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Determination of related substances and
impurity profile in peramivir injection by HPLC — CAD
FANG Si —meng, DUAN Xi —yu, SUI Yu —rong, LU Xin,
HAN Xiao —jie ™, BAI Hai —jiao "

(Tianjin Institute for Drug Control, Tianjin 300070, China)

Abstract Objective: To establish an HPLC — CAD method for the determination of related substances in peramivir in-
jection and to analyze the impurity profile. Methods: Welch Ultimate Polar RP column (250 mm x4.6 mm, 3.5 pum)
was used with 5 mmol - L.™" ammonium formate solution (pH adjusted to 4. 6 with formic acid) — acetonitrile (95:5) as
mobile phase A and mobile phase A — acetonitrile (50:50) as mobile phase B under gradient elution at the flow rate of
0.8 mL + min~". Column temperature was 30 °C. CAD atomizer temperature was 50 °C , acquisition frequency was 5 Hz
and filter was 3.6 s. The degradation pathway and impurity structure of peramivir were estimated by LC — MS/MS.
Results: The separation between peramivir and the impurities was good. The mass concentration of peramivir and 7
impurities showed good linear relationships with the peak area in the ranges of 0.2 =12 pg * mL™". The limits of quan-

titation were 4.32 — 12. 8 ng, and the limits of detection were 2. 16 — 6.44 ng. The average recovery (n =9) of
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impurity [l was 96.2% , RSD was 1. 8% . The control solution and the test product solution were stable for 102

hours at room temperature. After fine — tuning the parameters of liquid chromatography, there was no influence

on the detection results of related substances. Based on LC — MS/MS, the structure and possible degradation

pathway of the degraded related substances were deduced. Conclusion; This method is accurate, reliable and

specific for the determination of related substances in peramivir injection, and provides a basis for the establish-

ment of quality standards for this variety.

Keywords: peramivir injection; HPLC; electrospray detector; impurity profile analysis; related substances
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Tab.1 The structural formula, molecular formula and relative molecular mass(M,) of peramivir and related substances

A& ( compound ) ZERY R (structure ) 433 (molecular formula) M,
NH,
'S
MAPLK T ( peramivir) CysHyN, O, 328.21
NH
HN 0
\Hiw ol
%Eﬁ_ | (impul’ity 1 ) ) Ql C13 H25 N4 03 286. 20
e oH
NHZ
NH
HN o
Lo .
%Eﬁ_ I (impurity 1 ) HW (&) C]3 H24 N4 02 268. 19
)
5
NH,
Z&Jgi I (impurity 1) CisHyyN, O, 328.21
Z& IV (impurity V) C14HyN,0, 286. 19
Z&J5 V (impurity V) Ci5Hye N, O3 310.20
%Ei‘v[(impul’ity V[) C15 H27N305 329.19
HN - o
\Hgm(.l.ej (‘\)“\\LOH
VI Gimpurity VI) wa o CysHy, N, O 329. 19
“NH

~

=2 HEHEFR
Tab.2 Gradient elution table

W BIAH )] (ratio of mobile phase) /%

t/min

A B

0 100 0

5 100 0
40 0 100
45 0 100
46 100 0
55 100 0

2.2.3 XPMRER R E R B AR 3 mL, B
20 mLE S A, 0K R RE R 20 %, BE AT, O
1 mL, & 100 mL &R oK R B 2 %05, 45 25, A
DR} BRI

2.2.4  WARK X B ORE AR IBUI LR F5
Xt Bk 20 mg, B 10 mL SR 0KV g O R 2
ZIBE 85T AR ALK X A P

2.2.5 ZRBOMIAREIR REEARBOS AR T
i U L 2R TRV 2850V 2% o VI 2% ot VI
L Z K A 0. 6 mg - mL ™ A BN IR AT
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125 T Gimpurity 1) 2. 24 [ (impurity 1) 3. 952K 75 (peramivir) 4. Z4 i I Cimpurity M) 5. 245 IV (impurity IV) 6. 2%/ V (impurity

