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Modeling of acute aqueous toxicity of organic compounds for Daphnia magna

Methods for the assessment of the environmental hazard of chemicals include the detection of acute aquatic
toxicity of compounds for various small organisms, these are test objects. Experimental determination of tox-
icity presents significant difficulties; therefore, computational methods are developed. The article is devoted
to predicting the toxicity parameter of organic substances of different classes in relation to the test organism
from the class of crustaceans Daphnia magna. The possibility of using QSAR / QSTR (Quantitative Structure
Activity Relationships / Quantitative Structure Toxicity Relationships) method for estimating the toxicity in-
dex of pLCs, using a large set of descriptors was investigated. To describe the structure of molecules, a set of
2644 descriptors generated by the Dragon 7 program was used. The calculations were carried out using the
computer program Program Robustness Calculation (PROGROC). This program allows the number of de-
scriptors to be used without preliminary selection exceeding the number of substances in the set. 546 Sub-
stances were used to construct the models, 170 compounds of which made up a control set, and 376 entered
the training set. The obtained models are characterized by a high correlation between calculation and experi-
ment. For a control sample of 170 compounds, the correlation coefficient is R = 0.952 and the standard devia-
tion is s = 0.45, for a training sample of 376 compounds, R = 0.971 and s = 0.41. The model for all samples is
characterized by the following statistical parameters: correlation coefficient is R = 0.966 and standard devia-
tion is s = 0.42.

Keywords: organic compounds, toxicity, modeling, QSAR/ QSTR, predicting, pLCso, Daphnia magna,
PROGROC.

Introduction

Determination of acute toxicity of chemical compounds in relation to test objects is one of the methods
for assessing the environmental hazard of substances. Daphnia magna daphnoids are often used as the ob-
jects of investigation. They are small organisms of the crustacean class.

Toxicity is usually assessed by the quantitative parameter LCsy, a semilethal concentration (mol/L),
which causes half of the population to die within 24 (or 48) hours of exposure. The attractiveness of Daphnia
magna as a test object is mainly due to the fact that it is grown without any special difficulties in the labora-
tory and is fairly stable in them, it gives a whole complex of test reactions and has a short life cycle that al-
lows tracing the effects of toxic effects over a number of generations. Biotests on Daphnia magna are stand-
ardized in a number of countries. Nevertheless, like any experimental study, the definition of LCs, is a costly
procedure. Therefore, alternative methods based on quantitative structure-activity relationships, such as
QSAR-methods (Quantitative Structure Activity Relationships), are developed. In such studies, the measure
of toxicity is pLCs, = —lg (LCsy) — the toxicity parameter. The quality of calculations (modeling, prediction,
estimation) is characterized by the correlation coefficient between the predicted and experimental values of
the toxicity parameter R (or R*) and the standard deviation s.

Vighi and Calamari [1] carried out one of the first studies on several organotin compounds using physi-
cal and topological parameters. Equations with a significant correlation R* = 0.26-0.99 and high prognostic
ability were found. In [2] on the quantum-mechanical molecular descriptors, the toxicity models were con-
structed for 15 organophosphorus compounds with a correlation index of 0.80 < R* <0.82. In addition, the
potential toxicity of 83 unstudied compounds was detected.

Cassani and Kovarich [3] simulated the toxicity of 97 triazoles and benzotriazoles using the multiple
linear regression method with a maximum R” = 0.83. Moosus and Maran [4] in the study of 253 compounds
of different classes reached the maximum value R* = 0.74 of all the models obtained. Toropov and Benfenati
[5] have used topological indices as descriptors for predicting the toxicity of 262 pesticides. The best model
had R? = 0.7822 and s = 0.849 for a training set of 220 substances and R* = 0.7388, s = 0.941 for a control
set of 42 substances. Toropova et al. [6] used descriptors as functions of representing the structure of com-
pounds in simplified molecular input line entry system (SMILES) and obtaining models with the highest val-
ue R? = 0.7322. Another article by Toropova et al. [7] used a hybrid representation of the structure of mole-
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cules through SMILES and hydrogen-suppressed graph. The results for the obtained models are comparable
with those of [6], while it was noted that hybrid descriptors are the best predictors.

