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B OB BT R ) SR OE A R L B 14 U AR AR KOO R B AU B i 22 S, TR L
T AEACTR PR AL 1AL A S S PR 45 SR B, S £ 1L 3 v ) H 3l =R IR R R A T
R T B8 (P <0.05) , HEE B VA & 0 3 v T AR B £ (P < 0. 05) , 4 N % 28 A3 A
ity B ARG B IR ZL R R VLT R s B A P R R P R R AR 5 1) 5 R e SR A A £
[BIJGHA 225 (P >0.05) o A, SR £ 1) BF B 2 1 I o dnl o o T B e £ (P < 0. 05) o MR¥E AR ZE 1L
FEBR R A VPR M AT S0 S S 1 4 B 1 31 4 R PR

KRR A T AR bR DR EEE A TERAE

HESHES: S961.2 XHRFRERRD: A

15 i ( Anguilla japonica ) J& 7 V. 3b, [X. 5 5L 1Y)
VIR, P FAO il , 1 2015 4R 21 b
DXk 266 731 t, 7 E A 14 /23800, HFRbH
e B P o A B g
V7 I A I 0, LA T s AR AR H
AT T N A, (H B PR B A, BT L
I iR ] B R AR IR 58 A KB R SR 157 0 S i
A=W PR R R S BB T BB ME R B

g N\ L E A5 A 80 ZAER T B,
NLEFEARC UG — & HE R, 5 H A% 5 7
TERY IR - 2R VIR R B 22 K 1~/ B0 40 i o o
72 SRE AL SR A AT 0T 100 52X A
FET-AR G AE, R £ R B R A 14 8 g 05 £
UEAR A T 25 A B S R . H A3 A i A
TEA BT 26— 10—12 7 LA
L5 1) TS VR0, PRk 4y 300 ~800 ¢

EA BEFE I, ML AP A HE i BN
i B P B 1 I8 DI PIL B 1 MR 28 5 RE A% S ke 11
EIOVE M J % 7 ST R, A A
A RAE N N TR E B M S k4
L6 5 i XL V0 A A A AR -5 P B 5% AR OR AR
o TECAMFRIEHEAL b, A SR 2T T

Wfs HER: 2017-02-22 f&[E HHA: 2017-05-09

o g A £ 1003 P R AR 19 14 B AR AR
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1.1 SE#HHESA

S T 88 iy 2015 AEAE YL (2 31°55”
N, 120°12"E ) 4fi $5 1 [ v B A= 68 i , ML 418 4 1K
JT i, )20 008 0 3 o WA £ 45 100 12, 43 ) 57
BT b 0 I DR 2 LR A 2 AR G A UL
WFFE 0 1 7K Y8 1t v o B AL 2 BB A B fE Ik £ 4% S
J& , Horp i e~ 1A BT RE S (758 £0.22) g, £
AT (245 £0.09) g, MEFARIC, eIk
SR ML 5 [0 S 3 3 o 3 3 S % PR AR 1t
R hCG, 300 TU/ (kg - J&) ] 706 0 fik 2 K
[ carp pituitary extract, CPE, 20 mg/ (kg - J&) ] i#f
FFNTAR N, 456 N T B0 50 0y f 4 36 9F Hok
o
1.2 miEHFmRRE

Vo B8 g WE | I £8P BRI 7R MS-222 (200 mg/
L) #AT R . S mL JCR I e A 2 541k T
EETN Iy RN 2 mL, AT 4 °C #E 2 h
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5 3 SRV, 45 < JUL T AR e e 560 95 2 AL bR B B8 B 22 57 0 AT 659

J5, 5.0 15 min (4 °C,2 000 v/min) , B F1E, B
T =20 CHAF, 3T MIEAAL I3 53 H7
1.3 B
13,1 iMni A A e s i

