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The occurrence of pharmaceuticals in the aquatic environment has been increasing steadily owing to the
increasing use of pharmaceuticals in our daily life. This results in increasing challenges of environmental health
risk as pharmaceuticals in the surface water can be accumulated and transformed in aquatic organisms. The
purpose of this study was to predict the bioconcentration and biotransformation of several pharmaceuticals in
Japanese medaka (Oryzias latipes) using a 96 h exposure test. Based on an investigation of the most frequently
detected pharmaceuticals in the surface waters in South Korea, 11 target compounds were selected including
atenolol, caffeine, carbamazepine, diclofenac, fluoxetine, irbesartan, losartan, mefenamic acid, metoprolol,
naproxen, and venlafaxine. A bioconcentration factor of 1.9, 31.3, and 10.7 was expected in fish owing to the
accumulation of carbamazepine, fluoxetine, and mefenamic acid, respectively. A total of 12 biotransformation
products (BTPs) were tentatively identified via oxidation, hydroxylation, dealkylation, and demethylation reac-
tions. In summary, it is expected that these BTPs represented by molecular structures derived from their parent
compounds can be utilized to evaluate the change in toxicity of BTPs compared to that of the parent compounds.

Key words: Pharmaceuticals, Oryzias latipes, Bioconcentration, Biotransformation, LC-HRMS, Suspect
screening, Non-target screening
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2.2. A2t 3 F=S0H

Ao ARE HFEZEE 11592, atenolol (ATN),
caffeine (CFE), carbamazepine (CMZ), diclofenac (DCF),
fluoxetine (FLX), irbesartan (IBS), losartan (LST), mefena-
mic acid (MFA), metoprolol (MTP), naproxen (NPX),
venlafaxine (VFX)2|$1.2H, o] 5 LST (Toronto research
chemicals, North York, Ontario, Canada)g #|<]3F &
= ¥FEZL Sigma-Aldrich(St Louis, MO, USA)el

py SURE=RE- & wn
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Table 1. Selected target compounds and their QA/QC information

Com- Cas No. Formula Exact mass LO% ; LOD LOQ Rel. R(.?COVCI'}’. (%) RS]? (%). ISTD?

pound (m/z) D, (ng) (ngL) Solution Fish Solution Fish

ATN  29122-68-7 C;Hp,N,05  266.1625 2.1 0.1 0.1 81 143 2.0 72 Atenolol-d,

CFE 58082 CgH,N,O, 1940798 —06 01 5 84 84 23 20 Caffeine-1C,

CMZ  298-46-4 CsH)N,O  236.0944 2.8 0.1 5 85 109 0.5 2.9 Carbamazepine->Cy solution
DCF  15307-86-5 C,H,,C,NO, 2950161 14 01 ol 84 73 03 37 Diclofenac-"°C,

FLX 54910-89-3 C;HgF;NO 309.1335 1.5 0.1 10 80 69 1.5 1.9 Fluoxetine-ds solution

IBS 138402-11-6 C,sHNO  358.2165 4.5 0.1 0.1 86 100 0.8 83 Losartan-d,

LST 114798-26-4 Cy,H,;CIN,O 422.1616 4.1 0.1 10 83 108 0.9 0.8 Losartan-d,

MFA 61687 CH.NO, 241.1007 24 01 01 80 91 14 28 Mefenamic acid-(benzoic ring-"C,)
MTP 37350-58-6 C,H,NO; 2671829 08 01 0.1 57 81 09 137 Metoprolol acid-ds

NPX 22204-53-1 C,H,0, 2300937 03 01 10 86 95 04 44  (+)Naproxen-(methoxy-C, d;)
VFX 93413-69-5 C.H,NO, 2772036 08 01 10 78 88 23 35 Venlafaxine-dg

Internal standard used for quantification of listed compounds in the table.

A )

Atk Wi aE=d® ARE atenolol-d,

16X17H/8A17 e w5k =7

carbamazepine-*C, solution, fluoxetine-ds solution, mefena-
mic acid-(benzoic ring-13C6), myclobutanil-(phenyl-d,),
venlafaxine-d, (+—)-naproxen-(methoxy-">C, d;}& Sigma
Aldrich (St Louis, MO, USAPIA 7431539 H, caffeine-
13¢C,, diclofenac-"3Cy, losartan-d;== Toronto research
chemicals (North York, Ontario, Canada)ll*] T3}k
ack Aol AH8E §rle BF HPLC SwolleH
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A E-L AFE3F1 3, ammonia solution (20-22%)S Fisher
scientific (Pittsburgh, USA)lAY 43I0t 258
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2.5. A2 HX2|

