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Effect of Vitamin C on Hepatic Biliary and Microsomal
Function in Hepatic Ischemia/reperfusion
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Abstract— This study was done to investigate the effect of vitamin C on hepatic biliary and microsomal function
during ischemia and reperfusion. Rats were treated with vitamin C(20, 100, 400, 1600 mg/kg) or with vehicle(sa-
line) and then subjected to 60 min no-flow hepatic ischemia in wive. Control animals were time-matched
sham ischemic animals. After 1 or 5 hr of reperfusion, bile was collected, blood was obtained from the abdomi-
nal aorta, and liver microsomes were isolated. In vehicle-treated ischemic rats, serum ALT and AST levels
peaked at 5 hr and were significantly attenuated by vitamin C 20 mg/kg and 100 mg/kg treatment. Similarly,
hepatic wet weight-to-dry weight ratio was decreased in the vehicle-treated ischemic group. Vitamin C 20
mg/kg and 100 mg/kg treatment minimized the increase in this ratio. Lipid peroxidation was elevated in
vehicle-treated ischemic group, but this elevation was also inhibited by vitamin C 20 mg/kg and 100 mg/kg
treatment, Bile flow and cholate output, but not bilirubin output, were markedly decreased by ischemia/reperfu-
sion. Vitamin C 20 mg/kg and 100mg/kg treatment restored the secretion but vitamin C 1600 mg/kg reduced
the cholate output. Cytochrome P-450 content was decreased by ischemia/reperfusion and restored by vitamin
C 20 mg/kg and 100 mg/kg treatment to the level of sham operated group but decreased by vitamin C
1600 mg/kg. Aminopyrine N-demethylase activity was decreased and aniline p-hydroxylase activity was increa-
sed by ischemia/reperfusion. The changes in the activities of aminopyrine were prevented by vitamin C 20
mg/kg and 100 mg/kg treatment, but not by 400 mg/kg and 1600 mg/kg treatment. Qur findings suggest
that ischemia/reperfusion diminishes hepatic secretory functions as well as microsomal drug metabolizing
systemns, small doses(20, 100 mg/kg) of vitamin C significantly ameliorates and large doses(400, 1600 mg/kg)
of vitamin C aggravated these ischemia/reperfusion-induced changes.
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A% 2 HsHo] FleEA Y g ARFA] ok AFFA] A2 2= E purme €722 xanthine
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i NMER XB8HoR HHe]Age] ElEEA AE
H 3o A HE 2 ARF S4-S FisE) 43
A7t AAHT ok

Vitamin-2 A== F AW AL &S 2gsked)
DolME gkEls AoR Aol vleiml APA EFEe
254 oug AHgsigd ot FHele gl odleji
Avd 259 RFARML ogdo] MEFHI 9lc}. Vita-
min E2] 7Z-¢- AAJAFAZ Y44 FAHLE QI
Hatsl ZjAe] G AAFte] HE} HFo gl
295 vepiga e 244 wlgulgd A s =
Aol Hriam sh) A &Ae|BR $FAde H8E
sli(Ingold %, 1987; Di Mascio 5, 1991). Vitamin C&
de] deldl a4 EAR Agds wEa T A
Well &A= 2] okt Fe?folu} Cu*f e} 22 Aol
Z 7 a}ol| A Borgel Schaich, 1989), ¥tA L2 vitamin
CE ke 2 FoslgS 45, AL vitamin CE
g-vko g Fosle]S AL (Holloway2l Kivers, 1991),
A ) AgelA vitamin C $oJA] 384 ferritin® 2
2H H#=l9 o] IAslrAE hydroxyl radicalelvh
hydroxyl like radical® WEA|A AFEZ2 FA3Io
A 4b# A (pro-oxidant) 2 2H4-gheha el Wu & 1991).

ek B Age A= vitamin C2] £8F8 whe|sled
FAd 237t Predsle 38 2 ARFFA A E EAAE,
AA A SR, 5N HE, 2 SFEALE LA €
gl W vitamin Co] A3E stz Fgicth

A ME W Y

Ay 2

AREZRE A3 250g W29 Sprague-Dawleyl
AFHEF ALIAIE FE FFdo} 3L, dfFe] HAH=
2 QAFA EF ASAAA dF5d ol ASA7) F
Ankale) & FAstel AP A7EE FEE Al
Aol Abgsigich B8 AY S8 AY 2447 A
A FH oW 2 AFEA HIANEE solch
o Fo 9 AEHF

