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Role of Reactive Oxygen Species on Sodium Butyrate Induced
Human Hepatocyte Differentiation

Tae Hun Kim

Department of Internal Medicine, Ewha Medical Research Institute,
Ewha Womans University College of Medicine, Seoul, Korea

Background/Aim @ Reactive oxygen species (ROS) such as hydrogen peroxide, superoxide
anion and hydroxy radicals are produced in various physiologic and pathologic conditions and
involved in many cellular processes as proliferation, differentiation and apoptosis. Studies inves-
tigating the role of ROS in various cellular behaviors especially in proliferation and apoptosis
have been widely conducted in many cell types but the role of ROS in nontransformed human
hepatocyte differentiation has not been investigated yet. thus we were going to elucidate the role
of ROS on human hepatocyte differentiaiton using sodium butyrate (SB) induced hepatocyte
differentiation model of our own establishment.

Methods : Intracellular ROS and apoptotic cell death were monitored by flowcytometry using
peroxide sensitive probe (Dicholorofluorscein diacetate) and Annexin V/Propidium iodide, res-
pectively. Urea nitrogen in culture media was measured by colorimetric methods. Ornithine
transcarbamylase (OTC) and albumin trasncription was evaluated by RT-PCR.

Results : Intracellular ROS production was increased by SB. SB induced urea production was
significantly decreased with antioxidant treatment(p<0.05) and SB induced OTC and albumin
transcription were also attenuated with antioxidant treatment. SB induced increase in apoptosis
was significantly inhibited by antioxidant treatment (p<0.05) .

Conelusion : ROS produced during the process of sodium butyrate induced human hepatocyte
differentiation auguments hepatoctye differentiation and apoptosis.

KEY WORDS : Reactive oxygen species * Sodium butyrate - Human hepatocyte ' Differentia-
tion - Apoptosis.
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ZHAE ] B3ke) Falo] wojss 7]Hel| Adt A b
BABRY X5l 01848 = 9l AT el F
L3 ARE ATE 5 Y. HToE VMRS ol %
g AE B3AT7) PE] o1Fo] X1 glom o)
J3kg v e ofe] 74 EHEC] EAETH] 5l
A g AT Qe

Hydrogen peroxide (H.Op), Superoxide anion(0")
and Hydroxyl radical OH’) §% #& 9h&4 AkA7]
£ F2 ALE Ashs AXY AulZnkgol: PDGF,
EGF, angiotensin I, UV radiation 3} 7k vjoksk
AERVZo) olaf whdo] FrhElE Ao A oM
AL s-3he} A, Al Sol ytolshs 2R ¢hA
ok Ankd ez slare] kA AblE AR 2
FEE X AR GlA e, FHE A A
271 NESAY (cell intergrity) 3 AXW o8] 4%
o 7%, fHzke) QPgA ol &8 Ql8ln MY
AHapoptosis) & 24817] W02 A= T it $h,
A AEe} Wi to] o)t wheAd AbA7]e] AL At
A 7l thEt AAje) melsta wo]7] el F4=4]<l

SBol Sl# (HES) HEHRE I Bofuh of
o) 74 Wk olul ki Qe WHR e
Ara7)e] aish ulgaka N Al SBRES 9
8 18 Ak719] Aol Gvkdo] Mgl v Qo] AT
3 ¢ oln] $318 Al (S| SBel e BEHE
SPgel] WA ka8l i) Bste] el BuR
sk

oy [ EH

1. 0¥ NIE B 2 2|

A MY Faadhsol Gy AR TAEFE
o] 83191014 SBejl 2J§k o] MAS) i3k e olv]
REERE wl QY. wke) el (m) g 4% 10°709] Al 3t
AZH 6well plateo] 23 1+4 wjokel(10ug/mL in-
sulin, Sug/ml. transferrin, 3.5uM hydrocortisone, 2
mM glutamine, 0.1uM CuS0, 510, 0.03uM HSeOs,
0.5nM ZnS0O, 7H0, 1ng/ml. glucagon, 6.5ng/mL gro-

wth hormone, 0.5ug/ml. linoleic acide] €% Ham's

225 oJgE| 5L Slvt.

