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Introduction

Secondary or tertiary amine, nitrite and acidic medium are key R /Rf’—’
requisites for N-nitrosamine formation

|
Nitrite(s) widespread in water, API, excipients, NO, may be present in air N6
-
Food industry: Antioxidants (ascorbic acid, a-tocopherol) prevent N-
nitrosamine formation by scavenging nitrite prior to N-nitrosation O

The use of nitrite scavengers suggested by the FDA in Updates on possible
mitigation strategies to reduce the risk of nitrosamine drug substance-
related impurities in drug products (November 2021)*

. 2

Only one study published for pharmaceutical samples (Nanda et. al.,
2021)? at the beginning of our research work
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https://www.fda.gov/drugs/drug-safety-and-availability/updates-possible-mitigation-strategies-reduce-risk-nitrosamine-drug-substance-related-impurities
https://www.fda.gov/drugs/drug-safety-and-availability/updates-possible-mitigation-strategies-reduce-risk-nitrosamine-drug-substance-related-impurities

Literature investigation

= Various organic and inorganic compounds react with nitrite(s) / &

» Desired properties of a nitrite scavenger:
» Low toxicological risk (also for reaction products)

« Suitable as Inactive Ingredient for Approved Drug Products (FDA)
« Fast and complete reaction with nitrite

4
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19 nitrite scavengers chosen for experimental screening based on literature data:

Antioxidants
ascorbic acid, sodium ascorbate,
ascorbyl palmitate, maltol, phenols
— a-tocopherol, resveratrol, propyl
gallate, BHA, BHT

Amino acids
glycine,
arginine, lysine,
histidine,
cysteine

Inorganic salts
sodium sulfite,
ammonium
chloride,
ammonium sulfate

Various
PABA,
urea

Public
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Screening of scavenging activity

4 conditions: pH 3.0/5.0, temp. 20/50 °C
-

NO,- measurement with MQuant® nitrite
2-80 mg/L test strips

. 2

Cut-off: consumption of NO, in 20
hours at most conditions

h 2

6 scavengers selected for evaluation
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Maltol

- Cirl - NOy
# 10 - Glycine

- 11- Arginine
¥ 12-Lysine
13 - Histidine

Propyl gallate
7

Time (h)
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Ctrl - NOy

6 - Resveratrol

7 - Propyl gallate
8-BHA

9 - BHT
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T T™ rr
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Time (h)

Ctrl - NOy

14 - Urea

15 - PABA

16 - Cysleine

. 17 - Sodium sulfite

= -0~ 18 - Ammonium sulfate

« » B 0

19 - Ammonium chioride

0 20 40 60
Time (h)

Nitrite:scavenger 1:10 (molar ratio), all reactions carried out at 20 °C in pH 3.0
phosphate buffer.

PABA
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MNenitrosamine inhibition in solution

) NaNO _N_
(. scavenger N Model APIs: (A scavenger o
~ e o NS N
25 °c, @( N-methylaniline (MA) @ 25°C, (j
Phosphate . . Phosphate
MA buffer NMA N-phenylpiperazine (PP) PP buffer NPP
pH 3.0 pH 3.0
F:ﬁ :nd complete nitrosation Al scavengers Lovg/;r extent of PP nitrosation
0 .  l4mmm effective, but to ) (~5%) L _
* PABA > ascorbic acid ~ cysteine = e S  PABA,ascorbic acid & cysteine
most effective fully inhibited NPP formation
3.00 -~ Control 0.15-
s -# 1 - Ascorbic acid §
.E 5 200 —— 5 - Maltol g 5 0104
§ E ¥ 7 - Propyl gallate § E
S E o E
é = 1.00 15 - PABA o= 0059
z —$ -®- 16 - Cysteine = s Y
0.00 ==ty T T Y 1 0'00'#.. = 1 . L
0 2 4 6 8 10 Initial MA or PP concentration was 2 mM, the 0 10 20 30
Time [h] molar ratio of MA/PP: nitrite: scavenger w as Time [h]
1:1.1:22, and all ti ied out at )
25 Cin pH 3.0 phosphate buffer. SANDOZ ;=



MN-nitrosamine inhibition in solid state

MA and PP formulated in tablets as solid HCI salts (10% API) with
scavengers in 10:1 ratio — 28-day stress test (50 °C, 75% R.H.)

. 2

h

NMA formed already during tabletting,

unstable during stress testing
* Low impact of scavengers

MA-HCI; no spiking MA-HCI; spiking 2 ppm NOy
100
75
I I I | | | .
=] | I I I I
Ctrl 1 15 16 Ctrl 1 15 16
®|nitial NMA = Final NMA ® |nitial NMA = Final NMA

Significant NPP formation during stress test

» Ascorbic acid, PABA, and L-cysteine showed
some inhibition

* Naascorbate promoted NPP formation!

O N b O

PP-HCI; no spiking PP-HCI; spiking 2 ppm NO,
12
9
6
3
i R
Cterl 1 2 5 7 15 16 Cirl 1 2 5 7 15 16

H |nitial NPP = Final NPP H |nitial NPP = Final NPP

2 Public ppm per API; 1: ascorbic acid, 2: sodium ascorbate, 5: maltol, 7: propyl gallate, 15: PABA, 16: L-cysteine SANDO A Novartis

Division




Conclusion

= All evaluated nitrite scavengers lower the

formation of alkyl-alkyl and aryl-alkyl N- | PNEINGG G 16 AVAN e
nitrosamines in solution NSRS e
. . . AL "(‘ ii' “Q‘)' >
= Ascorbic acid, cysteine and para- N I\
aminobenzoic acid (PABA) also effective o O &~
in solid state (tablets) NV - ‘
_ ) ' K 9\ 4§ ‘@ 65 N
* Potentialinclusion of PABAto IIADP database | =S SA N (o) \& &) E }@
" Nitrite Scavengmg_ aCtIVItY not Imea_rly Visual changes of tablets after stress test
correlated to N-nitrosamine formation (left to right: control, ascorbic acid, sodium ascorbate, cysteine, maftol,
. . - propyl gallate, PABA; top to bottom: MA-HCI non-spiked, MA-HCI
preventlon eff|C|ency spiked, PP-HCI non-spiked, PP-HCI spiked)

A strategy with high potential, but the choice of scavenger and its amount
need to be evaluated case-by-case (dosage form, compatibility, stability etc.)
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