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Ahstract

Hepatotoxicily of caffeine and acctaminophen was investigated in this study. Special altention was
paid 10 the cffect of vilamins on the reduction of hepalotoxicity caused by the chemicals. Rat hepatocytes
isolated by two-step perfusion method were cultured in two different methods-suspension, monolayer
cultures~, and exposecd to caffeine and/or acetzamminophen for 24hrs. Caffeine or acctaminophen exhibited
no significant hepatoloxicity in terms of intracellular glutathione(GSH) level and lipid peroxidation
(MDA}, but GSH level was significanlly decreased after administrated acetaminophen, and the loxicity
caused by the chemicals showed a dose—dependenl manner. The synergisiic effect of caffeine and aceta—
minophen was observed when both caffeine and acelaminophen were supplemented to cullure medium.
Al the concentralion ImM, caffeine enhanced the intracellular GSH depletion and MDA formation
by 63% and 64%, respectively, compared to single supplementation of 10mM acetaminophen in culture
medium. This hepatotoxicity induced membrane integrity loss was obscerved by lightmicroscope on
the simultaneous adwmwinistration of caffeine and acctaminophen in monolayer cultured hepatocytes.
Co-supplementation of vitamins with calleine/acetaminophen to culiure medium results in the protection
of hepatocyles from hepaloloxic attach by cafleine/acelaminophen. Especially, vitamin E was superior
to vitamin C and B-carotene from the standpoints of GSH depletion and MDA formation. From this
results, il has been speculated that vitamin E may play a role of antioxidant scavenging radicals pro-
duced from acelaminophen. Taken all together, in vitro culture system like monolayer culture of
hepalocyies may be a useful tool for the evaluation of hepatotoxicily or protection ability of [ood
ingredients.
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T o] 7l glutathione(GSH)®} 2 &sle] A2 2 o]
A} Avkal A2 glutathioned 2zhA] Z1oh(11-
14). GSH® tripeptide®. Fitst 4, f-2] 7] o At
o THAIE el & Fa-S gkc), of ko] glel A
F9% 8 4F OlaHbE g4+ el GSHIM 5271
2] ol (15) o|# 8t wH o] AR 2 GSHE ko]
azstA =l sabEadst £ E G A e 4
AA-al 1% B xsia]ulake] saksubse] A2lE o6
-19).

AAE wpabg g 3] Sabdete] 4823 E
o 22 4HEE T 15} g o) A =x
5= & o) Aok @), 58] 504 ma-
londialdehyde(MDA)YE =] o}l Lo 2 7=} gk

o] RbAlEH= aldeh} des] 32 KR4 2 7 T o invitro

=& HEAI  glrk21,22),

o|2 gt ¢4 =gl shakapulg- 2 g4tk welwlql
u-tocophercl, f—carotene, ascorbic acid £ 2] 4 =}
wEle] Hald el z=t e {§A5 A&7l
g}, o] 52 2 vk QA S0 cfokslA) vesl e 5k
=), F27] A A A (radical scavenger), vl ek g3 Z
022 ) A (metal scavenger) X kA A Al (oxy -
gen scavenger) 24 2HE}(20,23,24).

o) ok op o 5 é‘%}%c'ﬂ 32¢1 4] caffeine®} ace-
taminophen > 2 818 & 8-2- 11 vitrool A] WL A7}
a| Foi 7| 2] ¢hyiw A foded BhatEkal ] dhelat
el A3t A= Atelrr] ofm i},

weba] B ol TFof A= rate ¥ E8E A Z S
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Hepatocyte+ 2~3714 ¥ male Sprague-Dawley
rat.e. 28 FihA 9] f-(perfusion)}E 7 & £ Seg-
len(25)] vhdf ol &=l Faf s Wl o1 £ = 3t
A Z= Kreamer(26)2] vl ol 2]# 7 2= 7 hepat-

ey

celA

ocyte®] AE3 2 trypan blue exclusione] 2]s] 23]

Ar},

ZhA|Iz 2] Y2k

ZFA £3= 60mm tissue culture dish(falcon)el] 2%
10fcells/Aml media® seedingH T} o]uj o] &%= 1)
okl -2 DMEM( Dulbecco’s Modified Eagle’s medium,
Cat D-3656) ¢l harmone mixlure(0.05umt/ml insulin,
Tng/ml glucagon, 20ng/ml EGF (epidermal growth [a—
ctor), 7.5Ug/ml hydrocortison. 100unit/ml penicillin/st-
reptomycin, 60kg/ml L-proline)Z 3 7}5<| 8] ghc}.

