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ABSTRACT

The purpose of the present investigation was theflation and characterization of mucoadhesive ansd
release microsphere of antihyperlipidemic drug sistatin that would adhere in mucosa and releasdicoausly

to provide long term effect. There was various fdations of simvastatin were prepared by solvergpevation
technique using hydroxypropyl methylcellulose (HBMCarbopol, Xanthan gum, Guar gum as a polymere Th
prepared mucoadhesive microspheres were evaluateddrticle size, surface morphology, drug entrapime
efficiency, Drug content, buoyancy percentage amnditro drug release, In-vitro adhesion test analslity studies.
The particle was found to be discrete and sphenigéh the average particle size in the range of .5@5396.am.
As the concentration of polymers increases it &f¢loe various evaluation parameters like partisiee, in-vitro
drug release and In-vitro adhesion. The Mucoadlesiicrospheres of optimized formulation exhibitbéé t
prolonged release of 88.28% in continuous mannetouf hrs. It is concluded that the optimized folation of
simvastatin mucoadhesive microspheres can be sdlefdr sustained drug delivery system for improved
bioavailability.
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INTRODUCTION

Over the decades mucoadhesion has become populdts fpotential to optimize localized drug deliverdyy
retaining a dosage form at the site of action (&ithin the gastrointestinal tract) or systemicidsly by retaining
the formulation in intimate contact with the absimp site.

A bioadhesive system plays a major role, becausits gfotential. Furthermore acting as platforms $ostained
release dosage forms, bioadhesive polymers canstiiees apply some control over the rate and amofudtug
release and thus contribute to the therapeuticaf§i of bioadhesive drug delivery systems. Bioaidimness an
interfacial marvel in which two materials, no ldbsin one of which is biological, are held togethgrmeans of
interfacial forces. The attachment could be betwaeisimulated material and biological substrate gf@mple, the
adhesion between polymer and /or copolymer andkdical membrane. On account of polymer attaclwethé
mucin layer of mucosal tissue, the term “mucoaditéss employed

Administration of the drug via the mucosal layermisiovel method that can render treatment moreteféeand
safe, not only for the topical diseases but alssjstemic ones. These unique dosage forms, whictbe applied
on a thick gel like structure known as mucin, tfem all bio-adhesives must collaborate with thecimuayer
during the process of attachment, these depiciptiential sites for attachment of any bioadhesiygesn wet
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tissue, are developed by utilizing the adhesive@ries of some water — dissolvable polymers. Theasal layer
lines a various regions of the body including tlstgintestinal tract, buccal cavity, aviation esjtear, nose, eye,
urogenital tract, vagina and rectum are covéted

Simvastatin is the treatment of choice in modenatesevere familial or non-familial hypercholestemia.
Simvastatin  [R-(R*,R*)]-2-(4-fluorophenyl)- b,d-didroxy-5-(1-methyl ethyl)-3-phenyl-4-[(phenyl amino
carbonyl]-1H-pyrrole-1-heptanoic acid, calcium qaltl) trihydrate, is a BCS class Il drug usedha treatment of
hypercholesterolemia. It acts by competitive intidni of HMG-CoA reductase. Hence it prevents thevession of
HMG-CoA to mevalonate, an early rate-limiting stepthe biosynthesis of cholestetol

EXPERIMENTAL SECTION

The drug simvastatin was obtained from Heliox prafd. Carbopol and HPMC KM and xanthan gum, guar gum
were acquired from Central drug house. All othezraftals/reagents used were of analytical gradensmd used as
received.

A UV/Vis spectrophotometer (UV-1800/Schimadzu) waed for drug analysis.

Preparation of microspheres

Mucoadhesive microspheres of simvastatin were peephy emulsion solvent evaporation techniuBsug and
polymer were accurately weighed and mixed propdrhis mixture is mixed in the solvent (Acetone)vatious
ratios according to table no 1. This slurry introdd into 250 ml beaker containing 40 ml of liquidrgffin in
presence of 0.2% SLS solution and subsequenthedtat ranging agitation speed for 2 hours to allegvvolatile
solvent to evaporate. The Mucoadhesive microspheees collected by decantation, washed 3 times mtiexane,
dried overnight in oven at 40+2°c and stored inategors.

