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Abstract

The objective of this research was to enhance the dissolution rate of a poorly water—soluble
antibiotic drug, sulfamethoxazole (SMX), by forming cocrystal with L-Malic acid (MA). Gas Anti-
Solvent (GAS) technique with the use of dense carbon dioxide as an anti-solvent was applied for
cocrystallization. The effects of SMX to MA mass ratio (2:1, 1.5:1 and 1:1), temperature (35°C and
45°C) and drug concentration in acetone (30% SAT, 50% SAT and 70 % SAT) on % drug content,
particle morphology and dissolution rate were investigated. Production of SMX-MA cocrystal by
slow evaporation technique was also conducted in order to compare the obtained results. It was
found that SMX-MA cocrystal could be successfully produced by both GAS and slow evaporation
techniques. Based on the XRD analysis, the cocrystal formation was confirmed by the appearance
of two new peaks at 26 = 6.8 and 13.8. Results from the FTIR analysis also confirmed that there
was hydrogen bond formation in the SMX-MA cocrystal. In the GAS process, it was found that drug
content of the product was dependent on the SMX to MA ratio. As the SMX to MA ratio decreased
from 2:1 to 1:1, % drug content in the product was decreased. The effect of SMX to MA ratio on
the % drug content was valid for both 3 5 °C and 4 5 °C. In addition, an increase in drug
concentration resulted in a lower threshold pressure, but higher amount of product. Two distinct
colors (white and pale yellow) of the GAS products were observed. It was found that the size of the
white product was slightly smaller than the pale yellow product at the same operating condition.
The melting point of the GAS product was in between those of the drug and co-former. The heat of
melting of the GAS product was also lower compared to the drug and co-former. In the dissolution
studies, it was found that 90% of SMX in the cocrystal obtained from GAS could be dissolved within
4.2 min, whereas the times required to dissolve 90% of the drug in the physical mixtures were 8.2
min (ratio 1:1) and 25 min (ratio 2:1), and up to 28 min for the commercial micronized SMX. On the
other hand, the times required to dissolve 90% of the drug in the cocrystal from slow evaporation
could go up to 12 min depending on the SMX to MA ratio. The enhanced in the dissolution rate of
the GAS product could be attributed to the reduction in degree of crystallinity as observed from the

XRD results.
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7. "‘;Lﬂsﬂzﬁ@gmﬂﬁfamﬂ?@q X-ray Diffraction (XRD)

TN X-ray Diffraction 138 s XRD Whutesileildlunisinssfauimidlaseasnes
Fan Inpendendnnisdeaiuuresdiing lnsanansnimmeiilaseaineudnaesansdsznevuiider
ansFatneTRineet Inganunsaiasz i et auLILL (Powder) uazkULTENLNS (Thin film)
HANNIRATITESNemATlA XRD azatunsnliineazidanresiassainanan annsilunan wazszuny
UBINANVDIANTFRDEN %ﬂ%tﬂmm%ﬁuﬁuﬂmﬁmm@mim’%@mﬂmmdwﬁqm SMX UAZNIANIAN
IneaznAn 2 Theta ﬁﬂmﬂgﬁm[ﬁhLLum‘luniﬁ"LstuélummﬁT”\aﬁuvaq 2 9ila Tneianaz Uiz
Step size 11U 0.01 step/time LAY Step size WinAU 1.6 s/step ﬁluqm 2 Theta Winfiy 5 - 40° A9g
389 XRD @i%ie Bruker U4 D8 ADVANCE U184418598 Cu KQ11.54 operated at 40kV and 40 mA

o 4

Ffutyny1nuEivia Lynxeye
8. AATIVAIBLENIA2ELATAY Scanning Electron Microscopy (SEM)

N33R AY8LATEY Scanning Electron Microscopy (SEM) tlunnsAnmanwizdnignu

AN (Morphology) 18491NALTYW ANHIUZARNIA TWIAAYNIA LAZFWIULRIFIRENTALATIETLTTWAY

ANFIATFFemATIA SEM B 1A lasau laadnmuaadansfaas1anFfadn1aaassy wazaniiuninig
A o ° Y = o o \ a o o a o = .

AABLAIUNAIAT LLmﬂNmmamqiﬂqLmﬁwmﬁmmmgmqmmmﬂme Scanning Electron

. a il o < ' ° o Ay v a «
Microscopy m@mmLmﬂwwimuﬂumwmﬂmmmmmmwmmmﬂﬂummmew
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nsaAsziaunIAlARTaRaaNANAYNAUAINNIZLAUNIT GAS Honlesad Fourier Transform
Infrared Spectroscopy WisaEanta 7 31 wmaia FTIR dunalianldiinsziinensaaeuuazfnm
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g dl” ' o va e
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9.2 F91inutin KBr Nlfluiuyisndsianana U3u10s 0.05 Jaansy

9.3 FHINUINIAIA1TFLNNHBINITAATILITLFNINL 0.001 RAANTU A NUHANTU KBr Lazlin

WAilunedaaasnumen

o

. 4, o o vy e ed o e e @
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auUNIAIAPTANEATLIINNAEY SMX LAZNTIANIANFANENTTLAUNIT Gas anti-solvent (GAS) Aaensli
'y o—all % a [ L 4 ] a o | 1 A

arsuanlaeanlafnaniasindqeingauiafinunisazany Insasnsautanuidseeendy 3 doude

douin 1 Anwiladeliun grunnil (25 °C 35°C waz 45°C) AINAWENFIU (40 U13 uaz 61 113 Favin

=)

azaneduyisd (lINUBA LANIUAA 2231 UAY AaNNazaNLNaNTEUINg lnAaalsl WMULAZEANUDAR)

HUABBNITNARNAUNIATAATANAALAZANLAANGIUNNN ANTNANENAL UAEAIazAUBUNTEN

wnnzanlunnmeaessaly

daufl 2 Anwniladesing o Ndanaseayunalarsanaafinnnznaufiaanszuaunig GAS lhur
Andiniurasansarae auun wazdnsdousyudemuazlavaiumes aldsainazanailuay
#lou Inadaduanudiniuaeaisazaranans liun 30% 50% uaz 70% 189ANBNAIVDIAIL

SMX (%SAT) Nguund 35 waz 45 4ANIATHA UATERIIEIUITUINAE SMX waznIaunanLii

'
a o o

2:1,1.5:1 uaz 1:1 Ingununin Geqaansavessionn SMX ludainazansesdiaudawindu 250 mg/mi

doun 3 lunisuFauimeveynianlfiainnisannznaufiaenszuaunis GAS Auauniala

Aranaailfannisnanfaematinnisssmaiaiiazateeenedn | (Slow evaporation) Ngnsdauaes

Finein SMX AUNIANIAN WATANNENTIUUBIRTAZANEILALINTL

NSNARBINAANHIUIRNENRNIZANRINSU LT L UNITANASNAY

Tudouusniuaziflunimasaiai@andarinazanaduvise ANNALENHY wazguu)in Ly
NIANAZNEUaNIATARTARDATEUINNEAEN SMX LaznIaNIan TnaiansaiaIn A1 Drug content 784

a o & o a o edyy 2 A = o g
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At ldnaaeclifinazananun 4 9ia Tunnsanaznauaynialarsanaalfiun w
ynues wnuen axilau uar Fainazaananszuindlaraelslinuuazienueaiisadau 50% g
Bunns Inerinnnsanaznaufinaadindiu 75%SAT AAUNAN 35°C WAL AMINAIUTENINNFREN SMX
waznsaunanily 1:1 Inasinmin ieAnmasainazaneimanzaulunisanazna Tntayniad
pnnznaulfazinlufinszfidlanian Drug content nan masaInLI ARS TR lEa N
ANAzNaufiaazdlaulA1 Drug content WWiNrL 48.18% AunARS T LEannIsAnAznaudas fn

ATANELNNIUOA LENIUBA LAZAINIATA1ENANT AT Drug content LWL 92.49%, 93.11% WaS

'
el

85.88% ANNAAL AIWAIAIAIINARSDITINHAY Drug content g9 Usznaufaefagn SMX AianAznaw

|
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| o Aaa a a ° = ° A o dl P = v &

N1INARBINLGT HilAL9381NgUMYH 169 °C ienmumiaRes AN 2 ¥ 2) Fauanaliiviug)

aun1AnANAznauanFainazawniuealsznanllfiassfonn SMX iundn uazlidsngialud

duresaynialarzanes

F13199 1 WAAITNUINTRILARA DT LAANFAINaT A 188 UNTEFNG 7] wazA1 Drug content
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Temperature (°C)
= a cy a o A d' o o
DINN 2 NANTFAIATIZUAELNALLA DSC ﬂ) BEN SMX NHIUNITUA °l|) @Hﬂﬁﬂ%ﬂﬂm:ﬂﬂumﬂm*ﬂﬁ

dl [ % ! U o a 3| 091 o k4 b4
ATANELNNUDA NARTIEIUTENINAQET SMX waznsauantily 1:1 Tneinuiin Ao udndu

75%SAT uazgnuni 35°C

ANI9N 1 TVLNLAYAN Drug content 1a9NARAUTTAIRNAENBUAMEFINaTa18Ta

FIN9 7] NRnUnaH 35 °C dnandausendsagn SMX waznsanianidu 1:1 avadindu

75%SAT
WMINURINARA T
FonnazanefaunTel % Drug content
(Waaniu)
LHNUBR 132 92.49%
2N1UAA 50 93.11%
FANNAZANL AN
. 72 85.88%
(Vl,mm@@‘l:mmu-l,@mu@@)
9511 48.18%
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2. ANMNAVLESHAULUNITNARDY

