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A Study of the Adverse Effects of Fluoxetine on
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The purpose of this study was to clarify the effect of fluoxetine, one of the most frequently prescribed anti-
depressant drugs, on Cyprinus carpio by comparing the variations in its metabolite concentrations after expo-
sure to the drug, using NMR and LC/Orbitrap MS. Three experimental reactors were employed, and the total
experimental period was 14 days. Cyprinus carpio were acclimatized for 3 months in the laboratory and then
subjected to the study. One reactor was used as a 14-day control, and the others were exposed to fluoxetine
at 10 ng/L and 10 pg/L for 7 days and depurate for 7 days. The variations in metabolite concentration after
exposure were analyzed by NMR and LC/Orbitrap MS. Before exposure, the concentration trends of fluoxetine
and its main metabolite, norfluoxetine were almost the same in blood and liver samples of Cyprinus carpio.
However, after the depuration period, the concentrations of norfluoxetine in the liver and blood samples were
higher than those of fluoxetine. The concentration of the remaining norfluoxetine in the liver sample was
higher than that in the blood sample. This means that the liver mainly metabolized pharmaceuticals. The main
change in the concentrations of metabolites of Cyprinus carpio was shown in amino acids such as leucine, iso-
leucine, glutamate, tyrosine, and valine; organic acids such as acetate and formate; creatine; and glucose.
Although after the depuration period, the control, and 10 ng/L. and 10 pug/L exposure groups had overlapping
results, the exposure and control groups could be classified clearly after 14 days. These results are expected
to contribute to identifying the effects of environmental pollutants by tracing metabolite changes and building

a chemical metabolite database.
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AEZ) wel ¢ 10 pg/ld] FEo] =EHolx §9
3 JFS S £ e AoeE By nk g2 =
ZAE19] A2l =222 4|8l (norfluoxetine) S =48
AE AR QS YERAL low, Z2AE
Hrp FAAE gl o 22 fEide By & ]
el trAAIEA ] 2EEA R tist RUEY A
o Qs 3, FAIRIE o] 48 EEARIY &
Aol HEx)AE=(96-h LCy)= pH 7, 8, 901
A z}7t 55, 1.3, 0.2 mgLE Ry=Edoh? #7182
o] AEZALS pH7F $4Y wl S71sH S 544
3 WAL Tt SR A71pH 7>9)= ME
= doltks Bt ok E2AEe vje] ¢
sholA oF 12 ngl o= HAEE v Jlon, &
#Ho1¢] shHloME 0.6~66.1 ng/Le] WS Ho] 3k
T % & ngl FEO2 EAlske JoE FgHEe &
Aolth® Z= A€l pH 20, 7.0, 11.0¢ W Log
K, 7} 125, 157, 430°]%, =2Z=A%e pH 2.0,
7.0, 11.02 w Log K,,7} 0.97, 2.05, 40622 =%
Aol ALgE 5 e S8 54 7D R
AN EEAE AEssde] A3, m2FSARS
F23 PRI LA Y oj9} 2o EAE I
g 3HoE fUE ZEARICE Qg A7) 2 &
AT Estal A A WskE FAct] 5
Algle] 4717 =zl o8] op7] E 4 A= AR
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2.1. o0l CHEH AIBER &

AgEde ZEAE FAF (fluoxetine hydrochlo-
ride, UPS Reference Materials, U.S. Pharmacopeia)
£ o] &3tk Ald=ES AAlrel &2lA1A 10 mg/
L 559 FFdNE A8 eH, §572 =3/ EF
o ARstEsE AR Mt AldEEs A4St
Atk =E3AE Aol Yol AFFsPolA FslE o

A AL PN B BEROH, w2A
A< glal Qo) 7herl Aol 7~8 emel AAE AF
AT, A4 EAGE B o, @9 oz
Aold g Aele FEES ALAOH, 5
23+05°C, pH 7~8 ZA0 2 3la Arsre Z7)2
e QY S SANAT. @7 Bt BF)e
16h(3): 8hGHO2 $A/3I o™, ol EM|o}(Tabia,
ASAY, FHS 1Y 2812, 0F) AFe 194

