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o Identify structural features for efficient searching and 
quantitative comparison of nitrosamine surrogates.

o Identify surrogates that mimic the reactivity and structure of 
complex Nitrosamine Drug Substance Related Impurities 
(NDSRIs).

o Identify features that affect CYP-450 mediated α-
hydroxylation of nitrosamines and their carcinogenic potency. 

Purpose

Feature Sets
We assembled three structural feature sets relevant to N-
nitrosamines' carcinogenic potency:

Methods

1. CPCA1,2 Based Structural Keys (FP-1)
o Various combinations of α-H counts.
o Carboxylic group anywhere.
o Various types of ring memberships.
o Various activating and deactivating features.
o Calculated activating and deactivating scores
o Fingerprint length = 33 bits.

2. Atom Types Around the N-N=O Moiety3 (FP-2)
o Atoms up to 5 bond distance were used.
o Different atom types were counted at each bond depth.
o Atom types were defined using element type, hybridization, H 

counts, aromaticity, ring membership etc. – total 193 atom 
types.

o Fingerprint length = 990 bits, consists of 5 equal segments.
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o Expert visual assessment confirmed the fingerprints' effectiveness in 
identifying suitable surrogates for NDSRI intake limits.

o CPCA feature-based fingerprints (FP-1) outperform traditional atom 
type fingerprints (FP-2).

o Fingerprints offer a quantitative measure of nitrosamine similarity, 
relevant for their carcinogenic potency.

Conclusions

3. Metabolic α-CH2 Hydroxylation Modulators4 
o Consists of activating and deactivating structural features that 

influence α-carbon hydroxylation.
o Identified using QSAR modeling of α-carbon hydroxylation in 

xenobiotic CYP metabolism.

Similarity Measure
• For FP-1, Tanimoto similarity was used.
• For FP-2, the fraction of atom type and ring membership 

matches between two nitrosamines were used as the similarity 
measure.

Results

Figure 1. Generating a fingerprint using the counts of various atom 
types around the nitrosamine moiety

Table 2. Identified top surrogates for the NDSRI using the general atom type-based 
fingerprint (FP-2) 

Figure 3. Computing similarity between an NDSRI and a nitrosamine 
surrogate using CPCA-based structural keys (FP-1)

Table 1. Identified top surrogates for the NDSRI using the CPCA based fingerprint (FP-1)

Figure 2. Examples of some deactivating features (i.e., inhibits α-CH2 
hydroxylation) identified from QSAR modeling 

Query NDSRI (N-nitroso Reboxetine)
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Data
o A set of 209 small nitrosamines with available animal 

carcinogenicity data were used as surrogates.
o 620 pairs of xenobiotic substrate-metabolite pairs were used 

to build the α-CH2 hydroxylation QSAR models.
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