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Mutagenic impurities

Mutagenic impurities in APIs and drug products
pose a significant risk to health and safety—
even in small quantities—and thus are a major
concern for drug makers.

Mutagenic impurities can damage DNA, leading
to mutations and potentially cancer. Efforts to
address and control the presence of trace levels
of mutagenic impurities is of special concern to
global regulators.
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Nitrosamines in Recent News!

May 2020
Sep 2019 * FDA recalled
: metformin based
April 2019 * FDA recalled drugs
ranitidine based
Feb 2019 « FDA identified drugs

additional

Oct 2018 . contaminants,
FDA expanded EIPNA & DIPNA

recall as new

July 2018 « FDA expanded contaminant,

recall to other NMBA identified

e FDA recalled sartans, due to

valsartan DP due to NDMA & NDEA
NDMA contaminant

For detailed info, refer to: FDA Press Releases; EMA Press Releases
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Formation of Nitrosamines

Nitrosamines are formed by chemical
reactions that occur during API
manufacturing whether from:

 starting materials
» Intermediates

* Reactants
 reuse of solvents
» and by products

They can form through degradation products
generated during formulation or storage or
from environmental contaminants.
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Degradation

due to
interaction with
certain
packaging
materials

Degradation of
DS during final
finished
product
formulation

Contaminated
starting
materials and
intermediates

Contaminated
equipment or
Cross-
contamination
from different
processes on
same prod.line

Sodium nitrite
or other nitrites
in the presence
of secondary or
tertiary amines

Recycled
materials from
nonqualified
vendors
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What is Chromatography-Mass Spectrometry?

Liquid Chromatography (LC)
Separates analytes based on
chemical properties. Measures
“Retention” on a separation
column.

mAU

LC/MS is a powerful analytical technique ' l |
j |
(=

Separating power of High-Performance
Liquid Chromatography (HPLC)

A 4

Detection power of Mass Spectrometry
(MS) — charged ions (m/z)

.h‘

LC/MS

Separation RT, molecular weight, Structure
|dentity and Quantity of specific components

Separates based on “mass” (m/z) of a
molecule’s ion. The analyte must be
ionized in the gas phase in order to be
detected.

Highly Selectivity and Very Sensitivity

Time
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High Pressure Liquid  Analysis of active pharmacedutical
Chromatography  ingredients by High Pressure Liquid
Chromatography (HPLC)




A typical requirement of the pharmaceutical industry is the
quality control of active ingredients () in drugs.

It is very important to identify drug impurities (® A ) that
may occur during synthesis or by decomposition of the
active ingredient.

Quality control
ensures patient
safety.
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Step 1: Tablet Dissolution and
Substance Release
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Step 2: Separation

Mobile Phase

This means the
substances reach the end
of the column at different
times.

Thereby the substances in
the tablet are separated.




The Chromatographic Process
Introduction

Constant flow of mobile phase

Analytes Stationary Phase

Column Mobile Phase

The stationary phase retains analytes due to various interactions.

When different chemical components pass through the column at different rates they become
separated in single zones.
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Step 3: Quantitative Determination of Substances

A A detector measures the

) intensity of light. More
light absorbed by the
substance means less
light is transmitted to the
detector.

([\ — - Detector




Step 3: Quantitative Determination of Substances
nA
— D

Detector - L } LA J L

The detector records the light intensity. Reducing light
intensity produces a detector response, a so-called ,peak”.

Peak height or area corresponds to the reduction of light
intensity by absorption of the substance.




HPLC is an abbreviation for High Performance Liquid
Chromatography
|

Compound B
These are called chromatographic

peaks and each one represents a

separated compound
x |

_ o Compound C
Point of sample injection Compound A
into the column
L L e e s e e
0 2 4 6 8 10 12 14 min

Time after injection
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Example: Analysis of an Active Ingredient

Impurities must not reach certain thresholds, to ensure
patient safety.
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HPLC System General Design
Introduction

« Pump with Degasser : Deliver flow of solvents/buffers

» Autosampler : Inject sample

« Column (installed in a Column Compartment)

« Detector : To detect compound (Could be MS, DAD, UV, etc.)
« Computer with control software

==

B Detector

Pump Autosampler
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Percent concentration

10
100




PPM - Part per Million

1,000,000 g @

1 ppm =
1,000,000




PPB — Part per Billion

1
1,000,000,000

1 ppb =




Next-Gen LC/TQ
Agilent’s new high-end LC/TQ platform

DE90385304

Intelligent Instrumentation

Al-Powered Tuning,
Early Maintenance Feedback
Intelligent Reflex

Workflows: “Discovery”
to “Routine Analysis”

Scientific insights in routine analysis, translational
medicine, targeted omics

Performance Improvements ﬁ

2-3x sensitivity improvements,
Enhanced iFunnel speed
High precision at low dwell times
Production-ready robustness
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Basic components of a Mass Spectrometry (MS) system

@) SOURCE: ionizes sample into “flight” \
(B) ANALYZER: separates sample based on m/z
(C) DETECTOR: detects ions

D) COMPUTER: deconvolutes data & plots as Abundance vs myz

&

Sample
inlet Source Interface Analyzer Detector Data
Acquisition
l +:+ — o =I_ i
o, ., I_
ESI Capillary Quadrupgle PMT
APCI Orifice Time of Flight EM
APPI lon Trap ]
Vacuum pumps I || L .|

