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Development of Solubility Screening Methods in Drug Discovery
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We developed two methods for solubility screening of drug candidates in drug discovery. The first is a solution—
precipitation (SP) method, in which the sample solutions are prepared by adding the drug solution in dimethylsulfoxide
(DMSO) to buffers followed by filtering off the precipitate using 96-well filterplate. The second is a powder—dissolution
(PD) method, in which the solid samples are dissolved to the buffer in the HPLC vial equipped with the filter membrane
in the HPLC autosampler. An HPLC equipped with a photodiode array detector is used to measure the concentration of
the sample solutions in both methods. The SP method was used for high throughput screening the solvating process of
the candidates in aqueous solutions with lower sample consumption, and the PD method was used for screening both in-
ter—molecular interaction in solid state and solvation in aqueous solution with more sample amount than that of SP
method. Therefore, the solubility screening from early to final stage of lead optimization process would be successfully
accomplished by using both methods complementarily.
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Fig. 1. Fast HPLC Chromatograms
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(A) Chromatogram with 3 um particle column (4.6 mm id, 35 mm length), (B) Chromatogram with 2 um particle column (4.6 mm id, 30 mm length) ; sam-
ple, 6 alkyl benzoates (methyl, ethyl, propyl, butyl , hexyl and phenyl esters) ; flow rate, (A) 3.0 ml/min, (B) 1.0 ml/min; gradient condition, (A) B conc. 0-100%
(0-1.5min), (B) B conc. 0-100% (0-2.0 min) ; other conditions are described in the experimental section.
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Fig. 2. Dependence of Mixing Time on Solubility by Solution—Precipitation Method

(Error bars: SD (n=6)).
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Table 1. Reproducibility of Solution-Precipitation Method
Compounds Repeatability (n=6) Intermediate precision
Dayl Day2 Day3 (n=3
Flufenamic acid (JP1) Mean (mg/ml) 0.0004 0.0006 0.0005 0.0005
SD 0.0000 0.0001 0.0000 0.0001
RSD (%) 4.2 12.0 9.1 13.3
Flurbiprofen (JP1) Mean (mg/ml) 0.0094 0.0097 0.0094 0.0095
SD 0.0002 0.0003 0.0003 0.0002
RSD (%) 2.5 2.6 3.1 2.0
Sulindac (JP1) Mean (mg/ml) 0.0138 0.0141 0.0138 0.0139
SD 0.0002 0.0004 0.0003 0.0002
RSD (%) 1.3 2.8 2.3 1.2
Tamoxifen (JP1) Mean (mg/ml) 0.0087 0.0082 0.0079 0.0083
SD 0.0001 0.0003 0.0003 0.0004
RSD (%) 1.3 3.2 4.2 4.4
Phenytoin (JP2) Mean (mg/ml) 0.0154 0.0178 0.0179 0.0170
SD 0.0011 0.0008 0.0009 0.0014
RSD (%) 6.9 4.6 4.9 8.4
Testosterone (JP2) Mean (mg/ml) 0.0245 0.0257 0.0230 0.0244
SD 0.0016 0.0027 0.0040 0.0014
RSD (%) 6.7 10.4 17.6 5.5
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Fig. 3. Influence of DMSO Concentration on Solubility

(Error bars: SD (n=3)).
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Table 2. Comparison of Solution-Precipitation Method with Shake-Flask Method

Solubility (mg/ml)

No Compound Solvent Agreement?
Solution-precipitation Shake-flask

1 Benzbromarone JP2 0.0176 0.0108 O
2 Cyclandelate JP2 0.0046 0.0078 O
3 Dipyridamole JP2 0.0063 0.0030 @)
4 Fluorocortisone acetate JpP2 0.0183 0.0135 O
5 Flufenamic acid JP1 0.0004 0.0004 O
6 Flurbiprofen JP1 0.0094 0.0065 O
7 Furosemide JP2 0.6599 0.3089 O
8 Hydroxyzine pamoate JP2 0.3342 0.0178 X
9 Ibuprofen JP1 0.0082 0.0222 O
10 Ketoconazole JP2 0.0865 0.0019 X
11 Ketoprofen JP2 0.5659 0.4291 O
12 Naproxen JP2 0.3897 0.1296 O
13 Oxyphenbutazone JP1 0.6367 0.1517 O
14 Oxyphenbutazone JP2 >0.8 >1.0 O
15 Phenylbutazone JP1 0.0079 0.0052 O
16 Phenyl salicylate JpP2 0.0033 0.0088 O
17 Phenytoin JP2 0.0154 0.0169 O
18 Reserpine JP1 0.0013 0.0012 O
19 Sulindac JP1 0.0138 0.0019 X
20 Tamoxifen JP1 0.0087 0.0067 O
21 Tamoxifen JP2 0.0009 0.0002 O
22 Terfenadine JP1 0.9161 0.0497 X
23 Terfenadine JP2 0.1380 0.0066 X
24 Testosterone JP2 0.0245 0.0179 O
25 Tolbutamide JP2 0.7821 0.4929 O
26 Trichlormethiazide JP2 0.7958 0.0845 X
27 ER-030346 JP1 0.0172 0.0005 X
28 ER-023835 JP1 0.0095 0.0011 X
29 ER-023835 JP2 0.0004 0.0008 O
30 ER-034634 JP2 0.0053 0.0008 X

