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ABSTRACT

To define the effects of various levels (0~15%) of dietary n-3HUFA on the physiological
changes in the Korean rockfish, variations in blood variables and hepatocytes were studied.
Biochemical serum analyses, lactate dehydrogenase (LDH) activity of the liver cytosol and
ATPase activity of the liver microsomal membrane were also studied.

The haematological values (red blood cell, hemoglobin, hematocrit, MCHC, MCV and
MCH) were not significantly different in the experimental groups (P>0.05). The total protein
and glucose levels in the serum were affected by dietary n-3HUFA levels. These levels in
groups fed n-3HUFA insufficient diets were significantly lower than those of n-3HUFA sufficient
groups (P<0.05). Serum levels of total cholesterol, free cholesterol, glutamic pyruvic transami-
nase (GPT) and glutamic oxaloacetatic transaminase (GOT) showed significantly higher values
in the fish fed n-3HUFA deficient diets (P<0.05). The LDH in the serum was dropped with
increasing dietary n-3HUFA levels, but the LDH activity of the liver cytosol was elevated.

Histologically, the hepatic cell in the fish fed n-3HUFA free diet was abnormal and showed
a necrotic condition. Ca*”-ATPase activities of the liver microsomal membrane were significan-
tly lower in the fish fed n-3HUFA deficient diets than in those fed n-3HUFA sufficient diets (P<
0.05).

These results suggested that the liver cell membrane was affected by dietary fatty acid
compositions and cell membrane of the fish fed n-3HUFA insufficient diets showed abnormali-
ties.
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Moo

EHAH BES 288t #9202 AMEHI e 71 dutAel We 1 B89 mEgaks
W3S ZAMehE Zlolth. o2 s o] iR 82 § Jdvhe At R FFH ol(Inui
1969 ; Inui and Yokote 1977 ; Munkittrick and Leatherland 1983 ; Lemaire et al. 1991), #% faf&o)
B4 o YRR A EY oW, MY HStE oAl BERES o= Ax 39
US Aoz AAHAY £ B A1AELS e HALHEFR 2 o Barnhart 1969 ; Kawatsu
1972, 1975 ; Murai and Andrews 1974 ; Poston et al. 1976 ; Hung et al. 1981 ; Watanabe et al. 1981 ;
Shimma et al. 1982 ; Murai et al. 1982 ; Cowey et al. 1981, 1983 ; Wilson et al. 1984 ; Mosconi-Bac
1987), 71 fafEo] AMA= A4 &4 9@ 44 el webAE(Cameron 1970 ; Nelson and Shore
1974 ; Lane 1979 ; Munkittrick and Leatherland 1983 ; Eaton et al. 1984 ; Rogie and Skinner 1985 ;
Babin 1987a, b ; Garrido et al. 1990) ffkeolv Mo Haledy L7 Poh

AR NNBE 5 53], S wHASHA 54 98 3= 71Fo =AM HrkaEel A sk=A Aluel
22 W3yt 2AHEE, ke T 1 559 #ERES 39T & s F28 ool
7= fapkte] ARG (essential fatty acid, EFA)©] 2B WA i 2& 523 thAl 7] B0l o4
A 2@ Baslo] ioH(Castell et al. 1972a, b ;5 Watanabe et al. 1989 ; Bell et al. 1991 ; Le-
maire et al. 1991). o1&8] & HA& LBES FAsle F4 XA 9] BB AR e}l MEp ot
H3lE Y] o2 #|AEh(Stubbs and Smith 1984). Holmes and Kummerow (1985), Conroy
et al. (1986) 3} Lee et al. (1986)2 FF#lieel microsomal membrane®] ATPase &Alo] MMIEY fg
PRkl uhel WslEts §4 558 e g Hudlg e, microsomal membraneS- JE B o
iR el Ca¥r BEE Z=Hste 7|52 7HX3 ok SlEC A e 7124 REEKE 4 559
22 Aoz Adsed, & folA Au 3 MK HEEE e 5o TEE MK kel Mkt
BEHERY EFA @nktbol melbA wilg- 28td o] FE3] 2} A #EHE o2 o] 3|
FPH A7 A9 glenz EFA fZo B kS AkBez A2 de 71259l 4]
o9 HEg Aot

