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Abstract
Excessive exposure of iodine over a time is well known to cause thyroid dysfunction, which may be followed by different effects
on body organs. The present study aimed to illustrate the impacts of exposure of rats to excess iodine (above the tolerable range)
and the reversibility of any negative impacts on hormonal profile related to thyroid besides cortisol and the hematological and
biochemical parameters along with the histopathological alterations in the thyroid gland, liver, kidneys, and heart. Seventy-five
rats were divided equally into three groups: Group 1 was control animals. Groups 2 and 3 received sodium iodide (NaI) orally at a
dose of (35 and 70 mg/kg BW), which corresponded to (500 and 1000) times excess iodine from the physiological dose,
respectively for 30 days, then the NaI administration stopped in the treated groups for 15 consecutive days. Blood and tissue
samples were collected twice for various experimental tests after 30 and 15 days of exposure to excess iodine and stopping the
exposure, respectively. Overall results revealed that excess iodine in both tested groups developed a hyperthyroid condition,
hypercortisolism, relative polycythemia, neutropenia, elevation in serum liver and cardiac enzymes activities, hyperprotenemia,
hyperglobulinemia, elevation in serum urea, and cardiac troponin I concentrations (p < 0.05). It was concluded that the excess
iodine caused hyperthyroidism, which was associated with significant changes in erythrogram and leukogram and alterations in
hepatic, renal, and cardiac functions in an iodine dose-dependent damage relationship and the most of negative impacts continued
after stopping the administration.
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Introduction

Iodine (I) is one of the essential trace elements for animals and
humans, which is mainly found in ocean water in the form of
highly water-soluble iodide ion (I−), where the oceans are the
main repositories of iodine in the world. It is found in nature in
different forms represent in inorganic potassium and sodium
salts (iodides and iodates), inorganic diatomic iodine (molec-
ular iodine), and organic monoatomic iodine. It is considered a
main element for the production of thyroid hormones [1, 2].
Simply, the thyroid gland effectively takes up the iodine then
starts the organification process for formation of the iodized
compounds, which is utilized for thyroid hormones synthesis.
These important hormones act to control a number of

metabolic processes as well as induce the typical development
of numerous organs and enhance the normal growth of the
body. The relation between the level of iodine intake and the
range of thyroid disease occurrence appears in the form of ‘U’
shaped curve, signifying that there is an increasing risk with
both low and high iodine intake [3].

Since the implementation of the global strategy to the salt
iodization policy over the last several decades, the iodine de-
ficiency problem has remarkably improvedworldwide. On the
other hand, excess iodine exposure problems due to extensive
environmental exposure and the poor monitoring of exposure
levels, remains a concern [4, 5]. Excessive exposure of iodine
for humans and animals has been linked to several sources.
Dietary sources that are naturally rich in iodine in some world
regions are the main cause of health problems related to iodine
excess in some countries [6].The use of iodine-containing wa-
ter-purification tablets is considered another source of excess
exposure to iodine [7, 8]. Also, the high iodine content in
animal feed (including grass) and/or the use of iodophor
cleaners for milk cans lets dairy products become a potential
source of health problems related to excess iodine in some
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countries where dairy products represent a main part of the
human diet [9]. Another common source of exposure to ex-
cess iodine in the medical field is iodinated contrast agents
used in diagnostic radiology, where a single dose of iodinated
contrast usually contains hundreds of thousands of times the
recommended daily dose of iodine, as well as taking supple-
ments, which contain iodine without monitoring, and the use
of antiseptics containing iodine [6]. On the other hand, the
exposure to excess iodine in livestock may be due to the
prolonged consumption of a feed containing several compo-
nents supplemented with iodine compounds and the improper
dealing with mineral feed admixtures for long time. Also, the
prolonged use of iodine compounds for prevention and the
treatment of different disease such as infectious podo-derma-
titis, mastitis, actinomycosis, infertility cases, and complex of
respiratory diseases may lead to exposure of animals to excess
iodine [10]. In general, the slight or even moderate over ex-
posure to most of the minerals relative to the essential body
requirement does not cause deleterious effects on animal and
human health, but excessive exposure for long durations can
start to induce bad impacts on the health status [11, 12].
According to the literature, the exposure to iodine that are
far in excess or above the physiological needs, but below the
tolerable doses may produce deleterious effects, particularly
on the thyroid gland, and thyroid hormones production and
secretion. It was evidenced that the excess iodine intake in-
volved risks manifesting as hypothyroidism, hyperthyroidism,
development of goiter, cancer, and Jod-Basedow syndrome, a
cause of thyrotoxicosis which is typically seen after exposure
to exogenous iodine load [13–16]. This in turn can induce
various impacts on different body organ systems, depending
on the thyroid dysfunction, especially when the thyroid hor-
mones have effects on virtually every organ in the body sys-
tem [17]. Additionally, the extent and duration of exposure of
excess iodine plays an important role in the severity of nega-
tive impacts.

Therefore, this study was carried out to investigate the im-
pacts of exposure of experimental rats to excess iodine (above
the tolerable range) on hormonal profile related to thyroid as
well as erythrogram, leukogram, besides the various biochem-
ical parameters related to different vital organs represented in
the liver, kidneys, and heart and the possible histopathological
alterations in the tested organs. Also, the reversibility of any
negative impacts on body systems after stopping the exposure
to excess iodine was investigated.

