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FULLPAPER Pathology 

Enhancement of Hepatocellular Proliferative Activity of Kojic Acid in Mice by a 

Simultaneous Administration of Ascorbic Acid 

Taichi KONO')へMitsuyoshiMOTO')， Masako MUGURUMA')， Miwa TAKAHASHI')， Meilan JIN'l， 
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(Received 15 Nov巴mber2006/Accepted 18 May 2007) 

ABST貼 σ Toexamine the tumor modification activity of kojic acid (KA) by sodium ascorbic acid (AA)， 5-week-old male ICR mice 
were administered intraperitoneally with N-diethylnitrosarnine (DEN) as an initiation回 atrnent.Two weeks after the initiation treatment， 
animals were fed basal diet containing 0 (Group 1: DEN a1one) or 3% KA (Group 3: DEN+KA)， drinking water containing 5，000 ppm 
AA (Group 2: DEN+AA) or 3% KA and 5，000 ppm AA (Group 4: DEN+KA+AA) for 6 weeks. One week aft巴rthe administration of 
KA and/or AA， all mice were su蜘 tedto two-thirds partia1 hepatectomy. At the end of the experimenta1 period， all surviving mice 
were sacrificed and removed the liver. The liver weights of the Groups 3 and 4 were significantly increased， and the number of proliι 
erating cell nuclear antigen positive hepatocytes and the gene expressions of Ccnc， Ccndl， Ercc and Cyp7aJ were significantly increased 
in the Group 4， as compared to the Group 1. Th巴S巴resultsof the present study suggest that AA enhances the h巴patocellularproliferative 
activity of KA in mice. 
KEY WORDS: ascorbic acid， hepatocarcinogenesis， k句icacid， mouse. 

Kojic acid (KA; 5-hydroxy-2(hydroxymethyl)-4-pyrone) 

is a secondary metabolic product of various species of 

Aspergillus and Penicillium [23]. It is known that this acid 

inhibits polyphenol oxidas巴 (tyrosinase)in mushrooms， 
potatoes， apples and crustaceans [41]. Since polyphenol 

oxidase catalyzes the conversion of tyrosine to melanin via 

3，4-dihydroxyphenylalanine and dopaquinone [21]， KA has 

been used as an inhibitor of polyphenol oxidase in food 
additives for preventing enzymatic browning of raw crabs 

and shrimps. In addition， because of its excellent skin whit-

ening properties [35] and inhibitory actions on human mel-

anocyte tyrosinase [28]， KA has been applied as a cosmetic 
agent for the purpose of skin light怠ning.

It has been reported that h巴patocellulartumors were 
induced in B6C3Fl mic巴 thatwere fed diet containing 3% 

KA for 20 months [14]. In another study， di巴tcontaining 0， 

1.5 or 3% KA was adrninistered to heterozygous p53-defi-

cient mic巴 ofthe CBA strain (p53 (+1ー)mice] and their 

wild-type 1itt巴rmates(p53 (+/+) mice] for 26 weeks [50]. In 

the study， the incid巴ncesof hepatocellular adenomas as well 
as a1ter右dhepatocellular foci were increased in p53 (+1ー)

and p53 (+/+) mic芯 ofKA-treated groups with and/or with-

out initiation， as compared to those in the untreated control 
mice. In our previous confirmation study using CBA wild-

type mice， the incidenc巴ofproliferative 1esions was signifi-

cantly increased in the liv巴rof rnice白紙 werefed diet con-

taining 1% KA for 26 weeks [51]. In addition， it has 

r田 entlybeen reported出ata 20-week dietary adrninistration 

of2% KA incr芭ases出enumber and area of glutathione S-
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transferas巴placental(GST-P) forrn positiv巴fociin the li ver 

ofF344 rats [49]. These findings suggest the hepatocarcino-

genic potential of KA in the liver of rodent species. 
With regard to the genotoxicity of KA， several in vitro 

genotoxicity tests including mutation in Salmonella typh-

imurium strains T A98， T A 100 and T A 1 535， sister chroma-
tid exchanges and tests for chromosome aberrations in 