Vitamin C£ 423 4] = 20, 100, 400, 1600
mg/kg bwt. & 727t #¥ 58 A AANoR Fals}
¢l 37, sham operation# 3] 3 AAF A2LE 9}
FAdg w2 AeH AdgE AAsksnk
74 51 g

A% %&£ pentobarbital sodium(50 mg/kg b.wt)=Z
atAAF) 3, B5 AEAAS we)l A Este] 2 AF
2219} 7B AkAagFd F9 9ES sl hEES
clamps}e] #®& ¥A711, A A7 AT F (60R)
clamp®E A Asle] A[F-A R} A{F 127 2 547
Fofl PE-50 tubing& &9l 43l &5 A3
F 25 geHe® Ry PN AFHIN2 7k HY

lod A& e Alg-shsdel. Sham opera-

=
=
2alo] & X9} 7HEWS clampdlA] %X

= o]

o FetgdE 2
o

- 1=

a
tion5&
= AgEEL e} FdsiA Algsledich
ZHE A X B
A28 7472 A M teflon pestle homogenizerZ
ol&3led 7+ FA 1g% 4ml9) 0.25M sucrose & o2
HAEAZ ok 9,000 gell M 6027 YAE st A5
Autg Hegoh AEAE oAl 105000 goll 4 608-7F
HARe|sle] A5 Hzlx k39 AHE 2xA
FES dglom arxA 1g9 HF £2RA L] 4
mie] =XE (0.1 M phosphate buffer, pH 745 A7}
o] AMHRA|A 70T Bpste] Ao ALE
stodch 2 gAsHE 4XAH AdEAR e BE
& 2Tl k).
HAjdhH
Serum aminotransferases(ALT %! AST)+ Sigma kit
# 59-UV 2 # 58-UV(Sigma Chemical Co., St. Louis,
MO)E A48k £F F3H o g ZAsiodr) 1H4 wet
weight-to-dry weight ratios F<e] dR-& e} FAE
33} (wet wt.) 80T A 48X)17F AzA7) F FAE
doldry wt) wet o dry wt.B]E FAsleich. 13
Z & FHAkske Masugi®l Nagamura(1976)9) uhe] &
3}ed thiobarbituric acid(TBA) assay 2 AF:3le] 535
nmellA EFFEE ZFsigoer FFdezE 11,33
tetraethoxypropane(malondialdehyde [ MDA Jtetracthyl
acetal)& AMg-3tsivh. @FFL eppendorf tube A&
FALE vle AT F, 2ol 92 tubeF-A 2}
2polZk-& @FEEeE dlo] ml/hr/100g bwt2 HA)3}
s}, Total hilirubin®-S AM 301-K(Nipponshaji, Tokye,
Japan) kitE Alg-sle] FE FHYPLE SHsRa, @
Z1) cholate-2 Irvin 5(1944)8) "o )z} &)}
Aok 7P AT AY FF WARAA SA 9leA] cy-
tochrome P-45032F2 Omura®} Sato(1964)2] H}H] ol
Z£3}o] differential spectrophotometer® 450 nm2} 500
nmell 4] F34% 5 &8t 1 2Fo)2} molar extinction
coefficient= 104 mM~lecm~ 1o % s}e] A 4ksleic). Ami-
nopyrine N-demethylase &4]-2- A =LE formaldeh-
ydeZ Schenkman £(1967)2] #hell wla} 412 nmel] 4]
BT E A3t 4kAs} 2, aniline p-hydroxylase
gre ANAEE para-aminophenol(PAP)S Mieyal#
Blumer(1976)2] uHH<] w}e}l 630 nmelA FHE=E &
Asle] A3t Protein ##e Lowry$(1951)2]
ol e} bovine serum albuming FTLFLHO 2 A}
4-sle] Aekelec)
SHA2|
EAYAdYs FF+ TTAE Jehliglon AR
F248 two-way analysis of variance(ANOVA)E o]&
ghod p<0.055F A frolAd-e Aok

