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Abstract: Chitosan, which is biodegradable, biocompatible, non-toxic, and 

mucoadhesive, is frequently employed in the creation of nasal drug delivery 

nanoparticles that utilize polyelectrolyte complexes. Chitosan's usage in the 

pharmaceutical and biomedical industries is nevertheless constrained by its 

reduced solubility in aqueous and alkaline conditions. This necessitates the 

creation of enhanced chemically modified chitosan mimics that can get beyond 

the solubility barrier.  Using a straightforward ionic gelation process, chitosan-

based polyelectrolyte complexes (PEC) were created by the interaction of 

positively charged chitosan with negatively charged pectin. SEM was used to 

study the surface morphology and revealed that smooth and rough surfaces were 

created by varying the counter-ions, resulting in spheres or discs.  DSC and FTIR 

were used to validate the development of the polyelectrolyte complex.  As an oral 

tablet, topiramate is a second-generation antiepileptic medication used to treat 

partial and generalized seizures. Although it is more convenient, oral 

administration results in delayed absorption. Additionally, because parenteral 

administration necessitates medical support, it is impossible in emergency 

situations. In order to create topiramate PEC for intranasal delivery using the 

ionotropic gelation process, the current study has this objective.  Particle size, 

zeta potential, surface shape, drug content, entrapment effectiveness, in vitro drug 

release, and ex vivo permeation experiments in excised porcine nasal mucosa 

were all examined for the produced PEC. Nasal mucosa was not harmed by the 

optimized formulation, according to investigations on rhinocilial toxicity. Thus, a 

promising alternative for brain targeting and the treatment of epilepsy is the 

intranasal administration of topiramate utilizing chitosan. 

Keywords: Polyelectrolyte Complex, Anti-Convulsant, Topiramate, Pulmonary 

Route, Chitosan, etc. 
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Introduction 

Recurrent seizures or episodes of strange behaviour, as well as occasionally losing consciousness, are 

hallmarks of the chronic neurological condition epilepsy [1,2]. Although the oral method of 

administration is the most practical for treating epilepsy, it plays a negligible part in treating an acute 

epileptic attack since oral medication has a delayed absorption. Additionally, because it requires 

medical help, parenteral administration is not an option in emergency situations. In order to get good 

results, a different medication delivery method is highly desirable [3,4]. Along with a porous and highly 

vascularized epithelium layer, the intranasal route offers a larger surface area for drug absorption. 

Additionally, there is more overall blood flow to the nasal region, which promotes quicker drug 

absorption and, thus, quicker beginning of effect. In addition to this, intranasal administration aids in 

the delivery of centrally active medications to the brain via the olfactory area and trigeminal nerves [5]. 

As a result, it is a practical and appropriate route of administration for the treatment of epilepsy [6]. 

In contrast, mucociliary clearance is the limiting factor that shortens the time a drug spends in the 

nasal cavity and, as a result, restricts the amount of drug absorption [7]. Making a dosage form 

containing a mucoadhesive ingredient will help you get over the mucociliary clearance restriction. 

The formulation's adhesion to the mucosal membrane will stop the medication from leaving the nasal 

cavity too quickly and give it more time to be absorbed, producing a therapeutic level that is high 

enough [8,9]. Chitosan, a naturally occurring polysaccharide with mucoadhesive, biodegradable, non-

toxic, and biocompatible properties, has been selected in this context as the carrier for the synthesis of 

PEC [10]. The tight connections between the epithelial cells are also opened, which improves 

paracellular absorption [11]. The natural carbohydrate polymer chitosan (CS), which is made from 

chitin through a process called deacetylation, has several enticing qualities such being non-toxic, 

bioadhesive, and biodegradable. Due to the high rate of adhesion, it has the advantage of bypassing 

the body's natural defensive system known as mucociliary clearance while also displaying 

penetration-enhancing qualities that are extremely advantageous to chemotherapy. Chitosan's 

mucoadhesive activity results from its cationic nature, which interacts electrostatically with negatively 

charged pectin moieties on the mucosal membrane [12]. The PEC-based formulation offers targeted 

medication release with better absorption and action at the location. Additionally, pharmacological 

adverse effects related to traditional therapy are decreased by site-specific administration [13,14]. Drugs 

like lamotrigine and pregabalin have successfully improved mucoadhesion, release, and absorption 

using intranasal formulation of antiepileptic medicines with chitosan [15,16]. A second-generation 

antiepileptic medication called topiramate is used to treat both partial and generalised seizures. It is 

used as a preventative measure for obesity, psychological illnesses, and migraine headaches. Children 

who are experiencing refractory partial seizures with or without additional generalised tonic-clonic 

seizures can also be treated with topiramate [17,18]. There is currently no researched intranasal 

formulation for topiramate; it is only available in oral dose forms. Topiramate's rate of absorption is 

slowed when administered with meals, and cytochrome p450-mediated oxidation occurs [19,20]. 

