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ABSTRACT

To investigate the effect of dietary menhaden oil on protein kinase C(PKC) activity and
membrane phospholipid composition in epidermal cells, female BALB/C mice were fed either
menhaden oil or corn oil with two different levels(5% or 20%) for 6 weeks. Membrane phos-
phatidylcholine(PC) was decreased in menhaden oil-fed group. Ficosapentaenoic acid(EPA)
and Docosahexaenoic acid(DHA) were only presented in the acyl chain of membrane phos-
pholipid of menhaden oil-fed mice, so that membrane fluidity of the group could be different
from the other group. Both cytosolic and membrane-associated PKC activity in epidermal
cells were decreased in menhaden oil-fcd mice when compare with corn oil-fed mice.

Furthermore, rate of PKC transfer from cytosol to membrane in menhaden oil-fed group
was not as fast as in corn oil-fed group. Based on thesc observations, dietary menhaden oil

might act differently from other dietary fat in carcinogenesis.
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Table 1. Expanmental groups
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Experimental group

Number of mice

Moderate fat corn oil group(MFCQ) 15
Moderate [at menhaden oil group(MFMO) 15
High fat com oil group(HFCO) 15
High fat menhaden oil group(HFMO) 15
Table 2. Expenmental diet (g%)
. Moderare f{at High far
Ingredient - - - - - -
Corn oil Fish oil Corn oil Fish oil
Casein 20 20 20 20
D, L-methionine 0.3 0.3 0.3 0.3
Glucose 15 15 10 10
Dextrin 50 50 40 40
Fiber 5 5 5 5
AIN mineral mix 5.5 8.5 3.5 3.5
AIN vitamin mix 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
Corn oll 5.0 20
Fish oil(menhaden oil) 5.0 20
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acd®E 2zt 7.9¢- 21.9% 53k 9l P/S rators
1.152 vehdeh o) A@dA AR EF menhaden
oil | EPA%} DHA e tht B Eﬂﬂ?ix ks
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Table 3. Fatty acid profiles of dietary lipids used In

this expenment (%)
Fauty acids Corn ol Menhaden oil
12:0 0.6 trace
14:0 trace 7.9
16 1 0 12.4 21.9
16 . 1w7 trace 12.4
18:0 1.9 3.9
18 7 1w9 27.0 12.3
18 1 1w7 2.7
18 1 2wb 56.9 1.5
18 © 3w3 0.8 1.1
20 1 1w9 trace 2.4
20 . 4wb — 1.0
20 - 5w - 19.2
22 1 1wll - 0.8
22 1 5w8 — 2.3
22 1 6w3 - 10.3
P/S 5.87 1.15

Detector temp.  220C Injector temp. - 200T
Initial temp. 150C for 8min. 5C/min increase
Final temp. 200T for 4min.

Table 4. Feed consumption and body weight gain
during the expermental perod(Mean=+ SE)

Experimental Feed Body weight FERD
group consumption(g)  gain(g)
MFCO% 196.5+ 5.82 252+ 1.82  0.128
MFMQ?2 187.7+ ¢.8° 25.0+£1.9° 0133
HFCO? 1933+ 4.5 26.1+2.0° 0135
HFMO? 190.1+ 4,12 258+ 1.9° 0.186

1) FER(Feed efficiency ratio)=Body weight gain(g)
/Feed consumption{(g)

2) MFCO : Moderate [at corn oil group
MFMO : Moderate fat menhaden oil group
HFCO : High fat com oil group
HFMO ! High fac menhaden oil group
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Table 5. Phospholipid profile in epidermal cells from BALB/C mice

Experimental Phospholipid (Meanz SE, pg/10% cell)?
group PEV P psY pCY
MFCO? 178+ 162 43+ 6a 47+ 7a 218+ 13a
MFMO? 166+ 152 40k 72 42483 199+ 14b
HFCO? 219+ 18P 89+ 7° 70+ gb 315+ 18¢
HFMO? 201+ 178 794 gb 85+ 7b 294+ 17¢

1) PE=phosphatidylethanolamine, PI= phosphatidylinositol,

PS=phosphatidylserine, PC=phesphatidylcholine.

2) Values with different lewter superscript within same column were significandy different by t-test using the
residual mean square from the ANOVA at p<0.05 level.

