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Evaluation of Oxidative Stress and Antioxidant Enzyme Expression
in Human Hepatocarcinoma SK-Hep-1 Cells Treated with Stearic Acid

Jung-Min Oh, Ji-Yoon, Lee, Gwan-Ho Lee, Bong-Hee Kim and Sang-Kyum Kim”
College of Pharmacy Chungnam National University, Daejeon 305-764, Korea

Abstract — Nonalcoholic steatohepatitis(NASH) is serious metabolic disease related to fatty acid. According to "two hit
theory", fatty acid-induced oxidative stress is important factor to progress nonalcoholic steatohepatitis from steatosis. In this
study, we evaluated stearic acid induced oxidative stress in human hepatocarcinoma SK-Hep-1 cell. Cell viability, reactive
oxygen species (ROS) production, glutathione (GSH), malondialdehyde and expression of antioxidant enzymes were deter-
mined at various time-points and concentrations of stearic acid. At 0.2 mM, non-toxic concentration, of stearic acid, pro-
duction of ROS was significantly increased at 24 hours and the level of GSH was significantly decreased. Expression of
superoxide dismutase-1 and 2 was slightly increased in 0.2 mM stearic acid at 24 hours. These results represent that the
non-toxic concentration of stearic acid resulted in oxidative stress, suggesting that stearic acid may play a critical role in

development of steatohepatitis.
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A (antioxidant)?] &) FUZ FE Alsls ~Ed e}t 428t
715 SEA AE el EAlshs PSR, AE U &
A3l @491 superoxide dismutase(SOD), catalase(CAT),
glutathione peroxide(GPx) 5°] 3137, H|&AZQ1 dHilkslzd=z
glutathione(GSH), ascorbic acid(vitamin C), o-tocopherol
(vitamin E), carotenoids, flavonoids 5] It}

Stearic acid= A7) 1871Q1 E3RAEC 24| A 16
709 ESAARRI palmitic acide} $7] LA 02 H]g=A] A
W $ke) bl F7kElo] Qi Ao® K Hook
U H|L2/d Ak} Bdsto] palmitic acidell tisiAe 2
o] A7t o] Q= whHol|, A4 0= stearic acidell thalA
© BaE vt Aok wEbd, 2 Aqtellxs Al 1 Al
21 SK-Hep-1 cell®ll, stearic acidE 2|8}l ole] theksh Ak
sH ~EA HrF A32ES B7Fe], two hit theoryell 713
sk 2zred o] whgrde] A 22 (second hit)}l Akstd AE
AI27} stearic acidell 23l WA= o F-5 Hrskaat sksick.
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A& o] AFE-3F A X+ human hepatocarcinoma cell line?]
SK-Hep-1 AZE ©]€32m, Dulbecco's modified Eagle's
media(DMEM, Low glucose)?} PenStrep< GIBCO(Grand
Island, NY, U.S.APA +43I93c}. Fetal bovine serum(FBS)}&
HyClone(Logan, UT)°llA %13t} Bovine serum albumin
(BSA):=  Calbiochem(Darmstadt, Germany)ollAl <3t}
Sodium stearate, tetraethoxypropane(TEPP), thiobarbituric
acid(TBA), butylated hydroxyl toluene(BHT): Sigma (St.
Louis, MO)IA {13 th. 3-(4,5-dimethylthyazolyl-2)-2,5-
diphenyl tetrazolium bromide(MTT)= MP Biomedicals(Santa
Ana, CA)lA F+] ). 5-(and-6)-chloromethyl-2,7-dichloro-
dihydrofluorescein diacetate, acetyl ester(CM-H2DCFDA)+
Invitrogen(Oregon, USA)°IlA +I&c}. Catalase, GR, SOD-1,
SOD-2, GPX-1, GPX-4, GAPDH, Trx-1, Trx-2 Prx-1, Prx-2,
Prx-3 &5 Ab frontier(Seoul, Republic of Korea)ll] 7+
AT}, GST-0, GST-n+= Detroit R&D, INC.(Detroit, USA)°l| 4]
T-91 3T}, Horseradish peroxidase-conjugated goat anti-rabbit
2 Bio-Rad Laboratories(Hercules, CAYIA ]3I}, Enhanced
chemiluminescene detection reagent(ECL)< Santa Cruz
biotech(Santa Cruz, CA)°IA] T3ttt 71e} AJok=2 A3l

g 9 15T AOHES AMgalgct.