Chinese hamster ovary cells have shown positive results [6， 

26， 44， 53]. However， the hprt mutation test in Chinese 

hamster V79 cells was reported to be negative [34， 44]. In 

.addition， negative results were obtained in in vivo genotox-
icity studies such as bone marrow micronucleus test and 

dominant lethal test in rnice [26]. To clarify whether KA 

has an in vivo genotoxicity or not， we previously perforrned 

in vivo initiation assay in the liver of F344 rats and ICR 

rnice. In the former assay using F344 rats， we investigated 

the 8-oxodeoxyguanosine (8・OxodG)levels， a marker of 

DNA damage， in the liver. As a result， no tumor-initiating 

activity was observ巴dfollowing a single oral administration 
of 2，000 mglkg of KA and the dietary administration of 2% 

KA for 28 days [52]. In the latter assay using ICR rnice， 

treatment with diet containing 3% KA for 4 weeks also did 

not show any tumor-initiating activity [31]. From these 

results， the possibility that KA has an in viνo genotoxic 

potential is considered to be extremely low， although KA 
has a tumor-promoting activity in the liver of rodent species. 

Ascorbic acid (AA)， which is generally called as vitarnin 

C， is a m勾orwater-solubl巴 anti-oxidantthat is present in 
cells and plasma [13]. The anti-mutagen比， anti-clastogenic 

and anti-carcinogenic effects of AA [7， 11， 22， 42] have 

been reported to be ascribed to several mechanisms， such as 
its anti-oxidant properties [l3]， the ability to react with 
nitrite as a prototype inhibitor of the nitrosation reaction 
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[30]， the regulatory role in transcription and translation [19， 
27，46] and cell-cycIe arrest at the G2/M DNA damage 
checkpoint during oxidative stress [15]. On出巴 otherhand， 
in spite of the reports demonstrating that AA has anti-carci-
nogenic effects， it has been reported that AA enhanced the 
forestomach tumor-promoting activity of sodium nitrite in 
rats [36]. In addition， AA enhanced the rat urinary bladder 
carcinogenesis promotion activity of NaHC03 [20]. Light-
induced skin tumors in hairless mice were also increased by 
ascorbic acid [12]. Howev巴r，the mechanism of tumor 
inducing activity of AA is not cIarified. In出巴presentstudy， 
to examine the tumor-modifying effects of AA on the liver 
tumor promoting activity of KA， a short-term study using 
the two-stage h巴patocarcinogenesismodel was performed in 
the ¥iver of mice. 

MATERIALS AND METHODS 

Chemicals and Preparation 01 test diet and drinking 
water: KA (purity;100.6%)， kindly provided by Alps Phar-
maceutical Industry (Gifu， Japan)， was admixed into pow-
dered basal diet (BD) (MF@; Oriental Yeast Industries， 
Tokyo， Japan) at 3%. AA was administrated by the form of 
Sodium AA. Sodium AA that was purchased from Wako 
Pure Chemical (Tokyo， Japan) was dissolved in distilled 
water at a concentration of 5，000 ppm. Diet and drinking 
wat巴rcontaining KA and AA， respectively， were prepared 
once a week and stored at 40C until use. N-diethylnitro-
samine (DEN) was purchased from Nakalai Tesque (Kyoto， 
Japan). 

Animals: Four-week-old male ICR mice were purchased 
from Japan SLC (Shizuoka， Japan) and were used after I 

