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Metabolites of injected chlorogenic acid in rats
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Abstract: Chlorogenic acid (5-CQA) is one of the major components in some Chinese herbal injections.
However, the metabolism of 5-CQA in rats after intravenous injection has not been determined. An ultra-high
performance liquid chromatography/quadrupole time-of-flight mass spectrometry (UPLC/Q-TOF MS) method
was applied to identify the metabolites in bile, urine, feces and plasma after a single intravenous administration
of 10 mg-kg ' 5-CQA to rats. Using MS" and mass defect filter techniques, a total of 35 metabolites were detected
in bile, urine, feces and plasma. The predominant metabolites in bile were glutathione conjugates of O-methyl-
5-CQA, accounting for approximately 80% of the metabolites excreted in bile. The major components in urine
were parent drug, O-methyl-5-CQA, hydrolyzed metabolites and glucuronide conjugates. The major components
in feces were O-methyl-5-CQA and its cysteine conjugates. The major component in plasma was the parent
drug. The urinary and fecal excretion pathways were equally important to 5-CQA in rats. These results
demonstrate that 5-CQA undergoes extensively metabolism in rats and are highly reactive to nucleophiles such
as GSH. This finding indicates that attention should be paid on the injections containing 5-CQA, which may

covalently bind to proteins, leading to allergenic drug reactions.
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Figure 1 Structure of chlorogenic acid
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Figure 2 Q-TOF low collision energy (CE) MS® mass spectrum
(A) and high CE MSF spectrum (B) of chlorogenic acid
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Figure 3 Combined UPLC/Q-TOF MS ion chromatograms for
the metabolites in rat bile (A), urine (B), feces (C) and plasma (D)
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Figure 4 Q-TOF high CE mass spectra of major metabolites
in rats. A: Caffeic acid, M1; B: O-Methyl-chlorogenic acid,
M7-1-M7-5; C: Cysteinylglycine conjugates of O-methyl-
chlorogenic acid, M2-1 and M2-2; D: Cysteine conjugates of
O-methyl-chlorogenic acid, M3-1-M3-6; E: GSH conjugates of
O-methyl-chlorogenic acid, M5-1-M5-5
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Figure 5 Extracted ion chromatograms for the ion at m/z
353.087 ([M—H]") in the injection solution (A) and rat urine (B)
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Figure 6 Q-TOF high CE mass spectra of M0-1 (A), M0-2 (B),
and MO0-3 (C) in urine
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Table 1 Identification of metabolites in rats after a single intravenous dose of 10 mg-kg™' chlorogenic acid using UPLC/Q-TOF MS
Rel. peak area (%)
No. Metabolic pathway m/z Found Formula mDa  PPM 7:111?; Bile Urine Feces Plasma
0-4h 9g—4n 4-8h 4-8h 15min
MO-1 Parent (5-CQA) 353.086 Ci6H;309 -1.2 -33 15.2 04 319 164 81.9
MO0-2 3-Caffeoylquinic acid (3-CQA) 353.084  Ci6H 509 -3.5 -9.8 12.5 0.1
MO0-3  4-Caffeoylquinic acid (4-CQA) 353.087 Ci6H1509 0.0 0.0 16.3 1.4 0.3 1.8
M1 Hydrolysis to caffeic acid 179.034  CoHgO4 —-0.5 -2.5 16.7 0.1 0.6
M2-1 Methylation + cysteinylglycine conjugation 545.144  CyH;30N,04,S 0.3 0.5 8.2 6.4 0.2
M2-2 Methylation + cysteinylglycine conjugation 545.144 CyH30N,0,S  —0.4 -0.8 8.5 3.0 0.2 0.2
M3-1 Methylation + cysteine conjugation 488.123  C,oH7NO(S -0.2 —-0.4 8.4 0.5 19.8
M3-2  Methylation + cysteine conjugation 488.123  C,oH,7NO{;S 0.5 1.1 9.5 0.3 10.0
M3-3  Methylation + cysteine conjugation 488.123  C,0H,7NOS —0.1 —0.2 7.1 3.0
M3-4 Methylation + cysteine conjugation 488.122  CpoH,7NO{;S -0.8 -1.6 7.5 1.8
M3-5 Methylation + cysteine conjugation 488.123  C,oH,7NO{;S 0.2 0.4 10.3 1.3
M3-6 Methylation + cysteine conjugation 488.125  CpoH7NO( S 2.3 4.7 11.2 0.1
M4-1 GSH Michael addition 660.172  Cy6H35N3045S 0.5 0.8 10.6 0.7
M4-2  GSH Michael addition 660.171  Cy6H35N3045S 0.2 0.3 11.0 0.5
M5-1  Methylation + GSH Michael addition 674.187  Cy7H37N3045S 0.6 0.8 11.0 0.6
M5-2  Methylation + GSH Michael addition 674.189  C7H37N3045S 1.8 2.6 12.3 54.5
MS5-3  Methylation + GSH Michael addition 674.188  Cy7H37N3045S 1.0 1.4 12.7 25.7
MS5-4  Methylation + GSH Michael addition 674.186  Cp7H3;N3045S  —0.5 -0.8 13.7 0.6
MS5-5  Methylation + GSH Michael addition 674.187 CyH3N30.5S  —0.2 -0.4 14.2 0.5
M6 Methylation + GSH Michael addition of M1 500.134  C,0H27N3040S 0.0 0.0 12.7 0.3
M7-1 Methylation 367.101  Cy7H2009 -1.6 —4.4 15.5 0.1 0.2 1.1
M7-2  Methylation 367.101  Cy7H2009 -1.7 —4.7 16.6 0.1 0.1 3.8
M7-3 Methylation 367.100  Cy7H2009 -3.1 -8.5 18.1 1.4 344 193 3.5 9.7
M7-4 Methylation 367.102  Cy7H2009 —-0.6 -1.7 18.9 25 262 137 489 6.7
M7-5 Methylation 367.101  Cy7H2009 -2.0 =55 19.6 0.1 0.8 0.8 5.6
M8-1 Methylation + glucuronidation of M9 371.098  C;¢H200q0 0.6 1.5 20.0 1.5 0.6 2.7
M8-2  Methylation + glucuronidation of M9 371.099  C;H20010 1.6 4.2 20.9 0.5
M9 Hydrolysis to caffeic acid+reduction 181.051  CoH;(04 -1.5 -9.1 16.7 2.1 0.2
MI10  Glucuronidation of M9 357.083  CysH3049 -1.8 -11.4 13.1 1.1 13.7
M11-1 Methylation + glucuronidation of M1 369.081 CisHi3010 2.2 -5.9 15.9 18.5
M11-2 Methylation + glucuronidation of M1 369.081 C;¢H 5010 -1.1 -3.0 17.3 6.1
M11-3 Methylation + glucuronidation of M1 369.081 C;¢H 3010 -0.8 -5.6 19.0 4.2
M12  Glycine conjugation of M1 236.056 C;H{1NOs —0.1 —0.5 17.8 1.3
MI3  Acetylation of M1 221.044  Cy1H;00s -1.4 -6.4 17.0 3.0
MI4  Reduction 355.100  Cy6H2009 -2.5 -7.1 14.9 1.0
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Figure 7 Proposed major metabolic pathways of chlorogenic acid in rats
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