Ml

gl

bt
o] 719PA3ER) SK-Hep-1 Al %o] Abgataich. vl
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%S 918l low glucose DMEMel| 9*2]3t FBSE 10% *2|5}
1, penicillin?} streptomycine 212} 100 unit/m} 100 pg/mie]
FEE AEste] 37°C, 5% CO, wWiF71ollA] wjekstsict, & 5=
el 7 A 1:49] vl&= Alhuiek sk3ich.

Stearic acid Z=X|

75°Coll Al 5A]17+S PBS(phosphate buffer saline)oll =]
10mM ZA| ¥ stearic acid : 5% BSA : 100% DMEM H]£-9]
Z47F 1:6.6:2.4°] HIEE &3t 1 mME ZA|ske] oj st
< ARESIGITE 71 ol8ke] FEES 90% DMEMe] 3|Aste] =
Al

Cell viability assay

SK-Hep-1 AI22E 100 mm BIFEAIeI4 70~80% confluency
o Tt eE wiokeleltt. PBSE 18] AlA % trypsing A&
3}3. DMEM Hi<Jel] 3]415te], 96 well MiYAlol &7 wiedst
Atk AZE7} 70% AE2] confluencyel]l EE3 5, dAo] Q=
DMEM HlIA|el|A] 16417t o) wlialdich. 54 559 stearic
acids Agato] 24417F 53t wisigich MTT €95 0.5 mg/
m/Z 7} welloll *]2]it), 405 F<t wjekst & DMSOS )
2]31% microplate reader? 570 nmolA SHE=E SIS

ROS &3

SK-Hep-1 MAZE 100 mm HiEAle4 70~80% confluency
o] =Sl ujokalit). PBSE 13] Al $ trypsing *¢]
5}al DMEM sl#]ell 212810, 48 well iFzIAloll &A wijest
Aok AE7F 70% 4 %2] confluencyoll =gt ¥, 0.2 mM<]
stearic acids ZH7} Ak AlZE Fk X skelct 5uMe] 5-
(and-6)-chloromethyl-2,7-dichlorodihydrofluorescein ~ diacetate,
acetyl ester(CM-H2DCFDAYE A&| gt $-, 301t wijeFat3ich.
%3577 1(TECAN, GENios)Z H¥= S7d3ISHEx- 485 nm,
Em- 535 nm).

GSH assay

SK-Hep-1 A*%%E non-denature $+58NO 7 F3l510]
perchloric acid® 1:2 343l 94 Ejste] A=AS FH )
Ag 2 ARSI Reduced GSH(glutathione)E 32} SF<rF=
oA BFEFSE AMESIGITE A|EE  phosphate/EDTA
(phosphate 0.125 mM, EDTA 6.3 mM, pH 7.5) &1 o2 104)
SAAET. GSH =735 $3ll, NADPH/buffer(phosphate 0.125
mM, EDTA 63 mM, NADPH 0.3 mM) £ 700w, DTNB
(phosphate 0.125mM, EDTA 6.3 mM, DTNB 6 mM) &
100 W, ¥F = AR5 200 W2 semi-micro cuvette] 7}
slo] £8 & 48 2ot wx|8ta, 12 units/m/9] glutathione
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reductase 40 WS E4 ) 3 337 (Jasco, V-550)% ©|
€3] 412 nmellA 137t kinetic® ® =743} A¥= nmole/
mg protein® % AIS}ITE

Malondialdehyde assay

SK-Hep-1 A3l non-denature $%-8-4-S xJ2]sto] 3|3t
% Al8® AFE-E}9 T HPLCE Shimazu 34+ SCL-10Avp
(controller), LC-10ATvp(pump), RF-10AXL(fluorescence detector),
Stainless-steel column 5 um, 4.6x150 mm, Intensil ODS-3
(GL science Inc.), 20w loop sample injector(Rheodyne
772505 ARESISITE o154 E 40% methanol®} 60%, 50 mM
sodium phosphate buffer(pH 7.0)5 1.3 mi/min &2 A&
AN}, 3} 7AE7]E= excitation 515 nm, emission 553 nmol|A]
ARSI B AR S 918k, MDA #5550 % TEPP
£ 33 S5l SXAA, 0, 527, 59, 5/3 uMS A FT Al
2 A7) 9 353& 981 1mM DTPAQH 3.5)% st
S 2M sodium acetate buffero] TBAS %593 0.2%% ZA|s}
otk 0.2% TBA, 300 ulell 96% olgkeol %521 0.5% BHT, 3 u
= 2% &, B1FE e ARE A 0wy E3sksith
95~100°C F->FollA] 455 F<F 713k 5 Afel W7fstod,
HPLCE S33k3itt. siolx] A% 2Md3tol nmole/mg
protein®. = AAFSFATH

Protein assay

SK-Hep-1 Al 3% non-denature &% N0 2 =333},
Protein assay kit(Pierce)S AF8-3l%] microplate reader= 570
nmelX] S0tk BSA X5 A=A vlwste] 4AHEslelt.

