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10) MERIEM G, R ACQUITY UPLC HSS T3(100 mmx2. 1 mm, 1.8 wm)fGi%FEsrEs, LLO. 1% B iR /K iz
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Abstract: According to ICH M7, Nexu2. 7.0 was used to predict the potential mutagenicity of four
impurities in apremilast, and the results were all positive and were classified into Class 3. An ultra
high performance liquid chromatography—triple quadrupole mass spectrometric (UPLC-MS/MS) meth-
od was developed for determination of four potential genotoxic impurities, including APST-ZZ1,
APST-7274, APST-776 and APST-Z77, in apremilast. The apremilast was dissolved with 0. 1%
formic aqueous—acetonitrile (90 : 10) , and then separated on an ACQUITY UPLC HSS T3 (100
mmx2. 1 mm, 1.8 wm) column by gradient elution using 0. 1% formic aqueous—acetonitrile as mo-
bile phases at a flow rate of 0. 3 mL/min, a column temperature of 40 °C, and an injection volume of
10 L. The detection of analytes was performed in the negative electrospray ionization mode (ESI")
under multiple reaction mode. As a result, the calibration curves of the four impurities all showed
good linearity, with their correlation coefficients (r) not less than 0. 999 5. The limits of detection
(S/N=3) of the method were 0. 001 0-0. 002 5 mg/kg, and the limits of quantitation (S/N=10) of the
method were 0. 004 8-0. 005 0 mg/kg, respectively. The average recoveries of the four impurities
were 90. 7%-109% and the relative standard deviations (RSDs) were 0. 50%-5. 8%, respectively.

This method has the advantages of simple operation, short detection time, accurate, reliable, high

Wi HER: 2025-02-21; fEEIEHHEA: 2025-04-21
E&WE . WAbs B ABHFERE S B H (B2022329002)

« BIIEE: RGN, tWid, SZCTRIE, BFREJ71E: 259165, E-mail: gongdenghuang@cspe. cn
MEEEZ B 2025-11-27



551 31 B SR R RO - T DUAR AT BTN 5 T K R v 4 R RTERE R B AT 165

sensitivity, and could be used for the simultaneous detection of four potential genotoxic impurities in
apremilast.

Key words: apremilast; ultra high performance liquid chromatography—triple quadrupole mass
spectrometry; potential genotoxic impurity; ICH M7
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1.1 s 5iEF

Waters Xevo TQ-S Z 68 j5 250 AH £4, 3% — = 52 DU AR AT Ot B¢ A, B4 BRI 28 25 -V (ESI) (3£
Waters Corporation) ; ‘& FHr 4 A WAL (L& BHIr AT Es AR 2 7)) 5 Mettler XPE105DR 244347
R (Fiit: Mettler-Toledo LLC, + 432 —).

& it APST-ZZ1, APST-ZZ4. APST-776. APST-ZZ7 (4l ¥ KT 98%, A28 v 23 258K
(GRFE)AERAT); WEE, i (Aikg, HE Merck 241 ); HER (A%, FH TiRFIARAR),
1.2 BEHE

ot FESRAS I . FRELAPST-ZZ1 . APST-7Z4. APST-776. APST-Z77 &0 B i, KB E,
M0 1% H /KT - 5 (90 = 10) S fir A B o U S iR BE 43 A 200 25 ng/mL WY, AV A 2% O BE
B

PRSI BBTEOR A)RRZ 10 mg, KEBEFRE, 0. 19 HBR/KIEWE-Z MG (90 = 10) s fid FRfRe k.
FrERE M 1. 0 mg/mL AW, #5), Eifs.

1.3 B®BIiL&H
ACQUITY UPLC HSS T3(100 mmx2. 1 mm, 1.8 wm){GifAE, AR 440 °C, FBhHHA 40, 1% H R
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JKIERE (BT mL BEZ, JI1 000 mLAB4i/K/332]), BAZHE; Hi#EK0.3 mL/min, BN 0~4 min,
10% B; 4~12 min, 10%~80% B; 12~13 min, 80%~10% B; 13~15 min, 10% B, BEAEEEFH 10 plL.
1.4 FRiL&EH
BTUR . HBESE TR (ESD , HR: 2RO S IR (MRM)FH4, fs 74 & IR IR
BE. 150 °C, BEEFIVSIELEE: 500 °C, BAEHIE: 2.80kV, EEFE: IMRE. BIHTHE 25
WA,
1 BRI ) R TOE 28

Tablel  Retention time and mass spectrum parameters of the impurities

Compound Retention time/min Parent ion(m/z) Daughter ion(m/z) Cone voltage/V Collision energy/V
APST-771 5.22 210.0 122. 1 22 14
APST-774 7.52 224.1 122.0 26 14
APST-776 7.08 194. 1 106.0 38 16
APST-777 8.30 238.0 122.0 22 14