Material and Methods

Experimental Animals Maintenance

The present study was done on seventy-five healthy male
Wistar albino rats (Rattus norvegicus) (2 months old and

weighing 150 g ± 15) obtained from the laboratory animal
house, Faculty of Veterinary Medicine, Zagazig University,
Egypt, which were adapted for 1 week before starting the
experiment. All the experimental rats were kept in standard
cages and maintained on the standard feed formulated accord-
ing to NRC [18] and details of which are given in (Table 1)
and water ad libitum. NaI at the dose of 0.07 mg/kg BW was
provided with the standard feed [19]. Standard laboratory con-
ditions were provided for animals during the experiment (24 ±
2 C, relative humidity 40–60%, 12-h dark and light photope-
riod). Rats were weighed at the beginning of the experiment
and every week until the end of the experiment to adjust the
dose of tested agent. Experimental animals were observed
daily to monitor the general health status. The study was ap-
proved by Zagazig University Institutional Animal Care and
Use Committee “ZU-IACUC”, Egypt (Approval no: ZU-
IACUC/2/F/114/2019).

Tested Agent

Excess iodine was administered in this experiment in the form
of sodium iodide (NaI). It was analytic reagent with 99%
purity and procured from Techno pharmchem, Bahadurgarh,
India (CAS No. 7681-82-5). It was in the form of white crys-
talline powder and was stored in a suitable condition.

Table 1 Composition of standard rat feed

Ingredients Basic diet %

Ground yellow maize 60

Wheat flour 10

Wheat bran 5

Fish meal, 62% 7

Soybean meal local, 44% 10

Vegetable oil 4

Calcium carbonate 0.5

Dicalcium phosphate 1.25

Non-iodized salt (NaCl) 0.5

Vitamins and minerals premix 1.75

Total 100

Calculated analysis

Dry matter % 88.11

Crude protein % 15.44

ME Kcal/kg 3028.6

Energy efficiency % 7.39

Crude fiber % 2.57

Ash% 4

Calcium% 0.58

Phosphorus % 0.35

ME metabolizable energy, Kcal/kg
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Experimental Pattern

A total of 75 rats were randomly divided into three
groups, each group included 25 rats. Group 1 kept as a
normal control. Group 2 (500 EI) was administered NaI
at a dose of 35 mg/kg BW dissolved in distilled water,
which corresponded to 500 times excess iodine (EI) from
the physiological daily dose. Group 3 (1000 EI) was
administered NaI at a dose of 70 mg/kg BW daily dis-
solved in distilled water, which corresponded to 1000
times excess iodine from the physiological daily dose.
The doses were given daily for 30 days continuously
via oral gavage needle, then stopped in the treated
groups for 15 consecutive days. The physiological daily
dose of iodine was referred to the published literature
[19]. Bearing in mind that, median lethal dose (LD50)
of NaI in rats (oral treatment) is 4340 mg/kg [20].The
used doses in this study are above the iodine tolerable
range for rats according to Chakraborty et al. [21].

Blood and Organs Collection

Sampling occurred twice during the course of the exper-
iment, after 30 days from starting the administration of
NaI and after 15 days of stopping administration of NaI
from the experimental groups. Blood samples were col-
lected by puncturing retro-orbital venous sinus from
anesthetized rats with sodium pentobarbital after over-
night fasting period. The first portion (1 ml) of blood
samples was collected into clean Wasserman tubes con-
taining dipotassium salt of ethylenediaminetetraacetic
acid (EDTA) for doing the different hematological tests.
The second portion (1.5 ml) of blood samples was col-
lected into ordinary tubes for centrifugation and isola-
tion of serum for doing the different hormonal and bio-
chemical assays. Rats were euthanized after anesthesia
by decapitation, and thyroid, the liver, kidneys, and
heart were quickly excised for histopathological
examination.

Hormonal Assay

The RT-2100C microplate reader (Rayto Life and Analytical
Sciences, China) was used to measure thyroid-stimulating
hormone (TSH) (Catalogue No. RTC007R), thyroxine (T4)
(Catalogue No. MBS704309), free thyroxine (FT4)
(Catalogue No. ER0962), triiodothyronine (T3) (Catalogue
No. MBS261285), free triiodothyonine (FT3) (Catalogue
No. CSB-E05076r) , and cort isol (Catalogue No.
MBS9424757). These parameters were measured using
ELISA kits purchased commercially from BioVendor,
MyBioSource, FineTest and Cusabio by following of the
manufacturer’s instructions.

Hematological and Biochemical Assays

The hematological parameters were measured by using an
automated blood cell analyzer (Rayto-7200, Germany), in-
cluding red blood cells (RBCs) count, hemoglobin (Hb) con-
centration, packed cell volume (PCV) value and total and
differential leukocyte counts.

The semi-auto chemistry analyzer (Chem-7 manufactured
by Erba Diagnostics, Germany) was used to measure the se-
rum biochemical parameters, including alanine aminotransfer-
ase (ALT), aspartate transaminase (AST), gamma-
glutamyltransferase (GGT), total proteins, albumin, creati-
nine, urea, lactate dehydrogenase (LDH), and creatine
kinase-myocardial band (CK-MB).All biochemical markers
weremeasured by using commercial diagnostic kits purchased
from Spinreact, following of the manufacturer instructions.
Subtracting albumin from total proteins produces globulins
concentration.