Generalized diagrammatical representation of a mass spectrometer. Mass Spectrum
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Relative Applicability of LC/MS Techniques

« Several different types of ion 100,000 -
sources Hectrospray lonization

« Suitable for different classes of

10,000 4
compounds

» Atmospheric pressure ionization
(API) technique

» Electrospray ionization (ESI)

* Atmospheric pressure chemical
ionization (APCI) 100

* Atmospheric pressure
photoionization (APPI)

Molecular Weight
1

0 T
MNonpolar Very Polar

Polarity
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Electrospray ionization (ESI)

Heated nitrogen drying gas

% \\\\\ lons
= Nebulizer gas
.g Rigid stainless steel
"D§ + eluent delivery capillary
[}
= Solvent spray
‘;;],:-:':
U o 0
@ ) 3
b L vt 0
e G® -
e e
® @ o i . .
// Dielectric capillary entrance

-

Evaporation wwoe==>  Analyte ion ejected
Rayleigh
+t 4 g Limit 3
oF _, = + +-l:' -++ Reached ;}-tj'-ﬁ- /Coulomb
+ _ -+ — ++-_':§_+ — +-.|:-I-.++ explosion
9 + T +1+
+3t

)
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Electrospray Considerations

« Samples

* lons in solution: catecholamines, sulfate conjugates, quaternary amines
« Compounds that can have a charge induced: menthol

« Compounds containing heteroatoms: carbamates, benzodiazepines

« Multiply charged in solution: proteins, peptides, oligonucleotides

» Solution Chemistry Parameters
* Flow rate

« Sample pK, solution pH
 Solution conductivity

« Samples to Avoid
» Extremely non-polar samples: PAHs, PCBs

18 March 2021 Fundamentals of LCMS ~DE44272.0482986111 3. Agilent




APCI Interface

Nebulizing gas ~.

Corona
discharge
needle

HPLC inlet

'. - Nebulizer (sprayer)

Drying gas

Capillary
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APCI Considerations

« Samples

« Compounds of intermediate MW and polarity: PAHs, PCBs, fatty acids, phthalates.

« Compounds that don’t contain acidic or basic sites (e.g. hydrocarbons, alcohols,
aldehydes, ketones, and esters

« Samples containing heteroatoms: ureas, benzodiazepines, carbamates

« Samples that exhibit a poor electrospray response

» Solution Chemistry Parameters

 Less sensitive to solution chemistry effects than ES
 Tolerates higher flow rates than ES

« Accommodates some solvents not compatible with ES

« Samples to Avoid
» Thermally labile compounds due to vaporization process
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Atmospheric Pressure lonization Techniques

|

Volatility not required Some volatility required
o © Preferred technique for Analyte must be thermally
g thermally labile analytes stable
lons formed in solution lons formed in gas phase
|
Can form multiply charged " Forms singly charged ions
ions only
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Available lon Sources
Extensive ion source portfolio lets you choose the ideal match for your application

Agilent Jet Stream (AJS) Atmospheric Pressure Chemical lonization
4 With the aid of superheated N, sheath gas for ultra-high "
sensitivity. Drastically increase ion formation by
enhanced droplet desolvation. . .
Atmospheric Pressure
S " Chemical lonization (APCI)
Complement your standard Electrospray lonization
! . ) analysis. You can detect difficult to ionize polar and
p | Electrospray lonization (ESI) 3 nonpolar analytes with APCI
Analyze the broadest array of molecules in a
concentration dependent manner. Suitable for standard
flow, capillary flow, and nanoflow regimes =
| - Multimode lonization (MMI)
& 4
- Deliver simultaneous ESI and APCI with high ionization
*r Nano Electrospray (Nano ES|) efficiency. Provide added coverage across a wider
. i range of analyte properties. Maximize throughput by
-;_,:: 5 o Analyze the broadest array of molecules in a — eliminating the need to run samples twice.
e =N concentration dependent manner. Suitable for standard
e flow, capillary flow, and nanoflow regimes

6475 LC/TQ with MassHunter 12 - Customer Facing Presentation - DE00564485 -+l Agilent



Quadruple mass analyzer

« Scanning (scan) mode : Range of m/z ratios
« Selected ion monitoring (SIM) mode : only a few m/z ratios

1 Scan Mass Range
S
can - -
- =
s @
E — =
2
Nt ‘I
—-= To detector time m/z
SIM 18can Discrete Masses
-
(ah]
- g\ E
From ion — &
source =
time m/z
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Collision-Induced Dissociation and Multiple-Stage MS

LC/MS/MS @
l—— | T —— = &
Rl & — P & s R & —
e i — (o C—a ", =
<

Capillary Q1 Q2 (CID) a3 | ‘

» To obtain structural information
« Analyte ion are fragmented by colliding them with neutral molecules

« Voltages are applied to the analyte ion to add energy to the collisions and create more fragmentation

