9

Table 6 Results of stability testing

4. CONCLUSION

Based on results of the current study, the targeting potential of the drug can be enhanced by
formulating the drug into intranasal in-situ gel. In vitro results indicate that formulation has
optimum p", suitable for nasal mucosa with adequate mucoadhesive strength, ease of
application, and residence time by the defeat of the mucociliary clearance.Theresultsof the
studyindicate that natural polymers gellan gum and LBG has successfully performed their
role in formulation design by in-situ gelation with adequate mucoadhesive strength. The
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results explores intranasal in-situ gel is a prominent and safe drug formulation for epilepsy
treatment compared to that of the oral route.
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