Suspension culture= hepatocyte-E 85% 058 COp
incubatoref]4] 2217H37°C) Fak vl ok A 7] o1& caffe-
ine® acetaminophen-g& 22t w g Z A o] Fof 5 31 )
2] FHaA F-g9E dmizl =A@

Monolayer culturet tissue culture dishel collagen
Umg/ml™ 10 DMEMS- 10 12 E 55 49 Iml=
gel matrix & 9 ol-& seeding &2 24
Al7F Sk vl 9k A] 2] & suspension culture2} 72wl
L2 AEE T

hepatocytes

AlE2| e

Suspension culture system= 8l 4F 22171 S0l caf-
fane® APAPE Foi&l&d CA ImME &% HHF 4
Heko] afel] #wls] = ofo]w] APAP SmM-2- APAP
E Sl 3~ApE A A S dy € F=e )
wE ) Cafleinesd APAPS Zho] Fof g 3 afj okl 2]
A ¥4 = Aml7h # A SEa a2 vk dml

R

Monolayer cultures sk 24417k 4342 & w]g]
H1%] ¥ PBSE plates & 4 A3 )& caffeined
APAPE QolgEr) w ghatdb A 24 & d-tocopherol,
p-carotene, ascorhic acid2 AF-8-%}9] 2 ¢-tocopherol
7} ascorbic acid?| FojBk-E& HAEE o sl
ake]r] f~carolene EHRE4A A B
ofFte e g Alstdrl o|#A 2 AEE Mel F
0A17F, 2422k el] vl ofell & F| b 3= ok 2
—20°Cell BFkEle] 4ol AREE i)

uju
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7 A BE TR F 244 ARl w)okel & 3 ety
-20°Cel] B3} 7 suspension cultured] -+ scraper
2 o]-8-8led cell-S 3% monolayer culturedl 733

E tissue culture dishE 2] o3& PBS 2ml=E A 5



Calfeines} Acetaminophen2 =

T+ F 005% collagenase bufler 5mlE ¥ <F 108
23t incubatorel] 4 #4121 F hepatocyte® 3| =3t
tl. 451 pelletell 7.5% irichloroacetic acid( TCA) 1
ml= #Hzlebe] 28 Fol vortexdt vhS 3000rpmed] A

1082 YAl 2| gk & S s di=v) o] ASde s
malondialdehyde®} glutathione3HeEg 47 gkc)

Glutathione(GSH) &2k

Acetaminophen2] HAMIE 4l NAPQIE <13 4£
) glutathiones) 22 A w2 do} i 7] #3) MDA as-
sayef AL A oE A2 RS 92 F Grffiths] WY
(27108 GSHE &A o) A3 25uE 0.3mM NA-
DFH{(nicotinamide adenine dinuclecticde phosphate,
rechuced form) 70001€) 6mM DTNE(S,5 -dithio-bis-2-
nitrobenzoic acid, Ellman’s Reagent) 100u12] E 3]
o Yxw B2 F I Iml7} 5 i o] A1 £ 30°C

ofl 4] 10~ 15821 1] A 2] v 50U/ml glutattuone re—
ductase(G.R. type IIE 10U 371l 958 < 2.zlc)

A12nmel) 4] time zero, 10min, 20mind) FF =& &
8] standard curvesl| A B 21-27]2) v 7 &|o]
glutathione3H=F-8- el

Malondialdehyde(MDA) 2k

A AR ALEHE P AE A F2)
]

21
gltal malondlaldeh}de(l\’l'DA)—‘q k-2 Yokoyama
]

