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Abstract: Aldose reductase (ALR2) inhibitors are promising agents for chronic diabetic complication therapy by pre-
venting the reduction of glucose in the polyol pathway, which promotes to develop novel ALR2 inhibitors. Two kinds of
techniques, comparative molecular field analysis (CoMFA) and comparative molecular similarity indices analysis
(CoMSIA), were employed for studying a series of 5-arylidene-2, 4-thiazolidinediones as aldose reductase inhibitors.
With the strategies of common substructure-based alignment and field-fit alignment, the lowest energy conforma-
tions were used to develop the ligand-based models of three-dimensional quantitative structure-activity relationship
(3D-QSAR). The bioactive conformation obtained by docking all 5-arylidene-2, 4-thiazolidinediones derivatives into the
active site of aldose reductase (PBD ID: 1ah3) was applied for the development of receptor-based model. Statistically sig-
nificant model of ligand-based 3D-QSAR from the common substructure-based alignment exhibited the best predictive
power (CoMFA r°=0.922, ¢°=0.707 ; CoMSIA r°=0.917, ¢°=0.762). The model was further confirmed by analyzing 12 sets
of compounds with diverse structure. The results showed high predictive r* values of 0.824 for CoMFA and 0.883 for
CoMSIA respectively. The molecular docking analysis revealed that both CoMFA and CoMSIA contour maps for steric,
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electrostatic, hydrophobic, and hydrogen-bonding interactions matched well. The combination of CoMFA and CoMSIA
with molecular docking is helpful to understand the interaction and the structure-activity relationship between ALR2
and its inhibitor. The present results provide a valuable guidance for rationally designing ARL2 inhibitors.
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Table 1 Structures of 2,4—thiazolidinedione derivatives

R,

(¢}

EY R R, R;s 1Cs"
1 F H H 9.10
2 CH; H H 9.23
3 OCH; H H 13.28
4 CF; H H 12.81
5" —H(?-NO()H H H 1.86
6 OCHs H H 6.14
7" OH H H 10.70
8 NH, H H 20.20
9 H F H 8.21

10" H CF; H 31.49
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431 Table 1 continued

(aexy) R, R, R; ICs'
11 H OCH; H 40.83
12 H —'H(1=’\—< >—0H H 2293
13 H OH H 8.96
14 OCH; OH H 11.80
15 CH; H CH,COOCH; 10.10
16 OCH; H CH.COOCH; 8.87
17 CF;s H CH.COOCH; 28.67
18 OCHs H CH,COOCH; 1.32
19 NH, H CH,COOCH; 39.10
20 CF; CH,COOCH; 3.44
21 F CH,COOCH; 12.90
22" OH CH,COOCH; 6.18
23" H CH.COOH 0.74
24 CH; H CH,COOH 0.65
25 OCsHs H CH,COOH 0.13
26" OCH; H CH,COOH 0.48
27 CF; H CH,COOH 0.47
28" OH H CH,COOH 0.66
29 NO, H CH,COOH 0.49
30" OCH.COOH H CH.COOH 0.23
31 H F CH,COOH 1.14
32 H CF; CH,COOH 0.46
33 H OCHs CH,COOH 0.82
34 H —o-Hzc@ CH,COOH 0.28
35" H CeHs CH,COOH 0.26
36 H OH CH.COOH 0.15
37 H NO, CH,COOH 1.19
38 H OCH.COOH CH,COOH 0.60
39 OCH; OH CH.COOH 0.70
40 OH OCH; CH,COOH 0.56
41 OCH; OCH.COOH CH,COOH 0.26
42 OCH.COOH OCH; CH.COOH 0.20
43 H OH CH,CH=CHCOOH 4.17

0 H
44 N 4 O 10.70
r
[
H
45 HOOC-H,C—N, 0.17

>/>
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JZiE I SYBYL7.3QSAR WM A BIAR R TR E 5 FE& G . R GRS Y SRS
Y SRR 71X S AT IR TR AL S AT o T8 . DAE YRR KA G W) 25 ABR 7+ . 7 &
ATUE1(C).

