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In order to evaluate the tumorigenic potential of kojic acid
(KA), used as a food additive for preventing enzymatic browning
of crustaceans and a cosmetic agent for the purpose of skin
whitening, heterozygous p53-deﬁcient CBA [p53(ⴙ/–)] mice,
which are recognized as useful for detecting genotoxic carcinogens, and wild-type littermates [p53(ⴙ/ⴙ) mice] were fed diet
containing 0, 1.5, and 3% KA for 26 weeks. KA induced diffuse
hypertrophy and hyperplasia of thyroid follicular epithelial cells
with decreased serum thyroxine levels in both p53(ⴙ/–) and
p53(ⴙ/ⴙ) mice, but caused no thyroid tumors. In the liver, the
incidence of altered hepatocellular foci was signiﬁcantly increased
at 1.5 and 3% in p53(ⴙ/–) and 1.5% in p53(ⴙ/ⴙ) mice, and that of
hepatocellular adenomas was increased at 1.5 and 3% in p53(ⴙ/–)
and 3% in p53(ⴙ/ⴙ) mice. p53(ⴙ/–) mice thus appeared to be
more susceptible in terms of the tumorigenic dose of KA with a
greater prevalence of hepatic proliferative lesions. The results of
the present study indicate tumorigenic potential of KA in the liver,
but not thyroid follicular epithelial cells in CBA mice and a
contribution of genotoxicity on hepatocellular tumor development
cannot be ruled out.
Key Words: kojic acid; hepatocarcinogenesis; heterozygous p53deﬁcient mice.