Zo gy ey e R =7 gl

A g oA A A2 3 v o
2} "J‘%‘qﬂ% 1.2 )2 AbEd S00uE thnobarbituric
acid reagent solution(15%{W/C) TCA, 0. ?75%(W/C
TBA, 0.25 N HCD 1mle] 2=} 158 B3 &9l 3
WA 71 oh-2 3000pmell A 158 Sk $1 2 EFJ'E}.
Spectrophotometer{Beckman DU-600) 2 ] &5l 535
nmel A 358 &3 62 standard curves 1,1,3,3-
tetraethoxypropane!melondialdehyde-bis—diethyla-
cetal)2- o) 484 calibrationg T2}, 10mM stock so-
lutiong 1%4(v/v) sulfuric acid 100ml¢l acetal Immol
+ Arlated A&elA] 2413 Fob WA st whEch

EAHza
25 A E L afeF whdE 2 shte] ghella] 2 he-
palocyted o] 4-ale] 281 w23l o5& A | e

A Aastyict, Ave fo#r) HE g QA A
£ A= JFLSEMOE ZAshgow 2 AdT
7he] £-2)A] & unpaired student’s ~lest @ dobrglicl

g sz gk Al vieiule] B 1173

223 A ZE 2447 T4 culture dishelA &)
ekal & cafleine™ APAPE Zba e 4o o3}
o A5 glutathione(GSH) & &5 ol A5 Ta-
ble 18} 7). CaffeineRt-& 993 & W1 777 74
Al ape]7t ¢lel 2 APAPE ImM, 5mM, 10mM-2S 5
o] gk o] JEPark 27k 199%, 57%, 5% -2
gl ZFA2 Wl rHp<0.0l). B calfeine™ acetamino-
pher]'i T Bodsld S o CA ImM -+ APAP bmM<T
L APAP 10mMT R o) o 46% 4F 48l 3 CA 1lmM
+APAP [0mM-T-2- APAP 10mM7-2.0} 2F 63% 24
8o caffenest APAPZ o] Foisls 2w APAPYE
Folebel & W ic} A E W GSHE ] =ZA ZA4Te
oF 4= gledvl. Z=l 3 APAP 10mMT =l caffenes =
g Z7HA 3 AFelE caffenelsZoll Waba] GSHE
we] 7FaEg oF 5 glelc). Calfeined 7|2k 3o
g g g e o 9l deke 5~ 10gelv
caffeine 22 918k 2|uldql A& =F0)(29) 25
10%ell®] W=E human hepatocytest rat hepato—
cyted 244 7F Zob viefAlH of Cl~1mM W9 = %5
Mg o e 77 ol ok, 28 2 APAPE 7
A F el 4] glucurenide, sulfate, glutathione, cysteine
conjugatesh -2 47F7] e ) Al4EE2 FAEH ==
o] glucuronides} sulfates] = AFEkE g7 de] B2 o]
o) m5 2wE vy NAPQIFF A4 =3 o172 gl-
utathione= 2 @&# = ¢ glutatimoned] o] o 2
e s AeR ‘#?1 2 eH(10,12,13).

] zhaalo g2 9l ]] A & == ¢l = malondialde-
hyde(MDA)Z —’;—ﬂj 3l " 7= Tahle 2<) ). e
7} callemne 5, APAP—ro% i S e B R L b
od.er} CA ImM + APAP SmM<-5} CA ImM+ APAP
10mM*, CA SmM+APAP 10mMT-2 W=7t B]

Table 1. Effects of caffeine and acelaminophen on int—
racellnlar GSH conlent in suspension cultured

hepalocytes
APAP(mM)
0 1 5 10
0 100 115" 43+-04%" 2B+7*
CA{mM) 1 101£21 2314 9+0.2**
5 94+21 3*02"*

Isolated rat hepatocytes were premcubated, for Zhr and fre-
ated with catfeine and/or acetaminophen [or 24hr. Intra-
ccllular GSH in conlrols was 74.02nmel/10°cells which
15 expressed as 100% Values are meant SEM(n=2)

p<0 0L, **p<0 001 compared to control{ with caffeinc and
acetaminophen)
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Table 2. Effecls of calfeine and/or acetaminophen on
MDA formation in suspension cultured hepa-

tocytes
APAP(mNM)
0 1 5 10
0 100 5038 73%a8  85-164
CAmM) 1 100£154 14+11.3% 127= 4+t
5 54E1532 16o= 7*7