220 NHSA] AbA7) AIE) SHabkslabgate) 94y
wabe] whe} ofi] 74X AEG AZALL] 24 Wk}
(second messenger) 938 3lod Faate] WPl
T ohokst kg ujx o MEY HAu} Eajelin yhod
sh= o] okelA Qlizul”, Wk AbLVI: QK oR
AL FAE FRBT ANAPEE 28k HoR g
AL L Rt HE Sauh M ARge] ylojsl:
A AbA712] odgdel wRh s Wol Bkl 9l
U AIE B3lol] w)A|te ek ARelARt BlEA gl
o579 Al ZRAlsEe) Bgjelld hEA) AkaT1e] efdhe
otz 1§23 izl A vk

A RAIES] Haly g Al Hlstet (MM 1
9 7V A A= s o] A AR )
A Raa i 98l ALE AL Sodium butyrate
(SB) = ol A== vk A A (short chain fatty
acid) 2A] Tk AR W ojujel TS AR o] 7}
2 AL B3HE HAAY s Ao oA Ak Al 7t
AT SB7F 7HASEL] Yol 28l QA -
7l FA3E SRR ARARIARE fLge] el e
W ARFEL o] HAolM ARSFAANO) 38 Ao,
2 AERES 2007 4 QS-S et vl Qe

=12 ekl Sigmal, St Touis, 7150 8. E CO; 5%7F
Fhgl 37°C2 AT V10A] 24 Al wijeFste] oF 70%
9] confluencyt #11&}ar, ujakolul zhold Z$-(LM),
Sodium butyrate SmMe] X1 ks dold A4
(SB), SBB8 N~acetyl cycteine (NAC) 10mMe] &7l
kel wjlokals xajgh 49 (SB/NAC) # Vo] 484
7w M7 F b Ak AALEISICh

2. RNA & ¥ FBaLA04HY

7} wellollA] # 2]l RNA= Trizol 8918 o] &3] £
1l om ¢cDNA> 1ug?) RNA® random hexamer
primers& o830} 3MAdslluk cDNAS] PCR WH-&
2k A %4 [ornithine transcarbamylase (OTC), 5'—
GAGTTTTCAAGGGCATAGAA-3'9} 5'—~CAGAT-
CTGCTGATAGCCAT-3"; okl 5'—AGAAAGT-
ACCCCA AGTGTCAA-3" 5'-AGCTGCGAAATC-
ATCCATAAC-3'120pmol?}t 200uM deox—ynucle-
oside triposphate, 2mM MgCl &304 DNA thermal
cycler (Perkin Elmer, Norwalk, CT, USA) A 94 30
%, 65 30%&, 72 1403 A% eyeled 303] ZEE]
Sl PCR Whg- AMERS ethidium bromideE 33t 2%

S
agarose gel A7)9%-8 Walo] glEsien] WEl
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7¥% (intensity) & beta—acting] PCR AM2#} 8] w3}
densitometer scannerg ©]§3t0] 43551t}

22 (Urea) 53

7+ Ao NH,Cl 20mMo] H71a 28 wjokaio
2 24A7 © 89RA2) B wliokahy)9] Urea nitrogen
Sigma kit n0.535F ©]-8-3t9] 625nm 7] FHEE
SABICHELISA). AlEgio] NHACEE gdt wijokd
£ SAYRTOoR ol8d19 e Urea nitrogend] FE
of M2 EF(standard) & &3tk F4E Urea
nitrogen< 2 wellol ) HEFE ER 23193 nmol/

24hr/10%ells2 VERAZTH

S8 ML FPL MEATA BN

A A7 S R3] A5k trypsin A
g2 283 72+ 159 AlEe] 5uM DCFH-DA (dichlo-
rofluorescein diacetate) & *2lgto] 3087 WHEAI7
& Mg2+, Ca2+718lE= PBS(phosphate buffered—sa-
line) 2 AT thA trypsin X2 & gAveIsle] £eist
HEZ 7R PBSef| ©ot 43224 (FACScan : Bec-

4.

Ll

re

olo

ton Dickinson, Mountain View, CA) 3F3tH?.
ATAEAL BHE sl Wello] 2olE AEE try-
psin Xg3le] 2|3 + vlz] £t 7t welld] 4T
o o] &3tk ©171¢] PBS 10mlE %7} & Y83}
o} AET AAANFIZ 0)ZE Annexin V buffer 200ul
2 308310} Facs tube® %71 & Annexin V 4ulet
Propidium iodide 10ulg EZE B8 $ FAEEHS

