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Abstract Objective: To study the impurity profile of leuprorelin acetate and develop an HPLC method for the
determination of related substances. Methods: The analysis was conducted on a full coverage chemically bonded
silica column [ Sepax GP-C column ( 150 mm X 4.6 mm, 3 wm ) ] with a mobile phase of triethylamine buffer,
n—propyl alcohol and acetonitrile mixed solution by isocratic at the flow rate of 0.9 mL * min~' for 90 min. The column
temperature was 35 °C, the detection wavelength was 220 nm and the injection volume was 20 L. Results: The known

impurities and degraded products by forced degradation were completely separated from leuprorelin acetate. The
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calibration curves of impurity B ( 2-D-His—leuprorelin ) and impurity M ( deletion 4—Ser—leuprorelin ) were linear

in the self-concentration range of 0.001-0.02 mg* mL™ (/* = 0.999, n=6 ) and the correction factors were 1.09.

The average recoveries of the impurities B and M ( n=9 ) were 96.1% and 108.3%, respectively, and the RSDs

(n=9 )were 1.6% and 3.0%, respectively. The RSDs of repeatability ( n=6 ) for impurity B, impurity M and total

impurities were 0.85%, 1.9% and 1.7%, respectively. The RSD of peak area ( n=5 ) for all validation items was no

more than 1.4%, and the RSD of retention time was no more than 0.34%. The results showed that all the impurities

were less than identification limit of 0.5% and the total impurities level was no more than 0.6% in the three batches

leuprorelin acetate. Conclusion: The established method is suitable for the determination of the related substances

in leuprorelin acetate.

Keywords: antitumor drug; leuprorelin acetate ; linear nine peptide ; gonadotropin; hormonereleasing agonist;

impurity profile analysis; degradation products; HPLC
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Tab.1 The batch number and sequence information for leuprorelin and impurities

Z= 5T (impurity )

#t*7 (lot No. )

J¥%1 ( sequence )

ZLPNEHK (leuprorelin ) leuprorelin CK-03-0001 Glp-His—Trp-Ser-Tyr-DLeu-Leu—Arg-Pro-NHEt
Z&J% A (impurity A) [ 4-D—-serine Jleuprorelin CK-03-0002 Glp-His—Trp-DSer-Tyr-DLeu-Leu—Arg-Pro-NHEt
2% B (impurity B ) [ 2-D-histidine ]leuprorelin CK-03-0003 Glp-DHis—Trp-Ser-Tyr-DLeu—Leu—Arg—Pro-NHEt
2% C (impurity C ) [ 6-L-leucine ]leuprorelin CK-03-0004 Glp—His—Trp—Ser-Tyr—Leu-Leu—-Arg—Pro-NHEt
7250 D (impurity D ) [ 4- ( O-acetyl-L-serine ) ] leuprorelin CK-03-0005 Glp—His=Trp-Ser ( O-acetyl ) ~Tyr-DLeu-Leu-Arg—Pro—
NHEt
Z&J% E (impurity E ) [ 3-D-tryptophane ]leuprorelin CK-03-0006 Glp—His=DTrp-Ser-Tyr-DLeu—Leu—Arg—Pro-NHEt
Z& F (impurity F ) [ 2-D-histidine, 4-D-serine ] CK-03-0007 Glp-DHis—Trp-DSer-Tyr-DLeu—Leu—Arg—Pro-NHEt
leuprorelin
Z&5 G (impurity G ) [ 5-D-tyrosine |leuprorelin CK-03-0008 Glp—His—Trp-Ser-DTyr-DLeu—Leu—Arg—Pro-NHEt
2% H (impurity H) [ 7-D-leucine ]leuprorelin CK-03-0009 Glp—His—Trp-Ser-Tyr-DLeu-DLeu—-Arg—Pro-NHEt
2% 1(impurity 1) [ 1-( 5—oxo-D—proline ) ] leuprorelin CK-03-0010 DGlp-His-Trp-Ser-Tyr-DLeu-Leu—Arg—Pro-NHEt
2% M (impurity M ) [ miss—4—serine ] leuprorelin CK-03-0011 Glp-His—Trp-Tyr-DLeu-Leu—Arg—Pro-NHEt

* FME I (bR 2% B 51 HROR R T 5L TN B AR 51 1 2 JE R ( The blue labeling for amino acid in impurities sequence means the difference amino

acid from leuprorelin sequence )
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FUF AR 1.0%., FF T2 FAH 5 SCRkR I , JT &
B R 5 B AR I 22 B EATF 9T
222 FERIFGEABE [0 ORI IE

