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Abstract

We investigated the effect of a single oral administration of Dai-saiko-t6 extract (1g/
kg) on liver injuries experimentally induced by a single i.p. treatment of 500 mg/kg of D-
galactosamine or 1 mi/kg of carbon tetrachloride (CCl,) to male Wistar rats aged five weeks.

Oral administration of Dai-saiko-td extract showed no significant improvement, judg-
ing by serum-biochemical and histopathological examinations, in D-galactosamine-induced
liver injury. In the CCl,-treated rats, it significantly repressed any increase in serum GOT and
GPT levels and total bilirubin concentration, and also apparently improved liver cell necrosis
caused by the CCl, treatment. In addition, the extract not only prevented any increase
in hepatic lipid peroxide and triglyceride contents. and any decrease in liver microsomal
glucose-6-phosphatase activity and hepatic ascorbic acid and reduced glutathione contents
in the CCl,-treated rats, but even caused an increase in ascorbic acid and reduced glutathione
contents in the liver of rats without CCl, treatment. Dai-saiko-t6 extract also inhibited i»
vitro CCl,-dependent lipid peroxidation in liver microsomes obtained from the control in a
dose-dependent manner.

These findings suggest that oral administration of Dai-saiko-td extract improves CCl,
-induced liver injury. This improvement is probably due to inhibition of CCl,-induced hepatic
lipid peroxidation, and an increase in hepatic ascorbic acid and reduced glutathione levels.

Key words Dai-saiko-t6 extract, D-galactosamine, carbon tetrachloride, experimen-
tal liver injury, lipid peroxidation, antioxidant
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S, FR OBEHMRSERCEC LN LIS
70, NEEERIE, KEEHAIE, HEHIHEROB T & DL
HILRFADBRE: L THEASATVWS, 2L T,
LG DEEAR ORI AT B YR I B L T
W R LITAND LS Iz o, 5, D-#5 2
P2y (D-Gal) FREET v bichsEsme’ " 2
12 LR, SeERAERET O T X 2 2 NI
BHE5T 5 L, FOFREEBRENDL 2 L HWE
ENTWb, 72, TNLDERARDEEETH D
s8R, 7L THBICZ ORGSO 4 3R a
RUrdidEB 045 TD-Gal X WL R E
(CClLy WFmEZMEIL, " Lard CCL#E5IZL 5
B0 BRI LR E oM e 2 5" 2 L H9R S
nTwb,

Larl, 4 a8 akordd@nmhc
WICENTRE SR, 72, # R 5 ORBHEDI T
CH LTV A A= LIIRL AERERT
z e RuromE s -7 L0 R
WANTVWE, Lird, BEHFEIRORGTEZOR
MHWELD LN, BEBOEEICSHETH.
LITWBNT, EHFINDHEEIZN T HEROE
B L B OB TH PN LEYH 5, Ll
Tehth, THETIRERHOFEERICNT R 0%
7w ERERICE L TEBNLRETEHoic e 2
HTZwwn, LT, EELIIEIEDAICHN
LTV B KEEIED T X 2 4 D-Gal & CCl, FFIE
T MBS L, 20L¥ 20T EREE
B &ML 72,

Mgt e &

(VEBRENMD © FEEBRSMIIERL DEBAL, +
x> VERER MF CHE L7250 Wis-
tar AT v P REBRIZHW,

QEFEE | AEHH T X A TENEREKK. &9
B ¥ 2HFKE, 72 D-Gal it Sigma #
ND-#7 7 b2 iEREIE S H v 72, Glucose-6-
phosphate & glucose-6-phosphate dehydrogenase
|3 Boehringer-Mannheim ##{%, NADP* (14
I NERHEE, FERDe- P2 T 20—
I (a-Toc.), CCly Bir# oo i i3 FAiZE
TEMBORERRME RV,