TEFET Z AR o SR F SYBYL7.3 1A Surflex-Dock BEH 71 44 5 BEWHIA JE B (PDB 1D : 1ah3) 1%
PEGT S AT A5 3040 T B4 I (LA 6.1D). Surflex-Dock 5 T2 I 543 BRECIFC 43 T 5 52 AR B3 VA7
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1 (A)EEMBEREN; B)ETHRBREMNSFES(HFESL); (C)ETHREHNSFES(HTESL);
(D)EFZEHNSFES(HFEEN)
Fig.1 (A)Common substructure. Alignment of all 2,4-thiazolidinedione derivatives from the training set
and the test set; (B) Common substructure-based alignment (Alignment I) ; (C)Field-fit alignment

(Alignment IT) ; (D) Receptor-based alignment (Alignment IIT )
1.3 CoMFA F1 CoMSIA 43 #f7
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Ky S B A RS2 A Y 5 A AN R AR BL 738 2ot v S0 2 R0 1 ol B0 AR . SR 3 Aol e /)N 3 [ 1
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2.1 CoMFA #0 CoMSIA 43 #7

Y % 2, T I AR AL T 52 7K BT 15 21 9 CoMF A 1 CoMSTA A5 75 s FLA 5 35 14 A 6Pk iR e Ko 34
TMEE 71 (¢100>0.5,7>0.9). FETFAHF B T EE (A TEE AEZER NS THSECN : COMFA
r"=0.922, ¢’100=0.707 ; CoMSIA r’=0.917,¢’100=0.762; e TR E W T &5 (HTE& 6 1)1 R R ERH 45
TEH0M . CoMFA r#=0.951, ¢%100=0.533; CoMSIA r=0.935, ¢%00=0.719; 3 T2 K14 7245 (4724 1)
S RNBERI G Z BN : CoMFA r=0.946, ¢%100=0.637 ; CoMSIA 7=0.993 , ¢%00=0.735. H1IH AT WL, JEF4H A
ISR 3 8 G T AR ) CoMFA Il CoMSIA A S B A . kit — 20 U0 ik ASE AU i B A 1, X CoMFA Fil
CoMSIA f B 4T bootstrapping 347745 B & 100 Y45 2IAH IC R B0 T-2E () 73514 0.980 F10.974 , B i
fi 2% SD 4373 24 0.089 F10.090 (3 6.2). $A Ji5 B AL 43 i 2 20 A1 5 20 i 47 28 LSk, #5225 . CoMFA Fil
CoMSIA B HIFEHL 53 2 4175 3 58 SLIGUE FREL 00 53014 0.516 F110.683 , ARl Tl 152 22 431 4 0.591 F10.469 ;
BEHL > 5 445 32 1958 LG E 2280 s 23901 0 0.658 110,745 , b E TN % 22 43 514 0.502 F1 0.424. L 45
TR THIF B RGP T8 5153 A CoMFA F1 CoMSIA #5588 B R4 (A &P RRS A 1k LA K
PR e

%2 CoMFA #1 CoMSIA ST R
Table 2 Summary of results from the CoMFA and CoMSIA analyses

T Ak B SRIN
ayEal SFEA AFEAT
CoMFA CoMSIA CoMFA CoMSIA CoMFA CoMSIA
r 0.922 0.917 0.951 0.935 0.946 0.993
SEE 0.238 0.241 0.192 0.218 0.195 0.073
FA 82.502 107.221 104.564 99.967 168.604 538.556
7 0.707 0.762 0.533 0.719 0.637 0.735
SDEP 0.461 0.408 0.593 0.451 0.504 0.464
pred-r* 0.824 0.883 0.793 0.911 0.678 0.816
PCs 4 3 5 4 3 7
F135 BT (%)
DAYS] 64.0 8.0 48.7 7.7 36.6 11.7
Y 36.0 13.7 51.3 16.6 63.4 26.8
Bk 17.4 18.1 20.0
A 475 41.2 228
A2 Y 13.5 16.4 18.6
Pt 0.980 0.974
SEE,." 0.125 0.137
S 0.089 0.090
P’ 0.516 0.683
SDEPu0° 0.591 0.469
s 0.658 0.745
SEPs.* 0.502 0.424

