S=HX|d Sea Grant A|HCHSHAIIEE

2007 = = I AL HTDN

0=

Zo{o| 4| gl

—

(Effect of aspirin on reducing stress of eel
during its culture and transport)

2007. 3.

Hd
Iz
2
10
El
(/)]
o]
re
-
>
I
o

SLtX|2d Sea Grant A|EICHSIAIAEL



LtX|2d Sea Grant A|EHCHSIAIIEE F=TiCyst

k=3
Smsjisin 5% 73}

2 HOME 2006 725E 20074 3IIK|Q “HHRtO{Q] UAl T RE
= AERA ZA0 OlX= AspirinE0] 1P TM|e|] 2007HE X Z i

BEIMZ M&gCh

20074 3& el

smy  : Baistm
AYEE Mz
ATEE ¢ ogye
dojms PR



P A

=

AspirinfFo] &3}

(Effect of aspirin on reducing stress of eel during its culture and transport)

A

=
)

)

~o
TH

o] Ao} o TFH

1|

al 7

<

SEICERUETE

E o
7o}

A vgel A 2

ok
OF

0
e

<]
o
o
ol
Hlo

e

xX

p/]

0

A

DR

g A, A

qe] &

ol

Aol A=

.

(<))
2R

s

B

=
Eal=

s

p/]

—~
fife)

~

R

aspirin<

-
R

3t 71 9)

o
o

s

1. Aspirin®] F¢

< aspirind} A HMAE 2] o] W3}

k|
=

2.

ool
o

w_

olo] o] aspirin®

HPLC] <]
2. Fof

A

Fom) 2k

5|
pud

wK

Jlo
I

o}

=

il

z=

/l\l_

el

o] Htdt, Leucocritgk, A

ko3
T

fvze)

X
A

Tor

!

o
dlo
W



7k @& F°] aspirin (ASA)HFH &1

Aspirin(acetylsalicylic acid, ASA)2 A WolA 3] salicylic acis(SA)= F& &=

Aom duiA gk mebd Fol el M A s Wg DAl aspirin AT T
g AEa7] S8l ASASH SA9] Fare Al EAstolopart Wake] Wl Fo| ASAS

SA A& 98 HPLCEA =1 44 2 HE @9 I+&& 44 738t HPLC 4=

2L g5 2o S Wdo 8% 200 ol s WF 2TEZG pg/ml 2-methylbenzoic

acid, MBA in a 50: 50 mixture of 0.2 M HCI and 0.2 M orthophosphoric acid)< %7} &
400 w0 acetonitrile®} 33l H7bsldth. 4TColA 15687 WA & AAEE (12500 rpm, 2
) AAHAES 110 mge] AEE T3 Al A - o5 4T 1027 WA A

ok tAl 12500 rpmell 213 9% 5 A A4S membrane filter (0.45 mm) = o] 73} 91t}
o] 7ol 20 ulE reversed phase Novapak C18 column (4 m silica, 150 x 4 mm)¥} UV detecter
(237 )< F=#gk HPLCol 4% s &5

(85%), 180 ml acetonitrile) © = ettt @45 Wl =242 A3 acetonitrilS 7HgF
dAEYstrEA aRAoE AAT F AU A HEF FE+= ASAE 0.05 ppm, SAE
0.01 ppmeolA o Wao] d4& o] &3 348 ASA7F 70.8-99.6%, SA7F 95.2-100.3% At
min (ASA), 7.18 min (SA) and

T3k Retention time (flow-rate 1.0 m¢/min) < Z}Z}

4
9.84 min (MBA)2.Z H|u A Al&s] FAE 7 S AT = AU
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time, PT); activated partial thromboplastin time, APTT)¢] %3}
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To decrease stress in eel (Anguilla japonica) during its culture or transportation,
aspirin (ASA) known to inhibit platelet aggregation and formation of intra—arterial
thrombi in human was administrated by dipping or oral routes. Concentrations of
the drug and changes of fatty acids composition in blood plasma and muscle
tissue were periodically measured by high performance liquid chromatography
(HPLC) and gas chromatography, respectively. Some hematological parameters
such as hematocrit value, hemoglobin concentration, prothtrombin time (PT) and
activated partial thromboplastin time (APTT) were also determined to evaluate if
blood stream was improved. Histopatholgical changes on the gill, stomach or
intestine from the aspirin—administrated eel were observed to confirm any injury
on the organs.

A HPLC Method was developed for the separation and quantification of
aspirin(fASA) and salicylic acid(SA) simultaneously in eel plasma and muscle
tissue. Two hundreds ul of serum or 1 g of muscle was added to 200 ul of
internal standard solution (5 ug/ml 2-methylbenzoic acid, MBA in a 50:50 mixture
of 0.2 M HCI and 0.2 M orthophosphoric acid) and vortex mixed for 2 sec. The
mixture was mixed with 400 ul of acetonitrile, incubated for 15 min at 4C, and
centrifuged for 2 min at 12,500 rom. The supernatant was transferred into a
ependorf tube containing 110 mg of sodium chloride. The mixture was stood for
10 min at 4C and centrifuged 2 min at 12,500 rom again. The supernatant was
filtered with a membrane filter. Twenty ul of the supernatant were injected into
the HPLC equipped with reversed phase Novapak C18 column (4 um silica,
150x4 mm), and UV detector(237 nm). The mobile phase consisted of 740 ml
water, 900 ul orthophosphoric acid (85%) and 180 ml acetonitrile. The retention
times (flow-rate 1.0 ml/min) were 4.8 min (ASA), 84 min (SA) and 11.5 min
(MBA). The limit of quantification was 0.1 ppm for SA and 0.05 ppm for ASA.
The mean recovery from eel's serum was 75% for ASA and 120% for SA. This
method was fully applied to analyze ASA and SA in the plasma and muscle of
eel administrated by bath or oral routes.