Agatgict

5. 2N

7 EA4Ae HAT A W oY ERAEY FAr
vehjglon] &2 Aol student’s t testE o] ¢
slo] 43197 p gtol 0.05 wlEgl A% {28t Ao
2 wdsisich

4 1

1. SBOfl 8t W3y MANSY ¥y

SB Hglo] W §k8A AbA7)9] XS AEEAL
E3lo] Fsl5int SBAE 4847k ROSS AAle] o
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Fig. 1. Intracellular ROS production in hepatocyte by SB and its inhibition by NAC, Hepatocyte ROS production was
increased after 24hr-incubation with 5mM SB(SB) and its inhibition was evident by concomitant freatment of
NAC 10mM in 48hr-incubation. Representative results are shown. ROS : reactive oxygen species, SB : sodium
butyrate, NAC : N-acetyl cysteine.
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ZT(LM) ol vislo] A3] F7REE gRlE 4= slglon
o]#]3 ROSAIAS] F71= N—acetyl cycteine(NAC)
Aelel] o] A=l Zhzhe] 7 okEAje] 3 AlZE
W2 ROSAAY wgs F4sISled AlekAel 244
ZHFFE] ROSAA] A7} ek oL} o)A At Ayl
et EL B3t B4R ulmslz)dl At Al
7RI 48X WgkE 7|E o2 aitk(Fig. 1).

2. BLUH oDt UMERE A}

1) 22

TEA 8] 9- o] Jglef] ulAji= WHEA AbA
719] Jokg ot r] f18te] AE wjokliol A Urea
nitrogent F7F3I3ck dEFAM ol E 24 Aol
A9 AFEA ko SBE Aele] 23] 'J/H B
23L& AR (NAC) AHzlell 2Jae] AFEiek(p<0.05)
(Fig. 2).

2) LABYEA(OTC) X L8 FA
i °ll Hoshs AA F B3] OTCE SBAYA
‘:‘j_fa 1 F7)sol-dRiz ol el - Aa- Al o 2 (M)

A g

50 -
= Urea production
5 g 404
Q &
g5 30
c
§
S 20-
>
£ 104
0+ 1 T T !
LM SB SB/NAC
Albumin SN G
Qorc
LM SB SB/NAC

Fig. 2.

OTC and albumin fronscrlpﬂon cmd urea produc-
tion by SB and their inhibition by concomitant
treatment of NAC. Urea nitrogen which was ne-
dligible in plain media increased significantly by
SB 5mM treatment (p<0.05) and decreased by
concomitant treatment of antioxidant(NAC 10
mM) (p<0.05). Significant induction of albumin
mMRNA and mild induction of OTC mRNA by SB
freatment were attenuated by concomitant NAC

off vjs SBA7} & 3¢ OTC2 9441 mRNAS] Z7}
7h 5] ek on] FASAINAC) Al2lell 28} OTC

freatment.” Representative Tasults—were—shown:
OTC, ornithine transcarbamylase, ROS : reactive
oxygen species, SB : sodlum butyrate, NAC : N-
acetyl cystelne.
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Fig. 3. Increased apoptosis Induced by $B, Is aftenuated by antioxidant treatment. Increased apoptotic cell fraction
with 5mM 8B treatment Is signifycantly decreased by concomittant addition of NAC 10mM (6.29% vs 17.81% vs

11.67%). ROS : reactive oxygen specles, SB : sodium butyrate, NAC : N-acetyl cysteine, *
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o) Q) mRNA $H B H2E BT 5 9]

out FAE A9 vehiAE £ siitk(Fig. 2).

3. BLISIHOf OBt Tt AtTAS| Bio}

Zb FollA Halst AlEe] Annexin V) Propidium
iodideE WHAIZl & FAlZEAE 283 A3} SBo)
e 719 AEAEAPE NAC Aol da) 7ags
& SISiTh SB Aol 3] ApEAte] whal Axe] &
H($53H AR 2tz vl F71sH 0 (6.29%
vs 17.81%, p=0.00014) NACE 37 23 2% #9
1A TSR eH17.81% vs 11.67%, p=0.005) (Fig. 3).

