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Determination of the Impurities in Morphine Sulfate and Morphine Sulfate
Sustained-release Tablets by Ultra High Performance Liquid Chromatography
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Laboratory for Research and Evaluation of Generic Drugs, Beijing Key Laboratory of Analysis and Evaluation on
Chinese Medicine, Beijing 102206, China)

Abstract Objective: To Establish an Ultra High Performance Liquid Chromatography (UHPLC) method to
determine impurities in morphine sulfate and morphine sulfate sustained-release tablets. Methods: ACQUITY
UPLC HSS Cj5 (100 mm x 2.1 mm, 1.8 p m) chromatographic column was used to determine, with 0.101%
sodium heptane sulfonate solution (adjusted to pH 2.6 with 50% phosphoric acid solution) and methanol as
the mobile phase for gradient elution, column temperature at 35 °C, flow rate of 0.3 mL - min”', and detection
wavelength of 230 nm. Results: This method achieved good separation between codeine phosphate (impurity
A), pseudomorphine (impurity B), oripavine (impurity C), 10-hydroxymorphine (impurity D), morphine ketone

(impurity E), morphine nitrogen oxide (impurity F), and 14-hydroxymorphine ketone (impurity G, genotoxic
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impurity), as well as other adjacent impurities. The use of UHPLC greatly reduced analysis time and the

consumption of organic solvent methanol, making it more green and environmentally friendly. Conclusion: This

method is the first to simultaneously separate all known impurities of morphine sulfate and 14-hydroxymorphone

ketone under UHPLC conditions with good specificity, and the correction factor method is used to accurately

quantify the 7 known impurities in the API and the preparation, and the related substances in morphine sulfate and

its preparation morphine sulfate sustained-release tablets can be determined at the same time, which provides a

technical basis for the selection of raw materials and the control of the preparation process.

Keywords: morphine sulfate; morphine sulfate sustained-release tablets; UHPLC; genotoxic impurities
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1. BRERMSME; 2. % A; 3. 2 B; 4. 2R C; 5.4 D; 6. 2 E; 7. 24 F; 8. 445 G.
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500~ UV_VIS_1 WVL:230 nm
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3
IR A WRIFE A% ZRIFEBI%  FED% R E%  FEF%  5RIE GI% AR iR 2 o
RIR 0.017 0.054 0.023 0.026 0.008 0.011 —
60 °C. 24h 0.017 0.126 0.024 0.023 0.010 0.013 0.094 (RT-9.661)
RH (90+5) %, 5d 0.017 0.055 0.023 0.026 0.009 0.015 0.081 (RT-9.662)
RH (90+5) %, 10d 0.015 0.054 0.025 0.025 0.009 0.012 0.080 ( RT-9.663 )
50001x, 24 h 0.015 0.457 0.030 0.052 0.010 0.012 0.111 (RT-9.501)
UV, 24h 0.013 0.454 0.029 0.070 0.019 0.012 0.107 ( RT-9.669 )
1 mol - L'HCI, 24h 0.017 0.070 0.024 0.027 0.008 0.011 0.080 ( RT-9.665)
1 mol - L'NaOH, 24 h 0.016 0.077 0.022 0.014 0.008 0.010 0.086 (RT-5.123)
6%H,0,. 24 h 0.017 0.656 0.038 0.084 0.009 0.023 0.111 (RT-9.663)
4
IR %A WRIFE A% T B% FED% MFEE% R E% 5= GI% HABHT RS BT
HMEIR 0.015 0.065 0.031 0.142 0.041 0.023 —
60 °C. 24h 0.014 0.701 0.046 0.133 0.038 0.027 0.235 ( RT-9.659 )
RH (90+5) %. 5d 0.020 0.078 0.030 0.098 0.043 0.025 0.081 (RT-9.661)
RH (90+5) %, 10d 0.015 0.079 0.029 0.085 0.044 0.026 0.083 ( RT-9.665)
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4
WK %A WIF A% T B% FED% MFEE% R E%  ZRFE GI% HABH RS 2 ot
50001x., 24 h 0.125 5.905 0.099 0.620 0.030 0.022 0.115 (RT-9.509)
UV, 24h 0.025 1.647 0.064 0.346 0.031 0.021 0.192 ( RT-9.659 )
1 mol - LHCL, 24h 0.016 0.148 0.032 0.144 0.036 0.025 0.083 ( RT-9.665)
1 mol - L'NaOH. 24 h 0.016 0.193 0.030 0.087 0.037 0.025 0.082 (RT-5.116)
6%H,0,. 24h 0.019 2.164 0.067 0.354 0.034 0.039 0.187 (RT-9.661)
PR IR SR AT B A, A RE RS 2.5
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5
FFR RPN/ (pgeml™) etk R FHICHREL BEIEN