Table no. 1 Batch specification of prepared mucoadé/e microspheres

Code | Drug | Sodium alginate| HPMC| Guargum| Carbopol| Xathan gum
1

NN
SN PN PN

Wil | w|n

[y

CF1
CF2

m

w
g PN e e Lt Ll TN SN N PN Ll ol PN PN T N Ll L PN D R ol
PN e I Y L TS U P PN Ll Ll P PN T o Ll Ll PN T o o L

N SIS

Characterization of mucoadhesive microspheres

Particle size analysis

The particle size was measured using an opticalos@ope, and the mean particle size was estimateaelsuring
200 particles with the help of a calibrated ocufécrometer. A small amount of dry microspheres s@aspended in
purified water (10 ml). A small drop of suspensitrus obtained was placed on a clean glass slide.slide
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containing microspheres was placed on the stagdepimicroscope and diameter of at least 100 pastiglas
measured using a calibrated optical micronfeter

Drug content

The microspheres were powdered and suspended spipate buffer (pH 7.4) (Anand et al., 2004). Theultant
dispersion was kept for 20 min on the sonicatoh bat uniform mixing and filtered through whatmahefr paper.
The filtrate obtained was examined using a UV Vés#pectrophotometer at 250 hin

Determination of incorporation efficiency

To determine the incorporation efficiency, 10 mgcmspheres were thoroughly triturated and dissolired
minimum amount of methanol. The resulting solutiwas made up to 100 ml with 0.1 N HCI and filter&aug
content was analyzed spectrophotometrically at2#4i. The percentage incorporation efficiency aacentage
drug loading were calculated using eq. 20 & 21 gikelow.

%D loadi Calculated amount of drug 100
= X
OUTUG L0AENT = Thral weight of microspheres

Actual drug content

% Incorporation ef ficiency = Theoritical content x 100

I n vitro mucoadhesion test

In the present study, the eggshell membrane waktossubstitute the animal stomach mucosa in theoadhesion
evaluation of microspheres, based on the simildritwveen the eggshell membrane and the stomachsnwitiu
respect to its composition and thickness. The gowdelation betweem vitro data from the eggshell membrane
andin vivo mucoadhesion studies demonstrated the potentifleoéggshell membrane as substitute for the gastri
mucosa.

The eggshell membranes were obtained from frestkehieggs. After emptying the egg of its substandbe
external shell was uprooted, and the underlying brame was isolated. A piece of egg membrane wesotigo a
glass slide. Approximately 50 microspheres wereagponto the wet membrane and the prepared sliddwgy on
one the groves of a USP tablet disintegratingaesembly. The disintegrating test assembly wasatgbisuch that
membrane specimen was given regular up and dowrements in a beaker containing the simulated gaftict
USP (pH 6.8). At the end of 1, 4 and 8h, the migheses still adhering onto the membrane was cotinted

In-vitro release of muchoadhesive microspheres

The drug release rate from mucoadhesive microspheas determined using USP XXIII basket type digsmh
apparatus. A measured amount of mucoadhesive miweoss equivalent to 20 mg simvastatin was taken fo
dissolution study. Ph 7.4 buffer (900 ml) contaghifween 20 (0.02 w/v %) was used as the dissolutiedium and
maintained at 3 at a rotation speed of 100 rpm. 5 ml sample witlsdrawn at 1 hr interval and analyzed
spectrophotometrically at 247 nm to determine tbecentration of drug present in the dissolution imed The
beginning volume of the dissolution fluid was mained by adding 5 ml of fresh dissolution fluid esifteach
withdrawaf®**

RESULTS AND DISCUSSION

Flow properties of mucoadhesive microspheres

the prepared microspheres of simvastatin were atedufor different micromeritic properties such agle of
repose, bulk density, tapped density, car's intleaxisner’s ratio etc. and the results of these fimwperties are
shown in table no.2.

Physiochemical characteristic of mucoadhesive micepheres

The physiochemical characteristics of the prepamadoadhesive microspheres of simvastatin are showable no
3. The mucoadhesive microspheres were discretefrardflowing. The mean diameter varied between 3:05.
396.6um. The yield of mucoadhesive microspheresiwaise range of 81.81-93.61% which shows thatytiledd
increased with the increased polymer concentratioite drug entrapment efficiency ranged from 5496144%.
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Table 2: flow properties

