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PRIERA X 3 T 12 B i v B BB, o 2 Fho e S B 10 A S B M B AT 7 ik il 45 5 — 3, DPRA
XA A B EU SRR (R T T | BRERAS SR TC Ik H 5 A, oAy 6 R B IR BRI 5T, h-CLAT 0 B
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[ Abstract] Objective To establish a detection method integrating DPRA ( direct peptide reactivity assay) with h-
CLAT (human cell line activation test) to screen the skin sensitization potency of chemicals and plant extracts. Methods
12 chemicals and 7 plant extracts were chosen as the test substances. Firstly, the test substances were incubated together
with two different peptides ( cysteine and lysine) respectively for reaction for 24 h. The peptide consumptions were analyzed
by HPLC. Simultaneously, THP-1 cells were cultured in vitro and then exposed to different concentrations of test sub-
stances for 24 h to examine the cell viability, cell surface markers CD54 and CD86 were assessed by flow cytometry. The
predicting results were compared further between DPRA and h-CLAT. Results 12 chemicals were distinguished correctly
by DPRA classified as 2 non-sensitizers and 10 sensitizers. The results of DPRA were in accordance with h-CLAT. Predic-
ting the sensitization potency of plant extracts by DPRA showed that 6 plant extracts were determined as suspected sensiti-

zers except for green tea extract. But using the method of h-CLAT, 4 plant extracts were examined as suspected sensitizers
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except for green tea extract, herba portulacae extract and ginseng fruit extract. The coherence of DPRA and h-CLAT was

0.57. Conclusion

This detection method integrating DPRA with h-CLAT can predict single compound accurately. As for

complex compound, it can achieve preliminary prediction and need other integrating methods to make a further identifica-

tion.
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o RO b B2 % (allergic contact dermatitis,
ACD) J& Bz Ik 5 52 5 fi B Ao S L) o 7 A 1) S92 4
SR BZJRSNE , ACD 8 5 | SR A B JER AR L i
Ak R, e B AR T R R, A
A7 B JRECRAN 1, LA Ao i | H AR i R A R
PR At it AU, BT A4k R0 B VAN TR DA
27 ) e R BB A% 8 7 v A B /N By
REZ5X 5 (local lymph node assay, LLNA) . T
(GRS P IRRAL S | R S PSS f A S R EIE /b
5, PR AR Sl S 56 T 2k B A9 e R0 H I A5 G H
20 S —J51 21 48 # IR ( Toxicity Testing
in the 21 Century, TT21C) PR F AR 5 1 21 218
BN AT R B2 RO A B9, 25T 4 R T A
2 J&y 8 % ( adverse outcome pathway, AOP) A9 4
B KB AOP E i, H o TRt
HNIEW BT 5 R IR AR 1 I 25 5 8 i B B A
B2 A ALK 08 S S = B AR J5T 40 i 8 R S
FUR SR AL TTG . oI, 15 A A SR 40 1 i
B 2R BRIk Bl B BB 2 DU AL S W e = IR Y
T WRELAHHE , e 2 BOCAZ T 240 Ml Y 38 58 Fh 534k 5%
—HBUKF ST I A LR o 21 B RO
VIt E A B BE, 3 ACD WA ELS R, HT%
AOP HEHREE T (1) B 3% 2 Ik 45 A1 5 ( direct peptide
reactivity assay, DPRA) , fi Fi 4 il ARE-Nif2 Z¢ 6 %K
ARSI 77 75 ( KeratinoSens™ ) A1 A 41 g 2R 36 4k 12 56
(human cell line activation test, h-CLAT) & F-¥1 W 4E
# OECD AT Az )y i o

SRR B AT 1 FBEEEXT AOP i
AR B A R L PN 5 3 B — O AR AE R R
P, H TR A% B AT BRI TR LLNA 3%, Rk, 2%
BT Z RO R A SRR LA b e — vk Y
AT — W B BAR AR S T
PO A SR A T IR A TR
BB A R HGE S R BRI B T R AR
R SRBCT 2 AR 52 2 A Al it 0 L FL AT 30
PE R SRR R4 & IO A HERA Pk . ABIF 9T 22

