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Current situation and the trend in impurity profiling of chemical drugs
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Abstract: Impurity profiling is one of the most important activities in both assuring drug safety and improving
the quality of domestic drugs. Since the basic strategy of impurity profile control was put forward in 2010, a mature
control procedure for impurity profile in drugs has been formed in China after nearly ten years of continuous ef-
forts. The progress in impurity profiling before 2010 and from 2010 to 2015 have been reviewed. Since 2015, the
concepts, analytical techniques and the application of these techniques in this field have developed rapidly. As a
result, the progress in impurity profiling of chemical drugs since 2015 was reviewed in this paper. And the views
on future development of impurity profiling in drugs were also put forward.
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JRFEAT 7843 B FE 2 2 v ) B AR SR, (R A
TR AE A 51 (4 5 € B4 B BU#EAT o Hussain 87 M £/
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Figure 1 Impurities decision tree for impurity qualification
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AR R A B AL 7E CREE R, IS 25066
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HE T 1 EROR & B B8 5 T2 S ARe ke, (B SR
e 2 i B, EL AR AW R PN 1 e i A A FH LT 7R T
S91R 2 o MRHE LA 1 FE B A A A1 ICH M7(R1) IR
JE , A FHE R I 1Y) 22 4 IR ) SURUe ke 2 AN o
(7o DRI, MG 110 R 6 AH 5% T 20 R U7 U
S S T AT VT A

PR 1B BE 25 W) (antibody-drug conjugates, ADCs)
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RRE: AEDEAR AR ] ) e R A bR
L) [ AH DA SE 21 A BE 78 4 i 2 X e /N g3 7 2% 5 I
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TAE B2 GRS — B B R B R
(AE >R =& DL, 48T T 3 53 750405 i 25 — B VP (oK
Heo R FL— B A ) 2 — BUE VRN R PR
Mo BTSSR A E TEMES, ZHMN
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DRI 25 2% J57 ) R B At 7= M A R I AN T 3 v, R
KT 44 T ZRAE AN 3 AT 75 2490 4% I3 0% o A o ke
ZRIEM . BRI IR E, KR /2 GC-MS.LC-
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B 2 JBEAT DR A0 B o AR SR, S 8 0 4% 5 f R R
il SR W O 28 AH 2 58 3 12 ) AE 2k Bl 26 11 HPLC-
MS /8 HPLC-NMR # R, SR i A& 7 3 B B34 T
NMR #7145 A 61 53 AT, Hof 2 S0 2% S5 R B4 A 47 ekt
HEAT 25 M AR A S Kk g 3 IR 3 M 2% 5 (MITs)
T 1 240068 WA 11 43 B A 5 052 1) v 55 EE AR U2
21 MIs%#r  Teasdale Z560%f ICH M7 SEZJiti LA 3K MIs
(50 B AT T RGN 3R B i M 7 i e
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AW I R AN B A, 1 R B Ak
M T SRS (GC) S 4 B 4% K P Mis
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PEFR R e M SR T A 7 AT DA 00 4 88 5 K
N, B E S TR R. CHSEREMBR T K% 0
BT MIs [ — #3055 5 0314, Sun 250515 T MIs )
PR, MR G 55 P01 AR BE R T 3R B MIs 2 Bt
THERIR SR (B 2), I F TR0 R8s M sz 36 b 2 &
5 DR B PR 2R 5 I LR A A, L DAAR R 2 T R
i fienol,
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Figure 2 A decision tree for systematic method development for designing methods for analysis of genotoxic impurities!'