The RT-2100C microplate reader (Rayto Life and
Analytical Sciences, China) was used to measure cardiac tro-
ponin I (cTn I) by using an available ELISA kit (Catalogue
No. ER0870) purchased from FineTest according to the kit
guidelines.

Histopathological Examination

In order to detect the histopathological alterations in the thy-
roid, liver, kidneys, and heart, the different organs were col-
lected then fixed by using of 10% buffered formalin. The fixed
tissues were cut then washed with distilled water and
dehydrated in ascending degrees of alcohol, then cleared in
xylene, after that, paraffinized and sectioned into 5-μm thin
pieces. Finally, the prepared slides were stained with hema-
toxylin and eosin (H&E) [22]. All slides were examined under
a light microscope and photomicrographs were captured.

Statistical Evaluation

In the present study, the obtained data were analyzed by using
SPSS software (V21.0) and subjected to statistical processing
by using the method of one-way analysis of variance
(ANOVA), and Tukey’s HSD post-hoc descriptive was used
to test the significance differences between the mean values
[23]. A significant change was considered if p < 0.05.

Results

Hormonal Assay

In the current research, serum TSH level showed a significant
decrease in both NaI-exposed groups, and the lowest values
were observed in (1000 EI) group (p < 0.05) after 30 days
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from the exposure to NaI and 15 days of stopping NaI-
exposure compared with the control group. Serum T4, FT4,
T3, FT3, and cortisol levels showed a significant increase in
both NaI-exposed groups when compared with the control
group, and the highest values were observed in (1000 EI)
group (p < 0.05) after 30 days from the exposure to NaI and
15 days of stopping NaI-exposure (Figs. 1, 2, and 3a, b)

Hematological and Biochemical Assays

Concerning the results of hematological parameters (Tables 2
and 3), a significant increase in RBCs count, Hb concentra-
tion, and PCV value in all NaI-exposed groups with regard to
the control group (p < 0.05) was observed, and the highest
values were observed in (1000 EI) group after 30 days of
exposure to NaI, while there were no statistically significant
differences in these hematological parameters in all experi-
mental groups after 15 days of stopping NaI-exposure (p >
0.05). A significant reduction and elevation in the total leuko-
cytes count was noted in (500 EI) and (1000 EI) groups, re-
spectively compared with the control group (p < 0.05).
Neutrophils count showed a significant decrease in both
NaI-exposed groups in comparison with the control group (p
< 0.05). Lymphocytic, monocytic, and esinophilic counts ex-
hibited non-significant change and significant increase in (500
EI) and (1000 EI) groups, respectively, when compared with
control group (p < 0.05). Basophilic count showed non-
statistical significant difference in all tested groups (p >
0.05). All these changes in leukogram were observed after
30 days of the exposure to NaI. On the other hand, non-
statistical significant differences were observed in all tested
groups in leukogram parameters after 15 days of stopping
NaI- exposure (p > 0.05).

As for the results of biochemical tests (Tables 4 and 5),
after 30 days of the exposure to NaI, a significant increase in
serum ALT, AST, GGT, LDH, and CK-MB activities and
levels of total proteins, globulins, urea, and cTn I was
remarked in both NaI-exposed groups in comparison with
the control group; and the highest values were observed in
(1000 EI) group (p < 0.05),while the serum albumin level
showed a significant increase in (500 EI) group and non-
significant change in (1000 EI) group when compared with
control group (p < 0.05); and lastly, serum creatinine showed
non-statistical significant difference in all tested groups (p >
0.05). Furthermore, after 15 days of stopping NaI-exposure, a
significant increase in serumALT, AST, GGT, LDH, and CK-
MB activities and levels of total proteins, albumin, globulins,
urea, and cTn I was observed in (500 EI) and (1000 EI) groups
in comparison with the control group; and the highest values
were observed in (1000 EI) group except in the values of
albumin (p < 0.05), ultimately, serum creatinine, showed
non-statistical significant difference in all tested groups (p >
0.05).

Histopathological Examination

Photomicrograph of the rat thyroid gland of the control group
showed regular contoured follicles lined by bland-looking cu-
boidal epithelial cells; large round parafollicular C cells are
seen distributed in the follicular wall and in between follicles
(Fig. 4a). The histopathological changes in the thyroid gland
of the 500 EI group 30 days post NaI-exposure appeared in the
form of focal follicular cells proliferation, nuclear enlargement
with ground glass appearance, parafollicular cellular prolifer-
ation, and cystification (Fig. 4b). Lastly, the most evident
histopathological changes in the thyroid gland of the 1000

Fig. 1 a Serum thyroid-stimulating hormone (TSH) and b thyroxine (T4)
concentrations after 30 days of starting sodium iodide exposure and 15
days of stopping the exposure in the different groups. Data are expressed

in the form of mean ± SE. Bars with different letters are significantly
different (p < 0.05) and the highest value was represented by the letter
(a). EI excess iodine
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EI group 30 days post NaI-exposure appeared in the form of
focal follicular cells proliferation, nuclear enlargement with
ground glass appearance, cystification and capillary hyper-
emia and intervening capillary network, and associated para-
thyroid tissue (Fig. 4c,d). Regarding the histopathological al-
terations in thyroid gland after 15 days of stopping NaI-expo-
sure, the pathological changes in thyroid follicles, follicular
cells, and parafollicular cells tend to be lower compared to
those found after 30 days of exposure to NaI in this study.
Colloid scalloping was also seen in some follicles as a mani-
festation of previous hyperfunctional activity.

