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Abstract

Over A Few Decades, Advances In The In-Situ Gel Technologies Have Spurred Development In
May Medical And Biomedical Applications Including Controlled Drug Delivery. For Locally
Acting Intra Nasal Drugs, An Extended Residence Time In The Nasal Cavity Is Desirable And
Related To A Prolonged Effect. The Aim Of The Present Work Was To Design A Nasal
Delivery System With Improved Mucoadhesive Properties That Could Provide Prolonged
Retention Time For The Treatment Of The Allergic Rhinitis. A 32 Factorial Design Was Used
To Investigate The Effect Of The Amount Of Gellan Gum, Cmc And Tween 80 As Independent
Variables. Gelling Time (Sec.), Viscosity (Cps) And Percentage Drug Content Were Taken As
Dependent Variables. The Formulations Were Tested For Mucoadhesive Strength In-Vitro Drug
Release Study. The Study Shows That Administering Sumatriptan And Naproxen Using In-Situ
Gel Is Feasible. As A Result, The Created In Situ Gel Formulation Could Be A Potential Carrier
For Sumatriptan And Naproxen, Especially Given Its Ease Of Manufacture And Scale-Up.
Introduction

Headache Disorders, Which Are Characterized By Chronic Headaches, Are One Of The Most
Prevalent Nervous System Disorders. Headache Is A Debilitating And Incapacitating Feature Of
A Few Primary Headache Disorders, Including Migraine, Tension-Type Headache, And Cluster
Headache [1] The Migraine Headache Is The Most Common, Prevalent, Debilitating, And
Largely Treatable Of These, But It Is Nevertheless Under-Appreciated And Under-Treated [2].
Migraine Is A Common Chronic Headache Disease Characterized By Frequent Attacks Lasting
4-72 Hours, With A Pulsating Quality, Mild Or Extreme Intensity, And Nausea, Vomiting,
Photophobia, Or Phonophobia [3].

Migraine Is The World's Second Most Common Headache And The Most Prevalent Cause Of
Headache-Related And Neurologic Disability [6]. The Term "Migraine™ Derives From The
Greek Word "Hemicrania,” Which Means "Half Of The Head,” And It Refers To One Of The
Most Prominent Features Of The Condition: In Many Cases, The Pain Only Affects Half Of The
Head. However, The Pain Can Sometimes Be Felt Bilaterally, In The Back Or Front Of The
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Head, And On Rare Occasions All Over The Body And Face (‘Migrainous Cor-Palgia’). The
Pain Is Often Throbbing And Pulsatile In Nature, And It Is Exacerbated By Any Type Of
Movement Of The Body Or Head [4].

