)
EF0E 5 2L 4

, %516 % 453 ] 2021 46 /]
Eco-Environmental . .
Knowledge Web Asian Journal of Ecotoxicology Vol. 16, No.3 Jun. 2021

DOI: 10.7524/AJE.1673-5897.20200208001
I AR, AR, 55 A YRBETEERY CoOFMA BR[N], AR A TEHAR 2021, 16(3): 340-346
Feng H, Shi C L, Li J, et al. COMFA study on polar narcosis toxicity of phenols [J]. Asian Journal of Ecotoxicology, 2021, 16(3): 340-346 (in Chinese)

ALY REESER CoFMA 3%

hE&, Gh®L, FE, Ak, KB

N TAEFREMAELTFER, %N 221018
%5 H 88 :2020-02-08 = A HHA:2020-04-27

FE . 83T T J155 50 B )5 2 (CoMFA) ST B 25 Ak B4 % BLIE DU B Ao bl ke SRR I M (p T ) = 240 58 S 285 4 -0 P AH X 3 D-
QSAREEMY | FETIIZRE 41 MEA W T BN 10 MU A WVE RN BAERE(E BRI T) . IIZRAER CoMFA BRI 7R 37
TR e X RIS ME ST R 53.9% F146.1% ., HAg RAEAR X REU(RS, ) M 0.735, B35 R UEHIE R BU(R ) N 0971,
XTYNZRAR AR A 1b A PRI B AT 0 , S s R o A R PERD A (R T 8 7 . AR 4R CoMFA #5878 (1) 37 44437 Fi
LY = A S AR 0T A0 HE R IR I) L 5 A IMRFRIE AT, L B4R X A B v JE A, A R T o s S A A 4 0 PR IR
e, BT R T 7 M EAATE S REEE R LS Y, B R ) B AR SR IR

SRR RS AE Y s AR DU R s MR BE35E 5 LU AT 134 40 i
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CoMFA Study on Polar Narcosis Toxicity of Phenols
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Abstract: The polar narcosis toxicity (p7) of phenols against Tetrahymena pyriformis was applied to 3D-QSAR
models by using the comparative molecular field analysis (CoMFA) method. The predicting model was established
based on the training set of 41 compounds, which was verified by the test set of 10 compounds (containing tem-
plate molecule). The results showed that the contributions of steric and electrostatic fields were 53.9% and 46.1%,
respectively. The coefficients of the cross-validation (R>,) and the non cross-validation (R*) were 0.735 and 0971,
respectively. The model were used to predict the activities of the compounds for the training set and the testing set.
The results indicated that the model had strong stability and good predictability. According to the three-dimensional
equipotential maps of the CoMFA model, it can be seen that the introduction of small-volume groups in the meta-
and para-positions of hydroxyl groups, as well as ortho-and para-negative groups, is conducive to improving the
anesthetic toxicity of phenolic derivatives. Based on the 3D-contour maps, seven phenols with higher polar narcosis
toxicity were designed; however, those are still needed to be verified by the experimental results.

Keywords: phenols; Tetrahymena pyriformis; polar narcosis toxicity; comparative molecular field analysis
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H TG B A 5T Z N, e B
PATIG= 05002 o AN S k= o v | S i B S S g 2
BCA Tk K s WL — 28 B s 21k EYE AR A
HA BLTE G, W NN A AP 7 A R i U
KL, X RS G B2 PE R B8O RF SR 2 5 A
i, TSR 16 A2t &Y 5t i
IR Q67 M, H7 3D-QSAR MY, 7 fiefd: 3 4y
(NI 3 5T, 28 IGTEAR X R EU(RS,)H 0.703
FEAE IAEAH G REU(R?) A 0.983 , R/ i PR 4
50 Pl & WX BUE DU R B ( Tetrahymena pyrifor-
mis)HPERRIERE PE (UL “p T7 R, B ST A H
AT 1 264 ADFERTT SR /N TUAR B ORAH G
(minimal redundancy maximal relevance, mRMR)-fi
B FH & & %0 (distance correlation, dCor) J5 ¥ (H]
mRMR-dCor J57%) #3732 4[] £ [7] )5 (support vector
regression, SVR)FEHAI Hoi -+ — oAy RS R
7 1% 2 (root mean square error, RMSE) KX Ky
0.941 0954 F10.159 , £ I R I pOFEME SHE 1,