Immunoblot analysis

kel G450 W HILE QA 12 well B Al
Hjekstelt. 48 I AR HiAel 16A17F o) Al2E
3 %, 0.05, 0.1, 0.2mM2| stearic acids * 2|5}t 24
|t vjoEst 3 non-denature buffer, 75 Ws *glste] A|EE
FAs 1ml FAPIZ AXE 48 § immunoblot
analysis®] Al 22 ARESIATE A2 whulzl o] Bxjefe] wheh
75~12%%5 A8 AL, Zb2be] Ak A= 1:1000 =
1:30000.% 3|Xste Z4sI3iet. o]AF A= GSTE A|<fsh
U x] ehlZ 52 gout-anti rabbit, 1: 1000022 731311,
GST-a, m& rabbit-anti gout, 1: 1000022 3]43}o] A3}
o}, ezl 2} (blocking)= 5% milk’} ¥3Fel TBST §d 07
sRlth. A2 150 voltellA IAIZF~1AIE wF F<t ZAlet & 80
volt® 2AI7F Bt UERARARO R o] gAIZItE AR 9 &
QF whilAl A& 3%t &, A} A= 4°ColA] overnight=,

o)} FAE 2A1RF Fek WESAIZITE, AES LAS-4000(Fujifilm,

> 2
™ol i o

)

Tokyo, Japan)S AFE3F313, Multi Gauge(Fujifilm, Tokyo,
Japan) Z& 138 x}-g3lo] Ak 31Tt

Statistic analysis
A= Al 7 o -9+ ANOVA test § Dunnett's test
2 4 Aolg AFsL, T 7Y A9l un-paired
A

=4
Student's t-tests ©]€3tq F-214 2olE AFEIATE

[

SK-Hep-1 A5 ©]43}9] stearic acidell 2]3F Ak3}4 ~E
s H7e] all, stearic acid®] 552 004 0.5 mM7HA|
Al 24717 Bt Aste] Al 5/3& H7IskickFig. ).
1A} 0.2 mMZHAE AIE /o] ¥R 99kal, 0.5 mMel|
A LR Mz =Ado] T HITHP<0.01). #12] A3 Bt
gow & Aol 540l gl %< 02mM ¥ 71 o]t
FEE ARESISITH

Stearic acid *]2]ofl 23t A|EofA2] & AkaFo] WAl of
H= rsl7] 98, stearic acid, 0.2 mME #1213k -, 04171
A 2407 B2 Ak s FrleISITHEg. 2). 1 A,
stearic acid 0.2 mMS 2477 A3t TollA B4 Ak A
o] o)zl ZrPF BEEd A, I 99 ARkME FoF el
W37} 2EE]A] QRS). o) M, stearic acid M| §- 24471
A A akaE Bgo] SRS ERlsiint. o] A= 79
BE HES TIMHEFQ] HAIE cellz} ARES] 1HIAIETS]
HepG22lA] palmitic acids A 2|3t3-s wl, &4 kA% dago]

150

100 -

50 -

Cell viability (%)

0 0.05 0.1 0.2 0.5

Concentration (mM)

Fig. 1 - Cytotoxicity of stearic acid in SK-Hep-1 cells. SK-Hep-1
cells were treated with stearic acid (SA; 0.05~0.5 mM) for
24 hours. Data are mean=+S.D. for eight separate samples.
**Significantly different than levels monitored in control,
P<0.01 (ANOVA followed by Dunnett's test).
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Fig. 2 - ROS production in SK-Hep-1 cells treated with 0.2 mM
stearic acid. SK-Hep-1 cells were cultured in the presence
of 0.2 mM stearic acid for 30 minutes to 24 hours. Data are
the mean=+S.D. for eight separate samples. ***Significantly
different than levels monitored in corresponding control
cells, P<0.001 (un-paired Student's t-test). # Significantly
different than levels monitored at zero time, P<0.05
(ANOVA followed by Dunnett's test).

