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Absteact: Objective To establish a HS-GC-MS/MS method for the microdetermination of N-nitrosodimethylamine (NDMA) in
tenofovir alafenamide fumarate. Methods GC-MS/MS was used, and the separation was performed on a Agilent VF-WAX ms col-
umn (30 m x 0.25 mm, 1 um) with temperature programmed. Carrier gas: helium, Constant current mode of 1.0 mL-min™'. The inlet

temperature was 230 °C and flow rate was 1.0 mL-min™', headspace temperature was 130 °C. Mass spectrometry was used with EI
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source, the voltage was 70 eV, ion source temperature was 230 °C, and detected with selected ion monitoring (MRM) data acquisi-
tion mode. The samples were dissolved in NMP. Specificity, system applicability, limit of detection and limit of quantification, linearity
and range, accuracy, precision, solution stability and durability were investigated. Results The separation between NDMA and adja-
cent autobiographic peaks was effective, NDMA was well correlated with the linearity range between 7.0—105.0 ng'mL™". The limit
of detection of NDMA was 3.5 ng'-mL"™" and the limit of quantitation was 7.0 ng-mL™". The average recoveries of NDMA were be-
tween 95.6% and 109.3% at low, middle and high concentration, with the RSD (n = 9) of 4.0%. RSD of reproducibility test NDMA
was 60.5%, and RSD of intermediate precision was 6.1%. The control solution was stable at room temperature for 24 h, and the test
solution was stable at room temperature for 90 h. The inlet temperature (230, 225, 235 °C), ion source temperature (230, 225,
235 °C), carrier gas volume flow rate (1.0, 0.9, 1.1 mL-min™"), and headspace temperature (130, 128, 132 °C) were changed with
other conditions unchanged. The durability of the method was good. Conclusion The method is accurate, highly sensitivite, simple

and reliable with less pollution to the instrument, and it can be used for the quality control of the genotoxic impurity NDMA in teno-

fovir alafenamide fumarate.

Key words: tenofovir alafenamide fumarate; N-nitrosodimethylamine (NDMA); GC-MS/MS; headspace; genotoxic impurity

w5 R A M & 48 5 (tenofovir alafenamide
fumarate , TAF, ¥ 1) Fi 1 Gilead Sciences /A & iff & o
T 2016 4 11 A7EELE L7, /& 4 N Vemlidy; T
2018 EAE T [H b, rdh 4 9 e . & TIRIT
N R DA (R 12 % ) DL B 4R i & 2 D
35 kg) B YE 4B 5%, a2 B VAR R — Pk
[l R NPT 7/ I VAN S = N S RS R G N 5
(T 52 1, IR 24 700 S AN B D R B AR R ik
W BE 0z —, B ek B 5 3 [E A IR 9T
R,

NH,
N AN N\ Q\‘\ J\‘\\\\\O
L > _/P TN COOH

N/ N o] \{0 . \%/\

cny

TH, 0
12

1 TAF#&#X
Fig.1 Structural formula of TAF

N- W fi 2 — H % (N-nitrosodimethylamine,
NDMA, & 2) J& T WA &0 &4, 7£ 2017 4 10 A
27 H 5 1A 2 2R B e RE A ST LS A A IR U
VB E T 2A KBURY (R EE R SR 0 5D .
TR A& W 7 | B BT 1 IR &5 & — A LA 2 T2
Fi » T8 A PP i B AR M R I A s A R e R 1
Bl o HRE R AE AR AR FE IS R T 3 Bl N\ AR 382 A5 )