EE&gd9 dxge 24 FE9H (Solid-phase
extraction, SPE)I| ©J3l] o]Foixlom U] F7e] F32F
234 Qasis HLB (Waters, USA) 200 mg, Isolute ENV+
(Biotage, Sweden) 150 mg, Strata X-AW (Phenomenex,
USA)9} Strata X-CW (Phenomenex, USA) Z} 100 mg
07 o]zl tE Fx&| JFEYAE ARESISITE =

2APE B3 FHE 2mLe =EF8= smLe
FrE AY F9E 10mLE 2 F 100nge] W
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1.7% formic acidyS ©]-&3}¢] £Z(elution)st, FAZ
FE53IAT 5E &) water/methanol (9:1, viv) &
g FAEt HFE F9E ImLE 2] vortexingdh
3 02 um acetate filter (ADVANTEC,
Tokyo, Japan)E ARg-ste] o{3}gh & A48 vialoll &
A 71714 A7A] 4°Cel] Baskict.

AEAFY] AAE fleiM F8E SAR7E E1
conical tubedll 5mLe] methanol?} WH-3EFE2 100 ng
S #7131 homogenizer (Daihan Scientific, South Korea)
2 AIRE #Zskela et & 2o 3o A
TS 3FEAT o] F AEAL 0.2 um cellulose
acetate filter (ADVANTEC, Tokyo, Japan)S A8}
FHES deFdden dexl 252 24 5571
£ olgsly FFAF =92 water/methanol (9:1,
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filter (ADVANTEC, Tokyo, Japan)2 o3}3+ & 28
vialell &7 717134 ZA71A] 4°Col| A=At
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2.6. 717124
APUIEA L Al T A A PR

2% 98l Ultimate 3000 ultra-high performance liquid
chromatography (Thermo Fisher Scientific, San Jose,
CA, USApPI Q Exactive Plus Orbitrap mass spectrometry
(Thermo Fisher Scientific, San Jose, CA, USA)S
dAsstd ARSIt =2 #2E 9% column
Xbridge C18 (2.1 x50 mm, 3.5 zm, Waters, USA), ©]&
A gull= (A) water with 0.1% formic acid (B) methanol

- FED

with 0.1% formic acid’} ARSI & 208-2] £
AIZFERE o] 5ol 232 &1 (B)Y] HIES A Al
2 AN 10%2 SEFe] 27] 427F S0%7HA =
A T, 172714 95%% S7HAA 87 SUTE A
2 fAE F 25%o] He AFCA 10%E HAAA
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o] &L 02mL/minoleH, FUHE A7 F&
10 o] Ak, AFEA 9] o] 23k ESI (electrospray
ionization) W] 02 o]FojH om F 71x] 0|23} RE=
(positive, negative)ollA A= SIT}. Capillary =59}
spray voltage= 320°C 2 positive mode, negative
modeollA Z+ZF 3.8kV, 3.0kVZ A3 Column
LEE 35°CE BTk
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2.7. 2MG[0[E{ Xz2|

¥4 7]H(target screeningyS F3 H
A 2 34 7]H(suspect screeningyS F3 o =H
ALl A& Bl 918N, TraceFinder 4.0 (Thermo
Fisher Scientific, USAYS- ARS8 T A A4S 3]
U359 (isotope  dilution method)S AHE-3}STh. &+
A71E 913k vleleAE] 82 vt ZohFig. 1).
248 53] AojZ full scan HOJEE S Z mass
tolerance threshold <5 ppm, signal to noise (S/N)
threshold >3, ion intensity and peak area threshold
> 1E4, isotopic fit threshold >70% Z71& %3l
Bzl FES peak®] m/z FEE AEIATE o]F
manual checkE A5 M, o]= peak shape, isoto-
pic pattern, MS/MS fragments match <212 E3|
o|FoMtt. vixgt WAIR, mzCloudst 72 mass
spectral library®} H| 8} tentative identification 2
¢} tentative identi-fication ©]F A reference stan-
dardE A3+ ol el Hlaste] identification 2%t
18ttt

B34 7] (non-target screening)yS 3+ Al &
212 9J3ll4+= Compound Discoverer 2.0 (Thermo Fisher
Scientific, USAYE AR3IH oM, AE Auol|A 2AY
g 4= Q& phase 1, phase 2 THALS ZEsle] B2}
< &3 olE F8 2EE X712 oxidation,
reduction, hydration, desaturation, dehydration, thiourea

