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The Nitrosamine Saga1

1. The Nitrosamine Saga: Lessons learned from five years of scrutiny, R. Nudelman et al, Org. Process Res. Dev., 
2023, in press.
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Challenges: Who, Where, What?

✓ Route of synthesis API 

✓ Drug manufacturing process 

✓ Degradation – DS or DP (DS + Impurity)

✓ Primary packaging materials

Where?

What?

2. Formation of N-Nitrosamine Drug Substance Related Impurities in Medicines: A Regulatory 
Perspective on Risk Factors and Mitigation Strategies, Cioc et al, Org. Process. Res. Dev., 2023, in press.

 

Who?

Challenges: what, where, who?
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How can an in silico tool help?
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How does this tool work?3,4

3. An expert system to predict the forced degradation of organic molecules, Parenty et al, Mol. Pharm., 2013, 10, 2962-2974. 
4. Chapter 3: In silico drug degradation prediction. Ali et al, in: Methods for Stability Testing of Pharmaceuticals. Editors: Bajaj 
and Singh, 2018, pp 53-73.

Does a rule match?

Prediction Likelihood (score)

Theoretical prediction of 
degradation pathways

Knowledge base 
(KB)

Knowledge base
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Methodology
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Methodology

Query
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real pH = getpH();
setScore(min(0.9, 
max(16 - pH, pH - 2) 
/ 10));

pH dependence:
real pH = getpH();
setScore(min(0.9, max(16 - pH, 
pH - 2) / 10));
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Output: Results tree
Representative example: API bromazepam
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Coverage within Zeneth 

Oxidations
170 (27%)

Hydrolyses
144 (22%)

Condensations & 
additions
145 (23%)

Eliminations
69 (11%)

Isomerisations
45 (7%)

Photochemical 
reactions
62 (10%)

Total = 635 rules

2014: 54% sensitivity 5

2020: 70% sensitivity 6

How “good” is this knowledge base?

5. In Silico Prediction of Pharmaceutical Degradation Pathways: A Benchmarking Study, Kleinman et al, Mol. 
Pharm., 2014, 11, 4179-4188. 
6. In silico prediction of pharmaceutical degradation pathways: a benchmarking study using the software program 
Zeneth, Hemingway et al, submitted for publication. ed.
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Secondary amines

Hydroxylamines and 
Hydroxylamine ethers

Hydrazines and 
Hydrazides

Pyrrole-type

Guanidines and 
Amidines

Amides, carbamates 
and ureas

Sulfamides and 
sulfonamides

➢ Weaker 
nucleophiles 

➢ Lower 
likelihood 
scores 

Tertiary amines 
bearing an electron 
rich benzylic group

e.g.

➢ Stronger 
nucleophiles

➢ Higher 
likelihood 
scores 

Coverage of nitrosation reactions

N-N bond formation

Tertiary amines
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Coverage of nitrosation reactions
N-O bond formation

Hydrazines
O2

Base

N-C bond formation 

Enols 

Enamines

Amidines
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Nitrosamine degradant generation

669 (likely)850 (very likely)

→  assess the theoretical potential of your API to form a nitrosamine
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NDSRIs 

NDSRIs

→  assess the theoretical potential of your API to form an NDSRI
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Predictions at acidic pH
Doxylamine: N-Nitrosation of a tertiary amine Irbesartan: C-Nitrosation of an amidine

7. Pathways for N-Nitroso Compound Formation: Secondary Amines 
and Beyond, Lopez-Rodriguez et al, Org. Process Res. Dev., 2020, 24, 
1558-1585.

8. Reaction of Irbesartan with Nitrous 
Acid Produces Irbesartan Oxime 
Derivatives, rather than N-
Nitrosoirbesartan, Lin et al, Org. Process 
Res. Dev. 2022, 26, 4, 1236-1246.17 Lhasa Limited | Shared Knowledge, Shared Progress
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The landscape

“In total, 40.4 % of the analyzed APIs and 29.6 % of the API impurities are 
potential nitrosamine precursors” 
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Regulators

“Cooperation between some drug product manufacturers, marketing 
authorization holders and excipient suppliers has allowed for a better 

understanding of the nitrite content of various excipients.”

19
Lhasa Limited | Shared Knowledge, Shared Progress

https://www.lhasalimited.org/


Risk factors

2. Formation of N-Nitrosamine Drug Substance Related Impurities in Medicines: A Regulatory Perspective on Risk Factors and 
Mitigation Strategies, Cioc et al, Org. Process Res. Dev., 2023, in press.
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The Vitic Nitrites Consortium

Generate a comprehensive and robust dataset of the level of nitrites in a 
broad range of excipients, reagents and solvents to aid in compiling 

nitrosamine risk assessments for drug products and drug substances. 

