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Study on the Hepatoprotective Effect and Cytochrome P450 Regulation
of Scutellaria Radix
Ki Tae Ha, Sang Shin Jeong, Cheorl Ho Kim‘, Dall Yeong Choi, June Ki Kim+

Department of Pathology, College of Oriental Medicine, Dongguk University,
1: Molecular and Cellular Glycobiology Unit, Department of Biological Sciences, Sungkyunkwan University

In this study, the liver protective effect of the hot water extracts of Scutellaria radix (SR) was investigated. The
SR exhibited a hepatoprotective activity against CCls-induced liver damage in Sprague-Dawley (SD) rats and Chang
cell. And the SR also showed significant decrease of malodialdehyde (MDA) and increase of glutathion (GSH),
catalase activity in rat liver homogenate. The expression of cytochrome P450 2E1 (CYP2E1), measured by RT-PCR
and western blot, was significantly decreased in the SR treated SD rats and Chang cell. But CCls and SR has no
significant effect on 1A1 and 3A1 isoform of cytochrome P450. Based on these findings, it is suggested that
hepatoprotective effects of SR possibly related to antioxidative effects and downregulation of CYP2E1 expression.
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a9 1584 9 Cytochrome P450 FHZH o

g3k & oste] oF 650 mle] AR NS Ao, o]F 4T
WARA F FEAY A TH

APE 5= AF 15020 g<] Sprague-Dawley Al &4 rat

o, 747 T UL FAt FELF LA
D 20£2T, FE : 60%, VY : 1247

A & A At

ARTES VY F(RERT, dxT, AAHEE, FA T
2 urlen, evte] g G o ® ARSIt A4S mouse
& 1FAEYG BS Al TFALH, ETe 7Yt 1
PAE S =& AS§le] F38 F carbon tetrachloride (CCly)
Abste] TH=AdS fEAI AT 3

74 A%E 10 ml/kg/day &
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3. AAAEY Ax

AT ES ethylether® wHHAZ o EF FFds o
o 2

J|
ok WA g o @3S ®Este GOT, GPT, ALP
4 54902 AB3IATh
A 494 (09% NaChZ BFAIZ 7+ 2F o] &4
3

4
e Fojshe] Felo] 2ol AR WA Y4 A5
Ao whatman l#A2 Ael495E AAG F 70

f
i

C
T4 BESY AT 524 AR A4S 8 AA =
o] 44} &9 50 mM potassium phosphate buffer (pH 7.5)
7}ete] 4T o4 homogenizer2 482t w233ttt o] @AY
S 1000 x gollA 1587 d4EEse FFAe A A
(lipid peroxide) % glutathion &#F<S 4317 98 A/ 82 AL
&390, UelA A5 9E 600 x gl Al 1587 A4l EE] 3t &
F AEZNE AAF FFAE AT F ThA] 12,000 x goll A 30
B AR rEZ=olE AAT ZF5 Y-S catalase Z
d gat7] A3 A= ARSI 7)Y 2 5Ed

Qe A5t B 4T AN

M X L2 oW XN

)

4. R B2 =4
1) GOT ¥ GPTY] #4=74

¥ Z GOT ¥ GPT @4 ZHL Reitman-Frankel?] 3™
o wet A" A% Kit(eHHAIHE AHgsted SAsHATH
GOT, GPT 7124 1.0 ml& A @ #el 7}sto] 37Col A 523 W
218 o 84 02 mlS Hol & £33 § 37T A4 GOTE 60

B, GPTE 3087t vhgA)17) 5 A

=

Ald 1.0 mlE F7bste] &

23 A7
et Aol 2087 WA WHEE FEAIIL, 04 N
NaOH &} 10 ml& 7}ato] 2 £33 ths Ao A of 1023t
WA AT 603 ool 505 nmel M SHRFE WEE FFE
Hsks st 4% GOT, GPTY 4=+ A% BFE
AFFANA Adzatdon €4 1 ml T 1U/ 22 et
2) ALPS] =4

