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Abstract; Halogenated cinnamic acid has the same bacteriostatic, antioxidant and antimicrobial activity as cinnamic
acid, so that it is widely used in pharmaceuticals, cosmetics, pesticide and other production industries. In order to
study the quantitative structure-activity relationship (QSAR) between the acute toxicity of halogenated cinnamic
acid to Selenastrum capricornutum and its molecular structure, four kinds of molecular structure parameters of 14
halogenated cinnamic acid molecules were calculated based on the molecular topological theory. Thus, the electrical
topology state index (E|;) and the electrical distance vector (M) were taken as theoretical structure descriptors and
introduced to the regression analysis on acute toxicity of halogenated cinnamic acid to Selenastrum capricornutum.
Using the two molecular parameters as input layer parameters of the neural network, and 2-2-1 network structure
was constructed to predict toxicity with good correlation. The total correlation coefficient (R,) was 0.951. The aver-

age relative error between the experimental values of literature and the predicted values of EC,, was 4.49% . The
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model was applied to predict the acute toxicity of 12 other kinds of halogenated cinnamic acid to Selenastrum cap-

ricornutum. The results showed that there is good non-linear relationship between the toxicity and the two molecu-

lar parameters.

Keywords ; halogenated cinnamic acid; Selenastrum capricornutum; quantitative structure-activity relationship; neu-

ral network method; molecular structure parameter
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Table 1 Molecular structure parameter and toxicity of halogenated cinnamic acid
¥ % Lt -
5 b7 TN
E M S E T
No. Names Constitutional formula " . SR f
Experimental Predicted
OH
PR (CA
1 S (A ) 0 7 8288 5741 37594 36838
Cinnamic acid (CA)
OH
2-5 A H: R
2 - o NF 8256 3409 405.72 400.74
2-fluoroCA
OH
4-FR AR
3 e o N 8269 4.146 37322 39413
4-fluoroCA
.
OH
2-FA AR R
319.66 32798

4 o /// 8336 8.062
2-chloroCA
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No. Names Constitutional formula
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o
3SR | .
5 HO = 8324 9215 30142 272.08
3-chloroCA
o]
SRR |
6 HO 7 8317 9.181 25126 267.34
4-chloroCA
I
OH
3-TRNEERR Br
7 0 = 8.346 11217 294 .82 294 .68
3-bromoCA
OH
4-T R H: R
8 - o N 8333 11.093 21929 2182
4-bromoCA
Br
OH F
24- TR AR
9 o v 8237 1.738 454 .65 41278
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F
OH F
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10 8232 1421 374 .82 414.05
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OH
3 4- IR AR Z F
11 - 0 7 8244 3968 398.72 386.59
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F
OH F
4-1R-2-FR AR
12 . o N 8302 8461 292.63 281.30
4-bromo-2-fluoroCA
Br
OH Cl
2.6-— AR Ao
13 o 8384 8951 38332 38323
2,6-dichloroCA
Cl
OH
4= IR AL P R _
14 ° F 8292 7999 270.12 29027
4-trifluoromethylCA .
OH F
2-F-3-A AR o
15% o 7 8293 6417 — 34233
2-fluoro-3-chloroCA
OH F
2R -4- A R
16* 8285 6.607 — 326.13

2-fluoro-4-chloroCA
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Note: E,; represents an electrical topological state index that contains —OH; M, represents the electric distance vector of the second class of carbon at-

oms (—CH,—) interacting with the third class of carbon atoms (*>C—); * represents a molecule with a possible structure.



43 4

SRR I W25 T A QPR RERR S A H F S M A P AT 351

1.2 5 TasS ot E Kb i

IR 1 s TS5 1 ~ 14 414 Bt
EEBR 1Y 43T 4544, b F Chemoffice2005 ] [&] %5 f:
A X A1) 3D 43 F 45 L, B MATLAB H
GFE P PRI O T oy TR A o TR
ARFEEC AR TR TR EOR PRI B ok 1 4 2557
T SE LI FREA DB /BT >5 X —
FREY 20t I B2 4y BT, k30 A 5 FH F A 4 B
REFEEL(E,,) PR IR B K (M) iX 2 NS5 2
B, B A ] 0H 430 45 SR AR e b, WX LR E,
H M, VERES ALY A AR 5 A CE R A TR
1,