ot FE(ZF % 1993) A n-3% SETEAIIERME (n-3 highly unsaturated fatty acids, n-3HUFA) ©]
ZuEete] EFAYS W3 #HIERRS ddAe fEE Fo BEE(12% 33)9 n-3HUFAZ}
gsojor & Zlez B, n-3HUFA7) B&5T BREAME R 9 % BEER] KT
Holh kA9 EFA RFo 2 el olFoA &3 TAHE A BIfFH F, dlAl, A=gv] 22
W Ty e 2ol fEK (Higashi et al. 1966 5 Pacha 1968 5 Castell et al. 1972a) & &5 2] ¥,
G2} BT B 2 e fgE o) FrlEol lo] kel n-3HUFA #5o] WTgsES AstZ + I+
7FedES A% vk QUo) o]9) e AEUL 7k n-3HUFA HFo2 A% A BlE JAAY
zH &g A9 olF FLAY F U= FEIL gk WA AR 29EE9] EFAY fklY
n-3HUFAZ} ofAol] vlX= (BRI TS FESY] ¢ ke n-3HUFA &&°) 42 o2
ERAHE FE =0Eee] Mgtk mBEms, s Mk &3t Bk Hates
ZAret A

%y = U P5 S
KLY n-3HUFA €F°) 0~15%H =S 85&S 6 F2 HBRHAKE 1084 M 2A8x(F

BEE 16~349)S W32 RS A8 en, & BRENA 60 vhaj(ng, mEms 2 A
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fH 1 15912] X3 ¥HE, B cytosol E microsomal membrane &£ 15w X3 WHE) Y EZ5)q

syp7el ALgsT.

11D Tk 3 7N

M-S PIEFH BAEAZ dPole] v aor d3§ FA)2 NPt Eme mg =
AR mgtERe 2418171 shA 322491 heparin-Na (Sigma, 100,000 units)-& II#E 1 cc@ 0.05
cc= 2] & complete blood cell count ¥ (FA4 A1) ol ¥ o] red blood cell (RBC) <=, hemoglobin (Hb)
3 hematocrit (Ht) X5 HIE 33, mean corpuscular volume (MCV), mean corpuscular hemoglobin
concentration (MCHC) 2 mean corpuscular hemoglobin (MCH)-& A b8t} ARiMERPEIR-S A}
at7] 913 sl A g mkS SA 79 (Wright-Giemsa strain) 3] 817 0 2 #2339t} RBC
4+ Hayem A 4(Ishisu) o2 M#&KS 8 4AA Thoma E7 HAABH red cell pipetS AM&3}o]
A3t 2.1, Hb= cyanmethemoglobin H.2 &, Ht= RA#E S 2 microhematocrit & AF&5}o]
Z+z} JisgstE ol MCV, MCHC, MCH= th23% 22 Axdoz dqu),

MCV (um', TR0k 58 =Ht (%) X 107/RBC.

MCHC (%, ik s 2328 #@E) =HbX 100/Ht.

MCH (pg=10"g, Tk AZF2W &) =HbX10"/RBC.

&5

MFRT S A MRS 220 30 5 223 F 3,000 rpmol A 10 45/ 94 Belste Jzae
-70Coll T2 RESIAA 13 o[ujol SHrat ATk MmiES TS B kit (oFAA <) E AFR 3} total
protein biuret ' 2 =, glucose, total cholesterol @ free cholesterol& E¥3EiE 0 2, GPT (glutamic
pyruvatic transaminase)$} GOT (glutamic oxaloacetatic transaminase)¥ Reitman-Frankel #2902,
LDH (lactate dehydrogenase) = B¥EHE(RAM71AW) o2 53473k

