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Analysis of the impact of storage temperature on the
critical quality attributes of terlipressin for injection”

WANG Pei, LU Xin"", MA Bing, DUAN Xi—yu,
QIN Ting—ting, HAN Xiao—jie, BAI Hai—jiao

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

Abstract Objective: To clarify the differences between the “Room temperature” definitions in the European
Pharmacopoeia and the Chinese Pharmacopoeia, to emphasize that storage temperature was closely related to the
design of long—term stability studies and product labeling, and to investigate the effects of storage temperature
variations on the critical quality attributes (CQAs) of terlipressin for injection, so as to raise awareness among
generic drug manufacturers regarding this critical issue. Methods: Given the discrepancies in storage temperature
recommendations across different manufacturers’ product inserts, the original drug’s long—term stability studies and

storage conditions were traced. Validated methods for related substances and polymer content were employed to assess

* 2023 AR H (W25 (2023 ) 25)
= GEEESE B FE Tel:(022)23374073; E-mail : luxin_boom@126.com
FEF  Tel:(022)23374073; E-mail : bhjdx@163.com
HE—E#E  Tel:(022)23374073; E-mail : ritaw_81@163.com

RWLHREL



-+ 908 -

5 M) 4 KT 22 & ChinJ Pharm Anal 2025,45(5) ‘JPA

the impact of temperature differences on the product’s CQAs. Results: Samples stored at 30 °C exhibited a significantly

higher increase in related substances compared to those stored at 15 “C. In one manufacturer’s product, polymer levels

exceeded specification limits within just five months of storage at 30 “C.. The divergence among manufacturers stems

from some companies misinterpreting the original drug’s labeling by directly translating without considering the

differences between Chinese and European Pharmacopoeias. Conclusion: Storage temperature has a significant

impact on the levels of related substances and polymer content in terlipressin for injection. To ensure product

quality, the storage temperature in the labeling should be restricted to “not exceeding 25 “C.”

Keywords: differences in “Room temperature” between Chinese and European Pharmacopoeias; storage temperature;

related substances; polymers; terlipressin
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Fig.1 Terlipressin structural formula
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R 2 T & 2 B R AN A T B U A4
(DT e 5K A, A2 B T 28 BRI 29 A kiR . Q%
iR | % S R 5 AR R R e A Ak, O Z IR A T
PEFIARE T o B R AT A 2 Wk e & A W 1ok e J
INE, A A I PR M R AT 52 i) 22 O 1 9 e M RN D
@FR 4y A FE TR BRI K A S S5 Fa Ak Bl IR () A 52 4
1k, SN 2 K A WIS E RN ZE R R . B2 IKIEE &
AWK RN, S BORRA G P 1, BA R R A9
TS, ©Z INEEE] 12EI R A RN, AR R
B YR 25 v e R YR B TR e . D
RAR G AR SR A SERIE N, s 22 Ik
(AR A B e

B AUL S B fitg A7 175 D0, 1480 2H 4 B 5 0 Sl 30,
15 CHtE 5 A, S BE R 5 RS8R 25 5
bR, X6 G it o i A O T R ER A A T
FE U BEL 30 CHCEAL S A H MR A ) 5
SR, — AR AP R K, 30 ChiltE
S e
1 XE5KH

Waters e2695 I S0 AR A5 (IRFFHA R ),
MS-205 + 743 2 — L F RV (MR8 - LR 20
A ), Milli-Q 1Q7000 FYE4E KA ( #R 5a 2 BRI ] ),
LHH-150GSD 2 € Mk 50 46 ( L ifg — R 2= U5 A
BRAF] Do

