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ABSTRACT
Oligochaeta Tubifex tubifex, fish fathead minnow (Pimephales promelas), hepatocytes isolated from rat liver and ciliated protozoan are 
absolutely different organisms and yet their acute toxicity indices correlate. Correlation equations for special effects were developed 
for a large heterogeneous series of compounds (QSAR, quantitative structure-activity relationships). Knowing those correlation equa-
tions and their statistic evaluation, one can extrapolate the toxic indices. The reason is that a common physicochemical property 
governs the biological effect, namely the partition coefficient between two unmissible phases, simulated generally by n-octanol 
and water. This may mean that the transport of chemicals towards a target is responsible for the magnitude of the effect, rather than 
reactivity, as one would assume suppose. 
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data on various aquatic organisms, as Poecilia reticulate, 
Pimephales promelas,Tetrahymena pyriformis, Vibrio 
fischeri or Tubifex tubifex (Schultz et al., 1986; Lipnick 
1985; Bearden & Schultz 1997, 1998; Kaiser 1993; Cronin 
et al., 1991; Tichy et al., 2008), or on activities of rat hepa-
tocytes (Tichy et al., 2010) were used for these studies. 
To discover factors of toxicity variation among various 
species, acute toxicity data of many aquatic species and 
chemicals were analyzed by pattern recognition tech-
niques (Vaal et al., 1997). Patterns in species sensitivity 
were found to be more diffuse because only part of the 
variance in species sensitivity could be explained. Most 
variations were due to differences in the toxicity of com-
pounds and not to intrinsic differences among species. 

Data on toxicity measured with several aquatic organ-
isms such as Tetrahymena pyriformis, Daphnia magna or 
Pimephales promelas correlate between each other. The 
extrapolation indicates that the accuracy of the estimated 
toxic activity was unaffected by the extrapolation. The 
estimated toxic activity was comparable with the activity 
measured with individual bioassays, at least for noncova-
lent acting chemicals (Dimitrov et al., 2000).

In the present study, extrapolation of acute toxicity 
indices measured with oligochaeta Tubifex tubifex, fat-
head minnow (Pimephales promelas) and indices of meta-
bolic disorder measured with primary rat hepatocytes are 
discussed. The data on EC50 inhibiting movement of the 
oligochaeta Tubifex in 3 mins (Tichy et al., 2007), EC50 of 
cell viability and EC50 influencing metabolic function of 

Introduction

The hazard of new chemicals in both environmental and 
human risk assessment attracts attention in all chemical 
safety programmes. To detect it is the responsibility of 
their manufacturers or distributors. The manufacturers, 
regulatory bodies or industrial research, are looking for 
an effective, rapid and inexpensive way of estimating 
a potential harm defined by various programmes of 
chemical safety. The standard tests of toxicity involve 
often the use of experimental animals. The concept of 
3Rs (Replacement, Reduction and Refinement) (Russell 
& Burch 1959) call however for reduction of animals for 
experiments. Thus, alternative methods of toxicity testing 
have been searched. The alternative methods involve both 
in vitro techniques (e.g. Botham 2004; Artz et al., 2008; 
Schaefer et al., 2008) and in silico procedures (QSAR – 
quantitative structure-activity relationships) (Jaworska et 
al., 2003; Cronin et al., 2003) and their validation to allow 
a regulatory acceptance of their results (Wold 1991, Tichy 
et al., 2005, Tichy & Rucki 2009). 

A set of comparative studies have been published as 
QAAR (quantitative activity-activity relationship). The 
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primary rat hepatocytes, ureogenesis (Tichy et al., 2010), 
EC50 causing effect on fish Pimephales promelas in 96 
hours (Kaiser et al., 1997) were used.

Material and methods

Chemicals
The chemicals used were of pro-analysis grade purity, 
purchased from Fluka and Aldrich (Buchs, Switzerland) or 
Lancaster (Johnson Matthey, Ward Hill, Maryland, USA). 
Standard chemical manganese chloride was obtained 
from Merck (Darmstadt, Germany). 

Experimental organisms
Tubifex tubifex also called sludge worm or sewage worm, 
is a species of tubificid segmented worm that inhabits 
sediments of rivers, lakes and ponds on several conti-
nents. These worms ingest bacteria from the sediments 
and absorb molecules through their body wall.They can 
survive in areas heavily polluted with organic matter that 
almost no other organisms endure. They can survive with 
very little oxygen.

