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Abstract

The effects of stearic(18 : 0, SA), oleic(18 : 1 cis, OA) and elaidic acid(18 : 1 trans, EA) on the
cell growth, contents of cellular lipids, and the fatty acid composition of cellular and medium lipids
in Hep-G: cells were evaluated. The cells were incubated in serum-free medium containing 25, 50, 100
and 200uM of a fatty acid combined with albumin for 2 days. The fatty acid concentration up to
100uM showed the normal growth, but the cell growth decreased in the presence of 200uM fatty
acid. The treatment of cells with 100uM of a fatty acid for two days significantly(p<0.05) increased
the cellular triglyceride(TG) content in all fatty acid groups compared to control, but TG contents
was not significantly different among all treatment group, but total cholesterol(TC) was the highest
level in EA group. The level of free cholesterol(FC) and cholesteryl ester(CE) was similar to those
of TC in all fatty acid treated groups. The cellular phospholipid(PL) contents were similar between
the control and all fatty acid groups. The treatment of cells with SA had no notable effects on the
fatty acid composition of TG, CE and PL. The OA treatment caused significant increases in
CE(51.2%) and PL(29.8%), but not in TG. The EA treatment resulted in 10.1, 10.7 and 7.8% of C15 : 11rans
content in cellular TG, CE, and PL. The TG, CE and PL of medium were relatively similar between
SA and OA groups. In EA treated group, TG, CE and PL of medium contained 17.0%, 0.7% and
5.6% of Ci3:1 tans, respectively.
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FAukae 8 A cholesterold Fo)i, X 3}7|
A& ¥4 cholesterold F&che B.1(1,2)8) o}
2], HZeodle A EE A e AR FdAM AR
2 F AT B olg Sd Aukak A F gkl g}
BAlo] wolAz glv}, UHbH 0 Z A[upibe o] F A&
o] {3 a}2} E 5294k (saturated fatty acid, SFA)
=} B ¥ 3 A9t 2Hunsaturated fatty acid, UFA).2 2 1}
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2333 F FH2HE S AR g A
o= 48 A i), 28 2, oleic acid:= 4 A 3= &
A} EA| AR 45%60] 7 F2 D 22 3R] YAHMUFA)
olt}, UukA 2 2 oleic acid®] FFEAd A4 B £4)
288 FEE oleic acid T3¢l oj3te] S AwE
Fove AFIA e A= el gikE). = skt
9] gl B E A HHboll = elaidic acid® A &4 718
£ A {2 Az Yt S HrLEA A ¢
FExEAAS rtE Al 2 FE] A EH
£ trans¥ E-E3A|Ate] 9t

FH 2 ool A+ trans fatty acid(TFA)7} LDL-cho-
lesterol® ¥ & FH2HE& S7HA 72 st}
(6-8). L2} TFA°] 8 & % cholesterol®] 7}l o
g 71 A& ob] Bt ulepa] E AP TFAS
Y 29263 % A mechanism®] 492 93

E3 ¢ 2 Hep-Gg cell line& ©]4-3}] stearic acid(18 -

: 0, SA), oleic acid(18 : 1 cis, OA) 28] 2L elaidic acid
(18 : 1 trans, EA)Z 25, 50, 100, 200uM-€- serum free
mediacl H7 A A2 A7 AE 52 AA FaF
2 AE2 28 wiofdo] £u] = lipoprotein®] A HHAF
ZA e et 2AF HESICH
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A afek

74EF A XA #2 % Hep-Ge cell lined- ATCC
{American Type of Cell Culture Collccection) & +-&
T-413+51t}h. Hep-Ge Al £5 10%(v/v)2] fetal bovine
serum(FBS)} 100units/ml®] penicillin-G, 100ug/ml
¢} streptomycin®] -2 Dulbecco’s Modified Eagle's
Medium(DMEM) w2 37°Col| A 5% COq incu-
batorel] wieksich,