3) MFCO : Moderate fat corn oil group
MFMO | Moderzate fat menhaden oil group
HFCO . High fat com oil group
HFMO ! High fat menhaden oil group
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Table 6. Fatty acid profile

olf AW Aot QA
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in epidermal cells from BALB/C mice’

Phospho- Experimental

lipid g‘roup5 )

Farty acid composition(mean SEM, % )2

160 18:0 1801 182 18:3 204 a5 92216

PE! MFCO 31.9%£27° 20.9+1.4% 240£15° 10.9+1.5* 42405 82+1.1 trace trace
MFMO 254%1.8% 19.0+£1.3* 1724 1.6 541052 533022 58+10 107+1.4% 1524117

HFCO 87.4%27" 153114 255+1.5> 00X 15 56205 82+1.1 - -
HFMO 24.8%1.8% 16.2+1.0% 16.9£09* 4.7+0.1" 3.0+0.1* 55+04 132+1.0° 157%0.2°

PI! MFCO 523%16" 227+1.1° 19.9+1.4% 64+0.6% 68+1.02 12.04+0.8° — —
MFMOQ 23.2+1.9* 19.74£0.9° 157£0.9% 47£02% 53208 6.0£07% 11.2+09* 142+0.72

HFCO 3853%1.6° 19.1+1.1¢ 252+14% 7.4+06% 82+1.0° 6.9+0.8" — —
HFEMO 253+1.12 17.1£0.7% 159£0.8* 4.8+03* 514022 47108 13.0%+1.12 14.1+0.92

PSS! MFCO 29.1£19P 226+0.7* 31.4+1.2" 681042 65206 55043 - -
MFMO 20.1+1.2* 20.1%1.0° 21.0£1.1* 49X£04* 3.7+0.2% 56+0.2* 12.1+0.7* 14.5+0.2°

HFCO 317+ 1.9b 203+ 0.7% 31.6% 1.2 74+04° 48+0.6% 43+ 042 — —
HFMO 202%1.42 19.74 1.1% 214+ 1.4* 50104% 36042 57+02% 129407 18.5%0.8°

PC' MFCO 33.5%20" 151%0.5% 22.1+0.9% 157£25% 44% 05 10.0% 2.0 - -
MFMO 255%+1.3% 166X08% 159+0.9* 7.6+0.7¢ 311022 57104% 12.4+07% 15.6%0.9°

HFCO 383.9+2.0b 14.7+0.5% 21.6£0.9° 207+2.5P 524£05* 53+ 207 - -
HFMO 22.8+1.3% 16.810.9% 16.2+0.90 92+0.6° 83£0.3% 48 04" 13.4%1.1* 18.5+1.1°

1) PE= phosphatidylethanolamine, PI= phosphatidylinositol, PS=phosphatidylserine, PC= phosphatidylcho-

line

2) Values with differcnt letrer superscript within same fractions of phospholipid and fatty acid were signilicantly

different by ttest using the residual mean square from the ANOVA(p<(0.05)

3) MFCO : Moderate fat comn oil group
MFMO I Moderate fat menhaden oil group
HFCO : High fat com oil group
HFMO : High fat menhaden oil group

TR FAo]e] Fogd 2]8 menhaden oil FHTH
corn oil F9T EFA aosolic PKCE =o}R
H membrane-associated PKCE 23] 2 HFol# )
HFCO H999 7% cytosolic ¥ membrane-asso-
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tosolic PKCE o] %3l= @4te] gl qct
Ca**-activated, phospholipid-dependent protein
kinase?] PKC+ membrane protein phosphoryla-

donell T3E HAEA HEY 7157 FTHL
A7 4z W Fa8 g8 i)
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 AEote] #H o] -EA sk 3 (membrane-as-
sociated PKC) 2.2 F¥#o] =5 phorbol esterst
£ dEAE] AEHH HEHY grosolic
PKC7} membrane Z0 2 )% &8 A (membrane-
associated PKC) phorbol ester®] =&# 2 ZH§-3o]
A AL T3, Cyrosolic PKCE B-84¢) ez
BE EA5IAT 919 22 ol E membrane-asso-
dated PKC7} 9® S48 HA cell proteing <1
A8 A1A AzEdd #FAEA gdh A=A
@2zl PKC EA4se) BAH= 7)Fe, A¥E7}
2] 5-9] agonistE ]V} carcinogenEoll 28 A=
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Fig. 1. Column chromatography profle of protein kinase C activity in cytosolic(a, ¢, €. g) and membrane-
associated(b, d, f, h) fractions of the mouse epidermal cells fed moderate corn ail, a) and b) ; moderate
menhaden oil, ¢) and d) ; high com oil, &) and f) ; high menhaden oil, g) and h) diet respectively.
Partially purfied sample of protein kinase C was loaded on a DEAE cellulose colurnn and fractionated
by the buffers as described in the “Materials and Methods”. > ; reactant with EGTA, -0 ; reactant
with Ca++ when protein kinase C was determined as described in the “Materials and Methods”.
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g49) F7H7h A A X (acinar cells)®®, 441 E
340 Soll A FRHIA Bk dFRLE 1
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# 2
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24 2 o|FHEE 53t R nA= o
& ThedE A 29, E2F9] com ol
w3 9w v M I phosphatidylcholine?] 74,
EFA ¥ DHA A4t A}=9) F71, PKC 84
AAHQ 74 Z cyrosolic PKC2] membrane-asso-
ciared PKCZ] ©§7t4: §& B2E & Itk
A H o skl S A = 29t 713l