X7 DPRA HI h-CLAT W Rh 7 B i i A&,
T — Ak 2E SR 22 B ECRE T, R
RITIELLA L B AT XA 4 R 6 2 4 R4
et 2% |

1 MRS

1.1 ##
111 iR
NT G W2 Bk F e 2 82 K ( Ac-RFAACAA-
COOH) (4l BEh 90% ~ 95% ) i1 %2 % Ak ( Ac-
RFAAKAA-COOH) (44 90% ~95% ) , WA F )~ M
TR R AR, CIE ek, =/
M2 (TFA) (BAR — 2 B4 (NaH, PO, - H,0) | BAFR A —
#1(Na,HPO, - 7H,0) | LIR%E: \Z K M Hrdli,
RPMH1640 15723 a4 13E (FBS) \B-3i%k
B 4-F ORI CRETR &R B R AT
BA(DMSO) 4= 1ML s F 25 FH (BSA) 3416 [ Sigma 2
A5 R R BK AR 1 BH B R 7-2 R R TR D
(7TAAD) (FITC FRic B/ B 5 5 B CD86 HiL {4 | PE
FRiC /N BLBR 72 [ CD54 LA . FITC FrR i /9 /) B
IgG1 \PE #riciY/N L IgG1 ¥ F BD 22w,
1 1.2 FRuEdy B A s o

PIHERE R O B FIRNTR BRI AR 2,
A-TREFEGUR I 2 ,3-T i, ¥ H Sigma 2
GRS PR TR CY/ I e i) T E7/INe 2 553 1
Yy FRE FSEICY) | A g S I | B4 BT 4 SRy A
LRI A R A 2w AN
1.1.3 {4

B RO AH 3% L ( Waters Alliance 2695) | &1
#: ( Agilent Zorbax SB-C18 2. 1 mm x 100 mm x 3.5
micron) fRYFE Phenomenex C18 2.0 mm x 100 mm
X 3 micron) ,%?ﬂi{(@ﬁﬂﬁiﬁ((ﬂlermo Scientific) | 7t
AN (EE BD) .
L2 Fik
1.2.1 DPRA Jii&
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(1) 32k b 3

ZRYIEIR R ONE . AR, T2 T
K1 KA IEIR AW SN EE IR 1 TR R 2
RGBSR T 300 pl —HAEAR, 2700 pl &
RS BUE AT 1500 wL —HEA, 1500 pL 20
FiiRE BRI AN 58 42 I ik s i) SR FHRR 5 A B B 1) <
1 min,

(2) FE WL )

fic kil 100 mmol/L pH 7.5 A B IR 9% P 5 B
il 100 mmol/L pH 10. 2 Y Z R % %5 W ; HPLC i 3h
A A M (1.0 mL TFA JILA 1 L 3K AH ) F1 B
AH(0. 85 mL TFA LA 1 L kg ZNiEH) .

(3) ZRkAbH

Fid i 0. 667 mmol/L F¢) i 22 2 BRI & . FRHEL 15
mg 2R K I T 28. 96 mL 3R Z R & ¥ v v 5 e

il 0. 667 mmol/L Y- bt 2 W2 AR WE - FREX 15 mg >
e R IR T 29. 90 mL FiRBERRZE vhin Wt .

(4) brdfE b3

P B E 1 . 8 mL LFRELZZE vhi A1 8 mL WA
B, A IMA 2 mL 2, 54014, B
10 mLFf B 22 M, A o BF W BC 1 B 1600 mL
0. 667 mmol/L Z RRE WA 400 pL &g ; H Lik
XN ) s R K b v BE R L T AR 0, 0. 0167
0. 0334 .0. 0667 ,0. 1335 .0. 267 .0. 534 mmol/L AY#F
HE RO T2 H bR e R 4R

(5) 75 FIXf IR JLPEMiAAR R SFE iR R

UL mL FFEfRAE T, #8 1 m AGH], 2%
RA), i af a3 e, & T HPLC MEFESR,
W, 25CHE 24 h, FE& T RN 24 h 5 IR
HPLC 43#7 .

R PO JEURIAR R SR i R AR R

Tab.1 Preparation of reference control, co-elution and samples

1:10 Hefi 2 paaig ik

1: 10 ratio, Cysteine peptide

0.5 mmol/L ZJIk,5 mmol/L Zik¥)

0.5 mmol/L peptide, 5 mmol/L test chemical

1:50 Lofd] f s AR ik

1:50 ratio, Lysine peptide

0.5 mmol/L £ ik ,25 mmol/L Zik¥y

0.5 mmol/L peptide, 25 mmol/L test chemical

750 L 2 E RV T (PR IR pH 7. 5 BEEREE S v

750 nL Cysteine peptide solution (or pH 7.5 phosphate buffer for co-elution controls)

