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Abstract — GRF (Korean Red Ginseng mixed formula) consists of six herbs such as Ginseng Radix
rubra Koreana, Lycii Fructus, Artemisiae Capillaris Herba, Poria, and Glycyrrhizae Radix and Hoveniae
Fructus. For the evaluation of hepatoprotective effect of GREF, the study was performed on protective
effect against hepatic damage induced by galactosamine in vitro and ccl4 in vivo and also elucidate
antioxidant activity. In vitro assay with 1.1 mM galactosamine, protection (%) was 44% (GR), and 58%
(GRF-A) at 50 ug/ml. GRF effectively protected fatty degenertion and necrosis in murine hepatic
damage induced by ccl4. For the antioxidant study, GRF inhibited hemolysis of erythrocyte and
decolored DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical in a dose dependent manner more
effetively than GR alone ir vitro. GRF and GR significantly suppressed the time course (1 hr~ 6 hr)-
level of MDA (malondialdehyde) following AAPH (2,2'-azo-bis-(2-amidino -propane) dihydrochloride)
treatment in vivo as compared with control data. From the results it can be concluded GR and GRF
exerted the hepatoprotective effect by dint of antioxidant activity.
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HEME - TSGR BT NN 1HF
8 500 g3 BB PEERE A7 5008 F
HANE, IHEHERGRAS ZHET4 4, 7R}
4, A7 4, WEP 4g Tz 2g AT 4g Fo2
T3t

MEEE - 552 A3 FE glo] 4532 Splague
DawleyAl ##], ICR7} Balb/c AHE =43}t 74
oM I ot APTU 7A A FA 73
7t AFECo)} B FEI I AL 2+
2°CE A& A8k 27U7F AgdeAel Az
F Aol Mg

Ak o 7[7] - A2k Kreb's Ringer Buffer
(KRB), 9.0g NaCl, 042¢g KCl, 099¢g Glucose,
NaHCO/1L D.W, 477g HEPES, KRB+EDTA
(KRBE), EDTA, Collagenase solution, CaCl,, Colla-
genase, KCl, KH,PO,, NaCl, NaHCO,, Na,HPO4 -
TH,0O, Glucose 52 BT Sigma AFL A1

7171 16 GA 2inch angicath, 50 ml conical tube,
hemocytometer, rat toothed forceps, 105um Uo|&
wr, Liver scraper, centrifuge(Beckman), chemical
analyser (CIBA- CORNING, 550 Express co., USA),
cell counter(Minos, Cobas co., France), CO, incu-
bator (Model VS-9108 MS, vision scientific co.),
clean bench(KMC-14001, vision scientific co.), cen-
trifuge(GS-6R, Beckman co.), inverted microscope
(nikon co, light microscope (UFX-DX,
Nikon), rotary vaccum evaporator (Biichi 461), auto-
clave (Hirayama, Japan), micropipet(Gilson, U.S.A),
autostill WG25(Japan), titer plate shaker (Labline
inst, US.A), culture flask(Falcon 3024), multi-well
plate(96-well, Falcon), disposable pipet(5 mi, 10mi,
25ml, Falcon) 2 syringe filter(0.25 m, Falcon) %
< ARSI

EMEEYe M= - 3AEEE 3,000ml round
flaskell & 1000 mt& 2FFE7]9) 719k F M7t
U ERA F o] §4g 3L rotary vacoum
evaporator(Biichi 461)°lA 7t &35t w29
€95 round flaskol P -84°C deep freezer
(SANYO, Japan)oll Al 141745t WXS3L freeze
dryer(EYELA, Japan)Z 4N7+2 52 7A%sd =
M7RE B2 AX3Y 6.06 g2 Yol AYPdl| A3}

