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Abstract

The objective of this study is to establish a basis for producing
transgenic fluorescent ornamental fish by using the glass catfish
(Kryptopterus vitreolus). The glass catfish is a freshwater fish
belonging to the family Siluridae. It is transparent, apart from the
abdominal cavity, and it has been widely distributed as an ornamental
fish since the 1930s.

In this study, the anesthetic effect on glass catfish of MS-222
(Tricaine methanesulfonate), clove oil, 2-phenoxyethanol, NaHCOs,
lidocaine-HCI and lidocaine-HCl/NaHCO; was investigated. Based on
the induction and recovery time, 200/100ppm of lidocaine-HCl/NaHCO3
was considered to be an effective agent. To analyze the effects on the
maturation inhibition of the gonads from the anesthetics, carp pituitary
was injected to the fish via intraperitoneal injection with 200/100ppm
of lidocaine-HCl/NaHCOs3; as an anesthetic agent. A histological

analysis of the gonads showed that the gonadotropin action of the carp



pituitary was normally observed in all injected fish. Therefore, 200/100
ppm of lidocaine-HCI/NaHCOs; proved to be an efficient anesthetic
agent for induced breeding in this fish species.

An intramuscular injection of DNA containing various promoters
(CMV pDs, CMV pAM, pod B-actin, pod mlc2, pAN B-actin) was also
administered to the fish to investigate the expression activity of
various promoters and several fluorescent genes. The fluorescence
activity of experimental groups was increased gradually from 10 days
after postinjection with 80ug of DNA per fish. This activity persisted
in the muscles for as long as 30 days postinjection. The expression of
injected DNA was found predominantly within muscle cells along the
injection path and in scattered muscle cells anterior to the injection
site.

Glass catfish were also injected with carp pituitary (CP), hCG
(human chorionic gonadotropin), and LHRH-a (Luteinizing
hormone-releasing hormone analog) by using various dosages in order
to induce sexual maturation. CP was proven to be more effective than
hCG or LHRH-a. In the case of females, ovary maturity was
successfully derived at 4mg/g of CP, but final maturation and
spawning were not successfully induced. However, the males in all of
the CP-treated group were shown to have fully matured and ejaculate

testes.
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2 vl 7| (Kryptopterus  vitreolus)~= ™ 7] & (Siluriformes) 7|2}
(Siluridae)dll &3st= Tl = Do) WHe S5 9 Ik xfoli} HiL o
A Ed s gto 2 {olu = @ AAetar lew, 13t Ko bicirrhis
T K minor 2 484 ¢k Ng and Kottelat (2013)o] ]3] &= 2
o Al sAHEJY 2T B AL B F97F e, 1
AAe] A717F Tem AEola e w72 o FEIE G FHA A4
st PEj 7l obFuh e ¥Ado] ofErtEol Al Zhgtol ofm] 1934 o] M
H A7 93] A AA fF&=Ha v 4o Folth(Innes, 1934,
Chapman et al., 1997; Finley, 2009). ¥ &2 o|n| XA AE 3} Az st
A So ofF Ad wnalga ALgw Bl 9l oW (Steffensen et al.,, 1986;
Jensen et al, 2009; Roth, 1993; Peters et al., 2008; Kolomytkin et al.,
2007), 71 A ko]l FHEke] Fdol SO AN = o FAR
2% ARE¥ AL JHH(Ng and Kottelat, 2013).

Fadd FHAIE oA E A FE Ardu 4, #tE 9 HEDZ 3
Tol H v=mE AAE ofAloldo A ofAY e THe] =2 VAR W
Ha o 53 o WolMe dAxHos o dujge] dA s 57t
i 9] tH(Bratspies, 2005; Glofish®2017). 1&jt} 71& #wj= 1 9= &
B oAFES AA AZS AL Qlo] FEEd A O 23U A
= TAE AU o] &0 T FHVF g3 AR 3
AFE /T Aol A7 Adth(Dijkstra et al, 2001). & A2
oA B FTFAE LMO9 k@& fa NdE FF ninEAe s 2
Fo] FHste] YdEE FFo] & xdHe= FHE JdoH(Cho et al,

2011; Cho et al., 2013), FEN7} AW A} FHEEFS THHA| 7] 7]l = o] #H &



AMEE FFAdolTs sty daide A g, Ed Wy
44 "HEE 2 {FHd2 o) WU 55 9% ATt 3t tH(Iyengar et

al., 1996). &3 #E e TRRE A4S HEEs ] 93 WH 5 oy
¢l Direct injection WS JfAle] AA X AFH FHAAES FAstE W
How WY HE(Ulmer et al, 1993; Xiang et al., 1994)3} gene therapy
(Raz et al, 1993)ell wi-%- &A1 Wor defx Qi Hd WE 9
H2E B ofyel A= /Es 918 o r AFEH AL 9
(Anderson et al., 1996). ©Jel direct injectione ©¢]&3% A= Hansen
et al. (1991) o9 SA=gn|o] direct injections A AI3te] gene
construct®] &S HAEI dA4E 33 v} i, Rahman and
Maclean (1992)2 € z}yjole] K| direct injections F-338}o] carp B
—actin promoter®} reporter gene¢l CATS 2dS F=3 nvF Jr}
Dijkstra et al. (2001)2 glass catfishS DNA WAl & o]
| f1al luciferase 3 o8 FAFAAE 5o FAFSH
w2k vp ok FElEl e SbA A E vkel o] BAES AE EE
I F 3t (Fig. 1a) DNA W48 o fF Ed o]ojow= ojn] 1 g
&
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Fig. 1. Glass catfish Kryptopterus vitreolus in a group of schooling

(a), lateral view (b) and dorsal view (c). All scale bars indicate 1 cm.



