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Abstract The objective of this study was to investigate the
effects of organic iodine (3,5-diiodotyrosine, DIT) and inor-
ganic iodine (potassium iodine, KI) on thyroid function and
oxidative stress in iodine-excess Wistar rats. Seventy-two
Wistar rats were randomly divided into eight groups: normal
control (NC), thyroid tablet-induced hyperthyroidism model
(HM), lowDIT (L-DIT), mediumDIT (M-DIT), high DIT (H-
DIT), low KI (L-KI), mediumKI (M-KI), and high KI (H-KI).
All rats were fed ad libitum for 30 days.Morphological chang-
es in the thyroid, absolute and relative weights of the thyroid,
thyroid function markers free triiodothyronine (FT3) and free
thyroxine (FT4), urinary iodine level, and oxidative stress in-
dicators weremeasured. Compared to the HM groups, the FT3
and FT4 levels decreased in the L-DIT groups; the thyroid
weight and thyroid weight/body weight values decreased
markedly in the L-DIT and M-DIT groups; serum superoxide

dismutase/malondialdehyde increased markedly; glutathione
peroxidase activity increased markedly in the L-DIT groups;
and malondialdehyde levels decreased significantly in the M-
DIT groups. However, the FT3 and FT4 levels decreased and
glutathione peroxidase levels increased significantly in the
DIT groups compared to their corresponding KI groups. Ad-
ditionally, urinary iodine levels increased significantly in both
DIT and KI groups, while the highest urinary iodine excretion
was showed in the DIT groups among groups. When the ad-
dition of iodine with the same doses in iodine-excess rats,
although neither DIT nor KI normalized iodine levels in the
iodine-excess rats, the DIT did less damage than did KI to
thyroid follicular cells. Therefore, DIT rather than KI had a
protective effect by balancing the antioxidant system when
exposed to supraphysiological iodine. These suggest that
DIT may be used as a new alternative iodized salt in
the universal salt iodization to avoid the potential dam-
age of surplus KI.
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Introduction

Iodine, which is the structural component of thyroid hor-
mones, plays an important role in development, metabolism,
thermoregulation, and growth [1]. Since the implementation
of the universal salt iodization policy in many nations over the
last several decades, iodine deficiency has fundamentally im-
proved worldwide [2]. However, hyperthyroidism remains a
concern, and there is little consensus regarding the mecha-
nisms. Previous studies reported that both high and low iodine
intakes could lead to hyperthyroidism [3–5], indicating a need
for dietary adjustments. This study, therefore, aimed to
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elucidate the effects and potential mechanisms of excess io-
dine exposure.

Iodine has been demonstrated to have an antioxidant effect
in thyroids and other tissues [6]. Moreover, iodine also seems
to be related to the activity of the glutathione peroxidase
(GSH-Px) and superoxide dismutase (SOD) [7]. There are
two forms of iodine, organic and inorganic iodine, in the or-
ganism [8]. Common inorganic iodine includes potassium io-
dine (KI) and potassium iodate, and common organic iodine
includes monoiodotyrosine (MIT) and 3,5-diiodotyrosine
(DIT) (Fig. 1). Some studies have shown that DIT, which is
a kind of tyrosine derivatives, has a unique advantage at the
daily dose, and it modifies some parameters of the oxidation
kinetic without side effects [9]. Moreover, the antioxidant ef-
fect of organic iodine may be better than that of inorganic
iodine [10]. We speculate that DIT’s scavenging effect on
reactive oxygen species may be stronger. Thus, in this study,
we also explore the relationship between high iodine and thy-
roid function as well as the potential curable value of DIT in
the iodine-excess rat model.