¥ 1
ao a

TuanuddeildninimeasaianiausuBusutmnizan lun1sBuanaznauaynale

ASARAATZUINNGIUT SMX LATNIANIAN Aaanszuau GAS Tnan1sfidulinaaasudnayniale

D

4

PRARBATIEUNNHN 45 °C NERI1dUuszNINF81 SMX waznsantamilu 1.5:1 uazaudindun

b

50%SAT TaNARULFELINELANNARENAY 2 AVINABAST 40 U1F UaE 61 U1 AntiutinaynIAf
1% B [ ' o A a 1% di A
pnaznaulilidinsiziunsi Drug content uasNAABLERIINITATAELBIBUNIATIHAR MH LD LRDN

o a9y o o o = ,
AMMHAULTHAUNLUNIZANATUNTLNITNAADIDU ] ﬁ]‘ﬂ\lﬂ

1 Lﬂl b A o ‘al 4 | c ©° o/ 1
NAN1INAABINLIN WalfAuauBuAul 61 UnF A mFunisanaznau Inanisiane Dense

CO, Wngtiasnnmznau Az lAANIIANAZNEULDIBUNIABANNITIUN UAINBENEYNIATIANAZNEL

a

o

1§in191A1 Drug content WLGNHAWYINAL 84% uAz 84.13% AIMTLEUNIARTIUATAMASY ATNANAL

' '
v Aa v

TuaneneynalaranaananaznounANAuENAWTY 40 U5 IWBBNN1IMAABINLGIAYNAGRH
ANATNBUNAINAL 54.0 U1F uazaun1ANFiNAI Drug content WNAL 73.97% UAE 75.24% &niL
AUNIARTNIUATINASY ATNRIAL LHBIAINNIANIANNAMNAINITn TuNsaza e TuarElnugs (479.8
mg/ml) AU EUNAABINANHAUENSUGS (61 U13) denarinliinsannaniinanlunisnnnzneu

v ' a v P o a Yy a1 v oy KR | o ¥ o =
aanu1tiaandINIsBNAuNAseINANNAUGENAUTATat (40 113) AulunanialiiFn Drug content &

ATNINNAN

IHATNNNINARBLNIBRIINITATAET890UNATARSARNDATINAR LANLIAN §RIINNTATANTBY

ai A o al k2 )| o ¥ ] I

aynananaznauaInnis i uauENduiiy 40 u§ arunsnazanels 90% Tuaniies 4.2 i

TuanenayniananaznauaInnisdausuEusiuily 61 uf Mnarlunnsazaels 00% e 11.1
S o 4 o o T v a i~ o o

I Askanaluning 3 AaiuluesuddanaaaenanauEniulunisanaznaun 40 unF 4miunis
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81 SMX waznsann@niiu 1.5:1 paudindu 50%SAT uazguuni 45 °C AANAUGNHY

Wi 40 U5 way 61 UNS ANNAAL

3. quUUAN L9 lun1snaaag

a

nddeRauladanianIsanRzNaungUugil 25 °C 35 °C waz 45 °C AN INATEIgIMARN

Q a
'

NisaayNIAlARTARBATIANATNAULA TN RN NNz ANAMELINNIANAZNa NN ATARTARE A

a

| |
' A

sinlil Tnegrungdniaenliazdenlaiifu 45°C wadflunistlasiunisidananinaassion SMX visanse
A A ¥
N1AN NBIAURBNANINAINAINTDY
P 3 o aal A A P

an1ziaen lunimeasuvaAneunguuginmnizanpenANdinduaesasazaeen
50% SAT 8n9ndausendnesiaen SMX uaznsanianiilu 2:1 ludarinazaeesding Han1smaaeanuan
AMVFUNNIANAZNEUNAMAN 25 °C AUNIAFNANAZNAUNANNAY 41.8 113 luanicnguugil 35°C
WAz 45 °C BNANATNAUNANAL 50 AT 58.2 U1 ATNAIAL TIN1INEYNIARNAZNAUAANNIATN
ansazans linauiuinliiaynirvesdoniwaznsasnanainnsniianisls uazauinaasayn A LA

'
1 a

1nlnry Tnedenasednainisazanainliiidnanisazatandindreynianfauinéan (N 4)

a

AN1ULHATLAIIZINNAT Drug content WUINBUNATNINAR ENIGUUAH 25 °C 35 °C uay 45 °C HA1

a

Drug content Winfill 64.22%, 74.58% WA 70.23% ANNATAL

\HataunialafsaneanaNAzNaUNgINYRFIe 7 r9funinaaaundnsnisazaiz e

' = = a o ¥ P = =
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AwFunisazanali 90%uedevianne lwanenaynianaAnaznaunguuni 35 °C waz 45 °C A

Tun19azanvinil 8.4 Laz 2 WM AMNAIAL AINNINARBLERIINITATANYIBIBYNIANANAZNELT
a b v ° Y @ 1 a dl a 0 ° ¥ v dld
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o
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A9199 2 anei ki lunimasesdmiunseuaunig GAS tnaldsavinazaaerlnuuazdaeaynin

L Aol fn1du GRS G AT A1890UNA
NINARDIN .
(°C) (SMX: L-Malic acid) (%SAT) U9 NV

1 30 v 1a8INNN*

2 1:1 50 v v

3 70 v v

4 30 v Haauan*

5 35 1.5:1 50 v v

6 70 v v

7 30 v Haauan*

8 2:1 50 v g

9 70 v g

10 30 v v

11 1:1 50 v v

12 70 v v

13 30 v Haauan*

14 45 1.51 50 v v

15 70 v v

16 30 v g

17 2:1 50 v v

18 70 v v

waneue * AfFunutiaannanldarunsafivdetenndinssificamatingu o 14
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2. AMNAUENAUNDYNIALFNANAZNAY (Threshold pressure)

lun1snnaznaueynIAlAATAREARIENIELIUNIT GAS ANANTAZANETIBIAEN SMX LAz NIA
wanlusinazatsezalng lussndenimesestiiazaunsndunaiupusuiaynalafsanasi

FuANAznaueanNIaIndnTazane lRH U 1A UnTinTeaiesRnAzNau (Jerguson view cell) AANAL

a

PeUN1ABNANATNAWINEENTT Threshold pressure T9luagiuAMfindugesatsazany goangi

a
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WU4NFa81 SMX HA1 Threshold pressure WAL 52.2 U5 ey 56.4 115 duFunisanmznaunie s

AUNANN 35 °C WA 45 °C ANNAAL LAZAIUFUNTANIANNAT Threshold pressure Winfy 42.3 115

q al

WA 46.4 1§ drusunisenazneun e ligunnil 35 °C uay 45 °C mNaAL

< v
a o a v 4

AINUANIINAADITN IENAABIANAZNOUANILIGNENT 2 THadssiuuansliiiiudnelfianiog

o © a IS

lunsanaznauimnaaiu (50%SAT g 35 °C uaz 45°C Aa1i1aza180vdinu) NsANIANNAI

! v ! U
Threshold pressure AMNG1F981 SMX 119 2 rUnH TINIANIANENANATNEUANAITATAUNBUAEN
g o yoa oA ~da s . d
SMX waruananiuan1anaaesdauans Wiiiudlainguuginlilunsanazneuw AvuaAuneynia
2996981 SMX UATNIANIANENANATNAUNANEITY iasannisiug ) denaliirouaiunsaly
o o o & aea £ o = o o P o o
NINAZANETBIATINAAEBUVTENNNINTUW Fagnazatsasazaelufarinaza e lARNTY AN

MF981 SMX LaznInNNan BuANazNaunanmni 45 °C AsiA1gINd gy 35 °C
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= ' '

Tudaustelinananetiadesing - Nfuasiern Threshold pressure duFLNIsANAZNBUBUNIA
a

IAAENAATININGGIEN SMX LAZNIANIAN TINIEAZIDeARasa lT
2.1 HAURIAMNANTUUDIANTRZA1ENNAD Threshold pressure

FN3197 3 UARIAN19EAN 7 AlEanaznauanniIalARFanea AINN1INARBINLINAGIN
dinduaesansazans ANasenNAUNaYNIABNANAZNERENNIAINATAZANE NA1IABHELANNAYN
Wndnaesansazaiuann 30%SAT LU 50%SAT waz 70%SAT ANMNAUNEYNIABNANAZNDUTLT

wualiiuantiaaas A1mFUN1IMAR0INERMAIUIEUINAIEY SMX LAaZNIANIANUATA MUY HIARATY

' '
o ! = a

ety nsenRznauaynIAlARIanaangUuNi 35 °C NERIAIUIENINFAEN SMX UATNIANN
anuilu 2:1 mmﬁ“uﬁ'wmmGumnmn@u@@ﬂmﬁmmL%’u%ummmmxmmﬂu 30%SAT HAN 50.7
15 uazidlefinanuiindiuresansazaneiflu 50%SAT uas 70%SAT mmrﬁfuﬁmmﬂémrmzﬂﬂu
AANINTIANANTL 48.4 UAZ 47.6 115 ANNAEL IilesannnnsifiuanuindivaesansazanefilElunng
ANAZNaL %ﬁﬂﬁmmzmﬂL%]mi@quéuﬁqéqmm%G‘ﬁyu (Supersaturation) danaliAanusud
mémﬁ‘l?mm’?‘mma@éumnm:ﬂ@uﬁmmm Fanannamanesiuun iuwieuiulusnsmdan 1.5:1 uax 1:1
muiﬂﬁqm?mmmﬁ'qmmﬁ 45°C A duianazneufaziiuualinanas e finaanudiniivaes

ATATANITWLARAT

M19197 3 ANAUTIaRNAlARTARBAENANAZNEY (Threshold pressure) NaN19ElUN1IMARDIGNY

TuFanazanaezainu

ANNALTIBYNIAGNANAZNAY (LNF)

GIERU NG fMUUNN 35 °C funnN 45 °C

YBIENAANIANIAN 30%SAT 50%SAT 70%SAT  30%SAT  50%SAT  70%SAT

2:1 50.7 48.4 47.6 56.8 54.4 53.2

1.5:1 48 46 45.6 56.4 54 53.2

11 47.6 45.4 45.1 55.4 53.8 53.2
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2.2 NRTBIDATIRIUTLUINA2ET SMX UazNTANIANNNAD Threshold pressure

o

"Q’]ﬂﬁ]’]ﬁ"N‘V] 3 LN@W‘Q’]?M’]% amq 35 °C VIﬁ"J’]NL‘LINﬂ]LL 30%SAT WUQ’W‘ﬂuﬂqﬁﬁ nIdIU