O

=
=

ot

o

to urea, nitro reduction, reductive defluorination/
dechlorination, oxidative defluorination/dechlorination,
oxidative deamination to ketone/alcohol, acetylation,

methylation, sulfation, glucuronide/glucoside/GSH/glycine/
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Suspect screening Non-target screening

Data acquisition Data acquisition

* Inclusion list (Total: 2,434) D
Data analysis

| = By Compound Discoverer 2.0

Data analysis = Transformation

[ Oxidation, Reduction, Hydration,

= By TraceFinder 4.0 Desaturation, Dehydration, Thiourea

+ Mass tolerance < 5 ppm to Urea, Nitro reduction, Reductive
Defluorination/Dechlorination,

* SIN threshold > 3 Oxidative

« Intensity & peak area > 10,000 Defluorination/Dechlorination,

Oxidative Deamination to

Ketone/Alcohol, Acetylation,

Methylation, Sulfation,

Glucuronide/Glucoside/GSH/Glycine

/Glutamine/Ornitine/Arginine/Taurine

= Isotopic fit threshold : > 70%

Data Evaluation /Palmitoyl/Stearyl Conjugation

* Mass tolerance < 5 ppm

= Intensity tolerance for isotopic
search > 30%

* Min. # of isotopes : 2

* Min. peak intensity > 10,000

* SIN threshold > 3

= List up of the candidate ions
* Manual check
Peak shape, isotopic pattern

MS/MS fragments match
with mzCloud v

(Tentative identification) Data Evaluation

BE/RES Keageupets S0 = List up of the candidate ions
* Manual check
Peak shape, isotopic pattern
MS/MS fragments match
with in-silico fragmentation
(Tentative identification)

retention time match
with reference standard
(Identification)

Fig. 1. Workflow for suspect/non-target screening.

glutamine/ornitine/arginine/taurine/palmitoyl/stearyl
conjugation®] AT FE$+ peake] S 93] AMSH
47935 mass tolerance <5 ppm, intensity tolerance
for isotopic search>30%, Minimum number of isotopes:
2, Minimum peak intensity > 10,000, S/N threshold >3

o]t

2.8. 4& 229
FAMEA 7HE FA dEE EZ2 isotopic
patterns Z19H - 4
database®}2] B¢} 3|AS Ba AZH e, o] A$-
EAE HolBE ERI7Fse AR ol wet AE

i~
]
kn

A& 53l E2< RT 2 MS/MS9] HwE 3] 7

S HH, o]F RESeke Ae AEE S 1
oA k. T2 FFEAS] M7 BrFse 49
mass spectral database (e.g., mzCloud, MassBank)$}
o] H|wE Fall ERIsHA ==dl, oA g}ld &40
= AFE 55 28 Foshl "t e vl 7hedt
MSMS spectrum FE7} §l= A5, HEE 229
g TEERH AEE F Ae MSMS FReE A
A% A5 MSMS spectrum®] H|2E B35 2 4
7t A A 5 32 Folshd Hrt Awd
A7 el sigebA] e AEEES tirkAle] &
HB2A Q% 57 40812 L3It

T
=g =
== =
243} $9% FEEdo] 2Ashs 4, F2EAe
T,‘Z_L S| =
=
S
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3.1. QA/QC % H& Zxt

49 g B e AR U QAQC A
£ Table 19 FAIEIACE £4 E29] A& (limit of
detection, LOD) % 2 ZFSHA|(limit of quantification,
LOQ] A4 EFBAL AT Holse] Az
aedlM HEE 39 S/N H(signal to ratio)?] %t
o 301l Aol 7P W2 = #S LODZ, 10
o149l 99 71 e B e LOQE shith, &

AL

i

o R
Aol AMEE 1159 A% 29 LODE 0.1nglL,
LOQE 0.1~10ng/LoIUT £4 229 Hgx o9 H
dxo] 4L =5 g B $Ake] 22t dis) sie
A&l AAMHL sLsH Tl ol wef &
A At A5 matrix effectel] thgk B4 29 3
& (relative recoveryyS 93190, I He= =&
SNl X 57~86%, SAFEIOIA 69~143%C] ATt #4]
A 2 7] check standardS 33] A5l A
] ¥ HX}(relative standard deviation, RSD)] #|

Of

O:

=E3AES Tl Aol FAH AEE td=El
o

5 RIS Sl AT 96r17He] =ET17F E2t
DCFell =% Ak g w7t 487]7F &Y o]¢
ol AFgSIAL, 1 o]ele] 237HAI7E B4 AR
ok AR A% @ A BCF Fo BAddE
Fig. 20 EA18}9ITh. 2 A3}, DCFS AIS LE A
7000
m31.3
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5000 -
£ 4000 1 I 107
5. 1.9 n -0
3 350 06 1 I I
e
2
2
g 0.5
g o7 “n 0.3
8
g 0.02
o
0.2
10 [
0 T - T Y
ATN CFE CMZ DCF FLX IBS LST MFA MTP NPX VFX
Test compound
N 48 hr fish
/3 96 hrfish

Fig. 2. Concentration of 11 pharmaceuticals accumulated in
Oryzias latipes at 48 hr and 96 hr exposure time (ng/
g wet weight). The number noted above the bar
implicates bioconcentration factor (BCF) of compound.
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oA 96AI17F ARAAM ZAE A
4807 AlEOA SR ARG A 2 JoE &
QAEUT}. 1 % CMZ, FLX, MFAS] =28 $Ale]ol
9] BCFE 19, 313, 1072 ARXtslo} AU 5545
E IR & Ao HyNHAUT. Oreochromis niloticus
o] tigt CFE®] SFHE58|s dFolxe &4, 71 ot
ulo A ZHell §UE CFEY W A|A&S BTk
olF 3l Azt meEt Al F5E EEe] s&Ut
v 9= sl 229 A W #S Aoz
o Jsltt. CMZ2] 79, Pimephales notatus, Ictalurus
punctatus, Oreochromis niloticus®| T3]l L 27|
B7rE ARE7E 2lom, AA] 8 B lab scale Aol
At B0l FAEE BRI AR Zlo] E1ly
AP AARZ, CMZE 3Rl A2et FAES] &
719 A A4S B vt Arh!9 FLXS
Oryzias latipes®] & 2 7YX 1 ZHJo] AR wvf
Fom, 7t ZHE CMze] F=7F FAA Foll tid]
FERO =9t CMZ AFTdEe] s
] AeM = CMZeol o, A&, 7, o,
2 7oA g FE2 YERe A
siRon, I ST 7ha Ho ¥e AT
o} & AfdAE 48 918 whole bodyS
AREERZ] Wil 7h ¥ Sl AFER A9 B
o] T2 A7lel| o3l FNHUS Aoz FHHL

o |
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I g i
N

Ut wo qui oX Iy
of, 1o J’{N’
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3.2. SAIE] W] 2loFF CHARA|
FAMEA 7S T3 Y AdE o 2Y =2

CRES

oA 137H¢] oJekE thARA7F AEF ATK(Table 2). ©]
TollA 4 7IE Sl SlE trlE 12350130,
HEZ 7IHS B3 E1E dr e 15eld. H2E
H tAMA 2+ ATNOIA atenolol acid, CMZel|A
10,11-dihydro-10,11-
dihydroxycarbamazepine, iminostilbene, DCFolA] 4’-
hydroxydiclofenac, FLX 4] norfluoxetine, MTP®]| 4]
a-hydroxymetoprolol, metoprolol acid, O-demethyl
metoprolol, VFX©|A] N-desmethyl venlafaxine, VFX
294A, VFX294Bo|%ith. HIEZA 7|Ho 2= CMZOlA]
CMZ7210°] HEHTh Btz e AEd Ui
o] EAtZE Fig. 39 YeRISIh

ATNe] TJAIAIR] atenolol acide= ZT=dS 3l &
olF| e, o]= ATNS] -2 % o}17](amine group)’t
ol Aol 2tart Agtste] FAE EZolrt ol
HAYES o]83 ATN Al Aol ® 2= Ak
7F FRIEATEY) =F AIZPE peak area= 96A17F Al
FoA 48717 Al AEE AHT oF 2000 A=
EL F2E HAEH, ol ATNSZHE atenolol
acid=9] WHEEETF A7k wht gk o S-S
Alskaict.

Carbamazepine 10,11-epoxide=
AlFoA B AEEHNCH ol EFEHS FE 8
Q¥ A}, Carbamazepine 10,11-epoxide= CMZON A
2R7F AtE Edoln 4k dzp 22 E2 W 20
o] gkae}l Aglste] AAdET, o] EF9 peak area=
23lghECl CMZE] peak areas} B|S=3t o2

carbamazepine 10,11-epoxide,

Table 2. Informatic list of the detected metabolites formed in Oryzias latipes.