 

The response surface methodology (RSM) is a collection of mathematical and statistical methods that 

have been successfully used for the process' development and optimisation [21]. RSM is a priceless 

technology that allows the influence of all independent variables to be examined with the fewest 

feasible experiments [22]. Since RSM is sophisticated and sensitive to the interactions of two or more 

elements, it is used in this study to explain how these interactions affect the development of the 

formulation and the properties of the topiramate PEC based on chitosan. In order to develop an 

optimised formulation with the most desirable physicochemical qualities sufficiently to produce 
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improved therapeutic effects, tests were conducted using a three factor and three-full level factorial 

design. 

Material and Method 

Preformulation Study  

Identification of drug 

Identification Topiramate was carried out by melting point determination, Infrared spectroscopy and 

UV visible spectroscopy. 

 

Melting point determination 

Melting point of the drug determined by taking small amount of drug in a capillary tube closed at 

one end. The capillary tube was placed in melting point apparatus and the temperature at which drug 

melt was recorded this procedure was performed thrice and average value was noted. 

 

Determination of λ max and plotting of calibration curve of Topiramate in methanol 

Accurately weighed 10 mg of Topiramate was dissolved in 10 ml of methanol to obtained 1000 

µg/ml concentration of drug (stock solution), from stock solution to obtain concentrations of 10, 15, 

20, 25 & 30 µg/ml of Topiramate. All dilutions were scanned at specific wavelength against 

methanol as blank. The spectrum of the drug was studied to verify λmax and calibration curve was 

plotted with absorbance verses concentration. 

 

Drug and polymer compatibility study 

Fourier transform infrared spectroscopy 

The study was conducted with an intension to check the compatibility of natural polymer i.e. 

chitosan, pectin with Topiramate. Also, it helps to check the suitability of polymers for the 

preparation of nanoparticle. FTIR spectrum was studied using a Shimadzu FTIR spectrometer. The 

samples of pure drug and physical mixture such as Topiramate with chitosan and pectin were 

prepared separately with KBr after drying in hot air oven for about 1 hr then kept in desiccators 

before scanning the spectra between the ranges of 4000 to 500 cm-1. 

 

Differential scanning calorimetry 

 

The thermal behavior of pure drug, chitosan/pectin and drug loaded chitosan pectin nanoparticles 

was carried out using differential scanning calorimeter (Meter Toledo) at a heating rate of 10℃/min. 

The measurements were performed at a heating range of 30 - 400℃ under nitrogen atmospheres. 

 

Preparation of Topiramate Loaded Chitosan based Polyelectrolyte Complex 

Ionic gelation method was used to create topiramate-loaded CS-based PEC. According to Table 1, 

typical amounts of chitosan were largely dissolved in various ratios of aqueous acetic acid. To prepare 

a Pectin solution of various strengths with deionized water, 1 mg of Topiramate was added. Then, 

while constantly stirring, 10 ml of the Topiramate-Pectin solution was added drop by drop to 10 ml of 

the CS solution. For 30 minutes, the mixture was agitated at room temperature to obtain loaded PEC. 

Additionally, PEC that had spontaneously formed were separated by centrifugation for 10 minutes at 

4750 rpm, with the supernatant being discarded [23,24]. 
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Table 1: Formulation parameters for Topiramate loaded chitosan-based PEC- 33 factorial 

design 

 

Independent 

Variables 

Levels Dependent 

Variables 

Constraints 

-1 1 +1 

Concentration of 

Chitosan (% w/v) 

0.1 0.2 0.3 Particle Size Minimum 

Concentration of Pectin 

(% w/v) 

0.25 0.5 0.75 EE Maximum 

Concentration of AA 

(% v/v) 

0.5 0.75 1.0 - - 

 

Factorial design and optimization  

For optimisation, the current study used three full-level factorial designs (33: add up to 32 runs). Stat-

Ease Inc., Minneapolis, USA, provided DESIGN EXPERT 8.0 for use in the statistical experimental 

design. In order to evaluate the factor relationship between the variables, response surface graphs 

were employed. The concentration of CS (X1), Pectin (X2), and AA (X3) were three of the 

independent variables that were taken into consideration. The three factorial levels for these variables 

are coded as 1, 0 and +1 for low, medium, and high levels, respectively. As dependent variables, 

particle size (PS-Y1) and entrapment effectiveness (EE-Y2) were used. 