In Situ Gel Forming Polymeric Formulations Are Drug Delivery Systems That Are In A Sol Or
Suspension Form Before Being Administered In The Body And Then Go Through A Gelation
Process In The Body. In-Situ Gel Forming Systems Have Received A Lot Of Attention As
Vehicles For Long-Term Drug Delivery [5]. In Order To Contain The Dispersed Drug And
Other Excipients, An Insitu Gel System Requires The Use Of A Gelling Agent That Can Form A
Stablesol/Suspension System. This Sol/Suspension System Would Gel In A Gastric
Environment, Triggered By lonic Complexation Caused By A Ph Change. A Gellan Gum Or
Sodium Alginate Solution Containing Calcium Chloride And Sodium Citrate Is Used, Which
Complexes Free Calcium lons And Only Releases Them In The Stomach's Acidic Environment.
As A Gelling Agent, Gellan Gum Or Sodium Alginate May Create A Range Of Textures In The
Final Product, From Hard, Non-Elastic, Brittle Gels To Fluid Gels [6]. The Free Calcium lons
Become Entrapped In The Polymeric Chains Of Gellan Gum Or Sodium Alginate, Inducing
Crosslinking And The Formation Of A Matrix Structure. The Formation Of Double Helical
Junction Zones Is Accompanied By The Re-Aggregation Of Double Helical Segments To Form
A Three-Dimensional Network Through Cation Complexation And Hydrogen Bonding With
Water [7]. In The Proposed Research Work, In-Situ Gel Will Be Prepared Containing Naproxen
And Sumatriptan. In Situ Gel Will Be Prepared Using Gellan Gum As Geling Agent. Additional,
A Mucoadhesive Polymer Eg. Sodium Cmc And Surfactant Eg. Tween 80 Will Also Be
Incorporated In The Same Formulation. The Preparation Will Be Liquid Stage Before
Administration But It Becomes Gel On Administration. The Gel Formation Will Occur Which
May Be Due To The lonic Interaction Of Pectin Or Gellan Gum Or Change In Ph And
Temperature. Mucoadhesive Polymer Will Increase The Retention Time By Providing Strength
To Adhere The Formulation With Mucosa In Nasal Cavity. After Gelling, The Formulation Will
Release The Drugs In Sustained Manner And Will Provide Symptomatic Reliefs From Migraine
Pain. In-Situ Gel Containing Both Drugs An Novel Approach Which Will Deliver Both Drug In
Sustained And Controlled Manner And Maintained Therapeutic Level In The Body For Effective
Management Of Migraine Pain. The Formulation Will Definitely Reduce The Side Effect
Associated With Both Drug And Minimizing The Drug Loss Due To First Pass Effect Which
Was More In Case Of Oral Delivery. It Will Also Reduce The Cost. The Proposed Formulation
Will Definitely Improve The Health Of Patient As Well As Our Society Members Who Suffered
From The Disease.

Material And Methods

Material

Sumatriptan And Naproxen Obtained From Sun Pharmaceuticals Ltd. VVadodara, Gujarat As Gift
Sample. Gellan Gum Was Obtained From Himedia Pvt. Ltd. Sodium Carboxymethyl Cellulose
From Merck Ltd, Mumbai, Sodium Chloride From Loba Chemicals, Tween 80 From Central Drug
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House, Mumbai, India. All Other Chemicals And Solvents Were Of Analytical Grade And Used
As Received. Distilled Water Was Prepared In Laboratory Using All Glass Distillation Apparatus.
Methods

Formulation Development Of In-Situ Gel

Gellan Gum Was Weighed And Dispersed In Ultra-Pure Water. The Dispersions Were Then
Stirred By Mechanical Stirrer (Remi Motors Ltd, Mumbai, India,) For 30 Min At 90°% In A
Water Bath And Then Cooled To Room Temperature. Tween 80 And Sodium Cmc Were
Weighed And Dissolved In Ultra-Pure Water, Which Was Then Heated To 900°C And Cooled
To Room Temperature. It Was Diluted With 10 Ml Of Chilled Water. Sumatriptan And
Naproxen Were Sonicated For 30 Minutes In A Small Amount Of Ultra-Pure Water. Slowly,
With Constant Stirring, Sodium Cmc And Tween 80 Drug Solution Were Applied To The Gellan
Gum Solution. Simultaneously, Appropriate Amounts Of Benzalkonium Chloride Were Added
[8]. Bottles Are Packed With The Formulations. The Formulation Layout For The Factorial
Design Batches (F1 To F17) Are Shown In Table 1.

Table 1: Composition Of In Situ Gel On The Basis Of Box Behnken Design

F. Code Factor 1:A Factor 2:B Factor 3:C
Std Run Gellan Gum Sodium Cmc Tween 80
% WI/V % W/V %W/IV
F1 8 1 0.4 0.75 0.3
F2 6 2 0.4 0.75 0.1
F3 15 3 0.3 0.75 0.2
F4 16 4 0.3 0.75 0.2
F5 3 5 0.2 1 0.2
F6 10 6 0.3 1 0.1
F7 7 7 0.2 0.75 0.3
F8 2 8 0.4 0.5 0.2
F9 11 9 0.3 0.5 0.3
F10 17 10 0.3 0.75 0.2
F11 9 11 0.3 0.5 0.1
F12 12 12 0.3 1 0.3
F13 1 13 0.2 0.5 0.2
F14 4 14 0.4 1 0.2
F15 13 15 0.3 0.75 0.2
F16 14 16 0.3 0.75 0.2
F17 5 17 0.2 0.75 0.1