Az A3 ol wiokr] ¢} 70~80%e! o1 = trypsin
& A}43le] A E£E S8l subculture® 3hglch A
A Z 242 trypan blue(0.04%) & By & A28} o
hemotocytometer2 A £¢] & A ¥t M 22 A
A 9 zupst 2A o] B A E AEARAS
100uM 9] =% 2 FBS-free DMEME #7184 T-25
wljof7] ol woFa}edch

Fatty acid/albumin complexes ZE|
Fatty acid/albumin complexes-8¢§-& HF Alej 2

Z A 8ed . 20umolesd] ©UR|HHAEY | sodium salt
(18:0,18 : 1 cis, =& 18 : 1 trans)& Imle] B &

243

ol) 23] 3141 o}, Sumoles(300mg)2) bovine serum albu-
min(BSA, fatty acid-free)& 4ml¥] DMEM(serum-
free)oll & AT ZA}. o1 A ZAE A4t BSAS
A& 2418 Ejsl o). Fatty acid$} albumin®] molar
ratiox- 4 : 1ojt}. 245 fatty acid/albumin complexes
4912 DMEM-serum free v} o2 3 ale] 25
50, 100, 200uM F=2] AHAbE i3 WA E TE
o] Alxulck AHE sl

MZAE &

v oF £7] 12-well flask®] 2 well =teh 1x10°2] 4]
EE £l 2ml®) DMEM(10% fetal bovine serum
T 2447k wioFgt F, wi A& A)A 82 HBSS
2 Z celld HolFivh 7 well vhr} 25, 50, 100 =&
200uMS} 7+ A HEAKSA, OA 2 EA)S- 353 DMEM
(FBS-free) wjoki& Y3 247 Al wiokgch A
3 o]l wjokel g vigl 3, A EE HBSSO.2 ohA] A
2 o} 7t well =it} 2ml phenol red-serum free DMEM
wioFall-g Y7, 0.2mle] MTT(3-[4,5-dimethylthiazol-
2-y1]-2,5-diphenyltetrazolian bromide ; thiazoly!l blue)
(Sigma chemical Co.)4-9-& 713 ¥ 35417 5
vt} 23 2.2mle] MTT solvent(0.IN HCl in anhy-
drous isopropanol) & 7+ welldll ¥ 3 MTT formazan
crystals - 884 71 $-of| spectrophotometer &4 570nm
NA F3E 5 St ME QAL S 30
B Ax 249 ¥l MTT7} A A £2] mitocondrial
dehydrogenasesdl] €] 8}od B3l o2 £3 42 for-
mazan crystalsS A4 81= formazan Y4 %2 meta-
bolically activedt AJ 4| £2] 49} wjdglc}, 22
B-8-4 4l formazan crystal® MTT solvent2 % ¥
o 1 FFEE s AZ AAEE EA= W
W AHe-3lsich

MES| S Y XW 5

Hep-Ga cell®] protein-$ Lowery 5(9)&] HH off &
) FAsg o AAAEA triglyceridex Fosters}
Dunn(10), phospholipid<- Batlett(11)4 2. 2, total
cholesterol<- cholesterol kit(Sigma chemical Co.)&

