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ABSTRACT

The objective of the present study is to desigmnoéopged release dosage form to be used for
targeted and controlled release drug delivery. Ragpion of mucoadhesive microspheres con-
taining venlafaxine HCI helps in releasing smallagtities of drug, advantage for treating of
depressive disorders. Slowly dissolving polymerssistaining the release may be suitable for
long term therapy in controlled alleviation of atal manifestation. Ethyl cellulose and Eudra-
git RS100 provide a potentially useful means oivdghg drugs because they are stable, both
physically and chemically amenable to preparatiorarge batches. However the present work
is aimed to design and evaluate the mucoadhesiceospheres of Venlafaxine HCI. In this
present work the mucoadhesive microspheres of fexte HCI| were prepared by employing
2factorial design by using Ethyl cellulose alonghwiudragit RS100 and Hydroxy Propyl Me-
thyl cellulose K4M. In this experimental model, goal is to determine how thgd,of drug re-
lease and mucoadhesive characters can be affegtadjbsting three parameters, concentration
of polymers Ethyl cellulose, Eudragit RS100 & HPM4M. For each of these parameters, the
levels will define for use in this 2-level expenrhdn formulations, the low and high levels of
Ethyl cellulose, EUDRAGIT RS100 and HPMC K4M wes8 g and 1000 mg, 100 mg, 200
mg and 200 mg, 300 mg respectively were used. fige mblymer compatibility studies were
carried out using FTIR. The stability studies weomducted for the optimized formulation. The
optimized formulation exhibited high drug entrapmnefiiciency and the drug release was also
sustained for more than 24 hours.

Keywords: Venlafaxine HCI, Microspheres, Ethyl cellulose, Hyxly Propyl methyl cellulose.

INTRODUCTION

A primary object of using mucoadhesive formulati@nally would be to achieve a substantial
increase in length of stay of the drug in the @ttr Stability problem in the intestinal fluid can
be overcome. Therapeutic effect of drugs insolimkle intestinal fluids can be improvedu-
coadhesive microsphere carrier systems are madetfre biodegradable polymers in sustained
drug delivery. Recently, dosage forms that canipegccontrol the release rates and target drugs
to a specific body site have made an enormous itripathe formulation and development of
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novel drug delivery systeri§ Microspheres form an important part of such nairely delivery
systems. They have carried applications and angaped using assorted polymerslowever,
the success of these microspheres is limited ovarigeir short residence time at the site of ab-
sorption. It would therefore be advantageous teehaeans for providing an intimate contact of
the drug delivery system with the absorbing memésah This can be achieved by coupling
bioadhesion characteristics to microspheres andldewg bioadhesive microspheres. Bioadhe-
sive microspheres have advantages such as effigearption and enhanced bioavailability of
drugs owing to a high surface-to-volume ratio a imawore intimate contact with the mucus
layer and specific targeting of drugs to the abtonpsite®*3

Venlafaxine HCI is a new generation anti depressantonin / noradrenalin reuptake inhibitor

drug showing effective anti-depressant properiiebas a short bioavailability 12.6% and bio-

logical half-life of 5 hours. So, frequent admingiton is necessary to maintain its therapeutic
concentration. This necessitates multiple dailyimp$or maintenance of its plasma concentra-
tion of the drug within the therapeutic index herntere is an impetus for developing sustained
release dosage form that maintains improved bitatfity and therapeutic plasma drug concen-
tration for long period compared to conventionasatye form¥',

In this present work the mucoadhesive microsphefegnlafaxine HCI were prepared employ-
ing Zfactorial design by using Ethyl cellulose alonghMEudragit RS100 and HPMC K4M. In
this experimental model, our goal is to determiner lthe §q0,0f drug release and mucoadhesive
characters can be affected by adjusting three peteas) concentration of polymers EC, Eudragit
RS100 & HPMC K4M of the mucoadhesive microspheFes.each of these parameters, the le-
vels will define for use in this 2-level experimemt formulations, the low and high levels of EC,
EUDRAGIT RS100 and HPMC K4M were 750 mg and 100Q & mg, 200 mg and 200 mg,
300 mg respectively. The drug polymer compatibifitydies were carried out using FTIR. The
stability studies were conducted for the optimif@anulation.