Kojic acid (KA; 5-hydroxy-2-(hydroxymethyl)-4-pyrone) is
a secondary metabolic product of various species of Aspergillus and Penicillium (Kwak and Rhee, 1992; Parrish et al.,
1966). It is known to inhibit polyphenol oxidase (tyrosinase) in
mushrooms (Saruno et al., 1979), potatoes, apples, and crustaceans (Chen et al., 1991). Since polyphenol oxidase catalyzes
the conversion of tyrosine to melanin via 3,4-dihydroxyphenylalanine and dopaquinone (Kahn, 1995; Saruno et al., 1979),
KA has been used as an inhibitor of polyphenol oxidase in
foods and as a food additive for preventing enzymatic browning of raw crabs and shrimps. In addition, because of its
excellent skin-whitening properties (Ohyama, 1990; Perez1
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Bernal et al., 2000) and inhibitory action on human melanocyte
tyrosinase (Maeda and Fukuda, 1991), KA has been used as
cosmetic agent for a purpose of skin lightening.
Recently, thyroid follicular cell adenomas were found to
develop in B6C3F1 mice fed diet containing 1.5 or 3% KA for
20 months (Fujimoto et al., 1998). Proliferative lesions of
thyroid follicular cells were also increased in F344 rats fed diet
containing 2 or 4 % KA for 12 weeks after initiation with
N-bis(2-hydroxypropyl)nitrosamine [DHPN] (Mitsumori et
al., 1999; Tamura et al., 1999b), associated with a decline in
serum thyroxine (T4) and 3,5,3⬘-triiodothyronine (T3) and
elevation of thyroid stimulating hormone (TSH) levels (Mitsumori et al., 1999). Moreover, it has been demonstrated that
KA inhibits thyroid iodine uptake and its organiﬁcation (Fujimoto et al., 1999; Tamura et al., 1999a). Based on the ﬁndings,
prolonged TSH secretion from the pituitary in response to
decreased circulating thyroid hormones due to the administration of KA is presumably responsible for the thyroid tumor
induction, as established for other goitrogenic substances (Hill
et al., 1998; McClain, 1992). On the other hand, female
B6C3F1 mice receiving 3% KA in the diet were also found to
develop hepatocellular tumors in the ﬁrst experiment conducted by Fujimoto et al. (1998), but consistent interpretation
or underlying mechanisms of liver tumorigenicity remain uncertain. A number of in vitro mutagenicity assays have been
performed for KA and the Ames test using Salmonella strains
revealed positive results in the presence and absence of rat
S9-mix fraction (Shibuya et al., 1982; Wei et al., 1991). In
addition, positive results were obtained for sister chromatid
exchange and chromosomal aberrations in Chinese hamster
ovary cells (Wei et al., 1991), but not in the forward gene
mutation assay in Chinese hamster lung V79 cells (Shibuya et
al., 1982) in vitro. However, data for genotoxicity of KA in
vivo are limited, and a negative result was obtained in a
dominant lethal test (Shibuya et al., 1982). It has been reported
that heterozygous p53-deﬁcient mice, in which one allele of the
p53 gene is inactivated, derived from C57BL/6 or CBA origins
provide a useful model to detect carcinogens, genotoxic car-
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embedded in parafﬁn, sectioned at 4 –5 m, and stained with hematoxylin and
eosin for histopathological examination. In addition, tissue sections were
immunohistochemically stained for proliferating cell nuclear antigen (PCNA)
using an anti-PCNA mouse monoclonal antibody (DAKO, Glostrup, Denmark)
at a dilution of 1:100 with a blocking reagent (Vector MOM™, Vector Labs,
Inc., Burlingame, CA) and an avidin-biotin peroxidase complex kit (DAKO)
with 3, 3⬘-diaminobenzidine as the chromogen followed by counterstaining
with hematoxylin. Five thousand hepatocellular nuclei in normal background
parenchyma in each animal were counted for determination of PCNA positivity.
Hormone assays. Blood samples were obtained from the abdominal aorta
for determination of serum T3, T4, and TSH levels. For this purpose, coat-ACount Canine T3 and DPC total T4 assay kits (Diagnostic Products Corporation, Los Angeles, CA) and a rat thyroid stimulating hormone [ 125I] assay
system (Amersham Pharmacis Biotech, Buckinghamshire, U.K.) were employed.
Statistical analysis. Body weights, organ weights, serum hormone levels,
and multiplicities of proliferative lesions were analyzed by one-way analysis of
variance for homogeneity followed by Dunnett’s test for comparison with the
0% KA control group. PCNA-positivity was analyzed by a nonparametric
Dunnett’s type test. Incidences of proliferative lesions observed were analyzed
with the Fisher’s exact test. The dose-response-relationship was analyzed with
the Cochran Armitage test for histopathological ﬁndings and by Jonckheer’s
trend test for other data. Incidences of histopathological ﬁndings and PCNApositivity were compared between p53(⫹/–) and p53(⫹/⫹) mice using the
Fischer’s exact test and Wilcoxson rank-sum test, respectively. Signiﬁcance
was inferred at either 5 or 1% levels.

