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Identification of the related substances in penciclovir cream by

two — dimensional LC — MS techniques”
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Abstract Objective: To identify the structures of the related substances in penciclovir cream by two — dimen-
sional liquid chromatography quadrupole time — of — flight tandem mass spectrometry (2D — LC — Q TOF/MS)
technique. Methods: The first — dimension separation of the related substances in penciclovir cream and its
stressed samples according to ICH were carried out on an ODS (250 mm x4. 6 mm, 5 pm) column with gradient
elution by 0. 15% formic acid 10 mmol - L' ammonium formate buffer solution and acetonitrile as mobile phases,
and each related substance was enriched separately. The second — dimension gradient elution was performed on a

Phenomenex Luna SCX (250 mm x4.6 mm, 5 pm) column with 0. 1% formic acid 20 mmol - L~ ammonium
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formate buffer solution and acetonitrile as mobile phases for each of the related substances to achieve good separa-

tion with the matrix of penciclovir cream. The accurate mass and elemental composition of the parent ions and

their product ions of the related substances were determined by positive electrospray — ionization quadrupole

time — of — flight high resolution mass spectrometry, and the structures of all the related substances were elucida-
ted. Results;: Under the established 2D — LC — Q TOF/MS analytical conditions, penciclovir and its related

substances were adequately separated, and 21 major related substances were detected and identified in the penci-

clovir cream and its stressed samples. According to their chromatographic retention behavior, spectral characteris-

tics, mass spectrometry characteristics and their differences from other known related substances of nucleoside

drugs and combing with synthesis and formulation process route, their structures can be identified all of which

were identified for the first time. Conclusion: The results can provide reference for the quality control of penciclo-

vir cream.
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Fig.1 HPLC chromatograms of penciclovir cream and its stressed test solutions
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Tab.1 Mass balance of penciclovir cream and its stressed test solutions

=iz c/ A KA o e T R Ak WA T AR YT L ]
(sample) (mg-mL™") (areag,, i ) (area,,, ) et/ ¢ (mass balance ratio)
RN (non — stressed ) 1. 086 4 411 641 28 701 695 2.64 x107 1. 00
E TR (dry heat stress) 1.079 4 3567 797 30 677 831 2.84 x107 1.08
FIRIBEE B (wet heat stress) 11258 1 850 991 29278 510 2.60 x 107 0.98
S HRIR EE IR (wet photolytic stress) 1.025 8 509 846 26 677 034 2.60 x 107 0.98
R T EE R (dry photolytic stress) 1. 006 O 384 132 27 346 156 2.72 x107 1.03
AL ER (oxidation stress) 1.123 4 579 843 29 188 880 2.60 x 107 0.98
B A% IR (alkaline stress) 1.077 6 853 821 27 977 022 2.60 x 107 0.98
BR W% IR (acidic stress) 1.095 8 1251 665 29 857 783 2.72 x107 1.03

