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*Modulation of Cytochrome P-450 Induction by Long-Term Supplementation
with Korean Red Ginseng to Rats.

Heung Bin Lim'

Department of Industrial Plant Science and Technology, College of Agriculture, Life and Environment
Science, Chungbuk National University, 48 Gaeshin-Dong, Cheongju, Chungbuk 361-763, Korea.

ABSTRACTS : This study was carried out to investigate the effect of dietary supplementation with red ginseng water-
extracts on the induction of microsomal cytochrome P-450 in rats. Phenobarbital (PB) and 3-methylcholanthrene (3-MC),
P-450 inducers, were administered to 3- or 12-month old rats received red ginseng extracts (25 mg/kg) from 6 weeks to 12
months for 3 days. PB and 3-MC increased levels of P-450, P-450 reductase, ethoxycoumarin O-deethylase, benzphetamine
N-demethylase and glutathione-S-transferase in the liver of rats. However, chronic administration of red ginseng signifi-
cantly reduced these increase of enzyme levels induced by P-450 inducers. Chronic administration of red ginseng did not
affect the induction of cytochrome bs and NADH cytochrome bs reductase by P-450 inducers. It is suggested that the induc-
tion of cytochrome P-450 system in the liver in relation to xenobiotics toxicity can be modulated by long-term supplementa-

tion with Korean red ginseng to rats.

Key words : red ginseng, enzyme induction, cytochrome P-450 inducers.
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AR FUE ] ofEony o]
AAESE Fote] 2 A9 olstetA AAlat AEEE &
7t HelEtH(Zhang er al., 2006). )5 F B9 F= 22
2 AR 2 AEE aldE 4 dAT A8
HiA 7] QM= AR Ghikgo] Saia Bk F49
E desolok ah, olgjgt 715 AN 7}, A, ¥
&% T o A7 FHEL Ao o] Folld 7L giE
HQl 7)¢oln, Ao o]2He] F48 Z7MA17]E Phase
MHE3} @dste olBae) 2479 A 2R} 71-AE A}
Jol Yofuli= conjugation ¥F3-¢1 Phase I ¥WFe-o2 i
TH(Swinney e al., 2006). Phase 1 ¥F3-& o w3t L34
& S7MA AJHALE FR0717] SlsiA] o8 AR 3
Aol Aag EYAYIe dbgogX olE ZME
endoplasmic reticulum®] Ex|et= o] EAUAL T4A Y
cytochrome P-4500] 7H} 2529l 98g delr Urt
(Swinney et al., 2006).
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19561 Conney 52 benzo[alpyrenext 7+e ok tl3l
WS gskrA s HETEY TS o 7k o]EAUIA}
B4AY SYEE FUHETA Ao ® HIg oY,
barbiturates, steroids, industrial chemicals, pesticides, herbicides,
polycyclic aromatic hydrocarbons 5] theJst AdHo] o]&=
AL E2AE §E3YT RI33 Th (Conney et dl.,
1956). o]¢f 7ol 7] o] EH YAl EAAY] e o4
AL FEolu FE3F AYE SR s Ao A
adaptive response 71502t YA YA HE HELS
ol EAUAL BAAIY] FER Aste Q3] AAclAe] =4
o] F7FH} RISl Ut} (Notley et al., 2005). LHEA o
2 7+ o] ZduAL FE=AZ+= phenobarbital (PB)F 3-
methycholanthrene (3-MC)0] tEZ{o|t}. PR Foi& 704
2o o] ZAUIALe] FF7]#2] smooth endoplasmic reticulum
AABHA FAAFIAL o1 EA A 41 cytochrome P-450
e STl B2 22 %len (Yamada et al,
2006), 3-MCT cytochrome P-4503 Swj9x]7} <7k t}&
cytochrome P-4489) A& Z7M7)E EAL Zka iz
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ByET YT} (Ryan et al., 1979).
dzEE W os MM Ay o8 %
@78 AFelA 2 Al T5o] Bol WeA o A
W AERoR Qitel AT g3E ol 4 e I 8%