't
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uy Ho

HEW ALT @ AST gAx

27 1ol B vpe}zte] shamiol ¢le] ALTA &
sd3, ABF 147kl zZHzt 55+ 5 U/L, 67+ 11 U/LE
AAFF e e} zpel7} glod ot A FF 5417 e 333+ 32
U/LE 7t Z7lsbeich. &8 2 (3F =) A
ALTHE 2358 Zvislr] A zbsie] ARHF 547
ol = ALT= 7} 4105+ 816 U/L7}#] Z7}ald en}, vita-
min C 20 mg/kg 2 100 mg/kgFol o Ae dRTel
vlal f2)AdlA ZFastenh Shamitel gle] ASTH&=
#Ha 7 zBF 547HEr 78+ 9U/LE dATlHeH
#Hd 9 YRR R e ALTH ¢} miztria] 2 3
BFRE Zrhebr] Alzkste] A3 5417k 6135+ 212
U/LE Fxa5 Jelelz, vitamin C 20 mg/kg ¥
100 mg/kgFod el A o8] Z71E fAdAA st

8000

] sham
§5§ control
500 | BB vit. C 20ma/ke
M wit © 100mg/kg
B vit. C 400mg/ kg
wvit, 80
3000 L B vit. C 1800mg/kg

ALT (U/L)

1500 ¢

Reperfusion time

Fig. 1. Effect of vitamin C on serum ALT activities in ische-
mia/reperfusion of rat liver. Values are means+ SEM. for
7 rats per group. *=p<0.05 *=p<0.01 vs sham-operated
rats. + =p<0.05, ++ =p<0.01 vs vehicle-ireated ischemic
rats,

sham

cootrol

B vlt. C 20mg/kg
vit € 100mg/kg
vit. € 400mg/kg
vit T 1800mg/kg

AST (U/L)

Reperfusion time

Fig, 2. Effect of vitamin C on serum AST activities in ische-
mia/reperfusion of rat liver. Values are means+ S.EM. for
7 rats per group. *=p<0.05 *=p<0.01 vs sham-operated
rats. +=p<005, ++=p<0.01 vs vehicle-treated ischemic
rats.

o). &o] APH 147kl 22 shamrel] H]&
ASTA)7} 1043+ 351 U/L7HA] Ab&atedent, vitamin C
20 mg/kgFoAtol e xR ol FoAAdA F4sa
a1, 1600 mg/kgFoALd e L388 TR 7))
i 2).
Liver wet weight-to-dry weight ratio

a7 304 BRe) 58 FE g 147l 2T A
wet wt-to-dry wt. ratiox shami(3.33} 3.46)¢] u]s|
3783} 3.86¢ vepfio] FFoE <R AxEAe F
#o] vielfigl e, vitamin C 100 mg/kgFofT-ol 4 3
g 2 AAF zeEot fFdUA 3 7 st
Atk AF{F 5A17 A thxFe] shamTel] Bl&] wet
wt. to dry wt. ratio* & A3 772 20 mg/
kgF-ojTol A o)e F7ME FAUA T
ZIEHH XIE DRt

13 4oflA B vie} 7he] shamwrel gl R
A & 74}t 4-59] malondialdehyde(MDA) | &= & A 7]
7r2ek ™2k 0.51+ 0.03 nmole/MDA formed/mg pro-
tein .2 fAstdel. 28 JEF HE I AHF o
Z 7o) shamel] vlal] MDA e} €73 78l od, vi-
tamin C 100 mg/kgFoiTold ETS] 2712 94
A Atk AJF 14)7kel] shamel Bl W=
79 MDAcoke] ¢ 4w A% Z7}3}) vitamin C 20 mg
/kg, 100 mg/kgFoIZ® L FA7F FAEUA &
o 400 mg/kg T 2e o388 Z7lsladh ARF 5
Al kel #E W ABF g FFe] 2.70+ 0.56 nmole/
MDA formed/mg protein®. % shamTo] ®l3l A7)
Z7}sled 22} vitamin € 20 mg/kg B 100 mg/kgFoAT
ol A Wz Tell wld) fAdolAl Fasdch
5E =4