Katritzky et al. [8] modeled the toxicity of ECs, against Daphnia magna for a series of 130 benzoic ac-
ids, benzaldehydes, phenylsulfonyl acetates, cycloalkane-carboxylates, benzanilides, and other esters. A gen-
eral model with five descriptors, including all 130 compounds, was characterized by the following statistical
parameters such as R = 0.712, s = 0.6. Kar, Roy [9] investigated a large group of 297 chemical compounds,
predictors were three-dimensional (electronic and spatial) and two-dimensional topological and information
content indices, as well as n-octanol/water partition coefficient. When dividing the set into a training set of
222 substances and a control set of 75, the maximum value R* = 0.75 is reached. Kiihne et al. [10] investi-
gated a large collection of 1365 organic compounds with experimental data of toxicity and noted contradic-
tions in the part of data obtained from various sources. They obtained local models for subsets of the entire
set, with the maximum values R* = 0.85 and s = 0.66.

Cassotti et al. [11] subjected the existing toxicity data sets to examination and formed a MICHEM set
of 546 substances that were most spared from discrepancies in the experimental data from various sources.
When this set was divided into a training set of 436 substances and a control set of 110, they obtained a
model with R* = 0.78.

Commenting the current state of the prediction of acute toxicity of chemical compounds for Daphnia
magna, it can be noted that for heterogeneous and large sets of substances, the quality of forecasting cannot
be considered sufficiently successful.

Assuming that the quality of predicting can be improved by increasing the number of descriptors and
improving the computational technology, in this work we used a large set of 2644 descriptors generated by
the Dragon 7 program to predict the pLCsy for Daphnia magna. The pLCs, toxicity values for Daphnia
magna are derived from the appendix to the article [11].

Calculations were performed using the PROGROC (PROGgram RObustness Calculation) computer
program developed by us [12], which was successfully applied to predict some parameters of biological ac-
tivity, in particular, toxicity of organic compounds for Tetrahimena pyriformis [13]. An important and
unique feature of this program is the possibility of using without a preliminary selection the number of de-
scriptors exceeding the number of substances.

A number of models were built, for one of them the results of pLCs, prediction are shown in Figures 1
and 2. The training set included 376 compounds, the control set — 170. The statistical parameters of the
model are given in Table 1.

Table 1

Correlation between the experimental and calculated pLCs, values

Correlation Full set | Training set | Control set
R 0.966 0.971 0.952
s 0.42 0.41 0.45
Amount of substances 546 376 170
11
X

pLCy, calculation

pLCy;. experiment

e — training set; X — control set

Figure 1. Correlation between the experimental values of pLCsy and calculated by molecular descriptors
for the training and control sets
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The frequency distribution of pLCs, prediction errors using molecular descriptors is shown in a histo-
gram (Fig. 2).

180

Frequency
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Prediction errors pLCs,

Figure 2. Histogram of frequency distribution of pLCs, prediction errors

The histogram of prediction error frequency distribution has edge emissions; the Table 2 shows the
characteristics of the connections corresponding to these emissions.

Table 2
Compounds with significant discrepancies between experimental [11] and calculated values of pLCs,
Compound CAS* Experiment | Calc. | Residual Set

Acrylic aldehyde 107-02-8 5.99 3.74 2.25 Training
N-methylaniline 100-61-8 5.79 4.08 1.71 Training
Pyraclostrobin 175013-18-0 6.76 5.07 1.69 Control
Pendimethalin 40487-42-1 3.72 530 | -1.57 | Training
Bis(2-ethylhexyl)phthalate 117-81-7 4.55 592 | -1.37 | Training
9H-xanthene 92-83-1 3.95 522 | -1.27 | Training
Pyrethrin 2 121-29-9 7.37 8.59 | -1.22 | Training
1,2,4,5-Tetramethylbenzene 95-93-2 545 4.27 1.18 Training
Benzo[b]naphtho[ 1,2-d]furan 205-39-0 4.74 5.88 | -1.15 Training
2-(6-Methoxy-2-naphthyl)propanoic acid 22204-53-1 3.79 493 | -1.14 Control
Anthracene 120-12-7 6.70 5.63 1.07 Training
Methylcyclohexane 108—-87-2 4.82 3.77 1.05 Control
1-Methyl-2-pyrrolidinone 872-50-4 4.91 3.93 0.98 Training
1-Propanol 71-23-8 0.94 1.95| -1.02 | Training
1-Phenoxy-2-propanol 770-35-4 2.61 3.62 | -1.01 Training

