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[(FZE] 2R W PEP N-T a3 ¥ (NDMA) fo N-T 5 3 — 7 2 (NDEA) By 7 it 5% Al
(liquid chromatography-tandem mass spectrometry , LC-MS/MS) 7 3%, #%# A A E B & & 3 WU AT R g (APCI +
MRM)# R #ETRN, HH AN 0. 1% FBEAKERO. 1% FHREEAERSERN, SRZWZFELERR
W AR & A MTEE 2 51 A 1 ~120 ng-mL ™' (NDMA) #20.4 ~48 ng-mL "' (NDEA) ;4 3l IR 3% & 4 51 4 0.5
ng-mL ™' (NDMA) #1 0.2 ng-mL "' (NDEA) ; ¥ % &£ RSD 3 <3.0% ;B # F 4 96.1% ~106.2% ,E 5 H B
T 5 B 5 09 3R B E 9 B A 102.5% (NDMA) A1 99.9% (NDEA) s 3 BB iE £ St 8 Fn 0 C T #H E 24 h 5 &
FE o W R E R RGOER, T DB M R TP 38 BB 2G A PR A AR B 42 T NDMA fn NDEA #4605
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Determination of N-nitrosodimethylamine and N-nitrosodiethylamine
in irbesartan by liquid chromatography-tandem mass spectrometry

ZHANG Yan-chen, WANG Ling-na,LIU Xiao-qgiang
( Changzhou Food and Drug Supervision and Inspection Center, Changzhou 213000, China)

[ Abstract] To develop a liquid chromatography-tandem mass spectrometry method for simultaneous detection
of N-nitrosodimethylamine (NDMA) and N-nitrosodiethylamine ( NDEA) in irbesartan. APCI ( + ) MRM mode
was selected for detection. Gradient elution was conducted with mobile phase consisting of 0. 1% formic acid solution
and methanol containing 0. 1% formic acid. The method had good specificity. Good linearity was obtained for NDMA
and NDEA in the range of 1 ~120 ng-mL ' and 0.4 ~48 ng-mL ", respectively. The limits of detection (LOD)
were 0.5 ng-mL ' and 0.2 ng-mL "' for NDMA and NDEA. The relative standard deviation (RSD) of peak area
was less than 3.0% . The accuracy was 96.1% ~106.2% and repeatability was good. The average percent recovery
was 102.5% and 99.9% for NDMA and NDEA, respectively. All samples were stable after being stored for 24 h in
auto-injection sampler or at 0 “C. This method is simple, sensitive and accurate, and can be used for limit test and
quantitation of NDMA and NDEA in irbesartan.
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A2 AR SR B 15 e, B AR B AR AU B & B R
SRARMIE ,fB7E ICH M7 5B h B i iz Kb & W B A
B B e . AR [ B R AE BF 58 HLA (International
Agency for Research on Cancer, IARC) ) 3 9w ¥ 1§
B NSl e — W e (NDMA ) Fl N-JE fifd i — 2
(NDEA) 3 J8 T 2A ZE80i ¥y i ° o e il 1
DB, e AP R AR R R Z W A A B 2k
NDMA 1 NDEA g4 A vb 30 36 J ) 24 P 455 57 2 s 1
o, HAT &R X NDMA fil NDEA (408 5 3 £ 54 .
O A £5 4% (high performance liquid chromatogra-
phy, HPLC )7 ™*' 5 4 & i ( gas chromatography,
GC) M KM R H T ( gas chromatography-tan-
dem mass spectrometry , GC-MS/MS) (] R AH O3S 5
I 5% (liquid chromatography-tandem mass spectrom-
etry, LC-MS/MS) L1215 R o - T R R ( gas chro-
matography-mass spectrometry, GC-MS) "0 7"/ 4 |
LC-MS/MS £ A & J i, 1E H 25 ik N-E il
VR U B O N 1 S = VAN [ENIR S RN ]
i) LC-MS/MS J7 i, IR 1% 05 ¥k HE A7 20k F 5e 3
) Iy AT T 07 Wk A B Uk, AR T 50 D ] A | R A
e BRI SR, T RLORTIE 24 i SR Rl 2 2 i A
BN IR ) h s A T 2 DAY R T P R 2

