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Effects of Vitamins C and E on Hepatic Drug Metabolizing
Function in Hypoxia/Reoxygenation

Ki-Wook Yoon, Sang-Ho Lee and Sun-Mee Lee*
College of Pharmacy, Sungkyunkwan University, Suwon, Kyunggi-do 440-746

Abstract — Liver isolated from 18 hours fasted rats was subjected to N, hypoxia (for 45 min) followed by
reoxygenation (for 30 min). The perfusion medium used was Krebs-Henseleit bicarbonate buffer (pH 7.4,
37°C). Vitamin C (0.5 mM) and trolox C (0.5 mM), soluble vitamin E analog, were added to perfusate. Lac-
tate dehydrogenase (LDH), total glutathione, oxidized glutathione, lipid peroxide and drug-metabolizing
enzymes were measured. After hypoxia LDH significantly increased but this increase was attenuated by
vitamin C and combination of vitamin C and E. Total glutathione and oxidized glutathione in perfusate
markedly increased during hypoxia and this increase was inhibited by vitamins C, E and its combination.
Similarly, oxidized glutathione and lipid peroxide in liver tissue increased after hypoxia and reoxygenation
and this increase was inhibited by vitamin E and combination of vitamin C and E. Hepatic drug metab-
olizing function (phase I, II) were suppressed during hypoxia but improved during reoxygenation. While
vitamins C and E only increased glucuronidation, the combination of vitamin C and E increased the oxi-
dation, glucuronidation and sulfation. OQur findings suggest that vitamins C and E synergistically ame-
liorates hepatocellular damage as indicated by abnormalities in drug metabolizing function during hypoxia/
reoxygenation and that this protection is in major part, caused by decreased oxidative stress.
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715 F FEUAIELAC HEFES My
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HAYPFE AF 250 g Hi2lel 34 Sprague-Dawley
A AHE ALPZ FH FFol I, IFo) &
AHE 2 A7 FE AR AFY o HS
N F, ASElE SEel) ) A 58S
Asle] Al ALgsigitt. BE AY 582 A%
1873t Aol AAAZ o & AFEA AFHNES
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A2} — Ascorbic acid(vitamin C) sodium salt, LDH
kit, 5,5-dithiobis-(2-nitrobenzoic acid)(DTNB), 7-etho-
xycoumarin, B-glucuronidase, B-nicotinamide adenine
dinucleotide phosphate(3-NADPH) sodium salt, sul-
fatase % vitamin E] analog?l 6-hydroxy-2,5,7,8-te-
tramethylchroman-2-carhoxylic acid(trolox C)< Sigma-
Aldrich(USAXZRE Flslo] ARRsIgien, 1 9]
= I dEAkE ARSIt

k& F0{ —Vitamin C¢} <84 vitamin E analog
2 trolox C¥ 42 05mMe 5 %% Krebs Hen-
seleit Bicarbonate buffer(KHBB, pH 7.4, 37°C)°ll
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& dEFOR 1, Hith 9 ARAEQ L,
vitamin C2 E 0.5 mM 9% Ax1%9 2t 05 mM
TEZ HEAAT Arkr @ AAAEE AIFE

B5 5707 v5o] AlEEigict

HE AR - 1807 "N Bl pentobarbital
sodium(40 mg/kgye FAUE FAKH wlFAI7 &,
MES] BAAANE F1 7Ee) polyethylene
catheter(PE-190)8 A% & AAET(4 mi/g liver/
min)E FAFAIR. ojo] FA] NS Zefry,
A Q2 shiges At | e AE3iy
perfusion blockell %Zict. oln HETIALEAA =3
& Y8 BFAL 7-ethoxycoumarin(EC) 50 uM
9] 714o] ¥7¥ KHBBHE ARE3ITE AHdh=
Bt AbA E3 712(0,:95%, CO,:5%)y% KHBB
Ho] A|&A o7 FQJs] M| Eef AAE FFIIA
I BE #FAE 37°CE FRAZ &% k24
<= e P 2PE AT Y9 perfusion
blockell %3] Thy & 2087+ KHBBS #FA|
A M BYIAFTG AAAE 23] nitrogen-
carbon dioxide mixture(95:5) 7}A5 Atk £33 7}
2 Tl I BFRAIRCEN FEisit. 4587
o] AR e & A4 BFLEEZ KHBBH Ata
23 7IAE 3087 AERYE #EEE v
BEY71zb} Ak 9 AR E71Zbe] Zbz) 1580}
o BFRAE ol o135 ArE AAEIE BRE
kRl g A#AsRsle] EAe) o] 8-3gict.