V) 7.Z28 VI (impurity VI) 8. 245t VIl (impurity V)
E1 R&EEAEGEILTE

Fig. 1 System suitability chromatogram
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A. KSR (undegraded sample)  B. Jf BB [ (light degradation)  C. %A AL % f# (oxidation degradation)  D. FRFF @ (acid degradation)  E. Bif{ %
fit (base degradation)  F. JI# %S (heat degradation)
2 MRRREESRR S AR B L E

Fig.2 Chromatogram of forced degradation test of peramivir injection

®3 MBIRFRERPWEMELR

Tab.3 Linearity of peramivir and impurities

&Y Ll e MIER
( compound) (linear equation) ' (linear range)/(pg - mL™')  (correction factor)
A K 5 ( peramivir) Y=0.079 2X +0.012 7 0.999 2 0.216 ~10. 804 1.0
24 T (impurity 1) Y =0.038 7X - 0. 003 40 0.999 4 0.252 ~12.593 2.0
Zu i 1 (impurity 11) Y=0.023 5X +0. 004 40 0.999 9 0. 639 ~ 15.971 3.4
F 5 1 (impurity 1) Y =0. 056 2X +0. 008 50 0.999 5 0.252 ~ 12. 608 1.4
Z¢ IV (impurity IV) Y =0.068 0X +0. 015 4 0.999 0 0. 247 ~ 12. 361 1.2
ZJ5 V (impurity V) Y =0.033 0X +0. 006 9 0.999 5 0.385 ~19.272 2.4
2% % VI (impurity VI) Y =0.069 6X +0.002 6 0.999 8 0.243 ~12. 151 1.1
245 VI (impurity VI) Y =0.076 9X +0.007 8 0.999 4 0.256 ~12.822 1.0

x4 MHECRFREFRESRFIENR LR
Tab.4 LOQ and LOD of Peramivir and impurities

| FERMR(LOQ) Hr IR (LOD)
(compound) ¢ BF ( concentration ) /% J5i % (mass ) /ng e BF ( concentration ) /% it (mass) /ng
A2 K 5 ( peramivir) 0.011 4.32 0. 005 2.16
2= 1 (impurity 1) 0.013 5.04 0. 006 2.52
25 1 (impurity 1) 0.032 12.8 0.016 6. 44
Z= 5 I (impurity 1) 0.013 5.04 0. 006 2.52
Z&F IV (impurity IV) 0.012 4.94 0. 006 2.47
Z& 5 V (impurity V) 0.019 7.70 0.010 3.85
Z& )5 VI (impurity VI) 0.012 4.86 0. 006 2.43
2 J5 VI (impurity VI) 0.013 5.12 0. 006 2.56
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Z o I 5 &, ¥ A AE XL 7 19 B 5 # R X R ik
B9 Py i 2% 5T A [T AE 94. 0% ~ 100. 1%
Yt K 96.2% ,RSD W 1. 8% .
2.10 i P

3L T AR 3 R GBS FIAE
HRESHUEAT M. SRR ISR G SECE
AT NGB + 1% i shAH pH £0. 1,
Wik 0.1 mL - min ™' AR £2 C, K& T RGE
FHERIGAT A 25K, 22 I 2 45 5 RSD <5% , fa i &
R TR RRAIE — B, R AR S R SR F T AT
2,11 FESINE

B3 HEAROK A5 SR A 4242, 2. 27 TR
D715 43 ) i A8 S, 2. 17 T A Ak
ATIAE , e s AR, LA iE R 71 E R B B X
MR RE S 2 i o B R LR S,
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Tab.5 Sample determination results

aEY 42 (content) /% U0 5E B
(compound) #tt5- (lot No. )2023112001 15 (lot No. )2023112002  tt5 (lot No. )2023112003  (limited)
Z= 1 (impurity 1) ND ND ND <0.15%
25 T (impurity 1) ND ND ND <0.15%
Z 3 11 (impurity 10) 0. 06 0. 06 0. 06 <0.15%
Z&J5i IV (impurity IV ) ND ND ND <0.15%
25 V (impurity V) ND ND ND <0.15%
Z2 )5 VI (impurity VI) ND ND ND <0.15%
2k 5 VI (impurity VI) ND ND ND <0.15%
YA H1Z% 5 (other individual impurity) 0.01 0.01 0.01 <0.15%
M 245 (total impurities ) 0.07 0.07 0.07 <0.5%

