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Abstract: Based on some fundamental quantum chemical descriptors computed by PM3 hamiltonian. Fisher’s linear discriminant func-
tions in the development of classification models for the ability of polycyclic aromatic hydrocarbons (PAHs) to be directly cytotoxic to a
cell line from the rainbow trout gill was developed using stepwise discriminant method. The functions obtained can be used for initial
prediction of other PAHs. The prediction accuracy for the observed values is 100% . The main factors affecting cytotoxicity of PAHs are

molecular weight (Mw) , dipole moment (u) , energy of the highest occupied molecular orbital (E,;,,) , energy of the lowest unoccu-

pied molecular orbital (E o) and (E yyo-Ewono)  of PAHs.
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1 Introduction

Polycyclic aromatic hydrocarbons ( PAHs), pro-
duced mainly by incomplete combustion of fossil fuels
and natural materials (1. e. , forest fires, prairie fires,
or agricultural burning) , are ubiquitous pollutants with
high toxicity ( Blumenstock et al. , 2000; Niu, 2003;
Teineman et al. , 2002). Many PAHs cause carcinoge-
nicity, mutagenicity and genotoxicity ( Jocob, 1996;
Menzie et al. , 1992). Moreover, some studies show
that quite a few PAHs cause cytotoxicity to animal cells
in culture after they have been activated metabolically
(Lee et al. , 1993 ; Schirmer et al. , 1998). The US-
EPA has included 16 PAHs on the list of priority pollu-
tants. Thus it is of great importance for the purpose of
risk assessment of these widespread pollutants in the
environment.

So far, for the PAHs occurred in the environ-
ment, their cytotoxicity data are lacking. On the other
hand, because of large expenditures of money and
time, it is difficult to determine the cytotoxicity for all
PAHs. Thus it is necessary to model and predict their
cytotoxicity using mathematical model. It is thus the
purpose of this study to develop models by Fisher's dis-
criminant analysis based on the determined cytotoxicity
and to explain the molecular structural characteristics

governing the ability of PAHs to be directly cytotoxic to
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a cell line from the rainbow trout gill based on the
models. Despite of being almost 70 year old Fisher's
discriminant analysis remains to be one of the most
widely used methods of dimensionality reduction and
classification ( Sierra, 2002; Worth et al. , 2003).
As quantum chemical descriptors can be easily ob-
tained by computation, can clearly describe defined
molecular properties, and are not restricted to closely
related compounds, the development of models in
which quantum chemical descriptors are used is of
great importance ( Chen et al. , 2001; Chen et al. ,
2001).

2 Materials and methods

Schirmer et al. investigated the ability of 16 prior-
ity PAHs to be directly cytotoxic to a cell line from the
rainbow trout ( Oncorhynchus mykiss) gill, RTgill-W1
( Schirmer et al. , 1998 ). Three fluorescent indicator
dyes were used to screen 16 PAHs for their ability to
cause cytotoxic responses in RTgill-W1 cells. Alamar
Blue (metabolic activity) , 5-carboxyfluorescein diace-
tate acetoxymethyl ester ( CFDA-AM; cell membrane
integrity) and neutral red (lysosomal membrane integ-
rity} were the indicator dyes and gave similar resulis.
They found that 5 priority PAHs showed cytotoxic and
no cytotoxicity was observed at the highest concentra-

tion tested for the others ( Schirmer et al., 1998).
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The 16 PAHs with determined values constitute the

training set of the study. Other 9 PAHs selected ran-

domly from PAH congeners for which cytotoxicity was

not determined constitute the prediction set.

Table 1 The PAHs under study and their cytotoxicity.
Cytotoxicity Cytotoxicity Cytotoxicity Cytotoxicity
No. Compounds ( Observed)* ( Predicted ) No. Compounds ( Observed)* ( Predicted )
(1%/0%) (1°/0°%) (1°/0°) (14/0%)
1 Naphthalene 1 1 14 Dibenz[ a,h]anthracene 0 0
2 Acenaphthylene 1 1 15 Benzo{ g,h,i]perylene 0 0
3 Acenaphthene 1 1 16 Indeno[1,2,3-cd] pyrene 0 0
4 Fluorene 1 1 17  9-Methylanthracene 0
5  Phenanthrene 1 1 18  9,10-Dimethylanthracene 0
6 Anthracene 0 0 19  9-Phenylanthracene 0
7  Fluoranthene 0 0 20 1-Methylphenanthrene 1
8  Pyrene 0 0 21  2-Methylphenanthrene 1
9  Benzo[ a]anthracene 0 0 22 3-Methylphenanthrene 1
10 Chrysene 0 0 23 Cyclopenta[ c,d] pyrene 0
11 Benzo[ b]fluoranthene 0 0 24  Perylene 0
12 Benzo[ k] fluoranthene 0 0 25 Naphthacene 0
13 Benzo[ a] pyrene

a. Observeds: Observed values determined by Schirmer et al. (1998); b. 1: Cytotoxicity was observed at the highest concentration tested; ¢. 0.