2 1EAIFYEH (Model construction)
2.1 ZJuIHR
R Ey F1 M, X 2 NS SEUE R B
6 AR PR RR T M A B Ak (72 h-
EC, /WENPH AR &, 3547 2 e A 40 BT, 15 26 3 £
EER & Sl S ESWEEW R SR
EC,, =1267.772E,-32493 M,,—9962357 (1)
n=14,r=0911, R, =0.798 , F=26.725 , §=30.453
. n AREAE, r AR B, Ry VR 1 T e
ZH0, F M Fischer KM, S AhnuERZE, M)
AL, Z el J5 B AH OC R BUE D 0.911, BEHA 2
AGE SRS T 2 0] A AR P AR A 2ok (1
FI RS R 2 A H 28 e s kb A 000, 70000 5
SHAE Z [A] R 22 I BRI U W] 3 7 2 i — AL 4R
o TONRG
2.2 MM
G AN AR D Sy ] I NI ) i oy Rl
Pl AR A 22 2 B A8 XU Ry iV B — R RIE 52 7
2%, EREAS A W 2 A T AR AE A T o A =T
115 BACRE HA SR KA AR E LT RE 91 TR FE AR
LRSS B T T2 R R TRTR £ o
LR [0 T 45 SR O S ERARL ) 3 Bk — 2 R
2 MG AR LA T Bkt o AR R G 2 A H 2 e
PR, R (OZ I RERR ) E,, # M, 1
AL AR S8, 14 kAR R AR 1k
BYX A T2 E N R B2 S8 G A
VFARPTRN Andrea PV AR A5 R X
2250/[(S+2)Y+1]=14 2)
K. n S, Y 43000 R REAS B B2 I 45 i A 2
SHAETESEL RIEZ0TEER YR 2,

ek 2 4 S kR 2-2-1 IR 20, BT Ik
FEBGS R P S IR B 14 s AR EERR 2 T
WEHLo D 3 41 HUEE 5 S T I05E 1.3 .5 I FAE
NINGREE 5 2 DA IR 5 4 DA
B UEAE | B A 1 S ST A o 2 00 255 A T S B Y
EC,, WMMEWAAZ 1, Hi2 M 454 R AL
T ELAR SRS TR 2

3 ZR 51118 (Results and discussion)

W 14 DR ARREERRIY 4 2500 T4 S
B 0RE T Hp B R Mg X 2 FiE L, HixXseb s
Yoy XA A e 2 AT A O A, A
S Z T IR AR AR DG RO 0911, ARl 1% 55 Al
A5 2] A TIOIE 5 SE IS A AR X IR 22 7.16%
TTAE LG Rl 57 00000 5 1 1 ot 2 IO % Y AR A8
R BAE R B R, =0.951, U125 4E Ry, =0.956
TRAE Ry =0.996 IIEHE Ry =0.999 , M3k S AH
BT LUE A2 0 28 e AR Y 1 R OC 3R A
AR BBE T R IR AL 0 g 4G IR R R X AR
SFEESEREE , TO(E 5 SCR S 5 {E W) A BE BN
FRAR(EL 1), P35 B A X SF- 3512 225 4.49% , % AHXT
IRZEVER S (] 2) T LA 1, r A A R 25 2476 ]
PG FIZ N, BB TN 25 555 R AT o o325 S5k
SRR Z BRI AR R AR L
KR X PRGE 257k 5 Z2 o0 [ml I 9k BT A5 T 152 22 1F
AT LCERAT LA M ol 28 00 248 3ok 1 000 €5 22 1 9 dd />
F LIt R T R 22 (E

R AL P P 25 I 28 A5 5% 5 Hh 12 FeT 4
MR R REERR LGP F (R 1 > 115 ~26
SR ECy, #EAT T N, BT A5 150 45 R 5] T
T, BIEEL B ~14 5 KRR 145
15 ECy, LR EMCR AT LIE ) WA A 3%
PP UK HL AR PR BN R R RO
W F WL A PE>CL R B P> Br B HL SR AR
KN, #50% 42 Br B BEPE>CI>F 5 Qe A AR ], )