E=EFEe dojdl tigk dprEeRA £k &
AEAAEAAN =28 3 3 F T 52
ato] Ak & eee Uxd 2 2he] AldE
< 7tz 10 ng/Lst 10 pg/LZ AR =314
& A2 A28 (Shibata, YE)S o183 54
SEAES B3l AN 50 L &30 Al Rl
ZE5 o]&sl tixs 9 AFERE 747 o] 157}
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7} BN ABoR NYHES o] A1F G0
40 L §30] ANAEE 235k g 7174 7
B B Om, SUATE FH AgFT HR)
Fxz 87 F UDA NPS FaskTh

Y FR T RE PIE GF ) 24 4L 9
s vk v ols] melv)M AV HAs
Stk AR ARE 15 ml QlRelRel $74 e 4

N

o, AEdle AL 98 242 Wi B
aRdeh. 3, A 220 SH€ B4 EAshaat
e AFs FAE 4 &, 24 A

Bz nasigon, Aggele] FE B4 9l

WY AR FxellA 1 LA AlSste] W Rasith

2.2. MHA 22| EalittE W CHAMN HSHEA

221 =4 4

E5ARY =2 EEA"e] s+ E Fig. 1o 7t
ZF eIt E5A5l0] AUelA] tiAks]e] A=
AR (=2 E23AM") Bt 3-8 288 Uehli= &
AREo R dA Jupssi

=2717h8(0, 1, 3, 5, 7, 75, 8, 10, 14%), T
0, 10 ng/L, 10 pgL)Z YoI(7~8 cm)E AT &
AE F Jojoll EEgk &4, 7+ AR il &5
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Fig. 1. Chemical structure of fluoxetine and norfluoxetine.

Table 1. Chemical profiles of analytical materials

Compounds Elemental composition Theoretical mass Mass error
Fluoxetine C,/HsFsNO [M+H]* 310.1413
_ N EE AN
Norfluoxetine Ci6Hi6FsNO [M+H] 296.1257 5 oz A=
Fluoxetine-d; (Internal standard) C;HsD-F,NO [M+H]* 315.1727 PP =

AE, =252AY 2 F2ENE-AE 243 24
WAAE 2 YWRESELY o3l & slehrz
(Elemental composition)s} ©]-23} & o]2%{¢l m/zzt
(Theoretical mass)S Table 10l vFeRJ At}

222. A 2 BEAR Hxg] 2 4

JolEHE AR 20 plE 1.5 mL rlo|a2 g4
h(effendorf tube)ol] Hg+H &, wWEkE 200 pLE 7hst
I 1587 etk & E9S 13,000 rpmelA
2 MZL 15 mL vpola=

5% 24+ 300 UL
URE Fol2wdt A
Z 7}E2]A](Oasis MCX, Waters, Milford, MA,
USAZE WEre 2 mL, 5% FS4H(water) 2 mLE &
st A F FESIE ZEAMEY 2ZEAES
47143 ZFE71E 7 U3, MCX(mixed mode
cation exchange) S2HA1E 714 S F2ol theh
TS 7T 7] Wi AV FE TtERAE
MCX 7FEZAIZ ARg-&Iithb2 59, 2 K(water)
2 mL3 WEke 2 mLE AlEs § 1087 73de 4
o] A3}, 5% FAE R F(methanol) €4 1 mL
2 38& 3 mb) &3tk ol 45°C H& 7R
slollA Zargh 7 WREFER £9(10 ngmLe] &5
Al€l-ds;, methanol) 200 pLE 7Fste] A EAMIATH
ol& AHXIH (0.2 pm)Z 43 F 5 uLE AqA| A
ZrlE /R EFRFA R 7] FYsTk. Yo
o 7+ AL ok 10 mgs AU gol 1.5 mL mlo]
a7 AAEE ] FHskrh Egs ¢hF-8- 9 (Tris