18 March 2021 Fundamentals of LCMS DE44272.0482986111 gl Agilent




Quadrupole Mass Spectrometry: Quantitative Modes of Operation

Specifically in the context of Quantitation

Analyte peak is ambiguous Complex Mass Spectrum
x10 2 +/-ESI TIC MRM (** -> **) 092418 SG1812 ES| PestMix Linearity - 100f... x10 1 +ESI MRM:9 (rt: 0.019-5.001 min, 635 scans) Frag=95.0V CID@20.0 (..
1 1
26 25 99.0
24 2
22 169.1
2 15
72.1 134.2
18 1 198.8 316.0
1.6 05
14 All ions contribute to this noise .
05 1 15 2 25 3 35 4 45 50 100 150 200 250 300 350
Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)
Analyte peak is detected but still contaminated (Sensitive)
Cpd 9: Metosulam x10 1 Cpd 9: Metosulam 1.989: +ESI MRM:1 (rt: 1.965-2.036 min, 10 scans)...
x10 -1 Noise (Auto-RMS) = 0.0538; SNR (1.989 min) =915.3 175.0
2 3
25
¢ 2
1.5
1
0.5
V T T T T T T T T 1 0 T T T T T T T
0.5 1 15 2 25 3 35 4 4.5 50 100 150 200 250 300 350
Counts (%) vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)
i i itAr Undesired chemical noise is filtered out (Sensitive & Selective
TQ Multiple Reaction Monitoring (MRM) ( )
. . . . Cpd 8: Metosulam 1.989: +ESI MRM Frag=140.0V CID@28.0 (418.0 -.. x10 1 Cpd 9: Metosulam 1.989: +ESI MRM:1 (rt: 1.965-2.036 min, 10 scans)...
Also known as: Selected Reaction Monltorlng (SRM) %10 2 Noise (Auto-RMS) = 0.0454; SNR (1.989 min) = 272160.5 175.0
1 1 1 8
25
0.8
2
0.6 15
0.4 1
0.2 05
0-t 0
05 1 15 2 25 3 35 4 45 50 100 150 200 250 300 350
Counts (%) vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)
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Why use a Triple Quadrupole LC/MS?

- S—t—ry

Single Quadrupole

SIM: m/z 521.3

Triple Quadrupole
MRM: m/z 521.3—357.6

Analyte of Interest
(impossible to quantitate)

3/15/2024

Agilent restricted

Single lon Monitoring (SIM)

All analytes with specified m/z are detected

+ Compound of interest may coelute with other analytes of the
same m/z.

* Baseline noise may be much higher due to background ions
of the same m/z.

Multiple Reaction Monitoring (MRM)

Only analytes producing a specific “reaction” are
detected

+ Uses two stages of filtering. Basically, two SIMs operated at
each quadrupole.

» Higher specificity of analyte ions.

» Drastic reduction of chemical noise, improving detection limit
of analytes.

' Agilent




Targeted Screening Of Compound Of interest and collision energy

Multiple Reaction Monitoring (MRM)

Also known as: Selected Reaction Monitoring (SRM)

* Pros:
Compound Q1 Mass (Precursor) Collision energy (v) Q3 Mass (Fragment) Dwell Time » Highly selective
» High sensitivity
» High multiplexity
» Short assay time

Agilent




Analytical Technologies For Nitrosamine Impurity Analysis In Drug Substances
and Drug Products

/ GC/MS Based Screening and Targeted Quantitation \ (High Throughput MS\

Based Screening

Columns &
Accessories

RapidFire- LC/TQ

|

B -
——e .

6470 LC/TQ Ultivo LC/TQ 6546 LC/Q-TOF /
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Nitrosamine Analysis in Sartans
6470 LC/TQ
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U.S. FOOD & DRUG

ADMINISTRATION

Liquid Chromatography-High Resolution Mass Spectrometry (LC-HRMS) Method for the
Determination of Six Nitr ine Impurities in ARB Drugs

Background: Angiotensin II receptor blocker (ARB) drug products are commonly used to treat
high blood pressure and heart failure. In July 2018, it was found that some ARB dmg products
confained carcinogenic nitrosamine impurities. As this incident confinues to evelve, it has
resulted in numerous recalls and ARB dmg shortages in the US. As a member of the FDA's
working group to address this continually-evolving incident. CDER/OPQ/OTR is responsible for
testing for nitrosamine impurities in ARB drug products and drug substances of interest. OTR.
has successfully developed and implemented GC/MS methods to quantitate N-
nitrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA) at trace levels. However,
these GC/MS methods cannot vet directly detect N-nitroso-N-methyl-4-aminobutyric acid
(NMBA), another nitrosamine impurity that was found in certain ARB dmg products by some
firms. In addition. it is speculated that three other nitrosamine impurities may also be present in
ARB drugs from reviews of manufacturing processes and published literature sources, namely
N-nit: ylisoprop; ine (NEIPA), N-nitrosodiisopropylamine (NDIPA). and N-
nitrosodibutylamine (NDBA). Thus. a single method was developed that was capable of
detecting and quantifying all of the six aforementioned impurities simultaneously. Herein, we
report an LC-HRMS method that has been validated for the simultaneous determination of the
six nitrosamine impurities in losartan drug substance and drug product at sub-ppm levels. The
method may also be capable of testing for these six impurities in other ARB drug substances and
dmig products pending verification and/or validation

Conclusions:

An LC-HRMS method was developed and validated following ICH Q2(R.1) for the detection and
quantitation of six nifrosamine impurities in losartan drug substance and drug product, including
N-nitrosodimethylamine (NDMA). N-nitrosodiethylamine (NDEA), N-
nitrosoethylisopropylamine (NEIPA), N-nitrosodiisopropylamine (NDIPA). N-
nitrosodibutylamine (NDBA) and N-mitroso-N-methyl-4-aminobutyric acid (NMBA). The limit
of detection (LOD), limit of quantitation (LOQ) and range of the method are summarized below:

USFDA on LCMS Based Methods on ARB Drugs

NDMA NDEA NEIPA NDIPA NDBA NMBA

U.S. FOOD & DRUG

ADMINISTRATION

Development and validation of a RapidFire-MS/MS method for screening of nitrosamine
carcinogen impurities N-Nitrosodimethylamine (NDMA), N-Nitrosodiethylamine (NDEA),
N-Nitrosoethylisopropylamine (NEIPA), N-Nitrosodiisopropylamine (NDIPA), N-
Nitrosodibutylamine (NDBA) and N-Nitroso-N-methyl-4-aminobutyric acid (NMBA) in
ARB drugs

Background: Losartan potassium is used to treat high blood pressure. From Neovember 2018 to
March 2019, FDA alerted patients and health care professionals to the recall of losartan potassium
products by several pharmaceutical companies because of the potential for contamination with
carcinogenic nifrosamine impurities, including: (1) N-nitrosodimethylamine (NDMA). (2) N-
nitrosodiethylamine (NDEA). (3) N-nitrosoethylisopropylamine (NEIPA), (4) N-
nitrosodiisopropylamine (NDIPA). (5) N-nitrosodibutylamine (NDBA) and (6) N-nitroso-N-
methyl-4-aminobutyric acid (NMBA). These impurities are believed to have been introduced into
the finished products through several pathways that include synthesis and manufacturing routes.
OTR has developed an advanced analytics robotics-tandem mass spectrometry method (RapidFire-
MS/MS) to screen and quantitate the presence of NDMA/NDEA/NEIPA/NDIPA/NDBANMBA
nitrosamine impurities in losartan potassium API The method can be adopted to quantitate these
nifrosamine impurities in other “sartan” dmg API and products.

Conclusions: A novel RapidFire-MS/MS method has been developed to simultaneously quantify
NDMA. NDEA NEIPA. NDIPA, NDBA and NMBA in losartan potassium API The method was
fully validated according to the ICH Q2R1 guidance Validation of Analytical Procedures and was
determined to be accurate, precise, specific and linear over the comresponding analytical ranges.
Detailed validation data was documented in technical report FY'19-042-DPQR-T. Below is a table
summarizing the LOQ and LOD for all six analytes.

NDMA NDEA NEIPA NDIPA NDBA NMBA
Tower Limit of Quantitation (LOQ), ppm 25 50 01 0.25 01 0.1
Lower Limit of Detection (LOD), pem 10 25 0,05 0.1 0,05 0.05

LOD (ng/mL) | 0.10 032 0.05 0.15 0.10 020
(ppm) | 0.005 0016 0.003 0008 0.005 0.010

TOQ (ng/mLy| 10 10 10 10 10 10
(ppm)| 005 0.05 005 005 0.05 005

Range (ng/mL) | 10-100 | 10-100 | 10-100 | 10-100 | 10-100 | 10-200

(ppm) | 0.05-50 | 0.05-50 | 0.05—-50 | 005-50 | 0.05-50 [0.05-100

March 15, 2024
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USFDA Guidance Document

ADMINISTRATION

U.S. FOOD & DRUG

Liquid Chromatography-High Resolution Mass Spectrometry (LC-HRMS) Method for the
Determination of Six Nitrosamine Impurities in ARB Drugs

NDMA NDEA NEIPA NDIPA NDBA NMBA

LOD (ng/mL) | 0.10 0.32 0.05 0.15 0.10 0.20

) (ppm) | 0.005 0.016 0.003 0.008 0.005 0.010

[ LOQ (ng/mL) 1.0 1.0 1.0 1.0 1.0 1.0
(ppm) 0.05 0.05 0.05 0.05 0.05 0.05 |

Range (ng/mL) | 1.0 - 100 1.0-100 1.0-100 1.0 - 100 1.0-100 1.0 - 200
(ppm) | 0.05-50 | 0.05-5.0 | 0.05-50 | 0.05—-50 | 0.05—-5.0 | 0.05-100

(Conversion of ng/mL into ppm \
mg/kg=pg/g= ppm= [Value in ng/mL]/ [weight of sample in mg] * [Volume of sample diluent in mL]

For example if we get value of 1ng/mL from calibration curve for a sample size of 20mg/mL then

mg/kg=pg/g= ppm= [1ng/mL]/[20mg] * [1mL] = 0.05

March 15, 2024 For Research Use Only. Not for use in diagnostic procedures. i::' Agilent



