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HET IR EERRBNHAR

wIEE T EEHP GFE B O HRzC
oKkt EEFET B ORGP BAA R OB

(1. B RFE R B 201306; 2. FHEEVERFOKI S0 B 201306;
3. HEDK =R B T ShRERT AT L AR K R R AR E AR E Jt 1001415
4, JER K =REFSE T Jbat 100068)

WE N H K Z 2k #(Oreochromis niloticus) H A E 2 EE SR EWN X R, REREZK, AR
FEHLFEE 40 B E 5 600~900 g #lt =8 FAE & (GIFT) ik &, FATHRE ., QM. . B, &
BE. B, BE. BBk, BBE. SR MAREMAL (2L, a2RaFEEENINE, HEELHE
HAAEEEEHATHR DN, B Lt E AR, FRAKELN H 5009 kS S Z a4 d
AEREEHATHASNERIE, FRET, MR TFEZEam &N, FIE. B, BE. 7. 8.
BBk I B B L A R (kB A ) B IE B R 3(%) % 4 4 0.12+0.02,1.22+0.20,
0.11+0.03.0.13+0.05. 1.58+0.30.2.85+0.17 . 3.31+0.38. 1.05+0.24 . 2.89+0.41 . 51.60+2.09 F 29.66+2.00,
rallE 11 MNAEEEESKREYE L F EMHK(P<0.00L), 746 — 4% FHEE (y=bx), A
BUEANKRE N S00gMEEE TN, ik, B, BIE. AKFAZEETNEZH%E
BWUN., AREREANTFFAMBRBNTA, AheX4sBy FEFAIMNEEREELX
%} 77 % (physiologically based pharmacokinetics, PBPK ) 42 #t 7 2z 438 .

XA TE PR, KE;, HRRAH; XML BHEEA

hESES S917.4  XEAARIRES A XEHRS  2095-9869(2021)04-0090-08

JUE i 28 B Sh W) HE AL A8 B 00 i AR Y
FME, B EAEA A S Y A (Y 32 2 ) At 1 2
— (R AN SE, 2018). MEAS RECE— YA EY bR
WAL BRI , RS SEA E YA e ik, S5 3h W0 A
AT R B UIASC o IR RE B sl 19 A B RE AR
A&, HATE SOy s A B R B B 2R A
R A ZEPP O HE A5 (A SCEE, 2006) . 7RS4 RE

SRR, MRS R BCE F AR — R AR S R
W Z U A R AR AR, RO AR R Y B
P R/ INFIRION GEX TN R 45, 2018)., 7E 8T 24 I R 5 P 2
F5E . 25 5h e S VETEM M 2GReFsc g, BEds R AU
VAN 32 W 5 AR F B Z R A, X AN 25 ) 2 1
1 R 8% 5 B 225 Ml (35 24 5, 2012,
Nord, 1993)., 7E/K;™ & it % i ocH, ks R B0
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1 0 25 AR 3 24 R 3 J) 2% (physiologically based
pharmacokinetics, PBPK)f A i 4% . fe HE il i 5K
I (B 5%, 2017).

IAESR 0 S 55 S W) U o R % R A F
FRZ, (B EEE X B GIMLR /NS, W
Bt P L5 4 (F AR S, 2013; X FL B4, 2009) .
F(BRLSF, 2015)., XS(RANANSE, 2018). K (HEIL4F,
2000) . /IEL(XIRRE, 2018) RGP (1 5 45, 2014)% .
XK= FRGE s Y, 2 UL T e % % 4 i (Oreochromis
niloticus) it P SR | MR m & n] i AR GEE AR AR,
2010) . KR YL (Cyprinus carpio var. color)JE 2Pk
50K AR G (MRL AR SE, 2019) . ¥ % (Siniperca
chuatsi)JFZ 25 MR 5 PR 3 FIH: ) OC 2R (B IR 4, 2018)
i 2 (Apostichopus japonicas) A # 51t i # ¢ R %
FAUAF5E (Zhan et al, 2019), £S48 5 & FAT & R
Ho R IE WA E 60 4R T, 35 F 2% # Robinson 55 (1960)
F1 Wilber 45 (1967) 43 5%} 4 4 (Opsanus  tau) Fliif X
1 (Sphaeroides maculatus) i i 157 ; Law %5 (1991) i
% UT 6% 1 (Oncorhynchus mykiss) 24 97 18 3§ 5% B4 45 75
o, NGRS MRS REGHEAT THRGE ., RS H, BEF
HAAE AR E A

