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Impurity B % 0.52 N.D

Total impurity % 0.62 0.07%

Dextrodropropizine % 2.02 0.55%
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28.8 J«100 12
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A3y dale (la) Ailaall £ guud) dzas al)
0.862259 1268.264 F1
0.874403 1264.536 F2
0.862155 1267.271 F3
0.393515 926.6389 F4
0.640288 1049.583 F5
0.57844 1044.294 F6
0.647995 1027.12 F7
0.877676 1029.339 F8
0.863512 1038.189 F9
0.922696 1017.638 F10
0.893162 1031.41 F11
0.894036 1040.358 F12
0.973877 1215.567 F13
0.897672 1241.14 F14
0.857328 1222.56 F15
0.302865 998.1828 F16
0.536148 980.8311 F17
0.610515 984.337 F18
0.735697 1010.858 F19
0.702381 1002.857 F20
0.643742 1014.375 F21
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1 oA Al plall daall (el (o G g g i) Jpalad fua -1-3-3-2

A ALY plall Caaall Gulll) Cld fmal) qus 53 (9) Jssa

Poloxamer188(%) | PG(%) | PEG4000(%) | PEG1500(%) | PEG400(%) | &wal
0 0 47.5 47.5 5 F1
0 5 45 45 5 F2
0 7 44 44 5 F3
100 0 0 0 0 F4
70 30 0 0 0 F5
50 50 0 0 0 F6

1 oA Al dacal) unl) (o G 9 gR siilll Jalald fua -2-3-3-2

AT AT al) Guba) Cld fonal) cuS 5 (10) Jo>

Tween 80(%) Novata BCF(%) Witepsol H15(%) | &wal)
0 0 100 F7

5 0 95 F8

10 0 90 F9

0 100 0 F10

5 95 0 F11

10 90 0 F12

Bamgde sloall daall eV e Gt g 9 R sl Jpalad i -3-3-3-2

roall
0 pa slall caall Gubal) @ fnall a5 (11) dsea
Poloxamer | Poloxamer HPMC PEG PEG X

PG (%) el

408(%) 188(%) H15(%) |6000(%) | 1000(%)
0 0 10 5 37.5 47.5 F13
0 0 10 10 35 45 F14
0 0 10 20 30 40 F15
1 69 30 0 F16
2 68 30 0 F17
4 66 30 0 F18
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L udinl) (398 A3V S gaall Glhaall Slea pladiuly ¢ e sili 240 da e Jsh die
.(Cary500 ScanUV Vis NIR spectrophotometer EL02015161) g 5 (s

e 50 drmas O sl (3 Jpalail) aoia 3 £ sl (e Al B0lall DAl iy
S Aol sl g Qlall s ) pH 7.2 Sl (LBl anall JaS
421 (1237) 5,l= 4, (Phylo,ltaly,USH-10D) (& s—all §5-8 <l il
Li ia pasll JeSis Ja 50 ol b pnsiy Je10 i & el 4 53 3 i

_(117'76)7_2 dua geall da 5y g3 4;—.’.13-“’}9]\ sl Hhal)
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&3l,dally gt leall @udll

:(Hardness) 8 guudll jLid) -3-4-3-2
go— o d—alaillagl B pa a8 L ga i Wbl
da ) Aol 24 300 Jaaladll (335 2y clly s (ERWEKA-19359 Germany)
Jan (530 RS 55 panall i § 200 Ol sl el ey <25 4853 5 ) s
G )sSe Gy SV ) ya) ad cplan yall 8 (e pladin¥) g Jall Ca g phal dlyenl

AL S IPS PN S BN PR WA R A

:(Disintegration test) «idlll cpaj JLid) -4-4-3-2

ipmas e Jleall aiay (COPLEY,NE4-COPD:UK) Jlea plasiuly o

3 daiall slall (o A 4 (5 sing i (b Ausaria (S35 U 39 50 Jaia (g sin

090 pand) (L 36y sy de JS @ity ale 90 ddliwa slall Cand 3 yaall a6

Lo sial) s Ban JSI @l 5% 30 HLEAYT el ) a3 a5 colal (30 Leal )
il Gy pand Jles (21) IS w109 (gl il

Jealal) € (ya 3 ypaadl adidocal) CIE jlga gag (21) JSED
:(Suppository penetration test)d@ s o) Jisl -5-4-3-2

525 (ERWEKA PM3 Germany) celill (re and jlean aladiul oy

il Jsh Jo ala ) 2gee 350l 488 da ol A Al ol o 53U (a3 iy

sloa) ol als s da 30 °37 Sle plea & daaladll 5 3 ganll a5 22y I 8LS JS
9 5 el ol iV g dass siall lsa 5 Apa JSU ) S D0 LAY
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I {JUR[PRSAT leall @l

:(Determination of melting point) <! 4a 3 putd -6-4-3-2
a3y LYl dlee 8 LY s 5kl e 4y e shaa lgaaiy) dlais i 53
285« ®HBUCHI Melting Point B=540) Jleai¥l ki yaai jlea alasiul;
_ng_)\:uud\ ol i g daus glal) Gl g ddna STl S SO SLAAY) &) ja) ad
110900 aniiial) Cile ] guad) aa 4l gl Baladl Jahai g Ay oll) Al Al 3 -5-3-2
Al Aglladll (L) 1) £ gl g 300 sall salall gy Jalasll g5y a8
JSal S i A380a o) gl sl - s el e lpall 5 apiailly 4y graa
Balall gl sd Jama s 400as) 2y 3 a8 e dlia @) imge 5l Jollae JiS0E5 ¢ 3Vl
Jaze OIS o (8 40 sall Adladl) (e g s sandl 8151 (e 2 3050 138 5 400 50l
oabaia¥) ddhia ) ol sall Jsaa g Jaral 300a4ll 3 sladll ga 430 gall salall (4L sd
O JAlas Eigan Ay 38a 5 o sl arlll Jad e Gl sae aladial o3
(DSC) differential scanning calorimetry Ll g i all moddl -1
(DTA) differential thermal analysis L=l )l jall Jilaill -2
(TG) thermogravimetry ¢l o5 psbisa -3
(HSM) hot stage microscopy &abul dssiall 3 sl -4

-

;‘) A‘\“ ! \.; 4= A::!‘yb. C qu“ (@ .Q .:l-a w\ .:.q. _5

(FTIR) Fourier transform infrared spectroscopy
(XRPD) X-ray powder diffraction sl 2=3Y1 alasiul -6
(SEM) scanning electron microscopy gtall 5 S jeaall -7

o ¢ peall Cnt AL el Cada Gl Lalaill (o)) jall sl CULi 3a
il 8 L Ll a3 3l il gadll a5 1090 Jlaall 1aa 3 daadiadll eyl i
salall (o Sl o L5 il Jeli ¢ gan A<l Al o Caags dus g yaall Jaalatll
Aladall o Al s aladind A8 ) (e e I s s saal) il sl 5 290 all
gl i aladtuly o LESY a3 45l Y] A0 gall o) gall 4y 5 LI 5 4y ) ) sl Ay
BYEOA| e\..\';lu\__a Balall il y sl Ay 59 6l yandl Chal :\JLJ:\JL! c.wd\j ém\_q.d\ Lﬁ)\);“
(B%)0ay Lo diaidl) Ba2VL ) et S5 Cand) 138 Uiy
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I {JUR[PRSAT leall @l

: @(FT-IR scan) slsall cad i) aladiuly Adal) el -1-5-3-2
skl 458 e Sl (Raw material, Standard) o s s s 2 sidll 33 o

Ll 55 [H15 Js——uiis /188 el Sl s—— [PEG4000 e ) sl @
Baa e JS Jg el @l i 5350 /[HPMC k15 /PVPK30 /BCR

-%50:50 Ay 450 sall Balall e Do) guall (o ST 20 580 2 5ell @
Q\‘).AL\M} :L:\:\\}ﬂ\ sl O ‘)_LML\A d.c\.sﬁ QJJ.A 4_1.\1.5‘4‘\ :\_a.u\‘)d uj_g_\ «ﬂ.jdj
sl 2l 3 Aosiiondl

Cillaal Slga aladiuly ol sl dae g ae daioall (53 5 -dlaa Gulall a5
.( Bruker IR 10049361,Germany) ¢ s (= ¢l yeall ciad 224 5 guall

:49) Thermal analysis (DSC) (&l s ) adl gl -2-5-3-2

salall (e Ll 5 Jalatl) o Lalasand H3SY) o o) all Joladll 3k o
e ) gl e salally 53 yiie 5alall Ay ) jall cillaladiall 45 jliay elld g &) guadl 5 450 52l
Llasall e §ydas il eoliadll ¢ sam e bl (i sl e deddi ol
Ot &) small a4 gall Balall & e a8 Cus o) guall 3 ga g0 Bl &) (5 ) el
3l sall Ll i ) canil) (385 4w o5 yad) () sl 3 3 sall G gz el s b 50
gl iy LS (10O B Coiail) (35 g el (508 A ) Ll 55 dalial
shgosh Y JSE bl el L sald) 2 sa g aat] JaY) Al Lalil) g ) al)
b IS (g sk IS8 Jsad 4@l (s Cun el (s i) o Jinae 5l 55k
A sl JSEl (e Ll gad  ay il HlgaiV) A claid) of LS Ul 3T Al
A sk Cre a8 (A ) sdl g Bl JAINS S sm s RIS ¢g sk DU JSA)
(OB 1IN ey Sl 5 salall

(b et G il ) el e Slea 8 LAl 5 Al (e JS e

A0 ui Ui Sheall dasn Vel oaldl 3153 dag s Gania Lagile Laliall s

05l dag s Ao Balaall Ty 5 i Say (g3 alail) ) (5l padl 8l Wi 5 30yl
(50) BN

81



I {JUR[PRSAT leall @l

el i} ((METTLER TOLEDO, OH, USA) jlea axaind
wdﬁiﬁpewuﬁu:\;)&e}:\diﬁﬁé(clq5—4:\_\3_)un)aJPu\
°5 Janas iy sie a2 °350 -°30 (e 5 all dm o o i 5 LS o spisal)
Adgally cla )
sl 4y 8 (e SUL (Raw material, Standard) o s s 2 sill 33l o

Ll 53 [H15d st s /188 el 83l 5 [PEGA000 e ) sl @
Baa e JS Jgmalall @l i 5350 /[HPMC k15 /PVPK30 /BCR

%50:50 4ty 40) 5l 3alal) pe e gudll (pa IS A6 58l o 3el) @

:(Optical Rotation)gsadl sssill (s -3-5-3-2

oand a3 el lud) Y Gl ¢ gall Caja e 5508 1 s Aladl) 3alall

N S SVON [PSPUEN NP PP RS S - SN | B S V% i S S|
b 3 e Al al) 3oLl () (e 25U 25 235 ((POLARIMETER,A.KRUSS)
(10Nt 25 3l jpaall JS0 Sl iatl] aay

duSlaal) 3 gl il g (g ) gl S} Ay -4-5-3-2

:(Recrystallisation Test)

LIl g el sl JAaall S il e 3588 elae Y calafiiall el aladiind o
ik Tas A 5 aklia Jue Gusb oo 197 iatll aayy 0 sald) @l sk 43 )
Saalall a1 s 531 Gl &Y @lld g il a SN aa Jrpalail) 3 4 go
Slea plaaiul salall (g oLl ISl Ay ) a5 (108 pandl) Gy 15 (55 dna g g
5 el 3035 el U5 (OLYMPUS, BX41,JAPAN) bifioadl ¢ 5ol
Ge Al dpalaill o ey pe gk (gl agm s AaaBlay el bl slalail 515
(109 i) (i A3 ) (g B Le el )l
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PO {PRRY (hoad! @uuat!

