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N, 2O XD R AT RIT, MOSEFRIFE & g LT, LA O BRI bR R AR L kT
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J1 7 X —%55 T saccharin (SAC). L-arginine (ARG), meglumine (MEG), L-lysine (LYS) KO
tromethamine (TRIS) % H\\T, Z#Z41D indomethacin (IDM) #EHAEEREZFHR LTz, £/, v ¥ —
4312 citric acid (CA) X O fumaric acid (FA) % HW\ T, ZiE4L compound A DFEAIRZFHELL 72,
AL L7 IDM OEAK 5 A T compound A DEGIAR 2 FEiIC-D &, ApKa (pKa (MikE) —pKa (H2)) %
FEREIC, F7o0 [ER PN NMR A7 bMWD S 1 &R O 2 A7z, FRFC, [EE UV/ivis
WA A~ ML aERfS L, eI L DEEZZE LT,

(2) R - EH

IDM-SAC # &4 K% O compound A-FA &K%, ApKa K OVER SNNMR A7 Ryt eiEihic
B S AL, Rkl R TP & B L7z 229, —J5C, IDM-LYS A K& R < < D> IDM AR
K OY compound A-CA AKX, ApKa & [ER N NMR A7 R LOFGIFE RN /2 > 7-= (Table 1 LN
Table 2), ApKa K& OEM SN NMR 2227 kLT & %85 & il i ok B k1L, V%%@%&T&D\
BEBREZRT 2ILEM RO T 2 =53 F OB F IR P E IC L o T, 3 & LR
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0)5&%[] iz lﬁ] % T I_{j—J g( Za &) & EI AE Iﬁ?j)ﬂgu& é 7}’1« Table 1 ApKa and classification of the complexes

71:’_0 L7253 ->T N %’E/EHZ'K @Ef;ﬂﬂ fi*%iﬂai %‘f E)EJ E R Complex ApKa Classification of complex
. - . Indomethacin-Saccharin -2.9 Cocrystal
(292 2 &N TE D ESE S X REPTELS O Indomethacin-Meglumine 38 Salt
- . . . . Indomethacin-Arginine 9.0 Salt
R FIEOL AL, RO FIEE AT Indomethacin-Lysine 6.7 salt
Indomethacin-Tromethamine 3.8 Salt
ST AZENMETHY | ZEOFRATFIE Compound A-Citric acid 0.9 Cocrystal
Compound A-Fumaric acid 1.0 Cocrystal

DT ASENELWNEEZEZ LD,
IDM DEAERDER UVivis I A7 |k

Table 2 >N NMR chemical shift difference between free base and complex,
and classification of the complexes

MMELIDM, B F = RO G D) Chemical shift
A . . 3 Complex difference (ppm) Classification of complex

f@{m = 5% (p hySlcal mixture, PM) DAZ | Indomethacin-Saccharin 4 Cocrystal
. T — . . Indomethacin-Meglumine 10 Cocrystal
v k &i/ﬁ\:foﬁ - f‘—ﬁf’w%m l/ 711— (Flgure 1) o i Indomethacin-Arginine 8 Cocrystal
o e Indomethacin-Tromethamine 5 Cocrystal

7 N compound A @%,E/EI\{ZMLO WT %) [ﬂﬁéf Compound A-Citric acid 85 Salt
Compound A-Fumaric acid 27 Cocrystal

HY . EIEK UVivis I ALY Lz X vk
EMOBEERIER 2 MR35 2 LR A[RET

. . 104 . N
bole, FTo BEERDOERBUT W, R 200 g e Saccharin
ra" ] — — Indomethacin
~800nm @ UV/vis WXL AT kL OFESME 81 ¢ v Physical Mixture
74 1 3 . .
(area under spectrum curve, AUSC) 61\ ;%'572 .5 6. ! i Indomethacin-Saccharin complex
BIEFASRD b, IDMSAC EAKED  § 51 47N
o 44 0 3
compound A-FA EKIL, £ LD PM L < g M £
Y b/ &7 AUSC %73 L, RERIGIC, ZOft 2]
® IDM #HA1K K O compound A-CA AR 0 A . : : : :
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PM J: D TE) j( % fcﬁ AUSC %ﬁ_\‘ l_/f: (Table 3) o Wavelength (nm)
& UVivis B O SRR ORRELIL, =81

MEZEWRT 5 LB 6ND5, IRE)FIRE & v Meglumine

T ETOBBO LT SoREERT, L 7 T emene
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Rk S5, IR0 TS AIC L 0

KT 52 Ln#lE SN TEY 729 kFEME g |/ \

A T B : N, . . : .