Nitrosamine Analysis Using 6470 LC/TQ

N-nitrosodimethylamine [NDMA) ?” J
Compound LOD LOD LoQ LoQ Linearity s
(ng/mL) | (S/N) (ng/mL) | (S/N) Range(ng/mL) N-nitrosodiethylamine [NDEA) X
NDMA 0.05 7.40 0.1 17.92 0.075-100 N-nitroso-4-methyl-4-aminobutyric acid .
NDEA 0.025 284 0.05 3338 0.05-100 s oA,
NMBA 0.025 10.58 0.05 30.98 | 0.025-100 T R P % P
NEIPA 0.025 45.16 0.05 61.23 0.05-100 »)- “>
NDIPA 0.025 8.16 0.05 17.89 0.05-100 W
NDBA 0.05 266.46 | 0.1 463.84 | 0.05-100 Nonitrosodisopropyiaming (NDIPA] 1L
NMEA 0.075 7.85 0.1 12.82 0.1-100 W
NPyR 0.075 21.74 0.1 31.24 0.075-100
NPIP 0.05 23.99 0.1 27.31 | 0.075-100 N-nirosadhatylamine (NEHA) 5,
NMPhA 0.075 16.51 0.1 2738 | 0.1-100 NS W
NMIPA 0.05 25.67 0.075 64.09 0.075-100
N-Tert-Butyl-N-ethylnitrosamine | 0.05 32.76 0.1 85.99 0.075-100 Kenitosacthylmethamine (NIEA] .
NT a
::‘ NDBA N-nitrosopyrrolidine (NPyR} 22
b3, . : 1
k: S — 12 Nitrosamine O
o o e Im pu rities N-nitrasopipericine (NPIF] N
s - | )
i I
o ' N-methyl-N-nitroseaniline (NMPhA) i
s NMEA i = 5
o o N-isopropylmethyl ni ine INMIPA)
= ,|
N-Tert-Butyl-N-ethylnitrosaming
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Nitrosamine Analysis Using 6470 LC/TQ

Compound Precursor Product Retention Retention Fragmentor Collision CAV Polarity
lon (miz)  lon Time(min)  Time V) Energy (V) Triple quadrupole mass spectrometer configuration and parameters
(m/z) Window v)
(Min)

NDEA 103.1 75.1 3.484 15 80 9 3 + Borarietar Value
NDEA 103.1 471 3.484 1.5 80 17 3 + - ; -
NDMA 75.1 58 1.143 1.24 75 12 3 + Instrument Agilent Ultivo triple quadrupole mass spectrometer
NDMA 75.1 43.1 1.143 1.24 110 18 3 + lon Source Atmospheric pressure chemical ionization (APCI)

. . . . +
:m:ﬁ 13;'11 2‘7‘2 ;;ﬁg 1; gg :]Ig g + MS/MS Mode Dynamic MRM (dMRM)
NEIPA 1171 751 4.325 1.0 75 8 3 + lon Mode Positive
NEIPA 1171 471 4.325 1.0 75 18 8 + ; N
NDIPA 131.1 89.1 4916 1.0 75 6 3 + Diyja B il nperatis 8| 300°C
NDIPA 1311 43.1 4916 1.0 75 12 8 + Drying Gas Flow 6 L/min
NDBA 159.1 57.2 6.096 1.0 90 12 1 + Nebulizer Pressure B5
NDBA 159.1 411 6.096 1.0 90 22 3 +
NMEA 89.1 61.1 2.109 1.37 75 10 & + APCI| Heater 350 °C
NMEA 89.1 43.1 2.109 1.37 75 12 3 + "
NPyR 101.1 55.1 2.248 1.43 ) 24 3 + ABLItEedls Hoive A
NPyR 101.1 41 2.248 143 90 19 3 + Capillary Voltage, Positive 3,000V
NPIP 115k GO .800 iEQ 90 12 i * MS1/MS2 Resolution 0.7/0.7 (unit/unit)
NPIP 115.1 41.2 3.809 1.0 90 24 3 +
NMPhA 137 66.1 5.029 1.32 45 26 3 + Dwell Time Variable
NMPhA 137 107 5.029 1.32 45 12 3 +
NMIPA 103.1 61 3.358 1.0 60 8 7 +
NMIPA 103.1 43 3.358 1.0 60 8 5 +
N-Tert-Butyl-N- 131 751 4.897 1.0 40 4 5 +
ethylnitrosamine
N-Tert-Butyl-N- 131 571 4.897 1.0 40 6 5 +

ethylnitrosamine

March 15, 2024 For Research Use Only. Not for use in diagnostic procedures. Agilent




Nitrosamines in Losartan

%104 +APCI TIC MRM (> ) Spike 2 ppb-r002.d Smooth (2)
1

o -

x102 |+APCI MRM Frag=40.0v CID&12.0 (75.2 -> 58.2) Spike 2 ppb-rD02.d Smooth (2)

“ ' NDMA

x102 +APC| MRM Frag=60.0V CID@16.0 (147.1 -= 44.2) Spike 2 ppb-r002.d Smocth (2]
1 g7

i NMBA

x102% +APC| MRM Frag=80.0V CID@&11.0 (102.1 -> 75.1) Spike 2 ppb-r002.d Smocth (2)
34 1 571

24 NDEA

x104 +APC| MRM Frag=75.0V CID@8.0 (117.1-> 75.1) Spike 2 ppb-r002.d Smeath (2)
14 1 “g15

NEIPA

x102 +APC| MRM Frag=75.0v CID@6.0 (131.0 -= 89.1) Spike 2 ppb-r002.d Smocth (2)
q 1063

