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Fig. 1 Cortisol concentration in plasma of grass carp,
Prussian carp and black carp after handling stress

Different lowercase letters indicate a significant difference among
different time for each fish; different capital letters indicate a significant
difference among different fish species for each time (P<0.05). The same
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Fig.2 Glucose concentration in plasma of grass carp,

Prussian carp and black carp after handling stress
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Fig.3 Lactate concentration in plasma of grass carp,

Prussian carp and black carp after handling stress
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Fig. 4 Glycogen content in liver of grass carp, Prussian

carp and black carp after handling stress

PKy PETC i 3 22 5+ (P>0.05).

3 WTie

Fanouraki %5 "W 780 g 7K 0 S 4 155 )5 Bz Joit et
WAL IR g R RS (DA B )52 hil B2 5T
P v B 8 B B (E, 7R 4 WK &2 3 R T K
s ()BT IS 2 h Bz BBV B A B 5 — A 1
{E, 7E4 his B0 T2 hi B85 — AN fl . A e
b, 3% EAA AN R E f BER f0 25 (R P A
T R R PR 1 T ) Il I S
W HE AR B )5 0.5 Wi 3 8 T, e R 2 h
5 R RR B, AN I R R e v R R 2
IO7 3R K P 5 A BRI T 2 (9 4 R
BT 5 0.5 Wik i 4 R o B v T W 25 5, i
5 J5 2 nis AR i A R o P v R S R T R
HA, R EW, Hfa | RN B i

®1 E&, RENE & HS NS REEE TN

Tab.1 Activities of glycolysis enzymes in liver of grass carp, Prussian carp and black carp after handling stress
fity (R ES JSLIHT RL#R0.5 h RS2 h
enzyme species before stress 0.5 h post-stress 2 h post-stress
CUHIAEG/(U/g protyHK B C. idella 497.5+114.3 424.9+£108.1 587.1x113.4
HREY C. auratus fibelio 392.5+52.0 402.6+93.7 382.2+17.6
FHt M. piceus 554.7+80.3° 429.1+76.6" 350.5+87.5°
P HRER /(U /g prot)PK Bith C. idella 30.6+4.3 37.844.7 27.744.0
WREY C. auratus gibelio 26.5+2.2 29.1+4.2 25.7+1.9
M. piceus 43.9+11.1 41.6+7.4 45.8+7.3

e AFVNG T EEE R IRIF —Fh B R I 1] 22 53 12 2 (P<0.05)

Notes: Different lowercase letters indicate a significant difference among different time for each fish (P<0.05)

IR T B v BE AR AR RN (E AN [R], H 2 A5 4
4 Fanouraki5 "z 18 1) Bz J57 st A2 A AR = 0a 75 i —
ST o A [ #0220 ISR R 5Tk
WAL AN [R] 0, N U5 10 48 B8 (Salmo trutta) 5 0T
5 (Oncorhynchus mykiss)® ', I LT 15 65 (Salvelinus
namaycush)5 3% 41 15,85 (Salvelinus fontinalis)™, HE
B8 85 (Plectropomus maculatus)5 5% S 68 ol o
(Plectropomus leopardus) 22 [B)" Ml 3¢ Kz 5t B J A7
TEW G 25 5 o 445 IS 5 88 A B fh (Epinephelus
marginatus) il 3¢ 57 Jot B e B 06 (B 1T 3k B 42 W) 5 F
8 (Diplodus puntazzo). 43k (Sparus aurata)F4E
/N (Pagellus erythrinus)i)2~4£5% , 7] ik 2| K P
H & (Argyrosomus regius) M4 (Dentex
dentex)J 2015 , T KX N 65 (Dicentrarchus labrax)Ifil
R ol R T A T bk o g 2R

