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Abstract 

Clinical pathology testing of laboratory animals is crucial for 
chemical safety evaluation and risk assessment. As the
toxicology community and regulatory agencies are moving 
towards replacement, reduction, and refinement (3Rs) of 
animal studies, and meanwhile, abundant animal data are 
available from the public domain, we are exploring an
Artificial Intelligence (AI) approach to learn from the existing 
animal testing results to generate the new animal data 
without conducting additional animal experiments. The
AnimalGAN was developed based on a generative adversarial
network (GAN)-based framework. Specifically, we constructed 
AnimalGAN by learning clinical pathology data from multiple 
experimental treatments (i.e., compound/time/dose 
combinations) available in TG-GATEs. We also challenged the 
AnimalGAN with data from DrugMatrix. AnimalGAN 
successfully inferred hematological and biochemical
parameters with high similarity (0.998±0.002) to the
corresponding animal testing values under the same 
experimental design. Furthermore, the generated 
hematological and biochemical parameters by AnimalGAN 
could yield similar toxicity identification results comparable 
with those from animal samples, with an average
concordance rate over 90%. Moreover, we asked AnimalGAN
to generate clinical pathology data for treatments reported in 
DrugMatrix. We found that the generated data can be used to
assess toxicity as their corresponding animal data did, with an
average concordance rate around 70%, which is comparable
with the concordance of toxicity assessment results by using 
TG-GATEs data and DrugMatrix data for their overlapped 
treatments. The proposed AnimalGAN framework and its
applications demonstrated the potential of utilizing advanced 
AI approaches to produce non-animal models as alternatives 
to an
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imal studies based on the existing data. 
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AnimalGAN Development and Evaluation 

Develop 

1649 treatments
138 Descriptors 
3 Dose levels 
4 Time points 

TG-GATEs 

8078 rats/tests 
(138 compounds) 

Test set: 
332 treatments
(28 compounds) 

1636 rats 

Training set: 
1317 treatments
(110 compounds) 

6442 rats/tests 

Generated testing 
results for treatments

in test set 

AnimalGAN is a generative adversarial network-based 
framework, involving two networks – generator and 
discriminator. It receives treatment information, including 
molecular descriptors, dose levels and time points of
compounds, as model condition.
The dataset extracted from the rat repeated dose studies in 
the open TG-GATEs database was used to develop our
AnimalGAN.
We split the dataset into two sets, using about 80 percent, 110
compounds treated rats under 1317 treatment conditions as 
training set to construct the model. Then we asked the 
AnimalGAN to generate the clinical pathology testing results 
for the 332 treatment conditions of the remaining 28 
compounds in the test set. Due to those are unseen data in 
model development process, we can use them to evaluate the 
performance and generalization of the AnimalGAN. 
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Figure 2. Concordance between Real and Generated 
Measurements on Toxicity Assessment. 

Figure 1.  Boxplot of (A) Cosine Similarity, (B) RMSE between AnimalGAN model generated clinical pathology data can 
generated data and their corresponding animal testing data in achieve equivalent performance as real animal data in toxicity 
the test set, and (C) t-SNE plot of test set. assessment. 

AnimalGAN-generated data-based Toxicity Assessment 

For a given treatment, we compared the difference between 
the vehicle control-treated group and compound-treated
group for each measurement to assess if there is change
between the two group. If the test result based on generated
data and their corresponding real data were both indicating
there is no change between the treated group and control 
group, or both indicate treatment-related changes, we 
consider that the generated data and the real data are 
consistent in toxicity assessment. Otherwise, we consider 
they are not consistent. 
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External Validation with DrugMatrix 

Due to AnimalGAN was developed using TG-GATEs data, we 
used the vehicle-control treated group in TG-GATEs to identify 

The generated data can be used to assess toxicity as their 

treatment-related changes for the generated data. 

corresponding animal data did, with an average concordance 
rate around 70%, which is comparable with the concordance of 
toxicity assessment results by using TG-GATEs data and 

• We proposed a GAN-based ramework named AnimalGAN, f

Summary 

DrugMatrix data for their overlapped treatments. 

which learns from the existing animal data and holds 
promise for generating new animal data just from chemical 
information in combination of dosage and treatment 
durations. 

• Learning from the pre-existing data from the TG-GATEs, 
AnimalGAN successfully generated the clinical pathology 
testing results with high similarity to the corresponding 
animal testing results. 

• AnimalGAN generated clinical pathology testing results can
be used to assess toxicity, and the assessment results are 
highly consistent with the animal testing results-based 
assessment. 
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