21 Lhasa Limited | Shared Knowledge, Shared Progress

https://www.lhasalimited.org/


Number of results

Database updates

121

259

423
497

600
678

804

966

1349

0

200

400

600

800

1000

1200

1400

1600

2020.12020.22021.12021.22021.32021.42022.12023.12023.2

Data sharing initiative

Number of excipients

Database updates

21

52

62

71
77 79

84

92

105

0

20

40

60

80

100

120

2020.1 2020.2 2021.1 2021.2 2021.3 2021.4 2022.1 2023.1 2023.2

10. A Nitrite Excipient Database: A Useful Tool to Support N-Nitrosamine Risk Assessments for Drug Products, 
Boetzel et al, J. Pharm. Sci., 2023, 112, 1615-1624.

22 Lhasa Limited | Shared Knowledge, Shared Progress

https://www.lhasalimited.org/


Calculating nitrosamine formation

Component of the formulation
Composition in 

tablet
Mean nitrite

Total nitrite 
contribution 

API 15% - -

Microcrystalline cellulose 50% 0.76 ppm 0.38 ppm

Mannitol 22.5% 0.31 ppm 0.07 ppm

Hypromellose 5% 0.6 ppm 0.03 ppm

Crospovidone 3% 6.4 ppm 0.19 ppm

Colloidal silicon dioxide 1% 0.93 ppm 0.009 ppm

Sodium stearyl fumarate 3% 0.28 ppm 0.008 ppm

Magnesium stearate 0.5% 2.1 ppm 0.011 ppm

0.70 ppm
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Nitrite content [ppm] * 1000 * MW Nitrosamine [g/mol]
MW of nitrite [g/mol]

Calculating nitrosamine content

10. A Nitrite Excipient Database: A Useful Tool to Support N-Nitrosamine Risk Assessments for Drug Products, 
Boetzel et al, J. Pharm. Sci., 2023, 112, 1615-1624.

Nitrosamine [ng/g]   =

Average nitrite level

Nitrosamine [ng/g]   = * 1000 * 240 [g/mol]
46 [g/mol]

0.70 ppm
= 3.65 ppm

Safe limit (considering chronic use)  = 200 ppm  (6 months @ 2 mg/day)
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Excipient selection
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FDA comments

“Regulatory bodies (FDA) indicate supplier qualification (e.g., a 
change of excipient supplier) and formulation design (e.g., a 
change of excipient type) as the main mitigation strategies to 

reduce nitrosamines, it is key to understand the extent that these 
strategies can reduce the risk of nitrosamine formation.”

12. US FDA. Updates on Possible Mitigation Strategies to Reduce the Risk of Nitrosamine Drug Substance-
Related Impurities in Drug Products. Internet 2021.
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Excipient interaction predictions

➢ Potential API-excipient interactions can be predicted by Zeneth

➢ Database of ~350 structures (excipients, and their associated degradants and impurities)

➢ This can allow a risk-based stability assessment to be done

➢ Nitrite as an impurity has been added to excipients in Zeneth’s excipient database in line with 
data from the Vitic Nitrites database 

➢ Quantitative data from the Vitic Nitrites database could then be used to calculate the 
potential amount of nitrosamine in your formulation

N-Nitrosation of a 
secondary amine

Inform and support mitigation strategies+
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Conclusions

Nitrosamine formation remains a challenge to assess and mitigate for all 
organisations involved in the drug development process, including regulators

The in silico tool Zeneth can assess the theoretical potential of an API to form a 
nitrosamine or an NDSRI via a degradation pathway

A database of nitrite levels can be used to understand the impact, and potential 
amount of nitrosamine formation in your formulation

Inform and support mitigation strategies+
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Thank you, any questions

3131 Lhasa Limited | Shared Knowledge, Shared Progress

https://www.lhasalimited.org/

	Slide 1: Use of an in silico tool to determine the molecular susceptibility of compounds forming nitrosamine degradation products
	Slide 2
	Slide 3: Keywords
	Slide 4: The Nitrosamine Saga1
	Slide 5: Challenges: Who, Where, What?
	Slide 6: How can an in silico tool help?
	Slide 7: How does this tool work?3,4
	Slide 8: Methodology
	Slide 9: Methodology
	Slide 10: Methodology
	Slide 11: Output: Results tree
	Slide 12: Coverage within Zeneth 
	Slide 13
	Slide 14: Coverage of nitrosation reactions 
	Slide 15: Nitrosamine degradant generation
	Slide 16: NDSRIs 
	Slide 17: Predictions at acidic pH
	Slide 18: The landscape
	Slide 19: Regulators
	Slide 20: Risk factors
	Slide 21: The Vitic Nitrites Consortium
	Slide 22: Data sharing initiative
	Slide 23: Calculating nitrosamine formation
	Slide 24: Calculating nitrosamine content
	Slide 25: Excipient selection
	Slide 26: FDA comments
	Slide 27: Excipient interaction predictions
	Slide 28: Conclusions
	Slide 29: Acknowledgments 
	Slide 30: References used
	Slide 31: Thank you, any questions

