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Abstract: An organic compound, dimethyl phthalate (DMP) and diethyl phthalate (DEP) are well-known plasticizers used in plastic 

materials. The prediction of acute toxicity in daphnid (Daphnia magna) through in silico approach is potential examination because 

daphnids are fish food. The objective of the present study was to predict acute toxicity (median lethal concentration or LC50 at 48hrs 

exposure) of DMP and DEP on daphnids related to molecular descriptors by using toxicity estimation software tool (T.E.S.T.). The 

predicted LC50 (48 hrs) values of daphnid (D. magna) for DMP and DEP were predicted to be about 3.85 and 4.06 -Log10(mol/L) as per 

≥0.5 (0.40 and 0.43) of mean absolute error (MAE) of 0.50. The regression curve represented on DMP and DEP predicted as per model 

equation in which Pearson’s correlation coefficient (R2) values were obtained 97% and 94%, respectively, which are significantly higher 

for these toxicity predictions. the prediction of toxicity of DMP and DEP in daphnids (Daphnia magna) for these compounds were easily 

predicted after simulation of different molecular descriptors within the T.E.S.T. software. 
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1. Introduction 
 

Generally, biological activity can be expressed quantitatively 

as the concentration of a chemical substance required to 

provide a certain biological response. The mathematical 

expression, if carefully validated can then be utilized to 

predict the modeled response of other chemical structures.[1]   

 

At present, quantitative structure–activity relationship 

(QSAR) modeling is one of the basic tools of modern drug 

design and environmental sciences, especially toxicity 

prediction. [2,3] Models have developed into robust and 

reliable systems, at the same time, they became highly 

complex and non-interpretable: so-called “black boxes”. 

 

Conventionally, the mission of establishing toxicity of 

chemicals has been accomplished as per in vivo models, 

where a test model (organism) is exposed to a chemical 

compound for obtaining the toxic effects. But the approaches 

required animal harming, costly and time consuming,[4] and 

when required the hundreds of thousands of compounds 

related to toxicological screening, innovative alternatives are 

obtained for faster screening of chemicals. In recent decades, 

for predictive toxicity screening with large-scale chemicals, 

efforts have emerged by using QSAR modelling inbuilt in 

many tools.[2,5] The tool is called Toxicity estimation 

software tool (T.E.S.T), which helps toxicity screening of 

chemicals in different test models. [6,7]  

Among several chemical compounds, Phthalates with a 

longer side chain are referred to as high molecular weight 

phthalates (HMWP), which are fat-soluble, and are used 

industrially as part of polyvenyl chloride (PVC), which may 

contain 50-80% phthalates by weight. [8,9] Several 

phthalates have already been established in which dimethyl 

phthalate (DMP), diethyl phthalate (DEP) and other 

derivatives.[9] Some investigators observed toxicity in 

animal studies. [10-12] 

 

In the present study, it was attempted to predict acute toxicity 

(median lethal concentration or LC50 at 48hrs exposure) of 

dimethyl and diethyl phthalate on daphnid (Daphnia magna) 

related to molecular descriptors by using toxicity estimation 

software tool (T.E.S.T.). 

 

2. Materials and methods 
 

As per literature, the dimethyl phthalate (DMP) and diethyl 

phthalate (DEP) were selected (Fig 1a and b).[10,13,14] In 

this in silico study, the test model commonly called as 

daphnids (Daphnia magna) were selected as per the tool. The 

tool used as toxicity estimation software tool (T.E.S.T.) as per 

Martin.[6] For toxicity prediction, QSAR modelling was 

performed by using T.E.S.T (version, 5.1.1) for predicting 

LC50 value of studied daphnids as per different molecular 

descriptors. 
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Figure 1: Three-dimensional structure of DMP and DEP 

 

3. Results 
 

Table 1 evaluates the prediction results of toxicity i.e., LC50 

value as 3.85 -Log10(mol/L) and 4.06 -Log10(mol/L) for 

DMP and DEP as per consensus method.  

 

Table 1: LC50 value of daphnids of DMP and DEP as 

per consensus method 
Compounds Endpoint Predicted value 

DMP 
Daphnia magna LC50 (48 hr) 

-Log10(mol/L) 
3.85 

DEP 
Daphnia magna LC50 (48 hr) 

-Log10(mol/L) 
4.06 

 

Table 2 evaluates the consensus method is the mean of 

different methods viz. Hierarchical clustering (3.86), Single 

model (3.55), Group contribution (3.43) and nearest 

neighbour (4.56), respectively for DMP and Hierarchical 

clustering (3.82), Single model (4.18), Group contribution 

(3.63) and nearest neighbour (4.61), respectively for DEP. 

 

Table 2: LC50 value of daphnids of DMP and DEP 

based on different models 

Methods 

DMP DEP 

Predicted value-

Log10(mol/L) 

Predicted value 

-Log10(mol/L) 

Hierarchical clustering 3.86 3.82 

Single model 3.55 4.18 

Group contribution 3.43 3.63 

Nearest neighbour 4.56 4.61 

 

In Fig 2 and 3, the regression curve represented on DMP and 

DEP predicted with similar compound like Dibutyl 1,2-

benzenedicarboxylate as per similarity coefficient ≥0.5 (0.40 

and 0.43) of mean absolute error (MAE) of 0.50. 

 

In Fig 4 and 5, the regression curve represented on DMP and 

DEP predicted as per model equation in which Pearson’s 

correlation coefficient (R2) values were obtained 97% and 

94%, respectively, which are significantly higher for these 

toxicity predictions. 

 

 
Figure 2: Regression curve represented on DMP predicted with similar compound like Dibutyl 1,2-benzenedicarboxylate as 

per SC value 
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Figure 3: Regression curve represented on DEP predicted with similar compound like Dibutyl 1,2-benzenedicarboxylate as 

per SC value 

 
Figure 4: Regression curve represented on DMP predicted as per model equation 

 
Figure 5: Regression curve represented on DEP predicted as per model equation 
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4. Discussion 
 

Phthalate compounds are well-known plasticizers, which 

pose adverse health impacts among aquatic biota and their 

surrounding environment. [11,12,15-21] 

 

Recently, Lotfi et al. [22] conducted an in silico study of 

various chemicals by using quantitative structure-toxicity 

relationship (QSTR) models, which have been developed to 

predict the toxicity of a large dataset comprising 2106 

chemicals toward Daphnia magna. They obtained R2 values 

ranging from 0.9467-0.9607, which is similar to our study as 

per T.E.S.T. prediction. 

 

It was recorded that phthalate compound at a concentration 

as low as 3.4 mg/L has been observed to cause detrimental 

effects in aquatic organisms, especially in Daphnia 

magna.[23]  

 

5. Conclusion 
 

It is concluded that the prediction of toxicity of DMP and 

DEP in daphnids (Daphnia magna) for these compounds 

were easily predicted after simulation of different molecular 

descriptors within the T.E.S.T. software. The toxicity 

screening is an important method for any chemical compound 

for the prevention of environment and adverse impacts in 

organisms. It is suggested that the prediction of other 

phthalate compounds on D. magna and another aquatic 

organisms like fish should be conducted in future. 
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