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Abstract

Background: Human thyroid gland is generally regarded as a relatively low-risk organ in terms of
developing radiation-induced tumorigenesis. However, a rapid increase in the incidents of thyroid cancer
after the Chernobyl nuclear reactor accident in 1986 provided additional insight into the risk of thyroid
cancer. Three key risk factors have been identified to be involved in this increase: (1) internal irradiation
from 131 fallout, (2) young age, and (3) a low-iodine diet. Our previous study demonstrated that the
thyroid radiation dose was highest in the newborn rats fed with low-iodine diet when rats of varying ages
were internally exposed to 13| at the same radioactivity per body weight.

Objective: To examine the short-term effects of a low dose internal irradiation of 31l on the status of
the thyroid hormone in rats of three different ages maintained on either standard diet or low-iodine diet.

Methods: 13| was injected intraperitoneally in F344 rats at the ages of 1, 4, and 9 weeks. Animals
were maintained with an iodine-deficient (IDD) or a standard (SD) diet. Changes in serum levels of
triiodothyronine (T3), thyroxine (T4), and thyroid-stimulating hormone (TSH) were examined.

Results: Dramatic changes in hormone levels were found only in the rats belonging to 1-week-old
IDD group, in which Tz levels rapidly dropped and TSH levels increased after 13| irradiation, whereas
they remained unchanged in the SD group. In 4- and 9-week-old rats, hormone levels were also steady
after irradiation, with no differences between the IDD and SD groups.

Conclusions: These data suggest that under low-iodine conditions, the status of thyroid hormone of
newborn rats is particularly sensitive to internal irradiation of 131I.
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! HayuHo-uccnepgoBaTenbCKUi UHCTUTYT pagnaumm, GUONOrMM U MeANULMHLI,
YHuBepcurtet Xupocmuma, Xupocuma, AnoHus;

% XeHckuit konnemk Cysyrammum, Xupocuma, AnoHus;

Bbicluas WKona uixkeHepumn, YHUBepcuteT Xupocuma, Xupocuma, AAnoHus

Beepenue: LLntoBnaHas xenesa yenoseka 06bI4HO paccMaTpUBAETCA Kak OpraH ¢ OTHOCUTENBHO
HWU3KUM PUCKOM Pa3sBUTUS NOCTPaAMALIMOHHOMO OHKoreHe3a. OfHako peskoe YBEenuyeHue criyqaes paka
LUMTOBUOHOW Xenesbl nocne asapun Ha YepHobbinbckon ASC B 1986 roay co3aano Npeanochinku K
N3y4eHU0 (haKkTOpPOB pUCKa PasBUTMS paka LUMTOBWAHOM Xenesbl. bbinn onpegeneHbl TpU KITOYEBbIX
takTopa pucka: (1) BHyTpeHHee 06nyyeHue ot '3l (2) monogoi Bo3pact, u (3) AMETa C HU3KUM
cofepxaHueM 1oga. Hawe npeablgyliee nccnefoBaHWe KpbIC pasfiMyHoOro Bo3pacta M Maccon Tena,
koTopble Gbinn noasepxeHbl 06yyeHnto 311 NpogeMOHCTPMpOBano, YTo CaMoM BbICOKOW Bbina Ao3a
0Bry4YeHns LNTOBUAHOWM Xemnesbl Y HOBOPOXOEHHbIX KPbIC, COLEPXALUUXCA Ha AMETe C HWU3KUM
cofepkaHueM noaa.

Lenb: Vccnenosatb KpaTKOBPeMEHHbIE 3PEKTbI HI3KOM [03bl BHYTPEHHero obnyyenns 311 Ha
COCTOSIHUM FOPMOHA LLMTOBWUAHOM Xenesbl Y KPbIC TPEX PasnuyHbIX BO3PacTOB, COAEPXaLMXC Ha
CTaHAaPTHOW AMETE MMM Ha AUETE C HU3KAM COAEPKaHNeM ioaa.