No cytotoxicity was observed at the highest concentration tested.
MOPAC (2000) contained in the CS Chem3D Ul-
tra (Ver. 6.0) was used to compute quantum chemical
descriptors. The molecular structures were optimized u-
sing eigenvector following ( Baker, 1986), a geometry
optimization procedure within MOPAC 2000. The geom-
etry optimization criteria GNORM was set at 0.1. A to-
tal of 11 MOPAC derived descriptors reflecting the over-
all character of the PAH molecules were used in this
study. These are molecular weight (Mw) , standard heat
of formation (AHf), total energy (TE), electronic en-
ergy ( EE), core-core repulsion energy ( CCR) , average
molecular polarizability (), dipole moment (u),

E om0 » ELuno » most positive net atomic charges on a hy-

drogen atom (g¢" ), and largest negative atomic charge
on a carbon atom (¢° ). The values of the selected
molecular descriptors are listed in Table 2. The com-
pound numbers in Table 2 correspond to those in Table
1. The unit of AHf is kilocalorie, and wunits of energy,
charge, dipole and polarizability were electron volts
(eV), atomic charge units (a.c.u) and atomic units
(a.u.) respectively. In addition, three combinations of
frontier molecular orbital energies, E ;yo — Ejomos
(Eymo = Exono )’ and E o + Epouo were also selected
as predictor variables. The E, o = Ejomo and Epyyo +
E om0 Can be related to absolute hardness and electron-
egativity respectively ( Faucon et al., 1999). Further-

more, E\yo = Eyomos Evumo * Enomo» and (Epyye -

E om0 )’ were proven to be significant in toxicity and ac-
tivity studies ( Chen et al., 2001; Faucon et al.,
1999).

3 Results and Discussion

When numerous variables are available for analy-
sis, stepwise discriminant analysis can be used to iden-
tify the best subset of variables for classifying objects,
and to build a discriminant model based on these varia-
bles( Sierra, 2002 ; Worth et al. , 2003). In this pres-
ent study, based on some fundamental quantum chemi-
cal descriptors computed by PM3 hamiltonian. The
Fisher's linear discriminant functions in the develop-
ment of classification models for the ability of polycy-
clic aromatic hydrocarbons ( PAHs) to be directly cyto-
toxic to a cell line from the rainbow trout gill was de-
veloped using forward stepwise discriminant method. In
forward stepwise analysis, all variables are evaluated in
the first step to determine which one provides the most
significant and unique discrimination between groups.
Once this variable has been included in the model, all
remaining variables are evaluated to determine which
one provides the next best discrimination. The proce-
dure continues until the addition of a new variable does

not significantly improve the discrimination between

" groups. The Fisher’s linear discriminant functions ob-

tained from discriminant analysis are as follows:

C(Func0) =-1.216 x 10* +3.927 x 10" Mw
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~5.955 x 10"y - 7.035 x 10°E oy,
+7.290 x 10°E ,,, - 5.026 x 10
(ELUMO 'EHOMO)2 (1)
C(Funcl) =-1.156 x 10" +3.141 x 107" Mw
~3.941 x 10'p ~ 6.854 x 10°E 0
+7.10' x 10°E o — 4. 891 x 10°
(ELUMO - Enomo)2 (2)
The discriminant functions may be used to make
prediction for other structure similar PAHs. When C
(Func0) > C(Funcl ), the result indicates that the
predicted value is 0, i. e., there is no cytotoxicity for
the PAHs at the highest concentration tested. Other-
wise, the predicted value is 1 and cytotoxicity was ob-
served for the PAHs at the highest concentration test-

ed. Based on the discriminant functions, cytotoxicity

for the other PAHs was predicted (Table 1). It can be
seen from Table 1 that the prediction accuracy is
100% . It can be concluded from Equation(1) and E-
quation (2) that the main factors affecting cytotoxicity
of PAHs are molecular weight ( Mw), dipole moment
(u), the highest occupied molecular orbital (Eoye ) »
the lowest unoccupied molecular orbital ( E,;,,) and

( ELUMO
shows that the ability of PAHs to be directly cytotoxic

— Euomo )’ of PAHs. The present study also

to a cell line from the rainbow trout gill increases with
the increase of u, Eyone 80d (E yyo = Eyowo ) In-
creasing Mw and E |, values of PAHs leads to de-
crease of the ability of PAHs to be directly cytotoxic to

a cell line from the rainbow trout gill.

Table 2 Quantum chemical descriptors for PAHs in this study.

