Table of Contents

I3 0 T XII
L0 1) 0 1 1] (U XVI
List of Abbreviation .......ccccciuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiriirr e XVII
g T3 T XXIT
1 INEFOTUCTION .ottt b bbbt et b bbb b n e 2
IO R = o T To (=1 0T 1] (oo VST P 3
1.2 Causes Of MUILIPIE SCIEIOSIS .......coviiiiiieiice et re e re e 4
1.3 Clinical symptoms and diagnosis OFf MS ..o 5
1.4 Animal models of MUILIPIE SCIETOSIS .......cviuiiiiiiriiiieieeee s 6
141 MOUSE MOUEIS OF EAE. ..o e 7
142 Rat MOUEIS OF EAE ..o 8
143 Clinical comparison With EAE .........coviiiie e 8
1.4.4 ChoiCe OF QULOANTIGEN.......cviiiiecie sttt st esrestaebesae s 9
1.45 ROIE OF AJUVANES.......viiiiiiiciece et re b b sre s 10

1.5  Treatment and prevention of multiple SCIEroSiS ..........ccccoviiiiiiiiiin s 11
1.6 Limitations of current treatments of multiple SCIErosis ..........c.ccooviniieiciiicics 11
17 DIMENYI FUMAIALE.......coiiiiecie ettt st be e e e be e s e sbeereestesre s 13
1.7.1 Limitations of Dimethyl fumarate ...........c.ccovveiiiiic e 14
1.7.2 Cathepsin C as a novel target in multiple SCIErosis ...........ccvovvirereieiiiiiccee e 15

1.8 COCIYSTALS ...ttt bbbttt bbbttt bbb 15
1.9 RAUONAIE......coiieec e 17
110 ODJEOTIVES ...ttt bbbttt bbbttt b e n e 18

2 Immunological mechanism of dimethyl fumarate in EAE model of multiple sclerosis............... 20
2.1 INEFOTUCTION ... ettt 20

Vi



2.2 MaALErTialS AN METNOUS ... ...veeeeeee ettt et e e ettt e e e e e ae et eeeessees s raeereeesesaannes 23

221 CREMICAIS. ...t s 23
2.2.2 IN-VITrO EXPEIIMENT .....oiiiiie et s sre e sre e 23
2.2.3 Time dependent/ Irreversible enzyme kinetics and calculation of IC50:..................... 24
224 Reversibility INhiDItion StUTIES ...........cooiiiiiiii e 24
2.25 Experimental animals and drug treatment............cocooeiireneieinne e 24
2.2.6 Preparation of MOGas.s5 emuUISION IN CFA..........ooiiiic e 25
2.2.7 Preparation Of PErtUSSIS TOXIN .......viiiiiiieieieiseses e 26
2.2.8 EAE INAUCTION ...ttt 26
2.2.9 Histopathology to assess demyelination: ...........cccovveviiiiiec i 27
2.2.10  Mononuclear cells isolation and preparation: ...........ccccceeeeveienieeneseeiese e se e 27
2.2. 11 FACS ANAIYSIS...viteiieiieiieieiisie sttt 28
2.2.12  Cathepsin C ACHIVITY ....ccooiiiiiiiiie e 29
2.2.13  Granzyme B aCtiVILY .....cccoviiiiieic ettt st 29
2.2.14  Statistical ANAIYSIS......ccciciiiiiiccce e e 29
B2 B (-1 | | TSSO 30
2.3.1 Time dependent and irreversible enzyme kinetics and calculation of ICs.................. 30
2.3.2 Reversibility inhibition studies of DMF and MMF with cathepsin C enzyme: ........... 33
2.3.3 Effect of DMF on clinical scoring in MOGss.ss induced EAE MiCe .........cccoevvvviinnne 35
234 Effect of DMF on the migration of CD4+ and CD8+ T cells migration into CNS of
MOG35.55 INAUCEA EAE MICE.......oviiiiiiiieiiicies et 36
2.35 Effect of DMF on cathepsin C activity in MOGass.ss induced EAE mice...........cc....... 39
2.3.6 Effect of DMF on Granzyme B activity in MOGss.ss induced EAE mice.................... 40
2.3.7 Effect of DMF on demyelination in MOGss.ss induced EAE mice.........cocvvevvieennnne 42
2.4 SUMIMBIY .ottt b et bbbttt bbbtk e st e bt e b e e bt bt e bt ke e s e e eb e eb e et e sbeenn e b e eneennas 43
3 Preparation, characterization, in-vitro and in-vivo pharmacokinetic evaluation of dimethyl
fumarate cocrystal with basic co-former (NIcOtinamide) .........ccccoviveiieviinic s 45
3.1 100 1 4T o PSPPSR 45



