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WE: S TSI Qs R, 800 3 L Y (myeloperoxidase, MPO) mRNA 2355 Il 259k B (A G M,
PIARE }(80+10.5) g YN (Carassius auratus) RiRIsh¥), #5754 (10 mg/kg) KV Mk Ms il (praziquantel, PZQ)J5, &
B0 S R BE B B-actin M NS IEH, @i RITREF S, FIHZOEE R PCR, 40T T AS[E ] S 4 MPO mRNA
TR B AR X Rk B9 AR AL A RO R (533 ¥ (high performance liquid chromatography, HPLC)IU 5 1 Hb; s il 7 &)
RN I 2R, T Z A e . &5 R B, v sEue IV A i, e syl gk, 29 8UR /&
TEFFBORAL, AE 1 h B, IR bk v R A v R A B R KA, T 2.85 ng/mL, 96 h S IR PRSI AS B ks R 2
J&i, MPO JEN 215 BRI (0] R eTHE B %, 16 1 h B A iR B . 1Ah, 0.25h, 0.5h, 1h, 3h Y
6 h 415 XF M2 22 S M 2 35 (P<0.01), 12 h 41 5 %F HRZH 22 5 .35 (P<0.05). 48 h 55 96 h 41 5XfIRL 22 5 AN 1 3%
(P>0.05), AHICHESM T & BE, MPO mRNA AR X3k ek 5 1L H1 bk v i ) ik J32 22 ) AR G R 8K =096, i BEAHOG, IF:
HHED MPO 7T 885 5 ks i (9 S A0 AR 2538 IA 0 (1) MPO mRNA HHXT ZR 3K 8 19 T 55 -5 21 4 245 0 bk s ) i) 5%
AA K (2) I kg (4 5% B 55 MPO mRNA AHXS 3Rk 54 M AH 5¢ . AR 5T B AL —Fh I 47K S PEA 7K

7= SR N 25 5 B 0T R

K 6 B A BE, R, SOE R PCR; I 2Gvk ;A

FESES: S94 NHAARERD: A

B ot S AL W B (MPO) & — i i H ok 4 i
FIg A . S AN I B LT A, HE
— P REAR T Y ML AL TR Sk R
FEARZS I, AR AR 1Y MPO FH80 , 3o 8L S A
ABETTE MPO EALVERTF 7= i A s A Ak
P ) O SRR 45 S ST 0 SRk 3, AT LS K 2 Fil
FRIERUEY, WS SHRR Sepe i g R 4
WF5E 2B, MPO 5 CYP450 B A M AR 45+
el CYPA50 Wi o — R 25 R i,
It MPO MR R 525 EA L, AL
H 5 R — A, EAk, Ty
MPO M5 U T W ke, 1E/Kr=sh¥ bR g
I . SR, T MPO ST K2 h e R
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7E mRNA KPRy 5k, I Had g PR HARR ik
I R OC R, S S — R A ] MPO
SEPIPPAN 2R R N 25 05 B B 5 1, A Ak
FrFH ft 2 4 T2 BOR AR A — Pl S i

1 #MHEEFE

11 XFE5E&E®

Funglyn FTC-3000 5% A+ 2¢ )t & PCR 1% . XI-
ANG YI H1650-W 52U s #2504l . Eppen-
dorf Centrifuge 5415D &.00#L . ¥fk SW-CJ-2D *L
AT A B KU TAR & (R A A A B
/AH]). BIO-RAD Powerpac Basic HLIKIX R EE .
Aglient-1100 =5 R0 €35 { (BT # 2OLAL I 5 |
H i #£4%) . Eppendorf Jig %% 7% & {¥ . Thermo
fishier iR A A% o
12 RAFEREM

AXYGEN 0.2 mL thin wall, Single tubes/8
strip tubes (3£[E Axygen /2 F]); TOYOBO ReverTra

Ace® qPCR RT Kit Code No. FSQ-101, TOYOBO
SYBR Green Realtime PCR Master Mix Code No.