TEUINNALT SMX WAZNTANIANLTIL 1:1 Gumnmn@ummmﬁu 47.6 U LL@ZLN@‘ﬂVmW@'QuizWi’]\?ﬁQ

1 SMX LAZNTANIANHANANTYL (UFu10uen SMX Tugnsazanawinps wianiFuininsanian’y

o

ANTATANE) ﬁ MINdIU 1.5:1 WAy 2:1 mmmuwaumﬂiﬂmmmmLimﬂmm@u@@ﬂmmm‘ﬁuumeu

A NA1 48 U1F UAZ 50.7 U1 ATNAAL ‘Emwumiuummuﬁummmmeu 50%SAT way 70%SAT

HANAINNITN N AN TIEIUTLNINNF 87 SMX waznsanianluansazans gaualinaududuanag
a % o | o U 2 1 QI 1% al vy o U o al'
ansaraaiAntinasduilunarinliiansazansidingannrdusintisaanlfifias inlinousuneynia

BuANAZNAUTANNNAL

mmumimﬂmm@u@ummimm@ma@ﬁ ATUNI) 4 45°C ‘wmf']LLmIﬁmmmmﬁuﬁ@umﬂ

[¢]

LimmmvmuuLLmT,uummunumamnmvmummu u35C ﬂ@’]']ﬂ@LﬁJ'ﬂﬂﬁl?’]ZQQ‘LA?"’MQ’NIE]QEI’]LL@“’

£
=

NIANARNRNIY ANAN AU BNANAZNe U RN TR a9 anEunsma A ud uae

'S

ANTAZAEVINAL 70%SAT INLTN ANNAUNERNIARNANAZNOUNAIANIT 53.2 U5

2.3 Nmmqm‘mgﬁﬁ @@ Threshold pressure

£
al

TnetlnAunisinguugidananilisfaniazanalaauainnsnluniaiiasanugedn

o o = o YR G A o % , = o 4 A a
Quu@ﬂ@ﬁ@qﬂmQQﬂﬂzﬂqﬂvmeﬂu "Ij\m@m'i‘lflm\l'a\ﬂumi’]wl 3 ﬂNLLuQIuNLfﬁumeﬂuﬂﬂ LHRANATNTIUN

|
o A

NIANAZNAUNgINAN 35 °C LFsuauiuNgui 45 °C NAnudinduresansazansuardnsdon

]

FEUINNAIYN SMX UAZNIANIANALANY NUIAIANNAUNEYNIATAATAREA BNANAZNAUBBNNIAN
an3aza gl 35 °C HAtiaandniNgnmani 45°C suilunaniainnisivug ) Naeda1sazans
i erdlauainisnazatasann SMX uaznsannan iiinunau deualiiansazanadinganiozausia

feennlitiias AuAuayNIAGNANAZNAUAILANTY
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3. e luaynanu@nlea (Drug content)

£4
a o a

sAsailfAneilads 3 tTadelfiun nasasenmdiuseuinemanuazlanadumad (1:1, 1.5:1
WaY 2:1) NAUBIRUUNH (35 °C Uaz 45 °C) LazHaT89ANNd NI UI09819azA 887 (30% SAT 50%
SAT U 70% SAT) fifisiadn Drug content mmmmﬁiﬁﬁ?mm@ﬁmﬁmiﬁmm@:mum@ GAS 4
Masdlnuilusinazanadunse Inamn Drug content seandRfuTTAnaznauliazlszneyldg 2
dawda 1. faen SMX fedlueunialardaneauas 2. faen SMX 71K Aelueynialarsanaasive
Fe1 SMX AANAZNOULALY y faannAaeaiLNUASHU99 Ober ef al. (2013) ‘ﬁmﬂmn@uﬂumﬁ‘iﬁ
ASARBATININGAAEN itraconazole TUNTANIANALENTZUALNNT GAS TaaliAFuaulneanlamiilusia
BNUNNTAZANE TINANNINARBINLIIN slumémm'ﬁmnm:n@uiﬁmfuﬁmummﬁam itraconazole WA¥NIA

= 4‘ | 1 ) 1l a o/ 6 dl Ta | a
wnanmiludoniivetlundniued Mlifadueynialafianes)
Inenan1maae@INiraLUaeanily 3 d9u Aesalli
3.1 NRUDIDATIRIUTLUINFAEN SMX UAazNTANIANNNAAAT Drug content

a '

AINNINARBIUNBANHIHNATBIBAT1EIUTTUIN9F 81 SMX WAZNIANIANANFABAN Drug

R

content 183ayNIANNAR LANAN 196 7 TnaasuanlilTTNae SMX Tuansazaaifinins 5

o

m an das e od 4
LARAAIN 1 1N1IANAZNBUINAUAIN LA 1A1T19N 4
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o

A15197 4 UndnaedsawaznIaNianluarazaanlilunisanmnenet 5 NAAANINENINEIU

FEUINAYT SMX WATNTANIANFN °]

Tnina9Fagn SMX WaznNIANIAN (mg)

uansazane 5 Naaams

%SAT of SMX* 30% 50% 70%
angdaulneNgg
&1 NIANIAN & NIANIAN & NIANIAN
YAIYIFANTANIAN
2:1 375 187.5 625 312.5 875 437.5
1.5:1 375 250 625 416.67 875 583.33
11 375 375 625 625 875 875

wanELUe *Aen SMX arsnsnaranaluerdtaulinings 250 mg/m

719797 5 uAALAN Drug content mm@wmﬂﬁﬁmﬁdwummmL%’u%urﬁm d ﬁqmuqﬁ 35
°C uan1snaaeswLfiaa L 30%SAT wmmﬁﬁmmﬁmwdwﬁqm SMX uaznsantaniilu
2:1 {1 Drug content zgﬁizgm immﬁ@mmmﬁﬁmmzﬁqu 1.5:1 uaz Samdaw 1:1 auansy iy
naiflasunanndndauszadneiann SMX uaznsaananluansazaneiilunsanazneauiidanas
(‘Ll?mmmmﬂmmﬁﬂslummmwLﬁ'mfu) AN lHinTALNANENL TR AZNaURan NS RUANNT LA
luanigiisag SMX anansaanaznaueanynldviiy SfluaainlfiAn Drug content 729ayn1ATA
FranaaillFiiFanas Inefidnandausznineiann SMX uaznansndnidu 2:1, 1.5:1 uaz 111 'E]‘Léﬂ’]ﬂ‘ﬁl
anpznawlAiAN Drug content N 80.14%, 68.40% WA 59.88% ANNANAL YONANENLING WL

P o & A A A "o
'ﬂiéﬂﬁﬂﬂmﬂﬁ‘]&ﬂﬂlﬂ@%@ﬂ’]')zuﬂzﬂLWEI\'IZQ“].I’]"JW]’]‘LA‘LA



o

M157199 5 Drug content 2184auNAlARIaRaNdnndauuazAmdindusig - Ngnmni 35°C

'
a a

A1 Drug content 18981N1ALARZARBAANAZNEUNGAUNYH 35°C

%SAT of SMX 30% 50% 70%
angdaulpeNgg . . .
219 A 919 VRN 919 VAR
YDIYIFANTANIAN
2:1 80.14% - 74.58% - 92.44% -
1.5:1 68.4% - 65.2% 71.24% 71.13% 66.81%
1:1 59.88% - 64.54% 69.87% 48.18% 46.14%

PR = ! a A

uananianfsaumauAl Drug content 18481UN1ATARSARBATIANAZNAUANATAZANY
PRAMNENTU 50% waz 70% SAT auNANNARAINENTIAUITNINNFAIE SMX uaznsannanl 2:1
az&lAn Drug content g4N9NEmI4d9U 1.5:1 08¢ 1:1 Teluunlilumilauiuayniainasnanaisazans
PP P P A , P e : a a4 a &
AMNENGW 30%SAT nanaRaladndauszndnesann SMX sansanianluaisazaalAinay
dana’liidn Drug content 199aYN ANNAR IR ANTWTWIAEATW LAZHANIINARDIAINAIENADAARDS
o ugzl a a A
Auislueunin@anuazdmaes

z . o N 4 s vy

AINUUAININARBINIHIUNAR 45 °C NAN®IAT Drug content TasaynANNGs 1 Tnana
NINARBILARIAIANINNN 6 IHaNATUINANNIENTUIRIA190EAY 30% SAT WUT1BUNIAT
§M9189UTENIN9F 981 SMX uaznsanianiilu 2:1 azlA1 Drug content 82.28% IaadAN1NNGN
mémmﬁ@j"mmzdm 1.5:1 (76.87%) Lmeémﬁﬁf-j"mﬁmu 1:1 (64.13%) TILANIINAADIAAAARDINU

aunnlArRsanaanANALNauNg N 35 °C wardmiunimaassiaudindusesarsazanaii

50% WAL 70% SAT WUINNANMNFURUEAAAARDITULAEINTL



o

M15799 6 Drug content 2848uNIALARTARRATIEATIAUIAZ A NENG WA < Ngaunnil 45°C

1
= a

A1 Drug content 18984NALARZARDAANAZNEUNGAINYH 45°C

%SAT of SMX 30% 50% 70%
BRINAIUIAEINIA . . .
9219 VRN 919 A 919 A
YANYIFANTANIAN
2:1 82.28% - 70.23% 78.20% 72.67% 70.99%
1.5:1 76.87% - 73.97% 75.24% 65.63% 65.24%
1:1 64.13% 56.63% 66.27% 54.67% 53.82% 58.57%