Pimephales promelas, fathead minnow, is a species 
of temperate fresh water fish belonging to the cyprinid 
family. The natural geographic range extends throughout 
much of North America including Canada. It is a golden 
or xanthic strain, known as the rosy-red minnow, and is a 
very common feeder fish sold in the United States. In its 
wild original form, the fathead minnow is generally dull 
olive-gray in appearance with a dusky stripe extending 
along the back and side and with a lighter belly. It inhabits 
muddy pools of headwaters, creeks and small rivers, 
ponds and lakes. It tolerates unsuitable turbid, hot or 
poorly oxygenated waters. EPA guidelines outline its use 
for the evaluation of acute and chronic toxicity of samples 
or chemicals in vertebrate animals.

Hepatocytes are cells of livers forming liver tissue and 
are responsible for a majority of processes in the liver. 
They include a large amount of mitochondria, a devel-
oped Golgi complex, endoplasmatic reticulum and other 
organelles They store glycogen, vitamins D, B12 and oth-
ers. Their surface is smooth and the cells are stuck closely 
together. Their regeneration ability is high.

Statistical analysis
The QSARs were generated using a linear regression 
procedure providing the correlation coefficient (r), stan-
dard errors of the slope and of intercept and the residual 
standard deviation (SD) of the estimate (Origin 2003). 
The statistics of predictive parameters were performed 
as recommended (Eriksson et al., 2003) and the log 
P-based QSARs were validated in three ways (Tichy et 
al., 2008).

Toxicity indices
The acute toxicity indices were taken from different 
published sources: Tubifex tubifex (Tt) (Tichy et al., 2007), 
fish Pimephales promelas (Pp) (Kaiser et al., 1997) and 

primary rat hepatocytes ure – ureogenesis, via – viability 
(Tichy et al., 2010).

Physicochemical descriptor
The logarithm of n-octanol-water partition coefficient, 
log P was taken from tables by Hansch et al. (1995).

Results

The primary data used are published in the relevant 
papers cited with the correlation equations (Tichy et al., 
2008; 2010). 

The correlation equations involving log P were found 
as follows:

log EC50(ure) = –0.840(±0.054) log P–0.303(±0.065)
n=15; r=0.975; SD=0.188 

log EC50(via) = –0.778(±0.053) log P–0.199(±0.065)
n=15; r=0.971; SD=0.187

log EC50(Tt) = –0.809(±0.035) log P–0.495(±0.060)
n=82; r=0.931; SD=0.315

log EC50(Tt) = –0.848 log P–0.179
n=30; r=0.977; SD=0.159

log EC50(Pp) = –1.027 log P–1.107
n=16; r=0.899; SD=0.546

The correlations of EC50 of various test objects with log 
EC50(Tt) result in (Tichy et al., 2010)

log EC50(ure)=0.941(±0.083) log EC50(Tt)–0.124(±0.107)
n=12; r=0.963; SD=0.236

log EC50(via)=0.910(±0.0.061) log EC50(Tt)–0.019(±0.079)
n=12; r=0.978; SD=0.177

or

log EC50(via)=0.907(±0.0.056) logEC50(ure)+0.063(±0.071)
n=15; r=0.976; SD=0.171

These are just a few examples. It is possible to receive 
other intercorrelations. The predictivity and robustness 
of equations/models given above was checked by cross 
validation techniques . The squared correlation coefficient 
r2 of the equation log EC50(via) vs. log EC50(Tt) changed 
from 0.956 to cross-validated squared correlation coef-
ficient q2=0.934, the predictivity index PRESS (Predictive 
Residual Sum of Squares) from 0.968 to 2.041 and PRESD 
(Predictive Standard Deviation) from 0.284 to 0.412. The 
parameters of the equation for ureogenesis changed also 
insignificantly: r2=0.928 to q2=0.824, PRESS from 2.102 
to 4.999 and PRESD from 0.419 to 0.645. The models are 
highly predictive and robust.