week of accIimatization. Three or four mice were placed 

Group 

per a polycarbonate cage， which was bedded with paper tips 
under the standard conditions (room temperaωre， 22 :t 20C; 
r巴lativehumidity， 55 :t 5%; Iight/dark cycle， 12 hr). Ani-
mals were fed basal powdered diet and tap water ad libitum. 
The experiment was carried out in accordance with the 

~~~~~~~~~oo~~Th~lli~ 
sity of Agriculture and Technology. 

Experimental design: The experimental design is shown 
in Fig. 1. This experiment was performed in the liver of 
mice using the two-stage hepatocarcinogenesis model [32， 

33]. Anima1s were divided into 4 groups (Group 1: DEN 
alone， Group 2: DEN+AA， Group 3・DEN+KA，and Group 
4: DEN+KA+AA). To initiate the hepatocarcinogenesis， 
DEN at a dose of 30 mg/kg body weight was intraperito-
neally injected into all mice. All animals were fed BD for 2 
weeks， and then given BD containing 0 (Group 1: DEN 
alone) or 3% KA (Group 3: DEN+KA) for 6 weeks. Ani-
ma1s of group 2 or 4 were given drinking water containing 
5，000 ppm AA (Group 2: DEN+AA) or 3% KA and 5，000 
ppm AA (Group 4: DEN+KA+AA) for 6 weeks. One week 
after the beginning of administration of KA and/or AA， to 
enhance the hepatocellular proliferation in the liver， a11 mice 
were subject巴dto two-thirds partial hepat巴ctomy[50]. The 
end of 6 week administration， all surviving mic巴weresacri-
ficed under ether anesthesia and the livers were' removed. 
Tissue samples for all analys巴swere collected from the right 
lateral lobe of the ¥iver in mice. One aliquot of each ¥iver 
was fixed with 10% neutral-bufti巴redforma1in for the his-
tochemical analysis， and another aliquot was embedded in 
the optimal cutting temperature compound (Tissue-Tek: 
Miles， U.S.A.) to freeze it for the evaluation of y-glutamyl-
transpeptidase (GGT) positive foci -a marker of pre-neo・

plastic foci -in the liver [8]. The remaining tissues were 
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immersed in RNAlater (Qiagen， lnc.， CA， U.S.A.) for 24 hr 
and frozen until RNA extraction. 

RNA isolation and cDNA microarray analysis: The total 
RNA was isolated using TRlzol reagent， according to the 
manufacturer's protocol (lnvitrogen， CA， U.S.A.). The total 

RNA sample was pooled from 3 animals of Groups 1，3 and 
4. Two types of pathway-specific microarrays (Mouse 

Stress and Toxicity PathwayFinder Gene Array and Mouse 

Drug Metabolism Gene A汀ay:GEArray; SuperArray Bio-
science， MD， U.S.A.) were performed using biotinylated 

cDNA with total RNA; hybridization and ch巴milumines-

cence detection were performed using a Bio Imaging Sys-

tem (LabWorks 4.0: UVP， CA， U.S.A.) according to the 

manufacturer's protocol. The image data obtained from 

GEArray were analyzed using GEArray Expression Analy-

sis Suite software (http://www.geasuite.superarray.com/ 

ndex.jsp). To minimize the effect of measurement variation 

introduced by artificial sources in analyzed data of th巴

microarrays， genes which were up-or down-regulated at 

least more than 2-fold or 1巴ssthan 0.5-fold respectively were 

included. 

Real-time RT-PCR: Some of the genes up-or down-reg-

ulat巴dby KA+AA treatment in the microarray were vali-

dated by quantitative real-time RT-PCR. The cDNA was 

synthesized from total RNA in the presence of DTT， dNTPs， 

random primers， RNaseOUT (Invitrogen)， and Thermo-
Script reverse transcriptase (lnvitrogen) in a total of 20μl 

reaction mixtures. Real-time RT-PCR was conducted by 

using ABI PRISM 7000 Sequence Detection System 

Table 1. Primers of genes used for real-time RT -PCR 

Gene name Symbol 

Ataxia telangiectasia mutated homolog (human) Atm 

Bcl2-like 2 Bcl212 

Cyclin C Ccnc 

Cyclin D1 Ccnd1 