MATERIALS AND METHODS

Venlaflaxine HCI was obtained as gift sample frolRCHID Pharma Ltd, Kanchipuram. Ethyl
Cellulose (30-50 cps) from Himedia Laboratories. ltumbai, Hydroxy Propyl Methyl Cellu-
lose K4M and Eudragit RS100 was obtained from Miabs, Hosur, Span 80 and Liquid paraf-
fin was obtained from Loba Chemical Pvt.Ltd.Mumbacetone AR from Research labs fine
chemicals, Mumbai, Con. HCI, Potassium dihydrogeadphate , Sodium Hydroxide from Nice
Chemicals Pvt. Ltd, Chennai, Petroleum ether frdmr@pure, Chennai.

UV Spectrophotometer, Scanning Electron MicroscapyP XXIV Basket Apparatus (Dissolu-
tion), Image analyzer, Optical Microscope, Propdltarer, USP Tablet disintegration apparatus.

Preparation of Microspheres by Solvent EvaporationTechnique

Accurately weighed quantity of the polymer (EthydlQlose & Eudragit RS100) was dissolved
in 20 ml of acetone. Weighed quantity of VenlafaxCl and Polymer HPMC K4M (previous-
ly passed through the sieve # 150) were then disdein the above polymer phase and stirred
for 2 hours. Then it was emulsified with the 100ahliquid paraffin containing 1% w/v of Span
80 with continuous stirring at 800 rpm under a negnstirrer. The stirring was continued for 2
hours to ensure complete evaporation of acetone.niilcrospheres were then separated from
liquid paraffin by filtration through Whatmann &it paper No. 44, washed three times with 50
ml of petroleum ether, and air dried for 12 hours.
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Evaluation of microspheres

Percentage Yield

Thoroughly dried microspheres were collected anijhesl accurately. The percentage yield
was then calculated using formula given below.

Mass of microspheres obtainedx

% yield = 10(¢

Total weight of drug and polymer

Microsphere Size Analysis
Microsphere size determination was done by optidatoscopy method. Size distribution plays
a very important role in determining the releasarabteristics of the microsphet&s

Shape and Surface Characterization
The shape and surface characterization of micreepheere observed under a Scanning Elec-
tron Microscope (SEMY* %

Angle of Repose
Angle of repose was calculated by static methodguinnet®. The angle of repos@)is calcu-
lated by the following formula,

0 = tan’ (h/r)

Where, h = pile height of microspheres, r = raditithe circular are formed by the microspheres
on the ground.

Bulk Density

The bulk density was determined by 3-tap methodigihésl quantities of prepared microspheres
were filled in 10 ml of graduated cylinder the iaitvolume was noted. After tapping for three
times the final volume was not@dThe bulk density was calculated as per followfmgnula:

W
=T,
Where,

p= Bulk density, Wo =Weight of sample in gm, Vo= &livolume after tapping

Drug Content

Accurately weighed 100 mg microspheres, crusheglass mortar and pestle and the powdered
microspheres were suspended in 100 ml of 0.1N KA@&&r 12 hours the solution was filtered
and tr??? filtrate was analyzed for the drug contesing UV —Visible spectrophotometer at
224nnf-,

Encapsulation Efficiency
Encapsulation efficiency was calculated using tieding formula;

i 0,
Encapsulation efficiency % Estimated drug content />‘%100j

Theoretical drug content%

Where, Wo = initial weight of the dry microspherd#e = weight of the swollen microspheres at
equilibrium swelling in the medfa
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In Vivo Wash-Off Test