SER T 14 T AR AR 4 bR A Y B Al
(ALT) | 43 RiE 5 (AST) VB IR G (ALP) |
SHZLER (T-bil, EAER ) (BEA(TP) \HEH
(ALB) JULEF(CREA) (EHERE(TC) CH ol =8
(TG) &% B AR & F1 IH [ 5 (HDL-C) ik %5 Ji2 i
A FIE [ B (LDL-C) %5 4% ( Clu, 7 %5 # A 1L
) BT (Ca’) AL (P), R AR
Fi % 200 42 A ShA AL SGHAT R
1.3.2 BUBER H s A

SR FHBREBC 982 32 A DN i ¥ v ) B9 e 2 F DI
o ELISA 00 & HEA7 BN, 2R FH R4 e 0
VLI E bR A o O B EE R (VTG) JKF. 4
Ay fik £ P B 2 1 S TR L Bl Bl FL AR S T AR
PR, A2 9 BT B AL b R AL B 8 2R
J5, 5 AR i S A P (HRP) ARic A9 B 2 8 H
R ZE 5 T PUR-T R -B bR BT IR 52 5 90,
TEIE BRI IS D AR IR e (TMB) i 45,
TMB 7E HRP Jif AL T 5% A s (&, IR 7ERR Y
VEFI e Al e 24 A 0 40 68 1) R 3 LR i
Hy DN B R R 2 OE A5G, ] Labsystems
Multiskan MS 352 BIFGFRI{AE 450 nm P T
FEWOCRE(OD {8 , 8 i by vl il 2 1 3R i v £
YR %% 7K [ 5Lk )i ( Biosense Laboratories AS 125 0[
TR BB S AR &) o
1.4 HiEAE

BRI R T Excel AR, ISP-2 B + RifE
25 (Mean =+ SD) KR, 483 4> #1 R A SPSS
STATISTICS 18. 0 % {4 i 47 8 K ¥ J5 22 73 #r
(One-Way ANOVA) , F1:{# ] Duncan [KiHf7£H
Feds, DL P <0.05 Ron 25 B 2. SR 0t
VA T SR 1) A A e R, e B D R T
Xf 14 T3 A= A6 A8 A 8 S ) ) bR I, A R A 1
Xof WE A £ HL AT I 25 1 22 S ) A A TR B o S A
BRI

2 AR50

2.1 GSHflE. ISP ENISIRILE
2.1.1 I S ACE =2 S i A
M1 Rl LLE 68 6 I A A A

(Glu) & 5 7R MEME 0 [8) 47 35 22 5 (P <0.05) ,

LA 2 B o T R I R BB ZL R (T-

bil) | JULEF( CREA ) F) &5 7R MEAME 0[] 5o B . 22

o

F1 SEEEeE MEPOEREIREHYHNESEILE
Tab.1 Comparison of the content of serum glucose

and its metabolites of male and female Japanese eel

545 Indexes I Female i Male
Glu/ ( mmol/L) 9.16 £2.49° 5.76 £1.59"
T-bil-D/ ( pmol/L) 1.77 £1.08* 1.12 0. 14*
CREA/ ( wmol/L) 91.86 £25.69* 66.96 £25.46°

T2 LM a, b FORMEMER 22 54, TR R R B B
P25, 3R 3-5 [F

Note ; Upper left letters a, b, denote the differences between male and
female, different letters have significant difference , the same in fig. 3-

5

2.1.2  [MyERZEE & R

M2 2 AT AR B, ML, 2 N 2R 2 L 5
G (ALT , RN 2 ) R 1A& AR AL RS I
(AST, 23 HURE ) BB BRI (ALP) () 7 8 7E
o N e £ ) 34 22 5 (P >0.05)

2 S AmMERHREASSLE
Tab.2 Comparison of the content of serum

enzyme of male and female Japanese eel

547 Indexes Wi ffi Female £ Male

ALP/(U/L) 291.80 +70.08 256.46 +62.78

ALT/(U/L) 0.40 +£0.38 0.76 £0.49

AST/(U/L) 130.62 £51.81 114.7 £33.39
2.1.3  BEEAMEAES SR

H16 3 W] LUFE Y, B8 g | 4fi #4011 375 v A) 88
HH(TP) TR w2 (P >0.05) , i £ 1
EIHES (ALB) & B3 THEfA (P <0.05)

