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ABSTRACT

Optimization is used in formulation design to makecess fabrication as perfect and effective assibdes.
Optimization is needed to explore and define rarfgeformulation and processing parameters to proglithe best
fit model’ under a given set of restrictions. Naatipulate formulations were designed and develofmedanti
Alzheimer's drug galantamine hydrobromide. Chitosamd thiolated chitosan were used for fabricatioh o
nanoparticles by ionic gelation method with trigoypsphate (TPP) as cross-linking agent. The infteesf various
factors i.e. Polymer concentration, cross linkingeat concentration and stirrer speed were investideby Box-
Behnken Design for optimization. Effect of thesteld factors were studied on the responses mahsereéParticle
size, drug entrapment efficiency and mucoadhesitengial.
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INTRODUCTION

Nanofabrication is critical process depends upaioua factors and in order to achieve desired patars, various
optimization techniques are used. Out of variousndpation techniques, Response Surface Methodo(&EM),

combines mathematical and statistical techniquescémstructing models, which are being widely m&li for

formulation optimizations. By the help of optimizat techniques, all formulation factors are evatdatn all

possible combinations with minimum number of exmenmtal runs. All the dependent variables (respgnaes
correlated with the independent variables withetmpirical model equation. The 3D response surféms,contour
plots and cube plots are generated with the helgptimization method and helps in finding of intgrans among
the process variables.

Galantamine is a reversible competitive inhibitdr aholinesterase’s, the enzyme responsible for tiveting
acetylcholine and indicated for the treatment oidnd moderate Alzheimer’'s type dementia [1]. Cb#to and its
modified derivatives, have been diversely emplayedrug delivery due biodegradability, biocompditpiand also
used for food applications. More recently, chitosemoparticles have attracted much attention dueetsatile
physiochemical properties like high drug loadingaxcity, better mucoadhesive and adsorption perfoced2].
Thiolation of chitosan also improves the mucoadreepiotential as it tightly adheres to mucosal dipith through
covalent bonding with mucin gylcoprotiens via thib$ulfide linkage [3]. Several techniques haverbdeveloped
to prepare chitosan nanoparticles, such as ioniotrgglation, microemulsion, emulsification solvetitfusion,
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polyelectrolyte complex, emulsification cross-lingi complex coacervation and solvent evaporatiothaake[4].
The unique structural feature of chitosan is tresence of the primary amine at the C-2 positiothefglucosamine
residues. Due to its polycationic nature and itegtily interacts with negatively charged multivélesns such as
tripolyphosphate (TPP) which enable nanopartictenfdation via both physical and chemical crossitigk[5, 6].
For pharmaceutical applications, physical croskitig is more promising since it is reversible arsloaavoids
potential toxicity of the reagents. In present stigation chitosan and thiolated chitosan were usethbricate
galantamine nanoparticle by ionic gelation method aptimized by Box- Behnken Design.

MATERIALSAND METHODS
Galantamine hydrobromide (GT) was gifted by Ranb@Rgirmaceuticals Ltd. (Gurgaon), India. Chitosald)(@as
obtained as gift sample from CIFT, Kochi, Indiad&omn tripoly phosphate (TPP) and mannitol was pasel from
Hi Media lab Pvt. Ltd. (Mumbai) and all other cheals used are of analytical grade.

Table: | Design layout of galantamine nanoparticles

Coded L evels of Numericfactors Categoric factors
Formulation Batch X1 X2 X3 Polymer type

1 0 -1 -1 Chitosan
2 1 -1 0  Thiolated chitosan
3 0 1 -1 Chitosan
4 -1 0 -1 Chitosan
5 -1 -1 0  Thiolated chitosan
6 0 0 0  Thiolated chitosan
7 -1 0 1  Chitosal
8 -1 1 0  Chitosan
9 -1 -1 0  Chitosan
10 -1 0 -1  Thiolated chitose
11 0 0 0  Chitosan
12 0 0 0  Thiolated chitosan
13 0 0 0  Thiolated chitose
14 1 -1 0  Chitosan
15 0 0 0  Chitosan
16 0 -1 -1 Chitosan
17 1 1 0  Thiolated chitosan
18 1 0 -1 Thiolated chitosan
19 1 0 -1 Chitosan
20 -1 0 1  Thiolated chitosan
21 1 1 0  Chitosan
22 -1 1 0  Thiolated chitosan
23 1 0 1  Thiolated chitosan
24 0 0 0  Chitosan
25 0 0 0  Thiolated chitosan
26 0 1 1  Thiolated chitosan
27 0 -1 1  Thiolated chitosan
28 0 0 0  Chitosal
29 0 0 0  Thiolated chitosan
30 0 -1 1  Chitosal
31 0 1 -1 Thiolated chitosan
32 0 0 0  Chitosan
33 0 1 1  Chitosal
34 1 0 1 Chitosan

