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A search for contraction and relaxation responses on the smooth muscles, antimicrobial and antioxidant
activity in different body parts of 4 freshwater fish and 4 marine fish were conducted. The four freshwater
fish studied were Sarotherodon niloticus (tilapia), Channa arus (snake head), Cyprinus carpio (Israel carp)
and Silurus osotus (catfish), and the four marine fish were Scyliorhinus torazame (tiger shark), Atelepus
Japonicus (tadpole fish), Mugil cephalus (gray mullet) and Thamnaconus modestus (file fish). Frozen samples
were extracted with distilled water containing 1% acetic acid. Antimicrobial activity against Bacillus subtilis
and Escherichia coli was detected in extracts from several tissues in all species tested. Relatively high
antimicrobial activity could also be detected in the bile extracts from C. carpio, M. cephalus, and T. modestus.
Contraction and relaxation responses on smooth muscles could be detected in all species tested, especially
in the intestine extracts. Antioxidant activity was also detected in extracts from several tissues in all species
tested, while in the extracts from S. osotus, excluding livers and spleens, no antioxidant activity was
detected. Results from this study suggest that fish are a potential source for the discovery of novel bioactive

materials.
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S5 A 9 FBYO] 5EE AW BEH
3 = o] 2boll A squalamin (Moore et al., 1993), g X
9] 5o Az ol A hipposin (Birkemo et al., 2003), 5 2]
o}7}H] 2 R-E] chrysophsin (lijima et al., 2003), ® 7] o]z
E] HLP (histone-like proteins) (Rovinette et al., 1998), hybrid
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AALEARZAME 19621 HA 9] el 40 2 RE eledo-
WA E o] % (Erspamer and Anastasi, 1962) 3H55E-of| 4]
HE QIZte] o]27|71A] trtet MEQ 2 ERE ANAA
HEF]=E (neuropeptides)©] LA AT} (Krieger, 1986). A7
4 Jelolme ASHGEZZA AZANN A5 A 2
Zd 9&5 39, acetylcholine (ACh)# 7+& vizlElo] =4
transmitters} A WEF k. 423 9Tk (Elliott and Barchas,
1979; Krieger, 1983). °|&2 BT 524, EH] 5
9 o|¢h TEAY 9 et 2 So] 9L gisln glon

(Zadina et al., 1986), oxytocine/vasopressin family, growth

¢

hormone releasing factor family$} substance P (SP)/tachykinin
family 5°] HFFE 9 THAFFENA FHLEA LA
of 5 1ol JudAet AgHAe A3 FRE AT
AUTH (Hoyle, 1998). R o] 5 EHES T}k 279 afukAy
S ERHE WHAHAY (Chauvet et al,, 1994; Holmgren and
Jensen, 2001; Irwin and Wong, 1995; Iwakiri et al,, 1990; Jensen
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and Colon, 1992; Rinehart, 1983; McMasters et al.,, 1992; McRory
et al,, 1997; Parker et al.,, 1993; Salzet et al.,, 1993; Waugh
et al., 1993; Waugh et al., 1995)

S, FAAIE AFHIHER o] SEHEA AEIG A
oA Fa3 YRS AA = EHOIAU L free radicalo] =
3h, ¢ B9 H TS doie 8Ue R AFHHHA
A= =59} dEASAZH F5E W T} (Ames
et al, 1993; Rice-Evans and Miller, 1996). ©]2| g+ SI3lA| =,
tert-butylhydroxytoluene (BHT), tert-butylhydroxyanisol (BHA)
5o A 3418 A9k a-tocopherol, vitamin C, carotenoids,
flavonoids 53 2-& A d4tshA 7t dubao g AR w1
JA B} o] kA EA4o] 52 SIS HdEl
A gAsts A3yl el A AP EI AT (Kang et al,
2003; Kim et al., 1997; Koshino et al., 1996; Park et al., 1991).
E3 HIBESZHHEE FE B84 YEilE my-
cosporin-like amino acids (MAAs)7} £aj&o] Wt
(Dunlap and Yamamoto, 1995).

