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Introduction

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.

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. Recently,
nitrosamines have been found in sartan drugs, a class of medications used to treat
high blood pressure and heart failure, prompting recalls of angiotensin receptor
blockers (ARBs)—valsartan, losartan, and irbesartan—which were contaminated
with N-Nitrosodimethylamine (NDMA) and N-Nitrosodiethylamine (NDEA), two
carcinogenic impurities. Since then, several other N-nitrosamines have also been
identified and are being investigated by regulators: N-Nitrosodiispropylamine
(NDIPA), N-Nitrosoethylisopropylamine (NEIPA), N-Nitrosodibutylamine (NDBA),
and N-Nitroso-N-methyl-4-aminobutyric acid (NMBA). Nitrosamines have now also
been identified in ranitidine medications (which are used to treat heartburn and
acid reflux) and metformin, an oral diabetes medication.
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For detailed info, refer to: FDA Press Releases; EMA Press Releases
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https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-announcements-angiotensin-ii-receptor-blocker-arb-recalls-valsartan-losartan
https://www.ema.europa.eu/en/search/search?search_api_views_fulltext=Sartan

Diverse Pathways for Nitrosamine Formation
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or other nitrites
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Regulatory agencies advise
companies on steps to take to
avoid nitrosamines in
medicines.

Risky preparations must be
tested for nitrosamine
contamination via validated
and appropriately sensitive
analytical methods.
Manufacturers must inform
authorities of nitrosamine
detection, irrespective of the
amount detected.
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Nitrosamines in Recent News!

Efforts to address and control the presence of trace levels of mutagenic impurities is of special concern to
global regulators. As a result, US FDA and other regulatory agencies have taken steps to address the issue of
mutagenic impurities in pharmaceuticals.

4

May 2020
April 2020 « 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 NDMA identified

e FDA recalled sartans, due to

valsartan DP due to NDMA & NDEA
NDMA contaminant

Detection and quantification of these trace nitrosamines in APIs and drug products can be challenging and
necessitates the use of advanced and sensitive tools to meet regulatory requirements. Agilent offers reliable
systems and solutions that not only fulfill FDA directives, but also meet and exceed FDA's established
regulatory requirements to help pharmaceutical customers identify and quantify trace (ppb) nitrosamine and
other mutagenic impurities confidently.
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Sartan-Based Drugs

O Valsartan, losartan, irbesartan and other “-sartan” drugs are a class of medicines known as angiotensin |l
receptor blocker (ARBsS) used to treat high blood pressure and heart failure

O Regulatory agencies reported that some generic versions of the angiotensin Il receptor blocker (ARB)

medicines contain nitrosamine impurities that don’t meet the agency’s safety standards

0 Regulatory agencies (for e.g. including US Food and Drug administration (US FDA)) published guidance
on the detection and quantification of nitrosamine impurities in sartan-based drugs

US FDA

FDA-published testing methods to provide options for regulators and industry to detect NDMA

and NDEA impurities

The links below are to FDA-published testing methods to provide options
for regulators and industry to detect nitrosamine impurities in ARB drug
substances and drug products. These methods should be validated by the
user if the resulting data are used to support a required quality
assessment of the API or drug produet, or if the results are used ina
regulatory submission.

+ Combined headspace method: a GC/MS method that allows determination of
both N-Nitrosodimethylamine (INDMA) and N-Nitrosodiethylamine (INDEA)
simultaneously

« Combined direct injection method: a GC-MS/MS method that allows for
determination of both NDMA and NDEA simultaneously

« Direct injection GC-MS method: a method that can detect NDMA, NDEA, N-
Nitrosodiisopropylamine (NDIPA), N-Nitrosoethylisopropylamine (INEIPA), and
N-nitrosodibutylamine (NDBA)

+ Headspace GC-MS method: a method that can detect NDMA, NDEA, NDIPA, and
NEIPA

« LC-HRMS method: a method that can detect NDMA, NDEA, NEIPA, NDIPA,
NDBA, and N-Nitroso-N-methyl-4-aminobutyric acid (NMBA)

« RapidFire-MS/MS method: 2 method that can detect NEIPA, NDIPA, NDBA, and
NMBA. We do not recommend using this method to detect NDMA or NDEA
because it is less sensitive to those impurities.

The LC-HRMS and RapidFire-MS/MS methods are the first methods FDA has posted
for detecting NMBA. The European Directorate for the Quality of Medicines (EDQM)
has also published methods to detect NDMA and NDEA (Z. FDA has not

validated EDQM's methods.

https://www.fda.gov/imedia/13
1868/download

Back to Introduction

Council of Europe

Methods for determination of nitrosamines in sartans

The O¥ficial Medicines Control Laboratories (OMCLS) of the General Eurcpean OMCL Network (GEON) are inveived in investigations and actions to
issues related 10 the detection of Nnvrosodimethylamine (NDMA) Naitrosodiethylaming (NDEA) and ether concemed mirosamings (e, NMB3A - N
methytd-amincburk 3d) n vaisartan and reited sartans. The Network has developed methods for the spacific testing of ntrosamines in sartans
of dffierert anahtcal peinciples.

The krsh OMCL in the Publc Anlyst's Labaeatory in Gahwary (PALG], the French OMCL at the ANSM ke in Montpelier, the German OMCL at the
Veterindr-Untersuchungsam (CVUR) Karsruhe’, the OMCL at Swissmedic and the Garman OMKL 2 the “Landesamt flr Gesundieit und Lebensmine
{LGLY in Bavaria establiched dilrent mathods on behalf of the Netwerk.

These methods are publicly avadabls and can be accessed below:

» This LGL method is  LCAS/MS (AB Sciex Qerap) mathed fr the quantitative datermination of NNEA in ksartan drug substances.

» This LGL method is 2 GC-US screening mechiod for the determinaion of NDMA and NDEA in sartan drag substances {ratsartar, irbesartan, ksartan
(andesartan, oimesarian).

» This LGLmethod s based on LCMS/INS fsmiar to the CVIA Karisruhe methad) and sutable for the detesminaten of NDVA and NDEA in rbesacy
and losartan drug substances and products.

https://www.edgm.eu/en/news/omcls-release-
three-methods-determination-ndma-sartans

Health Canada

Canada.ca > Departmentsand agencies > Health Canada > Drugsand health products

> Compliance and enforcement: Drug_and health products

> Information by Health Product > Drugs

Impurities found in certain angiotensin Il receptor blocker (ARB)

products, also known as sartans

https://healthycanadians.gc.ca/recall-alert-rappel-

avis/hc-sc/2020/72963a-eng.php

Taiwan FDA

1 Method ot Test for Western Medicines as Adulterants in Chinese
Medicines and Foods

2 Method of Test for Nitrosamines in Medicines - Multiple Analysis

3 Determination of N-Nitrosodimethylamine and N-
Nitrosodiethylamine in Medicines

4 Determination of N-Nitroso-N-Methyl-4-Aminobutyric Acid in
Sartan Drug Substances and Drug Products

https://www.fda.gov.tw/ENG/siteList.aspx?sid=10360

2020-03-23

2019-12-12

2019-12-12

2019-04-10



https://www.fda.gov/media/131868/download
https://healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2020/72963a-eng.php
https://www.fda.gov.tw/ENG/siteList.aspx?sid=10360
https://www.edqm.eu/en/news/omcls-release-three-methods-determination-ndma-sartans

Sartan-Based Drugs

Mutagenic Impurity Analysis GC/MS Workflow Solution

Separate Acquire Analyze
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https://www.agilent.com/en/product/gc-columns/wax-gc-columns/db-wax-columns
https://www.agilent.com/en/products/software-informatics/mass-spectrometry-software
https://www.agilent.com/en/product/gas-chromatography-mass-spectrometry-gc-ms/gc-ms-instruments/5977b-gc-msd
https://www.agilent.com/en/product/gas-chromatography-mass-spectrometry-gc-ms/gc-ms-instruments/7010b-triple-quadrupole-gc-ms

Sartan-Based Drugs

Agilent GC/MS Solution for Analysis of Nitrosamines

Typical Configuration

Add 8890 GC and ALS with one of the MS Options
Agilent 8890 GC System 112, 201, 313 (for TQ only)
7693A Autoinjector NO OPT

G4514A 7693A Tray, 150 Vial NO OPT

7010B Quadrupole MS/MS El #010 (optional),245
Bundle

G7079BA 5977B High Efficiency #010 (optional),245
Source (HES) El GC/MSD
G4557A 7697A Headspace Sampler, NO OPT
111 Vial capacity
G3449A 8890/8860 Transfer Line NO OPT
Interface Accessory
MS Option 3
G7077BA 5977B InertPlus El GC/MSD  #010 (optional),245
G4557A 7697A Headspace Sampler, NO OPT
111 Vial capacity
G3449A 8890/8860 Transfer Line NO OPT
Interface Accessory

8890 GC/7693 LS/ 7010B

8890 GC/7697A HSS/ 5977B GC/MSD

GC/TQ

Back to Introduction

Application Area

Analytes NDMA, NDEA, NEIPA, NDIPA, NDBA
Matrices Sartan drug substances and drug products
Customers Pharmaceuticals and contract labs

Columns and supplies

Columns J&W VF-WAXms GC Column, 30 m, 0.25 mm, 1.00 um, 7 inch cage
(CP9206)

GC Vials and Caps: Screw top MS analyzed vial kit (5190-2277)

Syringe Filter Paper: Nylon, 0.45 pm (5190-5091)

GC Inlet Liner: Ultra Inert, splitless, single taper, glass wool (5190-2293)

Highlights — GC/MS/MS approaches

U Cost effective, easy to use

U Quick implementation in labs

U Optimized methods and RTL based MRMs

U More API can be used (100 mg/mL or more) for sample prep.

U Most APIs are insoluble in Dichloromethane, so it doesn't overload column
U Easy sample preparation

U AIll sartans can be analyzed by a single GC/MS/MS method. No method
modification because of API or formulation. Lower detection limits can be
achieved



https://www.agilent.com/store/en_US/Prod-CP9206/CP9206
https://www.agilent.com/store/productDetail.jsp?catalogId=5190-2278
https://www.agilent.com/store/en_US/Prod-5190-5091/5190-5091
https://www.agilent.com/store/productDetail.jsp?catalogId=5190-2293
https://www.agilent.com/en/product/gas-chromatography-mass-spectrometry-gc-ms/gc-ms-instruments/7010b-triple-quadrupole-gc-ms
https://www.agilent.com/en/product/gas-chromatography-mass-spectrometry-gc-ms/gc-ms-instruments/5977b-gc-msd

Sartan-Based Drugs

Mutagenic Impurity Analysis LC/MS Workflow Solution

InfinityLab ‘
Poroshell ——— .
Column 3

Ultivo LC/TO MassHunter Software

I

T

6546 LC/Q-TOF

1290 Infinity Il
LC System

Confirmatory analysis of nitrosamine impurities in sartan-based drug substances and drug products are presented per the US FDA published method here

Back to Introduction 555 Agilent


https://www.agilent.com/en/product/small-molecule-columns/reversed-phase-hplc-columns/infinitylab-poroshell-120
https://www.agilent.com/en/products/software-informatics/mass-spectrometry-software
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/ultivo-triple-quadrupole-lc-ms-lc-tq
https://www.agilent.com/en/product/liquid-chromatography/hplc-systems/analytical-hplc-systems/1290-infinity-ii-lc-system
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/6470b-triple-quadrupole-lc-ms
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/quadrupole-time-of-flight-lc-ms/6546-lc-q-tof

Sartan-Based Drugs

Agilent LC/MS Solution for Nitrosamines Analyses

Application Area

Typical LC Configuration

Agilent 1290 Infinity Il High-Speed Pump (G7120A) Analytes NDMA, NDEA, NEIPA, NDIPA, NDBA and NMBA

Agilent 1290 Infinity Il Multisampler (G7167B)

Matrices Sartan drug substances

Agilent 1290 Infinity Il Multicolumn Thermostat (G7116B) ClUstomers Pharmaceuticals and contract labs

Agilent 1290 Infinity Il VVariable Wavelength Detector

(G7114B)
L. Columns and supplies
= e
il B Columns: Varies for each sartan drug
| HPLC Vials and Caps: Vial, screw 2mL Amber p/n 5182-0716 and Cap

1290 Infinity Il p/n 5183-2077

LC System Syringe Filter Paper: 5190-5261 (PVDF, 13mm 0.2 ym)
Highlights — LC/MS/MS approaches
I U Easy to operate

U Quick implementation in labs

U Optimized methods
U Sample size used as per US FDA recommendations

U Easy sample preparation

U Valsartan API elutes after all nitrosamines, so diverter valve programmed

6470LC/TO I Ultivo LC/TO accordingly

Back to Introduction 555 Agilent


https://www.agilent.com/en/product/liquid-chromatography/hplc-systems/analytical-hplc-systems/1290-infinity-ii-lc-system
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/ultivo-triple-quadrupole-lc-ms-lc-tq
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/6470b-triple-quadrupole-lc-ms

Valsartan

GC/MS Method for Analysis

GC

Carrier Gas: He El Mode
ImL/min

ALS

Injection Volume:
2UL

Parameter Value

MMI injection mode

Pulsed splitless: 12.285 psi until 0.5 min

250 °C
40 °C (0.5 min)
20 °C/min to 200 °C (0 min)

Inlet temperature

Oven temperature

program 60 °C/min to 250 °C (3 min)
Total run time 12.33 min

MS transfer line 250 °C

temperature

250 °C
temperature Q1 and Q2 =150 °C
resolution All compounds Unit

Collision gas flow Nitrogen at 1.5 mL/min,
Helium at 4 mL/min

Start time: 6.5 min
NDMA

74 — 44, CE 15, dwell 150 ms

74 — 42, CE 20, dwell 50 ms
NDMA:C13-d, 82 —48, CE 20, dwell 100
ms

Start time: 7.60 min

NDEA 102 —85, CE 10 V, dwell 150 ms

Quant./qual. 102 —56, CE 18 V, dwell 150 ms
transitions (FDA Start time: 8.03 min

NEIPA 116 —99, CE 10 V, dwell 150 ms

71 —56, CE 10 V, dwell 150 ms

method)

Start time: 8.25 min

NDIPA 130 —88, CE 10 V, dwell 150 ms

130 —42, CE 10 V, dwell 150 ms
Start time: 8.70 min

NDBA 158 —99, CE 10 V, dwell 150 ms

84 —56, CE 22V, dwell 150 ms

Back to Introduction

Sample Preparation

For API

Add 5 mL
NDMA-C13-D6
ENE]
standard
prepared in
Dichloromethan
e (50 ng/mL

Filter 1 mL
supernatant
through a 0.45
pum filter paper
in a GC vial

Vortex for 1 min
followed by
centrifugation
for 2 min at
4000 rpm

500 mg of Drug
substance

For Drug Product

Add 5 mL
NDMA-C13-D6
internal
standard
prepared in
Dichloromethan
e (50 ng/mL

Filter 0.5 mL
supernatant
through a 0.45
pm filter paper
in a GC vial

Vortex for 1 min
followed by
centrifugation
for 2 min at
4000 rpm

Weight tablet
amount
equivalent to
500 mg of API

Calibrations

2.5 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml and 100 ng/ml each
prepared in Dichloromethane containing 50 ng/mL of NDMA —C13-D6

System Suitability

The coefficient of determination (R2) of the linear calibration curve should be = 0.998.
The S/N ratio of the 5 ng/mL linearity standard should be = 10.
% RSD of six replicate injections of the 40 ng/mL standard should be < 5




Valsartan

Results for 5 nitrosamine impurities at 100 ng/mL in Valsartan API

x10 2 |+ TIC MRM (** -> **) Std1.D

0.15+

0.05

112 2(3 3|4 4(5

1,

NDMA (RT 7.294 min)
NDEA (RT 7.903 min)
NEIPA (RT 8.157 min)
NDIPA (RT 8.346 min)
NDBA (RT 9.777 min)

7 7.25

75 775 8 825 85 875 9 9.25
Counts (%) vs. Acquisition Time (min)

9.5

9.75

10

1025 105

Benefits Agilent GC/TQ

Optimized methods

Optimized method for both APl and Formulation
Compatible with stringent FDA regulations

Scalable application

Best precision = best ion ratios = best quant results Rugged ion source design
Retention Time Locking for reproducible methods over time and between labs

Sample prep

Sample preparation as per FDA guidelines
Easy sample preparation

Time and costs

Automated tuning, easy to use instrument.
Efficient Quant review with MassHunter
Data Integrity

Back to Introduction
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Valsartan

Calibration Curves

NDMA - / Levels, / Levels Used, / Points, / Points Used, U QCs IDEA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
B x1014 y=12.104634 * x +0.014173 ® x10 1{ y=7.982918 * x + 0.020364

e 2 R*2 = 0.99987833 2 164 R"2=0.99975393

8 41 Type:Linear, Origin:Ignore, Weight:None g.). 1'5 Type:Linear, Origin:Ignore, Weight:1/x

0 o K4 -9

? 22 r 144

27 $ 13-

z s

2 2

1.8 1.2
1.6 1:'
1.4+ ////////// 0.9
1.2 0.8

| ¢ 0.7-

0.6+
0.8+ 0.5
0.6 | 04-
0.4 0.3
ho NDMA, 2.5 to 100 ng/mL e NDEA, 2.5 to 100 ng/mL
ol (5pg — 200pg on column) 1 e (5pg — 200pg on column)
0.1
6 0!2 0.I4 0[6 0.I8 ‘{ 1!2 1.|4 1.6 - ?lts - é - 0 0.2 0.[4 0.’6 08 1 12 1.14 1.6 - "|I§ e é -

x10 ® |+El MRM CID@15.0 (74.0 > 44.0) STDO..
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Valsartan

Calibration Curves

JEIPA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs DIPA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
2 x10 14 y =23.375564 * x +0.051230 § x10 1| y =4.889409 " x - 2.177855E-004
= R*2 =0.99977896 5 1R"2= 099977595 _
§_ 4 5- Type:Linear, Origin:ignore, Weight:1/x & o Type:Linear, Origin:ignore, Weight:1/x
o g 097
r
s 4 S 08
1 g
% 25 £ o07-
o 0.6-
25 0.5
2 0.4
154 0.3
14 0.2
= NEIPA, 2.5 to 100 ng/mL - (NSD'PA,Z%S to 100 "f!’ m '-)
- on column
il 5pg — 200pg on column) o P9 P9
| I | | T | | T T T | T \ 1 I l I
0 0.2 04 0.6 08 1 12 14 16 18 2 0 0.2 04 0.6 0.8 1 12 14 16 18 2
Relative Concentration Relative Concentratior

3 |4
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Valsartan

Calibration Curves

x10 ° |+El MRM CID@22.0 (84.0 -> 56.0) STD9..
JDBA - / Levels, / Levels Used, / Points, / Points Used, U QCs 26 .
2 x40 1{ y=5.112273*x -0.012168
g R"2=0.99976543 . 2.4- ‘
§ 1 Type:Linear, Origin:Ignore, Weight: 1/x 29 A
L 091 \
2 2 .
b e A
r 0.7 18— H‘ “.l
o6 1.6 .
0.5 1.4- ( \t
0.4 1.2 I \.“'
0.3 14 ‘ I\
0.2 0.8 -
01, NDBA, 2.5 to 100 ng/mL
' (5pg — 200pg on column) 0.6-
0-
0.4
0 02 0.4 0.6 0.8 1 12 14 16 1.18. 2 . 0.2-
Relative Concentratior
0
985 99 995 10 10.05
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Valsartan

