Contents

Chapter 1. Introduction

1.1 Nanocarrier for Drug DEIIVEIY......cc.ooi ittt 1
1.2 Lipid Based Drug Delivery Systems (LBDDS).......c.ccccoiviiiiiieiieie e 2
1.3 Drug candidate SEIECTION.........uiiieieeie ettt nre e 3
1.4 AIMS aNA ODJECLIVES .....eeveeie ettt e te e e s re e beeneesra e reenee e 4
1.5 HYPOTNESHS. ...ttt bbbt ne bbb 4
IR CI o Lo T 0 YA o] 4 TSR 5

Chapter 2. Literature Review

2.1 Oral Lipid based FOrMUIALIONS .........ccooiiiiiiiieieseeee e s 8
2.2 Factors affecting oral bioavailability and LBDDS role to increase bioavailability................... 8
2.3 Digestion and absorption Of HPIAS .......ccooiiiiiiiiiieee e 12
2.4 Self Microemulsifying Drug Delivery System (SMEDDS) .......c.ccccoovviveiiievi e 13
2.5 Composition Of SMEDDS .........cccooiiiieiee et nas 15
2.6 Pseudo-ternary phase diagram ..........cccueieeieiieieeiee st ste e sre et e e e e 17
2.7 Formulation deVelOPMENT ..........coi it 18
2.8 Examples of studies related to SMEDDS for oral delivery ...........cccoooiiiiiinines 19
PN B N 1 T0 LS 1 TSRS 24
2.10 Formulation consideration fOr NIOSOMES...........cceiiuereiieieereeie e e eee e e eeesreeseeeeesneeneas 25
2.11 Formulation deVEIOPMENT ........oiiiiiiiiiie et 27
2.12 Examples of studies related t0 NIOSOMES .........ccoveiiiiiiiieiicce e 29
2.13 Drug Profile: ILOPERIDONE ........ccoooiiiiiiieice et 32
2.14 Drug Profile: VARDENAFIL HCL TRIHYDRATE .....oooitiiece e 39

Chapter 3. Materials and Protocols

3.1 .S0UICES OF CHEMICAIS. ... coitiiiieiie ettt eas 56
3.2 General protocols fOr Cell CUITUIES ........oovieiie et 60
3.3 General procedure for characterization teChNIQUES..........coeiiiiiiiiiiieee e 62



Chapter 4. Analytical Techniques

I LT =SSR 68
4.2 ANAIYLICAI MELNOUS ......cviiiiciie e et sre et enee e 68
4.3 Analytical Techniques for HOPEridOne ...........cccvieiieiiee e 69
4.4 Analytical Techniques for Vardenafil HCI trinydrate ............ccccoovveiiieieccseee e, 78
4.5 Estimation of residual solvents — Methanol and Chloroform by HS-GC...............cccoveieneee. 88

Chapter 5. Experimental

5.1 Self Emulsifying Drug Delivery System - SMEDDS..........c.ccccooiiiieviieie e 93
5.2 Development of SMEDDS FOrmulations ............cociiiiiiiie i 93
5.3 Optimization of SMEDDS FOrmulations..............cooiriiiiiiiiiisc e 95
5.4 Characterization of SMEDDS FOrmMUIALIONS ..........cooueiiiieiieiieie e 99
5.5 DIUG REICASE ...ttt bbb 102
IO RS- 011 11 2SSOSR 103
B.7 INIOSOMES ...ttt ettt bbbt b s bt s e et et et be bt eneabentens 104
5.8 Selection of method for Niosomes formulation development............c.cccevvviiiiieiiiieieenn, 105
5.9 SeleCtion Of SUMTACTANT..........oiiiiiieiiiee e e sb e 106
5.10 Drug-Excipient interaction studies BY FTIR .......ccocoviiiiiiieicceeeseese e 106
5.11 OPLIMIZATION ...ttt bbbt bbbt e e bbb et e b e s 106
5.12 LYOPNIHZATION ...t bbbt b e 108
5.13 Characterization of NiosSOmes FOrmulations ............cocevveerierirere e 108
5.14 DrUQ REIEASE ...ttt bbb bbb bbb 110
5,15 SEADIIITY vttt re e 111