FHas

BREE 3B S Al A5t Bouin's solutionoll L3 ¥ 70~100% Lo g4:5}, paraf-
fine® Evjste] 4pm# FAZ & hematoxylin-eosin FAste] Bastch

o] cytosol & microsomal membrane EE3E;EM

FFe] cytosol® microsomal membrane2 Lowrey et al. (1981)¢] AMEFE WL 283l 22
Atk 5, A2HUTINA A9 o] FF& slsle] FA T S 24 2, gzt ne
% ice-cold 3mM EDTA, 154 mM KCI (pH 7.4)¢] ¢z oz 2~3 3] A H3la] B4ES AAS HS
9uj9] FY 5N 2 Teflon-glass Potter-Elvehjem homogenizer (Pyrex) oAl 73 &3H5tqc}. o]
SF4-E 600 xg, 10 #3F 14 £2](Sorvall RC5C centrifuge, HS-4 rotor, 4 T) & 3 A5
15 &3+ 94 £ (Sorvall RC5C, SS-34 rotor, 4 T3l ‘32 A5 -8 105,000 xg, 60 57 YA £
(Beckman 18-80M ultra centrifuge, 80TI rotor, 4 C)AI AT} o714 de A= cytosolZ 3,
LDH 7&EtE &4 822 A -70Col ¥ F cytosol®] LDH fEHS 4314 AAEL Hgo)
ice-cold Tris-maleate (50 mM Tris, 50 MM maleate, 100 mM KCI, pH 7.4) %802 XA Az}
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105,000 xg, 60 -3+ ohA] Q4] B2le ¥, 5= BhE SHTHSE -70 Toll ¥E Hasti, yvAe
ZA] Tris-maleate $t3H o2 A3] 34 AlA protein FE bovine albumin (Sigma) & BEHEFo 2
3le] Lowry et al. (1951) kel wig} £33 ¥, ATPase iEHES SA 34

B¢ microsomal membrane®] Ca’* -ATPase {fittS Hwang (1990)°] A}&3 W HS o4 WY
AlA ZQstH . &, Ca®" -ATPase iEEHIES] 7%, 1.0 mg protein/m¢ microsonal membrane®] crude
protein, 25 mM Tris-maleate (pH 7.0), 2 mM ATP (sigma), 50 mM KCI# 5mM¢e] CaCLE &3}«
shaking water bathZ 25 Coll 4] 30 7} incubation A1 7! ¥, 2mbE #3ted 15% TCA SHo 2 whgg
BAAZAT o] & 3000rpm, 10 27t 44 EEAA A5d 1mE st FEEHA YeE PiE
Fiske and Subbarow (1925)¢] W o2 ZA st A3l r)

BEREEE 0TS 93 MAIEEY 322 Folch et al (1957)9) Wdl] 8t sy, =4 A2
%12 Juaneda and Rocquelin (1985)2] o) wpsic} 22 54 22 14% BF;-methanolZ
methylationA] 21 %, gas chromatography (Varian 3400) 2 BgihfE2S sl ow SHriEir2 Rish(ZE
% 1993) 9} Zt}

MatERIE

2E P25 ANOVA-testE 4AA13ko] Duncan’s Multiple Range Test (Duncan 1955) 2 #5419
BEMES AR, ORSHS AASH HEMRE A AT

R
AR
itk (RBC 184~ 245 10/ mn?, Hb 9.3~10.2 9/100 mé, Ht 28.1~32.4% , MCHC 29.8~34.6 9/100 m¢,

MCV 128~155 pa’ ¢+ MCH 40~54 10° ng)& % FERIEHN A HEALU Aol& HolR &o} Atz 9]
n-3HUFA 483 mgikae 3848 8435 38 4 ¢iti(Table 13 Fig. 1.

miER S

MRS S Table 13 Fig. 29 vebd uwlsl 2ok dX mEEREEEE(2.76~3.63 9/100 mé) &
AHBH, fi# n-3HUFA 09% 7HAE S71stt7t L o dolMe 4R #(345~3.63 9/100 md) &
A A

MR (36~71mg/100 mé)- f¥te] n-3HUFA &&o| BINT,E HEMNY AolE HolHA B
matg.ou (p<0.05), n-3HUFA 0.9% ©]’32] HERIZE o)X < 67.07~70.63 mg/100 mé ¢ 2 HREAIS
2ol 7b At

Total cholesterol & (137~86 mg/100 mé)+ n-3HUFA €8] =& FERHRENA PolA= AL
Uehl i} n-3HUFA 0.9% o4l ERECIA = 97~86mg/100 M= ¢ o4 7Aadh=A] ¢hatrh. Free
cholesterol &7 (84.2~63.8 mg/100 mé) = total cholesterol 5 X W3t} FAMSE AL B =d, FE
13} 5 o] 99 EREMINME Wil Zo] o FEMS AolE HolA skt (p=0.05).