HF ALP Z4Z4L Petkova 599 Wl whe} x4
Stk 7189 2.0 mlE A@HEol
WA E % ol 7)o] 4 0.05 mlg 7}k
H E@ete] 37CoA 1587 vhEA AT A A 2.0 mlE B
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5. 2% AW A P A

7 Z2AE 10% T4 2T 2A2F o] 1FA7 e
automated tissue processing ¥ embeddingd}o] paraffin block
S TE OF 5 pme WS U5 slide glassel #3F ¥
xyleneo. 2 gujet@ s}l stk 23 100%, 90%, 80%, 70%, 60%
ethanol £ 2.2 F<4A]7]3 hematoxylin® 2 8-S FAg & 1%
HCIZ &43F t}2 0.3% ammonia water2 535 A|Z T AlXE
A AHE 918 eosine 2 FAZE § 60%, 70%, 80%, 90%, 100%
ethanol =22 A4S AR YA OZ xylene I 2 11
o] 3 tH7} canada balsam© Z mountingdl] Fedw|Fo=

x4 Rsen

2 Bradeford] ®# ol w}a} Sigmaih(USA)<
Bradford reagentZ ©]-8-3}%1.2.7, bovine serum albumins A}
B8t FFEFAE St dAS S5
2) 7+ 249 Lipid peroxide(LPO) &#Z74

23 A4 HehEe) FF 542 Ohkawa 579 TBA
Hog SASAT & 23 vl @A A4S 1,000 x gollA A4
% & 20% x2A 72 H 04 mlol 8.1% sodium dodecyl
sulfate 0.2 ml, 20% acetate buffer (pH 3.5) 1.5 ml¢} 0.8%
thiobarbituric acid (TBA) 1.5 ml& 7}&th3 95T 230l A
A B9 WA Heoew WYrd o
n-butanol:pyridine (15:1, v/v)S] T 5 mlE H7isld & &
FtATh o] EFAE 3,000 rpmollA 1587 Y&
I3 3l n-butanol c&< #3t 3% 532 nm
ST b, AEREE FAd Fdhe] HFsA A
1 mg? 473 ¥ malondialdehyde (MDA) &<
A
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3) Glutathion (GSH) ##34
<] glutathione %< Ellman'®9] Wydl s}

4 o]
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Mol 4% sulfosalicylic acidE 713l &3 5 1,000 x goll A1
1087 9AEYsty 45 RS 5t sulf-hydryl groupe] &4
A1 5,5 -dithiobis-2-nitrobenzoic acid (1 mM DTNB) &3} &3
ato] A2oA 2087 WA F F 412 nmoll A FREE S8
© ™ Glutahthion 332 protein 1 mg@d nmolZ YUEFY AT
4) 7+ 249 Catalase &4=74

A catalase FAEE Aebi”e] Wi o] wle} =35 Q ).
M potassium phosphate buffer (pH 7.0)0l &4 A& =F
al 7] ;‘]i/ﬂ 10 mM HyO, 848 713le] 514 240 nmol| A
1-7} ZA3g. gradgozE= 7129 10
50 mM potassium phosphate buffer (pH
HQ} T st FREY HSE
< 1% ¢ 1 MY O & +
unit® 3} ot

% ol

re

ot 3

5. Cytochrome P450 isoform® mRNA & =4
1) Total RNA®| #&] 3 A&

Total RNAS #&+ takararle] catrimox-14TM RNA
isolation kit ver 2.113 A}-8-3} 9T}, Rat liver total RNA2] 7
o= -70Ce] E&Fold 7124 1 g& homogenizers
Z F43 oS cartrimix-14 buffer 1 mlZ lysisA| #
10,000 rpm .2 583F AHEHE st A4 & i
A AL pellet] DEPC 1 ml& H7Fete] 12,000 rpm 2.2 2%
E]—/\] ANEYE st A5 HE AAAR pelletd] guanidinium