Sl LDH Mz - #AF I lactic acid
dehydrogenase(LDH)+= Sigma kit(Cat. No. #228-50
Sigma Chemical Co., St. Louis, USA)S A}F&-38}o
Zbzy B FPHo2 A8

&8y 3 Zk=ZLf = glutathione(GSH) %
GSSGZ - & glutathione®2 Brehe 9} Burch®] H}
HWoz GSHel s ABAIE thionitrobenzoic acid
(INB)Y %< 412 mmelX SFEE FA3191,
glutathione disulfide(GSSG)=  2-vinyl pyridine2 =
reduced glutathione & WA gt A7E 99 Y
3 Wog 43k

ZREHH XA BRSE - 7] A BadslE Masugi
9} Nakamura®] ¥%'Ve]l &3}o] thiobarbituric acid
(TBA) assayE AHME-3Fe] AA)El malondialdehyde
MDA)9] <& 535 nmolld FHEE SAsEI0loH
EFNORE= 1,1,3,3-tetraethoxypropaneS AME3131
t}. Protein 332 Bradford®] 'l w2} bovine
serum albuming TFEFN o7 AMgsle] AFsIT),

ABUAEAA| — Ak H ARRATYUT E= oFE
Azl & Aak: @ ARRAAEUAL AZl Fof g
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phase I ¥ O AP ¥HES 7-ethoxycoumarin T
A #2438 B3 H7sIsich ECY gAMES Cha
59 W me sk #FAZ ECE
phase I thAL&ZQl cytochrome P-45000 2519 O-
deethylation® ] hydroxycoumarin(HC)2. 2 At3}¥
§ Folo] phase I thAFEAQ] UDP glucuronyltran-
sferase(UDPGT} sulfotransferase®]| 2J&}¢] glucu-
ronidett sulfate ester NS FAJ3}. olm] HC=
73 %S Uehi, IZAIE ©]F HC-glucuronide
9! HC-sulfate ester TFAES P2 d=th. 13y
olg EFAE ZIEs] A7IE oAl HOY f2l=o]
HCO #go| tA] vehdet. o]gigt HCY E4& o]
S3lel ECY Zt upiibEe] w55 A8 IHAIEY
9] phase I SFETHAFEAS] mixed function oxidase
(MFO) system¥} phase 0 FEX¥3H] F glucuroni-
dation¥} sulfation?] W3} &R}

BAIME| -2 APl st APdve Bt E
FexZ JeEpGlor 28 42 one-way ANOVA
£ 0|83l p<0.0557TlA S AP

CEER

&R LDH - 77 &3¢ AXZ £74¥ LDH
A dz2aY A AE7RE T FFAY E2
LDHAE yehiglth Adks 2 AaAeddolrs
Arka e 717kl AR izl vls) 1244 3l
£ LDHA|] 3718 JeRI O, Abh AEYAl oz
T FFo7 Aot Vitamin C 0.5 mM XX
2 AakA W AakrA =Tl viEl fel4 9l LDH
f8 Z4s veRl oY, vitamin E 0.5 mM XX
T2 Aaka W AASAET T zlo)7h gt e
1} vitamin C%} vitamin E 0.5 mM -&3=]7oA
T AN EYUF 45704 AAtA " AR
2 vitamin C 0.5 mM ©5 XX|7) vj8] o &
94 9= LDHAE A WeEPSickFg. 1).