MeToab!: 13| 6bin MHBEUMpoOBaH BHYTPUOPIoWKHHO F344 Kkpbicam B Bo3pacte 1, 4, n 9 Hegenb.
X1BOTHbIE COLEPXANNCh Ha AMeTe C HU3KUM copepxanuem iopa (H3W) unu Ha ctaHaapTHolt avete
(CL). bbinn nccnefoBaHbl M3MEHEHUS B CbIBOPOTKE KPOBW TpuioaTupoHuHa (T3), TupokcuHa (T4) u
TUPEOTPONHoro ropmoHa (TSH).

PesynbTatbl: 3HaunTenbHble N3MEHEHUS TOPMOHANBHOTO YPOBHS Obinn 3athKCMPOBaHbI TOMBKO Y
KpbIC, MPWUHaZnexawmux K rpynne B Bo3pacte 1 Hedens W COOEPXaLMXCA Ha [OMeTe C HU3KUM
CoAepxaHWeM iofda, TaK YpoBeHb T3 ropMOHa Pes3Ko CHU3WUMCS, ypoBeHb TSH ropmoHa nocre
0bnyyeHns yBenmuuncs, B TO BpeMs kKak, B rpynne KpbiC, COAEPXaLUXcs Ha CTaHAapTHOW auere,
YPOBEHb 3TUX FOPMOHOB He U3MeHWNCs nocne 0bsyyeHuns. [opMoHanbHble YPOBHM Y KpbIC B BO3pacTe 4
n 9 Hepenb ObINM TaKkKe YCTONYMBBLI nocrie obnyyveHus, 6e3 pasnuumin Mexay rpynnamu Kpbic,
COAEPKaLLMXCS Ha AMETE C HU3KUM COAEepKaHUeM MOAA M rpynnoii KPbIC CO CTaHAAPTHOW AMETON.

3aknyeHne: 3T JaHHble CBMAETENbCTBYIOT O TOM, YTO MPW YCMOBMSX WopodeduuynTa, craTtyc
TOPMOHa LUMTOBUAHON KENEe3bl HOBOPOXAEHHbIX KPbic OCOBEHHO 4yBCTBUTENEH K BHYTPEHHEMY
obnyyenmto 1311,

Knroyeeble cnoea: TpUMOATUPOHMH, TUPOKCUH, 31 0bnyyeHne, ameta C HU3KUM COLEPKaHUEM
oaa, HOBOPOXAEHHbIE KPbIChI.
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Kipicne: AgamHbiH KankaHwa 6e3i, HerisiHae pagnaumanaH KeniH KaTepni icikke WwangblFy Kayni a3
Myle Gonbin caHanagbl. bipak 1986 xbinbl 6onFaH YepHobbinga ASC-HbIH, aBapusigaH KeniH |
KankaHwa 6e3niH katepni iciktepaiH KypT kebenreHi aHbikTanabl. COHAbIKTAH KankaHwa 6e3fiH
Katepni iciktepai acep ety (aktopnapblH 3epTTey kepek 6ongbl. ¥ Herisri kayin daktopnap
aHbikTangbl: (1) iwki caynenenaipy 31, (2) xacsl, (3) aeHe canmarbl. AngbiHaa bonfFaH 3epTTeyae, eH
Ken pagusuafaH 3apaan anfaH xaHa TyFaH ereykynpbiKTap ogneH a3 merilepae TaMakTarnsaH.

MakcatbI: 8p Typni XacTtafbl ereykympblkrapaa, a3 Mesnwepae NoAneH TaMakTanfaH, KarnkaHwa
Ge3aiH, ropmoHAapbiHa WK CayneneHaepyaiH, a3 Ao3anapblHbiH Kbicka Mep3iMai 9cepiH 3epTTey
Kepex.