5 ml #7}3}e] vortexgt ¥ phenol/ chloroform/iso-amylalchol
(25'24'1)—% 0.5 ml H7FA1A vortexdtod 12,000 rpm o2 3E7H €

ks

ko3

15

35 HE F3l iso-propylalcols equeal volume

.
EFe & 20T 30&3F WX AIZITh thA] 12,000 rpm S
AEYE st Z5AE AAA pellets 70% o
<= washingAl 712 YA J33ol] AZA|A 0.1% DEPC &
A 1 mlel] = AFE-EHTE Chang cell9] total RNAE -70TC ol
B33 WA E A AT cell culture platel] catrimox-14 buffer 1
A7ksto] lysisA| A4 RNAS #E|stien o]ste] #42
ZZ A ¢] RNA £8¢ T3t
2) cDNA &4 % RT-PCR

cDNA 34 RNA PCR kit (AMV)S AH&3tgith B 43
A= Total RNA 1 pg/pls FHOo 2 A838oH, MgCh
25 mM),

E}

gl

ml&

rat liver

10xRNA PCR buffer, RNase free distilled H,O,
dNTP (10 mM), AMV reverse transcriptioase XL, Oligo dT (2.5
pmol/|..1)7]— A €31 total volumeS 20 pl7} A a|A &3t
& RT W& #3355tk 5 30TCelA 10837 ¥H3-A7]aL 42T
ol A 3023 annalingA] A A& = J=F vhEo] F3 9T
A 58, 5T 587 1 cyced AN T4 DNAE
sense ¥ antisense primer(20 pmol) Z+7+ 1 pl 7}t 10x
PCR buffer 5 pl, 2.5 mM dNTP 1 pl, LA taq polymerase 1 pl&
A 713 TS sterile distilled HyOZ total volume 50 pl7} H =&
PCR tubeoll A &gt &, 95ToA 587 95T 18 3
denaturation ¥ 68CollA 12t annalingAl712, 72CelA 1%

30% ¢ 35 cycle A7 T 72Tl A 5% 5 elongation
sttt Z4Ze] PCR product= 10 pl 2 1.2% ETBR stained
agarose gel “Fo1A loadingste] A719FS Aldste] £33
t}. Cytochrome P450 isoform 7Zt7}e] PCRE $l8te] AMEH
obef o] 39} ZTH(Table 1).

sense, antisense primert

Table 1. The primer sequences which were used in PCR reaction
of three cytochrome P450 isoforms and [I-Actin.

Gene sense primer antisense primer product size
GTTCCCAAAGGTCTGAA CATATGGCACAGATGAC

CYP1A1 GAG ATTOG 509 bp

CYP3A1 GGAAATF?%(A:TGTGGAG AGGTITGCCCQ;ITCTCWG 329 bp
ACCACCAGCACAACTCT CAATTCCATGCGGGCCA

CYP2ET "™ GAGATATGG GGCCTTCTCC 435 bp

A+ GCTGCCTGACGGTCAG CTTGCGCTCAGGAGGAG

[i-Actin GTCA CAA 266 bp

1\;_}&

6. Cytochrome P450 2E19]

4nd 5%

A& A ABAL 70T ol HES cell culture plate®] protein
extraction buffer& 300 pl FH7PAIA  celle Eo}  glass
homogenizerg AH&-3te] #Asgt &, 4T 12000 rpmel A 10

min?t YAEYE 319 supernatentt Eo}A 70T HA3IY

o7t Agel) A8t g de] AL oA AF S npe}
#Zo] Bradeford®] el wet AlYstGct. YR ag did
< oA Fo 20 pgo] H=E A4S loading?t F 10%
SDS-PAGEZ  A7|9%3te EAIAT. £gE vHAs

nitrocellulose membrane2 2 electroblotting®ll ]3| transferA|
71 &, 5% skim milkE 373 TBS-T (0.1% Tween20 in TBS)E
o] g3te] Ao 143t incubationdte] H|E-0]Z < w0
3 blockinge A3 Eh TBS-TZ 1087 23] washing ¥
anti-CYP2E1 antibody (0.5% BSA added TBS-TZ 1:10002.Z 8]
23l AM8)E primary antibodyZ 3} 4CellA] overnight
inbubationdl] L&A ¥SS Lo 7l & TBS-TE 107 23]
washinga}il 22} 34 2 HRP-conjugated anti-rabbit IgG (0.5%
BSA added TBS-TZ 1:20002.Z 8|43} AME)E 204 14]
7t incubationgt Th& ECL solutions AR&-3}e] ¢t oA X-ray
filmell °F 3A17F FFA17] § developste] Tl g o] W S