Experimental Design
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The Present Study Consisted Of A 2-Level Three-Factorial (2°) Design For Experimentation.
Statistical Experimental Design Was Performed Using A Software Design Expert® Trial Version
(Stat-Ease Inc., Minneapolis, Usa). Response Surface Graphics Were Used To Show The Factor
Interaction Between The Considered Variables. Selected Independent Variables Studied Were
The Concentration Of Gellan Gum (X1); Sodium Cmc (X2); And Tween 80 (X3) Added To The
Formulation. Three Factorial Levels Coded For Low, Medium, And High Settings (—1, 0 And
+1, Respectively) Were Considered For Three Independent Variables. The Selected Dependent
Variables Investigated Were Gelling Time (Sec.) (Y1), Viscosity (Cps) (Y2) And Drug Content %
(Y3),. The Number Of Trials Required For The Study Is Based On The Number Of Independent
Variables Selected. A Total Of 17 Experimental Runs Were Required For Analyzing The
Interaction Of Each Level On Formulation Characters And To Optimize. Table 1 Shows The
Factors Chosen And Different Factor Level Settings. The Box Behnken Design Was Used To
Test For Critical Formulation And Process Variables In The Production Of In Situ Gels. Table 2
Shows The High And Low Levels Of Different Variables That Were Tested For Their Effect On
The Growth Of Sumatriptan And Naproxen In Situ Gels.
Table 2: Screening Of Influential VVariables

Factor| Name Units | Type |[Minimum|Maximum|Coded Low||Coded High
A | Gellan Gum ||% W/V|Numeric|| 0.2000 0.4000 || -1+ 0.20 || +1 < 0.40
B ||[Sodium Cmc||% W/V|[Numeric|| 0.5000 1.0000 |l -1+ 0.50 || +1 < 1.00
C Tween 80 |% W/V|Numeric|| 0.1000 0.3000 || -1« 0.10 || +1 < 0.30

Final Equation In Terms Of Coded Factors

Gelling Time = +3.32 +0.4125 A +0.3125 B -0.2250 C-1.08 Ab+0.7500 Ac-0.0500 Bc+0.4775
A?2+0.6775 B?+0.6525 C?

Viscosity = +62.60+10.50 A+2.25 B-2.25 C-13.50 Ab+7.50ac+3.00bc+10.20 A2+10.70 B2-3.30
CZ

Drug Content = +96.25 +0.6875 A +0.5000 B -0.2625 C -1.35 Ab -0.1250 Ac +1.20 Bc
+0.0855 A2+0.0105 B2-0.0645c¢?

For Given Levels Of Each Factor, The Equation In Terms Of Real Factors May Be Used To
Make Assumptions About The Result. For Each Factor, The Levels Should Be Specified In The
Original Units. Since The Coefficients Are Scaled To Match The Units Of Each Factor And The
Intercept Is Not At The Middle Of The Design Space, This Equation Cannot Be Used To
Calculate The Relative Effect Of Each Factor.

Evaluation Of In Situ Gel

Gelation Study

The Simulated Nasal Fluid, Snf (Aqueous Solution Containing 8.77 Mg/MI Nacl, 2.98 Mg/MI
Kcl And 0.59 Mg/MI Cacl, Per Liter), Having The Cationic Composition Of Nasal Secretions,
Was Prepared According To The Report [9]. Gellan Gum Is A Polymer Which Undergoes
Change From Sol To Gel In The Presence Of Cations. Gelation Is The Process By Which The
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Liquid Phase (Sol) Makes A Transition Into Gel. Sumatriptan And Naproxen In Situ Gel And
Simulated Nasal Fluid Were Mixed In 1:1v/V Ratio. The Gelation Study Was Done On
Magnetic Stirrer (Magnetic Stirrer, Remi). The Gelation Point Was Determined When The
Magnetic Bar Stopped Moving Due To Gelation. The Consistency Of Formed Gel Was Checked
And Graded, As Indicated In Table 5.25.