o)g-ate] 2t

X =D Xy 2a

T-75 flaskell 2x10° Al £ & HF 3l 10%2] FBS
E #3533 DMEMe] 2447k w3t 5wl ok o2 A A
3} HBSSE- o2 A £ & MejFqir} Zt flask et
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100uM £=29] SA, OA =¥ EA®| A 94ke 43
9ml®¢] FBS-free DMEM& ¥ 3 Al % 24 7k vl ot
A 3d A wiFd g B2 331, N E= HBSSE
Bo 2 e ohg trypsimP 22 S8 gdct 37
wjoFel L freeze-dryers AMg-sle] A2 A g A X
o} AZ% wheke E2-- Folch 5(12)2) W 2.2 total
lipids& $=%31¢t}. Phospholipid, triglyceride, ~L&
a2 cholesteryl ester+ thin layer chromatography
(TLOE M-8t ¥-el3tdoh TLC A/ &-oh 2+ pet-
roleum ether : diethyl dether : acetic acid/90 : 10 : 1
2 3l TLC A7) Fof o=]7}2] 222 methanolel
4% 5%9) sulfuric acid®l| €] 3} methyl3} A Z ok,
Fatty acid methyl esters+ column SP 2560(100m X
0.25mm ID 0.20um film)A-4-3l¢d duael flame ioni-
zation detector”} %% Hewlett-packard model 5790A
gas chromatography S AF&3le] #4918t ch Oven
2= 160°Cell 208, 190°C74A] 5°C/min, 212} 3 190°C
o] 4] 35%7+2 2 programS 3.1, injector®} detector
L5 7 250°CE #-A1 3

SAxe|

B A4 A datat BF A9} AN (ANO-
VA)E A A8t Duncan’s multiple test2. zF A&+
2] HFA 7k A (05%)& HA &t
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Table 19 & Hep-Gg Al £A Aol glej A = X9t
Al FEE dobA AYE 4] qEy] 4% Qen

A FEeRA ol k3wl stearic acid(SA, Cis:o), oleic
acid(OA, Cis:1 cis), 281 elaidic acid(EA, Cis:1
tans) A7l B EE 2Dl E w9 AE AL A
= A3l 3l el

SA¢ OAE 7t ¥55 7M7Y, SdA A
T3z Gl Aol vl 8 100uM A R A
A-go) Frlsle] H 1o 2dsly ool ¥ e Fadle
Aoz 200uM HIHA A= 100uM H7) o EHo)k A
A-go] & k& vehglen, EA #HUle A%
50uM H7bellA] A bAE 2H7F-9F @q] Ao
ulsh A E AdAb-go] Folstbed AR 100uM e} 200uM
7hell o}dted A alsl A do] ebdch wheti] @
Aupikel SA, OA % EAE H7FA# Hep-G: A2 E
wlok A o o] 272 F &) Ao 100uM e} 2| A A
At AA g AREY, dUdA S 1 37} F
%o o2} Hep-Ge A E2] A7 2| ARl o &
03 Aeg QztE izt

ThAX|YM FHrlet MEX|IExY

g2 2L o438l Hep-Ge A E vl oFul =] o
100uM=2] SA, OA, 18] 3 EAE H sl & uf e wiek
AE ZF2| A AzA ) tsted Table 2o Vel

E Ao AL43 37FR] Sd A akel SA OA ®
EAS] x| Ztzta 279 vl 23 o JAAH
9] o o7} Z7 b Aol ot F At E AR
2] ekgtel. o2 g A E FE $]9 371R] g A Ak
H7lel oo & AY A A& A ET) 2R3l
de XA FAde dYE A g& AR
F 25 o]A| v triglyceride ¥A-S hETe| v]3}o
SA, OA % EA #H7}7ollA #2414 2 2(p<0.05) 7}

Table 1. Effects on fatty acid concentration on growth of Hep-G: cells in culture

Medium only  Albumin(uM) Stearic acid(p(M) Oleic acid(uM) Elaidic acid(pM)
Non 25 25 50 100 200 25 50 100 200 25 50 100 200
0.51 0.56 052 055 065 0.60 059 067 070 061 060 059 054 041

YGrowth is expressed as an optical density(570nm) of MTT formazan with three replication assay

Table 2. Effect of stearic, oleic and elaidic acid on lipid concentrations in Hep-Gz cells (ug/mg cell protein)

PL TG TC FC CE

None 79.48+2.29 5042+ 1.47° 20.018+3.12° 447+043° 17.26+0.51°
18:0 89.06+2.25 77431270 2385 +2.59° 6.32+0.32° 17.34+1.44°
18:1 cis 8301510 93.17+30.14® 2528 +7.31%® 7.65+2.78%® 19.11+1.69°
18 : 1 trans 88.04+9.88 113.09+45.77¢ 3118 +564° 964+2.32° 21.44+0.38°

