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Aalide el 3 Byan e A Ayipmal) ALK N 2y L Gaaluad) B Y g3 s s W) B
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(02 e Ll 4a)lS W3 s Jla 8 e hsall 5t (e Jabai Laiy ¢ Lall dyma il 1Y) Cfppail ol

Processing Technique 4allaal) c:lui®52.5.3
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('aJSJ.uAA LA c_u \Jlﬁ cw)ﬂ ‘;t..g)ﬂ\ J..\;“ o :&AS‘\):\A]\ 'é)JAJAS\ c\}ﬂ\ ‘UASJ G.IL..U Ll ) ﬂ
Glagzaall 3 Jlall sa LS jaill Alaeae Al e daedl e 35501 ) a0 z3salll 138 Caiay
celall & Plady) sam 450U Allal)

7496 Korsmeyer-Peppas zsai 4.1.6.3

tnals plai (ga slsall )yad Cha danpjat 4pd Aas ADe korsmeyer (3

log (Mt/Ma)= n.log t+ log K
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n LY slgal) sad &)
G alidl) 4l ghan) dakaiy) Agg sl AakasYyy
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(Zero order)
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Materials, Methods and Equipment
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Ethyl cellulose 7 CPS
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ilalya psyirall Cilaad
Ei
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Prolabo (France) yiall Sl oY) Jeasl)
(37%)) P )jSS e
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sy 5328 2.1.1
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Gl b Lasdioal) 53gaY) 1(3) Jsaadl
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Erweka AR 401/ Germany 5 55
Carbolite/ England . -
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Fritsch industriestr.8 D-5§743 Idar- Germany S JA
Oberstein/
Erweka DT 600/ Germany Pay lea
Jasco V-530/ vis spectrophotometer/ Japan & gall Calall i

daadial) il 2.1
(OIN) slall ol e juaasi 1.2.1
el ad)s «Jofg 1.19 a8l (%37 038 53) clall ol (man e (e 8.28) ddlaly juzaail o
i) el paall JLS) 5 (Je 1000) sylae ¢pslls b il oLl (e 28 I (Usef 36.46
(PH=5.8) AUl sBgll juani2.2.1
= (¢ 8-25) s disodium hydrogen phosphate dehydrate (e (& 1.19 ) Jay juzaaill
A Jda 1000 3plae el A Hhadall clall (e 48\ 4S8 potassium dihydrogen phosphate
®2).(pH=5.8) aic pH JI (sbiia Alanlsy adann & (ag Jlall bk Jin laall s Lally sl JLeS]
(PH=1.2) hawy gé Lare gy &l A jLal) Aleld) s 3.2.1
sl ol mea Jolaa plasinly (Jal00/ate 10) 585 dassspoill e ol Jslae juans
JS el (43 [ITEN 4(4) 65) dj.\;l\ Lﬁé“é}‘ By LS 4 3a2aa d...dl;.o el (u (u c(OlN)
dage Jsb e UV L;\}.A\ capall ubita alasinly Jillsall 638 dpabiaial iy Glpe EOE 585
Alualaia¥) Glhaugia oo Al cliag Glualaidd ddassiall 4l Cuuag Jagls 277
rililas afice bd e lloass Ly 468 gal) Lexiivadd) 305

y=0.0899x-0.0079 (I’2=O.9966) (1)
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(PH=1.2) Hel ¢ odaan oy b 5panal) Ay jbal) Aeadoad) ZBblgall jS)iilly cilpaliaiad) cilla gia: (4) saa

(3a100/4Le) JuS 0 8 0277 dasa Jsh sic Clualaiay) Jaugia
(n=3)
10 0.879+0.01
0.7201+0.04
6 0.546+0.07
0.347+0.03
3.2 0.277+0.07
2.4 0.229+0.02
2 0.138+0.02
0
1

} 0.9 y=0.0899x-0.0079 PR

33 0.8 (*=0.9966)

4 0.7 >

_H. 0.6

-.] >

13 0.5

4 04

;, 0.2 - -

i 0.2 >

& 01 _— ¢

3, o &

3 01 © 2 A [ & 10 12

(= /100&ke) Jus AN

(pH=12) Jauyg gé Laseg s oill A jlad) ALl (9)&&.’&3\

(PH=5.8) s &5 Jauy ga rane g il 4 jLad) Adodid) juiani 4.2.1

badas Jllae 4ie Cipan 3 Sl dl) 5 alasiuly Jo 100 /ide 20 0385 of Jslas ypiass
385 IS ppaad & (5) Jsaall (B e s WS Ja 100 [ide 0.45 1.6 0 zslo Shi
277 dase Jsh 2ie UV sl Caglall (uliia alatinly Jilladl) o3a dpalaial Cusds e &3
SNy lualbaia¥) Gllaugio o Al clicy dpaliaicdd dawgiall dall Cuusg flagils
raililas agfice bd e Uloas (lily 4385l Ladii

y=0.4776x+0.007 (r> = 0.9971) (2)
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(PH=5.8) Yoy 3 bpdanal) dyjlal) Aloabeal) ABbJgal jS)yilly cilialiaiad) cillacigia :(5)J gial

(Ja100/8Le) SuS A0 277 daga Jsh die clualaia¥) hagia
(n=3)

1.6 0.758+0.002
1.2 0.5930.015
1 0.494+0.0002
0.6 0.274+0.003
0.4 0.2130.0007
0 0

3 27 0.4776x+0.007

* y=0. x+0.

4 o8 (r2=0.9971) .
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oslaill s (aaeal) ¢ paidsall (Alladl) 3alall) dirpa JS 8 A1) skl ASE Baalud) cibals
Bliaall aladinly Lyt & pfaill daulie dine o Jpeanll Jia Jsilig i) canal & ¢alil
dlae o 3 438 20 3240 (°C 50) s)ha daps die ol 8 daslil) coyiall Cads o5 a3l
Lilae e Loy Leiiund ) jbad O(a el cileatis Glll) clilially @lld ay by ity laalad]
(Baame dladd ld &5 Cumy cilydiall laa) 2) dale
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g8 oA bl Ghstie CulS Cuay diasugpadl) Lblas e Adlide drpa pbe AW jpasd
a3y Oalgaally Aaiage syanall Jadlaall Lluaiilly dalall dapall cclyiiall alals 03855 ad sl

(7)5 (6)
B puanall Bdlaal) ua Cpitia 1(6) ad; Jgand)
Eudragit RL — Eudragit RS — Ethyl cellulose seadlsd) g
8—12-15% shanlgall a8
0.5 -1 mm (12%)
1-1.6 mm (8 — 12 — 15 %) cyial) slad

2-2.5 mm (12 - 15 %)

(11200) Sblal) 3 Aiawill 5anall dpaseugoill (ha Bpanall Ailidal) clyial) iy 1(7) o) Jsiad

ala Tale | Magnesium | LACTOSE EC EURS | EURL | Furosemide ((AAREN
stearate (mg) (mg)
< pfial)
dipall
0.5-1 2% 0.5% 131 - - 12% 40 F1
0.5-1 2% 0.5% 131 - 12% - 40 F2
0.5-1 2% 0.5% 131 12% - - 40 F3
1-1.6 2% 0.5% 139 - - 8% 40 F4
1-1.6 2% 0.5% 139 - 8% - 40 F5
1-1.6 2% 0.5% 139 8% - - 40 Fé6
1-1.6 2% 0.5% 131 - - 12% 40 F7
1-1.6 2% 0.5% 131 - 12% - 40 F8
1-1.6 2% 0.5% 131 12% - - 40 F9
1-1.6 2% 0.5% 125 - - 15% 40 F10
1-1.6 2% 0.5% 125 - 15% - 40 F11
1-1.6 2% 0.5% 125 15% - - 40 F12
2-2.5 2% 0.5% 131 - - 12% 40 F13
2-2.5 2% 0.5% 131 - 12% - 40 F14
2-2.5 2% 0.5% 131 12% - - 40 F15
2-2.5 2% 0.5% 125 - - 15% 40 F16
2-2.5 2% 0.5% 125 - 15% - 40 F17
2-2.5 2% 0.5% 125 15% - - 40 F18
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Lilaal o 3)aall cflady) 6.2.1

Weight Uniformity ¢)¢)) (wilad jlid) 1.6.2.1

Sl s 3 Baladll 055 8 DAY calaall 35 uilad e SED Lela Dlae HLESY) 138 ey
L) st e Taldie) HUEAY) 138 olyal 23 baslsl) Dapal) Jailas (pann dye jall cilas gl (uilas
s <abadly sl g3l Gluay (Aadae JS1 jiie JSi) dlaine 20 sime 35 07 ilayyl
Z\_dtd\ YEP P é.\.\ln.u Ac B3y idaasa (K R

(Aadaall gginal Bdall @3l — Bdlaall ggiaal augh ¢3N] = (%) awgiall o CEDERYS
100% [ Aamsl) 1580/

& rease s LS Alaiadll ()5 ae ansliy Loy Ladlaal) (py 8 aame Cibadly Aysal¥) g ey
DAY (pilaine (e ST slati ol i (g8 (sl il S (e A ie Liladl) 22 (8) Jsaa
(DAY 138 Ciaaa Aadne 40 55l ly Uysind 4y = sansal

il & ga) ) et quen BBlaall 09 (B W £ samsall CBNERY) 1(8) Jgaad)

S o aml | zsamall Y JBY o aad) C samal) LAY hasl) ¢
4 4 Aadaall
2 % 20 + 18 % 10 + e 300 (o J
2 % 15 + 18 % 7.5 + #e 300 oo siSi

Content Uniformity 4 al) clasgll Guilad jlid) 2.6.2.1

Baalgll drpall bdlae G elsall LS gy (B Gailadll daps e all Glasll ualad o) aasy
salall dyslaas Lilspdie Jailas 10 323G 0P 2012 Jlayyd) 4580 H5iis a5 HLEaY) 138 cha)
O g (A iagil 277 dage Joha die Jiagishy iually dualiaial) Gulds lgie JS 8 Al
3alall (o Aagaall anigll (ginall Gluay uliall padill e)ja) aay (pH=5.8)  law gl o5l
A0l ABally aad Al Acceptance Value Jgdll dad calua a3 L Alladl)

AV =M-X[+K.S (9)

1) dua

Ldlaall goinae augie :X

M=98.5 4ad 8 X <98.5% S 13 e

M=101.5 48 (8 X >101.5% S 13 °
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M=X iad ;i 101.5> X >98.5 lexic *
Ldlad) gginal (5 lanall CilyadY) dad 1S
k=2 e (35S n=30 (S5 Lavic s k=24 A (5S5 n=10 Loiad Lisml) sy 4% (3l Culh (K

€ 1)) o 15=L1) L1 4ad o Ji 5 Lyslese AV e cuilS Jla 3 Uyginny Asiie Jablaall a2
ey Lie (iliing 30 J AV daf cantis Whsde (g Al daing 20 325 L1 4ad (e ST AV 4
(1= L2 x0.01) M (e Ji il gginall 6 Vis LT dad g5l 5 J8 AV G (455 ()

L2=25 5 15=L1 4ad 0ld (,a] clie) ollia (&5 Lo o(1 + L2 x0.01) M (e LS

In-vitro Dissolution test z L} 4 JMaiy) Lol 3.6.2.1

Slay Ay gadl) bl ¥ anall JISEY) e shad) callia¥) b Ll Gl Dlady) las) oy
oabiaiial o1 3 . canaglh Jilall ) Jaiall LSy LUy Adadaal (g elsal) ) jad dglee Loy 128
13 gy I L Jaiall LI Aladl) salall (4 e olaaing ol 0lsis ypunnll Jd (1a o1l
ilee Bole 5 L Gugynall Vasall JSEN 8 Alledll salall goaaldl i and AplSaly laaY)
dexiial Gl pally apiail) d3p)k) Vapall (KAl (DY) Dl 30l Galiy Sasy)
09,

