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Abstract

Objective: To establish a method for the determination of related substances in Ex4c (the raw ma-
terial of the pegylation of glucagon-like peptide-1) by UPLC. Methods: The UPLC method was de-
veloped by using a Waters ACQUITY UPLC® Peptide CSH™C18 column (130 4, 2.1 x 150 mm, 1.7
pm) with a gradient elution system. The mobile phase A was 0.05% trifluoroacetic acid aqueous
solution/tetrahydrofuran (9:1), and the mobile phase B was 0.05% trifluoroacetic acid in acetoni-
trile/tetrahydrofuran (9:1). The column temperature was maintained at 45°C while the detection
wavelength setting at 214 nm. Furthermore, the sample injection was 2 pl via keeping a flow rate
of 0.3 mL-min-1. The developed method was validated. Results: The resolution between Ex4c and
adjacent impurities, between Ex4C and the known impurities were greater than 1.5. All four
known impurities exhibited good linear relationships with their related coefficients = 0.995. And
their detection limits ranged from 4.0 ng to 5.6 ng, comprising 96.3%~101.1% of recovered ma-
terial. Conclusion: The validation results showed that the established method was simple, accurate
and reproducible. It is capable of determinating impurities in Ex4c (the raw material of the pegy-
lation of glucagon-like peptide-1) and can be effectively used for quality control of this drug.
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Weks H . 20174F4H 250 FHER: 20174F5H14H; KA HM: 20174F5H17H

m =

E: BRI B SR 385 (UPLC) I 8 3R 2 — BRAb AR ik B3R 20 Vb R SR AU ISR Excd o SR iR B 7 3%
Jr#k: K Waters ACQUITY UPLC® Peptide CSH™C18 column (130 A, 2.1 x 150 mm, 1.7 pm) A&
K LL0.05% =M ZMUKER-TI SR (9:1) AIBIHHA, 0.05%=3R Z M ZFE V- TU SR (9:1) i
ZhAEB; BHTHEER . HE45°C, BRWHEKAN214 nm, FHFEEA2 pl, FREN0.3 mL-min-1, £E:

Z4JFA. B. C. DE&MERIT, HRXRELKr 20.995; 450245 KR E 94.0~5.6 ng; FIEUZEA
96.3%~101.1%. £: ZTE¥RAE, BT ERME. HH. EEEE, THATHERZ ZFE
Rk By R W KRR ER ExAciI B R, A I HI4 R & .

KA
Exdc, MEBBIBGHE, HXYR, FTEERIE
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1. 5|

W PRIF A —Fiies DL 02 P JEAL G e, L BN ™ B b N SRAd R 1 A P AR SR L0, LR o
RN IRE, B R TR I 2R Ak B A7 BT SRS RE L RE AN AR AR 2R AL L], HATE A I
RUBE PRI (T.DM)VETT 25045 : QU BRI, o~ 20 BEF BEIHI 7). ek oe i 2RE5[2]. R LS
PUNE PRI 2P CAAENG IR b2 N RIS R AT, (BAFAEE TS 2 AR, 5 i 3 179 1) Rl A 7
eeAEK 1 I 77 T A R 4 o A 07 RORAS RE A AU AR 1B I8 BT AR b, Ak 22 A MR EIAE F [ BE  dx
PONE PR3 24540 m A< 503 PO 1) AR o R b, AR RN R8T 1R 22 4 38011 T,.DM ¥R 9T 259 B B L1 L GLP-1
FA 2 P[3] [41 R HAAREZGEAE L, O F T8 R B00 (1 SRt e BB J1 i L 254 . A3k
17 GLP-1 R[5 i rh, A3 E ALKk A 715 Amylin il 2428 5] HL R 6 0 28 5 Ik 5 1 (Byetta) A1
VERTUE A B R B R ST (Victoza), HP#F LRI, TMESZ, HM& oo, SRR
ZE, JRe A R E )T ORMR AT 4 . ARA A8 RS0 I FARR &I 3R 13 1) GLP-1
FAUW Exdc Fiéki, 45 35 kDa 4> 1= H AL PEG IRIVE ~RIK L ke, sk T RE K. K
TREIRPE . KA ZTE. ST AR BHT— 4R GLP-1 MK FI# 4