Materials and Methods

Animal Treatment

All experimental protocols were approved by the Institutional
Animal Ethics Committee, and all procedures were performed
in accordance with ethical standards. Animals were maintained
at 25±2 °C under standard conditions in animal room of Shan-
dong University. Male Wistar rats with a body weight (BW) of
190–210 g were obtained from the Experimental Animal Cen-
ter of Shandong University. They were randomly assigned to
the following eight treatment groups: normal control (NC),
thyroid tablet-induced hyperthyroidism model (HM), low DIT
(L-DIT), mediumDIT (M-DIT), high DIT (H-DIT), low KI (L-
KI), medium KI (M-KI), and high KI (H-KI). NC group was
treated with saline solution; HM group was treated with thyroid
tablets at the dosage of 200 mg/kg.BW by oral administration.
Low, medium, and high doses of DIT and KI were 25, 166.7,
and 500.1 μg iodine/kg.BW, respectively. The DIT and KI
groups were treated with different doses of DIT or KI and co-
treated with the thyroid tablets.

The recommended nutrient intakes of 150 μg/day and tol-
erable upper intake level of 1000 μg/day (equivalent to ap-
proximately 2.5 and 16.7 μg/kg.BW, respectively) for adults
meet needs and prevent excess intake [11, 12]. In this study,
the low, medium, and high doses of iodine were set at 25,
166.7, and 500.1 μg iodine/kg.BW, respectively, which is 10
times of recommended nutrient intakes and 10 times and 30
times of upper intake level.

The thyroid tablets (Yanzhou Shengbao Pharmaceutical
Co., LTD) contained the skimmed dry thyroid tissues, which

can promote metabolism, growth, and development. The main
components of the thyroid tablet were thyroxine and thyroid
original three iodine glycine. The concentration of the thyroid
tablet suspension was 40 mg/ml. Thyroid tablets and KI (AR,
Shandong Chemical Research Institute) were used to induce
hyperthyroidism in our model, as described in previous stud-
ies [13–15]. DIT was extracted from kelp by our laboratory,
and its concentration was 20,000 mg/kg.

After a 30-day administration, the rats were sacrificed un-
der anesthesia. Blood samples were collected and stored.
Body weight and wet organ weight were measured. The thy-
roid relative weight was calculated by the wet thyroid weight
(mg) divided by body weight (100 g). The cellular morphol-
ogy of thyroid stained with routine Hematoxylin and Eosin
(HE) was observed with an optical microscope.

Measurements of Biomarkers

Serum free triiodothyronine (FT3) and serum free thyroxine
(FT4) were measured using commercial kits (Beijing
Kemeidongya Bioengineering Institute, China). SOD, GSH-
Px, and malondialdehyde (MDA) levels were also measured
using commercial kits (Nanjing Jiancheng Bioengineering In-
stitute, China). Urinary iodine was analyzed by arsenic cerium
catalysis spectrophotometry (Standards of the People’s Re-
public of China on Health Industry).

Statistical Analysis

Data were expressed as mean±standard deviation (mean±SD)
and analyzed using SAS software. Analysis of variance was
used for comparison of more than two groups, and T test was
used for comparison of two group means. A P<0.05 was
considered statistically significant.

Results

General Condition

The main symptoms of all experimental groups including ag-
itation, difficulty in oral administration, and increased appetite
were observed except the NC group. The feces and urine were

Fig. 1 The chemical structure of 3,5-diiodotyrosine (DIT)
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not abnormal. Compared with the NC group, the body weight
of the experimental groups decreased significantly by the end
of the experiment. Compared with the HM group, the body
weight increased significantly in the M-DIT and H-DIT
groups. The body weight increased markedly in the M-DIT
and H-DIT groups, compared DIT groups to the correspond-
ing KI groups.

Changes in Thyroid Function and Weight Induced
by Excess Iodine

The FT3 and FT4 levels, body weight, and relative weight of
the thyroid in each group are shown in Table 1. There was a
significant difference between the NC group and the other
groups. In other seven groups, body weights decreased and
serum FT3 and FT4 levels increased. There was an increase in
the thyroid weight/body weight (TW/BW) ratio in the HM,
M-KI, and H-KI groups. Compared with the HM group, the
thyroid weight and TW/BW ratio decreased in the L-DIT and
M-DIT groups, and serum FT3 and FT4 levels decreased sig-
nificantly in the L-DIT group. Compared to their correspond-
ing KI groups, serum FT3 and FT4 levels decreased signifi-
cantly in the DIT groups, and the thyroid weight and TW/BW
ratio decreased in the H-DIT groups.