& ) %) 3§ 72/( A /ﬁ{j\@ﬁjﬁkai\ T&%ﬁ%gﬁ O200 300 400 500 600 700 800
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iﬁ@i}%é'\&i\ T}E@%gﬁ}ﬁ ﬁ§ﬁ?§%61i§k LTw Figure 1 Representative solid-state UV/vis absorption spectra of

indomethacin, counter molecules, physical mixtures and complexes

L2 ENBIESND, —J7, ALEH IR
BT 2% e ALEME T o Z =05 D

IC 7 7 VU F AT — L 2 A L DA TR Table 3 AUSC of solid-state UV/vis absorption spectra of complexes

AUSC (200 - 800 nm)

BRKRBRECBICRL S ND D, A F e & Complex Complex Physical mixture
AN IN Tk B Indomethacin - Saccharin 1328.2 1557.6
D HIGNTD, SRR BARNC A S IRE Indomethacin - Meglumine 2098.6 899.2
g@};ﬂjf\@%ﬁéﬁﬁijﬁ xhneELZHND, L Indomethacin - Arginine 3384.5 796.0
- Indomethacin - Lysine 2352.2 1066.6
=Moo T, BEERD 2 i TSN Indomethacin - Tromethamine 2904.0 849.1
175.6 149.0

Compound A - Citric acid

&, AR E PM OFER UV/vis WL A~ Compound A - Fumaric acid 163.4 430.9




rV®D AUSC ZHigT 52 &2k, Table 4 Summary of classification of various complexes

Hi b HE R AR CE D T L AR S Complex Classifcation
ApKa 5N NMR UVvis Report
iz, FER UVivis B A~T R riZ & Indomethacin - Saccharin Cocrystal Cocrystal ~ Cocrystal Cocrystal
8 ‘ Indomethacin - Meglumine Salt Cocrystal Salt Salt
% IDM kT compound A Dy, - Heftien Indomethacin - ArggiJnine Salt Cocrzstal Salt Salt
0)%&%”%%@\ E)Eﬁ@/%% L 4ﬁ LW Indomethac?n - Lysine _ Salt - Salt Salt
Indomethacin - Tromethamine Salt Cocrystal Salt Salt
7 242629 F - A pKa e OVEMAS 1SN NMR Compound A - Citric acid Cocrystal Salt Salt
Compound A - Fumaric acid Cocrystal Cocrystal ~ Cocrystal Cocrystal

AT RV DAL
EH 1 OO TIEC L DHERER—TH o7z (Table 4), L7z23-> T, [ER UVivis I AT kv
Z VDI & RS S OB T, ORI 2250 L L bl U, A R et A iR Ik 5 aEetk:
PRI ST,

FE2F [ER UVNis IRIRARY ML ZERLV- IDM OfE&R R0 & E D

PR, JCRESMEIERI N L T 0 | o OB R O R EMEZ + o 5 il 5 2 L id, E3ES
BT L L TEETH D, 290~700 nm (ZHWINZ 7R 72 MEEW). 8 20T 290~700 nm (2GR
ZRIILEM TH - Th, TAIEAREA 1000 L/mol-ecm LA T THAUE, KFHMEHMIIIAREL Sh T
%30, ZO R FEEDOFMIC BT, ALEMONBIN A7 ) —=2 7 OfEE L TR IS T
W5, — 5T, BEEMHIZOWTIE, A7 U —=2 7 FEIFEET, BRI 120 )7 lux-hr 2L EDDR
ICSE ST =L — 200 W-h/m? BL ED YT S 7= 3lbh 2 O TR 2 BN & 5 3D, & BT,
BN ICHRIR 7 v~ 275 7 ¢ — (high-performance liquid chromatography, HPLC) @ X 9 7l 2 D3
YN O 22 T IE S I EE L T2 B 7280 . WRTEMOFEIZIL, 2R EREIPALETH D,