MATERIALS AND METHODS
RESULTS
Test substance. Kojic acid (KA) powder obtained from Nagase Biochemical Co. (Tokyo, Japan) was admixed into powdered basal diet (CRF-1威,
Oriental Yeast Co., Tokyo, Japan) at 1.5 and 3%. The diet was prepared at least
once biweekly and stored until use at 5°C.
Experimental animals. The mice used in the present study, heterozygous
p53-deﬁcient CBA mice [p53(⫹/–) mice] in which exon 2 of the lateral p53
allele was inactivated, were F1 offspring of heterozygous p53-deﬁcient
C57BL/6J male mice back-crossed with CBA female mice (Tsukada et al.,
1993). Twenty-seven male p53(⫹/–) mice and 35 male wild-type littermates
[p53(⫹/⫹) mice], six or seven weeks of age, were purchased from Oriental
Yeast Co. and used after an acclimatization period of one week. They were
housed at a maximum of ﬁve per cage in plastic cages with soft chip bedding
in a room that was controlled for light-dark cycle (12–12 h, lights on 0700 –
1900 h), ventilation (air-exchange rate of 18 times per h), temperature (21–
25°C), and relative humidity (50 – 60%). The cages and the chip bedding were
exchanged for new ones twice a week. Each animal had free access to basal
diet and tap water. The experiment was carried out in accordance with the
Guide for Animal Experimentation of the National Institute of Health Sciences
of Japan.
Experimental design. p53(⫹/–) mice were randomly allocated into one
group of seven animals and two groups of 10 animals based on their body
weights. p53(⫹/⫹) mice were allocated in a similar manner into three groups
consisting of 10, 12, and 13 animals. Groups of p53(⫹/–) and p53(⫹/⫹) mice
were fed the diet containing 1.5 or 3% KA for 26 weeks, and the remaining
group, serving as a control, was fed basal diet for the same period. During the
study period, the animals were observed once a day for their general condition,
and weighed once weekly.
At the end of the treatment period, surviving animals were sacriﬁced after
blood sampling for hormone assays under deep ether anesthesia, and autopsied.
Livers and thyroids were dissected out and their weights were recorded. These
organs and the pituitary, spleen, lungs, and other tissues or organs with
macroscopic lesions were ﬁxed in 10% neutral buffered formalin. Next, all
lobes of the liver and other organs and tissues were processed routinely,

In-Life Examination and Organ Weights
One p53(⫹/⫹) male receiving 3% KA was found dead at
week 13. The 3% KA groups of both p53(⫹/–) and p53(⫹/⫹)
mice showed reduction in body weight gain as compared with
the 0% KA control groups (Fig. 1), terminal body weights
being 8 and 15% lower, respectively with statistical signiﬁcance at p ⬍ 0.05 and p ⬍ 0.01. In contrast, absolute thyroid
weights were signiﬁcantly (p ⬍ 0.01) increased in a dose
related fashion by 209 and 444% in the 1.5 and 3% KA groups,
respectively, in p53(⫹/–) mice, and by 140 and 374% in
p53(⫹/⫹) mice (Table 1). Absolute and relative liver weights
in the KA-treated groups showed somewhat higher values in
both p53(⫹/–) and p53(⫹/⫹) mice than in the respective
control groups, but the difference was not signiﬁcant except for
the relative weight in the 3% p53(⫹/⫹) mice.
Serum Hormone Levels
Serum T3 levels were not altered by KA treatment, but
serum T4 levels declined dose dependently by 35 and 58% in
the 1.5 and 3% KA groups of p53(⫹/–) mice, respectively, and
by 50 and 65% in p53(⫹/⫹) mice with statistical signiﬁcance
(p ⬍ 0.01) in all KA-treated groups (Fig. 2). Serum TSH level
was signiﬁcantly (p ⬍ 0.05) elevated in the 1.5% group of
p53(⫹/–) mice, but no signiﬁcant alterations were observed in
other KA-treated p53(⫹/–) or p53(⫹/⫹) mice.
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cinogens in particular, within a short-term treatment period of
less than six months (Dunnick et al., 1997; Mitsumori et al.,
2000; Ozaki et al., 1998). Spontaneous tumor development
during short-term assays is generally rare although a low
incidence of lymphomas and lung adenomas or adenocarcinomas is known in both strains of p53 hemi-knockout mice
(Mahler et al., 1998, Takizawa et al., 2001). A number of
tissues or organs are counted as target for carcinogen in
p53(⫹/–) mice. These include vascular tissue (Carmichael et
al., 2000), lymphatic organs (Dunnick et al., 1997), urinary
bladder (Ozaki et al., 1998; Tennant et al., 1996), uterus
(Mitsumori et al., 2000), and liver (French et al., 2001). In
contrast, p53 hemi-knockout mice are reported to not respond
to nongenotoxic carcinogens that can induce tumors in the liver
or kidney in conventional long-term assays (Spalding et al.,
2000). Heterozygous p53-deﬁcient CBA mice were also reported to develop proliferative lesions in response to a single
administration of N-dimethylnitrosamine (Onodera et al.,
2001). It is possible that KA exerts carcinogenic potential via
genotoxic effects in the liver or other organs, and the present
study was performed using heterozygous p53-deﬁcient CBA
mice and wild-type littermates in order to further evaluate this
question.
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FIG. 1. Body weight changes of p53(⫹/–) and p53(⫹/⫹) mice fed diet
containing KA for 26 weeks