Viscosity And Rheological Study

The Viscosity Of Nasal In Situ Gel Formulation Before And After Gelation Was Determined
Using Brookfield Rheometer R/S-Cps +1600, Lauda Ecoline Staredition Re-204, Having Cone-
And-Plate Geometry By Using Spindle Coaxial Cp75-1. The Shear Rate Was Varied From 1 To
1000/S. Samples Were Applied To The Plate Using A Spatula(Approximately 2 Ml) To Ensure
That Formulation Shearing Did Not Occur. Each Point Is The Average Of At Least Three
Readings [10].

Ph Study

Ph Of All Formulations Was Determined By Using Ph Meter (Electronic India).

Mucoadhesive Strength Study

The Procedure Mentioned [11] Was Used To Assess The Mucoadhesive Strengths Of The Gel.
Nasal Mucosal Tissue Was Carefully Separated From The Nasal Cavity Of Sheep And Placed
On A Glass Surface Using Adhesive Tape, While Another Mucosal Segment Was Attached
Inverted To The Cylinder Obtained From A Nearby Slaughterhouse (Aurangabad). On The
Mucosal Surface, 50mg Of Gel Was Added. To Ensure Intimate Interaction, The Glass Mounted
Mucosal Surface With Gel Formulation And The Mucosal Surface Connected To The Cylinder
Were Kept In Contact For 2 Minutes. The Weights Were Raised In The Second Pan Until The
Two Mucosal Tissues Separated From One Another. For Each Measurement, The Nasal Mucosa
Was Replaced.

The Mucoadhesive Force Expressed As The Detachment Stress In Dynes/Cm? Was Determined
From The Minimal Weight That Detached The Mucosal Tissue From Surface Of Each
Formulation.

Mucoadhesive Strength (Dynes/Cm 2) = Mg/A (1)

Where, M = Weight Required For Detachment In Gram,

G = Acceleration Due To Gravity (980cm/S2),

A = Area Of Mucosa Exposed.

Drug Content

A Double Beam Uv Visible Spectrophotometer (Labindia 3000+) Was Used To Determine The
Drug Quality Of Formulations In Triplicate. One Milliliter Of Formulation Was Placed In A
Volumetric Flask With A Capacity Of 10 Ml, Diluted With Double Distilled Water, And The
Volume Was Changed To 10 MI. A Milliliter Of This Solution Was Mixed Once More With 10
Milliliters Of Double Distilled Water. Finally, A Uv Visible Spectrophotometer Was Used To
Determine The Absorbance Of The Prepared Solution.

In Vitro Drug Release
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In Vitro Drug Diffusion Study Of Various Formulations Was Performed Using Franz Diffusion
Cell [12]. Dialysis Membrane Having Molecular Weight Cut-Off Range Of 12 000-14 000 Kda
Was Used As Diffusion Membrane. Until The Experiment, The Dialysis Membrane Was Soaked
In Phosphate Buffer Ph 6.4 For 6 Hours. The Dialysis Membrane Was Placed On The Diffusion
Cell, Which Was Packed With 21 Ml Of Phosphate Buffer Ph 6.4. The Donor Chamber Was
Coated With A Gel Containing 10 Mg Of Material. A Rotating Water Bath Was Used To Keep
The Temperature Between 32 And 34 Degrees Celsius. At Various Time Periods, 1 Ml Samples
Were Withdrawn, Replaced With The Same Volume Of Fresh Solution, Filtered, And The
Quantity Of Drug Was Estimated Using A Newly Developed Simultaneous Estimation Method.