3.2 HATRIANMNLANTU (%SAT) NAABA1 Drug content

A1NAN3197 5 uay 6 HiunmeaesrnaznaueunAlarFanaangnmni 35 °C uaz 45 °C

Kl U

o 1 v v

ﬁ RINEIUITUINNFEN SMX aznsananiilu 2:1,1.5:1 uaz 1:1 ﬁmmmmu 30%SAT 50%SAT
WA 70%SAT HANIINAARINLITNIIAN AN NI UIR9A 198 a8aN 30%SAT 1i1 50%SAT WAz

Ao ' e . = a > a o od P
70%SAT NaATI89UTEUINNAILT SMX AANTANIANANN mm@luiﬁmmm@\m@mmwmmnmn@uvlm

WNNNTU usllidenasiadn Drug content 2a4aunATANAZNaULA

3.3 NAURIRAUNH NRARAT Drug content

lunnamaaedlidneiuarasguugifilses Drug content 2asaynpiinnaznauls ns
ﬁﬂmuﬁﬁﬂmﬁﬂuﬁqmuqﬁ 35 °C uaz 45 °C gnndauszndnesiagn SMX uaznsannaniiy 2:1, 1.5:1
uaz 1:1 finauidisdiu 30%SAT 50%SAT WAz 70%SAT ATAIL m@m:mma@qwudﬁﬂ’]slﬁwﬂqmmﬁ
lun1smaassann 35 °C (mm\ﬁ/i 5) Lﬂuqmuqﬁ 45°C (maﬁﬁi 6) Tdanunsndaunmauwualsinueean
Drug content fnnmzneuld Taeiilafansouniaanuiindiu 30%SAT H8Rsdaussinasagn SMX uay
nIANIANAEATIY ﬁqmu@lﬁ 35 °C ax{A1 Drug content ﬁ@mdﬁi@qmuqﬁ 45°C wiluaniziiaany
iasiiu 50%SAT uaz 70%SAT fishmdauazuineden SMX uaznsasIaniieaiu mﬂ,ﬁuqmuqﬁmn
35°C flu 45 °C ldanansaiiiunuainseenisifiniwsiteanasaasan Drug content T8484A1AT

' o

Anaznauld LazAn Drug content 284aYNIATIARAY InALAENL
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4. NN99 Lﬂi’]%ﬁ"ﬂ ANRABNLURNILA xwéﬁmﬂumwaau LARIAIELATAY DSC

AINN1IAUATNENANADHMAIUATNANIUIUNIUABNNAITBIBUNIARIELY SMX UAZNTANT
AnrieuHUNIzLIL GAS Faeneias DSC WLINHAUABNIMAIWNAL 171°C Uaz 112.2°C Audusagn
SMX UazN9ANTEA MINATL luaaziifann SMX kaznIaunAnuaaunszUauIg GAS ne 'l
anasfinanuidindu 50%SAT AU 45°C TuAMINaza188LE N A8 SMX NAINIUNIZLIUNT
GAS ﬁﬂ-gmmaummﬁwhﬁ”‘uﬁqmﬁ@umumzmumaﬁ@ 171 °C GeganakesTunmaaessasions
(2555) finnAznausiagn SMX annfaiiazattazdlnugnanszuaunis GAS %mmudwmm@umm

AB9FE1 SMX NAULATUAINTZLIUNIT GAS HANINALALaTY WAFIUFUNIANIANNAILIUNILLIUNNT

GAS HAANABNIART 106.3 °C UAAIAINING 5

ANN93AIERREINATA DSC NAKILIUNNINABNLNATBIFIYY SMX NBUNTTLIUNNT

a dl dl b % b4 dl ¥ v
GAS HAN 140 J/g (N7l 5 (N)) wazilannaznaufanszuaunig GAS nnalfianiasinnuidindv
50%SAT gauuai 45 °C lusannazaisasdlou wudiAnasulunisaesimanaagsagi SMX Jen
WNAWEIW 171.4 J/g (NIWA 5 () RTNIIZEYNIATDIAIT SMX NAINIUNTZUIUNT GAS Haue
Tuaindnsaennaudiunszuaunig 3sdanndasiunindraflfain SEM dsaznataiuiinluiadie

dnld
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106.3 °C
186.5 J/g
)
=) °
S 112.2 °C
= 230.1 Jig
H 2
T / 171 °C
171.4 Jig
o n
S / 171 °C V )
i 140 Jig
T |

30 o0 70 90 110 130 150 170 190 210 230
Temperature (°C)

AN 5 ANAINIAUAZNAINLIUNNIUADNAY N) A28 SMX THNUNNTUA 1) 281 SMX NS
NIUNIZLIUNIT GAS A) NIANIANATNNBIAATA (Commercial L-Malic acid) Waz 4) NTANN

an MASHIUNITLIUNNG GAS Nigrungd 45 °C AonuLdindiu 125 mg/ml luainavaieesd

a1

AMFUNTIANIANABURIUNTZLIU GAS a1nN19AATIZHRenATiA DSC Anadanulunis
MAANINAIYINALY 230.1 J/g (m‘wﬁ 5 (M) WATUAINIRNITANAZNAWAILNTZLIUNT GAS nellé
an19zANdNdY 125 mg/mi ﬁfqmuqﬁ 45 °C Frmssrniluniasaaumanwinti 186.5 Jig (Nl 5
() Lﬁmmﬂ@ummmmmmaﬂmﬁmuﬂizmuma GAS flaunafilEnasiadenniaetUdnEnz a0

aUNIATNIRANAINEIE SEM NNT 9 (2) 4ag (1) AUFUNIANIANADULATUAINTZUIUNIT GAS

ANNATGIL
4.1 AANADNLUAILASNANIUN LT LUNITUABNLUAIURIUDINANNINIENIN

N133LAINRANABN AL LBINANN WNENNANATA DSC NERINEIUTENdN9saen
SMX uaznsaunanipesiuiuaninsnldluntsnnazneuaynialarsanaafaanszuaunig GAS (2:1,

1.5:1 4az 1:1) WAAIAININT 6 HANTTIATIZTITNLINTBIHANNNBANATATIdU 1:1 Usngiia 2

'
a

o I . @ a A A o o A a
AU V]Wﬂﬁ]’]LLMT,NLL?ﬂLﬂuﬂﬂﬁﬂﬁ‘mﬂ’]@ﬂ‘ﬂﬂ@@ﬂLV@’JV]'ﬂqm‘MﬂN 102.6 C @’]ﬂuuLN@@qqumiuﬂq?

a
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RPN gEIUaNg AT 2 Ngungd 133.1 °C tnefia?l 2 uiaresaynialarsaneaiindy

El al

(% (%
o

szndnansliiannanlunisdiaaeid anialunismaziiulinuiagesian SMX ﬁqmuqmumi
naRuWANTL 171 °C tlasandann SMX anunsnazatasiunsautanivaaninas Gananig
yaaesiisenpieiuaistaes Soares and Cameiro (2014) 17{mnmnﬂummﬂimﬂ?mmmwdwﬁq
#1 Ibuprofen iU Nicotinamide luAaN1azateuN1LaafqenAila Slow evaporation qlEAiAszet
YAINANNNNIENINURIAQLN ibuprofen iU Nicotinamide fienandawilu 1:1 Ineiivein Fasmaia
DSC warseawlianlusendnanisliinonnsenlunisineidaemaiia DSC fag lbuprofen Ay
m@ummﬁ@u‘ﬁfqmmﬁ 72 °C Gesneniivaenwasauisaliazane Nicotinamide filagsinliiin

U

aunnlarsanaauazlsngiatesayninlarsanaanguin)il 89.6 °C Bn1vaINn1saLAafealyl

a

UsngAiAres Nicotinamide Mvaanimadiguangil 131 °C iwmeai

a

o '

N33R LB ANN NI BN MRS RN EIN9Ga81 SMX uaznaaundnidlu 1:1 Fag
wAfiA DSC lun i 6 diu n) Ranawaauuaclussninensiiameidl 1. nsaunan vaesmaag
ol 1026 °C 2. nanananiinaanmandinlazansndausasiaen SMX inlfiAanissausadiu
'mémﬂTﬂﬂ?M@@M@W?ﬁM@@NW@Q 3. 'mémﬂiﬂm‘%@m@ﬁLﬁmfuﬁmmwmmmmﬁfqmuqﬁ 133.1°C
(Eutectic point) WA 4. fagn SMX Fanunazarattaslunsunaniinanuman vnlfiannisamsed
Tddsngiaressinen SMX ﬁqmu@lﬁ 171 °C uananiimsiinnziresnaun e wisasdau
azwineiaen SMX uaznanananidlu 1.5:1 (Mwdl 6 (1) kag 2:1 (a6 (A) delfinaniimanesd

1
v o a a

wilauiuiunansdan 1:1 Imﬂwud’mmmaﬂm@ummﬁqmmuﬂi:mm 103 °C iaAeagATda
wazszadnanisliipnabaudainlifineynialasianeadniduioniu fiqanaeumactesayniala
AIARBANAT 137.8 °C WAY 141.3 °C 4uFudnandan 1.5:11 uaz 2:1 ANNAIAL tALAUABNINAITD
mémﬁ‘lm?@mm‘ﬁ'Lﬂ?}lauvl,ﬂLﬂum@mmmﬁmmmmmanﬁfag‘lmmmuﬁﬁmmdm 1.5:1 uaz 2.1 §
FNanas AN i linsaananivaeuman luduneuusniBinntienas AdlUazanasae sMx I

v o U a b A 1 dlo/ ]
ﬁ?@ﬂWWIMWWHﬂuﬂwﬂWﬁtﬂﬁ?@ﬁﬂﬂiﬂmqﬂqqﬂﬂﬂN@NW@M?W@QH1:1Qﬁﬁ@@lHMﬂQﬂ@Q@HﬂqﬂIﬂ

a KX a d”
ATARNDAITNANGITL



AIN-2-5(m)

(i1 40)