Response at FDA Specified LOQ

+MRM (74.0 -> 42.0) Std9.D NDMA +MRM (102.0 -> 85.0) Std10.D NDEA +MRM (116.0 -> 99.0) Std10.D NEIPA
2 %1037 RT=7.296 min. 2 x102 RT=7.900 min. 2 x1037] RT=8.162 min.
§ 3.25- Area=4251 % b Area=1044 5 2 Area=2644
o 3] Name=NDMA o Name=NDEA ] Name=NEIPA
275 S/IN=28.97 74 S/IN=67.98 1.8+ S/N=279.02
2.5 6 1.6
2.25 1.44
.| NDMA 1 NDEA 2] NEIPA
1751 (0.008 ppm) *1° (0.005 ppm) 1 (0.005 ppm)
1.5 08
1.25 3 :
14 2. 0.6
0.754 0.4 .
0.5- 1 0.2
0.25 o s o
05 T T T T T T T T T T T T T T T T T — T T :
6.9 7 7.1 7.2 73 74 7.5 765 7.7 775 78 785 79 795 8 8.05 8.1 8.15 8.2
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)
+MRM (130.0 -> 42.0) Std10.D NDIPA +MRM (158.0 -> 99.0) Std7.D NDBA . S/N at FDA LOQ
£ x103 RT=8.351 min. £ %103+ RT=9.968 min.
3 T Area=1876 3 3254 Area=3368
O Name=NDIPA O Name=NDBA
16- S/N=25.84 , 72‘ S/N=36.35 Name SIN
1.4 4 2.5
. NDIPA 225] NDBA NDMA 28.97
24 9
N (0.005 ppm) 151 (0.025 ppm) NDEA 67.98
.51
1.25 1
n NEIPA 279.02
0.754
054 NDIPA 25.84
0.25
0-
T T T T T T T T T T T T T N D BA 36 . 35
83 835 84 845 85 855 86 865 9.6 9.8 10 10.2 10.4
Acquisition Time (min) Acquisition Time (min)
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Valsartan

Sample Results for Valsartan API, Extraction

x102 |
4.25 1

+
7]
2
c
=1
Q
(&)

MRM (74.0 -> 42.0) API_001.D NDMA

NDMA

6.6

T - T - T T
67 68 69 7 71 7.2 73 74 75
Acquisition Time (min)

£ x102
0.95
0.9
0.85
0.8
0.75
0.7
0.65-
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
04

+MRM (102.0 -> 85.0) API_001.D NDEA

RT=7.905 min.
Area=127
Name=NDEA
SIN=12.17
Final Conc.=0.0005 ppm

NDEA

T f T f T
7.7 7.75 7.8 7.85 7.9 7.95 8
Acquisition Time (min)

Back to Introduction

+MRM (116.0 -> 99.0) API_001.D NEIPA

. NEIPA

£ x102 RT=8.167 min.
] Area=123
O 095 Name=NEIPA
S/N=10.69
0.94 Final Conc.=0.0002 ppm

T — T
818 82 822 824

Acquisition Time (min)

+MRM (130.0 -> 42.0) API_001.D NDIPA
2
é x10 |

<1
O 3.044

"] NDIPA

T T
8.6 8.65
Acquisition Time (min)

+MRM (158.0 -> 99.0) API_001.D NDBA
21
% x10

< NDBA

4254 Area=200
4 Name=NDBA
SIN=2.40

-0.254
T

4.54 RT=9.968 min.

375 Final Conc.=0.0017 ppm

o
[y F—

T T T T
10.2 10.4 10.6 10.8
Acquisition Time (min)

Sample Results

FDA LOQs

(ppm)

NDMA
NDEA
NEIPA
NDIPA
NDBA

0.008
0.005
0.005
0.005
0.025

LOQ
Obtained,

(ppm)
0.0025

0.0005
0.00025
0.0025
0.008

Sample
Results (ppm)

ND
0.0005
0.0002
ND
BLQ

BLQ = Below Limit of Quantitation

1 Agilent




Valsartan

Representative Recovery % of Nitrosamine
Impurities in Valsartan at 0.05 ppm

+MRM (74.0 -> 42.0) API_Spk_FDA_10Log_Rep001.D NDMA +MRM (116.0 -> 99.0) API_Spk_FDA_10Loq_Rep001.D NEIPA +MRM (158.0 -> 99.0) API_Spk_FDA_10Loqg_Rep001.D NDBA
£ x104 RT=7.301 min. 2 x104 RT=8.167 min. £ x103 RT=9.968 min.
3 1 Area=19101 3 1 Area=20595 3 R Area=6246
(&) 134 Name=NDMA [&] 154 Name=NEIPA [¢] Name=NDBA
. S/IN=113.66 S/N=1851.50 5.5 S/IN=66.72
12 Final Conc.=0.0512 ng/ml 1.44 Final Conc.=0.0489 ppm Final Conc.=0.0527 ppm
1.34 54
1.14
1.2+ 4.5
1]
1.1 4
1 NDMA 4 NEIPA NDBA
0.8 0.94 3.54
0.74 0.8 3
0.6 0.7 - 25
0.5 0.6 - ,
0.4 4 0.5
0.4 4 1.5+
0.3
0.3 N
0.2 o e
0.2 HEH
p 0.5
0.1 0.1
0--/\P 0 0
-0.14 -0.14 I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
66 67 68 69 7 71 72 73 74 75 804 806 808 81 812 814 816 818 82 822 824 9 92 94 96 98 10 102 104 106 108
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)
+MRM (116.0 -> 99.0) API_Spk_FDA_10Loq_Rep001.D NEIPA +MRM (130.0 ->42.0) API_Spk_FDA_10Log_Rep001.D NDIPA
£ x104 RT=8.167 min. 2 x104/ RT=8.356 min. S | R O 05
3 1 Area=20595 54l Area=14048 am e ecover . m
O 15 Name=NEIPA [SI Name=NDIPA
S/N=1851.50 : S/IN=169.30
144 Final Conc.=0.0489 ppm 14 Final Conc.=0.0481 ppm
0.95
1.34
Sample
1.2+ 0.85- il
Spiking Recovery
+|  NDEA Result
' 0.75- esults 0
- 07] Level (ppm) (%)
(ppm)
0.8+ 061
’ 0.554

ool NDMA 0.05 0.051 102

0.44

0.5 ]
05, NDEA 0.05 0.049 98

0.25

0.34 .25 4

0.24
o 0 NEIPA 0.05 0.049 98

0.05 -

0 ol
01 T T T T T T T T T T T 0051 T T T T T T NDIPA 0-05 0-048 96

8.04 806 808 81 812 814 816 818 82 822 824 83 8.35 84 8.45 85 8.55 8.6 8.65
Acquisition Time (min) Acquisition Time (min)

NDBA 0.05 0.053 106

k to Introduction Agilent




Valsartan

Representative Recovery % of Nitrosamine
Impurities in Valsartan at 0.005 ppm

+MRM (74.0 -> 42.0) API_Spk_FDA_Loq_Rep001.D NDMA
3

£ x10° ]

24

1.9

Ul

Q
[S]

1.71
1.61
1,51
1 NDMA
1.3

1.21
1.11
14
0.9
0.8
0.7
0.6
05
0.4
0.3
0.2
0.1
04
-0.14

RT=7.301 min.
Area=2451
Name=NDMA
S/N=13.41

1.8 Final Conc.=0.0049 ng/ml

T
71

o
o
o
~
e
oo
o
©
~-]

T i T i T T
7.2 7.3 74 75
Acquisition Time (min)

+MRM (116.0 -> 99.0) API_Spk_FDA_Loq_Rep001.D NEIPA

£ x10 3 RT=8.167 min.
24 Area=2672
19 Name=NEIPA
] S/N=130.85
1.8 Final Conc.=0.0046
1.7

1.6
1.5

1.4
] NEIPA
1.2
1.1
14
0.94
0.8
0.74
0.64
0.54
0.4
0.34
0.24
0.14

Coul

ppm

04
-0.14

T T T T T T T T
804 806 808 81 812 814 816 8.18

T T T
8.2 822 824
Acquisition Time (min)

+MRM (102.0 -> 85.0) AP|_Spk_FDA_Log_Rep001.D NDEA
‘2 x10 2
é 8.5
8

7.5

74

6.5

64

5.5

54

45

4

3.5

34

251

24

15

14

0.5

04

-0.54

RT=7.905 min.
Area=1129
Name=NDEA
S/N=95.72

Final Conc.=0.0049 ppm

T t
7.65 7.7 7.75 7.8 7.85

T t T
7.9 7.95 8
Acquisition Time (min)

Back to Introduction

+MRM (158.0 -> 99.0) API_Spk_FDA_Loq_Rep001.D NDBA

7}

Coun

x103 ]
1.154

1.1
1.05

NDBA

RT=9.968 min.
Area=991
Name=NDBA
SIN=13.47
Final Conc.=0.0057 ppm

* T T
9.8 10 10.2 104 10.6

Acquisition Time (min)

+MRM (130.0 -> 42.0) API_Spk_FDA_Loq_Rep001.D NDIPA

£ x103 RT=8.356 min.
3 Area=1738
o 164 Name=NDIPA
SIN=23.14
1.54 Final Conc.=0.0042 ppm
1.4

1.34
1.2
1.1

14
0.9
0.8
0.7
0.6
054
0.4
0.3
0.2

T y T
8.3 8.35 8.4 8.45 8.5 8.55

T T
8.6 8.65
Acquisition Time (min)

NDMA
NDEA
NEIPA
NDIPA
NDBA

Sample Recovery (0.005 ppm)

Spiking

Level (ppm)

0.005
0.005
0.005
0.005
0.005

Sample
Results (ppm)

0.0049
0.0049
0.0046
0.0042
0.0057

Recovery
(%0)

98
98
92
84
114

: Agilent




Valsartan

LC/MS Method for Analysis

Chromatographic Condition:
Muobile Phase A: 0.2 % Formic Acid in Water
Muobile Phase B: Methanol

Sample Diluent: Water: Methanol 855

Flow Rate: 0.5mL/min
Injection Volume: Z0pL
Column Used: Infinity Lab Poroshell HPH C18 3 x 150mm dum (P/N 693970-502T)

Column Temperature: 40°C

Gradient Program:

Time [Min) Maobile Phase A& Maohbile Phase B

0 95 5 05
5 70 30 0.5
18 30 70 0.4
15 5 895 0.5
22 5 95 05
221 95 5 0.5
24 a5 5 0.5

Tablel: Chromatographic Gradient Program for analysis

1 minutes

Flow Rate{mL/min)

Compound Precursor Product
lon (mfz) lon
(m/z)

NDEA 103.1 75.1
NDEA 103.1 47.1
NDMA 75.1 58
NDMA 75.1 43.1
NMBA 1471 44.2
NMEBA 1471 B7. 2
MNEIPA 1171 75.1
MEIPA 1171 47.1
NDIPA 1311 B9.1
NDIPA 1311 431
NDBA 1591 57.2

NDBA 1591

41.1

Retention Retention
Time(min) Time
Window
(Min)
3.484 1.5
3.484 1.5
1.145 1.24
1.143 1.24
2.247 1.2
2.247 1.2
4. 325 1.0
4,325 1.0
4916 1.0
4915 1.0
6.095 1.0

6.056

1.0

Fragmentor Collision

v

85
85
65
65
50
50
70
70
50
50
70
70

Energy(V)

Polarity

S ™ R O [P (0 I PP I PO R

Calibrations

0.1 ng/mL to 100 ng/mL

Sample Preparation

For API

Add 250pL

Add 4.75mL
Water and

Post Run Time:

100mg of Drug
substance

Methanol and
sonicate well for
15 minutes to
dissolves the
API

sonicate again

for 15min.
Centrifuge at
5000 rpm for 5
min at 10°C

Filter
supernatant
using 0.2 pum
syringe filter
into a LC vial

Instrument Agilent 6470 fUltivo Triple Quadrupole mass spectrometer

lon source Atmospheric Pressure Chemical lonization (APCI)

MS/M5 mode MR

lon mode Positive

Drying gas temperature 300°C

Drying gas flow 6 L/min

MNebulizer pressure 55 psi ] __

APCI heater 350°C System Suitability

APCI needle positive 4 ph

Capillary voltage, positive 3000V The coefficient of determination (R?) of the linear calibration curve should be = 0.990.
M51/MS2 resolution 0.7/0.7 {unit/unit) The S/N ratio of the 1 ng/mL linearity standard should be > 10.

% RSD of six replicate injections of the 1 ng/mL standard should be <10

;; Agilent

Back to Introduction




Valsartan

Results for 6 nitrosamine impurities at 20 ng/mL in Valsartan API

+APCI TIC MRM (= -> ) Spike 1 ppb-r001.d

141 1
M Total lon Chromatogram
0.5+
il }L ,_/\——L, ’_jL

x102 +APCIMRM Frag=65DVCID@'ID{) (75.1000 -> 58.0000) Spike 1 ppb-r001.d Smooth

11 1
NDMA
05
o4
102 +APCI MRM Frag=85.0V CID@8.0 (1021000 -» 75.1000) Spike 1 ppb-r001.d Smooth

L] e NDMA (RT 2.206 min)
x102 +APCI MEM Frag=70.0v CID@7.0 (117.1000 -= 75.1000) Spike 1 ppb-r001.d Smooth NDEA (RT 5'247 min)

| l — | NEIPA (RT 7.189min)
| NDIPA (RT 9.387 min)

141 jK NDIPA 1 NDBA (RT 16818 mln)

NMBA (RT 3.210 min)
Valsartan (RT 18.591min)

x102  +APCI MRM Frag=50.0v CID@7.0 (147.1000 -> 44.2000) Spike 1 ppb-r001.d Smooth (2)

11 3210 1
NMBA
05
o4

x102 +APCI MRM Frag=90.0v CID@12.0 (159.1000 -> 57.2000) Spike 1 ppb-rd01.d Smocth

11 16818 1
|
|
054 NDBA i
16275 | \
0 e S

x102 DAD1 - A:Sig=2544 Ref=360.100 Spike 1 ppb-r001.d

1 1
05 Valsartan Peak elutqu % 18.5 min monitored in UV
0 - - - — - — —

] 2 3 4 5 [3 7 3 [ 10 1 12 13 14 15 16 17 18 13 20 P 2 2
Response (%) vs. Acguisition Time (min)

Back to Introduction 555 Agilent



Valsartan

Calibration Curves

NDMA - 12 Levels, 12 Levels Used, 12 Points, 12 Points Used, 0 QCs
x104 | y =799.967125 *x - 10.587560

g R"2=0.99945933

Type:Linear, Origin:include, Weight 1/x

Responses

NDMA, 0.1 to 100 ng/mL

I I
=5 0 5 10 15 20 25 30 35 40 4 50 55 60 65 70 75 80 85 90

NDEA - 13 Levels, 13 Levels Used, 13 Points, 13 Points Used, 0 QCs
x104 |y =524.498209 *x +1.104828

R"2 = 0.99996167

54 Type-Linear, Origin‘Include, Weight 1/

45]
4]
35
34
25
24
15

Responses

NDEA, 0.025 to 100 ng/mL

T T T 1 T T T T T T T T T T T T T T T T T T 1
-5 0 5 0 15 20 25 30 35 40 45 50 55 60 6 70 75 80 8 90 95 100 105
Concentration (ng/ml)

NEIPA - 13 Levels, 13 Levels Used, 13 Points, 13 Points Used, 0 QCs
x10°]y =2255.927970 *x - 0.487933
5 | R"2=099985335
1 Type:Linear, Ongin:Include, Weight: 1/x
2

1.8
1.6
1.4
1.2
14
0.8
0.6
0.4
0.2
0-
—O,Zfl

Responses

NEIPA, 0.025 to 100 ng/mL

T T T T T T T T T T T T T T T T T T T T T T T
-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105
Concentraton (ng/ml)

NDIPA - 13 Levels, 13 Levels Used, 13 Points, 13 Paints Used, 0 QCs
x104 |y =786.609163 *x +5230119

1 R"2=099971773

Type:Linear, Origin:Include, Weight 1/x

7

Responses

NDIPA, 0.025 to 100 ng/mL

T I
-5 0 5 0 15 20 26 30 35 40 45 50 55 60 65 /0 75 80 &8 90 95

1 T
100 105
Concentration (ng/ml)

NDBA - 13 Levels, 13 Levels Used, 13 Points, 13 Points Used, 0 QCs
%105 | y =1765.871334 *x + 45464565

4 R"2 =0.99968303

e Type:Linear, Onigin:Include, Weight 1/x

Responses

1.4
1.2

NDBA, 0.025 to 100 ng/mL

T T
95 100 105
Concentration (ng/ml)

Back to Introduction

NMBA - 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 0 QCs
x103] y =76.856400 * x - 0.197625

R*2 =0.99951996

| Type:Linear, Origin:include, Weight: 1/x

Responses
-~

NMBA, 0.1 to 100 ng/mL

e e e e ey r =22E
-5 0 5 10 1% 20 25 30 35 40 45 50 5 60 6 /0 /o 80 8 9 9 100 109

Concentration (ng/ml)

Agilent




Valsartan

Representative Recovery % of Nitrosamine Impurities

@ 1ng/mL (0.05ppm) concentration using 20mg/mL sample size

Nitrosamine Impurities Average Recovery Percentage
1 NDMA 110
2 NMBA 117
3 MNDEA 108
4 MEIPA 103
5 NDIPA 104
b NDBA 101

Note: Use of corresponding internal standards for each nitrosamines may further help in any recovery issue.