FRPE “2.2.17 TR 44 43 BT, XA e 24 R i A 7 e
] £ B, 1 9 [ 24 iy 3 06 45 % SR A 7 40 3 4 ol R
AR B4 5k ) ( RRT ) 72 57, 8 i 44 BST 3 33 X 4%
e T A A, SR Waters UPLC 722 24 FER 43
B % B A A€ 35 4 ( Aceq Tag Ultra Cig 1.7 pum
100 mm x 2.1 mm ) X £5 7 51 24 FE R 41 iR A 7 43 A
TIE , W0 PR 145 B 0 1) LE A o
223 FERsE N ERAR 2R IR
2231 ZOEES T

3 3 X R T 7 D9 it MR A HHE U HPLC A5 G40 oA
N P13 2% J3 L X 4387, A TR T 0.5% I 22 it K

T 0.19% 1 A% Jit 3= 0 W A AT i 2% S RIAR 4R IS A
Jt, WLIEL 1o X R RT 2% BRI 2 BtE A7 5 4R, i
A8 FEMRAL AN B 0 A , WA B A AR R AT 2% A
TR e N B AR IR] 3 S A I, SEIEAR AR5 2 5k 74 v
4 S50 2258 (Ser ) IIFRBRIIK (25T M ),

A/mAU(X 10)
. |
6 i
ol |
2 ‘ ‘
04 ‘ _— _A_j ga\_tﬂ,g

0 10 20 30 40 50 60 t/min
1 BEEFHAELEER(1mg- mL") GiFE
Fig. 1 Chromatogram of leuprorelin acetate tested solution( 1 mg - mL™ )
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Fig.3 Chromatogram of impurity I( A ), tested sample solution ( B ), tested sample solution spiked with impurity I( C )
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Fig.4 Chromatogram of the blank sample solution ( A ) and system stability sample solution( B )

TS 2 h 5 IR S AR E 25 R 20 B, 550 5(4) DR
W3R - BOBHE (4 500 £ 500 ) 1x 14 d J5UFES 10 mg,
B 10 mL S N SIARE I e R B 20 S
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(1) FRIEIE Cacid hydrolysis ) (2) Bf3E (alkaline hydrolysis ) (3 )4
FEAEIR (oxidative degradation ) (4 ) YGREAEIA ( photolytic degradation )
(5) F WA (thermo degradation )  (6) i M2 A ( moisture degradation )
(7) HfEfA (intermediate )

Bl 5 BEREAImAEEMEFRIRENEILE

Fig.5 Chromatogram of leuprorelin acetate after forced degradation
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D7 FERD A FRAE T 2. LA 2% BT b o i 4 1 A 58 R i
% 5 VA it PR 7 1 42 7 RL R LU A TSRS IE TR 7, [
A5 Y Gl AR R AH 24 T 100% M R {8 9 L1 ( X
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®2 BEISARAREGXMREMEIEARZAXRE (A )KRERFM Y HEEREHELYT 100% WA EH LS

Tab.2 The regression equation, correlation coefficient ( * ), correction factor, the ratio between Y-axis intercept and

100% response value of leuprorelin acetate and related substances

Y BHARFE A 24T 100% 5 S AR (1 L)

T [EVE Py K FH KIERT i .
. . R . (the ratio between Y-axis intercept and
(Sample) (regression equation) (€] (correction factor)
100% response value)
&R == N B Ak (leuprorelin acetate ) Y=1.087 x 10°X+15 435 0.999 0 1.00 1.4%
Z&J5i B (impurity B) Y=1.186 x 10°X+3 061 0.999 4 1.09 0.26%
Z% )i M (impurity M) Y=1.186 x 10°X+18 869 0.999 3 1.09 1.6%

100% . 150% B FRIE T AR . K % 0k HO R 5 79 B
10 mg, 3 9 403, 4351 & 10 mL &=, 43901 LA 50%,
100% . 150% R BRIE TAE W il 0T 7 B 25 2 20
BB 34y, FEME <217 T (a1 AT I
0 S E L 4 3 50% . 100% . 150% He R 1Y
TEE DA, 455 75, 50% W B K24 JF B 2% i
M [ 4 EECR (n=3) 43931 4 96.2%, 109.1%; 100%
W FE K24 5 B4R M SR DR (n=3 ) 23501 4
97.2%, 110.0%; 150% & & 7K V-2 5t B 4= M [1)°F-1
IR (n=3 ) 43910 94.8%, 105.8%; 2% B 245 M i
S ESCR (n=9 ) 43 911K 96.1% . 108.3%, RSD 43511y
1.6%.3.0%, RZESHER AT IR AT 20K
27 EEEAE
271 HEEMAR

