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ABSTRACT

In order to examine the effect of Injinhotang extract on the liver cancer induced by N-nitrosodiethylamine (NDEA) and
carbon tetrachloride (CCl,) in Rats. The animals were divided into three groups. The normal (Nor) group were fed basal
diet. Control (Con) group were administered with NDEA (200 mg/kgb.w., i.p.) and CCl,. Injinhotang extract (IJH) group
treated with Injinhotang extract (260 mg/kg/day) for 8 weeks after NDEA +CCl,. Enzymic antioxidants, such as superoxide
dismutase (SOD) and catalase levels were determined in al the groups of animals. The activities of SOD were significant-
ly increased in the Con, but the activities of catalase were decreased in the Con, but the anti-oxidative enzyme activities
of superoxide dismutase and catalase were increased in the 1JH. In the immunohistochemistry observation, treatment of
Injinhotang extract reduced the rates of p53 immunoreactivity. According to the electron microscopical observation, in
the liver cancer cells were increased the smooth endoplasmic reticulum and dilated the rough endoplasmic reticulum in
the Con compared with 1JH. These results suggest that administration of Injinhotang extract suppress or retard NDEA and

CCl-induced liver cancer.
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DA, olmAlzA HEEHE =

Al %“1} 5] AL ofe# 7*?301] &k
7t B3 zhge] vk &2lA Sloh(Yamaharaet al., 1982
Tan et d., 1998; Seol et a., 2003). Q1A 5E}-& FAsl= Al
712 A& 3 skl Q1= capillarisin, capillien, capillin,
caplllarlnaJr scoparone 5-¢] gHfrEo] gl o] ARES o
Z3n|2 22AA 7} 715 WA &3, el sk, shufely

2 2hg, "ol sk 5o A4S 2 ez odEA dH
(Kiso et a., 1984; Mori et d., 1988; Yamahara et a., 1989).
2| A}e] FA)E-Ql genipin, gardeniside, crosin, crocetinz} gar-
denin 52 Sht, shtele s 2hE, £ 2HE, DA, oF
zhg-o] qlow, = geniposidet: 7k Al Aol ahEF
AREAM ] 7S & 4 e Aoz BuFde(Kimura
et al., 1982; Peng et d., 2005). o 32 sennosides A-F, rhatan-
nin, rhein 18] 12 Iindleyin So] glom F=7 3t o|e, A
g, 3% 7 7% Be, Wz, A3tasaiu| g4 52 7]
So] glE= 7oz du)x ¢t} (Matsuda et al., 2001; Jin et
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a., 2005). =vj el 2] <1zl see] gt AFE B FuAY
Z=(Leeet a., 2008), 7t 715704 &3} (Han et al., 2006), 3}
&7} (Luo et al., 2007), 3+4k3} &3} (Chu et al., 1999) 52
B3, dx7kA Azl zeke] AgH e A
F &l A3} BIE glevt(Hu et d., 2000), 2144
Zhdell digt A= A9 AP ok e AA el

AgHoz FEA e FEske Wi e 2= nitros
amineA| 2] N-nitrosodiethylamine (¢]3} NDEA)e] 1} afla-
toxin B1 5-& Foish= whe] 7 de] ARgs 3 sled,
NDEAE o] &3 A3gH 7t =2 7h4ke] AyHe=
ZHEE I Sl HIAEA FA, A B ole] Al
A AR ok Hejsbd oz fAlRE Wi o] e F e
ojAbq wHl=z o] &E gluh(Scherer et al., 1975). <=l
£ NDEAS] Foj2 7§A]7] 5t DNAC] Ho|E Hel:= %
FA THEE st ojabd ez A skekA (CCly), 2-
acetylaminofluorene (2-AAF), phenobarbital, 7+ 32 A&
T WAt W ek FE Aol F4E 3 sl (Faber,
1984; Kovalszky et al., 1992; Tessitore, 1992; Tamano et al.,
1994).
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Aol A p539] nv|&AE T BuE 3 gloh(Greenblatt et al.,
1994).