FE 1 2 B2 G B Zorbax BER AT (5 um) BE4S HH HLAR (1)
gy as A, A HILIC A3 40 Py P 4% (ZIC-HILIC #%) 5%
5L K (nitrile-HILIC AF) ff) 0 2 55 22, 85 1 771 o
SO IER R AR 7 T C8 B C18 il R 4t 1) i £
PRGNS, R ZIC-pHILIC 35 /KAEF i, K CAD
o, NQAD & Ml %5, 75 % TFA Vit sl A0 ip al % 12 AP A B
58 A1 I WAL PR B 1 MITs B 4 O 0 B0 ) B (hydrazine)
BEAT PN 7EMY. Denton 55 200F H] HILIC SEHL 1 %) o &
S N & (2-chloromalonaldehyde) ] 7 #T - Dousa
RO H HILIC-MS J7 3% 4» #T Ik & 14T (vortioxetine)
W ) L (2-5 £ 3E) % [2-chloro-N-(2-chloroethyl)
ethanamine]. 74246 £ R 0] DLt — 20 £ & MIs 43 #r
M REEE . Grinberg % P27E L g 1 LLILIE AT AR 40k
7, xF S FR U KR 46 JEURE B ER — F I (dimethyl
sulfate, DMS) JEAT AT A AL AL, 73 M 40T A4k 7 P N-HH
SEnHnE; K F HILIC-ESI-MS [¥) SIM &l %2 2X, DMS [
£ METE A 0.05~10 ppm, LOD A1 LOQ 43 5l A 0.4 Al
1 ppm; H H ¥ AL 1) 447 A= A6 5057 BPPC [butyl-1-(pyri-
dine-4-yl) piperidine-4-carboxylate], X HILIC-MS/MS
J53, AR 9 APT A b JE 1 A0 0 1 Joe ik Tk 2 25 1) R0
G BT D7 R B A T, HE ARS8 0.1 ppm, S5
N1 ppm, HI7VEA 552 585 (1) T30,
BT ik BAR A Y GC-MS B HPLC-MS 1%
BhEi AR, T2 B s B 1% 19 MIs G ot 5 A6 ) (alkyl
chlorides) JF&5, {H T 4k (1 3F g 50/l Frenzel 4524

X B - o AT TR A T VEREAT T SRR R
FAE 22 [ AH 2 BUEOR, W R R BR Vb 5 = R &
F2 Mg B it Ve R ) RS i VD 22 48 B £E TonPac
CGI12A [H F A B AE I, £ ek N\ 3% U & 3 oo
(CGI2A R ¥ #E L CS12A 7 WA 2 RE R I 4%); J7 151
LOD F1LOQ 43524 0.02 £10.04 ug-mL" 25, 5 4
WE (SFC) tH# /E N HPLC {9 H.%h J5 7% . Lesellier £l
West200] 1T 45K SFC M AR EREAT T 4538 . LU I
Tt A BRI A, FE I AR P SO TR, SR PR AR
[A] ()4 364+ (Synergi polar RP il Cosmosil SPBB), LL#
SFC X 2 ¥ 75 )& (PAHs) 73 & M ¥V Jk I PAHs 7
SFC I HPLC 1 i) £ 88 AT J9 AN [ o5 A 1) FF e ) 9k 52
X MIs 7t Synergi polar RP % ¥ 73 25 5 W £ K, {H XF
Cosmosil ¥ [1) 43 & 52 5 /N7, Lk ¢ SFC-ELSD Al
HPLC-ELSD 73 #t PVC % ¥} b 1) %3 4k 5 (ATBC.
DEHA.DEHT.TOTM), SFC-ELSD [ R /& 5 /&, 5
HPLC-ELSD (14 % 1 B 47028, B4 Bk (CE) A
RS AR G AR RE S B R Bk R, BRI
RE AR, 385 A E T Ms 20 4T; {5 CE 8 &
a1, [A]4 25 A s 0 F s 0 R 7] 3% 2~3 ppm; 1 9 HPLC
) ELAN 3 B R, 75 53 B JORE 24 Hh il R B /ot ik i
SR R T ER A 455 PMIs H b NS,
T B AH 5 T 2 A S i 16 ML, = ZEAE — 26 75 3L
IR S B 048 R — B 3 (Suzuki-Miyaura) J B 24
F B0 R 2 MTs AT DL 3 6 B o6 2% i s, A
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KRR A&, ik, R 1ICP-MS R $E T
b o ) B B A AT e, MR B R (LOQ M 0.8
ppm, FREEAE A 40 ppm), KEFEPE LT, HL AT ik G WL 2
JiF . Patel %1% 7 vk 1 S Bk B AR AL R
DL I RE AT T 4838 o X ek 772 MIs (1930 5 % F
GC-MS #{ HPLC-MS (& fi7 b ab 2 773k, HE T
ICP S Fl 11 2 76 2 IR 52 © 1A 2 ppb 4%, 1X A KL
(19 73 At B2 A T 38 (1 A w7 2289 F| | HPLC-ICP-MS
XM RE AT 4-5-1- T BE, SR 3-AI0K H Bl ) gk AT
fiHE4k, J7 i LOD 1 LOQ 43 524 0.2 #10.5 ppm, £k
PEVE (ug g’ API) 4 0.5~50 ppm, 1~50 ppm [ #E
PEN 95.1%~-114.7%, HHEPE (RSD) N 6.2%P", K
FH AR TR 04 753 000 5 A 7500 28 kT 45 B AE L) 45 L,
K = BUARAT AW A, AT 4R VA I R U, LOD
AILOQ 43714 0.06 F10.2 ppmb?,
22 TEREFERERSHF KEICERIA RS WA~
(1938 AT H b e = 5 N7 ok B s e . ICH
Q3D F BN 24 i ¥ T 2% A% RS AT 8 1 AN E = R
il 24 b & SR04 I T 4 2 1) B H 2 = (per-
missible daily exposure, PDE) [R [ 5% 25 & 12 A <,
USP 7E 37 A7 38 ) <232> v %o 24 5 o 1) 24 A e 5 2%
RS T B S SR (R 1), H AT E N 250 )
AF 2 L 5t 1E 3% 7 1] ICH S ke