Japan),
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YRZIME 22| ¥ Y - R ER e WA &
B2 02 water bath= 41°CE gheil YA4lEE]7]
§ 4CE 2Eh 18T 9E 8% SmlE 25,
100 ml, 70% EtOHE 7FAAL systemS 1588 5
A2 F 33 FFSF 300miE 3L 13 system
S EFHAI)Z PR O Z autoclaved KRB-EDTA
50miE 7HAAL systemS B-3}A17]1% washing35ith.
o] ¥ gas valve(Rta: 95%, oS EHA5%)E S
reservoir] KRB-EDTA 200 ml& B3 liver per-
fusiond7HA] Al cBAIZIC o]2|g FH|FYo] &
vH rate] weight® 7153132, penthotal-sodium (10
mg/100 gra e 2 vEHAZI § e Ao EHFL
S trappingdtlth. HEFEE 70% EtOHE &
&= T FHo] Exox A vl FTHE cudla,
rat toothed forceps® AME3l & . BHE A
st WS €48 ZEANT F, 7T E9E Foh)
7] 93 A=E AME] e QER WHoE W
Wol 7+ BHS He T F& o= BB 9
& WEES A 7+ EUE 2853 By,
rat toothed forceps® o83l AL FHAA, £
AZo T FHE AP Fol W &4 T8 4
2 4 ZET) Rat toothed forcepS o]-&3le] 7+
g el WA XE2AT) T angicath needleS
ol AYBAL Al Fol E A& 9] Serh
A angicath needle?] SIS Hol Wl & w7}
Ze o= 29 perfusion tubeZ AT per-
fusion A7l B TEhtes ¥ gHo= Q%
ZAE 229 Weig 57] 98 el JFE & 5
A-HE HOo 2 gl A HF FHREOR Pl
F9-2 2} dich KRB+EDTAZ} t} glojA]7] A
collagenase perfusion8-<% (100 ug/ml, KRB;100 ml)2
Az 7)o) B AEHLZE perfusionrZITh. o]
perfusion®l] &l3|x] FEoje=H 2402 RE angi-
cath needleS W2 7HE EEjAlZ] & KRB/ ©71
10cm petri-dish®] 14 hoodZ &7t )3 A
7+2 hoodolA] scraperg ©]-8-3t] KRB7} #7l
10cm petri-dishollA] Follo] ZHEE 4138 £
¥ F ZAE £4g 105um filterd] TIHATIL, 9
£8g 50mi centrifugal tubedl &7 300 rp.melA]
587 A4 BEANR F 4EAE AL pelletite:
#3}e KRB solution®2 23] washing®}3., washing
H pelletoll percoll solution(10.8 ml percoll+1.2 mi

m Ho Ao
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10x HBSSyZ ¥il KRBE o] 40mlol| 23t} oh
Al BEHA £ F 500 cpmolA 5E7 dAEes)
o AFdS ML pelletE KRBQSmHE 23]
washing & T 500 rp.mollA] 5E-7F AAEe]s}ar,
fetal bovine serum(5 mD2 15ml conical tibed) 2
3L cell pellets Smi= 843l gradients WHESL
500 rp.meliA] 587 AAREPA AL dol)
© MEE Ee8lH et uypan blue2 cell counting3t
¥ hepatocytes cellS 5X10°cells/mls =13} Th.
Hepatocytes cellS 24-well plate®] DEME medium
(insulin 100 w/ml, glucagon 0.7 mg/ml, hydrocorti-
sone 37.5mg/ml, L-proline 60 mg/ml, 10% FBS)S
5% CO, 37°C incubatorol A wiFatAc)”

Galctosamine ZHMZESY - 7 XS wof3t X
L5AZke) A 5 owjekale] 10mM CCLE 3hr
HjgH o T Aol o MEEANS FE, &=
TAEE WFT A 24717F0] At T wjgdo] 1.
mM Galrg o3 WO 2 Zol TR 484
UL ARE mgsle] NMESHE FEEkEe 1 W)
FAL AR 7 N1eHAE HAERD 4 B
g2 MESHES FEANEY w282 FAl 22
3reh.

CCl, B5 ZI&A S —Rat 10°1IE 1208
gt AEe 1067 FAERNE ATSdsia, o
2 AEAIATE AT5As & mAe B 1A
7+ T CCLE} olive ol 1:302 AL &8 05
ml/200 g 2 ATl 7S FNF 7H
S FEE 24N7EF ether2 PR BH A ollA
ANt S Lo} W5 Ao ARE-siunt?

s ZA - FHF AST 4= 238 IFCCY
°F, ¥HF ALT 4% 3L IFCCHOZ, NAD
9] FAHEE40mmAN FEEY] FagE FAF
ALT BH=E Atsle dejzste] AsA8sishA
71(Express 550, Ciba-Coming co.y& AMg-dle] =74
354l E3F Lactate dehydrogenase(LDH)X9} &
A% Alkaline phosphatase(ALP)X] &7 Chemical
analyzer(EXPRESS-550)0 2 A& &4 slurh.
AlgslEtLel D8R &R 21XE WEl - A&
S 10% 73 formalin®] AT 5 A3}
2 &l 8A7F Aigk thE- ol schemed} -
F9E AX IR, ©121E microtome®Z HFH
5o} Hematoxylin & Eosin®2S 3131t scheme
, 2).
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20% formalin  24hr.