mhebd, 2 AL 7kl e AR FEA
Qb mahe ] 915kl WASHA EAq) Superoxide
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%1 50~60%, B3k 1227k F7))slell A Lyt AR ((F)
AEel=, )9l B8 F83) FFshEA 153 B9 84
71 & Aol AR2-3}iT) 912l 38 (Injinhotang, BB & %)
o] A} geke olzje} e} (Tablel). 91X 58 433 & &

<]

Y3 7|2 A7 F HEE v v
= #-2484% (CA-1500, EYELA, Japan)ol| A 13} 523
g 727 x7) (Samwon, SFDSMO06, 392 574 Az

o)
o
S
3
=

2

Table 1. Prescription of Injinhotang

Herba name Scientific name Weight (g)
2171 (B BK) Artemisiae Capillaris Herba 30
2|2} (HEF) Gardeniae fructus 20
o3 (k) Rhei Undulati Rhizoma 10
Tota 60

slo] 31.8ge] we Ageh

BTe BN ARs T& Taden, AT
A 23t =& 23552 N-nitrosodiethylamine (Sigma Chem-
ical Co., USA) 200 mg/kg2- 0.9% A} %14~ 1mLel] &3l 5}o]
17 71402 23] 27} Folsholch NDEA Fof 17 F3¢]
Ab<d #}ek4~ (CCly, Sigma Chemical Co., USA)<} cornoil-2 1
11 3N oFE ImLg 17 2HHo2 33 37} ol
7k 8 A (o] sk Nor) =} w2+ (o] st Cons)
SRS 18 FRE Ads 05mLE Y717
W 77 Fojstglon] Ay 8F Fot Jdxsw
A gl 0.5mLel gsfste] AF

3l 260mg/kg (]38} IIH)S

rose/EDTA (0.25M/1 mM) g-8-&
homogenizer) 2 £4]3te] 10% FANE T} o] 7
g 4¥e] (00x g, 158)3ke] AZele FHskw, o] 4
< 23} YA13e] (10,000% g, 152)3} e Aozl Ab=
SOD$} Catalase 34 =3 A|82 Al43lgc)h 4%
A2 Bio-Rad assay 5 ©]-4-313] 2, ~70°C2] deep
freezerol] R.A5PHA] Aol o] L5}9ic).

1= 12 o
W o 12

4.S0D BN E =X

SOD #4d == SOD assay kit (Dojindo, Japan) & o]-&-3}o]
450nmel 4| F4=E 24 F SOD B =S Axsn

M

5. Catalase &AE 2AM

A7) (JANKE & KUNKEL, ULTRA-TURRAX T25,
Germany)E o]g-3led %2] 250 mge- 0.25M sucrose 1 mL
< ¥ 2300rpmef| A 108-3F 4°CollA dAE=AI7] &
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3Rt Eelsted ohA] 9,000rpmell A 10427} 4°CellA] <
152] A7 pelletE 712l 10mM H,0,9} 50mM Ql4bz
43 (H 7.0 &2 F, 5 bS] 3.0mL=

&}o] spectrophotometer (Kontron, Italy) 2 A28 25°Cel| A

An1>,
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body solution= x2]&s}ed 3027k wjekA)7l &= 1587+ PBS
SN oz MH3GT. o] tA] streptavidin/peroxidase
complex (Vector Lab, CA, USA)E =Z]o] 2] 30&7+ Ht
SA7]13L BHA] PBSE-ef|A] 1587k A2 5}ie}. DAB
Aefg o] Welme] 287k WAAT|I b F Bex
Eol| F=ke] G kS AAsIAH E7E AT F o
#2171 hematoxylinel] 20%7F Hx=gAS 3 o3 BAA
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(Olympus BX51, Japan) o = 23t 5 Apxl-& #odsiolot.
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99 228 AHs AuAY Lol 1mm® 272 AH
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ARE- 108 7t o= 33] AlZ3 oL 1% osmium tetrox-
ide(0sOy) = 2417 ¥ 1A oL 59 dFHo=z 33
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Fig. 1. The effects of Injinhotang extract on SOD activities in the
NDEA and CCl,-induced liver injury. Nor, administered saline; Con,
control group administered saline after NDEA treatment; |JH, Injin-
hotang extract 260 mg/kg/day administered group during 8 weeks after
NDEA treatment. Significant differences were compared with normal
at *p<0.05. All values are mean+ S.E.