1z

SBE EAFS] el Midolut Astelx] e
A, @ild So] ndEe o3| daso] JdHor 4
AEle AR ofE] FFY AXdA Raleh AE
ABAE FEgo] B4 gtk §3) SBell gt et
M2 BT AEAEAL SR 2AFA ZFF el
o5t AP g Ak 717 SR AANEH
7E g,

el Al AAE Butyrate: TS AWAIES o)
HEE B3 eg i) AEeE ke wE
Aoz P 4 ], AA IRIAES} TN E
Fahrrsl 494 7)%50] ghgol ol walA I
olfst YT 7te] Pl AF HEE vAT uf A A
A in vivo) INE S83] Ve 5 & A2E o
Eu} olel] et G AR FAE oFd gl Aejojth 1
2% SB7} ZME] mAe Gl et A7EAS
AL (in vitro) NS AT R-Blol] thst o]siegt of
Uzt A Gn vivo) A S] T GRS 3k
ATE 7127t E ¢ Ag Relth

Azt 52 oln] E3E AR TAEFA SBIL A
X8 Bolahgel QAT dRRl & ML
AEABAE 28 w500 o] 3gox S71d
Nitric oxide (NO)7F AE23HE AAlsh= 7150] Sl
& TFEE vk glek 2 ojw SBel| 98 dojul= ¥
o) M3lE & B3lg AEAEER, 494, NO &
A& (inducible NO synthase) 27} 239 37} 5
< OE o AFENAN gEiRRe] vA At

A4 F7F o vehs Wskel dxjsh GFAEFA

= SBell gsf §E3A) Ab7)9] o] 7] YEA
QAoH. 2R ZAE E3jol ol NOg Hge ut
4 ALY B wE W3lel ) $HE Favt
A S, AZY ukeA AkaT1e) A 7152 A
X A5 wh, AR FRel wet th2A] Jepd
F Sl £ ArelMe 850 Qe AR
oA SBel| st BeHrEd WA AkAv)e] 9Eg
313l

R34 AT |E Thekst A9 ARl s el F
7tels Ao dElA4 et SBel SFIME I Ao
Z7}=] 1 TNF alpha, Fas ligand®l 2/% apoptosis&
Z7I0) tiASE ATl ol wEA A B
AT SBell 95 ZHE B3 F el vkeA
24718 Aol S sl AE dolwr] 98 DCFH-
DA (dichlorofluorescein diacetate) @48 3 f-A|ZE-4]
& Fate] ATl ukA) Abav)e] WEE B,
SB g o]F Al7hEE WA Abarle] S &8
G& w 27) 24N SBAZC 23 vk AbA
718] ABAE7H NACEA Aol &%t vhgAdAatar)e)
A7} TR dorort o]F vk A7) A |
7 etk i EFe o] Aol SBRE
FAR FHE ¥ AAT)Y] STPE vep & aT
Ao}l AR Aol E Holx §lv} o) AEFEe] u}
g} Ak} 8ol 2lolrt . whAd AT 8 EAEE
o] 27 e ZoE 7k AEelAe W
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g& 271 Ao diA QY. SB Ml 2%
QAP BT P2 7K NACHDIZ Aasigie
o @agile] F2 &4¢l OTC mRNA 2@ 94 7k
E3ich ol SBell @ (MERIHTECIA HhEA Ath

17t B3E A7) dko 2 288k vlehdc) v
9 TP MEFAE RIS AZABALE £2A)
7le A& H]Iﬂ.—‘] wo] Aso] gelA oLt MERS}

B|XE FEe wol AulA X btk R eR &

Wy 11&4 £3Y"99) Z7) 4% (stem cel) 9] £
FojFo] ulslA 91em” Pheochromocytoma Al
A 7B 8 (neuronal differentiation) A& ¥heA Ak
719 gAdo] Wed 2oz GuiA P, i 7194
EFolld TRMES] #3kE Hs Fgo] UFo] B
THT QY. et gAAso] Qs ARRMIES
T mAe %S AT W A0R v AXg
Mgl o] EIFEEA gt b AkAv1e] e
AEEBE sk A8o) S-S FR1E 4= ALk
Hejata Nk ool wEh MEAFGS: 1Al HE
AH(necrotic death) 8k AdAHapoptotic death) 2 Lt

oy
*k‘éﬁm
4

oo AT A3l SRl o8t AREZHAIES] 23] f&
golA Whg/d AbAT 13 MRS Hgke) MEAEARE
RS & 4 Ak e} o3t Ahe E A%
o] £ ZystellA yEvt ¥AO R (T 5o o
A= WA AtA7)9) #8-& wet F33) ofslsly] A3l
A= SBol| 3l F7)Eli= WhA) A1) FRl oist
st £43) @ NACS vl gl 2jgt w3l &
o] Qs o AZbELL & Aol wheAAkS
719] g BAAE o) f3jo] WA AV B
AAAIgro 2 ] AR 15387 wEel AYE:
A ARR71Y) Feh AN $HUAR) FRol we)
Z1}e) 2ol Kl 7heAdol Qlrk vh: ejn] Aol
NAC®]ell Ascorbic acid 3mM-& *g|slo] 22 Y&
Bl W KA el A4S NAC Xl Wl
vlE} v oA EQort MEAEA] uX]E Gk
Aol Bolx) ekt o]t LA WA Aka7]e] Bo
At A Bl Wi QA Hrze] ztolof o]
& Aatel 4 olaic) wdk SBe| o)& $Ado] FrhE
NO2) 43}, AEAPE &7 W G494 o) Ago] &