Results And Discussion

Table 3 Includes The Value Of Gelling Time, Viscosity And Drug Content. The Gelling Time Of
All Formulation Varied Between 2.2+0.2 And 5.7+0 Sec. Whereas Viscosity Was Found
Between 52+2cps To 108+5cps. The Drug Content Of All Formulations Was Found 94.2+0.3
To 97.9+0.4 Percentage.

Table 3: Evaluations Of In-Situ Gel Formulations Of Box-Behnken Design

F. Code Gelling Time (Sec.) Viscosity (Cps) Drug Content %
F1 5.3#0.1 8315 96.6+0.4
F2 3.940.2 69+4 97.3+0.6
F3 2.8+0.2 58+7 96.3+0.5
Fa 3.2+0.2 61+6 96.2+0.4
F5 5.4+0.1 8615 97.5+0.2
F6 5.2+0.1 7243 95.8+0.7
F7 3.540.2 5545 95.5+0.8
F8 5.7+0.2 108+5 97.9+0.4
F9 4.2+0.1 6213 94.2+0.3
F10 4.2+0.3 68+2 96.2+0.2
F11 4.9+0.2 7614 97.2+0.3
F12 4.3+0.3 70+3 97.6+£0.4
F13 2.2+0.2 52+2 93.8+0.5
F14 4.6+0.3 88+4 96.2+0.3
F15 3.2+0.2 63+3 96.2+0.4
F16 3.2+0.2 6315 96.2+0.2
F17 5.1+0.1 71+4 95.7£0.7

Response Surface Plots For Gelling Time: The Response Surface Diagrams, Known To
Facilitate An Understanding Of The Contribution Of The Variables And Their Interactions.
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Response Surface Plots For Viscosity: The Response Surface Diagrams, Known To Facilitate
An Understanding Of The Contribution Of The Variables And Their Interactions.
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Figure 5.36: 3d Surface Plots (Sodium Cmc And Tween 80)

Response Surface Plots For Drug Content: The Response Surface Diagrams, Known To
Facilitate An Understanding Of The Contribution Of The Variables And Their Interactions.
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Experimental Results With Predicted Responses: On The Basis Of Doe Formulation Four
Formulations Is Selected As Optimized Formulation For Preparation Of In-Situ Gel Because The
Results Of Experimental Values For Composition Of Gels Are More Similar To The Predicted

Table 4: Experimental Results With Predicted Responses

Formulation Composition (% W/V) Response | Predicted | Experimental
Gallan Gum/Sod. Cmc/ Tween Value Value
80
Igofl Gelling Time 5.39 5.3
0.4/0.75/0.3 Viscosity 85.25 83
Drug Content 96.58 96.6
(Sumatriptan)
(Naproxen) 97.45 -
Igof2 Gelling Time 5.24 5.2
0.3/1.0/0.1 Viscosity 71.50 72
Drug Content 95.76 95.8
(Sumatriptan)
Drug Content 96.54 -
(Naproxen)
Igof3 0.4/0.5/0.2 Gelling Time 5.65 5.7
Viscosity 105.25 108
Drug Content 97.89 97.9
(Sumatriptan)
Drug Content 98.25 -

(Naproxen)
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Igof4 Gelling Time 4.16 4.2
Viscosity 62.50 62
0.3/0.5/0.3 Drug Content 94.24 94.2

(Sumatriptan)
Drug Content 96.65 -
(Naproxen)
“The Prepared In-Situ Gels Were Examined To Measure Ph And Kept. The Ph Of Prepared In-
Situ Gels Ranged From 5.86+0.04-6.82+0.05. These Findings Prove That Those Gels Were
Acceptable And Physiologically Compatible To Be Used In The Nose Cavity.