*{ii 1] bootstrapped 417 100 Y IURE FT75 1 4 5 R - (55 FH bootstrapped 437 100 YCIURE FF 15 31 AU BR M 152 22 10 7 491 ;- 1
bootstrapped ZMF 100 YRR BT EI A0 S HA G 2 500 22 £ 49 2 41T 42 25 AR B0 38 LT R BUAO T 3910 543 2 4L A 738 L0 7 42 25 v
BRI 22 19 P HI 345 5 LT AT 25 YCAFEI A8 SURE RO T 543 S ALHEATA8 UK iE 4 25 YA 81 A B i IR 2 0 - 49910
2.2 1RBIIGIE

12 P54 25 5 ELIE M B R R A A B W e Sy AN IS BEE | DA S0 DA 17 J00 6B ) . 45 SR BT A5 2 1
{3 CoMFA Fl CoMSIA 52 B XX 4R 1) #P 8 55 1E 2R 5K 7,0 53001 4 0.824 F110.883 (% 6.2) , AL & Wy i il 1 1
(pICso) FR S BG5S TR (5 5% 22 194108 43 591 M 0.22 F110.17. 3% 2 T A8 2 1Y) CoMF A 1 CoMSTA #5874 %
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PR ARG AR A R4 B T BE 7, M T 3k vl DAyl TR M D i o 90 A e (B 4 5 UITZRER AN
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TOr @ = IR b O ) w s ‘
6.5 & PR 2% 6.5+ DT R, % N
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= 60F et = 60F
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2 (a) CoMFA #1(b) CoMSIA #E 4L & 1 {4 i SE U6 E A HME RO E X B
Fig.2 Predicted versus experimental activities (pICs, »M)of compounds in the training set
and the test set for the(a) COMFA and(b) CoMSIA model based on Alignment I
£3 WAWEEMZRENRE CoMFA 1 CoMSIA R H T E K 7% %=
Table 3 Experimental pICs and the corresponding predicted values with residual for the best CoOMFA and CoMSIA models

ey bICn CoMFA CoMSIA

T BRIz e Ve

1 5.04 4.84 0.20 4.87 0.17
2 5.03 4.95 0.08 4.94 0.09
3 4.88 5.16 -0.28 4.95 -0.07
4 4.89 4.85 0.04 4.86 0.03
5 5.73 5.14 0.59 5.12 0.61
6 5.21 5.40 -0.19 5.33 -0.12
7 4.97 4.74 0.23 4.85 0.12
8 4.69 4.56 0.13 4.52 0.18
9 5.09 4.76 0.33 4.85 0.24
10 4.50 5.07 -0.57 4.93 -0.43
11 4.39 4.54 -0.15 4.73 -0.34
12 4.64 4.50 0.15 4.67 -0.03
13 5.05 4.86 0.19 4.99 0.06
14 4.93 4.94 -0.01 5.04 -0.11
15 5.00 5.03 -0.03 4.94 0.06
16 5.05 4.83 0.22 4.93 0.12
17 4.54 4.95 -0.41 4.86 -0.32
18 5.88 5.63 0.25 5.58 0.30
19 4.41 4.81 -0.40 4.717 -0.36
20 5.46 5.19 0.28 4.93 0.53
21 4.89 4.98 -0.09 5.10 -0.21
22" 5.21 5.15 0.06 5.25 -0.04
23 6.13 6.19 -0.06 6.33 -0.20
24 6.19 6.29 -0.10 6.41 -0.22
25 6.89 6.68 0.21 6.78 0.11
26" 6.32 6.45 -0.13 6.49 -0.17
27 6.33 6.18 0.15 6.33 0.00
28" 6.18 6.10 0.08 6.31 -0.13
29 6.31 6.43 -0.12 6.38 -0.07
30 6.64 6.39 0.25 6.71 -0.07
31 5.94 6.12 -0.18 6.31 -0.37
32 6.34 6.51 -0.17 6.40 -0.06
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433 Table 3 continued