—

Fixation ‘]
],

L Dehydration

j —T——— 70% Alcohol 30min.

[——————— 80% Alcohol 30min.
95% Alcohol 30min.
100% Alcohol 30min.
100% Alcohol 30min.

Xylene 1 30min.
E Xylene I 30min.
Xylene HI 30min.

l Dealcoholization T

L impregnation T Paraffin wax 2hr
‘ [:: Paraffin wax 2hr

L Embedding l Paraffin wax

L Section cutting “ Microtome

Scheme 1. Procedure of preparing tissue slides.

[ Deparaffinization

[ ——:Xylene 1 10 min.
l Xylene I 30 min.
hydration —

Washing— (—5min.

100% Alcohol 2 min.
—————— 100% Alcohol 2 min.
90%  Alcohol 1 min.
80%  Aleohol 1 min.
70%  Alcohol 1 min.

/ Nuclear Staining Harris Hematoxylin 6 min

Washing—— ‘—2min.

L Decolorization 1% HCl-Alcohol 4 drops

Washing—T—2min.

L Bluing

Washing— T——me
L Cytoplasmic staining

Ammonia water 30 sec.

Eosin sol. 6-8 min.

4 o4 4 4 L

[ Dehydration — 70% Alcohol 1 min.
80%  Alcohot 1 min,
90% Alcohol 1 min.
100% Alcohol 1 min.
100% Aicohol 1 min.
L Dealcoholization J —‘ Carbol-Xylene 2 min.
Xylene I 2 min,
"‘— Xylene O 2 min.
Xylene I 2 min.

‘ Mounting ]

Scheme 2. Harris hematoxylin & Eosin staining.

Canada balsam

Mool EMMAO CHEF LM &A — Zhang
o) 7o) wet 857 B A3 NS heparin
H)E whez AP BFe A vz =Y
T35S 10mM potassium phosphate buffered saline
(pH74, PBS) 84 H7tate) 4 £2(3,000 rpm,
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108)3H ). 33 wiEste] AELE AR v
10 mM potassium phosphate buffered saline(pH7.4,
PBSY& o= 20% RBCEYS THEC. o] &
1mlo] 50mM AAPHE9 1mi¥ AAZALO.1,
0.25, 0.5, 1 mg/ml) 0.1 mk& FH7Isted 37°CellA 34]
7} incubationd}31th. Incubation¥ AAEAE &
& 50ukg FHsld 2ml saline &l €2 Zg A
goolg} 313, AAPHR A& 435 50 ug F3t
& 2ml SF5l ¥ 3g g2 BEYolF 3
o Ztzbe] F 98 2 TP TS YHEE
(3,000 rp.m, 108314 4FAE 540 nmolN F4=
& Zsr 29 (ASHe] FE=BEAY F
F=] x1002 %hemolysis valueZ A4s o}
DPPHO|| 2|8t free radical scavenging acti-
vity &8 - Blois"59) W8S 018314 free radical
%l 05mM DPPH 1mid] 100mM Trs-HCl buffer
(pH 74) 1 mlz AIRZ4E0.1, 0.25, 0.5, 1 mg/ml)
< 0.1me ¥3 & EFsIETh. £E8Qe 37°C &
Ao 1587 A & 517 nmollN EFEE 23
Sl
&3 MDA HI2d SESH -Rat 10°RIE 122
2 3l A9 ARZTHEE 25 mg/ml, 50 mg/ml
2 ATREAIAL RIS AHAEFE ATFAT
F JA7 Fo AAPHE 50 mghkgo 2 B} FAR3}
dom AAPHAE F 1, 3, 687 Tl A4 A
dalo] DAL FIT}. Yagis o Wyl wet &
% 100u®l 1/12N H,SO, 4ml¥} 10% phospho-
tungstic acid 0.5 mt& H7HF 2 EF sl ALolA
587+ WAF 4000 rpmeilA 1083 AR BT
Fde AAR F FHES /12N H,SO, 2mlst
10% phosphotungstic acid 0.3 ml& 7tste] Z
TP F o AAREET ASdE AAT £
AAE FFF 4mlt TBA reagent | miE H7th
3] AR AA 95°CoA] AR MRS & 52
= Eox A3k pbutanol SmlE F7E A3HA
E35}e] 4000 rpmollA] 15E7F AR § A
HL excitation 515nm, emission 553 nmoNA 7
SRTH
EHXE| - Data= SAS programg °]-&3l] 57
2] ¥ EE datac ¥+ SE(standard error)2
BEANIELH 7t ZPARAEY] 2Ee] FoAFHR] A
olx= GLM procedure2 ©]8-3}4] p value <0.05914]
e
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oFE71e| 228 FAlSHe BEHAISH olgg vt
gom FaEgAd hha d7e Fedo] AlV|H
o] H7HARgo] YR FAS wigs TR
(GRF)?] B7+ 2 ahaslahg-2 we{d4tat vie o
7¥skact.