A photomicrograph of rat liver of the control group showed
preserved lobular arrangement, hepatic cords orientations,
portal tirades structural components, sinusoids, Von-Kupffer

cells, and stroma (Fig. 5a). The histopathological alterations in
the liver of the 500 EI group 30 days post NaI-exposure were
observed in the form of congested blood vessels and (lympho-
cytes, plasma cells, and macrophages) infiltration (Fig. 5b).
On the other hand, liver histopathological findings in the 1000
EI group 30 days post NaI-exposure revealed marked conges-
tion, edema, biliary proliferation, round cells (lymphocytes,
plasma cells, and macrophages) infiltration, hepatocellular de-
generation (cloudy swelling and hydropic degeneration), be-
sides periportal round cells aggregation, and congested blood
vessels (Fig. 5c,d). By looking at the histopathological chang-
es in hepatic tissue after 15 days of stopping NaI-exposure
showed generally hepatic parenchymal, vascular, biliary, and
stromal structures tend towards normal condition, a part of

Fig. 2 a Serum-free thyroxine (FT4) and b triiodothyronine (T3) concen-
trations after 30 days of starting sodium iodide exposure and 15 days of
stopping the exposure in the different groups. Data are expressed in the

form ofmean ± SE. Bars with different letters are significantly different (p
< 0.05) and the highest value was represented by the letter (a). EI excess
iodine

Fig. 3 a Serum-free triiodothyonine (FT3) and b cortisol concentrations
after 30 days of starting sodium iodide exposure and 15 days of stopping
the exposure in the different groups. Data are expressed in the form of

mean ± SE. Bars with different letters are significantly different (p < 0.05)
and the highest value was represented by the letter (a). EI excess iodine
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mild portal vascular dilatation and mild biliary proliferation or
chronic cholangitis, which are more pronounced in 1000 EI
group.

In the kidney tissue section of the control group, apparently
normal cortical and medullary counterparts were observed
(Fig. 6a). Microscopic examination of the renal tissue section
of the 500 EI group 30 days post NaI-exposure showed mild
nephrotoxic changes represented by congestion of renal blood
vessels, perivascular edema, and interstitial round cell infiltra-
tion (Fig. 6b). The histopathological observations on the kid-
ney of the 1000 EI group 30 days post NaI-exposure showed
moderate nephrotoxic changes represented by degenerative
changes in renal tubular epithelium (cloudy swelling and
hydropic degeneration), interstitial round cell infiltration,
cystically dilated renal tubules, hypercellular glomerulous,
and intratubular hyaline casts (Figs. 6c, d). On the other hand,
the histopathological results after 15 days of stopping NaI-

exposure revealed relatively apparent normal renal structures.
Mild glomerular shrinkage and renal tubular epithelial degen-
eration were observed in the 1000 EI group.

Heart tissue section of the control group showed apparently
normal and healthy cardiomyocytes, sarcolemmal mem-
branes, intercalated discs, coronary and intermuscular blood
vessels, and capillaries (Fig. 7a). Inspections of the cardiac
tissue sections of the 500 EI group 30 days post NaI-
exposure showed congestion of the coronary and
intermuscular blood vessels, perivascular, and intermuscular
edema (Fig. 7b, c). Histopathological examination of cardiac
tissue sections of the 1000 EI group 30 days post NaI-
exposure showed cardiotoxic changes represented by conges-
tion of the coronary and intermuscular blood vessels (Fig. 7d),
cardiomyocytic degenerative, necrotic, and malacic changes,
besides intermascular hemorrhage (Fig. 8a–c). With regard to
the histopathological findings of cardiac tissue after 15 days of

Table 2 Hematological values
after 30 days of starting sodium
iodide exposure

Parameters Experimental groups

Gp. (1) Gp. (2) Gp. (3) p value

RBCs (×106/μl) 6.38 ± 0.009c 6.83 ± 0.049b 7.21 ± 0.041a 0.018

Hb (g %) 12.39 ± 0.107c 14.85 ± 0.181b 15.46 ± 0.055a < 0.001

PCV (%) 36.44 ± 0.136c 37.82 ± 0.085b 38.50 ± 0.129a < 0.001

WBCs (×103/μl) 13.28 ± 0.112b 12.41 ± 0.145c 18.65 ± 0.306a < 0.001

Neutrophils (×103/μl) 1.65 ± 0.068a 1.20 ± 0.019b 1.29 ± 0.063b < 0.001

Lymphocytes (×103/μl) 11.42 ± 0.041b 11.01 ± 0.125b 17.07 ± 0.303a < 0.001

Monocytes (×103/μl) 0.08 ± 0.008b 0.08 ± 0.005b 0.14 ± 0.014a < 0.001

Eosinophils (×103/μl) 0.09 ± 0.002b 0.08 ± 0.002b 0.11 ± 0.006a 0.003

Basophils (×103/μl) 0.03 ± 0.002 0.04 ± 0.002 0.04 ± 0.002 0.493

Data given are mean ± SE. Means bearing different superscript letters within the same row are significantly
different (p < 0.05), and the highest value was represented by the letter (a), same letters indicate no differences.
No letters indicate (p > 0.05). Gp. (1) control group, Gp. (2) 500 EI group, Gp. (3) 1000 EI group. RBCs red blood
corpuscles, Hb hemoglobin, PCV packed cell volume, WBCs white blood cells