Benefits of Agilent LC/TQ

* Optimized method for valsartan drug substance
Optimized methods » Detect and quantify nitrosamine impurities limits per published FDA regulatory
testing method guidance

Scalable application |+ Best precision = best ion ratios = best quant results; Rugged ion source design

« Sample preparation as per EDQM guidelines

Sample prep « Easy sample preparation

« Automated tuning, easy to use instrument
Time and costs « Efficient quant review with MassHunter

» Data Integrity

Back to Introduction
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Losartan

GC/MS Method for Analysis

Instrument Method Sample Preparation

ALS GC

Injection Volume: Carrier Gas: He
2L 1mL/min

Parameter Value

Pulsed splitless: 12.285 psi until 0.5 min
250 °C

40 °C (0.5 min)
20 °C/min to 200 °C (0 min)

For API

El Mode

Add 5 mL
NDMA-C13-D6

Filter 1 mL
supernatant
through a 0.45
pum filter paper
in a GC vial

Vortex for 1 min

500 mg of Drug P followed by

standard
prepared in
Dichloromethan
e (50 ng/mL

centrifugation
for 2 min at
4000 rpm

substance

MMI injection mode

Inlet temperature

Oven temperature

program 60 °C/min to 250 °C (3 min)
Total run time 12.33 min
MS transfer line . For Drug Product
250 °C
temperature
Add 5 mL
NDMA-C13-D6 Vortex for 1 min Filter 0.5 mL

250 °C

MS1 and MS2
resolution All compounds Unit

Helium at 4 mL/min

Start time: 6.5 min
NDMA

Start time: 7.60 min

NDEA
Quant./qual.

transitions (FDA Start time: 8.03 min
method) NEIPA

Start time: 8.25 min
NDIPA

Start time: 8.70 min
NDBA

Back to Introduction

Quadrupole
temperature Q1 and Q2 =150 °C

Collision gas flow Nitrogen at 1.5 mL/min,

74 — 44, CE 15, dwell 150 ms

74 — 42, CE 20, dwell 50 ms
NDMA:C13-d; 82 —48, CE 20, dwell 100
ms

102 —85, CE 10 V, dwell 150 ms
102 —56, CE 18 V, dwell 150 ms

116 —99, CE 10 V, dwell 150 ms
71 —56, CE 10 V, dwell 150 ms

130 —88, CE 10 V, dwell 150 ms
130 —42, CE 10 V, dwell 150 ms

158 —99, CE 10V, dwell 150 ms
84 —56, CE 22 V, dwell 150 ms

Weight tablet
amount
equivalent to
500 mg of API

internal followed by
standard centrifugation
prepared in for 2 min at
Dichloromethan 4000 rpm
e (50 ng/mL

supernatant
through a 0.45
pm filter paper

in a GC vial

Calibrations

2.5 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml and 100 ng/ml each
prepared in Dichloromethane containing 50 ng/mL of NDMA —C13-D6

System Suitability

The coefficient of determination (R2) of the linear calibration curve should be = 0.998.
The S/N ratio of the 5 ng/mL linearity standard should be = 10.
% RSD of six replicate injections of the 40 ng/mL standard should be < 5




Losartan

Results for 5 nitrosamine impurities at 100 ng/mL in Losartan API

x10 2 |+ TIC MRM (** -> **) Std1.D

0.15+

0.05

112 2(3 3|4 4(5

1,

NDMA (RT 7.294 min)
NDEA (RT 7.903 min)
NEIPA (RT 8.157 min)
NDIPA (RT 8.346 min)
NDBA (RT 9.777 min)

7 7.25

75 775 8 825 85 875 9 9.25
Counts (%) vs. Acquisition Time (min)

9.5

9.75

10

1025 105

Benefits Agilent GC/TQ

Optimized methods

Optimized method for both APl and Formulation
Compatible with stringent FDA regulations

Scalable application

Best precision = best ion ratios = best quant results Rugged ion source design
Retention Time Locking for reproducible methods over time and between labs

Sample prep

Sample preparation as per FDA guidelines
Easy sample preparation

Time and costs

Automated tuning, easy to use instrument.
Efficient Quant review with MassHunter
Data Integrity

Back to Introduction
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Losartan

Calibration Curves

NDMA - / Levels, / Levels Used, / Points, / Points Used, U QCs IDEA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
B x1014 y=12.104634 * x +0.014173 ® x10 1{ y=7.982918 * x + 0.020364

e 2 R*2 = 0.99987833 2 164 R"2=0.99975393

8 41 Type:Linear, Origin:Ignore, Weight:None g.). 1'5 Type:Linear, Origin:Ignore, Weight:1/x

0 o K4 -9

? 22 r 144

27 $ 13-

z s

2 2

1.8 1.2
1.6 1:'
1.4+ ////////// 0.9
1.2 0.8

| ¢ 0.7-

0.6+
0.8+ 0.5
0.6 | 04-
0.4 0.3
ho NDMA, 2.5 to 100 ng/mL e NDEA, 2.5 to 100 ng/mL
ol (5pg — 200pg on column) 1 e (5pg — 200pg on column)
0.1
6 0!2 0.I4 0[6 0.I8 ‘{ 1!2 1.|4 1.6 - ?lts - é - 0 0.2 0.[4 0.’6 08 1 12 1.14 1.6 - "|I§ e é -

x10 ® |+El MRM CID@15.0 (74.0 > 44.0) STDO..

Back to Introduction - Agilent



Losartan

Calibration Curves

JEIPA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs DIPA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
2 x10 14 y =23.375564 * x +0.051230 § x10 1| y =4.889409 " x - 2.177855E-004
= R*2 =0.99977896 5 1R"2= 099977595 _
§_ 4 5- Type:Linear, Origin:ignore, Weight:1/x & o Type:Linear, Origin:ignore, Weight:1/x
o g 097
r
s 4 S 08
1 g
% 25 £ o07-
o 0.6-
25 0.5
2 0.4
154 0.3
14 0.2
= NEIPA, 2.5 to 100 ng/mL - (NSD'PA,Z%S to 100 "f!’ m '-)
- on column
il 5pg — 200pg on column) o P9 P9
| I | | T | | T T T | T \ 1 I l I
0 0.2 04 0.6 08 1 12 14 16 18 2 0 0.2 04 0.6 0.8 1 12 14 16 18 2
Relative Concentration Relative Concentratior

3 |4

Back to Introduction -3 Agilent



Losartan

Calibration Curves

x10 ° |+El MRM CID@22.0 (84.0 -> 56.0) STD9..
JDBA - / Levels, / Levels Used, / Points, / Points Used, U QCs 26 .
2 x40 1{ y=5.112273*x -0.012168
g R"2=0.99976543 . 2.4- ‘
§ 1 Type:Linear, Origin:Ignore, Weight: 1/x 29 A
L 091 \
2 2 .
b e A
r 0.7 18— H‘ “.l
o6 1.6 .
0.5 1.4- ( \t
0.4 1.2 I \.“'
0.3 14 ‘ I\
0.2 0.8 -
01, NDBA, 2.5 to 100 ng/mL
' (5pg — 200pg on column) 0.6-
0-
0.4
0 02 0.4 0.6 0.8 1 12 14 16 1.18. 2 . 0.2-
Relative Concentratior
0
985 99 995 10 10.05
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Losartan

LC/MS Method for Analysis

I ] St rumen t M et h (9] d Compound Precursor Product Retention Retention Fragmentor Collision  Polarity
lon(m/z) lon Time{min] Time V) Energy(V)

Chromatographic Condition: (m/z) ::,:inr:uw
. . . NDEA 103.1 75.1 3.484 1.5 BS B +
Mobile Phase A: 0.2 % Formic Acid in Water NDEA 1031 471 2 484 15 ac 16 +
. NDMA 75.1 5B 1.143 1.24 65 10 +
Mobile Phase B: Methanol NDMA 75.1 43.1 1.143 1.24 65 17 +
NMBA 147.1 442 2247 12 50 7 +
Sample Diluent: Water: Methanol/ 95:5 (v/v) NMEA 1471 873 3 347 13 50 7 +
NEIPA 117.1 75.1 4325 1.0 J0 7 +
Flow Rate: 0.25mL/min NEIPA 117.1 47.1 4325 1.0 70 15 +
NDIPA 1311 B9.1 40916 1.0 50 5 +
Injection Volume: 20uL NDIPA 131.1 431 4916 1.0 50 7 +
NDBA 159.1 57.2 6.096 1.0 J0 7 +
Column Used: Zorbax Eclipse Plus Phenyl-Hexyl, RRHD 2.1 x 100mm 1.8um (P/M 359758-312) NDBA 1591 411 6.096 1.0 70 24 +

Column Temperature: 40°C

Calibrations

Gradient Program:

Time [Min) Mobile Phase A Muobile Phase B How Rate{mL/min]

0 o5 g 0.25 0.05/ 0.1 ng/mL to 25 ng/mL

5 75 25 0.25

13 45 55 0.25 :

20 a5 cs 0.4 Sample Preparation
20.1 5 95 0.4

23 5 95 0.25

231 55 5 0.25 For API

25 95 5 0.25

Table1: Chromatographic Gradient Program for analysis
Add 4.75mL

Post Run Time:

2 minutes

Instrument Agilent 6470 /Ultivo Triple Quadrupole mass spectrometer

100mg of Drug
substance

Add 250uL
Methanol and
sonicate well for
15 minutes to
dissolves the
API

Water and
sonicate again
for 15min.
Centrifuge at
5000 rpm for 5

Filter
supernatant
using 0.2 um
syringe filter
into a LC vial

lon source Atmospheric Pressure Chemical lonization (APCI) min at 10°C
M5/ M5 mode MR

lon mode Positive

Drying gas temperature 300°C

Drying gas flow & L/min

Mebulizer pressure 55 psi

APCI heater 350°C ] "

APCI needle positive 4 pA System Suitability

Capillary voltage, positive 3000V

0.7/0.7 {unit/unit)

MS1/MS2 resolution

Back to Introduction

The coefficient of determination (R?) of the linear calibration curve should be = 0.990.
The S/N ratio of the 1 ng/mL linearity standard should be = 10.
% RSD of six replicate injections of the 1 ng/mL standard should be < 10

: Agilent




Losartan

Results for 6 Nitrosamine impurities at 20 ng/mL in Losartan API

%104 +APCI TIC MRM (= -> =) Spike 2 ppb-r002.d Smooth (2)
a 1 1
o N A _ N
%102 |+APCI MRM Frag=40.0v CID@&12.0 (75.2 -> 58.2) Spike 2 ppb-rl02.d Smooth (2)

al 1207 ;
NDMA

2_

o

x102 +APCIMRM Frag=60.0V CID@16.0 (1471 -> 44.2) Spike 2 ppb-r002.d Smaoaoth (2)

6 1 R nmeA 1

2 L\ NDMA (RT 2.07 min)
o s em | NDEA (RT 5.71 min)
] L NEIPA (RT 8.15min)

1 arciuen | NDIPA (RT 10.63min)
N i NDBA (RT 16.97 min)
| § | NMBA (RT 3.07 min)
h L . Losartan (RT 18.3min)

x102 +APCIMRM Frag=20.0V CID@&12.0 (152.1 -= 57.2) Spike 2 ppb-r002.d Smocth (2)

1 NDBA 1657 1
54
o4

x102 DAD1T - A:Sig=225.4 Ref=off Spike 2 ppb-r002.d Smooth (2)

x104 +APCIMRM Frag=75.0v CID@&8.0 (117.1 = 75.1) Spike 2 ppb-r002.d Smoath (2)

x102 +APCIMRM Frag=75.0V CID@6.0 (131.0 = 89.1) Spike 2 ppb-r002.d Smooth (2)

21 Losartan (20mg/mL) peak elution at18.2 min monitored in UV | A\

) —
™, =

i 2 3 4 5 [ 7 [ 3 10 1 12 13 14 15 16 17 18 19 Z0 21 22 23 24
Response vs. Acquisition Time (min)

Back to Introduction 555 Agilent



Losartan

Calibration Curves

NDMA - 9 Levels, 9 Levels Used, 18 Points, 18 Points Used, 0 QCs

0 10+ |3e o e pt aeie NDEA-SS Lwrl]swii;e;%is%s'ed1§8i9lo;17£;9(1)28 Points Used, 0 QCs
] R2=099872389 . g 0% sy
E; i Type:Linear, Origin:Include, Weight:1/x % 3 Type:Liﬁear. Origin:Include, \Weight: 1/x

54 = 25

4 21

34 154

24 14

11 [ NDMA, 0.05 to 25 nglmL] 05 [NDEA, 0.05to 25 nglmL]

04

04
T T T T T T T

2 1 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Concentration (ng/ml)

ro—
-
o
—_
[
w—
o~
o
o
~i—
co.
<o

T I T 1 T T T T T T 1 1 1 L 1
0 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25 26 27
Concentration (ng/ml)

NEIPA - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 0 QCs NDIPA -7 Levels, 7 Levels Used. 14 Points. 14 Points Used, 0 QCs

2 %108 | y =42512.768821 ° x - 1736.874386 2 105 | v = 15481.827571 " x - 858.498085
2 1 R"2=0.99877804 2 1 R"2 =0.99902536
2 14 Type:Linear, Origin:Include, Weight:1/x 2 25 Type:Linear, Origin:Include, Weight:1/x
o <
0.7 254
0.64
0.5 &
04 15
0.31 14
0.2
| NEIPA, 0.1t0 25 ng/mL | [ o [ NDIPA, 0.1 to 25 ng/mL |
04 0-
-01- T T T T

1 1 I T I I T T T T T T T I T T I T 1
8 9 10 M 12 13 14 15 16 17 18 18 20 21 2 23 24 25 26 27
Concentration (ng/ml)

N_
_.

P
-

o
o
P
on-|
P
-

2 -1 0 1 5 3 4 5 6 '.!" EIS 9 1|0 1I1 ‘|I2 1I3; ‘l|4 1l5 1|6 1I? 1|8 1|3 ZIO 2|1 2|2 2|3 2I4 2|5 ZIB ZI?
Concentration (ng/ml)

NDBA- 8 Levels, 8 Levels Used, 16 Points, 16 Points Used, 0 QCs
8 x1051y =21630.117580 *x - 373.878222 NMBA - 9 Levels, 9 Levels Used, 18 Points, 18 Points Used, 0 QCs
¥ 554 R2=0.99787330 9 41054 v = 6629480687 " x - 16.977878
2 5 Type:Linear, Origin:Include, Weight: 1/x 2 164 R"2 = 0.99870222 )
g -4 -0 Type:Linear, Origin:Include, \Weight: 1/x
o 45 2 14
44 1.2
354 14
3' Ds.
25+ 0.6
24 0.4-
- 02 NMBA, 0.05 to 25 ng/mL
04
o  NDBA, 0.075 to 25 ng/mL |
01 2 1 0 1 2 3 4 5 6 7 & 9 10 1 12 13 14 15 1 17 18 19 20 21 22 23 26 25 26 27
-0.54 Concentration (ng/ml)
1 T T T I T T T I T T T° T I T T T© © ©° T° T T T T T T T T1
2 <10 v 2 3 4 5 6 7 8 9 10 1M 122 13 14 151 W 8BV ADAN 23U 5.8 U
Concentration (ng/ml)
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Losartan

Representative Recovery % of Nitrosamine Impurities

@ 1ng/mL (0.05ppm) and 2ng/mL (0.1ppm) concentrations using 20mg/mL sample size

Nitrosamine Impurity Concentration Recovery %
(ng/mL)
NDMA 2 110
NMBA 1 113
NDEA 1 103
NEIPA 1 100
NDIPA 1 08
NDBA 2 91

Note:

1.The Losartan sample used for recovery study was containing NDMA and NDBA at some concentration levels so
recovery was established at 2ng/mL spike for these two impurities.

2.Use of corresponding internal standards for each nitrosamines may further help in any recovery issue.

Benefits of Agilent LC/TQ

» Optimized method for losartan drug substance
Optimized methods » Detect and quantify nitrosamine impurities limits per published FDA regulatory
testing method guidance

Scalable application | Best precision = best ion ratios = best quant results; Rugged ion source design

« Sample preparation as per EDQM guidelines

Sample prep « Easy sample preparation

« Automated tuning, easy to use instrument
Time and costs « Efficient Quant review with MassHunter
» Data Integrity
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Telmisartan

GC/MS Method for Analysis

Injection Volume: Carrier Gas: He El Mode
2L 1mL/min

Sample Preparation

Add 5 mL
NDMA-C13-D6 Vortex for 1 min Filter 1 mL

internal followed by supernatant
500 mg of Drug - wed 0
standard centrifugation through a 0.45
Parameter Value substance prepared in for 2 min at pm filter paper
L . . . . . Dichloromethan 4000 rpm in a GC vial
MMI injection mode Pulsed splitless: 12.285 psi until 0.5 min e (50 ng/mL
Inlet temperature 250 °C

40 °C (0.5 min)
20 °C/min to 200 °C (0 min)

Oven temperature

rogram : .

Prog 60 °C/min to 250 °C (3 min)

Total run time 12.33 min

MS transfer line 250 °C For Drug Product

temperature

= Val Add 5 mL
: NDMA-C13-D6 Vortex for 1 min Filter 0.5 mL
250 °C Weight tablet internal followed by supernatant

Quadrupole equivalent to standard centrifugation through a 0.45

_ R 500 ma of API prepared in for 2 min at pm filter paper
temperature Q1 and Q2 =150 °C 9 Dichloromethan 4000 rpm in a GC vial

MS1 and MS2 e (50 ng/mL
resolution All compounds Unit

Collision gas flow Nitrogen at 1.5 mL/min,
Helium at 4 mL/min

Start time: 6.5 min
NDMA 74 — 44, CE 15, dwell 150 ms
74 — 42, CE 20, dwell 50 ms

NDMA:C13-d, 82 —48, CE 20, dwell 100 ms Calibrations
Start time: 7.60 min

NDEA 102 —85, CE 10 V, dwell 150 ms

Quant./qual. 102 —56, CE 18 V, dwell 150 ms 2.5 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml and 100 ng/ml each
iti Start time: 8.03 min repared in Dichloromethane containing 50 ng/mL of NDMA —C13-D6
EZZT,?SLO)”S (FDA NEIPA 116 —99, CE 10 V, dwell 150 ms prep govng

71 56, CE 10 V, dwell 150 ms
Start time: 8.25 min . o
IR 130 88, CE 10 V, dwell 150 ms System Suitability

130 —42, CE 10 V, dwell 150 ms

Start time: 8.70 min The coefficient of determination (R2) of the linear calibration curve should be = 0.998.
NDBA 158 —99, CE 10V, dwell 150 ms The S/N ratio of the 5 ng/mL linearity standard should be > 10.
84 —56, CE 22V, dwell 150 ms % RSD of six replicate injections of the 40 ng/mL standard should be < 5
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Telmisartan

Results for 5 nitrosamine impurities at 100 ng/mL in Telmisartan API

x10 2 |+ TIC MRM (** -> **) Std1.D

0.15+

0.05

112 2(3 3|4 4(5

1,

NDMA (RT 7.294 min)
NDEA (RT 7.903 min)
NEIPA (RT 8.157 min)
NDIPA (RT 8.346 min)
NDBA (RT 9.777 min)

7 7.25

75 775 8 825 85 875 9 9.25
Counts (%) vs. Acquisition Time (min)

9.5

9.75

10

1025 105

Benefits Agilent GC/TQ

Optimized methods

Optimized method for both APl and Formulation
Compatible with stringent FDA regulations

Scalable application

Best precision = best ion ratios = best quant results Rugged ion source design
Retention Time Locking for reproducible methods over time and between labs

Sample prep

Sample preparation as per FDA guidelines
Easy sample preparation

Time and costs

Automated tuning, easy to use instrument.
Efficient Quant review with MassHunter
Data Integrity
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Telmisartan

Calibration Curves

NDMA - / Levels, / Levels Used, / Points, / Points Used, U QCs IDEA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
B x1014 y=12.104634 * x +0.014173 ® x10 1{ y=7.982918 * x + 0.020364

e 2 R*2 = 0.99987833 2 164 R"2=0.99975393

8 41 Type:Linear, Origin:Ignore, Weight:None g.). 1'5 Type:Linear, Origin:Ignore, Weight:1/x