Cyclin-dependent kinase inhibitor IA (P21) cdknla 

Cytochrome P450， fami1y 4， subfami1y a， polyp巴ptide10 Cyp4a 1 0 

Cytochrome P450， fami1y 7， subfami1y a， polypeptide 1 Cyp7a1 

Excision repair cross-complementing rodent repair dificiency， Ercc2 
comp1ementation group 2 
Excision repair cross-complementing rodent repair dificiency， Ercc5 
complementation group 5 
Glutathione reductase 1 Gsr 

Transformation related protein 53 Trp53 

Uracil-DNA glycosy1ase Ung 

Actin， beta， cytoplasmic Actb 

(Applied Biosystems， CA， U.S.A.) and SYBR Green 1 

chemistry (Applied Biosyst巴ms)in accordance with the 

manufacturer's instructions. Primers for the assay were 

designed by using the Primer Express 2.0 software (Applied 

Biosystems) to includ巴 theexon junction in at least one 

primer or amplicon in order to amplify only mRNA and not 

genomic DNA. The primer sequenc巴sused are listed in 

Table 1. Each primer concentration was fully optimized to 

200 n恥1of final concentration. 

Histological， histochemical， and immunohistochemical 
evaluations: Formalin-fixed liver tissues were embedded in 
paraffin， sectioned， and stained with hematoxylin and eosin 
(H-E) for histological examinations. Additionally， immu-

nohistochemical staining of proliferating cell nuclear anti-

gen (PCNA) antibody (PClO; Dako Japan， Kyoto， Japan) 
was performed by the avidin-biotin-peroxidase complex 

method. The number of PCNA-positive cells per 200 hepa-

tocytes in each slide was counted from ten different areas to 

obtain出巴 PCNAlabeling index. The histochemical stain-

ing of GGT was perform巴dby modifying the methods pro-

posed by Rutenberg et al. [40]. The frozen tissues were 

sectioned and fixed using methanol. After air-drying， the 
freshly pr巴paredsolution containing the substrate L-

glutamic acid-y-( 4-metoxy-βnaphthylamide) (Sigma-Ald-

rich， MO， U.S.A.) and fast blue BB salt (Wako Pure Chem-

ical Industries， Osaka， Japan) in 0.1 M Tris-buffered saline 

(pH 7.4) was coated onto the section. Following the incuba-

tlOn，出eslides were transferred into a 0.1 M cupric sulfate 

solution. These s巴ctionswere then stain巴dwith hematoxy-

upper: Forward primer 
lower: reverse primer 

Accession No. 

GGATATGAGACAAGGCGATTTC N恥I007499 
ACATAACAGTCCTCTGATCCCC 
AGTTGGACTTGGCTGTCACCTT N乱1007537 
GACCCTAGAAACAGGCAACACTTT 
CAGGACATGGGCCAGGAA NM 016746 
CGTCCTGTAGGTATCATTCACTATCC 
CGTGGCCTCTAAGATGAAGGA NM 007631 
TCGGGCCGGATAGAGTTGT 
AGCAAAGTGTGCCGTTGTCTCT NM 007669 
ATGAGCGCATCGCAATCAC 
TCTGAAACCCTA TGTGAAAAACA TG XM_204116 
CCAGCCGTTCCCATTTGTC 
AAGCACAGATTCTCCCCTTGG N孔1007824 
CAGCAATCCCCCAGATCAAA 
CGCAGACCTGGT A TCCAAAGAG NM 007949 
AGACATTGTCGATGTTGTGAGCTT 
TCAACTAGGACTGGACCGTAACAA NM 011729 
AGTTGGTATCCCTTCCGTATAGTCA 
GCACTTGCGTGAATGTTGGAT NM 010344 
TGATCGTGCATGAATTCCGA 
CGCTGCTCCGATGGTGAT N恥I011640 
TCGGGATACAAATTTCCTTCCA 
GGTGTTGGTGAGTCCTGAGAAGT NM 011677 
GAACCCCGCCCCCTTT 
AGATTACTGCTCTGGCTCCTAGCA NM 007393 
GCCACCGATCCACACAGAGT 
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lin， and mounted in 10% glycerol. Because GGT-positive 

foci were not observed in出epresent study， the number of 
GGT-positive cells per area was calculated from the number 

of positive cells in all lobes on the slid巴 andfrom the total 

area in all lobes measured using the computer-assisted 

image analyzer (NIH image). 

Statistical analysis: The data were presented as the mean 
:!:: S.D. Statistical analysis was performed with the statistical 

software (StatLight， Yukems Co Ltd， Tokyo， Japan). The 

data of Groups 1，2，3 and 4 were analyzed by Dunnett test 

after the one-way Bartlett test. A P-value of less than 0.05 

was considered to be statistically significant. 

RESULTS 