FolA W ZHAR AR HiEo glth(Zohar and Mylonas, 2001).
o] & wl7]3 oF9] At 9lo] ovaprim¥ S-GnRHE 53] A4t
71575 AMPste] AolA JA3itdaiE Al wig EHRAQ0 Ao= ®Hayg
vl 2t (Brzuska and Adamek, 1999; Haniffa and Sridhar, 2002;
Padmakumar et al, 2011). o]o] At&+HFrs2E o] o3t <l FAitehf
T A7 286y B Fe 2EY 2 g viztksta ]
oHFig. 1b & c¢) 3tstEd e HEAFAE A HAEC] 2 Wilo] Ant
(Peters et al., 2001).
TE AP 2 d&olM tE o 2EHE 5 FE HALstsr] 9
a mtH = e FTol duEA, FEHrIY 4 2EHEE FHAE
3t7] 918l Saffan®, FA100% MS-222 (Tricaine methanesulfonate) % 2]
npH A Eo] Ao AFgHE Hl Ah(Peters et al., 2001; Dijkstra et al.,
2001; Kolomytkin et al, 2007). 18y &7] AdF+E5L ZF wp3AY a3
T HaEo] g)& B A TR mE wpH A A 2 FHEAL 5
HA v Al i A= FeErE o Ak
ofel - ATolM= AA, fFravlzlel HA wiH =1 SHS 918 7]
< IR mAA T o Rl dE o HaFe e 5F whHA
(MS-222, clove oil, 2-phenoxyethanol , NalHHCO3;% lidocaine-HC1)E Tt}
FT FE WA AYst HA wF 2ds FHsia, =4 gyE
ntH x2S o] &sto] CMVeF uiukEAbe] o] B-actin ZEEHE 7H
AAE FASte] frelul7] S5ddA e e 93 e 24 5 o0

U3t ojForEH FUd 2 Fo TRRHE /1R 3F9 F3ad f4
Z
T



Chorionic  Gonadotropin, hCGQG), LHRH-a (Luteinizing hormone
releasing hormone) % o™ 3| & 2+ (Carp pituitary, CP)= th3h

Mo Folsie] 7 sEE 2 4 4% fE ANE ST



BoAdo) AMgE 8w 7] (Kryptopterus vitreolus)s Abs+2 24

B EE Al E AREEte] 308H FRoA 22 26x1TE A
A AW TA 2"l o R #AEstda T2 A Alo= 25+1TC % 28+
1T F 7FA & 7oA A3kt ‘14 hrs @ 10 hrs = light :
278 zAFAoH, AFFE 3 & | 30~40%

At AR 45 (FHBAHE 194 33 olF THEA

2 Ao A" ful7]e] A% (body weight, BW), %% (total
length, TL), H]%F%(condition factor, CF) = 3-&o|x el A Z(Body

width at anus) 55 =43}t
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w3 &%= Weber et al. (2009)¢] ol wel zb wpHA s=d
6-10vke] o] FE 71 E Ab&stol FAFSESIAL, whE ol AMEE FEHlY] =
g A 2477 Fob A T 25+1TolA 2 &IE A8, olu
Z npHA 9] Hx pHE o}&z ZA3Th

2-2. &Y AA 7+

3 9 35 Al7]i= Keene et al. (1998) % Minter et al. (2014)<]
WHS JiAdske] Table 19 7l&ol wet A A b AIFS wh3 oY
of HAAAYE F HIAZ, =AY B A=l dE wSAo] G
stage 4 FEI7FA AL = AIES SAHSA AL, nFHA|Fo] 5E ol &
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o] 7}
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|
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oX,

0.

B-actin GFP % pod mlc2 CFPE A}-§3}th(Fig. 2).

3-2. A2 2 &4

frdzke] direct injection> 7t FAAPEE 2~47A 7y JRA & 80ug
B OFARRE 25 tACR 23] 7} FAA Fddol dig Fadnd
g EAS 33ev A4 (AZ100, Nikon, Japan)l. & #Z3dth. CMV pDS
Red2, pod B-actin RFP$} pAN B-actin RFP 42 & RFP &%
I B (Tx-Red, Nikon, Japan), pod B-actin GFP 32 F+& GFP &



Table 1. Stages of anesthesia and recovery from anesthesia employed
as endpoints in the present study (modified from Keene et al., 1998;

Minter et al., 2014)

stage behavior responses in fish

Anesthesia

3 Partial loss of equilibrium; swimming erratic
4  Complete loss of equilibrium, movement and reactivity

5 Medullary collapse; complete loss of opercular movement

Recovery

Reappearance of avoidance swimming motion and reaction in

reaponse to external stimuli, but still behavioural response in stolid

5  Total behavioural recovery. Normal swimming
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Fig. 2. The constructions of expression vectors used in the direct
injection. a, pod B-act RFP; b, pod B-act GFP (Nguyen, 2012) ; ¢, pod
mlc2 CFP; d, pAN B-act RFP; e, pDS Red2-Cl1 (Clontech, USA) and
f, pAm Cyanl-C1 (Clontech, USA).