0 o K4 -9

? 22 r 144

27 $ 13-

z s

2 2

1.8 1.2
1.6 1:'
1.4+ ////////// 0.9
1.2 0.8

| ¢ 0.7-

0.6+
0.8+ 0.5
0.6 | 04-
0.4 0.3
ho NDMA, 2.5 to 100 ng/mL e NDEA, 2.5 to 100 ng/mL
ol (5pg — 200pg on column) 1 e (5pg — 200pg on column)
0.1
6 0!2 0.I4 0[6 0.I8 ‘{ 1!2 1.|4 1.6 - ?lts - é - 0 0.2 0.[4 0.’6 08 1 12 1.14 1.6 - "|I§ e é -

x10 ® |+El MRM CID@15.0 (74.0 > 44.0) STDO..
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Telmisartan

Calibration Curves

JEIPA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs DIPA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
2 x10 14 y =23.375564 * x +0.051230 § x10 1| y =4.889409 " x - 2.177855E-004
= R*2 =0.99977896 5 1R"2= 099977595 _
§_ 4 5- Type:Linear, Origin:ignore, Weight:1/x & o Type:Linear, Origin:ignore, Weight:1/x
o g 097
r
s 4 S 08
1 g
% 25 £ o07-
o 0.6-
25 0.5
2 0.4
154 0.3
14 0.2
= NEIPA, 2.5 to 100 ng/mL - (NSD'PA,Z%S to 100 "f!’ m '-)
- on column
il 5pg — 200pg on column) o P9 P9
| I | | T | | T T T | T \ 1 I l I
0 0.2 04 0.6 08 1 12 14 16 18 2 0 0.2 04 0.6 0.8 1 12 14 16 18 2
Relative Concentration Relative Concentratior

3 |4
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Telmisartan

Calibration Curves

x10 ° |+El MRM CID@22.0 (84.0 -> 56.0) STD9..
JDBA - / Levels, / Levels Used, / Points, / Points Used, U QCs 26 .
2 x40 1{ y=5.112273*x -0.012168
g R"2=0.99976543 . 2.4- ‘
§ 1 Type:Linear, Origin:Ignore, Weight: 1/x 29 A
L 091 \
2 2 .
b e A
r 0.7 18— H‘ “.l
o6 1.6 .
0.5 1.4- ( \t
0.4 1.2 I \.“'
0.3 14 ‘ I\
0.2 0.8 -
01, NDBA, 2.5 to 100 ng/mL
' (5pg — 200pg on column) 0.6-
0-
0.4
0 02 0.4 0.6 0.8 1 12 14 16 1.18. 2 . 0.2-
Relative Concentratior
0
985 99 995 10 10.05
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Telmisartan

Representative Recovery % of Nitrosamine
Impurities In Telmisartan at 0.005 ppm

+ MRM (74.0 -> 42.0) AP|_Spk_FDA_Loq Rep002.D

2 %10 3 RT=7.301 min.
o .
3 221 Name=NDMA
S SIN=13.79
2 Calc. Conc.=0.0053 ng/ml

| |
6.6 6.8 7 7.2 7.4 76 7.8 8
Acquisition Time (min)

+MRM (116.0 -> 99.0) API_Spk_FDA_Loq_Rep002.D

£ x10 3 RT=8.167 min.
3 5] NameNEIPA
O S/N=256.91
1.8+ Calc. Conc.=0.0045 ppm
1.6
1.4+
1.2+
1_
0.8+
0.6
0.4+
0.2
0_
| — — — |
8.05 8.1 8.15 82 8.25

Acquisition Time (min)

+ MRM (158.0 -> 99.0) API_Spk_FDA_Loq_Rep002.D
x10 3 | RT=9.968 min.
Name=NDBA
1.14 S/IN=9.78
14 Calc. Conc.=0.0054 ppm
0.9+
0.8
0.7+
0.6
0.5
0.4+
0.3
0.2
0.1
0,

Counts

NDBA

\ \ \ \ \
925 95 975 10

\ I \
10.25 105 10.75
Acquisition Time (min)

+ MRM (102.0 -> 85.0) AP|_Spk_FDA_Loq_Rep002.D
£ x10 3 RT=7.905 min.
= Name=NDEA
o 091 S/N=90.76
0.8- Calc. Conc.=0.0054 ppm
0.7
0.6+
0.5
0.4+
0.3
0.2+
0.1
04 s
| T ' i ' | |
7.7 7.8 7.9 8 8.1
Acquisition Time (min)

Back to Introduction

+MRM (130.0 -> 42.0) API_Spk_FDA Log_Rep002.D
2 x10 3 RT=8.356 min.
164 NamexNDIPA

1 '5_ S/N=15.38

1'4 Calc. Conc.=0.0043 ppm

1.3
1.2
1.1
1 -
0.9 NDIPA
0.8
0.7
0.6
0.5
0.4
0.3
0.2

un

| |
8.1 8.2 83 84 85 8.6
Acquisition Time (min)

Compound

NDMA 0.005 0.0053
NDEA 0.005 0.0054
NEIPA 0.005 0.0045
NDIPA 0.005 0.0043
NDBA 0.005 0.0054

Recovery
(%)

106
108
90
86

108
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Telmisartan

LC/MS Method for Analysis

Instrument Method

Mobile phase A 0.1 % formic acid in water NDMA(Quantifier) 75.1 431 5 +
Mobile phase B: 0.1 % formic acid in Methanol NDMA {Qualifier) 751 58.1 7 11 5 +
Multisampler temperature: 10°C B T LRl e e v 5 *
MMEA[Gualifier) 1471 442 il 12 3 +
InjECliﬂn volume: 20 |..|L HDEAllhanﬁﬁer} 103,14 75.1 20 a 3 +
Analytical column: Agilent Zorbax Eclipse Plus C18 150°3.0mm 3.5micron MOEA|Qualifier) 103.1 471 a0 17 3 +
(P/N:959963-302)  NEIPA{Guantifier) 117.1 751 75 B 3 +
Column temperature: 40 °C NEIPA|Qualifier) 171 471 75 13 8 +
Flow rate: 0.3 mL/min  NDIPA{Guantifier) 131.1 88.1 [ 6 3 +
Gradient MOIPA(Gualifier) 131.1 431 75 12 8 +
MOBA(Guantifier) 158.1 872 a1 12 ] +
Time (min) o A W B Flow {mL/min) MOBA(Gualifier) 158.1 411 a1 22 L] +
1] 95 5 0.3
3.0 95 5 0.3 Calibrations
7.0 40 60 0.3
11.0 5 95 0.3 0.1 ng/mL to 100 ng/mL
15.0 5 95 0.3
15.1 95 5 0.3 Sample Preparation
18.0 95 5 0.3

For API

Add 4.75mL
Water and Filter
sonicate again supernatant
for 15min. using 0.2 um
Centrifuge at syringe filter
5000 rpm for 5 into a LC vial
min at 10°C

Atmospheric Pressure Chemical lonization {APC)
MRM
Pasitive

Add 250uL
Methanol and
100mg of Drug sonicate well for

substance 15 minutes to
dissolves the
API

00 =G

& Limin

= &
5%1

=

System Suitability

The coefficient of determination (R?) of the linear calibration curve should be = 0.990.
The S/N ratio of the 1 ng/mL linearity standard should be = 10.
% RSD of six replicate injections of the 1 ng/mL standard should be < 10

07107 (unitiunit)
a0 ms
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Telmisartan

Results for 6 nitrosamine impurities at 20 ng/mL in Telmisartan API

x103 |+APCI TIC MEM (™ -= ) 0.2 ppb spike001.d

B4
S — A e e — A
-

x107 DADT - A:Sig=254.04.0 Ref=2360.0,100.0 0.2 ppb spike001.d

'I'!. 53
A Ao Mo

0{——— A~ - \

x102 +APCI MEM Frag=110.0% CID@16.0 (V5.0 -> 43.1) 0.2 ppb spikell1.d Smocth

K
x102 +APCI MEM Frag=72.0% CIDE (103.0 -= 75.00 0.2 ppb spikel01.d Smooth
N T NDMA (RT 4.73 min)
x102 +APCI MREM Frag=282.0%v CIDE™ (117.0-= 74.9) 0.2 ppb spikel01.d Smooth NDEA (RT 8.84 min)
T NEIPA (RT 9.71min)
) S — _ e — Remaeel NDIPA (RT 10.43 min)
x1EI;Z_ +APCI MRM Frag=80.00 CIDE" (131.0-> 85.1) 0.2 ppb spike001.d Smooth . NDBA (RT 12.23 min)
[ ISP \VIBA (RT 7.35 min)
x102 +APC|I MRM Frag=60.0V CID&™ (147.0 -= 117.0) 0.2 ppb spikel01.d Smooth Telmisartan (RT 11.158 min)

2- ?-KG

x102 +APCI MEM Frag=86.0% CID& (159.0 -= 57.0) 0.2 ppb spikell1.d Smocth

e P —

o - —
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Response vs. Acguisition Time (min)
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Telmisartan

Calibration Curves

NDMA - 8 Levels. 8 Levels Used, 8 Points, 8 Points Used. 2 QCs

é x106 | iR 521:?095%%2250%‘95 x - sso.asfm. . I;DETE; f_L:v:lssé?i !ﬁﬁg«s U.s:d;se -F'oints. 8 Points Used. 2 QCs
2 ype:Linear, Origin:Ignore, Weight: 1/x"2 2 4 R"2 = 0.98733680
’E 1.44 §_ 5.4 Type:Linear, Origin:lgnore, Weight: 1/x"2
1.2 & s
44
14 35-
0.84 3
254
0.6 2-
0.4 L 1.5
2 g [ NDMA, 0.1 to 100 ng/mL] S B [ NDEA, 0.1 to 100 nglmL]
LB k 0+
r -0.5- T T T T T T T T T T T T T T T T T T

T T T
-5 0 5 1 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 _S5

I I | 1 1 I 1 1 | | I I I I I 1 [I)D 165
Concentration (ng/ml)

| L
5 0 5 10 15 20 25 30 35 40 45 5H0 55 60 656 70 75 80 8 90 _95

00 10
Concentration (ng/ml)

NEIPA - 8 Levels. 7 Levels Used. & Points. 7 Points Used, 2 QCs NDIPA - 8 Levels, 7 Levels Used, 8 Points. 7 Points Used, 2QCs

2 %1064 y3213435,2s2659-x - 246311721 g x105 3523_2])593‘;%3323 +30.724937 .
@ R"2 = 0.99273395 g 35{n°=0 5 weight:
g 1.6 Type:Linear, Originlgnore, Weight: 1/x"2 % Type:Linear, Origin:lgnore, Weight: 1/x"2
3 14 2 3
1.2 25-
1 5.
o4 15
061 ’
0.4 14
ol ool g | NDIPA, 0.1to 100 ng/mL |
0 0

5 0 5 1 15 20 25 30 35 40 45 5 5 6 65 70 75 %0 8 % %5 100 105
Concentration (ng/ml)

5 0 5 10 15 20 25 30 35 40 45 50 55 60 6 70 75 8 8 90 95 100

Concentration

105
(ng/mi)

NDBA - 8 Levels, 8 Levels Used. 8 Points. 8 Points Used, 2 QCs NMBA - 8 Levels, 8 Levels Used, 8 Points, 8 Points Used, 2 QCs
- els, l, oints, in S . _ = - _
g x103 3,2 9087.987663 x - 102 46873 g X105 e gy« o760
i R"2 = 0.99656833 £ ] - o .
2 €4 Type:Linear, Origin:lgnore, Weight 152 % 272_ Type:Linear, Origin:Ignore, Weight: 1/x"2
g 7 < 25
6 225
2L
54 1.754
44 154
1.25-
34 1]
§ NMBA, 0.1 to 1 /mL
054
1 | NDBA, 0.1 t0 100 ng/mL | - ,0.1 to 100 ng/m
04 0-
-0.25+
T T T T T T T T T T T T T T T T T T T T T T T T ! T T T T T T T T T T T T T T T T T T T
5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 9% _9 100 105 5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 ) )
Concentration (ng/ml) Concentration (ng/ml)
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Telmisartan

Representative Recovery % of Nitrosamine Impurities

@ 0.2ng/mL (0.004ppm) concentration using 50mg/mL sample size

N Nitrosamine Impurities Average Recovery%
1 NDMA 101.7
2 NMBA 104.3
3 NDEA 117.7
4 NEIPA 91.1
5 NDIPA 05.6
6 NDBA 91.1

Note: Use of corresponding internal standards for each nitrosamines may further help in any recovery issue.

Benefits of Agilent LC/TQ

» Optimized method for telmisartan drug substance
Optimized methods * Detect and quantify nitrosamine impurities limits per published FDA regulatory
testing method guidance

Scalable application |+ Best precision = best ion ratios = best quant results; Rugged ion source design

Sample preparation as per EDQM guidelines

Sample prep Easy sample preparation

Automated tuning, easy to use instrument
Efficient Quant review with MassHunter
Data Integrity

Time and costs
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Candesartan

GC/MS Method for Analysis

Injection Volume: Carrier Gas: He El Mode
2L 1mL/min

Sample Preparation

Add 5 mL
NDMA-C13-D6 Vortex for 1 min Filter 1 mL

internal followed by supernatant
500 mg of Drug - wed 0
standard centrifugation through a 0.45
Parameter Value substance prepared in for 2 min at pm filter paper
L . . . . . Dichloromethan 4000 rpm in a GC vial
MMI injection mode Pulsed splitless: 12.285 psi until 0.5 min e (50 ng/mL
Inlet temperature 250 °C

40 °C (0.5 min)
20 °C/min to 200 °C (0 min)

Oven temperature

rogram : .

Prog 60 °C/min to 250 °C (3 min)

Total run time 12.33 min

MS transfer line 250 °C For Drug Product

temperature

= Val Add 5 mL
: NDMA-C13-D6 Vortex for 1 min Filter 0.5 mL
250 °C Weight tablet internal followed by supernatant

Quadrupole equivalent to standard centrifugation through a 0.45

_ R 500 ma of API prepared in for 2 min at pm filter paper
temperature Q1 and Q2 =150 °C 9 Dichloromethan 4000 rpm in a GC vial

MS1 and MS2 e (50 ng/mL
resolution All compounds Unit

Collision gas flow Nitrogen at 1.5 mL/min,
Helium at 4 mL/min

Start time: 6.5 min
NDMA 74 — 44, CE 15, dwell 150 ms
74 — 42, CE 20, dwell 50 ms

NDMA:C13-d, 82 —48, CE 20, dwell 100 ms Calibrations
Start time: 7.60 min

NDEA 102 —85, CE 10 V, dwell 150 ms

Quant./qual. 102 —56, CE 18 V, dwell 150 ms 2.5 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml and 100 ng/ml each
iti Start time: 8.03 min repared in Dichloromethane containing 50 ng/mL of NDMA —C13-D6
EZZT,?SLO)”S (FDA NEIPA 116 —99, CE 10 V, dwell 150 ms prep govng

71 56, CE 10 V, dwell 150 ms
Start time: 8.25 min . o
IR 130 88, CE 10 V, dwell 150 ms System Suitability

130 —42, CE 10 V, dwell 150 ms

Start time: 8.70 min The coefficient of determination (R2) of the linear calibration curve should be = 0.998.
NDBA 158 —99, CE 10V, dwell 150 ms The S/N ratio of the 5 ng/mL linearity standard should be > 10.
84 —56, CE 22V, dwell 150 ms % RSD of six replicate injections of the 40 ng/mL standard should be < 5
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Candesartan

Results for 5 nitrosamine impurities at 100 ng/mL in Candesartan API

x10 2 |+ TIC MRM (** -> **) Std1.D

0.15+

0.05

112 2(3 3|4 4(5

1,

NDMA (RT 7.294 min)
NDEA (RT 7.903 min)
NEIPA (RT 8.157 min)
NDIPA (RT 8.346 min)
NDBA (RT 9.777 min)

7 7.25

75 775 8 825 85 875 9 9.25
Counts (%) vs. Acquisition Time (min)

9.5

9.75

10

1025 105

Benefits Agilent GC/TQ

Optimized methods

Optimized method for both APl and Formulation
Compatible with stringent FDA regulations

Scalable application

Best precision = best ion ratios = best quant results Rugged ion source design
Retention Time Locking for reproducible methods over time and between labs

Sample prep

Sample preparation as per FDA guidelines
Easy sample preparation

Time and costs

Automated tuning, easy to use instrument.
Efficient Quant review with MassHunter
Data Integrity

Back to Introduction
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Candesartan

Calibration Curves

NDMA - / Levels, / Levels Used, / Points, / Points Used, U QCs IDEA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
B x1014 y=12.104634 * x +0.014173 ® x10 1{ y=7.982918 * x + 0.020364

e 2 R*2 = 0.99987833 2 164 R"2=0.99975393

8 41 Type:Linear, Origin:Ignore, Weight:None g.). 1'5 Type:Linear, Origin:Ignore, Weight:1/x

0 o K4 -9

? 22 r 144

27 $ 13-

z s

2 2

1.8 1.2
1.6 1:'
1.4+ ////////// 0.9
1.2 0.8

| ¢ 0.7-

0.6+
0.8+ 0.5
0.6 | 04-
0.4 0.3
ho NDMA, 2.5 to 100 ng/mL e NDEA, 2.5 to 100 ng/mL
ol (5pg — 200pg on column) 1 e (5pg — 200pg on column)
0.1
6 0!2 0.I4 0[6 0.I8 ‘{ 1!2 1.|4 1.6 - ?lts - é - 0 0.2 0.[4 0.’6 08 1 12 1.14 1.6 - "|I§ e é -

x10 ® |+El MRM CID@15.0 (74.0 > 44.0) STDO..
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Candesartan

Calibration Curves

JEIPA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs DIPA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
2 x10 14 y =23.375564 * x +0.051230 § x10 1| y =4.889409 " x - 2.177855E-004
= R*2 =0.99977896 5 1R"2= 099977595 _
§_ 4 5- Type:Linear, Origin:ignore, Weight:1/x & o Type:Linear, Origin:ignore, Weight:1/x
o g 097
r
s 4 S 08
1 g
% 25 £ o07-
o 0.6-
25 0.5
2 0.4
154 0.3
14 0.2
= NEIPA, 2.5 to 100 ng/mL - (NSD'PA,Z%S to 100 "f!’ m '-)
- on column
il 5pg — 200pg on column) o P9 P9
| I | | T | | T T T | T \ 1 I l I
0 0.2 04 0.6 08 1 12 14 16 18 2 0 0.2 04 0.6 0.8 1 12 14 16 18 2
Relative Concentration Relative Concentratior

3 |4
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Candesartan

Calibration Curves

x10 ° |+El MRM CID@22.0 (84.0 -> 56.0) STD9..
JDBA - / Levels, / Levels Used, / Points, / Points Used, U QCs 26 .
2 x40 1{ y=5.112273*x -0.012168
g R"2=0.99976543 . 2.4- ‘
§ 1 Type:Linear, Origin:Ignore, Weight: 1/x 29 A
L 091 \
2 2 .
b e A
r 0.7 18— H‘ “.l
o6 1.6 .
0.5 1.4- ( \t
0.4 1.2 I \.“'
0.3 14 ‘ I\
0.2 0.8 -
01, NDBA, 2.5 to 100 ng/mL
' (5pg — 200pg on column) 0.6-
0-
0.4
0 02 0.4 0.6 0.8 1 12 14 16 1.18. 2 . 0.2-
Relative Concentratior
0
985 99 995 10 10.05
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Candesartan