QPK-201 (HA TOYOBO A 7l); PZQ hrifEfh(=
99.9%), W H Sigma /A F]; PZQ JFUkEL 2, Wy H P4 %
AINAEDRHEABRAF
1.3 SEIEzh

S5 i P 680 e T VA IR R 2R U U SR A
M, PRFE(80.0+10.5) g, i id AP WL L fff ) 56 F
@RI, HARMSAE MY, SCRhE T 5%
B G OK RGO, KR 6 7E (20+2)C,
g E e miER, FREZET 1 RIS IEEE . I
A, BEEL 10 BRMRAIRE N S AR 0 ).
1.4 HBHGS5EHE

Vo5 b s i SR 25 S b i L BE T, FEHIAR
KERN 1 mg/mL, FEIMADEEHERL
D7 LA TE it BEALBEIR 45 BRI s, H
A YR (O TE ST 25 L)L 10 mg/kg 1945 24557 & o
U VENE TR, 2525 5 h 5 W2 IE W #H, IF Hr
WTF 4255 025h, 0.5h, 1h, 3h, 6h, 12h,
24 h.48 h,96 h R KL (BB ] A5 5 ),
AN () A5 IRE 34150 53 SR P4y, —80°C A IR VK A8
117, TEHL 5 Rfltn, DR/ 8 2B S5KNIRES
W, VT X BRL M ali A iRl g e, ST LU

FIE, BEST R as O BE A . 056 £ Ak BRI 5K
W Sh YR R it ) IR
1.5 # A MPO mRNA H&RiX a2 # MPO FE &
FRESETWL
15.1 &g PCR ¥ i [Z& MPO EE /) cDNA
Fie I8 Trizol yEFREUHIM B RNA, JEHJC RNA
i 1) BUZE K VA A BT A5 B RNA L FITA5: 5 RNA 7E one
drop #Z R 8 F I %2 4 5E ODago/ODago fH, PRIIE
HAHAE 1.8~2.0, H 1.0%ZNEWHEE A FL VKA RNA
0 BEfISE . ] TOYOBO ReverTra Ace®
qPCR RT Kit Code No. FSQ-101 i &% RNA J
$5kR cDNA, RN SFAFFIRR S 2 B &
Ft B-actin FLFE R N2 3K . FH PremierPrimer 5.0
AT p-actin Fl MPO 519, 5IHIFF L 1,

®1 KB3Y

Tab.1 Experimental primers

19750 (5-3") K /op
primer sequence (5'-3') size
MPO: forward primer AGGAACTTCGAGACCTGACCAA
MPO: reverse primer AAGCAAGGCACCTCTGTTAAGG
p-actin: forward primer TTCCCTTGCTCCTTCCACCAT
p-actin: reverse primer GCTTGCTGATCCACATCTGCT

EIR/E2RN

primer name

152 MPO EEKER PCR 47  FIHLL EP
X5 WA T SEIE 98 e 7 PCR 438 FH 10 f548
JE R R X BEZH cDNA HI/E SO E 5 PCR Frifiith
£k . 7F Funglyn FTC-3000 SZHf 2¢ % 2 it PCR AL (N
SERSED)) AT T 3, IOVARRATT: cDNA
e 2 uL, 2xRealtime PCR Master Mix 10 uL .
MPO forward primer Fll reverse primer % 0.4 uL,
TG RNA i i B ZE 7K 2 20 plo SO A& 0L 3% 2.
P3G 58 W RIS 7 Wy AT At 2 o A, B R
YR SRR 3 DNER, A IR
(AR SR B P Xk B R P P 2 5 DR T 45 B [ a5 i A
(i) MPO 1) C B ¥ — AL AL B, i3 222t oR
[\ AL MPO mRNA AYAH X & &
1.6 I #F A it EEER 7% B = 43 AT

BT v AR (U1 ¥ (HPLC) 73 BT F1 8 it v
Bl 5 AN [R] ] R PZQ YR RiTAL Ly vk
7615 mL B0 A 1 mL LA 3 mL 278 2.1,
Weln R 3 min J5 FHEGHLEC 10 min (4500 r/min),
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# 2 RT-PCR R &
Tab. 2 Reaction conditions of RT-PCR