(3)E8& A% - D-Gal B CCl, FFREEIL, 2 BRI
MEBOT v MEEAEK (k&) THERLZD-

Gal (500 mg/kg f&E) &4 —~7HTHRL 7250
% CCl, 7 (2ml/kgfhE) 2 2N FNBEEARIC
BE | CERSER, /2, TNLONBEICIZZ
NFEFNEROER LAY —7THERS L2, KEHA
Br¥x23ER10mlicznlgraBEL, KEL
kg 1) FHBEE 10 ml % D-Gal Xix CClL, ¥ 5
2EERRICE Y T TREO®RS L, F RS HBIE
WEBCBAE kg4 D ERI0ml 25 L 72
InsN 7y bid D-Gal Xix CCl, #& 5 24 ¢l 1k
IZTATRERZ U0 L, MAEIRIL 2ICERL
A

@EEOES  fEH L 2 FRIZESI2:40.15M
KCl T#¥, HEHICAE (H.08) o—Hxl
BPENBEDLDICUERL, FLRYOFHEIZFT
AT AATHEEL CFEARKRE T-80C THREL 72
FONBIZH0.ILMKCITIO R RED XA —F &
L, B@EMUIRE, |hiEfEEs, 7TAaE B (Asc
A), BRIy F A (GSH), © % I ~E
(VitE) Z & o@imIcHwz, $£72, ZOREDL
— b O— IR DB LSBEEIC LTI 7B
vV — A & F# L, glucose-6-phosphatase (G-6-
Pase) R 1r CClL- KA IR B BB {LIEME D RIEIZ
vz, L 20T 0ECTE#EL, £OMmEIc
D TR 2 DELFEIRERIT - 72,

GELFHRE  FFEZKOBEBILIEE, $HE
Bh, AscA, GSH, VitE R % v 7 DBIER, ©
#L## Ohkawa &, Vishwanath & J oan.” Omaye
5" Beutler .Y Tayler &1 B U Lowry 5% 7k
it TiT- 720 3 70V —2a0 G-6-Pase i&
MBI Swanson”™ D EIZHE - TITV, 0
IS 5 &) >~ (Pi) % Goldenberg &
Frenandez™” » HETREL, 154 Mic 1 gmole
P *HBETABERE S 1 B L L7z, CCL-4K
HHRE ARG ERET v P 70—
4% v, Kornbrust & Mavis™ Iz # L T
MEL2. §%bbH, 1.0mM KH,PO,, 1.0mM
EDTA, NADPH - generating system (0.3 mM
NADP*, 2.0mM glucose-6-phosphate & 18 0.2
unit glucose-6-phospate dehydrogenase), 10 ul
CCl, 37uvy—2a 1.0mgsg>-27) AUr0.1
M Tris-HCI&E & (pH7.4) &9 % 5 IGHE
(£81.0ml) 2RBEICAN, L VarkE2L T
37C, WEBEMHT CRIEEIT-> 72, EOEMSEIL2-
FASNE Y — B % 5 Buege & Aust™
Elok->TEFBE Lz 77 e F (MDA)
PHEL, FOERBTEL.
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T, F72HHEBO VtEZ a-Toc. & & L TKsH
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(EHRIPAEEFERE | i L 2RO AED—L
2, BEEICL) R L EE T T 4 v RIE,
Y%, ~ertxy ) r—xt o ERELRHEL,
KEEHBEIC CFOMEBELBEL 12,

kB, FEMEICBIT5EEEE, Student’st
test i2 & - TRE 2TV, ZNEEELSBL T
BEE&E L,
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1. D-Gal FFEEEICHT 2 RKEHSI+ XEO
BEICL3HEDR

Table I 2T k912, D-Gal #5112 & VK&
RURERBRIABICRAL, TNLNEBRFNT
NNBEDIN BRULT6%TH-72, LL, Fh
b DA KEG T X 2GS L » THRIE i
rotz, T2, Bt 83 D-Gal & KEHE
IX ZNOBEMBETIIEL Ly, KEHBL*
2L D-GalOPERBEIC LV ELTH LD, FE
iz¥mL 7z (Table 1),

miEH e GOT & GPT &, Table I (2R
F LI D-Gal 5L Y FNFNABENSF
BOr 17 gL 7225, Z0 6 OBMIL KREIHE
X252 0EHIE N o 72, 72, D-Gal

Table I Effect of Dai-saiko-td administration on body weight, liver weight and hepatic protein
content in control and D-galactosamine-treated rats.
Control (5)  Daisaikoto(5)  D-Gal (8) PNy S
Body weight (g) 147+11 143+£10 13345 137+8
Liver weight (g) 7.62+0.96 7.35+1.12 5.77+0.32" 5.98+0.56*
(g/100g B.W.) 5.171£0.26 5.12+0.43 4.34+0.15% 4.38+0.40°
Hepatic protein content 19149 198+6 198:+12 208+9¢

(mg/g liver)

Values are means+S.D. with the number of animals in parentheses.
# Significantly different from the control (p <0.01).