geta B APl e @B Beo] 4%, Yekuo}
(Sarotherodon niloticus), 7V&32 (Channa argus), 1 (Cyprinus
carpio) B W7 (Silurus osotus)SF Fol 4F<Q, 7o
(Seyliorhinus torazame), HT]X| (Ateleopus japonicus), %1
(Mugil cephalus) & F|A| (Thamnaconus modestusys A8t
zAWR 229 F 3, FEPo|, BRE £33 0|92
2 s B4 SR

R

SEINED

Tryptic Soy Broth (TSB), Yeast Extract, Tryptone (Pancreatic
digest of casein), Agarose (Low EEO), 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) ¥ 3-aminobenzoic acid ethyl ester (MS-222)<
Sigma*} (St. Louis, USA)ell Al 45ttt
sulfate 2 Potatoes Dextros Borth (PDB)E Gibco BRLA} (Grand
Island, NY, USA)Z5E T3t}

3} Streptomycin

Al 2
2ao=

Yol AR 8Fe) ol F RAE WA o}
= A E FYstAnt G9ols 95 (Sarotherodon niloticus),

7VEX) (Channa arus), &) (Cyprinus carpio) R W71 (Silurus
osotus)E AHEslYon, slgole T84 (Seyliorhinus
torazame), ELE) A (Atelepus japonicus), & (Mugil cephalus)
2 F X (Thamnaconus modestusyE 22} 20k ALE-31 T
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Aolgle Al E MS-2228 T3 riEE of
FEL 747} olrlH] (gill), BIF (spleen), ¥ (intestine), I+
(liver), 2172 (kidney), B3 (bile), & (egg) @ F¥ (skin)Z
Bagle SR7E 232 At FEg 23 g A

58 1% acetic acidol} 1:4 (wv)] HI &2 E33 & thijd g
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AAsL7] A 10830 B F, =3
(IOGC, 45%’:, 15,000*,%)&'91‘:}. /‘J%O—H% Z‘}Z} E_o}‘l]:—:ﬂ, pellet
o T SUW 2A0Z FE5HYT, HEAL

Azxzx st

ogk

LY
Mol thol st &Ade] 42 radial diffusion assay
(Lauth et. al., 2002)2. 2 3t o sAF&X-& =335}17]
A3 A gram-positive bacteriall Bacillus subtilis PM125 (B.
subtilis PM125)9} gram-negative bacteriall Escherichia coli
D31 (£. coli D3NE AMHE-SFH T} B. subtilis PM1259} E. coli
D3le 74z} 73 de] o e 4384 9 v= =S
ol F=Htistue] ke okE ATFARSEH AFUUT Zt
T TSBO| 37ColA 375 vt &g a5
YAEE] (104, 2,000xg)H & 0.1 M phosphate buffer (PBS,
pH 6.7)& 33] RHE-5t] A& S F TN (Asom=0.1)S tryptic
soy agar (TSA) wiA|2} E3}0ch ARS-3F TSA wiA| o] 22
23 2tk SxLB broth 20.7 mL, 0.1 M PBS (pH 6.7) 20.7
mL, deionized water 58.6 mL, low EEO agarose 1.57 g, NaCl
0.5 g, Streptomycin sulfate 10 mg.

FHIgE WA 2mm He FEE OE F AFRA FEE
& FYBIATE 37Tl A a7 &< s 5, A=
zone?| A7|E FHdAe AxE R )
77k FE2EERFE 3mgs FHotd 0.01% 24+ 1 ml
of 5 &, F AEY 15048 S Fa8A SH AHEsHAT

gt 2go] &A1-S Candida albicans (C. albicans)E A5
t}. Potato dextros agar plates (PDA)A] & dj <43k C. albicans
= potato dextros broth (PDB)o] AFA1Z1 & 30Col|A] 4843
F st 1x10° CFU/mLe] H=% Eulstath F3ol
o] 100 L9} 100 L 0.01% FAH =91 A|EE 96 well plate©]]
247} 4%k &, 30C oA 24A13F FRF M FF T 620 nmoll A
OD#E Z74ste] Ao AEE FRAsth

