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Abstract—The tumorigenicity of kojic acid (XA, which is widely used for food and cosmetics in Japan,
was examined in B6C3F) mice. Female and male apimals werc divided. into thres groups and given 0,
1.5 and 3.0% KA containing food from the age of 6 weeks. Al sacrifice after 20 months, thyroid
weights were significantly increased in both sexes of mice receiving KA, especizlly in the male groups,
The enlarged thyroid glands histologically featured diffuse hyperplasia znd follicular zdegbpmas, the
incidences of the latter being 65% and 87%, respectively in 1.5% and 3.0% KA-treated males, siguifi-

cantly higher than the control value of 2%. In the females, the Sgures were 2%, 8% and 80% in the
0%, 1.5% and 3.0% XA groups, respectively. The serum freé Talevels in the 3.0% KA animals -of
both sexes at month 6 were significaptly lower than in the controls. On the other hand, their serum
TSH levels were higher, although: the differences disappeared a1 laler time poists, In conclusion, cop-
tiouous sdministration of high dose of KA induces ihyroid adenomas in male and female B&C3F,
- mice, presumably by a mechanism invelving decrease in scrum fres T; levels and increased TSH. @

1908 Elsevier Sclence Lid. All rights reserved

Abbieviation; KA = Xofic acid,

Keywords: kojic acid; mice; lhyroid.nm':oﬁg'emsis; TSH; Ts; Ta: anlimyfﬁidl drug.

INTRODUCTION

Kojic' acid (KA; S:-liydroxy-2-(hydroxymethyl)-4-
Pyronej is produced by various strains of Asperillus,
X ieiflum - and Acetobactor (Bajpai er al, 1982;
re.sh ef al,, 1966). It is therefore present in tra-
ditional Japariw: foods such as miso, soy sauce and
sake, albeit at very low concentrations (Sinshi ef al,

1984). In addition, XA is widely. used as a food

additive for preventing enzymatic browning, as well
as for cosmetics.- ' ‘

KA has been subjected to mutagenicity testing
and found to be 2 weak mutagen in bacteria ‘but
not in eukaryotic systems (Bjeldanes et al., 1979;
Kinoshita er al, 1968; Shibuya er af, 1982).
Recently, however, it was established that KA can
induce sister chromatid exchange and chromosomal
_ aberrations in Chinese hamster ovary cells in the
presence or absence of a rat-liver §-9 mix (Wei

et al., 1991). Here we therefore Investigated its po-

*Author for correspondence.

tential lﬁﬁmrigcﬁi;ily in

(CS7BL/6N x C3H/N)F,
(B6C3F,) mice. :
MATERIALS AND METHODS

Animals and KA-containing diet

KA was obtained from Nagase. Biochemical
Company (Tokyo, Japan). It was combined with

-MF powdered basal diet (Oriental Yeast Company,

Tokyo, Japan) at concentrations of L5 and 3.0%.

“and then processed to pellets for convenience of

handling. Totals of 195 male and 195 female
B6C3F) mice were purchased from Charles Rjver
Co., Japan Inc. (Atsugi, Japan) at the age of 5 wk.
They were maintained with free access to basa] dier
and tap water until the study was started at the age
of 6 wk. They were housed six or seven 1o a plastic
cagé and kept in an air‘conditioned room at
24 +£2°C with relative humidity of 554+ 5%. All
animal experiments were carried out following the
guidelines set by Hiroshima University in its ‘Guide

“for the Care 2nd Use of Laboratory Animals’,

0278-6015/98/$19.00 +0.00 © 1998 Elsevier Science Lid, All rights reserved. Printed in Great Britain
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Fig. 1. Average body weight curves for B6C

Experimental desigh

Administration doses for the chronic toxicity test
were chosen on the basis of preliminary subchromnic
(12 wk) test results for dose in the range of 0 to
5o, The mice were randomly divided into exper-
imental groups, cach consisting of 65 males and 65

females and given 0 {control), 1.5% and 3.0% -

containing basal diet od /ib. Tap water was supplied
od lib. The animals were observed daily, and mori-

bund_-animals were killed and autopsicd along with -

those which’ died spontaneously. Body weights were

noted every month. At 6 and 12 months after the:

g:ommcnccmcnt. subgroups of five animals were

sacrificed and examined. At month 19, KA diet was

switched to normal diet in 10-14 animals of each.

