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The Effect of Vitamin A and «—Tocopherol on Hydroxylation of
AAF in the Young Rat Liver Microsome

Hong Young Sook, Song Tae Suk, Sung Nak Eung.

Department of Biochemistry,college of Medicine, Ewha Womans University

The principal role of cytochrome p—450 in mixed function oxidase reactions inclu-
des hydroxylation of various drugs, fatty acids, steroids, pesticides, and carcinogens.

The effects of AAF, g~ NF with vitamin A, and « —tocopherol on hepatic micros-
omal cytochrome p—450 content in young rats were investigated,

The result is as follows ;

1) The administrations of AAF, g—NF increased contents of hepatic microsomal
cytochrome p— 450.

2) The increased amount of hepatic microsomal cytochrome p—450 induced by AAF
declined when vitamin A, «—tocopherol and 8—NF were given.

3) AAF —ring ~hydroxylation decreased in AAF group, but N - hydroxylation incr-
eased, compared to control group.

4) The administration of f—NF or g~ NF and AAF increased both ring —hydrox-
vlation and N —hydroxylation.

5) AAF-ring— hydroxylation increased when AAF was administered with vitamin
A, a—-tocopherol, and g— NF compared to AAF group.
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(1) Potter Elvehjem homogemnizer

(2) High speed refrigerator centrifuge ; Damon/Mo-
del ice B-20A.

(3) Ultra centrifuge : Beckman/Model Lg-8Q.

(4) Spectrophotometer; Perkin—Elmer 554 UV - VIS
Spectrophotometer.

(5) Liquid scintillation counter: Packard Tri— CA
RB 300 CD.

2) Aol AR A%
(1) Vitamin A, «-tocopherol; Merck Co.

(2) B—Naphthoflavone ; Aldrich chemical company
Inc.

(3) [ 9-1*C ] AAF (specific activity 40 #Ci/ n mols)
; New England Nuclear Corp.

(4) NADPH ( reduced nicotinamide adenine dinuc
leotide phosphate ) ; Boehringer Mannheim Biochem-
icals.

5) 0] 22} A]oke reagent grade & A-&31% v}

B 4g5E ¥ 48

1) 43882

A% 50g Wele] 243 ( Wistar strain ) & 4185}
dow 7 4L 5uieEly wigelg ol

2) 48¥

A 14ET 2T o2 A5 100g F 0.5ml/ day
corn oil-& 4F7 Folaly uh

A 2 A A 1 AH T o] Xz FhA AAF
(0.2 #Ci/100g in ethanol) & 58 HAA7l7] 24
2 Aol ERHE FAsie o).

14?3’%?@‘1‘3*1]1‘%@*]- o] 2=|stwA -~ NF
( 8mg/100g in corn oil ) 3 FE-S FAA]7]7] 4847
el B 2 Fapslg o

A 44T A 1 AT o] M| shd A f- NF
{ 8mg/100g in corn oil ) & &S 3 AA|7])7] 4847+
A EAHE FA435 F, AAF (0.2 ¢Ci/100g in et-
hanol} & 5E& HAA717] 2417kde] E4HE F
A4Ekg e

A 5 4% : vitamin A (401U /100g/ day in corn
Fof S} AAF (0.2 #Ci/100g in et-
& 47171 2412 Aol Bz F

oll) & 4F7t
hanol ) & =&
pEre

A 6 43 T : vitamin A ( 2000 L.U./100g/ day in corn
0il) & 4 F7t Foislwa AAF(0.2£Ci/100g in et-
hanol ) & 82 34477 247 He| BRRE F
Apsh o

A 74%F : a-tocopherol (0.121.U./100g/ day in
corn oil) & 4 F7+ —,—0=] 3bd4 AAF (0.2 #Ci/ 100g
in ethanol ) & S8 S4A717] 247 o] F7]
2 Fabshed et

A 8 4% F : a—tocopherol (121U./100g/day in

corn oil ) & 457 Fofslm4 AAF (0.2 £Ci/100gin
ethanol ) & 5EE HAA717 247 A EAH =
FAzist e

o4 4BEETL 1247 TAAA F NS
ether m}| 8l A 2-E WA skl o
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1) Microsome 9] 2|3y
204 AAT BEAL

enizer & 2}-23}e§ 0.25-M ice—cold isotonic sucr-
ose B0 2 25% homogenate & RHESI o] WHE
A==l ( Damon/Model ice B-20A) 2 9.000x g of
A 2027 YAREET o]8 ASalg vhA] 9.000xg
A 10 27 BAlselsted Ala=E #3} mitochond
riazg AASG S o %S tha 105.000x g A
1 A7t 2o} #4432 7] { Beckman/Model L,-80}%
1418z 3le] A= microsome & FE5}¢l 3 0.25
M sucrose & lg/ml 2 555 73 -8H4& &}