2 RIE 773 A M OSSOk R IE, R/ANVSE[6]R T C18 ikt LJE-WEi — S H sk &,
LA 10% A BT pH A, BREEBEME, D SCZEIRIKAIA R AREE[7TIRA T C3 (i, J
IR ST R, BERRURT pH (., BEEEBRN, e RERRSCEERRI B R . PR S
JK S5 AH A0 A 0T 18] 73 B BEAN G, AL FINEFE R . 8 =1 A €43 (ultra performance liquid chromatography,
UPLCYE A —Mm B iR, Hmas, mathdcE, RIETERE AR b A BEMmHB. A
WA UPLC JFRE T Exdc A W J5 % A 78 S 722300, JriEmi(E, RE, W, A0S
FIHFED, XIRBZIG YN
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2. (XEEERG

e

Agilent1290 J = AGHE A % (AL DAD il 28), Mettler Toledo AL204 B Hi-T-KF, KQ5200DE
RUHps P P e AR (B L T S A R A PR A 7)o

]

RO FEAARE By 3= o WA KSR IR L Exde AARLA R B, =M OBR(BEa, RET A EYIE
ZRARAWAFA), WA (G, RENRRUFRFARAR), (GG, merk); Kyl
7K

3. AZE4%R
3.1. BiEERH

1X#8 7 Agilent UPLC 1290; fa it k715 A Waters ACQUITY UPLC® Peptide CSH™C18 column, 130
A, 1.7 um, 2.1 x 150 mm; #zhAH: LL 0.05% =% £ B /K 7 - VU S kIR (9:1) i shAH A, 0.05% =31 2,
TR IR - DY SR IR (9:1) A shAH By BREEVEBAE T WL 1. #Hi 45°C, Ky 214 nm: HEFEEA
2 ul; P 0.3 mL-min,

3.2. BAECH!

321 #ikmEH
B Ex4c idifE, T 30% LM K A AR MREREE 1 ml HR 2155 1 mg HIVE, 1EDN Exde (A&

3.2.2. Ex4c &

K& FREL Exdc 102.8 mg, & 10 ml &3, N 30% Z VA MIT B2 %15, #8251, 1EN Exdc it
o
3.2.3. FEtEER

R FEUA R Ay By C. D %4110 mg, 4371 & 10 ml &4, 2 5I1H 30% K5 B g 2215,
N8R AL By C. D &

33. AEFER

331 ¥BM

1) = AV

IS AT 30% ISR, JE, fkille, il aitE. aibEILE 1), mERTH, 25 A%
ANTFHRAR i A R R R A

2) Ex4c gL

(M )F%): HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPGGSGGSC-NH,)

HU Exdc &5, 1 30% 5 KA R AR BB Ak 1 mgeml ™ AL HRIEIE, DSk, ik
B 1(b). B R%0, Exdc (R IFAE Y 11.734 min, HE04 5 4% m G 005 .

3) A A ENL

(A7 %): HGEGTFTS[Asu]LSKQMEEEAVRLFEWLKNGGPGGSGGSC-NH?2)

U AT IR SOE &, 0 30% L ME/K I VR B AR 1 ml HH 295 0.5 mg IR, TE 2 A XTI 5L
W WORRRIE, il s iR LE 1(b). HEREL, A0 A Ry 16.251 min.
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Table 1. Gradient elution program

=1 BERRERF

I 1]
(time)/min

waEnAH A
(mobile phase A)/%

I B (%)
(mobile phase B)/%

0 76 24

20 73 27

35 55 45

37 76 24

45 76 24

A/mu
20 -

151

101

(a) %5 B (Blank solution)

A/mu
250
200 +

150

100

Pwoo m

0 10 20 30 40
(b) &AL

I -
50 t/min
¥ (impurity and analytical solution)
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A/mU_

20 B

-204

: . : . : . : . : s .
0 10 20 30 40 50 Umin
(c) VRAXFIE 5% 7 (mixed reference substance solution)

A. 24 A (impurity A) B. %4/ B (impurity B) C. 4%/ C (impurity C) D. %45 D (impurity D)
E. Ex4c

Figure 1. Chromatograms of specificity

Bl ERMeIEE

4) &5 B ENL

(RHERF%): DLSKQMEEEAVRLFEWLKNGGPGGSGGSC-NH2)

B )i B X HE &S, 0 30% LIS /AK VAL & %A 1 ml 295 0.5 mg FIVEW, 1E N2 B XTHR &
. BUORERIEI e, Al it . S EILIE 1(b). BT, 240 B £REE I ] 7.435 min.

