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Organ-Specific Accumulation and Toxicokinetics, of | Ephedrine in /Adult

-

Zebrafish (Danio rerio) “ : :
YIN Xing-xing " 1.2 , GUO Chang- sheng DENG Yang-hm 2, QIU Zi- wenl ‘.3 ZHANG Yan *, TENG chui"-‘gut‘)2 ,

XU/ Jiand>** 41 VY, 7 &, ) < i 1o
(1. Cénter for Emlronmental Health Risk’ Assessme;t and’ Reseal(h Chinese Researc Academy? of Environmental Sciences, Beijiﬁg
100012, Chma 2. College of Water Sciences, ,Beljmg ljormal University, Beljlng 19 875, Chma 3. State Environmental Proteetion
Key Laboratory of Ecq].oglcal Effect and Rlsk Assessment of Chemicals, Chinese Research“Academy of Environmental Sciences, Beijing
100012, Ching) g :

Abstragt : JEphédrine (EPH) is an alkaloid commonly used:to reheve nasal congestion caused by colds, allergic rhinitis, rhinitis, and

i

sinusitis ,/and to control bronchial asthma. It is also be used as a raw material in the manufacture of methamphetamine. Although the
distributiﬂon of EPH in surface waters has been widely studied, its uptake, internal distribution, and toxicokinetic processing in exposed
organisms have not been well investigated. In this study, we investigated the uptake, disposition, and toxicokinetics of EPH in
zebrafish ( Danio rerio) in a semi-static exposure system. EPH was consistently detected in zebrafish biological samples, with the
highest concentrations of 84. 97 ng-g ™" detected in the brain tissue of fish in the high treatment group. Over the 14-d exposure period,
the relative abundance of mean concentrations of EPH in biological samples generally followed the order of brain > ovary > liver >
intestine > muscle. The uptake rate constants (K, ), elimination rate constants (K, ), and half-lives of EPH in the biological tissues
were in the ranges 0.23-570.31 L-(kg-d) ~', 1.22-6. 11 d™', and 0. 12-0. 57 d, respectively. The observed bioconcentration factor
(BCF,) and kinetically-derived bioconcentration factor ( BCF, ) were similar, ranging 0.24-337.33 L-kg™' and 0.13-316.43
L-kg™", respectively. These results are helpful for understanding the behavior of psychoactive substances in aquatic organisms and
have directive significance for studying their toxicity and ecological risks to aquatic organisms.

Key words: ephedrine (EPH) ; bioconcentration factor ( BCF) ; uptake and elimination; toxicokinetic modeling; organ distribution;
zebrafish ( Danio rerio)
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TR KA 1R A EPH A2 1) % B Tl HEC B

ng-L™";

A 25 RS A 5 35 5 T K g e 21 TR
LB EPH B % B R 5 v & B3l ) 22 it
TTFHFE.

AR SCHUTT i 2 o T E W R B S R G
BE 41 ( Danio rerio) XF EPH 11 W e A1 8 B 47 5 M
AW R ARAESE [ A FE AR S ) 2 R 5 B
It 5 ORI [k EPH B9 #4080 11 4 48 85, 45 R 4%
78 EPH TE7K A A= WA AN 5] 2 B 9 B9 IR 0 43 A
FUE BRI AR, LAY EPH A 28 25 XU TPl £ 3k 56
GEAEITN

1 RS

L1 851

L g A% VA 0 - IR Y A A B B R AY
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AT, R FOM R Pk EPH LRI BPH-
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Table 1  Physicochemical properties of EPH and EPH-d3

Wl 45t

SHFR MU ft CAS % K,
8]
EPH N C,oH,5sNO 165.23 299-42-3 10.3
HsC \CI-I;
EPH-d3 — CyoH,,D;NO 168.25 285979-73-9 —
L2 BEH TR R wg L~ IR ELL N 100.00 pg-L~") AN HRIE 3
120 HES I AT MEVERE S 0 0 B S ANEAL T 14 d AR E B (R ER R BL) | 14

