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Physiological Response and Hematological Characteristics of
Goldfish (Carassius auratus) to Water Temperature Shock
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The effects of sudden changes of water temperature (WT) on the physiological response and
hematological characteristics of the goldfish (Carassius auratus) were examined by mani-
pulating WT in a flow through freshwater culture system with tanks. The WT was dropped
from 15°C to 10°C within 1 hour and then returned to the original water temperature within
12 hours and maintained for 12 hours at the normal WT. The WT stress give continued for 3
days. Plasma levels of cortisol, glucose and lactic acid were higher in stress group than that of
non-stressed group until 72 hours. However, The Na*, CI-, osmolality and aspartate amino-
transferase (AST) levels showed no significant differences in two groups. This results in stress
group showed that goldfish exhibit “typical” physiological responses (in cortisol, glucose, lactic
acid, hematocrit, red blood cell and hemoglobin) to the stress induced by WT changes.
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& Zeoln, 32k 02 vehd = Sl ARH Aol WA
o] E=b Aol AF A A f AR £3=
o]e]A Zle]=t (31, 2002).

2EHAE ofFe| 7lE|Folul (catecholamine)Z} =
E]Z (cortisol)& o} E¥]ate WanAlg A5
A B)E=E oy e] w= /\H]E- itsled (Barton and
lwama, 1991; Pickering, 1993) A& F3}A]7]H (Pic-
kering, 1990), o el Al A2 A el =8-E& 7}
gtogn 77txol oJ8ks o} (Specker and Schreck,
1980). AE#H Xo|| th3le] o]FL Uuitdo=z 1,21 3
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b whg-& vehtedl, 131 Wbl #4 (plasma) 7}
B Zo}lulz} 3= E]FAH 2 0] = (corticosteroid)e] w2
ao] ot o AEdzz A& 1A
el AR whgeln, o] Hgutge] husid off
T 23 A2 E A3A w3l FHEHA] f(Mazeaud
etal, 1977). 28122 AEHAE oYX YA}, AAE
&}, HAl7A e] &= (Barton and Iwama, 1991; Wen-
delaar Bonga, 1997) 2 A}=&E 8-z Al (Lowe et al.,
1993) 5-¢] 4t 29lo] ).

AFRANA AFEF o7 BE S e sEd
2= =3 (handling)Z} 7}57] (confinement) (5]
2001b, 2003b), =& (A 5, 2001a; 3 5 2003b, 2004b,
2005; Hur et al., 2007) & ¢kl =0 (7‘4 =, 2005) 5
A 2913} AFe1 = (Wedemeyer and Mcleay, 1981; %1
%, 2004a), 4~ (Smart, 1981), 4= (Fryer, 1975; & %,
2001b, 2002; 3], 2002), 3% (Singley and Chavin, 1971;
A3} 3, 1999; 5] ¢} A, 1999, 3 %, 2001a, 20044, 2006)
2l 7)o} (Hur et al., 2006a,b) 5 3743 29 & 4 3
ow, o]5 8ol o] 7o AYH 273} Al P&
a2 A et

o|F 42 W5 E (poikilotherms)e] A&
At A=A dmyol Azt
Ab424e4] (Lyon, 1995), Mo H, A7 2 A& (Hahn,
1989; Peck, 1989), o]A| 2] A2]A W3S of7|Al7| &~
EY 2~ geloz 283le] (Davis and Parker, 1990;
Barton and Iwama 1991), 9 A} (& %, 2001b) %} 530“4
(5, 2002) Sl odEkE m AT AJE] gle] &
WAL s SIEH A&k dAdelw, st gt
e or Z47e] #HA g 7HA AL gl= (Sham-
seldin et al., 1997).

B = FHo](Carassius auratus)E Alg-3sled 4=
< W3l w2 A=A HkSe] 728 s dusl $
A e w A A A ukE 24
ahodct.
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Fig. 1. Water temperature changes designed with the
sudden drop and the sudden rise. Arrows indicate
the blood sampling time.

