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ABSTRACT

Aluminium (Al) is an environmental xenobiotic that induces disruption in pituitary-thyroid function.
Zinc is essential for many biochemical processes and for cell proliferation. The aim of this study was to
analyze the thyroid toxicity induced by Al in rats and to evaluate the possible ameliorative effect of zinc.
The study was conducted on forty male albino rats randomly divided into 4 groups: control group, zinc
group treated with zinc sulphate (2 mg/kg), Al group treated with AICI 5 (20 mg/kg), and AICI 5 (20 mglkg)
+ Zn (2 mglkg) group. Rats were treated orally once daily for 30 consecutive days. At the end of the ex-
periment, rats given aluminium alone had significantly higher MDA (malondialdehyde), superoxide dis-
mutase in thyroid tissue and lower serum T3, T4 and TSH levels than the control group. Co-treatment of
zinc with aluminium had an ameliorative effect on the previous parameters. Light and electronic micro-
scopic investigations revealed that aluminium caused marked degenerative changes in the thyroid of rats.
Restoration of the normal architecture of thyroid tissues were observed in rats received aluminium + zinc
combination. Thus, aluminium can induce oxidative damage in rat thyroid and zinc has an ameliorative
effect against this damage.
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THE POSSIBLE AMELIORATIVE EFFECT OF ZINC ON ALUMINIUM

INTRODUCTION

Aluminium (Al) is an element widely
spread in the environment and is one of
the most abundant elements in the bio-
sphere and causes adverse effects on vari-
ous organs (Nday et al., 2010). Aluminium
absorption/accumulation in humans can
occur via food (food additives, food and
beverage packaging, and cooking uten-
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sils), drinking water (municipal water

treatment), and aluminum-containing

medications (particularly antacid /
antiulcer and buffered aspirin formula-

tions) (Reinke et al., 2003).

Toxicity of aluminum has been a matter
of concern. High serum aluminum concen-
tration was associated with dementia, ane-
mia, osteoporosis, and abnormalities of
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thyroid function (Rosenlof et al., 1990). Al-
uminium is a disruptor of certain endo-
crine systems and classified as a metal-
loestrogen. Also, Al altered the pituitary
endocrine regulation of thyroid gland and
hormones (Darbre, 2005; Darbre, 2006).

Aluminium has a strong prooxidant ac-
tivity in spite of its non-redox status. Alu-
minium caused tissue damage by generat-
ing reactive oxygen species (ROS) which
causes lipid peroxidation (LPO) in differ-
ent organs (Kumar and Gill, 2009).

Treatment of Al intoxication has pri-
marily relied on chelation therapy. Moreo-
ver, chelating agents are incapable of re-
moving metal from intracellular sites and
may cause redistribution of the toxic metal
and essential metal loss, resulting in poor
clinical recovery (Flora and Pachauri,
2010).

Zinc is an important dietary component
and it is the second most important transi-
tion metal after iron which possesses anti-
carcinogenic, anti-apoptotic properties.
Zinc is an important element for cell pro-
liferation and function (Singla and Dhaw-
an, 2013; Adamo and Oteiza, 2010).

Zinc has some effects on thyroid hor-
mone levels, as Zn supplementation im-
proves thymic and immune functions
(Bucci et al., 1999). Zinc possesses strong

antioxidant activity in different organs
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(Joshi et al., 2012).

The present study was done to analyze
the thyroid toxicity induced by Al and to
evaluate the possible ameliorative effect of
zinc.

MATERIALS AND METHODS

Animals:

This work was carried out on 40 adult
Wistar male albino rats (weighing approx-
imately 200- 250 g) of twelve weeks age.
The animals were obtained from Minia
University Laboratory Animals Growing
Center. The rats were housed in plastic
cages, fed a standard laboratory diet and
water and maintained at a laboratory tem-
perature of 22 + 3 °C and exposed to a 12
light, dark cycle. All aspects of animal care
and treatment were carried out according
to the local guide lines of the Ethical Com-
mittee of Faculty of Medicine- Minia Uni-
versity.

Chemicals:

Aluminium chloride was obtained from
Al Safa Company (Minia-Egypt). Zinc sul-
phate was obtained from Sigma Pharma-
ceutical Company (Cairo-Egypt).

Animal treatment schedule:

The animals were divided into 4 groups
each composed of 10 rats as follow:

Group (1) (control group): was fed a
standard laboratory diet and water.