oFe &0 st ~HEY

oo Aol tig FHE4 st ol
w 7] 9} slj=ol wAo] (Eptatretus burgeri)®} T2 A2}
o] o}xe] AT (Shin et al., 2003)oll 3 W FLEA
=8t F40xg 424 FEFEEETH 2mgs FH)
o] 0.01% ZAHE-A [ mLol] = F F A5 1/50%S A
3l 58498 ZAstAn

7] ool 524 A AMES g 2L
t}-&-1 2t} NaCl 100.8 mM, KCl 2.5 mM, CaCly-2H,0 2.5
mM, KH;PO, 1.1 mM, MgSOs 1.2 mM, NaHCO; 25.0 mM,
Glucose 11.1 mM. 3+H, Hodo] Zghe] F£HEA ZA ol AlE-
3t Aggo o AL thEd T NaCl 445 mM, KCl 10
mM, CaCl,-2H,0 10 mM, MgCl,-6H,O 55 mM, Glucose 10
mM. F&20 93t £ o] A s 107
M2] carbacholol| A, w]7] Aol el A 10° M9} carbachol
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AN =8 FEd tat AhHA FE 02 ey

Guinea-pig aorta (GPA)O| CHSt O|2t&e| &3
Male Hartley] guinea-pig (300-350 g)= decapitationd}&] &
55 AN & HFE o2 QAT aorta® HAHIHAT 2A
g aorta/] AAZ2AE AASL, 2mm A= 1S e
Force Displacement Transducer (NEC-Sanei, Tokyo, Japan)$}
SmL ¥H3-29 AZE L-type wireol]l AW ¥h-g-Fol] §AR
B2 1g o] AAHESE 9083t B} AHL, 10%
BAo R dF8AE A FA 1g Fgol FAHHA
50 mM high-K' &40 2 33] &5} AZLL, o] F P& £5
E291 10° M9 prostaglandin Fz, (PGF2)E 0|88t F34)

T ARE Tt A7t FEEEZNE 4mg# H
sted 0.01% A& 1 mLe =9 &, & A89 1/5048
ALg-8te] ol @S EH3AT o9 e ZE #HH
Kreb's H58-9 3lo| A ojFojd o, 24L& v @E}

NaCl 118.7 mM, KCIl 4.7 mM, CaCl; 1.8 mM, KH-PO, 1.2 mM,
MgSO4 1.2 mM, NaHCO; 24.8 mM, Glucose 10.1 mM.

Guinea-pig ileum (GPI)0l| CHEH +=F& Ao =X
Male Hartley#| guinea-pig (300-350 g)-& decapitationd}&] &
BE A% F ileumS Q] HE3H longitudinal muscleS
e, 1-22em?) 9HOZE YS9 Force Transducer
(Narco F-60, Narco Biosystem Inc., U.S.A)S} A X thell AZAS}
Ak 1 g9 Aol FAHER 9087 HHE Ao, 102
Ao SFEAE wAS FU 1g FHo] FA=HA
10°M9] carbachol& ©] 83} 33) B43} /\]?\i_ﬂ o)% A&
& HE&39. "]E’L«] Ed 2 carbachol F~E=HH-S 100%E
T A8 #5 48 JUE %2 ‘/}E}Uﬂoi‘jr Z}z} o)
- EEHE 4mg~ Fsted 0.01% 2284 1 mLo] =<
& AME9 15085 ARRSY A4S SASHATH GPA
°ﬂ AME-SE Kreb's HE-8N ] 247 U3 A& *}%0}
o, W82 95% 0,9} 5% COE 2083+ 8 A|7) &