Histopathology
Histopathological examination revealed changes attributable
to the KA treatment in the thyroid and liver. In the thyroid,
diffuse hypertrophy and hyperplasia of the follicular epithelial
cells accompanied by increase in cytoplasmic colloid-like
droplets were observed in all KA-treated p53(⫹/–) and

DISCUSSION

Tumorigenic activity of KA in the thyroids of B6C3F1 mice
was earlier demonstrated after dietary treatment for 20 months
(Fujimoto et al., 1998), while no thyroid tumors were found in
p53(⫹/–) or p53(⫹/⫹) CBA mice in the present experiment,
despite the high susceptibility of heterozygous p53-inactivated
mice to genotoxic carcinogens (Mitsumori et al., 2000; Tennant et al., 1995, 1996). This might be due to variation in the
strain of mice used and duration of the administration period.

TABLE 1
Terminal Body, Thyroid, and Liver Weights for p53 (ⴙ/–) and p53 (ⴙ/ⴙ) Mice Fed Diet Containing Kojic Acid (KA) for 26 Weeks
Thyroid weight
Group
p53 (⫹/–) mice
0% KA
1.5% KA
3% KA
p53 (⫹/⫹) mice
0% KA
1.5% KA
3% KA

No. of animals
(g)

Body weight

mg

mg/100g bw

Liver weight
g

g/100g bw

7
10
10

35.8 ⫾ 5.3
37.0 ⫾ 2.8
32.8 ⫾ 2.5*

4.3 ⫾ 1.4⫹⫹
13.3 ⫾ 2.3**
23.4 ⫾ 2.8**

12.0 ⫾ 4.8⫹⫹
36.2 ⫾ 7.1**
71.6 ⫾ 8.5**

1.55 ⫾ 0.18
2.19 ⫾ 1.00
1.75 ⫾ 0.19

4.39 ⫾ 0.81⫹⫹
5.95 ⫾ 2.83
5.33 ⫾ 0.21

10
12
12

36.1 ⫾ 3.5⫹⫹
34.3 ⫾ 4.2
30.8 ⫾ 1.9**

4.7 ⫾ 1.1⫹⫹
11.3 ⫾ 3.6**
22.3 ⫾ 4.5**

13.1 ⫾ 2.8⫹⫹
33.2 ⫾ 9.8**
73.0 ⫾ 17.0**

1.47 ⫾ 0.15⫹⫹
1.72 ⫾ 0.54
1.70 ⫾ 0.13

4.10 ⫾ 0.63⫹⫹
4.98 ⫾ 1.36
5.53 ⫾ 0.30**

⫹⫹Statistically signiﬁcant at p ⬍ 0.01 in dose proportionality analysis.
*,**Signiﬁcantly different from the 0% KA group at p ⬍ 0.05, p ⬍ 0.01, respectively.
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p53(⫹/⫹) mice (Figs. 3, 4). There were no benign or malignant neoplasms of the thyroid in any groups. In the liver,
hepatocellular adenomas as well as altered hepatocellular foci
of eosinophilic cell-, clear cell-, and/or mixed cell-types were
observed in the 1.5 and 3% KA groups of both p53(⫹/–) and
p53(⫹/⫹) mice (Fig. 5). The incidences of hepatic tumors
were signiﬁcantly increased in both 1.5% (p ⬍ 0.01) and 3%
(p ⬍ 0.05) groups of p53(⫹/–) mice, while those of p53(⫹/⫹)
mice were signiﬁcantly (p ⬍ 0.05) increased only in the 3%
group (Table 2). When compared for percent incidences of
hepatic proliferative changes, the p53(⫹/–) mice showed
greater prevalence than wild-type mice, and the difference was
signiﬁcant for adenomas in the 1.5% group and altered foci in
the 3% group. As nonproliferative lesions in the liver, focal
hepatocellular necrosis and inﬂammatory cell inﬁltration appeared to be enhanced in the 1.5 and 3% groups of p53(⫹/–)
and p53(⫹/⫹) mice (Table 2). The animals with necrotic
changes in the liver showed elevated PCNA expression in