AR ARE Adeoz gtie] FFss A
$& 15°CRRE] FA3] sAA 147
AF8-S2 wrzg on o] & ;q_oazj'_g_i o] Agdl=
= "bx|3}e] 12A]7Hate)] 28 15°CE 3| E-HA 3}
24N ZRA A A ol# st A TS 3YFet
d&H oz 2 ATl F4t(Fig. 1).

2. 89 A 2 ¥4

Agdele] HAAH = Fig. 1A bl npe} o] A
A7+, 1, 3, 6, 12, 24, 48 2 72h)ol] gt3o] AFHI1H
oA emtE]H FEg] FEShe], ZF Adele] mHEL ¥
HellA FHFARE A’ FA|E AHESle] mERgle] 1
2 oluel st} st Pl AZHe A7)
f3te] obf AEIHAE FA] b2 273}eA 307}

2 315 % s3d] A AdsiA AAEz AN o
Ao Za) b B3 WA 4719 Fuel pEsgon,
o & WA BAE ARt W9 B4 Excell 500,

USA)Z Z,?é—? Z] (hematocrit), A 43 = (hemoglo-
4= (red blood cell; RBC)E A 3}9ic}. ot
”WL A ‘—Erﬂﬂl o3 e FE3ld —70°Ce| B3t

& A cortisol %= Coat-A-Count TKCO Cortisol
RIA Kit(DPC, Los Angeles, USA)Z 3] - s uto-&
G %3 t}L, 1470 WIZARD Automatic Gamma Counter
(EG and G Wallac, Turku, Finland)Z A}£-3}o] radioi-
o)& =A%} Glucose, aspar-
tate aminotransferase (AST) ¥ alanine aminotrans-

mmunoassay (RIA)<]|

ferase (ALT)+= Automatic Chemistry Analyzer (Hitachi
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7180, Hitachi, Japan)el] 2]3}e] EA3glon, &Ale)
A=Al (osmolality)= Na%le] &&-§-3fol| oz} 54
Aol o2 & $£3led Micro Osmometer (Fiske 210,
Fiske, USA) 2 &4 3}9lt}.

3. B4 A=

7 ARelA Bl A= 3 Aelel frolA 5
SPSS-EA4 3]7]#] (SPSS 9.0, SPSS Inc., Chicago, USA)
o] 2]3 ANOVA % Duncan’s multiple range test=. 7]
Hshodel.

L dHo) A3k

o] 11~15cm, 20~45g 7)ol 4] Feale] ebgzhe

Table 1. Rest levels of blood and plasma of goldfish (Ca-
rassius auratus) at 15.5°C

Stress indicator Rest levels
Cortisol (ng/mL) 5.5+0.9
Glucose (mg/dL) 26.3+1.2
Lactic acid (mmol/L) 2.3+0.8
Osmolality (mOsm/L) 330.4+8.9
Na* (mEg/L) 137.7+6.3
K*(mEg/L) 2.6+£0.7
CI” (mEg/L) 115.3+7.9
AST (1U/L) 207.2+4.6
ALT (1U/L) 1.6+0.4
Hemoglobin (g/dL) 10.4+1.3
Hematocrit (%) 25.6+£23
RBC (x 10° cell/uL) 2.1+0.9

The values are mean=+SD (n=30); ALT: alanine aminotrans-
ferase; AST: aspartate aminotransferase; RBC: red blood cell.
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Table 16] vjepdl we} 2} 1427
+0.8°Colglon], e B 5 2
e EAE AR AL Fyel 2002 o
AyE g TFAA solen thE
ANA) Asted At 5o AAgA,

g2} cortisol %% 5.5+0.9ng/mL, glucosex= 26.3
+1.2 mg/dL, lactic acid2 2.3+0.8mmol/LZ }E}
ot "ol A A = hemoglobin2 10.4+1.3g/dL, hema-
tocrit= 25.6+2.3%, RBC+= 2.1iO.9X10606||/uL_§_ v}
e},

gl gge) s
&l o] hematocrit, RBC 2 hemoglobin 72 Table 2
A B A3 7o) g x=2F-2] hematocrits 2w 3}
o we} 243+1.2~27.7+2.6%% $-2)3 o] Ho
| dske ey a2 2EHA IF ARNANA
243+120%2RE $ex2e F 1AHEE $98
71] ol 3A|7HA| 34.8+1.2%= 1A =2 ZHE X
Z9jc} (P<0.05).