a) O : Solubility (solution-precipitation) < 5-fold of solubility (shake-flask) .

Table 3. Dependence of Mixing Time on Solubility by Solu-
tion-Precipitation Method

Compounds Mixing time(min) Solubility (mg/ml)
ER-030346(JP1) 15 min 0.0172
3 hr 0.0184
13 hr >0.0217
ER-034634(JP2) 15 min 0.0053
3 hr 0.0044
13 hr 0.0063

% DMSO fEERZ IR & LT, BERERIZ AW T
HEZTo7. TOREE, HEMIZ DMSO 248 %
BWEEEIFIERSETHD, RRILBIEEIZRERRD

fEZ/~L7z (Table4). PALEOFERNS, 77X
k& DL E DEMBYEDTREEIX 1% DMSO D fE1EMN
JRAR T2 <, B ZEERTHRMT 25, BK TR
METBMIE>THELTNEHDEEZOGNS. T
720 BRI B T At EHE DMSO I2iEf#E L T
HIRFETRHRARICIRINEI NG Z &5, AROREM
ETRMEN 2 REERGRHOET T RIILF— %l
ML THBO, LN T, MBI RIF—X
D BT IR F =TI R ERHARI OGS
ICRIFAMRE S RESERBRDENEENZHDEE
AN, WESNEE 7 I XAAREIIEICLDHE
MEE L TW0R HiEORETIZR <, HE
AEHOERNFERTH-oEEEALGNS.
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Table 4 Comparison of Solution-Precipitation Method with Shake-Flask Method in 1% DMSO Solution

Solubility (mg/ml)

Compound Solvent

Solution-precipitation

Shake-flask (solid sample)

1% DMSO

0% DMSO 1% DMSO

Sulindac JP1
ER-030346 JP1
ER-034634 JP2

0.0138 0.0019 0.0027
0.0172 0.0005 0.0005
0.0053 0.0008 0.0004

DMSO {FW & iR E IR INT 2 AL Th L,
BOMETH > THAETH > THRU KD I
RIRE L3RI DEZE G A DAREMENH D B XS
N5, LHLsniziud, BRI Ttz T >4
ENSELNDEMIENT XA =7 =13, [LAEYDIL
FHEERICE D EMRMEEZERL THO, LB
LD FENEBEICBNTIE, RU¥EETH>TH
AR B O S EDENWSIEE DENICE > TH
BEZITPTVRAGEMRESLD DA RREHRICRD
EEZBNS.

1-6. R{FWIERE BARE 25T O — H R LB
RE I3 RR R 2 FRFE I W 9 IR IERIE DB/ & T
200 LB TH S, REOHEFARZ T TI32H
B{LRETH U, FmAEEM TH 2 HPLC HIE
ENTLIVIZT DI ETHERSEE(ENAEEICR S
EEZBNS.

1-7. 7027 b~O#ER  AEOLEYR
LB ANOEHZRA Lz, BT FERK 80
FEIZ U CHRIE T SR /NF A —% — (PBS )
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P2y 4 LU R SEMBIENM BT 5T ENgho Tz
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Fig. 4. Lipophilicity—Solubility Relationship for Pyrazine
Derivatives
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Z—MERAICAET S 1.5ml 25T, RODA
WEENL TWEz, 2T 1 IV — DO EE
BL7ZbDTH2., £z, BIEEPTOWLEDOHH
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Table 5.