Group (2) (ZnSo, - treated group): rats
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were given 2 mg/kg daily orally for 30
days according to Goel et al. (2007).

Group (3) (AlCl;-treated group): rats
were given AlCl, (20 mg/kg bw) once dai-
ly orally for 30 days according to Krasovs-
kii et al. (1979).

Group (4) (ZnSo, + AICl, treated
group): rats were given ZnSo, by the same
previous dose before AICl, administration
by the same previous dose once daily oral-
ly for 30 days.

Doses were administered orally by oral
gavage once daily for 30 consecutive days.
Rats were sacrificed by decapitation after
light ether anesthesia and dissected at the
end of the experiment. All approved con-
ditions used for animal housing and han-
dling were considered. The experimental
protocol used followed the regulations for
administration and painless sacrifice of
the experimental animals. The animals
were acclimatized prior to starting dosing
for a period of one week. The thyroid was
dissected and subjected to light and elec-
tronic microscopic investigation. The re-
maining thyroid tissue was subjected to
biochemical studies (malondialdehyde
(MDA) and superoxide dismutase levels).
Blood samples were collected for assaying

the level of T3, T4 and TSH.

Biochemical studies:

After sacrification, blood samples were
withdrawn from the retro-orbital plexus
of veins using a capillary pipette and col-
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lected in heparinised tubes and centri-
fuged at 3000 rpm for 15 min. and stored
at -20 °C until required. The samples were
subjected for the estimation of:

1- Serum total triiodothyronine (T3)
and thyroxine (T4): using the radio-
immunoassay kit purchased from
Siemens Healthcare (United States).
The method was carried out accord-
ing to Hollander, 1971.

2- Serum thyroid stimulating hormone
(TSH): by radioimmunoassay (Im-
munodiagnostic Systems Ltd., Liege,
Belgium).

Malondialdehyde (MDA) and superox-
ide dismutase assays:

Thyroids were dissected and separated
and homogenized in 1:10 (wt: vol) 0.1 M
phosphate buffer (pH 7.4) by the use of a
Teflon headed homogenizer. Triton x100
and protease inhibitor cocktail were add-
ed. The homogenates were centrifuged at
6.000 g for 10 min at 4 °C and the superna-
tant was used to measure MDA and su-
peroxide dismutase levels. All of the
above parameters were obtained from Bio-
diagnostic Company, colorimetric meth-
od. MDA was measured as described by
Yoshioka et al. (1979). Superoxide dismu-
tase was measured as described by Kono
(1978).

Histopathological studies:
Thyroids were removed and cut into

small pieces about 1 mm thick. Some piec-
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es were fixed in 10% buffered formalin
and processed for paraffin embedding by
standard methods and sections of 6 pm
thicknesses were deparaffinized with xy-
lene and stained with hematoxylin-eosin
to be viewed by Olympus light micro-
scope (Olympus BX51, Tokyo, Japan) with
an attached camera (Cannon 620) (Ban-
croft et al., 2002). Brightness, contrast were
adjusted using Adobe Photoshop soft-
ware.

For ultrastructural study, tissues were
removed and placed in 2.7% glutaralde-
hyde-0.1 M phosphate buffer solution for
2 h, and then flooded in 4 consecutive
baths of the same fixative 0.15 M phospate
buffer (4°C) for 1 h each. The samples
were postfixed in a 2% osmic acid-0.15 M
phosphate buffer solution (4°C) for 1 h,
and again 4 times flooded in 0.15 M phos-
phate buffer solution for 15 min each.
Samples were acetone dehydrated, and
embedded in polyesteric resin, polymer-
ized at 60 °C for 72 h (Semithin sections (1
um) stained with toluidine blue. Ultrathin
sections were made using ultramicrotome,
and double contrasted with uranyl acetate
and lead citrate solutions (Aguas, 1982),
and examined by JEOL electron micro-
scope (JEM-100CXII) equipped with a
camera.

Statistical analysis:
Values were expressed as mean * stan-

dard deviation (SD). The data were ana-
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lyzed by using SPSS for windows (ver-
sion 16.0). The significance of differences
was calculated by using student t- test.
P<0.05 was considered significant. One
way ANOVA test with post Hoc LSD
analysis was wused for comparison be-

tween groups.
RESULTS

Results of biochemical studies:

Zinc-treated group did not differ signif-
icantly from the control one in terms of
serum T3, T4 and TSH levels, but Al -
treated groups had significantly lower T3,
T4 and TSH levels than the control group.
However, the zinc plus Al-treated rats had
significantly higher T3, T4 and TSH levels
than the Al-treated group. Also results
showed a significant decrease of T3 more
than T4 in AL treated group (Table 1).

