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SHEE $E§ﬁlﬁi§1‘ﬁiﬂl‘l*§1‘§iﬁ7§}§ﬂ§5¢ N - 0 Br B 28 5% J&
A W IR S ORERDT R AR, R
(L LA A, LT L 1100005 2. ¥ & HMF & & 24 &0 0T, M il 4120005 3. M T4
o R AR LR AR 412000)
WE:-Br A3 R ARG R T 34 N - BAKEE N - AR =5 @k (NDIPA) NDMA £= NDEA #) 248 &35 #
BERE(GC - MS/MS) % ik &4 A Aglent VF - WAXms £29 % 42 (30 m X 0. 25 mm, 1.0 um) , 2 5 FH 38, st 4 08 B 4
250 C,HAAZLERAA, AEH 1.OmL/ min, HHFTXARSR, HEHEA 1L BT RAECTREDFRED,EHNHER 7 min; &
JEH 70 eV, BFRBEH 250 C; % A p A X (MRM) , %0 52 & & F 47 (m / 2) % 130—88(NDIPA) , 74—44(NDMA) , 102—
85(NDEA) , #&i] M & F m / z 4 130—42(NDIPA ), 74—42(NDMA), 102—56(NDEA ) . 4558 NDMA,NDEA #= NDIPA # /T & K &
2R A 2.09~20. 88 ng/ mL(r=1.0000,n=5),0.61~6. 14 ng/ mL(r=0.9999,n=5)%= 0. 58 ~5. 83 ng/ mL(r=0.999 9,n =5);EHA A
5 & Q40 AARYPE T ARG AR E I £ R RAT 45 B AB M F MR IR 45 R 49 RSD 35T 5. 0%; 24514 0. 10,0.03,0. 03 ug/ g,
A R4 7] % 0. 05,0. 01,0. 01 pg/ g5 -F ¥ et el & 551 A 104. 14%,105. 02%,103. 73%,RSD 4% % 5. 15%,1. 87%,1. 47%(n=9) ,
FRA S ) A A AR SR 8 BRI O kR BRI R R R, T TSRS N - AR A ki
KA A EE PR N - AR R AR R A
HE 5325 : RI17;R927 XHRARERS: A XEHS 1006 — 4931(2022)12 - 0084 - 05
Determination of N - Nitrosoamine Impurities in Ticagrelor Active Pharmaceutical Ingredients by GC - MS/MS
ZHU Jing' , XU Haiyan',ZHU Yuefang®,ZHAO Jingzhi’,TAN Xingiang®
(1. Shenyang Pharmaceutical University ,Shenyang , Liaoning , China  110000; 2. Institute for Food and Drug Control in Zhuzhou , Zhuzhou ,Hunan ,
China 412000; 3. Zhuzhou Qianjin Pharmaceutical Co. ,Ltd. ,Zhuzhou,Hunan,China 412000)
Abstract: Objective To establish a gas chromatography tandem mass spectrometry (GC — MS/ MS) method for the simultaneous
determination of three N — nitrosamine impurities [N — nitroso diisopropylamine (NDIPA),N - nitrosodimethylamine (NDMA) and N —
nitrosodiethylamine (NDEA) ] in ticagrelor active pharmaceutical ingredients (API). Methods The chromatographic column was
Agilent VF — WAXms capillary column (30 m X 0.25 mm, 1.0 pum) with temperature programmed,the temperature of the sample
inlet was 250 °C,the carrier gas was high — purity helium,the flow rate was 1.0 mL/ min,and the injection volume was 1 pL
without split — flow. The ion source was electron impact ion source (EI),and the solvent delay was 7 min. The voltage was 70 eV
and the ion source temperature was 250 °C. Multi — reaction monitoring mode (MRM) was adopted,the mass — to — charge ratio (m/z)
of detected quantitative ions was from 130 to 88 for NDIPA,from 74 to 44 for NDMA,from 102 to 85 for NDEA,and the m/z of
detected qualitative ions was from 130 to 42 for NDIPA,from 74 to 42 for NDMA,from 102 to 56 for NDEA. Results The linear
ranges of NDMA,NDEA and NDIPA were 2.09 —20.88 ng/mL (r=1.000,n = 5),0.61 -6.14 ng/mlL (r=0.999 9,n= 5) and
0.58 -5.83 ng/mL (r=0.999 9,n=75),respectively. The RSDs of precision,stability and repeatability tests were less than 5.0%.
The limits of quantitation (LOQ) were 0. 10,0. 03,0. 03 g/ g,respectively. The limits of detection (LOD) were 0.05,0.01,0.01 pg/g,
respectively. The average recoveries of NDMA,NDEA and NDIPA were 104.14%, 105.02% and 103.73% with RSDs of 5.15%,
1.87% and 1.47% (n =9),respectively. Ticagrelor was not detected in all samples. Conclusion The method is specific, sensitive
and accurate,which can be used for the determination of N — nitrosamine impurities in ticagrelor.