During the exp巴rimentalperiod， no death due to KA or 

AA treatment was observed. No remarkable difference in 
final body weights were observed between the treated 

groups subj巴ctedto DEN initiation treatment. Absolute and 
relative ¥iver weights were significantly increased in the 
DEN+KA group and the DEN+KA+AA group， as compared 
to the DEN group (Table 2). Histopathologically， slight to 
moderate hypertrophy of hepatocytes were observ巴din the 

DEN+KA and DEN+KA+AA groups (Fig. 2). There were 
no remarkable differences in the number of GGT-positive 
cells between the treated groups (Fig. 2， Table 3). There 

were no remarkable differences in all subjects between the 

DEN+KA and DEN+KA+AA groups (data not shown). 
However， significant increase in the PCNA LI was observed 

in the DEN+KA+AA group， as compared to the DEN alone 

group (Fig. 2， Table 3) 
In the microarray analysis of the liver in mice from the 

DEN+KA+AA group using Mouse Stress and Toxicity 
PathwayFinder Gen巴Array，20 genes were up-regulated by 

two-folds or more in comparison with the DEN alone group 
(Table 4a). In由巳 microarrayanalysis using Mouse Drug 

Metabolism Gene Array， a total of 11 genes were up-regu-

lated (6 gen巴s)or down-regulated (5 genes) by more than 

two-fold or less than 0.5-fold in comparison with th巴DEN

alone group (Table 4b). There were no c1ear differences in 
the gene expression of the microarray between the 

DEN+KA and DEN+KA+AA groups. Based on the data of 

this microarray analysis， the real-time RT-PCR analysis for 

10 selected target genes (Atm， Bcl212， Ccnc， Ccndl， 

Cyp4alO， Cyp7al， Ercc5， Gsr， Trp53 and Ung) that were 
normalized toβactin as the intemal control was performed. 

In addition， 2 genes， Cdkbla and Ercc2， we民 alsosubjected 

to the real-time RT-PCR， since cyclin-related genes and 

Ercc5 was fluctuated in the DEN+KA+AA group in the 

microarray. In the real-time RT-PCR analysis， there were 
no remarkable differences in the expression of these 12 

genes between the DEN alone and DEN+KA group (Fig. 3). 

On the other hand， the gene expression of cyclin C (Ccnc: 
the marker of proliferation)， cyclin D 1 (Ccndl: the marker of 
proliferation)，巴xcisionrepair cross-complementing rodent 
repair deficiency， complementation group 2 (Ercc2: the 
marker of DNA repair) and cytochrome P450， farnily 7， sub-
family a， polypeptide 1 (Cyp7aJ: the marker of stress & 

metabolism) were significantly up-regulated in the 

DEN+KA+AA group compared to the DEN alone group， 
and the gen巴expressionof cyclin-dependent kinase inhibi-

tor lA (Cdknla: the marker of growth arrest) was signifi-
cantly down-regulated in the DEN+KA+AA group (Fig. 3). 

The expression of Cyp7al in th巴DEN+AAgroup was also 

up-regulated， as compared to the DEN alone group (Fig. 3). 
However， the gene expressions of Atm， Bcl212， Cyp4aJO， 

Ercc5， Gsr， Trp53 and Ung were not significantly up-regu-

lated in the DEN+KA+AA group， although their expres-

Table 2. Final body weights and absolute/relative liver weights in rnic巴悦atedwi出
KA and/or AA for 6 weeks after DEN initiation 

Number of Final body Absolute liver Relative liver 
animals weight (g) weight (g) weight(%) 

DEN 10 40.7士3.5') 1.52士0.15 3.74:t 0.21 
DNE+AA 7 40.4:t 1.8 1.44:t 0.11 3.57 :t 0.23 
DEN+KA 7 38.9士3.5 1.99士0.44* 5.10土0.98*
DEN+KA+AA 12 38.2:t 4.8 1.96 :t 0.39* 5.12士0.75**

a) Mean士SD.* P<O.伯 仲 P<O.OIversus DEN alone group (Dunn巴tt'stest). 

Table 3. Proliferating cel¥ nuclear antigen (PCNA) labeling indices and y-glutamyl-
町anspeptidase(GGT)-positive foci in the liver of mice treated witb KA and/or AA 
for 6 weeks after DEN initiation 

DEN 
DBE+AA 
DEN+KA 
DEN+KA+AA 

Number of GGT 
positive cells (number/cm2

) 

35.01:t 8.15') 

46.13士8.54