ztel REC e AWAAFY AT AolE 1
o)A shokor], mEds AYTE ARNAA 2004
x 10° cell/pL2EE] 3A|7HA] 3.0+0.2x 10°%cell/uLE -
2]3}A] =o}x v} Hemoglobin-2- hematocrit @ RBC 7k
3} AR Ao s YT FR FFolE wolA o}
sten), ~EdA ARTE AN 1ABARE §

o8 ol

N

3. QYR s

37 Na‘t, Cl- % K*9] 312 Table 3¢j|4] B A3}
ek Na'sh CI- gk o279} 2Eel 2 4gFolA A
H717H52 4218 Aol g welA sheleh e} K* g

Table 2. Variations of hematocrit, red blood cell (RBC) and hemoglobin in blood of goldfish (Carassius auratus) by sudden

changes of water temperature

Hematocrit (%)

RBC (x 10%ell/uL) Hemoglobin (g/dL)

° Elapsed
WO time (n) NS S NS S NS S
15 0 24.3+1.2 24.3+1.2% 2.0+0.4 2.0+0.42 10.3+0.6 10.3+0.6%
10 1 25.84+2.1* 32.8+1.5% 2.240.2 2.7+0.2° 10.9+0.4 13.4+1.0°
11 3 24.7+2.5% 34.8+1.2¢ 2.5+0.1* 3.0+0.2° 10.5+0.9 13.9+0.3°
12 6 25.0+3.8* 32.5+2.1% 2.4+40.2* 3.4+0.3° 10.5+0.5* 13.7+0.3°
14 12 27.7+2.6 30.3+1.1% 2.3+0.4 2.7+0.2° 10.2+1.0 12.2+0.6°
15 24 25.6+3.4 26.5+1.8% 24+0.4 2.9+0.2° 10.9+0.8 12.14+0.7°
15 48 25.5+3.1 29.9+0.4° 2.5+0.3 2.7+0.2° 10.9+0.8 12.1+0.7°
15 72 24.6+2.5*% 29.5+0.6° 25+0.4 2.7+0.3° 10.8+0.6 11.940.4°

The values are mean+SD (n=6). Means within each item followed by the same alphabetic letter are not significantly different (P> 0.05).
*Indicates significant differences between groups at equivalent times (P < 0.05)

NS: non-stress group, S: stress group.



96 & &2 - Hamid R. Habibi

Table 3. Variations of Na*, CI~ and K* in plasma of goldfish (Carassius auratus) by sudden changes of water temperature

WT Elapsed Na* (mEg/L) Cl~ (mEg/L) K* (mEg/L)

(©) time (h) NS s NS s NS s

15 0 141.4+1.1 141.4+1.1 113.9+3.0 113.9+3.0 24+04 2.4+0.4%
10 1 143.4+3.9 138.9+8.1 116.5+7.7 116.0+6.6 2.6+0.3 3.0+0.3%®
11 3 143.7+5.0 143.9+5.7 112.5+2.7 121.0+£7.2 25+0.6 2.3+0.4°
12 6 145.8+3.4 141.7+6.1 117.1+1.8 113.0+3.6 2.7+0.1 3.2+0.5°
14 12 141.0+1.1 144.7+3.6 115.8+9.0 113.7+£5.7 2.8+0.3 2.7+0.4%
15 24 144.9+45 146.0+2.0 1145+3.1 117.0+4.6 2.8+0.6 2.84+0.1%
15 48 142.8+3.8 144.0+4.6 113.6+4.6 114.0+2.6 2.8+0.8 2.6+0.6%
15 72 142.5+3.3 143.7+4.7 115.2+5.0 113.7+2.1 2.7+0.8 2.54+0.6%

The values are mean+SD (n=6). Means within each item followed by the same alphabetic letter are not significantly different (P>0.05).

NS: non-stress group, S: stress group.