% ZE(B-2A, Nikon, Japan), CMV pAM CFP$¢} pod mlc2 CFP 4=}
FUTS CFP g3 ZE(BV-2A, Nikon, Japan)E AF&3te] #2319}

4.4 s TEE A o3 AEE A}

ATE Tl S FHr] 44 viF 239 kA S gelst
71 98l 200 ppm lidocaine-HCl/ 100 ppm NaHCOs°l 2w 7S v} 3t
H, 25£1TCe 2 ZHdo=Z Ovaprim (Syndel Laboratories Ltd.,

rie

Canada),  S-GnRHa (salmon Gonadotropin—Releasing  Hormone;
Sansheng Pharmaceutical Co. Ltd, China), LHRH-a (luteinizing
hormone releasing hormone; Sansheng Pharmaceutical Co. Ltd., China),
hCG (human chorionic gonadotropin, DAESUNG microbiological labs.
Co. Ltd, Korea) 3 <1354 (carp pituitary; Argent, USA)E FA}s}
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Table 2. The effect of five hormones treatments on survival rate (%)

of glass catfish (Kryptopterus vitreolus)

Survival rate (%)

Experimental Dose of injection No. of fish
¥ at 96h after
group (40 pl™) treated L
1njection

Control’ - 6 100
Ovaprim 20 ul 6 0
S-GnRHa 4 mg 6 0
LHRH-a 4 ng 6 100
hCG 4 1U 6 100
Carp pituitary 4 mg 12 91.7

*Control group was injected with physiological saline water.
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i

O]
1-1. Aol sty &4
Salv 7] 938e Fig. 17 o] Wt BE4L A9s nE R0

Frgstan vy Ey = FRel 7Rt HEo] ZxEf slon, 3 9

ul

21 4ot 9 (Maxillary barbeD)S 7FA 3L Itk A =ev|& ofF &
1 =3E AR 9 i, hEA=ge Tt S =gy 7ARE 3
de wogow Wk BRREO 22y WA EZFFHAY. wiA=gn]r} 2=

=
A B la me R =jn| 7t six v et £2ld FHE AT

A=ejn] ZJA R SYFEA S4do] s A2 UMy WA=
/51]

Sk EASE Qo nol, PHoE @

)

=)
Aol AREE FElv el AT, A, BIRFE (A T +1000/ (4 )3)
ol Aol A E2 Z+zE 0.9840.08 g, 54.43+2.64 mm, 0.006+0.001 mm %
2.81£0.14 mm ©] 2 tH(Table 3).

2. 4
2-1. wHAA 2 A E 3
2719 57FA  mFH A (MS-222, clove oil, 2-phenoxyethanol,
NaHCOs% lidocaine-HCD®] sEd wl3 9 3|&5 A3+ Table 49 2
=3
MS-222 40~80 ppmelA W71 w3 AJFFS 240.5+77.9%(40
ppm), 142.0+35.9% (50 ppm), 82.8£17.6%(60 ppm), 59.1+26.9% (70 ppm)
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Table 3. Means of body weight (BW), total length (TL), condition

factor (CF)

and body width at anus (BWA) in glass catfish

(Kryptopterus vitreolus)

BW (g) TL (mm) CF BWA (mm)

1 1.04 57.96 0.005 3.00

2 1 52.52 0.007 2.72

3 0.99 52.39 0.007 271

4 1.11 57.48 0.006 2.97

5 0.87 53.91 0.006 2.79

6 0.93 57.1 0.005 2.95

7 1.01 51.82 0.007 2.68

8 0.91 52.22 0.006 2.70
Mean+S.D 0.98+0.08 54.43+2.64 0.006+0.001 2.8140.14
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Table 4. Induction and recovery times in glass catfish (Kryptopterus

vitreolus) anaesthetized with various concentrations of five anesthetic

agents
. Induction time Recovery time
Dose (ppm) pH value
(sec) (sec)
MS-222
40 7.14+0.01 240.5+77.9 67.5+37.5°
50 7.00+0.01 157.4452.4° 66.4+18.5"
60 6.95+0.04 82.8+17.6° 80.2+34.7°
70 6.82+0.01 59.1+26.9° 69.7+20.9°
80 6.76+0.01 55.5+16.8° 62.6+25.3°
Clove oil
20 7.79+0.01 125.2469.9° 76.2432.7°
30 7.78+0.01 97.0+18.9%° 74.2427.6°
40 7.75+0.01 70.5+8.2° 83.4+17.7°
50 7.74+0.00 67.3£17.5° 155.5+50.3°
2-phenoxyethanol
200 7.70+0.01 132.6+44.2° 44.6+14.8
225 7.70+0.02 109.0+40.4° 52.3+30.7°
250 7.68+0.01 64.3+24.0° 62.8415.6™
275 7.58+0.01 58.6+9.6° 93.7+46.7°
NaHC03
200 8.18+0.01 i -
400 8.27+0.01 - -
600 8.31+0.01 - -
800 8.35+0.03 - -
1,000 8.37+0.01 - -
Lidocaine-HCI1
100 7.40+0.01 202.0+£63.3° 117.4437.7%
200 7.2140.01 187.7465.6 100.8+33.5"
300 6.96+0.02 127.3+13.3° 107.5+4.8%
400 6.87+0.0 146.0+£50.8° 152.3+44.6°

* The pH wvalue of tap water used in the laboratory was 7.90+0.04.
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%2 200 ppmoll A 132.6+44.2%, 225 ppmoll A 109+40.4%, 250 ppmoi 4|
64.3+24.0% 18|31 275 ppmol A 586+9.6x= FRl¥ o] FE7} SIS
= wpF AR frojH o R @S AP 0.05). LH Y 3 EAHE 446
~BIxE FEVF STUMEFE Fd I HAS FUtstRou 7oA <l

2ol §lE Aoz 3l E A THP<0.05).