Table 3 Hematological values
after 15 days from stopping
sodium iodide exposure

Parameters Experimental groups

Gp. (1) Gp. (2) Gp. (3) p value

RBCs (×106/μl) 6.29 ± 0.089 6.30 ± 0.038 6.36 ± 0.194 0.910

Hb (g %) 13.06 ± 0.216 13.72 ± 0.430 13.78 ± 0.147 0.196

PCV (%) 36.37 ± 0.153 36.44 ± 0.139 36.53 ± 0.123 0.725

WBCs (×103/μl) 12.33 ± 0.152 12.24 ± 0.011 12.29 ± 0.022 0.775

Neutrophils (×103/μl) 1.50 ± 0.026 1.52 ± 0.016 1.44 ± 0.029 0.146

Lymphocytes (×103/μl) 10.61 ± 0.122 10.54 ± 0.023 10.67 ± 0.012 0.465

Monocytes (×103/μl) 0.10 ± 0.005 0.08 ± 0.008 0.08 ± 0.004 0.156

Eosinophils (×103/μl) 0.09 ± 0.008 0.07 ± 0.005 0.08 ± 0.004 0.182

Basophils (×103/μl) 0.03 ± 0.002 0.03 ± 0.002 0.02 ± 0.005 0.195

Data given aremean ± SE. No letters indicate (p > 0.05). Gp. (1) control group, Gp. (2) 500 EI group, Gp. (3) 1000
EI group. RBCs red blood corpuscles, Hb hemoglobin, PCV packed cell volume, WBCs white blood cells
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stopping NaI-exposure, the reduction in the most of cardiac
pathological changes previously observed in this study upon
exposure to NaI towards normal status was observed.

Discussion

The thyroid gland has a hand over in a large extent on the
various activities of the body, where the thyroid hormones act
on organs’ physiological functions as well as the metabolic

rate, and the activity of different enzymes in the body [24].
Thyroid imbalances can lead to serious disturbances of chem-
ical and morphological structure of different organs [25].

Iodine is a fundamental constituent of the thyroid hor-
mones, so receiving the normal bodily requirement of iodine
is an important for normal thyroid function. Thyroxine (T4)
and triiodothyronine (T3) are the important hormones pro-
duced by the thyroid gland, and T3 is the active form and
the majority of it comes from the peripheral conversion of T4
to T3, while it represents 20% of the produced and secreted

Table 4 Some biochemical
parameters after 30 days of
starting sodium iodide exposure

Parameters Experimental groups

Gp.(1) Gp.(2) Gp.(3) p value

ALT (U/L) 71.84 ± 0.403c 129.04 ± 0.411b 145.92 ± 0.579a < 0.001

AST (U/L) 100.87 ± 0.403c 191.62 ± 0.515b 236.08 ± 0.749a < 0.001

GGT (U/L) 10.63 ± 0.265c 27.41 ± 0.327b 35.92 ± 0.821a < 0.001

Total proteins (g /dl) 6.89 ± 0.018c 8.38 ± 0.005b 10.22 ± 0.008a < 0.001

Albumin (g /dl) 3.70 ± 0.013b 4.32 ± 0.008a 3.69 ± 0.010b < 0.001

Globulins (g /dl) 3.19 ± 0.020c 4.06 ± 0.005b 6.53 ± 0.010a < 0.001

Creatinine (mg/dl) 0.75 ± 0.029 0.76 ± 0.034 0.85 ± 0.025 0.084

Urea (mg/dl) 37.88 ± 0.479c 60.62 ± 0.449b 85.38 ± 0.373a < 0.001

LDH (U/L) 782.60 ± 0.600c 1684.40 ± 0.244b 1787.00 ± 0.447a < 0.001

CK-MB (U/L) 858.80 ± 0.583c 1113.40 ± 0.400b 1429.60 ± 0.509a < 0.001

cTn I (pg/ml) 150.20 ± 0.663c 239.40 ± 0.678b 405.40 ± 0.509a < 0.001

Data given are mean ± SE. Means bearing different superscript letters within the same row are significantly
different (p < 0.05), and the highest value was represented by the letter (a), same letters indicate no differences.
No letters indicate (p > 0.05). Gp. (1) control group, Gp. (2) 500 EI group, Gp. (3) 1000 EI group. ALT alanine
aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyl transferase, LDH lactate dehydroge-
nase, CK-MB creatine kinase-myocardial band, cTn I cardiac troponin I

Table 5 Some biochemical
parameters after 15 days of
stopping sodium iodide exposure