The predictive indices for the statistical evaluation of 
models were defined as (Eriksson et al., 2003):

PRESS = Σ(exp – calcd)2, sum of differences squared 
between experimental and estimated (calculated) data,

PRESD = (PRESS/n)1/2, the second root of PRESS 
divided by the number of chemicals in the set.
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Discussion

The presence of log P in all log EC50's allows cross cor-
relations. This is true at least of a series of chemicals of 
baseline toxicity (Schultz et al., 1994, Lipnick 1990). The 
correlation with log P makes it possible to use the rapid 
Tubifex assay (Tichy et al., 2007). Despite phylogenetic 
differences between the test objects and dramatic differ-
ences in test protocols, the QSARs for nonpolar narcosis 
are extremely consistent (Schultz et al., 1990). The con-
cept of mechanism-based QSARs is successful even for 
freshwater benthic organisms as Tubifex tubifex and for 
acute exposure lasting minutes (Tichy et al.2008).

The log P – based QSAR described for predicting 
acute toxicity index EC50(Tt) measured with oligochaeta 
Tubifex tubifex can be recommended as an ecotoxico-
logical model for predicting harmful effects of chemical 
compounds in ecological systems.

The fact that this assay can be used for determination 
of acute toxicity indices measured with higher organisms 
and under longer exposure periods supports the idea that 
the transport process is a prevailing step limiting the 
magnitude of an effect. The role of toxicokinetics can be 
the reason that results obtained with the Tubifex assay 
correlate with results obtained with higher organisms, 
and especially, including longer exposures (Tichy et al., 
2007), when the involvement of biotransformation is con-
sidered (Veith et al., 1989; Lipnick et al., 1985). Although 
mechanisms of action of reactive chemical compounds 
were described (Veith et al., 1989; Lipnick et al 1985), toxi-
cokinetics may also play a role in the differences among 
biological test objects as well.

Acknowledgement

The paper is based on a lecture held at the 15th 
Interdisciplinary Toxicological Conference, TOXCON 
2010, in Stará Lesná, High Tatras, Slovakia, September 
9, 2010. The study was supported partly by a grant of 
the Internal Grant Agency of the Ministry of Health of 
the Czech Republic, NS9647-3, partly by the grant of 
the Ministry of Education 2B08075, and partly by the 
National Institute of Public Health in Praha.

Cronin MTD, Walker JD, Jaworska JS, Comber MHI, Watts CD, Worth AP. 
(2003).Use of QSARs in international decision-making frameworks to pre-
dict ecologic effects and environmental fate of chemical substances. Envi-
ron Health Perspect 111: 1376–1390.

Dimitrov SD, Mekenyan OG, Schultz TW. (2000). Interspecies modelling of nar-
cotic toxicity to aquatic animals. Bull Environ Contam Toxicol 65: 399–406.

Eriksson L, Jaworska J, Worth AP, Cronin MTD, McDowel RM, Gramatica P. 
(2003). Methods of reliability and uncertainty assessment and for appli-
cability evaluation of classification- and regression-based QSARs. Environ 
Health Perspect 111: 1361–1375.

Hansch C, Leo A, Hoeckman D. (1995). Exporing QSAR. Hydrophobic, elec-
tronic and steric constants. ACS Professional Reference Book. American 
Chemical Society, Washington DC.

Jaworska JS, Comber M, Auer C, van Leeuwen CJ. (2003). Summary of a work-
shop on regulatory acceptance of (Q)SARs for human health and environ-
mental endpoints. Environ Health Perspect 111: 1358–1360.

Kaiser KLE. (1993). Qualitative and quantitative relationships of Microtox data 
with toxicity data for other aquatic species. In Ecotoxicology Monitoring 
(Richardson M. ed) pp. 197–211, Verlag Chemie Verlagsgesellschaft, Wein-
heim, Germany.

Kaiser KLE, Niculescu SP, Schüürmann G. (1997). Feed forward backpropaga-
tion neural networks and their use in prediction the acute toxicity of chem-
icals to the fathead minnows. Water Qual Res J Can 32: 637–657.

Lipnik RL. (1985). Validation and extension of fish toxicity QSARs and inter-
species comparisons for certain classes of organic chemicals. In QSAR in 
Toxicology and Xenobiochemistry. Pharmacochemistry Library. (Tichy M. ed), 
Vol. 8, pp. 39–52, Elsevier, New York, NY.

Lipnick RL, Johnson DE, Gilford JH, Bicking CK, NewsomeLD. (1985). Com-
parison of fish toxicity screening data for 55 alcohols with the quantitative 
structure-toxicity relationship predictions of minimum toxicity for nonre-
active nonelectrolyte organic compounds. Environ Toxicol Chem 4: 281–296.