— 426 —



e

PKC @4dse) 2y e ZAs & o Awd
g10 24 menhaden oile] FoiE ©2 AWAL
FE e FFE Roln P&T ¢ F UATH

m ZtAle] 2

B ATE 09E FRHSATHR (T EIA)
oz RE AFHE AY dop P AoR AT
Fqg Add FA AdSo] LAE =dVth

Literature cited

1) Caroll KK, Khor HT. Dietary fat in relation to
tumorigenesis. Prog Biochem Pharmacol 10 @ 308-
353, 1975

2) Chan PC, Dao TL. Enhancement of mammary car-
cinogenesis by a high-fat diet in Fisher, Long-
Evans, and Sprague-Dawley rats. Cancer Res 41 :
164-167, 1981

3) Selenskas SL, Ip MM. Ip C. Similarity between
trans fat and saturated fat in the modification of
rat mammary carcinogenesis. Cancer Res 44 :
1321-1326, 1984

4) Bull AW, Soullier BK, Wilson PS, Haydern MT,
Nigro ND. Promption of azoxymethane-induced
intestinal cancer by high-fat diet in rats. Cancer
Res 39 . 4956-4959, 1979

5) Reddy BS, Narisawa T, Uukusich D, Weisburger
JH, Wynder EL. Effects of quality and quantity
of dietary fat and dimethylhydrazine in colon car-
cinogenesis in rats. Proc Soc Exptl Biol Med 151 :
237-239, 1976

6) Birt DF, Pour PM. Increased tumorigenesis indu-
ced by N-nitrosobis(2-oxopropyD) amine in Syrian
golden hamsters fed high-fat diet. J Nafl Cancer
Inst 70 :.1135-1138, 1983

7) Beems RB, van Beek L. Modifying effect of dietary
fat on benzolalpyrene-induced respiratory tract
tumors in hamsters. Caricinogenesis 5. 413-417,
1984

8) Birt DF, Salmasi S, Pour PM. Enhancement of
experimental pancreatic cancer in Syrian golden
hamsters by dietary fat. J Natl Cancer Inst 67 :
1327-1332, 1981

9) Roebuck BD, Yager JD, Longnecker DS, Wilpone

=

SA. Promotion by unsaturated fat of azaserine-in-
duced pancreatic carcinogenesis in the rat. Cancer
Res 41 © 3961-3966, 1981

10) Bull AW, Bronstein JC, Nigro ND. The essential
fatty acid requirement for azoxymethane-induced
intestinal carcinogenesis in rats, Lipids 24 . 340-
346, 1989

11) Roebuck BD, Yager JD Jr, Longenecker DS. Die-
tary modulation of azaserine-induced pancreatic
carcinogenesis in the rat, Cancer Res 41 . 888-893,
1981

12) Birt DF. Effects of dietary fat on pancreatic carci-
nogenesis in the Syrian golden hamster. In © Ka-
bara J, ed. Pharmacological effects of lipids.. Cha-
mpaign, IL : American Oil Chemists Society, 1989

13) Reddy BS, Sugie S. Effect of different levels of
omega-3 and omega-6 fatty acids on azoxyme-
thane-induced colon carcinogenesis in F344 rats.
Cancer Res 48 | 6642-6647, 1988

14) Minoura T, Takata T, Sakaguchi M. Effect of die-
tary eicosapentaenoic acid on azoxymethane-indu-
ced colon carcinogenesis in rat. Cancer Res 48 ©
4790-4794, 1988

15) Gabor H, Abraham S. Effect of dietary menhaden
oil on tumor cell loss and the accumulation of
mass of a transplantable mammary adenocarci-
noma in BALB/c mice. J Natl Cancer Inst 76 .
1123-1129, 1986

16) Braden LM, Carroll KK. Dietary polyunsaturated
fat in relation to mammary carcinogenesis in rats.
Lipids 21 1 285-288, 1986

17) #H A oA Ho)s} AFAT Hojrt YA
A E2] Protein Kinase C @A) mlX= 9% &
g 94e3=] 24 1 149-156, 1991

18) Donnelly TE Jr, Sittler R, Scholar EM. Relation-
ship between membrane-bound protein kinase C
activity and caleium-dependent proliferation of
BALB/c 3T3 cells. Biochem Biophys Res Commun
126 © 741-747, 1985

19) Wise BC, Raynor RL, Kuo JF. Phospholipid-sensi-
tive calcium-dependent protein kinase from heart.
1. Purification and general properties. J Biol Chem
257 : 8181-8488, 1982