{(110998%) Dissolution test) gkl pasd -6-3-2

gla b o ads (AVanall A mial (552 e 588 Glsall sl (asy
ualbaia¥) 33l UV/VIS spectrophotometric o sall cahall Slea alasiul s
S 5 bl 505 1 3yl Jish ey 53 pemndl il 3 gl 3,1
chromophores sl dwlsa e ST 5 aals e dgla 3 g andid) (358
&Y Sle sane sl e S S 551 ¢l (e A slal) g jlaall cilElS
A )il 3 3ea ) dal (e @135 2-0.1 G UVIVIS palaaia¥ (Saalinall Jladll
O dlaall o8 Galiaia¥) ady o) cand Gl Y (oS paail) ol e Wl 3l i)
%5-0.1 G 528 i Lol s MAlaT (gagy 053 of Ay sl 038 (5 5se 00 ¢1-0.3
o Gy (5315 i 5 33l 5_laal S gaal) Cilalaall 3y aladid e
A28 agall (pe 130 A5 JLll Cpnd oLally JATY) AL o) el il juianioen
OSA8 A5y Hhall <l e e el cdialiall oL salal) ae Jaaill Jlas) e 5 gl oy 5l
5 sall el iy gall m pnill 8 Alcaiall A 5 Aaidiall RS 5 Al Gl
) 3 30 al) JEAN 5 Y1 Jal ol iy
t gl aad bag i -1-6-3-2

¢Lsls (COPLEY NEG-CIP-UK N0:19695) ol sill Slea aladinl o
Ja 250 daws sl aaas (O9N8aa 85550 50 de e capparatus |1 <alasal 4, )k
D s o st 2%) 7,240.05 1A gas da ) QI3 Al 68 A5l (e A5 K4
o daudw 5 aaay clie i a3 B2 (YSP34 S el A5l
0.45 a4 s S il ja s i il 5 sl Jslaally Camse °0.54 °37
s (5 ol e 3 aill )5S 540 a8 S 8 Jaalai 6 Ll ot iy Sia
) el aladi s Gl g3 1) il inia a5 (5 lomal) Bl a1 5 o il
33 Yauall Jal (ase (paldl (asall A s ¢l aladiul 5 <Excel 2010
i) Hsiwdagle Gaig le By elall o ULl g 280N (8 Jalall &) sl
Joaaladll (s Gael il aadt ) aeall Glldl (22) JSil) sy (B4 <, Y0
Yl day 8 A5 jadll
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PO {PRRY (hoad! @uuat!

(M sl (and b asdiaial) (5 ) gl Hanal) dllad) gria gy (22) S
r DAY eliiaia 45 Eal dsibaay) Aul Al -2-6-3-2

(Two Way ANOVA ) ssaladl o8 ool Julas jlaal e slaie V) a3
(SPSS®10.0 statistical software (SPSS Inc., Chicago, IL, USA)) gl alaaiuly
gmall @l g (8 Gued S e Janar Gaomy s 0358l e B ) jatiall 4 siall duall
Jaeaill Gl 53 Gand (e ) e e ouadl B ganall 4880 15 IS Aie 5« yaall 4
roh LS Al i A3 gaall F a4y gl F 3 juianall

Nina (5 b 2 (B8 22 0 Y 10.05<P | (Adsaall) F dai> (L suadl) F dad
2l s aie @by Cms s sl 8ala (e 5 yaall 4y siall dpill L Libias) 4
O5Sall i o) ) daelail) debia o andivall o 58 5 sl daalad) bl el S
inie b i ) 65 ad 4ie paditdd) S8 Jlalall GAlul) 8 s ol
(Adlxdl) Balall 5 5l

40 dina (58 52 (U1 22 52 10.05>P sl (Al 52lIF) dai< (4 sunall) F A
aal s vie @iy G s s sl Bala (e B paial) A ghall dpaail) 8 Lilias)
OsSall s o)) ) daelaill Ao a8 aadiad) o 308 55 5l Jualad) ulu) cil S
Olsdl i s ) o 4ie axdiudl S daladl Galal) 8 G syl
1) (2ladll 3alal
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I {JUR[PRSAT leall @l

+(09) Nasal) JLAY AgLE Al 2 -7-3-2
sl 7 siiall da il gpall HAST aasd (g yi e puall Clul Al ol sal S
O IS (5 gina s Jleai¥) Aa 50 s i) e 35 8 skl 5 jedaall sl Jadii g L
Juzadl il 5 A 5il) ldall s (e Qe gnall L) a3 Cua dlladl) 3all)
4B XENPR G ENG | g
Agsia Cla 0 4 dsu A S dsa IS e dleai 12 -
3 = 4s x (Carbolite,s33 6RB, England) ¢ s aae 2 ilwai 12 -
(%A0 axall Jahs Gasi 35k ) 3530 4a 2 °30
Gaob oo Leandi 5 (P19 5l dn 2) %744 A sk S dleai 12 -
15) (desiccator) & assall ) (e aaiia Jslas pung
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ot oall @udll

;i -3
:(Validation) 48 saaall 568 < ghai -1-3
ealie ) paliaia¥) A ga Jgh yaas -1-1-3

O balall easa ¢l ya) 223 240NM (ke V) pabiaiaV) da ge Jsh of Gas
pabaia¥) da ga Jsha (23) IS Gy Ot 3585 Sl S gaall Jlaal
UV Jae (A s asialll 3l alaey)

UV dlaa o Crmgsesuisiall) 33l alie ) (alaia¥) da ga Jsh (23) Jedll

:(Linearity) 4xbill -2-1-3
0.9975 L Y1 e &l 3] (24) JS 385 Leia il

y =0.039x - 0.0278

o.zlz //
o
oot

0.2 I’ 5 10 15 20 25 30 35
' ol A

uakaiaY)

e e Al palaial) (g Cn g ngsdshll) 58 G ABMall Lkl (24) Jedd
S5 g8 9 A )
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(13) a3 el Aol 580 55 Galsial (IS

4kl D) 3580 55 pabiatial (13) Jgaa

Abs (mcg/ml) Conc(%)
0 0 0
0.048 2.4 10
0.244 7.2 30
0.416 12 50
0.628 16.8 70
0.724 19.2 80
0.854 21.6 90
0.906 24 100
0.996 26.4 110
1.087 28.8 120

:(specification) & sl -3-1-3

arenl s pnall aas Jal (e ddae s 43, Hhll Ao il sasaall A8l il

il e el i I Sl o (sl iV L 5yl (01 dosia 0 e
sl and JNA Al gl saldd) e 4 sl
:(intermediate Precision) .Jaws 43l -4-1-3

e sl A8 il ja) gl (14) s

ot iny) | S e 5550 iﬁ\ HRAIEH i e
Yoo e asdl

99.56 79.65 80 12.12.2014 | Cary 500 scan
98.46 78.76 80 12.12.2014 | Optizen 3 20u
100.11 80.09 80 12.12.2014 | Cary 500 scan
100.72 100.72 100 12.12.2014 | Optizen 3 20u
100.83 100.83 100 12.12.2014 | Cary 500 scan
97.51 97.51 100 27.12.2014 | Optizen 3 20u
98.05 117.66 120 27.12.2014 | Cary 500 scan
99.04 118.85 120 27.12.2014 | Optizen 3 20u
97.69 117.23 120 27.12.2014 | Cary 500 scan

Avg=99.11

SD=1.27
RSD%=1.28
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e et | leall @udll

:(Repeatability) 4,/ _sil gilii -5-1-3
2(15) Jsaall daia o sl il

&) s clp) ) gl (15) g

%)y 4 ) Sl clind Laal) a8 il Ciliall o A% 58 i)
97.04 77.63 80
97.58 78.06 80
97.45 77.96 80
98.28 08.28 100
98.49 98.49 100
99.14 99.14 100
97.04 116.45 120
96.95 116.34 120
97.13 116.56 120

Avg=97.68
SD=0.78
%RSD=0.80

148 gl (Bfig8 julae il -6-1-3
{96988, ~ pansall Jlaall pasa aill (S lS 5(16)J s2alls Aaaia so 4 sl (3415 il

ddgraal) 3fig pulea @il (16) Js>

Je/3s 28.8-2.4 | Linearity Range (J«/gSx) baall Jlas
0.9975 | Correlation Coeffcient Lli ¥ Jales

%1.53 (RSD%) sk sanal

%100.1 (%) 22_yiu¥)

%0.8 (RSD%) ) sl

%1.28 (RSDY) (s 51l a8l

%0.16 (RSD%) il

0.366 (Jo/3Se) i€l aa

1.11 (Oofea) oI aa

&9




gL leall @udll

1Al 5l Gagadl) -2-3

aall (e 4200 sall Balall ) el o yaS ISy Jaalall 400 56l al sl i
.(115)3 jaas ,}\
r bl aadl) -1-2-3

Jaeall 335 laia 85,050 ac) gl 345 Libe Aaadlll cilawall ciila
daiadl) prall asea Sl G (17) Jsaall @na 55 99(Quality  Control)
gl 33 B3 e alecldy 3 Ghe ;2 Vs @O 4
Jalall el § gon 48 gualll al 1) Casnss (F4,F5,F6,F16,F17,F18)