oy bIC CoMFA CoMSIA

e BRI FiE BRI
33 6.09 6.14 -0.05 6.36 -0.27
34 6.55 6.57 -0.02 6.36 0.19
35° 6.59 6.16 0.43 6.46 0.13
36 6.82 6.23 0.59 6.45 0.37
37 5.92 6.25 -0.33 5.69 0.23
38 6.22 6.22 0.00 6.33 -0.11
39 6.15 6.31 -0.16 6.50 -0.35
40° 6.25 6.27 -0.02 6.21 0.04
41 6.59 6.52 0.07 6.48 0.11
42 6.70 6.69 0.01 6.64 0.06
43 5.38 5.25 0.13 5.38 0.00
44 4.97 5.24 -0.27 5.00 -0.03
45 6.77 6.67 0.10 6.47 0.30

A HA A 254
2.3 CoMFA #1 CoMSIA % 5 B 7 #7

CoMFA il CoMSIA #5255 5 T 145 21| 1) 71 1) ZR 50058 i [ 0 5 TR R A DG R S AR 3% (e 3% i K
Yy (R HE AR I RN 57 (A 70 Ak i T L DK 3, AT NS 5 Ak 0 05 M 10 o0 T A A RRAE B Ak A s T
TFHLERAE A R . CoMEFA FiT CoMSIA 19 37 1437 R E0A5 i B L BT 3(A) FH(B). FHIEI3(A) 76 N-3 At
FEAN )RR K €8 X 5 B A R M e — A2k 0 1) N-3 A BRI U B fb & s v A
LIRS (ML A1 25 7 32) FTH R 25 (AL A4 18 11 20) 4k & W 7E N-3 43 & 430l 5 A7 B R I UL -CH.COOH
F1-CH.COOCHS, PX] It 33 S84k 45 1) 2 B Ry A5 nim A 40 il 9 8 . 10 N7 i JC R 46 &9 Candk 540 6 #1110)
DU TR PEAR 55 . (B T AR A N-3 A X TR P A ) 14 R P LA R B0 25 A W 1 JR 7 (4N -CHLCOOH HifR 3 |
(1) O J5LF A1 H 7 DL K -CH,COOCH B 3 11 O J5L 7). CoMSIA F ST ARG AE AR IR 345007 5 4 HH B/ NBR
TR R A8 DI, 3 3R W ot X SR RO R AR XA 5 0 s A R, b &0 525 1 30 BTG PR 43 3 LAk &
Y112 .33 F138 K. 7E 455 50 B IR i 0 DX 35, 3 3@ BH b DX 1 B S XL 5 W i s AR ), dan b
B 12 F133 135 PEARARAR .

B)

B3 (A)CoMFA #1(B)CoMSIA Bz {517 2 ZE S El; (C) CoMFA #1(D) CoMSIA M B IZ R HE S E
Fig.3 CoMFA (A)and CoMSIA (B)stDev*Coeff contour plots based on Alignment I for steric. fields. CoMFA (C)
and CoMSIA (D )stDev*Coeff contour plots for electrostatic fields.

