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Abstract: Lead is a widely-spread environmental pollutant and a commonly-used industrial chemical that can cause 
multisystemic adverse health effects. However, the effects of lead exposure on diabetic animals have not been 
reported so far. The aim of this study is to evaluate the effects of lead exposure on thyroid, renal and oxidative 
stress markers in diabetic Wistar rats. Diabetes was induced with an intraperitoneal (i.p.) injection of streptozocin 
(STZ). Six weeks later, rats were exposed i.p. to either distilled water (control group) or 25, 50 and 100 mg/kg of 
lead acetate (treatment groups). We found a positive relationship between the administered doses of lead acetate 
and its measured levels in blood samples (P < 0.01). Treatment of diabetic animals with lead acetate resulted in 
significant weight loss (P < 0.001). It also caused an increase in thyroid stimulating hormone levels (P < 0.05) and 
reductions in thyroxine (P < 0.05) and triiodothyronine levels (P < 0.01), a clinical picture consistent with hypothy-
roidism. Lead acetate exposure increased urea levels (P < 0.05) and caused a significant decrease in creatinine (P 
< 0.05). Besides, while the concentrations of malondialdehyde were not affected, glutathione stores were depleted 
(P < 0.01); in response to lead exposure. In conclusion, exposure of diabetic rats to lead acetate resulted in weight 
loss, clinical hypothyroidism, renal damage and oxidative stress.
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Introduction 

Being a ubiquitous element in the environment, 
lead causes toxic effects to various organ sys-
tems. Although environmental lead exposures, 
where the general population is exposed to 
lead mainly through ingestion [1] are common, 
currently the most important sources of lead 
exposure are occupational settings, which usu-
ally involve inhalation of lead oxide dust parti-
cles [2, 3]. According to the American Centers 
for Disease Control (CDC), lead is the main envi-
ronmental toxin in children [4] and as such it 
results in one of ‘the most prevalent diseases 
of environmental origin among children’ [5].

Over the last few decades, modern lifestyles 
have increased the prevalence of several non-
communicable multisystemic diseases includ-
ing diabetes mellitus (DM). According to World 
Health Organization (WHO), the global preva-
lence of DM is 347 million cases and it is esti-
mated that it caused more than 3 million 

deaths in 2003 [6]. In the UAE, the prevalence 
of DM among expatriates ranges from 13 to 
19%, obviously depending on their genetic 
backgrounds. On the other hand, 25% of 
Emiratis are diabetic [7]. With such high levels, 
the UAE has the second highest global preva-
lence of DM [8]. 

It has been estimated that thyroid disorders 
would eventually develop in about one third of 
Type I diabetic patients [9], indicating that there 
is a strong association between these two con-
ditions. In Spain, the incidence of thyroid dys-
function in patients with Type II diabetes was 
reported to be around 10%, whereas its preva-
lence was about 32% [10]. 

On the other hand, in experimental animal 
research, streptozocin (STZ), which is an alkyl-
ating agent that causes DNA damage and 
cross-linking [11], is frequently used for study-
ing Type I (insulin dependent) diabetes mellitus 
[12]. Being similar to the natural disease, this 
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Table 1. Treatment protocol 

Groups 5 Days Treatment, i.p. 
Lead Dose (mg/kg)

Percentage of Lead Acetate 
Trihydrate LD50 (%)

Control DW
A 25 12.50
B 50 25.00
C 100 50.00
The control group was treated with daily intraperitoneal (i.p.) 
injections of distilled water (DW) for five days. Treatment groups 
A, B and C were given 25, 50, and 100 mg/kg of lead acetate 
trihydrate, respectively. The relationship between lead acetate 
trihydrate doses and the percentage of its LD50 (%) is shown.

model can also induce an immune-mediated 
reaction [13] and can affect the thyroid func-
tions of the treated animals. When 80 mg/Kg 
of STZ was given through sublingual injections, 
triiodothyronine (T3) levels in Sprague-Dawley 
(SD) rats had a statistically significant drop only 
during the first two weeks of induced DM, 
whereas, thyroxine (T4) levels remained low 
throughout the 7 weeks of assessment i.e. the 
levels of only the biologically active hormone, 
namely T3, were maintained [14]. 