R3 SBiiEEENEFFERXSELER

Tab.3 Comparison of the content of serum

protein of male and female eel

EHrR Indexes 4 Female IfE£h Male
TP/ (g/L) 44.44 +5.78* 47.52 +4.11°
ALB/(g/L) 17.78 £0.72* 14.88 £1.31"

2.1.4  [fiEHREEY S L
NFE 4 R DI Y, 8 g £ 1 3 A A

http: //www. shhydxxb. com



660 (SR (T E NI S S 1

26 %

—BR(TG) R BENR & R [E B (LDL-C) i35 4
E T ME (P <0.05) , H & % B IR 2 1 JIELI
B (HDL-C) A1 AR [T (TC) B 35 82t 7 MfE e 421
TR (P>0.05),

*4 BEiEEEMFPERSSLER

Tab.4 Comparison of content of serum lipid
of male and female Japanese eel

J5¥7 Indexes it ffi Female A Male
TG/ ( mmol/L) 3.65 +1.20° 11.83 £3.64"
HDL-C/ ( mmol/L) 9.49 £1.38* 10.49 +1.28°
LDL-C/( mmol/L) 3.81 +£0.77% 5.99 +1.76"
TC/ (mmol/L) 19.45 +£3.01" 22.00 +£3.73"
2.1.5 THLETRESE T (Ca™") RIBERAR B T

(P) &4 L

H192 5 ] LU MY, 08 da b £ 1008 o 45 2 1
(Ca’" ) it THEM (P <0.05) ; T B R AR
BT (P) &5 o 7 HE A 10 (W) O G W 2 25 & (P >
0.05),

RS BMEEEMNEREYNEFHEETF(Ca®")
MHMRE T (P) 2R
Tab.5 Comparison of content of serum
Inorganic ion calcium and Phosphate ion (P)
of male and female Japanese eel

J5F5 Indexes P Female Y Male
P/ ( mmol/L) 1.81 £0.53* 2.46 £1.39*%
Ca?* /( mmol/L) 2.32 £0.14° 2.68 +0.21°

2.2 tEEpMEEEMFPINEEARSERR
1 Dt e A £ 0L 55 v B B R 1 D

e MR Al LU H 68 0 | 2 £2 100 55 50
WEARTRAEREZER (P <0.05), M

T E T,

3 1400

)

o 1200

<= 1000

Eﬂi 800

e 600

L= 400

]

w200

& 0

PEFenale #EtEMale

5
Sex

1 sgepiguEmE N EERR

Fig.1 Serum vitellogenin of male and female eel

2.3 mkHPELIEREESBHMENXRZNA
A
2.3.1 BB PRIL T R 51 ) PR

HRAE 2. 1 SIS 2R, 30 14 T i A= 14
P AA S WA AR AR B MERE B RS
oAt O TG bR A M A £ 22 ) G W 25 2% 5, T AR
XX L6 AL FE A R F 8 AP S PR AT R . A
SCR A AR 7 20, B F Ge it & gk e w4
— R R IE ARSI, UL F > 3. 84 FEHIE AR
PrdfE, DL F <2 71 AR HIBR RO AR . ikt 6 T
B, M4E Wilks * Lambda {i, %4 51 4] 7€ fE
Bk A : TC > Glu > CREA > Ca > AST > P, 5 H
O A TR M £ (R 0 25 OO OGS R LR
6,

F6 ZBLHRAHIEER
Tab.6 Result of stepwise discriminant analysis

A LR N L
Item Step Entered variable ¥ P Wilks * Tambda
5] Sex 1 TC 19.673 0.001 0.151
2 Glu 20.541 0.001 0.089
3 CREA 33.073 0.001 0.036
4 Ca 46.114 0.00 0.026
5 AST 143.672 0.00 0.006
6 P 274.146 0.00 0.002
FRAR T 26 19 6 44k 3547 TC . Glu, CREA I fa: Yy, = 11. 844X, + 237. 771X, +
Ca \AST Py T g g £ fr e 590 00 B 5 1063. 886X, + 611. 186X, + 73. 818X, -