R o ;}l{xl oL
e
°¥N Hi

lo o~

<

L R A3 A)AS}] 4 mL methanol®l] &3l
A1} DPPHE methanolell 5o 1.5x10* Mo] H &2 FH|s}
Act A4zte] 22EEZREH 3mg #8tA 0.01% 248
1mLel 39 & & A8 15088 AME5te] B4e 23
9} 1 mL DPPH solution® F&E2] 1/500] LEH 4mLE
UV cuvettol]l 4] 83} ZFA] 520 nmo| A ODZFS 334
3, AolA 3087 WA = 0D & v ZZ* o}aac}
ZT (control)E 1 mL DPPH -£-999)) 4 mL methanolS- &3}
3 AS A-8-8H4Ath. Radical scanvenging effect (RSE)S] 24
L& Of 4oz A3

RSE (%)=[1-(0OD of sample/OD of control)]x100

8% olf XA O ERH FET FEEEY YT B I

7] 3 gram-positive bacteria?l B. subtilis

PM125, gram-negative bacteriaql E. coli D31 2 C. albicansE
ABatslc

01 4%20) a 558 AME3lod B subdlis PM1259}

3 & = }_/\}*8}2511‘/} (Table 1). Ee}so}
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% HYo g vl g2 9 4 F2E2FL

Table 1. Antimicrobial activity for the extract of the freshwater fish tissue against B. subtilis PM125 (Bs) and E. coli D31

(Ec)
Species Tilapia (S. niloticus) Snake head (C. argus) Carp (C. carpio) Catfish (S. osotus)

Extracts Bs Ec Bs Ec Bs Ec Bs Ec
Gill ++ - + - - - -
Spleen - + + + ++ + - +
Intestine - - - - - - -
Liver - - nt nt - + - -
Kidney - - nt nt - + nt nt
Blle - - - - +++ +++ - -
Skin - - nt nt + + -
Egg - - nt nt - + ++ -

The final concentration of the extracts used in all species were 12 1g/mL, respectively. -, no antimicrobial activity; +, antimicrobial
activity when the size of clear zone is lower than 5 mm; ++, antimicrobial activity when the size of clear zone is between
5 mm and 10 mm; +++, antimicrobial activity when the size of clear zone is over 10mm; nt, not tested.
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B. subttlls PM1259]] 3] whe-& H$
7 E. coli D319 t&) gh+fat
28 B. subtilis PM125
X E2 E coli D319l
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oJF A FEEEY HEE FEHES AR H8IAM
Bgoio} o)) B AgsA o™, 27t 107 2 10°Me]
carbacholdl] 913 F52¥ 100% F&] &) A +==
#2499 % JehiAo.

Table 3-& Aol o} w7]9) Aol U3l ©4o] 459 24

FE2E9 B2 55 NS YEPAT (Table 3). tIF-E o
Yetulol FEBE 2 o] ARl ohs) W32 ehiAT,

= = H

Aok 7HEAIE AFEE 2579 el dia oirin, ng
2 Y FEE taAH 8- HERIAT, bile FEEL
HHE-S HolAl okt 4, ool B w7l thR-2o F58
e 8T 5L Uil 53] w719 A, &
F2E2 300% o149 £&4L a3 oy, A, A%
9 R 22855 T3 150-250%9) B £EIES BT
Table 4= 27goiet v 71o] o] tigh sfsro] 459 24
e

Table 2. Antimicrobial activity for the extract of the seawater fish tissue against B. subtilis PM125 (Bs) and E.coli D31

(Ec)
Tiger shark Tadpole fish Gray mullet File fish
Species (S. torazame) (A. japonicus) (M. cephalus) (T. modestus)
Extracts
Bs Ec Bs Ec Bs Ec Bs Ec
Gill - - - - - - -
Spleen - + - - - + - +
Intestine - - - - - - - -
Liver - - - - - - - -
Kidney - - - - - + ++ -
Bile - - - - +++ +++ - +++
Skin + - + - + - - -
Egg - - - - - - - -

The final concentration of the extracts used in all species were 12 1g/mL, respectively. -, no antimicrobial activity; +, antimicrobial
activity when the size of clear zone is lower than 5 mm; ++, antimicrobial activity when the size of clear zone is between
5mm and 10 mm; +++, antimicrobial activity when the size of clear zone is over 10 mm; nt, not tested.