¥, Il ¥

buffer solution) 100 uL2 AAEAIZ &,

[t rie
>
A
G
i)
=2
4
_o|£
407
Ko}
ot
ofo o
12
o

Zf:m

ST 2027 253 FE31 Wk 400 ulE 71
z 1 313199t} 13,000 rpmollA] 28-7F AAE

AC)

07+
23 U AS59S AZe 15 mL vlo]az AR
ol FHsIth 5% EZEA 600 plE 7hslal 137k
. ©]5 13,000 rpmelA] 137F AR s

-

2 mL, 5% ¥E%HKwater) 2 mLE A3}t
AR T 7]o FEAE AAstATh 5% EEA
(water) 2 mL, gk 2 mLE A3 F, 1057
S Aol AZ3L, 5% AR H (methanol) &Y
1 mL2 33&F 3 mL) A7Hsiich ol& 45°C d&
715 shllM dagk | WREEEEE 89(10 ng/mLe]
Z=A%l-d,, methanol) 200 uLE 718l A4S
t} o]& AAAFE (0.2 pm)E A3 F 5 ulLs o
A AZrpET e 9 /Q R ERE A 700 Tkt &
Aibie] Aew s gRlehr] 9l ME= blank matrix
E FYe o E AATE & 3FEES Uk o
TAEE HaEty 3&S kel 3laee
BFEAS VIR & SygE AA-E #

3 opAlE]Z o)
&~ (Ascentis Express) Cg ZH((F7 21 mm x
o] 100 mm, YA=7] 2.7 pm)yS ARSI, ©F
Ao 0.1% FE2H(water), HlE-S(methanol)S ARE-3}
ATk HEE &9 HES 10%S AFoE 4% Fot
100%22 & %, 7] 100%<= FAAZIT 2
TIE7A] 2712719 10%= WA 125744 SHdsi=
A71E 7187] &8 (gradient) HHHOE FA 33T} o]

= E]:L

4 48 0.3 mL/min, ZH2EE 30°C sollA F
P2 5 ul=Z 3k BT AlEE A3A(0.45
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Table 2. Analytical conditions for Orbitrap MS

Orbitrap MS

Condition

Ionization method

Detect method

Electrospray Ionization(ESI)

Positive ion mode, full scan mode (resolution 70,000, scan range 250-750 m/z),

MS/MS at normalized collision energy(NCE) 35.0

Total run time
Spray voltage(kV)
Sheath gas flow rate
Aux gas flow rate
Heater temperature
Capillary temperature
Data processor

12 min
4.0
40
10
220°C
350°C
Xcalibur (Ver. 2.2)

um)E o3 & 200 mL B52TRT0 F3IH. ©|
golol] B4 4 mLE 7K 597 EFBISITE MCX

FIERAE HWELE 2 mL, 5% EE4H(water) 2 mLE

AR F, od7)0] B AlF 200 mLE HAsI%TE
5% FSiH(water) 2 mL, WlErE 2 mLE AH3 F,

1087F 7A9ke Ao 7AxskaL, 5% AR (me-
thanol) 1 mLZ 43]& 4 mL) &85k} ©]E 45°C

A 717 slold Axgt 5 WiREEd 8AESA
€l-d., methanol) 500 puLE 75t H A&}, o=
AUALE (02 pmE A3 5 FYPHFES 5 L= 3t

Arh QMIER] AREA7]e 202 Table 29} 7t

22.3. F4oie] tiAAl 4 2 HolE BAl A

=Z2717H0, 1, 3, 5, 7, 75, 8, 10, 14¥)
=90, 10 ng/L, 10 pgL)Z YJo(7~8 cm)ollA
g 4 2 7F AR tiete] AT FHEET]E ©
&ste] A E Akt 547124171 5 mgo] 7+
A&l F4(D,0) 20 uLE #H7rek F, 1087+ 4°Co
A BEA O E e B A EEEET)
Wi=FH(nano tube)> 2 &ATE T 20 ulet 7EE
A2 AR 3-EWEAE 22334 F54 22T
22 UEE(TSE, 3- (Trimethylsilyl) prOplOI’llC -2,2,3,3-
d, acid sodium salt) 20 mMo] T 5 L&
A7) EE7] et & AR %‘iﬂ&m’/}. S,
g Ee sA1xE 4 A5 Ao S5 40 pL
g A7k ¥, 1087 4°CollA] @A EE 59 v
712574 TSP 20 mMe] ¥3+€ % 5 uL= d7}s}
Atk FHIE AE AAle dA|gEEET] iede
2 &7 BAsAo. 2443+ SIMCA P* 120
(Umetrics, Sweden) AZE9Jo]E o] &35le] B4 A7
5=

