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Abstract: Biological half-life (#,) of chemicals is a key parameter for assessing bioaccumulation of xenobiotics.
As the number of synthetic chemicals is huge, it is not practical to experimentally measure their ¢, values one by
one. It is important to develop alternative methods to predict the ¢,, values of xenobiotics. In this study, ¢, values
of 653 chemicals in fish were collected, and multiple linear regression (MLR) and support vector machine (SVM)
methods were adopted to develop quantitative structure-activity relationship (QSAR) models for predicting ¢,. For
the MLR model, the adjusted determination coefficient (Rf,dj) is 0.751, the root-mean-square error (RMSE) is 0.587,
leave-one-out cross validated coefficient (@) is 0.735 and external explained variance (Q.,) is 0.682, which indi-
cate that the MLR model has high goodness of fit, robustness, and predictive ability. The results of the SVM model
also show high goodness of fit and good predictive ability (R’ = 0.839, RMSE,, = 0457, Q’,= 0.708). The

adj.train train
model application domains were characterized by the Williams plot. The obtained models can be used to predict
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logt,, of chemicals including polycyclic aromatic hydrocarbons, polychlorinated biphenyls, poly brominated di-

phenyl ethers, pesticides, pharmaceuticals, alkanes, naphthenic hydrocarbons, alkenes, alcohols, ethers, acids, esters,

ketones, halogenated compounds, aromatics, organosulfur compounds, organonitrogen compounds and organophos-

phorus compounds.

Keywords: xenobiotics; biological half-life; QSAR; SVM
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AR P 2RI (2, ) RN B R 8 BU(K,, 1/d)
AT A S 0 A B BN, Wy Ge it
Fb A, 3 B logt,, HEATIC SR MIHE" ) HirH
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oK, T Bk R R S IR A A A T v

SE HE R OE 2R (QSAR)ME AL ] FH i £k 5 4
1) logt,, 1H", Arnot 55" EEF 632 Flfb & ¥ #E
TRAG S logt, , 18, R FHIE 2 BE/K 3B R 5 (logK,,) -
SFim(Mw) 2 FhEIRAT LA 57 A4 F 0 B #e
T QSAR AU FEIIERE | Brown SR T 41
B34 N F R K logK,, FI Mw 2 T iR 45 1
QSAR #iRI | Papa %5 iz F [A]— K48 4, 57 T
942D 4 BT QSAR FEAL, AR, X L
R AN SR NI UE B T, AN i Aok B R T
12 KVE R 2RI AP B AL 27 5 (PPCPs) 254

WAk, PPCPs 2875 Ye W 1 45 b /K AR ik A= A
Py s B W AR 0 AR A RS R
QSAR H R G % F I £ 5 HLAMAB 24 | B R 25 | AR e
) Pt iy P a2y bt A ZAE B PPCPs 1E
RN ¢, , MBS B FPE PPCPs 28L& 4011
& TR . ABIF ST AR LA B0 e i S aih || %
PRI AE T 435 PPCPs 76 N 1Y) 653 k& W) 1 fafk
W) logt, SEIME, R F £ 504 % a1 3 (MLR)® > i
SCRFREAHLS VM2 By 4 ST logt,, HIT
DAY XA BEA TG 7 FH s 2 AE AL e

1 ## 57 % (Materials and methods)

1.1 YNSRI AR ST iR A i 5
AHIFFE SR [28-46 1B %2 (EPL Suite Pack-

age), LM 4E 653 MMLEWTE AR logt,, %X

W, W ARt B Bt AT e BEEhfn DR i

il R BH A A et 28 LR S EATAK

IRE B AR ARSI PR AR S2ER IR pH 25

SIS ARMF, K, e, RIS
t,= In2/K,, (1)

Sk T 55 Ak T R S 56 SR A o AR TR (1 5 ), AR A
52K Arnot S5y vk 8 A 2 (1) £5 BRI AL
3 B0 T B R RU(Ky B0 d R, PR R
Q)X EHE A T AL AR AL B B

KM,N: KM, x( WN/WX)-OQSeXp[O'Ol(TN_TX)] 2)