3.2

321

3.2.2

3.2.3

3.24

3.2.5

3.2.6

3.2.7

3.3

3.3.1

3.3.2

3.3.3

3.34

3.35

3.3.6

3.3.7

3.3.8

3.4

34.1

3.4.2

3.4.3

344

345

3.4.6

3.4.7

3.4.38

3.4.9

MaALErIAlS AN IMBLNOUS ..ottt ettt ettt e e e e e e ettt e e e s e ee et e eeeeeesen e nreeeees 48

IN-SIHICO WOTK. ... 48
o] [=TolU | FoTo (ool (] o PSS SUPROS 48
MOIECUIAE AYNAIMICS ...o.viceiiecic e e re st e b nre s 49
Experimental ANIMALS ..........coviiiiiii s 49
IMEBEETTAIS ... et 49
Method OF Preparation...........cceieieeiieie et te st sre s 50
FOIMUIBTION ... 50
Characterization 0f COCIYSTALS .........ociiiiieiiiiir s 51
Attenuated total reflectance FTIR (ATR- FTIR) SPECIrOSCOPY ..ccvvvvvevveririieiiesiieiiennnas 51
Powder X-ray Diffraction (PXRD).......cccoceiiiiieiiiececce e 51
Thermal stability evaluation of COCIyStals..........ccccoviiiiiiiiiiieee e 51
Differential Scanning Calorimetry (DSC) .......ccoeieiiiiiiiiie e 52
Thermogravimetric ANAIYSIS (TGA) ...vvii e e 52
Evaluation of Sublimation DENAVION .............ccriiiiiirii e 52
DISSOIULION. ...t ettt b et e e 53
HPLC @NAIYSIS ..viivtiieiiecie sttt ettt sttt sttt beese e be s te et e beeneesbeeteesreste s 53
In vitro evaluation of biological activity of cocrystalS..........ccccoovviiiviiiiiiciiie e 54
Isolation of peripheral blood mononuclear cells (PBMCS) .......ccccoeiviiincniencnienieen 54
PBMC counting via Trypan blue exclusion (TBE) @SSaY.........ccccccervvirerineneneniennenns 54
(@8 (0] (0 ) q Lo | V=TI SRS 54
CYLOKING NAIYSIS. ... ittt et seeenes 55
Measurement of intracellular ROS (IROS) ......ccooviiiiiiiiiiieeeese e 55
PharmacoKINEtiC STUAY.........oviiiiiiiiiee e 56
Acute ulcer MOdel OF FaL ..o 57
Acetic acid-induced chronic gastric UICErs iN FatS.........ccceovvoeeierieniene e 57
Evaluation of gross lesions on the gastric MUCOSA ..........cccoverereieininine s 58



3.4.10 Determination of related biochemical indexes in gastric tiSSUES ..........cccocveeererrennnne 58
3411 HiIStOPAtNOIOQY ....eveveiiieieeee e 59
3.4.12  StatistiCal ANAIYSIS.......ciiiie i 59
B RESUIES s 59
351 MOIECUIAN OCKING ...t 59
3.5.2 MOIECUIAN AYNAMICS ...ttt 60
3.5.3 Characterization of DMF-NIC cocrystal by attenuated total reflectance FTIR (ATR-
FTIR) 61
354 Characterization of DMF-NIC cocrystal by TGA.......cccccoiiiieieee e 62
355 Characterization of DMF-NIC cocrystal by DSC........ccccovviiiiiiiienecece e 63
3.5.6 Characterization of DMF-NIC cocrystal using PXRD .........cccccoiiininineneieeeee 64
3.5.7 Effect of cocrystallization on sublimation behaviour of DMF ...........cccccooviiiviviiienne 65
3.5.8 Effect of cocrystallization on dissolution profile:..........ccoociiiiiiiiiiiiie e 66
3.5.9 Pharmacokinetics of DMF and DMF-NIC cocrystal: ..........cccooviviiininineneiecienns 67
3.5.10  Cell VIADIIITY BSSAY ...vevirereeiieiieiieiesiiste sttt 69
3.5.11  Effect of DMF-NIC cocrystal on oXidative Stress........ccccvvevveieiieieiecie e 69
3.5.12  Effect of cocrystals on IL-6 aCtiVIty..........ccccceiiiiieiiiieic s 70
3.5.13  Effect of Cocrystals 0N TNF-0L aCtIVILY ......cverveiriiirinierieiereie e 71
3.5.14  Acute gastric aCid MOEL..........ccuiiiiiiiiieiee e 72
3.5.15  Acetic acid induced gastric healing...........cccoeviiiieiiiicic e 73
3.5.16  Acetic acid induced gastric healing by MDA actiVity ........cccccoevviviiiiicieccce e, 74
3517  Total NItrte IEVEL ......oeieieeee e 76
3.6 SUMIMAIY ..ottt b e bt e s he e sttt e e bt et e e eb et eb e e e nb e e ebe e nbe e sreennne e 77

