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1992)9} =4 YA (Tanaka and Egusa,
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Table 1. Schedule for the treatment of stress

Stress
Group Handling Acclimation Examination day Sample (No. )
time tmin} temp. {TJ, time (hrs)

[ 5 15 1, 5 10 0, 1.2 5 7.9 10

il 5 17 L, 510 0.1 35 7.9 10

m 5 20 1. 5 10 0, 1, 3,5 7,9 10

v 5 22 . 5 10 0.1, 3,5 7,9 10

v* 5 22 none 0, 1. 3, 5 7. 10

* Control
AHNE 0.45 um 9 filter 2 A F, -80C A3 2

of Hutalu Had uel Aok @, 7
BAAHE AT 0.2 ml of ApAg BPGFast
of 27T oAl ALSStHA, £8Fo WA
#n| 7 (40-100 %) Bt M ZA}sFA oW, o EWS
PRS & FF FAEgd. AEHAdEA:E
CHSE-214{Chinook salmon Embryo) H¥®F
£ 10%2] $Eelol@ ¥ (FCS, Difco) # penicillin
{1,000 IU/ml) % streptomycin(l, 000 pg/mliof .

o

n(r

H7}E  minimum essential medium  (MEM,
Difco)oll 20T ol w3t AlEo AnHg HF
gle} At

% Furgrel

2l B. C.
T2 Mdsh=

2o (Table 2),
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(e 2 O AEDRE &
o2 H(Table 3) 22 Ko},
AgABYE ¥ 9

& Rez FYHU

Rol7} QAR

Zo0 (o]
59 e

+

Fed BHE #A% 2
el WHEE ofrtu) &

YFo] wygn HEHsled Frdh: AEE B

Table 2. Relationship between the congestion of gill and liver and the handling temperature among

cultured eel farms

Water Temperature (C)*

Congestion  of

Farms Culturing Handling Gill Liver
% No. % No.
A 27 22,20 3003100 2002/100
B 27 22/15 60 (6,101 40(4,/10)
C 27 22115 60 (6,100 60 (6/10)
D 27 22715 TO47/10} 60(6.100
E 27 22/15 80(8/10: 70(7/10)

* Changes in the water temperature during the selection of eels
A, Kunsan: B, Nonsan: C, Buyae: D, Kochang; E. Onvong
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Table 3. Comparison of the water qualities among cultured eel farms

Stocked ' Cultured
Component/Farm A B C D E A B C D E
Temperature (C) 15 14 16 15 16 % 27 26 27 27
pH 7.0 68 7.0 6.6 7.1 6.8 7.0 66 7.2 6.7
DO* 58 57 56 55 5.8 57 6.6 55 58 6.2
Ammonia (NHy) * 0.5 0 0.7 05 0.2 6 0.7 7.5 5 4.5
Nitrite (NO2) * 0 0 0 0 0 6 55 A2 48 5
Nitrate (NO3) * 1 1 .5 0.3 0.2 15 16 11 i 12
Total hardness 90 80 100 100 95 100 100 100 105 98
Chloride (C) * 10 5 10 2 2 10 10 8 12 10
Iron (Fe) * 0 0.1 01 © 0 0.1 01 0 0 0
Sulfide (S) * 0 0 0 0 0 0.3 0 0 ] 0.1
Mangan (Mn) * 0 0 0 0 0 0 0 0 0 0
* ppm
A, Kunsan; B, Nonsan: C, Buyae: D, Kochang: E, Onyong
A+=dl(Table 2), ©l& Inouye 5 (1994)°] o7} et fAoha & A R ME v E ARl
n 2 gZ 43 FrjdMz gl @Yt Tojut g8 Zo] BAHJSH, oy E FAHo]
T B3 YAEHYY. #4, B, C, D E % gt W Z o] FEslA &7 Wil s

HF e 28F W AAed, &¥F A& Aoz FHHACL

Table 4. Comparison in the blood components of eels, Anguflla japonica, cultured in different farms

place GPT GOT Tp Alb Glu Mg Ca Ht Hb Met-Hb
e (I {g/d) (g/d) (mg/dD img/dl) (mg/dl (%) 1g/dly (%)

A 95+ 7 113%15 7.3%0.7 4.011.0 202%27 7.6x0.6 6.6E1.3 33.4x4 11.3%12
B 108+10 131+ 8 6.1+0.5 3.2*1.2 16118 6.5+L1 7.3%13 30.4%£2 10.6x2.2
C 105 6 117*x11 6.4*+0.5 3.1%0.6 163%18 5.5%0.6 7.8+0.2 31.3%2 10.3*l2 8 2zl2
D 118*11 117+ 7 6.1+0.5 3.4%f1L0 195232 6.3%¥0.8 9.9%1.3 32.0+3 9.8x27
E 118+15 131 7 5.4%0.5 3.1£L2 19621 6.2%£0.8 9.5*L4 31.0%t3 96214