FBOEDFERL, SERIBUZLE S AW T ORI TH D729, LGN X 2 I OFREE % FEEEIZ
IEEONEESZEEZFHET 5 2 L BAEE B2 bid, £ 2T, 2 =TI, LAWORBIUZLE S 3
JEARRED DR EE~DBREICHE A L, ULER O HZ BG TE 5 UVivis )tiE a2 -V TRk L 72,
(1) A&

IDM @ 4 FEOFEFRZ AT D& | FRIREE 120 7 lux-hr DL DRIT SR = % L F— 200 W-h/m? LA
EogiciE sz 2L L, HPLC % AV C IDM O RRZHIE Lz, Bz, IDM O 4 FEOfE
ea IO ER UVivis WL AR 7 M Va2 BAG L, SE0 s & ER UVivis WILA X7 MLV OBREBLE L
72
(2) #wR - BZEF

FERIIZ Ko T, IDM DI IRRN I 5

2.00 Indomethacin

ZEEMR LT, Eo. EIR UV/ivis YL A~ %)

) .
9t B 1) - . = 1.50 .-
7 RVIE fERTBIC L - TR Y | [ER UVivis g Indomethacin
WL A2 BN LT, AERRTEOBAINTT  § 1.0 W
©
BTHDZ EWTRS NI, INFENKE g 7 o ndomethacin
VEEERTIL. R 320~400 nm DS A B B -
[ o
. ) s 1 Z 0.00 -“Indomethacin y = 0.0062x - 3.3516
(ultraviolet-A, UVA) fEI®> AUSC (AUSCuva) < D 0 Y = 0.8225, P<0.05
ISR E SRR SRR DN S WSS T -0.50
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AUSCuva % . HEENZ SRR OXEZ 7' v v
- _ — Figure 2 Relationship between photodegradation and AUSCuyva
NL72& 2 A, MEIITAEERMHEIE (P<0.05) of solid-state UV/vis absorption spectrum



MR BTz (Figure 2), ARERD S| IDM O SO K UVivis I A2 b L) AUSC % LLi
THZ LR, HOMREERIHEE R TH D LB DN,

E3E [E UVNis IRIRRA R MLZERW-REES FILEYORKTE MM - #EAEEIC
Y HiREt

—RIC, EIELOFIILT UV —ROWRBMEFHMEEICRER 2 WIGE. 7 ) —(KOREEZIEo T
D EIE RSB RINS LD, — T, WSO L FRIEEISGRE N S 256, b %
S LRI A EOBE A RRREE L LTRSS, £ 2T, 3 ETIL, IDM DFEEHZIFIC
BV THER S 4172 AUSCuva & R DOBRO— AR T 2 HIIT, (1) e a7 5
compound B, (2) IDM DGR, (3) (b FHEIED K72 D8R0 F AL G % VT, AUSCuva % +515:
(2 ALE OS2 EME D HEEAT 0 W REPEIZ DUV THRGE L 7,
(1) A&

compound B @ 2 FEDOFEEZIE KON IDM O S OB SR ZFH L7, 2o Dfb&EMITnz, (bitE
ENRRD 6 FOILEY) (acetazolamide, AZA. furosemide, FUR, spironolactone, SPL. trimebutine, TM,
compound C } OF compound D) (Z-2F #AFFE 120 )7 lux-hr BL_E) DRI SRS i = % L ¥ — 200 W+
hm? Ll EDSEICiR S el 2 fifi L, HPLC Z W T, YO nRa2E L, /o, Zhbo
ER UVvis IR AT V&R L, o &R UVivis KA~ M OB Z B LT,
(2) R - BF

compound B OfEELZ I, H2 5 EIK Table 5 Photodegradation and AUSCyva of compound B polymorphs

UV/vis WBIX A7 MLV E R LT, F1-. Sample AUSCuva Photodegradation (%)
Compound B (1) 825.6 4.8
IDM D2 & [AERIZ, AUSCuva O Compound B (I1) 562.9 3.0
KIZHED, SR IR L7 (Table 5),
L= s T AFREIZR-—LAEY O 5 Table 6 AUSCuva and comparison of observed photodegradations
S ' — L . with those predicted
LA 3T D HEEE MO Ll |35 H P HE Photodegradation (%)
Sample AUSCuyva -
rEZ LN Observed Predicted
A ° Indomethacin-Saccharin 4813 14 0.7
SPAN ~ ER AN Indomethacin-Meglumine 796.8 2.6 4.9
IDM &AL ~T UVA i Indomethacin-Arginine 456.8 2.4 0.6
INzERL, £, BT X VoI5 & Indomethacin-Lysine 567.1 3.1 12
Indomethacin-Tromethamine 747.1 2.0 3.6