Table 3. Contractile activity for the extract of the freshwater fish tissue on the hagfish (E. burgerz) and catfish (S. osotus)
intestine. Contractlle effects were expressed as % the maximal response to carbachol, 5x107 M on the hafish intestine and

cabachol, 10°M on the catfish intestine

Tilapia Snake head Garp Catfish
Species (S. niloticus) (C. argus) (C. carpio) (S. osotus)
Extracts

hf cf hf cf hf cf hf cf
Gill 82 0 96 80 83 90 150 220
Spleen 0 0 118 42 17 50 120 146
Intestine 100 70 46 96 104 90 182 271
Liver 82 0 nt nt 458 57 118 171
Kidney 73 50 nt nt 79 70 151 250
Bile 0 0 0 0 50 30 nt nt
Skin nt 0 nt nt 50 36 120 200
Egg 82 0 nt nt 0 0 317 308

The final concentration of the extracts used in all species were 20 zg/mL, respectively. hf, hagfish; cf, catfish; nt, not tested.
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Table 4. Contractile activity for the extract of the seawater fish tissue on the hagfish (E. burgeri) and catfish (S. osotus)
intestine. Contracnle effects were expressed as % the maximal response to carbachol, 5x10° 7'M on the hafish intestine and
cabachol, 10° M on the catfish intestine

Tiger shark Tadpole fish Gray mullet File fish
Species (S. torazame) (A. japonicus) (M. cephalus) (T. modestus)
Extracts

hf cf hf cf hf cf hf cf
Gill 77 43 115 168 107 46 38 42
Spleen 77 40 135 155 40 42 56 58
Intestine 155 153 110 100 157 96 100 63
Liver 118 77 280 114 50 0 72 40
Kidney nt nt 115 159 43 0 19 63
Bile 64 0 60 50 0 0 0 0
Skin 27 200 145 145 67 42 38 125
Egg 0 35 200 200 100 nt 88 67

The final concentration of the extracts used in all species were 20 rg/mL, respectively. hf, hagfish; cf, catfish; nt, not tested.

Table 5. Relaxation activity for the extract of the fish tissue on the guinea-pig aorta

Species Extracts Gil Spleen  Intestine  Liver Kidney Bile Skin Egg
Tilapia (S. niloticus) - - - - ++ nt - -
Snake head (C. argus) ++ ++ ++ nt nt + nt nt
Carp (C. carpio) - nt - + + +++ nt -
Catfish (S. osotus) + ++ ++ - + nt nt nt
Tiger shark (S. torazame) - - ++ +++ nt - - -
Tadpole fish (A. japonicus) - + - - - - - ++
Gray mullet (M. cephalus) - - ++ ++ - - - nt
File fish (T. modestus) ++ - - - - - ++ -

The final concentration of the extracts used in all species were 16 rg/mL, respectively. hf, hagfish; cf, catfish; nt, not tested.
-, no relaxation activity, +, weak relaxation activity; ++, moderate relaxation activity; +++, strong relaxation activity; nt,
not tested.