EI3(C)FI(D) 535124 CoMFA FI CoMSIA [ .37 R B E L. HEI3(C)FI(D) , 7EHEE O J5—£-FihiT iy
I/ INBRE I A DR, 33 3 B I DX A F 1 D A R AR S 0T 1 . andb 5 16 .18 F1 20 8 5 A3 f rL R 1)
O J5i+, UL, 3 264k 5 1 22 B A 400 163 PR #0530l 5 T4k 54 3 .6 1 10. #E-COOH & [A1 1 HJ&] il s B R
He A DIk, 3 3 B B0 5 OE L PR R SEX Ab A is A R L SR A b R B T T 1Y SR B IR
BB 5 A7 P HE O JEL 7 | [A] I S A3 FR 3k 1R, DR M e PR 35 v (R AR 16 1 . 59— A BRE 2R 3R 3 53 5 1)
CoMFA /INHRIR R 0, 55 ey [ 3 B W 7 85 1 £ L PR BROF R XA G W T A 1, Ak 5490 6 .18 Fl 30 FRR BLA
ORI M . AE CoMSIA #1755 5 (B v, HIWAE R0 4 45 (67 B HR 300 i B 0 DX B, 36 3 B U IX 33 0
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B PRI AL &6 v, infk &9 36 BTG PE (1C5=0.15 pM) 5tk T b &4 31 (1Cs=1.14 uM) 137
(IC=1.19 pM).

&l 4 24 CoMSIA Bii 7K 375 22 8085 =y 1], /INHR 20 R R B33 €8 1 €20 X 35k 23 331 3R 7 I DX st 7K 1 2 7K
P 5L AT A A P T A )RR 3-OCoHs B SE B 3 1) /N B 11 €8 DX 3l 2 B okt DX 3l K 256 AL A 1) T4k
BYIIEE W0 35 A A KM B S SR 5 A PRI 5 0T I S (LA 5,18 .25 Fl45) 3k
PRA 5 O AT A 36 1 . E N3 S R IR 4557 i 1 R B v K 20 DX a8 3 b DX 3 1 e 2 35 AT X A 5 0
A H] X 5 CoMFA FIT CoMSIA Fif) 5 H, 37 55 12 1 0 40 B 45 S — 3.

VI VE S o (AL 50 25 275 43T, CoMSIA #5274 11 U BR (bAA 37 T 32 4 37 22 805 v I DL IR 5. #E N-3
7 B AR FEAV B I R R 0 DXl 3 R I DX 3l 5 | A Sl 1) AR AR S5 AT X A5 4 3 PR A ) 3 PR R Y
A (AN L TRIACA WD) 78 N-3 0 B8 5 A S I UL HFF, (45 RA R AF X P 30 JEr i P 00 ) 9% M R
B NGB G (b &9 1-14) FIBERAL &9 (FL B9 15-22) #AS & S s iR &R 7, T
BEX LAl A W 0 PR BB AN G . 7 N-3 o7 B B /NG R 0 IX 3 38 B e X 3l 5 | A S0 1) 2 AR SE AT A & P 1Y)
TEYEA F 516 i SV A 2 3 2 505 = 1R (TR 5B) e N-3 45 B G /N e B 40 [X A5 3] g — A RS . fn
AL 8 F119 PRINAE 35 B 65 SV B ) AR A 5 AT -NHL 177 22 B R IR i 6 2 . 11 5B HE B A R K (2
DX 3 B I DX 3k 5 | A SR A (AR 35 P X B A 0 R 5 PR A R X S SR A 3 2R B0 s TR B o b R —
. IR 3540 p BRI B BRI €2, X 3 3% BH 1 DX 35 |\ B 1 2 AR I AT A B 0 16 AR

El4 CoMSIABIKiF%EFE
Fig.4 CoMSIA stDev*Coeff contour plots for hydrophobic field.

(A) (B)

E5 CoMSIA(A)S®MK7 (B)ERZHIZETE
Fig.5 CoMSIA stdev*coeff hydrogen bond donor (A )and hydrogen bond acceptor (B)contour maps

24 ALR2MFIFIEZEHEESER KRS 3D-QSAR BILEE

F1 &l 6A 11 6B 7, N-3 {57 B 1) £ FR 5% 55 52 AR (A3 PR A S Ak F 5% 35 Tyrd8 \His110 . Trp111 I Nap318 41
IR P2 A s AR G H DT IC , 33X 55 i CoMF A 578 7 4 475 46 e (8] v /N BRI €2, DX 358 A 1 235 SR AH — 30, /)
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