The mucoadhesive property of microspheres was ateduby an In vitro adhesion testing me-
thod known as wash-off methoreshly excised piece of intestinal mucosa (2 m2 ftom goat
were mounted on to glass slides (3 x 1 inch) wyidinoacrylate glue. Two glass slides were con-
nected with a suitable support, about 25 microgggherere spread on to each wet rinsed tissue
specimen and immediately thereafter the suppors weg on to the arm of a USP tablet disin-
tegrating test machine. When the disintegratirsg) ngachine was operated, the tissue specimen
was given slow, regular up-and-down moment in #s¢ fluid (900 ml of 0.1N HCl/phosphate
buffer pH 6.8 at 37 £ 0.5°C). At the end of one hand at the hourly intervals up to 5 hours,
the machine was stopped and number of microsplséhesdhering to tissue was calculated. The
studies were carried out in triplicale

In-Vivo Dissolution Studies

Dissolution studies were carried out for all thenfalations, employing USP XXIIlI apparatus
(Basket method) at 37 8.5°C rotated at constant speed of 50 rpm usiby B1C| as the disso-
lution medium for first 2 hrs and remaining in ppbate buffer pH 6.8. A sample of micro-
spheres equivalent weight to 75 mg of venlafaxii@ Was used in each test. An aliquot of the
sample was periodically with drawn at suitable timterval and the volumes were replaced with
fresh dissolution medium in order to maintain thrk £ondition. The sample was analyzed spec-
trophotometrically at 224nfh

Release kinetics and mechanism

To know the release mechanism and kinetics of ¥axitee HCI, optimized formulation was at-
tempted to fit in to mathematical models and’ryalues for zero order, First order, Higuchi and
Peppas models.The peppas model is widely used, thieaerelease mechanism is not well known
or more than one type of release could be invol¥ée. semi-empirical equation.

Mt/Moo = ktn

Where,Mt/Mw is fraction of drug released at time't’, k repnetsea constant, and n is the diffu-
sional exponent, which characterizes the type &dase mechanism during the dissolution
processFor non-fickian release, the valaén falls between 0.5 and 1.0; while in case ciifin
diffusion, n = 0.5; for zero-order release (casgdhsport), n = 1; and for supercase Il transport,
n > 1.0Observation of all the’ivalues indicated that the highe$(0.9756) value was found for
Zero order release. According to ‘n’ value it isepso it follows non-fickian diffusion with zero
order release (case Il transpGrtf’ 22

23 Factorial Designs

The optimization phase was designed statisticaipgi 2 factorial design in which three va-
riables namely concentrations of polymers such @sHudragit RS100 and HPMC K4M were
kept at two levels. Except the optimization phas®se purpose was validated by extra design
check point and main interactive influences westet# using statistical methods. The eight for-
mulations of optimization phase were categorizetb ifour groups for ease of analysis and com-
parison as follows

Group | . All variables at low level
Group Il : Any one of three variables at high leffe, F;, F)
Group Il : Any two of three variables at high |&¥E,, Fs, F)
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Fourier Transform Infrared Spectrophotometer (FTIR) .

Compatibility study of drug with the excipients wastermined by FTIR Spectroscopy. The pel-
lets were prepared at high compaction pressureslmgWKBr and the ratio of sample to KBr is
1:100. The pellets thus prepare were examined lamdpectra of drug and other ingredients in
the formulations were compared with that of thejioal spectr&™®

RESULTS AND DISCUSSION

Mucoadhesive Microspheres of Venlafaxine HCl wereppred bySolvent Evaporation Tech-
nique employing ¥actorial design by using Ethyl cellulose alonghwEudragit RS100 and
HPMC K4M shown in Table No | & IIThe FTIR spectral analysis showed that there was no
appearance or disappearance of any characteresikspof pure drug Venlafaxine HCI and the
physical mixture of drug and polymer, which confirine absence of chemical interaction be-
tween drug and polymers shown in Fig No 1l & IIl.