Chapter 6. Results and Discussion

B.1 SIMEDDS ... .ottt b bRttt et et reere it 117
6.2 ILO SMEDDS — Formulation deVelopment .............cooviiiiiie i 117
6.3 ILO SMEDDS — Formulation Optimization.............cccceevieiieiiie i 123
6.4 ILO SMEDDS — CharaCteriZation ..........ccooeiieiiiriiiie et 132
6.5 DIUQ FEIEASE STUAY ... eeueiuiiieiteiteiti ettt b bbbttt sb et b s 137
6.6 VDN SMEDDS — Formulation development ...........coueiiieniienisesseeeee s 141

6.7 VDN SMEDDS — Formulation Optimization..............ccooveieiinineiiniscseseeee s 147



6.8 VDN SMEDDS preparation using Tween 20 as surfactant............ccccccveveverieiiencniesieennnns 158

6.9 VDN SMEDDS — CharaCteriZation ...........ccereririiiininieieniesiesie st 158
6.10 NIOSOMES — Formulation deVelopment..........cccvcveiieiiiie e 170
6.11 Preliminary Investigation for ILO Niosomes development............ccocovoeieienincniiineene 170
6.12 Optimization using OVAT @PPrOaCH .......ccuiiiiiiiiiseeieee e 175
6.13 Design of Experiment — Combined D-optimal mixture design for optimization of ILO

40T 0TSRRI 180
6.14 VDN NI0SOMES UEVEIOPMENT .....oviiiieiiiieieeee e 192
6.15 Design of Experiment — Combined D-optimal mixture design for optimization of VDN
0TS 0TS USRS 192
6.16 Optimization of Cryoprotectant for Lyophilization of ILO and VDN Niosomes .............. 202
6.17 Characterization of ILO and VDN NIOSOIMES..........ccerirririierienieniesiesiiseeeeiesee e 204

Chapter 7. Cell Line Study

7.1 In vitro Cell VIability STUAY .......cooiiiiiiii e 220
7.2 Intracellular UPtaKE STUY ........ccoiiiiiieieieee e 221
7.3 FIOW CYTOMIEBLIY ...ttt bbb bbbt b bbb b s 221
7.4 In vitro permeability STUAY .........cooi oo 221
7.5 ACHN VISUBIIZALION ...ttt nb e ene e 222
7.6 In vitro Cell Viability StUAY .......coooiiiiiiee e 223
7.7 Intracellular Uptake StUAY ...........coviiiiiciece et 225
T8 FIOW CYIOMELIY ...ttt ettt e e et e e st e e b e s aeesbeeneeneenreenrens 228
7.9 In vitro permeability STUAY .........ooi i 231
7.10 ACHIN VISUBHZALION ...ttt et e s e nreenaeeneenneennens 233

Chapter 8. Animal Studies

S T80 A [ 0o 1 od 1 o USSR 240
8.2 ANIMAIS ...ttt e et enbe e e nreenreeaenreenreenre s 240
8.3 Pharmacokinetic StUAY iN RALS..........coeiiiiieiiie e 240
8.4 Pharmacodynamic study for SChizOphrenia...........cccocvvviiieiie e 243
8.5 Pharmacodynamic study for Erectile dysfunction .............ccccooveiiiiiiccic e, 246

8.6 RESUIES AN DISCUSSION .....coeeeeeeeeeeeee e, 250



Chapter 9. Summary and Conclusion

T A [ oo U od o ST RP PRSPPSO 275
9.2 AIMS AN ODJECTIVES ...t b et 275
O. 3 SIMEDDS ...ttt et R bttt bttt neere b 276
0.2 INTOSOIMIES. ...ttt ettt bbbttt b ekt b bt b e R e s e bbb bt b e b e e st e st et et et e nbe et e be e 277
9.5 1N VItro CEI TINE STUAIES ... .oviiiieiitieieeeee bbb 279
9.6 ANIMAL STUTIES ...ttt bbb bbbttt bbb b e ne e 281

0.7 CONCIUSTONS ... 284