Representative Recovery % of Nitrosamine
Impurities in Candesartan at 0.005 ppm

+ MRM (74.0 -> 42.0) API_Spk_FDA_Loq_Rep004.D ’;MRM (116.0 -> 99.0) API_Spk_FDA_Log_Rep004.D + MRM (158.0 -> 99.0) AP|_Spk_FDA_Loq_Rep004.D
2 %103/ RT=7.301 min. £ x103 RT-8107min. 2 103/ RT=9.968 min.
5 Name=NDMA 3 2 ames 5 4ol Name=NDBA
3 22 i 8 S/N=190.23 3 1 >
] S/N=15.83 18, caie. o190, B SIN=12.24
24 Calc. Conc.=0.0054 ng/ml alc. Lonc.~u. ppm 1.14 Calc. Conc.=0.0057 ppm
1.8 169 1
1.6- 141 09
0.8
1.4 1.2+
] > NDMA o7 NDBA
. 0.6
14 0.8 05,
0.8+ 0.6 0.4-
0.6 0.4 0.3
0.4- 02l 02
0.2- ]
0 0.1
0+ i 04
[ [ [ [ ‘ [ [ [ [ ‘ ‘ ! ‘ ! [ [ [ [ [ [ [ [
66 68 7 72 74 76 78 8 8.05 8.1 8.15 82 825 925 95 975 10 1025 105 10.75
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)
+ MRM (102.0 -> 85.0) API_Spk_FDA_Loq_Rep004.D +MRM (130.0 -> 42.0) API_Spk_FDA_Log_Rep004.D
£ x103- RT=7.905 min. 2 x103 RT=8.356 min.
S Name=NDEA > Name=NDIPA R ver
8 094 SIN=75.35 8§ 187 SIN=28.30 Compound SIS
08| Calc. Conc.=0.0051 ppm Calc. Conc.=0.0043 ppm (%)
: 1.4-
0.7
1.2
0.6 NDMA 0.005 0.0054 108
0.5 NDEA . NDIPA
04. 05 NDEA 0.005 0.0051 102
0.3
02 0.6- NEIPA 0.005 0.0044 88
0.1- | 04
I 3 NDIPA 0.005 0.0043 86
01 | 02 |
I I I I I I I I I
7.7 7.8 7.9 8 8.1 8.1 82 83 84 85 86 NDBA 0.005 0.0057 114
Acquisition Time (min) Acquisition Time (min)
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Candesartan

LC/MS Method for Analysis

Instrument Method

Mobile phase A: 0.2 % formic acid in water NDMA[Quantifier) 431 100 17 5 +
Mobile phase B: Methanol NDMA (Gualifier) 75.1 58.1 75 1 5 +
Multisampler 10°C NMEA{Quantifier) 1471 1174 80 4 3 +
temperature:  NMEA(Qualifier) 1471 4437 Gli 12 3 +
Injection volume: 20 pL NDEA(Quantifier) 1031 731 80 B 3 +
Analytical column: Agilent Zorbax Eclipse Plus C18 100*3.0mm 1.8micron | NDEA(Gualfier] 1031 4.1 o 7 3 +
(P/N-959758-302) . NEIPA|Quantifier) 1171 751 75 B 3 +
Column temperature: 40 °C NEIPA{Gualifier) 171 471 75 18 2 +
Flow rate: 0 4 mL/min MDIPA{Guantifier) 1311 81 [ i 3 +
Gradient - NDIPA[Qualifier) 13141 431 L] 12 8 +
NDBA{Quantifier) 159.1 57.2 21 12 5 +
NDBA[Gualifier) 1581 411 &1 22 & +
Time {min) % A % B Flow (mL/min) . .
- T . T Calibrations
2.0 95 3 0.4
5.5 40 60 0.4 | 0.1 ng/mL to 100 ng/mL
9.0 5 95 0.4 _
11.0 3 95 0.4 .
11 o5 5 04 : Sample Preparation
14.0 95 5 0.4

For API

o satree Y Atmospheric Pressure Chemical lonization (APC) Add 250pL e ier
Methanol and - .
_ MRM 100mg of Drug sonicate well for SOP'C?L'[Se agamn sqperge;tant
- bstance 15 minutes to Of O using v.< Hm
Hommede T Positive - - Centrifuge at syringe filter
dissolves the 5000 f . LC vial
AP| )0 rpm for 5 into a LC via
300 =C min at 10°C
Nebusrpresae s
APCibeser
AeCinstepostve 4y
_ 0.710.7 {unitiunit) The coefficient of determination (R2) of the linear calibration curve should be = 0.990.
_ S0 ms The S/N ratio of the 1 ng/mL linearity standard should be = 10.

% RSD of six replicate injections of the 1 ng/mL standard should be <10
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Candesartan

Results for 6 nitrosamine impurities at 20 ng/mL in Candesartan API

2ot QRlE ¥ A OC 10 v o A K % HB B S = Minutes vy S

x104 +APCITIC MEM (™ -= =) 1.0ppb spike P1-r001.d

1
ﬂ_q—u_r/—u] - h

%102 +APCI MRM Frag=60.0v CID&12.0 (75.1 -> 52.0) 1.0ppb spike P1 -r001.d

541 ﬂ.iE 1

%102 +APCI MRM Frag=20.0v CID@3.0 (103.1-> 75.1) 1.0ppb spike P1-r001.d

2y 1 NDMA (RT 0.97 min)
x103 +APCI MBM Frag=75.0v CIDE8.0 (117.1 -» 75.1) 1.0ppb spike P1 -r001.d NDEA (RT 3.49 min)
o i ‘ NEIPA (RT 4,23min)
x103  +APCI MEM Frag=75.0V CID@6.0 (131.1 -> 83.1) 1.0ppb spike P1 -rD01.d NDIPA (RT 5 15 min)
1 5,356 1 .
0- . NDBA (RT 7.26min)
x10Z +APCI MRM Frag=60.0V CID@10.0 (1471 -= 87.2) 1.0ppb =pike P1 -r001.d .
21 e 1 NMBA (RT 1.70 min)
x102 +APCI MBRM Frag=20.0%v CID@E12.0 (159.1 -= 57.2) 1.0ppb spike P1-r001.d Candesartan (RT 9'623 min)

2|1 ?.E 1

+APCI EIC MEM (= -=611.0) 1.0ppb spike P1 -rl01.d “ZERO ABUNDANCE™

1 1
{)_
DADT - A'Sig=254.0.4.0 Ref=360.0,100.0 1.0ppb spike P1 -r001.d
e (363 —— S . - - o 53 5 —
od | ——a s 10,199 12.873
x105 +APCI EIC(611.0) Scan Frag=100.0V 1.0ppb spike P1 -r01.d
9.323 1
04 |
1 ) 3 4 5 [ 7 g 9 10 11 12 13 14

Response vs. Acguisition Time (min)
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Candesartan

Calibration

Curves

NDMA - 9 Levels, 8 Levels Used, 9 Points, 8 Points Used, 0 QCs
8 »105]y=1227.912022 " x +10.861169

5 R"2 =0.99098582

12 Type:Linear, Origin:Include, Weight: 1/x"2

on

&
2
o 14
0.8
0.6
0.4
0.2

v
-

| NDMA, 0.1 to 100 ng/mL |

T T T T T T T T T T T T T |
40 45 50 55 60 65 70 75 80 8 9 95 100 105
Concentration (ng/ml)

NEIPA - 9 Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs
2 x105 | y =9658.768645 “ x +93.362580
2 7| R"2 = 0.99265970

Respon

14
0.94

Type:Linear, Origin:Include, Weight: 1/x™2

0.8
0.7
0.6+
0.5+
0.4
0.3
0.2+
0.1
04
-0.1

| NEIPA, 0.1 to 100 ng/mL |

fNDEA-9
g =108 |
2.754
254
2.254
2
1.75
1.5
1.254
14
0.754
0.54
0.25
04
-0.25

Respon

Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs
y = 2783867224 x + 35877086

R™2 =0.99702613

Type:Linear, Origin:Include, \Weight: 1/x"2

| NDEA, 0.1 to 100 ng/mL |

5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 8 9 95 100 105
Concentration (ng/ml)

T T T T T T T T T T T T T T
40 45 50 55 60 65 70 75 80 85 %0 95 100 105
Concentration (ng/ml)

NDBA - 8 Levels, 8 Levels Used, 8 Points, 8 Points Used, 1QCs
2 1057 v =943.457141 *x +73.001747
1| R"2=0 93438387 7
7| Type:Linear, Origin:include, Weight: 1/x"2
0.9

0.84
0.74
0.6
054
0.4
0.34
0.24

Respons

| NDBA, 0.1 to 100 ng/mL |

&
o
o
&
o
8
&
8
&
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4 45 50 5 6 6 70 75 8 8 %0 9%

C S 5k &
Concentration (ng/ml)

NDIPA - 9 Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs
2 x105 | y = 3605.222659 " x + 87.154639
2 4 R"2=0.98876859 .
-4 Type:Linear, Origin:Include, \Weight: 1/x"2
4 354
[+
2
2.5
24
1.54
14
0.54
04
T T T T T T T T T T T T T T T T T T T T T T T
-5 0 5 10 15 20 25 30 35 4 45 50 55 60 65 70 75 80 85 S0 95 100, 105
Concentration (ng/ml)
NMBAT - 9 Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs
% x105 | ¥y =1959.751644 " x - 7.493118
o 4 R"2 = 0.993859%4
% 184 Type:Linear, Origin:Include, \Weight: 1/x"2
< 164
1.4
1.24
1
0.8
0.6
0.4
021 NMBA, 0.1 to 100 ng/mL
04
T T T T T I T T T T T T T I T T

T T T T T
-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 20 95 100 1
Concentration (ng/ml)
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Candesartan

Representative Recovery % of Nitrosamine Impurities

using 20mg/mL sample size

Recovery %

Concentration
NDMA NDEA NMBA NEIPA NDIPA NDBA

(ng/mL)
0.5 106 102 97 102 96 118
1 97 104 101 107 103 108
5 101 99 95 97 95 90

Note: Use of corresponding internal standards for each nitrosamines may further help in any recovery issue.

Benefits of Agilent LC/TQ

* Optimized method for candesartan drug substance

S piluld=einsinele: Compatible with stringent FDA regulations

Scalable application | Best precision = best ion ratios = best quant results; Rugged ion source design

Sample preparation as per EDQM guidelines

Sample prep Easy sample preparation

Automated tuning, easy to use instrument
Efficient Quant review with MassHunter
Data Integrity

Time and costs

Back to Introduction

Agilent



Irbesartan

GC/MS Method for Analysis

Injection Volume: Carrier Gas: He El Mode
2L 1mL/min

Sample Preparation

Add 5 mL
NDMA-C13-D6 Vortex for 1 min Filter 1 mL

internal followed by supernatant
500 mg of Drug - wed 0
standard centrifugation through a 0.45
Parameter Value substance prepared in for 2 min at pm filter paper
L . . . . . Dichloromethan 4000 rpm in a GC vial
MMI injection mode Pulsed splitless: 12.285 psi until 0.5 min e (50 ng/mL
Inlet temperature 250 °C

40 °C (0.5 min)
20 °C/min to 200 °C (0 min)

Oven temperature

rogram : .

Prog 60 °C/min to 250 °C (3 min)

Total run time 12.33 min

MS transfer line 250 °C For Drug Product

temperature

= Val Add 5 mL
: NDMA-C13-D6 Vortex for 1 min Filter 0.5 mL
250 °C Weight tablet internal followed by supernatant

Quadrupole equivalent to standard centrifugation through a 0.45

_ R 500 ma of API prepared in for 2 min at pm filter paper
temperature Q1 and Q2 =150 °C 9 Dichloromethan 4000 rpm in a GC vial

MS1 and MS2 e (50 ng/mL
resolution All compounds Unit

Collision gas flow Nitrogen at 1.5 mL/min,
Helium at 4 mL/min

Start time: 6.5 min
NDMA 74 — 44, CE 15, dwell 150 ms
74 — 42, CE 20, dwell 50 ms

NDMA:C13-d, 82 —48, CE 20, dwell 100 ms Calibrations
Start time: 7.60 min

NDEA 102 —85, CE 10 V, dwell 150 ms

Quant./qual. 102 —56, CE 18 V, dwell 150 ms 2.5 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml and 100 ng/ml each
iti Start time: 8.03 min repared in Dichloromethane containing 50 ng/mL of NDMA —C13-D6
EZZT,?SLO)”S (FDA NEIPA 116 —99, CE 10 V, dwell 150 ms prep govng

71 56, CE 10 V, dwell 150 ms
Start time: 8.25 min . o
IR 130 88, CE 10 V, dwell 150 ms System Suitability

130 —42, CE 10 V, dwell 150 ms

Start time: 8.70 min The coefficient of determination (R2) of the linear calibration curve should be = 0.998.
NDBA 158 —99, CE 10V, dwell 150 ms The S/N ratio of the 5 ng/mL linearity standard should be > 10.
84 —56, CE 22V, dwell 150 ms % RSD of six replicate injections of the 40 ng/mL standard should be < 5

Back to Introduction




Irbesartan

Results for 5nitrosamine impurities at 100 ng/mL in Irbesartan API

x10 2 |+ TIC MRM (** -> **) Std1.D

0.15+

0.05

112 2(3 3|4 4(5

1,

NDMA (RT 7.294 min)
NDEA (RT 7.903 min)
NEIPA (RT 8.157 min)
NDIPA (RT 8.346 min)
NDBA (RT 9.777 min)

7 7.25

75 775 8 825 85 875 9 9.25
Counts (%) vs. Acquisition Time (min)

9.5

9.75

10

1025 105

Benefits Agilent GC/TQ

Optimized methods

Optimized method for both APl and Formulation
Compatible with stringent FDA regulations

Scalable application

Best precision = best ion ratios = best quant results Rugged ion source design
Retention Time Locking for reproducible methods over time and between labs

Sample prep

Sample preparation as per FDA guidelines
Easy sample preparation

Time and costs

Automated tuning, easy to use instrument.
Efficient Quant review with MassHunter
Data Integrity

Back to Introduction
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Irbesartan

Calibration Curves

NDMA - / Levels, / Levels Used, / Points, / Points Used, U QCs IDEA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
B x1014 y=12.104634 * x +0.014173 ® x10 1{ y=7.982918 * x + 0.020364

e 2 R*2 = 0.99987833 2 164 R"2=0.99975393

8 41 Type:Linear, Origin:Ignore, Weight:None g.). 1'5 Type:Linear, Origin:Ignore, Weight:1/x

0 o K4 -9

? 22 r 144

27 $ 13-

z s

2 2

1.8 1.2
1.6 1:'
1.4+ ////////// 0.9
1.2 0.8

| ¢ 0.7-

0.6+
0.8+ 0.5
0.6 | 04-
0.4 0.3
ho NDMA, 2.5 to 100 ng/mL e NDEA, 2.5 to 100 ng/mL
ol (5pg — 200pg on column) 1 e (5pg — 200pg on column)
0.1
6 0!2 0.I4 0[6 0.I8 ‘{ 1!2 1.|4 1.6 - ?lts - é - 0 0.2 0.[4 0.’6 08 1 12 1.14 1.6 - "|I§ e é -

x10 ® |+El MRM CID@15.0 (74.0 > 44.0) STDO..
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Irbesartan

Calibration Curves

JEIPA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs DIPA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
2 x10 14 y =23.375564 * x +0.051230 § x10 1| y =4.889409 " x - 2.177855E-004
= R*2 =0.99977896 5 1R"2= 099977595 _
§_ 4 5- Type:Linear, Origin:ignore, Weight:1/x & o Type:Linear, Origin:ignore, Weight:1/x
o g 097
r
s 4 S 08
1 g
% 25 £ o07-
o 0.6-
25 0.5
2 0.4
154 0.3
14 0.2
= NEIPA, 2.5 to 100 ng/mL - (NSD'PA,Z%S to 100 "f!’ m '-)
- on column
il 5pg — 200pg on column) o P9 P9
| I | | T | | T T T | T \ 1 I l I
0 0.2 04 0.6 08 1 12 14 16 18 2 0 0.2 04 0.6 0.8 1 12 14 16 18 2
Relative Concentration Relative Concentratior

3 |4
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Irbesartan

Calibration Curves

x10 ° |+El MRM CID@22.0 (84.0 -> 56.0) STD9..
JDBA - / Levels, / Levels Used, / Points, / Points Used, U QCs 26 .
2 x40 1{ y=5.112273*x -0.012168
g R"2=0.99976543 . 2.4- ‘
§ 1 Type:Linear, Origin:Ignore, Weight: 1/x 29 A
L 091 \
2 2 .
b e A
r 0.7 18— H‘ “.l
o6 1.6 .
0.5 1.4- ( \t
0.4 1.2 I \.“'
0.3 14 ‘ I\
0.2 0.8 -
01, NDBA, 2.5 to 100 ng/mL
' (5pg — 200pg on column) 0.6-
0-
0.4
0 02 0.4 0.6 0.8 1 12 14 16 1.18. 2 . 0.2-
Relative Concentratior
0
985 99 995 10 10.05
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Irbesartan

Representative Recovery % of Nitrosamine
Impurities In Irbesartan at 0.005 ppm

+ MRM (74.0 -> 42.0) API_Spk_FDA_Loq_Rep003.D + MRM (116.0 -> 99.0) API_Spk_FDA_Loq_Rep003.D + MRM (158.0 -> 99.0) API_Spk_FDA_Loq_Rep003.D
£ x103] RT=7.301 min. £ x103 RT=8.167 min. 2 x103" RT=9.968 min.
5 . Name=NDMA 3 T Name=NEIPA S 12 Name=NDBA
S 4. SIN=14.25 3 g SIN=154.80 g |1 SINLH1.17
i g Calc. Conc.=0.0052 ng/m ' Calc. Conc.=0.0043 ppm '1 Calc. Conc.=0.0053 ppm
84 1.6 ]
1.6 14. 0.9
1.4+ 12 0.8
] 27 0.71
12 NDMA ;. NEIPA °” NDBA
11 .
0.8 5]
0.8- 82
0.6+ 061 '
04 0.31
0.4 4
0. 0.21
0.2 ' | 01"
0- o+— 0
T T T T T T T T I l l l I l I l I l l l l
6.6 6.8 7 72 74 76 78 8 8.05 8.1 8.15 8.2 8.25 925 95 975 10 1025 105 10.75
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)

Back to Introduction

+ MRM (102.0 -> 85.0) API_Spk_FDA_Log_Rep003.D + MRM (130.0 -> 42.0) API_Spk_FDA_Loq_Rep003.D
£ x10 3 RT=7.905 min. £ x10 37 RT=8.356 min.
=) Name=NDEA =) Name=NDIPA
3 091 SIN=65.88 3 161 SIN=24.71 S |
Calc. Conc.=0.0052 ppm Calc. Conc.=0.0041 ppm CHES Recovery
0.8+ 14 Compound Results (%)
0.7 - (ppm)
0.6- ]
NDEA
0.5- 1- NDIPA NDMA 0.005 0.0052 104
0.4+
oa 0.8, NDEA 0.005 0.0052 104
0.6+
0.21 NEIPA 0.005 0.0043 86
0.1 0.4+
0 0z R L e A NDIPA 0.005 0.0041 82
T T ‘ I T ' T T I T T
7.7 7.8 7.9 8 8.1 8.1 8.2 8.3 8.4 8.5 8.6
Acquisition Time (min) Acquisition Time (min) NDBA 0.005 0.0053 106



Olmesartan

GC/MS Method for Analysis

Injection Volume: Carrier Gas: He El Mode
2L 1mL/min

Sample Preparation

Add 5 mL
NDMA-C13-D6 Vortex for 1 min Filter 1 mL

internal followed by supernatant
500 mg of Drug - wed 0
standard centrifugation through a 0.45
Parameter Value substance prepared in for 2 min at pm filter paper
L . . . . . Dichloromethan 4000 rpm in a GC vial
MMI injection mode Pulsed splitless: 12.285 psi until 0.5 min e (50 ng/mL
Inlet temperature 250 °C

40 °C (0.5 min)
20 °C/min to 200 °C (0 min)

Oven temperature

rogram : .