Parent . Measured mass” (m/z) RT®  Composition Confidence
compound Metabolite 48 hr 96 hr Formula (min) change Level

ATN Atenolol acid 268.1543  268.1541 CH, NO, 2.8 -HN, +O 1
Carbamazepine 10,11-epoxide 253.0969 253.0970 CsH,N,O, 5.0 +0 1
oMz CMZ210° 210.0912  210.0912 C,,H;NO 5.0 -CHN 3
10,11-dihydro-10,11-dihydroxycarbamazepine 271.1071 271.1075 CsH,N,O5 4.8 +H,0, 2
Iminostilbene 194.0963 194.0963 C,H;N 6.1 -CHNO 2
DCF 4’-hydroxydiclofenac 312.0185 - C4Hy;CpNO; 7.8 +0 2
FLX Norfluoxetine 296.1254  296.1253  C,H;(F;NO 7.8 -CH, 2
a-hydroxymetoprolol 284.1853  284.1851 C,5sH,5NO, 2.6 +0 3
MTP Metoprolol acid 268.1541 268.1541 C,,H, NO, 2.8 -CH,, +O 1
O-desmethylmetoprolol 254.1748 254.1747 C,4,Hy3NO; 2.7 -CH, 3
N-desmethylvenlafaxine 264.1955 264.1955 C,6H,sNO, 5.0 -CH, 2
VEX VFX294A 2942062  294.2062 C,;H,NO; 35 +0 3
VFX294B 2942063  294.2063 C,;HyNO; 42 +0 3

*Measured [M+H]" of metabolite.

"The variation of retention time for each sample over time was not significantly different.

“Detected via non-target screening.
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Fig. 3. Chromatogram of detected metabolites for carbamazepine and their MS/MS fragment. (A) Confirmation matching with
reference standard; (B) Structure elucidation with MS/MS fragment interpretation; (C) Comparison of MS/MS

fragment with mzCloud database.



58 A -

Eom, 967 7F 48 A1F 2| peak area’} 48A]7FlA
Ho} oF v E=QUT) gl o] EE2 CMZe] XA
ATE 3 AR AFANME Solea senegalensisS]
25 2 Mytilus galloprovincialis®] %o\~ TAH
v 1th202D 10, 11-dihydro-10,11-dihydroxycarbama-
zepine mass spectral databaseq! mzCloud®}e] H|x
AL 5 #ERIEIe™ CMZE Mytilus gallopro-
vindialis®| =ZA1A R1g thAlA| o] Aol U813
2D =ZA| 7o) WE peak areat 96417+ Al BollA
Tz o] 48A17F AlRolA gRlEl AFkETt ofF 104
= YeRsth CMZ 2102 HIEA 719 B3 Bl
HRom, #5522 2 mass spectral database®} 7HS
H w7 s AR} glo] MS/MS fragment®] a4 o &
AR AS5EHIJ o] EEL CMZoA AL F
ol Ag=o] = acetamide LEF0] HofZl =29
bt Aste] FAE AR FAHE, AT 9
|7} B gste] B AR AR E AAE F
Art.
DCFe] tARIZ+= 4’-hydroxydiclofenaco] 1S
o1 o]i= mzCloud databaseE F3l H|wEA =T,
71 Oncorhynchus mykisse AR Ado|M = T
3 Al ZE 2 v ok slg Bl tisk 2
ATe] =Z AN 48A7F o] FALE7E APESEted,
=3 ME vlae & S QIITh
FLX2] A ZE norfluoxetine®] WAES o™ o]
mzCloud database®}e] H]w#4S Es) Flw)]
. Norfluoxetine2 FLX2] thixZ<l tiAxz &
ATH2) @3etEel FLXS F% 5 methyl group
L EHA FAE E-ol 96A17H AlelA 9]
peak area’} 48A17HA AlEollA o] 3k HTh oF Tl A=
E2 oS UERMISUTE ol A7kl whe A Wshs
FLXo| A A=l §55 = £EXET norfluoxetine®]
PAEo] Erx HuH A7 Axel dXTg?
Ameiurus nebulosus, Dorosoma cepedianum, Morone
americana®) & ATA = norfluoxetineS E3}3H=
?l FLX3} MY 58 FF08 HEHE 2l
A=A

MTPE] HARZ EHE 3% 5 o-hydroxymetoprolol
< MSMS?] M-S T FRIHAT o] 2EE
MTPe]| AHA7} ZAetsto] FAE Edolm, Akl e
peak areae M]3 TEOE 1o} Wish= 1T
Metoprolol acid= ZEFEZS F3 = oH,
MTPeA HE717} Dojx| 2 Abart Agsiar 712

N

i

e, I u A

ED

A71E FAste EATFEE 7HIh O-desmethyl
metoprolok> MS/MS®] &A1& F3fl ERl=Sler, =
3}9FER1 MTPE] WE7]7F Wolx[HA | 2o
SaEl=