2 NDIPA

x103% +APCI MRM Frag=20.0V CID@12.0 (159.1 -> 57.2) Spike 2 ppb-r002.d Smocth (2)
1

x102% DADT - A:5ig=2254 Ref=off Spike Z ppb-r002.d Smeoth (2)

NDBA

24 Losartan (20mg/mL) peak elution at18.2 min monitored in UV

1687

A WY '

Integrated diverter
valve used to divert
APl to waste

LOQ @ 0.1 ng/mL
LOQ @ 0.005 ppm

Diverter Valve Program

|
# Start Time(Min) | Scan Type

Diverter Valve

1 0 dMRM MS

2 17.5 dMRM Waste

10 T 12 13 14
Response vs. Acquisition Time (min)

]
o
.
o

o
e
o,

w-
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Recovery Study in Losartan drug substance

Nitrosamine Impurity Concentration (ng/mL) Recovery %
NMBA 1 113
2 115

Nitrosamine Impurity Recovery %
0.4 103
NDEA 1 103
2 101

Nitrosamine Impurity Recovery %
0.4 100
NEIPA 1 100
2 101

Nitrosamine Impurity Recovery %
0.4 107
NDIPA 1 98
2 99
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Recovery Study in Losartan

Nitrosamine Impurity Concentration Recovery %

(ng/mL)

NDMA 2 110

Nitrosamine Impurity Concentration Recovery %

(ng/mL)

NDBA 2 91

» Excellent Recovery for each nitrosamines

» Recovery study performed at different conc. levels due to presence of
NDMA and NDBA in the drug substance
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Reproducibility Data

Conc. NDMA NMBA NDEA NEIPA  NDIPA

(ng/mL)
1 1 2436 4844 9962 34563 13899 16452
2 1 2442 4937 10067 32146 13871 16342
3 1 2435 4827 10066 32805 14375 16942
4 1 2578 4996 10182 32838 13822 16670
5 1 2442 4987 10145 33254 14335 16706
6 1 2434 4966 10193 33108 13868 16691
Average 2461 4926 10103 33119 14028 16634
SD 57.34 73.30 87.92  803.46 25455 211.18
RSD (%) 2.33 1.49 0.87 243 1.81 1.27
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Reproducibility Data with Bracketing Standards

Conc. NDMA NMBA NDEA NEIPA

(ng/mL)
1 1 2556 5484 10530 36010 14023 18686
2 1 2409 5609 10727 36593 13478 18853
3 1 2436 4844 9962 34563 13899 16452
4 1 2442 4937 10067 32146 13871 16342
5 1 2435 4827 10066 32805 14375 16942
6 1 2578 4996 10182 32838 13822 16670
7(Bracketing Std) 1 2442 4987 10145 33254 14335 16706
8(Bracketing Std) 1 2434 4966 10193 33108 13868 16691
Average 2467 5081 10234 33915 13959 17168
SD 63.16 295.66 259.96 1629.64 289.90 1005.59
RSD (%) 2.56 5.82 2.54 4.81 2.08 5.86
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Introducing the 6475 triple quadrupole LC/MS system

The Agilent 6475 triple quadrupole LC/MS system is
the next generation of LC/MS instruments — giving you
the sensitivity, versatility, robustness, and system
intelligence you need to handle any routine analysis or
research application.

a Rugged c:} Versatile

e. Smart a Compliant

The 6475 LC/TQ comes equipped with a layer of
sophisticated onboard instrument intelligence and
smart software workflows to help you maintain uptime,
maximize throughput, secures data integrity, and obtain
confidence in your results.

March 15, 2024 For Research Use Only. Not for use in diagnostic procedures. °'_:- Agilenl



6475 triple quadrupole LC/MS pairs well with the 1290 Infinity LC

Complement your analysis with the most reliable LC systems available

“It just never fails.” 5
Agilent

%= 8

That's how users perceive the world’s top
selling LCs from Agilent. Every system is
packed with the highest quality parts for

1290 Infinity Il Multicolumn Thermostat HH |

- Provides precise temperature control over a broad T

highest uptime and longest maintenance Véndon it temperature range with cooling to 20 degrees below S
intervals. Further, sophisticated built-in ambient and heating up to 110 °C. The MCT's column

compartment houses up to eight columns.

diagnostic and maintenance tools ensure

reliable and secure operation.

1290 Infinity Il Multisampler

Reliable instrument performance

from start to finish - _ _
Optimized for maximum throughput. The unique dual-

| | 4
o HrevE

since 2011 show Agilent LC
instrumentation most frequently
cited as most reliable (graph
shows data from 2018 survey).