WA= &, 7h olvie] 9 0 FE2FE 07 52 ko] A= dhgo] FAHIYAT, sfjold e oldanrt PUTH
BAHT ol P FHEL A Wgo] Auel A, MRl & 2FE 242 Ax ol me) Ao o] g
A FES UEPE AT o 7]9] Aol tisA = olrte], & vElin
g, A W 98 F2ER g Bk A9 e .
PONE e FEEE At Yol 0 vrle) guey  GPIO Wt = #d
M SEeS Uebdc cept meAe) 2R ey Fis 18I FESISE Abgste apiel Hd TEU S S
Ao ozt Be Sdo] BAHYL). Gmojep g4F  HERE Zelth w7l 2k, obrhe], g 5l A% %%%_‘Q__
S sl0le] AST HAHOZ olrtn], HlA D Ay 2 HaZo) ) 75k FEReS el o, $of 9 7|9
BEGAN 723 HIYD 2=z 2go] BAEAT FEZEE U 5 49 24E JepAS (Tabl 6).
Fol9) w7l olrbE], A% D 7elN FEALE 5% whg
GPAO|| CHEl 0|2 & < Rtk Y A% 28 A4, WrdNE g
GPAc) Hie offf 22 £E2e) 012 B ANS S gryAn goloiE SNl wRHA AR E
At (Table 9) 7R oV 7S TG FEEAT golol whd FEgE GRol ol £EBAS Yehin
Feg ERIARE HAE orlul BN 28T gy sojo Ao AB FEEBo| OhE 2He] FEENT
11113] ]“ le“’ﬂ’ﬂ“* ojg&EA S YEHY FH FE2E O 2o wee myon WM A% 2xZo| gl
A, 7VER], W7, FE30]l 2 sl ME FASE o] ekg %27 2ZERT A 2o 2z2adsE Jehlgdo
& Relon, 7 2550 A9E Folo) Foint TEA
ool A oFzk ] & ¥hgo] #AHUTE Fr|EAE Bl gHitst 2y
ol Yetujol, o} P vl ZRE) A 2HEL ojgukg  OlF £ F2BEo) W48 B olur] AslA
& VERARE glgro] ] A FEEELS vH-S Ve DPPHE AH§-3te] RSEE ZAFstATh #4kst &4 4ol
A Futh wde A A elRIIA R 7ER] 9} ol 3k 2T 24 Vitamin CS 0.8, 4, 20, 100 2 500 zg/mL
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Fig. 1. Typical tracings 1llustratmg the contractile response for the catfish extracts on the guinea-pig ileum. Each arrow

represent carbachol (5x107 M) and the extracts of each tissue applied the ileum. The final concentration of the extracts

used in all species were 16 xg/mL, respectively.
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Table 6. Contractile activity for the extract of catfish and gray mullet on the guinea-pig ileum. Contractile effects were

expressed as % the maximal response to carbachol, 5x107 M

Extracts . . . . . .
Species Gill Spleen Intestine Liver Kidney Bile Skin Egg
Gray mullet (M. cephalus) 28.6 0 63.6 45.7 0 47.4 nt nt
Catfish (S. osotus) 50 nt 50 66.7 nt nt nt

The final concentration of the extracts used in all species were 16 p#g/mL, respectively; nt, not tested.
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(A) Tilapia (S. niloticus)

(B) Snake head (C.argus)

Egg 1T N.T.
Skin 1 1IN.T.
Bile 1 N.T.
Kidney 1 1 N.T.
Liver 1 0
o Intestine ; R
© Spleen { L
g Gill N
>
) (C) Carp (C. carpio) (D) Catfish (S. osotus)
7 Egg | IN.T.
R Skin 10
= Bile - {N.T.
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Liver { 1
Intestine {7 10
Spleen { N.T.
Gill {_
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RSE (%)
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Fig. 2. Radical scavenging activities of various tissue extracts with freshwater fishes, tilipia (A), snake head (B), carp (C)
and catfish (D) determined by the reduction of DPPH free radical. The final concentration of the extracts used in all species

were 12 zg/mL, respectively.
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(A) Tiger shark (S. torazame)
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(B) Tadpole fish (A. japonicus)

Egg 1]
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Bile { — 1
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(C) Gray mullet (M. cephalus)
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Fig. 3. Radical scavenging activities of various tissue extracts with seawater fishes, tiger shark (A), tadpole fish (B), gray
mellet (C) and file fish (D) determined by the reduction of DPPH free radical. The final concentration of the extracts

used in all species were 12 pg/mL, respectively.
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