42.60:t 11.09 
45.25:t 10.23 

PCNA-Iabeling index 
(numberl200 hepatocytes) 

0.75:t 0.48 
0.65:t 0.35 
2.22士1.48
5.12:t 3.90** 

a) Mean:t SD. ** P<O.OI versus DEN alone group (Dunnett's test) 
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Fig. 2. Hematoxylin and eosin staining of由eliver in出eDEN alone (a)， DEN+KA (b) and DEN+KA+AA 
groups (c). Slight to moderate hypertrophy of hepatocytes are observed i目白巴 DEN+KAand DEN+KA+AA 
groups. lmmunohistochemical staining of proliferating cell nuclear antigen (PCNA) in the DEN alone (d)， 

DEN+KA (e) and DEN+KA+AA groups (f). The number of PCNA positive cells (arrow heads) is increased in 
the DEN+KA+AA group， as compared to the DEN alone group. (g) Histochemical staining of y-glutamyl-
transpeptidase (GGT) in the DEN alone group. Bar = 50μm. 
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Table 4a. List of genes which were f¥uctuated (>2-fold) in the DEN+KA+AA group compared to the DEN a10ne group using Mouse Stress 
and Toxicity PathwayFinder Gene A汀ay

Accession Gene narne Symbol Function g巴negrouping Relative expression level 
numb巴r (KA+AA+DENIDEN) 

Up-regulate 
NM 007537 Bcl2-1ike 2 Bcl212 Apotosis Signaling 10.98 
NM_O 11729 Excision repair cross-complementing rodent rep創r Ercc5 DNA Darnage & Repair 9.81 

dificiency， complementation group 5 
NM∞7499 Ataxia telangiectasia mutated homolog (human) Atm DNA Darnage & Rep血r 5.67 

NM 007631 Cyclin Dl Ccndl Proliferation and Carcinogenesis 4.79 
XN 204116 Cytochrome P450， family 4， subfamily a， polypeptide 10 Cyp4a 1 0 Oxidative & Metabolic s町'ess 4.72 
NM 011677 Uracil-DNA glycosylase Ung DNA Darnage & Repair 4.47 

NM_O 11640 Transformation related protein53 Trp53 Growth Arrest and Senescence 4.33 
N恥C009012 RAD50 homolog (S. cerevisiae) Rad50 DNA Damage & Repair 4.07 

NM 011335 Chemokine (C-C motif) ligand 21 a (serin巴) Ccl21a Inf¥ammatio日 3.18 

NM 009998 Cytochrome P450， family 2， subfamily b， polypeptid巴 IOCyp2bl0 Oxidative & Metabolic stress 3.09 
NM_016746 Cyc1in C Ccnc Proliferation and Carcinogenesis 3.06 
NM_015769 Exci針。nrep創 rcross-complementing rodent repair Ercc4 DNA Darnage & Repair 3.04 

dificiency， complementation group 4 

NM 009831 Cyc1in Gl Ccng1 Proliferation and Carcinogenesis 2.81 
NM 010344 G1utathione reductase 1 Gsr Oxidative & Metabolic stress 2.77 
NM_O 1 0000 Cytochrome P450， family 2， subfantily b， po1ypeptide 9 Cyp2b9 Oxidative & Metabo1ic stress 2才2

NM 007812 Cytochrome P450， family 2， subfamily a， polypeptide 5 Cyp2a5 Oxidative & Metabo1ic Stress 2.57 
NM 011337 Chemokine (C-C motif) ligand 3 Ccl3 Inf!ammation 2.39 
NM 013701 Mus musculus (A-I) bilirubinlphenol Ugtla2 DNA Damage & Repair 2.23 

UDP-glucuronosyltransferase (UGTBr/p) 

N恥1009673 Annexin 5 Anxa5 Apotosis Signaling 2.10 

NM 008303 Heat shock prot町 n1 (chaperonin 10) Hspel Heating Shock 2.08 

Table 4b. List of genes which were f!uctuated (>2-fo1d and <0.5-fold) in the DEN+KA+AA group compared to the DEN alone group using 

Mouse Drug Metabolism Gene Array 

Accesion Gene name Relati ve expression level 

(KA+DENIDNE) number 

Symbol Function gene grouping 

Up-regulate 
J03953 
NM∞7435 
NM 011511 
NM 018795 
BC0033∞ 
NM∞7824 
Down-regulate 
AKOl5750 
AFI09155 
NM.-:∞9419 
NM 021304 
NM 007823 

Glutathione S-transferase， mu3 Gstm3 
ATP-binding cassete， sub-family D (ALD)， member 1 Abcdl 
ATP-binding cassete， sub-family C (CFfRIMRP)， member 9 Abcc9 
ATP-binding cassete， sub-family C (CFfRIMRP)， member 6 Abcc6 
A TP-binding回 ssete，sub-family F (GCN20)， member 2 Abcf2 
Cyt田 hromeP450， family 7， subfamily a， polypeptide 1 Cyp7al 
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Drug Transporters: P-Glycoprotein Family 
Drug Transporters: P-Glycoprotein Family 