 

For the purpose of studying and optimising the interaction between each level and the formulation 

characters, a total of 32 trial runs (along with five centre point batches) were required. The statistical 

validity of the produced polynomial equations was established using ANOVA. All the observed 

responses were simultaneously fitted to various models. In order to determine the statistically best-

fitting experimental model (main, interaction, and quadratic), numerous statistical metrics were 

compared, including the CV (coefficient of variation), R2 (multiple correlation coefficient), adjusted 

R2 (Adju.R2), and projected R2 (Pred.R2). The threshold for significance was set at p ˂ 0.05. To 

determine the response (Yi) in each trail, multiple factorial regression analysis (2FI for particle size 

and quadratic model for EE) was used [25,26]. 

 

Yi(2FI) =  b0 + b1X1 + b2X2 + b3X3 + b4X1X2 + b5X1X3 + b6X2X3  

Yi (Quadratic) = b0 + b1X1 + b2X2 + b3X3 + b4X1X2 + b5X1X3 + b6X2X3 + b7X2
1 + b8X2

2  + b9X2
3 

where  

Yi – Dependent variable;  

b0 – Arithmetic mean response of all trials;  

bi – the Estimated coefficient for factor Xi,  

X1, X2, and X3 (Main effects) – Average value of changing factor one at a time  

X1X2 and X1X3 and X2X3 – Represent the interaction terms and  

X1
2 , X2

2 and X3
2 – The polynomial terms  

 

Characterization of Topiramate loaded CS based PEC  

Determination of particle size (PS)  

Zetasizer (Malvern Master Sizer 2000, UK) was used to measure the particle size (Z-average mean) of 

prepared topiramate-loaded chitosan-based PEC. Three measurements were made for each 

measurement [27].  

 



Page 4668 of 23 
Raviraj Ramrao More / Afr.J.Bio.Sc. 6(9) (2024)    

Entrapment efficacy (EE)  

EE is the ratio of the real theoretical amount of drug to the practical amount of drug trapped in the 

polymer. The supernatant from the centrifuged nanosuspension of topiramate-loaded chitosan-based 

PEC was then tested for free topiramate by measuring the absorbance at 272 nm (REMI centrifuge, C-

24 BL, India). By changing the total and free amounts of topiramate in the formula below, EE was 

computed [28].  

 

EE % = Topiramate XT- Topiramate XF   × 100 

                         Topiramate XT 

 

where  Topiramate XT = total amount of topiramate used in the preparation of PEC and Topiramate 

XF   = free topiramate present in the supernatant. 

 

Preparation of checkpoint batch for validation of experimental design  

An optimised batch of PEC (OPEC-1) was created using optimised concentrations of CS, Pectin, and 

AA and tested for use in EE, PS, PDI, morphological evaluation, and in vitro drug release 

investigations [29]. The following Eq. (1) was used to calculate relative error in order to validate the 

experimental design. 

 

Relative error % = Predicted Value – Practical Value   × 100 

                                            Predicted Value 

 

Scanning electron microscopy (SEM) 

PEC coated with a thin gold palladium layer by sputter coater unit (VG – Microtech, United 

Kingdom) and the surface topography was analyzed with a Cambridge stereoscan S120 SEM 

operated at an acceleration voltage of 10 KV [30]. 

Transmission electron microscopy 

The morphology of optimized PEC-1 was observed using TEM. The powder of PEC was placed on a 

carbon-coated copper grid and negatively stained with 2% (w/v) phosphotungstic acid solution. The 

grid was allowed to dry at room temperature. The stained film placed on a holder was viewed under 

TEM operated an accelerating voltage of 80 KV. 

X-ray diffraction analysis 

The Philips PW 1729 X-ray diffractometer was used to investigate the XRD of pure drug and 

optimized batch of PEC. Samples were exposed to monochromatized Cu K-radiations (1.542 A°), and 

they were then examined between 2 and 60 degrees. 30 kV and 30 mA were the employed voltage and 

current, respectively. The chart speed was kept at 100 mm/2 and the range was 5 103 cycles/s. 