2) Cytochrome P-4502] 2 a}:uq

Microsomal cytochrome P-450 §}#ke] 4.2 Om-
ura 9} Sato 8] ¥} ?? o 2 reduced —carbon monoxlde
complexe] ®]8t &% 55 Perkin-Elmer 5564 UV-V
ApE3fed 490 nm £} 450nm &)
A Z&x35ki ek o]+ molar extinction coefficient= 91
mM lem ™! 2 hgiTh

3) Cytochrome bg®] A%

Microsomal cytochrome by &3¢ &3¢ Smuckler
9] 8l ® o ¢ cytochrome by o] FUHI 43F
Alel8] F35E 424nm 9} 409nm off /li 2335tg et ol
w molar extrinction coefficient = 185mM ™! cm ™ 2
sk

4) =izl Awy

g §e Lowry 59 Wy 02 sl Sp
ectronic 20( Bauch and Lomb) & A}&35le] 700nm of
A F4EE FAslo e P ok nEEHewe
bovine serum albumin -2 A3t Th

5) Ring-hydroxy AAF ¢ N-hydroxy AAF 9] &
2wl

Ring 3 N-OH AAF 9
o] =l Alslglel, AAF 9] ring-

Potter Elvehjem homog

IS spectrophotometer &

22 Lotlikar 52] upy @
3} N-~hydroxylat-

Table 1. Incubating medium for AAF hydroxyl-

ation
mM
HEPES buffer, pH 7.8 50.0
NADPH 2.0
AAF containing 0.2 pG (9- 1 C— AAF} 01

Various microsomal fractions as indicated
water to a final volume of 1.0

Incubated in air for 30 min at 37C

iong $%} incubation medium o 2 50mM HEPES
buffer{ pH 7.8) 0.lmM [(9-1¢C JAAF, 2mM NADPH
4 microsomal fraction-& @o] 37T 4] 3027 in
cubation }g] ©} ( Table 1),

Incubation el 2ZF A]& 3kl = 9] ice-coldiM
sodium acetate buffer( pH 6.0) & 7}sle] 41828 =]
Al7] 3. &-A] diethylether & 7}3}e] hydroxylation Xl
HAHES FEstg el ring 3} N-hydroxylation AAF
£ cyclohexane: t—butanol - acetic acid : H,O 7} 18:
2:2:1¢] €=F s}-&5}e] paper chromatography =
2g]5la liquid scintillation counter & radioactivity
23 Bgagn,

& o}

A. Vitamin A, a —tocopherol ¥ g-NF &} AAF &
EXo] Eod5}9} 25 hepatic microsomal cytochrome
P - 450 3 cytochrome by 2| &l ulx& G

Vitamin A, a—tocopherol ¥ S-NF 2} AAF & &
Alol] Foi 3t 317 zbz2)2] microsomal
P-4509] L ohE E29) Rk

Z 26 A1 9} o] cytochrome P-450 g3k AAF &
FoJg E(PC0.001) 3 B-NFE Foi8 Fo] HE
ol H)3ked 24 glAl F kst Tk (PC0.05). ZEla
AAF B =3 To] w)sled AAF 9} 40LU. & 2.000
LU. vitamin A & £A)e] Soigl F:& zbzb 2.532-0.206
4l 3.170+-0.042 = 22 9lA] #h4slg thH( PC0.001 ). =
AAF ¢} 0.121.U 9 12LU. @ —tocopherol -& F4lej ¥
i3t T2 Az 2021+0.059 9} 2.570-+0.099 2 2] gl
Al Zr4skg ok (P<0.001).

Vitamin A, a~tocopherol ¥ A-NF ¢ AAF & %
Aol Foddr 317 7z4 2] microsomal cytochrome
by o] L Th £33 2

Cytochrome by #3e AAF Z Roi3l 0] 0.038%
0.000nmoles gl o] u]3le] AAF 9} 401U 9 20001 u.
vitamin A & FA4]d) —r0=]’61- i Z+7+0,021+0.002 2
0.034+0.004 nmoles = 2]9] 9IA] & Stglx (P0.001)
AAF 2} =2]of 0.12LU. % 12LU. a-tocopherol &
=gt & 7z 0,014-0.000 nmoles 3 0.081:-0.002
nmoles & 9] 2] QA 745t =k ( P<0.001).