T (note) ; DL F T AU AR HE4L A4 19 .23 (mass balance ratios are calculated excluding compounds 19 and 23)
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Fig.2 MS spectrum of the excipient polyethylene glycol
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Fig.3 The comparison second dimensional liquid chromatograms of penciclovir and its related substances
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Fig.4 The overlayed second dimensional liquid chromatograms of penciclovir and its related substances
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Fig.5 MS/MS spectra of penciclovir and its related substances [M + H] * ions
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e
9% - Ao mEIT
x2 BERFAFTHEXMWRMLC-Q-TOF/MS £ELER
Tab.2 Related substances identified in penciclovir cream by LC - Q —- TOF/MS
s BEET g/ B Dif WRET Sl
(No. ) (parent ion)m/z min (ion formula) (product ions) m/z (origin)
1 270. 120 6 5.410 CioHgNsO, * 3.517  227.114 7,197.104 0,185.092 8,168.052 5,130.087 3,113.045 8, Dr
85.064 9
2 215. 114 4 8. 696 CgH;sN,0; * 2.417  197.102 1,113.046 0,85.065 1,67.055 7 Dr
3 344. 158 2 10. 501 Ci3Hy N5 Og * 4.969  326.146 7,308. 138 5,296. 1376,242.089 6,224.078 5,206.065 6, Dr
194. 067 6,178.074 5
344.1559 11. 892 Ci3Hy NsOg* —1.685  326.145 4,296. 135 5,242. 089 6,224. 088 5,194. 069 1,178.073 8 Dr
312.131 6 13.288 C,,HgN;O5 * 4.389  294.122 3,266.127 0,254.125 9,210.062 9,192.052 5,164.057 2, Dr
152.057 7,135. 030 7,85. 0634
6 286.115 8 13.421  CoHNsOs* 4054  223.107 5,206. 104 6,165.065 2,152.057 5 Dr
APIL 254.1259 15.119 CioHgNs Oy * 4.525  152.057 3,135.030 5,110. 035 1,85. 064 8,67.054 0 APIL
7 270.119 6 18. 116 CoHNsO, * =0. 111 252.110 4,234.099 4,206. 103 4,180.052 4,168. 052 2,152.057 2, Dr
85.065 3
8 284.134 0 20. 038 CyHgNsO, * —4.575  266.125 7,254. 124 8,164. 057 6,152. 057 5,103. 076 4,85. 066 0 Dr/Pr
9 300. 131 6 21. 031 CyHigNsO5 * 4.331  282.123 5,266. 129 3,238. 104 6,164.055 4 Dr
10 312.130 3 21. 661 C,HgN;O5* -0.064  294.116 8,266. 121 3,210.063 2,192.052 4,164.057 0,115.055 5, Dr
85. 066 1
1 282.120 6 22.520 CyHgNsO, * 3.226  218.101 8,152. 057 4,135.030 9,110. 036 2 Dr
12 356.156 8 24.035 CuHyNs O * 0.814  310.152 1,254.089 7,236.078 6,208.083 7,190.075 0,103.075 8, Dr
85.064 6
13 2606. 124 8 25.822 CiyHigNs Oy * 0.263  236.115 6,206. 104 7,164.057 3,152.057 2,135.030 5,115.075 4, Dr
83.049 1
14 400. 182 6 26. 984 CigHyNs0;, * =0.050  382.176 6,280. 141 8,224. 080 0,206. 068 8,178. 073 1,135.031 3 Dr
15 296.136 5 27.349 C,HgN;O, * 3.917  254.129 7,204,095 9,152. 057 2,135.030 0,110.033 9 Pr
16 400. 182 4 27.904 CieHyNsO, * =0.775  382.175 2,293. 114 8,280. 142 4,224. 081 1,206. 058 6,178. 0732 Dr
17 326.147 3 28.294 Ci3HyyNsO5 * 4.170  308. 135 8,280. 141 2,224. 078 8,206. 067 9,178. 072 8,85,063 5 Dr
18 529.229 2 30. 054 CpHyuN0p " 4.894  511.221 0,427. 158 4,325.093 0,164. 055 4 Dr
19 137.024 2 3139 G H0, " ~1.387  93.0343 Exp - Dr
20 561.253 9 31.939 CyHy N0, * 1.996  459.186 7,325. 163 0,308. 136 §,280. 140 2,254. 125 5,236.115 1, Dr
178.071 5,152.057 9
21 504.269 6 32.148 Cy HyNs Oy * 3.580  442.232 0,310. 152 3,266. 125 5,248. 114 5,166. 072 4,83.048 6 Dr
2 519.242 8 32887 CyHyN, O, * 1021 266,127 6,254. 125 0,164. 062 2,152. 057 3 Dr/Pr
23 151. 040 2 43. 988 CgH,0, "~ 0.794  136.016 2,92.026 3 Exp

1 (note) : Dif. 7535 T FittiR 2% (MS difference as parts per million) ;Pr. T. 24 J4) i ( process related substance ) ; Dr. [ffA &4 Fi ( degrada-
tion related substance) ; Exp. 4} (excipients) ;Exp — Dr. $li R4 ( degradant of excipients)
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Fig.6 Chemical structures of penciclovir and its related substances 1 —23
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Fig.7 MS/MS fragmentation pathways of penciclovir, acyclovir and guanine [M + H] * ions
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Fig.8 DAD spectra of penciclovir, related substance 1 and related substance 7
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