A)
=
=3

8 1)
T
1))
T

o n)
e
-
L

1 I ]

30 50 70 90 110 130 150 170 190 210 230
Temperature (°C)

o

MAN 6 NANNTILATIZHAREIATA DSC °Il‘ﬂ\‘1N@N‘W’]\‘mﬁﬂﬂq‘waﬂﬁl’j"]’s‘h%iﬁﬁ'}l’]\‘]ﬁfm’] SMX azNgANA

anutli n) 1:1 2) 1.5:1 LAz A) 2:1

LHANANTUIATNANILTUN TR N IR DITAINANN NN INAINTUN A H TNEIUT NN

| a

SMX uaznsaxnanidlu 1:1, 1.5:1 uaz 2:1 NgngH 140 °C wudrAmMALIURlElunnsuaaNmaiAn

au
c v ] ! !
[ a & =< o = a

ANINANTLIANENT 2 BHANNAIN 195U Fendseun 1 luntsuasnmanniAntasiuninligaen

©

o o

SMX &xn9ananseiiluaadnanlidne anyesaanuisouanfanasaiaiusziusaniazans lEdauin

Ay duLilunan e l8mINnI1sazanaNgdis (Ober et al., 2013) InAINWANIUIUAITNADNIUAD

a

b

o

YRITBINANNNNILNNHANANTL 15.83, 21.67 WAL 25.32 J/g ANFUIBINANASATIEIU 1:1, 1.5:1

LAY 2:1 ANNATGL

4.2 ‘ﬂﬂﬂﬂ’ﬂNL‘M@"JLL@%Wﬁlﬁﬂﬁuiunﬂﬁ‘ﬁ@’ﬂNL“@Q‘H@Q@HﬂﬁﬂTﬂﬂaﬁ"&ﬂﬂ@

«
a o

ANABNINAITBIFAIET SMX UATNIANIANLBANEUAINIUNIZLIUNG GAS HAWL 171 °C
WA 106.3°C AANATAL LLazLﬁﬂﬁmwﬁ”wmmmmﬂ@ulﬂuwmﬁ‘tﬂm?zmmmﬂﬁmqum@
ya8dEng 7 Kaenszuaunis GAS il Dense CO, umgnunisazats nelfianiazlunmanesi
Shadauszingiagn SMX uaznsasnanidu 2:1, 1.5:1 uaz 1:1 Tagsiwin ﬁfqmuqﬁ wazA NNy
g 7 ludrinazaneesdinug HANIAAIETUAPNFIAN1ST 7 HANNINARBIHLIGY NN LNAIVDY
mémﬂ‘imﬁ?mmm‘ﬁ'mﬁmiﬁmﬂnﬂmquﬁﬁﬁ@g’@wdwﬁqm SMX waznsmuan dvdenakesiuauidy

A8 (Bailey et al.,, 2003 ; Nicoli et al.,, 200 8; Stanton and Bak, 200 8; Shikhar et al., 2011
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Grossjohann et al., 2012; Ober et al., 2013) Neaulidnaynialaasanaannan ilaanaauan

q

2
4 o a

2EITNTNANTAIAUN 2 TR FAIBLINTBINANITIATIEROUNIATNANATNBUAINNTZLIU GAS fiae

WATA DSC WARIAININT 7

qanaaNiafreasaunIAtarsanaananaznaulAtuluadiuannzn i lunisannznaudias
NITUIUNIT GAS WazaInnIIaAzifaeinaiia DSC Annaniazlunimaasanudndangiia 2
AW (FaaeinananisatasziayniaaglunIni 7 @ (A) 19 (1)) ABETLIBIRANNINNINN T3

a L83 ' = o ai @ ! a a o 1 = o = d' o '
a1nnIdATIei dangiiagesdasn SMX Miludawiulun@dndusiidumaaiu Tnafafisius
wintiuflunsaxndandouiiuied lunaadneiiianiaaemaciguugyszanns 100 - 103 °C Tuane

= a a o o 1 ! “9; ] o) = 0 i
mmmﬂmmmmmmémﬂimmzﬁm@iummmmmﬂum\ﬁmum 131.4 C VLﬂ@um 156.6 C LUBIAN

a o

nsnanduTinanazneulfituidiuaasdiann SMX uaznsaniani lidifadlusunialaasananagfos

a

M lfiqAnaennaeINAR g ANATNaNAINAN192AS o] IHaTAT Iz eaNNNTNHE992899n

'
A a

1 v
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HANTIATIEVRUNIANANAZNEUNE IHAN1ENERT149UTTNINNAILT SMX Laznsaunaniily

2:1, 1.5:1 uaz 1:1 Anddinduaesasazaeiduy 50%SAT uazgninni 45 °C lusianiazaisedinu
: z o z " - . .

wugmnansilaynIAnanaznaseaniivlsznavllfsaunalaasanea uazsiaen SMX funsa

wnan nenaznausaninlaaldifaluaynialafsaseananiueg lundaniusinanazney wazainng

‘f3LmﬁzﬁfﬁqLm\ﬂ,ﬁlﬁudﬁwﬂ’]ﬁﬁﬁmﬁzﬁqmwdmﬁqm SMX uaznsaxanilu 2:1 (i 15 (A) wa
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(%)) aunaneNaznaulfaziaNlunaNNINNIaYNIANERsIdW 1.5:1 (NNT 16 (A) LAz (1)) uay

o

NEmIdU 1:1 (1A 17 () uaz (1) Tnedanaliainaaingaaes Diffractogram NHAMNgIantiasad

b

Fauansliiiuinunnaesnanunanilisiuiu denaliinnuunanieseyniainnaznenlfiiiAiian
fieras iasarnnenunanidinlidneansnislauaznedatesiaresnanay y fimnaznausanuan
ansazans lauamsmasesiudaenaiesiunmdeiliain SEM fusnsliifiudiiledagauszming
fiaen SMX uaznaaNandAntiaaasann 2:1 1 1.5:1 uaz 1:1 AMNRIAL ﬁmyummﬁwﬁmm:nw

P S A <3 | a o
1m%mmmmLaﬂmmummnu

7. mMsAAsIERayMAsewAlia FTIR

a o

nmsdnszieyniananaznaulifosmaiia FTIR unisdmssiineAnsusanssiin seudng

' '
a '

TQJL@Q@ (Intermolecular interaction) 284981 SMX LAZNTANIAN mﬂ‘l,umémﬁimm?mm@@ﬁmmﬂ@u

U

v XK uI/ o o a u’; all o o I (% 'Y & XK
18 aalaavinlidwiuaunialarsanaaiiussinssinnussudnsdasuazanstavaiuwaiiilustio
- . . o o
witlgasyndsTuanauuuiusylalagiau (Hydrogen bond) 7l ldwuselaiaud (Limwikrant et al.
2012; Ober et al. 2013; Lin et al. 2014; Padrela et al. 2014) Ingn1sAnHusstinmtienszdnaluana
1 Az WA19IAINNTABUIBIA UL AT BIMEANTY (Function) Narunsniiaiuselalnsiau Tag
TEnnsameisaamalia FTIR

'
& o

AngRslATaTI9095987 SMX uaznIaNIAntuHaNa s AeiduRaIN1snfiniusy

a a

lalnsiau Haazipanfssie i dmiusaen SMX Anyjiedulguai (Primary amine) uazuisjiaduye

a
1

nH (Secondary amine) uaznanunaniuylansenda (-OH) uaznspiuenia (-COOH) taevaWaridi
9 4 wyjtwpauniniaianusslalnsauszndnaluianazesdonn SMX uaznsaunan Aeinaalily
U3B89 Qiao et al. (2011) dmyieidunannsnnaiusslalnsiauiifssdellfife nsnAriuenaan

s al & @ %
lalus iy waanaaas 1wy

AINNNT 18 LAASHANIILATIZITIAEN SMX ARUUASHAHUNIZIIUNNT GAS WARY LU
N) AT 2) ANAIAL Uazdniunsaunanluidu A) uaz ) SuTLneuLAZMAINITLIUNNT GAS
AL UAZANIT 9 uaRIAIAINENNARY (om ) Tesuailariduianunsnfaiusylalanian ua
mﬁﬁLmﬁzﬁwudw"ﬁLmﬂwmugﬁqrﬁ“ummﬁqm SMX #dsnazLaunng GAS Tulfanisirausuml
andulnanidefiafugineunszuauns Tneduiuuy 19-NH, 189siaen SMX ﬂifmgﬁ 2 AN

819AAUAET 3,387 WAz 3,477 cm’ AMNAIAL wazuy 2 -NH- 29961381 SMX 131 ANeIpaL
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3,300 cm' M ldigunsauanliansiagn SMX BadnunIzLnung GAS luinawuas lalasiauszundng

Tuianazessiaen SMX Aaeriiies

AUFUNNTAIITINIANIANUARQEINUNTTLIUNNT GAS HANNINARBIABAARBIALIARE SMX

a4y a a4 e e . < o A
naqpe ldiianIsReuAMMUNa el -OH uazuy -COOH datlsngegiaAvnenandumiL
2,631 cm” uay 1,736 cm’ AINA1AL WanFausununsannannausIunIzLIuNg GAS vin sl
T ldiianusylalasiauszninaluiananeansnuanfosfues LazaInNNan1sRATITREINUd16a0
azaNeBurae uaz Dense CO, W liAanailasuulasaaamyiaridunialuluanazesson SMX

WAZNIANIANBNAILINTIZIN AU AarTFusng - 20981999 2 28in Tunnd 18 Haneuuas

o A o A A A a
NAINTZUIUNIT GAS N@ﬂ‘}:fmzLL@::mmeﬁ@uwﬂ?’mgmuﬂumu

A19199 9 ANAINEIIRAARTRIMYHeTduNa N sninRusrlalnsiaua e SMX uaznsaNIan
auuATUASNUNIZLAUNNT GAS Neluaninziandindu 50%SAT gauunil 45 °C lusia