M BNE 7257, IDM OfERZE T
72 AUSCuva &g o = (Figure 2) Z# MW T, IDM #EE{KD AUSCuva L V. o0 fiE
e TRILZAER, ZERBE, ZAbOTFRIEE FERE L OFIZIE, JeofEss LT 0.7~2.3% Dk
HESFRO B (Table6) , 7 U —iK &g 5 & ARG 30 &P R E < EIRREICEL T
2Ty F OB BN DI Tosh | S LTy F BB DI Z L ALE M OB EIRIE AU E S
PRE) 1R DA ENTERED X T 2 RN E 2 b D,

AZA. FUR, SPL XU'TM IL, JEIZE VT 52 LB BN E o7, *HRIIIZ, compound C &

N = PR =N %}‘7\
U compound D T, R TR b1 Table 7 Photodegradation and AUSCuyva of small molecule compounds

ieipote, HITREREEWIL AUSCuva Sample AUSCuva Photodegradation (%)
3 N . 1= Acetazolamide 34.5 19
PR T/ < 77T, e ARER Furosemide 596.1 2.1
AN AN So s Spironolactone 57.2 1.6
EWiE, (LEYETEIZD A DD, B Trimebuting 166.8 137
MK & 72 AUSCuva % 7x L 7= (Table 7 & T8  Compound C 1.2 0.0
Compound D 3.7 0.0

Figure 3), A#fEFN1 5, AUSCuva & $51%
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Figure 3 Solid state UV/vis absorption spectra of small molecule compounds
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RO CHERR SN DG BEAERORER UVivis ULA 7 N Loy & 36 EROMEN D, fiE Ok
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L. FRCHRS S O BUS BN EE A0, &G OBAITFELE LTHATH S Z L3 b
ol

2. [ER UV/vis BIL A7 kLD UVA FEEUCRINZ AT 2 b &M@ O et 2 s L, SR
UV/vis WL 2227 R VT, LB ONEZED A7 ) —= 0 FFREE L TEHTE 52 L &R0
Too ALFHEE DRI DG DT RN R 2 2 & F7o, A—bA W OEHR
el BT D FRIFHEAEHORESIC LY, B2t A EEERIIGEH TE R0 0o,
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AR TRESL L 72 UVivis 3 ki & O 7o R b FROREE O BEEHG AR, (b Lo fiIBRIZ 7

<. Ely BTNV OTRBREE R TR OMRE A ARE T, EIM TORFMAFTRETH 5 Z &

b, EEMLBEBOMEICERCTXD BN 5,



3k

1)
2)
3)
4)
5)
6)
7)
8)
9
10)
11)

12)

13)
14)

15)
16)
17)
18)
19)
20)
21)

22)

23)
24)
25)
26)
27)
28)
29)
30)
31)

Inoue M et al. Org. Process Res. Dev., 21, 262-265 (2017).

Helmy R et al. Anal. Chem., 75, 605-611 (2003).

Pauli FG et al. J. Med. Chem., 57, 9220-9231 (2014).

Yamazaki T et al. Bunseki Kagaku, 63, 323-329 (2014).

Watanabe R et al. Toxins, 8,294 (2016).

Masuda K et al. Int. J. Pharm., 318, 146-153 (2006).

Benet LZ et al. The AAPS Journal, 13, 519-547 (2011).

Faller B et al. Drug Discov. Today, 16, 976-984 (2011).

Kumer L et al. Pharmaceutical Technology March 2, 2008.

Rocheleau MJ et al. Curr. Pharm. Anal., 4, 25-32 (2008).

Bighley LD, Berge SM, Monkhouse DC, “Salt forms of drugs and absorption. In Encyclopedia of
Pharmaceutical Technology,” Vol. 13; ed. By Swarbick J., Boylan J. C., Marcel Dekker Inc., New York,
1996, pp. 453-499.