cytochrome

B. Vitamin A, a—tocopherol @ A-NF ¢} AAF2] &
A} Foizt BF gz AAF €] hydroxylation o  #]
AE 9

Vitamin A, a-tocopherol ¥ J—NF ¢} AAF & F4]

] Fo& & AAF 9] ring-hydroxylation 3} N-hydr-
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Table 2. The level of hepatic microsomal cytochrome p-450 by AAF with vitamin-A e« -tocopherol, and

B~ NF - pretreated rats

Cytochrome P — 450

Group R .
( nmoles/0.1ml microsomes ) (nmoles/ mg Protein )

Corn oil 5.219+0.194 2.319 +- 0.086
AAF 8.090 & 0.417* 3.970 + 0.204*
8- NF 6.635 + 0.679 * 2.664 +4- 0.273**
B-NF + AAF 4.630 4 0.453% 2.267 + 0222
40 LU. Vitamin A+ AAF 6.305 -~ 0.514% 2532 + 0206%
2000 LU. Vitamin A +AAF 10.235 + 0.137* 3.170 + 0.042*
0.12 1.U. a -tocopherol + AAF 3.98 + 0.117F 2021 + 0.059*
12 L.U. a -tocopherol + AAF 6.988 + 0.270% 2.570 + 0.099*

Each value represents mean + S.D. of 6 experiments.
* : Significantly different from control value P {0.001
« : Significantly different from control value P {0.05
+ : Significantly different from AAF value P <0.001.

Table 3. The level of hepatic microsomal cytochrome b.by AAF with vitamin- A, @ —tocopherol, and g-

NF - pretreated rats

Cytochrome b,

Group
( nmoles/0.1 ml microsomes ) ( nmoles/mg protein )

Corn oil 0.103=+ 0.002 0.046 - 0.001

AAF 0.077 + 0.001 * 0.038 =+ 0.000*
s~ NF 0.092 + 0.010 0.037 + 0.004*
B- NF+ AAF 0.032 + 0.001% 0.016 =+ 0.000*
40 1.U. Vitamin A+ AAF 0.053+ 0.005* 0.021 =+ 0.002*
2000 LU. Vitamin A+ AAF 0.109+ 0.015* 0.034 = 0.004

012 LU. a -tocopherol + AAF 0.027+ 0.001* 0.014 =+ 0.000*
12 LU. a -tocopherol + AAF 0.083 + 0.004* 0.031 =+ 0.002"

Each value represents mean + S.D. of 6 experiments

* Significantly different from control value P ¢ 0.01

+ Significantly different from AAF value P {0.001

oxylation 2] H3lE ¥ 4 9} 2}

E 404 Beule} go] AAFE Foidt TejAw o
ZFo] w]gle] ring—OH AAF = 0.049+0.014nmoles &
2| & gA] Al 0= ( PL0.001),N-OHAAF:0.146
+0.007 nmoles & ¢]2] QlA] =r}5ted v} ( PC0.001). g~

E Fog T A= | 2Fe u]sled ring— OH
AAF = 0.460+0.159 nmoles, N~OH AAF L 0568 +
0212 nmoles = =5 9]¢ A Zr}algiwh ( P 0.001).

ZEla AAFE R T3 |l msle] Z# AAF
8t B-NF & FAle] FoA Tl A ring-OH AAF
= 2,188+0.195 nmoles, N—OH AAF &= 1.430+ 0.142
nmoles & 25 &29lA] FrFsgic}l ( P0.001).

ET AAFE 243 73 wlasle] £ AAF 9
4 LU vitamin A-E FAo] T3} Tl A ring-OH
AAF = 0.106+0.023nmoles & 2] 2] A Z7}5}9 o
( P¢0.001), N~OH AAF = 0.133-+0.074nmoles = %4
Hal Y= gdovt 9%xr4sig )

AAF ¢} 2000 LU, vitamin AZ 2o Foigt Fol
A= ring—OH AAF %= 0.0734-0.003nmoles = 2] 2] g}
A Z7hstgom (PC0.001), N-OH AAF X 0139 +
0.038nmoles = FA| 4] 212 glor} 5% 34dkg et

AAF ¢} 012LU. a-tocopherol & FAJ¢] Fol gt T
o] A& ring-OH AAF = 0.0834-0.002nmoles 2 2] £]
Al ZrFslg en (P<0.001), N~OH AAF = 0.145 +
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Table 4. Effects of AAF with vitamin- A, a - tocopherol, and #-NF on AAF hydroxylation in young

