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Study on the metabolism and tissue distribution of diazepam in
Carassius auratus from angling bait
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ABSTRACT: Objective To study the tissue distribution and metabolic regulation of diazepam (DZP) in Carassius
auratus after feeding with positive bait containing DZP. Methods Carassius auratus was selected as the study
object and exposed to DZP-enriched bait through gavage, and tissue samples including scales, skin, muscle, plasma,

gills, intestines, liver, gallbladder, gonads, and brain were collected at specific intervals ranging from 1 h to 456 h
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post-exposure. High performance liquid chromatography coupled with tandem high-resolution mass spectrometry was

employed to detect DZP and its metabolites—nordazepam (NZP), temazepam (TZP), and oxazepam (OZP)—in these

tissues, analyze their distribution and metabolic patterns. Results Following exposure to DZP-enriched bait, DZP

rapidly accumulated in Carassius auratus tissues, with substantial residues persisting for up to 456 h. The highest

concentrations were primarily found in the gonads, liver and gallbladder, with the gonads consistently showing

elevated levels. NZP and TZP emerged as the primary metabolites. Conclusion DZP predominantly exists in its

prototype form in Carassius auratus and tends to accumulate in the gonads. The prolonged metabolic cycle of DZP

and its metabolites in Carassius auratus indicates potential food safety and health risks for consumers of aquatic

products caught with DZP-containing bait.
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Ko O kBt TE B th DZP 5% B SR EUR K E 4
[ o, FF5 R TS A R AT, M IF &
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AW 5T LAK PRI 44 3 HR 5 DK ™ i B O IR SR X6 42,
1 DZP PR THE B 45 24, 7 A AR ] 5 DZP K
H = w0 4 25 B M PG 3 (nordazepam, NZP) ., DLtk
(temazepam, TZP), B V)VG P (oxazepam, OZP)TE il F fif |
R, WL, M. 88, Ba. BRI CPRRR . BSR4
B9 43 A FEAE R, R ORI ™ i 14 £ FH 22 42 R 2%
4 R R DRSS DA B LB S

1 MRERE

1.1 XFI SR

HEE. 205, WilR. omsJmigat). +/biskrkhe
(C o) /3 B A AE B BL(40~60 pm, 60 A)( I 243852 iRl
H A BRAF);, LR OER(EE4E, £E Baker 24 H]);
DZP . DZP-Ds. OZP . NZP . TZP FREVETR (4 100 pg/mL,
KA B R 3% B H A B |l ), N-N 3k 2 e (N-propyl
ethylenediamine, PSA) (40~63 um, 60 A, K4 EA/RE
AR, AALEINaCl(Hrat, 258 A # 5
FRZNw]); 2R MU 2 #5 (polytetrafluoroethylene, PTFE)E i
(0.22 pm, KEETTHIE LI R4 AR, S8 KR
Milli Q B4t K (HIBL% 18.2 mQ).

DZP [PV AL B 5250 2 B RAE TR A 155, DZP &
N 75 mg/kg o A (R £ (14 300 g+10 g, {4 13~15 cm)
W E F¥ T VLB M & T s, 382 BEALA AR i oA Sl £ 1A
WS DZP R LAY . SCu iy, 660 g R R A S = 57
FEOKAR, ARPETITE(20£1) °C, FFFrEkig <.

1.2 (UF;E&
Ultimate 3000 #8 =530 AH €417%-Q-Exactive it 7%
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TE B BT R I P A (32 R R BRI R BHEE A |D); MST i
TRETR 5T 2 (18 ] TK A 2 7]); CF16RXII i 3 v VR 2 oL H A
Hitachi /A 7]); N-EVAP &AWL (3EE Organomation 23 Fl);
BT 423S HFRFECKEE 0.00001 g, [ Sartorius 2\ H]);
RRHD Eclipse Plus 95A C,g (3.0 mmx150 mm, 1.8 pm, 3%
A ).
1.3 WA
131 ##5XAdHRE

S R B AL A PR AL X RRE SR A, A
ZH 05> BIRSFEAE AR N 500 L SRR KA h o St 2 i fa 3
S ST DZP FHMHEE, fREAMFIE N 0.8 g H
A 60 pg 1Y DZP, 45245)5, 161, 4. 8, 12, 24, 48, 96,
168, 264, 360, 456 h 437NN 3 FBfh, NREMAE
FICRAE 1.5~2.0 mL A IMIRAEAS o Bl #EA T, 3 miihfa
. fafz . L. SR B FEIE. IR PERRFIINSELAZIREA,
PR RAEHIREAIIAE 40 °C TR HIRAT, ARG ST o
132 H:maras