Ogpictep: 1, 4, 9 antanbik F344 ereykymbipbikTap iwTepiHe 31 canbiHFaH. KaHyapnap nogneH a3
merwepae TamakTanfaH. KaH capbiCybiHaa TpUAoATUPOHWMH (T3), TUPOKCHH (T4) xaHe TUPeoTpOonTh
ropMoH (TSH) aHbIKTasnFaH.

Hatnxenep: [opMoHZapabIH, MaHbI3gbl ©3repTynepi, 1 antanblk ereykymblpblKTapaa aHbIKTanmbl,
T3 neHreii Te3 TemeHaeai, TSH aeHreni esrepreH, an 6acka Tontapga 0Cbl FOPMOHAAP ©3repreH KoK,

KopTbiHAbI: WopTaniubinbiesl Gap XaHa TyFaH ereykympblkTapga KankaHwa 0e3 ilki
coeynenexaepyre cesimran 31,

Heziz2i ce3dep: TpUOATUPOHWH, TUPOKCKH, 31l caynenexaepy, uoaneH a3 Meniiepaeri aveta,
KaHa TyFaH ereykympbIKTap.
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Introduction human thyroid gland is generally regarded as

lodine deficiency is thought to be a risk factor ~ having a relatively low risk of developing
for thyroid cancer [1-4]. In fact, administration of  radiation-induced  tumorigenesis,  because
an iodine-deficient diet (IDD) soon leads to  observations in pediatric patients treated with 131
thyroid hyperplasia accompanied by low serum  for various thyroid disorders have indicated no
thyroxine (T4) and high thyroid-stimulating  thyroid cancer risk at doses of <600 rad [12]. An
hormone (TSH) levels, and in rodents, thyroid  additional study of the risk of thyroid cancer after
adenomas subsequently develop [5, 6]. When diagnostic doses of 3!l also concluded that the
combined with exposure to a chemical thyroid has a low-carcinogenic potential [13].
carcinogen, the latency of the development of a ~ Subsequently, the nuclear reactor accident in
thyroid tumor is shortened by IDD [7]. Chernobyl in 1986 provided further insights into

A number of studies have demonstrated that  the risks of thyroid cancer. After the accident, the
ionized radiation can cause thyroid cancer, number of children suffering from thyroid cancer
although there is some controversy regarding the  increased dramatically in radiation-contaminated
dose-response relationship in animal models.  regions [14-16]. This rapid increase in the number
Potter et al. [8] and Doniach [9] concluded that  of cases of pediatric thyroid cancer within a few
external X-ray irradiation is about 10 times more  years of exposure to radioactive isotopes was
effective that internal 13! exposure for the  unexpected. The following three key risk factors
induction of thyroid tumors in rats. Other reports  have been implicated in the rapid increase in
indicated an equal sensitivity to both [10, 11]. The  thyroid cancer incidence across the affected
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areas: (1) 131 fallout from nuclear reactors is a
particularly strong inducer of thyroid cancer, (2)
the incidences of thyroid carcinoma in children
under the age of 15 years was markedly
increased compared with adults, and (3) a
relatively low-iodine diet in the affected areas
than in unaffected areas [17, 18]. In our previous
study, we investigated the short-term effects of a
low dose internal irradiation of 131l using rats of
varying ages maintained on standard (SD) and
IDD diet. We found that the dose of thyroid
radiation was higher in rats fed with IDD diet than
in rats fed with SD diet. In addition, the higher
thyroid doses were noted in 1-week-old rats than
in older rats [19]. In this study, we measured
serum triiodothyronine (Ts3), T4, and TSH levels of
the serum samples of our previous study focusing
on the effect of IDD and age.

Materials and Methods

Diet

The SD and IDD were purchased from
Oriental Yeast Co. Ltd., Tokyo. The SD contained
0.92 ppm of iodine, whereas the IDD contained
only 0.04 ppm. The standard tap water contained
20-50 ppm of iodine. Purified Milli-Q water
(Millipore Japan, Tokyo, Japan) that was provided
to the IDD groups contained 0.13 ppb of iodine.