SOD (%)

< &gt oS =93k B9ddlA] 60nm FA 2 Zubde-S
A 2Fsted silver gridel] B-2-5}9] 7, uranyle acetate®} lead cit-
ralez o]% QA3 ok JEM 100 CX-Il =33 AHx}&n)
73 (80KV) oz hzaloic).

8. SAIAE

Azl B3t EA ]2 SAS(datistical analysis system)
programel] ©Jsle] 7} AgyHe s} 2FHAE A4
3kl L, pvauert A3k 0.05 o]3ke] fFelAM oS
AR sk

Az 2 D

1. SOD2| &dtis}

SOD:= Auj¢] dl&#] <l scavenging enzymeo. 2 + Ex}
2] superoxide anionS- hydrogen peroxide2} pxygen mole-
cuez FA7IE 28-S 7ML e &helo(Baud &
Ardalliou, 1986). SOD &A% Nor+-(102+2.04%)°] H]
5o] NDEAS ©H=E0]3l Coni (1334 3.70%)3} ¢l &}
F292 FoI% DHZ (1281 1.98%) A F7lstsier &
AX ez o4 (p<0.05)°] et (Fig. 1). ¥ Al
IJH-2] SOD &4de] Conzel| ®l3] whax WA vehts 7
< Arg skt dixbrh 2HaE o] freeradicalse] AJAd o] 2t
adte] f=dhA] b Aoz AlmEd

2. Catalase2| &tA{H 3}

RAA o AEdel] B4l ARREINge] dFo=
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Fig. 2. The effects of Injinhotang extract on catalase activities in the
NDEA and CCl-induced liver injury. Nor, administered saline; Con,
control group administered saline after NDEA treatment; |JH, Injin-
hotang extract 260 mg/kg/day administered group during 8 weeks
after NDEA treatment. Significant differences were compared with
normal/control at *p< 0.05/"p< 0.05. All values are mean+ S.E.

AAEE HO,E H 09 O, Falsh= &4 F 3shirt
cataasee]ot. o] ] HO, A aAES} BdAES
3213} peroxisomeol| F2 Ex3}3 H,0, Z7}el| w& %
A& welsle &%) Stk d=A sl (Gutteridge
et a., 1983; Yoshikawa et al., 1983). ¥ A1) oj|A] cataase?]
gAS =43 A3} Nor+-(221+5.44 U/30 sec mg protein)
o] H]3le] Cont-(198+15.50 U/30 sec mg protein)ol| A v+
A Yebgo, IJHZ (285 9.84 U/30 sec mg protein) ol A=
Norz=} Conzl #lake] 214 (p<0.08) A Z7}atsich
(Fig. 2). ol& & Azh= SODe| =hgell <ls) AR kst
528 25h7] $l3) cadases) 4ol 2713} (Deng &
Zheng, 1991)= 2315} AFko] gick gle] Ashe FFshel
2 ) QA EE) F39 Foiz catalase FA o) F7}sted 3t
AAese) oA gthm THIES) E4E ARl Ao
2 Ale ¥

3.p532| HOIZH|SIStY EEA

o g Akl pd3e Al E H FekAlze AR
24 Fo7 ATE FYshe A 24 AN S
FAAES] e = 52 JAAReEN AEFTE
ZA3) (levine et al., 1991). p53 §A A} Weo|= QA ZoF
M AR e A EGAME 9~ 4a5%el A A
(Collier et d., 1994; Volkmann et al., 1994). Wild type p53
Az wE e wbbr)7) 20~ 30802 ]9 Z-e nbm)
ol p53 AR W17 15~T7A1244] ZelA
dzAsist Yaoz zAyela FAY 4+ 9ot (Blyahu
et al., 1984; Hinds et al., 1990). ]2 & ¥ 0|3 p532 3Je)st
A st} Qolu} Fopd 3ol 2450 21c (Legrosetal.,

Fig. 3. Immunohistochemical localization of p53 in hepatocytes. Many
p53-positive hepatocytes (brown nuceli) are seen in the Con (b). a
Normal group; b: Control group, c: IJH group. X 400.