R EESR I

1 AR5iKH

NDMA #7575 Wi ( BePure /A &, Ik 5 : 24372XM
BLAK :100 ug-mL~") 5 SAR V-3 F 36 = e s oA 3%
7 ( NDMA-D6, BePure 2\ ), It 5 24375XM , # 4% -
100 p“g-mL_1 ; NDEA (BePure /], It 5 :24371XM,
FAK 1100 pg-mL™") 3 5AY N-T0 F 3 = 2 e s v %
Wi : (NDEA-D10, H 2R g 2 &), it 2. 1219794-54-3 ,
HLAK 1000 pg-mL ") s ST K (258 F 4K ) 5
HR [ 28 3 R R B4 (b D) AR A L 5
172433, a3 45 | ; H§E (Merck Company A H] , £
4li) 5o DL Vb 3R JF0RE 24 B 2 S Ak Bt 3t 8 it
U, H A PR AE 5 AN UEURE 24t 5 A19040552,
A19050568 , A19060417 , A19061921, A19080003 , B i
Ar 2 AR 3 AN HE YR HE S0 18190522101, 15190506201 ,
15190608213,
2 (ugE

LCMS8050 #1225 i AH €5, 1% - 5 1% Bk FH A (3% W
RS CH Sh AR RS A IRAR R WSS B Tz 0
WA B 35 A6 0 25 63 A ol , B S W) ) 5 AB204 —

e
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N B 7K ( Mettler Toledo 2 &) ) ; XW — 80A JiE id
RAMN (L ER K% ;TCI6 — WST 53X
e o B O L I R WAL B BB T R AR AF]) o
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;] %

1 X8R i% ik Y B &
1.1 WRFHRMECH]  HUS & NDMA-D6 Fil NDEA-
D10 3 i T BEWe (W EE: 7K =10:90) il il vk Ji2
S350 3.5 Al 3 ngemL ™Y I BRIE
1.2 trAEME RGBS IS & NDMA F1 NDEA
VT A o W o BV B2 43 51 R 800 T 320 ng-
mL ™ BIE
1.3 tRAEBBRMOES  BUS &R ER S NI
W32 A0 His B T ) . NDMA ¥k B2 5350 Oy 1,2,4, 10,
20,32,40,80,120 ng-mL ™' F1 NDEA ¥k B 4> 51
0.4,0.8,1.6,4,8,12.8,16,32,48 ng-mL ™' f{ 45 i
SRR
2 HERBABRBBH

K% FREL 500 mg A% 5 BT 208 L R & A
AR 5 mL il IR BETR & #5718 & FF i W . R
P2 ) h NDMA/NDEA Z% 57 (1) % & , A] LUSE i a8 s
CFRRE L R AR AL IR IE E D 1 min X B BB 4
1, LA 4 000 remin ™3 B0 10 min, U E R IE RS
0.22 pm P8R 8, O UE W AR S AR R
3 LC-MS/MS £igE&4
3.1 \EiEEH A%k Waters T3(100 mm x2. 1 mm,
2.7 pm,) s FEMR:40 C5 R BIAH: 0. 1% H R 7K ¥ Wi
(A)-0. 1% IR W s i (B) B BE PRI ; i < 1. 0
mL-min "5 [ ZhiEREIR R 15 C ;R 30 pL; 4y
BrEFE] 7.5 min, BEEEVENIRR)F:0 ~1.5min 5% B,
1.51 ~4 min 60% B,4.01 ~5.5 min 95% B,5.51 ~
7.5 min 5% B, 7E 4 min J5 A R4 MS,
3.2 REEHE KWE:MSCAPCI + MRM #X) ;
APCI 3 :250 °C 5 DL 45 3L BE :200 °C 5 i A i s
200 C ;LA 3 Lomin ™' TR IR 3 L-
min "' s NDMA ) W5 I 25 7 43 5~ m/z 7543 (&
i) A 7558 (M), Al 48 R 4 00 o 20 eV Al
15 eV ; NDMA-D6 [ Wi il B T 43 5 K m/z 81—46 ( 5E
i) Al 81— 64 (M), il 8 HL R 43 01l 24 15 eV Al
11 eV ;NDEA (1% W50 85 T 4050 m/z 10375 (5 &
F103—47 (& M) | filf 48 f8 R 43 50 S 12 1 20 eV
NDEA-D10 % M 85 553 51 4 m/z 11334 (€ & ) Fil
11381 (GEME) , b 5300 12 F 13 eV,
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£ 1 LC-MS/MS g )e I ybiH  NDMA,