sham

ERY control

vit. C 20mg/kg
vit, ¢ 100mg/kg
vit. C 400mg/kg
vit. C 1600mg/kg

(84}
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Fig. 3. Effect of vitamin C on liver wet weight-to-dry weight
ratio In ischemia/reperfusion of rat liver. Values are
means+ SEM. for 7 rats per group. *=p<0.05, *=p<0.01
vs sham-operated rats. +=p<0.05 vs vehicle-treated ische-
mic rats.
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Feke AT 141 7bol] thEF40.11+ 0.02 mi/hr/100
g bwt)ell 4 shamTel] vl 50%A % 7rAs)e o) vit,
C 100 mg/kgFl Tl e HzFed uvls 2ol
F7bstaek A#/F 54 ME E2TE 015+ 0.03
ml/hr/100 g bowt2 shamTol] ¥& ZFAdled o} vita-
min C 20 mg/kg 2 100 mg/kgFol 2 f-2AelA =7}
glgdrl. Cholatesk2 A7 1A)7ke]] 2T 0.61+0.
07 mg/hr/100g b.wt.E shamv~(1.23+ 0.07 mg/hr/100g
bwt)ell H]&] cholatesfe] Z4¥¢lor), vitamin C 20
mg/kgFoiT-ol e Rl v fAAUA =713t
¥ vitamin C 1600 mg/kgFolddl 4= 238 72t4
stk ABF 547kl 2T cholate e shamoll
vl oS @A 245 29014 vitamin C 100 mg/kg
R 400 mg/kgF-od ol FYAGE 2UE RYz,

sham

control

vit. C 20mg/kg
vit. ¢ 100mg/kg .
vit. C 40Cmg/kg
vit. C 1600mg/kg

HiERE(]

i

Malondialdehyde
{nmole/mg prolein}
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Fig. 4. Effect of vitamin C on lipid peroxidation in ische-
mia/reperfusion of rat liver. Values are means+ S.EM. for
7 rats per group. *=p<0.05, *=p<0.01 vs sham-operated
rats. -+ =p<0.05, ++ =p<0.01 vs vehicle-treated ischemic
rats.

1600 mg/kgFoIFol M 2318 fraldsdle Hs
el 9itl Bilirubine 28 AT E o) g
WA FUTHE D).
ZFE ~Z Ml SLHAL E4A

3y 2 ARF 2T ALEADN F cytochrome
P-4509k2 A} A5 14 Zbel] shamT(0.76+ 0.03 nmole/mg
protein) ¥} ¥]5=3}4] 2} A F-F 5A]7kel] shamel )&
13% 2 #*3%] 3t2stg el vitamin C 100 mg/kgFo
oAl A A @H 5217 ERFRY FIdUA FrFEa
21} vitamin C 1600 mg/kgFol Tl AE ARF 1471
of 238 2 A4 Fastdciy 5). 13 69
)3l aminopyrine N-demethylase &A1& AJ3F 14]
Zhel " 2 ABF HE2F@8+ 3 nmole HCHO/mg
protein/10 min)-2- shamT-o] »Bla] EA2rFAo] 45%FA %

[1 sham

g control
0 1.2 ¢ BB vit. C 20mg/kg
¢ ’ vit. C 100mg/kg
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Fig. 5. Effect of vitamin C on microsomal cytochrome P-450
concentration in ischemia/reperfusion of rat liver. Values are
means+ SEM. for 7 rats per group. *=p<0.01 vs sham-
operated rats. + =p<0.05, + 4+ =p<0.01 vs vehicle-treated
1schemic rats.

Table I. Effect of vitamin C on biliary secretion in ischemia/reperfusion of rat liver

Group Reperfusion Bile flow' Cholate output? Total bilirubin®
Sham operation 1 hr 0.23+0.03 1.23+ 0.07 149+ 0.18
5 hr 0.20+ 0.03 1.00+ 0.07 1.39+ 0.19
Ischemia/Reperfusion
control 1 hr 0.11+ 0.02** 061+ 0.07** 125+ 0.36
5 hr 0.15+ 0.03* 0.23+ 0.09** 127+ 0.35
vit. C 20 mg/kg 1 hr 0.114 0.01** 0.92+ 0,02+ 1.84+ 0.27
5 hr 0.24+ 0.05 0234 0.02%* 2,661+ 1.47
vit. C 100 mg/kg 1 hr 0.18+ 0.02* 0.60+ 0.07** 1.27+ 0.50
5 hr 0.23+0.03** 0.54+ 0.04**** 147+ 0.50
vit. C 400 mg/kg 1 hr 0.07+ 0.01** 0.76+ 0.02** 1.00+ 0.22°
- 5 hr 0.064 0.02** 0.61+ 0.03** '+ 118+ 0.34
vit. C 1600 mg/kg 1 hr 0.13+ 0.02* 020+ 0.05** ! 0.89+ 0.08*
5 hr 0.164+ 0.01 0.15+ 0.01¥*+~ 151+ 0.30