1994; Bourdon et al., 1995).
¥ Ao 23 Nor- M| Ze A& pb3ell =gt woul
SAE HolE o] AR ket (Fig. 38). 22} NDEA
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urxlﬂ e} (Fig. 3b).

g A E Bele f'—’%’% |
ARz F2HE Fo g IHZ2] A E A= p53el| o
< HolE dEo] YoMt #AH

4. OIM7rz=2| B}

NDEA: o}2 diakylnitrosamineEa} Zro|, w2 Ald%

Fig. 4. Electron micrograph of hepa-
tocytes from the control group. Dilat-
ed rough ednoplasmic reticulum (hol-
low arrow) are observed. Hepatocytes
shows markedly increased smooth
endoplasmic reticulum (arrow). N:
nucleus, M: mitochondria, L: lipid
droplets.

Fig. 5. Electron micrograph of hepa-
tocytes from the IJH group. The cis-
ternae of rough ednoplasmic reticulum
(rER) are less dilated compared with
control group, and forms aggregates
of parallel. N: nucleus, M: mitochon-
dria, L: lipid droplets.

o A7 & deixl 7F ke ook (Watanabe et
al., 2005). Li et a. (2005)-2 NDEAZ} Qlztel| A oFAds} <A
T4 oA A mekES ke WHE et
3l9ich. NDEAE freeradicalse] z}e] AAMS fxsdle] o
ukAl & 7 X &kt (Mulcahy & Gans, 1983). =3 NDEA: A
ZAATE] 7)1%5A W3E opr|she EdW ol ele(Oni-
shi et ., 2007). o] &} Zre], Abs}H AEH e 7o) A2
el 23 &L = Aoz AAE o 7 W2t
A BIAd AL AE FE9 FoF Wye] wAH
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(Kuset al., 2005). £ A13] 2] 7ér+oﬂHE NDEAE ©h=-%o]
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Ack(Fig. 4). 12 < = o 3}
A =AM Y 7ke] tha BAEe] glglot 2wz
o] a}] éo 33/‘46]-_77_ 01041;]_ A ZA A= X]HC]-Z'}%O]

Bourdon JC, D’Errico A, Paterlini P, Grigioni W, May E, Debuire
B: p53 protein accumulation in European hepatocellular carci-
noma is not always dependent on p53 gene mutation. Gastro-
enterology 108 : 1176-1182, 1995.

Chu CY, Tseng TH, Hwang JM, Chou FP, Wang CJ. Protective
effects of capillarisin on tertbutylhydro-peroxide-induced oxi-
dative damage in rat primary hepatocytes. Arch Toxicol 73 :
263-268, 1999.

Collier JD, Carpenter M, Burt AD, Bassendine MF: Expression of
mutant p53 protein in hepatocellular carcinoma. Gut 35 : 98-
100, 1994.

Deng HL, Zhang JT: Anti-lipid peroxilative effect of ginsenoside
Rb1 and Rgl. Chin Med J 104(5) : 395-398, 1991.

Dragan YP, Hully JR, Nakamura J, Mass MJ, Swenberg JA, Pitot
HC: Biochemical events during initiation of rat hepatocarcino-
genesis. Carcinogenesis 15 : 1451-1458, 1994.

Eliyahu D, Raz A, Gruss P, Givol D, Oren M: Participation of p53
cellular tumour antigen in transformation of normal embryonic
cells. Nature 312 : 646-649, 1984.

Farber E: The multistep nature of cancer development. Cancer Res
44 : 4217-4223, 1984.

Greenblatt MS, Hollstein M, Harris CC: Mutations in the p53 tumor
suppressor gene: clues to cancer etiology and molecular patho-
genesis. Cancer Res 54 : 4855-4878, 1994.

Gutteridge JM, Beard AP, Quinlan GJ: Superoxide-dependent lipid
peroxidation. Problems with the use of catalase as a specific
probe for fenton-derived hydroxyl radicals. Biochem Biophys
Res Commun 117 : 901-907, 1983.

Han KH, Jeon Y J, Athukorala'Y, Choi KD, Kim CJ, Cho JK, Seki-
kawa M, Fukushima M, Lee CH: A water extract of Artemisia
capillaris prevents 2,2-azohis(2-amidinopropane) dihydrochlo-
ride-induced liver damage in rats. JMed Food 9 : 342-347, 2006.