Values are mean*SE(n=3)

*Means in the same column sharing common superscript letters are not significantly different(p<0.05)
PL: Phospholipid, TG: Triglyceride, TC: Total cholesterol, FC: Free cholesterol, CE: Cholesteryl ester
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stgdch. B3] EA 3717 SA 2 OA b7 vj3)
A= freA 2.2 718 oH(p<0.05). Total cholesterol
ol sloi M x 2 ubat A7l =] ol 9leiA] EA 3
ZFei R SA A7) OA A UbeiA] o2 Zr)3)
£ Aol T, A A F-9} SA b F
A F2Ae 2Hp<0.05)7 A =HAch

o] g Il & v triglyceride(TG) %} total
cholesterol(TC)#2 A 2} 2 g2 EA H7hl
AFA FH ez Zotste AES Vehisddh

1] 2 free cholesterol(FC) ® cholesteryl ester(CE)
2% 19} zhe A gFolgdoh Trans¥F 4Ht-18 : 1) A}
Aoz AN EF A 2HE T2 A

A3l

- 293

s A S 23 1 SO BBt ) 2 S - M B
£ (68) & I transFAHt-18 : 1)l W& TCH
Z717} 2 A A 8 F= 22 AR 7, A
@At Al transd A A Folo} A A A FEole
BA N trans A4 A F ol 2j5te] AAHA R F
¥ 3 F¥ 28 23 LDL-cholesterol®] A4 el #Ho &
331 HDL-cholesterol ¥ %4+ 922 =43l w v
SR THT). A o] ERASH A HAUH] &
ooz #8317 wEol HTE AL F A=
ot o]z} e x| ukate] Qe B4 ® FAle]
o}z 3 glar ¥ E3x|ukate] " A cholesterol s ¥
o] i1, ¥ ¥38=x]uk4te] A cholesterol S FEvly &

Table 3. Effect of stearic, oleic and elaidic acid on the fatty acid composition of cellular lipids in Hep-Gg cells

(area %)
Control Stearic acid Oleic acid Elaidic acid
Triglyceride
14:0 4.1 47 4.3 5.7
16:0 19.6 29.0 26.7 29.9
16 1w7 9.7 44 2.4 6.6
18:0 85 9.6 6.4 6.8
18 1wb-t - - - 10.1
18:1w9-—c 42.0 35.8 428 24.8
18: 17 135 12.7 12.7 13.7
18 :2w6 25 0.6 1.2 0.7
20: 109 0.1 3.2 35 17
Cholesteryl ester
14:0 59 22 31 1.8
16:0 40.7 14.1 15.8 15.3
16: 1w7 2.8 89 10.0 11.6
18:0 15.0 5.6 44 55
181 1w9-t - - - 10.7
18: 1w9-—c 204 53.3 51.2 405
18:1w7 12.7 9.7 10.1 119
18: 206 05 37 2.8 2.1
20: 109 1.8 16 1.0 -
20: 406 0.2 0.9 0.6 0.6
Phospholipid
14:0 4.0 2.6 3.0 46
16:0 285 23.2 234 28.6
16:1w7 8.0 72 73 120
18:0 95 10.2 89 55
18: 109t - - -~ 78
18:1w9-c¢ 22.7 28.7 29.8 24.2
18:1w7 12.0 109 10.3 13.6
18:2w6 1.3 4.2 43 2.3
18:3w3 = 0.5 0.3 0.8
20109 0.7 12 1.2 03
20:2wb 10.3 84 77 —
20 4w6 2.3 15 25 03
22 :6w3 0.7 14 1.3 -

Average area percent of duplicate analyses from the pooled samples of three flasks
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24 U=153H1,2), o} 742 A cholesterol®] v} lipo-
protein FX=o 71X & TG X uFake) o ol hajA &
&4 A7 gesitin Yo