L

N
e NO

B2 NDMA =X
Fig.2 Structural formula of NDMA

JOR PR A5 A7 5 3k T S B0 DR 988 I T RE AR A i R
AP B 2018 4 K AE 4D 3 kL 2] NDMA 7 i
FEAR A S [ P Ah Al B8 i b g i) 24
BRI B PR 0T . ORI 7 VR B T 2,
2018 435 H H J7 24 W4 i) 556 25 (OMCLs) K Afi =
B AR € 3 CHPLCO v 4 Wl 45170 30 H NDMA 1) 7
15552019 4 FDA & AR WA £33 - 53 35 186 H (LC-
MS) v A6 I 1L 78 5 5K T2 AR 45 P75 CARB) H 6 Fh
S i Jie 288 2 ot A S0 0 SV SR v A R T )
T (LC-Q-TQF-MS) i A I /b 5 4 rhr N- 317 A 3 -N-
H - 4-F TR (NMBA) ; R IEH 20K A M
-5 I (GC-MSO VI 5 45 b 45 Hh i) N- 7 fiF s
TR o AR, A SR FH v 280 BR 1
HEAT RSO , A 2% 22 SR B AS I #5 . BLA I LC-
MS/MS 72 (145 5 OFF i T A B A%, 75 i e R
5] VB0 BREE LR A0 IR s @FF i 0 R 0T B R AR AR
£ 10~30 mg-mL™", Jth ik 55 A7 B A € 15 A3 5 FH 75 i
Fi5 B RS0 R s @ 7 i e v AR B AH : @05
V8 F A 2 MR AR A [E] F R i 7 TR R e A BN
FAAER 28 B il 464 . GC-MS/MS VE IR 1 OFE
AT A B TR ., L A A B AT 3R AR @SR TS R
(1) 75 238k G 5 G 2 58 J 00 K 14 [RD I , P 39 R i
WBE, LA 2 PR PE 23R s @ T8 7 Tk It B A s @ 7 1%
WA RLF . ZFIHAE NI NDMA (1771, T
AT A BER R, Ja & Bk

15 TAF £ fi ik F2 A A A — R E W I8k i (DMIF)
Y R, 7T RE 51 N NDMA™!, & 0L SClk R 8 % T
TAF  [¥] NDMA [ 53 8 52, AHIE 58300 48 57 T 2 sk
FEAAH €0 3% = # DY A il BC A (HS-GC-MS/
MS) i Hg AT ], AT T e B
iE , UF B3 1% 77 ¥% 7] | T TAF # () NDMA ] & &



-+ 1610 - $F45% FE8H 2022FE88 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research  Vol. 45 No. 8 August 2022

T 5E o

1w — .

1.1 1)‘(%% 8.0 8.1 82 83 84 ) 8.5 86 87 88 89
Agilent 7890B-7697A-7000D <, #H {4 1 = = JY /‘{ \8'436

4 FF I 1956 FF 3 (3% [ Agilent 24 7)) ; XS20SDU % | )

LT 04T K i Mettler A F)D «
1.2 KA KT SRR

TAF JF Bl 24 (4t 5 TAF-20180101.03201902001+
03201902002 03201902003 , K 7 7 I il 25 F R 2
] ) 5 N-HH 2L b g e il (NMP) (Headspace-GC 2% , it
5 L290U01, 4t 30 B R BAHL A R A 7)) : NDMA X}
HE i O 5 43 20>99.0%, ik 5 RSVOK-HR, %R 51k
BTk R 24D .
2 HES5%R
2.1 BIESRIEEH

F 41 5 0 38 A - Agilent VF-WAXms (30 m X
0.25 mm X 1 pm) ; 8T 20 AR 1.0 mLmin™'; 3
FE 1R B 230 °C 5 FFHEFE /7 : 40 °C R 5 0.5 min, LA
20 °C-min™' Ft % 230 °C, & F 5 min; 77 bl 501 T
I 130 °C, P (8] 10 min, TS HAAF 10 mL.

BT R EL BB AR R 70 eV B AL F 2R R
280 °C; B T IFIRJF 230 °C; MS R4 - 2 ) b I
W (MRMD ; 7€ & B 1 XN m/z 74442, fif i e
HS eV BWE T NN miz 74422, Rl g =
18 eV,
2.2 AREELH
221 NI SIETRECH] A % AR I NDMA G HE
and &, H NMP 3 il 97 € 25, 0 ) ot &2 0 2
5 pg-mL [16] HE b il 2 T . OIS N R A A TR
hn NMP # B B BT & K FE 9 70 ng-mL )% AR
T
2.2.2 PPEAE RS RG] HUSHIIK TAF 20 mg,
BT 10 mL T2 4, 0 1 mL NMP, iVl % &,
GIRERII
2.2.3  [HMHEAETEEICE] UK TAF 20 mg, &
F 10 mL T2 HE A, 0 1 mL X FE Sl VA, TR 25 4
BstiIRGRIR
23 EHRERMRE