Table 4. Variations of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and osmolality in plasma of
goldfish (Carassius auratus) by sudden changes of water temperature

WT Elapsed AST (IU/L) ALT (1U/L) Osmolality (mOsm/kg)
(0 time (h) NS s NS s NS s

15 0 215.0+15.5 215.0+15.5 1.6+0.3 1.6+0.3% 327.9+12.8 327.9+12.8
10 1 222.1+8.4 207.3+16.3 2.0+0.6 2.9+0.4% 329.7+12.7 339.1+16.7
11 3 224.3+9.1 208.7+13.8 2.1+0.5 3.44+0.6° 330.0+11.0 326.7+20.1
12 6 219.3+2.5 210.3+10.3 1.4+0.6* 3.1+0.3" 330.7+6.7 323.0+18.5
14 12 222.0+8.5 215.3+7.2 22+0.4 3.0+0.3% 328.7+18.1 323.7+t215
15 24 221.7+8.3 214.3+5.5 2.0+0.3 25+0.5° 321.7+16.8 330.3+11.0
15 48 224.7+6.0 206.7+12.5 1.9+0.2 2.5+0.4° 328.3+14.2 334.7+15.8
15 72 223.7+7.5 206.3+12.7 1.9+0.2 2.4+0.4° 327.3+15.8 334.3+16.3

The values are mean+SD (n=6). Means within each item followed by the same alphabetic letter are not significantly different (P> 0.05).
*Indicates significant differences between groups at equivalent times (P < 0.05)

NS: non-stress group, S: stress group.

A AEHA AFFE AFNAA] 2.4+04mEqILE
HE] 6A 7 3.2+05mEqLZ $-23H oAt} o
Folli= AFMNAA L 2Fo] 5 HolA] kit

A AST,ALT % A EA =% 712 Table 494 H*:=
A A ~e s AT ALT g2 AFHAA] 1.6
+0.3IU/LEYXE AZFMNAA] 1A A e 2.9+0.41U/L
2 olxlen (P<0.05), 3X7Hell= 3.4+0.6 IULZ
Y-S Folxl e Btk ol F AFFEAIQ] 7247
o= 24+041U/LE =2 Fto= ‘Folglelth ASTE
AEATEE T AYTA Y75 Aol & Hol
2] okgkc} (P> 0.05).

&2} cortisol, glucose 2 lactic acid®] ZE-2 Fig. 29}
2o 22 AT A cortisol - AFINAIA
6.1+1.9 ng/mLEXRE] 1A 7] 44.7+2.0ng/mLE 52
3 oz o, 3A| 7ol = 138.2+14.2ng/mL=E 7}
4 goldl Re LT o F 6AAcl: 484+
12.1ng/mLE A7 BHoE= Jdolx]l ZheE HoFg9o
W, A8 FRAME QPN LG B hoz

b3St (P<0.05). W27+ AP/NAA B 3,63 48
AIZH o o8t Al - 3E Baloh @A glucose §eF
2 AFFo| A 27.2+1.4mgldLZEE] 1A]7HA¢l] 39.4+
3.3mg/dL, 3X)7H 46.8+3.0mg/dLE 2817 Eobx
ot ol Fell = T2AIA LA EE Froez el e
(P<0.05). 2T A 7)|7+E¢t 2}o] 2 Wo|x] 9glch
(P>0.05). A lactic acid x2x 2E A A T A
6A1 7 71 =2 zkal 4.6+0.3mmoliLE A § ) A A]
Zkal 2.5+o4mmo|/|_sﬂr 2to] 2 HedF9lT} (P>0.05).