¥ (note) : ND. 45 H! (no detected)

3 ERIESH
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BTN ESL OE B0 7R R I, 5855 H T
3400 V(IEBFAEL) (2 000 V(e 10 , 55
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J& 320 °C, CID Hif 4 fE 40% , JHHE L FH (m/z2) 50 ~ 1
500,RF Lens 50% |
3.2 [EfRIRBASH AT

FRREfR = A T AR B IR (RT) 24 4.7 min 1) 4%
JoT, 7 T B 1 A A A U AR B L ) 1R T 0
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BAF B> T 08 €3 Hy N, Oy 0 X HEA T flf 48 2R
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18.9 min Z& BTy HUHESr ¥ FUE[M + H] " 73 51
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AW H 2 73008 CsHyg N, O, F1 Gy Hyg N, Oy
TEIEB PRI X RT 18. 5 min (4 2% J5u #E 47 il 18 2
fiff A5 B AR O R R85 - m/z 270 17, 4 I K
W TETIM+H] T BRE D ADEREEE X ZE 14
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Fig.3 MS/MS spectra of impurity [ (A), impurity Il (B) , impurity IV(C) and impurity VI(D)

3.3 JEBuigortr

ZJ57 VIR B8 Ry WA H7 oK 35 7R s M 210, & 2B IR
FEIK it SR HE S Tk i s 5 2% o IV AT R S A% ot Vg —
AR | IOk R SHE /K Sige T A= B, 2% 5 IV L2 ik 555
B R T2 2% 00 5 24 I 0] 68 R A Hiok 35 78 R 1 2%
PN WK Z B 710 5 2= B R AR AE R 1 2%
R 2 BRI TR E AR T,
BERR A58 3 A 0 40T e T 7 A ) Al %o e S Ay
TR AR, I 2% 5V ] BE R AR B B
Z 5T VA 2% o VIAE B 25 10 R Y A R T i
(9720 , HEDU FRARLK T3 A R A A2 LI 4
4 itig
4.1 JEHHHEE

AR EE T K - CM SRR - M5 FIHTIR

B - NG MIR R, T ik R & Pk S
Wedt 2 ) I, TWAE T S A P gg wh . % & 3
CAD K5 iy id R M, e B 5 oA # R My B R
BN IR, H R AR R 0 T s M 24 Ol ) Sk
i CEREAR R 10% , H. 2 DR ihih - ZH5IR R
A= TR B B[] 1 3 2 B 245 SR AR — 350, BOCR R
AR, WRREAME %44 T 5,10 .20 mmol + L7,
il 5 W (A5 R, A O 3 W 1 X R A A, A i
FRA MR B K B AR S AR T 5 mmol - L' R
RZ ., 2T ishAi Pk pH 3.0 ~ 6.0, 24 pH
TE4.0 LUT B, FW 024 it 5 £ 1855 A H, 24 pH
fE5.0 DAL, 28 T 5445 IV 2% i V Az i VIAS
REIS B Lk 7 85, % 55, K AH 1% pH 4.6 = 0.1
B, #5022 1] 73 B FE AT A FAE o