K5 FRIUEEFR 72 N H AR 10 mg B 10 mL B,
T Zh AR i 01 8 25 2 20 B AR ikt v 5 K %
HHL 1.0 mL, B 100 mL & I sh A0 B 2 %1
FE RS AE R H B X R AT 6y TR 2.1
T 5% A PR HEA TN SE , e Sk g R . TR B LAY
i M FLEZ B4, R RSD, 25 425 B 24l M
FILEL 28 5 %) RSD 43514 0.85% . 1.9% F1 1.7% , 3 W
ZT R R AT
2.7.2  HApRE

ANFR, o o5 — 253 M B, (8 55— 5 HPLC Y
i, P S IR T A AT A R A
W6 1y Fe IR 2.1 Tt S5 R TINE , i SR A 14
B (A 2 B R AR PRI 12 (kAL 4% B4R
M AR 2% B T4 SR, SR I 3 A4 5 12 1 25 SR 1)
RSD {8, 45 5 /R 22 5T B 425t M FLE A2 5T %) RSD 43
R 2.0% . 3.2% 1 2.6% , Wi EAE % R R AT
2.8 RN R

B E ST NS A F 2 N R W vt
[E)KS 2 BE I IR T T, B 6 BRI ORI T A s

hhiHE i

175 IS5 SRy dERERE 25 BE P4, 105k A B X |
Z= 5 B RN Z% 5 M0 T ARURD AR BE I RD . &5 2R W,
H B IR Z% B ORI 4R R MU T B AY RSD 43 ) K
0.38% ., 1.4% F1 0.38%, | & X} it 24 it B Fl 2% Jit M
14 B3 AT 1Y RSD 43 %14 0.13% . 0.30% F1 0.34% , i
FF ARG DN St R G A 285 R
2.9 AR e M

B A2 M T R A A RO [ S BRI T
S HIAEE IR CE 0.6, 12,24 .48 F1 72 h, #4218 “2.17
T S EA T R e S s (R 4% H B iRk
TRl VA R 2% T i, EL AR T R 4 o A
LRI 2% B 7 A . 72 h 2% 5T B 2% B M3
ZRJF Y RSD 433N 1.6% . 0.82% F1 1.1% , 4= )5 B .4~
J5T M FLEZAR BT B KB AR 53312 0.01% . 0.01% Fil
0.02%, Ut BRI RE S IRICE. 72 h WERRE .
2,10 AW

53 A S PR BB R 5 PN B AR (it CK-04-0002
CK-04-0003 , CK-04-0004 ) 10 mg ‘& 10 mL &, 3%
PRI I 5 1 I At VA ORI B R R
W FRHR 217 WUEAGE A T E Il s R, 4%
BT FR A AR 2 I B, 25 SR AR 3,
3 g
31 ERERIEIEAL

K77 B L USP 39-NF 34 Fil EP 8.0 () leuproreline
B Y (0 2 F  FERE, AE USP A EP f i 1978
BTG, B S0 A BB = 2 2% v - A HLAE
(85:15) P #&h = LM 2 bl - A HLAH (83:17 ),
A M 100 mm JEEE K 150 mm, (53548 R B
25 CYHEE Ny 35 °C, AT i 24 5 T AN BB 43 B 1 2
W AF 4R S5 2% o (%0 M) F9 B3R 2840 i . %5y
A P 43 SRR AT e I S A E A B A
pH A [FEHL S i, 45 R Ay it P R AT
TG A TR 8 (B = 1.8 ),
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Tab.3 The determination results of the related substances

i (content ) /%

A

(related substance )

5 (lot No.)

L5 (lot No. ) #tt*5 (lot No. )

CK-04-0002 CK-04-0003 CK-04-0004
Z&J% B (impurity B) 0.16 0.07 0.04
Z&JF M (impurity M) 0.25 0.15 0.13
HAth B— K48 7 445 (any other unspecified individual impurity ) 0.04, 0.14 0.15, 0.07 0.09
Z& 5 Ak (total impurities ) 0.59 0.44 0.26
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