W7E7Y 35e o Basithe Badt. Be A o
Tol e QY B 4717 Fie) B
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TEEE oH
P& of A7V ol Aefd ol dSdE AR 93
3L, e e FA) Ggker, el met hashke A

ol 7% (Lim et al, 2005), 7+9] o|EZWAl 71% (Lim
& Lee, 2006y FA3R= €4te] a5}t wslo] wE 7¢ &
2ksl Eaguislel oigh 9] a3 (Lim & Lee, 2007)%
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2 Apox ARE A EES Sprague-Dawley(SD)AIZ
FARES o] &3t AFe ol FER ¥ 2123Y) AF

o] 50+3 gql AR MEslY ey} THFATEeE
FAAL, 7 Akt 48HE ARSSHITE B39 AR
153 304714 3 cagedl Srh, INE7HAIE 27k, 2
Fol= g n Ho] ARgSIGin AEFEY AlEE )
Samtako A& ZPALE (U E 18.0% °©)d, AW
50% o, 2R 45% olsl, 23|E 80% °l3l, TH
0.7% o1, Q1 12% o WidAke)E AResiaitt. dixas)
ST SRS d AIRE FEEe, A%
H SAFATE 4] & 558 959 AFHse &5
S 78l AF kgd oF 25mgo] HFAHEE A4 =
R A=
FEALGA S AL conventional system O Z
20+£2C, FEE 40-60%, B/ 1NZFE 12-153)2 319
o, 195 1247+ 200-300 Lux® 28k, 12247k RE
W 2PAslith. 28] cages 22x32x 17 af € polycar-
bonate| A2 THE A& AMgEI o 232 (FF)Samtako Al
Fo] Mg o® e AL ARSI
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2. OI22dAMES: A 0
zF Alde] volzt Y, 1271E =S o, Ay

9 oEAYAEE FEAQ

Hg%

PB (80 mgkg)s}+ 3-MC
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7R A2AAZ F AT 7 HESUT

3. 85 2t microsome &2l

A& 7+ SA gAY PR, Lee T2
(2002)0] @t 7S 4ui¢} 130mM KCIHE 738 30mM
Hepes 959 (pH 7.4) 02 3|43l FAsst o, diffe-
rential centrifugation®] <314 microsome} cytosol &
EZ3I3t}h. Microsomeg Hel8ke 2 HA-2 04T A4
A Eidom ~70Ce BastaA 2 Age] ARSIt

y

4. 29| O|2RNMNELES] S 5

7k o|EATAEA 5 cytochrome P-4505} cytochrome
bs9] RS Omurad} Sato] W (1964)°l wet S48
™, NADPH cytochrome P-450 reductase ¥J=+ Wiliam
Z Kamin®) 3P (1962)°1 #3831 microsome &l &3
cytochrome ¢ #F9&& ol&3te 435 L, NADH
cytochrome bs®] A X+ Miharast Sato2] Wd (1975)0
wa} =438} t} Ethoxycoumarin O-deethylase (ECOD)®t
benzphetamine N-demethylase (BPDM)®] &4+ ZHzt
Greenlee?} Poland®] ¥ (1978) ¥ Thomasse "
(1976 W=t 243199t} Glutathione-S-transferase (GST)=
Habigs<] W (1974)e wet 1-chloro-2,4-dinitrobenzens
7147 3lo] &g3i9a, dwE e EFEHE bovine
serum albuming ARR-3td Lowry 52 WHE(1951)0 wet
433t

z

5. SAIXe]

RE HolBlE Ha + EEUXE YepIen, golH &
A& StatView version (4.0 Abacus Concepts, Inc. Berkeley,
CA)YS ©] 8391 F, Fisher's protected least significant
difference test -2 Scheffe's F testoll <J3] F A&t Aol
o pgrel 0.05HTh 2R ke ERIS o BAFCE fol
7gol dtkar Wgstrt

2ot 9 o8
1. Cytochrome P-4508} P-450 reductase 2&ST 3}

Cytochrome P-450-> membrane-bound heme proteinﬂi’ﬂ
obEolL} o] B 3 x| AAE EYshke H FFA<
AT sk AoEA ol7h Bolzel e} Zieke Aow
o2 Ut} (Isin & Guengerich, 2007). 22iu} 2k digh
inducibility?} 9433 ¢]9)7t ZAEIL 9101} (Lin, 2006) 7
N AE FEZEE AR 1 2o BAUA} B AT
Al ot g HX]= FEel| sl Ae] ®Bard np
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Table 1. Effect of chronic red-ginseng administration on cytochrome P-450 content and P-450 reductase activity in liver microsomes of rat

treated with inducers

Cytochrome P-450°
Pretreatment of rats

P-450 reductase®

3 month 12 month 3 month 12 month

Control

Not treated 0.98 £0.08 0.72 +0.06* 106.0 £ 5.0 75.2 +£3.8%

3-MC treated 2.09+£0.05" 1.64+0.087* 143.7£3.8 126.2+7.47%*

PB treated 2.3310.06" 1.77 £0.09"* 208.2+7.8" 139.4+5.8"
Ginseng

Not treated 1.16 +0.07* 0.95 + 0.06" 122.3 +4.51 91.6 + 4.4%1

3-MC treated 1.92 £0.08" 1.83 £0.09" 1472 +6.7 137.3+7.7

PB treated 2.15+0.06" 1.87+0.13" 181.7 6.9 1495 +7.47*

a : nmoles/mg protein, b : nmoles/min mg protein

PB (80 mg/ke) and 3-MC (20 mg/kg) were administered by intraperitoneal injections for three days. Values are expressed as mean = SD from 8 rats.