Eel were administrated aspirin by either dipping in a concentration of 20 ppm
for 24 hrs or feeding the feed supplemented with 50 mg/kg BW for 7 days. After
administration of aspirin peripheral blood were taken from the arterious bulb.



And eel administrated aspirin by bath or oral routes were transferred into tanks
and kept for 48 hr and 120 hr to determine how long the drug residued in the
plasam. This HPLC method was applied to analyze ASA and SA of eel plasma
after either dipping in a concentration of 20 ppm or feeding the feed
supplemented with 50 mg/kg BW. Only SA was detected in eel plasma after the
administration of ASA by dipping or oral routes because the drug was quickly
decomposed into SA in eel plasma. The amounts of SA in eel plasma reached
the highest value at 3hr in dipping and 7 days in oral administration. When eel
administrated ASA by dipping or oral routes were kept in ASA free aquaria,
0.02-0.03 ug/mé of SA were detectable 48 hr after the administration.

Hemoatological parameters in the aspirin—administrated fish were greatly
increased comparing with those in control fish. But any difference in leucocrit
values weren't found after administration of aspirin. Administration of aspirin never
resulted in any histopathological changes on the gills, stomach and intestine.

After eel were kept in aquaria at 16°C for 48 hr or transported in bags for 4
and 8 hr after administration of aspirin, hematological parameters in eel
administrated aspirin were significantly higher than those in control fish.

When eels with methemoglobinemia were bathed in aquaria supplemented
with aspirin, sodium chloride, aspirin plus sodium chloride, or exchanged half
volume of the water, aspirin addition and water exchange greatly reduced
methemoglobin rate and nitrite concentration in peripheral blood stream. Sodium
chloride or sodium chloride plus aspirin additions were less effective than aspirin
addition to decrease the above two parameters.

From these results, it is suggested that administration of aspirin by dipping or
oral routes was very effective to improve blood circulation and to reduce
methemoglobin rate or nitrite in peripheral blood of eel which were under stressful
conditions such as low temperature and transportation or exposed to high
concentration of nitrite during its culture.
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AN 3z d7iE s3UES K Fd

A 12 WA A F4 aspirinF e FHE
Aspirin(ASA)2> FAZ & 44 Ao} anti-thrombotic agentSZ %= AF&% a1 Qo)
2 AT = WAl ASAE Foste] WA o]sFs ~EHXAE AiFstaxt gth. ASA
£ WAolo oF8 9 AT Tty faie A Wl @ To ASAY R A U
Mol g€tk ey ofA kA W] & Ul ASAS SA Wl #etH e glth whd
of ASA®E QA & A =& AW s s Wol o]&H i o] QA kF H AH
sEY AW ASA B #HEHY 4 W
o].&tﬂ- uhﬂ =t o];q] aﬂ;d m g} %q]g] ASAZE
1985; Mikami et al, 2002 ; Kees et al, 1996).
ASATE in vivool Al salicylic acid(SA)Z 2143 ®3E ™ 53] &, methanol, & ol A
= wA4s BlHRE AR dAA zdo] wg 7tthEth 53] oA = pHel wheh F A o

A GebA = d pH 2-3°1A4 7Fd tAsta pH 7.000 A& sk Thell oF 20%<2] ASA”7F SA
2 e th(Kelly, 1970). webA 2 Aol A9 ASA Fof Wo] Abgtolu &I e oF
8 52 "Hold Este] 4 FostnE giFite] ASAE SAE ®E7F ddEnh =3 )
Folo] FF Awe AAY 4 A vEa " AQHE A nHAALAE 5 ohds g
EZo] WAool dFHrug v|Ee] Ruy UHES F4o® WP I F SA9 ASA 4
of A%s WHs HE, AAsAnt

AL R
HaAlF 200 g9 WA (Anguilla japonica) 180vFE] S AetE-o &2 Aol <)
}el 15% urethanel v} g b3 Hat %F/‘ri‘a FAZIE ARESte] s Atol A A sttt
< 3,000 rpmoll 1023t Pkl A5 e s e S Rof =3t

3] ofl
= 71
g ol MEEZAG T 1 i BFShe] AL AZEA 80T REHA

ol

U}, Aok
Al glof ALg3F aspirin (acetylsalicylic acid, ASA), salicylic acid (SA)9} WHEFE
2-methylbenzoic acid(MBA)T SigmarlZF-E FYsFth. 28y ool A8 Fofsk ASA

+ AAE ASA(Bayer, Korea)o]l A& AF&3F3th Acetonitrile HPLC &+&

Korea)S AF&3t9a 7]E} Alefe EF8 Aok AL£319 )

Uk ASA Bl SA° A%

o] A ASAS SATHS HHFES Kees et al.(1996)9] Wl wg} HPLCE o] &
sto] AR AlgE AAEE Y U S Ao dlEd & 200uE A Tl FH 3
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Fig. 1. Chemical structure of aspirin (synonyms: benzoic acid. 2-(acetyloxy), salicylic acid

acetate).
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T YE 2524 8905 pg/ml 2-methylbenzoic acid, MBA in a 50: 50 mixture of 0.2 M
HCI and 0.2 M orthophosphoric acid) 200 @& #H7}ste] 1-2x%3F £33t ©A] 400409
acetonitriles #7}ste] &3 & 4ToA 168 FA3 & dA4%E (12500 rpm, 2%)3Fe] A+