Values are means+ SEM. for 7 rats per group. *=p<0.05 *=p<0.01 vs sham-operated rats. +=p<0.05 ++=p<0.01

vs vehicle-treated ischemic rats. ' mi/hr/100 g body weight; ¢mg/hr/100 g body weight.
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Fig. 6. Effect of vitamin C on microsomal aminopyrine N-
demethylase activity in ischemia/reperfusion of rat liver. Va-
lues are means+ S.EM. for 7 rats per group. **=p<0.01
vs sham-operated rats. + =p<0.05, + + =p<0.01 vs vehicle-
treaicd ischemic rats.
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Fig. 7. Effect of vitamin C on microsomal aniline p-hydroxy-
lase activity in ischemia/reperfusion of rat liver. Values are
means+ SEM. for 7 rats per group, *=p<0.01 vs sham-
operated rats. +=p<0.05, + + =p<0.01 vs vehicle-treated
ischemic rats.

ZFA28be) 2 vitamin C 400 mg/kgFof ol 4] o =FH o}
FAAUA Fastdek ARF 5420 HETS) ami-
nopyrine N-demethylase®@4-& shamitd] H]s] t©]e-
7hAste] 25% A =& vehygled} vitamin C 20 mg/kg
% 100 mg/kgFolTol A H2TH} f-ejAd9lA Fvis)
At 3E P ANBF 2T A aniline p-hydroxylase
e ¥ % shamvd} AA-gA0] AL wsdlgiont
vit. C 20 mg/kgFodT-ol A= dlz2To vl 2434
Zastdeh. AAF 1A7ke]  H2T(13.9+ 1.8 nmole
PAP/mg protein/15 min)-& shamitel| ¥]s] A& Alo]
28l A= =718k} vitamin C 400 mg/kg 2 1600 mg/

kgFoA T AL o)) F71E Sol49lA] Fastrk
4 .

| FFER ot A9 ek
F=38) oulz] Aile] Az e
4719) 2 )eE £4AZT o]2E A
g FEA7IE A7 7]ee] A o
FAAR 75e] 25]8] dstEE A4S E 5
et olE AL Qs AAdE FAALTY 7]13F
o}z gl Grangers, 1986).
sHeo] dojrtz kel el EAQ ATPS] o]
(catabolism)7} Z21=]o] hypoxanthine3} xanthine?-2
purineEH 2 =9 ZA]e] 95%2] xanthine dehydroge-
nase9} 5%<2] xanthine oxidase?] 2 =3 &
27} 20%%) xanthine dehydrogenase®} 80%2] xanthine
oxidase?] 3l =H3lglcl ©%7] olu A[FE
HeFo 2 44t A=Y= purineEd-2 o @] Al
glxle] urate®2 Hn] 7 HAE-E xanthine oxidaseo]
o]3]l 4k47) superoxide radical® ZEr} o]%A WAIR
superoxide radical-2 = A7} 2AL£AAS JoF)7
sht Hoju} o] EA3lel| A t] S4le] 7l hy-
droxyl radical® HExo] 237 &AL 75A717%
3t 2 RA7p 8sF Al £ (chemoattractant) o] = <]
TFTol 3, A 3FFE BYFA|A supero-
xide radicale]v} proteaseE A ¥ Mayumi 5, 19
93). wefr o)m ZAEAS dod|e A7 cascade
A4 F48 oA s allopurinole]+} superoxide
dismutase, dimethylsulfoxide$} 7t SA 44 AAA S
Fosld zalsate] $k3ldci(Dalsing 5, 1983).
Vitamin C= AE7He] dAx2 el collagen A 7
melaninth Abel| Fofsie]| FEFetw HstEd, olEEY,
BHE, FF S5 28 & dodgon e
mz AGA] A g akeke] AElo] WdAde] A}
< AE ]]FF et Vitamin Cof ddAteke &
] AalA e oy AT Hrulelnl ejjew A
epe] Fo] t]-2 gl X3 9l e} di g 60 kgAd Q1w 400
mgel® Falalell 250~1000 mgelth Vitamin Cx=
A xRN A7FA] Hell(reduced ascorbic acid, ascor-
bate radical, dehydroascorbic acid)® ZAjstwA] 4k
93-S doH vitamin E¢= e 44 S
FAAs = 3w A7) % gcHTakayama 5, 1993;
Holloway =, 1981; Dillard £, 1982; Wu =, 1991). &
Vitamin C+ Al 448 5= hydroxyl radical, supero-
xide radical, hypochlorous acid, carbon center radicalo]
dste] HET HE B vehle] Aol nE B
= R A AbsE 2 A3 BEkARE R4 vi-
tamin E¢} # X385 8l radicale W27 axlH o8

