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Abstract: The research and development of monoclonal antibodies (mAbs) is a rapidly developing field.
From the first generation of murine mAbs to the fourth generation of fully human mAbs, the efficacy and safety of
mADbs in the treatment of various diseases have been continuously improved. In order to regulate the development
and evaluation of mAbs, drug regulatory agencies and pharmacopeias of America and China have tried to issue
feasible test procedures and acceptance criteria for quality evaluation of mAbs and biosimilars. Mass spectrometry
(MS) technique with high sensitivity, resolution, selectivity, and specificity has become an important tool to
evaluate the quality characteristics of monoclonal antibody-related products or specify mAb quality. The research
of MS-based monoclonal antibody study involves structure characterization, impurity analysis, pharmacokinetics/
pharmacodynamics (PK/PD), etc. This review focuses on the current quality control requirements of mAb related
products and the development of MS technique for mAb quality characterization and specification. It is expected
to provide information and references for evaluating the quality of monoclonal antibodies under research and
development.
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PUAR R — Pl B 40 i 50 B R 5 7 AL L 3 58 23 AL
AR, I R 2R A B A W Y B R R A
B2 Y B I, Bet% 55 M0 L1 P0 R A R e Mk 45 G 1) B 9
BREE A (immunoglobulin, 1g) 4> F . GZEERE A SN
19G.IgA.IgM. IgE. IgD F.2KM, J5 77 4 B v FE P ik 2
#) (monoclonal antibodies, mAbs) & —2 L 19G A4k
FEERL I K 7 PR 25, R R RN @1 .
H 1986 4, % — 1> CD3 % 53 ' 5 4t Muromonab & V.
e BASR, I A PR & FE 6 9 A A ) R A O 1L 9
T8 I RE 5 22 PO IR T k4 T EEE RS, [l
W B P2 (1) BT Ak R B AN il 22 2k ) &
FUAHZE 20, V2 6125 A w]BEN T BHTAERAZ (45
FE 5T & 22 4 I AV R T T O 3R ) S 2
FA AR I8 97 Al ) gl 24 81k, B
A 91 Fit BT 24 4 38 i WK 24 4 B R (European
Medicines Agency, EMA) L #E"), 105 i 5 FL T AH 5% 11
259 (L4 78 Bl B BT 2454 L 25 o A ) S ABL 24 F0 2 Fh it
P25 ) AR B w55 1B 2 s B R (Food
and Drug Administration, FDA) LR L 115 .

BT 24 W [ AT 1R 5 R (e A S B M R RN
7 M), £ B8 % J5 18 i (post-translational modifica-
tions, PTMs), DA 764277 1.2 AliAb A A7 il i 72 o vl
A o B AR AR (G 2k Jo BRHE A T G B ) T e
X PE A A R R A B R . SR, TE BT
2 B REAN A iy R BT IR S L 3 R AN T A 1

R, N 25 8 R ZR E Brih i 2 (International
Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use, ICH).
5t T A 41 41 (World Health Organization, WHO).
EMA.FDA. [E Z< & i 24 i 5 B 8 2 J5) (China Food
and Drug Administration, CFDA) 25 KL A4 FA M & A7 £ AR
TR AR, S5 1E 24 8 (U.S. Pharmacopeia, USP), [
Zij i (Chinese Pharmacopoeia, ChP) 2% [F 5t 24 il 2 Jii
VPO AR AE, BB R AR A TF RO AL 7 i R R A
Sl ppi iy S AR ) E (R L), fEid
ZH A, BEE R TR BT AR B T ROEBOR
1)K e 530, 143 B (mass spectrometry, MS) $ AR
()57 B HERR PR R 73 R T B S, MSER B
SAEPHE AN K5 1 2 i 5P A A EL
BRUT, IR SCE SRR T A SR BT 2 W IR 5 R S TR 2
W22 4 RN 0 1) JoT B R 1 F R R, DS AN v [ B
B 245 U0 B R AR ) AR 2 I Jo = A ) SR
PR br i, MS HORAE B0 25 4 o1 & B b an 45
FAE AR50 43 7 45 BRI TR H
1 BRAYMHNRERY
11 BmMAYEHNSEREWL
FLFLAW) 4 1 2 B A5 4k (light chain, LC) Al
W55 5% (heavy chain, HC) i i JF JL A/ B A — it B i
21 R 43 T = 2 150 kDa [ & 2% 8 i (45 #
1T 7R) . BHFEE S — AT AR XV — DMREE X R