HFHLY £ glutathione(GSH) ¥ GSSG - T2
79 79 BFIMY = GSHES AA7ZhY A2 o
AT E& RS el ou, Adts 9 ARAE
Ao A Arkh QT 458elA dizgte] nls)
T e TV vERICH Ak ARz Q)
Uz 522 &} Vitamin C 0.5 mM ©
= 9 vitamin C9 E 0.5 mM HE&AX2Y A¢
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Fig. 1 - Effects of vitamins C and E on time-dependent
release of LDH in hypoxia and reoxygenation.
Values are mean = S.EM. for 7 to 10 rats per group.
+p<0.05, ++p<0.01 compared with control
group; **p<0.01 compared with N, hypoxia/
reoxygenation (HP/RO) group. O , control; @,
HP/RO; M, vitamin C (0.5 mM); A, vitamin E
(0.5 mM); ¥, vitamin C (0.5 mM)+E (0.5 mM).

Hypoxia Reoxygenation
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Fig. 2 — Effects of vitamins C and E on time-dependent
release of total GSH in hypoxia and reoxygenation.
Values are mean = S.EM. for 7 to 10 rats per
group. +p<0.05, ++p<0.01 compared with control
group; *p<0.05, **p<0.01 compared with N,
hypoxia/reoxygenation (HP/RO) group. O,
control; @, HP/RO; M, vitamin C (0.5 mM); A,
vitamin E (0.5 mM); ¥, vitamin C (0.5 mM)+E

A B9 158 9 458F ¥ ol ABRHA A
2k 9 A ElTe] vls] f24 AA F GSH
4238150, vitamin E 0.5 mM A ZAME
ABFA Arka W AdrAEdwel vis) 24 A
HaSHATHFig. 2).

WA GSSGE oAl & GSHY vlxet A
Ve O™ vitamin C9 E 05 mM @5 HA73
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Fig. 3 — Effects of vitamins C and E on time-dependent
release of GSSG in hypoxia and reoxygenation.
Values are mean & S.EM. for 7 to 10 rats per
group. +p<0.05, ++p<0.01 compared with control
group; *p<0.05, **p<0.01 compared with N,
hypoxia/reoxygenation (HP/RO) group. O,
control; @, HP/RO; M, vitamin C (0.5 mM); A,
vitamin E (0.5 mM); ¥, vitamin C (0.5 mM) +E
(0.5 mM).

okZo] HEAAT BTN Atk EUF 457
ABF 30800 Aikh g Ak EdTtel] vs)
A ode Y dAE JElIITHFg. 3).

H=Z|L] £ GSH, GSSG, GSH/GSSG % X|&
Map — 7E2AY F GSHO %2 & Aol o
Z339 Aot itk A GSSGE W iz
9 739 0.20 umole/g liversiort, AAika 9 Aks
AEQlelME 0.49 umole/g liver® 2 thzatef H]
& F24d A FUskSIch Vitamin C 0.5 mM A
AW E Arkr D ARRAEUTT 2ot Gl
t, vitamin E 0.5mM X% vitamin C$} E
0.5 mM EAATFANE At A=Al
Ha) 24 e GSSGAA Al &9 vEhlth
% GSHZ 9 GSH# GSSGY Hi&S Jehge
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Fig. 4 — Effects of vitamins C and E on the rate of
oxidation of 7-ethoxycoumarin in hypoxia and
reoxygenation. Values are mean = S EM. for 7
to 10 rats per group. +p<0.05 ++p<0.01
compared with control group; *p<0.05 compared
with N, hypoxia/reoxygenation (HP/RO) group.
], control; 4, HP or HP/RO; N, vitamin C
(0.5 mM); B, vitamin E (0.5 mM); B, vitamin
C (0.5 mM)+E (0.5 mM). HC, hydroxycoumarin.

GSH/GSSG= vitamin E 0.5 mM x]ZelA A4k
2 2 AARAEdTe vlE o4 e T JE
U cH(Table D).