THS FEotATh FTAES 110 mgd AES Tk Al A d-2Eg vhs 4T 10
3 A 12500 rpmell 283 AR E S A NS membrane filter (0.45 )= o )3}

ol HPLCel F¢ 3t

Age] Ab&e HPLCE UV detecter’t 28 HPLC(Waters ADE AM&3atlon Zql
reversed phase Novapak CI18 column (4 gm silica, 150 x 4 mm)E A3t E4%
Ao Teka (740 mé water, 900 ul orthophosphoric acid, 180 m¢ acetonitrile)S AF&3}

o F£5& 1 m/min, 29H 2% 30C, A& 342 237 oA 435S

=

AR AAY Y F S8 AEE AAR] S5l ASAS FolstA 2 Wge] Aol
ME §9% spike® T 33 WHste] YA 85 spiked

gk 35d Fro WEsE YERd Ak
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Wge] d4Y ASAS FHE S48 98 methyl benzoic aicd MBA)E Wl 3% )

o] HPLC 45 39tk ASA2 in vivoolAl 4143] salicylic acid(SA)Z &3] =] of
37C A& ¥bzlrlE oF 1A]7o]tH(Harris and Riegeiman, 1967). ulebx wizo]o] ofs-
2 7S B3 ASAE Fostel 2EHAE ARATIE OF FI AWS ARATHE &

A 2R o] AW Y ASAVF SAR #IE Zo® dAdEEE ASAS

SAE BAl 4 20& HESIY
7b R
T ACF B ASAE FolshA &S Wil FA o] ASA9 SAE spikedto] A%
HPLC? Z=ZvlE1%S Fig. 29t 2tk ASA, SA, MBA 7t B8 =7t 953l om W7o
7 A FzeA 2E7F Hol WA 3 T ASASH SA EA4o] e EHo] &S
oF 4= Qlth EF ASA 4255 SA 7.18%, MBA 9.84% 02 R 108 ol A&aA E4 o]

et ® AAY 2 HPLC EAZ0E Kees 5(1996)0] mud 917 @guel ASA%
SAZ Aol A%sA BAs] 8] AT mud Pow Wl Fgelw Aol s

A 2dS el ASA9F SAS EFE& NS acetonitrile® 742 0.1, 0.2, 0.4, 1.0, 2.0,

40 pg/mE HAF AL A3 F 33 WHE ZHalo] g3 g0 FE o v Wz uS

sl o2 e (Fig. 3). ASAS SA 5o 01~4.0 pg/mb % HLNA 34 &
= HARe] FHEAFTE 09960130 AP ew eyt

Wl WY & ASAT SAe) wEE 243 AAAE AR WA By T A5ae
AR/l AR ASAE FolshA e o] Wil ASASE SAE 57b4 FEOI 02
05, 1.0, 2.0 pg/ml)= spikeste] -3+ Hit 3]FE&S SA7F 95.2~100.3%, ASA7}F 70.8~99.6%
2 SAS] 5|%-0] ASAY Wshel %ol nrh Mo ZHo] HsArHTable 1. U7 @
o T ASA¢9 SAC Fgek FAEA ASAS IFEo] Yrh(Kees et al, 1996). °l=
acetonitriled] A7k @ Solo] A¥ Wi wF AAe) HF F AP ASAS ¥arh WA

7] W ow FoE)
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== ~—
SA
ASA
MBA
o ——
0 2 4 6 3 10
min

Fig. 2. HPLC chromatograms of eel plasma prepared (a) 3 hours after oral administration

of aspirin and (b) by spiking drug-free plasma with standards (ASA, SA, MBA).
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351 Acetylsalicylic acid

3.0 A1

2.5 1

209 y =0.7555x - 0.0494
r =0.9968

1.5 1

Ratio (ASA / MBA area)

Salicylic acid

34 y=1.3444x-0.1054
r=0.9971

Ratio (SA/ MBA area)

0 1 2 3 4
Concentration (4g/mé)

Fig. 3. Calibration curves of salicylic acid and acetylsalicylic acid.
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Table 1. Recovery of aspirin(ASA) and salicylic acid(SA) in spiked eel plasmas

_18_

SA ASA

Added Found R.S.D. % Added Found R.S.D. %

(ng/ml) (ug/ml) (%) Recovery (ug/ml) (ug/mb) (%) Recovery
0.10 0.095 10.1 95.2 0.10 0.071 18.2 70.8
0.20 0.192 3.1 95.8 0.20 0.161 3.9 80.4
0.50 0.477 1.8 95.5 0.50 0.423 9.1 84.7
1.00 0.940 15.9 94.0 1.00 0.908 6.2 90.8
2.00 2.006 4.1 100.3 2.00 1.992 18.7 99.6

* 1 n=3
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L. Aspirin (ASA)9] ¢F& 9 A Fo
of 8 29 e Ho] FoE FAS thE 28T 9 A}z 3] Z7]stHA 20 ppm
o] ASAo F&AZTE ASAE Al#e] A8 ASA (Bayer Korea)= A #3dto] 27 &34
7 9% AT F%7F 20 ppmo] HEE oFg g HIlstAn k& F 0, 3, 6, 12, 24A 7 &
AN st
B ekl WA o] s FEsto], oA T 2% dFshs AlEe] EEALE S
bR EFY] 110%0] sl ats Figol oAAF ke@ 50 mgel HE%E GAIZ ASAS E3std]