Table 1  Guidelines or guidance for monoclonal antibodies (mAbs) and biosimilars. WHO: World Health Organization; ICH: International

Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use; EMA: European Medicines
Agency; FDA: Food and Drug Administration; CFDA: China Food and Drug Administration; USP: U.S. Pharmacopeia; ChP: Chinese Phar-

macopoeia

Guideline/Guidance

Source Content

Q6B. Specifications: test procedures and acceptance criteria for
biotechnological/biological products

Guideline on Development, Production, Characterisation and Specification

for Monoclonal Antibodies and Related Products

ICH Test procedures and acceptance criteria for
biotechnological products such as mAbs

EMA Development, production, characterization and
specification for mAbs and related products

Guidance for industry: immunogenicity assessment for therapeutic protein FDA Immunogenicity assessment for therapeutic
products protein such as mAbs
General Chapter <129> Analytical Procedures of Recombinant Therapeutic usP Purity evaluation for mAbs

Monoclonal Antibodies

General introduction of recombinant monoclonal antibody products for

human use

Q5E: comparability of biotechnological / biological products subject to

changes in their manufacturing process

Guidelines on evaluation of similar biotherapeutic products (SBPs)
Guideline on Similar Biological Medicinal Products

Guidance for industry: scientific considerations in demonstrating
biosimilarity to a reference product

Technical guidelines for research and development and evaluation of

biosimilars (Trial)

ChP Production and quality control of mAbs

ICH Comparability of mAbs and other biotechnological
products before and after process change
WHO Evaluation of biosimilars
EMA Research and development and evaluation of
biosimilars
FDA Evaluation of biosimilarity between developed
products and reference products
CFDA Research and development and evaluation of
biosimilars
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57 05, FR N H A P 2 X (complementarity determining
region, CDR). 7 FR40 IR B HE X A7 W /A AR IR
FINL A, RN A (B AL B S, BOREWT R, REACH 1
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Figure 1 Schematic structural diagram of monoclonal antibodies
(mAbs)®l, LC: Light chain; HC: Heavy chain; CDR: Complemen-
tarity determining region; Fc: Fragment crystallizable; Fab: Frag-
ment of antigen-binding
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PR PR . BT AN S 2R 40 R % R ) bR UK
B4, 51 N PR P& (human anti-mouse antibody,
HAMA) J B, XA ARG TT 1 B P 254 32 B AR
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NN PN K N R N N s N S
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YN

MAb Type Murine Chimeric Humanized Human
Suffix -omab -Ximab -zumab -umab
Technology Hybridoma Recombinant Replaced hypervariable Transgenic and
DNA regions of human phage display
antibodies with their
murine counterparts
First Muromomab Abciximab Daclizumab Adalimumab
approved mAb
Year of FDA 1986 1994 1997 2002
Approval
Human 0 75 95 100
component (%)
High Longer clearance  Produce human anti- Well tolerated,
Ch Cedicii immunogenic; times and lower humanized antibodies;  and low risk-to-
Aracteristies  rnduced HAMA; immunogenic Decreased benefit ratios

Rapid clearance

Immunogenicity

Figure 2

Structure and characteristics of four generations mAbs®*4. HAMA: Human anti-mouse antibody
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a-1,3 FFLFER A N-32 LB 2 &R, S51UE N R
P BRI N- 258 5E v 22 SRR AN 5], AT 38
T AR, Hb Ak, BT R A A T SR A K
AT R e TS PR R PR 0 i FF M (anti-
body-dependent cell-mediated cytotoxicity, ADCC) }% #h
A A% 361 41 ff %5 M (complement-dependent cytotoxicity,
CDC) S5 #B8H — & B 5], 5] 1 v 7K~ o ey R A4 7T A
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PEEBL B Gk D A G 5 R B OB B RE 68 5 R X
FeyRINaSZ AR IS5 A 77, 58 ADCC ¥ 4 3 52024
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AT RE T R ANAR G HE T RO o R AE BT 24 A e
AR, B S KR VR HCP 4% 5T W SR AN R 78
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DhA. I H HCP 4 Joi 1) 58 58 B & 1 1 w3 1 B AN 5
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2 BMAYEREEYDENGHRETN SIEHIEXR