5 panall fall dlal) Gasil) @il (17) Jsss

) 43 sl e ) < e P THAT G
surface _ Surface Appearance Feels &l
Color | Clarity . :
texture condition dry sticky
SR Ll Sl Calis acli cala N F1
class Y Ll SLlE Calad acls il G5 F2
@l Gany | Gl Sl alas acls b i) S (3 F3
Ccalsad v 28 alle Sl psa wila G F4
ERERRY S ayl alle acli Sl il ) G0 F5
cilaads Y S ale acls Gy ) G F6
ERFRRY = il alle acls cala b F7
e Y s aal alle acls N N F8
i Y b il ale acls N Y F9
e Y 28 alle acls N N F10
e Y 28 Ll alle acls Gla N F11
i Y S ay alle acls Cala p F12
el | yany Ueanl Sl Calas acls cala Y F13
cildass Y s Sl Calas acls cila Y F14
ciliads Y s Sl Calad acls Gl Y F15
sy | el JTS Sl i Cila G F16
cldass Y 28 alle Sl p3a Cala G F17
cliany | xS eyl dle S opaa Sl k) G F18
EEFRERY b il ale acls N Yy F19
cliads Y 6 il alle acls Gl b F20
e Y i il alle acls Gl N F21
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1Al Sl e gadl) il -2-2-3

(18) Usaall G5 pasaill oda milii masi @

e 6 simae S5 %5 (e J3l ganall JSI (55l (puilad (sl ill Gl paiV) S @
o Gsinall Guilad Gasd Gab s ¢ %(115-85) o guall JSI Allrdl) salall
Jlanall 8 sy 4l sall salall e da gaidall Josalad 10 I 5 5ine (5555
99°960.6 e (s _kiae il ails %(115-85)

Jaalaill Jray Lo driadll guall paad (1S 1.8 e ST il 5 gludll (and il @
990025y 5 Jal) g Ripaill (o ylal Fa gl Aniacadll

Sl 3 fall Las 60> Jste i (a3 s yaal) fraall psen Calin o
T gyl g Gty L pnedl) () 13 faall 4580 30> 5 ¢olall Cu sl

F21F20 (F15 gaall clinly 993, ) sl

Lo s il ae (3% e 4883 30 (e J81 58 5 Jsaie ol ) ) s i o
axall s %20 dsaiy Jsomadall Gl e 5ge o 4y glall F21 o lEul dpa all
.F4 |[F15

Do 8l ae 3L e Ay 5 Aa )3 372 Jlpral) Gl o Ay el gall ppes Ciis o
sl gan dus F15 (F14 (F13 (F4 F3 (F2 (F1 jrall sliiuly Lpan 5l
Leie Al °(45-41) Jlemai) Si¥las J5Sile i) sl olall dnal) Jaalasl
Ao 33 ) e daelaill Jleai¥) s o (midii s (M7 asall Ll 2o gl Als
Aapall 8 JsSile ol )
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B wanal) fomall iy 581l (o gadl) il (18) Jgaa

%ol BRI | Ypes ginal | i i | (G i oo
(&) 35t (©)
Weight Drug ; Liquefaction | disintegration | &<
variation content Hardness | Melting time time
Test

0.0021+1.33 | 2.08+100.67 | 0.11+£3.66 | 0.4+45.46 0.5+8.43 1.52+21.66 F1
0.028+£1.30 | 2.2+93.23 | 0.11+2.72 | 1+41.56 0.28+4.84 0.57+19.64 F2
0.005+1.30 | 0.6+86.11 | 0.11+2.33 | 0.51+41.34 | 0.26+3.16 0.5+19.66 F3

0.17+0.98 | 1.21+£102.87 | 0.11+3.06 | 0.51+45.53 | 1.7+61.45 0.40+42.66 F4
0.007+1.04 | 2.3+103.28 | 0.11+2.73 | 0.15+43.03 | 0.35+22.38 0.57+18.33 F5
0.0072+1.13 | 1.68+102.44 | 0.11+2.13 | 0.5£32.53 | 0.40+8.56 0.57+14.33 F6
0.004+1.06 | 2.6498.93 | 0.11+4.33 | 0.55+35.63 | 0.52+7.03 0.52+10.43 F7
0.005+1.07 | 1.2£104.15 | 0.11+5.06 | 0.5+34.43 | 0.28+5.16 0.42+6.75 F8
0.003+1.09 | 1.3+105.21 | 0.11+4.53 | 0.51+32.56 | 0.5+4.54 0.56+3.47 F9
0.004+1.07 | 2.2+100.53 | 0.11+3.06 | 0.74+35.36 | 0.11+5.41 0.40+10.56 | F10
0.009+1.08 | 2.4+106.72 | 0.11+4.66 | 0.24+33.48 | 0.251+5.23 0.16+8.38 F11
0.007+£1.09 | 0.76+99.89 | 0.11+4.73 | 0.4+31.42 | 0.115+4.06 0.173+7.18 | F12
0.0073+1.29 | 2.29+110.75 | 0.11+3.06 | 0.6+41.63 | 0.33+28.87 0.25+17.23 | F13
0.012+1.33 | 1.4+£106.12 | 0.11+3.53 | 0.25+42.03 | 0.72+40.83 0.5+25.46 F14
0.012+1.30 | 2.10£100.53 | 0.11+3.73 | 0.94+42.96 | 0.57+82.33 1.25+69.66 | F15

0.14+1.02 | 1.42+102.65 | 0.11+2.33 | 0.34+34.84 | 0.75+12.65 0.52+43.36 | F16

0.021+0.98 | 0.87+100.10 | 0.11+£2.06 | 0.61+32.73 | 0.404+6.23 | 0.501+51.46 | F17
0.014+0.98 [ 1.22+101.23 | 0.11+1.8 | 0.42+30.55| 0.25+4.23 1.11+£60.71 F18
0.001+1.07 | 1.49+104.26 | 0.11+4.13 | 0.61+35.78 | 0.36%6.13 0.75+10.18 | F19
0.003+1.04 | 1.26£100.94 | 0.11+4.06 | 0.6+36.46 0.25+7.33 2.2+67.46 F20
0.001+1.05 | 1.1054+90.3 | 0.11+4.73 | 0.42+37.16 | 0.5+46.56 0.44+132.33 | F21
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ot leall @udll

:Asilaay) dul jul miliiy (Dissolution test) glksdll pasd -3-3
e 5 e lall ) sl ) (e 40 sall 3alall ) et Al
JJ;J\ B4 g 4,3.1‘ Al
s oAl AT plall dnal) () €03 dall (e Al gal) Sakal) a3 -1-3-3
o) ae Al sal) 5aLall a5y yaiall Ay siall asill 18 (19) Jsaall moa sy 4
Dol Clyiaia (25) JSEN s sy LS G gyl ganall (pn dlaay) 4l
Adiae iy JsSle Gl g 5l ae PEG @) e e 4l Fi/Fo/Fy goall

fall G Axilan) 4 Jliall g (pa 31 gea Al gall Balall (ya B jadial) 4 gial) candl) 4 (19) Jgia
(*/p<0.05,**/p<0.01,***/p<0.001,****/p<0.0001) cdu g all

F1 F1 F2
F1 F2 F3 VS VS VS
F2 F3 F3
Time(min) Q1% Q2% Q3% P P P
0 0 0 0 ns ns ns
5 32.8446.4 | 43.04+3.13 | 50.34+2.22 | **¥x [ Akwk [ ke
10 68.20+6.4 | 80.87+3.09 | 84.22+2.66 | *x** | *kxx ns
15 89.46+3.03 | 93.18+3.92 99.1+2.28 ns | **** L
20 91.02+2.92 | 100.8+1.85 | 103.58+2.06 [ **** [ **** ns
25 93.83+2.27 | 100.9+2.08 103.24+1.2 | ** | **** ns
30 93.62+2.31 | 101.27+2.12 | 102.834£2.22 [ **** [ **** ns
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5 18.02+£2.5 74.17+8.1 | 83.32+3.2 | **** | **** *x
10 27.63x2.8 101.95+2.4 | 100.88+3.7 | **** | *** | ns
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Zero-order First-order Higuchi Hixson-Crowell
Ky »
- - Kuc Arall
Ko(%min)™* | r* | Kymin)*| r? %min)y | r?
o(%omin) 1(min) (/orlrl12|n) O6miny™
5.0392 0.9141 [ 0.159598 | 0.7208 | 23.305 | 0.956 | 0.2249 F1
0.3795 [ 0.8659 | 0.120447 | 0.6869 | 20.313 [ 0.9326 | 0.1809 F2
5.1437 [ 0.9019 | 0.158677 | 0.6958 | 24.093 [ 0.9675| 0.2315 F3

1.2905 0.9499 | 0.033394 | 0.6113 | 12.333 ‘ 0.053 0.9345 F4

9.899 0.9835| 0.353741 | 0.8482 | 30.528 ‘ 0.4626 | 0.9345 F5

9.7912 0.949 | 0.352589 | 0.8227 | 30.898 ‘ 0.4626 | 0.9345 F6

6.5275 0.9718 | 0.222009 | 0.7705 | 25.169 ‘ 0.2971 0.9176 F7

5.2442 0.167198 0.858 | 22.207 |0.8626 | 0.2179 0.8286 F9

3.9077 0.141635 0.9191 | 18.333 | 0.8019 | 0.1566 0.725 F10
Lssto [oamsa] oo [ousrs|| 1275 [ o004 | osner | i

0.4518 0.8513 | 0.010594 | 0.4461 | 6.7507 ‘ 0.0192 0.8716 | F15

1.4646 0.7872 | 0.037769 | 0.4501 | 13.418 |0.9554 | 0.0717 F16

0.6426 |0.7781]0.017963 | 0.4324 | 7.8493 | 00325 | 09178 | F17
0.954 |0.7992 | 0.023721]0.4765 | 10.661 |0.9498 | 0.0445 F18
12674 |0.9616]0.032933 | 0.7756 | 12.876 | 0.9445| 0.0497 F19
0.7775 | 0.9447 | 0.019576 | 0.6939 | 10.003 | 0020 | 09423 | F20

0.3881 -0.012436 0.8305| 4.9091 |0.9131| 0.0128 | 0.5893 | F21
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el 3 «(Standard, Raw material) 4l Al A deadiil) salall 5 Ao jal)
5 102,914 )l aie Ledg 50 il sala 5 ) yall dals Add 3 ga g Glaladal)
Slall &y ga 2S5 Laa dama pall 4300 gall 3ol Ll Adadi aa (38) 553