Intracellular MDA in controls was 0.13nmol/10%ells which
15 expressed as 100%

*p<0.05 compared control, 113<C!,C!] (APAP 5mM) T(APAP
10mM)

s 747 495, 27%, 69%4 F7Feld 3 APAPRE Fei 3t
ol H] &4 5 caffeine T 57} 27145 MDA A o]
freld e 2 Zrhsbed Hp<0.05). APAPTHS Fodsly]
£ 2] &3} 3-methylicholanthrene 2. 2 cytochrome
P-4502 x4} isolated rat hepatocytec] 4 APAPZ}
A EW GEHTEFE o3 3hAl #al o=l 7 =)
AFERSS 2.4 70H9,1031 B20E Ashs} b A
& Ho|2 Ale|ut APAP ImM& A=
=T ETH HDA Aol b 2395 icﬁf = o] Al-
bano $(31)9] A z}e} fFalsle] =2 opibste 4=t
A4 APAPS] 3H4kstA| A ARG AL E o M3
), 22} caffeine® APAPS &4 o5t A%+ A
A& ol A v Fah9,10) Bk ol 2} A A 2] o) 4] 347
7 Eb weket ¥ o Hap(Telx fabst Aafeod
a2 =2 A 2] el of= hepatocytedl] 4] calleines} AP-
APE 75}2]‘ _Fl-ﬁg:] 3}45:1_0_ o] gtH APAPE GSH@-E]:Q]
SxTal 2 Holrk Y gl R BTHL MDAT ]
=ZA F4959 o|FH-& APAPFY Al A bakEnkg-2] 2
kAl el A wakstA A A48 S5 ithe Alba-
no(31)8] A =5 Fb3ls= 2 o) calleine& & 44
ol dAle A ol 4] Wb F= fel vl e 5H-E-skE Tree
Radical Scavenger=4 &5t =7 #4dsiuls-&
Aetals 214 o 5 gloh33). Caffeine™h 2.2+ VDA
737 GSH wate] i3t ¥] 525} 7 APAPE ¥
of wha}l MlE GSHEFE a4 71w MDAA- of
e E T T2 ak /e B welx] ehgtel o
L} caffeines APAPS 84 o5l caffeinei]~ AP-
APY yxr} FraapE GEHERE 9= o2 3k
st MDARA-2- 48] 715l E)‘] o7} e
S RERERA [ [ s e R B R KR B nl k=

B ofi

4ol ohEt shasts el Hx =it
shAl A CAL APAPS &4 402 fis
£ zhdadol] Fatatal wisnle] o d d¥E vl A=

7] etel B 71 28 monolayer cultures] 2] $] 9] F71A
2d &3 g4 o-tocophercl, B-carctene, ascorbic acid
£ At o she] 9’1"]’]‘ Fab wekstETh

71 A9 GSHEEe] W& Fig. 1604 ¥z kel 32

o} d-tocopherold ¥ 11' T GSHEEre] g

rh o} 40%67F o =3t CA lmM +APAP 10mMT+
B8l A= 2 3297 =ekrHp<0.0L). 28 X b-carot-
ene} ascorbic acid& F¢] & & GSHI %] v 2
o) o g % w99} o-Tocopherol2 =2 =
44 vleldl Bl vl E] A A 22 FAde] el 5
ol 100~800mge] u-tocopherol® &4 Z 4 3 3]+
EOER S EAT) veh A gherka 9 (34) Bcaro-
tenesinglet oxygen®] & #]2}e] 3 hpid peroxidalion
£ 4] 9.7) = peroxyl radicalqli} 2] 93 = gle=
= gakslaas geds 3 gleha k(3 36).
Ascorbatet A 2 %3} df{iﬂ fﬂ ol = vit B9 &4
& Ao ma A A g Tt e 2 B e 2}
& geHET).