® Significantly different from the control (» <0.001).

¢ Significantly different from the control (p <0.05).

Table II Effect of Dai-saiko-t6 administration on contents of total protein, albumin and total
bilirubin, and GOT and GPT activities in serum of control and D-galactosamine-treated rats.
Control (5)  Dai-saiko-t6(5)  D-Gal (8) D Al D

Total protein (g/dl) 7.85+0.36 7.821t0.34 6.52+0.15° 6.83+0.37*
Albumin (g/d}) 4.21+0.31 4.14+£0.20 3.75+0.15" 3.841+0.33
Total bilirubin (mg/d}) 0.34%+0.10 0.34+0.09 0.60+0.15° 0.461:0.08¢
GOT (KU/D 85+14 8 +6 400 £214¢ 363+217¢
GPT (KU/Y) 4216 34+3 717 +413¢ 700+410¢

Values are means*S.D. with the number of animals in parentheses.
a Significantly different from the control (p <(0.001).

b Significantly different from the control (p <0.01).

¢ Significantly different from the control (p<0.05).

4 Significantly different from the control (p<0.02).
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B2 ) MERORI 2 ETALT I EDR
SRUKBE VNVE CEDOEMPALNTA, b
DEHIII L THRERAB L X AIEFELTFTIR
BRI u» o7z (Table II),

¥i2, D-Gal FEEICHT 5 AEHG T X A8
OG5k 2REHR FREESENREICL ST
FNF, ZORER, D-Gal#f5ic & ) I E
KL, FEEELY, ZOMIBAIICSEOITFEBRE)
A b NTzHY, KRBT X i3 o DHEBTFIE
fbizst U TS ISR 2 RS Ld o 72,

2, CClL FFERIZHT 2 KERSEI+REOX
izt 3%EMR

Table Wl 2R3 & 52, CCl, RN KREEREABZ T X
2Bz L VEREREESL v, FERIKE
1000g ) THE§ 2 &, CCLEBESGICEINETTSH
L AEICEDL Tw, o 97 BlExR
B, KRBT X 2B S5E, CClL, Bmik 58
Fr CCl, & REEERS = X 2 O AR5 BEM T &b
eh - 72 (Table ),

Table IVic/Rd L oic, miE+HD GOT & GPT
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BEERCBEYLECRIZCCL #EICENZENE
TUSIRBEED 2545, 19 R 2MGiIcwmL 7245 %

NS DBEIIZRSERE T X 2851402 L ) EEICHH
N, 72, MFPORI I RUTLT Y
BIICCL B{EICLNVBA L0, FN6DEAIL
KRB X AHREC L - THEEZ N L -2
(Thale IV),

CCl, BEZF T2 IR E BB ILo T PEIE
BRIELNTWET 0T, CClL &5 & 3 miF
LD BEMLIEE & PRIV NIV OEBNCNT B
KEHB X 2ROB/E5EHEE LN, Table V
CRTRESEBLNL, CCL #&5IC L) MiF ARk
{LRRE LV~ N3 ZEE L vy, FREBLIBEIIEER
LA RL, ZORBEMNBEN 1.6{E5TH -7,
D BRLIRE BN REHRE T X A &5 LY
FEREOL LI THHIE N2, ERERED
CCLEBESIZINVABRLRAZRL, TORIINE
B 66 %TH-7275, FORDIIKREHRBEL X2
BEICEVHRIE NG -72. —F, HPHEER
CCl, #BEICIVNEENS.6fFIML 724, £

Table Il Effect of Dai-saiko-t6 administration on body weight, liver weight and
hepatic protein content in control and CCl,-treated rats.
Control Dai-saiko-t6 CCls ngl:)]i'gi—
Body weight (g) 139+3 138+6 131+4 132+6
Liver weight (g) 5.66+0.13 6.63+0.20 6.33+£0.40 6.44+0.78
(2/100g B.W) 4.06+0.11 4.13£0.11 4.82+0.21° 4.88+0.41°
Hepatic protein content 192+ 10 202+2 196+6 189+5

(mg/g liver)

Values are means*S.D. with five animals.