FBRA T R 2 400 me. B BE D #7552 28 451
T YIS JE S IR R U S . SE S AE OECD fh2:
AU . R R I FH K R T ki S ey
WS A R AK, AR SR R (26 £0.5)°C, I/
WG AR 14 h: 10 h. B REE — KB 3
AEHF,

AR S0 SR FH /K 2 58 10 7 U5 245, F K B AH R i
540 2 AT M BE D A1 B AL 43 B 2 9 A B R K BT
(30 cm x 30 cm x 30 em, 24 20 FhK) , B4 IKET
60 F&. B KELHEFEALA B 3 A~ EPH B 88k i
(R EE AN 0.01 pg-L™", P4 N 1.00

d ¥ PE Dt LR B A A EPH BT K PR T 7 d 1Y
THBRII (EBRB B ) . LI P R AR TR AT,
B 24 h B — IR TR K. ESLERE 1,2.4.7. 10
14 d(BERE) LI 15, 16, 17,19 fi121 d
(TEBRBY B ) X BE 2 fa 047 R AE. RAERT, BN K
BB 5 RBBE S, 7Rk _EARSE IS FI IR AR T
KE T K ET R AE 950 wL /KAE, A N bR v
Jo , BN K EPH (MR .
1.3 HEShATAL

AV BE T f i ), A5 B oSS R LA A
i PR PR S S IR bR, 37 RIS R AE - 80C
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TR EH E I A7 AL PRI AR G L8 = i A (2.1 mm x50 mm, 1.7 wm, Waters, 3¢ [E ) #4753 .
TS AR E R AE 10 mL B0 A A WS A AR 1% TR WK, B AR N, B AL
S mL 75 1% LR BEVE M AEBUAF A BRI 20 AR 40°C  BREEVR R AN 2, i FE R NS ul.

min, 7E —20°C ¥ ¥k 30 min,4°C Z.015 8] LK. & ®2 BEEBERRRE

/E DL %/Fgﬁé# ‘{ﬁ( , ){% J:(%a{ﬁi % j‘JF , Iz {% T 7J<ﬁ$1 BE Table 2 Gradient elution conditions of the chromatographic column

v . S e B . . L wshAH A L) st B L
50 mL, i BB LT it g R 2 B A BORL, SR RS i O TR A B AT R

/mL+min
HCl figfb 2 pH~2. Oasis MCX [EAH#< HUHARK K FH 5 I Initial  0.45 98 2
mL FEEAT S mL Milli-Q 7K 36 AL, f R BOR L 1 2 0.5 0.45 98 2
mL-min =" A EE LIS Oasis MCX AEHURE. A% 5 in 2% 3 2.5 0-45 >0 30
SEHJR AT 6 mL AKX ARG AT, L Lo o . -
QLéi?EEE‘ 30 min. )EH 6 mL 5% Z?[JJ(B/J Eﬁ E?{ﬁ’{ﬁ 6 4: 2 0: 45 98
PERR. VEMRICEE T 10 mL BEEE B0 48, 40°C KB 7 5.5 0.45 98

TEFATHR AR LSS B AR T & 10% LIERY
KW (R RS E 1 mL,£50.22 um JEE 1.4.2 B sfF

B RS 0 S . R FHHLISE 55 1E 8 T B (EST + ) HL B2 TN
L4 {85 b WA (MRM) Wil B 4048 L FE M 1. 00KV (v

@iﬁﬁ UPLC-MS/MS X #f i /47 1 2 *ﬁlm& FCIRIE 9 8006, F ) L A1 000 Lh " il
FFRRE AL ( Xevo TQ-S micro IVD system, Waters 23 A 0.4 mL- *min B %?ﬂ?/mgjﬂ"iSOOC
H] %@)Eﬂ%%w%%ﬁ%ﬁ( electrospray iohization FHRIE A 600 kPa. fifi 14 MassLynx il
ESI). o | R Y TargetLynx' V4. lﬂtﬂ‘ﬁﬂ%?ﬁ%ﬂ]ﬂtﬁ EPH LN
L4 @mf@ “ fgfff" RN EPH A3 5350 et 5 7 2 hm%ﬁm;