2 HR5WH

2.1 BEHRTMEIN
HRYETCH M7, b T Je ik R 3 S SCHRH AR AR08 14T 73 SRR BT, 5 R PTRD EL AN (Q)SAR
PR 7 B SR AR, IFEAT 2, — MR R TR AR, SRR R T
K Nexus 2.7.0, FETFPIRNTIELE G ICH M7 73 2888800 ok 4 N2 BTt T i, 45 RINE 2R, ™
FRERAEx 4 Fh 2R BB TIN5 R4 S BH T, HIAh 328, RIHA BT ER B e AB 1
2 RS2,
Table 2 The prediction results of the potential mutagenicity of the impurities

Impurity ~ Derek prediction Sarah prediction Experimental data Similarity to API Overall in silico ICH M7 class
apst-zz1  @@B0 |88 0 Carc/Ames: Unspecified Aler(s) not found inAPI  Positive Class 3
arst-zza  @BE0O 880 Carc/Ames: Unspecified  Aler(s) not found inAPI  Positive Class 3
APST-7276 .-.O .DOD Carc/Ames: Unspecified Aler(s) not found inAPI Positive Class 3
arst-zz7  E@E@0) 8000 Carc/Ames: Unspecified  Aler(s) not found inAPI  Positive Class 3

2.2 ZJRPRE I E MK HE

LRI 4 b2 S5 0 S R B O A S R, L TESCRRATE . MR ICH M7, BT S G T Y
{E(TTC) I E T s NG, BRI NGERIEN 1. 5 g I H KBS o] 205, RIZ A 3R 1
oL EUEHY IR N 05032 — . TTCTT A — M T RINIEY 1 (S104F) 234 et /e L IEE0E 2L
H8 (22803 2 BRI . Bk 4 PR PRAL 0 3 8800, IRIBLTT R T TTC TSP R B . AR
BT TR AT, H SRR SR VEIR AR 60 mg, BT AT bk 4 AN AR SR IR B R R
$150. 025 mg/kg.
2.3 BuiEFHMmH

S PUARAT Ui A 25 () R 2 R il AT R, HL 2 SR IR 75 2 B v A AR o
Wiy, BRI BRI o AR s (] S 28 it o 2 NS IR R O, ALt
R 3 — = T DU AR AT O R IR P B AR A me e P o T B IR 2 A B 35 1 U R Ak
HUE IR (APCD "™, Horp ESTURGET HUEZE f 2 1 BB b i 3 TG SR 8 1, AT 04T
R PR EEOR R AR, B TR . A S8R IR E e S T
APCHEF o Wit IR A B B SR TA I H s v T PR WA 58 1 9 S B2 U
— RYIRAER R, A R T, BATIOE T, EETRIEBSE S s BRI 4 2R
PR HA S A 7, R ) ESTIRAE 4 v s 5

FC ] 10 pg/mL H) 4 Bh2e O MR, o0 e IR B TR R s TG AT — i, 42k
AR, BRI TR T RRUE B T8 . MRS AT, ol DU B 25 2% Re R 19 7
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Fig.2 Total ion chromatograms(TIC) of impurities in standard solution separated by different columns

2.4.2 REHEMEE X T AILL0. 1% W ERKET . 0. 1% ZUKEW . 5 mmol/L LBRER KGR RAE R
TENHH A, ZHERTREIAH B B 4 Fh AR5 40 25 TR L . A5 R 380, LLO. 1% Z0KIECh i3 A B,
&2 A S B ) 3 HTE T min P, H APST-Z76 T4 % LIS mmol/L BB K HVE Rk s A
AR, BTG E, HUGIR AR, LLO. 1% R /KIEWCIREAE A BT, &2 RIIEIE . (R
TR B E . P, SR 0. 19% HBR/KIERCATRAIAH A, FESCEERE b 28 I AR BE B BE
WRFEFE, (& IR TR B RO, HRIAE 15 min N SRS
2.4.3 MIBMERE FERENAEHEEKRMAET, 2 APST-2Z1 HiERNS , Kaibtiih
30 ‘CIEMEA40 C, HRMNRARINGE, Hitm 7 s 2 5,

Zi b, mAMENGRE BN 1,37 PR, RS T RRINEER IFH R8T, 58
JEXIH R EoR (WE 3) .
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A 5.30 B 7.56 C 7.11 D 8.33
i A
T T T T T T T T T T T T
4.0 6.0 80 6.0 8.0 10.0 6.0 8.0 100 6.0 8.0 10.0
t/min t/min t/min t/min

3 S HSER P AT APST-ZZ1(A) . APST-ZZ4(B) . APST-Z26(C) F APST-2Z7(D) ) 585 T Il
Fig. 3 Total ion chromatograms(TIC) of impurity APST-ZZ1 (A), APST-7ZZ4(B), APST-7ZZ6(C) and APST-ZZ7(D)
in standard solution