Hinds PW, Finlay CA, Quartin RS, Baker SJ, Fearon ER, Vogel-
stein B, Levine AJ: Mutant p53 DNA clones from human colon
carcinomas cooperate with ras in transforming primary rat cells:
acomparison of the “hot spot” mutant phenotypes. Cell Growth

Differ 1 : 571-580, 1990.

Hu YQ, Tan RX, Chu MY, Zhou J Apoptosis in human hepatoma
cell line SMMC-7721 induced by water-soluble macromolecular
components of Artemisia capillaris Thunberg. Jon J Cancer Res
91:113-117, 2000.

Jin H, Sakaida |, Tsuchiya M, Okita K: Herbal medicine Rhei rhi-
zome prevents liver fibrosis in rat liver cirrhosis induced by a
choline-deficient L-amino acid-defined diet. Life Sci 76 : 2805-
2816, 2005.

Kimura 'Y, Okuda H, Arichi S: Effects of geniposide isolated from
Gardenia jasminoides on metabolic alterations in high sugar
diet-fed rats. Chem Pharm Bull 30 : 4444-4447, 1982.

Kiso Y, Ogasawara S, Hirota K, Watanabe N, Oshima Y, Konno
C, Hikino H: Antihepatotoxic principles of Artemisia capillaris
buds. Planta Med 50 : 81-85, 1984.

Kovalszky |, Szeberenyi S, Zaatnai A, Vincze I, Lapis K, Jeney
A: Maodification of DENA-induced hepatocarcinogenesis by
CCl, cirrhosis. Comparison of the marker enzyme patterns.
Carcinogenesis 13(5) : 773-778, 1992.

Kus |1, Ogeturk M, Oner H, Sahin S, Yekeler H, Sarsilmaz M: Pro-
tective effects of melatonin against carbon tetrachloride-induced
hepatotoxicity in rats: a light microscopic and biochemical study.
Cell Biochem Funct 23 : 169-174, 2005.

Lee J, Chae K, Ha J, Park BY, Lee HS, Jeong S, Kim MY, Yoon
M: Regulation of obesity and lipid disorders by herbal extracts
from Morus alba, Melissa officinalis, and Artemisia capillaris
in high-fat diet-induced obese mice. J Ethnopharmacol 115 :
263-270, 2008.

Legros Y, Meyer A, Ory K, Soussi T: Mutations in p53 produce a
common conformational effect that can be detected with a panel
of monoclonal antibodies directed toward the central part of the
p53 protein. Oncogene 9 : 3689-3694, 1994.

Li X, Zhou XP, Guan Y S, Wang Y X: Magnetic resonance imaging
of hepatocellular carcinoma induced by diethylnitrosamine in
Sprague-Dawley rats. Hepatobiliary Pancreat Dis Int 4 : 427-
432, 2005.

LuoH, LinS, Ren F, Wu L, Chen L, SunY: Antioxidant and anti-
microbial capacity of Chinese medicina herb extracts in raw
sheep meat. J Food Prot 70 : 1440-1445, 2007.

Matsuda H, Tomohiro N, Hiraba K, Harima S, Ko S, Matsuo K,
Y oshikawa M, Kubo M: Study on anti-Oketsu activity of rhu-
barb I1. Anti-allergic effects of stilbene components from Rhei
undulati Rhizoma. Biol Pharm Bull 24 : 264-267, 2001.

Mori H, Xu QA, Sakamoto O, Uesugi Y, Ono Y, Koda A, Nishioka
I: Immunological mechanisms of antitumor activity of some
kinds of Chinese herbs: Meth A-induced delayed type hypersen-
sitivity. Jpn J Pharmacol 48 : 37-46, 1988.

Mulcahy LS, Gans JH: The fidelity of mouse liver mitochondrial
DNA polymerase following long-term administration of carbon
tetrachloride, diethylnitrosamine, or phenobarbital. Mol Phar-
macol 24 : 329-335, 1983.

