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Structural identification of the related substances in phloroglucinol
injection by two-dimensional liquid chromatography-quadrupole
time-of-flight mass spectrometry

LIU Jia-ming, LU Yu-ting, SONG Min, HANG Tai-jun’

(Department of Pharmaceutical Analysis, China Pharmaceutical University, Nanjing 210009, China)

Abstract: This study aimed to identify the related substances of phloroglucinol injection by two-dimensional
liquid chromatography quadrupole time-of-flight mass spectrometry (2D-LC-Q-TOF/MS). The first-dimensional
separation was carried out on an HSS T3 (250 mm x 4.6 mm, 5 pum) column by gradient elution using 1.36 g-L"
potassium dihydrogen phosphate buffer solution (pH adjusted to 3.0 with diluted phosphoric acid) and acetonitrile
as the mobile phases. The separated components were then trapped in switch valve tube lines respectively and
delivered to the second-dimensional desalting gradient elution which was performed with a BDS C18 (100 mm x
4.6 mm, 2.4 pm) column using 0.1% formic acid and methanol as the mobile phases. After rapid desalting,
electrospray-ionization quadrupole time-of-flight high resolution mass spectrometry was used for determining the
accurate masses and elemental compositions of the parents and their product ions for both phloroglucinol and its
related substance. Structures of the related substances were then figured out by mass spectrometry elucidation,
organic reaction mechanism analysis, and/or comparison with reference substances. Under the established
analytical conditions, phloroglucinol and its related substances were adequately separated, 17 main related
substances were detected and identified in the injection and its stressed samples for the first time. The identification
results can provide reference for the quality control of phloroglucinol injection.
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Figure 1 Phloroglucinol and its known related substances listed
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Figure 3

1D-HPLC chromatograms of phloroglucinol injection and its stressed test solutions. API-a: Phloroglucinol; API-b: Trimethyl

phloroglucinol; 1-17: Related substances 1-17; a: Solvent blank; b: 0.1% Self-reference; c: References (related substances EP-A, EP-B,
EP-D, EP-E, EP-I, EP-K, EP-L, EP-O, Table 2); d: Test sample; e: Oxidation; f: Thermal stress; g: Photolysis; h: Acid hydrolysis; i: Alkaline

hydrolysis
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Table 1 Mass balance of phloroglucinol injection and its stressed
test solutions (8.0x10”° mg-L™)
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Figure 4 2D-HPLC chromatograms of API and its related substances
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Figure 5 Chemical structures of the major impurities found in phloroglucinol injection

Table 2 Related substances characteristics identified in phloroglucinol injection by 2D-LC-Q-TOF/MS. Pr: Process related substance; Dr:

Degradation related substance

No. Parention (m/z) t/min lonformula  Diff. Product ion (m/z) Ja/Dm  Origin
API-a 125.022 7 1578 CH,0, -13.76 57.0337,41.002 1 266.6 API
EP-A 125.023 0 15.02 CH,0O," -11.36  97.0279,79.017 4, 69.033 2, 55.017 6,41.002 0 265.9 -
EP-D 233.043 9 27.00 C,,H,0, =7.08 189.053 4, 147.043 3, 123.043 4,121.064 1, 65.002 0 251.7 -
EP-E 125.022 7 1045 CH,O," -13.76 79.017 3, 69.033 1, 55.017 7 287.3 -
EP-1 160.955 4 49.70  CH,0CL, =7.70 124.977 7, 89.000 9 277.8 -
EP-K 142.988 6 4228 CH,O,CI" -13.50 107.0121,96.9679,79.017 2, 63.022 6 282.5 -
EP-O 176.950 3 47.09 CH,O,Cl,” -7.12 140.9730,112.9780 292.1 -

1 255.049 5 5.88 C,H,0, -6.00 211.0595,167.070 0, 97.027 7 260.6 Dr
2 251.018 0 10.81 C H, 0, -6.89 179.033 0, 165.017 5, 137.022 9, 93.033 1 265.4 Dr
3 237.038 3 1242 C H,0, -9.11 219.026 9, 175.037 8, 151.037 8, 109.027 8 2713 Dr
4 255.049 1 1339 C H,0,/ =7.57 193.049 0, 149.059 5, 125.059 2, 97.068 4, 85.028 2 261.8 Dr
5 223.022 9 1414 C HO. -8.56 179.033 5, 137.023 0, 109.027 9, 95.012 4 227.5,337.2  Dr
6 253.033 0 21.64 C, H0, -9.41 209.043 2, 191.035 0, 167.032 7 261.8 Dr
7 279.012 1 22.76  C,H,0. -9.10 235.0229,193.012 5, 178.996 9, 151.002 3 263.0 Dr
8 169.013 8 2827 CHO, -2.66 151.002 0, 107.012 4, 83.012 5, 65.002 2 255.9 Pr
9 247.022 3 29.12  C,H, 0, -10.16 219.028 1,205.012 8, 177.017 7 282.0 Dr
10 287.0179 3153 C ,HO,S -6.38 243.027 6, 199.037 9, 155.048 6 268.9 Dr
11 247.023 2 3215 C,HO, -6.52 229.0115,177.016 9, 151.001 6, 137.022 5, 133.027 6 266.6 Dr
12 247.023 2 3393 C,HO, -6.52 229.0120,203.0329, 177.017 4, 151.002 1 261.8 Dr
13 373.055 8 3534 CH,0, -1.90 329.064 0, 285.074 4, 203.032 8, 175.038 3, 125.022 9 270.1 Dr
14 373.053 7 35.76  C,H,0, =7.53 329.063 1, 285.073 8, 247.021 9, 203.032 3, 125.022 6 259.4 Dr
15 373.053 8 36.36 C, H .0, -7.26 329.063 6, 285.074 2,203.032 5, 175.038 1, 125.022 8 265.4 Dr
16 265.0356 37.18 C,H,0, 0.83 247.0221,221.042 8,219.027 1,203.032 3, 169.012 0, 151.001 6 292.7 Dr

17 297.038 3 48.47 C HO, =7.27 280.034 4,253.048 1, 227.032 3, 183.009 9 272.5 Dr
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Figure 6 MS/MS spectra of the major impurities found in phloroglucinol injection API-a (m/z 125); EP-A (m/z 125); EP-D (m/z 233); EP-E
(m/z 125); EP-1 (m/z 160); EP-K (m/z 142); EP-O (m/z 176); 1 (m/z 255); 2 (m/z 251); 3 (m/z 237); 4 (m/z 255); 5 (m/z 223); 6 (m/z 253); 7 (m/z
279); 8 (m/z 169); 9 (m/z 247); 10 (m/z 287); 11 (m/z 247); 12 (m/z 247); 13 (m/z 373); 14 (m/z 373); 15 (m/z 373); 16 (m/z 265); 17 (m/z 297)
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