"exo
mw SPHARMACY FACULTY (1)-SPHARMACY FACULT
PHARMACY FACULTY (1), 4.5560 mg
ol . .
' “
1 Method: A (30
1 C500°Cfmin  N2100.0 mbmi
30.0-150.0°C 5.00°Cimin {2100.0 miimin —
ntegra Purity 99.916 +/- 12.7668-03 mol%
5 normaized 1 Impurty 82.173-03 +- 12.766e-03 mol%
1 Inset TFusion 102.76°C
Peak Height TFusion10%  102.48°C
] TFusionPure 10278+ 32303 °C
Depression  -31.79e03°C
1 i Caorrection 99.57e-03 +- 90.56e-03 %
-10 ot Paak Width Delta H+Corr  131.99Jig
] . . Delta H+ Corr  31.19 k¥mol
& Suggested Rate 010 *Cmin™1
1 ] \ Cryos Constant 2,65 %K
Right b Limit c Lefl 9495°C
1 5 HeatingRate 5,00 “Cmin Right 111.88°C
154 1026 Baseline Type line Baseline Type line
ResultMode Sample Temp Heating Rate  5.00 *Cmin*1
LeftArea 6242 % MolarMass 236319
1 1 Right &rea % ResultMode Sample Temp
1 1024 4
204
1 1022
.25
1 T T T T ™) T T T T T T T
0 5 10 15 20
I T T T T T T T T3 T T T T T T T T T T T T
30 40 50 60 70 80 a0 100 110 120 130 140 &)
Lab: METTLER METRLER TO
“e - s 24 v - I3 »
Lgh gl daal g Cad) (8 dasiiwal) Balall DSC habie (52) Jsdd)
- v <
hexo
my
SPHARMACY FAGULTY (1-) 0023951
PHARMACY FACULTY (1) 0029951,1.9100 mg
Method: A ( 25-400) Rate 10
25.0:400.0°C10.00°Cimin - N2 100.0 mifmin
ntegral -252.38mJ
nomalized  -132.13JgA1
Onset 102.66°C
-5 Peak Height 1668 mivy
Peak 103.45°C
Extrapol. Peak 103.35°C
Endset 106.40°C
PeakWidth 218
Left Limit 95.00°C
RightLimit ~ 115,00°C
104 Leftbl Limit ~ 95.00°C
Rightbl Limit  115.00°C
Heating Rate  10.00 "Crain
Baseline Type line
Result Mode  Sample Temp
LeflArea 4593%
RightArea 54.07 %
54
B A e i i R A I S e B
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380  *C
Lab: METTLER METRLER TO

L sall (g g A siall) 33l DSC ki (53) Jsid)
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sl eyl JLalil) (5 ) el mdl cilllais (69/68/67/66/65/64/
%(50:50) dpis 52 e S el pull o A 2l 5Ll AL il gl

“exo
mi o
i BPHARMACY FACULTY(2) 0029952
PHARMACY FACULTY ( 2) 0028852, 45520 my
Method: A (25-400) Rate 10
.5 25.0-400.0°C 10.00°C/min M2 100.0 mifmin
1 Integral -767 Baml
normalizad  -163 64051
Onset 5853°C
104 Peak Height  30.78mi
] Peak 60.40°C
Extrapol. Feak B0.31 °C
Endset B417°C
4 Peak Width 322°C
154 Left Lirnit 36.00°C
Right Limit 75.00°C
Left bl Limit 36.00°C
Bl Righthl Limit ~ 75.00°C
B Heating Rate 1000 *Crmint1
=204 Baseline Type line
B Resulthiode Sample Temp
Left Ares 6534 %
1 Right Area 3466%
=254
-30
T T T T T T T T T T T T T T T T T T 1
40 60 a0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 C
Lab: METTLER METHLER TO
2 - . 4 Py
.
4000 JsS cnlil sl DSC b (54) JSil)
“exo
i
FPHARMACY FACULTY ( 2-) 0029953
PHARMACY FACULTY ( 2-) 0029953, 3.8830 mg
Method: A{26-400 ) Rate 10
25.0-400.0°C10.00°Cinin B2 100.0 mlimin
Integral -458 55 mJ Integral -B6.46 mJd
-5 normalized  -118.09Ju%1 normalized 1741 g™
Onset 68.00° Onget 80.70°C
Peak Height  18.01 miw Peak Height 0.78 mww
Peak BO.0B°C Peak 86.00 °C
Exdrapol. Peak  G0.18°C Birapol. Peak  97.27 °C
Endset A3.42°C Endset 10386°C
Peak Width 321 Peak Width 13.82°C
-104 Let Limit 36.00°C Left Limit 76.00 °C
Right Lirnit 7a.00°C Right Limit 107.00°C
Leftbl Limit IB.00°C LeftblLimit 76.00 °C
Rightbl Limit ~ 75.00°C Rightbl Limit  107.00°C
Heating Rate  10.00°Cmin®1 Heating Rate  10.00 *Cmin™1
Baseline Type line Baseline Type line
Result Mode  Sample Temp ResultMode Sample Temp
LefiArea G0.07 % Left Area B.31 %
159 RightArea  33.83% Rightarea  33.68%
T T T T T T T T T T T T T T T T T T 1
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 °C
Lab: METTLER MEMHLER TO

4000 U588 Cplil Aol ga G sm g m i sl G gall DSC ki (55) Jsil
%(50:50)
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"exo
oy ]
SPHARMACY FACULTY ( 3) 0029954
1 PHARMACY FACULTY ( 3) 0029954, 4.4140 mg
5
A 3 a
57 Method A {25 - 400 ) Rate 10
1 25.0-400.0°C 10.00°Chmin M2 100.0 mlimin
1 Integral -509.921m)
normalized  -115.52Jg1
1 Onset 51.35°C
-0 Peak Height 2654 rivy
1 Peak 5271 °C
1 Exttapol. Peak 52.50°C
J Endset 55.85°C
] Peak'width  2.51°C
154 Left Limit 36.00°C
- Rightlmit  63.00°C
1 LeftblLimit  36.00°C
1 Right bl Limit ~ 63.00 "
1 Heating Rate 10,00 *Crin®1
4 Bazeline Type line
a0 ResultMode  Sample Temp
i Left Area 6442 %
| Right Area 3558 %
25
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 60 30 100 120 140 160 130 200 220 240 260 230 300 320 340 360 380 ¢
|Lab: METTLER METHLER TO

188 el S 5152l DSC ks (56) Sl

Aexo

FPHARMACY FACULTY{ 3-) 0029955
PHARMACY FACULTY (330029955, 4 6300 mg

hethod: A 25 - 400) Rate 10

4 25.0-400.0°C 10.00°C/min M2 100.0 mlimin
Integral -369.73md Integral -111.39ml
69 notmalized  -79.86 091 notmalized  -24.08.Jg%1
4 Onget 5057 °C Onset 7295°C
Peak Height  17.80miW Peak Height  0.99 mid
-89 Feak 6246 °C Peak 96 83 °C
i Bdrapol Peak 5233°C Extrapol. Peak 87465 °C
Endset 6554 °C Endset 103.42°C
104 Peak Widh  2.78°C Paakidth  18.00°C
] Left Limit 3600°C Left Limit BE6.00°C
Right Limit 6300°C Right Limit 107.00°C
-124 Leftbl Limit 3600°C Left bl Limit BE.00°C
i Rightbl Limit ~ 63.00°C Righthl Limit  107.00°C
Heating Rate 1000 *Crmin1 Heating Rate 1000 *Cmin™1
-144 Baseline Type line Baseline Type line
ResultMode  Sarnple Ternp ResultMode  Sarmple Temp
1 Left Area GO.EE % LeftArea TH33%
16 Right Area 3932 % Right Area 2167 %
18
& T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 60 20 100 120 140 160 180 200 220 240 280 280 200 320 240 260 2a0 °C
Lab: METTLER METRLER TO

ol S ol sal) aa G s s sdall (b 5ll) i sall DSC bbia (57) Jsad)

%(50:50) 188
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hexo
W
FPHARMACY FACULTY (6) 0029860
5 PHARMACY FACULTY (6) 0028860, 4.6210 mg

Method: A(25-400)Rate 10
25.0-400.0°C 10.00°C/min

k2 100.0 mifmin

Irtegral -55318m.J
normalized 11971 Ja™1
Onzet 34589°C
-5+ Peak Height 1877 rvy
Peak 3resec
Edrapol. Peak 37.67 °C
Endset #M.07°C
Peak Width 37nnc
Left Limit ar|ec
Right Limit 50.00 °C
104 LefthlLimt  27.35°C
Right bl Lirit ~ 50.00 °C
Heating Rate 10,00 "Crnin®1
Baseline Type line
Resultdode  Sample Temp
Left Area 71.64 %
Right Area 2836 %
184
20 =T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 <11} a0 100 120 140 160 180 200 220 240 260 280 300 a0 340 360 =11} °C
|Lab: METTLER METRLER TO

H15 Jswssisll DSC ki (58) Jsid)

ihexo

SPHARMACY FACULTY(B- ) 0029961
PHARMACY FACULTY (6 ) 0028861, 4.6070 mg

Method: A (25 - 400) Rate 10
25.0-400.0°C 10.00°C/min

M2 100.0 mifmin

? Integral -3TE14md Integral -174.11md
norm alized -G2.08Jg1 normalized -37.79Jg™1
Onset 3421 °C onset 100.40°C
Peak Height 1927 v Peak Height 7.30 M
4 Feak |/ATC Feak 101.83°C
Edrapol. Peak 38.28°C Extrapol. Peak 101.97°C
Ends et 41.85°C Endset 10382°C
Feak Width 4.64°C Peak Width 188°C
-6 Left Limit 27837 Left Limit foootc
Right Limit 5000 °C Right Limit 15.00°C
Left bl Limit 37830 Lett bl Limit 70.00°C
Right bl Lirit ~ 50.00 °C Right bl Limit  115.00°C
g4 Heating Rate  10.00 "Cmints1 Heating Rate 10,00 "Crmin®-1
Baseline Type line Baseline Typa line
Resulthiode Sarnple Temp ResultMode  Sample Termp
Left Area BE.23 % Left Area 7333%
o Right Area 3377 % Right Area 2667 %
— 777777
40 60 a0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 °C
|Lab: METTLER METHLER TO

Jomuisll aa G m g9 sdll (ALl g jall DSC ki (59) Jsid)

%(50:50) H15
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SPHARMACY FACULTY (11) 0029970
PHARMACY FACULTY {11) 0029970,4.4410 mg