*: Significantly different from not treated (p < 0.01).
#: Significantly different from 3 month (p < 0.01).

": Significantly different from control group at the same age (p < 0.01).
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3tod ZF microsomedll Al cytochrome P-450 3
Astolrt. & AgPNA hEAQ cytochrome P-

-MCst PBE 7Y € tize 3F] A3

001). 127NN E FAFAZS FAeFo v 8
cytochrome P-4508] 3 A fA =2, 3-MCSH PB

£ AElePd 1 ol 47F 1.9u)9k 2.08) AR 37l
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o) W el SR O ARERRTE 71 o] 2d
tAtE Aol &gk thaRE o] o] BAde] Euka dwiA ok
(Notley et al., 2005). =3t Q14+2] ginsenoside 4% &2 7}
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oF 73%St 82% HAIBIAL SUem, 3-MC9 PBE 74
= 120E9 A2 i v 2 ol Zk7) 78%
o} 76% AR, FATFAEE 27t 94%0t 87%E fr
ARt F o7t Eojztoll wEt cytochrome P-4509] &4
& Aoy cytochrome P-4508] F=A91 3-MCSF PBE
Folg BY 7Hhsilon) Ak FEEe Yol7) Bolk 1
g A vlE] o= Ax T HAELL Qlo] o]g)
A= Ak ArA3et AT (Lim & Lee, 2006).
Cytochrome P-450 reductase™ cytochrome P-450¢] o]
A yAtg o P AAHE NADPHEYE F= 318
wjsl= BARA ofEolu olEdAle] A Fash
S Aot (Xu et al, 2005). A77F Te] B &
&S 223 @Fel cytochrome P-450 F-=A1¢! 3-MCS} PB
Folslz, 7rellA cytochrome P-450 reductase®] A%
3= 2493 A= Table 19] VERY stk 213 9] volr}
VY B3RS W TS Al vl§)] cytochrome P-
450 reductase®] FAET} S7HES] UL (p<0.01), t=
o 1V1E2 L o 71%] BAAEE FASIL e
SAFALE & 75% FAEAL AT F AP Yolrt
g} 1271994 E5 PBE TS w7} 3-MCE F
2 wc} cytochrome P-450 reductase®] =71 =9k
9 (p<0.01), 7HLX 3-MCE AHEHAE W FHFAT
& izt A9 g FEoI vt PBAEl-S ST
o] YIERFET U ¥ SATE A Ul 2By
HEAE Tl ke w 127199A cytochrome P-450
reductase®] A== ATl dRFEY %o}
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Table 2. Effect of chronic red-ginseng administration on Benzphetamine N-demethylase and Ethoxycoumarin O-deethylase activities in
liver microsomes of rat treated with inducers
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Pretreatment of rats

Benzphetamine N-demethylase®

Ethoxycoumarin O-deethylase®

3 month 12 month 3 month 12 month

Control

Not treated 0.80+0.09 0.61 +0.08* 54.6+3.5 419 +4.6%

3-MC treated 1.35+0.09 1.15+£0.07™* 235.6+7.7" 129.3 +6.6*

PB treated 2.43+0.09" 1.76 £0.09"* 120.1 4.7 942 +7.2*
Ginseng

Not treated 0.81+0.07 0.65 £ 0.08 42.8+3.8" 37.3+4.7

3-MC treated 1.41+0.10 1.32 £0.09" 143.0+9.5™" 112.2+85%

PB treated 1.57 +0.09" 1.49 £0.12" 106.3 6.2 109.2+7.9

a: nmoles HCHO/mg protein, b: arbitrary unit/mg protein

PB (80 mg/kg) and 3-MC (20 mg/kg) were administered by intraperitoneal injections for three days.

Values are expressed as mean = SD from 8 rats.
": Significantly different from not treated (p < 0.01).
#: Significantly different from 3 month (p < 0.01).

*: Significantly different from control group at the same age (p < 0.01).