NDEA A4 %5 4 il £8 n=3
&t BH H—% i 3 B4
NDMA a 0.673 5 0.7115 0.664 3
b 0.008 1 -0.0316 -0.015 4
r 0.999 2 0.999 2 0.999 7
NDEA a 0.374 5 0.386 1 0.348 9
b 0.010 8 -0.000 5 -0.007 9
r 0.999 1 0.999 3 0.999 4

a s T A AR5 5 b o b o T8 F AR 5o 2 1 52 ) A G R B

45 FW]  NDMA F5#hE Fl 4 1 ~ 120 ng-mL ™",

NDEA #5 i [  0.4 ~ 48 ng-mL ™" ZR ¥ B 4T, 8
AR,
1.3 KRS EEMR % LR KNS NDMA 1)
ERTFR(LLOQ) H 1 ng-mL ™" ,NDEA # & T bR
0.4 ng-mL~", [ill NDMA Fl NDEA % J¥ 5 &
TR AR ES WL 6 fy , 4T LC-MS/MS 4341, i s 4
PEE . % NDMA FI NDEA W i FR As F1 P9 bR 14 1]
FUAG B AR AR A 2 T A A oA il 2 SR A5 5 0 ok i
TS I e AE A B, JF3H4E RSD,

F 2 LC-MS/MS %2 NDMA fJ LLOQ

A e B W5 v B MW AWM RSD
/ng-mL~'  /ng-mL~! /% /ng-mL ! /%
1.0 1.076 107.6 1.032 2.7
1.0 1.026 102.6
1.0 1.042 104.2
1.0 1.032 103.2
1.0 0.990 99.0
1.0 1.023 102.3

%3 LC-MS/MS &l NDEA 9 LLOQ

A i W45 e B2 R WA BRI RSD
/ng-mL~"  /ng-mL~' /% /ng-mL ! /%
0.4 0. 405 101.25 0.397 2.0
0.4 0.388 97.00
0.4 0.389 97.25
0.4 0.395 98.75
0.4 0. 407 101.75
0.4 0.399 99.75