% 4 tf (Oreochromis mossambicus) 2 & E &
FAll 2L (FAO) ) th 4 1 B FRH i b 2 —
TEfR PR A BR A AR R IR T R PR EEAEH . [
i, B AR R TR E R AR R 22—, 2018 4F:
T EP AR s e B2 162.45 7 t, FafEIRK fars
W 6 (Al AR R R e B )Ry, 2019) . PRI,
BT L 55 % JE i (Oreochromis niloticus) Jy A 5% %}
%, Gkt g0 25 A= 245 X3 77 2% PBPK BEALA (1)
BE TR, JT R MM B 2 R £l £ 4R RN 45 21 2UE
AR SO0, DR A U SR R SR E Y
K F, LAROh STt S A SR B A ) S 0 e B R ARt
TiES 7%, N2 B 25 A ik BE TR A 5 2
HEILRE B o

1 #wREFE
1.1 SR A&

S T R P 7 2 AR A0k A6 T K PR AR 5T BT
NG L R R R R A 2 AER A, Hih, R EN
600~900 g Ay fi P& FH T 41 Uk 1, 500 g 22 47 £ fA
FH T [0 SRR T ) RE A B0 0E . SE T, 5 = PR
18T 4 MR (1.5 mx1.5 mx1.0 m) G IR K 5258 R 4
7 d, ASROEIR, 24 h RIS, 2 dH
e U3 KM, BFRYIN, EWBE, WERHEEER

M RRIE , RBRAIER B MREAH . Pk
Ao SEETT 2d AH, fEHE N EEE . ZEEHE
2%, ST I EEALEEC 40 2 (600~900 g)Fil 3 B
(500 g Ze A7) etk 7 & B AR VR M LT 4 .

12 #&E., NEMITE

JHF 2 51 (H8060, =99.0%), MS-222 i, ZHr
RF(RG 0624 0.000 1 g), L RF- ORG24 0.01 @),
AR, FARIT . FARII . BTFEE TR,

1.3 SLWHZE

HYVE AR kS R (2B LR )
PG R A, 1987 b e % 5 17, & P e R
MS-222 JFRIEFFIRREY, WK 400 BR ik R mK o,
FEIFO RIS, WM., ABFIE 11 P HLURBE
AORAEIT R A . o8 RREE . RFAE. . B, o0
E . CERE . Rk DL A IS (k. kg Rt
B,

131 %Kk L8N} H L I (0 R A 5 )
AR 22000 2 () A S0 ok 5 o i I o o 2 25 ) TR 22
T2 ) 2 0y 0 e Bk G R PR A
Hk o ZE R, LI/ IR,

132 42 Bifi 5 7 BV I it e 2 e £ Y 6l Ay fif 21
o, ez | WS MEFCA R, —0 4 K, AEF5EL
R 4 B 8 3% B AW T A B E bR