200 pL ZJ5
200 pL Acetonitrile
50 pL 32 IR (25 0 BRI AR

50 L Test chemical solution (or solvent for reference controls)

750wl B PRI (SRR B AT pH 10, 2 2R B % viik)

750 pL Lysine peptide solution (or pH10.2 ammonium acetate
buffer for co-elution controls)

250 wL SZ IR (25 O BRI AR

250 L Test chemical solution (or solvent for reference
controls )

(6)HPLC &1

FH 50% st A Fl 50% Ji shAf B - (o 1% 4
/02 h, Hi 30°C, Wik 0. 35 mL/min, B E PR
S AE R R R 0. 35 mL/min, ZJEHLEEFE 10 min N
M 10% F T3] 25% , 7F 11 min B FF+ & 90% ,
13.5 minff T %E 10% ; #H)2, KB BEFE 10 min N
M 90% FIEE 75% ,#F 11 min B FFEZE 10% ,13.5
min I _ETFZE 90% , 75 20 min BF45ER

(7) Bt b 3

FIAH HPLC 15 31 (% B 1 1 J 0 g 1 AR 2% 1 H 5
ZIRITHEBR A, WHERAR = [1 - (2 K i 0 T
BUZS XTI C M2 IRIETHRFL) 1 x 100%

(8) T AR 7Y

DPRA FINAL B ANT . 4 32 1) A 55 W Fof ik
ALY LR T35 A BRI B R A 34, 0% =1
BIE =6.38% , O Fe B o Ik 5 55 , AR S ;
6.38% < FEHMH =22.62% .22.62% < FH{H =
42.47% 42.47% < FHHE=100% , ¥ WY, K
I 2 o 1| oK (AN R = e w7 U YEST AN i1

AR DU 2 e 2008 A 9 B R R 1 7 H W, 0% =
TFE=13.89% , i # FE h J s 55, S AR Bl
¥1;13.89% < FHI{H =23.09% .23.09% < FHI{H
=98.24% 98.24% < F-¥E=100% , ¥4 RBHY),
BN AREE S AR b w42 S ER F
e 2R ¥ e A e, Wiz ) o e i K
1.2.2 h-CLAT J7¥

(1) dAf ks

FH 10% FBS f RPMI-1640 40 it 3% 37 0 A0
i g% THP-1 400, PR F5 40 M2 77 RS, — IR 2 5 4
Mife A 2 A, BAZAIRECABERE L 30 ¥, 48
i85 B AE 516 (0.1 ~0.8) x10°/mlL,

(2) ik F LA 2R DMSO FIAEFIERK

(3) Va2 A4t L A ARG 000 48 L 5

FEEEFRIY TPH-1 00250 F 2 B3, T 6 58
SRR FRILE BN, W 2 x 10°/mL, W H500 WL
R 2 24 FLANAEIG TR T, REFP 324 D
i 8 AN B, R UR EEAH 22 WA B 2, B AL M
500 L, BRI BT 3 A P17, B TERATINE
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24 h, SRJEHE 2R E R AR N 24 FLAR A 5586 &2
XTI EP A, 850 DUTE 40 i, 3 B3 RS F FACS
M (PBS +0. 1% BSA) 1 DEAR ML — W, FRIRE O
R, K FACS % i I il A R R B2 1 e sk (5
L 7AAD + 95 wL FACS ZZnhif) , 52 EP &N
100 pL, # i K= FYEH 10 min, B EP 45 4 B 40
MU FACS 22 i Uk 2 X, 5 500 pL FACS
ZEPR E AR A 5 mL A, — ik
F£ 10 000 20, =04k 1157 1650 (fif 50%
A BT A 0 32 R EE ) F CVTS (i 75% 4
FEEZ IR ) |