VFXe] tAAIZ+= N-desmethyl venlafaxine, VFX294A,
VFX294B7} 7 &= o). N-desmethyl venlafaxine2
mzCloud®}e] HIwE F3l RIFATE =F A7k ot
£ peak area®] Wsh=, tiF-Eo] ThE thARAC] WS}
Fdhe 2, 96117 A FoNM 9 peak area’} 48A]7F
AlEe] 020, AZko] Al wheh 7hAgk AS 8kl
ST VFX294A 2 VFX294BE 22 A& 7h
AARE 22 T2 RTolA #&E7] w2 o]
AR At aY dAHAIES 23leHES] VEX
vt Asslel F4E R o dEM, MS/MSe]

S8 Fal Selo] o Fojziont Aavt AGE A3t
@ AR g & gt

3.3. CHAH| & Ht

2 AellA gRle ®aghEel wE tiAkAl A
gt vkgo 2= F 1279 W8 F oxidation 67,
demethylation 371, hydroxylation 271, dealkylation 171
o] ZRlFNeH, o]& Fal F¥ tAVEIEE Fig. 4
o YEPH AL Oxidationol] ©Jal] A/3¥ A=
atenolol acid, carbamazepine 10,11-epoxide, CMZ 210,
4-hydroxydiclofenac, metoprolol acid, VFX 294°]%]
o, AWM AR F 7P F838 drPERe)7] Wi
of AZE that Wk 5 7P Wivsh EAE Aow
eyt DemethylationS £33 E norfluoxetine,
O-desmethyl metoprolol, N-desmethyl venlafaxine®]
Y=t} Hydroxylationdl] €3l AA4E tlrARI 2=
10,11-dihydro-10,11-dihydroxycarbamazepine, o-hydroxy-
metoprolol®] 2™ thARA| iminostilbenes dealky-
lationoll  ¢J3 A=A} ol21g hAWES F oxi-
dation, hydroxylation> phase I reaction®l] 3l%33}H,

I (]}

phase 1 reaction ©]%°l phase II reaction®] AJsHA
GSH conjugation, cysteine, sulfate conjugation 5 <]
Hhgo] yofsie] F71AQ] thAA] &]le] 7Fed Ao
2 o



LC-HRMSE o8¢t $A12] U] oJekE 5= 2 AAHS A+ 59

o
OH

(B) N
oee

Chy

cmMzZ

Oxidation \ N-dealkylation

u,N

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
ATN | | DCF
| |
| |
Oxidation : : Oxidation
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

o NH,

OH
H\/k/
H;CYN o

CHy

l Hydroxylation l Oxidation

HAL o

Carbamazepine 10,11-epoxide Iminostilbene

4'-hydroxydiclofenac

Y :
sgsllege)

10, 11-dihydro-10,11-
dihydroxycarbamazepine

Atenolol acid
CMZ 210

(D) (E) \)u‘\/H (F)
s N o
} jm/ H;C\O
N (o]
Hac/
F i
CHy MTP
F
F Hydroxylation / \O-demethylation =
»4‘c/N\cMJ

Demethylatlon J

a-hydroxymetoprolol O-desmethyl metoprolol

l Oxidation

LN

N HO "0
e e cHy
Norfluoxetine VFX 294 N-desmethyl venlafaxine

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| oA [

FLx ! s v el VX
: : Oxidation Demethylation
| |
| |
| | e
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

'

Metoprolol acid

Fig. 4. Proposed pathway of parent compounds with detected metabolites for (A) ATN, (B) CMZ, (C) DCF, (D) FLX, (E)
MTP, and (F) VFX.

DCF, FLX, IBS, LST, MFA, MTP, NPX, VFX)< Tt ZtAle] 2
o2 FAE (Oryzias latipesI¥€] BEES B A
3SRl 7 Ax= CMZ, FLX, MFAE BCF o] =R 20198 : Aty Aw An|o)

19, 313, 107& Helw SR Aol 5= 2ls ofste] A7ESdE.

g o ATk F 1259 urEATE SRIFENeH,

oxidation, demethylation hydroxylation dealkylation®] Fni|
AR Fsto] thi-2o] tiAkA7F o] == 2
g salsign wagEEE A4 Fsd dpi
BAPEE ANSEE. ot FF LaRHE B ot
Alel =74 MekE Jrisket] g8l 7hed sleR 7 olution Mass Spectrometry for the Identification of

e} Micropollutants and Their Transformation Products in
Aquatic Environments: A Review”, Journal of Envi-

—

. OECD, “OECD Health Statistics 20207, 2020, 10, 1-38.
2. J.Jeon, N. Park, and S. Lee, “Application of Target, Sus-
pect, Nontarget Screening Methods based on High Res-



60

B R A e

ronmental Analysis, Health and Toxicology, 2016, 19, 225-
245.