Key words:GC — MS/MS;N - nitrosamine impurities ; genotoxic impurities ; ticagrelor
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7. RIV3E I 40 6 3P4SO BEACIE 1L, A e B Je R Ry SR BAS W T . HLAR R T TP AE 121 (WHO)
/NGY PR, 5 DNA FIEE LRSS &, M BEIA DNA R A EUEYIE BN - WAE3E —H i (NDMA) FIN -
il K 40145 25 B A AN -2 FE R KB RT R R WA T L (NDEA) 48 2A 28 808 ) . sb ok v [
DNA FIYe iR 0 i 2 S m EPR AR 250 TR & LEEMAYE R (FDA) BRI 24 5 5T
W A2 (ICH)M7(R1) (GRS FI3EHI 254 h DNA - B4 35 (EDQM) & & A6 T U 15 8 1 i 1% (GG -

TEEWH s 8 RAF A 4120172123 ],
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MS / MS) ik A o3 B B BT (LC - MS / MS)7E %5 %
Pk I 7 vk, AR I VD 30 2 25 1y v N — I il e 28 2
Jo L - 14T R i % Ay AN I e = e e e S B IR A Uf
N Z5Y), F 2010 4F 12 H 22K 1, T 2o stk
Sk EEAAE(ACS) WiRYT S R A g A R A S
AN AW VAN T DS Sl e AN 3 i< b R
TR G B P T NN - SRR Z M (DIPEA) ,
AREA A W O SRR O AR IR A N
B TR ER B / LR 25 A k4T 8 AR AL SO, i mT
RE = A N — W AS RS 2R BT AN N — PR R — 5 I
(NDIPA) NDMA FINDEA . A 11 24 i (1) 4 42 01 ot
AT A AT H 2 R 2020 4 i E 2 3L (PSS ) ) 3 )
93068t % # M A B 78 45 T R 78! R GC - MS /
MS 346 s A% B 1% NV — WV RS ISR BRARGE AN R &
1 UFE5KH

1.1 {4z8

8890 A HH {4 1A% . 7010B % = H PUML AT 5 146 )
28 ( £ Agilent A F) ) ; MS105DU B, 773 B K F- Oh
JE 4 0. 01 mg) & ME204 / 02 %I 61, 743 Hr K Ok 0
0. 1 mg) , ¥ TR - FEFIZ EIRHE 2 A RAF .
1.2 iK%

NDMA #r#fEA TR (#21E Dr. Ehrenstorfer 23 5], L5 K
985092ME, Jifi f ¢ B 100 wg / mL) ; NDEA X 18 & ( 35 [
Cato Research Chemicals Inc. , 354 0325 - RA - 0011,
T 97. 8%) s NDIPA X HR i (I Z8 2 E R AT BR 2
Al LS R 19082291, 5 2 95. 35%) ; S AN N — Al —
F e (NDMA — do) bR (At st 2 as A R A TR
AL TR 14658 — 034, BT W B 100 g/ mL) 5 HEE
(£ [H Spectrum ZA 7], HPLC 2% , #it 5} 3TB0010) ; # A%
B i C I oBL 25, 4t 5 23 Jill o 20200801, 20200901,
20200902, 2020903, 2020904; Kl & , 4t 5 43 5 N
20200701, 20200801, 20200901, 20200902, 20200903 ;
0 R T 4RI 25\ B AT FR A D) o
2 HEEHER
2.1 REEH

O3 25 - (035 A N Agilent VF — WAXms B 4%
(30 m x 0.25 mm, 1.0 pm) , F2 /7 THE (W46 FE I h
40 °C 445 0. 5 min, LA 20 °C / min B3 Z T} 2 200 °C, F
L 60 °C / min B3 T2 230 °C, 4545 8 min) , FEFE R
FE R 250 °C, #HA N E A, WA 1.0 mL / min, i#f
FETT AN, ERE R R 1 Lo

Fig o5 - B A L IR (ED 350 4
IR 7 min; LR 70 eV, B URIR R 250 °C 5 2 i i
DAL (MRM) |, A8 0 5 12 25 53 faf L (m / 2) 24 130—88
(NDIPA),74—44(NDMA ), 102—85(NDEA ) , ¥l & P

B m/zk130—42(NDIPA) ,74—42(NDMA) , 102—
56(NDEA).
2.2 A&

IFRIA T A5 % 5 U NDMA — dARiETR I 50 L, B
500 mLZE s rh I B 25 3250, RIS .