A AdIbERs Aiks 2 ARAEYTS
ool wis AAapatsl AHEQl MDAX7F #4143
QA F7FI3 o vitamin E 0.5 mM AR T ©
vitamin C9} E 0.5 mM WH-E&Xxrollxe 238 of
ZT TR0 e AEE VERITTHTable D).

SIFHAIE AN HE - Aita I ALAEYA]
phase I dX7ls W3lE #&s 7, AikdAlefe
7-ethoxycoumarin® A&7} tizl vlsl] 4 3
Al F2ERT, ARATEYO R 7 Tlsol YR HE
HE A¢S JERIIAT dizTtl vld W& £21E
Yehligich. ke AFe] A AatadeelNeE B

Table I - Effects of vitamins C and E on liver total GSH, GSSG, GSH/GSSG and lipid peroxidation in hypoxia and

reoxygenation
Total GSH GSSG MDA

(umole/g liver) (umole/g liver) GSH/GSSG (nmole/mg protein)
Control 2.45 £ 0.53 0.20 £ 0.02 10.15 + 2.21 0.66 = 0.03
HP/RC 2.40 * 0.25 049 = 0.07 4.62 * 0.09" 0.86  0.07"
HP/RO+Vit. C (0.5 mM) 1.78 * 0.41 0.33 £ 0.08 452 * 2.09 0.82 £ 0.02**
HP/RO+Vit. E (0.5 mM) 2.05 * 0.26 0.15 £ 0.04* 10.32 = 0.83* 0.63 £ 0.03**
HP/RO+Vit. C+E (0.5 mM) 2.03 + 0.24 0.20 = 0.01* 8.99 * 0.39* 0.63 = 0.03**

Values are mean + S.E.M. for 7 to 10 rats per group. +p<0.05, + +p<0.01 compared with control group; *p<0.05, **p<0.01

compared with hypoxia/reoxygenation (HP/RO) group.
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Fig. 5 —Effects of vitamins C and E on the rate of
sulfation of 7-ethoxycoumarin in hypoxia and
reoxygenation. Values are mean = SEM. for 7
to 10 rats per group. + +p<0.01 compared with
control group; *p<0.05 compared with N,
hypoxia/reoxygenation (HP/RO) group. [J , control;
% , HP or HP/RO; N, vitamin C (0.5 mM); B3,
vitamin E (0.5 mM); B, vitamin C (0.5 mM)+E

(0.5 mM). HC, hydroxycoumarin.

control HPRO Vit C Vit E Vit C+£
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Fig. 6 —Effects of vitamins C and E on the rate of
glucuronidation of 7-ethoxycoumarin in hypoxia
and reoxygenation. Values are mean = S.E.M. for
7 to 10 rats per group. +p<0.05, ++p<0.01
compared with control group; **p<0.05 compared
with N, hypoxia/reoxygenation(HP/RO) group.
(3, control; 2, HP or HP/RO; N, vitamin C
(0.5 mM); B, vitamin E (0.5 mM); B, vitamin
C (0.5 mM)+E (0.5 mM). HC, hydroxycoumarin.

control HP/RO VIt C Vit E Vit C+E

€ oE AXFo] Atk F ARAEYTH el7t
gigion), A=Al vitamin C9 E 0.5 mM
HHEAHR AT Aaka L AR vlE
e AtekEel 8-S VERISITHEg. 4). Phase
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0 trlase] digh 938 dohr] A3 7-ethoxy-
coumarin®] sulfation @ glucuronidatons &734%+ 2
3}, sulfation®] 7% SA] 7-ethoxycoumarin® Aks}
ofMe] Ao} U FIe e, AaAs
Q4] vitamin C+ E 0.5 mM H-EHX)Tolrgt A
Ak 2 ARRAERIT vlE 213 Al T
(Fig. 5). 23} glucuronidation®] 3¢ AHAAE=UA]
vitamin C, vitamin E 1#8]3 vitamin C& E 0.5
mM HEHAT BFoA Arkh © AR RSl
Hlaf f-2lXdds glucuronidation?] F71H8 YERIITH
(Fig. 6).