HL ol

—

xokE =

sl bl

3. o173} 4

3 ESMEl ¥ CHAM 24

HIEUr 2ZEAES HA, A7 2As] 4

3] }W SO AR ZEEEE HUKsE Al
5E dAaZriEa Y QME
Aok WEEFEZ LS Z2A9-d.S ARSI B2
= ETEAEY L2E35AE] @l BF 05
Ao Aew oA o] EAIS

= Z2A" AT E 92.6~113.7%, =2Z=2A 5]
e 84.2~112.9%= VERRTE tiZtollA o] AR

I

F 2 Z2AES 712 10 ng/l, 10 pglE 797 <
olo] =ZAX] ¥ 8~1497H4] Ashe ASFE TS

AlF ol o] 2248 FES Fig. 20 Jepilc. =
3 EEAR) =270 Jojo] o) BB tARIQ
r2ZEARS] F= HslE Fg 3o JepiSich

—@— control
Q- 10ng/L
—¥— 10ug/L

w
L

Fluoxetine concentration (ng/mL)
N
)

Fig. 2. Variations in fluoxetine concentration in water.
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Fig. 3. Variations in norfluoxetine concentration in water.

&t ARSI 1497 E28A"l == B 05
ng/L, 0.1~0.8 ng/mLe] HAE YERAUTE ARG A
5o} FU% AA 8L H&sl] BATE A8
PAT EEARS =2EEAR 0] 74;Em RSk,

olF B3l HAY 2 FAHFNAL] 2 TFsAE v
T 3EEe & ¢ U Eav) Ah& AT 54
ge] Eofis deletaat AlRE A s oY, &
EAE 2 x2Z2ME2 AFER] @yt E3AME
9] 96-h LCy& pH 7914 5500 ng/mL2? =243
o MX= FEo] FE v|gk o= AREEUC 10
ng/L, 10 pg/Le] E5A"0] =28 A8 &M=
7974 Zbzb B+ 1.1 ng/ml, 4.2 ng/mL— Holthr}
rEo] AE¥ $R1 8AFH MUY= 7 AldwollA
o F=7} % ¥ 0.3 ngml= q&%} AL R

& YR E5ARIS] dXAIR] =2 EEAH

thzTollA B 6.3 pg/ml, 0.7~11.8 pg/mLe]
= Yehic}. 39, 10 ng/l, 10 pg/lle] Z2A4€
w29 AFgdors 797K Z2F Hit 20 pg/
mL, 70 pg/mL= UrE‘rlH%‘lDP} EEo] gEH ¥ 8
ARE 1UATIR= A EZANA ZHzt HHF 34 pg/
mL, 9.3 pg/mLE L}EHH"*D} ZEAEe =& Fx7)

ESTE T8 AR =2EEA "] ol A
9;1914 ojn] AE =EEZEAEL Fo] E Fo

A= s

_u:,:

lo nE

o dor

. dojo| A W 7t = ESME ¥ CHARK| HHst
A A& (fish plasma) ¥l thak 24
oA Eé}ij]— AbEre] 84 S (human plasma)2ke] -
7&_,4, —E.H]EL/] 7—“0 0]01 EFg—Oﬂ/H