X (W /W) N HLE AL A TE (0.01 kg) 552 Prik
(T - T ) M FEALTRE (15 °C) 5 S bR il 11
22, i 2X(2) 15 2 H 1k &b B 6 T BR R AL
(Ky ), G R FEHE ] ¢, ST, 258
FLIEALALFR S A5 2)5 A 653 M-S B st 5
(UEEEZIS TN A N 'S EAT Y S S TR IR 0¥ ]
gy S Rl &9 DL S A e R R Bk IR
NN AN NN ALy 0 X et/ I T
R BEAY ., L2 1 B BB R S B HLIR 20 i
WA (n = 436)MEIEER = 217),

K520 191k A4 3D 45448 Gaussian 09 #14
£ i B3LYP/6-311+G(d, p) 7Bk 745t Ak,
Hip 1 JE 7R Lan2DZ JEHFEAY | BTG
()3 T4 4 (i ] DRAGON (6.0) 8K 413843 7 4%
FARERAF , Fedwi i B0 3 5 B0 L R A e
HERLE 58] 2291 MR
1.2 B FPEf

YEH 2 MBIk, 12 F SPSS 21.0 Hig £
TCERAE BT A5 2] ) 15 3R 75 HEA T 0% 1 | B4 7 25 1%
I F (VIR /N F 10 8 KPP /T 0.001 1
BOAY B A RURAT 76 2 L2k H A it 2e
S, KR TS B R AT SR B RO i
ZHERR IR, R TE I i R (RS AR I
L IAERE(Q o) VA S F 2B Qhoor B
B R R 25 (RMSE) A, fir & A8 '/, f ik
i BEAS 2] AR AF B T SVM AR, AR AR JL T
MATLAB 2014 345280, YR AR 72k A http://www.il-
ovematlab.cn, XL SHGHATI0AL, B E FPHE 2L
20, ZAERECH 100, Z KRB HOE R T 22 5/
ORI PR TS AR R R LR PR R Bk T St
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AR A RAE . A A S AR .

h=x(X"X)"'x, 3)
h" =3(k+1)/n “)
5= YirYi )

L (vey)  M(n-k-1)

Hor, x, 25 i MBI o> TR s X 2
THERAT IO SRR s b7 Wi U k ORI AT Y
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HUISLIA, y, B, A< h” HIEE N
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2 R 5178 (Results and discussion)
2.1 PR

MLR VE#E 57 Y logt,, B QSAR 71 .

logt,, = 0.96 + 0.064 MLOGP2 —0.09 MorO4u +
0.037RDF045p —0.045CATS2D 07 1l -2.82(Rle+) +
0.206 Morl6m - 0.139 NaaaC - 1.64SpMaxA_B(s)-
0.11 ATS7s + 136 BO6[N-P] —0.728 nP04
= 436, R, = 0.751, RMSE,, =

train

m= 11, n,,
0587, Qloo= 0735, Qgoor = 0.793, n,, = 217, Ry,
= 0.689, RMSE, = 06548, Q’,,= 0.682

SVM EA5 B e il . C = 353481, y =
12066, & = 0.0521, AH N (1 41T S %0 Ry, =
0.839, Q;,;,= 0.748, RMSE, , = 0457, R, . = 0.756,
Q.= 0.708, RMSE_, = 0.549

BRIP4, 2 B RUSA HLA R4 1% Tl
TRE S FIRa M . X T MLR 8 5 Z 350 56 11F -t 32
WIS LA RPN GE T . &R VIF
HE/NT 10, RABBURLEE Z B AL v, #5RAF
X K VIF{EILFE 1, MLR Fl SVM TR Y 52 56