% GOT 2 GPTS Z+z} 159.7~47.0 (Karmen unit), 28.0~11.1 (Karmen unit) 2] HAZ &
Efd HE 2eolE Vel HA #8519 n-3HUFA &&0] 243 Mo st Kt sdld 713
wrott} (p<0.05). LDHE 3888~1539 (W-unit) ] oA GOT<} GPT9] W3l A v|=atA
Eltov) FEtEBpez FEMY Aole U
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Table 1. Hematological changes of the Korean rockfish fed diets with various levels of n-3HUFA
__for the test of the changes of blood chemistry and liver cell properties

Diet 1 2 3 4 5 6
- SEM!
n-3HUFA level (%) 0.0 0.3 0.6 09 12 15

RBC (10%/mn®) 245* 222 258° 212 193° 184* 2813
Hb (g/100 mé) 9.3 9.9 10.2 9.7 9.5° 9.3 040
Ht (%) 295° 295 316 28.1° 324 282 278
MCHC (9/100 mé) 32.07 338 32.5° 346" 29.8° 344 253
MCV (um’) 128° 134° 136* 133° 189° 155° 2859
MCH (10 °mg) 39.7° 45.3° 4.0° 45.7° 54.3° 51.0° 6.82
Total protein (3/100 nf) 276 2.76 3.06® 345 363 3.54" 0.16
Glucose (mg/100 me) 43.12* 36.03° 50.77% 6707 70.63° 67.13" 7.70
Total cholesterol (mg/100 mé)  137° 130° 105 97° 86° 89° 10.10
Free cholesterol (mg/100 mé) 84.2° 814® 754 65.5% 638" 65.6® 559
GOT (Karmen unit) 159.7° 1148 1224  103.0™ 47.0° 58.2 1645
GPT (Karmen unit) 28.0° 20.5° 16.2 18.1° 11.1° 14.9" 1.90
LDH (W-unit) 3888° 3050° 2286" 2508° 1539° 1801 1109

Values are means from replicate groups of fish, and the means in each row with a different superscript
are significantly different (p<0.05).
! Standard error of the mean, n=3.

FrAE&E tk

Fig. 3¢ yebdl niel Zo] n-3HUFA M FHE ALS9 HBRES) A/ MK 6 (n-3HUFA
15% )9 vl3l, #fake] MmiEmE 2 FEHA X §si7t BAHUG

BF cytosolZ} microsomal membrane?| B¥FEEM:

FF Cytosol®] LDH {&EtE2 n-3HUFA €80°] ¥& BRENAM =4 velvds doh(Fig 4). Ca®*
-ATPase {&tE(Fig. 5) %= ¥t} n-3HUFAZY 371842 ol A n-3HUFA 12% A 713 =9t
=% microsomal membrane®] =4 A A F ERHEAEAL(Table 2)& fikt JSRAMEMARS) J S wo}
n-3HUFA €8¢ & BRENA 94 n-3HUFA7} S7H8t9EHl, EPA (0~2.7% ) 2.t} DHA (0~7.2
%) F71&o] © EUTh
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Fig. 1. Relationships between dietary n-3HUFA levels and those of RBC, hemoglobin, hematocrit,
MCHC, MCV and MCH in the Korean rockfish fed diet with 6 different levels of n-3HUFA.
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Fig. 2. Relationships between dietary n-3HUFA levels and those of total protein, glucose, total choles-
terol, free cholesterol, GOT and GPT in the Korean rockfish fed diet with 6 different levels
of n-3HUFA.
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Fig. 3. Hepatocytes of the Korean rockfish fed 1.5% (A) and 0.0% n-3HUFA level (B) in the diet
(A-1), x40 : (A-2), x200 : (B-1), x200 : (B-2), x400.
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Acttvity (W-unit/mé/mg protein)

0.0 0.3 0.6 0.9 1.2 1.5
n-3HUFA levels (%) in diet

Fig. 4. LDH activity of the liver cytosol of the Korean rockfish fed diet with 6 different levels of
n-3HUFA.