2012 Alagll A0 g iy BDai¥) Slea aladiuly Gl s 8 Blad¥) sl ehal &
(e Badlae G aladinly Al saladl Plas) dulys G Cus 02, (Appendix XII B) Apparatusl
& oas ofielu 3l (pH=1.2) 0.1IN sl 15K (asa 0 Jo 900 g5z Jans (& Arpa IS
Dla (e Slelu 10 320 (pH=5.8) lisill s 65l 5o Ja 900 (gsny Jansy 3 Shaiy) Ao
S aea) Gl Tl (e (e 10) 2 Gl aa 3)lida drie) Jualsiy (de 10) Glie s
Aase Jsh die Jiagishy il lghualaiol alds 4098 mlle g leapdifi o5 (e ol
P odilalaal) Cua LRl dranss gl ApaS sy ¢ Jia il 277

(slad) LslS (aan oy B)  Y=0.0899x-0.0079, r* = 0.9966

(colionsil) sl 8)  Y=0.4776x+0.007, 12 = 0.9971

(5 panall fsnall plagl b uadl) cillbaia 436e 7.2.1
In vitro drug release kinetic gzl A dpasall fuall ;adll GlSia 7 il ) 1.7.2.1

studies
o) ({.'1 dua «(MS EXCEL CAL}} e\d;.u.u\.: 'é)..'a;,d\ Laaladll % J&“‘:‘“}J}’ZM P! CJL@ 3.».»‘\).3 o
Al bl il Bhaias (i A5)) el AN 5yt Aladl sold) S5 Llaie
c;’:“ﬂ‘ _)'J_;J\ aly Tv);ld\ YERN|] Lhia GJ;\ 2\3\.;4;\ ¢ (uijﬂ\ :\44)3\) L}‘l}j‘ Ay oy Jaaladll c;ﬁ Aaiial)
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Al Glaladall sy Wl el Lesdy 23 A ay gl (Higuchi (o5gus zisal) Gaill
:Korsmeyer-Peppas alslas Gl (51 ol siple o) e 8 paiall 2aSll gl sl

log (Mt/Ma)= n.log t+ log K

tohile (385 aill Lgily Caany Al AN I n Al Cus

e o L2 )y LERYLG Laguadll 5 ail) ) 505 0.85 < n < 0.43

eadsdl Qe JSB Y eiin > 0.85

IMasY Aulled A 1an32.7.2.1

Pasy) Lllad a8 aad PR e Al goall Zal 8 PladV) lod) =0l 25 s
Ladlaall (ye draras yodll 5 yad o dilidal) deluall Jalse s 66 44 el Dissolution Efficiency
ym;.d\

Statistical Study 4slaay) dupal 3.7.2.1

45,laall Kruskal-Wallis )lidls (Analysis of Variance One Way, ANOVA) olad¥) aay ol
Least Significant Difference 41sxa (55iua @'ﬂ STRENRPY I AR TRTITIVEN Cnbaigia (e ).\S\ G
Ssbew P A2 (g5hua 2ic (Statistical Package for Social Sciences) SPSS 23 zaliy alasdiuly IRy
DE0 A e Aglaay) dilaall sda S e sl o) Lol (12,10,6,4,2) 4] xic (0.05)
ol B Pl o) A e Akl A luall Jalge
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ALY Sl

AdBlial)y il

Bilaal) o Slaall cilady) 1.2

48y Baase Ghhlidl ela) Good Manufacturing Practice saadl dampuaill Cilusylaall (ayé
Ale i Cun o3 L)y 8 olipal L g capiaill Jalye (e Alaje S 4 Lball Lailadl)
N jany o L] Jadlal)

Ol uilas jLas) 1.1.2

Cun F1 Lpall e Lilstie Gypane 1aina 20 o o3l (uilad HLasl 2365 (9) o) saadl o

(Ale 199.29) Lilaall sl (50 8
(Wskaa 20) F1 il Bilaa s ginal (0 (uilad L) gilts 1(9) gaa

Qi) oo Abaal) ggina 09 GA)] | cosh oo Addaall ggina iy @A | Abaal) ggina gy | ab
[(%)100* ol &30/ (cAasash) (e (1) Aziaal)

0.45 0.89 198.4 1
0.05 0.09 199.2 2
0.56 1.11 200.4 3
0.70 1.39 197.9 4
2.97 591 205.2 5
0.51 1.01 200.3 6
2.10 4.19 195.1 7
0.75 1.49 197.8 8
0.16 0.31 199.6 9
2.20 4.39 194.9 10
0.90 1.79 197.5 11
1.11 2.21 201.5 12
0.61 1.21 200.5 13
4.02 8.01 207.3 14
1.80 3.59 195.7 15
0.45 0.89 198.4 16
0.01 0.01 199.3 17
0.45 0.89 198.4 18
0.80 1.59 197.7 19
0.71 1.41 200.7 20
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dosia) Apuaill Aag ST o i el Guilad G e Lpgies Agie drgall oda Lailas il
st Jsitall Jad) e Ll (6l (%4.02) Y sbse Sl sl e Ldlaall (5 ilpaty
(< %10%)

dadll il Cum (10) Ay ool 3 Ll o Bpumnall pall JSU (35l il i) Laillig
i JS 4 sl gl e CibaDl Y]

bpdanal) funal) Bilaa sginal ¢gl) (uilad JLSAI it :(10) Jgaad)

FEN] ssina 039 GA)] Aad LSl | gsinad gl 03 dipal)
Qs oo Adddaal) (ile) Azbna oy pie
Qs (s
[(%)100* sl
Ui e 4.02 199.29 F1
L) sine 4l pia 2.52 198.91 2
L) sies A gita 3.4 198.8 F3
i:ujlwﬁ U giie 3.13 197.63 F4
s A g 2.08 198.17 F5
L) sine 4l pia 1.96 196.45 F6
Ly A g 1.64 199.04 F7
L) sies A gita 1.40 198.6 F8
L) sives A pia 3.73 198.8 F9
iwfwd U s 0.97 199.67 F10
L) s A giie 2.17 198.74 F11
L) s A g 2.61 199.50 F12
i:‘)J:‘“J U s 2.41 196.75 F13
Ui A guie 1.30 199.49 F14
iwfwd U s 3.54 198.38 F15
i:‘)J:‘“J U g 4.30 197.8 F16
i:‘)J:‘“J U g 2.98 200.78 F17
i—w’n»s U s 2.65 198.63 F18

JeY 3 Glas Cus e s Usita pcanal) gaall an o g Gildl Jsaad) DA (3
(%10%) o i jnal) pan & ol G35l (e Ldladll ¢35 alad) o
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ssinall Luilad Laa) 2.1.2
AV = [M-XPK.S 830 3 $pianal joall (AV) dad Gl
o LS F1 Giaall (AV) dad Gl 5 Jid) Js o

AV = [99.40-99.40|+ (2.4) (1.79) = 4.29
M=X=99.40 ad ol JalL [101.5-98.5] Jladll 3 X o sF (X=99.40) 1o cum
(AV) dad Cusa pmadll puall (giaall Guilad jladl it (11) &) Jsaadl com

bpdanal) fnal) Bilaal g ginal) uilad LEA) gitis (11)Jseal

Taa) Acceptance value (AV) FERWA |
- n=10 )
oA i 429 F1
oA i 5.87 k2
Lo i 11.68 F3
i iy 10.15 F4
U s i 7.02 FS
i 8.53 F6
L i 8.49 F7
L i 7.70 F8
L i 7.94 F9
i e 6.77 F10
s i 6.43 F11
s i 5.81 F12
s i 5.25 F13
Ty i 7.75 F14
L 1 2.51 F15
L 1 4.14 F16
s i 8.90 F17
L A 5.83 F18
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dad of JlieY ssinal Guilad Cua cpe Lyysis Ui fnall gaen o iy alaad) Jpand) DA e

15 e B8 jall maal AV

gl & Jady) jlad) 3.1.2

ol DA 5y aiall Al dpapus g psill ApeS A zladll 8 PlalV) G il el
Oe Byyaiiall dygiall dull (14) 5 (13) 5 (12) 2N @lsd Jelaall oo e lual) Jalse Cadlialy
Aol 12 Pl ki) juall (385 5 panall Liladl)

) WY (bl GilaiY) £ (bl Jacegiall) Ssaseag sl (ra 850 Ayghall el 1(12) Jsand
(n=6) F6 sF5 yF4 3F3 yF2 4F1 puall

F6 F5 F4 F3 F2 F1 ol
(4l
0.36+£7.30 | 2.65+7.59 | 0.69+£9.30 | 1.10£6.32 | 0.91+6.12 | 0.99+5.35 0.25
1.89+11.05 | 1.25+£10.32 | 2.19+14.59 | 0.15£9.26 | 0.95+£8.87 | 0.50+8.57 0.5
0.75+£11.36 | 0.79+11.81 | 1.05+17.38 | 2.33+12.64 | 0.45+12.64 | 1.26+12.41 0.75
1.16£12.57 | 2.15+£12.56 | 2.53£22.00 | 0.97+15.64 | 1.31+16.60 | 0.96+16.74 1
1.16£16.56 | 2.46+18.10 | 1.27+£23.33 | 1.39+21.74 | 0.94+22.33 | 0.87+22.04 2
3.28+463.07 | 3.27+65.06 | 4.93£71.19 | 3.51+40.76 | 2.98+44.17 | 2.90+46.24 3
11.00+£67.23 | 3.95+72.27 | 3.35+81.77 | 2.74+49.48 | 1.52+55.22 | 1.50+57.29 4
10.89+£71.31 | 3.71£75.93 | 1.86+87.21 | 2.94+59.55 | 2.79+64.54 | 4.54+68.02 5
10.71£77.54 | 4.57£80.99 | 1.79+88.68 | 1.38+62.72 | 1.82+66.37 | 4.62+71.80 6
10.65+78.30 | 2.93+81.46 | 2.44+91.77 | 2.94+64.95 | 3.46+69.46 | 2.26+75.33 7
10.76+£80.10 | 2.50+£82.23 | 1.50+93.14 | 2.59+74.15 | 1.20+£77.16 | 0.56+79.41 9
10.58+81.63 | 2.36+£84.68 | 1.33+£93.42 | 1.74+76.49 | 1.26+80.83 | 1.17+82.90 10
10.83+£83.61 | 2.07+88.08 | 2.86+94.86 | 2.68+£77.56 | 1.94+82.75 | 1.29+85.76 12
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ol ANy (oobeall G + bl Bausiall) Spapeas sl cha 8 aiall Lygiad) Ayl
(m=6) F12 sF11 sF10 3F9 sF8 5F7 juall

:(13) Jgaad

F12 F11 F10 F9 F8 F7 (A ) a3l
3.20+£3.38 | 1.00+4.89 | 1.06+£5.70 | 0.67+5.59 | 1.06+5.07 | 0.75+6.02 0.25
3.16+£3.78 | 0.54+5.21 | 1.16£7.26 | 0.29+8.16 | 0.96+4.93 | 0.80+7.64 0.5