Formulation | Bulk density (g/ml)* | Tapped density (gml)* | Carr's index* | Hausner’s ratio* | Angle of repose*
Al 0.68+0.030 0.80+0.035 15+1.90 1.22+0.040 30.58+1
A2 0.68+0.030 0.81+0.026 18.07+1.56 1.17+0.025 G200
A3 0.68+0.030 0.83+0.015 15+1.63 1.22+0.035 23.78a81
B1 0.68+0.03 0.86+0.03! 18.07£1.5! 1.22+0.05! 23.74+0.7.
B2 0.66+0.035 0.81+0.035 18.51+2.24 1.14+0.026 P16
C1l 0.71+0.020 0.7840.026 12.3441.87 1.11+0.040 2842
Cc2 0.70+0.015 0.78+0.026 10.25+2.3( 1.11+0.040 2867
C3 0.68+0.015 0.7440.026 10.5242.17 1.15+0.030 @651
D1 0.69+0.026 0.76+0.035 13.75+1.61 1.19+0.025 261188
D2 0.68+0.03 0.80+0.01! 16.04+1.81 1.16+0.04 27.02+1.6.
El 0.71+0.01! 0.80+0.01! 14.85+1.1. 1.21+0.03! 29.2442.0:
E2 0.7140.015 0.80+0.020 17.4441.89 1.19+0.036 22202
E3 0.68+0.026 0.83+0.030 16+1.85 1.18+0.026 28.8432
F1 0.66+0.035 0.85+0.051 15.38+1.14 1.14+0.035 2204
F2 0.68+0.036 0.86+0.050 12.82+1.64 1.15+0.030 2HLB6
F3 0.64+0.02( 0.80+0.04! 13.51+1.6' 1.15+0.03! 27.47+0.9.
G1 0.66+0.03! 0.76+0.041 13.51+1.6 1.17+0.03 22.29+1.41
G2 0.73 +0.015 0.8040.035 15+1.11 1.14+0.035 23253x
G3 0.70+0.015 0.76+0.055 12.5+1.25 1.12+0.025 241 7
H1 0.71+0.015 0.81+0.035 11.2541.13 1.16+0.020) 281154
H2 0.71+0.036 0.81+0.040 14.45+1.61 1.14+0.015 @714
H3 0.7440.03 0.86+0.04! 12.94+1.6 1.16+0.02! 25.64+2.2.
Cfl 0.74+0.03! 0.78+0.05! 13.95+1.3! 1.12+0.02! 26.56+0.9.
Cf2 0.71+0.051 0.76+0.051 11.25+2.07 1.15+0.035 92¥1.65

Table no. 3 Particle size, % Yield and % Entrapmentfficiency

Formulation | PARTICLE SIZE | % YIELD P4 ENTRAPMENT EFFI CIENCY
Al 105.54+1.14 81.81+0.04 83.06+1.21
A2 208.56+0.17 85.71+0.23 72.2+¢1.11
A3 396.6+0.64 93.75+0.84 68.8+0.68
Bl 387.6+0.58 90.42+0.73 74.5+1.29
B2 413.5+0.6 89.52+0.6. 60.23+0.7!

C1 330.87+1.67 85.71+0.98 96.44+2.13
Cc2 359.61+0.78 93.75+0.74 78.54+1.04
C3 315.54+0.54 90.29+0.68 78.76+0.96
D1 149.57+0.77 87.82+1.02 77.4+0.95
D2 251.8+0.52 91.53+0.81 64.78+0.57
El 249.540.3! 90.42+0.7: 70.53+0.7.

E2 128.54+0.32 89.52+0.61L 60.23+0.76
E3 181.59+0.49 93.84+0.74 54.11+0.59
F1 217.56+0.56 87.81+1.1p 79.31+1.08
F2 208.95+0.67 85.71+0.98 79.06+1.14
F3 396.6+0.64 93.75+0.74 80.46+1.41
Gl 387.6+0.5! 85.71+0.9i 85.71+1.5.

G2 413.5+0.67 93.75+0.74 79.43+0.61
G3 210.6+0.52 88.29+0.68 74.5+1.29
H1 128.54+0.32 88.75+0.88 60.23+0.76
H2 181.59+0.49 93.61+0.84 54.11+0.59
H3 208.56+0.17 88.69+0.98 79.31+1.08
Cfl 396.6+0.64 92.69+0.63 79.06+1.14

In vitro drug release

The drug release study from the prepared mucoadghesicrospheres was performed using USP type-laiagips
(rotating paddle) in 900 ml of 7.4 buffer dissodutimedia at 100 RPM at 37+0.5°C for 8 hours. Tre-vitro
release data of all the formulation of mucoadhesiNcrospheres are tabulated in table no.4
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Table no. 4 Cumulative drug release profile

Formulation | % CDR 8 HRS
Al 79.3+1.03
A2 85.18+1.42
A3 82.86+1.59
Bl 78.8+1.4:
B2 82.6+1.39
C1l 82.94+1.25
C2 85.27+1.18
C3 88.28+1.11
D1 81.3+1.12
D2 83.66+1.0:
El 85.03+1.1!
E2 84.81+1.39
E3 85.75+1.25
F1 85.93+1.30
F2 84.76+1.41
F3 85.36+1.3'
G1 85.24+1.2!
G2 85.93+1.18
G3 86.46+1.11
H1 85.62+1.12
H2 85.47+1.03
H3 80.58+1.1!
Cfl 82.4+1.3¢
Cf2 85.46+1.25
90 -
80 -
70 -
60 - —=—-Al
(-4
50 -
8 e A2
N 40 -
30 A = A3
20 —¥=B1
10 A
0 -.-BZ
1 2 3 4 5 6 7 8
Time (Hrs)