PR o 1) SR N B =
79.2~84.9%, AFEe] Aol 80.1~84.5%2 34&
S Uelith =2ZEAE] A9e Jo] A
78.1~84.6%, A EAoNA 77.0~97.3%2] Y53+ 3
FES UeRh 24 o8k o]23} A& 2H{on
suppression) £+ ©]-23} Z7}38 7} (enhancement) 7
Tx 35E AE AAE olgsle] Hrtskdn ol
A8l He] FE(20, 50, 200 ng/mL)olA FaH3II 0
o, vEAS AAE s & mFEgdoz ARAke Al
o} 78 7he] MEEEAN BHEAE SN
th I TEe Hrpto = vwst Az ZEAES Y
o] AolA 85.8~95.5%, AF FAoNA 83.6~96.8%
2 247} 92%, 9.0% T2 o3t A EIAI}T AU
3, R2Z2AEI] A9 o] A 80.1~96.1%,
A EAolA 79.9~106.1%§ 7247+ 13.1, 85% F=
o] o]2s} A EAT} At 5, F TFH EFAA
Z A)7h s ERIE AT vt Yojo] d
2 A BN S Z5ME Tt AT Y10
ngL, 10 pgl =%) 4 A8 SH F23AES
LEZEAY FEsE Fig 40 eI B3 &
SAE] =217 o] FAolA o] il ARl

mﬂ

ru-ltl

A 1487 &3 Jo] oA EEAY e
7+ 19.0 ng/mL, 6.7~35.9 ng/mLe] WS YepATH
HHA 10 ng/L, 10 ug/le] SSAE 797 =529

o] Aoxe] Z2AE Tzt Hit 795 ng/ml,
3064 ngmLE YJERfIOH, o] w=Zo] $h5H &
BYANTE 14Y7A= ZH7 Hd 241 ng/ml, 945
ngmlLE F=7F 7HAsIGIth olwf 10 ng/lLol] =&
ol FAolA o] EFEAH %E—t— 23} vl sl -
ARl oLt 10 pg/lell =&E Jof Folxe] E54
g FrE= glxZEch hr:—ﬂl HelthFg. 4). =255
AEle thzwold He 9.9 pg/ml, 3.5~162 pg/mL
o] H9E YeR e, A1Ew2] 10 ngL, 10 pg/Le
ZEAE 797 =2E Yol @ F ==2ZEAE
4& 334 pg/mL, 77.7 pg/mLE YERAS]

L
o= 7 7_'

th ¢, =Fo] ghuE $<1 8UNE UYHAE F
A @tella] 74z} He 255 pg/ml, 98.0 pg/mLE e
RIFsL=

oA 14 F9F =2 Jo] 7k AlgelA ]
FE2AY Tt E2EAES 77t 10 ngll, 10 pglE
747 Yool =FAIR F 8~14U7A] HEE AR
THE AFE dolo] 7F AE F EEAE e
Fig. 59l JERNATE et Z2 AR =EA1Z] Yol<]
b F AR drHA =2E55A4Re] $ERsE Fig

rulm
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Fig. 4. Variations in fluoxetine and norfluoxetine concentration in Cyprinus carpio blood.
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Fig. 5. Variations in fluoxetine and norfluoxetine concentration in Cyprinus carpio liver.

50 YERAATE. tiz Yo 7P01V194 —‘—f«%xﬂ':d TE
= HiF 09 pglg 02~2.1 pg/gel HMYS YeERAUTH
W 10 ng/l, 10 pg/le] Z=2AEl) %‘@ = A
st Yol 7helMe] EZEME T 7 et 2.8 pg/
g 82 ng/gs Holthyt x=Fo] UsH 91 8UHH
14971 247F H 05 pgg, 1.7 pg/ge s Lrepd
SaM AlFT o 7hofAe] E=2AR TEE 2T
I fAREI T 3, =22 2A S gixFol Ha
05 pg/g, 02~1.1 pg/gel HAE e, 10 ng
L, 10 pgLe] E5ARle) 797t =5¥ o 7tolx A
AE w2Z2AEHS 72 HH4 0.7 Hg/g, 14 ug/ga
Holoprt =Zo] Skad $91 8ANEH U7 = F =

E7ollM 27 B 0.8 pglg, 35 ng/gs HEhASIch

ZEAE =& F
o] Joje] Zhol|A e g
(Fig. 5). 34, 10 ng/Lol| =&% Joj9] 7k o

27 70 R2EEAR TS fAskL et 10
b7

7t 2E57E gAHAIR] =2EEA

1-0] /Q/HE]L‘ ] O 3o T} _/':