GPT, glutamic pyruvic transaminase: GOT, glutamic oxalvacetic transaminase: Glu, glucose: Mg,
magnesium: Alb, albumin: Tp. total protein: Ht, haematocrit: Hb, haemoglobin: Met-Hb, methemoglobin
A, Kunsan: B, Nonsan: C, Buvae: D, Kochang: E, Onyong
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Table 5. Changes of plasma cortisol in eels acclimated to different temperatures

Temperature (T} 15 18 20 29 24 27

Concentration (ng/ml) 870+ 130 7901180 680+ 210 530180 160°£100 450+40

The fish was acclimated to each temperature for 5 hrs.

Table 6. The outbreak of the gill congestion in eels, .lnguilla faponica injected with the filtering
content

Day 5 10 15 20 25
Group % {n) % (n) % {n) % (n) % in)
Experimental 000/3) 0(0/3 00073} 010/3} 010/3;
Control 010/3) 0{0/3 003 01(0,/3) 0(0/3)

The filtering contents was prepared from the severely congested gill of eels, .lnguilla japonica, and

filtered with microfilter (0. 45 um).

W, ZF Fubdrre] @eyEtE wsh: WA Elo} 417 1) 4| (Sympathetic nerve-chromaffin-
Fea7t =dH(7C) B, C, D ¥ E 49 catecholamine  system, SCC #AD ¢l F&uhs-z
Me 270 S| (2T) A g vl e 2] v Al (chromaffin- ACTH-cortisol ~ system,
Ht, Hb, Tp, Alh, Mg % Glu X5& w2 % CAC Al o] eréibgo] oafir oz} Hajd

Holl GOT, GPT. Ca % Met-Hb A5 ESko e, WovsAsetd Aeld ggrt dEdos
U gtE A olriu] ¥ Fo] Hldlstd FEEHAE A (Chiocchia and Motais, 1989; Schreck,
o=l [Table 4), o]+ Z Y¥vb37red ’\}c’l 1982: Pickering, 1992) 2.2 njFo] HZol uld
2 2 BFzAFe] Zelzt V] HEY He= o dHeras 2 wAlE 23 dEE A
AR g AbgbE Bh7h w9 Aok EE ZALG °oh?l'7‘o}°ﬂ A

43 2xabel wiHste cortisol #Fel F7t = MEARE olgate] oMo Arlel wakA
(Table 5)& Janssens ¢} waterman(1988) % 10-50 U& F7E MdE AAsh=d, 53 &
Kenneth 9+ Nick(1990) 59 4 X3 dAsted), gtal7lollv: WIS AJalE]a 9lof,  olwe
o H 7t ~Ed (A2, gy % F2lH) 4 handling, #3sl, ol % &3 Fo oJ&A
Bloll FolAl =W A=A o] AlaH- 3} ge  cEdAvt vERRE £
A *””%(hvpothalamus»pituitarv - interrenal, handling, #43} 9 oL x X3 ¥Fa 72

HPI )& #ASAA Z880] d53os e BA7E A& Aoz FHHAAG



166 The conjestion on the gills of eel

Fd

ﬁ
-
i g i
."‘.*.’.‘..*‘?‘_‘“:-\'; -
e mm———
T |
o
|
Ak a_i |
R T
Lo b s s LI TRt L b

a
| SRR | |
B i =]
i e ]
RITRIIRR
e
L
L ____]
ile L i ]
L |
BRI
. |

ix)
100
(Im 1 T
1|7 Al | ' '
” “” E F |
B | | | T I T
%)
100
(V)

.
REERRR |
AR
3

—
s
S

—-—

e

[

|3 ]

-

e

-

e

| | | [ B N I
0 1 3 5 7 9 (day)