Lipnick RL. (1990). Narcosis: fundamental and baseline toxicity mechanism 
for nonelectrolyte organic chemicals. In Practical Applications of Quantita-
tive Structure-Activity Relationships (QSAR) in Environmental Chemistry and 
Toxicology (Karcher W, Devillers J. eds), p. 281, Kluwer, Dordrecht, The Neth-
erlands.

Origin Lab. (2003). Origin/OriginPro 7.5 SRO. Northampton, Maryland, USA.
Russell WMS, Burch KL. (1959). Principles of human experimental techniques. 

Methuen, London.
Schaefer UF, Hansen S, Schneider M, Contreras JL, Lehr C-M. (2008). Model for 

skin absorption and skin toxicity testing. In Biotechnology: Pharmaceutical 
aspects. Drug absorption studies: In situ, In vitro and In silico models (Ehrhardt 
C, Kwang-Jin K eds.),  Vol. VII, pp. 3–33, Springer Series, New York.

Schultz TW, Holcombe GW, Phipps GL. (1986). Relationships of quantitative 
structure – activity to comparative toxicity of selected phenols in the Pime-
phales promelas and Tetrahymena pyriformis test systems. Ecotoxicol Environ 
Saf 12: 146–153.

Schultz TW, Kissel TS, Tichy M. (1994). Structure – toxicity relationships for 
unsaturated alcohols to Tetrahymena pyriformis: 3-alkyn-1-ols and 2-alken-
1-ols. Bull Environ Contam Toxicol 53: 179–185.

Tichy M, Rucki M, Hanzlikova I, Cihak R, Dynterova A, Feltl L, Roth Z. (2005). 
Validation of alternative method of hazard estimation of chemicals and 
their mixtures (in Czech). Ceske Pracovni Lekarstvi 6: 137–146.

Tichy M, Rucki M, Hanzlikova I, Roth Z. (2007). The Tubifex tubifex assay for the 
determination of acute toxicity. ATLA: Altern Lab Animals 35: 229–237.

Tichý M, Rucki M, Hanzlikova I, Roth Z. (2008). Acute toxicity estimation by 
calculation – Tubifex assay and quantitative structure – activity relation-
ships. Environ Toxicol Chem 27: 2281–2286.

Tichy M, Rucki M. (2009). Validation of QSAR models for legislative purposes. 
Interdiscip Toxicol 2: 184–186.

Tichy M, Pokorna A, Hanzlikova I, Nerudova J, Tumova J, Uzlova R. (2010). Pri-
mary rat hepatocytes in chemical testing and QSAR predictive applicabil-
ity. Toxicology in Vitro 24: 240–244.

Vaal M, van der Wal JT, HermensJ, Hoekstra J. (1997). Pattern analysis of the 
variation in the sensitivity of aquatic species to toxicants. Chemosphere 35: 
1291–1309.

Veith GD, Lipnick RL, Russom CL. (1989). The toxicity of acetylenic alcohols 
to the fathead minnow, Pimephales promelas: Narcosis and proelectrophile 
activation. Xenobiotica 19: 555–565.

Wold S. (1991). Validation of QSARs. Quantitative Structure-Activity Relation-
ships 10: 191–193.

RefeRenceS
Arts JHE, Muijser H, Jonker D, van de Sandt JJM, Bos PMJ, Feron VJ. (2008). In-

halation toxicity studies . OECD guidelines in relation to REACH and scien-
tific development. Environ Toxicol Pathol 60: 125–133.

Bearden AP, Schultz TW. (1997). Structure – activity relationships for Pime-
phales and Tetrahymena: A mechanism of action approach. Environ Toxicol 
Chem 16: 1311–1317.

Bearden AP, Schultz TW. (1998). Comparison of Tetrahymena and Pimephales 
toxicity based on mechanism of action. SAR QSAR Environ Res 9: 127–153.

Botham PA. (2004). Acute systemic toxicity – prospects for tiered testing 
strategies. In vitro toxicology 18: 227–230.

Cronin MTD, Dearden JC, Dobbs AJ. (1991). QSAR studies of comparative tox-
icity in aqueous organisms. Sci Total Environ 109/110: 431–439.