Changes in Urinary Iodine Induced by Excess Iodine

The urinary iodine levels of each group are given in Table 2.
Compared with the NC and HM groups, respectively, the DIT
and KI groups showed a significant rise in terms of urinary
iodine levels. In addition, the urinary iodine levels of the DIT
groups were higher than those of their corresponding KI
groups. The M-DIT and H-DIT groups achieved statistical
significance.

Changes in Oxidative Stress Indicators Induced by Excess
Iodine

A comparison of serum SOD and GSH-Px activity and MDA
and SOD/MDAvalues can be seen in Table 3. Compared with
the NC groups, the HM groups showed elevated MDA levels
and decreased SOD, GSH-Px, and SOD/MDA levels. By
comparison with the HM groups, the MDA levels was de-
creased in the M-DIT groups, GSH-Px activity increased in
L-DIT groups, and the SOD/MDA levels increased signifi-
cantly in the DIT groups. Compared to their corresponding
KI groups, the GSH-Px and SOD/MDA levels increased sig-
nificantly in the DIT groups.

Changes in Cell Morphology Induced by Excess Iodine

The thyroid morphology and quantitative observation under
an optical microscope are shown in Fig. 2. The follicular cells
of the thyroid in the HM groups had great variability in size,
and the cell colloid decreased and even disappeared. Cell ab-
normalities can be seen in follicular cavities. In the KI groups,
the degree of pathological change in the thyroid follicles had a
dose-effect relation, with the impairment aggravating gradu-
ally as the dosage increased. In the H-DIT groups, the degree
of lesions was similar to that of the HM groups, but the L-KI
and M-KI groups had only slight pathological changes.

Discussion

This present study suggested that supraphysiological iodine
exposure could induce hyperthyroidism. DIT protected
against hyperthyroidism and had a positive effect on thyroid
function by attenuating oxidative stress. Compared with KI,
DIT’s scavenging effect on reactive oxygen species was
stronger.

Table 1 Effect of different treatments on free T3 and T4 levels (picomole per liter), body weight (g) and thyroid weight (mg), and TW/BW (thyroid
weight/body weight) in different groups (Mean±SD)

Group Iodine dosage
(μg/kg)

Number (n) FT3 (pmol/L) FT4 (pmol/L) Body weight (g) Thyroid weight (mg) TW/BW
(mg/100 g)

NC – 8 5.08±2.61 2.98±1.52 272.11±10.67 29.70±4.66 9.64±1.82

HM – 9 26.11±11.09▲▲ 11.48±3.77▲▲ 237.47±15.55▲▲ 34.12±7.52 12.97±1.66▲▲

L-DIT 25 9 17.34±2.64▲▲ ■★★ 7.10±1.91▲▲ ■★★ 252.21±12.13▲▲ 26.57±3.01■ 9.98±1.08■■

M-DIT 166.7 9 17.68±4.72▲▲★★ 7.67±3.20▲▲★ 261.24±14.66■★★ 27.09±4.66■ 10.34±2.48■

H-DIT 500.1 8 19.97±2.25▲▲★ 8.02±2.57▲▲★ 258.36±11.41▲ ■★★ 28.28±5.30★ 10.93±2.37★

L-KI 25 9 24.06±5.35▲▲ 10.76±2.33▲▲ 252.20±10.04▲▲ 27.42±4.21 11.71±2.77

M-KI 166.7 9 26.91±7.80▲▲ 10.82±2.20▲▲ 238.47±16.06▲▲ 31.59±6.73 12.53±2.92▲

H-KI 500.1 9 29.88±12.65▲▲ 11.05±2.75▲▲ 235.38±14.48▲▲ 34.18±5.49 13.61±2.08▲▲

▲P<0.05, ▲▲P<0.01 (vs. NC); ■P<0.05, ■■P<0.01 (vs. HM); ★P<0.05, ★★P<0.01 (DIT vs. KI)
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DIT is found in seaweed and kelp of the genus Laminaria.
Figure 1 shows the chemical structure of DIT. Thyroid cells,
under the stimulus of thyroid stimulating hormone, delivered
the iodine ion into follicle cells through sodium-potassium
pump, and then, it was oxidized to iodine molecules rapidly.
Iodine molecules combine with tyrosine could produce MIT
and DIT in thyroglobulin. Two DIT coupling formed thyrox-
ine, and MIT combined with DIT formed triiodothyronine.