YES 2 SCBR[20] P 7 vk, Xt g . LR,
B8, B AR BE, MERRFRIN S Z L K HK Y DZP K
HARH oz, TZP, NZP BHATHEANGL, 1ok,

HFRE2 g HEUREAL (MK 1 mL)BLA 50 mL HZE B4,

JMA 50 uL DZP-Ds N F75 %5 (5T it e &£ 100 ng/mL) !
5mL ZMRZME . ZEHITIRERZIRE 10 min, FiRE
B A A 1 g NaCl, HRIAHENRY 1 min, SAJ5# 4 °C
14000 t/min BY25FF T B0 10 ming B 15 W R 255
1) 50 mL &0, IFEE EARERGE K, HPKE
B B3 WA 3. MRS S mL W E 10 mL BEFEE
W, 7E 40 °C T IRA AT, BEEMA 1 mL 80%
MG, FRIEE R . SRIG, Al m b inA
50 mg [ Cyg Fl 50 mg Y PSA, IRHERA 10 min JF#E . B
i, 1T 0.22 um PTFE Y&, #EMBIATFHFIE 2250 #r .
133 &#-RiEs ik
()t A

{4,341 RRHD Eclipse Plus 95A C g (3.0 mmx150 mm,

1.8 pum); FBIA A SN7K(5 mmol/L ZERE:F 0.2%H k), B
RNE; BELRMAEF: 0~1.5 min, 1% B; 1.5~4.0 min,
1%~90% B; 4.0~6.0 min, 90%~95% B; 6.0~8.5 min,
95%~99% B; 8.5~8.6 min, 99%~1% B; 8.6~10 min, 1% B,
FEIR: 35 °C; FEREARFR: 10 pL; Ji: 0.5 mL/min.

Q)T %A

HH,I6% 35 25 1~ F (electrospray ionization, ESI), %5 Hi &
4000 V; #5515 L/min, $§< 5 L/min, %W 300 °C;
B R IREE 350 °Co R P47 B2 M I (parallel
reaction monitoring, PRM)IE 2 FA= X R 48 i i £z, DZP .
DZP-Ds. OZP. TZP. NZP (B F Xt & & B 1%

i RE I LR 1.
F1 DZP RERHMBFRIESH

Table 1 Mass spectrometry parameters of
DZP and its metabolites

&Y BB (m/2) FET(2) Tl BE /e V
154.04192 35
DZP 285.07892 .
193.08881 40
241.05258 30
ozpP 287.05818 -
104.04995 42
255.06822 28
TZP 301.07383 -
283.0632 32
140.02623 40
NZP 271.06327 .
165.02155 35
DZP-Ds 290.1103 198.11868 38

T T ERE T

1.3.4 #fIAFME

i E R AR 2k, (E A 80% L - /K R
el bR AL A 0 TR A AR i TR o LA T U B R
J90.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 50.0. 100.0
H1200.0 ng/mL, [R] A EEAFRAEE R (1) AR DZP-Ds Jii &
WePE I E N S ng/mL. FEIRAE E35- BT XX epr T
YEVRGHEATAM, FHe SR 55 bR B R E 04 TR LU AR AR
bR, BRI VR BE A R A AR, AR 2K .
14 HiELE

K H Xcalibur 4.1 %4 F1 Excel 2016 #:%} DZP K HAY
W T E R, I Origin 2018 21 DZP KAL)
B i -t ) R LA SR BRI oA e o SRS A SR 3 IRE
SESLIGIEEIE . KT SPSS Statistics 26 HEAT WF MM

2 HER5HH

2.1 FHEFMEEER
ARWFFERFHNFREEN DZP RIS 0ZP. TZP.

NZP #47E =T DK AR MR i I TEFR AR 9L
AEFRQY), B ARAbA 0 TR W B A B AL AR (X, ng/mL),
MIFE T AR LR . S5 R, 7E 0.1~200.0 ng/mL Rk
FEVLREIN, DZP & HARSM OZP. TZP., NZP (ItRiER Lk
22 M7 B4y 9 Sk DZP: Y=0.029309+0.274873X, OZP:
Y=-0.00306887+0.0115645X, NZP: Y=0.0202551+0.116911X
Al TZP: Y=-0.000235352+0.0515858X, AHERE(DBIA/NF