Figure 1: Comparative release profile of formulation

529



Rajesh Asijaet al J. Chem. Pharm. Res., 2015, 7(7):525-532

100 -
80 -
——C1
ez 60 -
8 == C2
X 4
= 40 e C3
20 - =¢=D1
0 ==D2
1 2 3 4 5 6 7 8
Time (Hrs)
Figure 2: Comparative release profile of formulatio
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Figure 3: Comparative release profile of formulation
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Figure 4: Comparative release profile of formulatio
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Figure 5: Comparative release profile of formulatio

Mucoadhesion test
Table no. 5 -In vitro mucoadhesion test

No. of microsphere adhere| % Mucodhesion
S.No.| Time(Hr)| Al C1 CF2 Al | C1 CE2
1 0 50 50 50 109 10 100
2 4 35 40 45 70/ 80 90
3 8 4 7 7 8 14 14

The table shows that some of microspheres wereradbehe membrane even after 8hrs. The higheseptage
mucoadhesion was found 14% in formulation

Drug release kinetics study

It was found that drug release rate fluctuated gnging the ratio of polymers in the formulatiorinétics and
mechanism of drug release from all formulations waaluated on the basis of zero order, first ortigguchi
equation and kesmeyer peppas model.

Zero order First order Higuchi Korsmeyer peppas
formulation 2 Ko(-) 2 Ki(-) 2 2
R lws)| B |mes| R | Ku R N
Al 0.95¢ | 9.84f | 0.03« | 0.09¢ | 0.95¢ | 26.37 | 0.84¢ 0.232
A2 0.94f | 11.E | 0.041 | 0.10€ | 0.94f | 30.1Z2 | 0.84¢ 0.27¢
A3 0.982| 11.13] 0.074 0.143 0.982 29.p9 0.841 0.2p7
B1 0.968| 10.28) 0.041 0.104 0.968 26|1 0.761 0.2p6
B2 0.986| 10.56/ 0.04/ 0.103 0.986 29|2 0.767 0.286
C1 0.990| 10.37 0.03 0.084 0.991 2933 0.788 0.302
Cc2 0.98¢ | 10.3¢ | 0.032 | 0.09C | 0.98¢ | 30.2¢ | 0.77¢ 0.33¢
C3 0.9€2 | 10.4¢ | 0.04: | 0.10¢ | 0.99f | 29.31 | 0.72¢ 0.331
D1 0.989| 9.796/ 0.037 0.094 0.989 2876 0.680 0.318
D2 0.991| 9.497] 0.028 0.081 0.991 2958 0.692 0.3¢48
El 0.962| 9.963 0.019 0.069 0.962 30[07 0.655 0.351
E2 0.988| 10.7| 0.028 0.081 0.988 29.99 0.647 0.3p8
E3 0.962| 8433 0.022 0.074 0.962 30.32 0.703 0.388
F1 0.9€ | 9.237 | 0.04¢ | 0.10¢ | 0.9€ | 30.3¢ | 0.56¢ 0.323
F2 0.985| 9.461 0.019 0.069 0.985 29097 0.642 0.360
F3 0.983| 10.54 0.03 0.085 0.983 3018 0.675 0.339
G1 0.994| 10.01 0.044 0.106 0.994 3014 0.691 0.35
G2 0.976| 10.68 0.019 0.069 0.976 30[39 0.651 0.337
G3 0.998| 10.96 0.032 0.09 0.998 305 0.692 0.3p4
H1 0.99¢ | 10.4% | 0.027 | 0.08: | 0.99f | 30.2¢ | 0.741 0.32¢
H2 0.996| 10.15( 0.066 0.129 0.996 30.p2 0.689 0.35
H3 0.978| 8.956| 0.044 0.10 0.978 28.49 0.680 0.3¢3
CF1 0.990| 9.999 0.02Y 0.088 0.99 2914 0.726 0.327
CF2 0.995| 1040 0.024 0.7§ 0.995 304 0.711 0.335
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CONCLUSION

In the above study the mucoadhesive microspherasgrofastatin were prepared by emulsion solvent enion
technique by using natural and natural polymershitwed a high percentage of mucoadhesion andpembra
efficiency. The optimized formulation(C1) of simtatin mucoadhesive microsphere prepared by napaigmer
showed maximum drug release than the syntheticnpey and followed Higuchi release. Other evaluation
parameters for natural polymer based mucoadhesem®sphere are higher than the synthetic.
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