The percentage yield of microspheres of all formaots was in the range of 43.68% to 91.82%.
The microsphere prepared by this method was foar tdiscreet, spherical, free flowing and it
was observed by Scanning Electron Microscopy (SEM)No IV. The microspheres were uni-
form in size with a size range of 6566 to 105.3(im. The angle of repose revealed that the
microspheres of all the batches had good flow ateristics and flow rates. The bulk density
was in the range of 0.50 to 0.62 were shown in dad Ill.The drug content determination
showed that even if the polymer composition wasngkd the process was highly efficient to
give microspheres having maximum drug loading. &hapment efficiency was in the range of
68.38% to 93.08%. Microspheres of Venlafaxine H&libited good mucoadhesive properties in
the invitro wash of test were shown in the TableINoThe F5 formulation has more adhesive
strength than others. The optimization phase wagyded statistically using®Zactorial design

in which three variables namely concentrations amers such as EC, Eudragit RS100 and
HPMC K4M were kept at two levels shown in Table INo

Although all formulation were analyzed for unifotgnof release pattern, amount of drug release
at the end of 24 hours and mechanism of drug release shown in Table No IV & V and all of
these parameters were considered for selectiorstfformulation in the optimization phase, on-
ly release rate ang.% values were used for comparative analysis asdhasacterize the entire
kinetic profile.

Compare to base line response of Group-l formulatite g0, values of all formulations in
Group-1l were relatively high. It indicates thategy polymer has the ability to sustain and retard
the release at high concentration, though the madmiof their impact was chiefly indicated by
their extent of solubility and swellability. Therfaulation k, F; and k5 contains higher propor-
tion of EC, Eudragit RS100 and HPMC K4M respectivahown in Table No 1. Based on the
tgos Value of the above formulations, the degree ofrdetacy is in the order of EC > HPMC
K4M >Eudragit RS100.The formulatiory,H% and F containing any two of three polymer in
higher concentration namely Eudragit RS100 & ECMd@PK4M & EC and Eudragit RS100&
HPMC K4M. The observeddy, value demonstrated the influence in retardingréhease as fol-
lows HPMC K4M & EC > Eudragit RS100 & EC > EudraBif100 & HPMC K4M. The formu-
lation Fg containing three polymers in high concentratioavetd the doo, Value of 23.88 hours.
The drug release was retarded by increasing thanaolconcentration due to increased viscosity
and strength of gel matrix formed due to EUDRAGI$IR0 and HPMC K4M and low water
permeability of EC. This swelling of EUDRAGIT RS1@)independent on medium pH, which
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forms hydrogen bonds with imbibing water and alstwl& water inside the gel matrix. Increasing
the amount of HPMC K4M also forms a gel network #mete the drug diffusion is controlled by
penetration of liquid through the gelled networkl dhereby increasing theyd,value. Since the
design was optimized statistically usingfactorial designs it is possible to authentichie de-
sign by selecting an extra design check point negidithin the influential matrix space and ve-
rifying the proximity of predicted response to thieserved one. This was done by constructive
polynomial equation of linear interactive modeléypsing pertinent statistical calculations listed
in following pages.In order to understand the camphechanism of drug release from the mu-
coadhesive microspheres, timevitro Venlafaxine Hcl release data were fitted to korgene
peppa’s release model and interpretation of releapenent values (n) enlightens in understand-
ing the release mechanism from the dosage form.rélease exponent values thus obtained
were ranged from 0.5763 to 0.6692are shown in ThloldV. All the formulations exhibited
anomalous (non-fickian transport) diffusion meckani The drug release was diffusion con-
trolled as the plot of Higuchi's model was foundomlinear (r > 0.983).