(4)CD86/CD54 FZ kK

FH R e A 2 24 fUMR, 2R W) 5 5R
IFABIRE CVT5 Rk B, 10 1. 2 AR LA 5 R
s AR, BRRSEEIE 3 A% IR, 43 DM-
SO Xf HEZH KRt B AN DNCB PHEXT BEZH , ¥
Be il i 32 3 e B 500 L in# 24 fLM, B TR 3%
FEWEE 24 h, W23 R 40 AN 24 FLAR 530 e
FEXI N EP F B, FEH FACS Z2 o
W (PBS + 0.1% BSA)WEUE—IK, B0 WA 4 A,
Bt J A FeR BELWT 501 oK 2500 2R 45 9 48 e 328 47 BHL
Wr, K5I AT 450 BE 2 3 A 1 mL EP 45
FE KL 3 x10° 440 fl, FITC-CD86 Bk PE-
CD54 HifAk 647 % B FITC-1gG1 1 PE-IgG1 . 7AAD
53 BRI B bR BH v FE EA T RO, RS EP A
HIA 50 WL S A PN FACS 8,2 ~ 8°C FRES
YLt 30 min, 5 FACS & Wil vk 2 Ik,
FH 500 wL FACS 28 Ml 2 4 IF A2 A 5 mL ik
AP a2 B SR I 2 A S )

(5) dhb 3

I 30 = 40 i AR A 0 0 1 A X 2 O i A
(RFI) i+ % A & AF FH W B2 (EC), FITC-CD86 H]
EC150,PE-CD54 JH] EC200, 43 PP AL BE .

e, Y B E H ERET e I B a5, W
e BAMARHER S — DR BB R A YRR RS AR T
WRIFIGERE T — AR EE S B B 25 MR EERY R
(A — YR EE R RFLAE 205 10% , &5 W2 =
ANVEBER) RFLH, HERFE KT 10% MFaiE

1) #7 A W) RFI KT 150 5 200, B ¥ /Y
RFI /T 150 B¢ 200, 0] .

150 — BRFT1
ECIS0 = By, +
i [(ARH = Byw) x (Aﬁllﬁ - Bifﬂﬁ)]
200 — BRFI
EC200 = By, +
i [(ARFI - BRFI) X <A?ﬂlﬁ - B?fllﬁ)]

2) 47 A WA B W E MY RFI ¥ K F 150 5
200,01,

150 - By,
EC150 = 2°{Log2(By,) + ———
5 : ARM - BHFI

[L0g2<A,3ﬂ]ﬁ) - L0g2<B?,<\J'E') 11
200 - Byy
EC200 = 2"{Log2(Byyu) + —=
5 e A — Bri

[LogQ(Ami) - LogQ(Bmﬁ) I

(6) T A5 7R

AP IE > 1C, B §2 T, 270 2 RS 45 2R
o 4T FITC-CD86 , #5 RFI . =150, %905 B
WY ; ¥ T PE-CD54, %7 RFI, ., =200, %Y F N
FEPESUS . B RFI . =150 F1( 2%) RFI ., =200,
TR A PR S
1.3 #ZitAE

Bl R A + dRifE 22 KR, >R SAS 9.4 &4
THERAF LB PR 5 i 25 R — 20k, BV Kappa {EL,

2 &R

2.1 EHETAHAKREBRER

23 BlE R 12 Fifksean b FLER AN T e Ak
TR B PRI 22 IR B TH BRI H I/ N T 6. 38% , AT
& ARSI ; oAt 10 Fh Ay 5okt 22 BRI B e 348
BIRT 6.38% , A HE A , SO SR AN,
2.2 DPRA 5 LLNA %35

FRAE B AR T 35 A 56 3 J5 ), 8 1k 2F W 5 R
DPRA 43285 LLNA 7R3 T IR W3R 2, 45 R
7N, VIR o R AR SR Y RO RS R A
Bk H] 100% , HUORHE 5328 0 i BUBUE Y 5T, A
B RS R B 4350l 60% (40% F1 60% ., 42
Giit b, —BHER R4S R WK, P > 0. 05, Kappa =
0.57, M) DPRA 73365 LLNA 738 HA —F,
2.3 DPRA 5 h-CLAT L%

h-CLAT 5255+ 10 F 4 it CD54 #1 CD86 # ik
SRR BoR LR AT RN A RFT (P,
CD86 /NT 150, CD54 /NT 200 ; kR RFIL (B,
CD86 /N 150,CD54 KT 200 ; HAh#) 5t RFT A 11
CD86 F1 CD54 K T 150 #1200, DPRA %% &
7, FLIR RN - ot Je it TR 8 X 19 o JO 174) T B3 >R 249 (L
BI/NT 6.38% , HoAth ) B 4 K T 6.38% . h-CLAT
55 DPRA fba s 3O 50 th e 36 3, 4481141
B, —E A IG 45 SR W, P > 0. 05, Kappa =1 , Vi B
h-CLAT 1 DPRA Fr iy 45 5 o8 e —3,
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&2 DPRA AR5 LLNA 73284
Tab.2 Comparison of DPRA prediction model and LLNA class