Gu CH, Grant D JW, “Handbook of Experimental Pharmacology: Stereochemical Aspects of Drug Action
and Disposition, ed. By Eichelbaum M., Testa B., Somogyi A., Springer, Berlin, 2003.

Putra OD et al. Cryst. Growth Des., 16, 6568—6573 (2016).

Molecules from the “generally regarded as safe” GRAS list, pharmaceutical excipients, amino acids, food
additives.

Aakeroy CB et al. J. Am. Chem. Soc., 131,17048-17049 (2009).

Good DJ et al. Cryst. Growth Des., 9, 2252-2264 (2009).

Karki S et al. Adv. Mater., 21, 3905-3909 (2009).

Sun CC et al. Cryst. Growth Des., 8, 1575-1579 (2008).

Tahara A et al. Naunyn Schmiedebergs Arch. Pharmacol., 385, 423-436 (2012).

Malamatari M et al. Adv. Drug Deliv. Rev., 117, 162-177 (2017).

Guidance for industry: Regulatory Classification of Pharmaceutical Co-Crystals, Food and Drug
Administration, (2018).

Reflection paper on the use of cocrystals and other solid-state forms of active substances in medicinal
products, European Medicines Agency, (2015).

LiZJ et al. J. Am. Chem. Soc., 128, 8199-8210 (2006).

Kojima T et al. Int. J. Pharm., 399, 52-59 (2010).

Basavoju S et al. Pharm. Res., 25, 530-541 (2008).

AESE, A)IHF—. 5B 2016-94367, 2016.5.26

Auver BM et al. J. Chem. Phys., 128, 224511 (2008).

Gruenbaum SM et al. J. Chem. Theory Comput., 9,3109-3117 (2013).

Yamashita H ef al. Pharm. Res., 31, 1946-1957 (2014).

International Conference on Harmonisation, S10: Photosafety Evaluation of Pharmaceuticals (2013).
International Conference on Harmonisation, Q1B: Stability Testing: Photostability Testing of New Drug
Substances and Products (1996).



BB EORRNDER

38 S OIS RAT O i B A D 72 01T, KR & 220 PRI FIEDR VBTV D, SAA AT (UV/vis)
SIEET, LAY OEEFHMIEH SN TV, {LEMO =RV F—REDOEILZHR R H Z LN T
X570, ALFHEEN R DAV OFEINCHERTH D LEZ OND, & I TR TIL, ML HhS
s DR, D IRROHEE KT D UVvis 9 GEED IS O ATREVEIC S W TRRET DM T L7z,

1w T, & R OB O FREARE SN, BT AVEY - b v U X — 0 OWEREY
(PM) EHEERD UVivis A7 MUz, FHENBIE SN, BT v 2 —07F L OMAERNKE
<, BRIV B RELRBMNPAELD EBZBILD, £ T, UViis AT bV D J1—7 T HifH
(AUSC) ZEIEIZHE LT & 2 A, Ml THE SN TWDHIERE —FK L, UViis A7 hLostl &3k
ftem OFANIIGH TE 2 ATREMES R Sz, 5 2 B ClX, indomethacin (IDM) D#EfEZE 4 FEIZ OV
T, R E UVNIs AT RV & OBMRBRET STz, JeO RN mWRE 2 TE ik, S50 A I
Ik (UVA, 320~400 nm) @ AUSC (AUSCuva) DK &E <, KRR OxEE AUSCuva & OFICHE
7RFRBABEMR A BIER STz, B 3 E T, MBULEMEIER L, #kx LG ONS R L UV/ivis A
7 MvEOBMERDRET &N, IDM OFEREE & TR | SEiEER & AUSCuva & ORICA 722 FHE
BfRIFBE S e o T,

Pl AWFZEIE. & RO, R bA Y OREREIEM O EMED BN, UVivis 43961k
G TE 2 AMREME 2 B 5 M2 Lz, UVivis A7 hVORIEICIE, (b8 LoflBRIZ/a<, &5
2. B TNV ORFRS G RMEORFDAETH L7720, B ENOHEHM OGS FEETH 5, A
ZECR L ARIE, EREBBROMEICKE < HilkT 2 LS D,

FREOmIGE, i K @mE LT, B L HET D,