Activity (nmol Pi/30min/mg protein}

0.0 0.3 0.6 0.9 1.2 1.5
n-3HUFA levels (%) in diet

Fig. 5. Ca’"-ATPase activity of the liver microsomal membrane of the Korean rockfish fed diet with
6 different levels of n-3HUFA.
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Table 2. Fatty acid composition (area %) of polar lipid fractions in the liver microsomal membrane
of the Korean rockfish fed various levels of n-3HUFA in the diets

" Diet 1 2 3 4 5
n-3HUFA level (%) 0.0 0.3 0.6 0.9 1.2 15
Fatty acids
14:0 5.0 4.7 42 5.7 6.7 69
16:0 89 84 8.3 10.1 14.8 13.8
16: 1n-7 48 14.3 11.3 10.8 10.0 12.3
18:0 ' 6.9 6.5 6.8 6.7 53 5.8
18 1n-(7+9) 15.2 11.8 175 19.2 124 154
18:2n-6 115 9.0 105 9.2 5.1 43
18:3n-3 10.1 11.5 109 89 9.6 78
18:4n-6 43 2.6 5.6 2.3 2.8 2.1
18:4n-3 24 2.8 04 0.2 2.2 16
20:0 33 - - - - -
20:1n-9 - - - 0.9 14 1.0
20 2n-6 18 2.5 13 2.7 2.0 16
20:4n-6 - - 04 0.2 24 0.6
20 4n-3 - - - - 0.1 13
20:5n-3 - - 0.3 0.9 19 2.7
22:4n-6 0.6 0.7 0.3 0.2 0.5 0.6
22:5n-6 2.7 37 2.9 27 34 31
22:6n-3 - 0.1 1.2 2.7 69 72
24:0 04 1.3 0.5 0.8 14 0.9
Z(n-3) 12.5 154 12.8 11.7 20.7 20.6
=(n-6) 209 185 21.0 19.3 16.2 12.3
n-3HUFA! - 0.1 15 36 89 11.2
(n-3)/(n-6) 0.6 0.8 0.6 0.6 1.3 17

' Highly unsaturated fatty acids (C>20).

E 2

AER R MERhe 2 92 w2 283 42 Holx e, FE(Fuji et al. 1976) %
2 )70 40](Castell et al. 1972b ; Greene and Selivonchick 1990)9I M % fkte] EFA & i
Hb 2 Ht #te] & xpo)2 ol 47} glo] AEB #AH8Iith. Hbeh Ht 2 mugtike] stz
Aayoyol vjg Aol 2 P Yo E R4l S vhE o Fo| Aw, F 2o A2
Zo) wel M5 o}F 7174314 WS tha Barham et al.(1980)°] XA 3R % 0l, Mgk = a2l
EELEES AT wols AF35] HESIdoF & Ao s AztE v, EFA 99 ##ElS Rz ol
Mol 98e vtk BI2E Brook trout (Kawatsu 1972, 1975)¢ =& g ERIE
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ol (FH 1987) 9 histidine T EBENA XNHHx o) ole) @ HRESZ wFo] Ko}, gkl
EFA= MRl 2 93-S nAA G2 Aoz gasy 335 A48 A8/ 998 Aoz
GHT

Mgt g, MRS 2 i ke & BRNEZ F38 Aol8 Bdd. md BEHE
#®E+v n-3HUFA &0 W HA¥794S BA vesta, miEse) \ds e 3oyt m
By B BEE BES R Aste 7)ol 3¢ 4z, 23 7% Fout 1 715 Aoz Qg
PSR S GEE T el vka Biaso] Aok 4 1986). =3, %M (1987) & A EE o A
ko] ol met EEEY fHsol} Aol UGl MEEAES BEY 248 KT
Hox Baustgch KERAIA ¥ n-3HUFA 80 WS42 miE BEERES Mo e
A& n-3HUFA 5-Zol A Zell | 8 fRaaee) ol 2 Qs A4 mgrs 248 2a Ane
A £, oldF 71%E F2 933 fFe tAl VI5e] Aslslol mEAHB Y Aol glycogen
gl #RE A AR ZAZE A A QR AL 53 uke} 2o), 819 n-3HUFA
Bl YT E I Mk Ca®* -ATPase IS WolA] o] 2 240] o= A furagE= 7oz
et e, fifpye] BRI 0] n-3HUFAS $5 ofR¢} zlo] #aEo] 9= Aoz modd.