FolZt}, MEAEANE FEsk: B3 ofejrlx|7} ¢
#HA 2= Sodium butyratels #3--LabAolA Al
ZHAIEL] MEAAARE FH2IAF )=
A EAFHAR= TAtel ‘7;1.\4 gegtor SEA &5
I BaAe] EHstel ) WAF R §Ho] Uik}
=l o] #gelA LRz DNA W—:c} b A2 E ALl
o3t ME APge] Agpery AR AR 11 At
Vel DNA Alcte]l7) MERAL] 2§t AlEANE
o] 3 AEZ AME] ek v} kA e} Adu M
Yol A= olefgt W7} FHkEA] o wAM L M ER
Patel] ogk M EANRO] ol 42 Qo] AHA! o)
Ro] MEAPEALS] FolAQ] HALE Wolgo] A7)
ojge}, 2 oAt Annexin V8 Propidium iodide
F ol &3 FAERAE E3lo] AXEAHARE Rt e
3] Z4staa) sQlizdl, Ao A Fuhfitel °|*|
3= Annexin Vir MEXPHAF 7)o AEJHR N3
HA = ofeidt HAE vy 27 doprtar
MR 2af gots] el 4= U, dwrror
R Akl clekst AlEelM o] 714 zb= B4
oJaf| Lol ZAElo] A2 AHARE #FHZdl: 2o
2 deiA gl & Atellatz oeft ¥heA AkA719)
Zhgo] AR B M L dlofshe ERlekich

Ro) A A

Al 271 WA Ak 7)ol 9JF ARIXTTEE u]—%
ALA7) Aol 12 o akHel WARIXo| tha 37t
7} 71k e SBell olgk (HIE 23k 713E
Bk 2 olsaly) sl vleksl 3o Al NO
A A S 2zt e Bedk 2)2)E90 0 u) WEE 2
871 913 F7hHel A7) s Ro.w AZer

IO—{JO-u

[o] ot
£ =

g X:

Hydrogen peroxide (H,0,), Superoxide anion (O3 ")
3 Hydroxy radical (OH") %3 %82 WhgA] Abar|e
i A o e B M B o 8 B B S W A L
Elf W) APR Gl Yholalix Ao deA] Atk o]
o] MEPolA] WRA AMAI7E MESAE AAISRE Al
FATARE H3¢o] rda] glor), AEEs}e] njA|=
QB QLA LML ukE)R] Qlct. ool B ol A=

Y2AR A B AR BIHGE0 YIA 0
34 A2712) AR i1gslel siglok

Oy 3 3
AR qRuloretko it milekst B$-(CM), SB
SmMo] 31 wjokels et 3-9-(SB), SB2 N-
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acetyl cycteine(NAC) 10mMo] &7 T&g wjoFbe
A2 ¢(SB/NAC) 2 WPro] 48417 wiekrl7l v
7} Z$olM W3lE #EsInh AlEu ¥k A1
A3 AFEAEARE 2k} Dichlorofluorscein diacetate
9} Annexin V/Propidium jodide 94 & fA|EE4S
S8l SIsich wickduel 24833 colorime-
ters o]gslol £A35 o™ Ornithine transcarba-
mylase (OTC) & albumin®] Frkes AL S-S
S3lo] SAeqch

a3 I

SB A AZ vEsA Akk7]9 Aol F7HES
v} SB Hzjell gt 24339 Fke A A A
ol sl A= o, F7tE OTCeE &R At
AA] FrkslAlel] 3l EIEUTHP<0.05). SBelYl F
7t AZAPEARE absA] J2el g3 uigiAl A
5FItH(p<0.05).