Lidocaine-HCI 100~400 ppmoll Al w}H Az 2 3| EA 7S A23 2

7 50 ppmoll A 260.5+8.8% H 79.7+23.9%, 100 ppmel A= 202.

o
o
i
N
o
3
B
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9 117.4+377%, 200 ppm oA+ 187.7+65.6% % 100.8+33.5% 1g]al
400 ppmol A= 146.0+50.8% % 152.3+446% =2 SR1H o, %= F7tol w
2 v B 3 E A 794 Aol fle AR gl H I THP<0.05).
ZF wlF A9l pHE 4% 23 NaHCOsS Al9fe 4714 w3 A= pH
714~6.76 (MS-222), pH 7.79~774 (clove oil), pH 7.70~7.58
(2-phenoxyethanol) 2 pH 7.40~6.87 (lidocaine-HCl) & &% %o 7]&
A5 (pH 7.90+0.04 )¢ pHETF wrolxlal, mp3Ale] F=7 Fobdss
pH7F wrobx= Zlow lu it Wil NaHCO32 pH 818~837%
AH o] AbSFRY pHZF 52 Ao FAHAN T 557 Zobds
= pH7l =obA 78S Y= A= = A

2-2. EFAHEl wE wHH A

nH o] st 2 wiH G S E 98l lidocaine-HCIZ NaHCO;<]
ARG & rEAHARE BB B AIZMS #E3E A3t Table 59 # T
lidocaine-HCl 100 ppmell A= mFH AlgFo] 202.0£63.3%2 %o, 5d 5=
9] lidocaine-HClol NaHCO3;< 100 ppm, 300 ppm 2 500 ppm &% A}
&3t A5 PHAIFO] 1575%, 785x% Y 534%2 dEHJL
lidocaine-HCl 200 ppmi= "FE A 7] 187.7465.6 % 21, NaHCOs& 50

A\

Jk?i

3ol

rl
r

ppm, 100 ppm 3 200 ppm =& A&t AF, whE APl it 86.6~
66.0%= #HEEo] NaHCO; ZdAHE Hd3p $8] v ARto] Fojdo=m
G55 Aoz FAJFATHP<0.05). 23y 3 H A7 lidocaine-HCIZ}
NaHCO; <&AHE d3 5o fol2Ql Zol7t fles Aoz
(P<0.05).

lidocaine-HC] 100 ppme®] NaHCOs& 100 ppm, 300 ppm % 500 ppm

ot
it

AE-3= 45 pHE pH 7.97£0.04, pH 8.23+0.03 ¥ pH 8.35+0.01 =
ghel ¥ 9 ar, lidocaine-HCl/NaHCOs; 3200/50ppm-& pH 7.56+0.03, 200/100
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ppme pH 7.80+0.01 % 200/200 ppm-= pH 8.00+0.01= &2l %At}
lidocaine-HCl®l NaHCO39] &3 F%7} EoldsE pHE Z71H9
lidocaine-HCI/NaHCO;3 200/100ppm 3} lidocaine—HCI/NaHCO;
200/100ppmeo] fref w71 Abs=9F 7 FASE pHE Kole Zow &
21 = A TH(Table 5).
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Table 5. Induction and recovery times in glass catfish (Kryptopterus

vitreolus) anaesthetized with lidocaine-HClI/NaHCO3 at various

concentrations

Dose , . . .

pH value Induction time (sec) Recovery time (sec)

(mg/L)

100/0 7.40+0.01 202.0+£63.3* 117.4+£37.7%
100/100 7.97+0.04 157.5+£53.4* 77.4+13.5°
100/300 8.23+0.03 78.5+10.2° 77.0+£13.1°
100/500 8.35+0.01 53.4+5.8° 101.0+£32.4%®
200/0 7.21+0.01 187.7+65.6* 100.8+£33.5*
200/50 7.56+0.03 86.6+13.7° 93.4+24.8°
200/100 7.80+0.01 81.2+17.2° 98.3+19.7%
200/200 8.00+0.01 66.0425.4° 97.0+£22.9%

* The pH wvalue of tap water used in the laboratory was 7.90+0.04.
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Fig. 3. Detection of fluorescences expression in glass catfish