SRt Basdt AX)E A2 A, stearic acid’| AFeFA 2~
EAE Ao Azige] wge)] 7]ofdd ¢ QlSE AXkS
= 7}_1011:]_.25,26)

abela] ~EAS] R AxEH AE U tlEFl ksl &
Zw defzl GSHe) Wzl A A7iksle] #3210 malondialdehyde
(MDA)S] 34 k& F7Fsi8ith. 0.2 mM stearic acids thgsth
AZH0~24771) St Aejskal GSHSF MDA®] kS 37} 8191
T}, GSH:= stearic acid®] 2] 30%, 1AIXF W 4~2473F A€
Sk oA B fo) Ao 7HAsllvh(Fig. 3A). 12t MDA
= FE AIZrolA stearic acid #]2]ol] whE F-2]A Q1 W3} 9]
SItHFig. 3B). Stearic acid®] *&]e] wkE A3 W GSHO] 74
= stearic acidel] 9J&l ¥H¥sh= B4 AHAETS GSHZF 53}
A71e ol TS Flow Al A daakeiA %l
MDA Hish= GSHE W& Al U] ks a4 W 54E
o] B3 Agof 93, stearic acidell 23l ARG A AT
=o] EHH0 7 AAF7] witolet ALsE T o] stearic
acidel] SJal WAYSE g AT O] o] ME S dod ot
T AES 2 obdS vt P o ® Atk v
Al A B3] 7ol GSHE| ok 7Aau]o] 9low, x|4
IREsh= Artell A vldEA] AR o2 o) IS vizish=
Ao Huw k2 webA stearic acidol]l )3t A2 GSH
o] A=, stearic acid7b AR W ARSI el] i gt 7HsAd
Ue= ARFeh= Zolth

GSH ¢Je]| stearic acidl] el "2deh= 11314 AELAE A

=

o]
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Fig. 3 — Cellular total GSH and MDA levels in SK-Hep-1 cells
treated with 0.2 mM stearic acid. SK-Hep-1 cells were
cultured in the presence of 0.2mM stearic acid for
10 minutes to 24 hours. Data are the mean=S.D. for three
separate samples. *Significantly different than levels
monitored in corresponding control cells, P<0.05 (un-
paired Student's t-test). ##, ### Significantly different
than levels monitored at zero time, P<0.01 or P<0.001,
respectively (ANOVA followed by Dunnett's test).

Ak o #Aofsls T 713S dotry] dsto] Al ]l ofg]
vkt ksl g4se] Wk BreISitt. Stearic acids 242t
05, 0.1, 0.2 mMO=Z 24713t X7] % gHiksl @459 catalase,
GR, GST-o, GST-n, GPX-1, GPX-4, Prx-1, Prx-2, Prx-3,
SOD-1, SOD-2, Trx-1, Trx-29] &dl Ws}E F7keilvt. 1 2
I BE AR mAaEelA AR A wRel wE felAQl
k= glgleh. 22v 0.2 mMelAl, SOD-1% SOD-27} w3
tin] 22} 123+8%(P<0.05; un-paired Student's -test), 136+
7%(P<0.01; un-paired Student's t-test)® -2]H 02 Z751%]
th(Fig. 4). SOD-12 cytoplasmic Cu/Zn SODZA] superoxide
anions U174 hydrogen peroxide® 443, SOD-2+=
mitochondrial Mn-SODZA] Ats}d] AE#| A4 mitochondria
2 BEsh= oS 31230 o] stearic acidell 9J&f g3t
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Fig. 4 — Expression of antioxidant enzymes in SK-Hep-1 cells
treated with stearic acid. SK-Hep-1 cells were treated with
stearic acid for 24 hours at 0. 05, 0.1 or 0.2 mM. Values are
shown as the percentage of cells cultured in the absence
(CT) of stearic acid. Data are mean+S.D. of immunoblot
band densities. There were no significant differences in
expression of antioxidant enzymes (ANOVA followed by
the Dunnett's test). GR; glutathione reductase, GST;
glutathione-S-transferase, GPX; glutathione peroxide, Prx;
peroxiredoxin, SOD; superoxide dismutase, Trx; thioredoxin.

A ARRFE] AAC FAksl @491 SOD-1, 27} #ostarl §)

4 =

e

AT AFEe] 2ReF MIAES=Q] SK-Hep-1 A|3EollA, v
A AzE $x19] ZhellA S7hE A0 ® HalE stearic acid®)
227}, kst 2131 AEA Hr) 2%l v)x= Je 3
7Valit). A B4 A8 A3} stearic acid= 0.5 mMolA Al
=38 FdsIom, 02 mM ol FEelE AESYE &
WekA] kgt whebA Aol 754 %2 02 mME Akl
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&O

%, VIRE S 420007 9515150, MDAR: 3 Sisich
chebet WAl Eage] W WS H7hd e, 02mM stearic
acidelA] SOD-132} SOD-22] &3-S Z7HAIFAT. o|2M4, stearic
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