T N N .
: By ) SEBCT BEIE) Sy e e
F5 1 Method Non- i Sensitizer Sensitizer Sensitizer Sensitivit Specificit A
on-sensitizer (Low) ( Moderate) ( High) ensitivity pecificity ceuracy
(No or minimal )
J& Non-sensitizer 2 0 0 0 100 100 100
i) (1) 0 1 0 1 50 50 50
Sensitizer (weak )
ﬁ(ﬁi%( 1) 0 1 0 2 0 0 0
Sensitizer ( moderate)
e (iR )
Sensitizer 0 0 2 3 60 40 60
(strong, extreme)
%3 h-CLAT il DPRA 45 Hu 4z
Tab.3 Comparison of h-CLAT and DPRA
h-CLAT/ pg/mL DPRA/%
. EMER  OBER R
4 Y s 3% T4 3 Bt zE
Chemicals 1Cs, CVys EC150 EC200 i iH lz/ﬁ}: H [;/tz HHH Zif
: Results Cysteine Lysine Average Results
depletion depletion depletion
] WA . . 4001. 10 £ 3010. 08 = 1.92 + 0.23 + 1.07 =
FLBR Lactic acid 120.34  120.29 <150 <200 N 0.13 0.15 0.13 N
bR R AR 78.15 + 60. 55 = 6.61 + 5.17 5.90 +
Sodium lauryl sulfate(SLS)  2.49 3.49 <130 <200 N 1.5 1.15 1.31 N
PR IE 487.59 = 384 + 19. 56 + 12.22 + P 82.95+  56.64 = 69.7 = P
Cinnamaldehyde 10. 29 15.93 8.79 5.78 12. 42 9.71 11. 02
PR 39.46 + 27.2+ 22.30 + 12.56 + P 24. 46 + 12.92 + 18.69 = P
Citral 1.09 3.49 1.28 3.49 4.28 2. 64 0. 87
T & 429.09 +  310.11 = 160.75 + 140. 11 = p 31.98 + 9.99 + 20.99 + p
Eugenol 12.98 10. 21 5.99 15. 89 2.89 1.26 1.52
R 39.00 + 20.2 + 12.4 + 21.08 + P 96.97 £ 52.88 74.93 + P
Phenylacetaldehyde 2.09 4.56 0.34 1.28 3.37 9.11 5.19
BT IR A 378.22+  131.09+  108.67+  109.02 = P 30.34 = 34.88 = 32.61 = P
Propyl gallate 17. 65 8.78 12. 11 17.22 1.70 8. 08 2.27
TSR R T 875.34 = 702.12 + 280. 40 = P 96.77 £ 55.81 = 74.81 = P
Maleic anhydride 29.09 14. 09 13.33 3.42 5.52 4.73
EN 4.33 + 6.37 = 5.5+ 3.78 = P 84.44 + 93.71 89.08 = P
Benzoquinone 0.98 0.91 1.67 0.98 3.88 3.76 3.41
2,4-HHHER 9.89 + 6.54 + 2.89 + 2.12+ P 100.00 +  21.33 + 60. 67 + P
2 ,4-Dinitrochlorobenzene 0. 87 1.23 1. 15 0.94 0.00 1.93 0.96
W — SR TCEITR, NLBIE; P,
Note. — the result cannot be calculated. N negative; P positive

2.4 DPRA 70 h-CLAT #ill#& #1124

DPRA BX4 h-CLAT X 7 FlAe 47 $2 B4 1) 25 e
PERGIZE 026 4, DPRA 2645 R R 0, G A5 4RH
Y H T 5 2 e 2 R K A= e Mot BT Ik T 12 0% LT
BRABIEIA T AW, o 6 R E2 Xt
PAA KA BRI (E I KT 6. 38% , AT H) 2 S Bl

Yy, Ho ) 2SR EC Y X T AR BRI BR R Y (H 1k
96.29% , B AL SR . h-CLAT SCHa45 R FE W] | sk
ARPEY) | 1 L O AN S AR U A R S
Yy, Hox 4 FRED S A B . &80, —
K IR A R W, P >0. 05, Kappa =0. 57, 58 h-
CLAT 1 DPRA il 25 R EEA —F
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=4 YR DPRA 1 h-CLAT #6545

