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Organoehlorine compounds are widely employed and exist as residues in the 
environment. Some of the r are carcinogenic while others are not, 
even though they exhibit positive responses in short-term mutagenic assays. 
The main structural features affecting the carcinogenicity of organochlorine 
compounds are still unknown. Up to now, there is no effective way to predict 
whether or not organochlorine compounds are carcinogenic. 

ha this report, the genotoxicity of 41 organochlorine compounds are studied 
using discriminant analysis. We examined the experimental results of the 
Salmonella assay (Ames Test), and the cercinogenicity of these compounds 
to the mouse. Discdminant functions relating to the genotoxicity of 
organochlorine compounds were established based on molecular descriptors. 

MATERIALS AND METHODS 

The 41 compounds studied (Table 1), include chlorinated hydrocarbons, 
chlorinated aromatics and some pesticides, etc., which are extensively used. 
None ofthe 41 compounds contain amino or nitro groups. The mutagenicity 
and carcinogenicity data were taken from the U.S. National Toxicology 
Program (Ashby et al., 1991). Three kinds of genetoxieity indices were 
examined, the first involving the Salmonella assay (SA), the second, mouse 
liver carcinogenicity (CL), and the third, whole mouse carcinogenicity (CW) 
(tumors at all tissue sites). The three genotoxicity indices involving the 41 
coml~unds are given in Table l. The compounds with positive effects were 

I t  II denoted as "+", othenvise as - .  Six of the 41 comtx~nds studied were 
selected at random to be used for validation of the established disedrniant 
functions. The remaining 35 compounds were used as a t ra ining set, based 
on which diseriminant functions were generated. 

Correspondence to: L. Wang 
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The Molecular Connectivity Index (MCI) was applied here to d ~ ' i b e  the 
molecular structure (Kier et al., 1976). MCI values, first-order to third- 
order, for the 41 compounds(LY. ~ 3Xp) were calculated. MCI reflects 
molecular size, degree of branching and bond type, etc. 

To describe the number and position of the chlorine atom, we selected four 

substructures: (1) cl-, (2) el-c,'- , (3) cl-~= , (4) el-c( (aromatic carbon). 
The sub~'ucture descriptors are referred to as Sub~, Sub,~, Sub3 and Sub4 
respectively. 

On the basis of the four described substructures, we computed the 
enviromnent des~iplors, which describe the in~nediate surroundings tile 
substructures are imbedded in (Yutm 1981 ). Environment descriptors were 
calculated as first order MCI values on atoms comprising the substructures, 
mid the first nearest-neighbor atoms. If no presence was found for a specific 
substructure, the descriptor was given the value of zero. The environment 
descriptors related to the four substructures described above were labeled as 
Envl, Env2, Env3 and Env4 respectively. 

The canonical discriminant analysis program in "Statgraphics" software 
(STSC, Inc., 1987) was used for statistic analysis. The program determines 
the discriminant func~tion based on the difference of covariance for different 
groups. 

RESULTS AND DISCUSSION 

For each genotoxicity index, all combinations of the molecular descriptors 
were tested as discrimination variables. The discrimination fundions 
pertbrming the best classification results are listed as lbllows. 

For the SA: 
DI = -0. t632X + 0.384Env~ - 0.572Sub2 

- 0.840Sub3- 0.910Sub~ + 2.064 
Midpoint is 0.385 

(1) 

For the CL: 
Do- = -l.021X + 0.941~,~ ~" - 0.3053Xp-~ 0.824Envl 

+ 0.612Sub3- 0.598Sub4 - 1.149 
Midpoint is -0.112 

(2) 

For the CW: 
D3-- -1.1651X + 0.6842X + 0.390Env~ ~ 0.508Sub3 
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+ 0.418Sub4 + 0.707 
Midpoint is -0.354 

(3) 

Sevfll variables (IX~ 2X, 3Xp, EIIvI, Sub2~ Sub3, and Sub4) are tilted in the 
above functions. The seven molecular descriptors for the 41 studied 
comtxamds are displayed in Table 1. 

Using function 1, we may predict the mutagenic activities of the chemicals 
to the Salmonella based on molecular descriptors. According to disoriminant 
analysis method, if the calculated discriminant value DI is bigger than the 
midpoint 0.385, the compound is ascribed as active, otherwise as inactive. 
Following the analogue procedure, the carcinogenicity to mouse liver and 
that to the whole mouse may be predicted through Function 2 and Function 
3 respectively. The predicted activities of the three genotoxioity indices for 
the 41 compounds studied are also listed in Table 1. In the 35 congxamds of 
training set, 32 ones are correctly classified for the SA, 32 comtmunds are 
correctly ascribed for the CL, and 30 compounds for the CW. The correct 
discriminant percent for SA, CL, and CW are 91.4%, 91.4%, and 85.7% 
respectively. 

The derived discriminant functions were thus used to predict the 
genotoxicity of the 6 comtxamds in the validation set, all the 6 congxamds 
are correctly predicted for the SA, 5 comtmunds are classified correctly for 
the CL, and 4 compounds for the CW. The predictions are good. 

Former studies suggested that the mutagenic responses to Salmonella and 
the carcinogenic responses to the mouse of organochlorine cong~unds 
weren~ concordant in most cases (Ashby et al., 1991). Many efforts to 
predict the carcinogenicity of organochlorine compounds through their 
mutagenicity to Salmonella resulted in failure. From the experiment data 
listed in Table 1, we can also see that some active comtmtmds to Salmonella 
are inactive to tbe mouse, while many active compounds to the mouse are 
inactive to Salmonella. Despite the lack of c.onccaxlance between the 
mutagenic and carcinogenic responses, all the discdmin~ functions for SA, 
CL and CW proposed in this paper exhibit high discriminant ability. Present 
studies indicate that discriminant analysis based on appropriate molecular 
descriptors may provide an effective method to predict the mutagenicity and 
carcinogenicity of the organic pollutants. Among the three genotoxicity 
indices studied, the lowest d ' ~  ability was observed for the CW of 
Function 3, which may be due to different carcinogenic mechanisms at 
various tissue sites in the mouse. 
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