AER O MRS 7S FMES v 03L7) s Ak (A o) +RmE (9848)2 333

moist pellet > 2 AH3§ 2328 (60~909)2] 3 99 (3.7+0.24 9/100 nf) & H 2 (70.6+ 1441
mg/100 m&) & A A}, o] gk} vl sted Hotx, ARl n-3HUFA REE S BEGEERE (276~
3.06 9/100 mé) ¢ ifgE (36.03~50.77 mg/100 mé) & v ko zholm n-3HUFA HEES ol 2ot
UEL A9 % A FAF FFoIYTh

BEM cholesterol f¥tE B8 | Tl Amsol 284 # =% vitamin D 2 M
WS A BEH AW, K44 FENA Ao cholesterolo] TT}a}A EAstE o 8717 BIfEEH-S
Zegvha ¥rs A 3loh. Larsson and Pagnar (1977) & ¥& 3 tj 38 o] YAFal o] ¥ falE M4 chole-
sterol =71 §4 FEET 2~64 AT A JEhdun Bustd o33 o 439 o]89)
AR deiehs S8 B 9l Aojetal $289 21, Lemaire et al. (1991)2 EFA 2E 4
7oA Fo] miF cholesterol F=7F WA Xghrhs B st} Flier et al. (1985) % Lokesh
et al. (1984)°fl 23} &4 T2 4L fklo) IRIEEA, = MRESHEsS] o) 3h ELFIE R 2]
2t (n-3/n-6)HUFA Ho7} #8M9) cholesterol RSl MlEiEe] ko] F&e vAchn s+ ES
HUFA= [fI{% cholesterol S KT A7)+ &2V} ke 455 Q=0 (Adelman et al. 1984 ; Con-
nor and Conner 1982 ; Ramesha et al. 1980 3 Taussant et al. 1981), 53] n-3HUFAE n-6HUFAX th
cholesterol £ F%R7} Attt 39t} (Kobatake et al. 1984 ; Balasubrmaniam et al. 1985 ; Herold
and Kinsella 1986 ; Haug and Hostmark 1987). A8 %%, 23 2219] IfifE cholesterol L L=
FE LB FARE AS 2o, @kl BEIbEMALY] J S wol n3HUFAY} B84 Ui
EFRTh i cholesterol ester®] #J (total cholestrol— free cholesterol, mg/100 mé) &= & 4] n-3HUFA7}
& B Uehgton], O wsy} @ 43ke] n-3HUFA® I cholesterol esterS =] 3}A] 7] = 24 H.7}
=5 ¢ 4 Uk

9] transaminase$} alkaline phosphatase®] W3sl= #ffglsEc] wso] U= Aoz waA
o) (Lemaire et al. 1991 ; Michael et al. 1987 ; Tandon and Chandra 1976), °l& 3 a9 Hxy
FTEZF EOMAE A2 M M) ol g o2 s Mol HaEo U BRI mEhoT KHEHS
o) o). KEEBR KEROIHE M GOT, GPT 2 LDH) Hrins FFae] Fil S0 Ml bt o)
L= s MEEA SA4ste BRI mgbo 2 Ko mehErgst BmE Aoz wmolg.

=
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Lemaire et al. (1991) 3 Watanabe et al. (1989) & EFA T~EERIE 73-%, &9} white fishe] FiE ol
ETE % olJe) Frlfke BEES, = iz A, e F£H% 83 399 o4 5 2oz
HmEN REES JeltS S nagch LA TREE fHE AMSE FAVM S o= sk
o9l Aejn] FAa}l A2H(Castell et al. 1972a2) 9] fEF7F Ve, tiA ) dojox 44
Z Ao} BHEIEZ(Bell et al. 1991) 7} 2 H At XE®RAAE ke n-3HUFAY ft2 9 ERE
Frfe= n-3HUFA 1.5% &hE vla it ikl sl 2 2840 A2 §3i7 #2H Ao
olB] gt RfTHE S KAEM MREE £ Friol §lo] Bdd 93 Ro=m HolA 1, far
AelpEse) B Fo 2 Ml 293 RS Q) n-3HUFA7L 52 =1 o] MliffafiEe] o] /ol 2eid Ao
A7 d et