http://www.scxuebao.cn

01 24 32 ) W IS T A 3 06 LS e N B T
Pt A5 A2 E L A B I i ROBE SR AR MR, S Ul
BE A T = ™, 3 R A S N S 0.5 R4 hivy i A
AT B R = - R (5 N EE B Sy vav § =l 183713
JE L IOBE T R R A AN R, R
U5 R L KU B R 4 S 8 43 S 7E B )5 0.5
1. 2014 hisk fioBE 2K B o5 m vk B, T R U 65 95l 455
N7 Y8 OB Ve B T Gk B AR /N BRI 415 BT
R A BRI B S AR e 1, AR SL I h
o, BREMRIT AR S 2 hN OB R R B b
Fhitads, Hrh B )5 0.5 hid ok B 5 ) &
ER RN R 1245 , HT S 2 WA IR R L T
IR, X —HEERERERNEHNE
1 1V R LA SR 0 W S R RE ) 8 T B K
5 FH S S A T A 3 1 SR EA T VR



9H FZPHR, A B GREDRITT BT S 00 NS N 1483

LIRS AL T A AR B =, TR B T AR Ry
JHF O v B 250 RO B R I T 0 2R N
J M 3% LR e B T v i 32 PR R LI A T R
AR IG5 A [F) o £ 2838 327 0 U0 1 % FLIR Mk
JE K HT b v VIS %) 3R AN W] ™ i), B
£y 5 5% 50 SIS R B 45 455 R 8 K N TR T e I 2R L
TR Ve B85 38 1) e v S, PE VIO 12 hEHR &R 30 1E R
RS g 7 FS 2 h I 2 FLR TR A
AL, TEAET S 4 hi PR B IE 5 AR B
H 78 % AE AL (Oreochromis mossambicus)E 4 N 34 5
2 hi Il FL AR Wk B+ 2 e a5, FEN PR 24 h
AP A2 B TF B AR, AR, Rofn o ARENFRI
T A S 0K LR v B ) W A, P RE
0 LR Wk B Fe v, AR IR R vk B AR IR L AR PR K
RN AT, B RN, MMk
R vie B 5 2 M, R ol 2 N U B Bl Y i ZU R
JEAT OCW AR e LR Wk B A AR T R 5 g
oo B 55 TR A A G

01248 O VU T 3 A 3 Mg AR D ke B AR 1 A
AT IO it 2 £ 20 I 3RS I 1) T S R SR YR,
SRV, PSR e AR R RS PR
PR PR B0 200345 o ARSI, e PR AR
JERER S ER TR A, wafdafidiaE2h
Ao B J 1 i 2 R R, X X AR B
o B E A PR 25 B BiR(Morone saxatilis) 5 (A A
SRR — B, AR TS OB R R R AR
FAE, X AT AE 5 HRE IR A A G (R
JHF B i 2 A R £ TR DR R A 2~348%)
T RE 5 H N S T SR R R AT, B =N
FERDA K

28 U R S AR AR RS 5R L BE T
SR TT I YIS 0L P e X I i A FH B 5 e e A
e . P AR YN ET NS 27124 hink T PRI
3 B AR AT S BT N UG 1 hE R 2 5
JE e AR A R, A 45 PK LA K HK) 51l 1) it )
BB B (glucokinase, GK)AYFIA FH>2; H
Lopez-Patifio ™5 iz 18 UT 8545 45 J5 4 h 145 minP T
HEPKANGKI P 2 3% T e, ASigrh, Fif, M
A A AT . EPKIG B E 2R, H
i PR 155 J5 2 WS S B R KA 30 M 4 4 47 A 2 %
TR B 0 [R] — E) R A AR R A
JEHK A PKE P TE . % 22 5 . BRS5 R W) %
WY, 4457 5 O e O R S 3 b A £ 28 I b
i figk ot 3 1 B kR, (EUAS [ 0 28 0 S T E

WERE ARG e — E 2R

gE LTk, wf L AREPR T A S K
R WA ML K B E S, HA
I OB 5 NS & 1 F B, AR 6l 85 )5
JH M it B R R AR AR Ak, G il 3 A 4 b RN
LR Ve B 1 W S /0N, % T AR 60 1% 5l 55 107 3K S vy
SR AR T RN M0y KA PN i P
J& I WEHK A PRSP SR 2 T e, RV
P OB T R A Il R e I P M A

£

[1] Barton B A, Iwama G K. Physiological changes in fish
from stress in aquaculture with emphasis on the response
and effects of corticosteroids[J]. Annual Review of Fish
Diseases, 1991, 1(1): 3-26.