. M. A. Aukidy, P. Verlicchi, A. Jelic, M. Petrovic, and D.

Barcelo, “Monitoring release of pharmaceutical com-
pounds: Occurrence and environmental risk assessment
of two WWTP effluents and their receiving bodies in the
Po Valley, Italy”, Science of the Total Environment,
2012, 438, 15-25.

. N. Collado, S. Rodriguez-Mozaz, M. Gros, A. Rubirola,

D. Barceld, J. Comas, I. Rodriguez-Roda, and G. Butt-
iglieri, “Pharmaceuticals occurrence in a WWTP with
significant industrial contribution and its input into the
river system”, Environmental Pollution, 2014, 185, 202-
212.

. E. Gracia-Lor, M. Martinez, J. V. Sancho, G. Pefiuela,

and F. Hernandez, “Multi-class determination of per-
sonal care products and pharmaceuticals in environmental
and wastewater samples by ultra-high performance lig-
uid-chromatography-tandem mass spectrometry”, Talanta,
2012, 99, 1011-1023.

. P. Kay, S. R. Hughes, J. R. Ault, A. E. Ashcroft, and L.

E. Brown, “Widespread, routine occurrence of phar-
maceuticals in sewage effluent, combined sewer over-
flows and receiving waters”, Environmental Pollution,
2017, 220, 1447-1455.

. G. S. Parezanovi¢, M. Lalic-Popovic, S. Golocorbin-

Kon, V. Vasovic, B. Milijasevi¢, H. Al-Salami, and M.
Mikov, “Environmental Transformation of Pharmaceu-
tical Formulations: A Scientific Review”, Archives of
Environmental Contamination and Toxicology, 2019, 77,
155-161.

LG AE) g, oF&-F, o)A, “Fundamentals of Eco-

toxicity Evaluation Methods using Domestic Aquatic Organ-
isms in Korea?: () Fish”, ¢F=73}% 5 788/ %/, 2007,
40(2), 173-183.

. J. Jeon, “Qualitative Analysis for Metabolites of Phar-

maceuticals Formed in Daphnia magna and Gammarus
pulex Using Liquid Chromatogram-High Resolution
Mass Spectrometry (LC-HRMS)”, ¢/=*8/73 4] 53]
=], 2018, 21, 243-251.

. J. Hollender, E. L. Schymanski, H. P. Singer, and P. L.

Ferguson, “Nontarget Screening with High Resolution
Mass Spectrometry in the Environment: Ready to Go?”,
Environmental Science & Technology, 2017, 51, 11505-
11512.

. J. Martin, D. Camacho-Muiioz, J. L. Santos, I. Aparicio,

and E. Alonso, “Occurrence of pharmaceutical com-
pounds in wastewater and sludge from wastewater treat-
ment plants: Removal and ecotoxicological impact of
wastewater discharges and sludge disposal”, Journal of

20.

21.

Hazardous Materials, 2012, 239-240, 40-47.

. USEPA, “Developing the risk-screening environmental

indicators”, 2017.

. E. L. Schymanski, J. Jeon, R. Gulde, K. Fenner, M.

Ruff, H. P. Singer, and J. Hollender, “Identifying Small
Molecules via High Resolution Mass Spectrometry:
Communicating Confidence”, Environmental Science &
Technology, 2014, 48, 2097-2098.

. L. E. Gémez-Martinez, “Disposition Kinetics of Caf-

feine and Paraxanthine in Nile Tilapia (Oreochromis
niloticus): Characterization of the Main Metabolites”,
Archives of Environmental Contamination and Toxicology,
2011, 60, 654-664.

. S. N. Garcia, M. Foster, L. A. Constantine, and D. B.

Huggett, “Field and laboratory fish tissue accumulation
of the anti-convulsant drug carbamazepine”, Ecotoxi-
cology and Environmental Safety, 2012, 84, 207-211.

. J. Liu, G Lu, Z. Xie, Z. Zhang, S. Li, and Z. Yan,

“Occurrence, bioaccumulation and risk assessment of
lipophilic pharmaceutically active compounds in the
downstream rivers of sewage treatment plants”, Science
of the Total Environment, 2015, 511, 54-62.

. Y. Nakamura, H. Yamamoto, J. Sekizawa, T. Kondo, N.