hepatocytes of background parenchyma, and the average of
PCNA-positivity in the 3% KA group of p53(⫹/–) mice was
signiﬁcantly higher than that in the 0% group (Table 3). In
p53(⫹/⫹) mice, effects of the compound were masked by the
strong increase in PCNA-positive nuclei in animals showing
hepatic necrosis. There were no remarkable ﬁndings that could
be attributed to the KA-treatment in any of the other tissues and
organs examined.
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However, the KA-treated CBA mice showed diffuse hypertrophy and hyperplasia of thyroid follicular cells, which were
typical histopathological features associated with goitrogenic
substances in rodents (Capen, 1996; Gopinath et al., 1987), as
reported in B6C3F1 mice. KA may thus exert tumorigenic
potential in the thyroids of p53(⫹/–) and p53(⫹/⫹) CBA mice
with more prolonged exposure.
In the present experiment, serum T4 levels in mice receiving

FIG. 3. Thyroid of a p53(⫹/–) mouse fed diet containing 0% KA for 26
weeks; various sizes of round follicles with ﬂattened to cuboidal epithelial cells
are visible, H.E. staining, ⫻13.

KA were reduced in a dose-related manner, but dose-proportional effects on T3 or TSH were not observed. Similar inconsistent alteration of thyroid hormones or TSH was also reported
in F344 rats receiving KA at dietary concentrations up to 2%
for 20 weeks (Tamura et al., 2001) and B6C3F1 mice given 1.5
or 3% KA for 20 months (Fujimoto et al., 1998). Moreover, in
our previous study in rats, administration of sulfadimethoxine

FIG. 4. Thyroid of a p53(⫹/–) mouse fed diet containing 3% KA for 26
weeks; irregular-shape follicles with columnar epithelial cells and reduced
colloid are visible. Several follicular cells contain large amounts of colloid-like
substance. H.E. staining, ⫻13
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FIG. 2. Serum T4, T3 and TSH levels in p53(⫹/–) and p53(⫹/⫹) mice fed
diet containing KA for 26 weeks. $$p ⬍
0.01 in analysis of dose proportionality.
**p ⬍ 0.01 as compared with the 0% KA
group. Open bar: 0% KA; hatched bar:
1.5% KA; black bar: 3% KA.
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TABLE 3
PCNA Positivity for Hepatocytes in Background Parenchyma of
the Liver of p53 (ⴙ/–) and p53 (ⴙ/ⴙ) Mice

Group

No of PCNA-positive cells
in 5000 hepatocytes

7
10
10

1.71 ⫾ 1.11⫹
3.70 ⫾ 3.50
5.00 ⫾ 3.59*

10
12
12

6.40 ⫾ 14.06
4.42 ⫾ 4.93
9.00 ⫾ 10.58

Note. Mice were fed diet containing kojic acid for 26 weeks. Data are
mean ⫾ SD values. KA, kojic acid.
⫹Statistically signiﬁcant at p ⬍ 0.05 in dose proportionality analysis.
*Signiﬁcantly different from the 0% KA group at p ⬍ 0.05.
FIG. 5. Liver of a p53(⫹/–) mouse fed diet containing 3% KA for 26
weeks; a hepatocellular adenoma protruded above the surface is visible. H.E.
staining, ⫻6.6.