Currently, oxidative stress is correlated with a 
variety of pathological conditions and compli-
cations including both types of DM [15, 16]. 
Because of the intrinsic nature of the synthesis 
of thyroid hormones since iodide has to be oxi-
dized first, interactions with reactive oxygen 
species (ROS) such as the oxidizing agent H2O2 
may obviously result in glandular pathologies 
[17]. Many thyroid abnormalities such as overt 
hypothyroidism, Graves’ disease and Hashimoto 
thyroiditis have been associated with oxidative 
stress as the levels of superoxide dismutase 
(SOD) were found to be elevated [18, 19]. 

Similarly, lead exposure is also associated with 
oxidative damage [20, 21], resulting in for 
instance, a decrease in hepatic SOD levels 
[20], the production of ROS and the overcon-
sumption of intracellular glutathione stores 
[21, 22]. Lead can also inhibit hepatic glutathi-
one reductase, glutathione-S-transferase and 
glutathione peroxidase enzymes [23]. 

In this study, our main aim is to determine the 
relationship between exposure to several doses 
of lead acetate trihydrate and the pituitary-thy-
roid pathway in STZ-induced diabetic rats. In 
addition, we also studied lead’s effects on the 
liver, kidneys and oxidative stress markers. 

were kept in 12-hours’ long cycles of light and 
dark. The temperature in the animal house was 
maintained at 22 ± 2°C . The animals were pro-
vided with chow and tap drinking water ad libi-
tum. Sodium pentobarbital (70 mg/kg) was 
administered as a general anesthetic before 
the collection of samples. 

Induction of diabetes mellitus 

Type I diabetes was induced in one month old 
rats by treating them with a single dose of 60 
mg/kg STZ freshly prepared in citrate buffer, 
given as i.p. injections [24]. The animals were 
monitored and their weight was recorded on a 
weekly basis. Six weeks later and just before 
the start of experiments, blood samples from 
the tail were examined for random blood sugar 
(RBS) levels using an Accucheck performa glu-
cometer (Roche Diagnostics, NSW, Australia). 
The cut value for diagnosing diabetes was set 
at 300 mg/dL and the animals that have not 
become diabetic were excluded. 

Treatment protocol 

The treatment protocol that we used is shown 
in (Table 1). Six weeks post DM induction with 
STZ, the animals were divided into four groups 
i.e. the control group is also a diabetic group. All 
groups were treated with daily i.p. injections for 
five days. This time duration of five days is com-
monly used in lead studies [25]. As for the con-
trol group, the animals were given distilled 
water (DW). On the other hand, the three treat-
ment groups received 25, 50, and 100 mg/kg 
of lead acetate trihydrate, respectively. 

Blood samples 

Following the injection with the last dose on day 
5, all blood samples were collected within half 

Materials and methods

The Research Ethics Committee (Institu- 
tional Review Board) at the College of 
Medicine and Health Sciences at UAE 
University approved this study. 

Animals

We used adult male Wistar rats. The weight 
of the animals was monitored before the 
induction of DM and throughout until the 
last day of the experiments. The animals, 
housed in polypropylene plastic cages, 
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an hour to one hour later. The sampling process 
took place between 9.00 a.m. to 1.00 p.m. The 
abdominal cavity was opened and blood sam-
ples were collected from the inferior vena cava. 
The preloaded syringes contained the antico-
agulant 4% sodium citrate. We used fresh 
whole blood samples to determine complete 
blood counts (CBC). The remaining blood sam-
ples were centrifuged at 3000 g for 10 min-
utes. Then, the prepared plasma and a portion 
of whole blood samples, that were used to 
determine blood lead levels (BLL), were stored 
at -80.0°C  waiting for analysis. 

Chemicals 

Lead acetate trihydrate was obtained from 
Sigma, Aldrich (Missouri, USA). An inductively 
coupled plasma mass spectrometer (ICP-MS) 
and the following list of chemicals were used to 
determine BLL. Tetra methyl ammonium hydrox-
ide (TMAH), Triton X-100, and EDTA disodium 
salt; all were TraceSelect® grade and were pur-
chased from Sigma-Aldrich (St. Louis, MO, 
USA). Lead, the primary standard and the 
Rhodium, the internal standard, were PE Pure® 
grade and obtained from PerkinElmer (CT, USA). 
Standard reference materials (SRM) Sero 
Whole Blood level 2 were purchased from 
Seronorm® (Sero, Norway). Pure water was 
supplied through our lab resources and 
equipped with MilliQ Millipore® laboratory pure 
water (> 18 MOhms). 