In the present study, compared with the HM groups, the serum
FT3 and FT4 levels decreased significantly in the L-DIT groups,
body weights increased in the M-DIT and H-DIT groups, and
thyroid weight and TW/BW decreased in the L-DIT and M-DIT
groups.Moreover, compared to their correspondingKI groups, the
serum FT3 and FT4 levels obviously declined, and the thyroid
weight and TW/BW ratio decreased in the H-DIT groups. These
findings suggested thatDITcould protect against hyperthyroidism,
which were consistent with other studies’ results [16, 17].

As one of tyrosine derivatives, DIT had the similar physi-
ological function to tyrosine. Previous studies had shown that
high tyrosine could relieve the symptom of hyperthyroidism

and restore the deformed cell morphology of the thyroid gland
[18]. As shown in Fig. 2, the damage in thyroid was visible
under light microscopy in the HM groups. In the experimental
groups, the DIT groups experienced milder pathological
changes than did the KI groups at the same dose levels. This
difference might be related to the Wolff-Chaikoff effect [19].
Iodine organification was restrained, in response to the in-
creasing iodide intakes, leading to a high concentration of
inorganic iodide within thyroid cells. Whereas inorganic io-
dine could affect the thyroid function and damage the follicu-
lar cells morphology, organic iodine may be not or less.

Rats under the hyperthyroidism condition were administrat-
ed high iodine. The vast majority of iodine was not absorbed
because of feeble demand, and thus, they excreted in the urine
after kidney metabolism. Compared with the NC groups, the
three DIT and KI groups showed a significant rise in urinary
iodine levels. In addition, the urinary iodine levels of the DIT
groups were higher than those of the corresponding KI groups.
That difference might be caused by the two different forms of
iodine, organic iodine in the DIT groups and inorganic iodine in
the KI groups, which resulted in different absorption and met-
abolic processes and different renal elimination rates. Some
studies reported that redundant organic iodine in the excretory
system can prevent the high-iodine goiters [20, 21]. However,
further research is needed to confirm this finding.

Growing evidences suggested that patients with hyperthy-
roidism were subject to oxidative stress and that hyperthyroid-
ism was associated with an increase in free radical production
[22, 23], leading to a large number of lipid peroxides appeared
in the thyroid gland. In this study, rats with hyperthyroidism
were supplemented with DIT or KI for 30 days. Our data
showed an elevation in MDA levels and a decline in SOD,
GSH-Px, and SOD/MDA levels, compared with the NC
groups. These findings suggested that hyperthyroidism was
characterized by increased oxidative stress and increased free
radicals. By comparison with the HM groups, theMDA levels
decreased significantly in theM-DIT groups, GSH-Px activity

Table 2 Rat urine iodine (microgram per liter) in different groups
(Mean±SD)

Group Iodine dosage (μg/kg) Number (n) Urine iodine (μg/L)

NC – 8 58.64±35.50

HM – 9 539.80±162.48▲▲

L-DIT 25 9 1844.33±292.74▲▲ ■

M-DIT 166.7 9 4222.33±299.74▲▲ ■★★

H-DIT 500.1 8 4092.00±306.23▲▲ ■★★

L-KI 25 9 1763.39±185.35▲▲ ■■

M-KI 166.7 9 2510.89±182.75▲▲ ■■

H-KI 500.1 9 2770.75±188.43▲▲ ■■

▲ P<0.05, ▲▲ P<0.01 (vs. NC); ■ P<0.05, ■■ P<0.01 (vs. HM);
★P<0.05, ★★P<0.01 (DIT vs. KI)