U

Ak el AR kb Tl vlsld 4tihF g
o] &3 AeE T3l 0|2 U AT =
2 &39 7TeAs ). old ARRE FE3H
A = 4719 715e] sz dPEET Al
= 17180 ¥ dslEE @S & & e olE
Aol g}, Aata el oA B
A7 Ao} wolux)EAEQ) ATP/F AME adeno-
sine, inosine, hypoxanthines 0 E ©]3}Ev], FA|e]

xanthine dehydrogenase™ xanthine oxidase® &

AW ojuf xS AEY AIF1A HE xanthine
oxidaseol 93l hypoxanthine®] xanthine® = W3}A|
=9 £9)g AT superoxide anion® E A3HEC}?
Superoxide aniom> 1 AR T 2AELE Yo
7%= sht, "ol Felol& EAIEtME hydroxyl
radical® A¥F 0] 2AEYE 7EAIT? ojgA A
e 9aEe A, dalE Sl R 2
< A o] AgEAES F4s5k] AEEEE Y
e, 3] AAANEE doA MxEete] v 9
g dor]n ojZ Q3] MEFEA (cell integrity)
of JgE Fof AEe] A &4& et

HZ oy A W 2 s APeA Baud b
9} Zo] vitamin C= A XA MZ7EA] Bl (reduced
ascorbic acid, ascorbate radical, dehydroascorbic acid)
2 EAs Axe] £4& F2A7]E hydroxyl
radical, superoxide radical} & HAAE A ASH
£ PR E ZESkA|T, S5 mEby 2383 &
g O s SRR AE-sictar
3t® Vitamin Ex HA dAbsARA 848450
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TR A% AFIslE AAA7| T ATP A4
& FRANID AgA oz Qa) 3FA] ARgo] Algh
HEZ #x) o) Helshr] g Il &as] 23
Zoll Uth & vitamin E9) 84 F=AIQ trolox
CE &7l FU3Pd vitamin E9] 223} FAIBH
peroxyl radicalol] 218k 7HA|E £4FS liposomes] H.
35 B8 JANIgn #017 w3 vitamin Co}
E9 ¥8FAE vitamin E7} @442 AAR &
A’d¥ a-tocopheryl radicat® vitamin C7} ThA] 3
Ao 2x vitamin ES wAES w2A 3t @
AL TR k2 o)gl o) vitamin
Ce} E9) Ats) 243 o]52 ded-go] A
AgelX Huslo] glovt, 38 U AwFel dHd
e 71 ¥ET GEUARY dFel B o]59
e AT A9 B |t giok

AZAF AYE o843 N, hypoxia®] FdleolA
Jaeschke'5 & 60%7+e] AHAAEjolME AlE <)
LDH/} #F7AHES] f&o] F45] 71, Ak
AEgies LDH/} #adcha 3y & Aikk 2
d#h= 22 N, hypoxia= 1 A7} ol-¢ A3 A
E &S oA 2388 ARRANEYA AET)S
o] Ui FEFHTL ) B AFeME o) TYs
A 235 Jehiglen, o2 g HZe] &4
& vitamin C @533 ¥ o}2} vitamin C8} E
HE&ARTZN A GAANEE & & AT
Glutathione A8} 438 &gl dis] Woigst
3k Q3 v uAdEA 2 A T} AbslE &
S o GSH7F GSSGE Ao zx EAdaka
£ F=37I9, S8 9 Aol Qs AEEA|
BRIE o FEHER 2P &YX g8 &
LD B AT 45871e] AraaAteel 7
T F GSHS} GSSGo] 533 F7I8tn Ak
A5=Qlel o] 3 EEE= Zlog wol LDHZAF M9
TRIZIRE AAkAE oUR|) FET A} tlEo]
ZFA 9] gt 43S FU%E ¢ 4 A%, vitamin
Cs} E 25 Axb2tel® <15k GSH 2 GSSGY) &
2 ARRE & F AT Adk: 2 AkrAE]]
3 72A e Jolgle GSH ¥ GSSGY) ke iz
o vlal edE GSHZS H4sti GSSGEE &
7R e, ol AakaA] Bohel AbRAIEY Ao
5 A&l g8 tke) GSH7F GSSGE A}
511, 3] vitamin B AARRAIETE A=A

=17

i oox o

W= BAAR QA AEZEAS AIES & &
ATt .