KA treated group. At the end of the 20 month

(88 wk) experimental. period, 2]l surviving animals-

. were sacrificed iinder ether anaestbesia and carefully
_cxan'aincd. The thyroid, pituitary, liver, spleen, adre-
nals, - kidneys, testes, ovaries and  ulerus Wwere
weighed. As thyroids are hard to dissect, they were
weighed with a part of trachea attached. The same

“Table 1. Thyroid weights of BCF,; mice’ trealed with kojic acid

“Thyroid weights (incheding part
of the trachea} -

Eﬁc&ive no..

Group - . Relstive (mg/10 g

) of mice  Absolute (mg)  body weight)

M-0% 48 25+ 1.4° 544031 .

M-1.5% 52 s3+317 1240707
M-3.0% 51 714 3.0% 19+ 079
F-0% 52 19+ 0.8 424018

F-1.5% sl 244107 610.28"

F-3.0% a9 384337 11 +£087

“Mean + SEM.

““Significantly different from the contro! value at P < 0.01.

3F, mide treated with 0; 1.5 and 3% kojic acid in the diet

amount of the trgqi:é_a was Jeft so that the differ-

ences in weight could  indicate _thyroid weight
changes. The organs above were fixed in 10% buf-
fered Tormalin, routingly processed for wax embed-
ding and sectioning. Sections were stained with
haematoxylin eosin’ (HE) for histopathological
2ssessment..

Hormone assay

Sera collected.at_momhs 6, 12 and 20, from five
animals in each group were subjected to free T and
TSH assays. An Amarex-MAB free Ty assay kit
(Oso "Clinical Diagnostic Co., Tokyo, Japan) was

" employed- for free “T, TSH concentrations “were

determined ‘with a mouse TSH radicimmunozssay
kit - obtained from Dr AF. Parlow at. Pituitary
Hormones “and * Antisera. Centre, - Harbor-UCLA
‘medical centre (Torrance, CA, USA). The Jactoper-
oxidase method was used for 121 labelling of TSH
(Thorell, 1971). The second antibody, anti. guinea
pig serum, was kindly provided by. the Institute for
- Molecular, and Cellular Regulation at ,Gunma
University. | . -

RESULTS

Survival rates, growth curves and diet consumplion

Survival rates at 18 months (80 wk) were 67% in
group' M-0 (males on control diet), 56% in M-15
{males on 1.5% KA diet), 76% in M-3.0 (males,
1.0% KA), 91% in F-0 (females, control), 87% in
F-1.5 (females, 1.5% KA) and 91% in F-3.0
(females, KA 3.0%) cascs. Average body weight
curves are shown in Fig. 1. Although increase in
body weight was steady in all groups, the growth
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onths: (a‘)-"’ .

Control thyroid of a male mouse’ (HE staining, x100); (b) hyperplasia in a male mouse receiving 1.5% .
"KA (HE, x40); {c) [ollicular adenoma within an area of hyperplusia in a male mouse given 3.0%KA

rge amount of colloid in a male mouse receiving 3.0% KA

(HE, x40Y); (d) follicular adenoma with a Ia
‘ . . (HE, x40).
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Table 2. Incidenes of tunours in BCF) mice treated with kofic acd”

_ Effective no, of Thyroid S
Croup mics adepoma® .. Hepzioma Lymphoma - Otber mmours
M0% 48 1 (2%) 13 {48%) 0 (0%) 4 (Harderian g.L, 3; pulmonary L, 1),
M-1.5% 52 34 (65%) - 36 (69%) 0 {0%%) 2(skin ¢, 2)
M-3.0% 53 46 (87%) 25 (47%) 1 (2%} 3 (skin v, 1; Hardedan g.t, 1; gestnic L, 1)
F-0% - 52 1 (2%} 0 {0%%) 1 {2%) 3 (mammary v, 2 viens 1, 1; pulmenany 1., 1)
F-1.5% 51 4 (8%) 2 (4%) 5(10%) -4 (Peyer p.L, 2 mammary L, 2)
F-2.0% - .49 39 (50%)” . 5 (10%)* 1(2%) 4 (Harderian p.t., 2; uterns t, J; mamomary t, 1)

» *=Sienificanily difereni from the control value a1 P < .05 or P < .01, respectively.
*Incidences include XA ml:m:pl:d“ animals (se= Maierials and Mcthods) The incidences r..c.udmg KA micr'upl:d were 27/40
(68%4) in M-1.5, 40/43 (93%) in M-3.0, 257 (5%) in F-1.5 znd 30/37 (Sl%} in F-3.0, also sbowing the same sngmﬁ:am differences

from the controls.