Fig. 1. The changes of gill congestions in eels acclimated to different water
temperatures and times after handling. Experimental details are the same as described
in Table 1. J. control; % 1 hr; B 5 hrs: K 10 hrs

ozt BAAHAM=  In viro R In vivo ©ll HES handling & 718 & AHEe 2D Az
N 4z ARAAETe} ofriu] E¥F W] o) wldlated W o] 60-80% 2 FolHom,
A=A ekoko}(Table 6), 27C o #&& A £ ALS AT weks FEA7E 5T ol
A5 G F 22T & 5 3 handling ¥ = o] Aol ¥ Fol raHA, 5T ol
EF2E 718 AF dE2FAME 50% o & Aoy e U Ee]l A&EYon(Fig
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1), 2829 Wiz st GOT, GPT, ¥ #A2A1 K, Ca, Tp @ Glucose 50| 27}84 uhl,
Bul, 283~ Met-Hb 2 Ht 5& 37HE Hb. Mg ¥ 0 5 Assoi(IE, 1992), SYUSA
Tp % Mg NSL 7A% A& (Table 7)€ A 3¢ Mg ol ZAHCR: 87 (Tkeda, 1992)9

Table 7. Changes of blood constituents in eels acclimated to water temperature (15C) for 0, 1, 5
and 10 hrs after handling

Day/Time GOT GPT Glu Mg Alb Tp Ht Hb Met-Hb
(hrs) (1) )  (mg/d)  (mg/dD) {g/dD) {g/dD) (%) (g/dD) (%)

0 140£22 130:14 140¢13  8.4:1.0  3.0:0.1 4.5:0.4 332 9.1£l.5  9.5:1.3

0 1 140¢15 134#23 14320 8.4¢1.0  3.0:0.6 4.3:0.4 332 9.3tl.5 91212
5 16523 157:20 154223  8.2+1.2  3.110.4 4.2:0.4 3412 8.7:2.2  9.642.2

10 170¢15 160+27 168:20  8.1:1.0  3.240.6 4.110.3 35¢1  8.6¢L.5  9.8t1.3

0 160+17 12810 155¢15 8.7:0.5  2.8:0.2 4.7:0.4 32¢1 9.8t1.5  8.8:1.3

1 1 179:14 135¢17 162t28  8.5:0.3  2.9:0.4 4.5¢0.5 33t2  9.0t1.5  8.642.2
5 200¢23 142¢18 176:24  8.4:0.5 3.2:0.1 4.4:0.1 332 9.240.7  8.8:1.3

10 216£¢22 155¢21 185¢27  8.4¢1.0  3.3:0.1 4.3:0.1 34+2  9.3t0.7  8.8¢2.2

0 12112 105217 125¢13  9.3t0,5  2.31#0.4 5.1£0.4 3121 10.0£1.5  7.7:2.2

3 1 13810 115#11 143:19 9.3:0.3  2.7:0.0 5.0:0.4 312 10.440.9  7.0£1.4
5 140£17 124116 147£18  9.2¢44.9  3.0:0.1 5.0:0.5 32:1 10.7:0.9  7.3tl.3

10 145¢13 143223 158:27  9.1:0.1  3.3:0.5 5.0:0.5 32¢2 10.0tL.7  7.5¢1.4

0 110:11  93:10 110£13 10.6:0.9  2.210.1 5.3t0.4 301 10.822.2  6.4:2.2

5 1 12912 118417 135218 10.3:0.5  2.7¢0.6 5.310.4 3142 10.6£2.2  6.5:1.2
5 136t13 120421 151219 10.3:0.5  2.9:0.4 5.3:0.4 32¢1 10.0t1.4  6.7:1.3

10 143+10 131£13 16712 10.2¢0.7  3.1:0.6 5.2¢0.3 32¢2 10.2¢2.2  6.9t2.3

0 90:10  92:10 100:22 10.8:0.3  2.1:0.2 5.5:0.4 30:2 11.5¢1.4  6.5:1.3

7 1 135¢21 120t14  163:19  9.3:0.7  2.9:0.4 5.5:0.5 32¢2  9.9:2.6  7.8:2.2
5 145¢17 13015 175#23  9.2¢1.2 3, 2t0,1 5.4:0.1 32¢2  9.2+1.1  7.8:t1.5

10 152¢13  145:¢11 188:25  9.1x1.2  3.5:0.1 5.4:0.1 333 9.9:1.3  7.9:1.4

90:10  92:18  00:11  11.0:0.9  2.1:0.4 5.7:0.4 2912 12.1£1.4  6.5t1.2
163:27 130¢13 186225  8.8¢0.7  3.2:0.0 5.6#0.4 32¢2  9.3t0.7  8.5:0.5
175¢15  146¢17 20827  8.6¢0.9  3.5:0.1 5.6:0.5 332 8.6t1.4  8.7:0.7
10 182:10 150£10 22032 8.4+0.7  3.7:0.5 5.520.5 33t2 8.0t1.4  8.8:t1.0

©o
Dl o O

GPT, glutamic pyruvic transaminase ; GOT, glutamic oxaloacetic transaminase ; Glu, glucose ; Mg,
magnesium ; Alb, albumin; Tp. total protein; Ht, haematocrit; Hb, haemoglobin; Met-Hb,
methemoglobin
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g WezAHoeszs 5 B M= CVS, dME= &AFHo] dAF #3

handling W& AAIE dZZ (Fig. 2-AJolA #rt Hn gdez FUHH Ugol BAHAHT
ob2} handling & HAIF AN EE H¥L (Fig. 2-B,CJ.