LEAR S



JPA

2112 W o K F B ChinJ Pharm Anal 2024, 44(12)
NH
HN O
H,N NH o) ) ® (S)\\\”\
N 4-““”\ HNme OH
w O H—A®)
H""(S) Ak Sy Yon
) B
N " (dehydration) NH,
2 ‘éi‘% nﬁ%
% D |
AIE 1 % EN\%. $/ 8 e
(impurity 1) %, %4 6@ \%\7/\7 d\§ (impurity 1)
T % $
v HJC])\ &
Hn—g™ Ji N on
(R) w
VAR o ¢ K 3H,0 HN, @ 0
Hws &) (dehydration) y (f?../<
HC i Hef~(s OH
“Yu ’ B A OH I
O=§ HC” gCc N0 @%H&?J(%# o
K e © o
AL ydrolysis
; %EV (peramivir)
(impurity V)
R BN
) l(racemization) (impurity VI) (impurity IV)
#HBE | (racemization
Hy\gm 0 l )
HNm(R) & O
) OH HN\( o)
Hy N RTINS
® ¥orp N “Now
&) )
NH ® Yon
o=§ B)
be
O
R
(impurity 11T) ST
(impurity VII)

4 MRECRFHIEMRER

Fig.4 Degradation pathways of peramivir

4.2 (OG5 R

AR 2L T 4 3%+ Welch Ultimate Polar RP
(250 mm x4. 6 mm,3.5 pum) Fl Agilent Zorbax Bonus
RP(250 mm x4.6 mm,3.5 wm) ,¥JA] 15 2| — 1 45
BIRCRAN I 45 3R, R A Cog (035 AR, S Hh 3
e 5 2 o I 0 3 AN T, Zi o T e 55 2% o IV e 73 AN
JE, 8 i IV g 5 2% 50 Vg A JFPE L. i T
XPORERIFTAA 1.0 ~ 1. 3 WBEAR AR B2 , A 4L C it
23 BARAR 60,3 e 43 A T 1 15 0, & gt ad T v
L T LA 2R B o0 B AT G EOR
4.3 ORI

MR T3 Y4548 A7, WAook A 5 A>Tk
Hol BE AT 31 AR S A R FD 1A X
SRR 5 BEAEAN (] 1 20 TR N7 3 1 23 B O R
TG AR BEAT o X S A R AT SR AT T M A
X HHEAT 0 8, i TE ISR 24 R0t JoT A v vp R AT 4R
il o WAL AR XS W S Al 4 A i i AR A %
A RE Ay S I JEURE A R X e S A K 2 5 RO, L T RE
e BOS R R AL T . M H FTRY DTS A , 78 1]

HWEHR L

PR CIARLK R B ) X 6o Al A BEAT F ), al
F R BIR JBE 3t 0 2 A I 852 A0 B TP R Ol o e 4 TR R o
Pt i MERE o MARIK T AE R RS T 4
Bl (A A B A AL, SEHOR BRI 1A TR R IR 5 51
ORI E , HOGF SRR I (T8 25 1F R W] LLgA 2%
A R R0 T 2 S5 A A 11 4 o g TR0 i 25—

SRR
5 #ig

ARSCEESL T HPLC — CAD L5 WA K = T 4T
WA RPN, 5 H R IE 9 SCRR T EEA L, %071k
BRI, L m ke, R &, R LF, B —E
A RTATPEANSE TR, B T4 MM T, R o A HR 5
VEST R A o B i A S TR S %

S 30k
(1] JBREAY . B BT i g 7 o i bl 28 P I 00 74 590 MR 10K 65 AF
FHERELT]. hEBT 2, 2013, 22(9) : 989
GU JF. Research progress on peramivir of novel anti — influenza vi-
Chin J New Drugs,

rus highly potent neuraminidase inhibitor[ ] ].

2013, 22(9) : 989



JPA

(2]

(3]

(9]

[10]

LYy WmES

Chin J Pharm Anal 2024, 44(12)

- 2113 -

PMDA. Peramivir Injection PMDA Drug Review Report. Edition 9
[DB/OL]. [2024 - 04 -23].
daSearch/iyakuSearch

EMA. Peramivir Injection EMA Assessment Report [ DB/OL J.
(2018 =02 -22) [2024 —04 —=23]. https://www. ema. euro-
pa. eu/en/medicines/human/EPAR/ alpivab