Table 5: Results Of Ph Of Optimized Formulation

S. No. Formulation Code Ph*
1. Igofl 6.82+0.05
2. Igof2 5.86+0.04
3. Igof3 5.76+0.03
4. Igof4 6.21+0.05
Mucoadhesive Strength

Evaluation Of Mucoadhesive Strength Is Very Important Because Of Its Great Impact On
Elongation Of Residence Time And Decrease Of Formulation Leakage. Mucoadhesive Strength
Is Defined As A Quantity Of Formulation Binding To The Mucous Membrane At Nose
Temperature; 34°c. To Overcome Nasal Clearance, The Mucoadhesive Strength Of The
Intranasal Formulation Should Be High Enough. Otherwise, The Mucous Membrane Can Be
Damaged When The Mucoadhesive Strength Is Too High.

In The Experiment Process, The Optimum Contact Time For Giving The Optimum
Mucoadhesive Strength Was 2 Minutes. Any Decrease In The Contact Time Led To A Sharp
Decrease In The Mucoadhesive Strength Due To Incomplete Polymers Chains Entanglement
With Mucin. However, An Increase Of Contact Time Has An Insignificant Effect On The
Mucoadhesive Strength. The Highest Mucoadhesive Strength Was Recorded By The Gel
Formula 1gof2. So, This Was Selected To Be The Gel Base For The Optimized Formulation.

Table 6: Results Of Mucoadhesive Strength Of Optimized Formulation

S. No. Formulation Code Mucoadhesive Strength*
(Dyne/Cm?)
1. Igofl 3215
2. Igof2 3045
3. Igof3 3126
4, Igof4 2854

In-Vitro Drug Release Study: In-Vitro Diffusion Study Of The Optimized In-Situ Formulation
(Igof3) Was Performed Using Modified Franz Diffusion Cell With Dialysis Membrane In
Phosphate Buffer Ph 6.4 For A Period Of 6 Hours. The Data Obtained From Diffusion Studies
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Are Summarized In Table 7. The In Vitro Release Data Were Fitted Into Different Kinetic
Models Viz Zero-Order, First Order, Higuchi Model And Korsmeyer Peppas Equation. In-Situ
Gel Formulation Released Drug In Controlled Release Manner In 6 Hour.
Table 7: In-Vitro Drug Release Data Of Naproxen Of Igof3

Square Log Cumulative Log
Time g Log Cumulative*% | Cumulative % Drug Cumulative
Root Of . .
(H) . 1o | Time Drug Release % Drug Remaining % Drug
Time(H) .
Release Remaining
0.5 0.707 | -0.301 27.78 1.444 72.22 1.859
1 1.000 0.000 41.25 1.615 58.75 1.769
2 1414 0.301
58.89 1.770 41.11 1.614
3 1.732 0.477
71.12 1.852 28.88 1.461
4 2.000 0.602 86.65 1.938 13.35 1.125
6 2.449 0.778 96.12 1.983 3.88 0.589

*Average Of Three Readings

It Was Observed From The Data As Shown That Polymer Concentration Affected The Release
Of Drug From The Dosage Form. It Was Found That Cumulative Drug Release From
Formulation Was Reduced Insignificantly When Concentration Of Polymers Increased.
Formulation 1gof3 Showed Better Release As Compared To Other Formulation. Formulation
Igof3 Showed 95.45% Drug Release Sumatriptan And 96.12% For Naproxen After 6 Hrs. When
The Regression Coefficient Values Were Compared, It Was Observed That ‘R’ Values Of
Higuchi’s Model Was Maximum Hence Indicating Drug Release From Formulations Was Found
To Follow Higuchi’s Release Kinetics.

Conclusion

The In-Situ Gels Of Sumatriptan And Naproxen Worked Well As A Non-Invasive Medication
Delivery Device Via The Nasal Route. Finally, It Was Determined That A Promising Non-
Invasive Medication Delivery System With Increased Patient Compliance Had Been Devised.
The Study Shows That Administering Sumatriptan And Naproxen Using In-Situ Gel Is Feasible.
As A Result, The Created In Situ Gel Formulation Could Be A Potential Carrier For Sumatriptan
And Naproxen, Especially Given Its Ease Of Manufacture And Scale-Up.
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