Wy 5 7€ R F RO & (quantitative structure-activity
relationship, QSAR)®"HIF 5% 3 L im i FH i 11 4A A 4%
FhgETt o3 i TR #5 T G R4 5 H A1)
TEPE () AN B 3% M | A 3 PR A B0 P 5 Z T Y
BeE &R DL B A A 1 0 AR DG BT s IR 53
TP AR 7R WO ZS F8 XF Ak & W 25 Tl 2 0 M 52
M), I AT BE A AE FHPLEE . QSAR 5T 75 vk H A
WA e =g RO &, B 2DBD-QSAR,

1E 3D-QSAR H 352 1988 4E Crameretal 42 H 1) [
B4y 11353 Bk (comparative molecular field anal-
ysis, COMFA)""™" | CoMFA )37 JELAE 238 53 /0 #r
B o T TR Y = 4 25 0] (%) 7 i 3 R ST AR 3 72 Ao
FALB WS- T PEOC R | H8 7R 5 Ak i 1 1Y)
B, b — B R0OC 2 BT 50 S A ROm g iz e
TR LR e T R SR AT

ASCHEET CoMFA J7 A58 ik 50 Fli 251k
BRI DU R R PR I P p T I — 4EA 2L
KFR Yl A 7R 52 e JBR R P PR 25 4 B AT 8 R A
TV DU S HORRFRALER , 5831 7 BRI T35 1 B s 11
R

1 ##EKIE ( Data source)

50 Fi 2 A5 o BT DU R HLUAY 50% Az A
HlH B, L “1C,, " Fom, B4 mmol - L™, ARFED)
PRAGA B Al Rk 2 ST RS 2 o e R =2 R
XEOCHR, HI, 4.

p7=-log(ICs,) 1)
p T I EAREE S T3 1 P,

2  #E##%77% (Modeling method)

K H Tripos 2\ FIEGHT 1 78 F AR Sybylx2.1.1
ST B AT A A X6 AL D B R RR 3 P 1Y) CoMFA
B . CoMFA J7 ¥k I SR SL 259 5y F I A
TEPECIROM G, AR YE A 380 VT FC ALK A6 G 9
NFTUES.

R 1 BEAE YRR AR AR B S 1 A SRR E AN TR (E

Table 1 The experimental and predicted polar narcosis toxicity (p7) values of phenols to Tetrahymena pyriformis

¥

C[E

e tacy?]

No. Phenolic compounds PTep B Pl
1 #% Phenol -0431 -0.194
2 Xf-Hfy p-cresol -0.192 -0.175
3 [8]-FF B m-cresol -0.062 -0.067
4% 2,5-_H 1 2,5-dimethylphenol 0.009 0301
5 3-F 3-fluorophenol 0.017 0.029
6 3,5-_H B 3,5-dimethylphenol 0.113 0241
7 2,3- W2 W 2,3-xylenol 0.122 0.130
8 34-—H )} 3 4-dimethylphenol 0.122 0234
9* 24-—"H 1 2 4-dimethylphenol 0.128 -0.078
10 2-Z. 1 2-ethylphenol 0.176 0.184
11 2-9i} 2-fluorophenol 0248 0.179
12 2-5 M 2-chlorophenol 0277 0.180
13 3-Z M 3-ethylphenol 0299 0280