0.77+£10.80 | 1.00£8.99 | 1.0749.81 | 1.42+11.05 | 1.07+9.14 | 0.40+11.55 0.75
2.37+15.41 | 1.28+14.29 | 1.25+15.12 | 0.85+12.99 | 1.11+13.93 | 1.14+14.93 1
0.26+22.08 | 1.01+21.04 | 1.81+20.96 | 0.72+21.08 | 0.99+21.24 | 0.82+22.55 2
0.69+36.20 | 2.02+£38.85 | 4.5+41.53 | 1.10+38.40 | 1.20+41.88 | 2.05+43.36 3
0.81+45.94 | 4.02+49.85 | 6.02+52.27 | 1.23452.00 | 1.114+54.62 | 1.47+58.01 4
0.55+56.97 | 2.82+59.30 | 6.32+61.45 | 1.05+58.77 | 1.26+62.78 | 1.64+64.14 5
0.47+59.54 | 2.71+61.56 | 4.30+63.68 | 0.96+62.25 | 1.24+64.85 | 1.00+67.21 6
0.62+61.29 | 2.65+63.62 | 6.44+66.95 | 1.37+64.48 | 1.25+66.78 | 0.57+70.07 7
0.90+64.84 | 2.57+£72.60 | 4.31+£75.59 | 2.94+72.25 | 1.11+£75.97 | 0.33£80.11 9
1.42+70.61 | 4.36+73.60 | 4.41+77.01 | 0.59+75.47 | 1.29+78.39 | 1.02+79.25 10
0.56+£72.68 | 3.60+£75.00 | 3.97+78.28 | 0.92+78.31 | 1.13+£79.38 | 1.68+80.55 12

Sl Ay (whaal) Cibaiy) + lual) augiall) Liasug)gdl) (e 8y alal) dggial) dgadl) :(14) Jgaad
(n=6) F18 sF17 yF16 sF15 y3F14 3F13 fuall

F18 F17 F16 F15 F14 F13 e

(Al
1754472 | 1.07£7.02 | 1.11£6.07 | 3.14+9.10 | 2.74+12.90 | 0.174#2.75 | 0.25
3.20+8.39 | 1.01+10.10 | 1.76+10.31 | 3.09£12.25 | 0.71+13.42 | 0.07+4.42 0.5
4234930 | 0.99£10.82 | 1.11£12.12 | 3.09£14.22 | 0.10£15.74 | 0.09£15.58 |  0.75
4.70+11.49 | 0.98+11.90 | 1.09+14.08 | 3.21+15.63 | 0.39+17.73 | 0.44+17.67 1
4.67+16.27 | 0.94+15.24 | 1.06+17.65 | 3.21+17.11 | 0.53+21.34 | 1.01+23.36 2
7.12429.99 | 3.71+30.19 | 1.26+36.95 | 5.57+32.44 | 0.44+38.96 | 1.02+43.60 3
9.01+41.20 | 3.67+£38.79 | 1.27+45.39 | 5.56+40.78 | 0.25+48.41 | 1.17+51.38 4
9.84+44.88 | 3.72+46.05 | 1.13+52.13 | 5.63+50.19 | 0.82+55.07 | 1.12+57.08 5
9.62+47.31 | 3.86:48.53 | 1.36£54.27 | 5.63+53.53 | 0.35+57.66 | 1.13£60.07 6
9.70+48.37 | 3.75+50.81 | 1.26+55.42 | 5.55+56.69 | 0.50+59.40 | 1.05+61.75 7
9.67+49.36 | 3.68+52.37 | 1.17+55.80 | 5.97+59.56 | 0.58+61.25 | 1.11463.51 9
9.81449.61 | 3.71£52.43 | 1.27+56.47 | 5.75+60.43 | 0.58+63.02 | 1.15+65.14 10
5.15+52.61 | 3.72454.36 | 1.24+57.64 | 5.16£62.35 | 0.28+64.90 | 0.61+66.84 12
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:aalall Ayl 28Mal) (38 Dissolution Efficiency (EC) JDat¥) dullad ad Cilua 3 WS
DE% = (AUC0-1/Q100.1)*100
t b LS FI dagpall (D) dglled Clua 23 Jlall Jaaas e
DE(F1) = {[(0+16.73) (1/2) (1-0) + (16.73+22.04) (1/2) (2-1) +
(22.04+46.24) (1/2) (3-2) + (46.24+57.28) (1/2) (4-3) + (57.28+68.01) (1/2)
(5-4) + (68.01+71.79) (1/2) (6-5) + (71.79+75.33) (1/2) (7-6) +
(75.33+79.41) (1/2) (9-7) + (79.41+82.90) (1/2) (10-9) + (82.90+85.76)
(1/2) (12-10)] / 1200}.100 = 60.36%
Byanall dransysill faa BT Pas¥) 4k a8 (15) &8y Jsaall sy

AAVAAY fall JMaIY) Agllad o :(15) Jgaal

Gigall | chial dad | saded) 385 | sesd g 3‘3)
F1 0.5-1 12% RL 60.36
F2 0.5-1 12% RS 57.70
F3 0.5-1 12% EC 54.23
F4 1-1.6 8% RL 73.87
F5 1-1.6 8% RS 65.46
Fé6 1-1.6 8% EC 62.66
F7 1-1.6 12% RL 57.90
F8 1-1.6 12% RS 55.86
F9 1-1.6 12% EC 53.50
F10 1-1.6 15% RL 55.21
F11 1-1.6 15% RS 52.88
F12 1-1.6 15% EC 50.32
F13 2-2.5 12% RL 50.46
F14 2-2.5 12% RS 48.29
F15 2-2.5 12% EC 44.75
F16 2-2.5 15% RL 44.13
F17 2-2.5 15% RS 39.87
F18 2-2.5 15% EC 38.72
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el QG (e g yedl) yad e At luall Jabse il Ajea (Sa AL Jglaal) Ay
gl g5 EG e

0.5-) alasls %12 3850 8ymadd) (F1,F2,F3) sl (e JS A3jlie casi jpadsdll g5 il dal
(F7,F8,F9) jualls ((1-1.6 mm) sals %8 385 spandl (F4,F5,F6) jaalls ((1 mm
el %15 5850 pmadll (F10,F11,F12) gsalls «(1-1.6 mm) oy %12 3 53y 5 puasadll
(2-2.5 mm) sl %12 385 seaad (F15,F14,F13) aually (1-1.6 mm)
o3¢d Payl ,lial gyal (2-2.5 mm) sl %15 3850 spaadl (F18,F17,F16) aalls
(11) JSEY) 8 mage s WS Al el cilladadie au) o5 Aol 12 DA dibiaal gl

(16)5(15)5(14) 5 (13) 5 (12) 5

% b aliall o) gal) Asag
(198
h

5 2 a 6 8 10 12 14
B F1(RL) F2 (RS) —@— F3 (EC) (L) M

F3 sF2 s F1 fsall (e drasmgyodl) jad Ao el £ i :(11) Jeddl
(ale 1-0.5 slasly %12 353 5 i)

salall (e Wlsine &yya EURL) e dyslall F1 Zagall o Goladl (11) Slal) JS8D (e iy
lalsine <oy laysn ills BU(RS) (e dpslal) F2 dpall o gomd S0 (dpasung5all) Alladl
iclu (12 510 56 54) e xic EC sl dinY) e dlall F3 Gagall (g g pul IS
Slo Gy Mg (P <0.05) O jpal) (e IS 8 Alilaie clyfial) slady seadsdl 5815 o as

A (16)5(15)5 (14) 5 (13) 5 (12) Asbad) JIKEY) 8 Al jpnall 46
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100 ~
| )
% o @Y g
. 80 [ A—A e
g . './ o?@-e’_ =
EX P_ee®
= 60 »
:1 50
52
3 40
30
20 Q@ P
10 /‘9/'(@
o
2 a 6 8 10 12 14
F4 (RL) —I®— F5 (RS) —&— F6 (EC) (RS

F6 sF5 9 F4 jpall ( sy adl) jad Ao padgdl £ sl :(12) Jsddl
(ale 1.6-1 alasls %8 385 § pan)

100
90
80

VRS

70
60
50

% b_alall ¢ gall

40
30

20

7
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F1 RL 12% 0.5-1 0.85 0.97 0.95 0.96 0.82
F2 RS 12% 0.5-1 0.86 0.96 0.95 0.96 0.78
F3 EC 12% 051 | 089 | 097 0.97 0.97 0.76
F4 RL 8% 1-1.6 0.69 0.90 0.84 0.89 0.73
F5 RS 8% 1-1.6 0.69 0.86 0.83 0.87 0.83
Fé6 EC 8% 1-1.6 0.70 0.85 0.84 0.87 0.81
F7 RL 12% 1-1.6 | 085 | 085 0.95 0.96 0.82
F8 RS 12% 1-1.6 0.86 0.95 0.95 0.96 0.89
F9 EC 12% 1-1.6 0.88 0.96 0.96 0.97 0.80
F10 RL 15% 1-1.6 0.87 0.96 0.96 0.97 0.82
F11 RS 15% 1-1.6 0.87 0.95 0.96 0.96 0.87
F12 EC 15% 1-1.6 0.87 0.95 0.96 0.94 0.90
F13 RL 12% 2-2.5 0.76 0.86 0.91 0.86 0.85
F14 RS 12% 2-2.5 0.83 0.89 0.92 0.95 0.56
F15 EC 12% 2-2.5 0.88 0.92 0.95 0.95 0.61
F16 RL 15% 2-2.5 0.78 0.82 0.90 0.93 0.68
F17 RS 15% 2-2.5 0.83 0.88 0.93 0.95 0.66
F18 EC 15% 2-2.5 0.80 0.84 0.91 0.95 0.72

57




a8 . A1 Ayl sl assly A1 35l Higuchi z3se Gis elsall F3 3 F2 g F1 apall <oy a
e bl Gl o Aalis o 23 Lee ALB syl Synne nall s2a clhdin o ) asey 8
Manns g sl Juadl L) Jalaa Jllys QG Jals ) Plady) Jassd ap My mans Lea Jandll
Al ol FO 5 FS 5 Fd gl e ppaill IS LS L (I8 Al e A as A a0y
Oo JB Lae gall o8 Clfin juiant (8 psalsal) (e ALB 3SIE el ) a1 5V
b Lo V) Ty ) el 3ailly gl 5alall sy Alsal) saldl) yyai sl i<yl
Lad I A5 e gaall 038 Lailae (e 1)y

¢ 35¥) &lls Higuchi (oadsas s olsall F12 5 F11 5 F10 5 F9 5 F8 jaall cyyja Gl
zisal cfl F18 5 F17 5F16 5F15 5 F14 5F13 5 F7 sl e il (S Lay
.Higuchi

4ed alayls Korsmeyer-Peppas dlalaa o 3panall fnall o dsapgpsill ) ad Cliky Gudad &
Ly pyaty AN A1 e @aaill Jal (e @llyg z3saill 138 Aoles Jae Jiay 3l 0 L)
Korsmeyer-Peppas zisad iy 4tha guall abes & el dpanall Badladll culydin e sl
Laill (e st Cimy 1305 0.85 5 0.43 G gaall abies & (n) L) (ol ded gl
B T | PR R T PR ek ‘_“_gﬂ e S iy sl o 997 (non-Fickian) transport Anomalous
Casell &y il o e F13 5F12 5F11 5F8 suall il 3 L) Gl dad J Ly
Jodls 2Ly ) ay elgall ) Lﬂgi Judlad) e lasind 401 (835 gy sl L;i transport (Zero order)
LAV Ly pe AV ala die sl

S alal syl guall (4 ail e hawdl @ Higuchi zise of Laadl Hle IS
Dl A I Gl elsall et sSs Jall gnall il A5jlie n ded Ji5 WS (2-2.5 mm)
My PDady) Jas s ulail) mhas Jiy s oDl el ginl 440G o) a3 (e Fickian aai (385
) Ty ) A e e ddlal) salall ) pan Al UL Lasy) Gl sk