{EANTIAE LA AN 1 R

F1 logt, B QSAR B R RN VIF R t &

Table 1 Explanation of descriptors, VIF and ¢ values in the QSAR model of logt,,
BBy s t{H
. . VIF
Descriptors Meaning t value
1ESEFE/K OB R B (log K )W
MLOGP2 .. . 2.049 20.857
Squared octanol-water partition coefficient (logK,,,)
RINALE 3D S F L5 R LT
Mor04u 3D-MoRSE-signal 04/unweighted 1589 -8.261
PR AL SRR 42 151 53777 R
RDF045p Radial distribution function-045/weighted by polarizability 1754 3:520
s 4 e 1)
CATS2D 07 11 %m“j:.}].ﬁ Vi& 2.104 -4.540
- - Lipophilicity
P TS
Rile+ ' SR DGR A N 1 385 5645
R maximal autocorrelation of lag 1/weighted by Sanderson electronegativity
FREIALE) 3D 53T 25K R AT
Morl6m 3D-MoRSE-signal 16/weighted by mass 1.106 6.145
ARIRKs [ F 14
NaaaC EIRIERAL C RT3 1212 -5.842
Number of atoms of type aaaC
TIAURE 5 — A B 2 B AE(E
SpMaxA_B(s) Normalized leading eigenvalue from Burden matrix weighted by I-state 3415 -6.062
Broto-Moreau [ #H15¢ &%k
ATS7s Broto-Moreau autocorrelation of lag 7 weighted by I-state 3.100 -4357
TEARFMIEES 6 Ab R ASF7E N-P 4544
BOG6[N-P] Presence/absence of N-P at topological distance 6 1.029 4470
KA R 15 R P S =g
o BB B A 0 Bt o7 3495

Number of phosphate/thiophosphate group

. VIFIEFRR T ZWIKE T, (iR (KIfE,

Note: VIF stands for variance inflation factor; ¢ value stands for #test value.
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logt, ,(Experimental)

logt, ,(Experimental)

1 ZTE&MEEYA(MLR) X FEEN(SVM) REH logr,, XMEFTNEMES X R

Fig. 1 Plots of the experimental versus predicted logt,, values by multiple linear

regression (MLR) and support vector machine (SVM) models
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XK JEHE T T R T 454, 5 logt,, IEMG,
SpMaxA_B(s)/& 5 57 F IR 73 8 4 KL Fh il ik
5,5 logt,, MK, NaaaC Frm::C:E5HI EE"™

5 3
4 a a %4 Training set
& : © IG4IF4E Validation set
~ 3P -rommemmms s mm e e mmc e m o m - - ]
©
s o}
=
< 1r
Y
E o o a4
= -1r
3
E-2r
3
2T D -
4l h*=0.05516 SVM
1 IE 1 1 1 1 1 1 1
-0.050.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Leverage (h)

B2 MLR 1 SVM #&E ) Williams &
Fig.2 Williams plots of the MLR and SVM models
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Rle+55F RoPFe fudEAH ¢ i ATS7s 550 F
RS, AR R, 0 T IR BRI AR
AR Y B R oy A B B s e, RDF045p
5 logt, IEME, it Gt , i At R R LU
KA 2 A KL BB K4 1L & Y RDF045p
HECK . BO6[N-PIR/RTEFHNEES 6 B, B A AF7E
N-P Z584 , fA7E{E M 1, RAFAEN 0,5 logt,, 1EAH
Ko nP04 FrR oy T i R Eh 5 B A il 1R kAL 1A
B8, 5 logt,, IEAHG,

TEFTAfRA 58 75 MEE Y NaaaC A
RE R A AR 2R M A 2 I R R G
Wy B AW, 22 IR AL W LA S 2 V5 A ik
XL AW 2 AL LRI AHGE % B AT )
T EAER IR T X — S5 AARIEXT ¢, ORI,
2.4 AL

FEASHT A 8 SV RI A B 58 2 SRR ) 4

x2

LR GE R AT 2, AR LR A A ) 2
TR

SR AT H , AHIF 78R 70 5000 42 48 i
TEYRACE Y BRI Tz R TE
Arnot ZE"VHT Brown S RIF ST AR 14 ST
BRI B LAY, 76 Papa S (A5 i AL &
P I a5 1A 2k . X il S S TEARR
BRI SRR NI UEAE T, R 3 4R T 14 Ak &9
(1) logt, , U6 A K 78 I i 4555 70 v ) 0 e A
B, FTAE R T 23.4,5- V050 RS LA FIS S
AAE W ) 15D oA B B AR A A TR B R R T, H
SVM H5 BUBH S A ol JLRR LR PEARE AL, 53 Ak AR BT
FE0 B 48 4 b 4 A 28 AR AL B, BT RY B
TR I e A A 4 AR X v B T T AE AR BIF 5
H MLR BT iR 14 Fhgfkd (8] < 1, T
I R R, SVML 15 vh 21 Fb 45 Ak 4 -t 75 30 50 v
TR