T 2 27 R RAT IR R B0 R B Y I, Os.
Pd.Pt.Rh fl Ru%§ 76 % 44 i, 7T 685 5 k)& i 4 A
FIfEAL 7 5%, Cd Hg Ni Pb %5 J0 K 24 i 7] At il il 2E
7R R KA R A R ARE (R A AR R
AR BRSO RR L) SRR TE Y 295 T Cr. Cu.
Mo Ni.VE LR R RE SHliE - 5K E
G I PR AR M TR AR |0 e N AR A SR T 1 Ak v e
B3, Jenke SFBAN R 24 AR PR RN AL B IR NG B
TR AT T 4508 . S8 % B 2k
AR IEME, 52 EE DA MER TR
AR R R AR, R, BRI LR H
SRIA I8 U 3 A7 T, (H 22 ) 250 FE AN 28 ok 5 N2
it TR FEAS 57 . Boetzel S5 48 7 — AN HHIT 2 &
F I WA R R4 201 PR RE 26 723 AN T A 1
TR 2R A P, A E AT R SRR R R AR A, HAAE
WGEY K, BT F 258 AR TEAY . Paskiet 20X} i
SRS P 10 2 AR S A 51N T 3R 2% o 1 XU i34 T
TV .

R A 55 B TR R RSV (ICP-MS) 2 H ATl s
TG 3 A0 I f i T B, FOURGR BRI B S B TR R
TR G (ICP-AES), ‘B A1) Al 8 22 28R 5 3 R
e [R] B A I 22 b T R 2% 5T X SO — M LR R E TT

Table 1 The elemental impurities in pharmaceutical products e
parallel ICH Q3D and USP general chapter <232> guidelines for
permissible daily exposure (PDE) limits depending on different
routes of administration, i. e., oral (O), parenteral (P) and inhala-
tional ()3, *The elements that need to be considered as part of

risk assessment if not intentionally added

Element Class PDE / ug per day Risk assessment *
(0] P 1 (0] P 1
Cadmium 1 5 2 2 Yes Yes Yes
Lead 1 5 5 5 Yes Yes Yes
Arsenic 1 15 15 2 Yes Yes Yes
Mercury 1 30 3 1 Yes Yes Yes
Cobalt 2A 50 5 3 Yes Yes Yes
Vanadium 2A 100 10 1 Yes Yes Yes
Nickel 2A 200 20 5 Yes Yes Yes
Thallium 2B 8 8 8 No No No
Gold 2B 100 100 1 No No No
Palladium 2B 100 10 1 No No No
Iridium 2B 100 10 1 No No No
Osmium 2B 100 10 1 No No No
Rhodium 2B 100 10 1 No No No
Ruthenium 2B 100 10 1 No No No
Selenium 2B 150 80 13 No No No
Silver 2B 150 10 7 No No No
Platinum 2B 100 10 1 No No No
Lithium 3 550 250 25 No Yes Yes
Antimony 3 1200 90 20 No Yes Yes
Barium 3 1400 700 300 No No Yes
Molybdenum 3 3000 1500 10 No No Yes
Copper 3 3000 300 30 No Yes Yes
Tin 3 6 000 600 60 No No Yes
Chromium 3 11000 1100 3 No No Yes