G 055 By bpzaaall fnall (o elsall Hyad 4 Sl 8l sae b asd Bas Lee DA
(109, dahiae el amars paine ol 31 OS5 55l e DA dalise 1l

58



clalittay) .3

Eudragit «Eudragit RL) el sl (e ddlide g 15 alainly 53l Alshe dolis Jadlas juiaad
(2.5-2 <1.6-1 ¢1-0.5) dibtiaa Al g %(15 <12 ¢8) ddtiaa 305 (Ethyl Cellulose s RS
fsl Lo Aaalil) Badladl) (aled e A luall delse cdiaal) 50 Al aay cpos .ol

spanall jall Lol S ysill Tt Ual) Ethyl Cellulose aladiuly syl juall culS o
Eudragit RL alaa%ul 3jasall juall &5 Eudragit RS alasiul

sl (8wl palsal) 585 bl AdbAR gaall Lblae (e Sasag el a5 A6 e
SN 3 all Ly dasss ysill Tyypns Uaif (%15) eV 350 @b gual) culS Eua
(%8) SN b gaall & (%12)

fmall il i Byl chdinll alel sl Adbidal) fall Lablas (e dpagysill 5 a3 Al e
(1.6-1) (o a1 3 sl Lgali 4805l 5Ll Ty 3 a0 ale (2.5-2) (e alasly 3 pumndl)
cale (1-0.5) alal) <3 jpall & ale

By wargyedll (o B0 Ashe Alia Bilae jumat oay Gl 1 (e Ssaal) Llall a3

@y dcls 12 Ja paill All) e 5)0lally spnaal) juall (1 (FI) (uadll dxpall ) Llass

Aasly (%0.5 asyirall lead %2 b (ile 131 558V %12 EC ¢ide 40 apamssysd) gsa3

cale (1.6-1) e

Suggestion and Recommendation <lajydy|s cluagil) .4

Jie il Aghae ddiall Jadlaal) e drasng sl ad e oAl delua Jalse il duln @
dibide ()8l 5y Chnadsll e @A g sl alasil

il A glas dobial) Jadladll (e dasigysill et e jucaadll gyl jiB AU @

ADle ey i A spasdl Loadl) Gagal) Lilaal al) avall 8 5 ad) Gl sl o
> pall Al mlall A el G

sl Jadlaall Galed Al (AT Al dge Jo Loadll dapall Guls @

59



aaball .5

1. ISHA, CHUGH; NIMRATA, SETH; RANA, C.; SURBHI, GUPTA (2012). Oral Sustained
Drug Delivery System: An Overview. International Research Journal of Pharmacy. 3(5), 57-62.

2. UMMADI, SATHISH; SHRAVANI, B.; RAGHAVENDRA, RAO N. G.; REDDY, M.;
NAYAK, B. (2013). Overview on Controlled Release Dosage Form. International Journal of
Pharma Sciences. 3(4), 258-269.

3. ROWE, RAYMOND; SHESKEY, PAUL; QUINN, MARIAN (2009). Handbook of
Pharmaceutical Excipients. (6 ed). London. Chicago: The Pharmaceutical Press.

4. URL: http://www.drugs.com/furosemide.html [Accessed Date: 20 OCT. 2015]

5. SOLANKI, N.; MAROTHIA, DEEPAK; RANA, A. (2011). Formulation and Evaluation of
Microcapsules of Furosemide. American Journal of Pharmtech Research. 1(4), 244-247.

6. SWEETMAN, SEAN (2009). Martindale, The Complete Drug Reference. (36" ed).
London. Chicago: Pharmaceutical Press.

7. HELLIWELL, M.; TAYLOR, D. (Feb 1993). Solid oral dosage forms. NCPI. 8(5), 313-317.

8. JAIMINI, MANISH; RAWAT, SAURABH (April-June 2013). A Review on Immediate
Release Drug Delivery System. Research Journal of Pharmaceutical, Biological and Chemical
Sciences. 4(2), 1721-1730.

9. COLE, GRAHAM (1998). Evaluating Development and Production Costs: Tablets versus
Capsules. Pharmaceutical Technology Europe. 5, 17-26.

10. ALLEN, LOYD.; ANSEL, HOWARD (2014). Ansels Pharmaceutical Dosage Forms and
Drug Delivery System. (10" ed) USA: Walter Kluwer Health.

11. PANDEY, VIMAL; SINGH, DEEPAK (2015). Sustained Release Technologies: A Review.
International Journal of Applied Research. 1(6), 10-20.

12. QIU, YIHONG; ZHOU, DELIANG (Spring 2011). Understanding Design and
Development of Modified Release Solid Oral Dosage Forms. Journal of Validation Technology.
23-32

13. BANKAR, U.; BANKARYV, H.; GAIKWAD, D. (2012). A Review on Sustained Release
Drug Delivery System. An International Journal of Pharmaceutical Sciences. 3(4), 2049-2063.

14. KAKAR, SATINDER; SINGH, RAMANDEEP; SEMWAL, ALOKA (2014). Drug
Release Characteristics of Dosage Forms: A Review. Journal of Coastal Life Medicine. 2(4),
332-336.

15. EUROPEAN MEDICINES AGENCY. Guideline on The Pharmacokinetic and
Clinical Evaluation of Modified Release Dosage Forms. (20 NOV. 2014). European Union.

16. Loyd V Allen Jr (2013). Pharmaceutical dosage forms: manufacturing and compounding.
In: Remington: An Introduction To Pharmacy. (22" ed). U.S.A: The Parmaceutical Press.

17. BANKER, GILBERT; RHODES, CHRISTOPHER (2002). Modern Pharmaceutics. (4 rd
ed). Newyork. Pasel: Marcel Dekker Inc.

60


http://www.drugs.com/furosemide.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Helliwell%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8451252
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20D%5BAuthor%5D&cauthor=true&cauthor_uid=8451252

18. MISAL, RAVIKUMAR; WAGHMARE, ATISH; AQUEEL, AHAIKH; HATTIAMBIRE
KULDEEP (2013). Matrix Tablet: A Promising Technique for Controlled Drug Delivery. Indo
American Journal of Pharmaceutical Research. 3(4), 3791-3805.

19. RAGHAVENDRA, RAO; PRASANNA, RICHARD; RAJ, K; SANJEEV, NAYAK (Jul
2013). Review on Matrix Tablet as Sustained Release. International Journal of Pharmaceutical
Research & Allied Sciences. 2(3), 1707-1717

20. WANI, MANISH; DEHGHAN H. M.; POLSHETTIWAR SATISH; GADKARI AMOL
(2008). Controlled Released System - A Review. Jourlib Journal.

21. BHOWMIK, DEBJIT; KUMAR K; DUTTA, AMITSANKAR; PASWAN, SHRAVAN
(2012). Trends In Scope and Opportunities of Control Release Oral Drug Delivery Systems.
Critical Review in Pharmaceutical Sciences. 1, 20-33.

22. KRISHNA, VAMSY; SRINATH, K.; CHOWDARY, C. (2011). Formulation Development
and Evaluation of Divalproex Sodium Extended Release Tablet. International Journal of
Research Pharmaceutical and Biomedical Science. 2, 809-832.

23. KUMAR, K.; BHOWMIK, DEBIJIE; SRIVASTAVA, SHWETA; PASWAN, SHRAVAN
(2012). Sustained Release Drug Delivery System Potential. The Pharma Inovation. 1(2), 48-
60.

24. CHANDANA, NALLA; GOPINATH, HARISH; BHOWMIK, DEBJIT; WILLIAMKERI,
I.;THIRUPATHI REDDY (January — March 2013). Modified Release Dosage Forms. Journal
of Chemical and Pharmaceutical Sciences. 6(1), 13-21.

25. DIXIT, NAVIN; MAURYA, SHEO; SAGAR, BHANU (May-June 2013). Sustained
Release Drug Delivery System. Indian Journal of Research in Pharmacy and Biotechnology.
1(3), 305-310.

26. CHOUDHARI, SJ.; SINGH, SR. (2014). Extended Release Dosage Forms - Novel Drug
Delivery System. International Journal for Pharmaceutical Research Scholars. 3(2), 717-728.

27. RAJESH, ASIJA; HARISH, RATHI; SANGEETA, ASIJA (2012). Sustained Released
Drug Technology: A Review. International Journal of Research in Pharmacy and Science. 2(4),
1-13.

28. RATNAPARKHI, P; GUPTA, P. (Mar 2013). Sustained Release Oral Drug Delivery
System - An Overview. International Journal of Pharma Research & Review. 2(3), 11-21.

29. JAIN N. (2014). Controlled and Novel Drug Delivery. (1* ed). New Delhi: CBS.

30. MAMIDALA, RANJITH; RAMANA, VAMSHI; SANDEEP, G.; LINGAM MEKA;
GANNU, RAMESH; YAMSANI MADHUSUDAN (2009). Factors Influencing The Design
and Performance of Oral Sustained/Controlled Release Dosage Forms. International Journal
of Pharmaceutical Sciences and Nanotechnology. 2(3), 583-594.

31. KHALAN, LITESH; ALKUNTE, ATUL; BIRAJDAR, ARUNADEVI (2012). Sustained
Release Drug Delivery System: A Concise Review. Pharmatutor Magazine.

32. KUNDAN, PATEL; MEHUL, PATEL; LAXMANBHAI, PATEL; NIMISH, PATHAK
(2012). An Overview: Extended Release Matrix Technology. International Journal of
Pharmaceutical and Chemical Sciences. 1(2), 828-843.

33. CHIRAG, PATEL; TYAGI, SATYANAND (2012). Novel Sustained Release Drug
Delivery: A Modern Review, Pharmatutor Magazine.

61



34. PATEL PRATIK; SHAH SHRENIK; PATEL KALPEN (2013). A Detailed Review on
Sustained Release Drug Delivery System. International Journal of Medicine and Pharmaceutical
Research. 1(1): 145-153.

35. NOKHODCHI, A.; NOROUZI-SANI, S.; SIAHI-SHADBAD, MR. (2002). The Effect of
Various Surfactants on The Release Rate of Propranolol Hydrochloride From
Hydroxypropylmethylcellulose (HPMC) - Eudragit matrices. Eur ] Pharm Biopharm. 54(3),
349-56.

36. RAHAMATHULLAH, SHAIKH (2009). Design and Evaluation of Controlled Release
Layered Matrix Tablets of Paracetamol and Verapamil Hcl. University of Sains Malaysia.

37. SHEN, STEVE; JASTI, BHASKARA; LI, XIAOLING (2006). Design of Controlled
Release Drug Delivery Systems. In: Standard Handbook of Biomedical Engineering and
Design. University of the Pacific, Stockton, California.

38. KUMAR, KIRAN; RAO RAMA; JAYAVEERA K. (2011). Matrix Tablets as Controlled
Drug Delivery Systems. Indo American Journal of Pharmaceutical Research. 1(5), 407-414.

39. LACHMAN, LEON L.; HERBERT LIEBERMAN; KANIG JOSEPH (1986). The Theory
and Practice of Industrial Pharmacy Sustained Release Dosage Form. (3™ ed).
Philadelphia: LEA & FEBIGER.

40. URL: http://www.dow.com/dowwolff/en/industrial solutions/polymers/ethylcellulose.
[Accessed Date: 22 OCT. 2015]

41. RATHORE, ARVIND; SHARMA, NARENDRA; TIWARI, RAHUL (2013). A4n
Overview: Matrix Tablets as Controlled Release Drug Delivery System. International Journal
of Research and Development in Pharmacy and Life Sciences. 2(4), 482-492.

42. NAGENDRAKUMAR, D; KESHAVSHETTI, G.; SHARDOR, G. (2013). An Overview:
Matrix Tablets as Sustained Release. Recent Research in Science and Technology. 5(4), 36-45.