243,

7. 49 A4H e FAAE
Ay Ao g S 4L SAS (The SAS System

for Windows, version 6.12, SAS Institute, US.A.)& ©]-83} %t}
Ay A4 P+ ETFAA(meantSD)E eI W, 7t 4
T F94¢ 25 "o+ Student's t-testZ p-%k©] 0.05

v o) §2)3 Zol7t e AoE HAHIHT
| 7}
1. Rat @3 GOT, GPT 2 ALPo| 3t FF32259] 93F

Zt AP Ratg B AAA A4S AFste] EF

il
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A5 1584 ¥ Cytochrome P450 LHZH o] &3 AF

St & GOT, GPT % ALPE Z7¢ A7/} Table 28} 2tk GOT
=443, 4T (Control)> 24.2+1.54 TU/ ¢ Q4 HIstY CCly
o A2 g L(Cc14)° 104.3:4.81 U/ ¢ 2 Z7}8tich. &2

FE2ES 7497 T3 F CCLE HEAS F23 AAE
(SR+CCL)oI M= 49.6+13.01 TU/ ¢ & FAo] 2A4adS & 5 9
Ko FAAA F94L AT 28y CCLE EAE F
S 52U FEFEES FAT FAIT(CCLISR)NAME
259+247 1U/ ¢ 2 f94%%= 7425 Yt GPTE 373
3 A, AANETLS 32.8+4.4 1U/ ¢ Q6] vlste] CClLy+ A

o g2 98.08+2.25 U/ 4 2 F71etdith 395558 7Y
7 F48 3 CCLE A4S FEd AX Tl A= 53.246.51
U/ ¢ 2 @Xo] SoXUA ZAasgen, CCLE HEAS &

=4 =
7, BN ZTL 9.65+0.60 20K-A uniteld] Hl} CCl4 o} x&a]
3 ) Z TS 34.642.95 20K-A unit®E 7139t FEFEES
747 BdEd I CCLE HEAS fud {xial%ﬂ*t
|

2 0EAE LR F 290 FRFEES FoT TALL

.} = T gl
M 1212197 20K-A unitZ FJ4%E Z4A2S el

Table 2. The effect of the hot water extract of Scutellaria Radix (SR)
on serum GOT, GPT and ALP levels with hepatic damage induced
by carbon tetrachloride (CCls).

GoT" GPT? ALP?
Control 24.0+154 32844 9.65+0.60
CCls 104.3+4.81 98.08+2.25 34.642.95
SR + CCl 49.6+13.01 5324651+ 10.8+1.53+
CCl4 + SR 25942 47+ 3323, 59*"’ 12.1£1.97+°

Each value represents the mean=S.D. of 6 rats Unit : " 2 /e, 9 ALP 20K-A unit ®
Significantly different from the group(x : P < 0.05) ° Slgnlflcantly different from the
group (x : P < 0.05)

2. Rat liver94 ZALA e FFFEEY IF
7 J H

/\]74 .
Z AL gL 70T 54 RESAT x2wd 1y 9 g
A ¥ 59 & 59 2AFEALS AFsdod,

hematoxylin and eosin o2 43}

stk CCLE ARsHA ¥& Bdtzse A2
veing FAl0 2 AFAAQ AFFTXE §AstHA

Rew, 7ee] 2AGHQ 7Fx I o= UrEH%E}(Fig.
1A). CCLE AA 8t =4S FEg 2o 23 e e
de BEAA FEVF BHEsA @oH, TAHAEE less
eosinophillicd}™ AEZZ Ulo] B2 A X (vacuole)”} &2 = Th
T3 central vein FHANAE TATFY FEH AN EY FH o
#ZE Ao, hepatic sinusoid?] FE  EI FIHJX
pyknotic nucleusE E3H3 B4 A E7 ABFY T 0
A5 Jh(Fig. 1B). CClE APs17] 7¢ AR H FFFEE8
Fod AAMET 2 CCLE As F 240 F5FEES F
gt XA e B4 vl 2 central veing