24k A 0.181~18.09 y=0.1448x-0.0177 0.9999 0.69
2% B 0.226~22.57 y=0.4696x-0.0193 0.9999 0.21
J4 i C 0.241~24.1 y=0.2755x+0.0881 0.9994 0.36
Z4i% D 0.227~22.7 y=0.1506x-0.0228 0.9998 0.66
J4IR E 0.231~23.1 y=0.2234x-0.0094 0.9999 0.44
45 F 0.25~25.01 y=0.1141x+0.0132 0.9999 0.87
Je G 0.246~24.6 y=0.4978x+0.0052 0.9999 0.20
AR A HE 0.288~28.79 $=0.0993x+0.0102 0.9999 -

2.6
VSUBE R R R T B, AR TA L ARJIRB L AR
C. 2D, Z¢FF . ZRTE . 425G X R 4% ik
T, N.0% B RV O i T A B LR T mLA 4%
0125 mgIEWL, TERZRMI 3 mm (1) .
EUAAL 722 Pl St R R 2% S ) R
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EA PRbEd mg S /% TTERE%  WRAE EMRLE O RE g RS T RN A RORE /%
AL 12.63 100 100 200000 4.73 0.126 0.005
AT A 16.87 96.9 75.34 500000 3.29 0.049 0.002
JLJ5 B 13.45 90.4 100 1000000 3.46 0.024 0.001
ZJ5i C 12.50 99.2 100 1000000 4.51 0.025 0.001
L D 13.05 96.4 100 200000 3.99 0.126 0.005
A E 13.62 91.4 100 1000000 4.20 0.025 0.001
ZRIR F 13.57 922 100 200000 4.40 0.125 0.005
IR G 10.31 95.3 100 400000 25 0.049 0.005

7

AR FRbEEE mg S8 /% TRERE%  WRAEC EWRIE KRG g RS TS RO 1%
Wi 12.63 100 100 100000 13.99 0.253 0.010
45 A 16.87 96.9 75.34 200000 12.32 0.123 0.005
JLJ5 B 13.45 90.4 100 500000 12.36 0.049 0.002
ZJ5i C 12.50 99.2 100 500000 15.44 0.050 0.002
ZLf D 13.05 96.4 100 100000 16.33 0.252 0.010
A= E 13.62 91.4 100 500000 10.80 0.050 0.002
LR F 13.57 92.2 100 100000 16.21 0.250 0.010
LR G 10.31 95.3 100 160000 10.40 0.122 0.010

2.7 ] —50 mLIHH,  FH1.09% it ik v T Bf 2 201

FE TSR, SR FH A5 0 44 0T R
FRIEMGRE:, THEA AR EICR ;. R E
G35t BE S IAR DRSS, AN 2% 1 14 [
DL 8L 5 v i HER

BRI A . 2B, Z4iC. ZFED. Z¢
JEE ., Z&RFAIZ G B 4G i, 435N 1.0% g
P Vs T (el PR TR B T B 1 m L 275 1.25 mghd
VW, VRN T B BRI A, RS
R AN 45 2.5 mL, Z2BIV & WS mL. 245
CIA W1 mL, 24D 41 mL, 24 REN &
1 mL, Z¢JRFI4H] mLAIZe BG4 1 mL, &

VO i ARVACEUTICALATIAIR

A, VENIRGE AR RS £ . FREES
R KRR R 25 1E B, AR B EUR AT
R T BRI 255 mL . 24i4k7K0.5 mLLL KR 2 —
Bt 451 mL, B [E—50 mLEIH, n1.0% ks
VW30 mL, JRIE10 minfliEMIEMBEEZE,
57, AERBEASE R, FAT A6 . BRI
%2 pL, JEFEIE, oREEEE, SRASMREL
TR AR SR, S5 R RS,

