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Abstract: An ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS-MS) method
was developed to elucidate the impurity profiles of paclitaxel and paclitaxel injections from different Chinese
pharmaceutical companies. The fragmentation patterns for paclitaxel and the related impurities were analyzed
and summarized. To remove the interference from auxiliary materials, such as hydrogenated castor oil,
paclitaxel was dissolved in ethanol for acid, base, peroxide, and light induced forced degradation analysis, which
could produce all the impurities exist in the paclitaxel injection. A total of 10 impurities were characterized,
such as cephalomannine (1), 7-epi-10-deacetylpaclitaxel (2), 7-epipaclitaxel (3), baccatin IIl (4), ethyl ester
side chain (5), 7-epi-baccatin IIT (6), 10-deacetylpaclitaxel (7), paclitaxel isomer (C3-C11 bridge) (8), paclitaxel
isomer (9), and N-benzoyl-(2R,3S5)-3-phenylisoserine (10), respectively. Among them, compounds 1-3 could
be introduced during manufacture processing. In the forced degradation studies, while acid induced degradation

products included 3—7, base induced degradation could produce 2—7 and 10; while 7 is the main compound
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produced by hydrogen peroxide treatment, 4 compounds (3—5 and 7) were produced by high temperature

environment and 5 compounds (2—5 and 9 which is the first reported) from intensity light exposure. Furthermore,

8 was the main impurity came from intensity light exposed paclitaxel powder. The results from this study

provide an important reference in processing, optimization, quality control and evaluation of paclitaxel.
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UPLC-MS/MS % @ik N Ci, Acquity
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mL-min', BEFEEN 3 pL. RAEE TS M ETFHEE
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Table 1 The detemination results of impurities in paclitaxel injections.

Horb gkt 3. 4 7 S REGE, HWAMEAZ R R
JR AT, B Y R SR AR S FE B RR I (cremophor
EL) M)k,

2 FEROMELRE

2.1 UPLC/MS/MS X422 R 8 R K2 EF & RS
RS SR UPLC-MS/MS J7i, St

SRS R SR RE AR LA R R T A mR RS
B ARV W AT A0 BT, AR BRI 1~10 I — R/ 5 =
PR TEAE B

22 EEBHNEMBEERSHN G TiRE T EE
W25 5y R A BRI AT 5 2 AR A, 7F LT 25 FL B
KU, WS T BTN 855, m/z 569 & HES T
TFUE R R TERE RIS B, ZIEMEEN B TR m/z
286, MEVRANAEIE G SME XM T, BTHABSE
et /Ny ¥ Hy,O (m/z 18) CH3COOH (m/z 60) Al
Ph-COOH (m/z 122). SCER™ V4138 & & R 7 1 45
P25 5 F B [MA+Na]" 1 88 7, SCHRUOR I8 A2 B 1E
ESI Y5 H 2 I 32 545 3 [M+Na] 5 [M+K] HI & 7, %
WA Z Ao AR ], AR SCEE 58 1 4 i — i v
B, [M+Na] IR E BRI, 45462530,
AR EAZ B RLFENLENEAT T 5y, WK 1
(LR ScH fREEMIEE, T X C6-C8-C6 ). FH AR %
12 T 11 A R T 2% 0 1) 45 R JEAT 7 40 5 A AT
23 ERHPFERRHSEHSA ERH R 3IA
IR, F:I 1 HES T RS T m/z 832 [M+H], EE
TP B TN m/z 754 [M—CH;COOH-H,O0+H]"\ m/z
569 [M—ScH+H]"\ m/z 509 [M—CH;COOH—-ScH+H]"

RRT is the relative retention time of impurity peak to the peak

of paclitaxel
Company Impurity/%
o RRT1£ 0.09 RRT i 0.17 RRT i 0.19 RRT i 0.35 RRT 1 0.43 RRT 1: 0.77 RRT 2: 0.93 RRT3: 141 Other Total
1 - 0.30 - - 0.07 0.06 0.15 0.23 0.80
2 - 0.06 0.03 - 0.08 0.08 0.11 0.24 - 0.59
3 - 0.24 0.10 - 0.11 0.08 0.06 0.07 0.34 1.01
4 - - - - 0.20 - 0.27 0.07 0.25 0.79
5 - 2.55 1.76 - 0.39 0.08 - 0.51 0.06 5.35
6 - 0.04 - - 0.10 - 0.41 0.14 0.06 0.74
7 - 0.03 0.02 - 0.11 - - 0.12 0.10 0.38
8 - 0.10 0.05 - - - 0.05 0.16 0.37
9 - 0.19 0.10 - 0.21 - 0.14 0.17 0.39 1.20
10 - 0.02 - - 0.22 - - 0.08 - 0.32
11 - 0.76 0.48 0.04 0.39 0.24 - 1.22 - 3.13
12 - 0.18 0.11 0.20 - - - 0.14 0.63
13 0.06 0.15 0.08 - 0.24 0.04 - 0.13 - 0.71
14 - - - - 0.08 - - 0.57 0.18 0.82
15 - 0.08 0.02 - 0.09 0.18 - 0.11 - 0.48
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Figure 1 Proposed fragmentation pathway for paclitaxel
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Table 2 Data of paclitaxel impurities identified by UPLC-MS/MS

Figure 2 The chemical structures of paclitaxel impurities.
Ethyl ester side chain (5), 7-epi-baccatin III (6), paclitaxel isomer
(C3-C11 bridge) (8), paclitaxel isomer (9), and N-benzoyl-(2R,
35)-3-phenylisoserine (10), impurity 9 had never been reported
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Name Mw ]\g:;l:r Sample source fon typz/np/z;ent fon Product ion (m/z)
Paclitaxel 854  C47H5NO;y4 Substance [M+H]+: 854 569, 509, 286
[M+Na]": 876 591, 531, 308
Cephalomannine 831 C4sHs3sNOy4  Impurity, light [M+H]+: 832 754,569, 509, 264
7-epi-10-Deacetylpaclitaxel 811 C4sHsoNOj3  Base, impurity [M+Na]+: 834 549, 308
7-epi-Paclitaxel 854  C4Hs1NOys  Impurity, base, acid, light, warm [M+H]+: 854 794, 569, 509, 286
Baccatin 111 586 C31H350,,  Base, acid, light, warm [M+Na]": 609 549, 521,427, 367
Ethyl ester side chain 313 Ci;sH19yNO4  Base, acid, light, warm [M—-H]: 312 266, 238,210
7-epi-Baccatin [II 586 C31H;330,;  Base, acid, warm [M+HCOOH-H] : 631 433, 121
[M—H]: 585
10-Deacetylpaclitaxel 811  C4sH4NO;; Base, peroxide acid, light, warm [M+Na]": 834 549, 308
Paclitaxel isomer (C3-C11 bridge) 854  C4HsNOy4 Light (API) [M+Na]+: 876 816, 531, 308
Paclitaxel isomer (first report) 854  C4HsNOy4 Light (paclitaxel solution in ethanol) [M+Na]+: 876 816, 531, 503, 351, 308
N-Benzoyl-(2R,3S)-3-phenylisoserine 285 Ci6HsNOs  Base [M—H] : 284 266, 238
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Figure 3 Proposed fragmentation pathway for impurity 5
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Figure 4 MS/MS spectrums of paclitaxel and impurities (4, 5, 8, 9)
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Figure 5 Proposed fragmentation pathway for impurity 9
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