&2 BP-ANN REFNEMRE
Table 2 Weights and bias of BP-ANN model

2 E) 224k & i
Inter layer variation Weight Skewing
LPNES ST I3 2751500 -2.84790 48.65500
Input to hidden 0.52249 -1.01640 0.34595
i J= S 1 2
-4.59480 1.78260 4.08940

Hidden to output




352 CHE T T #16 &
% 3Lk ( References) :
0 (17 ORI, BAKTE, ROBIA, 4. YRR BOLATAE I L
400 : * FELE 2 BRI W ARSI TR SOR LU B[], BT TR
- o AR FIORFIERRT, 2016, 55(3): 330-335
E . Ke L N, Hu Y H, Gao H J, et al. Antimicrobial activities
300 o 2 of cinnamic acid and its derivatives to microorganisms i-
250 ° * solated from rotten Agaricus bisporus [J]. Journal of Xia-
men University: Natural Science, 2016, 55(3): 330-335 (in
20000 250 300 350 400 450 Chinese)

Exp.

El1 EC, KIKI{E(Exp. ) STME(Pre. ) X &R
Fig. 1 Relationship between experimental (Exp.) and

predicted (Pre.) values of EC,,

40
UCL=21.2732
Average=0.3227
20F T TTTTTTT T T T T T AT T e LCL=-20.6278
0 A NN /\ _/
)
_40 N

2345 67 8§09 1011121314
B2 #HEIREMNEHE

1 UCL ¥l ERR LCL A2 IR,

Fig. 2 Control chart of relative error

Note: UCL stands for upper control limit; LCL stands for

lower control limit.

FEPEAE 2 M RYREIE<3 fii<d £, XFFETRINAY 15 ~ 26
ST AR R, AR A AR R, B AL
HEA ARG ELAT — 2 A B R0, 24 R 58
o B A S0 e EA T RAIE , AR e, T DLAE
Mg iR RIS S E RS YT

25 LR AR IR

(LYPIe A 05 2 R 2 0 DR 285 6 50 H e 8 2
BYERN D FEMR T, SRR R E M AT
W AR A B AR R E S R A Y B T
Do 28 P 28 AR OC R ERGR 0.951 , Tl 5 5 B S A
TZoohlAE:, v kR R 7 T 45 S80S
HO A H A i 2 MR (BC, ) Z ] A 4P Y 2
PEER AR R,

Q)R EERR YT H 2 B2 B I R,
SHIEIR | i R I P R 240 bk
JIN T e DA 32 3 0 A A R R e

[2] EWRE, 5 Mo, & 0O KIEIR REER X
T RO i R T A A ELAE (0], TR AR R 2,
2016, 31(12): 5348-5351
Wang X Y, Li M Z, He Y, et al. Study on interaction of
cinnamic acid and azelaic acid on tyrosinase by fluores-
cence quenching method [J]. China Journal of Traditional
Chinese Medicine and Pharmacy, 2016, 31 (12): 5348-
5351 (in Chinese)

[31 PMEH, R &, 45 A Sm T R rEZ a9k
L3 FR A A - A A R T A PR A R R
M), 535, 2017, 35(3): 325-331
Sun Y M, Wu Q, Gao J, et al. Determination of cinnamic
acid and its derivatives by dispersive solid phase microex-
traction of graphene quantum dots magnetic composite
nanoparticles coupled with capillary electrophoresis [J].
Chinese Journal of Chromatography, 2017, 35(3): 325-331
(in Chinese)

[4] Hemmati A A, Alboghobeish S, Ahangarpour A. Effects
of cinnamic acid on memory deficits and brain oxidative
stress in streptozotocin-induced diabetic mice [J]. The Ko-
rean Journal of Physiology & Pharmacology, 2018, 22(3):
257-267

[5] Gumerova N I, Blazevic A, Caldera Fraile T, et al. Syn-
thesis and characterization of hybrid Anderson hexamo-
lybdoaluminates( lll ) functionalized with indometacin or
cinnamic acid [J]. Acta Crystallographica Section C Struc-
tural Chemistry, 2018, 74(11): 1378-1383

[6] Pl MR, S0, 5. RVH: IR R mE i X &5 1 A
AP SRR T B LA 52 [J]. VY AL AR 9 %3], 2016, 36
(1): 93-99
Guo K, Yan Z Q, Jin H, et al. Allelopathic effect and
mechanism of cinnamic acid and caffeic acid on the
growth of lettuce [J]. Acta Botanica Boreali-Occidentalia
Sinica, 2016, 36(1): 93-99 (in Chinese)

