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Sir Alexander Fleming, 
1928

Penicillium notatum Acts by interfering with the 
synthesis of the
bacterial cell wall peptidoglycan

Staphylococcus bacteria 

Introduction

What is β-lactam?

2-azetidinone
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QSTR

β-lactam antibiotics are one of the 
most effective and consumed 
medications worldwide 

A recent study by Browne et al. in 2021 
showed that antibiotic consumption was 14·3 
DDD (Defined Daily Dose)/1000 patients/day 
in 2018 (40·2 billion DDD), an increase of 46% 
from 9·8 DDD/1000 patients/day in 2000. 

The residual fractions of β-lactams 
and their metabolites in ecosystems 
exhibit numerous hazardous effects 

Require lots of resources and time, and 
are also reliant on an enormous quantity 
of test animals 

International organizations propose 
some new regulations: ECHA, US TSCA, 
CEPA etc. 

Ecotoxicity data of β-lactams are quite 
limited, and hence it’s a subject of 
QSTR study. 

Advantages of zebrafish (Danio rerio) 
embryos: high fertility and
reproduction rate, their transparent 
property and their phenotypic
properties can be easily identified, genetic 
resemblance with human, more 
susceptible to drugs and pollutants than 
the mature fish → OECD 236 guidelines

Introduction
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Y. Han et al., Hazard assessment of beta-lactams: Integrating in silico and 
QSTR approaches with in vivo zebrafish embryo toxicity testing, Ecotoxicol. 
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Total = 43

TC50 = 40LC50 = 30

Common = 27

Materials and methods
Workflow and OECD principles
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Results and discussions
Models’ results
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Results and discussions
Scatter Plots

It shows how well the predicted values (along the 
Y-axis) and the observed values (along the X-axis) 
are correlated, indicating the goodness-of-fit of the 
model.
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Roy, K., Ambure, P. and Kar, S., 2018. How precise are our quantitative structure–activity relationship derived predictions for new query 
chemicals?. ACS omega, 3(9), pp.11392-11406.

85 – 91 %
Inside AD

76 – 89 %
Good predictions 

External set prediction 9



 The LC50 and TC50 are proportionally correlated to each other. 

 The QSTR models developed employing two toxicity endpoints, namely median 
lethal (LC50) and median teratogenic concentration (TC50) against zebrafish (Danio 
rerio) for a set of 30 and 40 β-lactam compounds respectively. 

 Developed models demonstrate statistical validity, resilience, and strong 
predictive performance. 

 The vital structural attributes of β-lactams responsible for influencing toxicity. 
The structural attributes that enhance the toxicity of β- lactams may be 
removed, and those that reduce the toxicity may be included in the final 
structure while designing a new molecule. 

 If predictions point out harmful effects, their use and emission should be 
restricted to our surrounding aquatic environment.

 Ultimately help to achieve the ideas behind green chemistry and the 3Rs 
(Refinement, Replacement, and Reduction) by minimization of testing of animals.

Conclusion
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Thank you
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