CNE RO M kel Hohisl 50 A s pr i,
IKAHBALIK o TS FRERTIN 224 SRR T Al A
B.C.D, £ 14lt, A% K 1 mg (AH4 T 0.86 mg ¢
FIINEER ). X BB RRRF R IR 2= (41t 150701
202002, 51t 86.4% ), 1R S 25 SR E FFIERE s [Asp’,
Gly"”-OH] R ZE (425 1,455 C-HY017-IML~
20171103, & £ 97.97% ). [Glu’, Gly"*~OH] 45 ] i J&
HE(Zem2,#t5 C-HY017-IMK-20171215, %% &
97.81% ). [Gly'*~OH] ¢ Fl i & % (44 it 4, it 5 C-
HYO017-IM-09-20180524 , % & 96.42% ). [Ac—Gly']
PRI 2 (240 5,465 C-HY017-IMK-20171108,
i 97.32% ) [Asp®] FF RN 2 (4205 6, 4it 45 C-
HYO017-IMH-20191010, %% & 99.38% ). [Glu’] &4/l
JE & (2 i 7, 15 C-HYO017-IMF-20180524, % &
98.30% ).add-Gly > FFFIINEZ (245 9,41t 20191010,
5 98.87% ). des—Gly', Gly* #¢ Fl i 25 (4% 10,
# 5 C-HYO017-IMB-20170718, % & 97.02% ) ¥4 3¢
H RN T 2450 e 0 A3 FRA 7 5 [B-Asp®] FRFINEZR

(Z& 3, #t 5 CT-11-01157, & & 91.0% ). add-Gly'
FERIINE 2 (2905 8, 41t5 CU-02-00315, &5+ 97.5% )
Bk A IR A TRA R 5(4,97), (47,9) - WA
BEERRIINE 2R IR (L5 C-HY017-IM—43-20180718,
i 98.42% , AXT /T 2 455.1 ), (1, 12) - it
SRR R 4K (45 20191010, 1% 1 98.42%,
AEXT o3 i 2 438 ) ¥k B RN 524 M e A A B
N 2R AR E B | B A R

2 AiES54ER

2.1 XY

211 XTRESAR AT RS AR IES R R RN
FOU IR ST i, FH 0.9% S A0 B RV fift 51 e ol i
RN Z 8.6 ng - mL™ B

2.1.2 KSR A E R BUR S 1L N 0.9% S
FEERVE I 1 mL S, RS RN % 8.6 mg - mL!
IR

213 MRELMF SR Waters Symmetry Cig (4.6 mm x
250 mm, 5 pm ) EFEFE, DUBEIR — AN 2% vh i ( BB
iz A8 6.8 g, FERERRTR AN 2 ¢, P8 19 pH & 4.1, 0
JKZE 1000 mL)- Z A5 (90:10) K it s A A, B IR
TR IR - N5 (60 140 ) AT Eh AN B, B EE TR
Jii ( 0~60 min, 16%B — 24%B; 60~85 min, 24% B —
60%B ; 85~86 min, 60% B — 16%B; 86~95 min, 16%B ),
W 0.7 mL + min™" KT 210 nm, #EAEE 20 pl,
FEIR 35 °C.

2.1.4  FEMIE  ERG S HO RSV O VA TR
Sy SIERE VRT3 ShAE EL B, (5 T2 o R n i 25 A
BRI 2020 65 min, 10 SR 3 ], 442 3 B0 6] BE Ak
PR RS S S5 R 1 R A0 IR 5
P, 2405 2 F1 3.5 F1 6.8 F1 9.9 FEEFIINEZR A5
IR A0 40 B B350 1.0.1.4.1.6.1.3.2.9, UL
K2,

2.1.5 ARYFSEMELER  BA~D EES,
43 IAE 30 °C (60%RH ). 15 °C (60%RH ) L & 5 4
HIGHHATHAS . WU T 30 °CHRRE S AR s K iR
FiRm T HCE T 15 CRIRES, R A& 4% 5 [Gly-0H]
FEFINHS 22 A0 [Glu’] R RN e R, 35 35 oK i
i, A EERTE 30 C R AR REYE T 15 C
T, HA A B 22 750K 38 F] 0.57% , (H4 A
e JF I AABRREE (FREEHN 5.0% ). WLIE 2

22 REWY

221 RGEAMERAEIE RS AREERRAE RN

RO
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®1 30CE5E15CHESNHNARREXYREE( % ) NELER
Tab.1 Results of related substance content (%) of samples palced at 30 C and 15 C for Smonths
. e . 4k A 4k B 4k ¢ 4k D
i) AR JTE Fil (company A)  (company B)  (company C)  (company D)
(No.) (‘impurity name ) ('property ) ( category )