Rat liver microsomes

Ring - hydroxy AAF

N-hydroxy AAF

Group
(n moles/mg protein ) (n moles/mg Protein)
Corn oil 0.098 + 0.019 0.077 + 0.002
AAF 0.049 -+ 0.014* 0.146 + 0.007*
B-NF 0.460 + 0.159* 0.568 4 0.212*
B-NF + AAF 2188 + 0197 1.430+ 0.142*
40 LU. Vitamin A+ AAF 0.106 -+ 0.023% 0.1334- 0.074
2000 1.U. Vitamin A + AAF 0.073 4+ 0.003% 0.139+ 0.038
0.12 LU. a -tocopherol + AAF 0.083 + 0.002°% 0.145 4- 0.028
12 LU. a -tocopherol + AAF 0.065 + 0.009* 0.099 + 0.001 *

Each value represents mean = S.D. of experiments
* Significantly different from control value P {0.001
+ Significantly different from AAF value P {0.001

0.028nmoles & FA| F 9l 2l & glont 1%3h4514 e
AAF 2} 121U a—tocopherol & Ex)ol| o8k T

A& ring—OH AAF = 0.065+0.009nmoles 2 2} 2] g}
| =5131% 0w (PC0.001), N~OH AAFX= 0099

0.001nmoles 2 212 lA] 7+4&ked ok ( P<0.001 ).
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A. Vitamin A, a—tocopherol 2 A-NF ¢} AAFE &
Ao} Fo] 3}9] 8w hepatic microsomal cytochrome P
~450 2] kel Wzl o 8

a

257 AxALA} £
#}gke} shvie NADPH - dependent system 0 2 7|3
=} Ak42] APR4L T terminal oxidase B 2HE3l=cy-
tochrome P-450, NADPH ¢} cytochrome P —450 2}¢]
2] ==}z &gl NADPH -cytochrome C reductase %
phosphatidyl choline © 3 FA= ¢ 9l ow (Fig 2)%
oFE B werEAF x84 €32 hydroxylationg &
o Ghe} 20-29).

t}-E5}i}E NADH ~dependent system © 2 NADPH
~dependent hydroxylation 351-2-2] Ao 43S nlx]

Z 2 microsome of] =

= cytochrome by, cytochrome bg reductase Bl cyani-
de —sensitive factor & T4 Eo] glow =]kl de-
saturation 3} stearyl —CoA & Zvul} gv} B4} 59
o] FAtE W= FEHA LAY Fad 249 oy
tochrome P—-450¢] 555 Z/18%,

+ 43 AAF 2 B-NFE Foidt ¥9] cytoc
hrome P-4509} 3Feke o 2ol u]5led 71%7F Z5}
shgi vk ol &be] AAF ¢} B—NF & & 2§} cytochrome

= ple
_thh
0.14
oli
ok
28
iu

xylation

3 AYF5Ee A 3EH o2 §-55 carcinogene-
sis T of o SHALER Bo] A TS eld gIEHD Vi-
tamin A ¢} a-tocopherol & o g} Zl &5 o] o3}
= tumor o] FIHl HaiAde] HHEFHc 45 L
in vitro o} A} vitamin A ¢} «—tocopherol & 3k} 7:]'
428 vitamin A ¢} a~—tocopherol & 2LE[a}R| ] 29
476 ATe RIS

In vivodl 4] AA1EE AP A cytochrome P —450]
gheko] AAF & Folgt Foll ujsle] 401U vitamin A
2} AAF Y 20001LU. vitamin A 8} AAF & Foj3F
oA Zz 36%, 20%7} Zr4slgl 3, cytochrome by
o] e Zdat 45%, 11%7}F FH4shy ol

%= 012LU. a -tocopherol 3} AAF % 121U, a—to-
copherol 3} AAF & Foi g oA cytochromeP -450
o] ko] Zrzb 49%, 3B%7) 7+4515] ., cytochrome
b ol Wepol 2zt 63%, 1897t Zhaskl vk

o] 2}7o} AAF 2| vitamin A 2} a —tocopherol &%
in vivod] 4 Foi o}?;,l~vﬂ} AAF ¢} 9lsled 453 cy-
tochrome P -450 2] ELEkO] = 5he-g skl o a8
D2 vitamin A $} a—tocopherol & o i sl o}
et 22 Yaled S8l 345 A4 7= o
T8 B

B. Vitamin A, a-—tocopherol @ A-NF & AAF 2]

£4 $eiyl 97 1z AAFS| hydrosylation o
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Fig. 2. Reaction mechanism of the cytochrome P -450 - dependent microsomal mixed -function oxidase

system.