Mt Y, = 8. 132X, + 158. 876X, +
738.534X, + 421. 93X, + 51. 301X, -
3316. 019X, —4701. 273
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X, = AST; X, = P; X, = Glu; X, = TC; X,
CREA;X, =Ca
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VB R A W00 68 g ) LA 1L 48 bR 2 AR
XA o8 B2 30, T BB Y, LR Y, HI
Yoo TH » BRBEL R I DA 2 8 B ) 1 5
2.3.2 AARTMIL S Sy e ) A pR L

R4 2. 1 Byseae s 3, &8 TG, ALB, GLU,
LDL-C, Ca 3X 5 TJUA b ) 75 5 75 8 g e A 4 ] A7
WFEZES . RGBS TR bR 2t A
WA A BT R /N BRI T,

®7T EBRERSH
Tab.7 Index parameters of entering
independents together

Wilks ’

FIAFE bR

Entered variable Lambda ¥ P
TG 0.26 22.733 0.001
ALB 0.299 18.739 0.003
GLU 0.549 6.58 0.033
LDLC 0.557 6.363 0.036
Ca 0.469 9.066 0.017

R AL S T LK S T45 5y FE il
A1) 0 ] BRI

With . Yy, = — 5. 928X, + 28. 624X, +
9.391X, +3. 054X, +205. 891X, — 532. 830
Wit Yy, = — 3. 747X, + 26. 165X, +

8.584X, +1.006X, +191. 948X, —458. 552

X, =TG; X, = ALB; X; = Glu; X, = LDLC;
X;=Ca

W e R AR 00 3 B ) LA I3 R B 4 AR A
XA BB TR REUE Y, AL Vi,
Y (8, BREUE B R 2 8 i 1) 1 531

3 ik

3.1 miBEEUERERRELXEBERENNA

M AE AL AR AT AR Dy 12 W A= W) 14 e 32 1
JIFNABUR DA 8T B, Ho 2 AR 2 N
SMPRRREIE , FE TN R R B AR M R
S, Rt s H S A TR AT I YR OO AR I TR
B VAN SRR LA — R M FE s PER
311 b B AR P £ R D A R B A o
HJAzE!

A 2SR £61 [ A OB S R KPR O — 3L
HOEE . 4% W) 83 ( Acipenser brevirostrum ) W £
I3 A 2 A R T T I 6
(Acipenser stellatus ) W HE a1 /Y B & & JF JC 2
ST RRBE( Huso huso ) i #6135 H (938 4

R T MR AR e £ 1 0
W T A, RS RS BRI A
K TE IR SR, MR 7K o T 8 fig 1t 5 A A
W & B RS AL T OB 88 B ( Anguilla
anguilla) """ | 35 AT fl Jok 05 0 4 VA ) IR AR 4R,
FEBES B TR

AN AR &5 5 1 22 5 A% 2R B ARk
FAIS B PR B AR L A AR T, A
HRUBEC Z='"7) B 5% % PR AT it ( Oncorhynchus
mykiss ) W £8 D19 SO ] 26 0 0 1) 2 b0 VAT A
— AR EL R o A SO g e B
Fim T HEPERUESE 13X — o AR i i ) 68
MR R H L AR BR, 7 YR R HEAS LR A B 1
RER TR, SEOMEME M A AR S R B S
THENE
3.1.2 WSS AR R R 28 A Y 2 53 o

A TN PG S T N A B B Tl o 3 W OB AR 1Y
G BRI A, 7E A AL B R
AR, BEE RS AR ¢ R ), - O 68
"R, 9 ) 2 S, A D I el A
RAR, (HL T 05 P 22 53 0F A O T 5 K 22 6
( Osphronemas goramy) ™' Jin M i €5 ( Micropterus
salmonides) "' BAHH ( Sparus macrocephlus) "' 4
AH B, 0058 S ) 7 e B G R A DA 2 O ) TR 9%
LR

