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Pharmaceuticals in wastewater effluents have been recognized as emerging pollutants threatening freshwater
organisms. To extend understanding for bioaccumulation and toxicity in those organisms, information on bio-
transformation products (or metabolites) and their metabolic pathway are crucial. The aim of the present study
is to identify and elucidate metabolites of pharmaceuticals formed in exposed organisms using suspect and non-
target screening approach using LC-HRMS. As the target pharmaceuticals, carbamazepine, ketoprofen, metop-
rolol, propranolol, and verapamil were selected whereas Daphnia magna and Gammarus pulex were used as
test organisms. After 24h exposure, metabolites formed in the organisms were identified using LC-HRMS. The
structures of metabolites were elucidated via analysis of MS/MS fragment pattern and the comparison with
fragment database. As the results, a total of 10 metabolites were identified for 5 parent compounds (C253/C356
for carbamazepine, K211 for ketoprofen, M256 for metoprolol, P218/P276/P306 for propranolol, V196/V291/
V441 for verapamil). Among them, the presence of C253 and V291 was confirmed using standard materials.
Most of the identified metabolites were formed through oxidative reactions such as hydroxylation, N-demeth-
ylation, and dealkylation. Cysteine conjugation (phase II reaction) metabolite (C356) for carbamazepine was
found in daphnia. The metabolic pathway of verapamil showed similar metabolic pathways and metabolic
pathways for both species. Although the toxicological information on the identified metabolites could not be
confirmed, the molecular structure information of the proposed metabolites can be used for future evaluation
and prediction of toxicity.
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Table 1. Information on molecular formula and measurement parameters for selected pharmaceuticals

No. Compound Cas No. Molecular Class Adduct Exact mass K, *
Formula ow

1 Carbamazepine  298-46-4 C15H12N20 Anesthetic/anti-convulsant M+H 236.0944 2.25

2 Ketoprofen 22071-15-4 C16H1403  Analgesics/anti-inflammatories M-+H 254.0937 3.00

3 Metoprolol 37350-58-6  C15H25N03 Anti-hypertensive agent M+H 267.1828 1.69

4 Propranolol 525-66-6 C16H21NO2 Anti-hypertensive agent M+H 259.1566 2.60

5 Verapamil 52-53-9 C27H38N204 Anti-hypertensive agent M+H 454.2826 4.80
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Fig. 1. Chromatographic peaks and molecular structures for metabolites of carbamazepine.
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1). 53], C253¢] Ha4=rt B3lgtEr} oF 1.2~1.6
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Fig. 2. Structure elucidation with MS/MS fragment interpretation for a metabolite of carbamazepine (C356).
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Fig. 3. Molecular structures of metabolites formed in D.

magna and/or G. pulex.
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Table 2. Analytical results for identified metabolites formed in test organisms

Parent compound Metabolite Measured [M+H]+ Assigned formula Formula RT Organism Confidence
P ID of metabolites for [M+H]+ change  (min) sample? level
Carbamazepine C253 253.1968 Cy5H,50,N, +0 140 D, G 1
+.
[Mg:] m%ﬁﬁONZ C356 356.1075 CieHyONsS  +C;H.ONS 131 D 2
Ketoprofen
[M+H]*: C,gHy504 K211 211.11 Cy5H 50 -COO 14.4 D 2
RT: 16.0 min
Metoprolol
IM+H]*: CjsHysON  M256 256.1760 C1H,,0,N CH,  10.0 D 2
RT: 11.5 min
Propranolol P218 218.1188 Cy3H40,N -CsHg 12.4 D, G 2
[IM+H]*: C;Hp,ON  P276 276.1610 CHy0:N +0 115 G 2
RT: 12.7 min P306 306.1704 C/H,ON  +CH,0, 113 G 2
Verapamil V196 196.1333 CoHO,N  C.H,ON 94 D, G 2
[M+H]*: CyHagO,N, V291 291.2069 CyHyON,  -CH0, 123 D, G 1
RT: 12.9 min V441 441.2744 CyHa;0,N, CH, 129 G 2
aD: Daphnia magna, G: Gammarus pulex
% level® 1 T 22 2o N5ES et TR 2O fagment MERAS B3] sold & 919
E3], verapamil®] IAHAIQ] V2912 7|& AolM = o) o= Wl Exjsk=Rd gt &3t A=
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3.3. CHAH| &4d7(%f

IRNE grAE BeetEd EA2]oA 9] zo]
(formula change)S HolEd|(Table 2), ©]21dt xfol=
Bl tiAkA] 718 gl 4 Utk Carbamaze-
pine®] thAkAIl €253 epoxidationS E3l FAEUA,
(3562 cysteine conjugation ¥H-3-2 538 A AT}
K2112 23}5HE¢] carboxyl groupe] ©7]%+ decar-
boxylationg- F3ll P, M2562 ofHl7]e] A%
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% CH,O7} vzgall 7z F712 A3sk= metho-
xylation ¥+ B3l ¥4d¥ A= ATE ). Verap-
amil®] THARAIQ] V2913 V441 EAle] F4lel x|
amine 7]°ll GZ2% WE77F B2l 4 (N-dealkyl-
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Fig. 4. Metabolites and metabolic pathways of carbamazepine, propranolol, and verapamil in D. magna and G. pulex.
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