30C 15€C 30C 15C 30C 15€C 30C 15%C

1 [Asp®, Gly”-OH] BRFIMEZE KAk [ fipp 2 ot

([Asp®, Gly?~OH] terlipressin ) (hydrolyzed peptide ) ( degradation impurity )

2 [GlW, Gly”-OH] BEFIMIEZHE KAk [ figp 2 ot

([Glu’, Gly">~OH] terlipressin ) ( hydrolyzed peptide ) ( degradation impurity )

3 [B-Aspl FERIINEZR EANIAiIN Ve e 2= ot
([B-Asp"] terlipressin ) (eyclic peptide )
4 [Gly”-OH] HH s K fift K R A= ot

([Gly*~OH] terlipressin )
5 [Ac=Gly'T4#FlmEZ
([Ac=Gly'] terlipressin )
6 [Asp’] FFAIIIER
([Asp®] terlipressin )
7 [GTRFRIINER
([Glu’] terlipressin )
8  add-Gly' F#FIIEER
(add=Gly" terlipressin )

ZBEfek

Wik 2 ot

KA

Wik S ot

PIN/JIN Wik S ot

AN T2k
(insertion peptide )
impurity )

9 add-Gly"” FFIMIEZHR T 2R

(add-Gly" terlipressin )

AR
(‘insertion peptide )

impurity )

LIEATIN Wik i 2 ot

(cleaved peptide )

10 des—Gly' N Gly2 R sz
(des=Gly', Gly* terlipressin )
JZ% (total impurities )

Fe K PAZY ( maximum single impurity )

0.022 0.018 0.059 0.074 0.005 0.003 0.074 0.062
0.062 0.045 0.138 0.189 0.012 0.006 0.144 0.119
0.004 ND 0.014 0.012 ND ND 0.010  0.007

( degradation impurity )

(hydrolyzed peptide ) ( degradation impurity )

(acetylated peptide ) ( degradation impurity )

(hydrolyzed peptide ) ( degradation impurity )

(hydrolyzed peptide ) ( degradation impurity )

( process—related

( process—related

( degradation impurity )

0433 0339 1.318 0.855 0.140 0.103 1.246 1.252
0.125 0.139 0.181 0.188 0.056 0.052 0.159 0.154
0.064 0.052 0.188 0.140 0.028 0.021 0.259 0.253
0.174 0.140 0475 0334 0.084 0.061 0.567 0.546
0.031 0.031 0.037 0.053 0.020 0.019 0.042 0.043
0.033 0.036 0.056 0.056 0.022 0.022 0.038 0.037
0.051 0.050 0.069 0.059 0.033 0.030 0.131 0.126
0.998 0.850 2.535 1.961 0.400 0317 2.671 2.600
0433 0339 1.318 0.855 0.140 0.103 1.246 1.252

7E (note ): ND. A8 H ( not detected )

JEZ . (4,9), (4,9) - W HisEFFIER Ik,
(17, 12) = BEARA AN 28 R4 HE i 1, KA
ff IR R BB AN R 0.86 mg - mlL™" . (4,97),
(4,9)— XL M B 4 R I 36— 2R 4K 10 pg - mL™
(17,12) - MR AL R R 10 pg - mL™ (9IR

AL
222 GHREERETE BRI 1 L

pEas N an I EIIE 8

223 (A% R TSK GEL G2000SWyi. ( 7.8 mm x
300 mm, 5 pm) @A, DL =0 O KR - 2 - K
(0.5:500:500) s, ik 0.7 mL - min™", #EFE
PRAR 20 pl, K 220 nm, H:R 35 C.