L
WEARE WEUT AR Folt UY ES WM o 1049 Felsigth Fo &
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5,7, 149 F AR %ol F 4Ngte] Fd the Ba el WHlE ALl Fele 236G F
ARE PG Behag FAG a)E FUTA AW B2 Relsg

b ASASH SAY & ZA
A 1] el mek AAsdn

el A WAk £A42 Lepage and Roy(1986)2] Wel wel AAlsdch =, 100
43 JHE FFE 2 (tridecanoic acid, C 13:0) 100 pg2 =9 2 ml9 methanol-benzene(4:1,
v/v)E A @] 2@Art. Magnetic bar® 23 wyeAA 200 ul acetyl chloride® A1413] 1
Holl AAA M7t F45% 3 & 100Co A 1413 &<9F methanolysisE sttt 714
& g@oo] WAAR F 9ES THANIAL EFES F3A1717] 918 6% Ko.COz 5 mlE
MAs] Hrrstdth wnkgk $ A4 FEete]l AF 9 bezene S GCol Fdskdth GCo +

MxAL Table 29 Zvh FAE AL A59 $dd x4 43 PUFA No. 3(

401,

©
=
R
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£
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o
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Supelco Co.)9] retention time¥

_19_



Table 2. Operating conditions of GC for fatty acid composition

Instrument HP GC model 6890
Column SP-2330 (30 em*x250 ¢m*<0.2 1m)
Oven temp 2207TC
Inject temp 240°C
Detector temp 240TC
Detector FID
Make up gas He
Flow rate 0.8 mé/min
Split ratio 30 0 1
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0.15 -

0.00 T T T T T 1
0 3 5 7 10 14 24

Bathing time (hours)

Fig. 4. Changes in salicylic acid (SA) of peripheral blood from eels bathed in a

concentration of 20 ppm aspirin.

_22_



v 2 7.8
3|7
a
10&-_ :
sl 16
éil
-"-1I 18
! 1
4&-, 12 13 z
| 9
m-‘ )]j 1CJ 17
| 14 i |
15 20 25 a0

1 .
_ b
100+
a0
60
E
40 !:
] ITI 18
1 f
20 mn 12 15 \
|, *—.-'LL. UJU"-"EJLMLLA——%}U L,—
10 15 20 25 30

Retention time{min)

Fig. 5. Fatty acid composition of standard (a) and eel plasma (b). 1;C14:0, 2;C16:0, 3;C16:1,
4;C16:2, 7;C18:1, 8;C18:1, 9;C18:2, 12;C18:4, 14;C20:4, 16;C20:5, 17;C22:5, 18;C22:6.
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Table 3. Changes in fatty acid composition of eel plasma during aspirin bath

Bathing time (hours)

Fatty acid
0 3 6 12 24

14:0 1.69 1.86 1.73 1.81 1.57
16:0 18.18 18.11 17.72 18.23 16.42
> Saturates 19.87 19.97 19.45 20.04 17.99
16:1-7 4.18 478 4.96 4.42 4.24
18:1n-9 26.45 25.15 26.40 25.50 26.52
18:1n-7 26.45 25.15 26.40 25.50 26.52
>.Monoenes 57.08 55.08 57.76 55.42 57.28
16:2n-4 6.18 7.09 6.30 6.41 6.47
18:2n-6 - 2.63 2.64 2.18 2.64
18:4n-3 2.37 2.65 2.59 2.46 2.80
20:4n-6 0.86 0.96 1.01 1.28 1.05
20:5n-3 2.08 1.21 1.04 1.35 0.94
22:5n-3 1.51 1.40 141 1.41 1.61
22:6n-3 10.05 8.02 7.80 9.45 9.22

> Polyenes 23.05 23.96 22.719 24.54 24.73
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Oral administration (days)

Fig. 6. Changes of salicylic acid (SA) in the peripheral blood from eels fed the
aspirin-supplemented diet (50 mg/kg of body weight).
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Table 4. Changes in fatty acid composition of eel plasma during aspirin oral

administration
Oral administration (days)

Fatty acid
0 3 5 7 10 14
14:0 1.69 1.56 1.81 1.46 1.73 1.65
16:0 18.18 17.72 19.34 19.70 19.41 20.2
>.Saturates 19.87 19.28 21.15 21.16 21.14 21.85
16:1n-7 4.18 441 4.73 3.56 3.90 4.35
18:1n-9 26.45 27.08 25.13 25.92 26.08 26.00
18:1n-7 26.45 27.08 25.13 25.92 26.08 26.00
>.Monoenes 57.08 98.57 54.99 50.4 56.06 96.35
16:2n-4 6.18 5.66 6.28 6.98 7.02 6.22
18:2n-6 - 1.06 1.01 0.61 0.61 1.17
18:4n-3 2.37 1.86 2.04 1.73 1.74 1.69
20:4n-6 0.86 0.79 0.89 0.79 0.95 0.74
20:5n-3 2.08 1.58 2.42 2.65 2.43 2.31
22:5n-3 1.51 1.14 1.26 1.22 1.25 1.33
22:6n-3 10.05 10.06 9.97 9.46 8.80 8.34
>.Polyenes 23.05 22.15 23.87 23.44 22.80 21.80
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Fig. 7. Changes in salicylic acid residues in the eels plasma after aspirin bathing for
24 hours.
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Table 5. Changes in fatty acid composition in the eels plasma after aspirin bathing
for 24hours.