 

In-vitro drug release study  

 

PBS (pH 7.4) was used to carry out drug release evaluation from OPEC-1 for roughly 18 hours. A 

dialysis bag was used to hold an aliquot of OPEC-1 that had been pre-mixed with topiramate and 

suspended in 50 ml of phosphate buffered solution (PBS) at 37 °C with moderate magnetic stirring 

(100 rpm). To keep the sink conditions constant, 3 ml of sample was taken out and replaced with an 

equal volume of fresh medium at various time intervals. To measure the amount of topiramate 
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released, samples were examined using a UV visible spectrophotometer (Shimadzu UV-1700, China) 

at a predetermined wavelength of 272 nm [31]. 

Ex-vivo permeation studies 

The optimised batch's ex-vivo permeation investigation was carried out utilising freshly excised sheep 

nasal mucosa, which was procured from the nearby abattoir within an hour of the animal being 

sacrificed, as the bio membrane. With the mucosal and serosal surfaces pointing towards the donor 

and receptor compartments, respectively, nasal mucosa was carefully sliced and installed on the 

diffusion chamber. The Franz diffusion cell, which has a receptor capacity of 12.0 ml and a 

permeation area of 3.14 cm2, was used to assess the drug diffusion characteristic. The pH 6.6 

phosphate buffers in the receptor phase were kept at 371 °C throughout the course of the experiment 

by constant stirring. The donor compartment received PEC that was equal to 10 mg of topiramate. To 

keep the sink conditions constant, 300 ± l of the sample was taken out of the receiver compartment at 

regular intervals and replaced with an equal volume of new buffer solution. Each experiment was 

carried out in triplicate, and the sample was evaluated spectrophotometrically at a wavelength of 272 

nm using phosphate buffer (pH 6.6) as a blank [32]. 

Ex-vivo biocompatibility studies 

To ascertain whether prepared PEC is biocompatible with nasal mucosa. Freshly removed sheep nasal 

mucosa that had been carefully washed with isotonic saline solution was used for the histology 

analysis. On the nasal mucosa, prepared topiramate PEC (100 mg) was placed correctly. It was 

routinely treated, embedded in paraffin, and preserved in 10 % neutral carbonate buffered formalin 

solution after one hour. To ensure the tissue's viability, the experiment was conducted in a cell culture 

incubator (Sanyo Incubator, Model MCO-5AC, and Japan). Haematoxylin-Eosin (HE) indicator was 

used to stain additional paraffin sections (7.5 m), which were then examined under a Motic 

microscope. After isolation, the untreated mucosa that was directly glued was used as a control [33]. 

Result and Discussion 

Ultraviolet – visible spectroscopy 

a) Determination of λmax 

An absorption maximum was found to be at 272 nm. Hence 272 nm was selected as λ 

max for further studies. 

 
                   

 Fig.  UV Spectrum of Topiramate 
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An absorption maximum was found to be at 272 nm. Hence 272 nm was selected as λ max for further 

studies 

b) Calibration curve of Topiramate 

The stock solution for the standard drug of 1 mg was prepared using 100 ml of water. The maximum 

absorbance for the drug solution of 10 mcg/ml was found to be at 272 nm. The linearity was found 

between the concentration range of 10-35 mcg/ml for UV spectroscopy. 

 

 

       Fig. Calibration curve of Topiramate in water 

 

Drug–excipient interactions study 

Fourier-transform infrared spectroscopy (FTIR) 

FTIR spectrum of Topiramate was shown in following Fig. revealed characteristic peaks 

representing the presence of functional groups claim by its chemical structure. From this we 

can consider that the Topiramate was of pure quality. 

 

                         Fig. FTIR spectra of Topiramate 

After interpretation of FT-IR Spectrum of drug, it was concluded that all the characteristic 

peaks corresponding to the functional group present in the molecular structure of 

Topiramate were found within the reference range and confirming its identity. 
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  Table: Drug Interpretation data of FTIR 

 

                                    Fig. FTIR Spectra of Chitosan 

After interpretation of FT-IR Spectrum of polymer, it was concluded that all the 

characteristic peaks corresponding to the functional group present in molecular structure of 

chitosan were found within the reference range, confirming its identity. 