Parameters Experimental groups

Gp. (1) Gp. (2) Gp. (3) p value

ALT (U/L) 71.04 ± 0.749c 79.96 ± 0.874b 89.09 ± 0.895a < 0.001

AST (U/L) 125.52 ± 0.560c 136.48 ± 0.921b 188.77 ± 0.948a < 0.001

GGT (U/L) 10.00 ± 0.316c 23.60 ± 0.509b 29.80 ± 0.374a < 0.001

Total proteins (g/dl) 6.76 ± 0.012c 7.91 ± 0.005b 8.40 ± 0.003a < 0.001

Albumin (g/dl) 3.51 ± 0.012b 4.03 ± 0.007a 4.04 ± 0.007a < 0.001

Globulins (g/dl) 3.25 ± 0.014c 3.88 ± 0.010b 4.36 ± 0.005a < 0.001

Creatinine (mg/dl) 0.70 ± 0.035 0.74 ± 0.032 0.82 ± 0.033 0.091

Urea (mg/dl) 39.13 ± 0.578c 56.61 ± 0.440b 66.74 ± 0.694a < 0.001

LDH (U/L) 715.20 ± 0.374c 736.20 ± 0.583b 848.40 ± 0.509a < 0.001

CK-MB (U/L) 820.80 ± 0.583c 897.60 ± 0.509b 1143.20 ± 0.374a < 0.001

cTn I (pg/ml) 146.60 ± 0.509c 232.20 ± 0.374b 348.20 ± 0.583a < 0.001

Data given are mean ± SE. Means bearing different superscript letters within the same row are significantly
different (p < 0.05), and the highest value was represented by the letter (a), same letters indicate no differences.
No letters indicate (p > 0.05). Gp. (1) control group, Gp. (2) 500 EI group, Gp. (3) 1000 EI group, ALT alanine
aminotransferase, AST aspartate aminotransferase, GGT gamma-glutamyl transferase, LDH lactate dehydroge-
nase, CK-MB creatine kinase-myocardial band, cTn I cardiac troponin I
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hormone from the thyroid. On the other hand, T4 constitutes
more than 80% of the synthesized and secreted hormone from
the thyroid. The production and release of thyroid hormones
are regulated by thyroid-stimulating hormone (TSH) under a
feedback loop effect [26, 27]. Free forms of thyroid hormones
(0.02% of T4 and 0.04% of T3) are considered the biologi-
cally active forms, while protein-bound thyroid hormones are
considered inactive and unavailable to peripheral tissues. The
laboratory screening for the evaluation of thyroid function
includes TSH, T4, T3, FT4, and FT3; and the measurement
of FT4 and FT3 considers the most clinically relevant for the
assessment of thyroid disturbances, where the total thyroid
hormones’ measurement is influenced by changes in the con-
centration of the binding protein [28]. The current study
showed a significant decrease in the serum TSH level and
significant increase in serum T4, FT4, T3, and FT3 concen-
trations in in both groups exposed to NaI in excess with the
marked alterations in (1000 EI) group compared to the con-
trol group. These obtained results may be due to that the
excess iodine provides high substrate for thyroid hormones
production. Also, it is possible for iodine to act as an immune
stimulator, which leading to autoimmune thyroid disease and
subsequent hyperthyroidism. TSH level depression in the
present s tudy is the most sensi t ive indicator of

hyperthyroidism case [26, 29]. According to Fradkin and
Wolff [30], the iodine-induced hyperthyroidism may relate
also to faults in autoregulation of hormones biosynthesis.
These detected results are confirmed by the histopathological
changes of thyroid gland tissue of rats in the experimental
groups (Fig. 4b–d). Cortisol is the fundamental hormone re-
sponsible for the unfavorable effects of stress. Also, it has an
important role in the regulation of different physiological
processes inside the body varies from metabolic activities to
memory formation and behavior [31, 32]. Concerning the
serum cortisol level in the existing study, hypercortisolism
was observed in rats groups which exposed to NaI in excess
with the highest value in (1000 EI) group in comparison with
the control group and that can be due to the significant alter-
ations (hyperactivity) in hypothalamic-pituitary-adrenal axis
(HPA) function under the influence of hyperthyroidism. Also,
high levels of thyroid hormones have a direct effect on the
development and function of the adrenal cortex, where hy-
perthyroidism accelerates the adrenal cortex morphogenesis
and stimulates its hypertrophy and occurrence of
hypercortisolism subsequently. Moreover, the severity and
duration of the hyperthyroid case may play an important role
in determining the adrenal functional capacity level and the
HPA axis [33, 34].

Fig. 4 Photomicrograph of H&E stained sections after 30 days of starting
sodium iodide exposure. a Thyroid gland tissue section of control group
showing regular contoured follicles lined by bland-looking cuboidal ep-
ithelial cells (yellow arrows), large round parafollicular C cells are seen
distributed in the follicular wall and in between follicles (black star and
arrow). b Thyroid gland tissue section of 500 EI group showing focal
follicular cells proliferation, nuclear enlargement with ground glass

appearance (yellow arrow), parafollicular cellular proliferation (red ar-
row) and cystification (black arrow). c, d Thyroid gland tissue sections
of 1000 EI group showing focal follicular cells proliferation, nuclear
enlargement with ground glass appearance (yellow arrow), cystification
(green arrows), capillary hyperemia (blue arrow), and intervening capil-
lary network and associated parathyroid tissue (yellow star)
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Fig. 5 Photomicrograph of H&E stained sections after 30 days of starting
sodium iodide exposure. a Liver tissue section of control group showing
preserved lobular arrangement, hepatic cords orientations, portal tirades
structural components, sinusoids, Von-Kupffer cells, and stroma (yellow
arrow and star). b Liver tissue section of 500 EI group showing congested
blood vessels (yellow star) and (lymphocytes, plasma cells and macro-
phages) infiltration (yellow arrow). c, d Liver tissue sections of 1000 EI

group showing marked congestion, edema, biliary proliferation (red ar-
row), round cells (lymphocytes, plasma cells, and macrophages), infiltra-
tion (yellow arrow), hepatocellular degeneration (cloudy swelling and
hydropic degeneration) (dark blue arrows), besides periportal round cells
aggregation (black arrow), and congested blood vessels (yellow stars)