2] A7) vlelel 2 a-tocopheral®] B-carotene
3} ascorbic acid vl o ExA o GSHI S {2
Al 2] =4 u-tocopherol-& ascorhic acid?} &2
tl-gol ¥l 24 Ftarakr] A Eks)e] f-carotene &
Ao} @7 a-tocophercl®) AeFAAE A ¢
2 d-ipcopherol g Fof 5441 S ol GSHE ko]
glt% Ae g AR el(20,38),

MDA 444 2] W3l el 4= Fig. 24 2
c}. Ei*’l‘ocopheroli']- B-carotene-s Fold 2 =T
T} fe| "] Aol 7L gl ascorhic acid® v F-5H
# 2] ¥ %3 £80]90 20} CA ImM + APAP 10mMT
v ats)] 2w gle] A 7hA) vlehale] 2k 31%, 31%,
62263 ZrAske] MDAAA ] slelAd &
7 Z3Egl Aoz Aag

o-tocopherol & 4bs}E £ao 7R e Axehg B
Zate AEshy ghalsl A 2 7|54 sha A E T
Al felz] A A A (free radical scavengen) =4 7|54
&} (39) e-tocopherol 15-7}= 220712 polyunsa-
turated fatty acid3 ®5 3 4= 9lvhm ghe}(40). =]
I ol A d-tocopherold 35—~65mg/kg diet® =ql 4
3} hromobenzene®F 22 ZFHA] g Lo 5 3)
= EBAE g o v MDA o] A= 9l GSH
gefo] FA)Ho] 215 wEshythe BuE gl 2 (41)
A 2] oFell 4] a-tocopherol & Fol3 $ 254 A= E
alo} B o P Aol B 7] o] ] $1t). f-Carotenes F4
Aol A ah3ol] 20mgd B-4-A7 daf =4 A4kEa
£ @43] Fastel ol gol(42). =, ascorbic acid

L]

ascorhbic acid
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Fig. 1. The profiles of hepatotoxicity by lightmicroscope on the simullaneous adiministration of cafleinc and aceta—
minophen in monolayer cultured hepatocyles.
The photopraphs were plclured with Olympus CR2 al two hundred magniflication,
A: contrall % 200), B: CA lmM--APAP 5mM, ¢ CA ImM-+APAP 10mM, I CA ImM+APAP 10mM+ Vit I§ buM

50 B bbb ko 2 8w WAl A3 S ghgs) BEE)
A v o] 2 sabnbe gake] 2 E ascorlne
acids} 4R 5 Fe) =t WA gl #he]i20) NAPQIE
acetaminophen .2 24 4)37) o 2 4] NAPQISH b=
2 FH23E Adlsle] APAPR Qg A S A 4
e &g oleba ghrb(43).

u|Ak 2 2 a-tocophercl, b-carotene, ascorbate= 3
AF Az AhEAE L fE gl BERENE IS
R &3} 7 5% a-tocopherol-S ThE 5 d] ehyl o] o 2
e ey FaEe R GSHEwS 2413

i

E:N
(]
]

(93]
[
|

GSH(nmol/10%cells)
M
]
|

10

. ‘ Hepatocyte morphologyhE
0 ' ' Caffeine™} acetaminophens ZFH F.¢| SFoddle] 24
A B C D E A1z} Fab wleksled & w29 ] 534 (cell mem-

] s o s
Fig. 2. Effect of three vitamins on GSH content in mo- brane integrity)& 4ot27] ##) isolated hepatocyte
n;)-jlf?y‘er cult&.lred hepazltocy}flte administraled with Z collagen—-coated dishel] seeding = monolayer cn—

caffeine and acetaminophen. . o

At control, B! CA LM+ APAP 10, C: CA LM+ lture<l| 4] caffeine¥ APAPE 32e] H7s}gls -t
APAP 10mM + Vil E 5uM, D: CA lmM+APAP 10 & 7Vel] vit E SUME ] F7bsbel 2 o) 7hA £ mor-

mM +fi-carotene 9UM, E: CA 1mM+ APAP 10mM L .
+Vil C 7ouM phology s #a& 77 {Olympus CK2, Japan!®.2
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Fig. 3 Elfect of three vitamins on MDA [ormation in

monolayer cultured hepatocyte administrated
with caffeine and acetaminophen.
Al control. B CA 1mM ~ APAP 10mM, C: CA lmM
+APAP 10mM + Vit E 5uM, D: CA 1mM -- APAP 10
mM -+ B-carolene UM, E CA ImM-+APAF 10mM+
Vit C 70uM