NIAZALDZT A1

F9g1 SMX NFANIAN

o

ng{Warifu LI VAN AR MRS

NTEUIUNIT GAS NITUIUNIT GAS NTEUIUNIT GAS NTEUIUNTT GAS

-OH - - 2,631 2,631
-COOH - - 1,736 1,736
e -NH, 3,387 Wae 3,477 3,387 uae 3,477 - -

2" -NH- 3,300 3,302 - -
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400 900 1400 1900 2400, 2900 3400 3900
ANANEIIAAY (cm™)

AINA 18 FTIR spectra 2896981 SMX N) AU U) UAINIUNTZUIUNNT GAS AMNANAL LAZNTANIAN

A) AU 1) YRS {IUNTZLIUNIT GAS ATHAAL

n1snsziaynIAlaATaneanANATNauNEnIdauszidneian SMX uaznsanianid 2:1,
1.5:1 uaz 1:1 ANdindiu 50%SAT grunni 45 °C faamalia FTIR iednwnisiiaiusylalasiau
. - - o y - . v o
FENTNFAEN SMX UATNIANIAN 2adeuNIATARTARANANATNERLA NANNTTAIZTUAAIAININT 19
| A a o . S ey e ° | = S« o 2 o ,
nud1eunIANNARAINynEnIdIuiuliANUT LA AWMU LBINA FTIR Muleuii TaR1umlezes

P o o = ~ o a ac M a
Wﬂmﬂﬁ"]ﬂﬂuu‘lﬂ@LﬂﬁNN@?QNm@\‘]Wﬂm@\TMQH’] SMX kazNIANANTMILI WA IFIAUNY 2 THA
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)

400 900 1400 1900 2400 2900 3400 3900

4 -
ANEIIAFLU (ecm™)

NN 19 FTIR spectra 1990ynnlaatanaafinaning 1 aaradindu 50%SAT aaumnd 45 °C n)
amsndan 2:1 8119 9) dms1dan 2:1 Awdas ) dRsdau 1.5:1 #1719 ) amsadau 1.5:1 @

A [ ! = o ] = A
WA Q) aAT1491 1:1 4917 WA @) aATI89U 1:1 ALUNARN

' 1
=

[HaRansansumnisaamgiaidunaunmiiaiusy lalasiaunansdanisei 10 nEauiey
AUAIE1 SMX wazNIANIANTRIUNTELAUNNT GAS N lfian1arlunisnaasanaaiunudIftuls
193A2 N8R UNNE e TFuresanatarsanaaianisaeullanA e nanfa ety
auN1ANNARAINERINdauIENINeFae SMX waznaann@aniiu 1:1 Aansounaumnisneansiaridi -OH

a Ao = ° e A A = 4 o =
AINNIANIANTNHNNTABUAINATNULANABTNAINENIARY 2,631 cm ' TdaAainetandulszn
2,644 cm” T INALAENIWNOUNARIASILATYNY BNTIINEANTEW ~COOH falaauaINAINENIARAL

1,736 cm™ hlfia 1,720 cm™ @ mFuaynaBinans

ANtuRAtsME AT uLesaEn SMX Wudms 15-NH, fiANS@auaINANNENIARY 3,387

waz 3,477 cm’ lUgliAnnnenanan 3,379 waz 3,468 cm’ AANATAU whl uy 2™ -NH- siuwudndiAn
a4 o O At U o o < 2

nsineuAunsaangWeidu ey Hafduninn e ute9A ULMNI89ANENIARUIAAINNNNTIAA

a

wpensziszudnaliianagesdaen SMX funsanian Niluusauuuiusslalnsiay
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' 1
al

A9 10 ANANINENIAAL (cm ) Teamyividunausniiaiusslalasiauaeddionn SMX uaznan

o '

Wan WhauauiLeaunIAlAATARaaNERIIEIUITUIINEIEN SMX UATNIANIANGNA

a

neluan1nenamnudingu 50%SAT gungi 45 °C Tusinazauesdinu

a

aynntafsanas Ndnsdaulaaiimin

FEUINFIYT SMX:NIANIAN
nyileddu @1 SMX  nIANNAN

2:1 1.5:1 11

A A A
119 INZAKAN U1 NZIAKaN 119 INZIAIAN

Aunm  A9ne
-OH - 2,631 2,646 2,644 2,646 2,644
Tddm  laldm

-COOH - 1,736 1,734 1,782 1,730 1,718 1,734 1,720
3,387 3377 3377 3379 3379 3379 3,379
1 -NH, -
3,477 3,470 3470 3468 3468 3,468 3,468
2" -NH- 3,300 - 3,300 3,300 3,300 3,300 3,300 3,300

8. AMTINITALANEURIBYNALAATAADA

N193LATIEIERIINN9arAN L1898 YN 1ATARTARDAAYD AT LI TH LI UA LI IHANNIN

d‘d 1 v o a dl 1% a’: = o o
NN NANA1 Drug content IndAasivaynialarsanaananazneuls sauiafsaumauiusiaem
AauNIUNITLIBNNEBNILA TeinnisiBeuisuaIzesnatnfaen SMX W lunsazanels 90%
Tuansazarenaamniivines pH 7.4 naliianiaz Sink condition (Fagnazasazaslusianiazaie

TuiBuounnn) tnadsaavidsnsasallil

8.1 ANSINITALALUDIBYNIALAATAADATNINAAANARTIAIUTEUINNALET SMX UWASNTANIAN

Thu 2:1 Avnadiadiu 50%SAT fiaaumal 35 °C uaz 45 °C

N193LAERERIIN1IATANE89RUNIATAATARDATIENTIAIUIENINIFREN SMX UATNIANT
anily 2:1 NAnudingiu 50%SAT ungi 35 °C uay 45 °C e UNeUiLT8INaNNNNENTNILAZHR

£11 SMX AIHIUNTUA HANITNAABILAAIAININT 20 WUIWNARATEN %N19aLANEN 90% AAEINTIEL
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nsuafiesdnalunirazataie 28 w1 TuaueNresuann1anan wWina Drug content Winfiy 70%
= v = a P a o o a = =
#qlnamenaynialaasanaalivanlunisazane 25 i uardmiveuninlarsanaannnnznauin
grun)d 35 °C s lunisazans 8.5 w1l uazaunialarsanaananAzNauRguuni 45 °C a1u190
azanglf 90% lunaniies 2.0 uaz 3.5 w1 dmFuannialudiudrnouazAmiaes ATNAIAL AINKA
nsnaaadinssiuuansliiiudndon SMX Wathwianazneuiunsantaniueynialarsanasasi

o PR
QM?qﬂqﬁ\ﬂzﬂqﬂ"Vl@J\?’ﬂu

100
Q0
&0
70
[
;(% 18] ; )
Z 50 35 AN TALTaE (F9719)
aé 40 s 45 BIATALTYE (R19)
30 45 BNANTALTEIA (ALVA4)
20 o VBINAHNTA AN
10 » FtATEAANTLA
0 T T T T T T T T T T T T T T T

O 10 20 30 40 50 650 ﬂ?O 80 90 100 110 120
LIAN (UN)

MW 20 §RIINTTRTAETRsRUNIAlAATARRATIANAZNAUANFAINAzANEasT iAW SRT1AauTTINd
Ao SMX waznsaudaniu 2:1 A9udindy 50%SAT aaunnd 35 °C uay 45 °C

= o = PRI o o
WA LALYINANNNI8N AR Drug content IndAaeiu uazsfaen SMX Ni1UN1g

um

AINNINA 20 WeanFaueudnIINIsazatTesayNIAlARTAREAANAZNEUAINANTAZANY
ANNLINT 50%SAT 8Rndauszndnsiaen SMX uaznsananidu 2:1 gauuni 35 °C uazamuni 45
°C wudraunalarsaneaiguuni 35 °C Hdnsnisazatanindtaunalarsaneanguuni 45 °C
\HeINNANEYNANHARAINGIUNAR 35 °C Haualunnd ez EuanANAZNaueeNNIAINANTAZATE

] A a a o o= vy oy PR g = o

auayNIATHARAINgINARE 45 °C Asinanalidinesiu wananiileFaumeudnanisazaiaves
a Lo 4 A A oa a o ) P N o

a1N1ATAATANE A TUAIURTUAZAIMABINHARAINGUUNN 45 °C WuIaynIATudIuAI N RIINg

A ] oA A = = A @ I o qyaA A o o o
ﬂgﬂqﬂm@jﬂﬂqq‘ﬂwﬂ’]ﬁ@qu@L‘M@‘ﬂ\‘] LUBANATNHAUIANLANNAN quﬁuwumluﬂ’]?'&uN@ﬂu@qﬁ‘ﬂgﬂqﬁl

poawmiinmaiuinngn
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8.2 ARTINITAZANLUDIAYNIALAATAADANANANAINARTIRIUTENINALT SMX ULAENTANIAN
vy 1.5:1 ansdindu 50%SAT fiamugi 35 °C waz 45 °C

A mFunsiasziansnsazanaesaunialaAsanaanuanaINasaratt A Hdindv
50%SAT 8R9N49usznI9daen SMX uaznsannaniilu 1.5:1 igoungil 35 °C uax 45 °C wrauiiiey
AUTDINANNNNILNIN BATAILT SMX TRIUNITUA UAAIAININT 21 HANITNARBINLIIBYNATA

PIARBATNANAZNAUNAMUUAN 35 °C LAY 45 °C HERTIN1902A1EN1TNGININTBINANNIINILAIN

(Drug content 70%) waAaaNAuNTUA IHaRasu e i lunisazaels 90% 1avayniala
a , o o A A a om =1 e = o o =
pIanoadauAIIuArAIaINaUNH 35 °C HAWINNL 7.4 uaz 10.3 w7 ANaIAU Tuanieioynia