N

ol
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A Akl Tl oleke el vitamin Ciz eyl
2722 Aolflh EAste A At4E2LE FUAA hyd-
rogen peroxide® AAds7|E sz WA= vitamin
Ce 2k Foigle 7%, = ghAe2 vitamin CE
a2k Eojsle Aol cytochrome P-450%Fe] # 3},
cholesterol a-hydroxylase #42] 3}, bile turnover
rate) A5 & & 2~ 9o (Holloway %, 1981), *B
o] AwdolA Vitamm C 0.5 mmol/LE F3i& 7
HEA) 22A BEFER FE fF28 Fe* & v1tamm
C7} Fe?' 2 ¥ 5}tA)7)v, o] W&l5 Fe’ & hydrogen pe-
roxideZ hydroxyl radicale]v} hydroxyl like radical2
WakAA Akt veldo s sl o= gh A Akd)
4.2 vitamin C9) o] 4rsipge T
(Wu 5, 1991). o]9} 7F¢] vitamin C¥= Abgo]r} £-2fd
e} ghabEA e AR 28372 o
B T 88 3 ABFA 2 Ak
2F%¢] malondialdehydeske] RArel] H|a] sufzlzx] &£
7}sb=d] ¢)z|g ZF7l= vitamin C 20 mg/kgel 100
mg/kgFHE A Ec) t]4-7] AFBF 1A 7kl vita-
min C 20 mg/kg 2 100 mg/kgF el ABF 54|71
A} zro) ABFE <t A=A FAaksLE oA s}t vitamin
C 400 mg/kg Foi= 238 A4k 39}"3 s S7HA
At e 7o adubAql AR Fel o ALT 9
AST Sz e} 7H A ZEwre] Zabi] HEE LJrE]rLH‘—
wet weight to dry weight ratio® 33 A%
#d g AAFA 2T Ay ALT 2 ASTEA 7]
s e F71sb7] AlFste] AR[F 5417k Ha
A% veplolE, #HY g ARFA AxHF AEE
o} 7 2] = wet weight to dry weight ratio= o]} f+A}3H
AL L}E}LH ot} zejd o]=3lt &7} vitamin C 20
mg/kg 2 100 mg/kgFol2 2 FIHAEZE G4 UA
oA =gl ev} vitamin C 400 mg/kg % 1600 mg/kgT<
oAM= dE&2T 2felr)l glddch )& 7Hh A A=Ak
Shefl Ao} Fel APAA B HE B ARRA) e
A FE2 dga)= 7<] Axarstel W3k A7} 9] 1L vitamin
C 20 mg/kg 2 100 mg/kgFeie= 7HEaE A8
F&5¢ 3+ ‘114
7¥e) dntA el 715 o2 E T Ake} wHEE-8| 7] o)
olth, Kamilke 5(1985)¢] w2d GFEn|= Al xu
ATPHE 3 LDAHE A7) doenz edl GEias
23] 8. E3lo] A=A T2 27 3:!7]_01—f~ ok
?I‘D} EE @Fo] RH|EE Z1AH2 EE4AY TFF
gzl ot FH4r 2]&Ad(bile acid-dependent)® so-
dlum, bicarbonate®} Z+& A3 AL o]E, glutathioneo]
v} bilirubinz} -2 f7lo]ef 2§ T@FAb w]JEA
# Z(bile-acid independent pump)® v}¥e] zlch, ¥
2 ApRA A 2 EulEd AR vl 50
%A% 7tA8be cholates} HA] Ak v]3 F-2144 3] A

23501} bilirubin& ML glsich. oA e

<
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A 3
2.2 AR} EF o]y
cholate% 7+4 % vitamin C 20 mg/kgR] 10() mg/kg
Foo 2ls] Z7}el}, vitamin C 1600 mg/kg T3¢
#H A cholatesko] 232 Z2EE& 2 4 9lqlcth

B A7) T FE AW 2EA A o] Fo 7‘]”1
I wHiEAQl E42E cytochrome P-4507} olch 4
Aok Hzw, v|EZnefoltil zho] FAd4bh °1
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