Drug Transporters: P-Glycoprotein Family 
Drug Transporters: P-Glycoprotein Family 
Phase I Metabolizing Enzymes: P-450 Gene Family 

7.83 
3.70 
2.61 
2.39 
2.13 
2.01 

Sultl e 1 
Chst4 
Tpst2 
Abhdl 
Cyp4bl 

Phase II Metabolizing Enzymes: Sulfotransferases 
Phase II Metabolizing Enzymes: Sulfotransferases 
Phase rr Metabolizing Enzymes: Sulfotransferases 
Phase日MetabolizingEnzymes: Epoxide Hydrolased 
Phase I Metabolizing Enzymes: P-450 Gene Family 

0.18 
0.28 
0.35 
0.39 
0.43 

sions were up-regulated more than 2-fold in the microarray 

analysis. 

DISCUSSION 

With respect to the genotoxicity of KA， many in vitro 
and in vivo studies have been reported. In the Ames test， 
positive and negative results were obtained in S. typhimu-
rium and E. coli with and without S9 mix fraction， r巴spec-

tively， although negative results were obtained in TA1537 
and TA1538 strains [34，44，53]. In in vitro studies on DNA 

damage， positive and negative results were obtained in the 
rec-assay and SOS stop test， respectively [2， 29]. Positive 

results were obtained in studies on the detection of chromo-

somal aberrations and sister chromatid exchanges in Chi-

nese hamster ovary and Chinese hamster V79 cells [2， 34， 
53]， but most of出epositive results were accompanied by 

cytotoxicity [34]. On由巴 otherhand， in vivo studi巴s，bone 
marrow micronuc¥巴ustests in NMRl and ICR mice， domi-

nant lethal test in mice and mutation test in Muta (CD2-

lacZ80/ HazfBR) mice were negative [34]. ln addition to 

曲目eresults， the in vivo liver initiation activity in F344 rats 
and ICR mice were negative [52]. Regarding the carcinoge-

nicity of KA， it has been reported that hepatocellular tumors 
were induced in B6C3FI mice fed diet containing 3% KA 

for 20 months [14]， p53 (+1ー)mice fed diet containing 1.5 or 

3% KA for 26 weeks [48]， and CBA wild-type mice fed diet 

containing 1 % KA for 26 weeks [51]. ln addition， Takizawa 
et al. [49] reported that a 20-week dietary administration of 

2% KA increased白enumber and area of GST-P positiv巴
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Fig. 3. mRNA expression analysis by real-tim巴 RT-PCRof th巴 liversfrom m.ice treated with KA and/or AA for 6 weeks after 
DEN initiation. Columns represents the mean:t SD. * or ** : represents the significant differences from the DEN alone group at 
P<0.05 or 0.01， respectively (Dunnett's test). 
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foci in the liver of F344 rats given DEN as an initiation 
treatment. Based on these findings， the possibility that KA 
is a genotoxic carcinogen is considered to be extremely low， 
although KA has a tumor-promoting activity in the liver of 
rodent species. 

In the present study， the DEN+KA group significantly 
showed absolute and relativ巴liv巴rweights， but didn't show 
any increas巴inthe number of GGT -positive cells as well as 
th巴PCNAlabeling index in comparison with the DEN alone 
group. In the real-time RT-PCR analysis， there were also no 
remarkable differences in the expression of the 12 gen巴S
selected from the r巴sultof the microarray between the DEN 
alone and DEN+KA groups (Fig. 3). In view of the reports 
that 20-or 6-week administration of 2% KA significantly 
increased the number of GST-P positive foci in the liver of 
F344 rats in the N-bis (2-hydroxypropyl) nitrosamine-initi-
ated two stage hepatocarcinogenesis model and DEN-initi-
ated medium-term Iiver bioassay respectively [48，49]， we 
must take into account the possibility that the period of the 
administration of KA is too short or the tumor promoting 
activity of KA in the Iiver of mice is extremely weak. 

AA is generally known to be a major antioxidant and 