SBej oJgk Al M E3HelA SBell ) STk
AL AR e TR B3t AEAEANE SRS

ZA OOf : wke A A7) - Sodium butyrate - AFEZE
AE - E3 - AZAEAL

References

1) Chamuleau RA, Deurholt T, Hoekstra R. Which are
the right cells to be used in a bioartificial liver? Metab
Brain Dis 2005 ; 20 . 327-335

2) Tosh D, Strain A. Liver stem cells--prospects for clini-
cal use. J Hepatol. 2005 ; 42 Suppl (1) © §75-84

3) Costa RH, Kalinichenko VV, Holterman AX, Wang X.
Transcription factors in liver development, differenttia-
tion, and regeneration. Hepatology 2003 ; 38 © 1331-1347

4) Nagy K, Pasti G, Bene L, Zs-Nagy 1. Redox-dependent
signal transduction.Finkel T. FEBS Lett 2000 ; 476 ©
52-54

5) Sauer H, Rahimi G, Hescheler J, Wartenberg M. Role
of reactive oxygen species and phosphatidylinositol 3-
kinase in cardiomyocyte differentiation of embryonic
stem cells. FEBS Lett 2000 ; 476 . 218-223

6) Hyperoxia induces the neuronal differentiated pheno-
type of PC12 cells via a sustained activity of mitogen-
activated protein kinase induced by Bcl-2. Biochem J
1999 ; 338 © 465-470

Collection @ ewha

7) Role of Oxygen Radicals Generated by NADPH Oxi-
dase in Apoptosis Induced in Human Leukemia Cells.
J Clin. Invest 1998 ; 102 . 1961-1968
8) Oxidative stress involvement in chemically induced
differentiation of K562 cells. Free Radic Biol Med
2000 ; 28 - 18-27
9) Induction of granulocytic maturation in HL-60 human
leukemia cells by free radicals : a hypothesis of cell
differentiation involving hydroxyl radicals. Free Radic
Res Commun 1993 ;19 . 1-15
10) Yoon JH, Lee HS, Kim TH, Woo GH, Kim CY. Aug-
mentation of urea-synthetic capacity by inhibition of
nitric oxide synthesis in butyrate-induced differentiated
human hepatocytes. FEBS Lett 2000 ; 474 © 175-178
11) Yoon JH, Lee HV, Lee JS, Park IB, Kim CY. Develop-
ment of a non-transformed human liver cell line with
differentiated-hepatocyte and urea-synthetic functions -
applicable for bioartificial liver. Int J Artif Organs 1999 ;
22 1 769-777
12) Arakaki N, Kajihara T, Arakaki R, Ohnishi T, Kazi JA,
Nakashima H, et al. Involvement of oxidative stress in
tumor cytotoxic activity of hepatocyte growth factor/
scatter factor. J Biol Chem 1999 ; 274 . 13541-13546
13) Giardina C, Boulares H, Inan MS. NSAIDs and butyrate
sensitize a human colorectal cancer cell line to TNF-
alpha and Fas ligation - the role of reactive oxygen
species. Biochim Biophys Acta 1999 ; 1448 - 425-438
14) Giardina C, Inan MS. Nonsteroidal anti-inflammatory
drugs, short-chain fatty acids, and reactive oxygen me-
tabolism in human colorectal cancer cells. Biochim Bio-
phys Acta 1998 ;7 1401 . 277-288
15) Meister A, Anderson ME. Glutathione. Annu Rev Bio-
chem. 1983 ; 52 © 711-760
16) Ren JG, Zheng RL, Shi YM, Gong B, Li JF. Apoptosis,
redifferentiation and arresting proliferation simultane-
ously triggered by oxidative stress in human hepatoma
cells. Cell Biol Int 1998 22 . 41-49
17) Bursch W, Oberhammer F, Schulte-Hermann R. Cell
death by apoptosis and its protective role against dis-
ease. Trends Pharmacol Sci 1992 ; 13 © 245-251
18) van Engeland M, Nieland LJ, Ramaekers FC, Schutte
B, Reutelingsperger CP. Annexin V-affinity assay ~a
review on an apoptosis detection system based on pho-
sphatidylserine exposure. Cytometry 1998 ; 31 . 1-9
19) Wei T, Chen C, Hou J, Xin W, Mori A. Nitric oxide
induces oxidative stress and apoptosis in neuronal cells
Biochim Biophys Acta 2000 ; 1498 . 72-79



	Abstract
	서론
	대상 및 방법
	1. 대상 세포 배양 및 처리
	2. RNA 추출 및 중합효소연쇄반응
	3. 요소(Urea) 측정
	4. 반응성 산소기 측정과 세포자멸사 분석
	5. 통계분석

	결과
	1. SB에 의한 반응성 산소기의 생성
	2. 항산화제에 의한 간세포분화능의 변화
	3. 항산화제에 의한 간세포 자멸사의 변화

	고찰
	요약
	References