PRI e 0 1) il T M — PR W £ o T
i, HS5 R E BEEA L, WINGE R AST, CK
Yl G MEOME VR O oam e T OME PECY . EE
( Oncorhynchus ) F¥E65 ( Salmo trutta ) 7 244 1) 4
Ay MErfeta iy ALP & Jo2e 5, 3 11 H i, i
A ALP 5 5 0E i T e 0 ALP I P30S
BRI Z oK AL & AL K oy Foc R R
FRA R o AN SO B A £ ) ALP it
FFICH] R 22 7, AT RS2 B T 2 f P e O I, 1P
REE W, I ALP 2 5 JF A &, HOEHE £ Ja]
TESR
3.1.3 PSS BRI 2 8] Y 22 5 03
B

NN IR A A SELy/ Digers e % I
A T B 1 1, 1 R o 5 I 10
FHZEA K o R 2 I 3 v J S 2R B R R
AR, S SR vl IR A E
FRIEA — € K R o [a] P £ ME B £ 1 7 v 28 1 26
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Wyoefr i 5k R B R A OG, A BB T T
(Tinca tinca) M M E QS & THEM, 25
JE e B o R S T DR
fE fr Y PR P e A B[
S R N i 71 B A < I N T R 0 R 2 SO
GHARAEI Z£ #F 58 BR 82 ( Huso huso ) & B ALB
TPO CHO  TGL {5 i 75 M e 1 ) 35 2 53 1
ASADI 25 HIF 5 W i 4 g 9 4 B, fE £ f) ALB
e T MEf, X AT B W 9T B BT AR IS SRR INFIE]
M 2E S A OG o AR S b B i £ 1Y 11 AR S i
e TER, R RS T R R B, G U
X B2 WSS I PR, PRI T 2 5 22 19 1 2 4%
A RIS I Pt 08 2% 5 5 ot VO A i 3k 45 TR B
Ko
3.1.4  JRSEE AL [FE R S 18] 1) 22 5 53 B
AR S v 1A 3 A 2 S M e TG T R £
X AR A g P R Y K R A I T I
SEAN B . TERRE T, 65 5 hE £ (%) 5P ST 0 &
T, U AN AL T B0 B K A 4, JE AR
iFE S (SE s S TEI IR S EEATIE BN
A I T A 8 BE AR AR 1, S BT AR 2R
JoTU 2 ARG s B A H A B8 B 7E 10—12 J R,
i e A B0 Ak TR IR i B e A
PEBB AL B2, IEE E AL P mIE H, Rt
T £81 ML B 2 ) oo R 6 v, it R P A A
7 e e 1 LT P B S A B e A B A A
e S
3.1.5  TALES 1R & AR M L S i &
B ARBLI 22 25307
MIFHTCHLE 205 & 5 AR R )
A O AR DG N B BRI AR B T
BT R BRI T
T g T A S A £ A T
e e BRI B S A R TC 22 e, A
KA B LR A PLIE 2T AL 5% AL BT L
22T AL RE Y LA R NV, I 9 ) T T
AEFF B AL G L N R B I A E , 78RR 2R AR
A, ek e B XS 5 1828 W) B e v v 4
HE R AT R R TR SR IR A R
G236 P4 2 7 A T 0 R R R
T80 25 P LA 2 O 248 JE 1) i 75 R0 AR AR IR
PRI ey 7 1) & i S I A S A —E R
2, K B ( Carassius auratus cuvieri Temminck
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et Schlegel ) ML 7 Y 55 B 7€ 3 T g , P B
R S BRI TR Y o AR s b £
) 1B 2 1 R i TR B 9 2 ) i £
FEON B BB B B, K P Ca® i W
TSR G R 5 45 G 25 B I v A ik 2 O SR
JE A RN T AL TR R R LAY B
U S8 AL T O K A, S DL S A
HEAEAAELE, 58U e e i 85 5 &
ARXFRAR , T 4088 g A 20 A T 05 400 i R W By B
POES T RAAE ML, BT A AR 5 o
3.2 AEEAHNEEXNINEZEARSESN