Table No I. Composition of Formulations of Mucoadhsive Microspheres of Venlafaxine Hcl

Formulation Code Venla{ri)ggle Hel (IrEn(é) Eudragit RS100 (mg) | HPMC K4M (mg)
1 500 750 100 200
F, 500 1000 100 200
Fs 500 750 200 200
F4 500 1000 200 200
Fs 500 750 100 300
Fs 500 1000 100 300
F; 500 750 200 300
Fg 500 1000 200 300

Table No II. Signs to Calculate Effects in a 2Factorial Designs

. 1/2 of difference
Factor Low levelHigh levellAveragg of two values
EC 750 1000 875 125
EUDRAGIT RS10(0 100 200 150 50
HPMC K4M 200 300 250 50

Table No Ill. Evaluation of Prepared Mucoadhesive Mcrospheres of Venlafaxine Hcl

Batch % Drug En- Angle of Bulk
Code % % drug | Mucoadhesion trapment | Average| repose | density tso In vitro drug
yield content Afterlh Efficiency Particle (hours) | release after 24
(%) Size hours
F1 47.10 22.74 46 70.49 65.66 °26’ 243 19.80 87.80
F2 80.00 24.71 40 88.94 71.13 °22 236 22.05 85.72
F3 76.91 24.65 38 81.34 72.17 °2b’ 223 21.05 83.47
F4 43.68 18.00 64 68.38 78.59 °2Q’ 211 23.27 82.81
F5 91.82| 28.20 62 93.08 81.92 °53’ 232 20.86 82.58
F6 48.32 19.47 58 73.97 83.76 °23’ 241 22.82 80.74
F7 62.06 25.67 52 89.86 100.04 °22’ 478 21.75 82.83
F8 87.00 73.53 48 73.51 105.30 °25’ 448 23.88 80.40
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Table No IV. InVitro Release Kinetic Data for Venldaxine Hcl Mucoadhesive Microspheres

Zero order First order Higuchi's | Korsmeyer-Peppas
Formula code | tgo

Ko r Ki r r n R
F 19.8 | 3.0111 0.9251fy -0.0328 -0.9867  0.9833 0.6158.9627
F, 22.05| 3.0114 0.9413 -0.0307 -0.9899  0.9888 0.6%98.9656
Fs 21.23| 2.9960 0.9413 -0.30%4 -0.9944  0.9910 0.6198.9726
Fs 23.27| 2.955Q0 0.9521 -0.0275 -0.9909  0.9913 0.6692.9751
Fs 20.86| 2.9422 0.9491 -0.0285 -0.9913 0.9910 0.6408.9698
Fs 22.82| 2.9382 0.952Q0 -0.0267 -0.99R7  0.9933 0.6%76.9828
F; 21.75| 2.8704 0.9474 -0.0280 -0.9913 0.9919 0.5972.9714
Fg 23.88| 2.9423 0.9503 -0.0270 -0.9967  0.9969 0.6338.9901

Ko — Zero order rate constarit; — First order rate constant; Coefficient of Correlationn- Diffusion exponent