Kryptopterus vitreolus injected with various types of genes. a, CMV
pDS Red2; b, CMV pAm CFP; ¢, pod B-actin RFP and d, pod B
—actin GFP.
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Fig. 4. Detection of fluorescences expression 2weeks and 4weeks after

injection with B-actin promoter from 2 different fish species. ab, RFP

gene for O. dancena; cd, RFP gene for A. nigrofasciata.
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Fig. 5. Detection of fluorescences expression 2weeks and 4weeks after

injection with 2 types of promoter from O. dancena. ab, pod B-actin

GFP; cd, pod mlc2 CFP.
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Fig. 6. HE-stained cross sections of gonad from the glass catfish. a,
Ovary from a 46.46mm TL individual (Scale bar, 50um); b, Testis from
a 4647mm TL individual (Scale bar, 20im); ¢, Ovary from a 54.09mm
TL individual (Scale bar, 50mm); d, Testis from a 54.13mm TL
individual (Scale bar, 10um); e, Ovary from a 57.13mm TL individual
(Scale bar, 50pm); f, Testis from a 57.20mm TL individual (Scale bar,
20pm); g, Ovary from a 61.14mm TL individual (Scale bar, 50¢m); h,
Testis from a 62.36mm TL individual (Scale bar, 10um).
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Fig. 7. HE-stained transverse sections of gonad from the glass catfish
injected hCG at 3 different doses with 24hour intervals at 28+1TC. ab,
Gonads from the glass catfish injected 1Iu/g of hCG; cd, Gonads from
the glass catfish injected 2Iu/g of hCG; ef, Gonads from the glass
catfish injected 4Iu/g of hCG; All scale bars indicate 50um.

_27_



Fig. 8. HE-stained transverse sections of gonad from the glass
catfish injected LHRH-analog at 3 different doses with 24hour
intervals at 28+1C. ab, Gonads from the glass catfish injected 1lug/g
of LHRH-a (Scale bar, 50m and 20gm); cd, Gonads from the glass
catfish injected 2ug/g of LHRH-a (Scale bar, 50m and 20um); ef,
Gonads from the glass catfish injected 4ug/g of LHRH-a (Scale bar,

50im and 20um).
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Fig. 9. HE-stained transverse sections of gonad from the glass
catfish injected Carp pituitary at 3 different doses with 24hour
intervals at 28+1°C. ab, Gonads from the glass catfish injected 1mg/g
of CP; cd, Gonads from the glass catfish injected 2mg/g of CP; ef,
Gonads from the glass catfish injected 4mg/g of CP. All scale bars

indicate 50um.
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Fig. 10. HE-stained transverse sections of gonad from the glass
catfish injected Carp pituitary at 3 different doses with 24hour
intervals at 25+1C. ab, Gonads from the glass catfish injected 1mg/g
of CP; cd, Gonads from the glass catfish injected 2mg/g of CP and ef,
Gonads from the glass catfish injected 4mg/g of CP. All scale bars

indicate 50um.
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Fig. 11. HE-stained transverse sections of gonad from the glass
catfish injected with CP and hCG with 24hour intervals at 28+1T. a,
Ovary from experimental group 1; b, Testis from experimental group
1; ¢, Ovary from experimental group 2; d, Testis from experimental
group 2, e, Ovary from experimental group 3 and f, Testis from

experimental group 3. All scale bars indicate 50um.
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Iv. 1 &

o Add 2 AR Aol mER Al AREE deAkE, oA

A4, a5 B kol Qo] ofAo ZEHAE HAsse WHoR g
< 238ttH(Mylonas et al., 2005). olell o4&l & FHAstel FHAe &
He 47 A wFd vk AT AT E o JAT(NRC, 1994). 13u w4
vpHA A M = Foll whel vk Aol e w3 &3 B Rkgo] FH A
el = Qlo] veket v AA s st mE AdIdNFTY wHE
%23l (King et al, 2005). 53] f2|l7]+= Table 3

oM ®Zo]l o} ofFol M3 H|wt=r} wta A Fo] Fof AIME FA
@il APAA FAGstzlel  wlg oy ofFolt. wWEkA  oln
Saffan®, FA100% MS-222 (Tricaine methanesulfonate) %59 w3 A=
of Ab&¥ HF o o2 7} wiH A BN HuFH| gls ¥ U
g Wk A mEH ARE B 3 E AIZRE A skl HA uHAE AR
A= §ltk(Peters et al, 2001; Dijkstra et al., 2001; Kolomytkin et al.,
2007), ofel ¥ AgolM = vzl 7 A& wHA 2 HA s

O

H

g Qstaz 5714 nAA Ged Ed w3 w2 HEALS
#as9c.

MS-222 &= FDA ol A FAkg vl A2 &2 % o} (Schnick and Meyer,
1978) o] 79| wmiH ol o] &5 o] = RO =M thdt o] Fol ik nhF

3 % 4% SR B GU5A 2 A4 mAE oy ol

AQ

W% o] QtH(Topic Popovic et al, 2012). & &AolA MS-222 40
ppm = AFolo A7l wel v AIZEe] Apol 7t wekow Huf 5 &
o] mpHAIZto] SAEE MAF BEHY ST FRolA = v EHIE A
o 9 Aol gt Wk of 1 Fo vHEE X 60~80 ppm
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24 (Table 4), % W3to] W& 3 HAFe] WE7}F glo] D=7t
Y719 HAH MS-222 vl3 w2 g% o] Kolomytkin et al. (2007)2]
A} Fdst .