F& 4 NDMA Fl NDEA 46  fR £%

i H KR (S/N) G BV B /g mL !
NDMA 4.03 0.5
NDEA 5.21 0.2

#&5 NDMA Hil NDEA E &[R4

I H 1 2 3 4 5 6 -1y RSD/ %
NDMA S/N 25.05 26.09 15.14 24.42 18.45 22.32 — —

U T L 35179 36 591 34 613 37 477 35 160 35 839 35 810 3.0
NDEA S/N 15.23 23.53 13.85 17.02 21.99 13.87 — —

U THI AR 13 684 14 074 13 517 13 758 14 811 14 256 14 017 3.4

LESR K] S/N=3 i}, NDMA 4 & I BR ¥k )i
0.5 ng-mL ™" ,NDEA AR PRI K 0.2 ng-mL ™",
S/N=10 i} NDMA AL E R M 1 ng-mL~' ,NDEA
IR R 0.4 ng-mL ™" U RGN R, HE i
BR e B 10T E AR % R i 56 b, RSD HOR R T
20% B4 G K
1.4 KBEZEEXE N 15 ol H.O088,%1.37
TR #2425 & NDMA ¥ B2 4350 2 2.0,20,80 ng-
mL 'L K% NDEA ¥ 43 314 0.8,8.0,32.0 ng-mL "'
MRS W . Al 3 JiEKS 2% BE , B LB AT — Sk b
Mk, At W B 6 fpFEdh . 4T LC-MS/MS 43
Fr, i sk @35 K, 115 NDMA Fil NDEA g F1 As Fl
ARG T AR AL (9 LU AE S, B LU AR £ AR A bR o it £k 07
T SRAS 2 e B S0 e B 1 A AR R TR SR AE P R
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LR B . S5 R UL 6, SLER 25 R K W] - NDMA F
NDEA ) 4l Ay 1 4IE 6] K5 % % R 4, RSD ¥/ F
3.0% fFE K.

Fz 6 LC-MS/MS 7Ll & Jo. L vb 3 H NDMA K
NDEA ()3t P Fntt [ 4 2 B

[ERLE/N 3 NDMA NDEA
/ng-mL ™! 2 20 80 0.8 8 32
P RSD(n=6)/% 29 1.4 1.2 1.5 2.1 1.4

#itE RSD(n=18)/% 2.6 2.3 1.3 0.3 0.7 0.4

1.5 EMEMEEMIE IS mL L08R,
U137 T AR i & & NDMA ¥R 235 2.0,
20,80 ng-mL ™' LA K NDEA #Ji 43514 0.8,8.0,32.0
ng-mL " PRIEATR . SLA803 HERS L, AL REAT



FARUE LR, BB AR 6 (3 FE o #E AT LC-MS/
MS 537, i sk 3 &, 7155 NDMA fil NDEA i 1] F2
As FIVN A3 06 TR B AL B9 LRAE ) FF O AR £ AR A S R AR
Y I 2 5 AR SRAS S D e BB, O S DU v B S Ak
JE R LA R R s B . A5 R WL T,
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S0 4 5 72 W0, T 0 S50 b, NDMA
FI NDEA (1) £ 5 B %) 42 90% ~110% Z [i], H. RSD
<3.0% (n=6), T HIERAF, BH AR,
1.6 MR FRECKK H NDMA/NDEA () 0L vp
ISR 25 500 mg BT 15 miL 0 ol HEVORS e
A S mL IR R 3 AR EE BRI, R A%