ShUX|go BTtel MEL] K|AEY

Table 394 & x4kl SA, OA % EA 37t
7} Hep~Gz Al =W el A 43 triglyceride(TG), cho-
lesteryl ester(CE) ¥ phospholipid(PL)2] X8}t =
A& vetligdth. TG A9t 246 slelA SA, OA
8} EA 7oA dzT9) v)as) A Cis: 0% Coo:1
ko] & A e etk SA 7= OAY EA

7}l vl 314 TG, CE, PLY] 244l 24, B3] Cis:o
Fekol M g TR oster, ol SAVF A-9-
desaturasel] 2] A Ciz:1 2 B0 514 77| of
Foz &) &9 EA 7P Cig: 1 orans T
o] TGellA4 10.19, CE®[ 4] 10.7% 2] 2 PLel| A} 7.8%
2 Z7)59 = o] EAV} A E el 2k A A ) g
Aol g-o]3}A o] &5 1 9l&-& veh] F3 3k OA
A7l e TG At 24 & ¥ 938 FA+=
A7t CEl A & 279 20.4%¢) ¥) 3l 51.2%, L
2] 3 PLolA & th=2] 22.7%e) ¥]s) 20.8%<] &
g vehli il

Table 4. Effect of stearic, oleic and elaidic acid on the fatty acid composition of medium lipids in Hep-Go cells

(area %)
Stearic acid Oleic acid Elaidic acid
Triglyceride
14:0 48 45 53
16:0 24.9 24.0 24.3
16:1w7 5.6 58 85
18:0 9.7 4.7 45
18:1w9-t — - 17.0
18: 1w9—c 41.3 465 25.1
18:1w7 10.1 102 11.8
18:2w6 0.7 1.1 1.2
18:3w3 t 0.7 0.7
20:1w9 2.1 18 0.7
20 4wb 0.8 0.7 09
Cholesteryl ester
14:0 9.0 9.0 55
16:0 6.5 6.9 6.5
16: 107 2.5 25 2.7
18:0 05 0.7 0.6
18 le9-t - - 0.7
18:1w9-c 79 7.6 6.5
18:1w7 0.7 0.8 0.8
18:2w6 56.6 58.9 57.4
20:1w9 1.5 0.8 1.3
20 4w6 3.6 2.4 25
22 :6w3 11.2 10.4 15.6
Phospholipid
14:0 3.0 39 4.0
16:0 325 334 326
16:1w7 49 5.7 8.2
18:0 176 14.8 13.1
18 1w9-t - - 56
18:1w%—c 24.2 24.1 17.8
18: 107 48 5.0 59
18:2w6 8.0 86 8.7
i8:3w3 05 0.6 0.2
20 4w6 3.9 34 3.2
20:6w3 0.6 0.5 0.7

Average area percent of duplicate analyses from the pooled samples of three flasks