AAF 2] hepatic microsomal cytochrome P —450 de-
pendent mixed tunction oxidase & Fal HAH F4
489l N-OH AAF7 743 3¢ freegd ¢
& g4HA gekd

283 cytochrome P-4502-4 2] #Hal: wehedal
AAF ¢] hydroxylation -4 ¢l §3& mlx]L ALzx
G g,

2 ARAAL 79 FEEUel AAF S vitamin A

a—tocopherol & 4] £t EH 2 JFT F
sk
Cytochrome P-450 =524l E B3 9-S
ring—OH AAF = 509 7t431gl o=, N-OHAAF

0% F7Fetgd vt o] AAF 7} cytochrome P~-450

e frdo s we-EASe] 48 WA S
2 A1A TR L BHalsig ol
3 0LU vitamin A% AAFE 5o s}4 &w
9] ring—-OH AAFE AAFwt Roi3iied 3t
4% okd] 12097 Srkskgd 2, 2,000LU. vitamin A
9} AAF E Foislgl-gwl AAF S ring-OH AAF =
AAF v} Foshgl gl 7haml ool 50%7t SvFskstch
0.12L.U. a—tocopherol 3} AAF & Foi3dtq-3#] AAF
¢] ring-OH AAF & AAF v} T35l & 2hasl oF
2] 70%7F ErFstgl ., 121U, a-tocopherol 3L AAF
£ Folslgl &) AAF S| ring-OH AAFE AAF 1t
Folatgledl ziad ok 50%7t F1ehsdh

40LU. vitamin A 9} AAF 5 Fol3lyg 24 AAF 9

ox, 3

fo e &

i
B

it
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N-OH AAF & AAF ul 4351924 S7Hek 10
%7} F4stg A, 2,000LU. vitamin A 8} AAF & &
013} AAFe) N-OH AAF & AAF 1l 5493519
2 B7h8 9 0%} s,

0.121.U. a—tocopherols} AAFE 513159 AAF
¢ N-OH AAF L AAF = Rojslgg F7H o
9 1%7F 74343, 12LU. a-tocopherol 3 AAF
£ Roisly]gw]l AAFS N-OH AAF = AAF4 ¥
oishg &l 37h ¥ 20%7} Fhdsia o),

g2 2 2552 vitamin A 2} a-tocopherol
Fod AFEE B84 s} N-OH AAF ¢
Hao] 74de AT+ A% ol TEES Vi
tamin A1} a~—tocopherol ¢] x]-8-4 vitamino]e]A] 7}
o] &A= 7] w)Foleka }aslcl Viamin Ag} a-
tocopherole] AAFs] 23] %715 hydroxylationg <
A A7) e G o] F vitamin ] AFAA AA W)
Foleke A AAH £

Ring~OH AAF & 4o] £7}5-& monophenol £4
sulfate 1} glucuronide 2 biled] A== g8 AF wetr
F19 H5H48L FAATE Afold)

z§ F-NFE Fosig oo 2 Tof #9]5le] AAF
4] ring—OH AAF ¢} N_OH AAF 7} 5% 92 g7l
Z7151g.o9 ( P<0.001 ), 5-NF 8} AAF & £4] 3o
3lgl & AAF B Folgl Fof wlsled .ring-OH AAF
2 N-OH AAF 7} =% 29 gA Sotsldrt ( P (
0.001 ).
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o] 9}7ke] B-NF & AAF &= cytochrome P-450-F=
Eay ol ohjel AAF hydroxylation®] 413} 3}
Aol Agsid 2HEL A4l T 4LE FEARY
+ g
o)L Axle 453 0] in vitro ® vitamin A
9} a-—tocopherol & Fod sty 2w AAF 9 N-hydro
xylationo] 90%o0]4} 7+4AFHS ¥ ug wie} W msled
in vivo & vitamin A ¢} «-tocopherol & Fo3}g]S
W AAF ¢ N-hydroxylation®] 74 %] Lres1 2 in
vitr ¢} in vivo system$] Xpo] wi-Folulm 4 7k}
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1) AAF 9 B-NF & Fo35lg &% hepatic micros-
omal cytochrome P-—450¢] §%Fo] of 2 ¥|5ld
715l 3, cytochrome bg= 7h45hgch

2) Vitamin A, a ~tocopherol @ §-NF & AAF ¢}
Z )] Fod35L9 2] hepatic microsomal cytochrome
P-450 7} cytochrome bg ¢] 332 AAF ) 9357}
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~hydroxylation & %7}5}¢ =, N-hydroxylation2
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