23 VB ZS T 7 (NMP) 5 [ 8 vk B 1
T VAR B P B R VA T, 4 2.1 T T SR AR
I e 5% B B (P 3D, 45 SRR BH 25 (1 JRE b 28 ot o)
W To T4
24 HRGERAM

SXof O T VO 8N 0 6 VR, 2 XU T FR B A M

80 81 82 83 84 85 86 87 88 89

- c
T T T T T T T T T T
80 81 82 83 84 85 86 87 88 89

| 8.437

\

\

\ s D
T T T T T T T T T T
80 81 82 83 84 85 86 87 88 89

t/min

A-ZE T s B0 IR VA R s C- BT B3t 350t v Vs D-FE PR K VR
A-blank solvent ; B-standard solution ; C-negative sample solution ;
D-positive sample solution
B3 TEMHAREEE
Fig.3 Chromatograms of method specificity tests

NDMA U 1) RSD 4 4.4%.
25 WNRSEEMRER

s 2 2 FURT BRI, T NMP A B, DU e L
KT 3 I A R ) 5T 52 A B AR S ks DN FRE 5 DA M Ll K
T 10 B AH B B BT B IR FEAE e B IR A R = U
PR AN E B PR IA WA 1 mL, 4> 98 T 10 mL T 5
W R TR B E . AZ 2 T R A A N, A BR
W20y EERIBEW 6, il OiGE(E 4.
M PR A 3.5 ngmL ™", EER AN 7.0 ngmL™". & =R
WIS 5E 6 I, RSD N 7.8%.
26 LMHSTEEER

a3 G B EUGT HE i £ VI =, H NMIP #7  )
T B E N 7414.35.56.70.105 ng-mL™ ) £k 11
W, BB IR 6 % 1 mL, 23 51 B T 10 mL Tl

"80 81 82 83 84 85 86 87 88 89
t/min

8.438
B

"80 81 82 83 84 85 86 87 88 89
t/min
A-ZE T B-JE 2RI T
A-blank solvent; B-quantitative limit solution
B4 TERIAKGAEE

Fig. 4 Chromatograms of method quantitative limit tests




$F45% FE8H 2022488 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022 - 1611 -

R, IR B, 3217 A &R 0
TN RAE . LA NDMA Ji K B AR AL RS , NDMA
VTR AR, LG R B H TR . S5 SRR MAE
7~105 ng-mL™'CE 52 R~ 150%) Ji &3 5 5 I T AR
LMERRRE (n=6), &7 2 8 y=91.056 669
x—110.271 87275 0.999 8; Y 4l i Ny 100% i /&
KT REAE R 1.7%
2.7 HEWHE

g7 0 K B PR B (At 5 03201902003)
20 mg(FL 943, BT 10 mL WA, 20 HIIN 56
70.84 ng-mL™" 3 AN i &R B KT 1 B TR R
% 1 mL, BN SR PATRC ) 3 40, %5 e , o
BN RE AL % . NDMA BR B A YR % 95.6%~
109.3%,RSD(n=9)"44.0%.
2.8 WEE
281 #E E M IR — a5
03201902003)20 mg, & T 10 mL T K+, i A
X B LR VR 1 mL, B CPATICH] 6 4, i , B 5%
B WK B . NDMA Ji B K () RSD N
6.5%:
2.82 HWIHKSERE S — AT AR — 4 i Al
HEAT A 1A RS 2 AR . 6 1 R 1AL RS B R VA
NDMA Jii & & % RSD N 6.1%; 12 43 i i 1 NDMA
Ji SR E RSD N 6.1%.
29 BRREM

3 9 FUKT TRt Y T RH B R VS 1 mL
BT 10 mL IS, 28, SR B . X 15
TR 2 /NI 5 17K, 10 h 8, X HB S A TR R
NDMA U4 [ #1 f) RSD (n=6) ] 6.7%, T Wi e i€ ; it
WA VER 25 F 0.1.4.11.19.90 h #EFE,90 h 4
NDMA HJ A A, i WA E -
210 MR