0.999, 4 FPb G YFEmfa K Fhed 21 1Re HBRIAM 0.1 pe/kes
DZP 1 [A] it 3Ky 85.7%~108.0%, OZP (¥ [A] Y & Jy
87.2%~104.0%, TZP a1 5054 85.3%~102.0%, 1fif NZP f
A R 86.3%~104.0% o BT AT 1b A5 4 B FE X A 1 i 25 2 7E
15%UAF o S5 FRM, ACTHSR IR FH 09 20 A kG 6 5 0
HEGR R R AF, T TR A HEA T () DZP K ILA
W T AT .
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2.2 DZP it ZLR A F AR E RIER M E

AHIFFE N 28 2ak Bk PERLEE B % R Y 0 5 2H 4R
Wi DZP 5% B s T . WE 1 TR, DZP ZEAf R
(% B RGBS, £E 1 h J5 & EEALU AR R Rk
FEAK-, FbtE IR RS R IR AR s, BlT
JERATEIR . 25 T 2R W 52w, DZP 76l 41 21
i S P B 2 W Sh IR P07 bt | TR
WUP . 8. fa v DZP SR REAE 1 hak B i mifE, 200
J 36.606, 45.033, 85.878. 87.125 Fl 118.977 ug/kg. i
J5i, XA B DZP BRI IG BT N, JEFE 168 h
JERaTRaE . AR, PERR . WG W . I RTAR AR L 4L DZP
B BA R U LB e TS B A SRR AR B9 DZP
FRPEIR, £ 12 h JRIREIE(E, 435008 236.754 pg/kg M
112.162 pg/kg, LA ZE 48 hild NF%, BEJS A DZP T
W B i 2%, AT A DZP St FRaE I P g DZP
FREGEAE 12 h 53] 180.775 pg/kg AUIE(H, RGP FIE,
{HTE 264 h FKRIKF] 190.857 pg/kg HIH—IE(H, BEISZ:
PRI, R I A SRS TEMG L1 2, DZP 3R
TE 1 h VA B = A5, 24 h NI T RE, B2 )5 280 T,
FAE 168 h ik 7 140.983 pg/kg IWEAE  MERR Y DZP 7% 84
WP RRLE TR, % 360 h k% 263.415 pg/kg
B e, FLTE 456 h ABZER i ik .
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2 fiR, 494 456 h 9SS, DZP 7eflia &AL
FREE IR E RN 850.624 pg/kg) . JILA(13.613 pgkg).
1#(20.178 ug/ke). #E(21.688 ugke). FA(31.496 ngke), i)z
(38.46 pg/kg). Mi(43.491 pg/kg). JIE64.304 pg/kg). H
(153.133 pg/kg) FMENE(225.678 pg/kg). 5558 5 Kok BB &
AL, FrA AL R DZP &R B3 FHE(P<0.05), 4551
Hi, W DZP 5% 8 AR iR . ] REJE R O
FHR)G, DZP #iH AL 2 Gol sl W 8 A g A s &
FAL, FEFHE ISR . N, s 6f
MR BRTEZREE 1 h Rk R RER B &, M5 T 456 h,
XL AU (Y DZP 5% 53 A LG (E A 485 TH BR 3 L AR N
ML, BHR DZP & MR Z, (HAEZHAL TE —A
B E S (24~168 h), X—BIEFISCHR[21] B9 45 R —
5, ML e DZP WAL il RE Xl 28 R G877
—EMRI . TERFRE . ARFIERR A, DZP AR B K,
456 h A B M ER B i, UL RAEEIR S, DZP & &b
A ST [E] P 1 0 T R 2 T e, 4 B R ey T O £ At 2 21
(P<0.05), XKW DZP TEfFAE. AR A EE, A
PERR VT RE 2 DZP fEfifa (R NIRRT, XHfa BT AER
AERERUE B UIRERe . Bl Qi Rl A3, 4Rk DZP e
LSRN Sl R o S N Y =310 M [E P S E AR - e85 AR
WeERER R, RWIHAEE RS, AR
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Fig.1 Elimination curves of DZP residues in various tissues of Carassius auratus
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2.3 DZP REE BAEL P KB RIEMR A E

DZP 1 AN FEE LA P450 CYP2C19 Al
CYP3A MigigfEH 25 A AR NZP, 378 CYP3A if§
BT A BRI TZP, NZP 1 TZP — Rk il
OZP, FeZL) A E MR LS A I 2Gm ot FRIBHE PS> 3%
SEfQIY RIS DZP ALY 25 BIIE DO S e, ABESY
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R NZP #1 TZP, T OZP 1E# MU I Fh R G Y,
H NZP Fil TZP 5% B 44K, ALVAREZ-MORA 45027E
DZP i 1) 88 6 v AU G & th T NZP, iX %W DZP 7Efif 6
RN F LRI I AL, U 385 DZP AR &
AR ™4 NZP FR AL =) TZP,