IR ¥ temperature Fif [E] time B cycle
95°C (pre degeneration) 180 s Stage 1 (1 cycle)
95°C (denature) 5s Stage 2 (40 cycles)
60°C (primer annealing) 30s

[ % 4~10°C down to 4-10°C

SRIGEL LW . A 3 mL 4R CBEXIivE # 2 $E L
— YOt EIF BV . B R 2R R AU L
45°CHEIL AR ZET, el 1 mL s ikE
Vi JE B A 1 mL IECBE 2 IREAR. RIS
I T E WAL S g, & T IR, sk
WOAH GG E . 3% & fF: k2 Agilent
Zorbax XDB-Cig (11%4#1(4.6 mmx150 mmx5 pm);
WA N CHE KIS, LBl 50 = 50(7/7);
ORGS0 265 nm., 280 nm; Ak:
25°C; Y 1 mL/min; #FFERE: 20 pl. AndEMIZn
1l B - R ALk e A B v i TR RS R R 0 Sl
0.05 pg/mL. 0.1 pg/mL. 0.2 pg/mL. 0.4 pg/mL .
1 pg/mL. 2 pg/mL. 4 pg/mL. 10 pg/mL . 20 pg/mL
IR AETR I, o0l DN L e T AR, SR 5 AR B2 b
AR, 240 TR G A b R AR T £, SR [
AR SRR AL, TAMRE I E RE 25 vk
1.7 HiEabE

it 2N CEXE O BRI AT, SPSS
13.0 SIS T AN R T5 2200, #5424
JH LSD it ZE L, 4 R B bR iR
Z(XESEYERRN . BRI E . SEATECR
254%3h J1 AR T 5 DAS3.0 BIR etk i R 4
P B2 IR BRAH ARG B 20 BT AR DG, >0 S IEAH K,
r<0 N, [1<0.3 AN, 0.3<|r<
0.5 KB LAMERE, 0.5<r/<0.8 Jy i FLMEHK,
r[>0.8 ARy BE LA G
2 HBHRESH
21 ZRNAREER

P EY IS RNA, one drop #1122 FI &

ARG 45 5 5. 7% ODago/ODago [ELFE 1.8~2.0, 1%3%x
EWHEE NS HL k153 28S . 18S. 5S dh 3 Z&iEmMi &

o LA R EUA B RNA 4l = ot Hogdk, e
ik — 2P SR
22 WMEMOELER, AEHE MPO EER
xix

P45 RNA S50 cDNA J&, DUHSA AR
11 RT-PCR, Xt IfiL ¥ * Y B-actin fil MPO #7414,
PCR )4 1.0%3IEWEEERE LK, 25N 1 i
No POGER PCR 458 R, #lifh MPO JERFI
PSR 1 S 5 B PCR A4S i & 48 Hlo K
B3, Wihdoh f—g, P IERCRE E Ea0h
97.2%F1 97.9%, T 1.0, UEAHILSLE &1 F H
PR 5 NS E RN 8 8eE—3%, fFE1ERR
HEMZR W ZLSRK . MPO SEDRTE A4S MV RE i A 3=
Ko MPO FE[HFik w B R 50T S ot s, 7
1 h B S AR A f R 5 o AR, 0.25 h 0.5 b,
1h.3h 5 6h4d]5% M2 2 504 B3 (P<0.01),
12 h 215 X} B 2] 22 53 I8 25 (P<0.05).48 h 5 96 h
2H 5% B 2H 22 3K 35 (P>0.05), LAk, 25 XHE
HEGXT IR 22 5 WEVER 0.993, RUIFIR 4
rialkh 5 0 Iy A0 Se e g5 SR Ie s m (1A 2).
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250 bp

g\
]

100 bp « p-actin

Kl 1 p-actin fl MPO F£H RT-PCR ¥ 48 =4 . 7k &
M: DNA marker; JKif 1.3.5 4332725 FI4F 4] MPO cDNA
(163 bp)ll B-actin (125 bp)FEH PCR ¥ 1 =4); Wi 2. 4. 6