224 HEAINE  HERREEURGEE PR HE
RBOIERE s EIE I (F 3.4),(4,97),(47,9) - XL
TERSERR AR R RS (17, 12) - BRI

AL HREL

JEE ZBRIRM BN 1.5,( 17, 12) - a4 A
R RIS RAINER B 3.5, RIH—fkiE
WWHEREY E&, SR 2,
225 REWSEMEL R FEMH S BIE30 C
(60%RH ). 15 °C (60%RH ) N 5 A5, #17H
B THE T 30 CHEM R A Y HG IR 2 I 2 v Tl
T 15 CRESh . FEHIR (10, 12) - RS A I EE —
RIRZE BN R, H il A #6030 CHFREGY
SR F] 0.62% 8 H T BREEZEKR (FREER 0.5% ).
3 itig
3.1 MR A

Al A AR E PEIR I BIAE 25 °CTF R IF, i
SRR MR “Room temperature” B[N “Zi”,
Ak A FE S E “E R BB 30 CN B S N,
RE YRR, MA 5 A SO0 R 2 4F, 7T LK R e
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1~10. [f]3 1 ( same as Tab. 1)
B2 BARUREX®ERE( L A~D ) EiE

Fig. 2 HPLC chromatograms of related substance test sample solution (company A-D)
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1.(4,97), (4,9) - W BHEEFMER —BIK[(4,9), (47,9)-disulfide terlipressin dimer] 2.(17,12) - BEAFFIIEZR B [1(17,12) -

desotelipressin dimer]|
E3 REMERSFEREEIEE

Fig. 3 HPLC chromatogram of polymeric substance system suitability
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A A
64 30 °C 6 - 15C
=) =)
= 3 < 3
E 34 £ 34
< 4 < 2
2 4
0 0
1 1 1 Ll 1 1
6 8 10 12 6 8 10 12
t/min t/min
B B
6 30 C 6 - 15 C
=) =t
E 3 E
£ 34 2 = 34 3
= = 2
1 4 4
0= 0
T T L) L) L) L)
6 8 10 12 6 8 10 12
t/min t/min
C C
6 30 C 6 - 15 C
=) =
3 z
= 37 3 =37 3
2 2
4 4
0 = 0
T Ll T 1 Ll Ll
6 8 10 12 6 8 10 12
t/min t/min
D D
6 30 C 6 - 15 C
=) =
=< =<
£ 34 3 E34
< < 3
2 N 2 4
0 0
1 1 l 1 1 T
6 8 10 12 6 8 10 12
t/min t/min
1. AW 1 (polymeric substance 1) 2.(4,9),(4°,9) - W _FifEFFFIINER —RIK[(4,9°),(4°,9) ~disulfide terlipressin dimer] 3.(1°,12) - it
AR R K [ (17, 12 ) —desotelipressin dimer] 4. A4 2 ( polymeric substance 2 )
4 EaPHAmEAE( 22 A-D)BIEE
Fig. 4 HPLC chromatograms of polymeric substance test sample solution (company A-D)
%2 WCEI5CTHESTMAXRREYMES=(% )NELER
Tab. 2 Results of polymeric substances in samples palced at 30 C and 15 C for 5 months
1k A 1k B flk 4k D
REY
( company A ) ( company B ) ( company C) ( company D )
( polymeric impuritiy )
30 C 15C 30 C 15 C 30 C 15 C 30 C 15 C
BEW 1 (polymeric 1) ND ND 0.08 ND ND ND ND ND
(4,97),(4,9) - B _fsdRr AN 2R R4k 0.16 0.12 0.13 0.09 0.03 0.03 0.09 0.05
[(4,9),(4,9)-bis—disulfide terlipressin dimer]
(17, 12) - AR 2R 2k 0.28 0.18 0.22 0.15 0.15 0.06 0.18 0.12
[(1°,12 ) —deamido terlipressin dimer]
RAEY 2 (polymeric 2) 0.18 0.12 ND ND 0.06 0.05 0.05 0.02
AW s (total polymeric content ) 0.62 0.42 0.43 0.24 0.24 0.14 0.32 0.19

7 (note ): ND. KA H ( not detected )