Prog 60 °C/min to 250 °C (3 min)

Total run time 12.33 min

MS transfer line 250 °C For Drug Product

temperature

= Val Add 5 mL
: NDMA-C13-D6 Vortex for 1 min Filter 0.5 mL
250 °C Weight tablet internal followed by supernatant

Quadrupole equivalent to standard centrifugation through a 0.45

_ R 500 ma of API prepared in for 2 min at pm filter paper
temperature Q1 and Q2 =150 °C 9 Dichloromethan 4000 rpm in a GC vial

MS1 and MS2 e (50 ng/mL
resolution All compounds Unit

Collision gas flow Nitrogen at 1.5 mL/min,
Helium at 4 mL/min

Start time: 6.5 min
NDMA 74 — 44, CE 15, dwell 150 ms
74 — 42, CE 20, dwell 50 ms

NDMA:C13-d, 82 —48, CE 20, dwell 100 ms Calibrations
Start time: 7.60 min

NDEA 102 —85, CE 10 V, dwell 150 ms

Quant./qual. 102 —56, CE 18 V, dwell 150 ms 2.5 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml and 100 ng/ml each
iti Start time: 8.03 min repared in Dichloromethane containing 50 ng/mL of NDMA —C13-D6
EZZT,?SLO)”S (FDA NEIPA 116 —99, CE 10 V, dwell 150 ms prep govng

71 56, CE 10 V, dwell 150 ms
Start time: 8.25 min . o
IR 130 88, CE 10 V, dwell 150 ms System Suitability

130 —42, CE 10 V, dwell 150 ms

Start time: 8.70 min The coefficient of determination (R2) of the linear calibration curve should be = 0.998.
NDBA 158 —99, CE 10V, dwell 150 ms The S/N ratio of the 5 ng/mL linearity standard should be > 10.
84 —56, CE 22V, dwell 150 ms % RSD of six replicate injections of the 40 ng/mL standard should be < 5

Back to Introduction




Olmesartan

Results for 5 nitrosamine impurities at 100 ng/mL in Olmesartan API

x10 2 |+ TIC MRM (** -> **) Std1.D

0.15+

0.05

112 2(3 3|4 4(5

1,

NDMA (RT 7.294 min)
NDEA (RT 7.903 min)
NEIPA (RT 8.157 min)
NDIPA (RT 8.346 min)
NDBA (RT 9.777 min)

7 7.25

75 775 8 825 85 875 9 9.25
Counts (%) vs. Acquisition Time (min)

9.5

9.75

10

1025 105

Benefits Agilent GC/TQ

Optimized methods

Optimized method for both APl and Formulation
Compatible with stringent FDA regulations

Scalable application

Best precision = best ion ratios = best quant results Rugged ion source design
Retention Time Locking for reproducible methods over time and between labs

Sample prep

Sample preparation as per FDA guidelines
Easy sample preparation

Time and costs

Automated tuning, easy to use instrument.
Efficient Quant review with MassHunter
Data Integrity

Back to Introduction
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Olmesartan

Calibration Curves

NDMA - / Levels, / Levels Used, / Points, / Points Used, U QCs IDEA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
B x1014 y=12.104634 * x +0.014173 ® x10 1{ y=7.982918 * x + 0.020364

e 2 R*2 = 0.99987833 2 164 R"2=0.99975393

8 41 Type:Linear, Origin:Ignore, Weight:None g.). 1'5 Type:Linear, Origin:Ignore, Weight:1/x

0 o K4 -9

? 22 r 144

27 $ 13-

z s

2 2

1.8 1.2
1.6 1:'
1.4+ ////////// 0.9
1.2 0.8

| ¢ 0.7-

0.6+
0.8+ 0.5
0.6 | 04-
0.4 0.3
ho NDMA, 2.5 to 100 ng/mL e NDEA, 2.5 to 100 ng/mL
ol (5pg — 200pg on column) 1 e (5pg — 200pg on column)
0.1
6 0!2 0.I4 0[6 0.I8 ‘{ 1!2 1.|4 1.6 - ?lts - é - 0 0.2 0.[4 0.’6 08 1 12 1.14 1.6 - "|I§ e é -

x10 ® |+El MRM CID@15.0 (74.0 > 44.0) STDO..
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Olmesartan

Calibration Curves

JEIPA - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs DIPA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
2 x10 14 y =23.375564 * x +0.051230 § x10 1| y =4.889409 " x - 2.177855E-004
= R*2 =0.99977896 5 1R"2= 099977595 _
§_ 4 5- Type:Linear, Origin:ignore, Weight:1/x & o Type:Linear, Origin:ignore, Weight:1/x
o g 097
r
s 4 S 08
1 g
% 25 £ o07-
o 0.6-
25 0.5
2 0.4
154 0.3
14 0.2
= NEIPA, 2.5 to 100 ng/mL - (NSD'PA,Z%S to 100 "f!’ m '-)
- on column
il 5pg — 200pg on column) o P9 P9
| I | | T | | T T T | T \ 1 I l I
0 0.2 04 0.6 08 1 12 14 16 18 2 0 0.2 04 0.6 0.8 1 12 14 16 18 2
Relative Concentration Relative Concentratior

3 |4
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Olmesartan

Calibration Curves

JDBA - / Levels, / Levels Used, / Points, / Points Used, U QCs

x10 1+
1_
0.9
0.8

Helalve Kesponses

0.7 1
0.6
0.5
0.4
0.3+
0.2+
0.1+

04

y=5.112273 *x -0.012168
R"2 = 0.99976543
Type:Linear, Origin:Ignore, Weight: 1/x

x10 5 |+El MRM CID@22.0 (84.0 -> 56.0) STDO..

NDBA, 2.5 to 100 ng/mL
(5pg — 200pg on column)

0 0.2 0.4 0.6 0.8

| | | | [
1.2 14 1.6 1.8 2
Relative Concentratior
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Representative Recovery % of Nitrosamine
Impurities in Olmesartan at 0.005 ppm

+ MRM (74.0 -> 42.0) API_Spk_FDA_Loq_002.D

2 410 3] RT=7.301 min.
5 224 Name=NDMA
CEE §/N=115.95
Calc. Conc.=0.0054 ng/ml

1.8

1.6

1.4

124 NDMA

T I I I:::I T
66 68 7 72 74 76

Acquisition Time (min)

T T
78 8

+ MRM (116.0 -> 99.0) API_Spk_FDA_Log_002.D
RT=8.167 min.
Name=NEIPA

2] S/N=186.82

Calc. Conc.=0.0048 ppm

21 NEIPA

\ T
8.05 8.1 8.15 8.2 8.25
Acquisition Time (min)

+ MRM (158.0 -> 99.0) API_Spk_FDA_Loq_002.D
£ x103
2 44 RT=9.968 min.
O = Name=NDBA
S/N=12.50
1.2+ Calc. Conc.=0.0058 ppm
‘],
°81  NDBA
0.6
0.4+
0.2
O,
\ T \ T T \ T \
925 95 975 10 1025 105 10.75
Acquisition Time (min)

+ MRM (102.0 -> 85.0) API_Spk_FDA_Log_002.D
2 x103 | RT=7.905 min.
5 Name=NDEA
8 09 SIN=116.25
Calc. Conc.=0.0053 ppm
0.8
0.71
0.6
s, NDEA
0.4
0.31
0.2
0.11
07 H
I I I
7.7 7.8 7.9 8

\
8.1

Acquisition Time (min)
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+ MRM (130.0 -> 42.0) API_Spk_FDA_Loq_002.D
g x10 3 RT=8.356 min.
S 1.8 Name=NDIPA
8 S/N=25.13
1.6 Calc. Conc.=0.0047 ppm
1.4
1.2
.. NDIPA
0.8+
0.6
0.4
0.2 |
\ \ \ \ \
8.1 8.2 8.3 8.4 8.5 8.6
Acquisition Time (min)

Compound

NDMA
NDEA
NEIPA
NDIPA
NDBA

Sample Recovery
Results (ppm) €))
0.005 0.0054 108
0.005 0.0053 106
0.005 0.0048 96
0.005 0.0047 94
0.005 0.0058 116




Pregabalin

Method for Analysis

Compound Precursor lon Product Fragmentor Collision  CAWI[V) Polarity
I ns t rumen t M et h (0) d {m/z} lon (mfz} (V] Energy(V
Chromatographic Condition: NDEA 103.1 751 80 9 3 +
NDEA 103.1 471 20 17 3 +
Mobile Phase A: 0.2 % Formic Acid in Water NDMA 751 £l 75 10 1 i+
NDMA 75.1 431 75 18 1 +
. . NDBA 159.1 57.2 90 12 1 +
Moaobile Phase B: Methanol NDBA 1551 a1 0 2 3 .
. NPIP 115.1 69.1 80 12 1 +
Sample Diluent: Water NPIP 115.1 412 a0 24 1 +
MN-nitrosomethylaminopyridine | 138.1 108 &0 6 5 +
Flow Rate: 0.5mL/min M-nitrosemethylaminopyridine | 135.1 792 &0 42 5 +
Injection Volume: 20pL

Column Used:

Calibrations

0.1 ng/mL to 100 ng/mL

Infinity Lab Poroshell HPH C18 3 x 150mm 4pum (P/N 633570-502T)

Column Temperature: 40%C

Gradient Program:
Time (Min) Mobile Phase A Mobile Phase B Sample Preparation
0 95 5
3 70 0
62 66.5 33.5 For AP
& 5 95
11 5 g5
11.1 g5 5
14 95 Add 250pL Add 4.75mL |
Methanol and /ater and Filter
100mg of Drug sonicate well for sonicate again supernatant
i substance 15 minutes to for 15min. using 0.2 pm
PostRun Time: 1 minutes Centrifuge at syringe filter

Instrument Agilent 6470 fUltivo Triple Quadrupole mass spectrometer

dissolves the
API

5000 rpm for 5
min at 10°C

into a LC vial

lon source Atmospheric Pressure Chemical lonization (APCI)

MS/MS mode MR

lon mode Positive

Drying gas temperature 300°C

Drying gas flow & L/min

Mebulizer pressure 55 psi System Su |tab|||ty

APCI heater 350°C

APCI needle positive 4 pa

Capillary voltage, positive 3000 V The coefficient of determination (R2) of the linear calibration curve should be = 0.990.
MS1/MS2 resolution 0.7/0.7 (unit/unit) The S/N ratio of the 1 ng/mL linearity standard should be = 10.

% RSD of six replicate injections of the 1 ng/mL standard should be < 10

Agilent

Back to Introduction




Pregabalin

Results for 5nitrosamine impurities at 20 ng/mL in Pregabalin API

x102 |+APCI TIC MRM CID&™ (™ -> ) Recovery Spike 2 ppb-r002.d

141 112 213 3
el Total lon Chromatogram
0.5+ \*,____/\‘
0.25
(IR
%102 +APCI MRM Frag=80.0v CID& (1021 -» 75.1) Recovery Spike 2 ppb-r002 d
141 112 2|2
0.75

TS Am——_s NDMA (RT 2.24 min)
/ NDEA (RT 5.19 min)
] NPIP (RT 5.84min)
NMAP (RT 2.16min)
NDBA (RT 9.39 min)
Pregabalin (RT 2.95min)

x102  +APCI MRM Frag=50.0v CID@™ (132.0 -> 108.0) Recovery Spike 2 ppb-r002.d
141 2157 12

0.75
05 N-Nitrosomethylaminopyridine

0.25

x102 +APCI MRM Frag=30.0v CID@™ (153.1 -» 57.2) Recovery Spike 2 ppb-r002 d
141 112 2[3 9.391
B NDBA
0.5
0.254

®x102 VWD1 - Awavelength=200 nm Recovery Spike 2 ppb-r002.d

" /i Pregabalin in UV
0.5+

s T

x102 +APCI MRM Frag=75.0v CID@™ (75.2 -» 43.2) Recovery Spike 2 ppb-r002.d

141 2201 12 203 3
0.75- NDMA IH'
05- [
0.251 I\
o 5 N 5 —— ——— -~
0 SR
05 1 15 2 25 3 25 4 45 5 55 6 65 7 75 g 25 ) 95 0 w5 11 115 12 125 13 135

Response (32) ws. Acquisition Time (min)
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Pregabalin

alibration Curves

NDMA - 10 Levels, 10 Levels Used, 22 Points, 22 Points Used. 3QCs ;DEA';.O 'ffg%;ggfgoﬁ". Esfgﬁzs:?g‘z‘;' 22 P Used, 3QCs
2 41071 y:-21012B7355734'x - 952936291 g 1101 R - 069153803 : o
i R"2=0.99977691 - "y el -
g 14 Type:Linear, Origin:Include, Weight 1/x % Type:Linear, Origin:Include, Weight:1/x"2
g o9 2 09
c 08
0.8+ ’
0.7 0.7
064 06+
054 051
0.4 0.4
034 0.3
0.2 0.24
oy  NDMA, 0.1 to 100 ng/mL | NDEA, 0.1 to 100 ng/mL
04 0-
-01 T T T T T T T T T T T T T T T T T T T T T T T -0.14 T T T T T T T T T T T T T T T T T T T T T T T
-5 0 5 10 15 20 25 30 35 40 45 5 55 60 6 70 75 80 8 90 95 100 105 S5 0 5 10 15 20 25 30 35 4 45 5 5 6 6 70 75 80 8 %0 95 100 105
Concentration (ng/ml) Concentration (ng/ml)

NPIP - 10 Levels, 10 Levels Used, 22 Points, 22 Points Used, 3 QCs N-Nitrosomethylaminopipyridine - 10 Levels. 10 Levels Used. 22 Points. 22 Points Used. 3 QCs
8 x106 | y =48270.365563  x - 1759.858355 2 x105 | y =7462.528005 " x - 669.700403
2 554 R"2=0.99353380 * -] 1R"2=0.99572133
% . Type:Linear, Origin:Include. Weight:1/x"2 % 7.5 Type:Linear, Origin:Include. \Weight:1/x
1 2]
~ 45 < 65
6
4 5.5
3.5 5
1 454
44
25 3.5
2 3
254
1.54 24
14 154
os] i NMAP, 0.1 to 100 ng/mL
0' -D_
-0.54 -0.54
5 0 5 10 15 2 2 33 3/ 4 45 50 5 60 6 70 75 80 & % 9% 100 105 ; ! ! ! | y " ) ; ! ! Y ! Y ! T ! ! " ! )
Concentration (ng/ml) -5 0 5 0 15 20 25 30 335 40 45 5 55 60 6 70 75 8 8 9N Bcsm;{t):oatior:?r?gf i)

NDBA - 10 Levels. 10 Levels Used, 22 Points, 22 Points Used. 3QCs

9 41067y =23412.936292" x +1910.064194

4 R"2=0.99170329 . .
2.6 TypeiLinear, Origin:include. Weight:1/x"2

124

0.24

B % % 100 105
Concentration (ng/ml)

U,_
o
S
o
3
5
5]
&
5
&
b4
&
3
&
e
3
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Pregabalin

Representative recovery % of Nitrosamine Impurities

@ different concentrations using 20mg/mL sample size

Recovery %

Spike Conc.
(ng/mL) NDEA  NPIP  NMAP NDBA NDMA
0.5 102.2 91.1 94.99 102.96  102.7
1 98.86 93.3 115 107.45  94.7
2 88.7 96.9 100.5 94.62  105.8
5 93.11 95.89 100.3 104.12 103
10 86.1 96.11 105.4 97.99 97.6

Note: Use of corresponding internal standards for each nitrosamines may further help in any recovery issue.

Benefits of Agilent LC/TQ

» Optimized method for sartan drug substance
Optimized methods » Detect and quantify nitrosamine impurities limits per published FDA regulatory
testing method guidance

Scalable application |+ Best precision = best ion ratios = best quant results; Rugged ion source design

« Sample preparation as per EDQM guidelines

Sample prep « Easy sample preparation

« Automated tuning, easy to use instrument
Time and costs  Efficient Quant review with MassHunter
» Data Integrity

Back to Introduction 555 Agilent



Ranitidine Based Drugs

O Ranitidine is a histamine-2 receptor antagonist (acid inhibitor or H2 blocker) and is available as both
prescription and over-the-counter drug to treat acid reflux. Examples of H2 receptor blockers include:
Ranitidine (Zantac), Nizatidine (Axid), Famotidine (Pepcid, Pepcid AC) and Cimetidine (Tagamet, Tagamet
HB).

U N-nitrosodimethylamine (NDMA) impurity was detected in some ranitidine products and the levels were
found to increases with time and temperature, and thus ranitidine drugs were recently recalled from the

U.S. market

U Regulatory agencies (for e.g. including US Food and Drug administration (US FDA)) provided guidance
on the detection and quantification of NDMA impurity in ranitidine based drugs

US FDA

FDA-published testing method to provide an option for regulators and industry to detect NDMA
impurities

The link below is to an FDA-published testing method to provide an option for
regulators and industry to detect nitrosamine impurities in ranitidine drug substances
and drug products. This method should be validated by the user if the resulting data
are used to support a required quality assessment of the API or drug product, or if the
results are used in a regulatory submission.