or thiourea, a goitrogenic anti-thyroidal compound, was associated with a reduction of thyroid hormones and elevation of
TSH after a one-week treatment but no apparent alteration of
T3, T4, or TSH was evident at 19 weeks (Onodera et al., 1994).
Hood et al. (1999) also reported only transient alterations of
serum T3, T4, and/or TSH levels on prolonged administration
to rats of phenobarbital, propylthiouracil or pregnenolone-16␣-

carbonitrile. These ﬁndings suggest that hormonal desensitization may be induced by prolonged anti-thyroidal treatments
(Shimo et al., 1994; Wynford-Thomas et al., 1982). KA is
reported to interfere with thyroid iodine uptake and its organiﬁcation (Fujimoto et al., 1999; Tamura et al., 1999a) but not
elicit any changes in the activity of hepatic uridine diphosphate
glucuronosyl transferase or histopathological hypertrophy or
swelling of hepatocytes in F344 rats (Mitsumori et al., 1999).
There was also no hepatocellular hypertrophy in the present
study, although the KA-treated animals showed somewhat

TABLE 2
Incidences (Percent Incidence) of Histopathological Findings and Multiplicities of Proliferative Lesions in the Liver for p53 (ⴙ/–)
and p53 (ⴙ/ⴙ) Mice Fed Diet Containing Kojic Acid (KA) for 26 Weeks
Incidence (percent incidence) of histopathological ﬁndings
p53 (⫹/–) mice
Group/(no. of animals)
Thyroid
Diffuse follicular cell hypertrophy
Follicular cell hyperplasia
Liver
Hepatocellular adenoma
Altered hepatocellular foci
Focal necrosis of hepatocytes
Inﬂammatory cell inﬁltration
Liver
Hepatocellular adenoma
Altered hepatocellular foci

p53 (⫹/⫹) mice

0% KA (7)

1.5% KA (10)

3% KA (10)

0% KA (10)

1.5% KA (12)

3% KA (12)

0⫹⫹ (0)
0⫹⫹ (0)

10** (100)
10** (100)

10**(100)
10** (100)

0⫹⫹ (0)
0⫹⫹ (0)

12** (100)
12** (100)

12** (100)
12** (100)

0 (0)
0⫹⫹ (0)
0 (0)
0 (0)

7**# (70)
5* (50)
3 (30)
2 (20)

2 (17)
5* (42)
1 (8)
2 (17)

5* (42)
2 (17)
3 (25)
3 (25)

0.2 ⫾ 0.4
0.5 ⫾ 0.7

0.7 ⫾ 0.9
0.2 ⫾ 0.4

1.2 ⫾ 1.1
0.9 ⫾ 1.1

5* (50)
0⫹ (0)
8**# (80)
0 (0)
2 (20)
1 (10)
1 (10)
2 (20)
Multiplicity of hepatic proliferative lesions a
0.6 ⫾ 0.7
0.9 ⫾ 0.6

a
Values indicate the mean ⫾ SD.
⫹,⫹⫹Statistically signiﬁcant at p ⬍ 0.05 and p ⬍ 0.01, respectively in dose proportionality analysis.
*,**Signiﬁcantly different from the 0% KA group at p ⬍ 0.05, p ⬍ 0.01, respectively.
#
Signiﬁcantly different from p53(⫹/⫹) mice at p ⬍ 0.05.
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p53 (⫹/–) mice
0% KA
1.5% KA
3% KA
p53 (⫹/⫹)
mice
0% KA
1.5% KA
3% KA

No. of animals
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clariﬁed. Further investigations focusing on induction or promotion activity of KA in the liver as well as in vivo genotoxicity toward hepatocytes need to be performed.
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elevated liver weights. Considering the results, KA might exert
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