L S (N S S N s o [ Vv = S
% (230, 225,235 °C) « & 1 JF & & (230, 225,
235 °C) F AR E (1.0.0.9.1.1 mL-min ") . Tl
2R (1304128132 °C) , TEWI AR 46 1 e Bk % 4%
PR 0 3R R 25 I 0 R A R S PE P
WA, W E . &M% 6 FH
PR 9 W NDMA iR & ik E RSD ¥ A K
T 9%
2.11 #& NDMA B E

F& W8 “2.2.27 101 J7 VA TC 1) 4 it TAF 9 A€ 5
WA 2.7 T 050 Mt 7 VEREAT R, 4 HE VR b
%175 NDMA £ H o

3 g
3.1 WMGIERIEE

ik A R AEN BB AR B, R A LC-MS 1 GC-
MS V2] 22 b ok — FOBUNCIEAT A 5 2 Tl 0 77 92 485
REHEER. BWHE LS T &EHZ R
VA2 1) V-0 Jig 240 Joid v I 77 v, e [ L 56
VE IR 22 HERE (HS-) GC-MS/MS #7532 , 15 [ HE
F% HPLC-UV Al 77 ¥ , 48 [8 #E #% LC-MS/MS £
JiiE. A LLE H GC-MS VER B ), 5 [F i
FDA K A % #h HS-GC-MS/MS ) ¥ I J5 30217,
NDMA F A BR e (A 1 X 1078, AHF 70 £E FDA )
HS-GC-MS/MS F il 77 2 56t FabAT A4k o
3.2 BFIRERE

I3 5 R FH 7K L F S S AR NMP FE 1) NDMA
HE S VA VRHEAT R, 45 3% B NDMA £ NMP A il
L AR e, HE R ARG, 78 F AR I ) 2
B I TE] AR AN TR R 2 0, DT O SR T NMEP A Oy
W7
33 HHERGEMIEE

Xof b B 42 3 A5 RN T4 R 2 F 7 X, NDMA
For &5 R 22 o T AR S 56 R FH 00 gk A 7 9
B G2 AN T s — 2 TS B A 7 VR AE N D
Ty ¥ R o BRI A B AR B, R Bk R
TAF Ji R 2575 G SAH B i A =
3.4 GC-MS &5k

FRAE FDA 48 5 SO 1 75 1%, 1% 4% Agilent VF-
WAXms(30 mX0.25 mmX 1 pm) BE4HE g+, b}
THEFE 34T AL , NDMA £ B 5 18] 24 8.4 min, ¥
DS 18] 49 16 min, A B 58 & I TH 25 36 B2 130 °CHR
120 °CHi J3 5 75
3.5 NDMARERItE

S (WA P A R R 2R A LB R 1 5
JEI G A7) )Y, NDMA & H & KB & 4
996 ng. TAF ¥ 8 K H 754 25 mg, NDMA [#] [}
FEE N 3.5X10°,
4 g

57 T HS-GC-MS/MS 755} TAF J5UR} 24 o itk 7%
B 2% i NDMA 3E47 ke 2, 54 7 5, $0dis v
HE, R VR AR T 2R 25 R DB A A T PR R DN 4 4t
THBMZH T,

RBFRE HAEZEHFARELEHZF R
S ik
(1] XIFHH, AR A, SRR, & W D MAM B EERN G

B[0]. P EE 2 Tk 3, 2019, 50(8): 863-867.



+ 1612 -

$F45% FE8H 2022FE88 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022

(2]

[6]

[7]

(8]

Liu X P, Ren J, Zhang Q W, et al. Synthesis of tenofovir
alafenamide fumarate [J]. Chin J Pharm, 2019, 50(8):
863-867.

RN, XESF, SRRUE, 55 E LR MR RAR T —
a7 18 ﬁLHT%‘ﬁ’éE D). PR & B 2528 35, 2021, 14
(5): 176-178.

Gao C J, Liu J F, Guo H J, et al. Propofol Fumarate
tenofovir tablet is a new drug for the treatment of chronic
hepatitis B [J]. Chin J Clin Ration Drug Use, 2021, 14(5):
176-178.