43. NEETU, KHATRI; AJAY, BILANDI; KUMAR, KATARIA; ANKIT, GUPTA (2013).
Patened Pharmaceutical Oral Controlled Release Matrix Tablets. Journal of Biological and
Scientific Opinion. 1(3), 263-270.

44. MANISH, JAIMININ; ABHAY, KOTHARI (2012). Sustained Release Matrix Type Drug
Delivery System: A Review. Journal of Drug Delivery and Therapeutics. 2(6), 142-148.

45. VELASCO, VICTORIA; FORD, JAMES; ROWE, PHILIP (1999). Influence of Drug:
Hydroxy Propyl Methyl Cellulose Ratio, Drug and Polymer Particle Size and Compression
Force on The Release of Diclofenac Sodium From HPMC Tablets. J Control Release. 57(1),
75-85.

46. PATEL, SARVASTKUMAR; KAUSHAL, ADITYA; BANSAL, ARVIND (2006).
Compression Physics In The Formulation Development of Tablets. Criticl Reviews in
Therapeutic Drug Carrier Systems. 23, 1-65.

47. URL: http://pharmlabs.unc.edu/labs/tablets/intro.htm [Accessed Date: 20 NOV. 2015]

48. CHOKSHI RINA; ZIA, HOSSEIN (Winter 2004). Hot-Melt Extrusion Technique: A
Review. Iranian Journal of Pharmaceutical Research. 3(1), 3-16.

49. CROWLEY, M.; FENG, Z.; REPKA, A.; THUMMA, S.; UPADHYE, B.; BATTU, K.
MCGINITY, W.; MARTIN, C. (2007). Pharmaceutical Applications of Hot-Melt Extrusion:
Part I. Drug Dev Ind Pharm. 33(9), 909-926.

62



50. 0ZGUNEY, ISIK; SHUWISITKUL, DUANGRATANA; BODMEIER, ROLAND (2009).
Development and Characterization of Extended Release Kollidon® SR Mini-Matrices Prepared
By Hot-Melt Extrusion. European Journal of Pharmaceutics and Biopharmaceutics. 73, 140-
145.

51. MEHUYS, ELS; REMON, JEAN; VERVAET, CHRIS (2005). Production of Enteric
Capsules By Means of Hot-Melt Extrusion. European Journal of Pharmaceutical Sciences. 24,
207-212.

52. VARMA, MANTHENA; KAUSHAL, ADITYA; GARG, ALKA; GARG, SANJAY
(2004). Factors Affecting Mechanism and Kinetics of Drug Release From Matrix-Based Oral
Controlled Drug Delivery Systems. American Journal of Drug Delivery January. 2(1), 43-57.

53. TARCHA, PETER (1990). Polymers for Controlled Drug Delivery. U.S.A. CRC PRESS.

54. SUJJA-AREEVATH, J.; MUNDAY, DL.; COX, PJ (1998). Relationship Between Swelling,
Erosion and Drug Release In Hydrophilic Natural Gum Mini-Matrix Formulations. Eur J
Pharm Sci. 6(3), 207-17.

55. MAGGI, L.; SEGALE, L.; TORRE, ML. (2002). Dissolution Behaviour of Hydrophilic
Matrix Tablets Containing Two Different Polyethylene Oxides (Peos) For The Controlled
Release of a Water-Soluble Drug: Dimensionality Study. Biomaterials. 23(4), 1113-1119.

56. CHEONG, LUCY; HENG, PAUL; WONG, LEE (1992). Relationship Between Polymer
Viscosity and Drug Release From A Matrix System. Pharm Sci. 9(11), 1504-1510.

57. BETTINI, RUGGERO; CATELLANI, P.; SANTI, PATRIZIA (2001). Translocation of
Drug Particles in HPMC Matrix Gel Layer: Effect of Drug Solubility and Influence on Release
Rate. J Control Release. 70(3), 383-391.

58. TIMMINS, PETER; DELARGY, ANNE; HOWARD, JHON (Feb 1997). Optimization and
characterization of a pH-independent extended-release hydrophilic matrix tablet. Pharm Dev
Technol. 2(1), 25-31.

59. NELLORE, RANJANI; REKHI, GURVINDER; HUSSAIN, AJAZ; TILLMAN, LIOYD;
AUGSBURGER, LARRY (Jan 1998). Development of Metoprolol Tartarate Extended Release
Matrix Tablet Formulations for Regulatory Policy Consideration. J Control Release. 50(1-3),
247-56.

60. GHORI, MUHAMMAD; CONWAY, BARBARA (2015). Hydrophilic Matrices for Oral
Control Drug Delivery. American Journal of Pharmacological Sciences. 3(5), 103-109.

61 FORD, JAMES, RUBINSTEIN, MICHAEL; MCCAUL, FIONAN; HOGAN, JOHN;
EDGAR, PENNY (1987). Importance of Drug Type, Tablet Shape and Added Diluents on Drug
Release Kinetics From Hydroxy Propyl Methyl Cellulose Matrix Tablets. Int J Pharm. 40(3),
223-234.

62. JOVANOVIC, M.; JOVICIC, G.; DURIC, Z. (1997). Effects of Fillers and Lubricants on
acetylsalicylic Acid Release Kinetics from Eudragit Matrix Tablets. Drug Dev IndPharm. 23(6),
595-602.

63. MANDAL, TARUN (1995). The Influence of Binding Solvents on Drug Release from
Hydroxypropylmethylcellulose Tablets. Drug Dev Ind Pharm. 21(12), 1389-1397.

64. KAWASHIMA, Y.; TAKEUCHI, H.; HINO, T. (Mars 1993). Low-Substituted
Hydroxypropylcelluloseas A Sustained-Drug Release Matrix Base or Disintegrant Depending
on Its Particle size and Loading in Formulation. Pharm Res. 10(3), 351-355.

63


http://www.ncbi.nlm.nih.gov/pubmed/?term=Timmins%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9552428
http://www.ncbi.nlm.nih.gov/pubmed/?term=Delargy%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=9552428
http://www.ncbi.nlm.nih.gov/pubmed/?term=Howard%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=9552428
http://www.ncbi.nlm.nih.gov/pubmed/9552428
http://www.ncbi.nlm.nih.gov/pubmed/9552428

65. KABANDA, L.; LEFEBVRE, RA.; VAN BREE, HJ. (1994). In Vitro and in Vivo
Evaluation In dogs and Pigs of A Hydrophilic Matrix Containing Propylthiouracil. Pharm Res.
11(11), 1663-1668.

66. COBBY, JOHN; MAYERSOHN, MICHAEL; WALKER, GEORGE (1974). Influence of
Shape Factors on Kinetics of Drug Release from Matrix Tablets (II): Experimental. J Pharm
Sci. 63(5), 732-737.

67. HARUN, KURTAGIC; MUUSTAFA, MIMIC; ALISA, SELOVIC. (2013). Effect of
Particle Size on The Dissolution of Glibenclamide. International Journal of Pharmacy and
Pharmaceutical Science. 5(3), 775-779.

68 COSTA, PAULO; LOBO, JOSE (2001). Modelling and Comparison of Dissolution Profiles.
European Journal of Pharmaceutical Sciences. 13, 123-133.

69. SHAH, JITENDRA; DESHPANDE, ASHWINI (2014). Kinetic Modeling and
Comparison of Invitro Dissolution Profiles. World Journal of Pharmaceutical Sciences. 2(4),
302-309.

70. REDDY, K.; MUTALIK, SRINIVAS; REDDY, SRINIVAS (2003). Once-Daily Sustained-
Release Matrix Tablets Of Nicorandil: Formulation and In Vitro Evaluation. AAPS
PharmSciTech. 4(4), 1-7.

71. SHAIKH, HINA; KSHIRSAGAR, R.; PATIL, S. (2015). Mathematical Models For Drug
Release Characterization: A Review. World Journal of Pharmacy and Pharmaceutical Sciences.
4(4), 324-338.

72. DEORE, RAKESH; KAVITHA, KUNCHU; TAMIZHMANI, THEETHA (2010).
Preparation and Evaluation of Sustained Release Matrix Tablets of Tramadol Hydrochloride
Using Glyceryl Palmitostearate. Tropical Journal of Pharmaceutical Research. 9(3), 275-281.

73. SIEPMANN, J.; PEPPAS, N. (2001). Modeling of Drug Release From Delivery Systems
Based on Hydroxypropyl Methylcellulose (HPMC). Advanced Drug Delivery Reviews. 48,
139-157

74. AHMED, ISHTIAQ; RONI, MONZURUL; KIBRIA, GOLAM; ISLAM, MOHAMMAD;
JALIL REZA-UL (2008). In Vitro Release Kinetics Study of Ambroxol Hydrochloride Pellets

Developed By Extrusion Spheronization Technique Followed By Acrylic Polymer Coating.
J. Pharm. Sci. 7(1), 75-81.

75. POPESCU, CARMEN; MANDA, PRASHANTH; JULURI, ABHISHEK; JANGA,
KARTHIK; CIDDA MANASA; MURTHY, NARASIMHA (2015). Enhanced Dissolution
Efficiency of Zalepon Solid Dispersion Via Modified B-Cyclodextrin Molecular Inclusion
Complex. Journal of Pharma and Pharmaceutical Science. 1(1), 1-10.

76. MOIN, AFRASIM; SHIVAKUMAR, HG (2010). Formulation of Sustained-Release
Diltiazem Matrix Tablets Using Hydrophilic Gum Blends. 9(3). 283-291.

77. YUKSEL, NILUFER; KANIK, ARZU; BAYKARA, TAMER (2000). Comparison of in
Vitro Dissolution Profiles By ANOVA-Based, Model-Dependent and -Independent
Methods. International Journal of Pharmaceutics. 209, 57-67.

78. URL:http://apps.who.int/phint/en/p/doct/ [ Accessed Date: 26 NOV 2015]

79. NOKHODCHI, ALI; RAJA, SHAISTA; PATEL, PRIYA.; ASARE-ADDO, KOFI (2012)
The Role of Oral Controlled Release Matrix Tablets in Drug Delivery Systems. 2(4), 175—
187.

64


http://apps.who.int/phint/en/p/docf/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nokhodchi%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raja%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asare-Addo%20K%5Bauth%5D

80. GRANERO, G.; LONGHI, M.; MORA, M.; JUNGINGER, H.; MIDHA, K.; SHAH, V.;
STAVCHANSKY, S.; DRESSMAN, J.; BARENDS, J. (JUNE 2010). Biowaiver
Monographs for Immediate Release Solid Oral Dosage Forms: Furosemide. Journal of
Pharmaceutical Sciences. 99(6), 2544-2556.

81. URL:http://www.pubchem.ncbi.nlm.nih.gov/compound/3440#section=2D-Structure
[Accessed Date: 3 DEC 2015]

82. URL:http://www.inchem.org/documents/pims/pharm/pim240.htm. [Accessed
Date: 3 DEC 2015]

83. KLAUSNER, A.; LAVY, E. STEPENSKY, D.; CSEREPES, E.; BARTA, M.;
FRIEDMAN, M.; HOFFMAN, A. (Jul 2003). Furosemide Pharmacokinetics and
Pharmacodynamics Following Gastroretentive Dosage Form Administration To Healthy
Volunteers. The Journal of Clinical Pharmacology. J Clin Pharmacol. 43(7), 711-720.

84. RAVNAN, SUSAN; RAVNAN, MARCUS; DEEDWANIA, PRAKASH (2002). Diuretic
Resistance and Strategies to Overcome Resistance in Patients with Congestive Heart Failure.
Congestive Heart Failure journal. 8(2), 80-85.