AREFMEB 3t

Table 2 Comparison of different models

%l Dikis %4 Training set IESE Validation set
Models M N Methods Rl RMSE R, RMSE,,
Aot et all'¥] 59 632 MLR 0.821 0494 0.734 0.600
Brown et al™! 36 619 MLR 0.789 0.526 0.748 0.584
9 632 GA 0.740 0.600 — 0560
Papa et all® 9 632 GA 0.750 0590 — 0560
9 632 GA 0.760 0570 — 0580
AHFFE
This study 11 653 MLR 0.751 0587 0.689 0.655
AHHFE
This study 11 653 SVM 0.839 0457 0.756 0.549

T MARRFGRFT A, N ARFRBIIE S8R EG R IR LIE TS Yo R AL, RMSE SRR TR ZE s GA i (e Hiik,
Note:M represents the number of descriptors; N represents the number of data in the model; R* represents the adjusted determination coefficient; RMSE

represents the root mean squared error; GA represents genetic algorithm.

*3 FEEI 14 MU EWH logr,, TME
Table 3  Prediction of logt,, for 14 chemicals from different models

—— EN TSR EN TSR
W logt,, SEIE FAfE . .
. CAS . This study This study
Chemicals Experimental Optimal value
MLR SVM

P AR

56-23-5 -1.19 -023 -038 -096

Carbon tetrachloride
LLI-=8& 2%
71-55-6 -139 -044 -0.68 -0.81

1,1,1-Trichloroethane
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2i3R3
o ABHFE ABHFE
ey logt,, SEINE A ) )
. CAS ) This study This study
Chemicals Experimental Optimal value
MLR SVM
RN ST e R =R
. 107-50-6 148 223 236 1.72
Tetradecamethylcycloheptasiloxane
L e e
AY %S
118-74-1 244 1.74 193 1.58
Hexachlorobenzene
e S iUSL
) 132-64-9 135 -0.08 -0.07 026
Dibenzofuran
2.4,6- =T FEK W
732-26-3 181 1.18 131 142
2 4 ,6-Tri-tert-butylphenol
3A-ZHA-TH
760-23-6 -128 -0.50 -044 -0.57
3 4-Dichloro-1-butene
2345-UGEIHHEA
879-39-0 -0.69 031 058 061
2.3 4.,5-Tetrachloronitrobenzene
9-SMAE
947-72-8 1.80 093 0.74 0.82
9-Chlorophenanthrene
VU 2 K
961-11-5 -1.02 0.13 037 -0.78
Tetrachlorvinphos
pRSSSE- SCRETE- SINEAL
1490-04-6 -1.19 -0.90 -092 -095
Hexahydrothymol
135-=HEHFCLE
1839-63-0 1.71 0.56 0.74 147
1,3,5-Trimethylcyclohexane
245- =%
) 6639-30-1 201 1.07 087 097
2.4 .5-Trichlorotoluene
TR H R K H
30171-80-3 -121 -0.19 -035 -097

Dibromocresyl glycidyl ether

g5 LTk, A 5T 42 FH MLR Al SVM 3X 2 iy
1, 3T Dragon 43 FHERLT, M8 T 4K logt,, (EHIY
QSAR THMAHY  SVM 54 B HAT B L4 1) FiL 0 g
Fkafatt, 453, LUTF LR RRE & YA 2 1%
A RARH, SR N A s K 3 IRBRR O
REYER LS b Ibeke B 2 S UL EAS
HHEARERA R Z KB G LA RS A i G
Y, IR AT DL 2 3805 g 2 EIOR £
TR Z IR OR ik AR 25 259 DL R A b | e
SRy N NN NN NS AW A7/ iy T
Yy oA B AE 0 fAR N AE O
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