4 Preparation, characterization, in-vitro and in-vivo pharmacokinetic evaluation of dimethyl
fumarate cocrystals with acid-based coformersPreparation, characterization, in-vitro and in-vivo

pharmacokinetic evaluation of dimethyl fumarate cocrystals with acid-based coformers ................. 79
4.1 100 14T o PSSRSO 80
4.2 Materials and MEtNOGS ...........coviiiiiiii s 83



421 Y/ To] [=Tol 0 F=T o (ool (] o USSR 83
422 MOIECUIAN AYNAMICS ... et 83
4.2.3 EXperimental animMalS .........cccooiiiiiiec s 84
4.3 IMAEEIIAIS ...t 84
431 Method OF PreParation ............cceiveiiiiiiii e 84
4.3.2 Attenuated total reflectance FTIR (ATR- FTIR) SPECtrOSCOPY .....cvevvrvvrieriiiierieieienns 85
4.3.3 Powder X-ray Diffraction (PXRD).......ccccoeiiiieii i 85
434 THErMal BNAIYSIS. .....c.i i 85
435 Differential Scanning Calorimetry (DSC) .......cccvieiiiiiriieieieeeese e 86
4.3.6 Thermogravimetric ANAIYSIS (TGA) ...vvii e e 86
4.3.7 Evaluation of Sublimation DENAVION .............coviiiiiiiiii e 86
4.3.8 IN-Vitro diSSOIULION STUTY .......ocviiiiiiiiies e 87
4.3.9 Quantification of the drug in prepared COCIYStals...........ccoovvirireneieieii e 87
4.3.10 Isolation and counting of peripheral blood mononuclear cells (PBMCS) .................... 88
4.3. 11 CYLOTOXICITY SSAY .vviveivrerriireiieitesteeiesteeseesteseestesteeseesresteebesteessesbesseeseestesnsesbesteessessens 88
4.3.12  CytOKINE ANAIYSIS......cuiiiiiiiiiiiieiteiee ettt 89
4.3.13  Measurement of intracellular ROS (i1-ROS) ..o 89
4.3.14  PharmacoKiNEtiC STUAY........ccecviiiiiieie et sbe st b sre s 90
4.3.15  Statistical ANAIYSIS .......ccviiiiiiiiieee 91
4.4 RESUIT AN QISCUSSION .....oviiiiiieiieiieie sttt 91
4.4.1 MOIECUIAr OCKING ......iitiiiiiticie et e e s reebeesrenre s 91
442 MOIECUIAr AYNAIMICS ...ttt e e nne s 92
443 Formulation Of COCTYSAlS ........cviiiiiiiie s 94
444 Attenuated total reflectance FTIR (ATR- FTIR) SPECtroSCOPY .......covvvrvrveriervereennenenn. 94
445 Characterization of cocrystals DY TGA ..o e 96
446 Characterization of cocrystals DY DSC.........cooiiiiiiiiiee s 97
4.47 Characterization of cocrystals By PXRD .........ccooiiiiiiiiiiieieneeeeesee s 99

Xi



4.4.8 Effect of cocrystallization on sublimation behavior of DMF ..........c.ccocviiiiiinenene 101

449 DISSOIULION ... 102
4.4.10  Pharmacokinetics of DMF and its COCryStalS..........cccoviiviiiiiiieiie i 103
4411 Cell VIability @SSAY ....cc.eiviieiieciiie it st 105
4412  ROS ACHVILY: DCF ASSAY ...ccvviieeieiierienieiiesiesteeiesteeseestesseessesteaesseesseessesseessessesseesees 106
4413  Effect of cocrystals on IL-6 aCtIVITY.........ccoveiiiiiiiiiiie s 107
4.4.14  Effect of cocrystals 0n TNF-0 aCtiVILY......coverveiiiiiininie e 109

4.5 DISCUSSION ...tttk b et bbbt b bbbt et b e e bbb e b e e nenre s 110
4.6 SUMIMANY ..ouviiieiisteetie sttt et e et et e e s bt s e bt s st e e e e Re e s e e seeeb e e s e sRees e e b e smeenneabeennenrenreennens 113

5 SUMMArY & CONCIUSION......cciiiiitiiie ettt ettt et e s be et e s reeteesresreenee e 115
51 IMPOITANT QULCOIMES ...ttt e e st e snb e e ebeeenba e e snbaeesnaeenns 117
5.2 FULUIE STUGIES ...ttt nre s 117
5.3 Impact on the treatment of multiple SCIEroSIS ..........cooviiiiieiecc e, 118

B RETEIEINCES. ... 120

Xii