Table 3 Effect of different treatments on serum SOD activity (units per milliliter), MDA content (nanomole per milliliter), GSH-Px activity (units) and
SOD/MDAvalue in different groups (Mean±SD)

Group Iodine dosage (μg/kg) Number (n) SOD (U/ml) MDA (nmol/ml) SOD/MDA GSH-Px (U)

NC – 8 231.70±13.83 6.40±2.86 41.01±12.71 766.68±93.98

HM – 9 213.28±15.24▲ 9.78±1.12▲ 22.10±3.3▲▲ 655.73±87.46▲

L-DIT 25 9 220.84±26.5 7.47±2.64 32.55±12.06■ 758.21±92.40■★

M-DIT 166.7 9 203.25±13.93▲▲ 7.22±3.14■ 30.47±9.19■ 736.27±108.39★

H-DIT 500.1 8 208.26±29.00 7.68±2.05 29.98±6.19▲■ 726.05±118.89★

L-KI 25 9 216.62±8.00▲ 7.90±2.86 28.72±9.35▲ 637.66±140.20▲

M-KI 166.7 9 204.15±14.78▲▲ 8.87±2.25 25.81±6.38▲▲ 608.86±138.92▲

H-KI 500.1 9 187.67±43.73▲ 8.30±2.62 23.77±7.19▲▲ 591.06±116.55▲▲

▲P<0.05, ▲▲P<0.01 (vs. NC); ■P<0.05, ■■P<0.01 (vs. HM); ★P<0.05, ★★P<0.01 (DIT vs. KI)
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increased in the L-DIT groups, and the SOD/MDA levels
increased significantly in the DIT groups. Compared to their
corresponding KI groups, GSH-Px activity increased signifi-
cantly in the DIT groups.

These findings had different implications. On the one hand,
in addition to being a component of the thyroid hormone,
iodine could act as an antioxidant that helped to maintain the
integrity of several organs [24]. Moreover, the antioxidant
effect of molecular iodine was better than that of ionic iodine.
Molecular iodine exerted a 50-fold greater antioxidant action
than did KI [10]. However, another study showed that iodine,
especially organic iodides, might be a risk factor for thyroid
hypertrophy, although the mechanism involved in this toxicity
was unclear [25]. Iodine, especially organic iodine, probably
had important implications, but further research on oxidative
stress mechanism is needed for hyperthyroidism.

This study proved that DIT had certain strengths on antioxi-
dant status. Thus, we suggested that the DIT’s antioxidant effect
on reactive oxygen species might be better than KI. The mech-
anism might be related to the chemical structure of DIT, which
carries a phenolic hydroxyl unit that can provide the proton to
block free radical reaction. There were, however, several limita-
tions of this study. We did not measure the thyroid-stimulating
hormone levels. We also did not use a Lugol solution and iodine
oil to compare with the DIT results. And other antioxidants, such
as vitamin C, should be compared in the following experiments.
Furthermore, the antioxidant mechanisms of DIT were unclear,

and more experiments were needed to investigate the role of
organic iodine in antioxidant status.

In conclusion, this study suggested that DIT as an or-
ganic iodine source might be a safer and more effective
method of iodine supplementation than inorganic iodine.
DIT probably was regarded as a new alternative way of
iodized salt in the universal salt iodization, which at pres-
ent usually used inorganic iodine such as KI.
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Glossary

KI Potassium iodine
DIT 3,5-diiodotyrosine
GSH-Px Glutathione peroxidase
SOD Superoxide dismutase
MDA Malondialdehyde
FT3 Free triiodothyronine
FT4 Free thyroxine

NC×250               HM×400

L-KI×400                    M-KI×250                    H-KI×400

L-DIT×400                   M-DIT ×250                 H-DIT×400

Fig. 2 Thyroid morphological
changes under optical microscope
(H & E staining, ×400 or ×250)
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