2 A EF B
SELECLERS:

AAHoZE HBo=

AGTEE o FUA WEH o] glom,
£ 9% AEIA A¥st BAT Qo
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Fig. 1. Light micrograph of paraffin-embedded mouse liver. All section
were stained with hematoxylin and eosin. (A) Photomicrograph (X 100) of a section
taken from the liver of normal control rat treated with olive oil. (B)
Photomicrograph (X 100) of a section taken from the liver of rat treated with CCls
(0.5 mi/kg). (C) Photomicrograph (X 100) of a section taken from the liver of rat
treated with CCly (0.5 mi/kg) after administration with SR (10 mi/kg) for 7 days.
(D) Photomicrograph (X 100) of a section taken from the liver of rat treated with
CCls (0.5 mikkg) and then treated with SR (10 ml/kg) for 2 days.

3. Rat liver®] &4+s g4 sk %%—%%%9] a3
Z4zre] A3 Te] Rats A A A4S HHsto x4 S
AAT F wdsste d4Ey & F Xl%liﬂrtz‘z}, GSH
catalase® 273 A o]tH(Table 3). MDA HP%‘EE
Aes Ax, A ETES 6.62+1.05 nmol/
CCLYF A3 272 15.352.39 nmol/g& F
FEES 7Y B F CCLE 7HEAS
ME 9.14+1.44 nmol/g& FAo| 743}
fRom, CCLE HEFS Fds &
& T T LA E 644049 nmol/g
Bh AT GSHE s
nmol/g¢ld ®&te] CCLY ;qat& EHZ
B oY eI 7Y F 0463 ¥ CC4E =
L3 DA Tl ME 2464035 nmol /g2 BAo] F
bt om, CCLE h54S Fdd ¥ 297 F5F5E
o33k ZA) g Fol A& 2.75+0.32 nmol/gE FAARNE F
EFQith =3 Catalased A4S =A% 2
15.690.6 unit/mgQl¥l  HlEte]  CCLTF A
7.99+0.68 unit/mgZ A3 FAsAY. FEFFEEL 7Y
o3 ¥ CCLE &AL Fo3 AAgTdM=
unit/mgE Zgo] FostA F71tH oM, CCLE It o% +
Bt T 247 FFFEES FAY FAHTAAE 115
unit/mgZE F7FstA oy A oS A
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4. Rat liver®] CYP1A1 mRNA #&e] gt 3333
27ve] AHTS CCLE 5SS FEd & A4

=
S AFH3 mRNAS FE3 U5 Table 194 AF 3 rat
CYP1A1 gene®| sense$} antisense primerE ©]-8-3}¢] RT-PCR

.
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[e]

< A&t 1 =S 05% agarose gelol A
Figure 2¢] A& Aot CCLE AHY3A &2 4
CCl4TE 23t i zTo A= CYPLALo] AY Z&
3t Qo) (Lane 1, 2), F5FEES A oo
T 3 FA T ZFA CYPIA1Y] L& o] ol
(Lane 3, 4). ©] 202 Ko} CYPIA1S CClLol

le)
o1}, $3%E 20 o8l mRNAS LA

> OH‘

=

po
o fo do rfr Hi
o & doy i
(o]

Table 3. The effect of SR on lipid peroxidation, GSH and catalase
levels with hepatic damage induced by CCla.

LPO" GSH? Catalase”

Control 6.62+1.05 263£0.18 15.69+0.6
CCly 15.35+2.39 167021 7.99+0.68
SR + CCls 9.14+1.44 2.46+0.35" 16.13+0.98+"
CCl, + SR 6.44+0.49+" 275+0.32+" 11.530.77

Each value represents the mean+SD. of 6 rats Unt : " 2 nmolig, ¥ unimg

Significantly different from the group(x : P < 0.05) v Significantly different from the
group (+ : P < 0.09)