FAHTZ P 5T F o H P 2 2 A AN S 2 G R
WL, SR A AT 7 VR R AR AR AR SR e T T
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IS AE AR 52 R SR A 1 v (K B 43 A) Sk
T2l PR 2 A AT R U A 0 4 RN AE R E 1
JEEEA .
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R R X (R I D AN AT A B R B A
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Ihfig. 7E 2015 ki Hp [ 245 ORI e R A 4 B T T

i - Quality control ! Reference product
Biological activity (ICH / EMA / B“‘“‘“""'"<, selection
- . WHO / US FDA)
Purity, impurities c b
and contaminants il

excercise

* Quality characteristics
+ Clinical studies
* Nonclinical studies

Figure 3  Quality control requirements framework for mAbs and biosimilars
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WEFL )3 — 20 R S L= i B 2 R 1 40 A (2.1 10
FITiR), 46 4546 % 08 AR W25 TE M & e 4, DL
SEAUTT R (AR P AL 25 H AR = i 1 R B AE 42 (quality
target product profile, QTPP). ifij 3FIIfi & Al Il PR AF 7T 1)
B 2N T R o B R M 9 R SR B 1) 22 S, AR R
ANTEE B, 9 BRI AR AT R 58 W] Re 2 254030
712 (pharmacokinetics, PK) B 5T . 24 % *# (pharmaco-
dynamics, PD) HF 5T - PK/PD #F 7T < IIfi K A5 R T 72 465
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PURH 227 fit 1) o3 2 o A2k s ) 5 1P A AR TE I, MIS
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i, B E A TR i HA T © FA
MS + AR R AE B HL 25 1 1) 45 A6 RUAH O 2% 3 45, 43 AT B
DL R BN, TR R A @ BT
MS +5 AR BE 8% 43 BT 355 1 245 90 4y, oK B 22 1) PK/PD
W Tk MS B AR FIE RO AR 45 & 7 iE A il @ T
MS H AR ITF e w] LAt it 78, DAIIE W) 248 53 A 2 3 30
Ji i 2 A RO DT T AR @ R MS BOR
1T B S roT T M 45 B MR 24 05T & N 1 24 At
K, IR 7= dh 22 4x; ©® o] DL I 7E St 254 T
R MS AR SR S R T2 sk, AR AR SEEL S
7 B @ M (critical quality attribute, CQA) ) — £
PRS28] RS E AT 2B 4 R A BT 25 ) S5 R ALE
2% 5143 BT A1 PK/PD W 78 /R T (K1 4)..

Structure
characterization

O Intact mass analysis

Impurity analysis

O Product-related
O Peptide mapping

0O Middle-down analysis
MS-based mAb

O Characterization for HOS impurities

quality analysis

O Glycan analysis

O Other modifications

Figure 4 Mass spectrometry (MS)-based mAb quality analysis.
PK/PD: Pharmacokinetics/Pharmacodynamics; HOS: High-order
structure
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Poik, Rt R Z 808 B T 2 A i T H SR A a4k
BRI /INFIAEE v 2 2R AL PR B 200,

