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Summary: In order to study the effect of excessive iodine on immune function of lymphocytes and
the role of selenium supplementation with excessive iodine intake, the changes of T lymphocyte
number, ratio of subsets, activity of natural killer (NK) cdlls and lymphocytes proliferation response
were investigated. 150 female BALB/C mice were randomly divided into 5 groups in terms of their
body weight (n=30 in each group), and 10 of each group were taken as one batch for test. Mice in the
5 groups were orally administrated with iodine O (group 1), 1500 (group II), 3000 (group III),
6000 pg/L (group 1V), iodine 6000 pg/L plus selenium 0.3 mg/L (group V') respectively for 30 days.
Lymphocyte proliferation response, CD4'/CD8’, Th1/Th2 and the activity of NK cells were meas-
ured. CD4/CD8" was significantly lower, while lymphocyte proliferation response stronger, and
Th1/Th2 and the activity of NK cells significantly higher in group IV thanin group I (P<0.01).
There was no significant difference in al indexes between group V and group 1 (P>0.05). It was
suggested that excessive iodine as exogenous chemica materials can induce disorders of T lympho-
cyte immune function in mice. 0.3 mg/L selenium supplementation can protect mice againg toxicity
induced by 6000 pg/L iodine.
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It is becoming increasingly clear that lymphocyte is
crucial for autoimmunity disease in generation and de-
velopment. Due to abnormal regulation of body's im-
mune function, the changes in the T lymphocytic activity
and T lymphocytic subset ratio are caused, which are
responsible for initiating autoimmune responses. Epide-
miological investigation indicates that high frequency of
thyroid autoimmune disease on the area of excessive
iodine intake is 2-3 times more than that of low iodine
intake area. The data from laboratory and clinic identi-
fied that iodine can induce and aggravate thyroid auto-
immune disease ™. Thyroid autoimmune disease
mainly includes Hashimoto's thyroiditis (HT) and
Graves disease (Graves), which closdly relates to lym-
phocyte immune function 4. At present the aetiology of
thyroid autoimmune disease caused by excessive iodine
intake is still unknown. It is of great benefit to investi-
gate the cytotoxic effects of iodine on lymphocyte im-
mune function and how the lymph proliferation response
and the ratio of lymphocyte subpopulations affected by
excessive iodine. For this reason, mice were fed by dif-
ferent dosages of iodine for 30 days and lymph prolifera-
tion response, CD4'/CD8", Th1/Th2 and NK cytoactive
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were detected, which would demongtrate the effect of
excessive iodine on lymphocyte immune function.
Meanwhile, to study how selenium prevent excessive
iodine intake, 10 of each group in the 5 groups were
oraly administrated with 6000 pg/L iodine+0.3 mg/L
selenium. This study would provide us with a basic the-
ory about the aetiology of autoimmunity thyroid diseases
with relation to lymphocyte immune function breakdown
induced by excessive iodine intake and the effect on se-
lenium supplementation against excessive iodine.

1 MATERIALSAND METHODS

1.1 Experimental Animalsand Grouping

150 female BALB/C mice were randomly divided
into 5 groups in terms of their body weight (n=30 in each
group), and 10 of each group were taken as one batch for
test. Mice in the 5 groups were orally administrated with
iodine O (group 1), 1500 (group 1II'), 3000 (group III),
6000 pg/L (group 1V), iodine 6000 ng/L plus selenium
0.3 mg/L (group V) respectively for 30 days. Lymph
proliferation response, CD4/CD8", Th1/Th2, the activity
of natura-killer cells (NK) were observed. The experi-
ments were performed in accordance with the Guide for
the Care and Use of Laboratory Animals (DHEW Publi-
cation No. 85—23).
1.2 Determination of Lymphocytic Transformation
Ratein Spleen by MTT Method

The spleens were taken out of mice in sterility,
placed in a plat containing Hank’ s balanced salt solution
and grinned softly to release the spleen cells. Then, cells
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were transferred to a 200 small hole-nylon mesh to get
single cell suspension and centrifuged at 1000 r/min for 4
—5 min at 4°C, after which single cell was washed two
more times with Hank' s balanced sdt solution. Then the
cell pellet was suspended in 1 mL culture fluid, the
number of cells counted and adjusted to 3x10° cells per
mL. The cell suspension was added to 24-well culture
plates, 1 mL for each, stimulated with ConA (7.5 pg/mL)
and cultured for 72 h at 37°C in a humidified incubator
with 5% CO,. MTT was put into a well (5 mg/mL) 4 h
before the end of the culture. Lastly, OD value was de-
termined by a microplate reader in 570nm.