Method: A (25 - 400) Rate 10
25.0-400.0°C 10.00°Cimin

M2 100.0 mlfmin

44
b Integral -549.63md
5 naormalized -123.76Jg™1
Cnzet 3321°C
4 Peak Height 16.48 miy
Peak Jgoa"c
B Bitrapol. Peak 3815 °C
i Endset 4138°C
Peak Width 420°C
104 Left Limit 2740°C
Right Limit 5000°C
7 Left bl Limit 2740°C
124 Righthl Limit 5000 °C
Heating Rate 1000 *Crmin-1
- Baseline Type line
ResultMode  Sample Temp
14 Lot Area 7013%
J Right Area 2987 %
16
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 B0 a0 100 120 140 160 180 200 220 240 280 280 200 320 240 260 280 °C
Lab: METTLER METRLER TO

BCF Ul 4ill DSC hhia (60) Je&l)

"exo
i
§PHARMACY FACULTY (11-) 0029971
R PHARMACY FACULTY( 11-) 0029871, 3.8540 my
44
2
o Method: A {25 - 400) Rate 10
25.0-400.0°C 1000°C/min M2 100.0 mlimin
Imegra\_ -338.89mJ Integral -G8.05md
. normalized  -87.93.Jg%1 normalized  -25 44 Jgh1
Onset 3338°C onset 9877 °C
Peak Height 10,18 miy Peak Height 307 miy
Feak 8240 Feak 101.93°C
Exrapol Peak 38.48°C Extrapol Peak  101.97°C
4 Endset 41.48°C Endset 103.72°C
Peak Width g15°C Peak Width 231"
Left Limit m34tc Left Lirnit T000°C
Right Lirvit 49820 Right Lirnit 115.00°C
o LeftblLimit  38.34"C LefthlUmit  70.00°C
Right blLimit ~ 49.82°C RightblLimit  115.00°C
HeatingRate  10.00 "Crmin®1  HeatingRate 10,00 *Crain®-1
Baseline Type ling Baszeline Type line
ResultMode  Sample Temp ResultMode Sample Termp
e LeftArea 86.57 % Left Area 7822 %
Right Area 3343 % Right Area 2078 %
10 - T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 &0 a0 100 120 140 160 180 200 220 240 260 230 300 320 340 360 380 o
Lab: METTLER METHLER TO

%(50:50)B CF Lié sl aa (g 903 sill (ol 3l gz Sl Jakada (61) Joill
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FPHARMACY FACULTY( 10) 0029558

Integral

Onset

Endset
Peak Width
Left Limit
Right Limnit

normalized

Feak Height
Pea

Left bl Limit
Right bl Limit
Heating Rate
BazelineType line
ResultMode  Sample Temp

PHARMACY FACULTY (10) 0029363, 4.6000 mg

Method: A 25- 4003 Rate 10
25.0-400.0°C 10.00°Cimin

Exdrapol Peak 5883 °C

M2 100.0 mlfmin

-180.38m)
-38.32Jg%
2300
0.74 mini
61.37°C
95.04 °C
41.03°C
28.81°C
112.43°C
28.81°C
112.43°C
10,00 "Cmin’-1

4 Left Area 46.93 %
1 Right Area 53.07 %
3 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 G0 =] 100 120 140 160 180 200 20 240 260 280 300 320 340 360 380 o]
Lab: METTLER METRLER TO
. - 2 &
80 ¢xsill DSC kbis (62) Jsil)
"exo
vy
FPHARMACY FACULTY (A) 0030100
g4 PHARMACY FACULTY (A)0030100, 4.8850 mg
7: Method: A 25- 400 ) Rate 10
4 25.0-400.0°C 10.00°Cimin M2 100.0 mlimin
4 Integral -171.69mJ
1 nommalized -35.07Jg™1
1 Onset 732570
£ Peak Height 1 56 miy
4 Peak 9347 °C
4 Exttapol Peak 894.35°C
q Endset 101.85°C
54 PeakWidth 16.24 °C
] Left Limit 57.21°C
1 Right Limit 107.40°C
1 Left bl Limit R el
4 Right bl Limit 107 40°C
4 Heating Rate 1000 *Crmin®-1
4 Baseline Type line
1 ResultMode Sample Temp
] Left Area T0.74 %
3] Rightarea  29.26%
L e e e 5 e o e ) B B L S
40 B0 80 100 120 140 160 180 200 220 240 260 280 aon 320 340 360 380 °C
Lab: METTLER METRLER TO

%(50:50) 80 st g Crmsn s shll (b5l @ 5all DSC hbis (63) Jsdll

118



oad! @uudt!

A
X0
i FPHARMACY FACULTY (2) 0029964
] FPHARMACY FACULTY { 8) 0029964, 48130 mg
B Method: A (25- 4007 Rate 10
] 250-400.0°C 10.00°Cimin M2 1000 mlirnin
] Integral -5T0.7Tmd
74 normalized  -118.58Jg"1
1] Onset 36.43°C
] Peak Height 2 40 mhi
g Peak 707atc
b Extrapol. Peak 71.50°C
Ends et a8.23°c
Peak Widih 3B.64°C
Let Limit 20.80°C
Right Lirnit 114661 °C
Let bl Limnit 28.80°C
Right bl Limit ~ 115.64°C
4 Heating Rate  10.00°Cmin™1
Baseline Type line
Result Mode  Sample Temp
Lett Area 5427 %
3 Right Area 45.73%

T T T T LI T T T T T T T
140 180 200 240 260

T T T T T T T T 1
280 320 340 380

40 60 a0 120 160 220 300 360 °C
Lab: METTLER METRLER TO
- - : &
HPMC K15 Jsils diisa du g (S gu4¢d DSC bk (64) Joi
“exo
i
1 FPHARMACY FACULTY (&) 0029965
PHARMACY FACULTY (&) 0028965, 3 6440 mg
3
5
a4
3
4 Method: A (25-400) Rate 10
25.0-400.0°C 10.00°Cimin M2 100.0 mlimin
Integral -13247md Integral -243.52m.J
1 normalized -36.27 Jg*1 narm alzed -66.83 Jg1
Onset 3n.z20°c Onget 101.35°C
-2+ Peak Helght 0.72 iy Peak Heioht 10,82 mii
] Feak 5.40°C Peak 103.33°C
Extrapol. Feak  48.00 °C Extrapol Peak 103 41°C
Endset 80.33°C Ends et 107 26°C
-4 Feak width 32.01 *C Peak YWicth 353°C
Leit Limit 28.74 °C Left Limit 9200 °C
b Right Limit 90.73°C Right Limit 111.80°C
5 Left bl Limit 28.74°C Left bl Limit 8200 °C
- Right bl Limit 9073 °C Rightbl Limit 111 80°C
| Heating Rate 1000 *Cmin*-1  Heating Rate 10,00 "Crain®1
Baseline Type line Baseline Type line
a4 ResultMode  Sample Temp ResultMode Sample Temp
Left Area 51.60 % Leftarea 4353 %
1 Right frea 48.50 % Right Arga 56,47 %
et 77—
40 &0 a0 100 120 140 160 180 200 220 240 260 280 300 320 340 260 380 "
Lab: METTLER METHLER TO

2n O 3w 39398l Al 3l gy Sall DSC i (65) JS)

%(50:50) HPMC K15
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N exo
ity
o
FPHARMACY FACULTY( 4 ) 0029856
PHARMACY FACULTY (4) 0029656, 4.5720 mg
.-
2.

Method: A {25 - 400) Rate 10
25.0-400.0°C 10.00°C:/min

M2 1000 rlimin

Integral -1482.68 mJ
normalized -324 30 Jg™1
Onset EERI) el
Peak Height 5.09 iy
Feak 8061 °C
q Extrapol Peak 81.84°C
Endset 17.e0°C
Peak Width 46.80°C
N Left Limit 2B36°C
Right Lirmit 139.40°C
Lett bl Limnit 2B3E°C
RighthlUmit  129.40°C
g Heating Rate 10,00 *Crmin™1
Baseline Type line
ResultMode  Sarmple Temp
Left Area 54.08 %
-4 Richtares 4697 %
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 B0 80 100 120 140 160 180 200 220 240 260 280 300 az0 340 360 380 °C
Lab: METTLER METRLER TO

PVP K30 52! DSC kkis (66) J

fexo
vy _|
FPHARMACY FACULTY { 4-) 0029947
6 PHARMACY FACULTY (4-) 0029857, 3.8230 mg

Method: A (25-400) Rate 10
25.0-400.0°C 10.00°Cirnin

M2 10000 milfmin

o Integral -322.43mJ Integ ral -23501 mJd
normalized  -84.34.Jg"1 normalized  -B1.47 Jg™1
| Onset 34.86°C Onset 9764 °C
Peak Height 158 iy Peak Height  8.12miw
Peak B4.63°C Paak 10243°C
-2 Extrapol. Peak 65.37°C Extrapol. Peak  10230°C
Endset BE.74C Endset 10493°C
i Peak Width 34827 Peak Width 4.24°C
Lef Limit 2932 Left Limit 91.86 °C
Right Limit aM.I7 Right Limit 107.91°C
-4 Ledt bl Limit 2932 Left bl Lirmit 91.86 °C
RighthlLimit =~ 91.77*C Right bl Limit  107.91°C
] Heating Rate  10.00 *Cmin’1 Heating Rate  10.00 "Cmin*1
Baseline Type line Baseline Type ling
ResultMode  Sample Temp ResultMode Sample Temp
-6 Left Area 54.88 % Left Area T464 %
RightArea 4512 % Right Area 25.36 %
L s e e . B B B e B B LA A A s S B |
40 B0 a0 100 120 140 160 180 200 220 240 260 280 300 320 340 380 380 °C
Lab: METTLER METHLER TO

%(50:50) PVP K30 g 0w s 2958l (b5l g jall DSC hkia (67) Jsid
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N exo

vy |

SPHARMACY FACULTY (7) 0020862
PHARMACYFACULTY (7) 0029962, 4.6630 mg

Method: A{ 25 - 400) Rate 10
25.0-400.0°C 10.00°Cimin

Mz 100.0 rmlfmin

-5 Intearal -710A0md
i normalized -182.28 Jg™1
Onset ar.oocc
1 Peak Height 18.87 vy
4 Peak B172°C
Bdrapol. Peak £182°C
1 Endset B482°C
104 Peak Widh 4.8 °C
Left Limit 31.88°C
1 Fight Limit g2e8°c
1 Left bl Limit 31a8°c
i Rightbl Limit  82.68 °C
Heating Rate  10.00 *Crmint1
b Baseline Type line
~154 ResultMode  Sample Temp
Left Area 7285 %
1 Right Area 2705 %
o s e e e e L e e e L e e e e L e e e e e e L |
40 B0 a0 100 120 140 160 180 200 220 240 260 280 200 320 240 260 2e0 “C
Lab: METTLER METHLER TO