Animal experiments

The animal experiments have been previously
described [19]. Briefly, F344 3- and 8-week-old
female rats were purchased from Charles River
Japan Inc. (Atsugi, Japan). Newborn rats were
obtained by random mating of F344 rats from the
same company. Half of the animals at each age
were maintained with free access to SD and tap
water, whereas the rest were administered 1DD
and Milli-Q water from 1 week prior to the 31|
injection (i.e., administration started at ages 0, 3,
and 8 weeks) to the end of the experimental
period. The mothers were provided the diet and
the water in 1 week-old groups. The experimental
facility was air-conditioned, maintaining an
ambient temperature of 24 + 2 °C a relative
humidity of 55 + 5% with a 12 h light/dark cycle.
All animal experiments were conducted following
the guidelines set out by Hiroshima University in
the “Guide for the Care and Use of Laboratory
Animals.”

Single doses of Na'3!| (Daiichi Pure Chemical
Co. Ltd., Tokyo, Japan) at 103 kBq per 100 g
body weight were injected intraperitoneally at the
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ages of 1, 4, and 9 weeks. Animals were
sacrificed under ether anesthesia at 0, 0.25, 0.5,
1, 2, 4, 8, and 16 days after the injection. Blood
samples were collected and serum samples were
stored for hormone assays.

Hormone assays

Total Tz and Ts were determined using
Amarex-MT3 and Amarex-MT4
radioimmunoassay kits, respectively (Oso Clinical
Diagnostic Co, Tokyo, Japan). The TSH
concentration of Serum was measured by
radioimmunoassay using NIDDK reagents
(NIDDK-rTSH-RP-2 as the reference) following
the recommended protocol [20]. The antigen was
iodinized using the lactoperoxidase method. The
second antibody, anti-rabbit IgG, was kindly
provided by the Institute of Molecular and Cellular
Regulation, Gunma University.

Statistical analyses

Statistical comparisons were conducted using
ANOVA followed by Scheffe’s test.

Results

Animals

Animals in all groups remained healthy during
the 2-week experimental period after irradiation.
The body weights steadily increased. There were
no significant differences in thyroid as well as
body weights between the SD and IDD groups.

Serum Tzand Ty

Figures 1 and 2 show time-dependent
changes in the serum T3 and T4 levels after the
injection of 31|

The most dynamic changes occurred in the rats
belonging to the 1-week-old IDD group with the T3
levels significantly dropping between 6 and 48 h
and then returning to the initial level. However, in
the rats belonging to the 1-week-old SD group,
serum T3 levels remained constant throughout the
experimental period. In both 1-week-old groups,
the serum T levels decreased at 12 h, following
which the levels were raised significantly above the
initial level between days 4 and 8.

Serum TSH levels

On days 2-4, significantly elevated serum
TSH levels were noted in the rats belonging to the
1-week-old IDD group. In both groups, in 4- and
9-week-old rats, the hormone levels fluctuated to
some degree during the first 24-h period after the
131] injection; however, they subsequently
stabilized, without any significant differences
between the IDD and SD treated groups.
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Fig. 1. Time-dependent change in serum
triiodothyronine (T3) after an injection of 131
(bars indicate standard error of the mean
(SEM); *significant difference from the initial
value at p <0.05, n = 3).

Discussion

This study, conducted using rats aged 1, 4, and
9 weeks, demonstrated that the thyroid function is
sensitive to irradiation in 1-week-old animals under
low-iodine diet.

Thus, the 31 injection resulted in temporary
interruption in serum T3 levels and an increase in
serum TSH levels.