In vitrodllM galactosamine0i] 2(3t ZHEAM0|
DixlE Y& - QX NI Fe] THEE o]8-slo
7+ HE A2 zhe AAE ANl AR FHL
PR A4HQ IHERD RS oI &
AL o] &3l ¢191E THE S Y3 ¥ A
Bolu} HAEe] £Eo| &4 THEE 35T
Ao 2302 713, 7 B4 AEEEE
galacto-samine®t CCl7F WiEZ¢ EFE 47
AUt} 53] galactosamine> AFEolAE TElE
RNA T8 JAst 2eEE AT 735 THE
oro] 2z 2 /)5 HsE doA KX AREE
o INFE AeE UHA U GPTE B4
39501004} 1.1 mM galactosamineS A2]sted &4
g ZHZAME 622 VA, iR tiE
GPT &A&& 50, 100, 200ug/mid] s=oA 3H
ZAL 44%, 1.5%, -8.5%%. TLEFEANA A7t =4
< yeiiow, 334 53 57.7%, 57.7%,
53%=2 @5 1HETAET A&l B4 JEikt
(Table I).

u¢
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Table 1. Effect of GR and GRF on hepatic injury
induced by galactosamine

Group(n=10) Dose(ug/ml) GPT  Protection(%)
Normal 0 39.5 100
Control(Galn) 1.1 mM 62 0
50 52 44
GR
100 59 15
200 64 -8
GRF 50 49 517
100 49 57.7
200 53 40
Protection(%) =

(mean of control(Galn)-~mean of sarnple)xloo
(mean of control(Galn)~mean of normal)
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CCLOll elst ZkE=4 HsFd —CcClel 93k 3t
el = cytochrome P, mixed function oxidase
systemol] 2J3ted CCL7t free radical2A A9 3}
AFsle}l hepatic enzyme release® doH X WIS
Zeahe 20® geiA AUtk Controkeoll A AST,
ALT®} LDH &5+ normald WU} §-ojxo=w =7}
saom RS ATFAN 3aFAME
normal Xt} fejFow Z718lgon controlahe]
FrolAQ ztolE UehA] ¥%S} control Kt}
solAe A% HAth ALP 5+ controli-}
GRZ°] normakt Bt} f-2]8 0= =715} con-
trolol] H)EjA] GRFIA fej8o =z Z4slg]t)
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(Table 1I).

CCLOl olah A8 ZIxZ|o| Ha|8iy Ms} — A}
Fafekiol] gk g AYTE xS B
o] Z4Fraka Elsht wAde] A T(Fg. 1), haest
oMz ZEe] BYo] BRI FF% AT A
sjp] Az Bhnisie] &) vt ke &

=
AATHFig. 2), FHHLZ GR FoAFoM = M
Fo] FFo] AlstA] FUAH A ] AFEHU

3, GRFFAIME ZHAIEe] F3o] meksiAIT A]
e AEER] gol 7 B Aem vw
U 2 E Behde] Hake Bl i neast
7F S ¥ AT

Table II. Effect of GR and GRF on level of aspartate aminotransferase, alanine aminotransferase, alkaline
phosphatase and lactate dehydrogenase in CCl4-treated rats

Group(n=10)  Dose(mg/kg) AST(IU/L) ALT ALP LDH
Normal 163.0+18.6° 48.6+3.6° 215.9£20.0° 2197.1+339.0°
Control 290.7+11.1° 75.7+6.8° 369.31£25.6° 5965.0+555.2°

GR 50 256.4+242° 72.0+7.8° 310.2428.1% 5292.0+659.5°
GRF 50 261.1£20.0° 64.4+4.0% 269.9+21.7% 5000.0+924.4°

The different alphabet means statistical significance(p <0.05) between groups.