20) Dreven CA. Marine oils and their effects. Nutr

- 427 —



AR} AT A =

Rev 50 : 38-45, 1992

21) Halminski MA, Marsh JB, Harrison EH. Differen-
tial effects of fish oil, safflower oil on fatty acid
oxidation and glycerolipid synthesis in rat liver.
J Nutr 121 : 1554-1561, 1991

22) Strum-Odin R, Adkins-Finke B, Blake WL, Phin-
ney SD, Clarke SD. Modification of fatty acid com-
position of membrane phospholipids in hepatocyte
monolayer with n-3, n-6 and n-9 fatty acids and
its relationship to triacylglycerol production. Bio-
chim Biophys Acta 921 : 378-391, 1987

23) Coniglio JG. How does fish oil lower plasma trigl-
yecerides. Nufr Rev 50 1 195-206, 1992

24) Spector AA, Yorek MA. Menbrane lipid composi-
tion and cellular function. J Lipid Res 26 : 1015-
1035, 1986

25) Burns CP, Spector AA. Membrane fatty acid mo-
dification in tumor cells : A potential therapeutic
adjunct. Lipids 22 : 178-184, 1987

26) Simon I, Burns CP, Spector AA. Electron spin
resonance studies on intact cells and isolated lipid
droplets from fatty acid-modified L1210 murine
leukemia, Cancer Res 42 : 2715-2721, 1982

27) Guffy MM, Rosenberger JA, Simon I, Burns CP.
Effect of cellular fatty acid alteration on hyperthe-
rmic sensitivity in cultured L1210 murine leuke-
mia cells. Cancer Res 42 © 3625-3630, 1982

28) Spector AA, Burns CP. Biological and therapeutic
potential of membrane lipid modification in tu-
mors. Cancer Res 47 . 4529-4537, 1987

29) Burns CP, Spector AA. Effects of Lipids on Cancer
therapy. Nutr Rev 48 © 233-240, 1990

30) Burns CP, Luttenegger CG, Dudley DT, Buettner
GR, Spector AA. Effect of modification of plasma
membrane fatty acid composition on fluidity and
methotrexate transport in L1210 murine leukemia
cells, Cancer Res 39 . 1727-1732, 1979

31) Burns CP, North JA. Aduiamycin transport and
Sensitivity in fatty acid-modified leukemia cells.
Biochim Biophys Acta 888 : 10-17, 1986

32) Burns CP, Haugstad BN, Mossman CJ, North JA,

]
4 9

33)

34)

35)

36)

37

—

38)

39

Ry

40)

41)

— 428 —

Protein Kinase C &4

Ingraham LM. Menbrane lipid alteration : effect
on cellular uptake of mitoxantrone. Lipids 23 :
393-397, 1988

Connor WE, Neuringer M, Reisbick S. Essential
fatty acids . The importance of n-3 fatty acids in
the retina and brain. Nutr Rey 50(1I) : 21-29, 1992
Nishizuka Y. Perspectives on the role of protein
kinase C in stimulus-response coupling. J Natl Ca-
neer Inst 76 © 363-370, 1986

Craven PA, DeRubertis FR. Role of activation of
protein kinase C in the stimulation of colonic epi-
thelial proliferation by unsaturated fatty acids.
Gastroenterology 95 . 676-685, 1988

Blumberg PM. Protein kinase C as the receptor
for the phorbol ester tumor promoters ; sixth
Rhoads memorial award lecture. Cancer Res 48 ©
1-8, 1988

Nishizuka, Y. The role of protein kinase C in cell
surface signal transduction and tumor promotion.
Nature 308 . 693-698, 1984

Choe M, Birt DF, Donnelly TE, White L, Julius
A. Relative Changes in membrane lipids and pro-
tein kinase C activity in pancreatic acinar cells
from hamsters fed high-fat diets [abstracts]. FA-
SEB J 25202, 1988

Donnelly TE, Biri DF, Sittler R, Anderson CL,
Choe M, Julius AD. Dietary fat regulation of the
association of protein kinase C activity with epide-
rmal cell membranes. Carcinogenesis 8 . 1867-18
70, 1987

Birt DF, Choe M, Hanna T, Pelling JC, Donnelly
TE. Modulation of protein kinase C activity in
epidermal cells from SENCAR mice by dietary
fat and calorie restriction. Proc Am Assoc Cancer
Res 30 : 196(abstract), 1989

Choe M, Kris ES, Luthra R, Copenhaver J, Pelling
JC, Donnelly TE, Birt DF. Protein Kinase C is
activated and diacylglycerol is elevated in epider-
mal cells from SENCAR mice fed high fat diet.
J Nutr 122 : 2322-2329, 1992