(GMS i 58) Jgpmantil) ) i 5 gall (il 548 g 5all DSC Jaaia (68) JSil

"exo

iy
5

FPHARMACY FACULTY (7-) 00290962
PHARMACY FACULTY ( 7-3 0029963, 46510 mg

Method: A (25 - 400) Rate 10
25.0-400.0°C 10.00°C/min

M2 1000 mifmin

24
Integral 43885 mJ Integral -106.25mJ
] normalized -94.57 Jg™1 narmalized -22.88.J9M1
- Onzet 7986 °C
Onset 56.33°C
-1 Peak Height 11,14 miw Peak Heighl 134 Imin
el Fn Errancl peck gt 58 C
1 o (= Jul Ba
E’;’Lii?' Feek E§ 23 g Endset 10081 °C
-6 Peak width 532°C Feak Width 1289 -C
Left Lirnit 3261 °C LeftLimit 7500 °C
Right Limit TE.00°C Right Lirnit 10387 °C
1 LethlLimt 3201 °C Leftbl Limit  7500°C
Right bl Limit 7500 °C Righthl Limit  103.87°C
7 Heating Rate  10.00 "Cmin®1 Heating Rate  10.00 *Crnin?-1
Baseline Type line Baseline Type line
1 ResultMode  Sample Temp ResultWode  Sample Termp
Left Area 7153 %
Left Area 71.74 % ;
10 Right Area 28.26% Right Area 2847 %
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 3E0 3|0 °C
Lab: METTLER METRLER TO

Jomentil) i i g 9a aa G5 9 R 9358l (ALl g all DSC bhbia (69) Jsidl

%(50:50)
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Juadia J<dy e ) gudl g Al gal) Balall Ll (5 ) Al gaall il (24) Jgsa

PEG |Poloxamer [ Tween | Witepsol | Novata | HPMC | PVP Cutina
(LDP)
4000 188 80 H15 BCF K15 K30 GMS
1
o @) 3 4 ®) (6) ) (©)) ©)
Tonset°C | 102 58 50 30 34 33 35 37 57
Tpeak°C | 102 | 60 52 61 37 38 70 80 61
T endset°C | 105 64 55 96 41 41 99 117 64
AH fusion J/g | -131 | -168 -115 -39 -119 -123 -118 -324 -152
Peak width°C 1 3 2 41 3 4 38 46 4

S guud) g Al gall Balall e Aily 3ol gl Jall AlES (5 ) jadl gwal) @ilis (25) Joas

48 Lnally Aadiial)

Mix Mix Mix Mix Mix Mix Mix Mix
W@ | @) || are | @+6) | @@ | @@ | @+

T onset °C 86/58 72/50 75 100/34 99/33 101/30 97/34 79/56
T peak °C 96/60 96/52 93 100/38 101/38 103/55 102/64 95/61
T endset°C | 103/63 | 103/55 | 101 103/41 103/41 107/80 104/88 100/65

AH fusion J/g| -17/-118 | -24/-79 | -35 -37/-82 -25/-87 -66/-36 -61/-84 -2285/-97

Peak width °C 13/3 18/2 16 4/1 2/5 3/32 4/34 12/5
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14 ) gaill 5,08 (and -0-3

o senll A 50 50 li gl (LB gl 8 Al ol salal) g laal Jo/plal 3o 53 Jal

da dmy aiaaill day dpall aoead oLV (udiy g Aall udi o oail) 450 5 2y 7.2

.ctﬁ)l\ ) &._w\.'m pa d:m\;ﬂ\

By gmmtal) L tiA) g abali el ¢ gial) gaas (a—aidll -10-3
:Recrystallization Test 4uslaal)

8alall 3 ol JS5 (71/70) CulSal) fam g da )2 °64 salall cladaiV) 4y ) 5 Cualy
AU clalai¥) aay g Belial) Sl 8 A sl

ALl plalaly) day i) gal) Balal) 56k 1(71) JS&Y diplaa 4l gal) 33l 36k 1(70) JS&)

salall il sy o gl dals (paa il sl 3K CilS iy e sy o a5
oo Lema g amy <y sl dlal (il Adaade po a0 64 £lalad¥) Ay 5) 5 <l Al 5l
. DSC ) il ge iy Lo i) goall gaen & < yalil
bl gaadly Lpand e Al sl bl il 5l U3 (72) JSEN sy
R T s (S it la aay
u.leuAS\)@AA\AL@.@;&LQ@\}J\SJM\Q\J}LJS.&(?B)ds..ﬁ\cu.aﬁ
AU Baae Jalat JS8 it lua ey Slla
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IS Wi bna day Al g ulaliaall pgaally Lpuaad wis A gal) Balal) <l ol JS& ; (72) Jsid)
ol A Jaalas

IS gl llly el jgaally Lguand e 2] gl Balad) s JSA 1 (73) JSA
Al Buaa Jaalas
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rLil pagad -11-3

DVl A 55 Galill (e 5 A3lill Joelaill 5 sl Gy Alaall paadll a5 -

Aalidg Jhas Ja gyl n dasa ) ey Alladl) 3alal) (e Jaaladll (5 gina g
=03 6 sinall 5 3 gludll a gad #1L5 (36/35/34/33) AWl Jhasdl a8 -
3 ) sall (e ddlidg Ja g y8 Cant dnicaedl Juelaill Jada day jleaiV) da ja g oalil)
ad A hsale Huad Led diaas Al pall e 48 45 glal) J8all Jaig 4y 5ha )l
o Laiall day Aadll Balall e Jopalall (5 gtina gl A s Haall Al i) il

Adliad) b g 54l
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Sl 3 5aal Adliad) Badad) Jag pd ciad (g giaal) (and il 1(26) Jsd

sl $1sd) ssina | plsd) s sina sadl ggine |
SD%(%) SD(%) husl) | SDE(%) s |
i) 75 sk, | TOR0Me e
eil/3 e eil3/s gl

! 3.11+96.38 2.2 +93.2 F2

1.64+103.41 2.63+101.06 2.3+103.2 F5

0.75+106.70 0.24+104.72 1.2+104.15 F8
3.82+102.20 1.59+105.59 2.4+106.72 F11
! 0.29+105.32 1.4+106.12 F14
3.18+97.60 1.20+98.86 0.87+100.104 | F17
2.82+88.40 2.09+92.92 1.15+90.3 F21

Sl 3 Baal AAlA) Bdad) Ja g pd caad Jaalatll B glud @il 1(27) Jo>

Jualatt) 3 glud Jaalatl) 3 glud Jaalatt) 3 glud .
SD(%) dhush) | SDH(%) dslam gl SD%(%) St
3] 75 sk, | O30 e

e/ 51 Je-i3/s saall
0.11+2.66 0.11+£2.72 F2
0.11£2.53 0.11+£2.73 F5

0.1145.46 0.11+£5.06 0.11+5.06 F8

0.11+4.33 0.11+4.53 0.11+4.66 F11

0.11+£3.46 0.11+£3.53 F14
0.11£2.13 0.11+£2.06 F17
0.11+4.46 0.11+4.53 0.11+4.73 F21
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Summery:

s Purpose:

The objective of this work was to prepare and evaluate
Levodropropizine suppositorief using different excipients to get
immediate and sustained release formula, as well. The study
has been trying to meet modern industrial requirements of
producing suppositories and to study the prepared

suppositories under predetermined stable conditions.
% Methods:

Suppositories were prepared by a fusion method using
different fatty bases, as well as different hydrophilic bases.
Characterization of physicochemical properties and in vitro drug
release study were evaluated. Drug-Excipient interaction was
studied using infrared spectra and differential scanning

calorimetry.

Results showed that all the prepared suppositories have
good physical properties and good release from the used
bases. The effect of incorporating different concentrations of
non-ionic surfactants (Tween 80) on the drug release rate from
Witepsol H15 and Novata BCF, was investigated. Results

showed an enhanced release at low surfactant concentrations.

The result of the sustained release formulas showed
sustaining in release of levodropropizine with increasing
HPMC K15 and Poloxamer 407 concetration in suppositories
containing, hydrophilic bases, and Cutina GMS in suppositories

with fat bases.
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s Conclusion:

Witepsol H15 and Tween 80 (95:5)% was respectively the
best suitable mix for drug's fast release. Whereas, poloxamer

and propylene glycol (70:30)% was the suitable hydrophilic one.

On the other hand, the formula which respectively
contained Witepsol H15,PVP K30and Cutina GMS (78:2:20)%
could be regarded as a promising sustained release formula

suitable for further investigation.
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ABSTRACT

The objective of this work was to prepare and evaluate the effects of various of hydrophilic (polyethylene glycol and
poloxamer) and hydrophobic (Witepsol H15 and Novata BCF) bases on in-vitro dissolution profiles and release
characteristics of Levodropropizine from suppositories, in order to get immediate-release formula. Suppositories
containing 60 mg of Levodropropizine along were prepared using the fusion method technique. All suppositories
were evaluated for physical characteristics, in-vitro drug release, kinetic models and mechanisms. Drug dissolution
profiles were different from those bases which were attributed to natural and characteristics of base that was used.
The effect of incorporating different concentrations of non-ionic surfactants (Tween 80) on the release rate of the
drug from Witepsol H15 and Novata BCF, was investigated. Results showed an enhanced release at low surfactant
concentrations. A very fast 100% drug release was achieved when the drug was incorporated as an aqueous
solution in Witepsol H15. Poloxamers have mucoadhesive properties hence they adhere to rectal mucosa, and are
characterized by low toxicity and good compatibility with other substances, they also provide good drug release
characteristics by producing solid dispersions with drug which enhances the solubility and dissolution rate of
Levodropropizine. The formula of poloxamerl88/propylene glycol, PG,(70/30) gave the best results in
physicochemical tests which released the drug completely in the first 10 minutes of dissolution test .

Keywords: Levodropropizine, non-ionic surfactants, solid dispersions, Poloxamer 188

INTRODUCTION

Levodropropizine(S(-)-3-(4-phenyl piperazin-1-yl)-propane-1,2-diol), the levo isomer of dropropizine is a peripheral
inhibitor of sensory C-fiber acceptors located in the lungs. Levodropropizine is a non-opioid compound which has
been recognized to be an effective antitussive drug against cough associated with different lung pathologies, but
without important central side effects and more favorable benefit/risk profile when compared to dextromethorphan
so it is considered as a safe and effective option for dry cough treatment in children[1]. Levodropropizine is
available in the market as syrup and Tablets[2,3]. There is no information related to the manufacturing of
Levodropropizine in the form of suppositories. The rectal route for drug administration is preferred in children[4]
because of reduced side effects, such as gastrointestinal irritation, and to avoid both displeasing taste and first pass
effect. The release properties of suppositories depends on the physicochemical properties of the drug, suppository
base and formulation adjustment[5].