Table 3 Modification of ;hyrbid adenoma incidencs by withdrawal of kojic acid administration

o Unintersupted " Interrupted
Group - ey Thyroi:d wr (mg) - I-l;rpc.i-plasiah , Adenoma® 'Thyroid wi{mg) . Hypeplasia = . . Adcpoma’
M-L5% 0 e 42482700 0 (0 13/13 (100%) .j VA 24.6 < S]IZ (2% 12 (SB%Ye
M-3.0% .0 ol 69E200 0 229 (m) 229 (8% 51 LRSS 410 (40%)* - 610 (B%)"
F-L5%: . .-, 22334 3;15(127.) o5 BUY -1, METT L 4f14Q9%) 2/14 (14%)
F-3.0% - =7 . 37X153 - 4f26 (15%)

2126 (81 %) *. 39 4+ 34, Bl 312(28%) . 5N2(15%)

'Sngmﬁchy different’ from the conmrol value gt P < 05 or P < .Dl, msp:cmcly.

*Thyroids were weighed with pant of the trachea auach:d.

PAll of lhe hyp:rplasm observed were d:ﬂ’used fypes. Adenomas were fn!hr:ular xyp:

rates were mgmﬁcantly suppresscd i groups M-3.0,
F-1.5 and F-3.0.- Du:t consumpnon, how:vcr did
not uECEaSC i.u t..c ‘mice receiving | XA, ‘except for
an initial drop m thc h:ghf.-st dos: groups (data Dot

. ]C.'ld-

neys,’ rt tcs ovan
autopsy Thyrmd wa:ght were mcreased sngmﬁcant!y
in the KA-fed ‘grovps of both sexes (Tzble 1), es-

_ ‘pecially in the male groups. Except for the ﬂlyroxd

there were no significant differences among Eroups
in the major organ weights or values for haematolo-

"-al and serum biochemical parameters, including
nite blood cell counts, red blood cell counts, albu-
min, glutamic—oxaloacetic transaminase (GOT),
chorine esterase (ChE), lactate - dehydrogenase
(LDH), leucine amino peptide (LAP) and total cho-
lesterol (T-CHO).

Twmnours

Table 2 summarizes data for the incidences of
tumours in various organs. In the KA-treated

Table 4, Serurn free Ty in BCFy mice treated with kojic acid
Group Month § ° Month )2 Month 20

M-0% 3.65% D.375° 2.22 +0.219 4.17 % 0.381
M-15%  3.67+ D428 2.84 +0.186 423 + 0.330
M-3.0% 156+ 0334 L4004 0.136  2.69 10214

F-0% 332+ 0189 2.75 + 0.306 3.3% +0.352
F-1.5% ).42 4 03507 2.67 4+ 0235 2.51 40225
F-3.0% 145+ 0.138"° 2.83 +0.295 271302747

*Mean 4 SEM (pg/ml, n = 5).
= **Significantly different from the control value at P < 0.05 or
P < 0.0], respectively,

-'.}and utcrus were wmghcd at .

groups, thyro:d rumours were the most comfpon
lesions. HJstologxcally they were classified as hyper-
F'I-:n-: aud fp'lhrn‘gr pf'phe'rnas (P'Igtg !) ‘A“ Qf‘ the
hypcrplasna obsu:rved -were' dlﬂ'uscd type composcd

'of folhclcs w;th uregu]ar shapes cnntmmng large

,.ollmd and lmcd ‘by-tall epithelial cells.
Adcqomas showed umform ccl.l growth with’ com-
pletel collapse?: the' normal. follienlar * structurc.

However..smal] amaﬁnts of co]lmd {on ‘rare” oc-

‘,'casxon_s. largc amounts) Were seen in adcnomas In

all thale groups; the mc:dcnces of hcpatomas were
high {47-62%), without any significant intergroup
variation. In females, on the other hand, the value
of 10%- in the F-3.0 group was significantly elevated
as: compa:cd with "the conirol 0%. Lymphomas,
mammary tumours, Harderian gland, skin, Peyer
plate, uterie and gastric tumours were also
observed at relatively low incidences and nome
showed any correlation with the KA treatment.