Fig. 6 Photomicrograph of H&E
stained sections after 30 days of
starting sodium iodide exposure.
a Kidney tissue section of control
group showing apparently normal
cortical and medullary
counterparts (yellow arrows and
star). b Kidney tissue section of
500 EI group showing mild
nephrotoxic changes represented
by congestion of renal blood
vessels, perivascular edema
(yellow arrow), interstitial round
cell infiltration (red arrow). c, d
Kidney tissue sections of 1000 EI
group showing moderate
nephrotoxic changes represented
by degenerative changes in renal
tubular epithelium (cloudy
swelling and hydropic
degeneration) (yellow star),
interstitial round cell infiltration
(red arrow), cystically dilated
renal tubules (blue arrow), and
hypercellular glomerulous (black
arrow)
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The hematological laboratory tests as well as the serum
biochemical tests play an important role as health monitoring
[35]. In this experiment, exposure of experimental animals to
iodine in excess (500 and 1000 EI) markedly increased RBCs
count, Hb concentration, and PCV value after 30 days of the
exposure compared to control group, and these changes can be

attributed to increase production of thyroid hormones as a
consequence to an excess iodine load, where the thyroid hor-
mones play an important role in erythropoiesis. They promote
erythropoiesis via hyperproliferation of immature erythroid
progenitors as well as increase the secretion of erythropoietin
hormone by stimulating the erythropoietin gene expression

Fig. 7 Photomicrograph of H&E
stained sections after 30 days of
starting sodium iodide exposure.
a Heart tissue section of control
group showing apparently normal
and healthy cardiomyocytes,
sarcolemmal membranes,
intercalated discs, coronary and
intermuscular blood vessels, and
capillaries (yellow arrows). b, c
Heart tissue sections of 500 EI
group showing congestion of the
coronary and intermuscular blood
vessels (black arrow),
perivascular and intermuscular
edema (brown arrow). d Heart
tissue sections of 1000 EI group
showing cardiotoxic changes
represented by congestion of the
coronary and intermuscular blood
vessels (black arrow)

Fig. 8 Photomicrograph of H&E
stained sections after 30 days of
starting sodium iodide exposure.
a–c Heart tissue sections of 1000
EI group showing cardiomyocytic
degenerative, necrotic, and
malacic changes (yellow and blue
arrows) besides intermascular
hemorrhages (green arrow)

The Impact of Iodine Exposure in Excess on Hormonal Aspects and Hemato-Biochemical Profile in Rats 715



[36].The relationship between thyroid hormones and leuko-
cytes biology is relatively important, where the thyroid hor-
mones effect on the physiological leukocytes activities [37].
In the present work, leukocytosis which was observed in the
(1000 EI) group after 30 days of the exposure to NaI may be
related to lymphocytosis, monocytosis, and eosinophilia. This
may happen as a result of the influence of the hyperthyroidism
which induces lymphoid hyperplasia with a corresponding
lymphocytosis occurrence [38], as well as the hyperplasia of
the myeloid lineages in the bone marrow which leads to in-
crease the number of eosinophils and monocytes [37]. While
these changes were not observed in (500 EI) group, this may
indicate that the changes in these parameters are taking place
in a dose-dependent manner. On the other hand, neutropenia
was observed in both NaI-exposed groups in comparison with
control group after 30 days of the exposure may be due to
decreased neutrophil circulation time or the development of
antineutrophil autoantibodies [39, 40].

A complex relationship exists between the thyroid gland
and the liver in both health and disease conditions [41]. Liver
enzymes are considered as one of the determining factors of
liver functional status, where the hepatic impairment is char-
acterized by the abnormality in serum levels of hepatic en-
zymes and metabolic products in comparison with the normal
levels [42]. There are a many of enzymes with different sen-
sitivities and diagnostic indications for the liver injury, such as
ALT that is predominantly found in the liver as well as AST
and LDH that are somewhat nonspecific for liver injury since
their presence in serum can also reflect injury to extrahepatic
tissues and GGT which appears to reflect cholestatic injury
[43]. The conducted study revealed a significant increase in
serum ALT, AST, and LDH activities in both groups exposed
to NaI in excess with the highest values in (1000 EI) group
compared to the control group of animals. These changes can
be probably attributed to induced oxidative damage, which is
associated with hyperthyroidism condition resulting from the
exposure to excess NaI as well as the hepatocytes apoptosis
and subsequent escape of hepatic enzymes to the blood stream
[44–46]. The produced apoptosis may activate by a direct
effect of triiodothyronine hormones on hepatocytes mitochon-
dria and/or as a result of the activation of death receptor-
mediated pathways in liver according to Upadhyay et al. and
Kumar et al. [44, 45]. On the other hand, increased serum
GGT activity indicated hepatic cholestasis condition after ex-
posure to excess iodine [46, 47]. These results are confirmed
by the histopathological lesions of the hepatic tissue of rats in
the experimental groups (Fig. 5b–d).

