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To validate the predictive performance of various in silico methods for estimating acute toxicity, a panel of QSAR-based approaches was applied to fentanyl and two structurally related analogs. The compounds were selected due to their well-documented experimental LD50 values and relevance in forensic toxicology. The models used include Percepta, TEST 5.1.2 (with Consensus, Hierarchical Clustering, and Nearest Neighbour algorithms), VEGA QSAR 1.2.3, and ProTox 3.0. The results were compared against known in vivo data for different species and administration routes, and the reliability of predictions was assessed through model-specific reliability indices. Similarity to known compounds was calculated using MCS Tanimoto coefficients, and prediction accuracy was quantified as the percentage similarity between predicted and experimental LD₅₀ values.






Table S1. Validation of in silico approaches for predicting acute toxicity (LD₅₀) of fentanyl and analogs using multiple QSAR-based models
	Compound
	Species
	Administration route
	in silico method
	Similarity, %
	t-LD50 (mg/kg bw)
	Reliability
	Experimental LD50 (mg/kg bw)
	Prediction similarity (%)

	Fentanyl
CAS: 437-38-7
SMILES: CCC(=O)N(C1CCN(CC1)CCC2=CC=CC=C2)C3=CC=CC=C3

	Rat
	Oral
	Percepta
	MCS Tanimoto
92.59 
	160
	RI=0.62
	18.0
	11.25

	
	
	
	TEST 5.1.2 (Consensus)
	
	466.31
	SC>0.6 
	
	3.86

	
	
	
	TEST 5.1.2 Hierarchical clustering
	
	524.42
	SC>0.6
	
	3.43

	
	
	
	TEST 5.1.2 Nearest neighbour
	
	414.65
	SC ≥ 0.9
	
	4.34

	
	
	
	VEGA QSAR 1.2.3
	
	11.4
	Low; out of AD 
	
	63.33

	
	
	
	ProTox 3.0
	
	18
	SC=100%
	
	100

	
	Mouse
	Intraperitoneal 
	Percepta
	
	71
	RI=0.72
	76.0
	93.42

	
3-Methylfentanyl
CAS: 42045-86-3
SMILES: CCC(=O)N(C1CCN(CC1C)CCC2=CC=CC=C2)C3=CC=CC=C3

	Mouse
	Intraperitoneal 
	Percepta
	MCS Tanimoto
89.29
	62
	RI=0.73
	24.8
	40

	
Fentanyl Hydrochloride
CAS: 1443-54-5
SMILES: 
Cl.CCC(=O)N(C1CCN(CCC2=CC=CC=C2)CC1)C1=CC=CC=C1

	Mouse 
	Intraperitoneal
	Percepta
	MCS Tanimoto
89.29
	71
	RI=0.72
	45.0
	63.38