342 £ 0F # M ¥ H16 %
gk
75 AL A T P T
No. Phenolic compounds or .
14 2,6- Al 2,6-dichlorophenol 0.396 0.632
15 34.,5-=H iy 3.4,5-trimethylphenol 0418 0437
16* 4-51 4-fluorophenol 0473 0.791
17 4-5¢ N} 4-isopropylphenol 0473 0.494
18 2-1 W} 2-bromophenol 0.504 0277
19 4-5 1 4-chlorophenol 0.545 0.664
20%* 3-S5 7N 3-isopropylphenol 0.609 0.180
21 2-5-5-H [} 2-chloro-5-methylphenol 0.640 0.609
22 4-1 1} 4-bromophenol 0.681 0.639
23 4-54-2-5 B} 4-chloro-2-methylphenol 0.700 0.752
24 3-8 T B 3-tert-butylphenol 0.730 0.764
25 4-54.-3-H [} 4-chloro-3-methylphenol 0.795 0.781
26 2-5 N 2-isopropylphenol 0.803 0.829
27% 3-%-4-F ) 3-chloro-4-fluorophenol 0.842 0.887
28 4-flLf} 4-iodophenol 0.854 0.661
29 4-$UT Wi 4-tert-butylphenol 0913 0.941
30 23,5-=H M} 2,3,5-trimethylphenol 0930 0.865
31 24-— /Al 2 4-dichlorophenol 1.036 1.123
32 244 2-phenylphenol 1094 0895
33% 3-fiftf 3-iodophenol 1.118 0.658
34 2,5-— Al 2,5-dichlorophenol 1.128 1.084
35 4-4-3,5-—H [ 4-chloro-3,5-dimethylphenol 1203 1.056
36 2-80T -4,6-—H B 2-tert-butyl-4,6-dimethylphenol 1245 1.305
37* 2 3-8 2 ,3-dichlorophenol 1271 1613
38 4-R-6-5-2-H W} 4-bromo-6-chloro-2-methylphenol 1277 1323
39 4-78-2,6- [} 4-bromo-2,6-dimethylphenol 1278 1339
40 2-80 T -4-H ) 2-tert-butyl-4-methylphenol 1297 1327
41 2.4-" IR 2.4-dibromophenol 1403 1270
42 3,5- Al 3,5-dichlorophenol 1562 1.547
43%* 24.6-=4 2 4 6-trichlorophenol 1.695 1.529
44 4-7R-2,6-— 5 W} 4-bromo-2,6-dichlorophenol 1.779 1.507
45 2,6-_UT -4-H By 2,6-di-tert-butyl-4-methylphenol 1.788 1.744
46 4-5-2-5 7 -5-H B} 4-chloro-2-isopropyl-5-methylphenol 1.862 1.815
47 2.4,6-=181 2 4,6-tribromophenol 2.050 2.061
48 2.4,5-=F& W 2.4,5-trichlorophenol 2.100 2.194
49* 2,6-— kKM 2,6-diphenylphenol 2.113 1.820
50 2. 4-JR-6-7KFE B 2.4-dibromo-6-phenylphenol 2207 2423
51* 2,6~ H-4-F 1 2.,6-diphenyl-4-fluoro-phenol 2.824
52% 2,6-—K3-4- 1 2.,6-diphenyl-4-chloro-phenol 2.708
53% 2,6- " H-4-J8 T 2,6-diphenyl-4-bromo-phenol 2.681
54% 2,6-_7F-34- IR} 2,6-diphenyl-34-dibromo-phenol 3.625
55% 23 4-={R-6-ZEFEW) 2,3 4-tribromo-6-phenylphenol 3294
56%* 2.4-R-6-(3 A4- T IRAFE)E} 2 4-dibromo-6-(3 4-dibromo-phenyl)phenol 2517
57% 2 4-Zfil H-6-7E K 2 4-dinitro-6-phenylphenol 3.066

B RN B p T, FREIH, p T,y FNTHHHAL

Note: *indicates the compounds that were selected as test set; p T,

Xp

represents the experimental value, and p T,

al

represents the calculated value.
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2.1 (LAWK ZIHE X TFE6