Tab.4 DPRA and h-CLAT detection results of the plant extracts
h-CLAT/ pwg/mL DPRA/ %
Szl A7 g = e Vi [64s 32
R " PR AR THER%
~ i [ 3% 542 3% 4] ok
Plant extracts 1Cs0 CVis EC150 £C200 i i I§%$ i |§,%$_ A EAR
Result Cysteine Lysine Average Result
depletion depletion depletion
RNy AR 08 + + + LN+ +
R 97.08 + 78.% + <15 <0 N 28+ 9% + 6.09 + N
Herba portulacae extract 23.45 9.9 011 0.8 023
ASH) 012z 4.3+ 14.47 + 418+ 2.8+
Ginseng fruit extract 455 3% <10 <10 N 454 0.8 0.4 P
BUHHEE) 18.34 + 160.22 + 8.63 + 5711+ P 034+ 7.08+ 48.81 + P
Hamamelis mollis Oliver extract 39.33 30.28 4.5 16.39 12.33 234 9.68
ESR ] 4018+ BT+ 19.40 + - P 6491 + 8.67+ M+ P
Angelica sinensis extract 354 819 5.55 5.0 11.88 821
pasi
< tu/\ﬁle , 9.13 + 8.19 = 4.04 + . 9.11+  96.47+  96.29 =+ b
Do g hacedlenss 0.98 112 0.11 7.99 9.09 8.96
Georgi extract
TS B 90.09 +  45.55+ 35.69 = 55.54 = P 99.96 + 37.88 = 68.92 + P
Centella extract 10.23 2.33 12. 34 15.07 2.90 1.43 3.04
LA HE) 109.01 +  99.45= 71.55 +
Green tea extract 11.20 14. 43 <130 <200 N e 1.09 - /
W PRI S ZOR A LE N, — SR TCIRIEE, /TR, N B PR
Note: ** ; Plant extract co-elute with peptide. —: Result cannot be calculated. /:Cannot be judged. N: Negative; P: Positive

3 itig

FZ R B AOP 38 2 o TR Ih = | G A
HURGFLE R ES R A S, DPRA F2AEXT
AOP i 05—, RIY 98 18 Bz Ik e 5 R Tk 3
LA RS0 RS 3 B R 2 B0k 2 SO R (2
o) #OE SRR, BB S R AR PO A
JINE o R T T Ik 2 R R R 2 R R
FhZ Bk, 8 A2 Y B 5 2 AL, R s 30 A
SIHTEERIN 22 IRV FE . B UERT TR B, 5 LLNA
EHLHILL, DPRA (9 W0 f50R% M ol 80% |, o 514
77% ' UL ET T A= 000 0 . AR T A T
TERHEREN 12 P h W i, %) 2 ARSI M
10 PR SE BLIE B0 IX 4, B R AE N BT T
DPRA /%,

h-CLAT J5 ¥k F 4% AOP i & (55 — 4 H)
AMIREUE 5 A SR AN A S 117 56 B A i A
FEI Sk 40 B TERRAE BRI LU R A SR
B, 5 LLNA 255 AH G, h-CLAT HAUSME N 93% 4%
SR 66% 0, AT I TALA 9 (v 0, ASHFAE
T 12 S A e, xf 2 FRaE S 10
PR S AE 0 X 43, FE—25 N7 T I FH P AR A
AN TR 22 Y T BE T

TERE LI 0 T 2 e R v v A B SR

AAT M fEFERE, anfrie T2 — A A s
(AR T 1 FH T 52 4 2 104 00 2 2 A v IO P ik
TR IR, 17 2223 22l A A 0 h-
CLAT-DPRA-DEREK % & i 1% % #%'"', DPRA-
hCLAT 4 RS R-hCLAT 04 B HLE 745
FaJ 3% P % & ( quantitative structure-activity relation-
ship, QSAR)-DPRA 414 | Ul [CALALZE ) X F i
—b5 Y, REACH I A It AOP B E A 1
=2 AN SR RO A2 AT SCRORUBS AR AN
T B FE T H A S R SR

ARWF5E 2K H 7 DPRA 1 h-CLAT 44 Ay fiij 84
A AR, 3% 7 FiRe ) B B A SRR R AT R
M DPRA 455 B B T G 2545 B I pe 15 31 0 2
Z A, FoAh R AR ) B U YA A R AR B Y BOROE
h-CLAT 45538 SR BRERASFE Y | S 14 T L LY AN
SRR AR S, oA 4 FiE Y B U S B
By, Lo iR BRI EE RN
WA, e — MR A, B SURER™
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