2 Significantly different from the control{p <0.001).
® Significantly different from the control(p <0.01).

Table IV Effect of Dai-saiko-td administration on contents of total protein, albumin and total
bilirubin, and GOT and GPT activities in serum of control and CCl,~treated rats.

Control  Dai-saiko-td ccl, Cel, +-Dai-
Total protein (g/d]) 7.64£0.20  7.14£0.18  6.12£0.50°  6.320.41°
Albumin (g/dD) £.9540.13  4.84£0.03  4.37£0.13°  4.38+0.17°
Total bilirubin (mg/d) ~ 0.20£0.05  0.24£0.10  0.60£0.12°  0.40:£0.09°
GOT (KU/) 74+8 7145 187441710 73122170
GPT (KU/) 10+3 39+2 750+285°  275+115%

Values are means*S.D. with five animals.

2 Significantly different from the control (»<0.001).
b Siginifcantly different from the control (p<0.01).
¢ Significantly different from the CCl, (p <0.05).

¢ Significantly different from the CCl, (p <0.001).
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Table V Effect of Dai-saiko-t6 administration on contents of serum and hepatic lipid
peroxide and triglyceride in control and CCl.-treated rats.

Control Dai-saiko-t CCly CCl, ¢ Dai-
Lipid peroxide
Serum (nmol MDA /ml) 5.78+0.64 6.09+0.72 6.761+1.72 5.63+1.02
Liver (nmol MDA /g tissue) 95+16 99+9 148 £ 14° 110+15°
Triglyceride
Serum (mg/dl) 108+£11 128+20 71+17¢ 59+9¢
Liver (mg/g tissue) 5.840.4 5.7£0.4 32.4+6.4¢ 20.2+5.2¢°

Values are means+S.D. with five animals.

® Significantly different from the control (» <0.01).
® Significantly different from the CCl, (p <0.01).

¢ Significantly different from the control (p<0.001).
9 Significantly different from the control (p<0.02).

¢ Significantly different from the CCl, (p<0.02).

Fig. 1 Liver morphology in rats treated with CCl,
(A) and with CCl, plus Dai-saiko-t6 (B).
Hematoxylin-eosin (X50).

DEMIFREHG X ARG LD FRICHHS
n, FORERBEBIINBENISETH-2,

72, BEHEMEICL ) FHEBRGERNS L,
CCL, B 5B Tl F Ml =iaft, BXRUF
EHNOEHIEETLE A LDy, KEREL X
2GRS B TIRIFNRE R EE N O ETEIRT
BizI LAY LN »7 (Fig. 1),

3, ARSI ¥ ADIEE AR LIEHIER

Table VizmmL7zk 512, CCL &5z L 2D
BEAGIRE DRI T RLERRS T X AR DR 5 THIH]
ENDT, FOLXZDIREBELIIEIVER % 88
LT Ao, CCLELSIC L 5O VILE,
Asc.A KU GSH % X OfiB b WE v <NV DEEC
Y5 KRERHERSOEE L HAN, FOHKRE
Table VIiz;RL 72, BFo VitE L-uuit CClL, #5
SO MREEO L6 BIHMnL, $220BINER
LERE X ARSI W T LD 297,
FOREINBEEND1AETH 72, FD AscAV
~Li3 CClL ¥ B L VA L, ZoRIIFTEEN
36 % ThH-o72h, KEHELXZESICLYHH
HEHORY%ETHELZ, Lyrd, D Asc AL~
JUIZREERHIS = % A B 510 L D SHREED 1.2 65
ML 2. 72, FHGSH L~z CCL &5
2k N AscADBE ERBICERAI L, £0EIEN
BEENT8% TH 72, T GSH O 13 KR
Brx2RSICLVIHSN, LirbEoRITE
BOLABTH -2, RERSE X ABMBSIC L
S TLFGSH U~V EREN L2485 cmmL
726

F72, CCL Ik g btz & - THF
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Table VI Effect of Dai-saiko-t6 administration on contents of liver vitamin E, ascorbic acid
and reduced glutathione in control and CCl,-treated rats.