« LC-HRMS method: an LC-MS method for the detection of NDMA in ranitidine drug
substance and drug products

* LC-MS/MS method: An alternative method for the detection of NDMA in ranitidine
drug substance and drug produets. This method is based on a triple-quadrupole MS

platform,

https://www.fda.gov/drugs/drug-safety-and-

HAS, Singapore

Updates on impurities in
ranitidine products

HSA would like to update the public on our actions and investigations into the
contamination of ranitidine products with a nitrosamine impurity, N-Nitrosodimethylamine

https://www.hsa.gov.sg/announceme

availability/fda-updates-and-press-
announcements-ndma-zantac-ranitidine

Back to Introduction

nts/safety-alert/updates-on-
impurities-in-ranitidine-products

Council of Europe

Methods for determination of nitrosamines in ranitidine

The German OMCL at the "Landesamt fiir Gesundheit und Lebensmittelsicherheit (LGLJ" in Bavaria and the German OMCL at the "Chemisches und Veteringr-
Untersuchungsamt (CVUA) Karlsruhe” established the following methods:

» This LGL method is & GC-MS sereening methad for NOMA in ranitidine drug substances.
+ This CVUA Karlsruhe method s basad on UHPLCAPC-MS/MS and allows determingtion of NDMA in ranitidine drug substances and drug products.

https://www.edgm.eu/en/ad-hoc-projects-omcl-network

Agilent


https://www.edqm.eu/en/ad-hoc-projects-omcl-network
https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-announcements-ndma-zantac-ranitidine
https://www.hsa.gov.sg/announcements/safety-alert/updates-on-impurities-in-ranitidine-products

Ranitidine

Mutagenic Impurity Analysis LC/MS Workflow Solution

InfinityLab
Poroshell
Column

MassHunter Software

- — Ultivo LC/TO
1290 Infinity Il

LC System {.-.._a-
i

—

pp—

6546 LC/Q-TOF
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https://www.agilent.com/en/product/small-molecule-columns/reversed-phase-hplc-columns/infinitylab-poroshell-120
https://www.agilent.com/en/products/software-informatics/mass-spectrometry-software
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/ultivo-triple-quadrupole-lc-ms-lc-tq
https://www.agilent.com/en/product/liquid-chromatography/hplc-systems/analytical-hplc-systems/1290-infinity-ii-lc-system
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/6470b-triple-quadrupole-lc-ms
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/quadrupole-time-of-flight-lc-ms/6546-lc-q-tof

Agilent LC/MS Solution for NDMA Analysis In
Ranitidine Based Drugs

Typical LC Configuration Application Area

Agilent 1290 Infinity I High-Speed Pump (G7120A) Analyte NDMA
Agilent 1290 Infinity Il Multisampler (G7167B) Matrices Ranitidine drug substances
Customers Pharmaceuticals and contract labs

Agilent 1290 Infinity Il Multicolumn Thermostat (G7116B)

Agilent 1290 Infinity Il Variable Wavelength Detector
(G7114B)

Columns and supplies

Columns: Infinity Lab Poroshell HPH C18 3 x 150mm 4um (P/N
& 693970-502T)

HPLC Vials and Caps: Vial, screw 2mL Amber p/n 5182-0716 and Cap
p/n 5183-2077

Syringe Filter Paper: 5190-5261 (PVDF, 13mm 0.2 um)

1290 Infinity 1 Highlights — LC/MS/MS approaches
LC System

UEasy to operate

QQuick implementation in labs
I QOptimized methods
1 : QSample size used as per US FDA recommendations

LEasy sample preparation

LRanitidine API elutes after NDMA so diverter valve programmed
accordingly

6470LC/TO Ultivo LC/TQ

Back to Introduction 555 Agilent


https://www.agilent.com/en/product/liquid-chromatography/hplc-systems/analytical-hplc-systems/1290-infinity-ii-lc-system
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/ultivo-triple-quadrupole-lc-ms-lc-tq
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/6470b-triple-quadrupole-lc-ms

Ranitidine
Method for Analysis

Precursor Product Fragmentor Collision CAV[V]) Polarity

Energy{V)

Instrument Method on {mfz] lon )

{m/z)
NDMA(Quantifier) 75.1 43.1 75 18 1 +
NDMA(Qualifier) 75.1 58.1 75 10 1 +

Parameter Value

Agilent 1230 Infinity Il high speed pump (G71204)
Agilent 1230 Infinity Il multisampler (G7167B)
Agilent 1290 Infinity Il multicelumn thermostat (G71168)
Agilent 1290 Infinity Il variable wavelength detector (G7114B)
B0:20, Methanol: Water

Instruments

Meedle wash

Calibrations

0.1 ng/mL to 100 ng/mL

Sample Preparation

Sample diluent Water
Multizsampler temperature B+2°C
Injection volume 20 pL

Agilent InfinityLab Poroshell HPH-C18, 4.6 = 150 mm, 2.7 pum {p/n
693975-702)

Column temperature 40 °C

MWaobile phase A 0.1 % formic acid in water

Maobile phase B 0.1 % formic acid in Methanol

Analytical column

Flow rate 0.3 mL/min
Gradient
Time (min} %A %B Flow (mL/min)
[h] Qg 5 03 M
B o2 8 0.3
6.1 a2 8 0.5
11 5 95 0.5
11.1 5 95 0.3
14 = 3 0.3 Me_thanol and sonicate again supernatant
100mg of Drug sonicate well for 9 P
substance 15 minutes to for 15min. using 0.2 m
: : dissolves the Centrifuge at syringe filter
Stop time 14 minutes AP 5000 rpm for 5 into a LC vial
Post time 1 minutes min at 10°C

UV Wavelengths 230 nrm, 300 nm

Instrument Agilent 6470A triple quadrupole LG/ M5

lon source Atrmospheric Pressure Chemical lonization (APCI)
MS/M5 mode MR

lon mode Positive

Drying gas temperature 300°C

Drying gas flow 5 Lfmin

Mebulizer pressure 35 psi

APCI heater 350 °C

APCI needle positive 4 pA

Capillary voltage, positive | 4000 V
M51/M52 resolution 0.7/0.7 (unit/unit)
Dwell time 200 ms

Back to Introduction

System Suitability

The coefficient of determination (R?) of the linear calibration curve should be = 0.990.
The S/N ratio of the 1 ng/mL linearity standard should be = 10.

% RSD of six replicate injections of the 1 ng/mL standard should be <10

1 Agilent




Ranitidine

bali]

x10

x10

114

0.9
0.3
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Results for NDMA impurity at 30 ng/mL in Ranitidine API

+APCI MRM Frag=75.0v CID@18.0 (75.1 -> 43.1) 1 ppb-r001.d Smooth (2)
1

7.54 NDMA (75.1>43.1) @ 1ng/mL in standard

114

0.9
0.8
0.7
0.6
0.5
0.4+
0.3
0.2
0.14

114

0.9
0.8
0.7
0.6
0.5
0.4+
0.3
0.2
0.14

+APCI MRM Frag=75.0v CID@12.0 (75.1 -> 43.1) AP1 1-r001.d Smooth
1

VD1 - Awavelength=230 nm AP 1-r001.d Smooth

-0

(=]

NDMA(75.1>43.1) in API

8N

Ranitidine @ 30mg/mL

65 7 75 g 85 [ 95 10 W5 1 115 12 125
Response vs. Acguisition Time (min)

Back to Introduction

NDMA (RT 7.54 min)

Ranitidine (RT 8.2 min)
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Ranitidine

Calibration Curve

Back to Introduction

NDMA - 10 Levels, 10 Levels Used, 26 Points, 26 Points Used, 0 QCs
8 x106 | y =17193.040000 *x +1009.171875
9 1 R"2 =0.99976037

% 16 Type:Linear, Origin:Include, Weight:1/x
o

144

1.2

0.8-
0.6-
0.4-
0.2-

 NDMA, 0.1 to 100 ng/mL |

T T T T T T T T T T T T T T T T T T T T T
S5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105
Concentration (ng/ml)

Representative recovery % of NDMA impurity @ different
concentrations using 30mg/mL sample size

Nitrosamine Impurity  Spiked Concentration (ng/mL) mixed Recovery %
with Ranitidine API (30 mg/mL)
1.2 86.4
NDMA 3 93.3
6 86.5

Nitrosamine Impurity Spiked Concentration (ng/mL) in 30 Recovery %
mg/mL of Ranitidine Tablet
NDMA 24 94.9
48 87.4

Note:

* Recovery experiments were performed at higher concentrations, as both the drug substance and drug
product already contained NDMA in reasonable amounts.

» Use of corresponding internal standards for each nitrosamines may further help in any recovery issue.

Agilent



Metformin-Based Drugs

U Metformin is an oral diabetes medicine to help control blood sugar levels

O N-nitrosodimethylamine (NDMA) impurity was detected in some metformin drugs at an unacceptable

intake limits, and thus certain metformin products were recently recalled from the U.S. market

0 Regulatory agencies (for e.g. US Food and Drug administration (US FDA)) provided guidance on the
detection and quantification of NDMA impurity in metformin drugs

US FDA

FDA-published testing method to provide an option for regulators and industry to detect NDMA
impurities

The links below are to FDA-published testing methods to provide an option for
regulators and industry to detect nitrosamine impurities in metformin drug
substances and drug products. These methods should be validated by the user if the
resulting data are used to support a required quality assessment of the API or drug
product, or if the results are used in a regulatory submission.

* LC-HRMS method: an LC-MS method for the detection of NDMA in metformin drug
substance and drug products.

* LC-ESI-HRMS method: an LC-HRMS method for the measurement of amounts of

eight nitrosamine impurities in metformin drug substance and drug products

https://www.fda.gov/drugs/drug-safety-and-
availability/fda-updates-and-press-
announcements-ndma-metformin

Council of Europe

Methods for determination of nitrosamines in metformin

The German OMCL at the “Landesamt fur Gesundheit und Lebensmittelsicherheit (LGL)" in Bavaria and at the “Chemisches und Veterinar-Untersuchungsamt
(CVUA) Karlsruhe” established the following methods:

» This LGL method is a GC-MS method for the determination of NDMA in metformin drug substances and drug products.
» NEW This CVUA Karlsruhe method is a GC-MS/MS for the determination of NDMA in metformin drug substances and drug products.

The Swissmedic method « 31_PV_171_Nitrosamine by_GC_MS_MS_V01 EN » published above for Sartan preparations can be applied for Metformin APIs and
Finished Products using the modifications as described in the following instructions released by the Swissmedic OMCL on 20/2/2020.

HSA, Singapore
Update on impuritiesin
metformin products

HSA would like to update the public on our actions and investigations into the
contamination of metformin products with a nitrosamine impurity, N-nitrosodimethylamine
(NDMA). Metformin is an oral diabetes medicine that helps control blood sugar levels.
Combined with diet and exercise, metformin improves blood sugar level control in adults
with type 2 diabetes mellitus.

https://www.hsa.gov.sg/announcements/safety-

alert/update-on-impurities-in-metformin-products

https://www.edgm.eu/en/ad-hoc-projects-omcl-

network#Methods%20for%20determination%200f%20nitrosamines%20in%20metformin

Back to Introduction



https://www.edqm.eu/en/ad-hoc-projects-omcl-network#Methods%20for%20determination%20of%20nitrosamines%20in%20metformin
https://www.fda.gov/drugs/drug-safety-and-availability/fda-updates-and-press-announcements-ndma-metformin
https://www.hsa.gov.sg/announcements/safety-alert/update-on-impurities-in-metformin-products

Metformin

Mutagenic Impurity Analysis GC/MS Workflow Solution

Separate Acquire

’ 10° [+ TICMRN () St D

Analyze

— } I b3
161 1276
— u NEPA
1]
. ik b i 055
n [ B 1
H NOEA
NOPA 0
154
= 041
WAX GC =
Columns p— :
= W R EEEEEEEEEEE
= Couns . Acquision Te i)

8890 GC/7693 LS/ 7010B GC/TQ

MassHunter Software
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https://www.agilent.com/en/product/gc-columns/wax-gc-columns/db-wax-columns
https://www.agilent.com/en/products/software-informatics/mass-spectrometry-software
https://www.agilent.com/en/product/gas-chromatography-mass-spectrometry-gc-ms/gc-ms-instruments/7010b-triple-quadrupole-gc-ms

Metformin
Agilent GC/MS Solution for Analysis of Nitrosamines In

Add 8890 GC and ALS with one of the MS Options Analytes NDMA, NDEA, NEIPA, NDIPA, NDBA
Agilent 8890 GC System 112, 201, 313 (for TQ only)

Matrices Metformin drug substances and drug products
7693A Autoinjector NO OPT
g
=8 G7012BA 7010B Quadrupole MS/MS El  #010 (optional),245
Bundle

Columns and supplies

Columns J&W DB-WAX GC Column, 30 m, 0.25 mm, 0.5 ym, 7inch cage
(CP9206)

8890 GC/7693 LS/ 7010B GC Vials and Caps: Screw top MS analyzed vial kit (5190-2277)
GCI/TQ

Syringe Filter Paper: Nylon, 0.45 um (5190-5091)

GC Inlet Liner: Ultra Inert, splitless, single taper, glass wool (5190-2293)

Highlights — GC/MS/MS approaches

éf,ﬁiﬂe, L Cost effective, easy to use
ﬁiiﬁ L Quick implementation in labs
Vultimode L Optimized methods and RTL based MRMs
§ Inlet (Helium) L More API can be used (100 mg/mL or more) for Sample prep.
- L APIs is insoluble in Dichloromethane, so doesn't overload column

U Easy sample preparation

7010B

CP9206, VF-Wax
8890 30m x 0.25 mm x 0.5 um
MS GC



https://www.agilent.com/store/en_US/Prod-CP9206/CP9206
https://www.agilent.com/store/productDetail.jsp?catalogId=5190-2278
https://www.agilent.com/store/en_US/Prod-5190-5091/5190-5091
https://www.agilent.com/store/productDetail.jsp?catalogId=5190-2293
https://www.agilent.com/en/product/gas-chromatography-mass-spectrometry-gc-ms/gc-ms-instruments/7010b-triple-quadrupole-gc-ms

Metformin

GC/MS Method for Analysis

Instrument Method

ALS

GC

Injection Volume: Carrier Gas: He
2L 1mL/min

MMI injection mode Pulsed splitless: 12.285 psi until 0.5 min
Inlet temperature 250 °C

40 °C (1.5 min)
20 °C/min to 200 °C (0 min)
60 °C/min to 250 °C (3 min)

Total run time 12.33 min
MS transfer line temperature AU ®

Source temperature 250 °C
Q1 and Q2 =150 °C
All compounds Unit
Nitrogen at 1.5 mL/min,
Helium at 4 mL/min

Start time: 6.5 min

El Mode

Oven temperature program

74 — 44 .1, CE 6, dwell 150 ms
74 — 421, CE 22, dwell 50 ms

NDMA NDMA:C13-d6 82 —48, CE 20, dwell 100
ms

Start time: 7.60 102 —85, CE 4 V, dwell 80 ms

min 102 —56.1, CE 18 V, dwell 80 ms

NDEA 102 —44.1, CE 14 V, dwell 80 ms

Start time: 8.03 116 —99.1, CE 4 V, dwell 80 ms

Quant./qual. transitions g 71 —56.1, CE 4 V, dwell 80 ms

(FDA method)

NEIPA 116 —»44.1, CE 14V, dwell 80 ms
“:]ti";‘]rt tme:8.25 10 .88, CE 4V, dwell 150 ms
R 130 42, CE 10V, dwell 150 ms

158 —99.1, CE 2V, dwell 75 ms
84 —56.1, CE 20 V, dwell 75 ms
84 —42.1, CE 14V, dwell 75 ms
158 —»141.2, CE 2V, dwell 75 ms

Start time: 8.70
min
NDBA

Back to Introduction

Sample Preparation

500 mg API or equivalent
weight of drug substance

Add 5 mL NDMA-C13-D6

internal standard prepared standard solution (~50

in Dichloromethane (50 ng/mL NDMA:C13-dg in
ng/mL water

Add 5 mL of internal 5 mL of internal standard

solution (~50 ng/mL
NDMA:C13-dg in 1N HCL)

Vortexed for 1 min
followed by addition of 5
mL dichloromethane. The

tubes were again vortexed

for 2 min followed by
centrifugation for 2 min at

4000 rpm

Vortexed for 1 min
followed by addition of 5
mL dichloromethane. The

tubes were again vortexed

for 2 min followed by
centrifugation for 2 min at

4000 rpm

Vortex for 1 min followed
by centrifugation for 2 min
at 4000 rpm

Filter 1 mL supernatant
through a 0.45 um filter
paper in a GC vial

Filter 1 mL supernatant
through a 0.45 pm filter
paper in a GC vial

Filter 1 mL supernatant
through a 0.45 pm filter
paper in a GC vial

Method 1 Method 2 Method 3

Calibrations

2.5 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, 80 ng/ml and 100 ng/ml each
prepared in Dichloromethane containing 50 ng/mL of NDMA —C13-D6

System Suitability

The coefficient of determination (R2) of the linear calibration curve should be = 0.998.
The S/N ratio of the 5 ng/mL linearity standard should be = 10.
% RSD of six replicate injections of the 40 ng/mL standard should be < 5
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Calibration Curves

NUMA - / Levels, / Levels Used, / Points, / Points Used, U QCs
? x10 1 y=2.454640* x -0.534529
2 7 R"2=0.99972500 o
US,_ 4 5. Type:Linear, Origin:lgnore, Weight:1/x i
o}
r A
0 4 e
5 35 !
g 4 NDMA
r /
25 “
15-
1 .
05 |, o
o
I I I I | I I I [ I I
0 2 4 6 8 10 12 14 16 18 20
Relative Concentration

NDEA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
® x10 1]y =2.679070 * x - 0.682552
a R"2 =0.99982840 L 2
§ 5 Type:Linear, Origin:Ignore, Weight:None
$ 45
¢ 4 NDEA .
§ 35 e
3 4
2.5 )
2 .
15 g
14 s
051 |, e
ol e
T 1 T I T 1 T 1 T
0 2 4 6 8 10 12 14 16 18 20
Relative Concentration
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NEIPA - / Levels, / Levels Used, / Points, / Points Used, U QCs

® x101|y=4.544903 *x - 1.191693
2 9 R"2 =0.99969854 o
2 Type:Linear, Origin:lgnore, Weight:None -
2 71 e
3 i
3 NEIPA

5 i

.

3 1 ,/" '

2 . Z

1 ‘ P

o o°

| \ | | T T
10 12 14 16 18 20

Relative Concentration

NDBA - / Levels, / Levels Used, / Points, / Points Used, 0 QCs
® x101|y=2.981789 *x -0.951226
z R"*2 =0.99963649 o
2 5.5 Type:Linear, Origin:Ignore, Weight:None .
g 5 ) S
r
2 454 .
8 4
s 0 NDBA
3
2.54 ,. .
2
1.5
1 .
054 | o
ol ¥
0.5- \ 1 T 1 [ \ 1 \ \ 1 T
0 2 4 6 8 10 12 14 16 18 20
Relative Concentration

\NDIPA - / Levels, / Levels Used, / Paints, / Points Used, U QCs

x10 1|y =3.018445 * x -0.799795
6 | R*2=0.99970198 L
5 5| Type:Linear, Origin:lgnore, Weight:None

ie NDIPA .

4 ,

SR
3 4

2.5

24 /

1.5-
14 .