Table No V. Comparative Cumulative Percentage Drudrelease Profile of F1-F8

Mea Mean Mean Mean Mean Mean Mean Mean
Time Cumulg Cumulati Cumulative | Cumulative | Cumulative | Cumulative | Cumulative | Cumulative
in hrs % dry % drug % drug % drug % drug % drug % drug % drug
releasi releaseg release of| release of release of release of | release of release of
F1 F2 F3 F4 F5 F6 F7 F8
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 9.73 8.01 9.44 8.87 9.44 9.44 10.59 9.73
2 16.62 14.61 16.62 11.75 12.61 12.33 14.62 14.62
3 30.35 26.66 30.35 26.33 28.87 26.62 31.43 26.67
4 38.51 38.07 39.77 31.04 35.59 29.39 37.50 31.71
5 44.44 41.87 41.36 34.81 38.20 30.33 39.65 33.46
6 51.23 46.98 44.50 39.90 43.02 35.70 43.63 35.46
7 55.79 50.69 47.92 43.89 47.29 43.03 49.30 39.71
8 59.96 52.74 52.76 48.73 51.01 46.19 51.33 44.25
9 61.02 55.34 55.92 53.01 54.18 51.02 53.38 47.96
10 62.52 59.36 58.53 56.47 55.67 53.07 54.86 50.84
11 64.58 60.85 60.86 57.97 57.73 54.84 56.91 53.16
12 66.93 63.08 63.20 59.19 60.07 56.90 58.97 55.2(
13 68.44 63.86 66.95 60.13 61.58 58.40 60.47 56.97
14 70.51 65.37 68.74 61.64 63.65 59.62 62.81 61.55
15 71.19 67.44 70.54 63.43 64.32 60.84 66.28 63.34
16 72.60 70.20 72.05 65.79 65.27 62.63 67.23 64.84
17 73.67 71.32 73.58 67.59 66.79 64.70 69.03 66.07
18 75.20 73.41 74.82 69.95 7111 68.15 71.67 67.87
19 77.29 75.22 76.63 72.04 73.20 69.70 73.19 69.67
20 80.78 77.03 78.16 73.85 75.01 72.07 75.28 72.03
21 81.76 78.29 79.14 75.10 77.67 73.32 76.26 73.83
22 82.74 79.83 80.11 76.08 79.49 75.13 77.79 76.2(
23 85.41 83.61 81.93 77.06 80.48 78.91 80.45 78.58
24 87.80 85.72 83.47 82.81 82.58 80.74 82.83 80.4¢
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Fig No 1. comparative plot of invitro drug release
of formulation F1-F8
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These formulations are also showed as higlr’ values of zero order kinetics indicating
Venlafaxine HCI were shown in Table No IReleases from these mucoadhesive microspl
were by both diffusion and erosion. The entrapnedfitiency was in the range of 68.38%
93.08%. Microspheres of Venaxine HCI exhibited good mucoadhessive propertiethe in
vitro wash off test. The F5 formulation has moréegive strength than others. The result of
dissolution studies indicates that the polymer eatr@ation is having a substantial effect on
drug release after 24 hours was found to be 80@.8% 89%
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Fig No llIl.FTIR Spectra of Physical mixtures of Verafaxine,EC,HPMC K4M and Eudragit RS100

FN T
077 %
" | SR &K
1TH2 TS 01 K8
L9778 TiIRTY 150,48
ME Y
(174
i 5% 1947 30144
IZTLIS ¥
201% .
1218 247
e |
1148.53
455 e W
lidi
13661
184
206455 1876, 5 7 n
i {47196 BElR 41 A
i 4t &}
1401 43 4
4% 14
MO0 T3 51T
1 5E2 91 wE T T 1}
Venlafaxine
J £y
o 3 ™ i
01,4 i
|_;:' [
37368 a7
s LT e lachm
151258 Bz |
el ] — JMED R [ )
258734 halel
Lib ) i K

M. 5000 2000 1500 1000 4000

Fig No IV. Scanning Electron Microphotograph of Verdafaxine Hcl Mucoadhesive Microspheres
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CONCLUSION

In the present work efforts have been made to demigl evaluate mucoadhesive microspheres
of venlafaxine HCI and the results obtained in shely have been summarized below 3l
factorial design was performed to study the eftédormulation variables (concentration of po-
lymers) on the release properties by applying ogtition technique. The polymer concentration
is a major factor affecting the release and mucesidn strength of the prepared microspheres.
The observed responsegol) is close agreement with the predictegl,tvalue there by demon-
strating the feasibility of the optimization proced in developing mucoadhesive microspheres
containing Venlafaxine HCI. All the formulations rekited anomalous (non-fickian transport)
diffusion mechanism and follow first order kinetiche formulation Fwas selected as optimized
formulation with 82.58% of drug release af"burs.
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