Ay W REZ52H MPO cDNA (163 bp)Fl S-actin (125 bp)&:A
PCR #3474

Fig. 1 Gel electrophoresis of the RT-PCR amplification
M: DNA marker; Lanes 1, 3 and 5 are control groups for MPO
cDNA (163bp) and f-actin (125 bp), respectively; Lanes 2, 4
and 6 are experimental groups for MPO ¢cDNA (163 bp) and
p-actin (125 bp), respectively.
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= . 1 5 s -
g0 96 h I ILAE 1 IR MRV E A TR . 253
o : MY, Mz
£30 SRR 3,
§ 25 i
'5 2.0 b Ny = y — ESY Sl
B 15 *3 #5% OEMEIRE MR RS HESH
#1.0 Tab. 3 Pharmacokinetic parameters of praziquantel in
"*‘K . blood from C. auratus after a single oral
BSOSO 0 DS 0 oS LIRS #lt s

QENG I RN NN O N O 0 E2 155 F
N 00‘;6 O 0T AT T e NV R o pharmacokinetic parameter number unit
4\‘@ ] /h time Conax 271 mgL"!
VEE —] \ S =, Tmax 1 h
P&l 2 S T o i s A Ach 3RS A (W] BF ] MPO 3R 36 1 o1 .
_ e . £12a .
R0 R G X IR AT L 22 57 835 (P<0.05); %3R5 0 R
HIEE 2 5 M 53 (P<0.01). blank: %5 F1 %1 . fiop 10.583 h
Fig. 2 Relative expression at different time after oral admini- f12Ka 0.575 h
stration of praziquantel in C. auratus V/F 1.849 Lkg™
“*” and “**” means singnificant dufference (P<0.05) and ex- CL/F 0.324 L-h ! ke
tremely singnificant difference (P<0.01), respectively, com- .
pared with the control group. AUCw-) 30.684 gl™h
AUC(() ) 30.909 },lg'Lil ‘h
2.3 MmEFHBER%EENELSE R Kuo 0.175 1-h!
NN, [T S -l
ASBIEFE A i 8RR C 3 S I 94 e i e K 0.53 Ih
S - 3 s K 0.335 I'h!
i, A 2 e O RLAE, (G IR EE I: roe L

FrAR, EIERLE, REEEESY 6 min, MLMEER
IR TE R IR AE 0.05~20.00 pg/mL ¥ i 78 Bl P £ 1
KRR, ML R y=0.4475x+0.0079,
R*=0.999.,0.05 ug/mL A S F ARAG I FR, Atk v
i AE I3 P Y TSGR N 87.2%~89.8%., 145 H A
FUH EAEXS PR AE R 22 A KT 6.93%F1 7.32%, B
AKF 10%, FEARINER, nHnds B 7E i b
I EE AT A IO, 258 i R A
C~19.79¢ %974 +1.698¢ *%"_21.409¢ 2% _ fifll 11 £
YR T EE PSR J R P v 255 VRO L3800 S A [ e
(i) A5 ML YBOAE it v L s T P o, 2R il 4 DL 3.
FE 1 h B, LY EME R ) R TR0, A 2.85 pg/mL,

g
535
3.0
Q
g 25
TTS] 20%
£1s
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e
£ 05
@ 0.0
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Fig. 3 Praziquantel level in blood after oral administration

WD Crax: HUEIREE; Toax: ZIVDIEVERS B]; #1200 200 215 f10p:
BRI o BOBCEZEN; vUF: B RE R A AR CL/F:
SRIEBRZE; AUC 0~y O~t FIZG I #1128 R TIAR; AUCg o) 0-o0f1 24
28 R AR Ko R R ERIHEBRER TG Ko, Ko IS
A 2 1R R 251 53 A ) — SO 26 B K WROBOH 28 4L

Note: Chmax: the peak concentration in plasma; Tmax: the time point
of the drug’s maximum plasma concentration; #,,: distribution
half-life of the drug; #,5: elimination half-life of the drug; f/xa:
absorption half-life of the drug; V,/F: extensive apparent volume of
the central compartment; CL/F: total body clearance of the drug;
AUC.y: area under the concentration—time curve from 0 h to t;
AUC g« area under the concentration—time curve from 0-oo; Kjo:
elimination rate constant from the central compartment; K5, Ky;:
first-order rate constants for drug distribution between the central
and peripheral compartments; K,: absorption rate constant.