5) Z#%Jfi C ENL

(IR F%: EGTFTSDLSKQMEEEAVRLFEWLKNGGPGGSGGSC-NH2)

HUZR )5 C o IR &=, 0 30% LS /KA AL & %R 1 ml )5 0.5 mg HIVEWL, 1ERZR C XHHR &,
. HUREMVEN e, et i, g E LA 1(b). HEW R, 245 C fREFI R 17.286 min.

6) 4 D &AL

(FIEFRF4: GEGTFTSDLSKQMEEEAVRLFEWLKNGGPGGSGGSC-NH2)

B D X I OE &, N 30% M /K v AC B A RE 1 ml R 2% 0.5 mg (AW, E A4 D X IE
. WUREfEI e, oStk . s LI 1(b). BRI, 245 D R TE] Y 18.334 min.

7) VR R AR

I Exdc 710 mg, % 10 ml &b, 0 B3R &4 5 € & 0.4 ml, i 30% £ Ji /K 8 b 8 28 %
B, fRA). fEie, ek, A RLE 1c). HERTA, F RS A0 o S SR EUE .
3.3.2. MRS

1) BREIA

FEZEFREL Exdc 29 10 mg, & 10 ml &)+, 0 1.0 ml 30%0) Z 5SS, I 0.1 mol-L ™ i 5
BRI L ml, T 80°C/AKIEH BN 30 min, AHEEEGEHAMEFM, H 30%IEKiERmBEEZIE, 1§
RNBER SR R BN ST 2 pl ERAR R, e, ik 2,

2) TR

FEHHREL Ex4c 29 10 mg, & 10 ml &, 0 1.0 ml 30%01) 2§ KIS & i, N 0.1 mol-L ™! i,
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A/mU
250

ZIZOT <R

T T T T T T T T T 1t/min
0 10 20 30 40 50

M. BRI (high temperature hydrolysis) N. BZBiiK(acid hydrolysis) G. BRI A
(blank solution of acid) H. B&#l¥K (base hydrolysis) I. 83K 2% (4 (blank solution of base)
J. FALBEIE (oxidation hydrolysis) K. 4 LB 25 477 (blank solution of oxidation)

Figure 2. Chromatogram of stress condition test

B 2. sfiti e ik

AALEAYER 0.5 ml, =IRE 60 min, FFRIZEAE, FH 30% LM KIS AR 20, VRN R
I 2 pl B S R N VB (34, et . i R LA 2.

3) R IR

RS FREL Exdc £ 10 mg, FE#FE, B 10 ml &4, F 105°CmiRAIR 90 min, AE1%E %R 5 H
30% LME /KA R I RE R ZIRE, VEAMHKSIATR . K% R 2 pl ENBAR A, il il
B i LA 2,

4) FABEIR

FEHEFREL Ex4c 4110 mg, & 10 ml &, 10 30%(1) 2 5 KW 1.0 ml 3 A#, N 0.3% AU /K %
W 0.5ml, =ik E 80 min, H 30%LMEIEMEIEFRE R ZIE, 1AM IET . 2% EIHLR R AR 2 pl
FENBAR G, e EE . R L 2.

BRASIIARE St &b, [RIVEBC ) 25 BIR 2 AR 1 25 R RRE I, (il B LIS 2.

SRR, SREIR R R AL B35 R S Exde IRUFI MBS, & BRI RE AT ¥ 4>
B, WRARRE 3BT R S R R ) 1 T Exde IEATFEA A%

3.3.3. ARgEAME

K% RHL Exdc i 25 L ml, Z2i A, By C. D fif#& % 100 pl, & 5 ml &4, 0 30% N5 R
BHE, ENRGUER RN WAGIEHMER, ELtreS R, it E 4 il B d Exdc FI1g, 24
i A, By C. D {REAIF A ANETIAR PR bRl f 22, B8R T 5 KR M 7 B . 45 3R Exde U,
FJ5 A By C. D TREA 8] AR bRt w2 25/ 2%, W TRTAR (R A AR A 22 250/ T 3%, EUE S5 HH4R
FRIRVE Sy BRI KT 1.5, BRRAREI% Exdc WETHH KT 5000,