[2] Sumpter J P. The endocrinology of stress[M]. New
York: Cambridge University Press, 1997: 95-118.

[3] Vijayan M M, Moon T W. The stress response and the
plasma disappearance of corticosteroid and glucose in a
marine teleost, the sea raven[J]. Canadian Journal of
Zoology, 1994, 72(3): 379-386.

[4] Wendelaar Bonga S E. The stress response in fish[J].
Physiological Reviews, 1997, 77(3): 591-625.

[5] Barton B A. Salmonid fishes differ in their cortisol and
glucose responses to handling and transport stress[J].
North American Journal of Aquaculture, 2000, 62(1):
12-18.

[6] Barton B A. Stress in fishes: a diversity of responses
with particular reference to changes in circulating
corticosteroids[J]. Integrative and Comparative Biology,
2002, 42(3): 517-525.

[7]1 Conte F S. Stress and the welfare of cultured fish[J].
Applied Animal Behaviour Science, 2004, 86(3-4): 205-
223.

[8] Fanouraki E, Mylonas C C, Papandroulakis N, et al.
Species specificity in the magnitude and duration of the
acute stress response in Mediterranean marine fish in
culture[J]. General and Comparative Endocrinology,
2011, 173(2): 313-322.

[9] Parrizas M, Planas J, Plisetskaya E M, et al. Insulin
binding and receptor tyrosine kinase activity in skeletal
muscle of carnivorous and omnivorous fish[J]. American
Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, 1994, 266(6 Pt 2): R1944-

http://www.scxuebao.cn



1484

Ko AR

40 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

R1950.

Capilla E, Médale F, Panserat S, et al. Response of
hexokinase enzymes and the insulin system to dietary
carbohydrates in the common carp, Cyprinus carpio[J].
Reproduction Nutrition Development, 2004, 44(3): 233-
242.

Moon T W. Glucose intolerance in teleost fish: fact or
fiction?[J]. Comparative Biochemistry and Physiology-
Part B: Biochemistry & Molecular Biology, 2001, 129(2-
3): 243-249.

Peres H, Gongalves P,Oliva-Teles A. Glucose tolerance
in gilthead seabream (Sparus aurata) and European
seabass (Dicentrarchus labrax)[J]. Aquaculture, 1999,
179(1-4): 415-423.

Legate N, Bonen A, Moon T. Glucose tolerance and
peripheral glucose utilization in rainbow trout
(Oncorhynchus mykiss), American eel (Adnguilla
rostrata), and black bullhead catfish (Ameiurus
melas)[J]. General and Comparative Endocrinology,
2001, 122(1): 48-59.

B, T &, ARG, 55 T ORI R 8 R ) R 0
LR FE[I]. A E K2R, 2005, 12(4): 496-500.
Huang H Z, Ding L, Song X H, et al. Comparative
research on glucose tolerance betweem black carp
Mpylopharyngodon piceus and grass carp Ctenophary-
ngodon idellus[J]. Journal of Fishery Sciences of China,
2005, 12(4): 496-500 (in Chinese).

Frisch A, Anderson T. Physiological stress responses of
two species of coral trout (Plectropomus leopardus and
Plectropomus maculatus)[J]. Comparative Biochemistry
and Physiology-Part A: Molecular & Integrative
Physiology, 2005, 140(3): 317-327.