24 FEELWEEMPO) mRNA X RZEZES
mMZREHERESTTER

Wk SPSS 13.0 ST /FH nth nds f 48 i 1 72
A I )Y I 24 vk BE 5 A N I R] Y MPO
mRNA XS 338 & JE 17 A S 7 b, 4538 WoR,
R IR FRAHE R B r=0.967, N EELLTEA (K 4).

3 Wig

WEoR R, AR 250 5 2 s S SR
MPO /KPR Rl AUk 1 BT 4 S
Ak & W X} ¥t (Ctenopharyngodon idellus) L5 Y
P AL RE ST IR, A3 BRI EE R PO IR T
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AEXF A relative expression

(& 4 S 259 B2 5 X R MPO AHXT FRIA T A DG A AT
Fig. 4 Correlation analysis of blood concentration and relative
expression of MPO in C. auratus

QbR A, L BLAE 0.01 mmol/L Pb* fEHI T, MPO
R 7K - 3 gk 384 5 A A g A TSI ) 1 i (Clarias
Suscus)HFERE RN A IN— 2 B 4EH K C (VO),
SCURLE AR, kA F C X - 1L H A9 MPO
AR, fEIaTH, £ 554l MPO /K
SR T RRZH AR S T A 2 RS -
DL EZR TR S AR SGE RARRL: D ENLMERR 1 h
Jei, BRI MPO kK- 20 i 7 5 O
H i (E, BEfSZ TR, R 206K
FRAE

Rogstad ZEU LI BA K 10 mg/kg 14 AHk s TR )
WT 88 (Oncorhynchus mykiss) i ATHE B, LU 25 R
TR, B 7 /NI 24k R SR B, 48 h LU I
HRRS I AS 2 kv ;. Kim 28U 70604 B £8 (Epineph-
elussp) F1E 400 mg/kg FIMLMERR, 9 h Il 25 ¥k B ik
FEAE, WG RS 500 me/ke
F14) 751 2 X6 e R I ML ) TV 70 (2%), 45 R B,
FEANFREREE K, Bz EEIETE 1 h ik
FEfE, JFPEIN B S R . DL g5 R Y
SRR ZERAHZERL: LL 10 me/kg F) O 1 h
Jii, S 2 B TR BN, Crnax M 2.85 pg/mL, 15
M TR, 7E 96 h 5 LR h Rz AS e s i, 156
FUFY bt s 7 6 £ S P G SO, T R AR TR

45 bt s A 3T 2 AR AR A B () 5 % 1 285 v B S
AHNE BRI A MPO mRNA A XT38 it 17 AH e M
G0, SRR, BIRBRAM LRI r=0.967, N
JELPEAEOC . 25 AR W L ISR,
— i i 25 QI CYPP450 i i AL | R IR 4
R SR, 25 AR AT B A A AE Ho A A%

B, IF Bl AL A A AT b 40 i 2R
A ET AR — 2259, FRHIE M X R 2y ik T
IR B I H 29 450 P oA B s U 200 bk
741 A B A 4 R A DR AR R, A R A
fiti 11 (NADPH)f##fb AL il A Ak, I &dt4k
Wt A AP i RS MPO ML E A
Y 1(Compound I), MUK G 1 A HHA 2
e, I B e S0 R IR A R (HC10) 2
W2 E AR BB RE Y R BN, PRIEA
MUASG, Selegat —RyIMEL RN B CYP2EL i
L R B BB S = R &Y, SR Xk
MPO #EALIE RIR, #5688 I i NQO1 if JiF A%,
F—FEAMERBEN RN, RA% 10
AR I HE AR SN2 0, Vesnarinone &
— Fh s KR AT A B, A B P A A R AR e Y,
B AR 25 5 1l 1 A A Q3 ol s AR, &
e JETE MPO-H,O,-chloride £ 4i/E T & 4k,
FE R b0k Je—A> HCL, 4k A Ak iU 28
PO s A S — Tl NG S L R A
AW, 5 Vesnarinone 4 M AR B 43T 4544,
K 2R A BIF 5 245 S << ik g ) A0t o AR R R A B R] S
ML 24 ¢ BE 55 A N B 8] A4 . MPO mRNA AH X 3238
SRR AR G, AT L DR g R R RE = AE 40
M MPO &AL AL .