The control and zinc- treated rats had
equivalent MDA level, but the Al and zinc
plus Al- treated rats had significantly
higher MDA level than the control group.
However, the zinc plus Al- treated rats
had significantly lower MDA level than
the Al- treated rats (Table 2).

Zinc - treated group did not differ sig-
nificantly from the control rats in terms of
superoxide dismutase level, but Al and
zinc plus Al — treated rats had significant-
ly lower superoxide dismutase level when
compared with the control rats. However,
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zinc plus Al - treated rats had significantly
higher superoxide dismutase level when
compared with the Al- treated group (Ta-
ble 2).

Histopathological findings in the thy-
roid:

The light microscopic examination of
the thyroid of the control and zinc treated
groups revealed normal structure of the
thyroid which shows normal thyroid folli-
cles lined with simple cuboidal epithelium
and filled with colloid (Figure 1a).

Administration of zinc in group (4) re-
stored the normal architecture of thyroid,
only showing thyroid follicles of variable
activity as some follicles are markedly dis-
tended. They are lined mainly by flat cells
with flat nuclei. Other follicles appear nor-
mal and lined with simple cuboidal epi-
thelium. The colloid has peripheral vacu-
olations (Figure 1b). The thyroid tissue of
Al-treated group shows thyroid follicles
of variable activity as most of follicles ap-
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pear involuted. These follicles have mini-
mal amount of colloid, other follicles are
distended with colloid. Some follicles have
interrupted follicular wall and some
have shedded epithelial lining (Figure
1c).

Ultra structural analysis of thyroid tis-
sues of the control and zinc-treated groups
revealed normal architecture of thyroid
tissue in which there is thyrocytes with
normal rER and mitochondria. The nucle-
us appears euchromatic. Many apical mi-
crovilli are observed (Figure 2a). Ultra-
structural examination of the thyroid
tissues of zinc + Al treated group revealed
that most thyroid tissue retained its near
normal architecture (Figure 2b). Ultra-
structural examination of thyroid tissues
of Al-treated group revealed degenerated
thyrocytes of a thyroid follicle. It shows
dilated cisternae of rER with amorphous
material. Also, there is degenerated mito-
chondria (faint matrix) and degenerated
cytoplasm (Figure 2c).
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Table (1) : Student "t" test statistical analysis of serum T3, T4 and TSH levels in different ex-

perimental groups (n= 10).
T3 level (mg/dl)
Group I Group I1 Group III (AICl;-treated Group IV
(control group) (ZnSo, - group) (ZnSo, + AICI, treated
treated group) group)
Mean+ SD 50.08 +10.5 51.01+9.2 36.22 +6.8 46.31 £3.6
Group I 0.796 <0.001* 0.297
Group II <0.001* 0.196
Group III 0.008*
T4 level (mg/dl)
Group I Group II Group III Group IV
Mean+ SD 66.021 +1.32 66.00+ 1.3 63.57+1.35 66.01 £1.31
Group I 0.972 <0.001* 0.985
Group 11 <0.001* 0.987
Group 111 <0.001*
TSH level (microU/dl)
Group I Group II Group III Group IV
Mean+ SD 33.96 £ 1.86 3356+ 1.6 30.15+1.5 32.5+1.85
Group I 0.604 <0.001* 0.064
Group II <0.001* 0.174
Group 111 0.004*
One way ANOVA test with post Hoc LSD analysis, n: number, SD: standard deviation, *: significant at

p<0.05, T3: triiodothyronine, T4: thyroxine, TSH: thyroid stimulating hormone.