SEIRHE, TR AROK S A B IR R R T (][RI Ah
Z(PUER M) , 2020, 41(5) : 354

PENG LL, XU Z. Progress in synthesis and clinical application of
peramivir[ J]. World Notes Antibiot, 2020, 41(5) ; 354
CHAND P, KOTIAN PL, DEHGHANI A, et al. Systematic struc-

https;//www. pmda. go. jp/Pm-

ture — based design and stereoselective synthesis of novel multisub-
stituted cyclopentane derivatives with potent Antiinfluenza activity
[J]. J Med Chem, 2001, 44(25) : 4379

Effm, A, KK, 5. —Fh SRR T I
[#, CN116425659A[ P]. 2023 -07 - 14

WANG WQ, GONG J, ZHANG YQ, et al. A Method for Synthe-
sizing Peramivir; China, CN116425659A[ P]. 2023 -07 - 14
ERE, B, BN, & . MRk o A A s I s
i, CN117250295A[P]. 2023 -12 -19

ZHAO CJ, LU ZD, ZHAO SJ , et al. Method for the Detection of
Peramivir Intermediates; China, CN117250295A[P]. 2023 -12 -19
BARE, hREE . ARk USRS LT ]
K2, 2023, 35(4) .7

DUAN XY, HAN XJ. Comparative study on the determination
methods of peramivir raw materials[ J]. Tianjin Pharm, 2023, 35
(4):7

Hag, 8L, I, S IRBOK S OB 25 i RS TS
[J]. B 5IRIKR 2018, 33(9) : 2169

GAN W, HU LJ, SUN YB, et al. Stability of peramivir active
pharmaceutical ingredient[ J]. Drugs Clin, 2018, 33(9) : 2169
B, ABIRAR , WIERSE, S5 DARK A SR B A T s
N : HE, CN112694421A[P]. 2020 -12 -28

LUO L, ZOU XD, HU JL, et al. Preparation Method and Appli-

(1]

[12]

[13]

[14]

[15]

[16]

cation of Peramivir Related Substances: China, CN112694421A
[P]. 2020 -12 -28
XIHE, SEME . BT RLIE BRI &% — o I 25 G I 2% A 25 4 43 BT
FRONHIERE ()], KHEEZE4%,2022, 34(3) : 61
LIU J, WU Y. The application progress of a new common detector —
charged aerosol detector in pharmaceutical analysis [ J ]. Tianjin
Pharm, 2022, 34(3) : 61
BT, RS, ELERE . mROBH (3 — r g5 AG I 5
FERE AR KRB ]. 29 abideak, 2023, 43(9) .
1523
FANG SM, SUI YR, HAN X]J. Determination of ursodeoxycholic
acid by HPLC — CAD[J]. Chin J Pharm Anal, 2023, 43(9) .
1523
PR, b, Ris7 . HBRT 280 A 528 C K%
JrEE M A . A E, CN113880732A[ P]. 2021 -10 - 12
LUO JQ, WAN L, ZHU HF. Preparation Method and Application
Thereof of Peramivir Impurity A and Impurity C: China,
CN113880732A [P]. 2021 -10 - 12
ALUMURI T, MERUGU KS, NAMBURII ALA, et al. An antivi-
ral drug — peramivir; degradation and identification of impurities
and the endorsement of an HPLC — MS method[ J]. J AOAC Int,
2023, 106(5): 1138
WRIELEE, PR, BRain, 55 . ramiss el By el el iz
KAWL =YILT]. 2593 Akik, 2009, 29(8) . 1327
CHEN LZ, FANG BH, CHEN JX, et al. Identification of prod-
ucts formed in side reaction in peramivir synthesis with electrospray
ionization — mass spectrometry[ J|. Chin J Pharm Anal, 2009, 29
(8): 1327
KA, BETIE, EH, & IRDRT A B e T
FERILT]. R T, 2012, 42(4) : 45
ZHANG CZ, LU L], WANG Y, et al. Chiral impurity control in
synthesis of peramivir [ J]. Fine Chem Intermediat, 2012, 42
(4):45

(ARCF 2024 45 4 F 23 HYgF))

RO R