N ¥2 oo
o

33, MAAIRUel A £is) 2 24 %2

o ge] G4 7ol =F F D S
o Al el T Esle] ARE A
o B3 A% Fig 63 7] UeRIgich Jo] A

)
N —1ol|
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Fig. 6. Statistical analysis of blood sample at day 7 (a) and 14 (b).
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Fig. 7. Statistical analysis of liver sample at day 5 (a) and 14 (b).
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o 2 &% F oAl SEER] HAME B
Aoz ek Aot 24zt Al e AleRedy]
=Y 341%9&%1151 =2 F 544 Al A, B}
27t S 71Ees 48] 7#9011 wet, &
SAEe] 23 W}xﬂ HeE A & 5 li’it‘r
T3 AHE L%Ol TEAL, ARTE $ 7#
F7H R a2 Adle 74 aFe] Aol 64**01
Lebstont 140‘&11 izt Alde BE 98] the
aFog veht Jdd FEAR =28 5 AW o
AHA 2] rﬁﬁm Howﬂ oA BlEsket B AZE

o] 2age & 4 Uitk

EEAE =EE Jojo] I hellA Yehs
YA sk 600 MHz x| 58537] vegoz
Z=738l7 Chenomx 600 MHz thAHA glolHejz]E
B3 Aoz BAs AxE Table 35} 40] L‘rEMJ

Ak Ao B 285-4 QIS ERlsAT ﬂ%
gl tidt A, Beke tiAR] oo wslae W
3 e Aoz 741*&6}91@.
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Table 3. Time series table of blood sample metabolites variation

Metabolites e 5 day 7 day 8 day 10 day 14 day
Acetate - - NA B NA
Alanine - NA - NA +
Arginine + - - + +

Asparagine ++ + NA - -
Betaine + + NA - NA
Choline - - - + _
Creatine - + - NA NA
Formate - + + NA +
Glucose + ++ + NA -

Glutamate NA + - NA NA

Glutamine NA NA NA NA ++
Glycerol - - - - 4+
Glycine + NA - NA +
Histidine - + + - +
Inosine - - NA - _

Isoleucine + + ++ + ++
Lactate - - + NA NA
Leucine - + + + +4

Lysine - - + NA NA
Methionine NA + ++ ++ ++
Phenylalanine + + + ++ ++
Proline + - - NA -
Serine + NA - NA +
Succinate - + - NA T+
Threonine NA NA - - +
Tyrosine + + + ++ ++
Valine NA NA + + +
myo-Inositol ++ - NA - -
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Table 4. Time series table of liver sample metabolites variation
Metabolites Time 5 day 7 day 7.5 day 8 day 10 day 14 day
Acetate + NA NA + ++ NA
Alanine - - - - - -
Arginine - + ++ NA - NA
Asparagine ++ - + NA - +++
Aspartate - -- - - - ++
Betaine ++ NA - + ++ NA
Choline + - - NA - ++++
Creatine NA NA - - ++ NA
Formate - -- NA + ++ NA
Fumarate + NA - - - -
Glucose - NA NA + NA -
Glutamate - - NA - - NA
Glutamine - - + - - NA
Glutathione + - ++ + - ++
Glycerol ++ ++ NA + + ++
Glycine + + NA + + -
Inosine - NA + + NA NA
Isoleucine - - NA - - +
Lactate + NA ++ NA NA -
Leucine - -- NA - - NA
Lysine - - - - - NA
Methionine - - NA - - ++
Niacinamide + + NA + - -
O-Phosphocholine NA - NA + + +++
Phenylalanine - - NA - - +
Proline - - - - - +
Serine + + NA - + NA
Succinate - - - - NA -
Threonine NA - - ++ NA -
Tryptophan + - - NA - -
Tyrosine - -- - - NA ++
Uracil - - - NA NA -
Uridine NA - NA NA NA -
Valine - -- NA - - +
B-Alanine + - NA ++ NA -
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