Hours after aspirin bath

Fatty acid
0 6 9 12 24 48

14:0 2.26 1.70 1.96 1.86 1.53 1.43
16:0 17.22 16.09 16.92 22.24 17.06 15.74
>.Saturates 19.48 17.79 18.88 24.10 18.59 1717
16:1n-7 5.76 4.69 4.96 4.74 4.55 4.77
18:1n-9 24.75 25.72 25.50 22.43 26.31 26.76
18:1n-7 24.75 25.72 25.50 22.43 26.31 26.76
>.Monoenes 55.26 56.13 55.96 49.60 57.17 58.29
16:2n-4 5.64 5.08 5.77 6.17 5.57 4.49
18:2n-6 2.56 3.20 2.369 2.82 2.31 2.33
18:4n-3 2.46 2.73 2.53 2.07 2.33 2.45
20:4n-6 1.04 3.40 3.19 3.75 3.08 3.02
20:5n-3 3.36 0.82 0.72 0.86 0.81 0.83
22:5n-3 1.45 1.65 1.44 1.36 1.35 1.62
22:6n-3 8.74 9.21 9.15 9.27 8.79 9.80
>.Polyenes 25.25 26.09 25.16 26.30 24.24 24.54

_29_



2
~~
g 4
N—r’
<
n
2
O L] L) ’ ’
0692 24 48 72 120

Time (hours)

Fig. 8. Changes in salicylic acid residues in eels plasma after oral aspirin-supplemented

diet for 7 days.
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Table 6. Changes in fatty acid compositions of eel plasma fed the aspirin—supplemented
diet (50 mg/kg of body weight)for 7 days.

Hours after oral administration

Fatty acid
0 6 9 12 24 48 72 120
14:0 1.69 1.79 1.68 1.75 1.76 1.72 1.46 1.51
16:0 18.18 19.00 18.78 18.16 17.13 19.32 18.16 17.98

2.Saturates 19.87 20.79 20.46 19.91 18.89 21.04 19.62 19.49

16:1n-7 418 413 3.76 4.35 4.64 4.48 4.45 4.36
18:1n-9 26.45 26.67 26.81 21.23 27.09 25.33 26.51 27.04
18:1n-7 26.45 26.67 26.81 27.23 27.09 25.33 26.51 27.04

>.Monoenes 57.08 o747 57.38 98.81 58.82 55.14 o747 58.44

16:2n-4 6.18 7.17 6.94 6.23 6.48 5.93 5.60 0.9
18:2n-6 - 0.62 0.52 - 0.93 1.12 - 0.98
18:4n-3 2.37 2.06 2.18 2.34 2.29 2.05 - 1.80
20:4n-6 0.86 0.66 0.76 0.79 0.81 0.80 1.24 0.75
20:5n-3 2.08 1.62 1.77 2.40 1.78 1.85 1.99 1.63
22:5n-3 1.51 1.12 1.16 1.14 1.22 1.28 1.67 1.15
22:6n-3 10.05 8.48 8.83 8.38 8.78 11.19 12.41 10.20

2.Polyenes 23.05 21.73 22.16 21.28 22.29 23.82 2291 22.06
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A 33 Aspirinol @A WS Wehsty W WelmF by W3

slmtEAe]EA B+ leucocrit® = ol 7o UAMHY 2EHAE HUME o g AMEH AL
2lth (Blaxhall, 1972; Hickey). 74 ZE# 2= =2 HtxE vYeg ™ (Soivio and Oikari,
1976; Wells et al., 1984; Barton et al, 1985), ¥& Htx+= AW ZAFHASS w3t}
(Cardwell and Smith, 1971). Leucocrit value®= ©]F9 7174 el A E =2 (McLeay and
Gordon, 1977; Wedemeyer et al., 1983), H| A A 0 &2 =2 leucocrit valuet®= FFA]% <l == Ak
HE v sl (Wedemeyer et al, 1983), =2 02 & Jeucocrit value: H4 2~E# 20
2% += corticosteroidsel] 2] 3l ‘“/]—L:rL-% 3ol A H 7] o] A Y (Donaldson, 1981:
Schreck, 1981), W& 9] 33 E F¥st= AdA @ 79SS o ndth(Wedemeyer et al.,
1983). A8 GHARAE 04’5‘}@ gelgarjdel A v B e x=(fibrinogen)e] ¥ E ¥
(fibrin) & = ¢] A &3 DHEF AAZE e I S T VI &l 7B SFS 59
S LA ko] Ao Xt

A gk thE 28T elA 353 &

4ov
1o,
=
ol
2
Ll
i

7 e A ALSEA AT 200 g

A7 e ApEE AT,

L}, Aspirin (ASA)9] ¢F& 9 A4 Fo
oFS 29 ol Ho] FojE FAF U 28T AbzZb 3o F#3] Z7|5HA] 20ppm
o] ASA° E&A AT ASA+ Al AA-E& ASA (Bayer Korea)w A &3}
v+ AT F%7F 20 ppmo] HE=E ofg 2o HIbstlvh o8 F 0, 3,
AN sAT
BT w8kofa Ao Fxo] F&eto, oAl T 2%0l It Alwe] AL
ok ARG 110%°l iF et T AT ke 50 mgo] HEF &3AI7 ASAS =

H
dto] wkEAlEE WHEQIT AR Fot 149 B9 vjd 9A 10410 Fqsgith Tl F 0,
3,5 7, 149 F A8 Fo] ¥ 4Agte] AHE v dae] wHdols Aol 4L ®
gAY AT R xspe AFHsAG
|
ol 23G FAR S FAE Fetad FAGu)R vFAY Ee el A st

At} Prothrombin time (PT) % activated partial thromboplastin time (APTT)+= 3.2%
sodium citrate7} 0.3 ml7F E°] A= Al#e] ZF#2~EH A]F#R vacuette (greiner bio—one,
Austria)ell A, 1 & v AFAES Hg FAVIE AMESA T Hematocrit=]
(Ht), leucocrit*](Leut, McLay et al., 1977) ¥ hemoglobin’s = (Hb)E A& &}a1= 3u}g] ol A
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oS pooldte] Ab-ahltt.