Table 3. Effect of chronic red-ginseng administration on cytochrome bs contents and cytochrome bs reductase activity in liver microsomes

of rat treated with inducers

Cytochrome bs* Cytochrome bs reductase”
Pretreatment of rats
3 month 12 month 3 month 12 month

Control

Not treated 0.80+£0.02 0.49+0.02 2.70£0.15 2.49+0.18

3-MC treated 0.94 +£0.03 0.66 £0.03 2.79+£0.15 2.42+0.18

PB treated 0.97 £0.06 0.58 £0.04 249+0.17 2.70+0.18
Ginseng

Not treated 0.77 £0.03 0.53+£0.02 2.56+0.15 2.73+£0.16

3-MC treated 0.96 £0.07 0.64 £0.09 2.69+£0.17 2.53+0.12

PB treated 0.99 £0.06 0.64 £0.06 2.52+0.15 2.82+£0.20

a: nmoles/mg protein, b: nmoles/min mg protein

PB (80 mg/kg) and 3-MC (20 mg/kg) were administered by intraperitoneal injections for three days.

Values are expressed as mean £ SD from 8 rats.

ol FAFAEE Nl Hls] F=AE Fol SHE < Bk
T B FaFo] xR AA Jepsitt

2. Cytochrome P-450 dependent monooxygenase &4
& W5}

Microsomal cytochrome P-4502 2 isozyme®] A3l
g, 1 isozyme2] expressione 7]ZE-o)Xdo] #$&ln,
BPDM+<= CYP IIB isozyme®] specificgt mohooxygenase®.
] cytochrome P-450c typel.® F=7 3 ®WhHe] ECOD
= cytochrome P-450 isozyme %9 232 <l nonspecific
monooxygenase@2A] cytochrome P-450b type® & E-2]9x]7
ATH (Ryan et al., 1979). AFgoln} A¥E =] 3-MCY Fo
+ aryl hydrocarbon hydroxylase, zoxazolamine hydroxylase
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S} ECOD?| #Y=s 93 os feshs 54& Za 3o
Y PBY Fo= 7F n|o]mRF A BPDM, testosterone
l6o-hydroxylase 8AEE MEAoR frdhs 54& Ve
oty R ATt (Lee ef al., 2002). Wb Table 2=
e B FEES FEe IF olEdurtad =4 3-
MCe} PBE Fojale] o] 7|2 oA MHH o= frs=
cytochrome P-450%] monooxygenase 2| 31491 BPDM}
ECODS] SAEZE 7+e] microsomelX] 43 Aelt} o
Z7o|A BPDMS] E4%= 37193 127090 PBE A
oo FxEel B8] zh 3.0k 2.7 FEI oY
(p<0.01), 3-MC9] A= FATl Hla] 179} .95
Z7M#H(p <0.01), BPDM &4== PB %27} 3-MCHt}
o AR FEEUT 9, tiEslA ECODS] A==

d
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Fig. 1. Effect of chronic red-ginseng administration on GSH-S-transferase activity in liver cytosol of rat treated with inducers. a: nmoles/
min/mg protein PB (80 mg/kg) and 3-MC (20 mg/kg) were administered by intraperitoneal injections for three days. Values are
expressed as mean + SD from 8 rats. *: Significantly different from control rats at the same age (p < 0.01).

i 1271€M 3-MCE A e o FAjelzel wis) 2
7} 43009k 3.0 SV, PBY Ade gl B
& Z}7} 22819} 22008 F7IXA (p<0.01), ECODS] B4=
= 3-MC g Et} PBRY © A f=9Uch o] A
£ PBE= BPDMZ, 3-MCE ECODE Hézlo=z gwidlti=
g AR Y 2 1vlY R PBE Folst
H BPDMS EAHLEE Zt7h 19w} 238 F7HAA
(p<0.01) °o]= iz st HA3) 7HAs Aow F4t
9] A71%7 PBOl €3 BPDMY #5&#E oAgth=
AL Yehle Aol B3k 3-MCell 9J3 ECODS] f=&3
= 34 e E 1o0E FoolM zHt 33u9k 3.0e)=
1R Tl osiode AR Ealou 1Y Fod)
ogted A3 AHASS & & Uk T3 e FFH <
Holold FEAE £ <t S W FAYe W 2F T
Foo] gxakn) £ a4 A9 B SRS e
o ol Aze g WIS wskeae] wtags A
AL FEe] RHke-S AAshe e WSS Aud
T e Avkt =HA 27 A, o B Ao 2
ke gddn 3 gz 121994 PR FoE
BPDMS| FAEE MY 2% fEduou 12719 ¥
APl PBE T3S of 3719 95%E FEsiien,
WS g3 120€olA 3-MCe] o ECODS S-S
ML 55%E FEIHRO FAFATS 18%E =39
ok webA ol EAUALE A Ao 2% cytochrome P-450
9] monooxygenase®] FEHEE o7} E7ig) wiel 74
sk dl A717k] FA4F B8-L olyst ag s At n
gt