Zi B Rk, mIRIAE 4518 (1) MPO mRNA A
X & 35 B 1) T 155 5 AR 24 1tk nds ] ) B AN A
Ko HCJRUPH AT BE 2 I R R VRS, R A AN
PS8 I P AR A I K ) MPO, (2) I
VR A R A AR B S MPO mRNA FHX 3355
MG, HEHEERR MPO 25 T ity
SAAICIE . SR A MR IS, 5 | 40
W, W& MPO G P, I B LR SR 455 4
TRPED) BT, Ak s AR, B 5 A it A Y i
17, Wi & atlml 2 TR, R T, T
it — 2SR IE

S 3k
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Correlation of the relative expression of myeloperoxidase and prazi-
guantel concentration in blood of the crucian carp, Carassius auratus
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Abstract: The leukocyte enzyme myeloperoxidase (MPO) is widely present in animals, and is involved in various
physiological responses in vivo. When the body is stimulated and the stress reaction is produced, MPO content
increases rapidly, showing strong oxidation activity and destruction of invading microorganisms, and enhancing
immunity. The strong oxidizing property of MPO has an immense influence on the oxidative metabolism of drugs.
Praziquantel (PZQ) is a quinoline pyrazine derivative, and widely used in aquaculture as an anti-parasite drug. In
this experiment, PZQ was used as a model drug and crucian carp as a model organism. Analysis of the relationship
between MPO mRNA expression and concentration of PZQ in the crucian carp was made after single-dose oral
administration of PZQ in an attempt to establish a method for the evaluation of fish in vivo drug residues with
MPO genetic. In this study, blood samples were collected at 0.25 h, 0.5 h, 1 h, 3 h, 6 h, 12 h, 24 h, 48§ h and 96 h
after oral administration of 10 mg/kg PZQ, and PZQ concentrations of the samples were simultaneously detected
using high-performance liquid chromatography. Pharmacokinetic analysis was performed using the DAS 3.0 pro-
gram. Pharmacokinetic parameters were based on classical compartmental model analysis. PZQ can be absorbed
quickly into the blood and eliminated rapidly. Concentration and time data of PZQ in the blood can best be de-
scribed by a two-compartmental open pharmacokinetic model; the pharmacokinetics equation was C=19.79¢ *""*+
1.698¢ "%%—21.409¢ ', The peak concentration of PZQ was 2.85 pg/mL in the first hour and it was below the
detection limit after 96 h. The relative expression of MPO was explored for the first time, using real-time fluores-
cent quantitative PCR (RT-PCR) with the reference gene of f-actin. The peak value in the relative expression of
MPO mRNA also appeared in the first hour. At 0.25, 0.5, 1, 3 and 6 h the relative expression of MPO mRNA
showed an extremely significant difference compared with the control group (P<0.01). At 12 h and 48 h the diff-
erence was significant (P<0.05), then gradually decreased to a relatively low value (no significant difference) with
the control group at 48 h. In addition, the difference between the control group and the blank control group was
0.993, which showed that the full price feed and the mouth irrigation method had no effect on the experimental
results. Correlation analysis indicated that the correlation coefficient of the MPO mRNA relative expression
amount and PZQ concentration in blood was highly correlated (»=0.96). This suggests that MPO may participate in
the oxidative metabolism of PZQ. This study provides a new approach to the molecular evaluation of drug residues
in aquatic animals, and a theoretical basis for the safe use of drugs in aquaculture.

Key words. Carassius auratus; myeloperoxidase; praziquantel; real-time fluorescent quantitative PCR (RT-PCR);
blood drug concentration; metabolism
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