404 a3

chx|edt Hotel vix|el BH|X|HM =4

Table 4 ol 4= wi=A] o] Al X2 3e] £8]H lipoprotein
2} TG, CE¢} PL} A4t 24 & vFebuigieh SA A
7 w219 TG 24 ol 9o Cis:o FHFN =8 3
o] glov} mix19) TGE AEL TGl Hl& Cis. o7}
G Cig:1657t T2 43S BYGch A CElA &
A2 A B} Cig: o8] Fafe] ol z, PLA A& Cigio
2] o] A EoA Bl 4l & 345 24k EA
A7 FE Cis 1 trans T3] A Z 9 TG(10.1%)eN A B
o} wi#] el TG7.0%)e14 84 Frh=lgich wi=x) 2]
CE= EA®] H7tell= B733 Cis: 1 rans TH(0.7%)
o] o}F & Flo] BAe)g] o, ul) 2] 8] PLollA = 5.6%
2 Cig:1 mans® T3 el sl vl =)o} CE A4k
XL A E2 CEYe & Aol & Ky & AAle o
7HEEFAYANCrg 2 Co: g, Coz:6) TFFO] B3] 2
b Fafol A Cis i sl T4 L2 YElyith OA
2] A7t A w212l TG A X TG #8 C:0
7t 22 Cig1 a7} T2 AL ¥ 7, X9 CE=
Cis:1cs 3F(7.6%)0) A XL CE Cis: 1 cis T2(51.2%)
off 8] 8] o} kot SAVEA H71+9) CE X uhit
245 vz & of ¥ xo]r} bR edgiel. vix] 9
PL2 OA®] H7lol= 7813 Cis:1 as®] ol 2
g 3ke] glold], o] PLY A4k A gl
A AL 2 A B2 R qhAre] §HA o] 4-go) 3]
o £2 g Fatgit}, 7k] microsomal fractions| 41 C-
palmitic acid, “*C-oleic acid 283 “C-linoleic acid
£ AIRE A8l PLEA S £ A9 o2 23y
Akel linoleic acid?} 7} &3, th&-o)] palmitic acid
28] 3 oleic acid £4 2 ©]-4F % =dl(13), ¢+ PL
28k A o) glel A A HAke] Al o2 A
o o]&= 3 9]&g el F3 9l

Aoz 232 2xsAue] A7 €A
cholesterolell 21 %] & 3 3d] BHA & L2 AF7) 5
o} $kx| =k whel xjubake] cholesterol 4§43 3} lipoprotein
2] talel] vl G &Fell W= oA 7R FE3]
ghiA) A gl whebA G2 9l UAE o] 48]
A o] 293} A EWQ cholesterol A off o 3}
+= A4 4 bile acid 2] &4, lipoproteing] ¥4 7} Eu)
o Bl X DU A HHAEe] of el il A=A HE
Helop & R R AlFRHTL)

2 o

B AL stearic acid(SA, 18 : 0), oleic acid(OA,
18 : 1 cis) 28] % elaidic acid(EA, 18:1 trans)7}

- 3

Hep-Gg cell®] A3} X1}z A o] v) X & Q88 2 A}
sled ol A A 9hA-g 25, 50, 100 28] 2 2000M 9] 5
E® serum free mediacl] 71 M EE 29 Eab
wlof =], x| u4ke] 100uM 7R 8] FRoA =
A E7L QAR 02 A ot 200iMe] FEA L
A ZAAe] AstE Bedvh A X E 7 24k 100uM
FxolA 297 ek A5t AEW triglyceride(TG)
ool Al A4l M7 2 5F gz ol v)a] A4 Vet
WA T o] E7telle Mgl Ao]E Bolx| i)
Total cholesterol{ TC)#2 &2} SA, OA 7T
o] A& H|5{ k& Bl on] EA /Tl ¥l wA
=& $x15 Jehy gl o} Cellular phospholipid(PL)2¥
o 9lelA = Aol Apolglo] BT B3 akg 1}
el %l e}, Fatty acid composition®ll $1¢4] SA A7}
A EZW2 TG, cholesteryl ester(CE), PL] x| u}4F =
Aol ¥ F3-E FX] sttt OA H7be TG A w4t
ZA o= 4¥& T2 kA9 CEAA & 51.2%
2] 3 PLol A& 20.8%9) ¥& Cis:y s FFE L1E}
W4gleh EA #rbe Al 2We] TG, CEel PLd| Zr]
10.1%, 10.7% 18] 31 7.8%2] Cis: 1 trans THE YU
At w2 2] TG, CES PLY =t 2Af o)) 9ol A&
SAS OA FH7}T Abelel ¥ ol7} glgled, EA A
7= wA 9 TG, CE®F PLe 17.0%, 0.7% 18]
56%2 Ci8:1 trans S e}

HAte] 2

£ =52 19949 = Fobridta wn| )8l s 2)s3
Ao &jste] AT glew, o)l ZHAHE =3t
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