Trandation of Coded levelsin actual units  Minimum Medium Maximum
Coded Levels of Numeric factors

X1 : Drug Polymer ratio -1 0 1
X2 : Stirrer Speed -1 0 1
X3 : Polymer TPP Ratio -1 0 1
Categoric Factor : Polymer ty

Chitosan (% 0.1 0.2 0.2
Thiolated Chitosan (%) 0.1 0.2 0.3
Cross linking agent

Sodium tripolyphosphate (TPP) 0.0z 0.0€ 0.1
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Experimental design and preparation of galantamine nanoparticles
Chitosan (CH) and thiolated chitosan (TCH), nantiglas (NPs) incorporating galantamine were faltedaby
modified ionic gelation method using TPP as crogsig agent.

In this method 0.1% chitosan in 2% acetic acid tsmhuwas prepared and pH was adjusted to 5.6 usiugous
solution of sodium hydroxide. Nanoparticles weréaated as result of the drop wise addition of TBRt#nN to the
aqueous solution of polymer (TCH/CH) by continuatising, TCH/CH to TPP weight ratio used is 3:heTldrug
was dissolved in polymeric solution before croskilig. As a result of ionic cross linking, a slighilky turbid

solution was obtained, which was further stirred Hialf an hour. The resultant nanoparticles wegasged by
centrifugation at 13,000 rpm for 1h atC} The pellets was redispersed in water and ly@gghil by using 2% D -
mannitol as cryoprotectant.

The experimental design layout is summarized inl@dbfor the formulation of polymeric nanopartislevas
generated by Box-Behnken Design. The effects afcsetl three numeric factors (drug polymer ratimrest speed
and drug TPP ratio) and one categoric factor thaiolymer type (chitosan and thiolated chitosaagheat three
level on the three responses (particle size, dnigapment efficiency and mucoadhesive potentiallevevaluated
in order to create optimum design space. The softesign Expert version 9.0.6.2 (Stat-ease Inmkpolis,
MN) was employed for statistical analysis of théaited data.

Characterization of formulated nanoparticles

M easur ement of particle size, zeta potential and polydispersity index

Average particle size (Z-average), polydispergigeix (PDI) and zeta potential of the prepared nartimpes were
determined by dynamic light scattering analysisigsZetasizer (Nano ZS 90, Malvern Instruments, YAl the
measurements were carried out by dispersing thepaaticles in appropriate volume of deionised wate25-C.

Percent drug entrapment efficiency (% DEE)

The supernatant of formulations after centrifugatieere collected and filtered. The amount of drogspnt was
determined by UV spectrophotometer (Varian Carydg(@0etherland) at 289nm. The Percentage drug engap
efficiency (DEE) was calculated using formula:

The amount of drug (W) — Free drug in supernatant(w)
X

Total amount of drug (W) 100

% DEE =

M ucoadhesive potential

Chitosan and TCH discs were prepared by direct cesson using single punch hydraulic press (K- lanay
Engineers) at the pressure of 10 tons for 10s gati® mm diameter with flat surface carrying 200 woify
nanoparticle formulation. Nasal tissue from uppespiratory tract of the nasal cavity of goat wasisted from
animals immediately after slaughter at local slaedtouse. The tissues were washed with deionizedrveand
placed in normal saline solution a@ for further studies.

Mucoadhesive potential of the polymeric discs wasried out using a texture analyzer (TA XT2, Stable
Microsystems, U.K.). A disc was attached to thengyical probe (20 mm diameter) by double sidedesdre tape.
The tissue was equilibrated for 15 min at 37.05°C. before placing on to the holder stage of texauralyzer. The
probe attached to disc was loaded with 5 kg weighit The test speed was settled at 1mm/s and pralsemoved
downwards, touches the tissue for 30s and afteswvidrel probe was subsequently withdrawn. The maxirforoe
required to separate the probe from the tissue riaximum detachment force; &) was detected directly from
texture analyzer and was used to compare the mhesa@ potential of the polymeric nanoparticles.