Clove oil & clove Y5 (Eugenia aromatica)®] 23} 29 FH7HE T3
Aoz = Al dAZA eugenol [2-methoxy-4-(2-propenyl) phenol]
o] vhE 2 Az Ee] #Aosts SHERRE dEA AP Amd Q)
of mpHA} EA=Z e AFH AF&E o] ghth(Keene et al, 1998;
Ross and Ross, 1999). 2l 7]+ clove oil ol A o€} 4 F2] nl3 A9
Hjsf w9 v w9l 20 ppm F-H vl EITE = Aoz AE A
H Fo] oF 1 Ho mlFHE = clove oil 5%+ 40~50 ppm 2.2 3%
o}, 50 ppm oA 3] JAIZEo] 2wl o] FIEekel wheEt fEuv]e] A4
] F 5= 40 ppm &2 FAE A tHTable 4). ZFA] 59 (Rhodeus uyekii)
2 Zhd 2} (Acheilognathus koreensis), 71579152 Oryzias dancena, &
FojZFel  FAME o (Oncorhynchus  mykiss), African catfish(Clarias
gariepinus) 2 angelfish 7} 1~2 & <¢tel] vl ¥ = clove oil ¥%=& 80~
160 ppm &2 H i Eo] o] B FHUE & FRoA v a3z} gl
= Aor FoHrh(Keene et al., 1998; Kang et al, 2005, Ogretmen
and Gokcek, 2013; Mitjana et al., 2014; Park et al, 2017). L& ol&
T E5F ofet v A Ble w2 FReA miFHEE AR HiH o]
clove oil ] ¥ &5 ZFE T3 ofFol mHAEZA7 2 A o® B
Zt,

2-phenoxyethanol & ool #-&3t= w3 7122 ofx = dE A 9l
A ot v 2 3 E A7kl #Ha v glolel AFHE whEsE 2y
T Qo] o]n gkt ofFo Ao R o]&Hi T (Ortuno et al,

2002; Tsantilas et al., 2006). ¥ AFolA] FEu]7]7F ¢F 1 &l vlHE =
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T+ 250~275 ppm &2 #EE o] MS-222 ¥ clove oil o H]d|A B xL
A e FRoA mHEAT} A= AR FAEAH(Table. 4). ¥ A3
= 7|¥ X% African catfish, sea bass (Dicentrarchus labrax L.),
Senegalese sole % angelfish ] 600~1,200 ppm ¢ TE=HT} wj$ o}
ol g} o] =l wlal 2w 7] 7} 2-phenoxyethanol ] W7F3E 21 02 vpEby:
t}(Marsic-Lucic et al., 2005, Weber et al., 2009; Ogretmen and Gokcek,
2013; Mitjana et al., 2014).

NaHCO; & <QlAlol Fafgh wide] 7p2 wo] =o} CO2 & =3}

s

EH 2 Fish (1943)0ll oaff o7& wiH ol Hx= ARRE oz 1 <HA
A& el Aol a1 (Marking and Fred, 1985), €13tz o] F R5Fof <ok A
o] 7] wjTol 2802 ALLs7] sk FoF 7|3te] HQ Qv HFHEE U

A a1 I TH(Altun et al.,, 2009). U< € 2}3] ol Oreochromis niloticus), 4]
2 African catfish 5ollA] NaHCOs & ©]&% vl g ¥ &5 Bk b 9lo
L, 2% olvel mH A A7 YEidr] §laliA = 30,000 ppm ©]4e] F =
AR A HE sjoF A, 2,000 ppm oA 587 vlH sl = stage 3 @A
o mpHE A UEtte 5 o B mEE Al BlE miHEIIF e AR
HuE 3 Qtp(Altun et al, 2009; Opiyvo et al, 2013; Githukia et al.,
2016). ¥ Fol A% NaHCO; &) 1,000 ppm ol 5% o] =E3le= v}
A&7 et &= oz #ZEo(Table 4), NaHCO; 2 2] 1 7]
o] wpHAA R FAFe Aoz FE .

o1& vHAR AFEE I QdE lidocaine-HCl S 2w 7]o]l A& A
100~400 ppm oA 127.3~202 9] wlHAI S E3 100~1174 %9
I EANE Hol= Ao gyl oy, nH st F7Fgel whel whF
AlZRel G5 gl B EAIZEe] FUke 22 v SHE AL ZA YEA
e Ao SRIEAHTable 4). £ AA= ojn] 1946 Hx= 2Hd

1=

ol

i

;

s
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(Scriabine, 1999), °]§ol & 1980 At F-E Al %31 At (Carrasco et al.,
1984).

Ackerman et al. (2005)2 ©o]F¢] w3 ol 99 lidocaine-HCl & 52
&= AbgetE A EY NaHCO; ¥ &9tste] A8 49 v adrt &
"t BHadk vp 9o lidocaine-HCl o] o] Foll w2 &S HA3}
kil mpH B SHE S oln o, tilapia, Ao}, AdHIV], H =
") (Hexagrammos otakii) 2 ZtA1%-o] 5 t2] o] Fd A lidocaine-HCl
¥ NaHCO3; & &F3to] Al8¥ vl Jh(Kim et al,1988; Park et al.,
2003; Kang et al., 2005). °]d & A9 A % lidocaine-HCI & w}# &3}
S SUA17]17]1 918l lidocaine-HCl ¥ NaHCO; & &3AF&3ste] 1 w3
295 3% A lidocaine-HCl 100 ppm ol A wF3 Al 7ke] 202+63.3
KXo NaHCO3 = Z7ket 43¢ b AIZke] 157 2~534 2= FQ1H A
lidocaine-HCI 200 ppm Il A= w3 A]3Fo] 187+65.6 =9 .1 NaHCOs &
= AHEE AF 86.6~66.0 %0 MHYE=E Aor yEy, 7 BHad
B ofFoAel mrA R E FolME Fd FE=9 lidocaine-HCI
NaHCOs & E@dAHE & 45 vwhaAlRbe] oF 50% @=s= Ao A3
HAAL, oluf 3|EAIZEe] F7F flo] mPHAIM TdsEom kAo
A B FHEE AoE FAE A