Tarzanaaludaudnnauazinaesinanainguuuni 45 °C Wanlunisavanels 90% windu 1.8 uay

4.2 1N AINANGL

a

o v e - o o o o o
ANNNA 21 wanaliidiudteunialafsanaananaznaungmgi 35 °C Hénsnsazant

q a
| '
1 A =

0 a = N om o | oA
'V]m’]ﬂ')’]@l‘éﬂ’]ﬁiﬁﬁi@m@@mﬂﬂmgﬂ@u@qﬂQMVQN 45 °C Y9 lUgIUAT19 LA A LNARY FUBNRNBUNTAN

b_

a 1

gruund 35 °C FunnAznauniANAuAINd i liaunannanlfiiauinlugindnnguugi 45 °C
A = P S M N Y &
wananiiieFoumsuaynIaludouanouazAiaes1edmii 2 gauun HannImaaasuanaliiiviugd
o a S T B B oA o @ ;o
dnansazateredaunalarsanaaludiudinaealAnInddauannn sudunaniainaynindoud
4 a S 9 v o g =y = g
wiagalnainuazinnelu Dead zone Naglutinsnnnznau nnliiaunianlfiauianlnaindidand

4! o 1 1% o 1 ‘ﬂl 1 v v
219 TINANITNANAIAINANIRDAANDINLATINANEAN SEM NNANINIUNAU
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AR 21 BRIINTIATANLTBIDUNALARTARDATIANAZNAUANFITINATA 8T IhIY aRI1dauIzNINg
9t SMX waznsau1@nilu 1.5:1 AoNlindin 50%SAT aouuni 35 °C waz 45 °C 7

= o = PR o .
WAL YINANNINIAA AR Drug content In&Aaei uazfaen SMX Ai1LNNg

um

8.3  ARTINITATAILURIDYNALAASANDANANAAIINDATIFIUTENINNAIET SMX WA
nsandaniilu 1:1 Anadndu 50%SAT anuugi 35 °C uaz 45 °C

4 - 4 2 o . - @
WatheynalaATanaaNEARAINERITA9UITNINEILY SMX kaznsaNIaniLiu 1:1 A9 d
indiu 50%SAT gaunni 35 °C uax 45 °C idaziingnsinisazaieluansazateneamnivies
= o Sa » N o o a
pH 7.4 WRaUEUALIaINANN1NENIMTHAY Drug content In&LAaiuwazFaen SMX AkIuNIILA
o o od e ¥ o o
HANIINARBIUAAIAINING 22 WUFIFETNEIUNITUARINITDAzAE bH 90% T1aan 28 WITl uae

AUFUVBINANNNILAINAAT Drug content WU 55% @1:130aza78ld 90% luan 8.2 wiil

dl' = o a dl a 1% (=3 P a A o dl 1
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AN 22 ARIINNTATANETBNRUNATAATARATIANAZNAUAINFITINAz AT AW ARFIdaUIT U1

Faen SMX waznsaudanidu 1:1 A9nudindy 50%SAT gaunn 35 °C uay 45 °C
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a o alld v a [ o dl [
LLE‘EI‘LILV]EUﬂU“]J'ﬂQN@NV]’]\?ﬂ’]Eﬂ’]WV]N Drug content Iﬂ@Lﬂﬂﬂﬂu LAZFIETN SMX NHIUNNT

um

o ]

ann il 22 Falunisiinaeidnsnisaraiveseunialarsaseandnaausrnd s
21 SMX uaznsaxnantiiu 1:1 wudieyn ANARANgUUYH 35 °C uaz 45 °C Jans1lunisazaied

¥ o 1 ] = = Y & | A e ! ug/, a
TnAiAesniu ﬂmquiumummwmmm TFIuARS IAIUINNER g1 1:1 uuqmuqﬂumimmﬂ@u

Tdanasiadnsnisarataaesaunialafsanen Na19RBLIATNARNAINGIUUNRNLANGITYW wsdRT
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Wealseumaunannldlunisazaials 90% aeveuninlarsanaainnaznaunie s

AUNR 35 °C AN NTUIBIANTALANE 50%SAT NEAFIEIUTLNIN9FE7 SMX LazNTANIANLTIL

Q a

2:1,1.5:1 uaz 1:1 agUAamn919n 11 wudnBunuaesnsaunanies luansazaaEufuiu Anase

aa

dnanisazansresaynalarsaneananaznould daziiuiteyunialarsaneandnaaou 2:1 Nl

Psnnunsanianag luansazanaGusiutiaanga nlildnalunisazaels 90% wungn (8.5 ui

¥ 1
=

A 1FuRa19) waziiaTnureInIaNnAnluaA1Iar AN gITUNERINdou 1.5:11 aNIARINITD
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AINAAL gANnEeanA1ANERIdIU 1:1 NRTHnIANNangegaiansn lun1saranagengn Tne’ld

warlunisazaneld 90% Windu 5.2 waz 3.2 Wi AmFLeRNIARIIUARWADY AINAIAL

A1519% 11 a1 lElunsazanald 90% luneaniines pH 7.4 sesaynalarianaainanain

A ningL 50%SAT nelsigruunil 35 °C NdRaausna

ARINAIUTZIIN naniHlunnsazaneld 90% (i)
FaEn SMX LAZNIANNAN @117 Adng
2:1 8.5 -
1.5:1 7.4 10.3
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AagN SMX HIUNITUA 28




AIN-2-5(m)
(1gin 63)
AniudnInngaratzetannIAlAAARaAAINNIATANEYINTL 90% NRnRznaun

grunai 45 °C agl18lum9799 12 nan19maaesnudndnIInN1saraeae9eyn1ANNARAIN AR 45

9 a Q

(0]

C Inasanudazrisnsn1sara1agendnayn1aianaINguugi 35 °C 1HAAINNITANATNAUT

v o

grunAgIdana 1A Threshold pressure AN TIUNEDIBUNIABNANAZNAUBNNITIATNALG

1 P2 !
o o al

nINNINARNgUUYRAN AsuaynATanaznauliangungi 45 °C Asauinianndngunnd 35

al
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' o
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A15197 12 el lunnsazanald 90% lunaawninines pH 7.4 1evaunialaesa nealinanain
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WEsunauaynAlAATEARAAINNTEUIUNNS GAS AULALA Slow evaporation

Tudoud 3 1lunisuBauimavaynialaasanaaindanlfainmaiia Slow evaporation #
anandauszndsan SMX dunsaxnaniiu 2:1, 1.5:1 uaz 1:1 TudainazaiaesilauiuaynIATnam
AINNTELAUNIT GAS NERTNAIUIEUINNFIN SMX uaznIaNIANBEail NAdudindu 50%SAT uay

gounH 45 °C Haaviaunfasia il

o A o edyy P a ) o N oA =~
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1. 1WFaunney %Drug content
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2. AsiEnayNAcaeinAtia DSC
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M99 14 QANADNAAIUATNANIUIUNNINARNINAIT890UN AL AATAREATINAR AEMATIA Slow
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3. NSIATISRANHUTRIDYNIARIELNATIA SEM

nsazianeuzansaynialaasanaananaznauliaininaiia Slow evaporation 7
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5. nNsAASIETAReATIA FTIR

nsdnszdenniananaznaulffosmaiia FTIR unisdimssiineAnsusanssiin seuang
Tuiana (Intermolecular interaction) uuuwuselalnsiaunassiagn SMX waznsanianiag luayniale
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A9UTENIN9AIE SMX LATNTANIANFIN ]
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e Fiven SMX NIANIAN SMX :nANIAN
21 1.5:1 1:1
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ARTI4IUFLT SMX : NIANIAN -
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1.5:1 73.97% 75.24% 1.8 4.2
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70% 25

VAINANNINNENTN
55% 8.2
Faen SMX ARLNILA - 28

lunisdimszidnanisazatauansliiiiudiaynintanasanaai liainmnaiia Sow
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The objective of this work was to enhance the dissolution rate of a poorly water-soluble antibiotic drug,
sulfamethoxazole (SMX), by forming cocrystal with t-malic acid (MA) using gas anti-solvent (GAS)
process. The effect of SMX to MA mass ratio(2:1,1.5:1 and 1:1) on drug content and dissolution rate was
investigated. The GAS cocrystallization was carried out at 45 “C using the drug concentration of 50%

saturation in acetone. It was found that cocrystals proeduced from SMX to MAratio of 2:1 had higher drug

Keywords:
Crystallization

Co-precipitation 3 )
for the micronized SMX.

content than those produced from the ratios 1.5:1 and 1:1. In the dissolution studies, it was found that
90% of SMX in the cocrystals could be dissolved within 4.2 min, whereas the times required to dissolve
90% of the drug in the physical mixtures were 8.2 min(ratio 1:1) and 25 min (ratio 2:1), and up to 28 min

Cocrystal

Sulfamethoxazole @ 2014 The Korean Society of Industrial and Engineering Chemistry. Published by Elsevier B.V. All rights
L-Malic acid reserved.
Introduction examples, micronization [19], co-precipitation with polyvinylpyr-

In pharmaceutical practice, many drugs exhibit poor solubility
in water, thus presenting problems with regards to dissolution and
bicavailability [1]. Cocrystallization is a relatively recent technol-
ogy which is considered as a potential method for enhancing the
bioavailability of drugs with low aqueous solubility [2-6]. The
formation of cocrystals involves hydrogen bonding between the
active pharmaceutical ingredients ( APIs) and highly water soluble
coformers. The altered properties of cocrystal such as solubility,
melting point, crystallinity, hygroscopicity, stability, compression
property are highly beneficial for tailoring the properties of an API
in drug formulation | 7-14]. Many new drug-coformer cocrystals
have been explored and synthesized, for examples, itraconazole - .-
malic acid [15], itraconazole-succinic acid [16], carbamazepine-
cinnamic acid [17], naproxen-nicotinamide [18].

Sulfamethoxazole (SMX) is an effective antibiotic drug used
for treating a variety of bacterial infections esp., urinary tract
infection. According to the Biopharmaceutical Classification
System (BCS), SMX is classified as class IV drug. Various techniques
have been used to increase the dissolution rate of SMX, for

* Corresponding author at: Department of Chemical Engineering, Faculty of
Engineering, Kasetsart University, Bangkok 10900, Thailand.
Tel.: +66 2 797 0999x1216; fax: +66 2 561 4621.
E-mail address: manop.c@ku.ac.th (M. Charoenchaitrakool).

http:f/dx.doi.org/10.1016/j. jiec.2014.1 1.009

rolidone (PVP}|20]. However, the possibility of cocrystal formation
between SMX and t-malic acid (MA) for dissolution rate enhance-
ment has not been reported.