25 CMA TSR E92% ~ 105% , RSDF/)N
T2.0%, BEERMEMEENCART-H{E 499.9%, RSDH
0.8%, /NF2.0%, UL ERER .
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8
AN P AR fIIAR /mg TAHE /mg IR 1% SEHME 1% RSD/%
7RI A 1 16.41 16.56 100.91
2 16.41 16.57 100.98
3 16.41 16.56 100.91
100.9 0.2
4 16.41 16.52 100.67
5 16.41 16.53 100.73
6 16.41 16.56 100.91
ZRff B 1 13.82 13.45 97.32
2 13.82 13.51 97.76
3 13.82 13.50 97.68
98.0 0.6
4 13.82 13.59 098.34
5 13.82 13.59 98.34
6 13.82 13.63 98.63
ZRff C 1 12.34 12.41 100.57
2 12.34 12.37 100.24
3 12.34 12.35 100.08
100.4 0.3
4 12.34 12.41 100.57
5 12.34 12.40 100.49
6 12.34 12.42 100.65
R D 1 13.11 13.37 101.98
2 13.11 13.24 100.99
3 13.11 13.29 101.37
101.4 0.5
4 13.11 13.23 100.92
5 13.11 13.35 101.83
6 13.11 13.27 101.22
R E 1 13.24 12.94 97.73
2 13.24 13.02 08.34
3 13.24 12.91 97.51
97.8 0.4
4 13.24 12.99 98.11
5 13.24 12.92 97.58
6 13.24 12.92 97.58
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8
LA e SR fINAR /mg MY /mg [ /% YA 1% RSD/%

JeiF 1 13.96 13.29 95.20
2 13.96 13.41 96.06
3 13.96 13.51 96.78

97.0 1.3
4 13.96 13.56 97.13
5 13.96 13.67 97.92
6 13.96 13.77 98.64
ZRIE G 1 12.31 12.22 99.27
2 12.31 12.19 99.03
3 1231 12.36 100.41

98.8 1.0
4 12.31 12.07 98.05
5 12.31 12.11 98.38
6 12.31 12.03 97.73
Fi fig ng 1 12.67 12.75 100.65
2 12.67 12.71 100.33
3 12.67 12.71 100.33

99.9 0.8
4 12.67 12.52 98.85
5 12.67 12.68 100.08
6 12.67 12.53 08.89

2.8 R, AT S60, 43niE (g mmARH —

WO R HE S R Bl iR, 2 sesm AN ik ), SRR,
AN RIS AP AS R B [R) i A 2EA 7

9
NGRS 220 A/%  Z i B/% 2R CI%  Z&FDI%  ZRFEE/%  FFE%  FFGI%  FT 1%
: 1 0.021 0.071 PRy 0.043 0.072 0.056 0.022 99.51
; 2 0.020 0.069 KA 0.043 0.071 0.055 0.021 99.50
> 3 0.020 0.070 KA 0.041 0.071 0.055 0.022 99.50
" 4 0.021 0.070 A 0.043 0.073 0.055 0.022 99.51

5 0.020 0.071 KA 0.041 0.071 0.056 0.021 99.48

6 0.020 0.071 A 0.041 0.072 0.055 0.022 99.48

’?7 AN @l CliINESE PHARMACEUTICAL AFFAIR zhgysh
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NGRS 28 A% Z&UB/% 28R CI%  ZEFiDI%  ZRFTE/%  FE% ZFUGI%  FOT 1%
- 1 0.021 0.071 ER R 0.041 0.071 0.056 0.021 99.50
i 2 0.021 0.070 A 0.041 0.072 0.055 0.022 99.50
5 3 0.020 0.070 Ak 0.043 0.071 0.055 0.022 99.49
B 4 0.021 0.071 A 0.041 0.071 0.054 0.022 99.50
5 0.020 0.070 Fe i 0.043 0.072 0.056 0.022 99.48
6 0.021 0.071 Ao 0.043 0.071 0.055 0.021 99.49
Hf 0.0205 0.071 — 0.042 0.071 0.055 0.021 99.49
RSD/% 2.5 1.0 — 25 0.9 12 23 0.1
2.9 4.6, 8, 10, 12, 14, 16, 18, 20, 22, 24 h,

2.9.1 HIR NSRS A R 2 TR
B “2.2.4” P AU A SR T CE, T
WEEEESR, D 0IE

0\ 2\ 4\ 6\ 8\
K, Z4iBH 5> M0.172%

10,

12 h,

A4 20.408%, [F]R

BT N0.80% N = 1.80% , -0 Ti FLA I

VALK AR AE E IR T AFRRRE .

2.9.2 R A R e PG
B “2.2.47 TR RS, E4 CTIE

TR

ﬂ:o\ 2\ 4\
R AR

6. 8.