have anti-carcinogenic effects. Indeed， anti-mutagenic， 
anti-cIastogenic and anti-carcinogenic effects of AA have 
been described in many reports [7， 11，22，42]. As several 
mechanisms of anti-carcinogenic effects of AA， anti-oxi-
dant propeはies[13]， the ability to react with nitrite as a pro-
totype inhibitor of the nitrosation reaction [30]， the 
regulatory role in transcription and translation [19， 27， 46] 
and celI-cycIe arrest at the G21M DNA damage checkpoint 
during oxidative stress [15] have b巴enproposed. On the 
other hand， eぱlancedcarcinogenic effects of AA have been 
d巴scribedin several reports [12， 20， 36]. In the present 
study， the absolute and relative liver weights were signifi-
cantly increased in the DEN+KA+AA group in comparison 
with the DEN alone group. A significant increas巴inPCNA 
labeling index was observed in the DEN+KA+AA group in 
comparison with the DEN alone group. PCNA， a nucIear 
protein present in proliferating cells， is essential for cell rep-
lication and acts as a mark巴rfor celI proliferation [37]. In 
the real-time RT-PCR analysis， the gene expression of 
Ccnc， CcndJ， Ercc2 and Cyp7aJ and the gene expression of 
CdknJa w巴r巴 significantlyup-and down-regulat巴din th 

fact出at出erewere no significant differences between the 
DEN alone and DEN+KA groups in the gene expression 
analysis and PCNA labeling index， AA may enhance the 
liver tumor promoting activity of KA. In the present study， 
some of the gen巴expressionssuch as Atm， Bcl2l2， Cyp4alO， 
E，・cc5，Gsr， Trp53 and Ung were not significantly up-regu-
lated in the DEN+KA+AA group， although their expres-
sions were up-regulated more than 2-fold in the microarray 
analysis. Such a contradictory finding is sometimes 
observed in the low-density microarray analysis. This was 
probably due to the limited numbers of samples to be ana-
Iyz巴din the present microarray analysis. 

Although the mechanism of the enhanced Iiver tumor 
promoting activity of AA is not understood， several reports 
ar巴 helpfulfor the assumption of the possible mechanism. 
Specialized cells transport AA in its reduced form using 
sodium-dependent co-transporters (SVCTl and SVCT2) 
[10]. Additionally， different cells transport the oxidized 
form of AA， dehydroascorbic acid， through glucose trans-
porters. It is a common event that overexpression of glucose 
transporters occurs in tumor cells. Additionally， it has been 
suggested that the tumor stroma has some activities capable 
of favoring the transformation of ascorbate to dehydroascor-
bic acid and its subsequent uptake through glucose trans-
poロersmay exist in the tumor stroma [1]. Therefore， tumor 
cells are considered to often accumulate more AA as com-
pared to normal cells [3， 45]. AA which is accumulated 
more in tumor cells may act as a tumor enhancer. Under 
certain conditions， particularly in the presence of transition 
metal ions or alkali， AA has been shown to work as a pro-
oxidant rather than an antioxidant [17， 25， 38]. Further-
more， Lee et al. [25] reported that 200 mg/day of AA 
induced the decomposition of lipid hydroperoxides to 
endogenous genotoxins， and several studies provided the 
evidence that AA may enhance both spontaneous and chem-
ically-induced mutations in prokaryotes and eukaryotes and 
increase the yield of chemically-induced tumors in rodents 
[24， 42]. In the present study， AA may have worked as a 
pro-oxidant， because we used sodium ascorbic acid which 
ionizes to alkali metal ions. The fact出atup-regulation of 
Cyp7al， which is a hydroxylase catalyzing lipid to bile acid， 
was observed in白epresent study may have such a relation-
ship to this. Thus the pro-oxidative activi 
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