Table: Polymer Interpretation data of FTIR 

 

 

 

 

 

 

 

 

 

 
 

Fig.  FTIR Spectra of Physical Mixture 

Material Functional group Standard IR 

ranges (cm-) 

Observed IR 

ranges (cm-) 

  Topiramate C -O stretching 

N-H stretching  

 

 1720-1850  

 1500-1600 

1772.61 

1559.47 

Material Functional group Standard IR 

Ranges (cm-1) 

Observed IR 

Ranges (cm-1) 

Chitosan O-H Stretching 

C-O Stretching 

C=O Stretching 

3300-2500 

1382-1036 

1680-1630 

2857.87 

1199.56 

1654.23 
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After interpretation of FT-IR Spectrum of Chitosan and its physical mixture with drug, it 

was concluded that all the characteristic peaks corresponding to the functional group 

present in molecular structure of Topiramate were not found intact within the reference 

range, confirming its reactivity with chitosan. This interaction further supports the selection 

of polymer. 

Table: Physical mixture Interpretation data of FTIR 

Material Functional group Standard IR 

Ranges (cm-1) 

Observed IR 

Ranges (cm-1) 

Physical mixture 

(Topiramate + 

Chitosan + Pectin) 

C-N Stretching 

C-H Stretching 

O-H Stretching 

1350 – 1250 

2850 – 2970 

3650 - 3450 

1268.22 

2946.32 

 

3558.73 

 

 

                          Fig. FTIR Spectra of Formulation OPEC-1 

 

Table: Formulation Interpretation data of FTIR 

 

Material Functional group Standard IR 

Ranges (cm-1) 

Observed IR 

Ranges (cm-1) 

Formulation C – H Stretching 

C- N stretching 

2850 – 2970 

1350 – 1250 

1200 – 1000 

2938.65 

1261.55 

1085.97 

 

There was no considerable change in the positions of characteristic absorption bands and 

bonds of various functional groups present in the drug. This observation clearly suggests 
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that the Topiramate shows no prominent change in its characteristics even in its physical 

mixture. The results of FTIR spectra indicated the interaction between drug and polymer. It 

showed that Topiramate was compatible with chitosan. 

 

Preparation and optimization of PEC 

Design expert software projected 32 experimental runs from the three complete level factorial design 

for the three components of Chitosan (CS) (X1), Pectin (X2), and Acetic acid (AA) (X3), which were 

adjusted at three distinct levels (coded as 1, 0 and +1). For this investigation, the response parameters 

of particle size (PS-Y1) and entrapment efficacy (EE-Y2) were examined. Table 2 displayed a 

thorough outline of three full-level factorial designs. 

Table 2: Experimental runs for 3 full level factorial design 

Conc. of CS 

(X1) 

Conc. of Pectin 

(X2) 

Conc. of AA 

(X3) 

PS (Y1) EE (Y2) 

0.10 0.10 0.50 513 59 

0.10 0.15 0.50 488 70 

0.10 0.20 0.50 421 76 

0.10 0.10 0.75 519 71 

0.10 0.15 0.75 421 80 

0.10 0.20 0.75 399 69 

0.10 0.10 1.00 481 77 

0.10 0.15 1.00 390 81 

0.10 0.20 1.00 321 65 

0.20 0.10 0.50 376 75 

0.20 0.15 0.50 355 81 

0.20 0.20 0.50 322 67 

0.20 0.10 0.75 369 80 

0.20 0.15 0.75 343 83 

0.20 0.20 0.75 302 70 

0.20 0.10 1.00 399 79 

0.20 0.15 1.00 355 85 

0.20 0.20 1.00 300 78 

0.20 0.15 0.75 346 77 

0.20 0.15 0.75 341 80 

0.20 0.15 0.75 343 80 

0.20 0.15 0.75 347 77 

0.20 0.15 0.75 349 70 

0.30 0.10 0.50 302 81 

0.30 0.15 0.50 288 84 

0.30 0.20 0.50 265 75 

0.30 0.10 0.75 289 86 

0.30 0.15 0.75 255 90 

0.30 0.20 0.75 220 76 

0.30 0.10 1.00 275 76 

0.30 0.15 1.00 224 84 

0.30 0.20 1.00 202 88 
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For 32 batches, the PS and EE values varied from 202 nm to 519 nm and 59% to 90%, respectively. 

To determine the quantitative effects of the fact factors, an ANOVA was conducted. Multiple 

regression was used on the data to produce polynomial equations (2FI model for PS and quadratic 

model for EE). Model terms are considered significant when their values are p ˂ 0.05. While a 

negative sign denotes an antagonistic or inverse influence of the component on the chosen response, a 

positive number denotes a synergistic interaction that Favours optimisation. Below are the residual 

equations for two dependent variables expressed in terms of coded components. 