RESULTSAND DISCUSSION

Box- Behnken Design for Optimization

The values of all responses measured (particle, singg entrapment efficiency (% DEE) and mucoadigesi
potential) are shown in table Il. Particle sizeahfthe formulation were found to be in the ran§d 4.7 nm to 565
nm, % DEE varied from 65.9% to 90.6% and mucoadegsotential was observed in the range of 0.4N206I5
Quadratic surface model was found to be best filehor the responses particle size and DEE arehtimodel for

the response mucoadhesive potential with p valoeXf, X, and X as 0.0189, 0.0047and 0.0001and F values as
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7.30, 5.90 and 23.16 respectively. The adequatggion is the measure of signal to noise rati itsvalue being
more than 4 for all these selected response vasadhd hence model can be used to navigate thawnptdesign
space. The reliability of regression models wa® astablished from the high?Hor the particle size, drug
entrapment efficiency and mucoadhesive potenti@®0@®4, 0.8641 and 0.7616) values and their siraitfinsted R
values (0.7960, 0.7758 and 0.7287) respectively.

The following polynomial coded equations were gatedt for GT nanoparticles

Partic(llze Size = +275.92* A +100.43+49.44* B +74.03*%18.88* D +33.02* AB +20.48* CD -12.66A56.54* B’
-5.47

%DEE = +83.49 -5.83* A -5.83* B - 4.99* C -1.34* 11.77* AB - 0.92* AC -1.71* BC -1.06* CD +1.72*BD-
1.38*CD-0.20*A%-5.04*B*+0.46*C

Mucoadhesive potential = +0.52+0.085*A-0.069* B+ T +0.58* D
Where, A= Drug polymer ratio

B = Stirrer speed

C = Polymer TPP ratio

D = Polymer type

Tablell: Responses obtained from the Box- Behnkan Design for formulation optimization

Batch No.  Partice Size (hm) DEE (%) Mucoahepiwintial (N)

1 156.7 89.9 1.3
2 408.2 68.0 4.1
3 309.0 83.1 1.0
4 114.7 90.6 0.8
5 202.1 87.9 3.0
6 248.3 84.2 3.2
7 216.9 85.1 0.9
8 226.4 86.1 0.6
9 215.8 85.1 0.8
10 149.3 90.0 2.8
11 361.5 79.3 0.5
12 2325 84.9 3.9
13 244.7 85.9 1.6
14 350.0 81.0 0.9
15 306.1 82.3 0.4
16 175.0 87.9 1.2
17 575.0 65.9 2.8
18 308.0 83.9 1.3
19 297.5 84.8 1.4
20 292.7 84.9 5.2
21 505.2 67.0 1.6
22 249.3 85.0 2.4
23 465.0 69.7 3.9
24 265.0 84.0 0.8
25 314.0 83.6 4.0
26 464.2 66.9 3.9
27 498.0 69.0 3.2
28 262.0 84.6 1.0
29 306.2 81.1 2.9
30 261.6 84.1 1.4
31 299.1 83.8 2.9
32 217.0 85.0 1.2
33 427.0 70.0 0.9
34 365.2 81.1 1.2
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@
Design-Expern® Soft
Factor Coding: Actual Cube
Si .
Xizf (An:mIZZrug Polymer ratio Size (nm)
X2 = B: Stirrer speed -
X3 = C: Polymer TPP ratio 328.398 hd 604.923
Actual Factor
D: Polymer type = Thiolated chitosan
2 L
B+:1 163.697 450.672
E 5@
=1
[<5]
g ® 2
@ 356.022 500.447 C+:1
]
.ﬁ
& ® : Polymer TPP ratio (mg)
B-:-1 126.36 281.235 C-:-1
A -1 . A+ 1
A: Drug Polymer ratio (mg)
(b)
Design-Expent® Software
Factor Coding: Actual Cube
DEE (%)
X1=A: cDrug Polymer ratio DEE (%)
X2 = B: Stirrer speed -
X3 = C: Polymer TPP ratio 79.2822 hd 58.8097
Actual Factor
D: Polymer type = Thiolated chitosan
2 L J
B+:1 92.3118 75.5293
3 o
=t
(3]
2 ° 2
2 79.6343 66.2418 c+1
]
.En:
o ® : Polymer TPP ratio (mg)
B-:-1 88.4201 78.7176 C-:-1
A- -1 A+l