Table (2) : Student "t" test statistical analysis of MDA and SOD levels in different experi-

mental groups (n= 10).
MDA level (mg/dl)
Group I Group II Group III (AICL;- Group IV
(control group) (ZnSo, - treated group) (ZnSo4 + AICI, treated
treated group) group)

Mean+ SD 7.42 +0.49 7.07 +£0.47 23.72 +£1.82 12.73 £ 0.83
Group I 0.464 <0.001* <0.001*
Group II <0.001* <0.001*
Group 111 <0.001*

SOD level (mg/dl)
Group 1 Group 11 Group 111 Group IV
Mean+ SD 17.2+1.25 17.32 +1.27 7.08+0.13 14.04+0.92
Group I 0.791 <0.001* <0.001*
Group II <0.001%* <0.001*
Group III <0.001*
One way ANOVA test with post Hoc LSD analysis, n: number, SD: standard deviation, *: significant at

p<0.05, MDA: malondialdehyde, SOD: Superoxide dismutase.
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thyroid gland of groups I & II (control & Zn group)
rat showing normal thyroid follicles lined with simple cuboidal epithelium and filled with
colloid (C). The colloid (C) has peripheral vacuolations (arrow) (H&E x 400). Fig. (1b): Pho-
tomicrograph of section in the thyroid gland of group IV (AL+Zn) showing thyroid follicles
of variable activity as some follicles are markedly distended. They are lined mainlyby flat
cells with flat nuclei (red arrow). Other follicles appear normal. They are lined with simple
cuboidal epithelium. The colloid has peripheral vacuolations (V). Inset shows follicles with
interrupted wall. Fig. (1c): Photomicrograph of section in the thyroid gland of group III (Al)
shows thyroid follicles of variable activity as most of follicles appear involuted (black ar-
row).These follicles have minimal amount of colloid, other follicles are distended with col-
loid (star). Some follicles have interrupted follicular wall (red arrow). Some follicles have
shedded epithelial lining (curved arrow) H&E X400.

HYSR0.0kV
ot Mag: 6300

Fig. (1) Fig. (2a) : A photomicrograph of TEM section of the thyroid gland from a rat of the  control
and zinc group (I &II) showing a thyrocytes with normal rough endoplasmic reticulum
(rER) and mitochondria (m). The nucleus appears euchromatic. Many apical microvilli are
observed (arrow). Fig. (2 b): A Photomicrograph of TEM section of group III (AL) showing
two degenerated thyrocytes with dilated cisternae of rER (red arrow) and some degenerated
mitochondria (white arrow). Fig. (2c): A Photomicrograph of TEM section of group IV
(AL+Zn) showing two degenerated thyrocytes of a thyroid follicle. It shows dilated cister-
nae of rER (arrows) with amorphous material (*).
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DISCUSSION

In recent years toxicity of Aluminium
has been a matter of concern. However,
studies on the endocrine tissues are
limited. The aim of the current study fo-
cused on the possible protective role of
Zn against deleterious effects of Al on
the thyroid gland.

The results of this study revealed
that Aluminium caused significant de-
creases in T3, T4 and TSH serum levels
as compared to the control group. This
effect might be happened through accu-
mulation of the element in the thyroid
and pituitary glands. These results were
in harmony with a previous study,
which showed that exposure to alumi-
num can disturb pituitary-thyroid func-
tion in rats and decrease T3, T4 and TSH
(Zoeller, 2010). Another study showed
that Al is a potent calcium channel
blocker and therefore it inhibits both
TRH and TSH release. This is because
TRH uses both intracellular calcium stores
and extra cellular calcium through volt-
age-dependent calcium channels to in-
crease intracellular calcium concentra-
tion causing TSH secretion (Platt and
Busselberg, 1994). Moreover, Liel et al.
(1994) showed that high aluminum con-
tent in the diet may interfere with the
entero-hepatic cycle of the thyroid hor-
mones.
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Also results showed a significant de-
crease of T3 level more than T4 level in
Al treated group. T4 has a much longer
half-life than T3 because of the tight bind-
ing of T4 to three principal binding pro-
teins: thyroxine binding globulin (TBG),
transthyretin (TTR) and albumin (Patrick
and Altern, 2006).

Results revealed that Zinc supplemen-
tation counteract the thyroid toxicity of Al
by elevated serum levels of T3, T4 and
TSH near to the normal level. This result
agree with Maxwell and Volpe (2007) who
showed that zinc supplementation in-
creased T3, T4 and TSH levels, and disa-
gree with Faroogi et al. (2000) who
showed decreased level of TSH on zinc
supplementation.

Zinc effects on synthesis and mode of
action of thyroid hormones are complex,
as Zinc is an essential trace metal for cat-
alytic activities of many enzymes in-
volved in the metabolism of hormones
(Arthur and Beckett, 1999), also zinc sup-
plementation improves thymic and im-
mune functions so it improved thyroid
functions influencing the pituitary
—thyroid axis (Napolitano et al., 1990; Buc-
cietal., 1999).