Serum proteins measurement is considered an important
diagnostic and monitoring tool for different diseases and path-
ological conditions [48]. Nearly all serum proteins are pro-
duced by hepatocytes; the considerable exception is the im-
munoglobulins that are produced by plasma cell [49].
Concerning the protein profile in this experiment,

hyperproteinemia combined with hyperalbuminemia and
hyperglobulinemia was noticed in (500 EI) group after 30
days of the exposure to NaI and 15 days of stopping NaI-
exposure when compared with the control group.
Hyperalbuminemia in this case may be associated with exces-
sive water loss and dehydration associated with hyperthyroid-
ism which recorded by Wudeveld and Jansen [50]. On the
other hand, hyperglobulinemia may be associated with high
levels of serum immunoglobulins due to impact of thyroid
hormone on the immune system, wherein the hyperthyroid
case, autoimmune thyroiditis is found to be accentuated [51,
52]. As for the (1000 EI) group, non-significant change in
serum albumin level after 30 days of the exposure to NaI
may due to rapid catabolism of albumin as well as the hepatic
injury in this group at a degree higher than (500 EI) group,
which may lead to a degree of hypoalbuminemia and in the
same time there are excessive water loss and dehydration in
this group, so finally the net resultant non-significant change
in albumin value [53, 54]. After 15 days of stopping NaI-
exposure, the serum albumin level increased significantly in
(1000 EI) group may be due to decrease in the effect of fac-
tors, which cause hypoalbuminemia in comparison to other
factors which increased it. Hyperglobulinemia was observed
in (1000 EI) group after 30 days of the exposure to NaI and 15
days of stopping NaI- exposure for the same previously men-
tioned causes for (500 EI) group.

Observing some markers of kidney function in this study
revealed that non-significant change in the level of serum
creatinine in both groups exposed to NaI in excess as well as
a significant increase in the value of serum urea after exposure
of both groups of animals to excess NaI with the highest
values in (1000 EI) group in comparison to the control group.
According to some previous studies, the resulted hyperthy-
roidism condition may cause alterations in renal tubular func-
tion and electrolyte homeostasis as well as the increasing in
the glomerular filtration rate (GFR), which in turn leads to
decrease circulating creatinine and urea concentrations and
underlying masked renal dysfunction, and this explains the
non-significant change in the values of serum creatinine in
the experimental animals. In this condition, creatinine clear-
ance increased and muscle bulk decreased, which in turn leads
to decrease creatinine production and level in serum; and in
contrast, the mild to moderate renal injury may be occur and
induces the increase of serum creatinine level and the net
result, masked normal creatinine level [55, 56]. As for the
serum urea concentration, several factors may influence its
values such as dehydration condition and catabolic state
which may be induced by hyperthyroidism and finally leads
to increase serum urea concentration in testing animals, be-
sides the renal injury which leads to incomplete removal of
urea from the circulation by the kidney [57–59]. The histo-
pathological changes of the renal tissue supported these find-
ings in the experimental groups (Fig. 6b–d).
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Myocardial cell injury can be determined by releasing of
various proteins into the blood circulation from injured
myocytes including cardiac troponin I, CK-MB, LDH, and
myoglobin [59]. The current study showed that significant
increase in serum LDH and CK-MB activities and cTn I level
in both experimental groups exposed to excess NaI with the
highest values in (1000 EI) group as compared to the respec-
tive control. The probable cause of these alterations may be
associated with the production of reactive oxygen species
(ROS) after the exposure of animals to excess NaI where the
iodide reacts exceedingly with all main biomolecules and
building bases of proteins, lipids, and nucleic acids and pro-
duces intermediary compounds, which can begin severe
peroxidative and apoptotic processes and finally leading to
disruptive and degenerative changes in the fundamental or-
gans such as the heart [60]. Also, excessive thyroid hormones
have a thyrotoxic cardiomyopathy effect, more specifically, is
defined as myocardial damage caused by toxic effects of ex-
cessive thyroid hormone, resulting in altered myocyte energy
production, intracellular metabolism, and myofibril contrac-
tile function [61]. These alterations were confirmed and sup-
ported by the histopathological findings of the cardiac tissue
in the tested groups (Fig. 7b–d and Fig. 8a–c).

Looking at the results of most of the measured parameters
in this study, it was found that despite the stopping exposure
of experimental animals to NaI (500 and 1000 EI) for 15 days,
most of the adverse effects on different organs and histopath-
ological lesions were still observable. This indicates that the
negative effects persist longer and may take some time to
return to normal values. According to Ilker et al. [62],
iodine-induced hyperthyroidism is self-limited considerably
with a period of time (1–18) months after the cessation of
iodine exposure, so the resolution of hyperthyroidism condi-
tion may return the different biological markers towards nor-
mal. The present results also stated that the negative impacts
on different systems inside the body of experimental animals
after exposure to excess iodine appeared to be increased in a
dose-dependent manner in comparison to control.

Conclusions

To sum up, the results of this study indicated that the exposure
of experimental animals to excess iodine above the tolerable
range caused hyperthyroidism, which was associated with sig-
nificant changes in erythrogram and leukogram and alter-
ations in hepatic, renal, and cardiac functions in an iodine
dose-dependent damage relationship, and most of these alter-
ations take more than 15 days to show full change towards the
normal status. Accordingly, the results of the present study
elevate conception about the health problems after the expo-
sure to excess iodine for considerably long periods.
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