JER D, U, i A%, 4

JE SVb I8 N ?E'J?"JEPE@N-
Jki, 2019, 39(8): 1501-1505.
Xian R Q, Gong L P, Xing S, et al. Determination of N-

SR B - AR A BT A
PP 3L SV i [0, 2990 9 it

dimethylnitrosamine in valsartan and its preparation by
GC-TEA [J]. Chin J Pharm Anal, 2019, 39(8): 1501-1505.
EMA/CHMP/668548 /2018 CHMP list of outstanding
issues [S]. 2018.

OMCLS. Determination of NDMA in valsartan active
substances and finished products by HPLC/UV [EB/OL].
(2018-09-21) [2022-02-05]. https://www. edqm. eu/sites/
default/files/omcl-method-determination-ndma-valsartan-
ansm-september2018.pdf.

FDA. Liquid Chromatography-High Resolution Mass
Spectrometry (LC-HRMS) method for the determination
of six nitrosamine impurities in ARB drugs [EB/OL].
(2019-05-21) [2022-02-05]. https://www. fda. gov/media/
125478/download.

RO, IS K, IR W, 45 LC-Q-TOF-MS A E &7
SEER R 5T T 150 R R B A T V- - FE -4
BT [7]. 2995 i 2k 35, 2019, 39(11): 2047-2050.

Xu W F, Jin P F, Xu S, et al. Determination of trace
impurity NMBA in potassium losartan and its compound
preparations by LC-Q-TOF-MS [J]. Chin J Pharm Anal,
2019, 39(11): 2047-2050.

R, AL P, E OBk, 4. GC-MS VE I E A H
N-VEAHHE — FE [J]. T EHT 224 &, 2019, 28(20): 2478-
2481.

Wu Z W, Du K, Wang L, et al. Determination of the

contents of N-nitrosodimethylamine in valsartan by GC-

(9]

[10]

(1]

[12]

[14]

MS [J]. Chin J New Drugs, 2019, 28(20): 2478-2481.
PR, KRR, SR T4, 45w SRR T VAR R R L
Skt (3. R BE Tk 4% &, 2021, 52(4): 499-
502, 506.

Pei H F, Liu C L, Zhang N H, et al. Improved synthetic
process of tenofovir alafenamide fumarate [J]. Chin J
Pharm, 2021, 52(4): 499-502, 506.

TRAEER, XUBERR, SR, 55 . R AN E 77204l R
IR 247 B G ) 390 v V- IV il e — PR i 5 5 D). 259
Mra: 35, 2021, 41(6): 1036-1040.

Zhang Y C, Liu X Q, Huang H W, et al.

methods to

Different
evaluate  the  content of N-
nitrosodimethylamine in metformin and its preparations
[J]. Chin J Pharm Anal, 2021, 41(6): 1036-1040.

B R, HEER, AR, S NS S R R AR
TR SR INTT B LR (9], 29 M Ak, 2020, 40
(1): 83-89.

Ge Y Q, Ye X X, Le J, et al. Research progress on toxicity
and detection methods of N-nitrosamines genotoxic
impurities [J]. Chin J Pharm Anal, 2020, 40(1): 83-89.
FDA. Combined N-Nitrosodimethylamine (NDMA) and
N-Nitrosodiethylamine (NDEA) impurity assay by GC/
MS-headspace [EB/OL]. (2019-01-28) [2022-02-05].
https://www. fda. gov/ media/ 123 408/download.

FDA. Combined headspace
(NDMA),

nitrosoethylisopropylamine

N-nitrosodimethylamine
N-nitrosodiethylamine (NDEA), N-
(NEIPA), and N-
nitrosodiisopropylamine (NDIPA) impurity assay by GC-
MS/MS (EB/OL). (2019-04-29) [2022-02-05]. https://
www.fda.gov/ media/124025/download.
E X 2 i M B SR 24 TR PO L AR SR 2 b A
7 A R AU E AR FR 3 JE U (i 47). [EB/OL]. (2020-
05-08)[2022-02-05]. https://www.cqn.com.cn/ms/content/
2020-05/09/content 8601615.htm.
Medical

Evaluation Center. Technical Guidelines for the Research

National Products  Administration  Drug
of nitrosamine impurities in Chemical Drugs (Trial
[EB/OL]. (2020-05-08) [2022-02-05]. https:/
cqn. cn/ms/content/2020-05/09/content

8601615.htm.

scheme).

WWWw. com.

[FiEmsE Z47H]