1.3 Detection of CD4'/CD8" Ratio by Flow Cytometry

The spleen cell suspension was incubated with
FITC-conjugated CD4 and PE-conjugated CD8 antibod-
ies and double stained a room temperature in dark for 30
min. After having been washed three times with 0.1%
BSA-PBS, the cells were resuspended in 500 pL 0.1%
BSA-PBS and immediately submitted to measurement
on a FACS Cdlibur flow cytometer (Becton Dickinson,
USA). Theratio of CD4/CD8 was cal cul ated.

1.4 Detection of Intracellular Cytokines |FN-y/IL-4
Ratio by Flow Cytometry

One mL spleen cell suspension was stimulated in a
container and then cultured with ConA (7.5 pg/mL) in
24-wdl culture plates for 72 h a 37°C in a humidified
incubator with 5% CO; in the presence of 10 png/mL of
brefeldin A. Brefeldin A might activate intracellular cy-
tokines and made the cytokine be detected easily. At the
end of the culture, activated lymphocytes supernatants
were harvested in tubes and fixed by 100 pL 4% para-
formaldehyde solution and incubated at room tempera-
ture in dark for 20 min, then washed with 0.1%
BSA-PBS. Each tube was added with 100 uL buffer
containing 0.05% Triton-X-100 and 0.3% BSA, incu-
bated for 10 min at room temperature in dark, then
washed two times and restored in 100 pL 0.1%
BSA-PBS. The samples were incubated with
FITC-conjugated IFN-y, and PE-conjugated IL-4 anti-
bodies for 30 min a room temperature in dark respec-

tively, washed two times and analyzed by flow cytometer.

Then, theratio of IFN-y/IL-4 was cal culated.
1.5 Analysisof NK Cytoactive

The spleens were taken out of mice in sterility.
Spleen cells suspension were considered as effector cells.
YAC-1 cells were considered as target cells and adjusted
to 4x10° cells per mL. 100 pL of the effector cels and
target cells respectively (effector cell:target cell=50:1)
were mixed and added into 96-well culture plates. 100
uL of the effector cells and basic medium respectively
were mixed and served as the natural releasing well. 100
uL of target cells and 1% NP4O0 respectively were mixed
and served as the maximum releasing well. The culture
plate was incubated for 4 h a 37°C in a humidified in-
cubator with 5% CO, and centrifuged at 1500 r/min for 5
min at 4°C. 100 uL of the supernatant was drown off and
dropped into another 96-well culture plates. Meanwhile,
100 plL of the substrate of lactic acid dehydrogenase was
added. After the reaction at room temperature for 3-5
min, 1 mol/L HCI (30 uL) was added to each well and
OD value was determined by a microplate reader in 490
nm.

1.6 Statistics Analysis

All the data were expressed ¥ts. The intergroup
difference was evaluated by the F-test of one-way analy-
sis of variance (ANOVA). The difference was consid-
ered to be significant at P<0.05.

2RESULTS

2.1 Effect of Excessive lodine on Lymphocytic Re-
productive Activity and Intervention with Selenium
inMice

From fig. 1, it was found that the OD value in group
IV was increased significantly as compared with that in
group I (P<0.01), but there was no significant differ-
ence between group I and group II or group III.
There was no change in the lymphocytic reproductive
activity ingroup V in comparisonto group 1.

Hk

15 —:E

OD values

| Il I WY Vv
Groups

Fig. 1 Effect of excessiveiodine on T lymphocytic reproduc-
tive activity and intervention with sdenium in mice
("'P<0.01, as compared with group 1)

2.2 Effect of Excessive lodine on CD4'/CD8" Ratio
Variation and I ntervention with Selenium in Mice

Asshown in fig. 2, theratio of CD4*/CD8" in group
IV was significantly lower than in group 1 (P<0.01),
but there was no significant difference between group 1I,
group III, group V andgroup 1.
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Fig. 2 Effect of excessive iodine on the ratio variation of
CD4'/CDS8" and intervention with selenium in mice
("P<0.01 as compared with group 1)

2.3 Effect of Excessive lodine on Ratio of Th1/Th2
and I ntervention with Selenium in Mice

As shown in fig. 3, as compared with group T, the
ratio of IFN-y/IL-4 was increased obvioudly in group 1V,
but there was no significant changes in the ration of
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IFN-y/IL-4ingroups II, III and V.
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Fig. 3 Effect of excessive iodine on the ratio of IFN-y/IL-4
and intervention with selenium in mice ("P<0.01 as
compared withgroup 1)

2.4 Effect of Excessive lodine on NK Cytoactive and
Intervention with Selenium in Mice

From fig. 4, it was discovered that excessive iodine
intake could induce the change of NK cytoactive. The
percentage of NK cytoactive in group IV was markedly
increased in comparison with group 1 (P<0.01), but
there was no significant changes in groups II, III and
V.
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Fig. 4 Effect of excessive iodine on NK cytoactivity and in-
tervention with sdlenium in mice ("P<0.01 as com-
pared with group 1)