Y27 AF 7715} 2po] S Ho|x| ekgkr} (P>0.05).
z %
Yoz Qols) o Felal ok Aejel Art e

=2
25 kx| ok Aleflel| A 2] €A} cortisol FEE 30~
40 ng/mL o] 37 (Wedemeyer et al., 1990), °o]AF= gl #-&
5ng/mL o]3}= 4= <l (Pickering and Pottinger,
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200 cortisol-= 3.9 ng/mL (n=25), glucose= 30.3 mg/dL,
lactic acid= 0.5mmol/LE XH 13}t 3 FHo]9]
Al &) A A] cortisol Z-2 6.7 ng/mLE. X 373}o] (Bernier
et al., 2004), ¥ A&9] 6.1+1.9ng/mLe} A8k}
o|MF AEHAE WA ok Aeolre] Foel kA
T 2B F ojFe] A AHE Aoz &
A 4 gle A =R v 2% gy} "t 2
Age A o] A7 flolA AFE deiFHe ]
29 799 AR e BFGTh A A9 B
g AFel A dde] IAZE A F7HA] AGANAA ZE
slef, 2Edl 2 F vehbe gl ¥x
o rEd2g el Uw A WekeE
L2 AR ZRe olFe) e, st
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Wedemeyer and Yasutake (1977)% o] 72 d=A+
cortisol3} glucose 2= AEHA X2 QAFTH
e At oz ghe| Folul, FAIAAF T2 R
(adrenocorticotropic hormone, ACTH) % cortisol ==+
12} 2~ X722 QAF A, 84 glucose, Nat, KY,
Cl-, =t A lactic acid 52 22} A2 ¢lA ). 3z}
6 e AEy XEdsv) Arlden 449
: UEh e o fel AEE A% WY 9w U 3}
(3], 2002). o] ¢} Zo] ~EHA

[e) ] S A=} S
g e ol FERe] &)

Glucose (mg/dL)

bc

Lactic acid (mmol/L)
*
*
*

[} L |

o RS HoFSi) o] AEY s vHE w B
= cortisol®] ztg& oz Ql3le] F

(gluconeogenesis)?] &Aool gk Ao ol ulz}
glucose®] ®n|eko] Z7}%7] w|Fo]t} (Davis et al.,
ONon-stress B Stressed | 1985; Barton and Iwama 1991). & & F-of| A= o 27l
NE 2717} dehget, A W) AEA Yehde
Fig. 2. Variations of cortisol, glucose and lactic acid levels 5o ooz M3z} CortisolE A9)35kT, glu-

in plasma of goldfish (Carassius auratus) by sud- . . -
Al = = A3ES o)
den drop of water temperature. The values are coses} lactic acidel| 4] S7bs)= Ak Rel] el |

mean+SD (n=6). Same alphabetic letters on the g A4S FE3l E 5 9l
bars are not significantly different (P>0.05). Barton and Iwama (1991)= *~E# 4] cortisol ZH-<
*Indicates significant differences between groups = - A S e
at equivalent times (P < 0.05) o Fel wet FrhE=el Azte] taA vepdva s
o} =3k Pickering and Pottinger (1989)% <o Foll A
FHA4 2EH A F cortisol = 1~3A7F o]Hef| Ha
1989). =3}t 3] (2002)= Aol B9l X (Paralichthys oz =71E 3, 3B A7 647 oWtk R.yE}
olivaceus)”} ~EHAE ukx] ok-2 ok Alelo|A FHF det. meh} 2 el et cortisol, glucose

0 1 3 6 12 24 48 72

Elapsed time (hours)
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lactic acid =7} 6A|7F oA I)=E Jepd AL
Pickering and Pottinger (1989) ®. 119} U X]3}gd o}, 1
o] F T2AI1ZA | FoleHA FobA Se AL tEFHA
o] 24417t o] A E AdH e ol gl Fo
2 Heo At =3 3 5 (2001b)e] JH & AHE-3 A7
Al FA W53 AEFH 2 wlE cortisol FE2 647+
ode] NRHE Aoz wushelid, oleie ol fi
WHAek FEele] Qe A Aoz FE3 & 4
ek @A 2] A, AEH2A] FEo]A] kar A
oJAl A e] HelAE ubdHel, F5oiE o3t g
& BolA %A A&t FA ol $A4S B, 2EF
el whE Whg-o] A &M oz et 2447 o] o
= 3EHA g Zlez Be A

FH, AR 24 SdelAE Nat, CI- 3 ARy

ol Ape]g Holx] o} A Aol EA7}

oft mr 4 r|

=

Jele ez sEdan dudez 27
(Davis and Parker, 1990). wh2}x] Alg FelA] o}zl 7
< lactic acid®] F7} 7 &3} FARRE Zlez Ackdd.
2 Q7 A% Fyoli e ATIRE 2E 2 W
<3} $AA dERder 2 S 26l aE 24417 o]
Fol® 395 ool 2E 2 Whge] A4Hoz 1
this A% o 4 A9tk Yo o) Axd
2] YehdE cortisol == 40~200ng/mLe]l o=
AR 3L glom, G oM AEH A o]HH o
=A Jeld 4 g)okz s}9de} (Pickering and Pottinger,
1989). o] o1% 2 APz AFAn}e} 2] o
ol F HeolA, e 2719 zbo], AFA] o7
AR 5 ol 71X 29le] Ahgstel B olz
Q7Aze} mmalrle ol g A 2ok 2 B QT