Assessment of BLL

We used an adapted version of the ICP-MS 
method, that was described by Nunes, J.A., et 
al. [26] in order to determine BLL in whole blood 
samples. We carried out all the analyses on a 
PerkinElmer Nexion 300® machine and the 
software version is Nexion®. For this purpose, 
the three major isotopes of lead: m/z 206, 207, 
and 208 were looked for. 

Assessment of hormonal levels 

We purchased thyroid stimulating hormone 
(TSH) ELISA kits for rats from USCN Life Science 
Inc. (Wuhan, China). Total T3 and total T4 ELISA 
kits for rats were obtained from MyBioSource 
Company (California, USA). We analyzed the 
plasma samples by following the instructions 
that were given in the relevant company’s 
manuals. 

Assessment of oxidative stress markers 

The kits for determining glutathione (GSH) lev-
els in plasma were purchased from Sigma, 
Aldrich (Missouri, USA). The MDA assay kit was 
obtained from Northwest Life Science 
Specialties (Vancouver, USA). Then, the manu-
facturers’ instructions as described previously 
were followed [27].

Assessment of complete blood counts (CBC)

ABX VET ABC Hematology Analyzer machine, 
which has a special analysis card for rats, is 
purchased from ABX Diagnostics (Montpellier, 
France). We used this machine to analyze CBC 
parameters in whole blood samples. 

Assessment of biochemical parameters 

Kidney and liver functions were determined 
using Cobas Integra 400 biochemistry analyzer 
from Roche (Indianapolis, USA). The following 6 
parameters in plasma were determined: blood 
urea, creatinine (CRE), albumin (ALB), aspar-
tate aminotransferase (AST), C-reactive protein 
(CRP) and total proteins. 

Statistical analysis

We used GraphPad Prism 5 for Windows, ver-
sion 5.01, 2007 to analyze our data. All param-
eters were analyzed with one way ANOVA. This 
was followed with Bonferroni post-hoc test for 
selected groups to compare the control group 
with each treatment group. Results are pre-
sented as mean ± standard error of the mean 
(SEM). 

Results 

Weight monitoring

Adult male Wistar rats were injected with STZ to 
induce DM. Over the next six weeks, there was 
no significant difference in the weight of these 
rats i.e. the animals maintained nearly the 
same weight throughout the observation peri-
od (data not shown). 

During the experiments, the diabetic control 
group maintained its weight throughout the five 
days of treatment. However, treatment of the 
diabetic rats with various doses of lead acetate 
resulted in significant reductions in the weight 
of these animals (Figure 1). The group that was 
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treated with 100 mg/kg of lead acetate had 
the highest amount of weight loss. 

RBS results

Six weeks post DM induction; the animals had 
an RBS level ranging from 394.0 to 600.0 mg/
dL with a mean level of 546.3 ± 8.9 mg/dL. 

BLL results

The control group did not have any detectable 
BLL (Figure 2). In comparison, the groups that 
were treated with lead acetate had increasing 
and statistically significant BLL. Treatment of 
the rats with 25, 50, and 100 mg/kg of lead 
acetate caused BLL of 1228, 1498 and 2330 
ppb, respectively.

Thyroid function tests

There was an increase in TSH levels in the 
groups that were treated with 50 and 100 mg/
kg of lead acetate, compared with the control 

group (Figure 3A). However, the level was sta-
tistically significant only in the group that 
received the highest dose. On the other hand, 
treatment with 50 and 100 mg/kg of lead ace-
tate caused a statistically significant reduction 
in T4 levels (Figure 3B). Similarly, the decrease 
in T3 levels was significant only in these same 
two groups i.e. the ones that were treated with 
50 and 100 mg/kg of lead acetate (Figure 3C). 

Oxidative stress markers in plasma 

Compared to the control group, there was a 
reduction in GSH levels in all treated groups. 
However, the low levels were statistically signifi-
cant only in the groups that received high lead 
acetate doses (50 and 100 mg/kg) (Figure 4A). 

On the other hand, no statistically significant 
results were observed regarding MDA levels in 
the various treatment groups (Figure 4B).