The protective role of zinc in thyroid
gland related to the thyroid transcription
factors which are essential for modulation
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of gene expression that contain zinc at cys-
teine residues and erythrocyte zinc levels
could be wused as an index of thyroid
status (Civitareale et al., 1994). Also, Kralik
et al. (1996) showed that zinc may be help-
ful in patients with low T3 due to its role
in conversion of T4 to T3.

An antioxidant system is a crucial de-
fense system against several diseases.
Malondialdehyde (MDA) is the final de-
composition product of lipid perioxida-
tion and has a major contributor in the
toxicity of many xenobiotics. Superoxide
dismutase (SOD) is involved in the pro-
cess of eliminating free radicals. Therefore,
measuring the content of MDA and SOD
activities can represent the oxidation lev-
el in tissues (Anane and Creppy, 2001).

The present study showed that the ad-
ministration of Al induced an oxidative
damage to thyroid and a state of oxidant/
antioxidant imbalance indicated by the
significant increase in MDA level with a
concomitant significant decrease in the ac-
tivity of SOD. This was in accordance with
previous studies which showed an in-
creased levels of lipid peroxidation in Al-
treated animals due to presence of the
cellular injury and the mitochondrial dam-
age (Shati et al., 2011; Bizhanova and
Kopp, 2009; Nehru and An and 2005).

Aluminium may not alone produce an
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increase in oxidative damage but it can in-
crease the Fe-induced production of ROS,
as the alterations in iron homeostasis, re-
sulting in excessive free iron ions, which
undergo the Fenton reaction. The Fenton
reaction has importance in biology be-
cause of the creation of free radicals by
chemicals that are present in vivo.
Transition-metal ions such as iron and
copper donate or accept free electrons via
intracellular reactions and help in creating
free radicals. Most intracellular iron is in
ferric form and must be reduced to the
ferrous form to take part in Fenton reac-
tion. Finally superoxide ions and transi-
tion metals act in a synergistic manner to
cause an oxidative damage (Kim et al.,

2007; Sharma et al. 2007).

Also there is a reduction in the activity
of SOD observed in this present study in
AL group. This may be attributed to the
reduced synthesis of these enzymes due to
higher intracellular concentrations of Al
and accumulation of free radicals.
These findings agree with previous stud-
ies that reported Al induced free radicals
and inhibited the
system by declining the expression of
mRNA inside it (Newairy et al., 2009;
Gonzalez et al., 2007). Also, SOD scaveng-

ing a large amount of reactive oxide

antioxidant defense

species may result in the decrement of its
activity (Wael et al., 2011). Moreover, AL
increased thyroid thiobarbituric acid reac-
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tive substances (TBARS level), which indi-
cating a certain degree of oxidative stress
of thyroid tissue ( Exley, 2004; Suwalsky
et al., 2004).

Finally the results showed that Zinc
supplementation counteract the toxic ef-
fects of Aluminium on thyroid, since the
levels of lipid peroxidation, in the com-
bined Al and Zn group were found to be
reduced compared to the group treated
only with Al and levels of SOD in the
combined Al and Zn group were found to
be elevated compared to the group treated
only with Al

As zinc has an anti-peroxidative action
against different metal toxicity (Mahboob
et al., 2008), it stabilizes the structures of
the membrane lipids and proteins by acti-
vating scavenging proteins (such as SOD)
that in turn prevents lipid peroxidation
and activates antioxidant enzymes (Klotz
et al., 2003).

In addition, thyroid injury induced by
Aluminium was confirmed by the ob-
served histological alterations that include
degenerative changes in thyroid gland.
This result agree with Waring et al.
(1996) who showed destruction, distor-
tions of thyroglobulin in the thyroid
follicles, also it was observed that some
of the cells were lost of their nuclei and
the cytoplasm, while the treatment of AL-
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administered rats with Zinc showed
mild alterations which represented by
vacuolated cytoplasm and minimal
amount of colloid in some follicular
cells. Overall, the administration of AL
induced thyroid dysfunction which was
ameliorated by the zinc treatment (Formi-

gari et al., 2007).
CONCLUSION

It is clear that exposure to aluminum
can disturb pituitary-thyroid function in
rats, induce oxidative damage and inhibit
the activities of antioxidant enzymes. In
addition, it is evident that the use of Zn
supplementation has produced beneficial
effects in mitigating the toxic effects of Al
on thyroid.
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