Our previous study measuring the radiation
doses as a function of thyroid weight over 16
days demonstrated the following: (1) the thyroid
radiation doses were higher in the IDD than SD
groups, independent of age and; (2) the highest
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Fig.2
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Fig. 2. Time-dependent change in serum
thyroxine (Ts) after an injection of 3!l (bars
indicate standard error of the mean (SEM);
**significant difference from the initial

value at p <0.01, n=3).

thyroid radiation doses were noted in 1-week- old
rats in both the IDD and SD groups.
Consequently, the thyroid radiation doses were
the highest in the 1-week-old IDD group, followed
by the 1-week-old SD, which could be involved in
differential changes in thyroid hormones as well
as TSH in 1-week-old group.

The effects of age on 131 metabolism in the
thyroid gland of rats were previously examined
by Sikov [21]. The uptake and retention of 131
were found to be age-specific, with maximal
levels being higher in adults than in young
animals.
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Fig. 3. Time-dependent change in serum
thyroid-stimulating hormone (TSH) after an
injection of 13| (bars indicate standard error of
the mean (SEM); **significant difference from
the initial value at p <0.01, n = 3).

After examining the nature of the acute
morphological response in rats of different ages,
Sikov concluded that the retention curves generally
reflected damage to the thyroid glands, with this
damage reducing retention of 3, with relatively
radio-resistant function in adults. However, this
conclusion was based on the experiments of rats
exposed to 13| at levels of >1,800 kbg/100 g body
weight. In this study, the injected radioactivity was
103 kbg/100 g body weight, which did not cause
any severe damage to the thyroid gland. The
radiation-induced atrophy in the thyroid tissue
appeared minor, and the changes were transient
[19]. IDD treatment increased the uptake as well as
retention of 131l in the gland, particularly in 1-week-

1w

31

old rats. The growth of thyroid follicles during the
infancy would account for the higher retention,
because thyroid accumulates iodine  with
increasing size of the follicles.

When 13| was injected, rats had been treated
with IDD for a week, and there were no
differences in serum levels of T3, T4, or TSH from
the SD groups. These results agree with Fukuda
et al. [5], who reported that continuous feeding of
a low-iodine diet results in a decrease in serum
thyroid hormone levels; however, these
decreases did not occur within a week. In rats,
development of the hypothalamus—pituitary—
thyroid axis occurs during the neonatal period. T4
rises to peak concentrations at between 12 and
20 days of age, whereas the peak in T3 is delayed
until 20-32 days of age [22, 23]. The gradual
increase in T4 noted in 1-week-old group may be
the consequence of the normal development of T4
production. However, T3 levels in the 1-week-old
rats of IDD group were unstable, with decreases
observed on day 2, increases on day4, and no
significant changes subsequently. The serum
TSH levels changed accordingly. In 4- and 9-
week-old rats, the thyroid hormones and TSH
levels were steady during the experimental
period, except for some minor changes on the
first day.

In rats, the disturbance of the development of
the hypothalamus—pituitary-thyroid axis during
the neonatal period can cause permanent
impairment  of  function.  Thus,  when
hypothyroidism was induced in the rats by T4
injection during the first 10 days of neonatal life,
the T4 levels remained at two-thirds of the control
value for the rest of their lives, with TSH
production also being affected [24, 25]. The
effects of iodine deficiency on the development of
thyroid function during the neonatal period have
not been experimentally elucidated in detail;
however, a previous study has shown that
maintaining newborn rats on a low-iodine diet for
the first 7 weeks of life resulted in a decrease in
the growth rate after weaning, although plasma
TSH levels were the same as in rats maintained
on a standard diet [26].

A large-scale experiment with 6-week-old
female Long-Evans rats exposed to 13|
concluded that the 2-year risk of the development
of a thyroid tumor occurs at 31 levels between
0.9-2.3 x 10-4/rad, without a clear threshold [11].
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According to our study, the dose of 31l used in
the investigation should substantially increase the
risk of thyroid carcinogenesis. Dramatic effects of
1311 exposure on the hormone levels were
observed in the neonatal rats under iodine-
deficient conditions. Whether this could lead to
permanent effects, including an increase in the
susceptibility to thyroid carcinoma, remains to be
investigated.
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