 

Particle size =  + 347.51 – 91.73X1 – 43. 84X2 – 22.29X3 + 17.09X1X2 + 7.34X1X3 -  13.43X2X3  

 

EE = + 77.47 + 4.78X1 + 7.33X2 + 2.67X3 -  0.25X1X2-  0.75X1X3 – 0.67X2X3 + 0.70X2
1 – 

2.30X2
2 – 1.30X2

3  

 

While the quadratic model with an R2 value of 0.9817 was recommended for the EE response, the 2FI 

model for PS was found to have a significant R2 value of 0.9754. High values of Adju. R2 (Adjusted 

coefficient of determination) (Table 3) further demonstrate that all models for both responses match 

experimental data well. 

 

Table 3: Model statistical summary 

 

Response Models R2 Adju.R2 Pred. R2 Adequate 

precision 

S.D Remarks 

P.S 

 

 

 

E.E 

Linear 

2 FI 

Quadratic 

Cubic 

Linear 

2 FI 

Quadratic 

Cubic 

0.9484 

0.9754 

0.9759 

0.9916 

0.9367 

0.9446 

0.9817 

0.9684 

0.9418 

0.9670 

0.9619 

0.9924 

0.9289 

0.9289 

0.9700 

0.9798 

0.9232 

0.9511 

0.9317 

0.9561 

0.9246 

0.8953 

0.9517 

0.9487 

- 

40.554 

- 

- 

- 

- 

37.543 

- 

22.09 

17.75 

18.72 

11.73 

3.07 

3.07 

2.46 

2.27 

Suggested 

 

 

  Aliased 

 

 

Suggested 

 

Also discovered to be in fair agreement with Adju.R2 (0.9670 for PS and 0.9700 for EE) values were 

Pred. R2 values (0.9511 for PS and 0.9517 for EE). Additionally, 'Adequate accuracy' is generally 

used to evaluate the signal-to-noise ratio (predicted response relative to its associated error), and a 

ratio of larger than four is typically preferred for navigating the design space. The signal to noise 

ratios for PS and EE were 40.554 and 37.543, respectively, demonstrating the good suitability of the 

chosen model. When the results were shown graphically for both investigated reactions, the 

experimental data acquired demonstrated a strong correlation with the expected data.  The natural 

logarithm of the sum of the squares or residuals is typically used as a guideline for choosing the 

precise power law transformation (lambda), which is established at the minimum point of the curve. 

To achieve the best fitting models, recommended transformations were put forth based on the best 

lambda values. Thus, for two suggested models, 2FI(PS) and quadratic models (EE), the suggested 

powers as a result of the best lambda were 0.62 and 0.18, respectively. 
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The non-significant lack of fit (p˂0.05 of the 5% significant level) obtained from all the models can 

be used to confirm that the data fit the suggested models. Indicating the model is significant, the 

model F-values of 116.55 for PS (2FI) and 84.61 for EE (quadratic) indicate that there is only a 0.01% 

probability that a model F-value may result from noise. Both F and p values were used to assess the 

relevance of the model's coefficients based on the ANOVA findings (Table 4). 

 

Table 4: Analysis of variance (ANOVA) results 

 

Term Responses 

PS EE 

Coefficients F-Value p value Coefficients F-Value p value 

X1 

X2 

X3 

X1 X2 

X2 X3 

X1 X3 

X2
1 

X2
2 

X2
3 

-91.73 

-43.84 

-22.29 

17.09 

7.34 

-13.43 

- 

- 

- 

 

529.72 

118.87 

30.09 

12.09 

2.73 

        7.61 

- 

- 

- 

<0.0001 

<0.0001 

<0.0001 

0.0028 

0.2120 

0.0166 

- 

- 

- 

5.79 

8.34 

3.68 

-0.26 

- 0.76 

-0.68 

0.71 

- 3.31 

-2.31 

196.68 

461.99 

61.97 

0.37 

4.22 

        3.54 

2.70 

18.96 

6.73 

<0.0001 

<0.0001 

<0.0001 

0.5663 

0.0969 

0.1354 

0.2172 

0.0004 

0.0259 

 

Response Y1 (PS) was significantly influenced by i) antagonistic effect of X1, X2 and X3 (all with a 

probability value of <0.001) and X1X2 (p-value 0.0028); ii) synergistic effect of X2X3 with a p value 

of 0.0166, being X1 effect the highest. Response Y2 (EE) was significantly influenced by i) 

synergistic effect of X1, X2 and X3 (all with a probability value of <0.001); ii) antagonistic effect of 

polynomial terms of X2 and X3 (X2
2 , X3

2 ) with a p-value of 0.0004 and 0.0259 respectively. Among 

all these significant variables, X2 effects EE with more magnitude. Response surface methodology 

(RSM) was used to further explain and examine the influence of independent variables on replies. 