This study aims to prepare Levodropropizine suppositories for children and to optimize its release characteristics
from different suppository bases . Solid dispersions have been used to enhance the dissolution rates of poor water-
soluble drugs with a hydrophobic drug. The carrier must be hydrophilic to facilitate fast dissolution of the
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therapeutic agent into the aqueous medium of the gastrointestinal tract[6]. In this paper, solid dispersions of
Levodropropizine with various polymer carriers are studied .

EXPERIMENTAL SECTION

1. Materials:

The following materials were used: Levodropropizine (Shanghai Soyoung Biotech .Inc), Polyethylene glycol
400,1000, 1500,and 4000 (Riedel-De HaenAgseelze-Hannover ,Germany), Witepsol HI5(Dynamit Nobel,
Leverkusen, Germany), Novata BCF (Lotte chemical, Korea), Tween80 (Riedel-De HaenAgseelze-Hannover,
Germany), Poloxamer 188 (Sigma-Aldrich, Germany) Potassium phosphate monobasic (Sigma-Aldrich, Germany),
Sodium Hydroxide (Avon chem., UK).

2. Preparation of Levodropropizine suppositories:
Children Levodropropizine suppositories containing 60 mg of drug were prepared by melting and molding
technique[7] using different fatty and hydrophilic bases .

The value of f which shows how much base is displaced by a unit weight of an API, was calculated using the
following equation[8]:

_100(E-G)
Gex

f +1
where E is the weight of the blank suppository containing only base, G is the weight of the suppository containing
an API in a known concentration, and x is the API content of the suppository in weight percentage.

The suppository base weight was calculated by the following formula[8]:

n
Tm=E—Zf1 *s1
i=1

where Tm is the suppository base to be weighed, E'is the calibration constant of the mold, fis the displacement
factor of the each component and s is the weight of the each component. The suppository base was melted and then
the drug was added. Homogeneous dispersions were formed by stirring continuously and then molded in a metal
mold (1 ml capacity). Suppositories for adults are usually 2 mL and for children 1 mL [9]. The selected fatty bases
were Witepsol H15, Novata BCF. Hydrophilic bases were mixtures of PEG400/PEG1500/PEG4000/Propylene
glycol and mixtures of poloxamer188 /propylene glycol. Moreover, Tween 80 was added to Witepsol H15 and
Novata BCF suppositories bases(Table 1). All suppositories were kept in aluminum paper because of the drug’s
sensitivity to light[10], and stored in a desiccator at room temperature for 24 h before test.

Tablel: Codes, ition of solid suppository formulations

Code Suppository composition
F1 PEG1500 47.5%+PEG4000 47.5%+PEG 400 5%
F2 PEG4000:45%+PEG1500:45%+PEG400:5%+PG:5%
F3 PEG 1500 44%+PEG 4000 44% +PEG 400 5%+PG 7%
F4 witepsol H15 100%
F5 wetipsol H15 95%+tween80 5%
F6 witepsol H15 90%+tween80 10%
F7 Novata BCF _100%
F8 Novata BCF 95%+tween 80 5%
F9 Novata BCF _90%+tween 80 10%
F10 | Poloxamer 188 100%
F11 | Poloxamerl88 70%+PG30%
F12 | Poloxamerl8850%+PG50%
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3. Evaluation of the prepared Levodropropizine suppositories:

3.1. Weight variation:

Twenty suppositories were weighed individually and the average weights were determined. No suppositories should
deviate from average weight by more than 5% except two, which may deviate by not more than 10%[11].

3.2. Content uniformity:

Ten suppositories were randomly selected from each formula and assayed individually for drug content. The
suppository was melted with gentle heating in a water bath in the presence of 50 mL phosphate buffer solution, pH
7.2. The volume was adjusted to 250 mL with phosphate buffer. The flask was disturbed on an ultra sound water
bath (PHYLO, USH-10D Italy) at 37°C for 4 h. After ten-times dilution and filtration, the UV absorbance of the
solution was measured spectrophotometrically (Cary 500 Scan-UV-Vis-NIR spectrophotometer EL02015161) at A
max 240 nm against a blank solution prepared by treating plain suppositories in the same manner([7].

3.3. Hardness:
Hardness was determined at room temperature (about 25°C) using a hardness tester (ERWEKA-APPARATEAU-
G.m.b.H 19359) [7].

3.4. Disintegration test:

The disintegration test determined whether the suppositories disintegrate within prescribed time. Each apparatus is
placed in a beaker with a minimum capacity of 4 liters filled with water. The beaker is fitted with a slow stirrer and a
support that holds the apparatus vertically 90 mm below the surface of the water so that it can be inverted without
emerging from the water. The water was maintained at a temperature of 36-37°C as the immersion fluid. The test
requires three suppositories and the procedure is applied to each of the suppositories[12],using disintegration
tester(COPLEY type:NE4-COPD:UK<«NG42]Y).

3.5. Determination of melting point:
The determination of melting point provides precise information for excipient control. It was done according to the
described method using (BUCHI Melting Point B=540) [7].

3.6. Suppository penetration test:
The temperature is adjusted to 37 °C that required for the test. The suppository is placed in the device and the
penetration rod gently moved into place [7,12], using penetration tester(Erweka. PM3)

3.7. In vitro release of Levodropropizine from solid suppository bases:

The USP rotating paddle dissolution apparatus (COPLEY NEG-CIP-UK serial No:19695) was used for the release
of Levodropropizine from solid suppository bases in vitro under following conditions: 30 min, in 250 mL phosphate
buffer, 37°C, pH=7.2 and 50 rpm[13, 7, 14, 15]. Wire sinker was used to prevent floating on the surface of the
dissolution medium [14]. Samples (SmL) were taken every 5 min from the release medium and replaced by fresh
buffer. The samples were filtered through Millipore filter (pore size 0.45 pm; Xiboshi, syringe filter,China) and
analyzed spectrophotometrically at 240 nm against a blank puffer. Each release experiment was performed in
triplicate .The validation process was done for the analytic method[16].

3.8. Kinetic analysis of the release data:

In order to describe the release model, the in vitro release data from solid suppositories were analyzed according to a
zero-order kinetic model, a Higoshi model, first-order model, Hixon model, and Peppas model. The model that
consistently produced the highest correlation among the suppository preparations was used for the assessment of
drug release rates.

For Peppasmodle when 0.5 <n < | means a non- Fickian dissolution model and n = 0.45 indicates Fickian diffusion
(Higuchi Crowellmodel). In the case of a cylinder 0.45(suppositories) instead of 0.5, and 0.89 instead of 1.0[17].

3.9. Statistical analysis of the drug release profile:

All the results were expressed as mean values + standard deviation (SD). The difference between percentages
(fractions) of Levodropropizine release after each 5 min from its various formulations (The chosen response for
analysis) were statistically evaluated by using two ways ANOVA. All data analysis were performed using SPSS®
10.0 statistical software (SPSS Inc., Chicago, IL, USA). Pvalue was significant at p<0.05 for results interpretation.
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RESULTS AND DISCUSSION

1. Physical properties of tested suppositories:

The weight variation study for all the suppositories were found to be within the acceptable range (<5%) [11]. Also,
the drug content of each suppositories, from each formulation, was in the acceptable range (85-115)% [7]. The
mechanical strength of all tested suppositories was over 1.8 kg showing optimum hardness for handling and
transportation [7]. The melting points of all investigated suppositories with fat bases fell within 31.0 — 36.3°C, thus
obeying pharmacopoeial requirements. It is established that surfactants added in the indicated concentrations lead to
depression of the melting point of confectionary fat within 0.5 — 3°C depending on the nature of excipient[18]. The
melting points of suppositories with water soluble bases were within 40-45.6°C,because of their high melting point
suppositories are especially suited for application in tropical climates[19]. The softening time of all suppositories
varied within 30 min depending on the particular types of components and was within the pharmacopoeial limits[7]
expect F10; its soften time was 61.45 min that may be due to the poloxamer was gelled in water[20]. The
disintegration time of all suppositories was within 30 min for fat bases, 60 min for hydrophilic bases and was within
the pharmacopoeial limits [12]. Physical properties of suppositories are summarized in (Table 2)

Table 2: physical characterization of tested solid suppository formulations

Weight variation Dru, Meltin Liquefaction disintegration
Code . (2) g%) Hardness(kg) point(OCg) t?mc(min) time(gmin)
F1 1.33+0.00889 100.67+2.08 3.66+0.11 45.46+0.4 8.4+0.5 21.66+1.527
F2 1.309+0.028 93.2+2.2 2.72+0.11 411 4.83+0.28 19.6+0.57
F3 1.305+0.0059 86.115+0.61 2.33+0.11 41.3+0.51 3.16+0.28 19.66+0.57
F4 1.069+0.004 98.93+2.6 5.33+0.11 35.63+0.55 7.03£0.52 10.4+0.52
F5 1.076+0.005 104.15+1.2 5.06+0.11 34.4+0.50 5.16+0.28 6.75+0.42
F6 1.098+0.003 105.211.3 3.53+0.11 32.53+0.5 4.5+0.5 3.47+0.56
F7 1.073+0.0042 100.53+2.2 4.86+0.11 35.36+0.47 5.41£0.11 10.56+0.404
F8 1.085+0.009 106.72+2.4 3.66+0.11 33.4+0.24 5.23+0.251 8.38+0.16
F9 1.091£0.007 99.89+0.76 3.53+0.11 31.4+04 4.06+0.115 7.1£0.173
F10 0.98+0.017 102.87+1.31 3.06+0.11 45.53+0.503 61.45+1.7 42.66+0.404
F11 1.0420.007 103.2+2.3 2.73+0.11 33.03+0.152 22.38+0.53 18.33+0.577
F12 1.13+0.0072 102.44+1.68 2.13+0.11 32.53+0.503 8.56+0.404 14.33+0.57

2. In vitro release rate of Levodropropizine from hydrophilic bases:
The dissolution profiles of Levodropropizine from suppositories formed using different compositions of PEG, FI,
F2, and F3 are shown in Figure 1.
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Figure 1: Release of levodropropizine from various Hydrophilic PEG bases

Statistical analysis revealed a significant difference (P<0.05) between F1, F2and F3, within the Levodropropizine
release rate study.
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The release rate of Levodropropizine from the suppositories was relatively high, it reached almost the total amount
of drug at 20 min for F1/F2 and at 5 min for F3. The dissolution of slightly soluble substances,
Levodropropizine[10], can easily be the slowest step in the absorptive process, so when the dissolution of drug is
increased the absorption will be improved [22]. PEGs improve dissolution of drugs because of the absorbing
properties of PEG[21, 22], which result in the formation of a hydrophilic matrix with following solubility enhancing
effects. This result was in agreement with the kinetic analysis of the results, which exposes a Hixson-Crowell model
for all tested PEG formula, where the dissolution occurs in planes that are dispersed parallel to the drug surface, if
the dosage form sizes reduce regularly by time[17](Table 3). It is known that, as the molecular weights of PEG
increase, their water solubility and hygroscopicity decrease[23]. According to the extent of drug release, the results
were as follow: F3 > F2> F1 (Figurel).
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80
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Figure 1: Release of levodropropizine from various Hydrophilic PEG bases

Drug partitioning is a function of the nature of base and the affinity of the drug towards the base. It is to be noticed
that the base with the highest hydrophilicity, F3, is gone by the highest drug release profile (100% extent release at
Smin). F3 has a high ratio of PG , which is most likely to have more hydrophilic character and it will work as co-
solvent and Plasticizers[24]. This was reflected in the drug release, but propylene glycol affected the hardness of
suppositories and decreased the melting point which was the lowest in F3 , (Table2).