No. * Mw AHf TE EE CCR [ " Exomo Eiumo &’ qc

1 128.173 40.674  -1307.300 -6639. 940 5332. 640 83.815 0. 000 -8.835 -0.408 0.105 -0.101
2 152.200 73.129 -1543.170 -8572.720 7029. 540 101.791 0.115 -9.055 -1.062 0.115 -0.121
3 154.210 38.844  -1575.330 -9067. 530 7492. 200 98. 450 0. 221 —-8.589 -0.352  0.106 -0.09%4
4 166.222 48.868 -1693.533 -9871.993 8178. 460 108. 829 0.143 —-8.842 -0.335 0.107 -0.106
5 178.230 55.026 -1811.900 -10911.100 9099. 240 123. 590 0. 006 -8.740 -0.535- 0.111 -0.102
6 178.233 61.662 -1811.624 -10791. 631 8980. 007 131.370 0. 004 -8.248 -0.971 0.108 -0.100
7 202.260 80.012 -2048.100 -13135,000 11086. 880 143. 475 0. 093 -8.725 -1.044 0.107 -0.111
8 202.260 64.141 -2048.790 -13281. 800 11233. 030 147.556 0. 000 —-8.249 -1.010 0.106 -0.102
9 228.290 74.463 -2316.290 - 15643.600 13327.310 173. 150 0.011 —-8.328 -0.934 0.114 -0.102
10 228.290 70.854 -2316.440 -15747.100 13430. 650 168. 154 0. 000 -8.496 -0.783 0.111 -0.102
S11 252.320 93.630 -2552.740 - 18266.640 15713.910 188.425 0. 107 -8.663 -1.074 0.109 -0.105
12 252.320 178.311  -2552,640 -18086.360 15533. 720 193. 254 0. 054 -8.400 -1.012 0.110 -0.107
13 252.315 92.090 -2552.807 -18366.034 15813. 227 218.447 0. 020 -7.672 -1.511 0.116 -0.104
14 278.350 87.926 -2820.930 -20959.100 18138. 170 218. 125 0. 000 -8.377 -0.918 0.114 -0.102
15  276.337 84.381 -2790.422 -21395.948 18605. 526 208.738 0. 022 -8.122 -1.167 0.113 -0.099
16 276.340 104.929  -2789.540 -21023.690 18234. 160 215.575 0. 170 -8.235 -1.386 0.108 -0.108
17 192.260 54.639 -1961.230 -12458. 800 10497. 580 140.213 0.128 -8.134 -0.964 0.111 -0.101
18 206.287 48.088 —-2110.820 -14209. 400 12098. 540 149. 400 0. 003 -8.023 -0.960 0.111 -0.101
19 254.331 89.446 -2583.580 —18882.800 16299. 180 186. 255 0.071 -8.199 -0.988 0.115 -0.104
20 192.260 45.519 -1961.580 -12455.600 10493. 980 132.946 0. 122 -8.645 -0.519 0.112 -0.111
21 192.260 45.622 -1961.620 -12348.400 10386. 790 133. 840 0.128 -8.719 -0.504 0.111 -0.103
22 192.260 53.461 -1961.610 -12382.700 10421. 080 133.320 0. 127 —-8.635 -0.522 0.114 -0.105
23 226.280 148.575 —2282.410 -15697.780 13415.370 167. 638 0.243 -8.297 -1.435 0.121 -0.111
24 252.320 82.025 -2553.240 -18604.700 16051. 490 191. 504 0.001 -7.987 -1.275 0.111 -0.100
25 228.293 84.335 -2315.860 -15449.900 13134. 040 187. 130 0. 000 -7.871 -1.353 0.108 -0.100

* The compound numbers correspond to those in Table 1.

4 Conclusions

In this study, based on some fundamental quan-
tum chemical descriptors computed by PM3 hamiltoni-

an, Fisher's linear discriminant functions in the devel-

opment of classification models for the ability of polycy-
clic aromatic hydrocarbons ( PAHs) to be directly cyto-
toxic to a cell line from the rainbow trout gill was de-
veloped using stepwise discriminant method. The func-

tions obtained can be used for initial prediction of other
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PAHs and the prediction accuracy for the observed val-
ues is 100% . The main factors affecting cytotoxicity of
PAHs are molecular weight ( Mw ), dipole moment
(), the highest occupied molecular orbital (E oy ) ,
the lowest unoccupied molecular orbital ( E,,,) and
(E ymo — Evomo )” of PAHs. The present study also
shows that the ability of PAHs to be directly cytotoxic
to a cell line from the rainbow trout gill increases with
the increase of w, Eyomo 30d (Eppye — Enomo )+ In-
creasing Mw and E, . values of PAHs leads to de-
crease of the ability of PAHs to be directly cytotoxic to

a cell line from the rainbow trout gill.
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