W 3 R, NZP £ 2% 1 h 5 PR, 4 h 5
AR . 8 h &, TEBRMEEING T AL a4
NZP, B B, NZP T%éﬂ‘é‘%qj%%’%%’%l_@ﬂ:
Tt SR B AR 2 WIS . A 168 h B, TR .
BB B, fa g SR NZP ﬁﬁ%’&i;jum%{ﬁ
Z IR PR, I 360 h S FRR B AL P A G
NZP 5% B B FEE ETF, & 456 hisRIEME . HPIEH NzP
A U 1 A 5 (13.022 pg/kg), B T H Al 41 47 (P<0.05),
H2i5d 456 h B9, AR NZP 5% B 5 K (6.117 pg/kg),
NZP 78 AZH 2 A i 55 B8 1 FH R BI/INHR I I . PERR
. fafz . . LA, SERfRAE . XSESE IR, P
& DZP FEfita A Py A= 25 ORI R N i = AR R, HAR
) NZP FEf e 5 AR K7L, AR R A K,
A —E M EEH.

e 4 iR, RS, B TZP 5% 8 & iR
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Fig.3 Elimination curves of NZP residues in various tissues of Carassius auratus
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Fig.4 Elimination curves of TZP residues in various tissues of Carassius auratus

Feo MILLZ T, HAAL PR TZP 58 B AR B LI H
P b IR N R, (A EE RS, 120 J5, [0
I TZP SRt 1 ng/kg, THALH A M &K T
0.6 pg/kg. TZP FEMHAL PRI T EAEES DZP £
EHRRY 2S5, 7E 12 h i DZP &t tim s T A ZH 4,
% DZP & A NI, TZP b th Pk %, I Hagfik
T XATRERFE A CYP3A Hif 27 il H i 3 & M,
DZP FEVR N BRI Sy 2R A fe i v, B3k
FEH) TZP Wi WS 38R HAb 4 23 e HAh 21 2,
TZP (5% P 50 B 25 X ) fy 384 o 252 0 22 06 sl 0L L 42
{HAR# T DZP Hl NZP, TZP el a2 40 i & ik b T
BARIKF, 285 456 h AR, TZP (AL . RHAnPE: R A
AR, XU RPN, DZP BRI A N A X
£ IR, TZP 34k DZP i =EAC W 7,
24 PAMIERIXESHRE R RRS

R DZP a2k nlfEHA —E A EEA,
WA R R NS AT AL DZP SR
DZP &l . ISR XA, DZP S 7E ik Pk
WEASCRIA AT, JEHORAENUA . fape | A 3 5 AT 50 4,
AT FE R A (] P IR B A TR MR B . WLRTH B 2 T s s,
LAY DZP K HAR I o] RS A il R s B E )
A5 [ B A £ T 2 4 () A, 34 AT RE B I Y
AR XS o IEAN, BT DZP K HAR S 7E £ A N i 5% B

W, B 25— Benf A A8 7%, AR L& 9
HRER AT REXT M 2 B 3G U o LA, FEFIE b Rl
5 DZP WYBPR AT BE S BGZ AL S WITE K IR T AL, 2E XS
AN R GURUK AR A W) 3 OO L 1) B o Bt I 0] B HERS
DZP ] figif id ()i RBUF e AR N\ S

2 it

AW 1 W AT DZP BHYE IR B SR ER S5,
ST DZP RIRBIMI(NZP . TZP. OZP)7E# 444!
W oA R R . 25 SR R, e S PR RS,
DZP 7R Nt i, e s 18] PN 7 45 2H 2Pk B 1Y
FREA R, HEARKOMRE R, 253 456 h i, 44
Ih i) DZP 5% R, JUHEAEMERR . R FEA
ik . DZP FEERRh I B IS, HoR HT
14 A4 BE R B DI RE T AR B AT VS AE RS W . AR AA R DY,
DZP FELIJFEEIYIAELE, Uk T K F ™% NZP
/b B IEAL A P2 ) TZP, TR OZP, X Euftigt
P S f R 9 I B B TR, ok NZP 7 il £ A py
T EEINS,; RV, S DZP 1 PR
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