— ~ CCly+Dai-
Control Dai-saiko-to CCly saiko-to
Vitamin E (zg a-Toc./g liver) 11.5+1.1 11.1£0.3 18.6+£2.0* 16.2+2.6"
Ascorbic acid (nmol/g liver) 450430 528 +32°¢ 162+31¢ 305+1924
Reduced glutathione a e af
ol Tiven) 5.2240.17 6.3920.40 4.0420.87 7.18+0.64
Values are means*S.D. with five animals.
® Significantly different from the control (»<0.001).
® Significantly different from the control (» <0.02).
¢ Significantly different from the control (#<0.01).
¢ Significantly different from the CCl, (#<0.01).
¢ Significantly different from the control {(f <0.05).
f Significantly different from the CCl, (»<0.001).
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Fig. 2 Effect of Dai-saiko-t6 administration on liver microsomal glucose-6-phosphatase activity in

control and CCl,-treated rats.

Activity is represented as U/mg protein (left figure) and U/g liver (right figure). Values are

means+S.D. with five animals. [ |, Control
CCl, +Dai-saiko-td,
2 Significantly different from the control (p <0.001).
b Significantly different from the CCl, (p <0.02).
¥ Significantly different from the control (p <0.001).
® Significantly different from the control (p <0.05).

B85, Dai-saiko-t6 . 73, CCl. . IR,

¢ Significantly different from the CCl, (p <0.001).

17 uY =22 FHET S G-6-Pase DiEMIZ LT
B LN TwE™ ™ 0T, KEHBT X2
DCCLFEIZLEFHI 79— 240 G-6-Pase iE
HEDEBZIHNTHIROBREOHE LTI 70—
W2 BT 5 in vitro » CCL— K1 FR B B E L i

X5 B EEIIR 2N, ZORE, K1 7uY

— LH#H5r D G-6-Pase iE1EIX CCL &S5 ic LD v >
27 Img BN Er DT, FlfilgEnics
WL REOKESIZEAS U120, FOFEEDR

Al KEHBELX ARSI VAR IR I AL
(Fig. 2)o —F, REHBIX AEFI 70V —24
2B+ D in vitro » CCL— K ENRE B E{LROG
2 ZO0MBENEMICE- THEEEL, 50 ug/
ml DBET 44 YOMMELIRL 220, ZHOREME
THFOMWENHRIZIIT T 7 P —DRETH - 12
(Fig. 3A), $72, KEHBI XA ZORERRE
LRzt U CRISHIEE & 0 B & A e BEMER £ R
L 72 (Fig. 3B).
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Fig. 3 Effect of Dai-saiko-td extract on in vitro CCl,-dependent lipid peroxidation in rat liver
microsomes as functions of its concentration (A) and reaction time (B).
A. The reaction mixtures with or without Dai-saiko-t6 extract in concentration indicated
were incubated for 20 min. The amount of malondialdehyde (MDA) formed in the absence of
Dai-saiko-t6 extract was 1.68+0.02 nmol/20 min [mean+S.D.] (n=3). B. The reaction mix-

tures were incubated in the presence or absence of 10 gg/ml of Dai-saiko-t6 extract.

O,

without Dai-saiko-t6 ; @, with Dai-saiko-t6. Each point represents the mean value from three

determinations.

z =B

Mg S 13 D-Gal (400 mg/kg hE) # 5 L
THBELERLET Y Mz, MNEHBEZIE oK
BERAIS R O SR B AR AL I O BOKI I T % 2 (200
mg/kg KE) £ ABBROE L LiE £ D-Gal 85
2EFRIRTICIEEAARES L, FRH6DTX ADFE
EWHISE % D-Gal 85 24 B2 I GPT &
PERIEIEIC L TN, Z LS DM A D-Gal B
BECHL CHFSRETT L2 REL, 2122
DIFREE T B /NSRS O INHI V3 BB RS 7T
#ictksrzZ el Cwbd, L&»L, D-Gal
(500 mg/kg thE) ##L5 L7275 bIio KEHHT
X2k (1g/kgfhE) EAMBR* D-Gal #5 2
BRI R OIS L, 20X 20FEERBEER
% D-Gal $2 5 24 B 12 T~ 72 AR B Tld A LEH
B ¥ 2(3H 52 % D-Gal I REEREHE LR
Lrol, 72, EHLIIBHAKE 1kg 1) KL
BT X 2K 1 g ¥ PREEHIZIEE, 2 EEERY
L7z7w FIciKE 1 kg ) 300 mg & 2\ I3 800
mg » D-Gal # 45 | CHEE+BREY, 20
5. 24 BERRIC KEEREIS T ¥ 2 00 FFBE I HI 3R
PRz HY, KRS X 38 5 A2 7% D-Gal B