05 e
ol o

-0.5- | | I

Relatlve Responses

| 1 1 T 1 1
10 12 14 16 18 20
Relative Concentration
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MRM Chromatogram of 5 Nitrosamine Impurities

Extracted MRM chromatogram (quant and qual transition) of lowest calibration standard at 2.5 ng/mL mix of five impurities in dichloromethane.

x10 |+ TIC MRM (== > ==) Sd01.D
2 2|3 81483 45
16 7276
14 NEIPA
12
1 7.885 — e~
08
NDIPA NDBA
06
04
02
0 - S
; 7 Y 38 9 9.2 04 96 98 10 '
Counts vs. Acqguisition Time (min)

TIC chromatogram overlay in MRM mode of 100 ng/mL of five impurities in dichloromethane.

x10 % |+ TIC MRM (** > **) Sid01.D

wn

12 2|3 814834 -
18 7276 L
14 NEIPA

12
NDMA 7.885
8.341 9965

—4

08 NDEA
NDIPA NDBA

06
04
02

7 72 74 76 78 8 82 84 86 88 9 92 94 96 98 10
Counts vs. Acguisition Time (min)

Back to Introduction 555 Agilent




Metformin

LOQ of Nitrosamine Impurities in Metformin

FMRM (/4.0 -=> 42.1) Std12.D FMRM (102.0 -=> 85.0) Std13.D FMRM (1598.0 -> 141.2) Std11.D
£ x10 3 RT=7.278 min. 2 410 24 RT=7.888 min. 2 4102 ;
5 1.4 Name=NDMA S Name=NDEA 3 T RT=9.972 min.
) : S/N=111.06 3 4- S/N=34.71 51 5- Name=NDBA
5. Area=970.56 Area=517.97 S/N=13.30
3.5 4.5+ Area=427.28
935 31 NDEA: 0.0005 3:' NDBA: 0.0025
os;  NDMA: 0.001 25 Sy 2| ppm; SIN > 13
071 ppm; S/N >11 Ppm; _
0.6
051 ,
A J\ i
0.4- \/\ \/\/\ —'v\/\/\p\/\/\’\«ﬂ !
T T T T T T o T T T — S T \ 0-+ T T T = T T T
6.7 6.8 6.9 7/ 7.1 72 73 74 75 7.7 7.8 7.9 8 8.1 5 9.25 9.5 9.75 10 10.25 10.5 10.75
Acauisition Time (min) Acauisition Time (min) Acauisition Time (min)

FMRM (116.0 -> 99.1) Std12.D F MRM (130.0 -> 88.0) Std13.D '

£ x10 3- RT=8.150 min. £ x102 RT=8.344 min.

= = 5 i Name=NDIPA

= Name=NEIPA 3 6.5 =

8 1.2 S/N=47 73 D S/N=115.82
1.1 Area=1718.64 6- Area=569.06

1
0.9+

os. NEIPA: 0.001
071 ppm; S/N > 47

1 NDIPA: 0.0005

0.6 457 ppm; S/N > 15

0.5 4

0.4-
3.5

0.3

0.2 3

0.1 s

0- T | | [ T ; T T T :] - :I T T
8.05 8.1 8.15 8.2 8.25 8.1 82 8.3 8.4 85 86
Acauisition Time (min) Acauisition Timea (min)
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NDMA and NDEA in Metformin Samples

Drug Substance Drug Product

MHM (/9.U =» 4£.1) Dampie_Jo.U ) T MKM (1U£.U -7 0D.U) Sample_so.U MM (/4.U =~ 4£.1) Dampie_oy.u T MKM (1UZ.U -# 0D.U) dDampie_Jov.u
2 x104 RT=7.278 min. £ x102] RT=7.883 min. 2 x104] RT=7.478 min 2 %1021 RT=7.488 min
3 Name3NDMA Z NamesNDEA 5 1 Name+NDMA E Name=NDEA
32 Area=30888.87 8 114 Area=135.67 3 22 Area=3B632 43 8 1 Area=119 82
— 184 Final Conc.=67.3583 ppb 1 Final Conc.=24.3912 ppb > Final Conc.571.1737 ppb Final Conc.=24.3427 ppb —
1 094 i
164 ] 1.8
09
© 0.8 ©
1.44 1.6
0.84
o 1] il i o
e 14 0.71 124 e
e J -}
(b 0.8 0.6 11 06 T
2 0.6 0.54 0.8 0.5 2
0.6+
04 0.4+ 1
| 0.4- : 04
el 8 3‘J\/\/\/\\,vf NV 0.2 /\ 03
04 0.2 04 +
T T T T T T T T T T T T i I 0.2+ i |
69 7 71 7.2 7.3 74 75 77 7.8 79 8 8.1 U i 71 7‘2 7'3 74 7‘5 79 7'8 7'9 g} 8‘]
Acquisition Time (min) Acquisition Time (min Acquisition Time (min) Acquisition Time (min
MRM (74.0 -> 42.1) Sample_38_waterpartition.D + MRM (102.0 -> 85.0) Sample_38_waterpartition. D
5 1nd RT=7.478 min. o . RT=7.488 * MRM (74.0 -> 42.1) Semple_39_waterpartition.D +MRM (102.0 -> 85.0) Sample_39_waterpartition.D
= x10 | = x10 -Q00 min. @ < RT=7.278 ) 1
5 164 Name#NDMA 5 o4 Name=NDEA £ x10 Ner 'NDT{': £ x102 RT=7.§88 min
3 Area=22578.70 8 sl Areat78.44 3 1.8 N""‘_"f - Name=NDEA
o 1.4 Final Conc. 468.4608 ppb Final Conc.424.3554 ppb O sl st e 8 M Area83.15 o\l
i 84 Final Conc.=73.4202 ppb s Final Conc.324.3647 ppb
o 1.21 2 1.41 1 5 ©
74
O 14 6854 1.2 : 0.8 (@)
L 6- 14 : 0.7 -
S 0.8 551 e
QL 064 5 0.8 i 0.6 D
= &k 4 i‘ 0.6 054 =
024 2 g = Y 04
i 1 0.2 P
0- : 251 Yok | 0.3
T T T T i T T T — — T T 0 i H H :
6.9 7 71 7.2 73 7.4 7. 7.8 79 8 81 P T =5 % 5 =5 = 02 : — I : :
Acquisition Time (min) Acquisition Time (min Aol T 77 78 79 8 8.1
n im min
MRM (74.0 -> 42.1) Sample_38_R3.D + MRM (102.0 -> 85.0) Sample_38_R3.D BSRINY LRI\ (TRNY) Acquisition Time (min
2 1047 RT=7.478 min == + MRM (74.0 -> 42.1) Sample_39_R3.D + MRM (102.0 -> 85.0) Sample_39_R3.D
£ x10 - : 2 %102 RT=7.488 min " o » " RT=7 8
5 1 Name+NDMA g ] Name=NDEA 2 x104] RT=7.273 min £ x102 RT=7.883 min.
o 3 224 Area=34675.17 8 12l Area=113.08 3 26 NamesNDMA 5 1 Name+NDEA o™
Final Conc.%69.2073 ppb : Final Conc.324 3483 ppb 8 Area=37161.88 8 1.1 Area=123.70
- 24 1.14 i 2.41 Final Conc.=73.3600 ppb Final Conc.=24.3640 ppb o)
1.84 224 14
o { 2 =
1.64
1 0.91
- 09 184 i
1.4
+— 0.8+ 1.6 08 +—
G) 12 0.7 1.44 G)
14 124 0.74
2 0.84 0.6 14 0.6 E
0.6+ 0.51 0.8 05
0.44 ; 0.41 : y 0.64
0.24 i 0.3 i 044 ; 0.4
0 1 0.21 I 0.2 /\ /\ 0.31 !
T T T T T T T T il T T 01 i | 02
69 7 71 7.2 73 74 s 5 78 79 8 8.1 T T T T T T T T T T T T
Acauisition Time (min) Acauisition Tima (min 6.9 7 7.1 72 73 74 75 7.7 78 79 8 8.1
Acauiaition Tima (min) Acauisition Tima (min
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Mutagenic Impurity Analysis LC/MS Workflow Solution

InfinityLab
Poroshell
Column

MassHunter Software

Ultivo LC/TO

1290 Infinity e
LLC System i

——

R

6546 LC/Q-TOF

Agilent

Back to Introduction


https://www.agilent.com/en/product/small-molecule-columns/reversed-phase-hplc-columns/infinitylab-poroshell-120
https://www.agilent.com/en/products/software-informatics/mass-spectrometry-software
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/ultivo-triple-quadrupole-lc-ms-lc-tq
https://www.agilent.com/en/product/liquid-chromatography/hplc-systems/analytical-hplc-systems/1290-infinity-ii-lc-system
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/6470b-triple-quadrupole-lc-ms
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/quadrupole-time-of-flight-lc-ms/6546-lc-q-tof

Agilent LC/MSMS Solution for Nitrosamines Analyses In
Metformin Based Drugs

Typical LC Configuration Application Area

Agilent 1290 Infinity Il High-Speed Pump (G7120A) Analytes NDdMI\'IA\I\’/IgEEA’ NEIPA, NDIPA, NDPA,NMPA NDBA
an
Agilent 1290 Infinity Il Multisampler (G7167B) Matri Metf N d I
atrices etiormin drug substances
Agilent 1290 Infinity Il Multicolumn Thermostat (G7116B) Customers Pharmaceuticals and contract labs

Agilent 1290 Infinity Il Variable Wavelength Detector
(G7114B)

Columns and supplies

Columns: InfinityLab Poroshell HPH-C18, 4.6 x 150 mm, 2.7 um (p/n
693975-702)

o HPLC Vials and Caps: Vial, screw 2mL Amber p/n 5182-0716 and Cap
1290 Infinity 1 p/n 5183-2077

LC System Syringe Filter Paper: 5190-5261 (PVDF, 13mm 0.2 um)

Highlights — LC/MS/MS approaches

LEasy to operate

LQuick implementation in labs

L Optimized methods

LSample size used as per US FDA recommendations

L Easy sample preparation

6470LC/TO I Ultivo LC/TQ OMetformin API elutes before all nitrosamines, so diverter valve
programmed accordingly

Back to Introduction 555 Agilent


https://www.agilent.com/en/product/liquid-chromatography/hplc-systems/analytical-hplc-systems/1290-infinity-ii-lc-system
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/ultivo-triple-quadrupole-lc-ms-lc-tq
https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-instruments/triple-quadrupole-lc-ms/6470b-triple-quadrupole-lc-ms

Metformin

Method for Analysis

Instrument Method

Mobile phase A:0.1 % formic acid in water

Mobile phase B:0.1 % formic acid in Methanol

Sample diluent: Water: Methanol (95:5)

Multisampler temperature: 10°C

Injection volume:20 pl

Column temperature:40 “C

Analytical column: Agilent Infinity Lab Poroshell HPH-C18, 4.6 x 150 mm, 2.7 um (p/n:693975-702)
Flow rate:0.5 mUmin

0

95 5 0.5

95 5 0.5

40 60 0.5

10 25 75 0.5
1 10 90 0.5
16.5 10 90 0.5
16.6 95 5 0.5
20 95 5 0.5

lon'source " Atmospheric Pressure Chemical lonization (APCI)
MS/MS mode ~ MRM

Nebulizer pressure 25 psi
APCI'heater T 350 °C

4 A
4000 V

0.7/0.7 (unit/unit)

Dwelltime T 50 ms

Back to Introduction

NDMA (Quantifier) 75 43.1 50 110 16 3 +
NDMA (Qualifier) 75 58 50 80 10 2 +
NMBA (Quantifier) 147 117 50 60 = 2 +
NMBA(Qualifier) 147 s 50 60 12 2 +
NDEA(Quantifier) 103 75 50 78 12 4 +
NDEA (Qualifier) 103 47 50 78 20 4 +
NEIPA(Quantifier) 117 74.9 50 82 8 8 +
NEIPA(Qualifier) 1171 471 50 82 15 8 +
NDIPA(Quantifier) 131 89.1 50 80 5 4 +
NDIPA(Qualifier) 131 43 50 80 20 4 +
NDPA(Quantifier) 131 89.1 50 80 5 4 +
NDPA (Qualifier) 131 43 50 80 20 4 +
NMPA(Quantifier) 137 66 50 70 20 5 +
NMPA(Qualifier) 137 107 50 70 10 5 +
NDBA(Quantifier) 159.1 57 50 86 12 4 +
NDBA(Qualifier) 159.1 41.3 50 86 20 4 +

Calibrations

0.1 ng/mL to 50 ng/mL

Sample Preparation

For API

Filter
supernatant
through a 0.2
pm syringe filter
ina LC vial

Add 5ml of
(95%water and Vortex to

dissolve the API

100mg of Drug

substance

5% Methanol )
diluent

System Suitability

The coefficient of determination (R2) of the linear calibration curve should be = 0.990.
The S/N ratio of the 1 ng/mL linearity standard should be = 10.
% RSD of six replicate injections of the 1 ng/mL standard should be < 10
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Results for 8 nitrosamine impurities at 20 ng/mL in Metformin API

102 DADT - D:Sig=230.0.4.0 Ref=360.0.100.0 Metformin 0 6ppb spike-r001.d

14

=

141

{:I— s S S W R
+APCI MEM Frag=72.0W CID@™ (103.0 - 75.0) Metformin 0.6ppb spike-r001.d Smooth

141

{:'_ I —

1

“

ra

S B i SRR S S

+APCI MBEM Frag=110.0% CID@16.0 (75.0 -> 43.1) Metformin 0.6ppb spike-r001.d Smooth
12 5115

5.315
I
| L

S.IB’—

141

1

rd

+APCI MBEM Frag=22.00 CID&E™ (117.0 -> 74.59) Metformin 0.6ppb spike-r001.d Smooth

) L

141

1

ra

+APCI MEM Frag=20.0% CID@™ (131.0 - 89.1) Metformin 0.6ppb spike-r001.d Smooth

LA 10.8353

141

1

rd

+APCI MBEM Frag=70.00 CID&™ (137.0 -> 66.0) Metformin 0.6ppb spike-r001.d Smwooth

11.?13

)1

1

ra

+APCI MEM Frag=60.0v CID&E™ (147.0 -= 117.0) Metformin 0.6ppb spike-r001.d Smooth

| ?ﬁt

ra

NDMA (RT 5.115 min)
NDEA (RT 8.954 min)
NEIPA (RT 9.995min)
NDIPA (RT 10.853 min)
NMPA (RT 11.130 min)
NDPA (RT 11.302 min)
NDBA (RT 13.526 min)
NMBA (RT 7.311 min)
Metformin (RT 2.755min)

(o)

141

1

rd

+APCI MBEM Frag=26.00 CID&™ (155.0 -> 57.00) Metformin 0.6ppb spike-r001.d Smooth

1 EREE

ra

5 & 7 g 9 10 11 12 13 14 15 16
Response (%) vs. Acguisition Time (min)

17 18 19
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Calibration Curves

NDMA - 8 Levels, 8 Levels Used, 8 Pairts, 8 Points Used, 0 QCs

= x108 |y = 17463856952 x - 118.140116
©  08{R2=0963103
2 061 Type:Linear, Origin:Ignore, Weight: 1/x'2
= 044
0.2
D [ NDMA, 0.1 to 50 ng/mL ]
Tl ol el ol el el ol ol el el el el e el el el el el el ol el el
4 22 0 2 4 6 8 10 12 14 16 18 20 2 4 26 B 0 32 4 ¥ B 40 42 4 46 46 0 2 4
Concentration (ng'm)
NDEA - 8 Levels, 8 Levels Used, 8 Points, 8 Points Used, 0 QCs
e 10 |y = 12082708384" x - 115.822988 s

R'2= 09935067
. Type:Linear, Origin:Ignore, Weight: 1/x2

REspons

.2
[ NDEA, 0.1 to 50 ng/mL ]
0
[l | el sl | | | [ [ | | ] | o 55l ol ol ol o ol il ol ol ol ol el |
4 2 0 2 4 6 8 10 12 14 16 B 20 2 4 2% 8 0 2 3 % B 40 42 4 46 8 0 52 %
Concentration (ng/m)

NEIPA - 8 Levels, 8 Levels Used, 8 Poirts, 8 Pairts Used, 0 QCs
@ x10 |y =41753677190" x - 1003 846631
1R"2=0.99743159
15 TypeLinear, Origin:Ignore, Weight: 1/x"2

1

Respons

05 [ NEIPA, 0.1 to 50 ng/mL ]
[]._
[ [ P [ [ P P P P P P P P P P T T P I e e
4 2 0 2 4 6 8 10121416182{}222426283032343838404244466435052{@5;
ncentration (ng'm)
NDIPA - 8 Levels, 8 Levels Used, 8 Points, 8 Pairts Used, 0QCs
e 1097y =8740.032729 x + 24878927 s
2 4{R"2=099304666
2 3 Type:Linear, Origin:gnore, Weight: 1/x"2
s
" NDIPA, 0.1 to 50 ng/mL ]
[]._
I

[ [ [ [ s s s [ |
¥ B 40 42 4 46 8 50 52 54

NMPA - 8 Levels, 8 Levels Used, 8 Points, 8 Points Used, 0 QCs
o x10]y =4363.527362 " x - 66427368

2| R2=0.90477679

- Type:Linear, Origin:Ignore, Weight: 1/x'2

14
0.5
04

REspons

[ NMPA 0.1 to 50 ng/mL ]

=
10 12 14 16 18

I
2

rrrerrerrererr
20U B B O L Y46 B0 2 H
Concentration (ng'm)

NDPA - 8 Levels, 8 Levels Used, 8 Paints, 8 Points Used, 0 QCs
2 x10° |y =5782.405002 " x - 197.672812
|R"2= 09947251

Type:Linear, Origin:Ignore, Weight: 1/x'2

[ NDPA 0.1 to 50 ng/mL ]

I =
4 20 2 4 6 8 10 1214 16 B

I
2

I
2

== r=rererererere
20U B B O L Y46 B0 2 H
Concentration (ng'm)

NDBA - 8 Levels, 8 Levels Used, 8 Paints, 8 Points Used, 0 QCs
> x100.{y = 36814308402 x - 330431291
R"2=0.993%4460

1 Type:Linear, Origin:Ignore, Weight: 1/x"2

14
05

1

wn

Respons

[ NDBA, 0.1 to 50 ng/mL ]

T
10 12 14 16 18

109y =23881508833" x - 609.06404
1R"2=0.99153427

1{ Type:Linear, Origin:Ignore, Weight: 1/x'2
0754
054
0.25-
04

REspons

I
4 20 2 4 6 8 D 2 XA N R ¥ B B D42 M LB DA
Concentration (ng'm)
NMBA - 8 Levels, 8 Levels Used, 8 Points, 8 Points Used, 0 QCs
]
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Representative Recovery % of Nitrosamine Impurities

@ 0.5ng/mL (0.025ppm) concentration using 20mg/mL sample size

Entry

0 NO O WN -

Nitrosamine Impurities Average Recovery %

NDMA 101.2
NMBA 97.1

NDEA 98.4
NEIPA 94.9
NDIPA 102.6
NMPA 101.5
NDPA 95.8
NDBA 102

Note: Use of corresponding internal standards for each nitrosamines may further help in any recovery issue.

Benefits of Agilent LC/TQ

Optimized methods

Optimized method for metformin drug substance
Detect and quantify nitrosamine impurities limits per published FDA regulatory
testing method guidance

Scalable application

Best precision = best ion ratios = best quant results Rugged ion source design

Sample prep

Sample preparation as per EDQM guidelines
Easy sample preparation

Time and costs

Automated tuning, easy to use instrument.
Efficient Quant review with MassHunter
Data Integrity

Back to Introduction
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On-Demand Webinar

LC/MS Based Approaches for the Analysis of Nitrosamines in APIs and drugs

Determingtion of a Genotaxks NDAMA
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