] WatcTs ACQUITY UPLG-BEH CIS“fajlje %3 Pin. ; o

%3 EPH 0 EPH-d3 0/5% % 4 % MRM !I%«Eéi%%% &

- o

Table 3 _Mass spectrometer pdrdme}ers fnd characteristic selective ions (m/z) used for the MRM of EPH and EPH-d3

;

A Ry WLy CEmETOvs) ey B (n/2) R/ eV
j EPIL) " 166. 05 g T 10 18 133.20 20
EPHA1 . 169.10 16 T 120,10 19 — —
1.5 Hdukba HW)'E 5 2 8 ( bioconcentration factor, BCF) 1]

2 M — TGS T8 R DRSO e A IR N B R RE ). 3 1ok IR
A TEREASSRAEIS A G EPH AP & g ATl B s S R 5(BCF,  L-kg ™) il A (4) 5.

FITY B 2 HL 2 Iy 24 Hr 0 W BR R ALK, BCF, = K /K, (4)
A" A AR (1) AR A, gt LK 2AK (D) R BRE R, K, 2R
14 Origin AR A —t(z) FRAT A IO 2R 5L
C, = ae™ (1) AR, AR RS S A8 B By X R S
K, a BHEL, mEHTIEﬂ(d),C, EAERFE] ¢ Bf A BYOKAR PR R B SERR R B MRS A S (5) TR T M
=Y B & i (pgkg ™). IR ERTLEA B s Ak S LI A ) e AR R
EI A AR (2) AR R DR B BU(BCF, , L-kg™") 1™ 2,
REHIK,, L (kg-d) ']. BCF, = C,, /e, (5)
c KC (1 = o*) 2) A, €y SR Be 46 AN 5> B 55 #2454k

KT FYIT S (pg-kg ™ B e, BT BOKA T
e, RPHVKIIE (pge L), K RARD A MBS E PR (g L")
R B, ~
R AR ) IR P TR g D TR
Mt ). 21 REII ALK AR
ty = In2/K, (3) FE RSN iR | EPH AV 1 155 4,
ALK RER () RREHEEERD A 2. AR B, I
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20 EPH AYZK 4 (0. 010 0. 0014 ) wg L7,
e RN (1.00 £0.10) pg L7, @k 2
TR K (97.78 £8.35) pg-L~" B REE AR PR U .
TEREA ZR BRI B, W B DR FFAR e, O ELI e vk B A AH
XIFRAEMR2Z (RSD ) ¥ TEAR PR IR B 1 30% LA, 76 7]
P2 TE N e B BE (55 15 ~21 d) , /K EPH
W /NT LOD.
*4 FEEME(14d) k185 EPH BI4RFRIKEN
TR (THOME £ AR E) /pg- L
Table 4 Nominal and measured concentrations ( mean +SD) of EPH

in water during the exposure phase (14 d)/pg-L~"

il Ik g 41 Rk R R
FRARVR 0.01 1. 00 100. 00
MEARE  0.010 £0. 0014 1.00 0. 10 97.78 +£8.35

2.2 JREHRER D RS B R SR

RSN BT R R B3 A RERIE T B
i AR BT, S i e A h BUE T fBE T
RBRFE] o A 47 7 Tk A 9 A A 15 51 BPH (0975 fi-
o6 2, e 0% B £ 50 - T SHLARIL e
EPH & it fii if (A #2841k, A&l 1 P78, B2 fi Sl
T BPH K e 24 W BV 645 3 A A
ST i | e ks 4 015
P LR AL (1. 00 - L") BTSNy EPH 1)
EAEL IR B RBR(0. 01 - L7W) 0 3 A7 LW

VS Y W O BRUR — 2 Y SR R T

RSV R X S R IBIF S 4% R L e
LA R L, S £ BB 6T EPH. £ 40 25 AR RE T
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