K H Sybylx2.1.1 341 1) Sketch molecule £
Pukgst 57 AW 2845y F P16 — e 2540, SR 5 38 i
Minimize &5, ¥ X Tripos 71 3% #4701k, H far by
Gasteiger-Huckel 7, 1 fie K% A UK E  (Max. Tterations)
SEA 1000 KSR LN 021 KT -mol ™ »nm™, LA
IXT FRM AT AW i T 1A A5 3B
AT AR 4, LI 259 o+ 1 T e
%, B E  IF LA 7+ B B R 4
2.2 HFERG

FEMLIEE 4 9 .16 20 27 33 37 43 49 50 FHT
W 7 o3, 3817 D53 R IR SE (test set;
H 50 SRR 4 ), R 41 A FAE RN ER
(training set, AR 71 1), 7 CoMFA BF5Eh i i
A YIS PRI K B 43 VR A &6 LU A,
AT o AWEIEH L 50 540 % B DU R
PR SRR PR3 P Je ok, RS o 1. BT IR F3REA I
B a2, RIDAA LB 280y Xof L B Rl i & G 7k
B ASE L G A o F R EA N EA S &
BT EERE . WAL G Y N B QLRI B A R
Wy, iz F Align database £33 43 51 %F Y1l 2k 45 I 38
R e JEE) 5 WA 25 S5 /N 14 D D B SR B i 4T S
G UARIEFr A7 o By 09— 2obE o U4 ik
EHEEEWME 1 PR, BTS84+ 50 1R
T W4
2.3 #IZRAER) CoMFA A7

HE &G 41 NN F a2
YRR 1% PE B CoMFA #7 R H Tripos #5 i 71
Yy, % & G 0 JR B A WA 45 A5 i 37 AR ) (ster-
ic, S) M i Hi, 37 (electrostatic, B)F LI, 3768 B {H
(cut off {H)i% M 1255 kJ-mol™, AR WS 1
RGP, T UINZRAE 531 3R 50 b g A RR B35 7F
pT 5, B SCHEAT I B /> — 9 15 (partial least squares,
PLS)/#r., BIR H & — 5Bk ik (leave-one-out, LOO)
T LA RAE, LLAE R, A tE £ BN, 1
QSAR Z3#rHh  AGE TR AT R, M et 55 750 (1% 751 U
J1o Y Ry >0.5 B, BT sp B R AE 5% i #KF I
A GRS AL A ST et <5 % (AT AT
JE>95% )2 At AE 22 SR UE SR AT [ 4 B, A5 3
R, — Al R >09 MBI EAT RAFIILA R,
AR ELE 7R T 5200 2R P06 1 90% DL b iy 2544 A
2, HIK, Gty 2 (AW i QSAR 54 i 3
KR ST bR . 7380 FEAS L (B) B FE A 75 1 5 A8

R, W HDR i QSAR BRI, — Bk
o, R B=5 WRRL A BA G E X AR gk
LR SR E 5 R ] View CoMFA ik,
GEIALS TR G R R S S I BN Se et
PG W B0 SR 7 0 L S 08 PRI T35 1P ) BT K

3 #ZR 541718 (Results and discussion)
3.1 YIZEAER CoMFA #5950 K Ji A6 36

YIIZR4E T # CoMFA ) 3D-QSAR 5 7l. N=8,
R, =0.735>0.5 , it AR5 HoAT et i B RE . ik
S R =0.971, bR UEMR 22 (S,) M 0.126 . F 2h 135.493
(TE 95% E KT, H FIli SHEUN Fp6(8,32)=
2.25), Bk HRUE IR AT AT AR DGR SRR
SEVE, R IZ AR 4 W I 28 A B Al a4 A
WMERI R 1 0 p T, , SAHN LI (AL A W) &,
TR EA RAFHTINGE J1 . 5 X0/ NI 552 B4
RS A LA L. ()8 Bem , A B=5.1,
BR[210) B=40/12=33, 0] WL3CHR2 )T @Rl i e it
B TR, AR R A A S R
Sy M FHRF k2],
3.2 YRR AT