133 M AE S Ak B W T AR RS PN I Y
HIEAL, WG ERENE, SR ingE . .
W BRE, JEEITFA )G, SRR AENE K5, TG
PR 7 A A HAth 41 4

1.34 R SeHEET IR RO, B )
BIRGOME, BARAOIERLLORGE  ODEME G
SIKERALN,, TEHEREE

1.35 KM FUBCE R S TR 8T B T A (AR
e S EMHERBRE, IR T 45454148, 3151
PRes a2, N JEvmde 3 B IR aihr, FHEE T
FE R, USRI RRE

136 WA XTHLA, SR T E R, St
PEAT I A R LA B, £ AR LA FE e Gy
Tl % LA 38 a6 5 LA ) B A 2T S o 22 R AT
eI, LA R Jik B e T B TR Ay AR A3 B sk
. falECEE | MohE | EEE . REE) ML KIRS
HA 3N, NAEHRES AL REGERICH Gy
Jei o o P E IR R AR TR K R ) 2 min JE S0 LA,
OEPRE(ERICH Gy), NRNELE =G, + (G- Gy).
1.3.7 HAmy HAMLE LU RS | fafE | Z s
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flg . RIS IR BT B 4545 414045 . BT A 1k s 5
5 f0 A4 R AE D R A ), AT AL SR o B S
FRe, Hoep, 8850 BFFOE. . BHSE . BRAE . O BERE
WER BT ROF-FRER, R R U B TR
AR . A R SO RS o) B 2 Ok ] — A B
1B, W RG 1R 2E . EAS R E=IE 45 5 & /K 5 x100%,

1.4 HiE4hiE

KH Excel 2016 #4418 sz i 0 S S5 45
2= (MeantSE) MR #8 2 %0; H R #H5 (3.5.1 MiA)
O3 BT 45 2H 2 2% 5 AR B 22 18] 9 [l )5 56 &R R AT

m {AEE Body weight
9001 [ 4514 F#t Lost weight

1 3 5 7 9 1 13 15 17

K1

KERM, IR B, ] 3 EIAHE LN 500 g
M 5 2 A 0 ] 2 A A A R T D RE Y
Kk

2 HRESH

21 fREREE KR

AWFFEIT ] 40 J& f R E 43 A e fife #4002k 6 DL
B 1, N AT AR Y, S8 £ - S5 K ik (744.35+
66.98) g, fif )5 V-3 {&H 4 (710.00£70.05) g, f#F
P HRAE 1.89%~5.37%2 0], it B/

19 21 23 25 27 29 31 33 35 37 39
%t Amount

AR A g e 4 Ok

Fig.1 Weight of GIFT Tilapia and weight loss after being dissected

22 RAAFEREERFERZH

T R 05 2 ZUNE 2% 1 7 X BN AR R AR
R 1. WNERIFTLIAE S, OB, B IERIGEAE 3 Fhik
IRE X R, 7£(0.8420.26)~(0.96+0.44) g =~

£1 HETHEKREMALEERER
B 28 R B4 1t 45 R (n=40)

Tab.1 Statistical results of body weight, organ and tissue
weight, and organ coefficient of GIFT Tilapia (n=40)

i e
Items Weightlg - oefficient /%
LAE Heart 0.86+0.17 0.12+0.02
FFAE  Liver 8.99+1.84 1.22+0.21
BAE  Kidney 0.84+0.26 0.11+0.03
JEHE  Spleen 0.96+0.44 0.13+0.05
%  Intestine 11.71+2.81 1.58+0.30
g Gill 21.02+2.29 2.85+0.17
Fe ik Skin 25.53+4.29 3.31+0.38
fH%E  Gallbladder 7.66+1.62 1.05+0.24
fi i+ Scales 21.42+4.14 2.89+0.41
WL Muscle 380.51+43.50  51.60+2.09
HAb4H4  Carcass 217.84+19.03  29.66%2.00

B JEME. B, 88, Bk, 3% SR EEES,
h(7.66+1.62)~(25.53+4.29) g; JLIAI2H(380.51+43.50) g,
T He il K, h(51.60+2.09) %,