Note: CAS — registration number for Chemical Abstracts.
It is very likely that the listed in the table, or influencing them through links in the compound model,
have errors in the experimental determination of the toxicity parameter.
Conclusion

In conclusion, we can note that the results obtained by us are superior to the literature data on the quali-
ty of predicting the toxicity parameter towards Daphnia magna. So, for example, in the most successful
model [11], obtained on the same set of substances, but with a smaller sample size, the correlation coefficient
is 0.88 (R*=10.78).
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Daphnia magna yimiH OpraHuKaJbIK KOChUIBICTAPIbIH
OTKIp CYJIbI YJIBLIBIFbIH MOJEJIb/CY

XUMISUTBIK 3aTTapAbIH SKOJIOTHSIIBIK, KayilCi3mirin Oaranay onicTepiHiH OipiHe opTypii ycak ar3ajiap —
TECT-00BEKTIIEp YLIIH KOCBUIBICTApABIH ©OTKIp CYyJbl YIBUIBIFBIH aHBIKTAy JKaTajgbl. YIIBUIBIKTBI
9KCHEPUMEHTTIK aHBIKTAy €oyip KHBIHIBIKTAp TYIbIPAJbl, COHIBIKTAH €CEeNTey OMicTepi JaMbIThLIyIA.
Makana opTypii KJIacC OpraHHKaNbIK 3aTTApbIHBIH YIIBUIBIK [TApaMETPiH IIasH TOPIi3Aijep KIACBIHBIH OKii
6onbin TabbuTaThIH Daphnia magna TecTinik OpraHu3MiHEe KaTbICTbl Ooipkayra apHanrad. Jleckpumrop-
JapIblH YJIKeH JKUbIHTHIFBIH maimananeim, QSAR/QSTR (Quantitative Structure Activity Relationships/
Quantitative Structure Toxicity Relationships) amicin pLCsy yIbUIBIK KOpCETKilIiH OaFanay YUIH KOJIAAHY
MYMKIHZIr 3epTTenred. MoekynanapipiH KYpbUIBICHIH cHNaTTay yiuin Dragon 7 GaraapriaMacsl reHeparus-
JMaUTBIH 2644 neckpunTOpiap SKUBIHTBHIFEI KonmaHsulnbl. Ecenteynep Program Robustness Calculation
(PROGROC) xommsloTepiik OargapiaMackl KeMeriMeH >Kypri3inai. byn Oarmapiaama caHbl KUBIHTBIKTarbl
3aTTap CaHBIHAH apTHIK OONATHIH JECKPHIITOPIApIbl AJABIH aja ipikTeMed maiiananyra MyMKIiHAIK Oepeni.
Mopenbaepai Kypy yuiin 546 3ar KonmaHeUIgbl, onapbiH imiHeH 170 Kockuibic Gakpuiay ipikTeMeciH, aj
376-p1 KATTHIFY IpIKTEMECIH KypZAbl. AJIBIHFAaH MOJENBACP €CENTeY MEH OKCIEPUMEHT apachIHIarbl
KOpPEJLILUSHBIH JKOFapbl 0OJTybIMeH cumarTanaabl. bakpuiay ipikTemeci yuriH xoppessius kodduuuenTi
R = 0,952 sxoHe cranmapTTsl aybITKy S = 0,45, xatTeiry ipikremeci yuria R = 0.971 xone s = 0,41. Tosbik
ipikTeMe YIIiH JKacanfaH MOJENb KeJeci CTaTHCTHKAJbIK IapaMeTplIepMEH CHIIATTalbl: KOPPEISLHs
ko3¢ ¢unuenti R = 0,966 xoHe craHIapTTH aybITKY s = 0,42.