BEMSE S RE T GREF), K%EHIBIED-
Gal FFEE 24 L TROBE TIRAMIZERL 20
S EHTEENT,

D-Gal FFBE & (1R BIT O R 5 CCl, FFHEE
T L REB I X 2R OEEOBETEL T
iz, CCl, (1ml/kgfk®E) #4&5 | CFEELE
BE47:7 5 bz, Z0ikE 2 BHi%I KRG
X2k (1g/kghE) £ HBBN P RIS L,
FH X ZDFEERHEER & CCl, 5 24 #i
A2 055 & T3S 72 FERAE R 2 OB 0 SR AR M
BBIC L - TN, ZORE, KERSL X 28
O 502 & 0 CClL FFREEIZ (5 MiEF o GOT &
U GPT EMo FRELHE ) L E > 3o Bhni L #mE
Si, M ORS A A LN, KRB
CCL FEZIZN L TR ORS5S TENICERT S
ZEDB L E T T,

NSRRI, KECERIG, LSRR 7 & D EEEIRIO)
FAEETHLEMICEEINLF AL IR aed
13IERR 3% 5-T D-Gal % CCl, FFE=E Iz L TFH
B BEMRELRL, U2 COL G L B
LT BB LR O BIN 2 300 L. L A b Atk
REEALATLY 2L LY, ZhLDERHD
2 B T B S0 0 2 HUBIVER I 28 s R o 4 4 2
Y= a%ed OB R ER 2 (2 Lo
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1

EZohTwad, LaL, kB 20
TEP R I NLDH A AR IBRORET
I3HEERNTRE I N, £T5RBEWIITOY A
A R= LI L TR EH2RT L %
AELTEN, FRAEBEIX 23R 0RETIR
D-Gal FEZIcx L THEU 2 RE L h - DT,
REHREBZ X AnEOREIC L 3 CCL FFBEENY
FEEIRP OV A 2R aRvd FnLnicED

CHREMER AT VWE S IcBbi s,

CCLIE PHEENFEEBTFICEAL TIaE %<
DBEDHED, FOWFED1DELTHL2OL L
AT ORIZENT 5 BELIEE £ R AREER A L <
MonTwny Pt bb, CCl FMBAD/N
fafk (3 7o —24) 28T NADPH 2 EF it
ERETHF 70— P-450 L FNBTEE L
0% AEYPRBEERRICL - TREEND D, 20
iz CCly - CClL0, « KT 5, FNHLEDT A
PR R EURBA DA NI R TDORE KT 5
BEHE, #Hi2) VIREO N BRMIRIIEEICEEL, BF
BB LR E N EREEI ZAR T, F0ER, M
O BEHEAE P BEEINTF 37 A OEI R
&, FRFMRERNICPHRBEIEETLEEZLN
Twb,

A CClL FEEERIZE W T FEBNICEREL
IR MR R O EREH RS L Lz hY, K
BT X 2B NRE CRE{LIREDOIE» D T
B, FHERBEOER LRI A, KREHGZX A
IR E BB LIRHER O B 2 = L R E Nz,
% Z ’C‘, CClL, #&5iz &k 2 o Vit.E, Asc.A, GSH

MELE L~V DEBIHTT 5 KRS
#Za‘iﬂﬁ GSORELFEL L0 VIitE L~ULi3
CClL #B iz L ¥Im¥ 255, 20BNz L T,
KRG X ZITHL 2R FEE2 R o2 —
#H, D Asc A BUPGSH v~ CClL #5112 k
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