In this letter, the feasibility to synthesize cocrystal of SMX-MA
using the gas anti-solvent (GAS) technique was explored. The effect
of SMX to MA mass ratio (2:1, 1.5:1 and 1:1) on drug content and
dissolution rate was also investigated. Production of SMX-MA
cocrystal by a slow evaporation technique was also conducted in
order to compare the obtained results.

Experimental

Commercial micronized SMX (Bang Trading Thailand, 100%
purity) and t-malic acid (Acros, 99.9% purity) were used as
received. Acetone (Carlo Erba Reagents, 99.9% purity) was used as
organic solvent. Carbon dioxide (high purity grade, TIG) was used
as an anti-solvent. Potassium phosphate monobasic (Carlo Erba
Reagents, 99% purity) and sodium hydroxide (Sigma, minimum
98% purity) were used to prepare the phosphate buffer solution for
the dissolution studies.

The schematic diagram of the GAS process is shown in
Fig. 1. Production of SMX-MA cocrystal was conducted by charging
the vessel {Jerguson sight gauge series no.32) with 5 mL of the drug
and coformer solution in acetone. Three different SMX to MA mass
ratios (2:1, 1.5:1 and 1:1) with a fixed drug concentration of 50%

1226-086X/@ 2014 The Korean Society of Industrial and Engineering Chemistry. Published by Elsevier B.V. All rights reserved.
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Fig. 1. Schemaric diagram of the GAS apparatus.

saturation in acetone were used in this study. The system
temperature was controlled to within 0.1 °C using a recirculation
heater (Thermoline Unistat 130) and set to 45 °C (note that 45 “C
approaches the upper limitation of the water bath material, and
from the preliminary studies the cocrystals produced at lower
temperatures such as 25 “C and 35 “C had lower dissolution rates
compared to 45 “C). Liquid CO, was fed to a syringe pump (ISCO
model 260D) and delivered through a preheating coil, which was
immersed in the perspex water bath. The initial pressure prior
feeding to the system was set to be 40 bar for each experiment.
The precipitation chamber was then brought to the desired
pressure by passing CO, from the pump through a 0.5 pm filter
from the bottom. The flow rate of CO3 delivered to the vessel for
pressurization was set at 10 mL/min. The pressure of the system
was increased up to 90bar in order to ensure a complete
precipitation. Precipitated samples were then washed with
approximately 80 mL of CO5 at 90 bar to remove residual solvent.
After washing, the system was depressurized and a sample was
taken for analyses.

Powder X-Ray Diffraction (PXRD) and Fourier Transform
Infrared Spectroscopy (FTIR) were used as the primary means of
detecting cocrystal formation. The drug content was determined

using UV-vis at the wave length of 261 nm. The drug content can
be calculated using the following equation:

mass of the drug in product

total mass of product 100%

drug content =

Powder dissolution studies were performed in 900 mL of
phosphate buffer solution at pH 7.4 and 37 °C, using a magnetic
stirrer at 200 rpm. Accurately weighed samples were introduced
into the dissolution medium. Aliquots ( =4 mL) were withdrawn at
certain time intervals and passed through a 0.45 pum filter. The
amount of SMX in the withdrawn samples were determined by
measuring the absorbance at A =261 nm using UV spectrometer
(Shimadzu, Anthelie advance 5).

Results and discussion
Characterization of SMX-MA cocrystal

Prior to the production of SMX-MA cocrystal, independently
precipitation of SMX and MA were carried out by GAS. Conditions
for the cocrystallization were then selected to give a small
difference in the threshold pressures of the drug and coformer.

=
2| _* * c)
* * A | d)
A_n I Y
*
*
M
5 7 9 M1 13 15 17 19 29 23 25 27 29 31 33 35 37 39
2 Theta

Fig. 2. PXRD patterns of{a) SMX after the GAS process, {b) MA after the GAS process, {c and d) cocrystals by GAS using SMX to MA ratio of 1.5:1; (¢} white crystal (d) pale yellow
crystal, and (e) cocrystal by slow evaporation using SMX to MA ratio of 1.5:1 {each * denotes a new peak found in the cocrystal).
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Fig. 2 illustrates the PXRD patterns of pure SMX after the GAS
process, pure MA after the GAS process and the product obtained in
this work. It was found that the characteristic peaks of SMX and MA
remained unchanged after the GAS process. However, the degrees
of crystallinity of the drug and coformer, as indicated by peak
intensity, were altered after processing. It was found that the
precipitated SMX was larger and had higher XRD peak intensity
than the commercial micronized SMX. In the case of MA, the
precipitates were smaller and had lower XRD peak intensity than
the unprocessed material [21]. The cocrystal formation was
confirmed by the appearance of two new peaks at 20=6.8 and
13.8. Note that there were also pure component peaks in the
product patterns. This result indicated that there were likely
uncocrystallized components in the final product. Similar result
was also observed in the case of itraconazole-succinic acid
| 16]. Ober and Gupta |16] explained that during the washing step
in the GAS process the remaining solvent becomes supersaturated
with unprecipitated compounds, as a result, additional cocrys-
tallization or possibly recrystallization of the pure drug and/or
conformer could occur and become part of the final product.

The interactions between SMX and MA were also confirmed by the
FTIR analysis. Shifts in the primary amide group of SMX from 3387 and
3477 cm™! to 3377 and 3470 cm™', respectively, and also another shift
in the hydroxyl group of MA from 2631 cm ™' to 2644 cm™ ! indicated
hydrogen bond formation in the SMX-MA cocrystal.

To further confirm the formation of SMX-MA cocrystal via the
GAS process, the cocrystallization using slow evaporation (SE)
technique was conducted for comparison. The products from the
SE method were found to have the same XRD patterns with higher
intensity and IR spectra shifts as the products obtained from GAS.
Therefore, the formation of SMX-MA cocrystal was successfully
performed by the GAS process.

Drug to coformer ratio effect

Before conducting the GAS experiment, the saturation solubility
of SMX in acetone at room temperature was determined using

100 pm 20kV X550

d)

20KV XS0 500 um 20KV XS0

Table 1
Drug content in the product and time required to achieve 90% of drug dissolved.

Condition Drug content (% Time for 90% of drug
dissolved {min)
GAS ar 45°C White Yellow ‘White Yellow
1:1 66.27 54.67 23 34
1.5:1 73.97 75.24 1.8 42
21 70.23 78.20 2.0 35
Slow evaporation
1:1 5222 12.0
1.5:1 59.57 88
21 G6.06 19
Physical mixture
1:1 50.0 82
21 66.7 250
Micronized SMX 100.0 28

gravimetric method and found to be 0.25 g/mL. The effect of SMX
to MA mass ratio on the drug content and particle size was
examined by fixing the amount of SMX at 50% saturation in acetone
and varying the amount of MA at 45 °C. It was found that two
distinct colors (white and pale yellow) of the GAS products were
observed for all conditions studied. Note that the pale yellow
product was usually found at the base of the frit filter. It was
suspected that a poor mixing and non-uniform nucleation at the
base of the frit filter was the main reason for this pale yellow
product. As can be seen from Table 1, a reduction in MA in the
starting solution resulted in an increase in drug content. Fig. 3
shows the morphology of pure SMX after the GAS process, pure MA
after the GAS process and the GAS product. It was found that the
size of the white product was slightly smaller than the pale yellow
product at the same operating conditions. The product from SMX
to MA ratio of 2:1 appeared as rectangular shape and had similar
morphology as the precipitates of pure drug by GAS. In addition,
the product from SMX to MA ratio of 1:1 was found to be more
homogeneous and smaller than those of 2:1 ratio.

500 um 20KV X50 500 pm

Fig. 3. SEM images of (a) SMX after the GAS process, (b) MA after the GAS process, {c-f) cocrystals by GAS using various SMX to MA ratios; (c) 2:1 white crystal, (d) 2:1 pale

yellow crystal, (e) 1:1 white crystal and (f) 1:1 pale yellow crystal.
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The dissolution studies in phosphate buffer solution (pH 7.4,
37 °C) ofthe commercial micronized SMX, physical mixture of SMX
and MA, cocrystals from GAS and slow evaporation were
conducted. As a basis for comparison, time after which 90% of
the original amount of drug had dissolved was determined and
listed in Table 1.1t was found that 90% of SMX in the cocrystals
from GAS could be dissolved within 4.5 min for both white and
pale yellow products. On the other hand, the times required to
dissolve 90% of the drug in the cocrystals from slow evaporation
could go up to 12 min depending on the SMX to MA ratio. The
enhanced in the dissolution rate of the GAS product could be
attributed to the reduction in degree of crystallinity as observed
from the PXRD results. In addition, the presence of MA in the
physical mixture also improved wettability of SMX resulting in
a faster dissolution rate compared to the commercial micron-
ized SMX. It is also interesting to note that the SMX-MA
cocrystal by GAS had higher drug content and slightly faster
dissolution rate compared to the SMX-PVP composites
[20]. Thus, this work has demonstrated a promising option to
effectively enhance the dissolution rate of SMX via cocrystal
formation.

Conclusions

Formation of SMX-MA cocrystals was successfully performed
by the GAS process at 45 “C using acetone as a solvent and CO, as
an anti-solvent. An increase in the SMX to MA ratio resulted in a
higher drug content. All the cocrystals produced by GAS could
achieve 90% of drug dissolved within 4.5 min, which was faster
than the commercial micronized SMX. The significant improve-
ment of SMX dissolution rate obtained from the cocrystals was due
to the reduction in degree of crystallinity and the enhanced
wettability of MA in the cocrystal product.
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