Cont.  CCl, SR+CCl, CCl,+SR
= b B-aCtin

Fig. 2. The CYP3A1 mRNA expression levels of CCls and SR
treated rat liver. Rat CYP3A1 (329bp) RT-PCR product was loaded in 0.5%
ETBR-stained agarose gel. The templates of the reaction were total mMRNAs from
the liver of rats which were treated with olive oil (0.5 mi/kg) as normal control
(lane 1), treated with CCls (0.5 mi/kg) as positive control (lane 2), treated with CCly
(0.5 mikg) after administration of SR (10 ml/kg) for 7 days (lane 3) and treated
with CCls (0.5 mi/kg) before administration of SR (10 mi/kg) for 2 days. (lane 4)

5. Rat liver®] CYP3A1 mRNA &

3
A& AFste] mRNAS FZ3
CYP3A1 gene®| sense9} antisense primers ©]-83}4 RT-PCR
< A3t 1 AHES 0.5% agarose geldl Al 27195314 Fig.
39] A3E A3t CCLE AshA o2 gz CClt
A izl = CYP3AL0] A & TE2 HHstal
or(Lane 1, 2), FFFEES AT TlM= AAF &
A oA CYP3A19] o] ofgh vhopxl A& &lg
Ro} Fojde glth(Lane 3, 4). o]z o2 Hol CYP3AlL
CCLA 93t FEEA ¢don, d5FEE 4= mRNA
o] &do] WA ¢= F

I o 32

6. Rat liver®] CYP2E1 mRNA

Ztzte] Ah& CCLE 1
& AFste] mRNAS F&
CYP2E1 gene®] sense®} antisense primerE ©]-§38}4
S A3t 1 AHES 0.5% agarose geldl Al 719 %
48] A7E AU CC4E AP shA &2 G4
CYP2E1¢] mRNAZ} w4 ¥& &2 Wi

ol

=z

ol A
Ao} (Lane 1),

Hg9 - P27

CCLY A3 hRTFAAE CYP2ELS] "¢ =& 5 & 24y
S &S 44 YthLlane 2). 3 FFFEELS AYF Fol
M AAYT 2 AT ZFoA CYPELS] & o] &g
e FEE Bold AL T 4 glth(Lane 3, 4). ©] o2
Ho} CYP2E12 CCLel sty #dzFo] v F7tsiH, a5
ZE0 gaA Tde] JAHL YL & F AU

Cont. CCl, SR+CCl, CCl,+SR

B B W <+ p-actin

Fig. 3. The CYP2E1 mRNA expression levels of CCls and SR
treated rat liver. Rat CYP2E1 (435bp) RT-PCR product was loaded in 0.5%
ETBR-stained agarose gel. The templates of the reaction were total mRNAs from
the liver of rats which were treated with olive oil (0.5 ml/kg) as normal control
(lane 1), treated with CCls (0.5 mi/kg) as positive control (lane 2), treated with CCls
(0.5 mli/kg) after administration of SR (10 ml/kg) for 7 days (lane 3) and treated
with CCls (0.5 mi/kg) before administration of SR (10 mi/kg) for 2 days. (lane 4)

Cont. CCl, SR+CCl, CCl,+SR
Fig. 4. The CYP2E1 protein expression levels of CCls and SR
treated rat liver. Western blot was carried out by using rat CYP2E1 specific
polyclonal antibody. The sample of the SDS-PAGE were total proteins from the liver
of rats which were treated with olive oil (0.5 mi/kg) as normal control (lane 1),
treated with CCls (0.5 mi/kg) as positive control (lane 2), treated with CCly (0.5

mi/kg) after administration of SR (10 mi/kg) for 7 days (lane 3) and treated with
CCly (0.5 mi/kg) before administration of SR (10 mi/kg) for 2 days(lane 4).
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Fig. 5. The CYP2E1 protein expression levels of CCly and SR
treated rat liver. Western blot was carried out by using rat CYP2E1 specific
polyclonal antibody. The sample of the SDS-PAGE were total proteins from the liver
of rats which were treated with olive oil (0.5 ml/kg) as normal control(lane 1),
treated with CCls (0.5 ml/kg) as positive control (lane 2), treated with CCly (0.5
mi/kg) after administration of SR (10 mi/kg) for 7 days (lane 3) and treated with
CCly (0.5 mi/kg) before administration of SR (10 mi/kg) for 2 days(lane 4).
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