[7] Gunia-Krzyzak A, Stoczynska K, Popiot J, et al. Cinnam-
ic acid derivatives in cosmetics: Current use and future
prospects [J]. International Journal of Cosmetic Science,
2018, 40(4): 356-366



43 4

SRR I W25 T A QPR RERR S A H F S M A P AT 353

[8]

[10]

(1]

[12]

[13]

[14]

K, G, AR IR, S5 G b R A 5 R 1 1k
A RHAEERR IR SBR[ & ah T RHE, 2015, 36(9):
204-208

Huang F, Qu F Q, Ren X Q, et al. Microwave-assisted
catalytic synthesis of cyclohexyl cinnamate by solid su-
peracid catalyst [J]. Science and Technology of Food In-
dustry, 2015, 36(9): 204-208 (in Chinese)

2, BORIR, RIAIR, 5. AR EERR X S A ] A
A PEREME X 3D-QSAR BF5E[T]. AR ASHEHE I, 2019,
14(4): 175-182

LiM, Yin M J, Zhu J J, et al. Acute toxicity and 3D-
QSAR studies on halogenated cinnamic acids to microal-
ga Selenastrum capricornutum [J]. Asian Journal of Eco-
toxicology, 2019, 14(4): 175-182 (in Chinese)

TR, ET0, LA, . IR A A A
BER) SAPETEVERN )], T A= W) 41R, 2019, 102): 135-
139, 164

Xu C B, Wang Y X, Kong W H, et al. Acute toxicity of
cyantraniliprole to Selenasidium capricornutum [J]. Jour-
nal of Tropical Biology, 2019, 10(2): 135-139, 164 (in
Chinese)

BRI, By, kR, 55 e SE AR M A
A B AW, PR T RREOR A4, 2017, 73):
348-356

Zhai T E, Huo S L, Zhang J T, et al. Bioavailability of
dissolved free amino acids to alga Selenastrum capricorn-
utum [J]. Journal of Environmental Engineering Technolo-
gy, 2017, 7(3): 348-356 (in Chinese)

UL FONESE S N 6 o i o 7 DU SV DE I
TEVEROSL T 5T (9], P [E PR S5 R 272, 2018, 38(6): 2329-
2336

Liu W J, Wu X Q, Yan ] Y, et al. Toxic effects of nonyl-
phenol on Selenastrum capricornutum [J]. China Environ-
mental Science, 2018, 38(6): 2329-2336 (in Chinese)
A, A, 94, 4. 3L T Topomer CoMFA ¥l
AR BRR IR GE 288 TL-2 1755 T 200 0 3850t 40 167 770 9 3D-QSAR
KSR R 54 F R AE AR, 2020, 37(3): 354-
360

Tong J B, Wu L Y, Feng Y, et al. 3D-QSAR studies of
pyrazolinium IL-2 induces T cell kinase inhibitors based
on Topomer CoOMFA method and molecular docking [J].
Journal of Atomic and Molecular Physics, 2020, 37 (3):
354-360 (in Chinese)

XUAHE, XU HH, 20k, 56, HIV-1 28 A REaEH R4 il 77
i 3D-QSAR 3T XA 73 7 8l ) A BN 5T [T]. 4
FIEAR, 2019, 82(7): 642-648

Liu D L, Liu Y X, Li G, et al. Study on 3D-QSAR, mo-

[15]

(18]

[19]

lecular docking and molecular dynamics of HIV-1 inte-
grase chain transfer inhibitors [J]. Chemistry, 2019, 82(7):
642-648 (in Chinese)

B, BHASC, MiASE, 55, AN BUEUK A A ALk
F A LTS YL PR i iR 0 2 M RO R PR 0], 1
BHLE R HALE, 2019, 36(2): 107-114

Li WY, Cheng Z W, Lu C R, et al. QSAR study on reac-
tion kinetic constant of organic pollutants in UV/H,0O,
process [J]. Computers and Applied Chemistry, 2019, 36
(2): 107-114 (in Chinese)