CBC results

At the given treatment doses and exposure 
durations, CBC parameters including hemoglo-

Figure 1. Percentage of weight change over five days 
of treatment. One-way ANOVA test, followed by Bon-
ferroni post-hoc test for selected groups are used. 
Results represent mean ± SEM, (n = 9), and ***: 
P < 0.001.

Figure 2. Blood lead levels (BLL). One-way ANOVA 
test, followed by Bonferroni post-hoc test for selected 
groups are used. Results represent mean ± SEM, (n 
= 4-7), and **: P < 0.01, ***: P < 0.001.

Figure 3. Levels of (A) TSH. (B) T4. (C) T3. One-way 
ANOVA test, followed by Bonferroni post-hoc test for 
selected groups are used. Results represent mean ± 
SEM, (n = 5-10), and *: P < 0.05, **: P < 0.01, and 
***: P < 0.001.
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bin levels, hematocrit percentage, WBC counts 
and platelet counts were well preserved and no 
significant effects were detected (data not 
shown).

Assessment of biochemical parameters

Lead exposure resulted in significant effects on 
renal functions. In comparison to the control 
group, treatment with high doses of lead ace-
tate i.e. 50 and 100 mg/kg caused a statisti-
cally significant increase in urea levels (Figure 
5A) and at the same time a significant reduc-
tion in creatinine levels (Figure 5B). Regarding 
hepatic parameters, lead exposure did not 
have any significant effect on AST, CRP, total 
proteins and ALB levels (data not shown). 

Discussion

In this study, we investigated the effect of lead 
on the thyroid glands in STZ-induced diabetic 
rats. Lead exposure resulted in significant 
effects on the pituitary-thyroid pathway, lead-
ing to an increase in TSH levels and reductions 
in T4 and T3 levels. Our results demonstrated 
that lead exposure made the animals emaciat-
ed. Moreover, when the effect of lead on other 
systems was studied, our results showed a 
depletion of GSH stores and deleterious effects 
on renal parameters. 

The LD50 through the intraperitoneal route (i.p.) 
in rats is 150 mg/kg for lead acetate and 200 
mg/kg for lead acetate trihydrate [28], which is 

a more soluble form of the compound and is 
miscible with water [29]. Accordingly, the doses 
that we used represent the following percent-
ages of LD50 of lead acetate trihydrate (Table 
1). Since the LD50 of lead acetate trihydrate is 
200 mg/kg i.e. being in the range of 50-500 
mg/kg, this chemical is considered to be mod-
erately toxic [30]. 

Regarding weight change, normal non-diabetic 
animals usually gain a significant amount of 
weight over time. However, our data showed 
that these diabetic rats maintained nearly the 
same weight throughout the six weeks post DM 
induction. The lack of normal increase in weight 
in these diabetic animals is most probably due 
to STZ exposure and diabetes. 

Although the diabetic control rats maintained 
their weight during the five days of treatment, 
lead acetate treated groups lost significant 
amounts of their weight. This was most signifi-
cant for the group that was treated with 100 
mg/kg of lead acetate as these animals lost 
about 28% of their initial weight during the 
treatment period, compared to the control 
group. A previous study showed a similar effect 
of weight loss when animals were treated with 
100 µL of 20 mg/kg of lead acetate i.p. for 5 
days [25]. 

In regard with BLL, there was a very positive 
relationship in a dose-response manner 

Figure 4. Levels of (A) GSH, (B) MDA. One-way ANOVA 
test, followed by Bonferroni post-hoc test for selected 
groups are used. Results represent mean ± SEM, (n 
= 6-12), and **: P < 0.01.

Figure 5. (A) Urea levels. (B) Creatinine levels. One-
way ANOVA test, followed by Bonferroni post-hoc 
test for selected groups are used. Results represent 
mean ± SEM, (n = 7-14), and *: P < 0.05 and **: P 
< 0.01.
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between the administered doses of lead ace-
tate and the measured BLL in plasma. The 
exposure to 25, 50, and 100 mg/kg of lead 
acetate resulted in BLL of 1228, 1498 and 
2330 ppb, respectively. Using this conversion 
factor: 1 µg/dL = 10 ppb [31, 32], the mea-
sured BLL in ppb in the three treatment groups 
equals 123, 150 and 233 µg/dL, respectively. 
In clinical settings, such BLL of more than 100 
µg/dL are considered very high and would most 
probably result in severe lead poisoning [33]. 