TR % R S AU BUNDIPA FII NDEA X I8 5 4% 24
15 mg, A5 R E L 50 ) E 50 mL 25500, i F s
IFER L FE AT, 20 A 9 NDIPA Fil NDEA X J8 5 I 4%
W ARG I mL, B [W]— 100 mL & &R, FH NAs
TWUE %S, B3 NDIPA FI NDEA X} FE S 5 20 5I0kS 5
1 mL, 5 NDMA FRUEF K 0. 1 mL B [7]— 50 mL 4§
i, PRI WOE %S, #:57 , Bl 1% NDIPA, NDMA,
NDEA T4 X B SHIE 8 W R 2 1 mL, 520 mL 45 i
I, PR WOE 25 48250 WA .

PR VA VL < IO A Bt 75 2 400 mg, A B R AE , B
20 mL 25 I AR T e 25 185 .
2.3 HEFEE

PRI 2. 2 00 AR TR TR AR R
W, 4% 2. 1T RS SR AR A T S B 1A L 45 5 T
K1 RTE 2, R ARSI AS T35 NDMA ,NDEA , NDIPA
(ARG

BT /% 104

2.5
2.0

1.5
1.0
0.5

0

TR /% 10¢

¢/ min

— W RN

Al

——

R I\ A

t/ min

7.1 7.3 7.5 7.7 7.9 8.1 8.3 85 87 89
B
1.NDMA 2.NDEA 3.NDIPA
A AR R B, AT R SRIER
E1 2BFRE
1.NDMA 2.NDEA 3.NDIPA
A. Internal standard solution B. Mixed reference solution

Fig.1 Total ion flow chromatograms

LM 56 2275 4% M e BRI R o < K TR 5 0T

B I 28 VB0 B 5 WORR B L 75 NDMA Joi & ¥R J32 53 il
492.09,5.22,10. 44,15. 66,20. 88 ng / mL, NDEA Jii &
W} 0.61,1.54,3.07,4.61,6. 14 ng/ mL, NDIPA fii
B E N 0.58,1.46,2.91,4.37,5.83 ng/ mL [\ & ¥
TRA X IR A, 22 2. 1300 N R SR R UERE DU A, AR
D 1k 43 I o Wk B (X)) Ry 18 A6 A \NDMA , NDEA, NDIPA
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BRI /% 10
2.0
1.5

1.0
0.5
ol

7.05 7.15 7.25 7.35 7.45 7.55 7.65 7.75

t/ min

BT /% 10°

S = N W R L

¢t/ min

7.85 7.90 7.95 8.00 8.05 8.10 8.15 8.20 8.25
C

BITFORJE /% 10

2.5 TS
2.0
1.5
1.0
0.5
0 t/ min
7.05 7.15 7.25 7.35 7.45 7.55 7.65 7.75
B

TSR /% 10°

1

8.35 8.45 8.55 8.65 8.75 8.85 8.95
D

S =N WA U

A A o e

t/ min

A.NDMA -d, B.NDMA C.NDEA D.NDIPA
B2 MRM &ikE
A.NDMA - d; B.NDMA C.NDEA D.NDIPA
Fig.2 MRM chromatograms

*1 SZMUXREBRREERFARNIRER (n=5)
Tab.1 Results of linear relation test,LOQ and LOD (n=35)
Al , LR ZEMR R
‘ Ba5 A r
A (ng/mL) (pele)  (pgle)
NDMA  ¥,=0.0963X,+0.0021  2.09~20.88  1.0000 0.10 0.05
NDEA ¥,=0.0873X,+0.0024  0.61~6.14 0.9999 0.03 0.01

NDIPA ¥;=0.0950X,+0.0037  0.58~5.83 0.9999 0.03 0.01
55 AR 0 T R EL AR DA AR (V) EA TR T, 25
DL 1 BUR A X B 5L 7R W (NDMA 2. 09 ng / mL, NDEA
0.61 ng/ mL,NDIPA 0. 58 ng/ mL) , % 2. 1 3 N {5 5%
PEFEREI E , DAE W 3 508 101, 3 1B B & TR
A T BRI, 45 L3R 1.

% G - 2. 2 700 R A 0 R A, 422 2. 193
TR S | d NS 6 RS 3d.1d 1K,
DE , 1o s W4 T AR . 45 5K H 9K %5 B2 v NDMA, NDEA
NDIPA 5 /4 45 4 0 1 B ECAEL (4 RSD 43 51 4 2. 10%,
1.48% 1. 48%(n = 6) , ¥/INT 5% , KWL ARG B R
U, H [E)K5 %5 2 v NDMA , NDEA , NDIPA 5 P 454 06 1

FHICAEAY RSD 23508 3. 17%, 1. 83% F1 1. 42% , ¥ /N T
5% , < W] H 4G 3 AT 20K .