85. BRUYNE, L. (2003). Mechanisms and Management of Diuretic Resistance in Congestive
Heart Failure. Postgrad Med J. 79(931), 268-271.

86. FARSHI, F.; CAPAN, Y; KES, S; HINCAL, A. (1995). Formulation and Comparative
Bioavailability of Conventional and Sustained-Release Furosemide Tablets. STP pharma
sciences. 5(5), 1995, 361-366.

87. OZDEMIR, N.; ORDU, S.; OZKAN, Y. (Aug 2000). Studies of Floating Dosage Forms of
Furosemide: In Vitro And In Vivo Evaluations of Bilayer Tablet Formulations. Drug Dev Ind
Pharm. 26(8), 857-866.

88. BHOOPATHI, S.; JAYANTHI, G.; SRIKANTH, S. (2013). Formulation and In-Vitro
Evaluation of Sustained Release Matrix Tablets of Furosemide. World Journal of Pharmacy
and Pharmaceutical Sciences. 2(6), 5052-5066.

89. JAIN, DEEPAK; VERMA, SOFIYA; SHUKLA, SHASHI; JAIN, ALOK; JAIN,
PRAKASH; YADAV, PRIYANKA (2010). Formulation and Evaluation of Gastroretentive

Tablets of Furosemide (Evaluation Based on Drug Release Kinetics and Factorial Designs). J.
Chem. Pharm. Res. 2(4), 935-978.

90. SAHU, ATUL; SINGH, SHAILENDRA; VERMA, AMITA (2011). Formulation
Development of Buoyant Controlled Release Tablets Containing Chitosan: Optimization of In-
Vitro Dissolution and Release Kinetics. International Journal of Pharmacy and Pharmaceutical
Sciences. 3(2), 81-85.

91. NAGENDRAKUMAR, D.; REDDY, M.; KESHAVSHETTI, G.; SHARDOR, G. (2013).
Formulations of Sustained Release Matrix Tablets of Furosemide Using Natural And Synthetic
Polymers. World Journal of Pharmacy and Pharmaceutical Sciences. 3(2), 1663-1684.

92. British Pharmacopoeia. (7ed). (2012). United Kingdom.

93. MASAREDDY, R.; KENDALKAR, P.; BELEKAR, A. (2012). Effect of Polymers as
Matrix System In Formulation of Sustained Release Theophylline Matrix Tablet. International
Journal of Pharmacy and Pharmaceutical Sciences. 4(4), 409-419.

94. AMIN, SAIMA (2007). Biopharmaceutics. Pharmaceutical Technology, Faculty of
Pharmacy, Jamia Hamdard: New Delhi.

65


http://pmj.bmj.com/search?author1=L+K+M+De+Bruyne&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozdemir%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10900542
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ordu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10900542
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozkan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10900542
http://www.ncbi.nlm.nih.gov/pubmed/10900542
http://www.ncbi.nlm.nih.gov/pubmed/10900542

95. MADHAVI, NIMMATHOTA; SUDHAKAR, BEERAVELLI; RAVIKANTH, P;
MOHON, KODISANA; MURTHY, KOLAPALLI (2012). Formulation and Evaluation of

Phenytoin  Sodium  Sustained Release Matrix Tablet. Journal Bioequivalence and
Bioavailability. 4(7), 128-133.

96. KAR, R.; MOHAPATRA, S.; BARIK, B. (April- June 2009). Design and Characterization
of Controlled Release Matrix Tablets of Zidovudine. Asian Journal of Pharmaceutical and
Clinical Research. 2(2), 54-61.

97. KHALIL, YEHIA; HUSSAIN, AHMED (2008). Some Variables Affecting the Formulation
of Pentoxifylline (PTX) as a Solid Sustained Release Dosage Form. Iraqi J.Pharm.Sci. 17(1).

98. HUSSEIN, AHMED; GHAREEB, MOWAFAQ; ABDULHUSSAIN, RENATA (2013).
Preparation And Characterization Of Meloxicam Colon Targeted Coated Tablets. International
Journal of Pharmacy and Pharmaceutical Sciences. 5(1), 338-342.

99. CHITHALURU, KALYANI; TADIKONDA, RAMARAO; GOLLAPUDI, RAJESH;
KANDULA, KALYAN (2011). Formulation and Evaluation of Sustained Release Matrix

Tablets of Losartan Potassium. Asian Journal of Pharmaceutical and Clinical Research. 4(3),
18-22.

100. CHANDRAN, S.; LAILA, ASGHAR; MANTHA, NEELIMA (2008). Design and
Evaluation of Ethyl Cellulose Based Matrix Tablets of Ibuprofen with pH Modulated Release
Kinetics. Indian J Pharm Sci. 70(5), 596-602.

101. KHADKA, PRAKASH; RO JIEUN; KIM, HYEONGMIN.; KIM, IKSOO; KIM, JEONG;
CHO, JAE; YUN, GYIAE; LEE, JAEHWI (2014). Pharmaceutical Particle Technologies: An

Approach To Improve Drug Solubility, Dissolution And Bioavailability. Asian Journal of
Pharmaceutical Sciences. 9(6), 304-316.

102. EMEJE, MARTINS; KUNLE, OLOBAYO; OFOEFULE, SABINUS (2006). Effect of The
Molecular Size of Carboxymethylcellulose and Some Polymers On The Sustained Release of
Theophylline From A Hydrophilic Matrix. Acta Pharm. 56(3), 325-335.

103. The U.S. Pharmacopeial Convention. (2009). USP 32-NF. (27"). U.S.A.

104. HIGUCHI, T. (2006). Mechanism of Sustained Action Medication. J. Pharm Sci. 52(12),
1145-1148.

66



(1) @alal
bydanall diluall Blaall ¢ 5sl Gailad LEs) gl

F3 5 F2 ol Bhlaa gginad 050 Guilad L) gl

F3 dasall F2 diuall
ssiaa 3l 3A)l Adaal) ggina ()9 ssina 39 3A) ssiaa 0l ad)
o) o ddadaal) (&) Gag) o ddadaal) (Ala) Uadaall | Adadaal)
O (st O (st

[(%)100* auisl [(%)100% s
1.33 196.2 0.85 200.6 1
2.14 203.1 0.31 198.3 2
0.57 197.7 0.40 199.7 3
3.40 205.6 1.15 201.2 4
0.98 196.9 2.41 203.7 5
0.37 198.1 0.81 197.3 6
1.18 196.5 0.35 199.6 7
1.83 195.2 0.71 197.5 8
0.68 200.2 2.31 203.5 9
0.98 196.9 1.21 196.5 10
0.13 199.1 0.10 199.1 11
0.72 197.4 0.70 200.3 12
1.18 196.5 1.35 201.6 13
2.65 204.1 0.76 197.4 14
1.13 196.6 0.11 198.7 15
3.30 205.4 1.87 195.2 16
1.39 201.6 2.52 193.9 17
1.78 195.3 0.60 200.1 18
1.13 196.6 0.76 197.4 19
0.47 197.9 1.16 196.6 20

67




F5 3 F4 osfigal) Lilas gginal ¢3all (uilad L) il

FS dauall F4 daal)
ssiaa 3l 3A) Adaal) ggina ()9 ssina 39 3A) ssiaa 3l ad)
Gag) oe ddadaal) (&) Qisl) oo Addaal) | (ile) Addaal) | Alzdaal)
sl (s G380/ (s

[(%)100 sl [(%)100% i
0.47 199.1 3.13 203.8 1
1.50 195.2 0.87 195.9 2
0.57 199.3 1.73 194.2 3
0.04 198.1 1.83 194 4
1.10 196 1.68 194.3 5
0.94 196.3 0.82 196 6
1.95 194.3 1.81 201.2 7
0.67 199.5 1.91 201.4 8
1.85 194.5 1.83 194 9
1.48 201.1 1.91 201.4 10
2.08 202.3 1.66 200.9 11
1.45 195.3 2.57 202.7 12
1.98 202.1 1.68 194.3 13
1.63 201.4 1.73 194.2 14
1.02 200.2 1.17 195.3 15
1.10 196 1.36 200.3 16
0.89 196.4 1.63 194.4 17
1.25 195.7 0.60 198.8 18
1.18 200.5 1.22 195.2 19
0.97 200.1 1.31 200.2 20
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F7 3 F6 osfipal) Lilas gginal ¢3sll (uilad i) il

F7 disal) F6 divall
ssina 039 )] dadaal) ggina 1y ssina 0y 3] 5 039 ad)
sl e Adadaal) (&) sl e Adadaall (Rla) ddadaall | Adaéaall
s (s U8/ (s

[(%)100% dausd) [(%)100% o)
1.64 202.3 0.03 196.5 1
1.12 196.8 0.94 198.3 2
0.02 199 1.96 200.3 3
0.92 197.2 0.69 195.1 4
0.74 200.5 1.15 194.2 5
0.92 197.2 0.13 196.2 6
0.19 199.4 1.15 198.7 7
0.02 199 0.03 196.5 8
0.27 198.5 0.43 195.6 9
0.84 200.7 0.33 195.8 10
0.49 200 0.64 197.7 11
1.19 2014 0.84 198.1 12
0.22 198.6 0.53 1954 13
0.44 199.9 0.28 195.9 14
0.77 197.5 0.84 194.8 15
0.49 200 0.38 197.2 16
0.32 198.4 0.53 197.5 17
0.22 198.6 1.60 193.3 18
1.02 197 0.89 194.7 19
0.17 198.7 0.38 197.2 20
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FO 5 F8 (yfiall Lilaa ginal ¢l (uilad i) il

F9 disal F8 il
e 3l 3 Al Adaal) ggina ()9 ssina 39 3A) ssiaa 0l ad)
sl e Adadaal) (&) sl e Adadaall (Ala) Adadaall | Adadaall
38 539 (hes!

[(%)100* Jswsl) [(%)100* Jawisl)
0.74 197.3 1.05 197.5 1
0.41 199.6 0.40 198.8 2
1.22 201.2 0.60 198.4 3
3.73 206.2 0.40 198.8 4
0.16 199.1 0.15 199.3 5
0.04 198.7 0.25 199.1 6
0.49 197.8 0.10 1994 7
0.24 198.3 0.90 197.8 8
0.69 197.4 0.60 198.4 9
0.26 199.3 0.15 199.3 10
0.81 200.4 0.30 199 11
1.00 196.8 0.50 198.6 12
1.45 195.9 0.75 198.1 13
0.69 197.4 0.80 198 14
1.05 196.7 1.40 196.8 15
0.26 199.3 0.35 198.9 16
0.59 197.6 0.46 200.5 17
1.30 196.2 0.40 198.8 18
0.56 199.9 0.90 197.8 19
0.87 200.5 0.50 198.6 20
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F11 5F10 yiall Bilaa gginal ¢35l uilad JLod) quilds

F11 digal F10 Aigal
e 3l 3 Al Adaal) ggina ()9 ssina 39 3A) ssiaa 0l ad)
sl e Adadaal) (&) Qash e Addaall (Ala) Uadaall | Adadaal)
s (s 0380/ ((rhaas?)

[(%)100* Jswsl) [(%)100* Jawisl)
0.81 200.35 0.12 199.9 1
0.31 199.35 0.47 200.6 2
0.81 200.35 0.52 200.7 3
0.80 197.15 0.07 199.8 4
0.60 197.55 0.64 198.4 5
0.72 197.3 0.19 199.3 6
0.28 199.3 0.89 197.9 7
0.22 198.3 0.32 200.3 8
0.93 196.9 0.02 199.7 9
0.13 199 0.19 199.3 10
0.15 198.45 0.37 200.4 11
2.17 203.05 0.97 201.6 12
0.56 199.85 0.42 200.5 13
0.67 197.4 0.24 199.2 14
0.52 197.7 0.02 199.7 15
0.70 197.35 0.24 199.2 16
0.02 198.7 0.34 199 17
1.20 196.35 0.49 198.7 18
0.53 199.8 0.29 199.1 19
0.91 200.55 0.22 200.1 20
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F13 5F12 (fiiuall Bilaa gginal 050 Quilad JLa) ailis

F13 daal F12 4l
e 3l 3 Al Adaal) ggina ()9 ssina 39 3A) ssiaa 0l ad)
sl e Adadaal) (&) sl e Adadaall (Ala) Adadaall | Adadaall
38 539 (hes!