AL HREL
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3.2 ZEE AL

R S Sl A b3l L [ T B a0
BIHE, s R AN KT ) X dta i dots , &
SRS T S 2 B 2 e R R i T A v TR B 2%
PR, SRR B o U A s S S, B B )
PRI WA B 20 SRR 2R N s R AT
SWAL AR 2 MRS, R0 s i G 2 ik
iz — . R B K A A5 AR TR
Pofdi FHER R SY pH 2 3.0~4.0, VESH AN 2%
PERCR , IR BRI , R AR R ALK RN, T 3L
H W) T K Ak 2% 5 [Gly > -OH] 45 A i & £ A [Glu]
FERIME 2 B i T R A
3.3 B SAETT ARG

Ay BT i I AF T B R A — R AR K A AL
USRI RERUINE R T 25, LR 9 S A
AL, T 7/8/12 10 A WERE S (& 585 T IR] 5L F
HEVCIERE | J2 A= ER B S, A B 28 — SR AR FI
S OES ) BB I KA T e — 5 &kl —
D7 T, S M 2 A 0 AU L 5t 1) T A ol T e S O g
JEFAC BRI, ol SRR T HL 2 BT ) R, ke
JE 2 FELRE 35, T 5 1 2 IO FE T BE D
AR 500 H A B R R AR R L R 4R AL T L AR R A
15 75— 7T, BARZ N B B 2= RE S 5 s S
WAL, By AR SR A8 Sl AE, Bl 27 0 W B g mT
PIHEAT o fHR SO e i v i 2 i il o B 42, A
FEF ARy, S A e B & R, BV
BT A S R S R I B B 5 4 S
H AT 2, i B T e A T R A RN Y
K.

0 . COH 0 0
)j\ H—> )I\ R’—NH, R%Hz —’)I\NH/RUr NH3¢

R” TNH, R7{ONH, R
N )

|
R’

B 5 BE—REr-EE

Fig. 5 Mechanism of deamination dimer production

CRHEAE 25 75 I A REAEFE B ), ZEoR 265 Ul A Fpm
PRI AR N S H e T e 45 5 . e
AF 5 1 X 6 T 5 0 B 5 e B b R — 3, R
TIE 25 b T 3 160 J550 0 AN 32 A 45 DR 255 g 1) o 2 [
Tz O X R B 0 AR AR R R
FE 2 80 ) ML) U TR A PRI R AR A
Ko ArE USPP JPPY Je PP IVl 3 15 e A7 22
S (LR 3), Hopr “= 38 A Ab B AL S LAY I
IR R 2K, 45 R 2 BRI B 1 BR S R 4
Al Forp, CREZGH) “BIEANR < 20 ¢, i
JEVEE iz, SRR ] B sk ARV R
Yk AR TR AR B AN i B Y 2
Py X S AR A A 26 kv 1 BR S5 A0E
PEIR A — B, IR X A 24 Ui - B SC B R, 2
WS 1 AN [) B 8 27 L O B oK 2 S i Y o i R
e R, IO S R IS A B e
IR BE “ IR N A 25 CIRTET . AR,
Crp EZ580) 5 A 25 3 “BR UL IR 25 5, I
LR RIRE 2 S SO0 0 BE T, TCTk DR B 2
R tE. £F LTR I i i S k<= IR %
Wb SR BT SURBASR , ARy & U AN .
el FH A 1 U B U0 PR A7 2, M 25 °C7 B
“2~8 T A AN AR E R X A B ARIE

3.4 NgE BRYNZE AT HLUR (EMA ) 2007 AFEAIAR Y Z9ah A Al 4%
*3 BEWHRER
Tab.3 Comparison of temperature items
5 A A L (temperature )/ °C
('storage condition ) ChP 2020 EP 11 USP 2024-NF 42 JP 18 WHO
221 ( room temperature ) 10~30 15~25 20~25 15~25 1~30
AL (cold ) 2~10 8~15 <8 1~15 2~8
F15¢AL ( cool ) <20 8~15 8~15 — 8~15
S 30k (2):158
(1] BRHE. B R AR EZ [ ] ], hEZ e deds 2003, 33 [2] KU JSHV R RARERIR S AR R 2677 M IR iR 12
(2):158 HLT ] AT, 2024, 22(8): 17

GENG ST, XU YJ. Terlipressin [J]. Chin J Med Chem, 2023, 33

LIU M. Effect of norepinephrine combined with terlipressin in

RO
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