Fig. 2.
fillament

Al

Abbreviations used on plates : C, cartilage; CVS, central venous sinus: afFA, afferent
artery; efFA, efferent filament artery.

Cross section of gill filament in the eel stressed with handling only as control. CVS was
markedly dilatated. H-E, 40X,

Cross section of gill filament in the eel acclimated at 15C for 1 hr after handling. CVS
was filled with blood and markedly dilatated. H-E, 40X.

Cross section of gill filament in the eel acclimated at 15C for 10 hrs after handling. afFA
and efFA were filled with blood and markedly dilatated. H-E, 200X.



Young-Gill Kim, Min-Soon Choi, Sung-Woo Park and Keun-Kwang Lee 169

., 259 @yl el @slojE WPl 2 catecholamines on deformality of red cells
HAYFol YAE s Sl Tia ge from trout. Relative roles of cvclic AMP and‘
gel EAEe]l dAHoiA o (Lauret and Dunel, cell volume, J. Physiol., 412:321-322,
1984. Endo and Uchida, 1986), ®% skimming 1989,

o] FAGul9] J|A| Ko WHEnE HHek H ¥ Davis. K. B. and Parker, N. C. : Physiological
Hh o] gt4] =, ofa7l ~Egx Aefo] ol stress in striped bass. Effect of acclimation
¥ HPl %o gioz g Hay Hist 4 temperature. Aquaculture, 91 @ 349-358, 1990.
et B3] catecholamine €] 4 9e] Hugy Egusa, S.. Tanaka, M., Ogami, H. and Qka,
2 Acetvicholine & & 4HEwe] 7|8 £Z:og H. : Histopathological observations on an
Qlatd dH Aato]l HAB| wolx7] W&o &3 intense congestion of the Gills in cultured
WAge] dF fdol F7iEthe ¥ 1 (lshimatsu Japanese eel, Anguilla japonica. Fish Pathol. ,
et al., 1988; Olson, 1984J9} B A gor AEq 24(1) : 51-56, 1989.

2 (Handling 2 2520 9%t s as 4% LR W BRRE - KEX B 2 584
ol g4gy E¥Fo] WY Hit F cortisol pp 18-20, tigph MR, &y 1990.

o] Frlso R nFo ool dajad Hzlo] 7 Endo. AL and Uchida, 5. :Study on the
olgt FAWAIZe] FAHeFo] FElo]  CVS vascular system in the gills of some teleosts
7} gFE Aoz F3doh by the resinreplica method. Jap. .

o]z, Egusa §(1989) 0] £¥Fo] UHd WY [chthyol., 33 :168-173. 1986.
olofj A of7lule] F-Fw W F-Aw FgAe] Evelyn, K. . and Malley, H. T. : Micro
&4l A UAA T, filament o FAYHE o} determination  of  oxyhaemoglobin  and
AMAHMS o] Hgho] 5o Qo] ofw g2l sulfhemoglobin in a single sample of blood.
ofdt =gl WAL vleFHE HFo J. Biol. Chem., 126 :655-662, 1938.

UuE 7oz FEFG Hyre #e& 4dzboli}, Foscarini, R. :Induction and development of
Tanaka ¢} Egusa(1992) 2 Inouye % (1994) & bacterial gill disease in the eel(Anguilla
EZo] ofuA wyelde odsjr wdE ot & Aponica’ experimentally  infected with
de=d., ol &¥F9 AHEH< Hcloletr] B Flexibacter  columnaris.  Pathological changes
o= 2Ed2d ofgt HeFe] HstE QlsfA 2 in the gill vascular structure and in cardiac
2R o8 ZEy Aeg Alggr ejng W performance. Aquaculture, 78 : 1-20, 1989.
o] of7tu] E¥F dbdie  MEA] 7is) Inouye, K.. Afiwa, S., Aoshima, H.. Oka,
e 2EHEE AN o] HMe] i H. and Sormachi, M. : A histopathological
o7 ArgEc) study on the etiology of intense congestion of

the gills of Japanese eel, -\nguilla japonica.
E A Fish Parhol., 29(1) :33-41, 1994.
lkeda, Y. : gelshs el 2|3 ofFeo] AR
Chiocchia, G. and Motais, R. :Effect of o, ghaolweE], A 10 3 shewE &4,



170 The conjestion on the gills of eel

1992.