312 FKEISHh T MSEARMPUIAZPIKE 5
M bR e B o o M AME ) 2 I EOR . Ik 7 i 2
— 7 E Mk (bottom-up) [ 7¥2%, BT ST —
WEER . Z TR EIER A R JE A B Ak, BT LC 5.
CEBUZEAT JIk 4 55, BEFH MS A1/zk MS/MS 347 £ Jik 11
SE R E BT AR R S IV A, A
A PR & B KB E F B9 B8 (191 40 LysC L GluC 1 Asp-N)
AT T4 550 51 78 55 R A, SR VA (s
A ESI-MS 73 & 7 i it B U1 7= 4, ¥t 5 2 bz
TR ot UK P (U A7 % 0 At 22 ) AT UL, W] DL S
PTMs, JF#fi & i . X R R & FEd =
(1), IR ml 2% PTMs (1 43 #7390, J@ it LC-MS 3t
A7 00 JIK B 43 17 R T8 e AR 43 BT, RS AR BB 2 W)
FFF RN AIE w47 1) R0 M 0 P 210 A Sk . R B 2
WO 5% B R v A S (491 4 C R g ot 2 IR B 1) R N AR B
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Gy BT — TR M B 751, AT AR N S 56 8 g 1 43 A A
JRBE BT b 7El. XM VAR R AT e D UIRIA R
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PLUIEIRCE 5 T 53 B B 5E (41 i 4 25~50 kDa).
58 iR A b, B 2B s D A
MEFE BN, PSR A () s oy B AT B AR . (R,
TXF 73 T MR T 5 T AR g o S ) BR 1, R 68
BRAFRMWAENRREE R 58 T Lo,
E TR 2 B ol ] 8 AR AR 2D 3R, mT R i) AR A
RGN, HRFA AN PTM AL A PTMs. E T F 4>
P T Hom IR 7 21 78 56 3 (B TR T, AT &
15 100%), HAELEEES /b ik #2 H OR BE PTM, Rt AR
A58 BPUE I (WBE AL AL R 10 55) ). 2
BT () — WA FEENE VR 1 E i R LC-MS ZE ) i€
BLe i BT B RIR IR I RE AT o R BT ik R Bt | DA
BT AN it 2 BRSBTS B JRVR A )8 1deS B D), g
V)= ) 1E orbitrap Jii 3% 1X b 34T LC-MS 43 #1, iE sk H
AT S FEEVER 7 B GRS Fel2 B, P
A AR =T 90%) e it T HAth v BE A p 70 5 o
314 BSREMWIFTIE HAT, ETMSHEAK
2% 45 #) (high-order structure, HOS) 7> #1 77 ¥ 145 dF
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MS. & 71 22 # (hydrogen deuterium exchange, HDX)
MS HIAL 27 S ) 77 1

Native-ESI 7% & 7F Be % {f & A R FF AR R MIR S 1)
W KW AE A3 pHAB) 2640 T, A BB B 07 vk
(ESI) ¥ 85 B T 5| NJs sk, vl s 85 B B NS AN 2



RSSO SR GO I 5T R R T SR + 2849 -

FHEAIAEL A BEAE R, BN E SR s
MSRIE, AR BT 1 RN S HiAg L BRI B B 1, LA
mmiz Z A 7 — A B4 . X PR Loy #E R
HAHALEARE 2 FERIA R RS . SRR
RIE T IM-MS ER B A fERE 5 SR & )5 2 T it
A iR AURE BB U IX 2 BUAR A R e 7, B R AL
F U 2 R B B K IM RS B[R], 9 75 25
filf i HEL R A BR R T

HDX-MS J5i 3 2 & 1 i h A e A sl 5
I TR 7 R A 38 4, R EUTAS e A4k ith 42 1
ZE 50, WA A A R S5 ) (SRR B AR
A5 B o BT 0 SR TH 1) 32 B I il Sk 25 A 5 58 HL A
THEEARAR, M A A I S 52 B R B RS o FE R
X T e S, 5 4 i 2 1 8 T AR 7 A oK R 1 O VA A
FMBN 17 R A -ICAARSS & B E - A B BAE
M EIME R, &0 LT RAAEE . HDX-MS i % K H
H N1 B AT 77, T AR R AR R AL GOk
AP TEANAE B, CLFE SN 110 &5 1) R0 A0 7 it g PR,
H i~ HDX-MS 2 Rl FH 143 #1511 AR A 55 2R
&, FVF PTM X HOS 540, (HiZ 7% MR8 H T
1M HDX-MSVEHTIR AT L. H.41 CDRs H (A% 1]
T 2R 1 A AR O] 3 B0 T M FR BT 25 M0 I HOS
e R 2 R g A oR AU R A AR k. Yan S 4T
) HDX-MS #F 78 4IE S 7 mAb1 £ %4 () CDR 1 ) Asp
FE RN Met 204k 51 = B AN A A4 4G R A2 A