&7 LC-MS/MS & W th NDMA Al SEAT A 3 A FE SRR I AT TR B AR
NDEA ) i n=6 J&i, EAT LC-MS/MS J3#7, B A0 FF S B AE 2 U, 18 3%
A FE NDMA NDEA ok & O 28, 115 NDMA F1 NDEA U1 £ As
mgwl” 08 8.0 320 2.0 200 80.0 A4 I T AR AL I U AR £, 85 HL AR 1A B 1)
W /% 101.0  97.6  100.4 105.8 101.9  101.0 Y 28 057 FE SR AR Sz vk BE D, IR LT A 24
100.0  103.2  100.5 105.9  99.1  105.5 # NDMA Fl NDEA {982 5, oep ¢ g hin A vk
101.1  96.6 99.8  106.1  99.9  98.0 JiE L EAKZE R L 8 R 9,
102.1 100.0  102.1 101.0  97.2  101.0 D
102.6  97.8  99.8 104.4  98.3  99.6 R/ % =7 x 100%
101.0  100.4  100.2  105.8  96.2  97.0 ATV JEE b T YA e T NDMA A1 NDEA ¥ Ji2 43 51
Mean/% 101.3  99.3  100.5 104.8  98.8  100.4 % 2.0 1 0.8 ng-mL-" . 1y % 20.0 Fl 8. 0 ng-
RSD/% 0.9 2.4 0.8 1.9 2.0 3.0 o \ .
mL ™ EHEEE A 80.0 F132.0 ngemL ™,
%8 LC-MS/MS J5 M 5E 7 W f NDMA ) £ B [m] i 5 n=3
NDMA AL /ng-mlL ™! FREtt/g g T AR 4 i TS - AT I i 3% /%
AR -1 0 0.525 1 0 0 0 _
A2 0 0.5135 0 0 0 —
FEA-3 0 0.5209 0 0 0 _
I3 3 -1 2.0 0.525 1 18 733 2.085 2.085 104.25
1 v i -2 2.0 0.509 4 21 432 2.099 2.099 104. 95
ik i -3 2.0 0.499 9 21 248 2.040 2.040 102. 00
o i JiE -1 20.0 0.525 4 703 743 21.094 21.094 105. 47
ik i 2 20.0 0.510 6 686 892 20. 445 20. 445 102.22
ik i 3 20.0 0.506 8 719 090 20.929 20.929 104. 64
TR -1 80.0 0.509 0 2 939 501 79.786 79.786 99.73
R 2 80.0 0.508 2 2 939 624 80.072 80.072 100. 09
e i 3 80.0 0.518 0 2969 474 79.532 79.532 99.42
Mean — — — — — 102.5
RSD/% — — — — 2.3
®9 LC-MS/MS £ E H W NDEA (%4 Bl i 5 n=3
NDEA BnAE/ng-mL ™! PR bR/ g U T L A5 MAG - A Il 2/ %
BEAR-1 0 0.525 1 0 0 0 —
FEA 2 0 0.5135 0 0 0 _
N 0 0.5209 0 0 0 —
G e 3 -1 0.8 0.525 1 18 733 0.792 0.792 99.00
1 e i -2 0.8 0.509 4 21 432 0.803 0.803 100. 38
v i -3 0.8 0.499 9 21 248 0.794 0.794 99.25
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4% 9
NDEA AR /ng-mL ™! PRt/ g 06 T} HUEGE A HE - AT [l 4 3/ %
ok B -1 8.0 0.525 4 205 040 7.963 7.963 99.54
Ak B -2 8.0 0.510 6 228 234 7.970 7.970 99.62
ke B -3 8.0 0.506 8 231 553 8.002 8.002 100. 02
1 e -1 32.0 0.509 0 879 264 31.988 31.988 99.96
T e B -2 32.0 0.508 2 999 058 31.847 31.847 99.52
e -3 32.0 0.518 0 989 589 32.606 32.606 101.89
Mean — — — — — 99.9
RSD/ % — — — — — 0.9

1.7 FEIRBEZ HU 1S mL BOEHGE, 3511750
TR 13T R HRAE 43 5 £ A AR ( NDMA-D6
#1 NDEA-D10 ¥ 43520 3 #1 3.5 ng°mL71)ﬁf§]\
W I 3 AN MR R B AR ME S W ( NDMA fil NDEA ¥k i
Sr502h 2.0 F10.8 ng-mL ™", Hik JE K 20.0 F18.0
VR BE R 80.0 F132.0ng-mL "), AUk
JEVATA 3 fy o dE E SR 3E £ 0,1,2,3 mL
(998 W HEAT LC-MS/MS 347, W i BUIE A R AR, 4%

ng-mL ™",

SR B 0 5 X AR it AR A AR B 52 W R R, A A A K R
e

1.8 FEMERE W1L47T0 ML b & 3 AR E
RE i, FRERERR (15 °C) AR it (4 °C) ICE 24 h,
AR E N, SR A R W AR A% o IR @I TR
NDMA HI NDEA i £ As F P9 b5 0 11 AR Ai (9 HE(EL
SR LUAEL AR B A A o il 2 T A SR A5 52 0 ok
BE IR R 22 (RE) o S52RIL3 10 Fi3k 11,