24
m (
ot

2}. Hematocrit value, leucocrit value % hemoglobin 5% =4
AP A FutEag ol &7 sealerZ B3 th A2oA FviEIIE R
2] 7] (Hakwsley, England)® &3+ 11,500 rpmoll 4] 5&7F 94 23k th. Hematocrit] (%)
= micro-hematocrit reader (Hawksley, England)® 7 & o] oo tfdt A FZ2] w0
o] "] Lo 100& #3ate] AF=E3FA T Leucocrit*l+ McLay et al.(1977)2] Wyl ug} =43}
b

U S 29 driEadE d4vE 94 & ALy €45 Aboldl 3= buffy coatT
Sl i

9] AFAn A (x 50)2 digh wlolAZWELR A3t v A o= AL
Leucocrit*] (%)= buffy coat?] o]/ dH2] o] x 100
HrIENe] FRE AGHEHRSEIHoR Y 25-50 wE 349 5 met Este]
Ao 3087F WA S 2 540 mol A S EE ZA5te] AulFE #5te] AALEA
nt, PT 2 APPT? =4
Aol PT 548 9 APPT =748 kit (Dade Behring, Germany)& A}-8-3}o] A=
Abe] A Al whel S A RE of Foll A&7 fste] oFgbe]l WEAA FASHTE S 39

]

2] o] defZ poolste] 3.0 m7F W= ZetaE Aol AET o 43 A FF] F &
etk Ads Alga-S 3,000 rpmell 1027F A4 e b AH A AF o] Hro AP
o &71aL vtE FAsAY W Bastdur 44
PTEAL 84 01 ms Al@ddol] ¥, 37C9 &gz 183F 7Fg t& w2 37T
% 7}&3 Tromboplastin C 0.2 mES #H7}stal stopwatchES F21L A AE 7 o] H

258 71l sk Arad "Wolgrl A H= SaLARE (sec)=
APPTE 37C9 2% 0.02M CaCl; (Dade Behring, Germany) 2-3 mlS ¥ A3
7 APPTSA S actinAleF & Algd o] 0.1 m7t & A1g#E 78] 7F2sksth & actinA] €F9
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TFEAI S 1Eol k. 7Fgh actinAleF 0.1 m7F & Al AAE €4 01 mS v
T o5 vA] G2l M 323 ZRskdth 3wolE 7] A oF 102l mE h2E =
CaCl; 0.1 meE g3 3ol =& w1t actinA] ek o] &5H Al@ded H7bsta
stopwatchE F2i 2 sttt Aldds ZAdo] WE=o] Adae 3 FE7kA 55
T UAES AFHS FES] Ve A" 525 Ao Wolgrt A4HHEA & FH oA &
< WMZAAS AT (sec)e FAsEAT Wollrt AR=A 1-2% ol #Fsta gled A
Fxo HEe 12 Fol Fde= AAS wEsurt A7 AS At A 54
s

_33_



AX = HAFH3sE] 10%TAH 2o 14

& o5 el wet 5
me] FekE 24 HHE TS Mayer hematoxylin & eosin (H&E)SFA § 4 wsts
A

AL A
Aspirin®] FS-+ 2 AF Tt dExLANAY dvtEAZEH), leucocrit®], PT %
APTT #kel #exk= P>0.059)

FFo A student-te] AAOE Bu3Y
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2. 23 3 nF
7F. ASA<] ¢F&
Ra2H FEe WslE Fig. 991 X A8 ASA
oF8 o] Htxl&= 333% AR, kS & a9 HtAol| vlal] EolA (P>0.05), k8- 3417 2
o= 33.8%, °F& 6A1F 12A17F Foll= 77 355%9F 36.5%, 1Al oF8 24A3F Fofl =
Atk 28y leucocritx] = ASAFE Y R

ol

-

ASA%E T Bz FrIaH T dASA FrEdT 5 dxae sraEd
°] TEE 6.10-6.17 mg/100 m¢o 2 Wst7b GAAAIRE, ASASFS 3417 $H-H 656 mg/100 mé=
Z7val7) A &ske], 12473 2447 o= 242 7173 7.68 mg/100 ml O ®E k& A]7lo] Zo]
Ays D2 FrIFEHl FEs S8kt

ASASS Wtojo] Wz ool PTH Y APTT#S WaE Fig. 100 EASIA T dlz2a-9
PT#2 51-52 sec® W37l gl whd ASASFE 9] PT#H-2 dlzxol nls] dAsA 24
ATHP>0.05). & k& 3A17F Fol= 54 secE SaAgto] ZAojxow ok&x7to] ZAojAds

| 24X 7F o= 6.2 sec® 7HE =A 1Lk}

ASASFE wigolo] Wzl APPTHS FEAI7te] AAASFE dx9 6.2-64 secl
v &) $arAlzke] AA A Ao A (P>0.05), & 12417 T 244 3¢
2 Zdojxth ASA9 oF& AJzto] Aoy = PTA ¢ APTTH 25 4 .
A 8 Fo] mo] ofrin] Ao W3 Fig. 110 FAIE AAY izt 2ol i
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Fig. 9. Changes in the hematocrit values (%) and hemoglobin contents (g/100 mf¢) of