334 BIAMRSEER
HUZJi A, B. C. D&, RHZEMBE, ULSIN =10 R EERNEER, LLSIN =3 K

IR AR, SR WL 2.
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Table 2. Results of LOD and LOQ test
= 2. KRS EERAILER

5 (No.) 4443 (constituents) IR (LOD)/ng EHFR(LOQ)/ng
1 F A 54 16.4
2 A B 4.0 12.0
3 AJi C 5.6 17.0
4 J&J5 D 5.6 16.6

3.35. LMEXRER

F B Ex4c i 0.4 ml, 0.6ml. 0.8ml. 1.0ml. 1.2ml. 1.5 ml 258 10 ml &, 2> 5k
HEAR AL By C. D&M 80 ul. 120 pl. 160 pl. 200 pl. 240 pl. 300 pl & ik 10 ml &3,
hn 30%Z MR R %I, FB5), 2 HAEE] 40%. 60%. 80%. 100%. 120%. 150%MHIIAW . HX LIk
W, e it E. L Exdc K2l A, B. C. D HIKSE C (mg-ml ) AREAAbR, LA Exdc KRR AL
B. C. D WEMBUNAARFEAT LA, 455 W% 3.

B2 3 AN, ZITVEL MR R R AT,

3.36. WEEIXRK

1) EEM SAECARN 6 %4 10 mg, FEEFRE, &4 A By C. D fifi &% 200 pl, # 10
ml 2, N 30% LMEMmBERZIRE, E AR, RENE, ek EigE. A —iiE, iHE
BN OE R Exdc B4 K24 Ay By C. D A&, IR brdEmZE, 458 0% 4.

2) HlEREE R SR Ay B TEE R Al RIVARCH] 6 4 pE AT, Rk e, ekt 1%
HARE— 1, HESANEREE T Exdc AR i A By C. D A&, ot EHARX bRl %,
IR R WA 4,

B 4 AL, 7R R AT .

3.3.7. EIERE

K% I Exdc i 1.0 ml, B 10 ml &+, FLE 9, Bk EIUR Ay By C. D &l
160 plv 200 pl 240 pl B FREEEH, BMRERE 3 4, N 30% LIEHBEEZIE, 1E N RIER.
Fr 2% B I Exdce 45 1.0 ml, & 10 ml &, k% & A By C. D fili# ¥ 200 pl, /11 30%
CIEMRBEZRZIE, FNERCE MG, TEX AR . AR Exdc &, N 30%LEVA MRS 1
mg-mi™ (L VAR SR A

B PR &V ARIEN E , sl TR IREEDUR R, e ss R LK 5.

H7e 5 AN, ATTVEN 4R AN Exdc 4 EA BT I EL R

3.3.8. T AMIRE

A3 S I AR AR IR (£2°C)  VRIE (£0.02 mi-min DRI S il AR VAT Exdc K& 4L
ARG, R4 R E 6.

GERF . MELEREFHEZER, WK, DBENFEER, A5ERNHERL.
3.4. HE&EME

FEEFREUA 3 AR SE R, 20 BN 30%) G R R R A EE 1 ml 45 Exde 1 mg OV, 1A
BT RIENE, AR FHZEAT — ki, 45 R E 7.
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Table 3. Results of linear equations test
=3 LMERRKER

P EPEp MRREr
(solvent) (regression equation) (correlation index) (n = 6)
FITA A=7972.44C+2.28 0.9982
Z&JB A =8528.42 C—9.07 0.9989
Z&JiC A =7401.09 C—2.59 0.9985
Z=J7iD A =8651.86C — 5.03 0.9960
Ex4c A =4081.96 C —59.76 0.9995

Table 4. Results of precision test
F 4 BFEEREER

5 4isy BER TR 85
(No.) (constituents) (repeatability) RSD/% (intermediate precision) RSD/%
1 FRA 1.00 2.97
2 7B 2.38 2.27
3 AR C 1.18 2.03
4 HJiD 1.73 2.01
5 Ex4c 0.27 0.22

Table 5. Results of recovery test
= 5. BEIERIRIWLER(n=3)

2H§j\ IR ' R ELIES RSD/%
(constituents) (added concentration)/% (average recovery rate)/%