[(%)100* Jswsl) [(%)100* Jawisl)
1.14 194.5 1.10 197.3 1
1.19 199.1 0.15 199.2 2
0.84 198.4 1.50 196.5 3
2.41 201.5 0.60 200.7 4
1.35 194.1 0.95 201.4 5
0.74 195.3 1.30 196.9 6
1.30 199.3 0.55 198.4 7
1.25 194.3 1.15 197.2 8
0.94 194.9 0.65 200.8 9
1.80 200.3 1.35 202.2 10
1.04 194.7 0.20 199.1 11
1.35 1994 2.61 204.7 12
0.79 198.3 0.15 199.2 13
1.19 194.4 0.50 198.5 14
1.30 194.2 0.40 198.7 15
0.99 194.8 0.30 200.1 16
0.89 198.5 0.15 199.8 17
0.89 195 1.10 197.3 18
1.30 194.2 0.50 200.5 19
1.50 199.7 0.95 201.4 20
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F15 5 F14 (fiuall Bilaa gginal 0550 Quilad JLoa) ailis

F15 daall F14 dial)
ssina 039 )] dadaal) ggina g ssina 0y 3] 5 09 ad)
sl e Adadaal) (&) sl e Adadaall (Ala) ddadaall | Adadaall
s (s QU8 (s

[(%)100% dausd) [(%)100% o)
0.59 197.2 0.60 198.3 1
1.00 196.4 0.10 199.3 2
1.17 200.7 0.11 199.7 3
3.54 205.4 1.20 197.1 4
0.95 196.5 0.40 198.7 5
1.50 195.4 0.86 201.2 6
0.59 197.2 0.41 200.3 7
0.26 198.9 1.11 201.7 8
0.34 197.7 1.30 196.9 9
1.00 196.4 0.85 197.8 10
0.06 198.5 0.91 201.3 11
1.52 2014 0.75 198 12
0.01 198.4 0.41 200.3 13
0.80 196.8 0.96 201.4 14
0.29 197.8 1.26 202 15
0.51 1994 0.90 197.7 16
0.24 197.9 0.65 198.2 17
0.95 196.5 0.86 201.2 18
0.82 200 0.45 198.6 19
0.36 199.1 0.31 200.1 20

73




F18 3F17 5 F16 jall Bilas gginal (1550 (uilad JLa) guilii

F18 diuall F17 dial) F16 dial)
s5ina 039 BA)] | wsinae Gl ssina 03y 3] s5ina 0 s 039 @A) 5 039 a4
Qash e Aladaal) dladaLl) Qush e Adadaal) dladaLl) Qusd e Adadaal) dladaal) Adada L)
s/ (ans) . U8/ (s . QU8 (s .

[(%)100% dausd) (&) [(%)100* _dausd) (&) [(%)100% sl (&)
2.65 203.9 0.31 201.4 3.94 205.6 1
0.52 197.6 1.30 203.4 3.24 204.2 2
0.39 199.4 2.20 205.2 1.62 194.6 3
2.55 203.7 2.98 194.8 1.26 195.3 4
0.92 196.8 1.63 197.5 2.73 192.4 5
1.37 195.9 2.58 195.6 0.96 195.9 6
0.49 199.6 1.63 197.5 1.47 194.9 7
0.47 197.7 2.40 205.6 2.28 193.3 8
0.19 199 0.46 201.7 4.04 205.8 9
2.18 194.3 0.71 202.2 0.15 198.1 10
1.55 201.7 2.00 204.8 1.37 195.1 11
0.64 199.9 2.48 195.8 2.12 193.6 12
0.02 198.6 2.03 196.7 1.42 195 13
1.65 201.9 1.75 204.3 3.64 205 14
0.87 196.9 2.18 196.4 1.42 195 15
2.45 2035 1.06 202.9 4.30 206.3 16
0.72 197.2 1.11 203 1.31 195.2 17
1.68 195.3 1.70 204.2 0.86 199.5 18
1.27 196.1 2.75 206.3 1.11 195.6 19
2.58 193.5 2.23 196.3 1.11 195.6 20

74




(2) caalall
3 puaaall :U.LA-“ Jdlaall fpe Laswgodl) sl cilyiaia

75
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R?=0.9652
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y =-0.1683x + 4.4267
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4clu (12,10,6,4,2) a3y xie (F3,F2,F1) fuall Kruskal-Wallis g slas¥) aiag cnlal) Judas g lsd)

Anova

Anova

Kruskal

Fl1 F2 F3 r Povalue sig. Decision time

2204 | 2232 | 2174 | 0436 | 0654 | 0423 Frobds Ay |2
dilaa
s b 5,

5728 | 5522 | 49.47 | 24.430 | 0.000 | 0.001 TR oS 4
o)

AV Iy 3558 2 g 6
Mean | 71.79 | 6637 | 62.72 | 14.140 | 0.000 | 0.002 )
N s 5y

82.90 | 80.83 | 76.49 | 32.358 | 0.000 | 0.001 F2 ol G52 2 10
o)

A2 I3 B8 0 12
85.76 | 82.75 | 77.56 | 2456 | 0.000 | 0.002 N

ielu (12,10,6,4,2) diai¥) sic (F6,F5,F4) fuall Kruskal-Wallis g olas¥) siag Galil) Julad gL

F4 F5 F6 Anova | Anova Kmskal Decision Time
F P-value Sig.

FUNRYCREREPF

2333 | 18.09 | 16.55 | 2523 | 0.000 | 0.002 TR O A s 2
FUNRYCREREPF

81.76 | 72.26 | 67.22 | 6.639 | 0.008 | 0.003 TR O s 4

AVa Dl 35 8 2 g 6
Mean | 88.68 | 80.99 | 77.53 | 4.216 | 0.035 | 0.003 e
AN 3 Gy

93.41 | 84.67 | 81.63 | 5.647 | 0.014 | 0.003 2ehspes |10
AN 3 Gy

94.85 | 88.07 | 83.60 | 4.4484 | 0.030 | 0.003 2ehspan |12

ielu (12,10,6,4,2) i) e (F9,F8,F7) uall Kruskal-Wallis golad¥) sag cplil) Jilad g )lsa)

Anova

Anova

Kruskal

F7 Fg& F9 F Povalue sig. Decision time
Vs b 55 g om Y
2254 | 2124 | 2108 | 2372 | 0.101 | 0.068 TSR 2
Al
s b 55 A
58.01 | 54.64 | 52.00 | 33.284 | 0.000 | 0.001 i 4
Al
A2 I3 By 0 6
Mean | 6721 | 64.86 | 62.25 | 31.888 | 0.000 | 0.001 )
MYJQ\SLB})QA;}:\ 10
7924 | 78.40 | 75.47 | 23.192 | 0.000 | 0.003 PN
80.55 | 7939 | 7830 | 45924 | 0.027 | 0.030 PN
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iclu (12,10,6,4,2) 4aa3y) sis (F12,F11,F10) fuall Kruskal-Wallis g slas¥) sayg cubidl) Jalas g5l

F10 | P11 | Fip | Anova | Anova | Kruskal Decision time
F P-value Sig.
Na b 55 4 om Y
2096 | 21.03 | 22,08 | 1235 | 0321 | 0310 ToS oA 2
A ilaa
N5 S Gy f 4
5227 | 49.84 | 4595 | 3.4487 | 0.059 | 0.022 N
MNach s pmny | 6
Mean | 63.68 | 61.55 | 59.55 | 2.9380 | 0.084 | 0423 P
AYa a5 48 Y
77.00 | 73.60 | 70.62 | 45351 | 0.029 | 0.055 TS 10
Alas)
ANV Cld (34 43
7827 | 7499 | 72.69 | 48832 | 0.023 | 0.032 TR 12
Alas)
islu (10) Gl s (F12,F11,F10) jonall L.S.D. sgine b il L)
Mean Difference 95% Confidence Interval
(D F OHF (1-)) Std. Error Sig. Lower Bound Upper Bound
10 11 3.4063865 2.1201237 129 -1.112550 7.925323
12 6.3802759" 2.1201237 009 1.861339 10.899213
1 10 -3.4063865 2.1201237 129 -7.925323 1.112550
12 2.9738894 2.1201237 181 11.545047 7.492826
12 10 6.3802759° | 2.1201237 009 -10.899213 -1.861339
11 -2.9738894 2.1201237 181 7.492826 1.545047

*. The mean difference is significant at the 0.05 level.

4ol (12,10,6,4,2) L3yl xie (F15,F14,F13) fsall Kruskal-Wallis g olad¥) sag cpball Judas g L)

F13 F14 | F15 Anova | Anova Kmfskal Decision Time
F P-value |  sig.

AVl 38 aa

23.35 | 21.34 | 17.10 | 15.750 | 0.000 | 0.002 oA 2
AVl 38 aa

4539 | 38.79 | 41.20 | 2.088 | 0.158 | 0.042 SO A 4
AV Oy 3P aa g Y

58.18 | 57.65 | 53.52 | 3.5425 | 0.054 | 0.065 ToLe A 6
AV Oy 3P aa gy

65.14 | 63.02 | 60.43 | 1.2702 | 0309 | 0.076 ToLe A e 10
AYa il 3558 aa

66.83 | 64.90 | 6235 | 3.3702 | 0061 | 0.012 SRospes | 12

95



delu (6) ¢l vie (F15,F14,F13) joall L.S.D. (goina (3,8 S8 i)

Mean Difference 95% Confidence Interval
(DF ) F (I-)) Std. Error Sig. Lower Bound Upper Bound
13 14 5310176 1.9177404 786 -3.556549 4.618585
15 4.6622781" 1.9177404 .028 574711 8.749845
14 13 -.5310176 1.9177404 786 -4.618585 3.556549
15 4.1312605" 1.9177404 .048 .043694 8.218827
15 13 -4.6622781° 1.9177404 .028 -8.749845 -574711
14 -4.1312605" 1.9177404 .048 -8.218827 -.043694

*. The mean difference is significant at the 0.05 level.