In this study, we have demonstrated that lead 
exposure caused an elevation in TSH levels, 
which was statistically significant in the group 
that was treated with the highest dose i.e. 100 
mg/kg of lead acetate. Determination of TSH 
levels in clinical settings is the first step for the 
diagnosis of thyroid disorders since it is consid-
ered to be a more precise marker for identifying 
thyroid malfunctioning than the thyroid hor-
mones themselves [34]. Any abnormalities in 
TSH levels are followed by measuring T4 and T3 
levels, which in our study were found to be sig-
nificantly reduced. Apparently, lead exposure 
decreased T4 and T3 levels, and this in turn led 
to a positive feedback effect on the anterior 
pituitary gland increasing TSH secretion. The 
combination of high TSH and low T4 and T3 lev-
els in our study are highly suggestive of a clini-
cal hypothyroid state. 

Both Type I and Type II Diabetes Mellitus are 
considered a risk factor for developing thyroid 
disorders [35]. A longitudinal clinical trial has 
shown that among 58 patients with Type I DM 
who were followed up for 18 years, 18 subjects 
developed hypothyroidism [36]. So, is hypothy-
roidism in our study caused by DM or lead expo-
sure? It has been previously demonstrated that 
injecting rats with 100 mg/kg of STZ could 
cause a reduction in T4 and T3 levels 12 weeks 
later. However, the administration of smaller 
doses of 40, 60 and 80 mg/kg of STZ did not 
affect T4 and T3 levels [37]. Accordingly, the 
observed reduction in T4 and T3 levels in our 
study is most probably a direct result of lead 
exposure. Although the animals in our study 
had DM for only 6 weeks, which is relatively a 
short duration of time, the contribution of DM 
cannot be completely ruled out completely. 

Regarding oxidative stress markers, our data 
show a clear effect of lead exposure on GSH 
levels, which were significantly reduced. This 

can be explained by the fact that GSH protects 
our bodies from reactive oxygen species (ROS) 
through its sulfhydryl (SH) group, to which many 
reactive species and heavy metals (e.g. lead) 
can bind. This would eventually lead to a deple-
tion of GSH stores and cause the various sys-
temic toxicities of lead exposure such as hepat-
ic and renal damage [38]. On the other hand, 
MDA, which is a ‘reliable marker’ and the ‘most 
mutagenic product’ of lipid peroxidation [39], 
was not affected in our study. However, in 
another study of a longer duration of exposure 
(six weeks), the treated Wistar rats with either 
10 or 40 mg/kg of lead acetate by gavage had 
significantly high MDA levels [40]. 

Our results show that lead exposure had a 
direct toxic effect on renal functions leading to 
an increase in urea levels. Urea is an end-prod-
uct of proteins’ degradation and is eventually 
filtered by the kidneys [41]. As such, our data 
are consistent with a recently published study 
which showed that treatment of mice with 40 
mg/kg of lead acetate for 10 days resulted in 
an increase in urea levels [42]. Along with cre-
atinine levels, urea is a commonly tested mark-
er for renal functions [43]. On the other hand, 
the vast majority of creatinine comes from skel-
etal muscles and the heart [44]. Since creati-
nine levels are ‘roughly proportional to muscle 
mass’ [43], the most probable cause for the 
significantly low creatinine levels in these dia-
betic animals in our study is emaciation as the 
animals lost significant amounts of their weight 
and muscle bulk. On the other hand, in another 
study, when non-diabetic mice were exposed to 
40 mg/kg of lead acetate over 10 days, this 
treatment resulted in an elevation in their blood 
creatinine levels [42]. 

In this study, short-term treatment of diabetic 
animals with various doses of lead acetate over 
five days did not affect hepatic parameters. 
These parameters included AST, CRP, total pro-
teins and ALB levels. 

In conclusion, in this study, treatment with lead 
acetate caused clear changes that are consis-
tent with clinical hypothyroidism i.e. high TSH, 
and low T4 and T3 levels. Lead also reduced 
the levels of the essential antioxidant, GSH. In 
addition, lead exposure resulted in renal dam-
age. The exact molecular mechanisms through 
which lead acetate causes these effects need 
to be elucidated.
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