23 HEMEHAEREEZ EMBEXESFT

N RS H BB (R m)aHr ik,
HEAT 1A T 045 21 U 25 7 6 1) A A S A AT o SR
AR y=bx+a B4 Hr 25 F L 2, R [l I Y
y=bx B AT A5 ULEE 3 FE] 2, 2 Fp eI AR, S
WU AEM 11 NS e S R 2 R 2 25 A
#(P<0.001), BEPAAREEXSFrl 11 44Uk A
e F . XTI y=bx+a, HIERE R
WLA A E] 0.9, HALHLNEZRZTE 05 A4, HIA
FERYAH I R BEEZ A 0.000 3, X T [ AL %I y=bx,
M2 R % R?>0.89, HLA R R %0555 0.998, Hil
BREEEL . NEIE RS b EHEPERR R B)RE, F
PR y=bx Z3HTA5 8 b A TLT-55 5200 s 22 B00AH
A% 1), T LA R y=bx+a 435145 310 b {8 552
DUIE 25 22 80ROl B R K . 2 BTk, fRE R 11 4
2H 2k A A 2 ) A A O 1 R FH — o 4 [l A A
1 y=bx,
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Tab.2 Simplelinear regression (with intercept) results of body weight and tissue and organ weight of GIFT Tilapia

i F JUE %5 22 8K @Uﬂ#’?ﬁ @Uﬂﬁﬁ *H?‘é%%&_z R? P (i

ltems O_rgan Regression Regres_g on Corre_l a_tl on P value
coefficients/% constant equation coefficient

O JE Heart 0.20 -0.615 y=0.002 0x-0.615 0.632 0 <0.001
JFRE  Liver 151 —2.160 y=0.015 1x-2.160 0.3050 <0.001
B A Kidney 0.25 -0.982 y=0.002 5x—0.982 0.4050 <0.001
JELAE  Spleen 0.47 —2.491 y=0.004 7x-2.491 0.509 0 <0.001
M Intestine 2.89 —9.593 y=0.028 9x—9.593 0.476 0 <0.001
g Gill 2.89 -0.277 y=0.028 9x-0.277 0.7170 <0.001
FZJk Skin 5.34 —14.758 y=0.053 4x-14.758 0.693 0 <0.001
0% Gallbladder -0.04 7.960 y=—0.000 4x+7.960 0.000 3 0.914
fiff i+ Scales 474 —-13.503 y=0.047 4x-13.503 0.590 0 <0.001
LA Muscle 61.53 —72.523 y=0.615 3x-72.523 0.900 0 <0.001
HAh#HZ! Carcass 20.81 64.660 y=0.208 1x+64.660 0.536 0 <0.001

*3 HEFEKREMALARRES —TLMEBRIVACCHIE)ER
Tab.3 Simple linear regression (without intercept) results of body weight and tissue and organ weight of GIFT Tilapia

i H JUE %5 22 8 ml 975 MR E R P {E
Items Organ coefficients/% Regression equation Correlation coefficient P value
L E - Heart 0.12 y=0.001 2x 0.991 <0.001
JFRE  Liver 121 y=0.012 1x 0.977 <0.001
Bt Kidney 0.11 y=0.001 1x 0.946 <0.001
JWLIE - Spleen 0.13 y=0.001 3x 0.889 <0.001
f  Intestine 1.61 y=0.016 1x 0.974 <0.001
5 Gill 2.86 y=0.028 6x 0.997 <0.001
Kk Skin 3.33 y=0.033 3x 0.990 <0.001
02 Gallbladder 1.01 y=0.010 1x 0.965 <0.001
fif i Scales 3.00 y=0.030 0x 0.991 <0.001
WA Muscle 51.93 y=0.519 3x 0.998 <0.001
HA440  Carcass 29.55 y=0.295 5x 0.996 <0.001

2.4 B3R T 45 RIGE

FI T ST () [l AR y=hx Xf 3 R MEM: T &
e[ - Y4k E 2k (512.48+3.68) )45 4 4k s 3
FTN, REARZH NS SCIE . B E R e - R
BRECHE WL 4, N A TTLAF Y, MarEd & % ARt
FFE R R 3 A A o T S = [
ZEWHE A%, ARHHERR s Kk . DL FLGIE 3 Fh
MRS IR ZE A TE 6%~8%, WH JEw; M. A
IR 3 Fhal SUNEAR IR 2ZE7E 20% 847, IRZER K,