F 10 LC-MS/MS ¥ 2 % W NDMA 1) 528 4 52 55 n=3
2.0 20.0 80.0
I H
Mean RE/% Mean RE/% Mean RE/%
W45V B /ng - mIL ™! 37 RPN 2 -1 2.153 7.4 20.052 0.3 77.770 -2.8
S HP I A -2 2.127 6.2 19. 630 -1.9 79.924 -0.1
S B A -3 2.137 6.6 19.712 -1.5 78.265 -2.2
SRR R -1 2.007 0.3 20.529 2.6 80.561 0.7
SRR R 2 2.021 1.0 20.206 1.0 80. 469 0.6
HERESRCE -3 2.003 0.1 19.969 -0.2 79.918 -0.1
A 1.985 -0.8 19.941 -0.3 79.758 -0.3
4 T -2 2.062 3.1 20.504 2.5 80.765 1.0
A I -3 1.964 -1.8 20. 650 3.2 80. 654 0.8
F 11 LC-MS/MS & ¥ h NDEA (%2 M 50 56 n=3
0.8 8.0 32.0
US|

Mean RE/% Mean RE/% Mean RE/%

75 v B /ng - mL ! 7 BP0 5E -1 0.789 -1.4 8.007 0.9 32.903 2.8
~7 B A -2 0.779 -2. 7.719 -3.6 32.258 0.8

S7 BP0 A -3 0.796 -0. 8.129 1.6 31.762 -0.7
HERE -1 0.801 0 7.979 -0.3 32.725 2.2
PERE g2 0.802 0 7.882 -1.5 32.277 0.9
ERE B3 0. 800 0 8.070 0.9 31.568 -1.4

A R -1 0.799 -0 8.080 1.0 31.892 -0.3

A JICE 2 0.812 1.5 7.875 -1.6 32.310 1.0

A FCE -3 0.806 0.7 8. 062 0.8 32.679 2.1
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SIuS 25 R I, NDMA Fil NDEA #9%f B8 15 W £

TEPE RAF FEVERE SR AT 4 °C N U 24 h R e IR
[EEE RN A
2 I
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RHATIEME Tk A 2 KAl iR LAy 3L 8

AL JE DUV IEJE0RE 25 (At S L 24 dh
F17), H: NDMA il NDEA F 5 00 52 25 5 3 0 R A
H R A SR B LI 2,

e & & o

| NDMA
v

- N R o
r———

L

S 2 2 2
—_o N R >
T T

| NDMA-D6
v

it

NDEA
v

e & & o

NDEA
v

NDEA-D10
v

- N R &
T

S e 2 2
© N B o
r T T T

NDEA-D10
v

t/min

[Kl NDMA F1 NDEA 43 F & /N MK, 7S

X T 2 SCER AR kR AR IR 2% KA T A5 -
AT FH 3 DT B i EST R 47358, ¥ e vk ik
)0 0 T VR A PR, WOCR 2 T v . O AR IE R RE
DA% Jo i o 4 2 i, >R H] NDMA-D6 1E iy NDMA (1)
MR ,NDEA-DI10 E5 NDEA (% b5, LA N bR 25 32E 17
5.

AW L Tt NDMA R NDEA i LC/

MS/MS I 5E i , b o i 26 224 9 [ 20 531 9 : NDMA

M

~120 ng-mL "' ,NDEA % 0.4 ~48 ng-mL "', 4

PER R R P AR 3 Rk B AL Y L IRDKE %
RSD #J <3. 0% ; i i} 96. 1% ~106.2% , &5
PE R A S G SN % NDMA Sh 102.5% ,NDEA
999.9% ik 10l AR A G FLE 5 0 BRI TR 0 A

A0 C R ACE 24 h 5 AR5, WA & 2R, %07
LI R ER R BRI, wT RUX E I v 3
2 1R e v B I BE PR 2% i NDMA F1 NDEA 47
ROHGE Bz, % A 7 A ol T2 W T ) AT B 4 A R
B S fEE
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