SR I B A e R ME RO AE T i
JEFE B 8, BT R M P ) — FP R SR . BN
HHEAMUBE S 12 &8 51, b BEE e iz AR
MR AR A RIS DR 250 B4
L, fi 2 BB 240 P ) A R0 3 Ak, TR I G g
fEoR B0 M kR F R AL, HEPPELL Al
SULLIVAN 71 F 5P g 25 1 I 1) 5 6, 0 7 /)N 6
% ( Mycteroperca microlepis ) Wi f [t i 24 JiE>
GUZMA 28 % ¥ ZE N Il /R 5 ( Solea senegalensis
Kaup ) #fE £ 1) 9 2 25 1 505 & 76 7 P A 3 0%
1R

BB AR R M S, S R
PR S i 1, e £ % B B AR R
A BRI 0 G AT A Sy P ) 6 v B e 7 B B
(Y RAE R L AR Y R B S R
{CHE % 22 Y R B A 1Y BEAR fA E 8 ( Anarhichas
minor ) , T ELAE % K6 I it 2 JRE AR f20 M #2410 i 1Y
REW B CEAPA 25120 % 31 IR S 63 e I £
MO0 H S & A B & % 55 POTTINGER
S45O 3 3 ) A O R G PR e £ A
fig £ 1 |, D M #8114 B B2 2 9 D B o 800
ue, MHEELIIE T 10 g, KOHN 46 1 g 2
LAY & B A IR A 22 48 i ( Polyprion
oxygeneios ) VESI , UERBAZR N 92% |

PRI, P e P O Al L 37+ B9 8 2 11 D T
T 2 SRR TEME IR R R R M A PN
R, A S v g o £ ) B B 1 D
THEPELIESE T 3% — 55,
3.3 HRSERLRBEELENFEPH
W F

kT R ROR H E S B H A —
F9 L FH , 0 R P A5 40 500 43 A, % 94 41 ) I 4T
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FIita [C 560 %) (Acipenser schrenckii ) [ 24 T A5 4k
TEPRHEAT O 35 , 23 ) A S 2 > e e A eR R
2, HUERN 3 84% F1 82.35% , AxAE AL
T2 H) 1) AR A A R IE, AR R S R
(Macaca mulutta)) HAG 14 551) 45 58 B 438, HEAR 4
T R A BE , T 0 M S o R, T A R
91 7% P o AR SO 14 068 6 1 375 A
ARAER , R A e R 1 A R 3 43 ol i vr T
PR 83 P 31 R B, o P T I g i .
T TE o
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Differences of serum biochemical parameters and vitellogenin level between
male and female Japanese eels Anguilla japonica collected at the Yangtze
River Estuary

ZHANG Lina, CHEN Taoying, LIU Liping
(Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China)

Abstract: The differences of 14 serum biochemical indexes and vitellogenin content between female and male
migratory Anguilla japonica collected at the Yangtze River Estuary were compared, and the function of sex
identification on female and male eels were established. The results showed that serum triglyceride (TG) , low
density lipoprotein ( LDL-C) , and calcium (Ca’") level of the male eels were significantly higher than those
of the female eels (P <0.05), while the albumin ( ALB), and glucose (Glu) of the female eels were
significantly higher than those of the male eels (P <0.05). There were no significant differences between the
female and male eels on the levels of Alanine transaminase ( ALT), aspartate aminotransferase ( AST),
alkaline phosphatase ( ALP), total bilirubin ( T-bil ), total protein ( TP), creatinine ( CREA ), total
cholesterol (TC), high density lipoprotein cholesterol ( HDL-C), and inorganic phosphorus (P) (P >
0.05). Vitellogenin level of the female eels was significantly higher than that of the male eel (P <0.05).
Base on the differences of the 14 serum biochemical indexes between female and male eels, two functions were
established using stepwise discriminant analysis and entering independents together which could be used for
sex determination of Anguilla japonica.

Key words: Anguilla japonica; serum biochemical indexes; vitellogenin; sex identification
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