FARJF W Hg As 1 Cr b AT W 7€ B, A% 40 i J5 1 TR Wt
7% (AAS) th AT 15 B B AR 1 4 #r 45 SRE3, Wollein
SEBTR F ICP-MS . HL RS & 55 B 7 - i e i vk
(ICP-OES) A1 J5 + W Ui % i ¥5 (GFAAS, CVAAS,
HGAAS), X 375 5 113 AN FE & 10 21 Fh 42 8 44 i 24T
T HT, LiSEBSIZEIR 7 31 Fh 190 AN 245 F AR o &
2% J5E RIS 7 32 B 5 45 2R, ICP-MS i Jlid H 1% H
T N 52 5 (10 3 ST 750 R BN 1) 791 o A B e 3R 4 O R
JE, & B % E (RSD) /T 4.5%; ICP-OES I # /F ¢
7 R ELAG R 0 40 B B2, d R R R T R A RERT
R A1 550 £ 0 3R A BT 4 AT T R 40 BT R R 45 IR
5] 5 /& USP 3 ] <232> (1) B 3RE37, Menoutis 6%
KR S Z5 Ak (UN) il 1) B B & 55 88 1 1 R 6Ok
% (ICP-AES) Wl € T i 1) — R — 2R e 3 AR, 5
W RLICP-MS 43 HT B AR A4 PR . Balaram“O% %
AN 43 77 B A A 4 A RS L S RO 1 v
(AAS) X5 6 0 BT (XRF) 72 AU 1G4k
43 BT (INAA) % . ICP-AES 1 ICP-MS [ B FH #E47 T

S FH MO0 Bl Bl B (MWAD) B A 3 ke b 147 7l
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AL B TCER 2R T T B SR BERA T . USP I <233>45
7 PR 5%, 23 T ICP-AES 73 HT AT ICP-MS
3T JintUNE TG R A% 5T 20 BT R A T AL B AR R LTS
PBRHEAT T 253, X S0 = PRI B AN 2 0L F 4% il
B ORUE I 7 45 SR AER 1 OCHE . Muller 5514208 1 UK
H PR « £ 7K (aqua regia) A1 £ 7K (inverse aqua regia)
X 4 i TR 24 ) ki T AR 3R R B R R T K A
AR, 175 AT R0H R 500 mg A4, JE & H T 250 mg
DLURFE S IV AR, BT A 52 TG R (B8 Os TG E &) TR R
0sO, 521 [B] W 41 516 B4 19 R (91%~109%);
da Silva SEWIR| Y3 £ /K @ 57 1 3& 1R A ICP-OES
FIICP-MS B 73 As+CdHgPb 1 i B4R 4e B VA
fift 75 72:; Paskiet SFBO L L T 2 Flodt G BROME HH T 3 A%
TR B S I T
23 REYEERHISH Aanh B BIAHN
FEAE T FLBUINEE 25 T, M5 24 W 6 i 1) S AR (L3¢
MOBEES 3 VHRE ) hIT R B s R A EY)
35 X 2 it - R VDI 4 BT T AR B A A ) —
e T AHU — BN N A 1 TR0 5 2 4R AU 5
AR it B TR BN AN ot A R . RV ELAE
GBI RME R R VAR R YE A WL TG A
W, FRZEEN A RAE T mELREY
T T VT AL A SRR I 2 A KU BEAR A T
R F R i B T ¥ 1T (quality by design, QbD) HFEE,
MR 24 it R 2EL 1 B2 R AR A R 5 B L S A )
fil 5 L5, VAN A5 BILE AR 7 R A FR 2 iR A
M) 22 4= 7% [A]; Jenke DL SR A0 256 1RV SO B, 1R T
IS A AT

MZG FH G WM R R ) %S 0 I 540 R Fh
G ) B B A AE B AL S R U 82 BRI K P (no
observed effect levels, NOELs). & M % 2| 45 %= 1E i 1)
7K>F (no observed adverse effect levels, NOAELs). /A i
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Figure 3 Key steps in QbD driven chromatographic method development
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