Marking and Fred (1985)% wlAlZbo] AojA 45 3| HA[7to] A4y
i o A7 AMAaTe =2 e vh

B ooluel vRAAZT 108 olue] HRALE el Aol 43

N
o

b

H

olr
oX,
)
iy
e
X
et
i
2
Ju
=)
B
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sttha B gk vp gtk ol st e wEw f{Ev )] mH A EA
NaHCO3; & Al9lgh w3l E57F Ads o=z yeiyd, 28y
MS-222 = " =9 2 (FDA) 2819 Atgo] JAAE FLd v
Aol ARk Ag7hA] HA 21 43Ee] FeF 7Igte] A EHol u
(Summerfelt and Smith, 1990; Park et al., 2003), 2-phenoxyethanol <
o7 ~EHA FAES wx HE3Fo] cortisol E glucose 59 FAE F
ZEAZIH WA etE deod = dukar Basa glom Ago]o] npHA|
2 ol& FHXA &ok7] Wi (Ackerman et al, 2005; Zahl et al.,
2012), 8o AME 7hed FEvv] e mRAEA F AA=
Aoz garEn) ¥ Clove oil ¥ lidocaine-HCl & <l Aol A}
npHAZ A deA oy, o] F lidocaine-HCl 2 YAHF-ol A= Al&
7hedh b ol w2 mAARE LA o] A7) 5Fe &l mHAA
T 7P Aol =2 Aoz HAdEFHATY. 53], lidocaine-HCI 3}
NaHCO; &3 vl A= lidocaine-HCI o] w5 AR8 AJRT} A 5ol Al
4 2 3 5g37F AP =N F AAe E3FAE wH AL
HA o vtHAAZ APEHN, g sE2 JAAHY g A o]59 F
4 F%i lidocaine-HCI 200 ppm 2+ NaHCO; 100ppm &3 o2 31y
AL, ojuf £ AA Y pH = A9 pH ¢k A tH(Table 5).
FAAZ PG B o7 A 2 FH of e HEES A
gomA o 7HAE HUstd ¢ o] FAUTn EAFHASTATH
ANA = ol wprpEAtg e vdd FFFAAE o Hste] 1

25k vb 9lth(Cho et al, 2011). 12} 2 A3 2o A &) FF2HE

o] Hiole ot ddelE s MEd I

HHE = gFo] F xHEFHE FHL o (Cho et al, 2011; Cho et al,

2013), L FEh7E &nAke] HFE wEAT7]d = oy ws AYa A

oo 4
N

N

o]

3&

offt
e,
ro

o
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T e e 2d 9 Aol & FFado] e sl
ol At o] ovaprim, S-GnRH, LHRH-a, hCG ¥ ol

F HRud BE FolA ul§ a9H0 ez HiHo gl
(Zohar and Mylonas, 2001). o] & 7|3} o}F 2] Akgho] Qo] ovaprim
7} S-GnRH & 53] A4 w7|FE AFste] AueA dF3atadtfe

Al g g23Al Ae=w ®axo] th(Brzuska and Adamek, 1999;

J|m

Haniffa and Sridhar, 2002; Padmakumar et al., 2011). &y ¥ A2
¥}, ovaprim ¥ S-GnRH A2 A& FHAste] & Fo] Atebfol+=

Abgo] E7ls3lelal, LHRH-a, hCG 2 Yol &4 A-$, Aol st

o] AtgfEe] AME Thedk ASe=Z YEWtH(Table 2). Zohar and
Mylonas (2001)+= o798 =2& Ao &gt Azt fF & Al 15x=9 F

e A=

rlu
of
o2t
filo
N
X
&
dlo
filo
i
Kl
rot

vk o], ovaprim ¥}

oF IFAY FEE el HHAVIE BEAG 4P it Y

B %3 QU tH(Zohar and Mylonas, 2001). 53] el A A5 a4
H ¥-HEtrA - A S 28 AP o aRHeR xHFoR
A odake] Ade, g 2 Az frElE % AT ks T8 AY

ol =2 ofFe AoHikE S B2 AF7F ol FoAa JvH(Kiran
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et al., 2013).