Fram solvent delivery through sample . ) X

injection to detection, Infinityl ab | Cs needle design enables cycle times to be reduced using i:—_—_.ﬂ;‘- “:-—“5’
deliver reliable and robust performance— 14, overlapped sample runs and injection cycles. Multiwash 0|
for highest confidence in your daily results R capability reduces carryover to less than 9 ppm = =
and business decisions sl G z
= £
O ‘;
=
. . . C ;"
>
1290 Infinity Il High Speed Pump z
Z
Uses high-pressure mixing for UHPLC gradient formation 4

: . ) and solvent blending from up to two solvents at pressures

Agilent LC instrumentation . A
cited s bstralioble up to 1300 bar and flow rates up to 5 mL/min. (7
Regular LCGC reader surveys ?
Z
%

w
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MassHunter 12 supports technical controls, audit trails, and data integrity
Adheres to compliance guidelines under FDA 271 CFR Part 11, EU Annex 11, and GAMP 5

g W —
Opentab o & 4 3

» MassHunter Acquisition
+ Setup Instruments / Methods
» User Access Control

Data Manageme

* Openlab Server/ECM XT
» Approvals and eSignatures
« User management of compliant systems -

—-—L!— <
 Secure storage of active records (methods, D a‘ta P roces Si Nn g
worklists, data files)

 Secure storage of non-Agilent data (ECM XT) » MassHunter Quantitative Analysis
« Secure archival of past data * Reporting
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MassHunter 12 supports technical controls, audit trails, and data integrity
Adheres to compliance guidelines under FDA 21 CFR Part 11, EU Annex 11, and GAMP 5

MANAGEMENT

+

Create
Role

O X

Edit Delete
Role Role

Roles

Administration «

i

5]

ME DB OB E e«

My Settings

Local Configuration
System Configuration
Security Policy

Users

Groups

Roles

System Activity Log
Licenses

Instrument Controllers
Diagnostics

Administrative Reports

Roles - Control Panel

Roles

Name Description
b Everything All privileges
-3 System Administrator Manage users and security settings
b Instrument Administrator Manage instruments and locations
[ Project Administrator Manage projects and project groups
b Instrument User View and run instruments
p Lab Manager
b Scientist
b st User Roles and Privileges
b Operator
b Reviewer

Lab Manager — Administrative privileges

Scientist — Mass spectrometry expert

Analyst — Protein Scientist — Sample information and workflow
selection

Operator — Lab Technician — Open method, run only

Reviewer — File and audit trail reviewer — No data processing or
method editing

MANAGEMENT

Delete Retresh
ct All

Projects
4 @ Projects
4 OF Applications
Biopharma & Pharma

Chem % Energy

(1=

[

[ Diagnostics & Clinical
[0 Environ & Forensics
=

Food Science
b BT support

Instruments
Projects

Administration

Current user:

6475 LC/TQ with MassHunter 12 - Customer Facing Presentation - DE00564485

Biopharma & Pharma
Propertics Masstlunler Workstation
4 Global File Locations and Settings

Methods: /Biopharma/Methods

Worklists: /Riopharma/Worklists
Data tiles: Jisiopharma/ata

« BioConfirm Settings

Protein Seq 3 ¥ /erotein
Reporl lemplates: /Biopharma/iepor lemplates

Databascs: /Biopharma/PCDL

4 Quantitative Analysis Settings

Uscr Validation and Reason: Configure...
4 Audit Trail Settings
Al Mcthod Worklists Results Reports
pu naynepur

Databases: /Biopharma/PCDL

4 Quantitative Analysis Settings

User Validation and Reason: Configure...