T @ REE K RAE 1) 5 —Ff MS 7732 /2 4 7 28 Bk
JiiiE% (cross-linking mass spectrometry, XL-MS) 73 #r, 7J
DL FH X3 e A 677 (2 50K ) 78 B A K F Bl
PC A 1EAT AZBK, 12 X0 Ty R A8 TR 71 e 3 e B 4R 3l
H R LR HE o X A TG 70 2R AT Mg i, It ) £ 4T LC-
MS/MS 73-#fr, B LLAR /R A IRAL s i V1A B . XL-MS
BRI FH B 2 B A YD AR A ELAE AL S
HEE K 1) %5 58 LA S D REAE el R XL-MS IR T
2 TR IT Ve B P2 W 45 RAE, BIX TR 7] e 12
BEAMER HOS S B, 75 88 A 45 ) AR W) 2 Sk B T
W] PR R R 1T 5% o
315 EEESM MEEMARAHIEENBIREB L
—, QAT HTIA, HEEA T B B AR E T R EE B R
U AIGE A # g, 225 A 9 CQA BRI It H .
MS 38 3 LR =R BT R A A S 2R
RIS BEBEAT ZAE: PR 1) SR 23 BT U0 5 1) SR 2 A A
BPE AT, BRI SR AE > B R RS SR A R K B AR
TE 1) F ERERE B, nr DLd i 58 B 5 & KB e B
W VAT i R SRR S E A e TR E R
Y 32 ZERE AL, (M DU i 22 S BB SR A AT RURD AT