Ishimatsu, A., Iwama, G. K. and Heisler,
N. in fvo analysis of partition of cardiac
output between systemic and central sinus
circuits in rainbow trout. \ new approach
using chronic cannulation of the branchial
vein, J. Exp. Biol., 137 :75-88, 1988.

Janssens, P. . and Waterman, J. : Hormonal
regulation of gluconeogesis and glycogenolysis
in carp(Cyprinus carpio) liver pieces cultured
in vitro. Comp. Biochem. Physiol., 91.\:
451-457, 1988,

Kenneth, B. D. and Nick, P. : Physiological
stresss in striped bass. Efffect of acclimination
temperature. Aquaculture, 91 @ 349-358, 1990.

Laurent, P. : Gill internal morphology.
Academic press, vol. 10A, pp. 73-183, 1984.

B oskk - B E o REERRIEORY. SR

HFIZBT A%, 2 SRS, BHEGREICH

LU, HHE KEARE RRWsEEH
No. 252 :1-22, 1986.

Olson. K. R. ! Distribution of flow and plasma
skimming in isolated perfused gills of three
teleosts. J. Exp. Biol., 109 :97-108, 1984.

Kb msoc- i B R IRES O 3R
IREFICRET HBFE. 2 o WYy, SRR
B A7, MMRRKEARSS SCRMDBET
No. 257 1 1-26, 1987.

Pickering, A. D. ! Rainbow trout husbandary.
Management  of the  stress
Aquaculture, 100 : 125-139, 1992,

Schreck, C. B. ! Stress and rearing of

response.

salmonids.  Aquacuture, 28 : 241-249, 1982,

Tanaka, M. and Egusa, S. :\n attempt to
pursue the etiology of an intense congestion
of the gills in eel. Fish Pathol., 27(1) :
49-50, 1992.



Young-Gill Kim, Min-Soon Choi, Sung-Woo Park and Keun-Kwang Lee 171

An investigation of the congestion on the gills of eel

Young-Gill Kim, Min-Soon Choi, Sung-Woo Park and Keun-Kwang Lee
Department of Fish Pathologv, College of Ocean Science
and Technology, Kunsan National Uiniversity.

Kunsan 573-400, Korea

In order to elucidate the outbreak mechanisms of a new disease which is characterized by an
intense congestion in central venus sinuses(C\'S) of gill filaments in cultured eel, these experiments
were carried out; epidemically surveyed on the cultured eel farms in the vicinity of Kunsan city and
experimentaliy outbreaked the disease in the stressful condition such as thermal and handling shock
and innoculated the supernatant from the homogenate of naturally severe congested gill into eels and
onto the monolaver of the CHSE-214. Although the frequency of congestion in eels of B, C, D and
E farms were higher than in eels of A farms, the water qualities(stocked and cultured water)
among farms were not a great difference. In eels of B, C, D and E farms, the values of
haematocrit (Ht), haemoglobin (Hb), total protein{Tp). albumin(:Alb), glucose (Glu), magnesium (Mg)
were lower and the values of calcium(Ca', methemoglobin(Met-Hb), glutamic  pyruvic
transminase (GPT), glutamic oxalacetic transminase (GOT!  higher than in eels of A farms. These
valules have not related to the frequency of congestion. An intensive congestion and dilataton in CVS
of gill filaments In experimentally handling-stressed eels produced similar histopathological changes to
those observed in the spontaneously diseased eel, but not in eels experimentally injected with filtering
contents. The cytopathic effect on the CHSE-214 was not observed. In stressed eels the congestion of
gill was increased in relation to either the decrease ranges of water temperature or the incerase in
accllimated times. And increase in Ht, Met-Hb, Alb, Glu, GOT and GPT and decrease in Mg, Hb
and Tp were found, which had a close relationship to congestion of gill. Cortisol were increased
according to the decrease ranges in acclimated water temperature, From these results, decrease in
water temperature during selection placed eels upon the stressed condition, made increase in ionic

strength in blood stream, and CVS was dilatated owing to the increased blood inflow.

Key Words : Eel, Congestion, Central venus sinuses(C\'S), Handling, Water temperature, Stress, Cortisol
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