FRHUM, 2= B, Fofh, S5 TR S KGR T
JKAF S IR 32 5 4 #1) QSAR BB 5% (7). FRBEfk 2,
2019, 38(5): 1005-1013

Zheng S S, Li T T, Wang J, et al. QSAR models for pre-
dicting the aqueous reaction rate constants of aromatic
compounds with hydrated electrons [J]. Environmental
Chemistry, 2019, 38(5): 1005-1013 (in Chinese)

S, TR, MR 275 G W 0T BRCUH AR el ) s e Y
JE VU5 R P Y 7 2 A -3 PR L [0, AR AR oy
2, 2018, 13(6): 250-258

Du X H, Wang C. Quantitative structure-activity model of
toxicity of alcohol and phenolic pollutants to Rana tempo-
raria tadpoles and Tetrahymena pyriformis [J]. Asian
Journal of Ecotoxicology, 2018, 13(6): 250-258 (in Chi-
nese)

Du X H, Zhuang W C, Shi X Q, et al. Research on ther-
modynamic properties of polybrominated diphenylamine
by neural network [J]. Chinese Journal of Chemical Phys-
ics, 2015, 28(1): 59-64

WEte, FH. DR O A SRS T I B
[V SC AR [T]. WITTR 22240 BRI, 2018, 45(6): 721-
727

Du X H, Wang C. Correlation between structural parame-
ters of Lindera aggregata’ s chemical compositions and
the retention time of chromatogram [J]. Journal of Zhe-
jiang University: Science Edition, 2018, 45(6): 721-727
(in Chinese)

TR, Bk, R, A5, 5T T A T S
TSR TR O B AR R[] 2B 1E27, 2006, 34(11): 1607-
1610

Zhang T, Liang Y Z, Zhao C X, et al. Prediction of tem-
perature-programmed retention indices from molecule
structures [J]. Chinese Journal of Analytical Chemistry,
2006, 34(11): 1607-1610 (in Chinese)

. Z2 W2 A& W A A R B9 i R F MR B [T,
BIR2ER, 2010, 32(6): 524-527, 531

Feng C J. The electrotopological models of the antioxidant



354 CHE T T 516 4

activities for polyphenols [J]. Acta Nutrimenta Sinica, 4872-4880 (in Chinese)
2010, 32(6): 524-527, 531 (in Chinese) 251 &, EEEk, £, & A T4 R 410 b 25/ 007

[22] Azzam M, Aramouni N A K, Ahmad M N, et al. Dynam- FEATI A N [T]. P EEZG, 2019, 50(13): 3230-3236
ic optimization of dry reformer under catalyst sintering u- Yang Y, Xiao J M, Wang R, et al. Application of artificial
sing neural networks [J]. Energy Conversion and Manage- neural network in research of Chinese materia medica [J].
ment, 2018, 157: 146-156 Chinese Traditional and Herbal Drugs, 2019, 50 (13):

23] FEIWT, 25, 1T, %, 32T Bagging ML M4 4 3230-3236 (in Chinese)
AR L RE 0N 5 VR (0], b R BORPBEE, 26] E&EL, 4Gz, BT HAMAE pH AT AR Ltk
2019, 49(4): 391-401 T HI[T]. 6 T2%4), 2019, 70(2): 678-686
Yan F Y, Li W Z, Yang W W, et al. Prediction of fuel cell Wang Z Z, Zou Z Y. Nonlinear predictive control strate-
performance based on Bagging neural network ensemble gies of pH neutralization process based on neural net-
model [J]. Scientia Sinica: Technologica, 2019, 49 (4): works [J]. CIESC Journal, 2019, 70(2): 678-686 (in Chi-
391-401 (in Chinese) nese)

24] T, TR, Bili5e, % 5T BP & M4 BT 4 27] VFfk. A2t —Se Ty ik Ay SR B R R (M.
W SRR A UE T A9 73 6 TN [0]. AR T 2241, 2019, Jent: Bl i L, 2004: 441
70(12): 4872-4880 [28] Andrea T A, Kalayeh H. Applications of neural networks

Wang T, Wang J, Zhao D Y, et al. Life prediction of glass
fiber reinforced plastics based on BP neural network un-
der corrosion condition [J]. CIESC Journal, 2019, 70(12):

in quantitative structure-activity relationships of dihydro-
folate reductase inhibitors [J]. Journal of Medicinal Chem-
istry, 1991, 34(9): 2824-2836 L 2