3 itig
31 MAEAEMATEN

e 28 B I 5 90 B A0 g vl R A, DR A 2A S
wBEEIYME, MBS, BABR, HEAEMYE

& T R B R A 25 2R BRAE A RAE , SR S U B8 0
R o B A —E WME, Shr=AiRk2s. BHil, 7K
FEIERERL R, KPS H LRG0 ) (R
&, 2009) | (LA AE R ) (PR 4, 1987) ., ( a2k
SHAR ) (B, 2004) 55 Ll bt BN S SR
FRUEAT T A R PRI A | [H I G f0 28 JIE 28 A ) Al 22
MERVE R R FIYE , XHG I T S5 BAR R 25 AR
P o ARFFETE IR SR L, 20l R ERERTY
TR, i A [ 20 23 0 25 ORI AR L PR 5 i
S T i) JE AU R EDISCRAE 94.63%~98.11%
[B), ff RN, AL AU AR I 5 R, i)
TR B — S SN E

HEFTFERERENMSHLARFREEZ N
e EIPEE: 5l

AWFFERM], W P AR AR A A LU A R

3.2
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Fig.2 Correlation between body weight and tissue and organ weight of GIFT Tilapia

A~KARYCH IR T S5O0 M FRE. M. R, o, 68, k. MEEE. 8%y WL AUHAGZE 2V i A G
A~K are the correlation between body weight and weights of heart, liver, kidney, spleen,
intestine, gill, skin, gallbladder, scales, muscle and carcass
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Tab.4 Measured values and prediction results of regression models
SiH ST E WO RS REEA FRRME TR
ltems Measured Predicted Absolute Error . L.ower . Qpper
value value value of error  percentage/% limit value limit value
DAE Heart 0.65 0.60 0.05 7.66 0.37 0.84
HFHE Liver 6.04 6.28 0.23 3.84 3.15 9.40
B AE Kidney 0.57 0.59 0.02 3.51 0.15 1.04
AL Spleen 0.70 0.68 0.02 2.84 0.09 1.46
W Intestine 6.86 8.21 1.35 19.61 3.73 12.69
i Gill 17.71 14.64 3.07 17.31 12.17 17.11
Sk Skin 16.16 17.17 1.01 6.23 11.64 22.70
fH#E  Gallbladder 7.45 5.29 2.16 28.94 1.70 8.89
fi% Jr Scales 18.82 15.00 3.82 20.31 9.09 20.91
ALN Muscle 247.89 265.45 17.57 7.09 234.29 296.61
HA414! Carcass 166.16 151.38 14.79 8.90 122.56 180.20

TR Z )@ TR RIESC R, BV ZUNE#S & & b 574
B9 A KN, iX 5 44 (Robinson et al, 1960) . JAf i
i (Wilber et al, 1967)F1H:Ah 3 & sh# (f dEAR5E, 2013;
X ML ot 55, 2009; £k %, 2015; #XWH N4, 2018;
WA, 2000; XIRFAE, 2018; M ifEEE4E, 2014)HF o5 45
A —F0 (0 RS 3R A U4 5 R 2 )8
T EAT [0 3 5 B — o2 M [m AR R (y=bxta) . AR
UL, TG RNE B — o2 v Rl A (y=bx)
WA ERE S P A, B Y R ([ 28 )4 0 i,
HoAZH 2 o & & (A2 f) W 0, 35—, M
— M AR (y=bx) 43 B A5 Hh 1) 25 2 2025 Il )5
FRERE A, JLTE TSRS RZEUE, LT
Wl 7Ry 600~900 g g ENE T 5 Bk |-
VERRPERS o FIHZ BT 500 g 2647 O HETE 75 &