Onishi M, Sokuza Y, Nishikawa T, Mori C, Uwataki K, Honoki K,



Yoon JS& KimJS: Effect of the Injinhotang on the Hepatocarcinoma Cells 289

Tsujiuchi T: Different mutation patterns of mitochondrial DNA
displacement-loop in hepatocellular carcinomas induced by N-
nitrosodiethylamine and a choline-deficient I-amino acid-defin-
ed diet in rats. Biochem Biophys Res Commun 362 : 183-187,
2007.

Peng CH, Huang CN, Wang CJ: The anti-tumor effect and mecha
nisms of action of penta-acetyl geniposide. Curr Cancer Drug
Targets 5 : 299-305, 2005.

Scherer E, Emmelot P: Kinetics of induction and growth of precan-
cerous liver-cell foci, and liver tumor formation by diethylnitros-
amineintherat. Eur J Cancer 11 : 689-696, 1975.

Seol HC, Suzuki M, Ohnishi-Kameyama M, Oh MJ, Kim HR, Kim
JH, Nagata T: Extraction and identification of antioxidant com-
ponents from Artemisia capillaris herba. Plant Foods for Human
Nutrition 58 : 1-12, 2003.

Tamano S, Merlino GT, Ward JM: Rapid development of hepatic
tumors in transforming growth factor alpha transgenic mice
associated with increased cell proliferation in precancerous hepa-
tocellular lesions initiated by N-nitrosodiethylamine and pro-
moted by phenobarbital. Carcinogenesis 15(9) : 1791-1798, 1994.

Tan RX, Zheng WF, Tang HQ: Biologically active substances from
the genus Artemisia. PlantaMed 64 : 295-302, 1998.

Tessitore L, Pani P, Dianzani MU: Mechanisms of the enhanced
liver carcinogenesis by choline in female rats: delay in liver
growth after partial hepatectomy and stimulation of 2-AAF
mitoinhibition. Carcinogenesis 13(10) : 1929-1932, 1992.

Volkmann M, Hofmann WJ, Miller M, Réth U, Otto G, Zentgraf
H, Gale PR: p53 overexpression is frequent in European hepato-
cellular carcinoma and largely independent of the codon 249
hot spot mutation. Oncogene 9(1) : 195-204, 1994.

Watanabe S, Horie Y, Suzuki A: Hepatocyte-specific Pten-deficient
mice as anovel model for nonalcoholic steatohepatitis and hepa

tocellular carcinoma. Hepatol Res 33 : 161-166, 2005.

Y amahara J, Kobayashi G, Matsuda H, Katayama T, Fujimura H:
The effect of scoparone, a coumarin derivative isolated from the
Chinese crude drug Artemisiae capillarisflos, on the heart. Chem
Pharm Bull 37 : 1297-1299, 1989.

Yamahara J, Yamada T, Kimura H, Sawada T, Fujimura H: Biolo-
gicaly active principles of crude drugs. Il. Anti-allergic princi-
plesin “Shoseiryu-To” anti-inflammatory properties of pagoniflo-
rin and its derivatives. J Pharmacobiodyn 5 : 921-929, 1982.

Y oshikawa T, Murakami M, Yoshida N, Seto O, Kondo M: Effects
of superoxide dismutase and catalase on disseminated intravas-
cular coagulation in rats. Thromb Haemost 50 : 869-872, 1983.

32 N-nitrosodiethylamine (NDEA) ¢} A}43 3}&k4~ (CCl,)
2 2R A2 el A Qs wE Yopnaa)
WA AP A A oz Rsich A4 (Nor)
b el Aol FFshela, 22 (Con)el= NDEA (200
mg/kgb.w., i.p)e} CClLE T3}y, Q758 FE FojF
(IH)elE A8 329 (260mgkgday) e 85 <t Fofd}
9t} Superoxide dismutase (SOD)<} catalase®} 72 3FAlELA
=48 243 A3 S0DY TS ConzelM Frhshglort,
catalases] 4e Congolld Apisleleh Welzshebs g
oA, Qx5 E FEH] Fejz Qle] Conol|AHr} p53 Yy
-ge BT ARG DR A A AZES
ConzZell A Az o] oo} TP =AM S7F
7b FEE AR o)) Ar Hel AR FE FE
=ol7} NDEAS} Abgistebez fug 279 19He of4] =t
Adsh= Aog Alsdo