3 DISCUSSION

In the earlier studies, it has been evident that goiter
is easily accessible in mice orally administrated with
3000 ug/L iodine (0.75 mg/kg body weight), 10 times of
that of the normal iodine intake, for three months®. Ac-
cordingly, in this study, BALB/C mice used for studying
effect of excessive lodine on immune function of lym-
phocytes were assigned into four groups based on the
iodine 3000 pg/L according to immune toxicologic rule,
1500, 3000, 6000 ug/L respectively and tap water, geo-
metric progression relation of 3000 pg/L, which would
be of great benefit to determine how the iodine affects
lymphocyte immune function. In addition, to study the
selenium protective mechanisms under the circumstance
of excessive iodine intake, 6000 pg/L iodine+0.3 mg/L
selinium group (group V) was set up to reveal the effects
of the selenium intervention.

Pathogenesis of autoimmune disease is believed to

begin with the activation of autoaggression T cell (aler-
gized). Normally there are relatively stable population of
T cellsand their subgroupsin tissue till immune function
isin disorder. From this study, it was found that lymph
proliferation response was activated abnormally in group
IV (6000 ug/L iodine), suggesting that the lymphocyte
immune function is disordered.

The most accurate method to study exogenous
chemica immunotoxicity is to measure cell surface
molecules with FACS®. The marked changesiin theratio
of CD4"/CD8" identified the generation of immunotoxic-
ity. CD4" T cells are divided into two-functional sub-
populations-Th1 and Th2. The excursion of their ratio is
responsible for initiating and ggravating some diseases,
eg, thyroid autoimmune di '8 The intensive excur-
sion of INF-y/IL4 in 6000 pg/L iodine group (group IV)
has demonstrated the risk of thyroid autoimmune disease
caused by excessiveiodine.

Moreover, NK cells can help T lymphocyte to pro-
liferate. In this study, it was found that excessive iodine
intake could result in the abnormal activation of NK cells.
It was might be contributed to the fact that the dosage led
to the exposure of concealed antigen and the enhance-
ment of cell toxic action, finaly resulting in organism
self-recognition.

In summary, iodine isrelated closaly to lymphocyte
immune response, and excessive iodine intake can result
in lymphocyte immune dysfunction, even cause thyroid
autoimmune diseases.

lodine is a srong oxidant. Investigation discovered
that excessive iodine intake for a long time could de-
crease the activity of anti-oxidation enzyme-SOD and
GSH-Px of blood, brain, and thyroid, and increase the
level of MDA, Hence, it might lead to oxidative dam-
age to some cells, which might result in proliferation and
differentiation of immune cells or alter the immune re-
sponse.

GSH-Px, which depends on sdlenium, is a very im-
portant antioxidase to the body. Selenium can clean
oxygen free radica and inhibit the production of free
radica™. Accordingly, favorable nutritiona status of
selenium is very useful and important to prevent the hu-
man body from theinjury of freeradicas.

At present, it is becoming increasingly clear that
excessive iodine intake requires higher concentration of
selenium in the liver and kidney of mice, as the activity
of GSH-PX can be suppressed obviously by excessive
iodiné™. These demonstrate that selenium metabolism
has much to do with iodine, for excessive iodine will
desire more selenium supplement. For this reason, it was
assumed that certain concentration of selenium could be
supplemented to enhance the activity of selenoenzyme
GSH-Px and the anti-oxidation ability of organism to
protect cells against oxygen free radicals and toxic com-
poundsinduced by excessive iodineintake.

The selenium concentration in feedstuff is 0.1 pg/L.
In this study, a group of 6000 ug/L iodine+0.3 mg/L se-
lenium (group V) was set up and selenium (0.3 mg/L)
was utilized to suppress the damage caused by 6000 pg/L
iodine. The results revealed that there was no significant
difference in the immunotoxicity between interventional
group (group V) and control group (group I), indicating
that adequate selenium has a favorable interventiona
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effect on excessive iodine intake.

In addition, it is known that goiter is easily accessi-
ble in mice orallgl administrated with 3000 pg/L iodine
for three months™. This study discovered that all indexes
of T lymphocyte immune function in the mice were al-
tered significantly in one month after the mice had been
orally administrated with 6000 pg/L iodine (0.75 mg/kg
body weight). It was inferred that goiter, the disorder of
lymphocyte immune function, and excessive iodine in-
take are related to one another. Therefore, the presum-
able result isthat goiter isrelated to the disorder of lym-
phocyte immune function caused by excessive iodine
intake.
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