2 Ao A AE fFrol AFE&¥ Human chorionic gonadotropin
(hCG)2 EjHFe] syncytiotrophoblast Aol ol A EH = T2 F O 2 A,
o AFo s AbEE 7P =S R dlu/g o sRolAM A AL &
S gdsioy 2 ATolM AHeE wREs A HE A5
Hj eFS o] F o] A ¢kl Ohta and Tanaka (1997)& tfiite F=
0.1~4Iu/g ¢ FXoA 2tdo] fFr¥EE Aoz Budk vk glo] hCG &=
B oFo Adfrds AgaA @ Aoz yehgt a8y Az &
TE9 lu/g M= &34z YeY o
B

1970 A F-5 o572 2tdfFEo] AFE&¥E  Gonadotropin-releasing
hormone (GnRH-a)&= & 7Fe] F+27F A2 {fAFsH7] W&o, o] F=5
B Ad 22840 449 GrRH-a ¢ A A1 83k o me et
o] o] &% 9t (Sherwood et al, 1994). o] = LHRH (Luteinizing

AC)
N
ol
o
=2
rr
N
)
o
pIe
flo

L
oX,
Hx
do
o
9,
ies
w2,
0
g
il

hormone-releasing hormone)= Al 8HE 229 slUzA SFAIAHE
22(LH) % $x2ASZ22([FSH)e 2HE S8t =22 A
3, LHRH ¢ #4291 LHRH-a = %7F =41 ofFoll 23 AR A}
=] ool A7IZE Aol delsls 5 0ol natural LHRH o]y
GnRH 2t} &4 g3#<lo] By o] Qui(Alok et al, 1993; Linhart et
al., 2001). Harvey et al. (1985)2 =zl deje] LHRH-a S sea bass
Lates calcarifer 9} rabbitfish Siganus guttatus | 9.0~ 235 ug/kg & &
=2 FYste] 2~4¢ F A#ES F5=3% vl 9tk Ngamvongchon et al.
(1988)2 7] 2heb o] o] d ofF 8F& o= LHRH-a 9 &
W= ZAEE A3 walking catfish Clarias macrocephalus < 20 pg/kg =

o
o)

w2 13 FAge] FAL 16~18 A% F e A4 BReAw, o
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o] 3}9] silver carp 9} bighead carp = 5~ 15ug/kg 5= = 23] FA}SH
A~8AZF el maHom Ahaghe B ausiith 2 AddolA = ofE
Ti7b BHag ofFael AHed wkREY v

g F&E=2 LHRH-a & FAsley o5 BF dxas} A5 A
ol 7F UEf YA ol 2 Ee FEju v A4 Al a3t gle A
o2 FaHdeh a#y u7] oFolA Tan-Fermin et al. (1993)2
0.05~0.1 wg/g ¢ LHRH-a ¢} 1 pg/g 9 pimozide & &3 AFE3}o] Asian

SO
T

~

catfish Clarias macrocephalus ] W &S F%3 #v} 931, Leeuw et al.
(1985) African catfish  Clarias gariepinus © 0.0omg/kg FxE°
LHRH-a ¥ bmg/kg &%9 pimozide & 1 3] FAFS) A &9 100%7}
ArEs BFSATE old dor E sEES =l ZA3A<

pimozide & ¥ EFALEste] AF4kgt 53 dart & A= do

ol
filo
o

Carp pituitary Hoj¥etFA|E 28 1930 WthH-g o] 79 <lFatahf
=5 9o Al HE TERORA UGS ofFdA &3] AREHIL UT
(Pullin and Kuo, 1980; Baleri, 1985; Ufodike and Amadi, 1991). 53] #}
A2 A A A AFE w7 E T FAEY Aol AALdES

Frestz|7h dol 3 o7 Foll Bl&f oleel deATS 93 Yot
Az2s G502 AgstAyY B S22 53 Agste] 1960 A o5
B B2 A7/ Al=H 3 9a(Sneed and Clemens, 1960; Bidwell et al,
1985; Busch and Steeby, 1990; Goudie et al., 1992; Kelly and Kohler,
1996), -2 w713} ofFoll A Abde] FaEd T AR 2~9 ug
Jg ol A ArEhfEo] FHz o] ®HmEo] 9rHObi and Popoola, 1994;
Omoregie et al., 1998; Zonneveld et al., 1988). o]o] & A& o %= o€}
w7 oA AFEE FEHT w22 w50 1, 2 2 dmg/g = AP St
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2 Aoz e, A€ W77 o] FQ Pangasius sutchi 2 7S 2

o 309 2rxHom JojHstFASELS FAE A3 30 = 21

0
H

A B $43 A3= Hol(Chattopadhyay et al.,, 2002) 2A Fx7A U
NA= FE 257 AFEEo ¥ U4 AHE Hole Zo=E Hid w

Ao ko 2B+1TCHTF U & 252 A & F&& #4373 239

=
w73k o5t dgaket fFimel ¢lo] Kutwal et al. (20152 African
catfish  Clarias  gariepinus ol  3~6mg/kg ¢ Yoj¥stFAE =2+
LHRH-a +AF41¢l 0.3~0.6mg/kg 2] Ovupin-L (salmon GnRHa)<S =3
Aglsle] AFHor AHaS §E39 3, Audo and Ofojekwu (2010)= 4
~6mg/kg F=° dolHFAE=ZEH 04~06ml/keg o ovaprim & I
FAHE e =2 A FEES 42 HF Sk oo B AT = CP %
LHRH-a ¥ ovarprim E£2&& 5% A&3st7] 9 ol g4& HE
&3l oy Table 2 oA BXo] felw|7]o] H4FA Al & AAZ #
ARSEATE ol & ATelA = frEHz]e] AEd FFES 7AA d A
Aol AR ZRAHoe=wE yehd CP9 hCGE Lam  (1982)%
Andrade-Talmelli et al. (2002)°1 4] “ERd TRkt W o=z 94 st
o Argkfo] sttt wEb GnRH 9 ovaprim ©] ¥ F2] A3
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