RSM allows for the learning of primary effects and interaction effects with three-dimensional 

response surface graphs (RSG). Visual representations of measured responses are provided by contour 

plots. According to the RSG and parallel contour plots (Fig. 1) relating PS, the reaction declines as 

X1X2, X1X3, and X2X3 concentrations rise. Fig. 2's contour and 3-D response surface plots show that 

when EE increased, all variable concentrations also increased. 
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    Fig. 1. Contour plots (A) and three-dimensional response surface plots (B) for PS (Y1) 

 

 

 
 

  Fig. 2. Contour plots (A) and three-dimensional response surface plots (B) for EE (Y2) 

 

Setting objectives for each response and then making an overlay graph allowed for the independent 

variables to be optimised. To simultaneously optimise the sequence of models derived from 

experimental statistical analysis, the global desirability function (D) was used. At their design space, 

the optimisation considered all three independent factors. Each response has a low and high value 

given to each target for concurrent optimisation. While EE adjusted maximise, the PS reaction was set 

to a minimal target. As a result, for each response, whose values were stated using a non-dimensional 

scale ranging from 0 to 1, a unique desire function (D) was provided.  Desirability plots display areas 

of various hues that express D's range. Dark blue represents the least desirable zone with a D value 

close to zero, while red represents the most desirable zone with a D value of 1. D values between 0 

and 1 were indicated by additional coloured zones. The maximum D value of 0.979 for both replies' 

desirability plots was attained at ideal independent variable concentrations. The usage of such 

conditions will therefore result in modest PS (202 nm) and maximal EE (90.4%). As a result, the ideal 

concentrations of independent variables were taken into consideration when creating OPEC-1. 
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Evaluation of checkpoint batch (OPEC-1)  

Formulation (OPEC-1) was produced and assessed for EE, PS, PDI, morphological evaluation, and in 

vitro drug release experiments utilising optimised concentrations. By contrasting actual and expected 

values, the experimental design was quantitatively validated. Both responses' relative errors (%) were 

calculated, and the results were judged to be within an acceptable range of + 5%. The experimental 

outcomes and expected results were comparatively similar, demonstrating how precisely the design 

was done. 

 

PDI and zeta potential  

It is commendable to point out that OPEC-1 was distinguished by a limited PS distribution, as shown 

by the PDI value of 0.219 + 0.0313, X1 displays the synergistic effect on PDI, and furthermore, 

greater EE equals less PDI, which indicates a homogenous PEC system. In order to produce stable 

nano dispersions, OPEC-1 demonstrated a positive surface charge that is significant enough to 

demonstrate electrostatic repulsions between produced PEC. The total number of free -NH3+ chitosan 

molecules that are present on the PEC surface is determined by the strength of the positive charge. 

The information on the electrostatic potential and colloidal stability of the particles in solution is 

given by the quantifiable measure known as zeta potential. A high voltage of (>30 mV and 30 mV) is 

thought to be beneficial for prepared dispersions' strong stability. It was discovered that OPEC-1 has a 

zeta potential of 30.8 0.75 mV, which guarantees the great stability of prepared PEC. 

 

Scanning Electron Microscopy (SEM) 

Scanning electron microscopy was done for the surface characterization of OPEC-1 

formulation. As shown in fig. the OPEC-1 Formulation was scanned on 5,000x, 15,000x 

and 3000x. 

 

Fig. 3: SEM image of the chitosan based Topiramate OPEC-1 

 It does not show spherical structure. It shows irregular structure. 

 

Transmission electron microscopy 

Size and shape of the optimized batch of PEC were evaluated by transmission electron 

microscopy (TEM). TEM images of the PECs nanoparticle confirmed spherical shape of 

nanoparticles with narrow size distribution and non- aggregation and clumping of 

nanoparticles. 

 

Fig. 4: TEM image of chitosan based Topiramate OPEC-1 
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Differential scanning colorimetry 

 

The DSC thermogram of Topiramate, Chitosan, Pectin, and OPEC-1 are shown in figure. 