FaE M e - BUR A X I8 Shs e, = IRE 0,8,
19 h i, 2. 1300 F 3R 25 AR I o, i S e T AR 25
H NDMA,NDEA , NDIPA 55 A A5 47 06 i £ e AH 4 RSD
SR 1. 14%,2.72%,1. 03% (n = 3) , 2 B30 5 v T
IR P HCE 19 h INFa e R

A PR  HURE & 20 400 mg WG B R AE , 45 6 7, 1%
2. 230 5 i il A VU, P 2. 1R RIS A
PEREI A2 30 5% 06 1 FH . 45 S NDMA, NDEA, NDIPA 5
P A B 0 i B HE B B9 RSD 43 51 N 3.62%, 1. 46% ,
1.48%(n = 6) , KWL HEMER T

TRE U 56« BURE & 29 400 mg, K % FR R, 3t
953 AT AR A X HESIE 4592 0. 5,1,1. 5 mL,3%2. 210
07 9 ) 4 A R R, T 2. 1 I 0 A% AR
FE AR 2,
2.4 FEmIE

IS SO AR B R Y 446 2. 253

®2 MEFEEKILIEER(n=9)

Tab.2 Results of the recovery test (n=9)

A% (ng) M (ng) B (%) X(%) RSD(%)
NDMA NDEA NDIPA NDMA NDEA NDIPA NDMA  NDEA  NDIPA NDMA NDEA NDIPA NDMA NDEA NDIPA
104.41  30.71 29.14 106.82 32.61  29.73 102.31 106.19 102.02
104.41  30.71 29.14 121.07 33.24  30.44 115.96 108.24 104.46
104.41  30.71 29.14 108.90 33.00 31.02 104.30 107.46 106.45
208.82  61.42 58.28 207.47 64.09 61.26  99.35 104.35 105.11
208.82 61.42 58.28 212.85 64.18  60.92 101.93 104.49 104.53 1041410502 103.75 5 15 L8 14T
208.82  61.42 58.28 228.74 62.60  59.41 109.54 101.92 101.94
313.23  92.13  87.42 321.67 96.56  90.51 102.69 104.81 103.53
313.23 9213 87.42 311.40 95.52  90.08  99.42 103.68 103.04
313.23  92.13 87.42 318.68 95.82  89.58 101.74 104.01 102.47
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E o A A AAG 33X 3 I A e A4 I

3 itig

3.1 KRR

Bk Ji 1 O S 2% i NDMA , NDEA Al NDIPA
R 77 vk 3 EAK 4 2019 4 4 H FDA 23 A B K6 7 vk K
SCHRGERF - 20T, AR 48 2 0T R B R 32 k43 B A 1
[, SR ARIE DT v T R Atk R VR P R
20 mg / mL, ANk /N T 1 M R ERAR T i RE
i it K B A T R Gk B KU, S T kT 22
AT A 8 74

N — RSN G, VF — WAXms BAIE €
T4 (30 mm % 0. 25 m, 1. 0 pum) & JH T AEAL S 9 345
F T AE RS A B ) P S R 5, AR R HAIR, LA
BARAY T SR | e (o G e i A A TS 22 5R
3.2 JRiGFMGEE

Jit A2 % 2019 45 4 H FDA /A3 1 i) NDIPA
NDMA FI NDEA i 7732110 =215 3T, B il o 2 e B
2 ng / mL ERPEIAW 5L AL - 40,70 eV T35 5
TR, (TG B B 25 5, 70 eV O E LT3
HETFHAEE, IR 70 eV,

TiE ] J5 2 Vi B M 2 ng / mL B9 R PRV W, X HERE 7
KPEATIETE , S5 R BoR , 5 — B B IR R A L, R Bk
N3, TR AN TR o I P A R 11 20 F AL 25
FURE AR P A (8 A T R g R ) R
3.3 HEWELERSH

A2 ST 0 AU =7, FD A W35 A A7 Y NDIPA |
NDMA  NDEA {9 Ilfi i & H 7 42 32 48 A &= (AD 43 31 A
26.5,96,26.5 ng / d22) AR 4f A% B 1 B oK H F A
180 mg, P15 JLBR BE (FREE = AL/ & H H 255 4351 8
0.147,0.533,0. 147 wg / go K I 22 L UKL S K AR X
LV, 3 0O Al B 2 4 B R A, R A LT
CRZ I G PR AR AT o A, th FAEA T2 48
B o 43 A FH RE 5 1A A e A0 0 i A 30500 (0 B kL,
A e 2 2% IO 1 1T BE AR B AT, 25 A B | o
P RS RN o

25 PR ARIG TR LC - MS /7 MS V100 & ks Fi
SN - WASREIEART, iR Jm vk, R T
PN, 38 T s rh 2 R R B2 i B RS
B ik
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