JETF CoMFA HIUA 2 (1) ) 37 2 50 5 S5 R o
SRR GRS AR | 3 1 DX, DT
Wl £k 5 W03 P Y 53§ A A R R S A & TS PR 1Y) 3 F
PLERAE A R R
3.2.1 RSP ST AR 5 S A

CoMFA AU 37 (A FH 43 A 13 A 3 (1
DX SR €0 DX 3k, Herp | 2 68 DX s i X 35 [ AR
FRESK AT B THE = Ak & m i 1, B IX
SR F R Z XI5 | AR/ N1 35 P 2 Ak 50 143 1
g, DIEG Y 50 AR 7 0y = 4 57 AR 37 55
KNP 2(a) BT 7, B (0 DX ek 3 340 B2 IR 1Y 3.4,5-
DF, FEXEEA] 3% A KR BUIE AT, Kl SRR I 3% 14
K, HEASEXI, fln, a9 17 il 26 BRI
UL N SR EE H 26 1 p T10.803) ] i KT 17
1) pTWOAT3), &R 17 1 5 N AL T o (o DX I,
3.2.2  JRRERIE PR S S E

K 2(b) AR 5> 50 JE I il 3 0 A, W 6
FORTEZ X I KL A 1E B A R AL A s v
PR, A DX e 7R 5 S B7 L Ar 1) B PTG T 1
AF, LI BRI 1,2,4,6-07, il €4 X,
fE 4500 b, R, 2.4,6-fF0F 5 ST, 4,5-07 |
T SRl AEH R RGP folan  fb A 43
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%16 &

El1 ilgeE(a) FAMRE (D) WESHE
Fig. 1 3D view of all the aligned molecules in training set (a) and test set (b)

(a)

(b)

2 CoMFA =B SI{KS (a) FIFRHEIA (D) FHE
Fig. 2 CoMFA contour maps of (a) steric field and (b) electrostatic field

48 ¥k 3 AU, KB 43 A 2.4,6-A BT,
47 LRI TR IEHL T 48 O 2.4,5- Ut B A 4,
S FBRIETAR IEHL #5148 19 pT(2.100) A B K F
43 1 pT(1.695),
3.3 srfit

QSAR BFFEHY H 1 Z — R AR PR AR 3 1 e 1 1
O3 T2 FZ AR 0 T et o TG . B aT
37 RN L ) — AR SE A AT S0 AEFR A 1] X b
A /IMARTREEIA, DA K AR XA B L AT
SRBRIRIGME . PRt 73 BITE R LY 3 4-fi5| Af
HPH—F —NO, —Cl F1—Br &£ M, &+ 717 7 1
EWEE T Pk a 51 ~ 5T AMREE . il
£E11) CoMFA BLARL, 25 HiX 7 Ak A 40 A 1000 JRR e
WEPEGER 1 1Y p T, BIL TR 73+ 50 MM 1R Rk 1
(P T, >2423), X EE0 AW 04 S0 JRR et 1 AT
BB ATERE A YR 46 1) CoMFA #E R A R 4T
PITIINRE ST, SR A A S0 50 T LASRIE

L5 Lk AR R

(1)K CoMFA J5 b5 By 25407 A R AU I
OB EEL )RR 3 1, LI 2R 4 CoMFA BRI RS R
0.735,R* 0971, B/~ RUF LA 1 B rEmp
FRTUINEE Sy, AR A T T SR

Q@)WIZkSE CoMFA #EAIZS N7 AR % p T 1) 5T
BREEAN 53.9% , KT 46.1% M TTRR L3
TR Y e b — A 5 B8 R 5 e i 2T AR )
X ALFE DU S ER BRI T P ) 32 B R 3 A 1) X7
A AIMAFRIEI | LU AR K A 7 R P A

CKAEINZREE CoMFA FiRL (1) — 4k S 34 E 111
7 AN B RPN P 5y 7, A R R B 2 S
T LARHIE

BIEEE N B K E0954—), B, #%48 MEAFW, 2
BRI 6 R B b 38 # CoMFA % %5 3% 5% 3 6 BT 5040 i
Mz ERE,
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