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SAFC.
Strategies for NDSRI Prevention

FDA Recommendations on Reduction or Prevention of NDSRI Formation in Drug Products

Scavengers

« Account for potential
nitrite impurities in
excipients

« Modify the
microenvironment to

neutral or basic pH
« Low nitrite level reduce risk . Create unfavorable
of NDSRI formation - Design DP formulation conditions to NDSRI

incorporating an antioxidant formation

« Small amounts of antioxidants
Source: Control of Nitrosamines Impurities in Human may inhibit NDSRI formation
Drugs. Guidance for Industry. Rev. 2, Sept 2024
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Summary of results
Nitrite Level in Excipients

S Analyze Nitrite Level in Excipients
@ Test 3 batches per product (min. 2 batches)

62%
< 0.050 pg/g

< 0.10 pg/g
or below

> 450 > 0.10 to

Products
tested 0.50 pg/g
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Typically, below LoQ,
-> HPLC
(Griess reaction)

effective values T
(Polymers, neutral or basic subst.)
or
LOQ T (reducing subst., polymers)

effective values 17,
(basic substances or salts)
(IC / IC-PCD, HPLC)



Results

SAFC.

Classes of Excipients - Nitrites not detected (below LoQ)

Acids, liquid and solid

Nitrite decomposes with time in acidic

medium

Nitrite forms under even mildly acidic conditions its
conjugate acid, nitrous acid, which is unstable:1

d NOZ_ + H+ — HN02
: 3 HNO, — NO5™ + 2 NOT + H;0*
Product w(Nitrite) (ng/g)

Acetic acid 96% < 30
Benzoic acid < 30
Boric acid < 30
Citric acid anhydrous < 30
DL-Malic acid < 30
Hydrochloric acid 25% < 30
(S)-Lactic acid about 90% < 30
Phenol < 30
ortho-Phosphoric acid 85% |< 30
Salicylic acid < 30
Sorbic acid < 30
L(+)-Tartaric acid < 30
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Organic Solvents
Process is unlikely to result in nitrite presence

Raw materials: often w/o basic raw materials, w/o
water, not prone to NOx or nitrite contamination

Manufacturing process typically includes distillation
to purge potential nitrites

Product w(Nitrite) (ng/g)
1,2-Propanediol <35
1-Butanol <35
2-Propanol <30
Acetone <30
Benzyl alcohol <25
Dichloromethane <25
Diethyl ether <5
N,N-Dimethylacetamide [£30
Dimethyl Sulfoxide <30
Ethanol 96% <30
Ethyl acetate <4
Tetrahydrofuran <41




Text slides and text boxes SAFC.
Sources of Nitrite in Excipients

aftie

' Raw Materials used in manufacture of excipients can
N contain nitrite, e.g., basic metal salts (e.g., hydroxides,
carbonates, acetates, phosphates, stearates)

Process Management
@ = Process impurity: application of direct heat, spray drying

= Purge: washing steps to remove NO,"

= Nitrite level depends on the manufacturing process,
hence on the supplier

Control of nitrite in excipients is key
ﬂ Drug Product manufacturers should limit nitrite

In case nitrite is present, there is a risk for nitrosamine
formation during DP manufacturing process or storage
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How to identify successful Scavengers

/

Pre-screening
LC-MS Waters UPLC & Thermo LTQ
instrument XL
Eclipse Plus C18 50 x 3 mm,
Column
1.8 um
Column
50 °C
temperature

Mobile phase

A: Water + 0.1% FA
B: Acetonitrile + 0.1% FA

optimized gradient for

Gradient
different amines

Run time 7 min

Flow Rate 0.5 ml/min
Injection

7.5 uL
volume
Ionization
ESI (negative/positive)
mode

Acquisition

mode

Full scan
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2. Sample

Amine
+ NaNO:2

(molar ratio 1:4)

Amine

(100

ug/mL)

Incubation
60 °C, 300rpm

»
»

Sample drawing:
Oh, 1h, 2h, 3h

3. Scavenger

Amine

+ Scavenger

+ NaNO:2

(molar ratio 1:

20:4)

LC-MS
analysis

dilution

_




Scavenger pre-screening SAFC.
Overview high performing Scavenger

oH N7
|
o\)\/N CH, (0)
s he Ascorbic acid 100%

HO.

e )\O O e, O
Ho. ~_:-O__o
Bisoprolol \)OH\/H V\q
o N s HO OH
CH,
O T o
e 0 Vitamine E
*LoD (2 ng/mL) @

CHs

CHs

Scavenging performance - HoG
- Pre-screening (3h) Phenolic
compounds

. . L- Cysteine
Ferulic acid /\HJ\
@]
/ODMOH Caffeic acid
Ho HO 1 . Tryptophan GIutathione
OH
HOOC\/\)]\ ]\’(

HO HN I NH, N._-COOH
99% 85%
10 Excipients in Nitrosamine Risk Mitigation | June 2026 M




Side Effects of Scavengers in Solid Formulations
Visual

Assessment
Ranking of successful candidates after stressed stability
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Scavenging performance [%)]

0 4 8 12
Time [weeks]
—L-Cysteine —Glutathione ——Tryptophan
Vitamin E powder —Vitamin E (liquid) ——Ascorbic acid

Visual inspection shows coloration of tablets containing ascorbic acid and tryptophan

11
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L-Cysteine

Ascorbic acid

Glutathione

Vitamin E
concentrate

(dry powder)

Tryptophan

Vitamin E
(oily liquid)
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Preventing Nitrosamine Formation SAFC.
pH Modifiers

Aim: Identify potential pH modifiers to increase local pH levels; Addition of
pH modifiers (5%), tablets dissolved in 20 ml demineralized water (pH 6.06)

Tested 4 weeks after

Nat* O- OH storage at accelerated
0 4 o conditions (40°C/ 75%)
I

All pH modifiers increase

Sodium 0 i
bicarbonate Trisodium the pH of the dissolved
citrate tablets
Sodium bicarbonate and
Q OH O sodium acetate show

Na® €o o2 ®Na strong performance

Sodium Disodium %a
acetate hydrogen
phosphat
A <«

@)
1 .
)J\ — Nt P. - pH dissolved tablets
O Na HO/ \ _O- Na"‘
O Na - Nitrosamine formation prevention in % after 4 weeks
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Summary

Nitrite is challenging to be controlled or even detected to ppb levels; levels needed for control of

Nitrosamines to ng/g levels

A large proportion of API molecules contain secondary or tertiary amine moieties as structural

features that make them susceptible to nitrosation.
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Thank You

.. and many thanks to

Dr. Thomas Kipping (Formulation strategies)
Dr. Sebastian Hickert (Nitrite testing)
Erik Althapp (Nitrite testing)
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Contact

Dr. Ulrich Reichert

CDMO & Bioprocess Materials
LS Regulatory Management
ulrich.reichert@emdgroup.com

Many Thanks to

Dr. Thomas Kipping
Dr. Sebastian Hickert
Erik Althapp

Dr. J6rg Schlingemann
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The vibrant M, SAFC, Emprove and Glucophage are trademarks
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All other trademarks are the property of their respective owners.
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