3. Cytochrome bs@} cytochrome b; reductase T
Mol

Cytochrome bs= membrane electron carrier® A
endoplasmic reticulum®l] £A3= heme protein®] 3
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NADH
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cytochrome bs reductase -2 cytochrome p-450 reductase®
FE AxE o} 2= ¢ o, FUE cytochrome bs=
cytochrome P-4500] °]EZ-S drlsled] B2AES 3o,
%3 microsomed] stearyl-CoA desaturase®} WHE-se] Xp4k
o] tirtel] ¢ FQ3t A% i dEA Yok (Kurian
et al, 2006). Table 3& 717+ 4] & F2ES ¥FF
A ol EHUYALE L F=A] 3-MCS PBE T3l 7F
microsome®| 4] cytochrome bs®] 33} cytochrome bs
reductase®] LS 7438 Adoln). Y dixt EFH
cytochrome P-450 %A 3-MC8 PBE F9E ) A4
2ol ¥]&] cytochrome bs®] & F7IH 21} cytochrome
P-450 &ka} 7o) =A ZU1skA e &95e, cytochrome bs
TR & 2ol Holx] edrt &
g AR M T 3-MC9 PBE FAFES o thxatd) A
o] ko ATES YepN A, 1270€olAM tizey) SR
2% 3709l n)s] cytochrome bs®] 3} cytochrome bs
reductase®] FHEE 748810 w2bA cytochrome bse] $F
3} cytochrome bs reductase®] =T TS X28tAL
P4500] f=Al Aol oJa A YFES WA F= A=
A=

k=1 2,5 L=

= o1

4. GST Ho}

GSTx ©]=dthAke] phase 11 conjugation £4%9] Sh1=
A} ZFllA glucuronidation RF&-3 7o) ARMIelA A4
o] gjd AAECIY F53 phase 1 HARFES glutathione
3 AFAA e A AR BREHA] BeleE F-53t
T 98 gehtal 4EA Atk Xu er al, 2005). Fig. 1
A7 4] B FEES FET FF ojsFurias
F=A] 3-MCSF PBE FoI8la ZHIA GST =S AR
Azoltt. HY DN HEEs FARAT 25 3-MCet
PBO) Foj= GSTY SAHEE T7HRIFLY (p<0.01) thEt
o] R EG ¥ ¥ BAEE eI 22yt 12
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ol FFZe 3-MC9 PBE FolHS o) GST 84
Ee i ATl 2t 86%st 83%2) S AA8)
Ao}, 1271 €elM R GST BA4o] 371} Hakzol
sl Zhzk 77%9F 2%9] g Vet whekd 879
3-MCet PBE FoiFe o 7 o]22thA} phase 1T FA¢
GST% phase | EAET} 720] Uo)7} Sojzte] wa} 2 24
LIt ZHsket A717ke] E4tel Hde o3 ranE
ghstete E3h vk e,

S | O

- AL
e EFEes WT 8F TR W I 719
olFHUAES BAE Fmdl WRe TS ARG F

=9

of olgAujrta s Al FAEA] PB (80 mgkg)et Wb
A 3-MC (20 mg/kgye AHESIATE. Zhollx] o1& tiAle] e
3l cytochrome P-4502] &3, cytochrome P-450 dependent
monooxygenase$l ECOD$} BPDM, cytochrome P-450
reductase®t GSTS] B4+ PBSF 3-MC Fojol 2Jsia o
3 AR B A F7HEAh 8F Y volr) 3k
dolHe F FEAE FANS o o|EFYAIE A B
thgro] IRl Hlal JujH oz o Bol fEsint
Zu IR M E F AR BF AR gadle
W SR O B AT tizdel v At
o AA gttt ¢ F aF EF olEAYA a4 F
cytochrome Bs 33} cytochrome bs reductased] %=
PBS} 3-MC Fool] eJaiA] F515 Ajolg Holx] ekttt w
2H ol2lst Azke A T4k AT Fole el &
SR ol EUAEARE ARE 2] FEil) 7
A ¢ Sk A oujgic),
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=i

-

Al Al

H =Fo

T oAl
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200795 FEUSGL ShEdTAEAEY] A7
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