2.5 ZeE. KHREEE TR

FRER 4 b e SO IR & 8 5, IION T 000G 8 il 25 A G I Bk B 43 il ok 5. 10, 1205, 25.0,
50. 0 ng/mL RV, RHAT G TIE , VG BOMIMAR, LIRS R bR ifE il 22
FEUAGME L (S/N) Sy 10 B 5% B 9 J5T 5 3k B Ok & T BR (LOQ) , S/N Sy 3 IF R 7 i) ot & 4 B S A HA BR
(LOD), HHFE3 WA, 4282l X 2R B IF(r20.999 5), K HBR 4 0. 001 0~0. 002 5 mg/kg, &&=
B4 0. 004 8~0. 005 0 mg/kg, FRELEH R, e A5 e TR,

K3 BAUNAMEE . 2R TR AR
Table 3 The linearity ranges, LOQ and LOD of imputities

Compound Linear range/(ng-mlL™") Linear equation Correlation coefficient(r)  LOQ/(mg-kg™') LOD/(mg-kg")

APST-771 5.03~50.29 y=2 600. 3x-501. 36 0.999 7 0.0050 0.002 5

APST-Z74 4.77~47.72 y=788. Sx+ 434. 52 0.999 5 0. 004 8 0.001 6

APST-776 4.92~49. 24 y=207. 15x-60. 449 0.999 6 0.004 9 0.002 5

APST-777 5.00~49. 99 y=4195. 8x+ 6 025. 1 0.999 6 0.005 0 0.0010
2.6 HEWE

BAE &AM 2 ARES, A BITRIILOQ . 100% PR EE . 1509% PR 2 K - 14 2 2 B bR v i 06470
PRETCR LS, MR K FEME 3. 4[N, APST-ZZ1, APST-ZZ4. APST-776. APST-
2277 ) F 34 8] i 2243 551 41 90. 7%~109% . 92. 4%~102%. 99. 3%~101%. 91. 8%~96. 5%, AH X} b1 i 22
(RSD) 3320 1. 19%-~2. 8%, 1.3%~1.6%. 3.2%-~5.8%. 0.50%-~3.8%, Jikuiff, i iBEsiRas A
A 5 K

Fd PSR w2 0 A R B A bR s 22

Table 4 Recoveries and relative standard deviations(RSDs) of the impurities in apremilast

Compound Added/(ng*mL™") Found/(ng*mL™") Recovery/% Average recovery/% RSD/%
APST-771 5.29 4.42, 4.60, 4.66 87.9, 91.4, 92.6 90.7 2.8
25.15 27.03, 26.61, 26.18 107, 106, 104 106 1.6
37.72 40. 65, 41.45, 41.30 108, 110, 109 109 1.1
APST-774 4.77 4.35, 4.41, 4.46 91.2, 92.4, 93.5 92.4 1.3
23.86 24.41, 24.01, 24.77 102, 101, 104 102 1.6
35.79 35.23, 35.77, 34.76 98.4, 99.9, 97.1 98.5 1.5
APST-776 4.92 5.08, 5.01, 4.56 103, 102, 92.7 99.3 5.8
24.62 25.23, 25.53, 24.03 102, 104, 97.6 101 3.2
36.93 35.25, 39.29, 36.72 95.4, 106, 99.4 100 5.6
APST-Z277 5.00 4.77, 4.57, 4.43 95.4, 91.4, 88.6 91.8 3.8
25.00 24.49, 23.97, 23.92 98.0, 95.9, 95.7 96.5 1.4
37.49 35.52, 35.56, 35.79 94.7, 94.8, 95.5 95.0 0.50

2.7 BRBEUKREEM

PRI 2 Jo0} Bt B A Bt i &, IONTS SR R AR R 1 7 45 A 040 | 2404 25 ng/mL, B
AR AL 1. 0 mg/mL IR G, VYESIIAREIRSIET . 20000 4. 8. 12, 18, 24 h #EFES T,
R oK | 3%t APST-ZZ1. APST-ZZ4. APST-776. APST-Z77 (F)U5TH FX RSD 43 % 41 2. 8%, 2. 6%,
5.5%. 4.5%, FHIZIEAEENR T ACE 24 hINERE . FLHR ER 7 - PATICH 6 4 Ibnfit i i, 40
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SIHEREST, AR AL RSD 23 5141 3. 2%, 1. 8%, 3.3%. 1.7%, FHFEREEMER T,
2.8 Mk

B9 ik Bof 5 w) A R 24 K 9 SRS K ml AR A, FERHR UL 27 JRiRECHI R I T, R R
“L37 R 147 FEAFHERENE,, CRAVMREITES RS R 4R R, SRS bR Bk
AFPEAERE R B A 0T, AR K wRR RO 2 1 i T2 RGERR AT, HAAS BINBIT S K A
AW ol

3 & it

AR SCEENT. 1A BT DK w4 b L P 35 2 ST A VR OB 0 — = L DUARAT B e i i
BOTER IR R . RIBER . MERNTEE, P B BT P SR . SR ok w) R IR R
BYEA TR AT SEROREN T ik o SRR T R AR 2 i A B0 25 AR BT R R SO LK BT
RV R AR, PARKE A A, RWIBTEOR IR OR 25 80 ) & T A RGE RS, HAS
SINZIBTEOR AR A7 b, XU T
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