AN ST AEEre] EXsAake
Ao EH dojupe o]Z QI MZIE o} A
zutow Fekl 4v|H & v|EEsEol, AxAE
= 7I5EdE et RS vkl AUl
AMe A-AIEE S8 Aol Aaks E A
AAEYTIM AR o] IR, ol
H¥t $7h= vitamin E ©54X] % vitamin C2} E
gl g3 FA4 YA AAFHAT.

7re] 7k diFEARl 71sl A olEA e AAA
Zh(biotransformationy> phase I ¥ phase II 2=t
AL BAA 9] 2ol 2J3) o]Fo] A|n, EHEAELS
olf thrlEatel A5 4L W F84 kAl
Ao A|9] = wlldEtt, Phase I tAlEAARE A
I AFA o8 S8 FE cytochrome P-
4509 2ol o3 Abgh = #glo] Yojub phase
I drtasAlE 2 UDP-glucuronyltransferaselt
sulfotransferase®} #+2 thrlEdel o8] E3 E=
7123 BEE5o] Yojdrt. g B d74le o)A
AT wEE A EIA Y Ao =
mixed function oxidase®] 42 1 99 X2 &
3 8 E5el gs dFS Wtk 3P AZAS
Td3k= JXZR]1 phosphatidylcholine2- cytochrome
P-4508] &Aell A4 g8 glort, cytochromed}
OFE-S EFe 7139 A¥ reductase®} cytochrome
9] coupling?l] #e3tchy st B A% Aiks
AeiA] AHElee] B 71 AE T VER e, Aka
AZYANE 7]50] A5 FEHAT 3] gz
e A e ARlE YERIEE ol MFO
systemel] &J8t A1slalgo] ALolEA Hkg o7 AbA
9 ofef] wllf- WAS] HECE AR, LA
YArlells A 1 7150 AL} 4400 A
2%t cytochrmone P-4509] 7|5A8k2 <lal] iz
FAoflE Zn|Fcka AZbEn). Vitamin C 2 EQ) &
SAXAE ol tis] 8 FFS JERAR] ZRATE, B
SAATAME AEAEUA At D ARRAE]TE
o vlsl) F94 = S JERIA.

Phase I tiA} AHER] 7-HC= 52 phase I enzyme
of oJ&] sulfation¥} glucuronidation #FE& AX|u
olu sulfation®] 73-¢ AME-EE 7]8e] 3-phospho
adenosine-5'-phosphosulfate2A] ©|2] 3o ATP7}
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e 8 ARAIESIA vitamin C&F EZF 3PS FEOAL Zisel viXe 9% 243

AREHDZ A9 AR TAFA] URE TS H
t} ol9] FA% Wi} ATt B APeMx
phase I TAMEAoA 2] A} iR 2 AAErA]
9] sulfation®] FAS tiAl 75A3 Lojwten A
2AEYA] 7ol tha FEHGI. Vitamin C9} E
GEMAEE vkt 8-S vehiiglen, o
59 HEAHAZ sulfationsS A3 3EAF
Glucuronidation® sulfation®.t} °F2 ¥ 35| low
affinitys YFERES € ¢ UL, ARAEIA Ats}
1} sulfationol] Hls] UF 7]EHro] FEFHO
vitamin C& E &5 @ HEXX| 257 o]F A
At

olge] ZAAZ Hol N2 58 Aiks g AkaA
B9 77 FEOAESAEE viES IS o
71A218, vitamin C8} Ex @8 oz Aksly &4
< Ao ZH ol T TS & 5 3
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