ahd] ®mabeh Fig. 3ol 2= vkt Ze] CA ImM+
APAP 5mME H71stE-S o A= el vl 5] (ki) el
7 A ¥ = A membrane integrity 7F ZH-2gk A8 2 £
21213 CA ImM+APAP 10mM2l A$= 1 A}
] Al %ﬂ # ,ﬂ collagen matrixel| 4] A E7} @1 2
LoAL 2 gk e vit ESuME Ar)EE S
T{— ]?4 g Hk-g-o] Al e AL EAA R P2
7} frAbabed o}

Hepaioeytesl 4 718 842 toxic injury 2] 271 7}
Aubg-o] AlEe|w AE =418 ofE A ERT HH o
e}1} 32(168) membrane integrity<-3 -2 GSHE| 2242
AZ el IO} §3= o] 7|3 Aabsbab-go] dojut
A ET eabo] SubE S Y F el Ao o). = 1
A 2] GSHur} vl 22| ohfg] GSHaLze] A2
s}arEpa-g-at o AldAl o] Tk 3HH(45). Membrane
mteprity<S-4 E GSH elafe] Zrge| S HE AR
o] 9l e, % 482 ZA5 membrane mtegnLy
"r’rz]ﬂ?-?”'s -’F‘E%% A EF52] 2730 olela] F 8
AL ghoha geh 2 E NAPQIE A2 A A
et dom dEAve CaF SEe e
5o gkl vl e] A = o] membrane integrity
b A Z1EH46), 218 caffeineS Zg2] Alelald
Z71 A1 7)) sigle rat hepatocytef’ﬂ/ﬂ IOmM%EE

free Cadl] glel A oo a3l ¥l3}E sl &
}5!_ A7),

gl

!_.

r!r rr il mﬂm ) ﬂ rS'L te,

28 22 membrane inlegrity 7442 dalL- caf-
feinee] #|Ev) shelal 2 A5k o 2.4 APAPS] 48}
£ Zx14 3 NAPQI2] A4S S7F4 7|2 NAPQI=
Zhgre] dhabAd & ik A g e WEel A o2 bl

o ok
i =

FEA| E | A caffeine®} APAPR| 54 &35 doln
71 89 in vitre ¢4 suspension cullure B 2 o] 83}
W7 &4 2] A E 7 glutathione. malondialdehyde=-
235tk 2 monolayer culturesl] 4] hepatocyte mor-
phology& F+slg o] 2] Fria] g3 g4 5
21344 wE Rl a-locopherol, B-carctene, ascorhic
acidE T8 B dal= ohgs) Zyiel A2 a]ofF he-
patocyte) 4 calleine®} APAPE ZHt B0 6l4] & uf
caffeine®t @ 2= MDAAA A GSHzzbe] oz

¥| 28l 7 APAPE e abeh A2 GSHT 5 7
22171 MDA A o glelsls Aarsd 5=z 2
o] 2 melx] ¢ketrl, 28]} calfeined APAPE- 34
kr‘ﬂ 3t calfeine® APAPY] ¥%7} S7heE= GSH

Tk e A e R sl s MDA 2 A& 17]’
?ﬂ-‘f‘i EA] Feolrb o5 S} b e o 2 &4
77] A= Aoz oA 3] Caffeine® acetaminophen .

Qlgh 2 F ] A 22 s e n i)
E} acetaminophen® F%7} Z7}ap2E vlijo)

Axle] A EEe] Balso] WelAe 7}19—_‘1 %
slsl = vit E suMS #Hrlatel s
aiE 2 g elaldh 2w cal[emwl— APAPwl
EA] Bol2 7152 8k gl AlEe] wlelulgl
ctftocopherol, B-carotene, ascorbic acid & #7134 -&

o F 25 GakshA 24 AT E M TG a-to-
copherolo] ¥ £-84 0.2 GSHE| 272-% < Al sl9ich

ZAtel 2
B P 1996 E BTt e S5l A F A

AFAAEE 961-1105-029-1) d7Fu] A2 53]
g2, ofel Zrt=sch

-

=] =
e cl_-[
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