 

 

                                Fig. 5: DSC Thermogram of Topiramate 

 

                                         Fig. 6: DSC thermogram of Chitosan  

 

                                  Fig. 7: DSC thermogram of pectin 

 

                       Fig. 8: DSC thermogram of OPEC-1 

The thermal analysis of pure drug, chitosan, pectin and OPEC-1 formulation were studied 

by using Differential Scanning Calorimetry (DSC) as shown in following fig. 

respectively. The Topiramate shows endothermic peak at approximately 123.56 ℃. Chitosan 

shows a sharp endothermic peak at 89.78 ℃ corresponding to its melting point. The 

Pectin showed endothermic peaks at 105℃ respectively. DSC thermogram of drug loaded 

PEC chitosan nanoparticles (OPEC-1) shows the two endothermic peaks at 82℃ and 120 

℃. 
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X-ray diffraction study (XRD)  

The X-ray diffraction pattern of pure drug Topiramate, chitosan-based OPEC-1, and both polymer 

i.e., chitosan and Pectin were recorded on an x-ray diffractometer shown in fig. The distinctive sharp 

peaks of drug were observed at diffraction angles, 11.657 o, 12.852 o, 18.234 o on 2ѳ scale, illustrating 

the typical crystalline nature of drug. The nanoparticles showed a broad peak 22.267 o for indicating 

the amorphous state of the polymer. The absence of crystalline peaks of Topiramate in drug loaded 

PEC confirmed that the drug was molecularly dispersed in the polymer and conversion of drug into 

the amorphous form takes place. 

 

              Fig. 9: XRD of pure drug Topiramate 

 

                    Fig. 10: XRD of Chitosan 

 

 

                                      Fig.11:  XRD of Pectin 

 

                          Fig. 12: XRD of drug loaded chitosan-based OPEC-1 
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In-vitro drug release  

Studies on OPEC-1's in-vitro drug release revealed that 25.26% of the drug was released in a burst 

shortly after one hour, whereas 90.5% of the drug was released after 18 hours. This was consistent 

with the controlled drug release of topiramate from prepared PEC. The initial burst release of 25.26% 

from the PEC formulation within 1 hour was consistent with in vitro dissolution data, which were then 

followed by prolonged controlled drug release. On the PEC surface, where the drug molecules are 

loosely integrated by weaker electrostatic contact between the positive charged amino group of 

chitosan, the initial quick release of topiramate may be recognized as part of the substance. Fig. 13 

displays comparative dissolution characteristics of pure topiramate and an improved formulation. 

 

                      Fig.13:  In vitro release pattern of OPEC-1 

Ex-vivo permeation studies 

The optimised formulation OPEC-1 underwent the ex-vivo permeation investigation. After 180 

minutes, it was discovered that 90.04% of the topiramate had permeated from the PEC of batch 

OPEC-1, as shown in fig. 14. Chitosan, a cationic bio adhesive polymeric substance, can be used to 

improve medication absorption and dissolution when incorporated in PEC formulations for intranasal 

administration. The increased surface area provided by the smaller PEC particle size increases the 

drug release from formulations. 

 

       Fig. 14: Ex-vivo permeation of topiramate loaded chitosan-based PEC of OPEC-1  

 

Ex-vivo biocompatibility studies 

When preparing nasal PEC, it is crucial to protect the integrity of the nasal mucosa because prolonged 

exposure can compromise the nasal membrane's safety. The nasal mucosa treated with PEC and 

medication did not exhibit any deformation. The produced formulation is safe and biocompatible for 

intranasal administration, according to the findings of biocompatibility experiments. 
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A)                                             B) 

       

Fig. 15: Histopathological specimen of A) untreated nasal mucosa, B) topiramate loaded 

chitosan-based PEC treated nasal mucosa 

Conclusion 

The current work proved that chitosan-based PEC of topiramate may be successfully formulated using 

the ionotropic gelation process. Percentage yield, entrapment effectiveness, bioadhesion potential, ex 

vivo biocompatibility, and an in vitro drug diffusion profile analysis were used to describe the 

formulation. The findings of the topiramate-loaded PEC biocompatibility study showed that chitosan 

is a safe and biocompatible polymer that may be placed to the nasal epithelium, increasing the drug's 

absorption and bioavailability. Therefore, when compared to its traditional mode of administration 

and dose type, topiramate PEC delivery via intranasal inhalation is the better option. 
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