10,

Jo R AR S i 25 359 /NTF0.05% )
NS Al Hﬂ%ﬁ?ﬁﬂjzﬁﬁﬁﬁﬂﬁﬁﬁo
2.9.3 IR T RS RS PRI

A 2 TR IBURA T M o B A &, I 1. 0% I8 1R

12 h, BEREEEE, 0
LR UB R R E A (K2

S

HREZ S, il EIEE . 524 hN, FE RS0
FIRSD/NT2.0%, L WIXT B ah i3 I 2 A0 7624 h
WEE .
2.10

ARG R, o s A5 rh e
R WA AZE W pH . AP HER, DL R SE
FAVERS W B 53 B EE AR An , B 582071 T
Mo BB . AR . WA i pH L KA HL
AHLEB, R G0IE A B R e M0 55 AR &R 1Y)
ZR IR A BB R T 1.5, FFA 2K, Uiy
W AR TSR ZE vhp H UL A LA e A
RIZR A AU VAT, ki e o
2.11

PR R 2 Rt 2 R i i “2.2” TR Y

?ﬁ{&@{ﬁﬁ’q’:ﬁ%*ﬁﬁﬂﬁkl mLHFAE2.5 wellE  JREHI R AR, SEREIE, 45 ILER10, L
, VERXTRE AW . 154 CFCE, T0. 2. AU e ik [ DLl 6 AL 7
10
Bes e JeRAL BB/ 4G/ ARBID/ ARFRES R E O 2B G/ HAbZuER ERGr
a N % % % % % % % % %
JFEoBlZE 221019 0.019 0.051  REH 0025 0.023 0.009 0.011 0.22 99.65
200613 0.020 0.056 A 0.023 0.021 0.011 0.012 0.28 99.62
R 220639 0.022 0.071 A 0.040 0.073 0.053 0.022 0.021 99.57
2207051 0.021 0.075  AREH 0.041 0.068 0.059 0.023 0.022 99.55
zhgysh
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FEJ7 kR AR, B TR A UHPLC
{3EFEACQUITY UPLCBEH HILIC (100 mm x 2.1
mm, 1.7 wm) FAACQUITY UPLC"HSS T3 ( 100
mmx2.1 mm, 1.8 pm) , Hr, RHBEHM:HT,
BIGFEANGEE 293 minBi 24 BRIEH T YEDL, R
REAMES s SRITTHSS TR, Bl I (5 53 i ) o
K, HAFE. Z2F 5 6mm S MEAGe ik 3| Lk 5y
B Wik, ARHEREM FACQUITY UPLC® HSS
Cis (100 mm x2.1 mm, 1.8 pm) @iFfE,
3.4 14-

TEXUE M MERR 1) 140057 | AR AL, RIAS3] 14—
S el , AR AR 1065 g, H ot R A
10f5 T gME, (Rt I RFR M4l & 5, Hil
AR HAE S Pl 35 B Bk A

(1] i WME 2 AR w SZALE] O TR & p
2 VAP BELUT R 5 575 T 2 1705 AS 5 00 P B . o 9
FRPEEAek, 2018, 24 (8) & 576.

[2] ER, kR, BSCE, S SRR R R
J7ERIBGE). PEAE 2y e e, 2018, 33 (6) @ 789.

(3] sk, PNHT. MERSZHLE R SE SR D], JL Rt R,
2020, 42 (3) : 239.

(4] W VLR ORI P S (202018 ) [J].

VO i ARVACEUTICALATIAIR

[6]

[7]

(8]

[9]

[10]

[11]
[12]
[13]
[14]
[15]

EARPET SPPEE, 2020, 3 (4) @ 229-244.
PRI, IGRZ5H2E M. R =R it 2018:
103.

OCE, MRIEAE, ENER, 5. KAGIINDRERS AR
il & B P[], HE 200, 2020, 23 (4) @ 643
647.

PV, EIE, ZEP9Bk, SF. ERRRNGME: SRR e M
WEFE[]. T EZE, 2019, 28 (6) : 17-19.

A, XWINST, BREE, SF. GRS R R S R A
AR TR N MEE N [T BE T AR E PR ] o A B 2 A
&, 2018, 24 (2) : 103-106.

A, W, X7, AF. GRERNGME O AR R e
PERFSEN). TP E 2G5, 2015, 26 (4) @ 515-518.
Wedhdh, ER, Toon, % B aibkie 2
b FERAR I AR TP A R — A k(D). T E 24,
2021, 30 (24) : 78-80.

e N RGN EZGH, —3B[S]. 2020 1573.
Morphine Sulfate [S}// USP43-NF37, 2021.

EP 11.0[S]. 2022: 3446-3448.

JP 17[S]. 2017 1274-1275.

R, HRER, PR, SE. GRERASMEE R R
KR A TR A, ThE 22 graE, 2022, 57
(13) & 1112-1117.

(dfm B 202451 A 16H % EHT)

zhgysh