A f0 45 YL SUNEZR AT TN, 32 2 2 A T 245 2R 55
DIAEFET, AT LR R T — 2 BUA 7 PR P 27 £
&, WEA BRI AR . AT, O
FFREE . B . B . Rz . LA RN At 4 ST i 2
AR /N, R 2ZEAE 100 LA, () . 6 H % A Fr
F4) TN 35 2 ARG 5 o — Ty TR A T ) S ] ) A 75
DU L) X e 1 5 2 AR f g HL A 20 T 5 59—
Dy 1T, ALK = s R A B A s — A, d14UNE
WATRESZ S A L PER . RIS L SRR R W)
S T A7 A H AR R (PN B S, 2009), XA fir
25T .

33 FEFFapaEFREY

H AT, A 5 2R A R B IR K fo0 I R A0
WHoE . A, HEVE AR B 2 RO IE R BN
0.12, 5 Wilber %5 (1961) AT il 55 () 8 Fik Ak i 22 K4

WA —% ., #% 18 Bertin (1958).0: I R0/ 0.11 2545 B
B A E DK PR (superior swimers) 2SS, 454

Jp 3% T UK G O, IR R AR o8 o | 2 R
O WIE R B HERA P o 50 £71 (Oncor hynchus mykiss)
M, & P (2.86 vs 3.90) . J7(1.61 vs 8.52) .,
¥ WE(0.11 vs 0.80) . iz )1k (3.33 vs 4.66)4 M4 41 R 8
BAK, H35 5 BRI R ECE 5 (51.93 vs 46.50),
JHFRE 22 450(1.21 vs 1.16) —#F AR ET . 5 HALMFL3h
YINEZR R, 35 & AR ONE . FFRE . B, g
JUE T o 1A E ) B e IR T4 (F RS, 2013; B FLSE
45 2009). (RS, 2015), MY GR AN, 2018). K
(F 45, 2000). /MR CAIFFSE, 2018)Fn5 (1 182 5%,
2014) % ik sh . 2 AT, RIRIYF RS R AL
B 225, RIMEIRE 28, hil s i) REE 2N
HEYAEAmAREN 5 AU L. Wik, fFEAIAH
25z )% PBPK Rk g, & & shi bl
SRR AT 8 0 SR oAb 2, W] RERE M 4 2R
FR TR -

& £ x #
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Abstract To study the relationships among tissues, organ weights, and body weight of tilapia
(Oreochromis niloticus) and obtain organ coefficients, 40 adult male GIFT tilapia with body weights of
600~900 g were randomly selected, and their body weight and weights of the heart, liver, kidney, spleen,
intestine, gill, skin, gallbladder, scales, muscle, and carcass (fish head, fins, and fish bones) were
measured, as well as the total weight of each fish after dissection. Correlation analysis was performed on
the body weight and organ weights of the various tissues, an optimal regression model was established,
and model extrapolation was verified using approximately 500 g of tilapia tissue organ weights. The
results showed that the organ coefficients of the heart, liver, kidney, spleen, intestine, gill, skin,
gallbladder, scales, muscle, and carcass of GIFT tilapiawere 0.12+0.02, 1.22+0.20, 0.11+0.03, 0.13+0.05,
1.58+0.30, 2.85+0.17, 3.31+0.38, 1.05+0.24, 2.89+0.41, 51.60+2.09, and 29.66+2.00, respectively, and all
the measured tissue and organ weights and body weight were significantly positively correlated (P<0.001).
This was consistent with the univariate linear regression model (y=bx) and the predicted error of the
model for the heart, liver, kidney, spleen, skin, and muscle of the tilapia was within 8%. These results
provide baseline data for fish physiology, toxicology, and the construction of a physiologically-based
pharmacokinetics model for veterinary medicine of fish.

Key words Oreochroms niloticus; Body weight; Organ coefficient; Correlation analysis, Regression
model
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