A: Drug Polymer ratio (mg)
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©
Design-Expent® Software
Factor Coding: Actual Cube
Original Scal i i
Mucoadheene Potential (NWw) Mucoadhesive Potential (Nw)
X1 = A: Drug Polymer ratio -
X2 = B: Stirrer speed e
X3 = C: Polymer TPP ratio 3.08202 3.652
Actual Factor
D: Polymer type = Thiolated chitosan
2@ ®
B+:1 2.47386 2.93137

E s

=t

(3]

3]

% o 2

Ny 3.54052 4.19528 C+:1

]

.En:

o ® : Polymer TPP ratio (mg)

B-:-1 2.84189 3.36745 C-:-1
A- -1 A+l

A: Drug Polymer ratio (mg)

(d)
Design-Expent® Software
Factor Coding: Actual C u be
Desirabilit : o
X1=A: DXJg Polymer ratio DeS”ablllty
X2 = B: Stirrer speed -
X3 = C: Polymer TPP ratio 0.546 e 0.000
Actual Factor
D: Polymer type = Thiolated chitosan
2 [ J
B+:1 0.752 0.383
=t
(3]
8. ® 2
@ 0.558 0.099 c+:1
]
& \Predlctlon 0.814616 : Polymer TPP ratio (mg)
B-:-1 0.781 0.582 C-:-1
A- -1 A+l

A: Drug Polymer ratio (mg)

Figure: | Cube plots showing the combined effects numeric variableson particle size (a), % DEE (b), Mucoadhesive potential (c) and
desirability (d)

The cube plots, highlighting the effects selectedneric variables on the three responses measunssl lfeen
shown in Figure (I). A design space with desir&pidiif 0.8146 was generated from the numerical ogtition. The
optimum formulation parameters, as suggested bystievare were 0.01% thiolated chitosan, 1000 rpimes
speed and 0.06% sodium triployphosphate as thelorkisig agent. The optimized formulation was fahted and
evaluated which yielded the responses X1, X2 anch¥X377.37nm, 90.54% and 2.8N respectively. Theenigal
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optimization was validated by comparing the prestichnd actual values of responses which reveadtaliatically
insignificant percent prediction error of 4.79,8and 3.49 for X1, X2 and X3 respectively.

It was observed that the particle size was increagth increase in the polymer concentration. #rer speed
around 1000 rpm (medium), minimum particle size whtined and at higher speed i.e. 1500 rpm anowar
speed i.e. 500 rpm the particle size increases. Gémavior can be attributed to the fact that lowirsg speed were
not provide sufficient attrition on nanoparticlekeveas high stirring speed may have resulted lrigioer charge on
particles which ultimately resulted in high aggloatén. Particle size was found to be increasdugiter polymer
TPP ratio as increase in TPP concentration caughsrcross linking with polymer.

It was observed that DEE increased with decreasilg polymer ratio as higher amount of polymer eatrap
drug in nanoformulation which may leach out in lhe solution. Optimum stirring speed was prereqifit high
DEE as at lower speed (500 rpm) and higher (156t ,rghe DEE decrease from more than 85% to less 70&6.
Increase in TPP concentration, increases the Grddsg due to which more drug get entrapped ingheicles.

Mucoadhesive potential mainly depends upon the tfgeolymer, with thiolated chitosan mucoadhesiwteptial
was found be maximum (5.2 N) and on the other hatid chitosan maximum mucoadhesive potential wasdioto
be (1.3). Increase in the polymer concentration @ods linking agent (TPP), slightly increases thecoadhesive
potential and increase in stirrer speed cause titcrease in the mucoadhesive potential.

The solution obtained from numerical optimizatioasaprepared and evaluated. A zeta potential wasdftw be
+27.6 mV, revealed adequate electrostatic andcssé&ability of the optimized nanoparticles and sipiee value of
zeta potential is due to the polycationic naturethef polymer. Poly dispersity index (PDI) was foutad0.32,
suggesting higher monodispersity of the nanopastiol medium.

CONCLUSION

The present study elaborated the optimization déirgamine hydrobromide encapsulated chitosan aiudated
chitosan nanoparticles by Box-Behnken Design tédysenaller particle size with maximum drug encapsah and
mucoadhesive potential for efficient nose to brdimg delivery. Particle size mainly depends on ploéy/mer
concentration and amount of crosslinking agentir@ipation process suggested that the thiolatedshit is better
mucoadhesive polymer as compared to chitosan and bea utilized for the fabrication of mucoadhesive
nanoparticles for galantamine hydrobromide in teattment of Alzheimer’s.
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