SlA) eRt At o] BE Tl 4o sEea
o RzFsA whgste] ole b WA B A

Fgel A 2Ees e vehie,

~ (@]
= A

F35-¢] (Carassius auratus)E A}-g-3fe] 42w 3le) u}
T 2Ed 2 Wbl Ad VxzAtg s sl A
7del whe "o A4 8l A kS AR
P2 15°CRAEE FAH sPHAA 1A17e el
10°C2 A48 A3l er, o] F Ak oz 4o
Aedtes 2ASGT. 1247 o] 422 15°C2 3
E5 o] 24X A AR FASFA. o2 pEAls A
H2E 39 dA43ste] F¢oh &3 cortisol, glucose 2

£y

lactic acidell A} 72A17174A] dlz2F-Ho} A~ AFT
AN felHoz ¥ e gk A Nav, Cl d
aspartate aminotransferase (AST)= F ZgFolA 9
A ztelg HolA| gtk ¥ AFEI} HA cortisol,
glucose, lactic acid, hematocrit, red blood cell @ hemo-
globinell 4| ubdel e whe-g Bk,

AL AL

o] =E& 2005 % A IAHe] B9l Post-

doc. A ¢} (KRF-2005-214-F00021)¢l] 2]8}e] o -5 ¢)-S-
A9 AFAE Htel ZabE =

flo

o]
- o

§
ro

AN - FES - A - 1743 - ezl 2005, MS-222¢9}
lidocaine-HCI =% w}3 o] wjst x3] &2 (Sebastes
schlegeli)e] JAAyzshs ukg-. gh=rka)ets]z], 18 :
236~ 244,

QA - AES 1999, AH%40] FAT GrAse] B
o] (Mugil cephalus)$} ®lz}z]e} (Oreochromis niloticus)
2] e uhg-. gH=4eAkeks] ], 321 310~ 316.

ZeJ A - FFL- - B3 - o)A 2], 2001a. { ] (Paralichthys
olivaceus)®#} 7o (Nibea japonica)e] o] %A 1}
Ehs AEH A vhS ghokA] E3] 4], 14 1 57~ 64

A - HES - YT - o FW 2001b. &9 FeA
FA%Eo] A (Paralichthys olivaceus)} ) xn|
(Hexagrammos otakii)el] m]|X]&= AEF A 254133
2], 34 :91~97.

QA - HFS - A%, 2002 AFH G Sl AT
oFA1Ak Q=] (Paralichthys olivaceus)2] e AAk. gkt
oFA)313]%], 15 : 267 ~273.

5|32, 2002, ¢19]A AEFH 24
whs. B st sk, pp 196.

52 - kel - 17k3] - AFed Al 2005. vHE fel] w2 oF
Al 2] (Plecoglossus altivelis)2] & MAAF ¥ 3} Ocean
Polar Res., 27 : 59~ 65.

B9 - o) Bap - e} - ukel A - 2o - o] - Ao,
20048 AF&42] T4 S8 we] e 3 (Parali-
chthys olivaceus)e] AJ&]# uvle vjw. FANE, 22 :
419~425.

FES - o)A - L3 - kel - Aedal 2006. oFA) A,
Paralichthys olivaceus®] &3s}x W3} @ AZELo) 1)
A @8] 93k A E, 241 380~ 386.

HES - ARl - 7k o] - o] Bt 2001a. 3] I ARSA| A
oA FA% GEsle] o} o] (Mugil cephalus)<}

£ ohjelfel A
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glg}y] o} (Oreochromis niloticus) X]ej2] o}7ju] =]z}
A% w3} g=4aksts]A), 34 1 51~56.

S E% - edAl - whela. 2004b. Sgol wE A
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