MBaPI ) WE D B S MM ) Bl Bkl B Elo] glo v, ATPase [EtEe] WstR®
a2 REE 228 4 gla, o] 2l e Wske M) REpEsE Akl whel MstE g B35 v (Holmes
and Kummerow 1985 ; Lee et al. 1986 ; Conroy et al. 1986). FT#EM ) Ca®" BES F842 ol
2 otel A =, MKTE S Ca" BEE glucagono|tt insulin & 328 &4 ¢} K &k, Ca™ -AT-
Pase iEth So B3 Aoz Beyo] 2ddcty HiHo 9Jri(Andia-Waltenbaugh et al. 1980 ; Lote-
rsztajn et al. 1981 ; Reinhart and Bygrave, 1981 Iwasa et al. 1982 5 Charest et al. 1983 ; Joseph
and Williamson 1983 : Boyle et al. 1984). A& microsomal membrane®] Ca’" -ATPase &2
gkl el n-3HUFA &8o] 442 1 &40 #asta Jom(Fig 5), microsomal membrane]
Z9 T4 249 24 A Z n-3HUFAR 743t (Table 2), HifUiEe] #E#E»% n-3HUFASH
o pERsEEo] Zlo) Toisti 912 AAtel: Utk B3], 4 AE F EPARY DHAY 37} %9
o &= Aoz Hol i BEHS BEEEMY DHAYE B¢ $a3 A3de ddsle Aoz AN
ol9} Bt MAES Ca** EET mitochondria P2 glycogen #3flol] Wi Fa% J22 &
Wol) g} migEs FEso) AP Aoz AA o] Uk AEEIM 9} 2o, HK n-3HUFA &= 249
TEo] mfEgo) Be 2e MEE Cat BEY TofdE 1 dde] dg Aoz A dnh

ol gt 7o), £kt n-3HUFA &80 wiet T MMl AERFEEMIAR, BE3iEtE 2 MsiEike] #bs i,
ol 2 Q&) MmEAksro] WalHE Aoz Aat) fikte) n-3HUFAZL ¥-5-3H4 B (F & 1993) o A <t
o] iR $9 Ayt AstEn, RBEES B4R X387 ddME MiEe ¢ € n-
3HUFA7} fagte HE g3 Fg=olor & Aolnh

Z B

zu|2ete| LA n-3HUFAZL figd vx)E 4A{LEBEy #LE dolH 7|93k, n-
3HUFA &&°) 00~15%7F =8 243 6fEe R =& #AE 108K &
Hahol mugtedk, mERS 2 MM tke BMLE BESATh

M4 (RBC, Hb, Ht, MCV, MCHC 2 MCH)2 £kl n-3HUFA & wet MY
z}o] 2 Lhehf A= bt} MEEEE B (2.76~3.63 9/100 m) 2 kR (36~ 71 mg/100 mé)
o n-3HUFA 09% FE7HAE #@imsttizt 1 ojdeoiMe A8 & |28t M total
cholesterol I (137~86 mg/100 mé) &} free cholesterol ¥ (84.2~63.8 mg/100 mé) = n-3HUFA
12%74A A2} Rashe A8S Bgon, a olddAe dAstdh MmiE GPT (159.7~47.0
Karmen unit), GOT (28.0~11.1 Karmen unit) 2 LDH (3888~1539 W-unit) = %+ n-3HUFA
12% 744 E B4 AFE Rolurt 1 o|Fde AR A& FAAT
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n-3HUFA &0 62 9L BRA S HlM8-2 n-3HUFA 1.5% 0 S 52 Bl
H) 3] flifake] 72 Yo} BEHQA ME Fal7t 2 Ah B cytosol2] LDH ¥ micro-
somal membrane?] Ca®* -ATPase {EtEE Wsi=o] fkte]l n-3HUFA7} S718+E F713
7Aekg Bt
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