peripheral blood from eels bathed in a concentration of 20 ppm aspirin or control fish
(n=3).
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Fig. 10. Changes in the prothrombin time (PT) and the activated partial thromboplastin
time (APTT) of peripheral blood from eels bathed in a concentration of 20 ppm aspirin or

control fish. Pooled serum from 3 fish was used each trial (n=3).
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Fig. 11. Microphotographs of gill from eel bathed in a concentration of 20 ppm aspirin for
24 hr (A) and control eel (B). H&E stain. Bars indicate 10 m.
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Atk 5 Fol 7d%5d= 6. o] 10¢ F¢F 14Y¢ Fole= 747 62 secE H AT
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Fig. 12. Changes in the hematocrit values (%) the hemoglobin concentration (g/100 m{) of

peripheral blood from eels fed the aspirin-supplemented diet (50 mg/kg of body weight)
(n=3).
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Fig. 13. Changes in the prothrombin time (PT) and the activated partial thromboplastin
time (APTT) of peripheral blood from eels fed the aspirin-supplemented diet ((50 mg/kg of
body weight) (n=3).
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Fig. 14. Microphotographs of the stomach (A) and intestine (B) from eel fed the

aspirin—supplemented diet (50 mg/kg of body weight) for 14 days. H&E stain. Bars indicate
10 .
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1. A&

Wole] FA AAol= HAF 4xhd o] S st o = 1A Al Aol (0.2g)
£ o] FXste] 30-404 3t AbFste] AlFol 3-4 g W, 22k A
o] AFo] 10-20 g uwjojr}. 1)L 3z AEHLE tha
o AAJShE mpA el Feb e 3x) A & 60-7T09 7 AFSSke] Al Fol 200-250gY W A
Aletar ek Al WS 7l fish pumpers ©]§3te] Axe g A
b= Zlo] drbAoltt. 16-18TC 9 FolA AEE 3 tF vl Ak
;A g Ao F8ske Aol WA A Aty 2EYA

D
T
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e
(N
>~
>
o1&
ol
ol
2

ZH-g5HA frh o2k ofdAte] HAL RSN
(hemoglobin, Hb) kel S59€o] gle WMEREZFEY (methemoglobin, Met-Hb)
o7 ASAlA oA A F = F(methemoglobinemia) S 1A 7] 7] wlitolt}. oA 555
A7) = obdAke] Fs ofFol wel Fugk o7l e Ae® ®HuHvh (Cameron,
1971; Russo et al., 1974, Smith and Williams, 1974, Westin, 1974, Brown and McLeay,
1975; Konikoff, 1975; Simth and Russo, 1975; Colt and Tchobanoglous, 1976). o}F& 2k A ¥
o AFAIEE Tt oAl dHoR FUEoE EHNAY ofdAte] wRE AT F
A wiel @Al =™ (Eddy et al, 1983), @ o] of&dike thr] A2 o] 53ste] Hbel #H
o] &g Fe’' 2 23tAA, Met-Hbo 2 WatA 717 k. 2oz 49 Met-Hbe %7 4
e s Ao AFAEN 98 AststAl ¥tk (Cameron, 1971). A7 Wi7do] &
o] Met-Hbo] H|&& 1% =o] A "H(Kawatu et al, 1987), o}&d 4t F552] Met-Hbe| H]
4-66%Z(Kubota et al, 1981), @, op7iv] B ko] Moz B, ez os
AdT do] w53 galE ke WA, HAIEY HdA @2 B ooprbr] dyuiel €4
@A, I v SRAE" A HH o] Al Aew HuEHH (Kubota et al.,
1981). o9 oAt F5F9 AsEx AFFECA Met-HbE #HAaA7I= Aoz 4#HA
ascorbic acid®] T (Bancroft et al,.1945; David et al., 1988) L+ %°]F <] methylene
bule2F&-(Wedemeyer and Yasutake, 1978)%= A2t th7le] A% ol7u] S £33+ oA 4ke] of
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7F. &A1
it AF 200 go WF (Anguilla japonica)s Wb FA G Ao A Q) & o 2FA) = 8
2] FAYE A #2012 m x 12 m x 0.8 m)ol 783t 28Tl Al Al o] ‘i‘—f‘/\}
25 FolstdA 373 &AAR vE ARSI

L ASAC] Fo] B AR, FF B oA 2EY

Wgolo] 2EHYAE 7FE7] Aol 20 ppme ASAC] 28Tl 24417+ FE&A I AY EE
T FolE ofAF kg 50 mge] ASAVE HEE Ale] wiFAbme] EFSIATE U3F AFR
o] & oAFT] 2%% dto] 7 Uit Tt ASATY F WAolE Al s wrdE
7] 918k 16CAsH7F 5o e Fxo &7 4821 WA AY TH] % 21
gste] flske] wld FAo] Wo] 4AF i 8AITE AR F
Wl Axste] AHFAY ASES AHFAT xS ASAE FoIshA ¥ WAl
5 22 219 A2 A 5 vhe AMEsTh st A A Pste] Hb, HtY 4%
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=d E}% 109 potassium cyanide

(ADE SAstdtt. 54 AHEe 43 A ol A H=
AN A " FEEE A &%

40 WE #H7Fske] Met-HbZE cyanmethehemoglobin & &

& 3 Jhe] Ar=olo] 10% potassium ferricyanide (KsFe(CN)e)9l 100 wE 7} &3t3t
& 08mlE AFste] WHe®E FAE(AIE FASAY. F3= 54 F 29
ANdHo g F=8 e 10% potassium cyanide 40 = HA7ts) & £33 & TR E(A4)E =
Aottt ¥ ET 630 nmollA S8 e, A2, A3, Adel Z+7zF 1.013, 1.033, 1.047< 3}