4ol (12,10,6,4,2) iai¥) sic (F18,F17,F16) iaall Kruskal-Wallis golad¥) sag Galil) Judad (g lisl

F16 F17 F18 Anova | Anova Kru.skal Decision Time
F P-value Sig.
FUNRYCERENEPF
17.65 | 1524 | 16.26 | 1.1025 | 0357 | 0.009 TR O A s 2
FUNRYCREREPF
4539 | 38.79 | 41.20 | 2.0879 | 0.158 | 0.042 TR O A s 4
Aol 35 8 Y 6
Mean | 5427 | 48.52 | 47.30 | 2.2768 | 0.136 | 0.050 Pt
AVa cld (548 N
56.47 | 5243 | 49.60 | 1.9200 | 0.180 | 0.079 TS 10
AVa cld (548 N
57.64 | 5435 | 52.60 | 2.8059 | 0.092 | 0.055 TS 12

delu (12) ¢m3ll sic (F18,F17,F16) juall L.S.D. gsina (3,8 S8 jLaal

Mean Difference 95% Confidence Interval
(DF DF (1)) Std. Error Sig. Lower Bound Upper Bound
16 17 3.2814489 2.1566997 .149 -1.315448 7.878345
18 5.0320456" 2.1566997 .034 435149 9.628942
17 16 -3.2814489 2.1566997 .149 -7.878345 1.315448
18 1.7505967 2.1566997 430 -2.846300 6.347493
18 16 -5.0320456° 2.1566997 .034 -9.628942 -435149
17 -1.7505967 2.1566997 430 -6.347493 2.846300

*. The mean difference is significant at the 0.05 level.
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delu (12,10,6,4,2) 4iai) xic (F10,F7,F4) iuall Kruskal-Wallis g slai¥) siag Gabiil) Jadas L)

F4 | F7 | FI10 A”]‘;V“ ff.Zsz;e K’; ”g‘“l Decision Time
2333 | 2254 | 2096 | 47187 | 0.025 | 0005 | % Q&‘fﬁ! =2y 2
8176 | 58.01 | 5227 | 88.697 | 0.000 | o004 | :’f ij 2 | 4
Mean | 88.68 | 67.21 | 6368 | 14510 | 0.000 | 0003 | ‘:":&f =2 |06
9341 | 7924 | 77.00 | 63988 | 0.000 | 0003 | " ‘:":&f 2|10
0485 | 80.55 | 7827 | 54264 | 0.000 | 0003 | - ‘:":ﬁf w2 | 12

ielu (12,10,6,4,2) 4iai¥) sic (F11,F8,F5) iuall Kruskal-Wallis g sla3¥) siag Gabidl) Judad gL

F5 F8 F11 Anova | Anova Kmskal Decision Time
F P-value |  sig.

o i 35

18.09 | 21.24 | 21.03 | 6.9240 | 0.007 | 0.015 2elspen |2
Vo i o

7226 | 54.64 | 49.84 | 76014 | 0.000 | 0.001 it N

AVa D 3508 2 6
Mean | 80.99 | 64.86 | 6155 | 65312 | 0.000 | 0.001 o
s il o5

84.67 | 7840 | 73.60 | 21.208 | 0.000 | 0.002 2l dspee | 10
Yo i o5

88.07 | 79.39 | 74.99 | 43.059 | 0.000 | 0.001 2elSspes ) 12

el (12,10,6,4,2) L) sie (F16,F13) ofisall Student )

F13 F16 t Sig Decision time

AV ld (39,8 2 o 2

23.356667 17.65 9.543 0.000 iilias)
AV ld (39,8 2 4

49.498312 45.394975 5.830 0.000 iilias)
AV I3 3 g8 0 5 6

58.188639 54.272173 5.427 0.000 iilias)
Mean M Gspmsy | 10

63.251453 56.473807 9.680 0.000 Lilias)
AV s 3558 2> 12

66.839707 57.640578 16.332 0.000 iglaa)
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dcl (12,10,6,4,2) LY aie (F17,F14) iuall Student _L3d)

F14 F17 t Sig Decision Time
AN I3 5y 58 an g 2
21.341667 15241667 13.865 0.000 dflias)
A2 Iy B8 4
48.40825 38.792232 6.39822 0.000 dflias)
AN D g8 an g 6
Mean 57.657621 48.529983 5.77034 0.001 dflias)
AN D g8 aa g 10
63.015662 52.430737 6.91175 0.000 dflias)
AVl B 8 an g 12
64.904795 54.359129 6.92210 0.000 dflias)

iolu (12,10,6,4,2) L) 2 (F12,F9,F6) imall Kruskal-Wallis 5 olad¥l sy cpball Judad g ,L5s)

F6 F9 F12 Anova | Anova Kru.skal Decision Time
F P-value Sig.
16.55 | 21.08 | 22.08 | 80.585 | 0.000 | 0.001 A2 SR 35 p 2 2
e
6722 | 52.00 | 4595 | 17569 | 0000 | 0002 | ¥Rk 4
e
Mean | 77.53 | 6225 | 59.55 | 14.613 | 0000 | 0.015 e
81.63 | 7547 | 70.62 | 47877 | 0.024 | 0.012 A3l 35 4 2 10
e
83.60 | 7830 | 72.69 | 45242 | 0.029 | 0.012 A3l 35 4 2 12
Alas)
ielu (12,10,6,4,2) dial) sic (F18,F15) cpiuall Student Lasl
F15 F18 t Sig Decision time
AVl g8 aa Y 2
17.108333 16266667 | 036351 | 0.362 RO s
Aan)
N Gy pmnY | 4
40.778245 41203853 | -0.09849 | 0.461 RO R
Aan)
AN B s imnY | 6
Mean 53.526361 4730624 136650 | 0.104 Pt
NS IS 5y am s 10
60.431198 49.60916 | 2.33135 | 0.024 RO A
Aan
AN S5 55 8 o g B
62.350953 52608532 | 327467 | 0.004 RO
Aan
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delu (12,10,6,4,2) 4iai¥) xie (F13,F7,F1) iuall Kruskal-Wallis g slai¥) siag Gabiil) Jadas 5L

Fl F7 | F13 | 4rove | Anova | Kruskal Decision Time
F P-value Sig.
2204 | 22.54 | 2335 | 32305 | 0.068 | 0.064 Frobds Ay |2
Ao
s o 3 s
5728 | 58.01 | 49.49 | 69.390 | 0.000 | 0.003 P2 G50 2 4
Lo
A2 I3 B8 0 6
Mean | 7179 | 6721 | 58.18 | 36.531 | 0.000 | 0.001 s
A2 I3 B8 0 10
82.90 | 7924 | 6325 | 52750 | 0.000 | 0.001 N
A2 I3 By 0 12
85.76 | 80.55 | 66.83 | 352.90 | 0.000 | 0.001 N

ielu (12,10,6,4,2) diai¥) sic (F14,F8,F2) iuall Kruskal-Wallis g sla3¥) sag Gabidl) Judad g L)

) F8 Fl4 Anova | Anova Kru.skal Decision Time
F P-value Sig.

M .." - .
2232 | 2124 | 2134 | 3.0314 | 0078 | 0.041 PrEhdspen |2

M .." - .
5522 | 54.64 | 48.40 | 71.277 | 0.000 | 0.003 Y2l b 4
AV QI3 35 8 aa g 6

Mean | 66.37 | 64.86 | 57.65 | 78.612 | 0.000 | 0.003 N
80.83 | 7840 | 63.01 | 469.80 | 0.000 | 0.001 PrEbdspes |10
82.75 | 79.39 | 64.90 | 317.06 | 0.000 | 0.001 PEbdspen | 12

F3 F9 F15 Anova | Anova Kru.skal Decision Time
F P-value Sig.

ﬁ .." - -

2174 | 21.08 | 17.10 | 8.8526 | 0.002 | 0.043 Rl S ety 2
ﬁ .." - A

49.47 | 52.00 | 40.78 | 15.624 | 0.000 | 0.001 Pebospen |4

AV ld (39,8 2 o 6
Mean | 62.72 | 6225 | 5353 | 13.984 | 0000 | 0.047 e
s b o 3

7649 | 7547 | 60.43 | 40.008 | 0.000 | 0.003 robdasas ) 10
s b o 3

77.56 | 78.30 | 62.35 | 42.123 | 0.000 | 0.003 Proldogas | 12
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dolu (4) ool e (F15,F9,F3) iuall L.S.D. gsina 50 S8 Lol

Mean Difference 95% Confidence Interval

(DF ()F (1)) Std. Error Sig. Lower Bound | Upper Bound
3 9 6590656 1.1911688 .588 -1.879850 3.197982

15 4.6324898" 1.1911688 .001 2.093574 7.171406
9 3 -.6590656 1.1911688 .588 -3.197982 1.879850

15 3.9734242" 1.1911688 .005 1.434508 6.512340
15 3 -4.6324898" 1.1911688 .001 -7.171406 -2.093574

9 -3.9734242° 1.1911688 .005 -6.512340 -1.434508

*. The mean difference is significant at the 0.05 level.

delu (6) i) xis (F15,F9,F3) fsmall L.S.D. gina (5,8 J8 ,Las)

Mean Difference 95% Confidence Interval

(DF N F (I-D) Std. Error Sig. Lower Bound | Upper Bound
3 9 4706236 1.9586435 813 -3.704126 4.645373

15 9.1967174" 1.9586435 .000 5.021968 13.371467
9 3 -4706236 1.9586435 813 -4.645373 3.704126

15 8.7260938" 1.9586435 .000 4.551344 12.900844
15 3 -9.1967174" 1.9586435 .000 -13.371467 -5.021968

9 -8.7260938" 1.9586435 .000 -12.900844 -4.551344

*. The mean difference is significant at the 0.05 level.

islu (12,10,6,4,2) disy) sis (F16,F10) osiizall Student i)

F10 Fl16 t Sig Decision time
AYa ) 5982 o 2
20.96079 17.65 3.86453 | 0.002 RO A
Aflas)
Yo ld B8 an g 4
52074389 | 45394975 | 273977 | 0.020 DG
Adkan
AYo ld 358 ax g 6
Mean | 63680630 | 54272173 | 510980 | 0.001 i
77.008215 | 56.473807 | 10.9555 | 0.000 -
Ailas)
Nl Gy i | 12
78077844 | 57.640578 | 12.1572 | 0.000 DiatinG
TN

100



islu (12,10,6,4,2) disfy) ais (F17,F11) oipall Student JLaa)

F11 F17 t Sig Decision time
AV A (5 98 aa g 2
21.035873 15241667 | 103050 | 0.000 Badine
TN
NS S5 5y 8 a5 4
49.849473 38792232 | 4.97127 | 0.000 TROs A s
TN
AN 5 3y p m 6
Mean 61.55566 48529983 | 676792 | 0.000 i
Vs 3 (a g8 2m g 10
73.601828 52430737 | 9.06775 | 0.000 RO
TN
N ch gy pmy | 12
74.9963 54359129 | 976792 | 0.000 B
TN
dclw (12,10,6,4,2) a3y e (F18,F12) oiuall Student JL3a)
F12 F18 t Sig Decision time
Vs Cld B8 an 2
22.08287 16266667 | 3.04316 | 0014 TR A
Atlas)
NSl Gy Y | 4
45.953787 41203853 | 1.28650 | 0.1273 I
Atlas)
Mean | 59556959 4730624 | 3.11435 | 0.013 e
NS b G pms |10
70.627939 49.60916 | 5.19346 | 0.001 Dt
TN
MNscha,rng | 12
72.696092 52608532 | 9.50524 | 0.000 Bt
TN
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Abstract

The aim of the present study was to prepare extended hard capsules of
Furosemide using Eudragit RL, Eudragit RS and Ethyl Celulose individually in
different concentrations (8,12 and 15%) and different particle size of granules.
The influence of polymer concentrations, polymer type and granules size was
studied. The prepared capsules were evaluated for their physicochemical
properties and in-vitro drug release studies. The in vitro release data showed that
Ethyl cellulose had more effect on extending of drug release than Eudragits, and
Eudragit RS retarded drug release more than Eudragit RL does. In addition, higher
concentration of polymer enhanced the retardation better than lower
concentration, and increasing the granules particle size altered the release of drug.
Mathematical analysis of the release kenetics indicated that the nature of drug
release from most capsules followed Higuchi model. In addition to that,
dissolution from most formulations appeared to obey Anomalous (non-fickian)
transport as n values were between 0.45 and 0.89. Furthermore, the formulation
F9 containing (EC 12%) with particle size range (1-1.6 mm) was found to extend
the release of Furosemide up to 12 hours and it was selected as the best
formulation.

Key words: hard capsules, Furosemide, wet granulation, Ethyl cellulose,
Eudragit RS, Eudragit RL.
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