Table 2:physical characterization of tested solid suppository formulations

Weight variation Dru; Meltin Liquefaction disintegration
Code ¢ (2) g’%) Hardness(kg) poinl(°(%) l?me(min) lime(gmin)
F1 1.33+0.00889 100.67+2.08 3.66+0.11 45.46+0.4 8.4+0.5 21.66+1.527
F2 1.309+0.028 93.242.2 2.72+0.11 41£1 4.83+0.28 19.6+0.57
F3 1.305+0.0059 86.115+0.61 2.33+0.11 41.340.51 3.16+0.28 19.66+0.57
F4 1.069+0.004 98.93+2.6 5.33+0.11 35.63+0.55 7.03+0.52 10.4+0.52
F5 1.076+0.005 104.15+1.2 5.06+0.11 34.4+0.50 5.16+0.28 6.75+0.42
F6 1.098+0.003 105.21£1.3 3.53+0.11 32.53+0.5 4.5£0.5 3.47+0.56
F7 1.073+0.0042 100.53+2.2 4.86+0.11 35.36+0.47 5.41£0.11 10.56+0.404
F8 1.085+0.009 106.72+2.4 3.66+0.11 33.4+0.24 5.23+0.251 8.38+0.16
F9 1.091+0.007 99.89+0.76 3.53+0.11 31.4+0.4 4.06+0.115 7.1£0.173
F10 0.98+0.017 102.87+1.31 3.06+0.11 45.53+0.503 61.45x1.7 42.66+0.404
F11 1.04+0.007 103.2+2.3 2.73+0.11 33.03+0.152 22.38+0.53 18.33+0.577
F12 1.13+0.0072 102.44+1.68 2.13+0.11 32.53+0.503 8.56+0.404 14.33+0.57

Statistical analysis revealed a significant difference (P<0.05) between F10 and F11,F10 and F12, where there was no
significant difference (P<0.05) between F11 and F12 within the Levodropropizine release rate analysis.

For Poloxamer based suppositories (Figure 2) releasing from F10 which contains poloxamer 188 100% had a lower
dissolution rate of Levodropropizine than PEG based suppositories, that because PEG was soluble in the dissolution
medium, while poloxamer was gelled, and the formed gel neither absorbed water nor was it hydrophilic [23] due to
the hindrance of the hydrophobic polyoxypropylene part of the molecule by the hydrophilic polyoxyethylene part of
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the molecule [25]. While the dissolution rate of Levodropropizine from F11/F12, which contained PG, was high
because propylene glycol affected the melting point of poloxamer mixtures[26], and due to the hygroscopic
properties of propylene glycol, which caused increased water absorption and the formation of a hydrophilic polymer
matrix . The mechanism of drug release was found to be Higoshi-model that means the mechanism of release of
Levodropropizine is diffusion through the hydrophilic matrix of poloxamer 188/propylene glycol bases. Data from
Peppas model revealed n values between 0.45 and 0.89 for F10 that mean the mechanism of drug release is (non-
Fickian) [17], where the release is controlled by a combination of diffusion and polymer relaxation, (Table 3).
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Figure 2: Release of levodropropizine from various Hydrophilic Poloxamer bases

The Poloxamer suppositories would be more acceptable to patients because of; low toxicity, less skin irritation, good
drug release characteristics, compatibility with other chemicals and keeping the drug in the lower part of the rectum
compared to conventional suppositories[27]. The problem associated with PEG suppositories is migration of drugs,
that may undergo first-pass metabolism, up to the colon and irritation of rectum mucus[28].

The influence of PEG/Poloxamer on the dissolution of the Levodropropizine can be explained by the formation of
regions with high concentration of dissolved polymer at the surface of drug crystals. In this regions; the drug can
solubilize and subsequently diffuse and dilute in the bulk of the solution. Formulation of solid dispersions could
theoretically further improve the dissolution compared with physical mixtures by reducing the drug particle size,
formation of drug/polymer solid dispersion, transformation of the drug to the faster dissolving amorphous state and
by more intimate contact between the polymer and the drug [20].

Table 3: In-vitro release Kinetic parameters of levodropropizine from the suppositories

Formula | Zero order(r2) | First order(r2) | Higoshi(r2) | Hixon(r2) | Papas(n) | Papas(r2)

Fl 0.9141 0.7208 0.956 0.9624

F2 0.8659 0.6869 0.9326 0.9751

F3 0.9019 0.6958 0.9675 0.9833

F4 0.9718 0.7705 0.9838 0.9176

F5

Fé6 0.9838 0.858 0.8626 0.8286

F7 0.9692 0.9191 0.8019 0.725

F8 0.9844

F9 0.924 0.728 0.9218 0.9318 1.8184

F10 0.9499 0.6113 0.9787 0.9345

Fl11 0.9835 0.8482 0.9888 0.9345 0.9929

F12 0.949 0.8227 0.9999 0.9345 0.6895




Yousfan A. and Hasian J. J. Chem. Pharm. Res., 2015, 7(7):274-282

3. Release of Levodropropizine from fatty bases:
Release rate of Levodropropizine from two different types of semi synthetic fatty bases was studied (Figure 3, 4).

Statistical analysis revealed a significant difference (P<0.05) between (F4, F5, F6), (F7, F8, F9)and (F4, F7) within
the Levodropropizine release rate study.
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Figure 3: Release of levodropropizine from various Hydrophilic Witepsol H15bases

A complete melting of a suppository in the dissolution medium is certainly required for the drug to be completely
released . The results according the percent extent drug release was as follows: Witepsol H15 >Novata BCF. Semi-
synthetic suppository bases are mixtures of fatty acids and esters with certain amounts of glycerides. The hydroxyl
values reported the free hydroxyl functional groups that are available for interaction and reflected the potential for a
base to adsorb water[29,22].
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Figure 4:Release of levodropropizine from various Hydrophilic Novata BCF bases
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The presence of a high hydroxyl value in fatty bases could form a water-in-oil emulsion, which will generally result
in a very slow transfer of drug molecules from the inner aqueous phase, i.e. retarded drug release [30,22]. Therefore,
drug release from Suppositories of Novata BCF, which has a high hydroxyl value of 20-30[31], was lower than
those from suppositories of Witepsol H15 (hydroxyl value 5-15) [32]. The mechanism of releasing the drug from
Witepsol H15(F4)was found to be a diffusion Higuchi model, which means the diffusion is the mechanism of drug
releasing from the suppositories. Mechanism of drug releasing from Novata BCF(F7) was zero order, the
pharmaceutical dosage forms following this profile release the same amount of drug by unit of time, (Table 3), and it
is the ideal method of drug release in order to achieve a pharmacological prolonged action [17].

Effect of Tween 80 that is put with Witepsol H15 in F5/F6 and Novata BCF was studied on Levodropropizine
release. Allkinds of surfactants seem to do the promoting work on releasing drugs from suppositories [22]. Tween
80 is an example of a hydrophilic, non-ionic surfactant (hydrophilic-lipophilic balance (HLB) = 15[33]. The
incorporation of Tween 80 affected the rate of medicament release depending on the nature and concentration of
surfactant[34]. Drug release from Witepsol H15 and Novata BCF was completed in F5/F8 at 5 min, when Tween 80
percentage was 5% in the suppositories. Drug release is the result of melting the base, migration of drug particles to
the interface between the melted excipients and the dissolution medium, and of the particles passage through this
interface to be released in a molecular form[35]. Therefore, drug was incorporated in the base in the form of an
aqueous solution instead of the powder form using Tween 80 for emulsification that lowered the interfacial tension,
and increased dispersibility of the suppository base with the dissolution fluid [34] . Results showed that Tween 80
had maximum effect on the rate enhancement of drug release (100% of the drug was released in 5 min). The
mechanisms could be as a result of their moistening effects which increase the surface area of the suppository mass,
and also shortening disintegration times of lipophilic suppositories, which is caused by changing their lipophilic
characteristics to a lipohydrophilic nature[36].

However, further addition of Tween 80 up to a concentration of 10% in F6/F9 increased the release rate of the drug,
but it took moretime to release drug than suppositories contained tween 80 at 5% concentration. At higher
concentrations, the surfactant might have exceeded its critical micellar concentration (CMC), and thus retarded drug
release, as a result of micellar entrapment of the drug[37]. The mechanism of drug releasing from Witepsol , which
contained tween 80 at 10% was found to be a zero order. Data from Peppas model revealed a n values above 0.89
for F7, which means zero order for the mechanism of drug release [17]. Mechanism of drug releasing from Novata
BCF, which contained Tween 80 at 10% was Hixson-Crowell model for, where the dissolution occurs in planes that
are dispersed parallel to the drug surface, if the dosage form sizes reduce regularly by time. (Table 3)

CONCLUSION

In conclusion, levodropropizine suppositories were prepared using fat and hydrophilic bases. Physiochemical
properties of suppositories were studied. Incorporation of non-ionic surfactants to fat bases at low concentrations
improved drug release. A very fast release of the drug was achieved by incorporating the drug as an aqueous
solution in Witepsol H15. Suppositories composed of Poloxamer 188 with PG have shown remarkable immediate
release of the drug. The formula that contained 30% PG could be regarded as a promising mucoadhesive release
formulation suitable for further investigation.
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