Reproducibility of Powder-Dissolution Method

Compounds

Repeatability (n=3)

Intermediate precision

Dayl Day2 Day3 (n=3)

Sulindac (JP1) Mean (mg/ml) 0.0025 0.0013 0.0021 0.0020
SD 0.0002 0.0002 0.0005 0.0006

RSD (%) 9.0 17.8 22.1 31.1

Terfenadine (JP1) Mean (mg/ml) 0.1424 0.1457 0.1381 0.1421
SD 0.0037 0.0223 0.0068 0.0038

RSD (%) 2.6 15.3 4.9 2.7

Ketoprofen (JP1) Mean (mg/ml) 0.1384 0.1395 0.1287 0.1355
SD 0.0026 0.0098 0.0009 0.0059

RSD (%) 1.9 7.0 0.7 4.4

Dipyridamole (PBS) Mean (mg/ml) 0.0010 0.0013 0.0011 0.0011
SD 0.0004 0.0002 0.0002 0.0002

RSD (%) 45.7 14.8 13.3 13.5

Testosterone (PBS) Mean (mg/ml) 0.0234 0.0224 0.0216 0.0225
SD 0.0008 0.0008 0.0001 0.0009

RSD (%) 3.5 3.5 0.6 4.0

Phenytoin (PBS) Mean (mg/ml) 0.0309 0.0204 0.0296 0.0270
SD 0.0002 0.0002 0.0000 0.0057

RSD (%) 0.7 0.9 0.2 21.2

Table 6. Comparison of Powder-Dissolution Method with Shake-Flask Method
(37°C, n=3)
Solubility (mg/ml)
Compounds Solvent
Powder-dissolution =~ Conventional method  Shake-flask
Dipyridamole PBS 0.001 0.001 0.001
Ketoprofen JP1 0.138 0.150 0.158
Phenytoin PBS 0.031 0.028 0.026
Sulindac JP1 0.003 0.004 0.002
Terfenadine JP1 0.142 0.180 0.076
Testosterone PBS 0.023 0.025 0.018

ZRi<7z, SHICHPEBEZLEEL Tz, K
ETRINSOREEEL, mREEEZRE, 37°C
OA—=R"Y>TT—HTIXXTOHRE (BE -5
i« HPLC NDEA) 27O X2/ ELZ. TOD
FEE, BEMIERECHEL, 10682 DONT,
n=3 T2 MBEDORBENDEMIEZ 3 K THlIE T
5T EINAIREE TR T,

2-3. BE  AEOHEBMIIOWTHEHEL .
Table 5 IZ P THEE K O = N FHLR 5 12 D W TR
U7, WEN 1.0—2.5 ug/ml, 20.4—30.9 ug/ml
O 128.7—145.7 pg/ml O FREHI W 9 5 EEHE (R 72

13 ZFNEN 0.2—0.6 ug/ml, 0.9—5.7 ug/ml %N 3.4
—59ug/ml THO, BEREAI ) —Z2TFEEL
Ttz E L TWS Z ENho 7z

244, PERELEDOHE  WEREKRTCT I X IR
EOREDERZERG Lz, 7 XaEDIEITD
WTIE, &ilklz D ERBRE TR0 RERZ A,
37°C T 24 iR & S 18, #BHAWK Z 5 L HPLC
SR UE. $EHE%E Table 6 1ICR9. T 7 FP >
ERRE, WINORMEBIbARE, 7IAORESEK
ORERIEDRERIC K E B EIRD S NRh o . T
W7 2F 22 DNWT, HEREOZEEEZR =L
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25, 6N, 24 K OBEKREMRIEIC K S
FNZFN0.107 KX 0.100mg/ml TH O, 1 EHD
REm Cldfufig Nt E TnwizEEZoN5. L
=Moo T, EBERMIE—3IC 1 R E T 50 Tldik
<, BEAFOFENKEVWIBEITIE, FFERFEOE
EZEETLIZNESH S, SHOHERED, EKRE
FRIEIC X D EIS RS MRE & —H L TH0, BEiRE
IRV, TRWRTEIE I3 B8 U GRS R
Bz & DRERIREED B O 1A /IN T A—4% — &
ETEDZEN TN,

ES & &

YR L S D DMSO 1A 2 W = ik s
fRYEZ 7 ) —Z 27k (BHILEGE) K OEARGEE
DRV OB (FRERLE) ZHREL 7.
IR S 15 5 NHIEMMINT A—4—1F, £
E LT beaEdE TR D < R IEFEFE 2 B L T
L%, WREm L2700 7 holLEY
B EEEBEIC BV THICER TH S EE A BN 5.
T2, BERERIETIE, 74Ny —fFEH T E
CEETE HPLC D AT AZHAGDES Z LI
X0, Wb zEEH Lz BEEREREOEMLERE
T 10LEW/3RRITH O, HIERESRIFTH
o7z, IR EGE & ERTA R 2 I WS Z
LT - T, HREBOUIN S BMICD R 515 M
W27 == > 7 ikoWElL - B b In 5.

i AEERTOCHE-oTEERHESZ0V
eiwizh R (G 9HLK, AREkEZE L
SEREMIE L2 U0 E T DMIEMEED A > )N—
WG W= L E T
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