43 FRES A7 An'E g MEfRIRI B 0k & Joniy 7o

Met-Hb (%) = Al-A2'/A3'-A4" x 100

gk oprul o] W] x 2 sk st

e Ao 5a AEd s
o7t kg dH Ao r

Astel A mel FekdAd xujsk o 5 ome 2AAEHESE vECY Mayer's
=

rlo
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ASA9] oF8 T AT Fo F AW 1S wdEy] 98 16T Aol A 48412k Al
39S we Hg =9 Htx 2 W3 E Fig. 1591, PTX 92} APPTA 9] W3l Fig. 169
Aletth. ASASFE o] HtX &= 358% %2 RS 328%%sken, A FFoldo s Tl

ze 307%2 ASAFoOITo] B oy Eohth. 8ty FFFo S vl

sts w, F&ae] Htx7F A Folel nlsl =4 vebsth (P>0.05). ASACl 24413 k&
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Fig. 15. Changes in the hematocrit values (%) and hemoglobin concentration (g/100 m¢) of
peripheral blood from eels held for 48 hr at 16C after adminstration of aspirin by bath or

oral routes. (n=3).
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Fig. 16. Changes in the prothrombin time (PT) and the activated partial thromboplastin
time (APTT) of peripheral blood from eels held for 48 hr at 16°C after adminstration of
aspirin by bath or oral routes. (n=3).
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Fig. 17. Changes in the hematocrit values (%) and hemoglobin concentration (g/100 mf¢) of
peripheral blood from eels transported for 4 and 8 hr after adminstration of aspirin by
bath or oral routes. (n=3).

_49_



71 sec® UET-9

25 57 secE FE9 49secet 45
Foluto] = YERSEHP>0.05).

-

Bube A WERR A, Fo

o] PTH

1
o

A

T

1

]

SA

k)
Al A RE

o] APTTH

iR

=
<

=

PN
T
ST

f

)

52 sec® bH.lsec® thF3}

1

Z_'

ASAFS-2] APTTH

6.2sec®t 5.9secol] H|

PTA = 7

6.8sec®} 6.4sec® Tf

72

-
R

==
TET

~

oy
i
4o
e

~

A

ol

3kt ASA

T ST Y

S

Al

3
ar

Fig. 19¢

=

=

1 3}

j=

sto] A o] ASAE

S

_CH

o

o] =7 YErsttt

RaAgel A

=y
4

o)

_AO
ﬂﬂ

B
i S

ﬂo

B
!

N

7

oy
T

Hlo
|

A=A okt

o)
<0

& o

W

AR 919 A sahol

o

EN

Fig. 201

ol

_50_



[/ Bath
E Oral
6 - C— Control

PT value (sec)

APTT value (sec)
D

4hr 8hr

Fig. 18. Changes in the prothrombin time (PT) and the activated partial thromboplastin
time (APTT) of peripheral blood from eels transported for 4 and 8 hr after adminstration
of aspirin by bath or oral routes. (n=3).
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Fig. 19. Microphotographs of the gill from eels treated with a cold-thermal shock of 16T
for 48 hr. The eel were bathed in a concentration of 20 ppm aspirin (A) and fed diet
supplemented aspirin (50 mg/kg BW) for 7 days (C) 24 hr before the thermal shock. B and

D are controls. H&E stain. Bars indicate 10 gm.
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Fig. 20. Microphotographs of the stomach (A) and intestine (B) from eels fed the

aspirin-supplemented diet (50 mg/kg BW) for 7 days followed by holding in tanks for 48 hr
at 16 C. H&E stain. Bars indicate 10 gm.
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Fig. 21. Microphotographs of the gill from eels transported for 8 hr. The eel were bathed
in a concentration of 20 ppm aspirin for 24 hr(A), and fed diet supplemented aspirin (50
mg/kg BW) for 7 days (C) 24 hr before transportation. B and D are controls. H&E stain.
Bars indicate 10 gm.
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Fig. 22. Microphotographs of the stomach (A&C) and intestine (B&D) from eels fed the
aspirin-supplemented diet (50 mg/kg BW) for 7 days. The eel were stressed by

transportation for 4 hr (A&B) or 8 hr(C&D). H&E stain. Bars indicate 10 gm.
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Fig. 23 Micrographs of peripheral blood and gill from eel exposed to 120 mg/ ¢ NO>-N for

24 hr. Peripheral blood and gill tissue were stained with May-Grunwald giemsa and

HE, respectively. Bars indicate 30gm in A and 10 um in B.
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Fig. 24. Changes in hematocrit value, methemoglobin and nitrite in the plasma from eel
treated with aspirin, sodium chloride, aspirin plus sodium chloride and water exchange. The
eel were previously exposed to nitrite (120 mg NO.-N/#¢) for 24 hr to induce

methemoglobinia. Vertical bars indicate the mean SD (n=4).
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aspirin plus sodium chloride and water exchange. The eel were previously exposed to
nitrite (120 mg NO2:-N/#¢) for 24 hr to induce methemoglobinia. May-Grunwald giemsa.
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Fig. 25 Micrographs of peripheral blood from eel treated with aspirin, sodium chloride,

Bars indicate 30 pm.



Fig. 26. Micrographs of the gill from eel bathed in 20 ppm aspirin (A), 0.8% NaCl(B),
0.8% NaCl and 20 ppm aspirin (C), and tap water (D) for 24 hr. The eel were kept
in aquaria added 120 mg/¢ NOo>-N (pH 5.0) for 24 hr to induce methemoglobinia. Bars
indicate 10 pm. HE stain.
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