Hirai, and N. Tatarazako, “The effects of pH on flu-
oxetine in Japanese medaka (Oryzias latipes): Acute
toxicity in fish larvae and bioaccumulation in juvenile
fish”, Chemosphere, 2008, 70, 865-873.

. M. E. Valdés, B. Huerta, D. A. Wunderlin, M. A. Bis-

toni, D. Barceld, and S. Rodriguez-Mozaz, “Bioaccu-
mulation and bioconcentration of carbamazepine and
other pharmaceuticals in fish under field and controlled
laboratory experiments. Evidences of carbamazepine
metabolization by fish”, Science of the Total Environ-
ment, 2016, 557-558, 58-67.

. J. Radjenovi¢, S. Pérez, M. Petrovi¢, and D. Barcelo,

“Identification and structural characterization of bio-
degradation products of atenolol and glibenclamide by
liquid chromatography coupled to hybrid quadrupole
time-of-flight and quadrupole ion trap mass spectrom-
etry”, Journal of Chromatography A, 2008, 1210, 142-
153.

J. Aceiia, S. Pérez, P. Eichhorn, M. Solé, and D. Barceld,
“Metabolite profiling of carbamazepine and ibuprofen in
Solea senegalensis bile using high-resolution mass spec-
trometry”, Analytical and Bioanalytical Chemistry,
2017, 409(23), 5441-5450.

C. Boillot, M. J. Martinez Bueno, D. Munaron, M. Le
Dreau, O. Mathieu, A. David, H. Fenet, C. Casellas, and
E. Gomez, “In vivo exposure of marine mussels to car-
bamazepine and 10-hydroxy-10,11-dihydro-carbamaze-



LC-HRMSSE |83 $AlE] Wi ook &5 3 AR o 61

pine: Bioconcentration and metabolization”, Science of
the Total Environment, 2015, 532, 564-570.

22. J. M. Kallio, M. Lahti, A. Oikari, and L. Kronberg,

“Metabolites of the Aquatic Pollutant Diclofenac in Fish
Bile”, Environmental Science & Technology, 2010, 44,
7213-7219.

23. F. Zindler, S. Tisler, A. K. Loerracher, C. Zwiener, and

24.

T. Braunbeck, “Norfluoxetine Is the Only Metabolite of
Fluoxetine in Zebrafish (Danio rerio) Embryos That
Accumulates at Environmentally Relevant Exposure
Scenarios”, Environmental Science & Technology, 2020,
54, 4200-4209.

S. Chu and C. D. Metcalfe, “Analysis of paroxetine, flu-
oxetine and norfluoxetine in fish tissues using pres-

surized liquid extraction, mixed mode solid phase
extraction cleanup and liquid chromatography-tandem
mass spectrometry”, Journal of Chromatography A, 2007,
1163, 112-118.

25. Y. Choi, J. Jeon, Y. Choi, and S. D. Kim, “Characterizing

biotransformation products and pathways of the flame
retardant triphenyl phosphate in Daphnia magna using
non-target screening”, Science of the Total Environment,
2020, 708, 135106.

26. J. Jeon, D. Kurth, and J. Hollender, “Biotransformation

pathways of biocides and pharmaceuticals in freshwater
crustaceans based on structure elucidation of metabolites
using high resolution mass spectrometry”, Chemical
Research in Toxicology, 2013, 26, 313-324.



	LC-HRMS를 이용한 송사리 내 의약품 농축 및 생체변환 연구
	차현전1,2 · 전준호1,3†
	1창원대학교 스마트환경에너지공학과정 2광주과학기술원 지구환경공학부 3창원대학교 토목환경화공융합공학부


	Bioconcentration and Biotransformation of Pharmaceuticals in Oryzias latipes using Liquid Chromatography-High Resolution Mass Spectrometry (LC-HRMS)
	Hyeonjeon Cha1,2 and Junho Jeon1,3†
	1Department of Smart Environmental Energy Engineering, Changwon National University, Uichang-gu, Changwon, 51140, Korea 2School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology, Buk-gu, Gwangju, 61005, Kore...
	Received May 30, 2021 / Revised June 14, 2021 / Accepted June 18, 2021
	The occurrence of pharmaceuticals in the aquatic environment has been increasing steadily owing to the increasing use of pharmaceuticals in our daily life. This results in increasing challenges of environmental health risk as pharmaceuticals in the s...
	Key words: Pharmaceuticals, Oryzias latipes, Bioconcentration, Biotransformation, LC-HRMS, Suspect screening, Non-target screening
	1. 서 론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결 론
	감사의 글
	참고문헌