BL BRI 2 A, B DU 55 R B R I VAR,
UiE IR SR OB oy b AR B AL A ) BE E R (n
PNGase F) M 56 % 540 ) B R0, 48 J5 38 5 FH 2% o ]
Fric I JE AR o, R ARG 2- R A R (2-
aminobenzoic acid, 2-AA). 2- % #& 2K H Bt & (2-amino-
benzamide, 2-AB) %%, J£i# i LC-FLD-MS #E47 43 #rtel.
Xt SR SCRE (Y E — 2B Ay i @ R 2 T (MST) B
A, T ULHE AL RBEAR X 5 A B, AR
A T MRS J A it M3 U S SR, DABRAIE S A5
FHIE I E B4k LC-MS J7 72 th 247 4R 7, BRI A
PR TR 76 8 52 1k PNGase F 78 28 2 Bl 3Lk 2
AK B 2R R BE AR AR A b, 76 2 FL A Bk o 58
Ui B AR S5 AT MS Mo BBE 2 T R S L K AR 5
W, SR G 43 BRI 52 B A BORPE D S . R U B RS
P80 00 3% 2 B ok b 2 5 R DV 2 BT Ui 5 R AR P 8 i 7
% (USP<1084>), BI Il i 43 125 B Sk 3R 45 SR M 114 4 Al
15 S0 T 75 A7 A AL B0, R 8 R 15 19 B S 08 (0 A 3 e
HEE. SEMERREN S ML, B 5T
ARSI (07 6 P A T 38 AT 308 5 R A SR A A R, TG S
I v R AT SO PR A B . BT UM - I
TG FH  CE RN 45 A 58 A I 1) o 850 AR €63 7 38 2 i R
HEAT BURE S BT, AT U 5 50 0 11 2L psg A i 4 Dy =QLes el
HR A [ (O BIF 068 G A E 1, o] el 41 A 06 ik
R0 A BT 71, A BTG T I R v M s
PR P R — S
3.1.6 Ht&imaM IR MR B LT
PTMs H] 73 = K 380 M (Tl C- K wiig 3 2 IR 2 fie A
N- 7 i £ 23 SR 3 T B« % 428 (G S804  JE 7k e S 4
1h) FACEE (B A i), [k LR KEIEARAE i A, S
Ji 43 HT U B A A T 2 R R T A A At
PTMs. kI #riEf T %€ tH PTM 5l &2 /N7y 7 &=
ARk, G I R R A B R, tRIE T E O
I AR (1 67 25 o R A T e ot T e A PR A ) e i
BR, AT S FEORAE R 7K A QR A7 5 B i
M. O W70 25 T i 3 B A s/ r 1 4 3K
fift B HEOR 1 MS J7 vl i 12 Wi Jr (c+58) Al (z-57) X
DT RREDARMARLER . 5B EHrin T+
Y 5E PTM, {HHf 2 B AL AT A8 LA Bh AR MY,
32 ZFR4h
321 FERBRERDWN UYL Z N R E R
pH {EL I L A 77 R0 0 B AT T v A5 S AR I, TT e
72 AR SRR IR LA IO R B 4K, R IR A R AL
SR A AR, AT DL I A R0 AR s 4 AR S
SR ) A AR 2% T P AR AR R AR R, MS S AT iE
w5 i) B ARG 4 A, DA 78 (1) B R i 12 A
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TE ) CQA, M F2 AL X 9 97 774 B e Mk L 254 B4
PR PE VNS B . B AT, BT SR iR R (s
T OB HR) 51 B R P2 R T )T W s,
SEC ‘5 Fl T M4 S0 245 1 SR 4R 1k 1) R /Nl 2 R 4 15 2R
EEARDS), (H I T B LAt /3 AT AR s 5 1K gy 2 11 SR AR
o o R E 2 BT 2 5 SR A 5 e RN RAE 1) F0
T, SDS-PAGE HFI1E £k 2 £ J& I B Kl 2 ) g 2%
SRS T8 0 R R, (BT B 5 v B IR v R
HAF ST AR, R MS 2 AR 7] LA IR IX — B, R
fiff I 5 B B SRR AR Y 4 7 &=, 9] 40, Native
ESI-TOF MS R& &5 fR 15 DU 2 55 11 45 44 4R AR L0 2R
F AR ELAR L OF LB S b Y A 2 BRI, IR
FEE F T 78 8 8 SR AR AR 1) &5 R R AEET,
322 HFETZHRFEFESM HCPAERFIZAEM T
AP B2 I A R G R R D R R, 2 — R DL
WA= T 2R R . f2490 b, B G 2 W B e
(enzyme linked immunosorbent assay, ELISA) #&#x/) 72
H F 5 HCP J% Jii & ® ¥ /7% . ELISA Lk LC-MS B
v P R RO R 5 M, (RS BB R AN B R
X R AR, 3B LC-MS % 5% HCP 24 i I, A
DA A A 7= T2 g etk alifb 7 ik, DO S Bt 259 (1)
HCP 24 5 /K 7 B 28 B0 o o % 1) 5000 A0 i 1k R S
A, B AR R AR, G4 BT A B 5 [
ZE7 1R 4E (SWATH) FI MSE (G Tl ik (1) 2 22 7 2Y), 78
HCP 4% J5i 40 BT v ek i F 58591, o) 504 4K it
P SR B 45 R T DAHS By B 7 b iR S AN R AE B 2% ¥ HCP
Z4 I, R 5 EAE B K B A IA) A R ST R SE Y HCP
JHR VG 2, ok <l s T 4 1 €0 4% 1 A2 A HCP ik B 22
75 M 1K e 75 o 3 DATE A [ SE 30 = 2 [ # . 5y —Fil
3T M A 3 TE A S A% T A PR M TR E
BEHCP 28 i A4 /R HCP 28 ikl R B . i, ©OF
Tt 100038 i Y B 8 - 2595 79 R 43 B HCP 2 i 5 47t
Rz A EAER, B T —FEHE s TREENT
AT AR W 2 7 HCP 2% R HO R I R B . 53—
TRUARIT e UKL T 55 KA B AR A € 1% 3R AT HCP 28 5T & 48,
SR G 1E LC-MS 23 #1 2 T 3EAT TG IR 45 R0 A, 3 ot 7
HRBEAZKG I NISTmAD (RM 8671) 1 ) HCP 24 Ji .
3.3 PK/PD#R

PK/PD Wt % J2& 24 W) FF Wt 55 1) B 22 Py 250020, 0 2
VAN 259 5% B bR A DI RE W 48 B8 . LC-MS R 3L s ke
S AN R R A TN 4 T 25 ¥ PKIPD B
o HSE, BT B[R A 2 bR 0 R v i A K
AR AS 1, 3 P R AE B BT SE A W) K 43 F PKIPD HiE 52
S A2 B R . A S b, B AR 4E A sE G (ligand
binding assays, LBAs) H T & & H 3htk H R 8% 1 =,