Effect of Interruption of KA diet on-thyroid timours

XA diet was switched 'to normal diet in 10-14
animals of each group 30 days before the termin-
ation. In those interrupted animals, incidences of
thyroid adenomas significantly decreased, although

Table 5. Serum TSH levels in BCF; mice brated with kojic acid

Group Month 6 Month 12 Month 20
M-0% 30,6+ 825* 2254 1.34 2194207
M-1.5% 393398 254 +0.98 177+ 1.78__
M-3.0% 539+ 6.52 231197 1604 0.39
F-0% 233+ 2.45 1604+ 0.78 13.7+ .68
F-1.5% 38+ 1227 169+ 1,57 1394075
F-3.0% 3634573 18.5+ 1.03 151 409!

"WMean + SEM (pgfml. n = 5)
» *»Significantly diffcrent from the contro} value a1 P < 0.0).
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the average thyroid weights were unchanged
(Table 3). However, in females, no significant effects
were noted.
Serumn free T; and TSH

.Data for serum free Ty and TSH levels at months

6, 12 and 20 are summarized in Tables 4 and 5, re-

spectively. At month 6, free T; levels were Signifi-

‘cantly decreased in the M-3.0, F-1.5 and F-3.0

mice, while TSH levels were increased. Free T3
levels continued 1o be decreased in some groups,
thereafter but no consistent change was evident for
TSH.

DISCUSSION

KA is widely used as 2 food additive as well as in
the manufacture of cosmetics. As it was recently
found to induce sister chromatid exchange and
chromosomal aberrations in Chinese hamster ovary
cells (Wei ef al.,, 1991), an examination of jts carci-
nogenicity in animals was clearly necessary, The
present study demonstrated that continuous oral
administration of KA can induce thyroid adencmas
in both sexes of ‘mice: No thyroid carcinomas were
noted despile an adenoma incidence of 87% in the
M-3.0 group. Among the other jumours, the inci-
dence in hepalocellulir adenomas in the F-3.0 mjce
was also significantly greater-than_that in the cop-
trol. ) -7

Although the growth rates were suppressed with
the doses of KA chosen in the present study, all
animals remained in good health throughout the ex-
periment and survival rates did not differ aAmong
the groups. Enlargement of the thyroids was evident
in males at month 12, when five animals of each
group were sacrificed. At this time point, all mice in
group M-3.0 and two of five in M-1:5 were found
to have adenomas. However, the nature of these
lesions is clearly dependent to some extent an con-
tinvous simulation since considerable reversibility
was evident on comparison of the interrupted and
nen-interrupted groups.

It is unlikely that induction of thyroid tumours
by KA is due to genotoxicity, considering that
almost the entire thyroids were hyperplastic in the
M-1.5, M-3.0 and F-3.0 mice. It is well known in
rodents that antithyroid drugs (goitrogenic sub-
stances) or a low iodine diet cause hyperplasia in
the thyroid and that tumours develop in the long
term (Biancifieri, 1979; Hill er al., 1589; McClain,
1989; Morris, 1955). These substances interfere with
synthesis andfor metabolism of thyroid hormones
and eventually decrease serum thyreid hormone
levels (Nakashima er al., 1978; Tauro and Dorris,
1989). It is also possible that KA increased hepatic
metabolism and excretion of thyroid hormones.
Various drugs such as phencbarbital and amiodar-
one have known to facilitate T, excretion in the
liver and reduce serum thyroid hormones. In either

case, the pituitary gland produces more TSH iz
turn and -this stimulates follicular cell hypertrophy.
Thus, from the present results KA 2ppears 10 act as
an antithyroid substance, partly evidenced by the
findings for Ty and TSH. The differences in growih
curves between groups were also consistent with
decreases in serum free Ts. In severs hypothyroid
conditions such zs chronic jodine deficiency, TSH
ceils in the pitvitary gland ar¢ knewn to proliferate
and form TSH cell clusters (Furth er af., 31973). In
the present study, however, the anterior pituitary
did not show any pathological changes in the KA
groups (data not shown), in line with the normal
level of TSH which appeared in KA-treated groups
in the later point of the experiment. On the other
hand, thyroid tumour development appeared to
continue throughout so that. discrepancy between
two parameters requires explanation. -
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