80 99.8 35
HITA 100 96.5 2.8
120 97.3 41
80 98.3 29
8B 100 96.6 4.6
120 97.6 3.8
80 96.3 4.2
ARC 100 96.8 3.6
120 96.9 19
80 98.4 2.8
Z&J5iD 100 96.7 42
120 98.2 35
80 97.5 1.6
Ex4c 100 100.3 2.1
120 101.1 1.6
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Table 6. Results of serviceability test

6. MAMRIEER

- R HlihL 1

4t T il
i 43C 47°C 0.28 ml/min 0.32 ml/min ( )

F R4l (%) 74.82 74.99 74.79 74.68 75.02 75.02

&5 A (%) 2.93 2.98 3.11 2.99 2.94 291

2 J5 B (%) 2.99 2.98 2.92 2.94 3.00 2.96

24 C (%) 2.76 2.73 2.76 2.77 2.81 2.74

245 D (%) 2.93 291 2.96 2.89 2.91 2.90

Table 7. Contents of residual solvent in samples

=7 HRAXMENE

it _%%Dﬁ_A _%Hﬁi‘_B _ %%Dfﬁ_c _a’%fﬁi‘_D Exdc
(lot No.) (impurity A) (impurity B) (impurity C) (impurity D)
160201 (noﬁﬁeﬁe 0 0.15 (noﬁﬁeﬁe 0 0.36 97.30
160301 (nof'zg‘feﬁe 0 0.10 (nof'zg‘feﬁe 0 0.40 97.59
160401 (noﬁﬁeﬁe 0 0.24 (noﬁﬁeﬁe 0 0.49 97.49

% 7 AT, AVEREHETHLIN E Exdce [ S, Reiiif s il A 5 & .
4. e
4.1. FKKRIERE

RIAR iy 38 NEIERR /MK, REH 3N FEEASER; MK IESE 214 nm &b, HORIE
B PRI R R, WK A i R s U K 2 D 214 nm.
4.2. BIEEHFRLERE

TRBIAHAT TR BRE (A W : 100%iB457K + 0.1%TFA; B #i: 100%ZJE + 0.1%TFA; )% N 35%~48%
B ¥fE 15 min LLIN), 455 SR FElg 5 28 BRI 4r B R . GG I ARSI 2= . REhAIN A T EBAtK +
0.1%TFA; B i: [80% (LJiE + 0.1%TFA )] + 20% 5 NE; #fZ: 0~23 min, B M 36%~55%; 23~30 min,
B M 55%~100%), -El5 USRI/ B, FUEIER . BB ESIRECH BT, (HATFAIE. Wi
AW: 0.05% TFA ZKIER-PUZMHE(9:1); B . 0.05% TFA ZJEVEHR-PUEMmE(9:1); BAEE: 0~20 min,
B M 24%~27%; 20~35min, B M 27%~45%), U5 IR IGEN /B R, EUEIE R LT, PSR AL

o
4.3. REREIDHT

5 Exdc ZRIKMEFEMRABRIFEMN TE, MEEEGE L FUMNE M O &0 A: RiE2 Ik
25 A R [8], WSR2 K S 5 G A = SE R, W 250k FL I BE i r= it 47 % 5 » Exde TR
2 28 R ILFR N Asn, 1% Asn 5 I IERE i Asp, HE4T Exdc BREEIZ(Ex4c-DA)E MR IWEFT: @ 247 B:
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TZaE MR Asn9 5 AL Asud(2 Asn IIIBETE BB A BE L &3 M RIS A 1K), @ J%i C: 2D
ST ST SRR TE[9], AR N K 1-2 ALK PSR His A1 Gly 53 K fif . h(3-38)ExAc
HIFHRI: @ 2%)5 D: Exdc ZAKK C K N-FItEmR, &% —hitd P F I — %4 (Di-Ex4c).

4.4, ERBYVTL

H1 4%

ARSI N T e RO I R £ WA B B 3R AR SR SR R Exde BRI RM B I UPLC 7%,
RATHL, AEEARGUE R RERE SN, W T R SiaARTE, NI,

FEhadtil, R ORIRZG A el B AoV 212y BRI 3
EEUH

2015 AR AE H 008 S B S A L TR (K 08 PR s 25 ik 9t S Mk A, 20152DJQ05001)
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