4 Audit Trail Settings

All Method Worklists Results Reports

Automatically enable audit trail
Prompt for reason when saving

Allow users to type their own reason

Project Specific
Settings

Software Program Specific
Settings

Common and record-
specific audit trail settings




MassHunter 12 Supports Document Audit Trail Reviews

Project: Joshuaf470-PP3 - Acq Audit Trail Viewer

Method Data File Worklist Worklist Template Study @ - a
rojects\oshuady gyctem Activity Log
> Filters
Date/Time ¥ User st =
b 20220428 11:10:20-07-00  SYSTEM {SYSTEM) E Agilent MassHunter Activity Log Viewer = sy
From | 4/27/2022 3 2022-04-28 11:06:42-07:00 SYSTEM (SYSTEM)
- b 2022-04-28 11:02:12-07:00 SYSTEM (SYSTEM)
Wi . Dal b 2022-04-28 11:01:50-07-00 SYSTEM (SYSTEM) A ] O
b 2022-04-28 11:01:42-07:00 SYSTEM {SYSTEM) Eapiont Refresh
2 Xp tefres
SYSTEM (SYSTEM) 204 b 2022-04-28 11:01:41-07-00 SYSTEM (SYSTEM) = Al
b 2022-04-28 11:01:39-07:00 SYSTEM (SYSTEM) = -
¥ Systemn Activity Log Refresh
SYSTEM (SYSTEM) 202 b 2022-04-28 11:01-14-07-:00 SYSTEN (SYSTEM)
: b 2022-04-28 10:56:54-07-00 SYSTEM {SYSTEM} A b Fi
SYSTEM (SYSTEM) 20 Filters
b 2022-04-28 10:56:45-07:00 SYSTEM (SYSTEM) A |
2022-04-28 10:55:34-07:00 SYSTEM (SYSTEM) A 2z e i 5 L -
SYSTEM (SYSTEM) 204 © - : 2 g " , :
b 2022-04-28 10-55:32-07-00 SYSTEM (SYSTEM) A [ 2022-04-28 10:53:57-07:00 SYSTEM (SYSTEM) Acg Audit Trail Viewer: User "'SYSTEM' has logged in.
SYSTEM (SYSTEM) 204 2022-04-28 10:53:57-07:00 SYSTEM (SYSTEM) A | 2022-04-28 10:53:50-07:00 SYSTEM (SYSTEM] Acg Console: 'D\Projects\Joshuz6470-PP3\ Methods! Linfeng\,Drugs_column_opt3_FindPI,
{ |
2 2022-04-28 10:33:50-07:00 SYSTEM (SYSTEM} A 2022-04-28 09:51:57-07:00 SYSTER (SYSTEN) Method Optimizer; compound eptimization results for Drugs_column_optS_FindPl_04271 |
Ui 4 ¥ R Y
PR b 2022002800515T0T00.  SYSTEM SYSTEM) b 2022-04-280951:54-07:00  SYSTEM (SYSTEM]  Method Optimizer: All cads_LW database successtully selected.
b 2023-04-28 09:51:54-07:00 SYSTEM (SYSTEM] M
SYSTEM (SYSTEM) 203 e e —p——— [ 2022-04-27 20:40:24-07:00 SYSTEN (SYSTEM]) Acg Console: 'D:\Projects'Joshuab470-PP3\Methods\Linfeng\Drugs_column_opt3_FindPi_
b . 4024071 EM}
b 2022-04-27 20:40-22-07-00 SYSTEM (SYSTEM) Al [ 2022-04-27 20:40-22-07:00 SYSTEM (SYSTER) Acguisition Engine: Method 'D:\Projects\Joshuafd 70-PP3\Methods\Linfeng\ Drugs_colum
b 2022-04-27 20:40:22-07:00 SYSTEM {SYSTEM) [+ 2022-04-27 20A0:22-07:00 SYSTEM (SYSTEN) Method Optimizer: Completed Guided Compound Optimization for Drugs_column_opt®_F
e e R, — A I 2022-04-27 20:40:22-07:00 SYSTEM [SYSTEM) Method Optimizer: Optimization completad successfully.
1 2 3 4 5 6 721 8 3 4
[+ 2022-04-27 20:40:16-07:00 SYSTEM (SYSTEM] Acquisition Engine: Column Comp.: G71168:DEBAZ0BIEE - Thermostat off
[ 2022-04-27 20:40:16-07:00 SYSTEM (SYSTEMI Acguisiion Engine; Binary Pume: G7T120A:DEBBWO0LTT - Pump standby bl
1 2 3 4 5 6 7 8 9 101 3 B » 1- 50 of 6091
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Why Agilent is the right choice for pharma applications?

S

Instrument sensitivity is far better than required both on LC/TQ and LC/Q-TOF platforms

Results reproducibility is just excellent whereas we have seen %RSD issues with
competition at LOQ levels

=g

Agilent APCI source is a very stable ionization source, bringing incremental value to the
data quality

Multisampler feature like Multi wash just makes sure that there is absolutely no carry over
issues

[=]

\/ Complete solution available in terms of handling issues of Ranitidine, Metformin etc.
using LCMS or GCMS platforms under the common umbrella of Masshunter software
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Learn more!!

Application note

Detarrmination of Nitrosaming
Impurities Using the High-Regg
Agllent 6546 LC/Q-TOF

Simultaneous Determination of
Eight Nitrosamine Impurities in
Metformin Using the Agilent 6470
Triple Quadrupole LC/MS

Detection of regulated genotoxic impurities from the
drug manufaciuring process

Atvstracr

‘T3 Agilent

Simultaneous Determination of Eight
Nitrosarmine Impurities in Metformin
Extended-Release Tablets Using the
Agilent 64 /0 Iriple Quadrupole LC/MS
Datection of regulated genotoxic impurities from the
drug manufacturing procass

Ceterreraton of MUK
l-.rn-l- w Using the Aglent 6470
Triphe Quadrupole | CAS

Gt e o gt et ma s by S P

PRI

Analysis of Five Nitrosamine
Impurities in Drug Products and Drug

wﬂ A.

——l
g

Abstract

Chatleross ndeiaioaina

W) aue o e ey QUENA)
s i cioped iy sensive, s

It formin 1 sbstance s U Dot

o e
Drug Substance and Drug Products

Substances Using Agilent GC/MS/MS

Instrumentation

March 15, 2024

LCIGC

Pharmaceutical
Technology —
Identifying and Quanrifying

Muragenic Impurities in

Pharmaceutical Products

[rsr———

Meeting the Detection Challenges Presented by
Nitrosamine Impurities
3‘ Parul Angrish, Chander Mani, and Patrick Batoon

“;’ Determination of Nitrosamine Impurities Using the
i .4 [ Utivo Triple Quadrupole LCMS
v o

LTy Chander Mani and Saikat Banerjee

Dy ination of N-Nitrosodimethyl. |Il|l|lrll’! in
Ranitidine Using the Aglllnl 64704 'I'rpll W
Chander Mani and Saikat Banerjoe

Determination of a Genotoxic NDMA Impurity
Using the High-Resolution Agilent 6546 LC/Q-TOF
in Ranitidine Drug Substance and Drug Products
Chander Mani and Saikat Banerjee
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On-Demand Webinars

GC/MS methods for determination
of nitrosamines produced in the
manufacture of APls and drugs

LC/MS methods for determination
of nitrosamines produced in the
manufacture of APIs and drugs
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