Oz BT AR T 77 5 M PKIPD W L. 2
K H LBA (#5140 ELISA 8§ HPLC-UV) V2 & & #5254
i Z R R VB S RAELZ X RN B 52Kk E AR
B A, PLEYBUARR R P AR AR B TR, B
MS {28 St AR i ) 2% B b BRI R &, 2T LC-
MS/MS £ AR BEAT IR ST I R HT 25 P01 PKIPD BF 5%, 1k
NLBA T EEA .

H T LC-MS/MS & T B yr 25 I A sh ik 52, K
2R IE L B K AR ER P2, B — PP ELE P B RHIE
JEAARFR LR (RHIERR) 31T 2 . Z4EAikkaifh
% T T8 B AR SR PU 25 5 R 5 R B2 )
O3, BN R A R BE . WAt 53T =
Y A AT 1 22 e S W (multiple reaction monitoring,
MRM) B FH A E B HT R AR . Zhang 5564
T AE H SRR % G0 H bR B2 AT g
SERAiAL SR, HE T LC-MRM J7 3% 50 4 58 HURRAE
Jok DA i B LS N 1I9GL BB 2 . LBA U
155 LC-MS 73 #7 1) 2H & B 8% Sife I 285 6 3k 8 1 A 2%
JE B2 M E A B B AME . Liu SO R TR T
LBA-LC-MS/MS J7 i 1] LATE AR P 1 1 2 S P 259
B (BB A FEZG-Pukte) o B s v i 40
M 75 P 134> T . LBA-LC-MSIMS J7 i N E 224
5 A BT o3 b, JUH R S SR A SR BT 2,
AL T A IR B R G ) Y 1 RO B R DL A R
MBS TR, 7T LA PK [ PD A 7T 3R AL 4 TH 115 B .

4 RE

By BT R E R NAENE A RLGY
—, B 4 NIRRT B, FLAE IR T & e i R
995 JEEE TP 2R G007 ~ TNLVRUIS ~ 1 B 4 28 i 0 Ak
a5 TH BT O 2 A AR B T A . (HE T
MEAE R R EEE, Y5 &R %A =
SO P S AR P, A N e P AR R A R
SRARAE = AT — # i, ICH.WHOLEMA . FDA %
BUA AR AT H R ZE R 5 F6 7, USP Fl ChP 51l 58 i
TP AR v, WA R AE AT R AN R R R
LR 5 48 B R 7 ) BT 2 W B AR ) 2 ABL 2 1 iR
o (ELHE EAL 25 MR AE L 2 B AN 2R R IR R IE 2 ). R
% [ B U T BB 250 S A R AL 24 B e R B
KRG TR AL Z20E, 5 43 Jot 8 4 11 A OC 1) T = VAN bR
TEAT AN W A, (HX S LR IE 7R 45 1) 5 58 38 LA O FF
W S ) — BvE, 7R e R A E ) R AR
TE VAN BT 24 40 A DG 7= ity 1) S 2 A5 P B S o A v
B, MS $ A R i R BRSBTS
Felk, RN BEPURRESITMEZE TH. MSEARTE
FAFTAY I SE R RAE (58 % & o b KB 0 #  im
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L5 R RAL TR W 70 T 55) A B 0 (B4R 1K VHCP 2%)
APK/PD W Ft k4% 1 A o A SCERR I 42y
VG5 K 5 e I RE S S BT 245 1) 2 e RNV 281k
PRI 2R SRA70 24 o B g R e U 7 Yk M AT 2 52 b A o o
BORAE B PULGP o8 o3 M o 1O R, A7 B B AR 47T
LIRS M DR, 0 Jim SR A T R AR ST 25 W)
Ji e TR RO E TSR B SO HF

B & TTMK: LR 5 — 1R & R AR T R R BT
Wko ARICCMTTCHRE 4 B BB SRR RS 24
PRAR DT SRR [ A JE B SR 2 ST SRR B B HE S A 7
FRIif R AN S5 A

FEASE: TARMTA 28 7H 5%
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