Ruane N M, Bonga S E W, Balm P H M. Differences
between rainbow trout and brown trout in the regulation
of the pituitary-interrenal axis and physiological
rerformance during confinement[J]. General and

Comparative Endocrinology, 1999, 115(2): 210-219.

http://www.scxuebao.cn

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

Vijayan M M, Pereira C, Moon T W. Hormonal
stimulation of hepatocyte metabolism in rainbow trout
following an acute handling stress[J]. Comparative
Biochemistry and Physiology-Part C: Pharmacology,
Toxicology and Endocrinology, 1994, 108(3): 321-329.
Vijayan M M, Moon T W. Acute handling stress alters
hepatic glycogen metabolism in food-deprived rainbow
trout (Oncorhynchus mykiss)[J]. Canadian Journal of
Fisheries and Aquatic Sciences, 1992, 49(11): 2260-
2266.

Milligan C L, Girard S S. Lactate metabolism in rainbow
trout[J]. Journal of Experimental Biology, 1993, 180(1):
175-193.

Vijayan M M, Pereira C, Grau E G, et al. Metabolic
responses associated with confinement stress in tilapia:
the role of cortisol[J]. Comparative Biochemistry and
Physiology-Part C: Pharmacology, Toxicology and
Endocrinology, 1997, 116(1): 89-95.

Lopez-Patifio M A, Hernandez-Pérez J, Gesto M, et al.
Short-term time course of liver metabolic response to
acute handling stress in rainbow trout, Oncorhynchus
mykiss[J]. Comparative Biochemistry and Physiology-
Part A: Molecular and Integrative Physiology, 2014,
168(2): 40-49.

Reubush K J, Heath A G. Metabolic responses to acute
handling by fingerling inland and anadromous striped
bass[J]. Journal of Fish Biology, 1996, 49(5): 830-841.
Wiseman S, Osachoff H, Bassett E, et al. Gene
expression pattern in the liver during recovery from an
acute stressor in rainbow trout[J]. Comparative
Biochemistry and Physiology-Part D: Genomics and
Proteomics, 2007, 2(3): 234-244.

Momoda T S, Schwindt A R, Feist G W, et al. Gene
expression in the liver of rainbow trout, Oncorhynchus
mykiss, during the stress response[J]. Comparative
Biochemistry and Physiology-Part D: Genomics and
Proteomics, 2007, 2(4): 303-315.



9H FZPHR, A B GREDRITT BT S 00 NS N 1485

Stress response of grass carp (Ctenopharyngodon idella),
Prussian carp (Carassius auratus gibelio) and
black carp (Mylopharyngodon piceus) to handling

JIANG Danli', LIN Yayun', WU Yubo', WANG Yan®"

(1. College of Animal Sciences, Zhejiang University, Hangzhou 310058, China;
2. Ocean College, Zhejiang University, Hangzhou 310058, China)

Abstract: The influence of handling stress on concentrations of cortisol, glucose and lactate in plasma, glycogen
content in liver and activities of two enzymes (hexokinase and pyruvate kinase) responsible to glycolysis in liver of
three cyprinidaes with different food habits, grass carp Ctenopharyngodon idella (herbivore), Prussian carp
Carassius auratus prussianio (omnivore) and black carp Mylopharyngodon piceus (carnivore) was evaluated. The
concentrations of cortisol, glucose and lactate in plasma of grass carp, Prussian carp and black carp significantly
increased after handling. The content of liver glycogen of grass carp and black carp declined at 2 h after handling,
while no significant difference was found in content of liver glycogen of Prussian carp before and after handling.
The glucose concentration in plasma was higher in black carp than in grass carp and Prussian carp, while the
content of liver glycogen was higher in Prussian carp than those in grass carp and black carp. A smaller increase in
concentrations of lactate and glucose in plasma was observed in Prussian carp, suggesting that stress response
induced by handling was lower in Prussian carp compared to grass carp and black carp. No significant difference
was found in the activities of hexokinase and pyruvate kinase in liver of grass carp and Prussian carp before and
after handling, while the activity of hexokinase in liver of black carp decreased at 2 h after handling. These results
indicate that the increase of glucose concentration in plasma did not enhance the enzymes activities for glycolysis
in liver of grass carp, Prussian carp and black carp.
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