Control group

GRF group

Normal group

Fig 1. Light microscope of liver in normal group

Fig 2. Light microscope of liver in control group

Fig 4. Light microscope of liver in GR treated group
Fig 10.Light microscope of liver in GRF treated group

GR group
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In vitro 43} FHB0| 0|kl HE - HF7ute]
o] FA gt APEe SHsk= YT
2] Aol i AN APANA
& AYFo| peroxyl radical generator®) AAPHE
7tete] 8He AEE FASIAE, oxidative
stressol| &J3led FiElE Y= HYFal) oish
gtk g WS &4k 7|F0] Hedl?
GRFZAA A2 hemolysis’t FA| Loju} &

Table III. Effect of GR and GRF on hemolysis % of
erythrocytes in vitro

Group(n=10)

Dose conc. mg/ml % hemolysis

0.1 15.35
0.25 14.50
GR
0.5 14.05
1 11.05
0.1 7.10
' 0.25 6.16
GRF
0.5 4.72
1 4.99

Table IV. Effect of GR and GRF on free radical
scavenging activity

Group Dose conc. mg/ml % activity
BHT 0.5 100
0.1 8.26
0.25 8.40
GR
0.5 8.77
1 - 1140
0.1 20.78
0.25 : 4334
GRF L 3] .
0.5 - 7871

1 97.33

Kor. J. Pharmacogn.

ddael o Aol 7P FsiAl JEleH BE
oA FEY Yo] F71EEE hemolysist THANES
& 4 UAATK(Table 1MI). DPPHY ]& free radical
scavenging activity testo)X% GRFz-A £ &3}
7} JeEie™ 1 mg/ml F=oMAE standard® AHS-
¥ BHT(0.5 mg/ml) E5}2] 97.33%] slidste &4
£ ERIITHTable IV).

In vivo 15t =80 O|Xl= A& - Free radi-
cal W30 2% Akald &g XERA AT &
Adke TBA WJEZ(TBARS)Y] T&& 33 ¥
@R e, TBAY: A27ietE Brtohe} o
Zo) M3EIE vhE3le] complexE FAds7] WE
o A AAF<l oxidative stressoll e A2
B g wEx B HAFPoX e free radical
generator °21 AAPH 25 A7l controloll A
normalkt Bt} MDA F=71 A4 Jehgon 53]
GRF#9] W& FEolA A7kl wE ZhiFo] & A
< ¥ T AATH(Table V).

a4 £

OFEZre] 8-S FAShs EXHAIEE o]&g v}
goz FAEsAe] tgk Ao "aAo] 7=
BZRzRgo] 4zl FekAE uiEet S EHGRE)
o} B7F 2 3PsRE-2 aEEAT v HrhEk
t}. 1.1 mM Galactosamine2 2|3 ZhA X sl
GPTE &33le B7I3 BE&o] GRE 50 ug/mioll
A 44%, GRF= 50-100 ug/miolx 58%= F&31A)
VERE, ccd TEAENA ALTSH ALPE GREC)
Mt iz vls) ol RS EHE RAY 23
Bl dizstelr] 753, AL Aol ARA

Table V. Effect of GR and GRF on level of Malondialdehyde in AAPH-treated rats

Group(n=10) Dose(mg/kg) Timel*(pmol/ml) Time 3** Time 6***
Normal 2.58+0.05° 2.5840.05° 2.58+0.05
Control 3.29+0.05" 3.124+0.04* 3.1940.08°

GR 25 2.83+0.10% 2.85+0.06° 2.6310.06°
50 2.79+0.10 2.90+0.13° 2.81+0.11°
25 3.06+0.12° 2.75+0.08" 256022
GRE 50 2.90+0.04™ 2.8840.04° 2.75+0.10°

Data represents the mean + SE

The different alphabet means statistical significance(p <0.05) between groups.

* 1 1 hour after treatment of AAPH
*% : 3 hour after treatment of AAPH
*%% 6 hour after treatment of AAPH
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T AN BFE 7 HEFHE HAAT GRE}
7V aatFolgint. tstastel A4 GR#H
GRF7} 5 hemolysiss 9J#18}%131, DPPHe W&
scavenging activity2 Z7MZAW GRFF B} 9
393, AAPH AgF 13,6 A|7HE MDA 32
GRE AAPH H A3 A7}, GRF= Al7tel 3343t
o me} Ax} gzl vls| f-o8t dalsladE U
Rt} olitel Axtg Hol SAESh oy 34
2 FslaE-S Ea) RS Yehlls Z0E AL
i=As\=

A A

o] AT AHU4EE 1999 A-F R AA
g UK U8l vt ool FRI=guR.
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