Kinm ce30ep: opraHUKaNbIK KOCBUIBICTap, YNBUIBIK, Ooikay, QSAR/ QSTR, monensney, pLCsy, Daphnia
magna, PROGROC.
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MopeaupoBaHue OCTPOM BOJHON TOKCHYHOCTH
OpPraHuYeCcKHUX coeMHeHuii 1 Daphnia magna

K uncimy MeTooB OIEHKH PKOJIOTHYECKON ONACHOCTH XMMHUYECKUX BEIIECTB OTHOCHTCS BEISIBICHHE OCTPOH
BOJHOW TOKCHYHOCTH COEIWHEHHH JUI Pa3IMYHBIX MEJIKHX OPraHu3MOB — TECT-00BEKTOB. ODKCIEpH-
MEHTAIbHOE OMNpeeNeHHe TOKCHYHOCTH MPEACTABISAET 3HAYMTENbHBIE TPYAHOCTH, MO3TOMY Pa3BHBAIOTCS
BBIYMCIHTENbHBIE MeTObl. CTaThsl MOCBAIIEHA MPOTHO3UPOBAHHMIO MApaMeTpa TOKCHYHOCTH OPraHMYEeCKHX
BEIIECTB Pa3HBIX KIACCOB MO OTHOMIEHMIO K TECTOBOMY OpraHU3My U3 Kiacca pakooOpasHeix Daphnia
magna. ViccnemoBana Bo3MokHOCTH mpumeHeHuss merona QSAR/QSTR (Quantitative Structure Activity
Relationships/ Quantitative Structure Toxicity Relationships) mst onenkn nokasarenst TokcumaHoctH pLCsg
C UCTIONB30BaHUEM OoubIoro Habopa JeckpunTopoB. s onmucaHus CTPYKTYPhI MOJICKYJN HCIOJIB30BaH Ha-
60p u3 2644 neckpunTOpoB, reHEPUPYeMBIX IporpaMmoii Dragon 7. PacdeTs! BBITOIHEHBI C IIOMOIIBIO KOM-
neIoTepHOIT mporpaMmel Program Robustness Calculation (PROGROC). [lannast mporpaMMa MO3BOJISIET HC-
M0NIB30BaTh 0€3 MPeABapUTENHLHOTO0 0TOOPa YHCIIO AECKPHUIITOPOB, MPEBHILIAIOIIEE YHCIIO BEIIECTB B HabOpe.
[ mocTpoeHus MoJenel UCHoNb30BaHo 546 BelecTB, U3 KOTOPBIX 170 coeanHEeHui COCTaBUIN KOHTPOJIb-
HYIO BBIOOPKY, a 376 — BOLIUIM B TPEHUPOBOYHYIO BEIOOPKY. [losrydeHHbIe MOJEIHN XapaKTepU3yIOTCs BBICO-
KOM KOppemnsiueil Mexay pacueToM U SKCIepUMeHTOM. JIJisi KOHTPOJIbHOH BBIOOPKU K03 (PUITHEHT Koppens-
i R =0,952 u crangaprrHoe otkionenue s = 0,45, mius TperupoBouyHoi BeIOOpKHM R =0,971 u s=0,41.
Mopnens I HONHOHM BEIOOPKH XapaKTEpU3YeTCsl CIEAYIOMNMH CTATHCTHIECKUMU ITapaMeTpaMu: Ko3hhumu-
ent koppemsauuu R =0, 966 u crannaprHoe oTkinoHeHue s = 0,42.

Kniouesvie criosa: opraHudecKie COeIUHEHNs, TOKCHIHOCTh, Mojennposanue, QSAR/QSTR, nporunosuposa-
uue, pLCsy, Daphnia magna, PROGROC.
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