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Abstract: Objective: To study the possible effect of angiotensin II type 1 Receptor blocker (AT1 blocker) on renal func-
tion, arterial blood pressure and parathyroid hormone related protein over expression in cadmium induced nephro-
toxicity in adult male rats. Forty five rats were divided randomly into a control (group I), group II, received cadmium 
chloride at a dose of 5 mg/kg/day, orally, for nine weeks, group III received telmisartan (TEL) treatment (1 mg/kg/
day, orally) one week before cadmium administration and continued for ten weeks. Results: Telmisartan significantly 
reduced blood urea nitrogen (BUN) and serum creatinine levels which were increased significantly by cadmium. 
Telmisartan significantly suppressed lipid peroxidation, compensated deficits in the antioxidant defenses (super ox-
ide dismutase (SOD) level and catalase activity), decreased the elevations of nitric oxide (NO) and cadmium ion con-
centrations in renal tissue observed in Cd-treated rats. Group III had a significant decrease of urinary levels of total 
protein, N-acetyl-β-d-glucosaminidase (NAG), alkaline phosphatase (ALP) and γ-glutamyl-transpeptidase (GGT) and 
urinary 8-isoprostanes than those of group II. Telmisartan decreased the systolic blood pressure significantly than 
those of group II. Histopathological examination revealed that cadmium-induced renal tissue damage was amelio-
rated by telmisartan treatment. Immunohistochemical analysis revealed that telmisartan significantly decreased 
the cadmium-induced overexpression of parathyroid hormone receptor 1 (PTHR1) in renal tissue. RT-PCR analysis 
showed that Cd increased renal expression of PTHrP; however telmisartan could decrease the expression of PTHrP 
in group III. Conclusion: Blocking AT1 receptors significantly decreases PTHrP over expression and ameliorates renal 
dysfunction in Cd induced nephrotoxicity. These data suggest that Ang II might contribute to pathophysiology and 
deleterious effects in cadmium nephrotoxicity.
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Introduction

In the environment, heavy metals are present 
either in the form of industrial pollutants or 
naturally in soils, and they can contaminate 
food and drinking water [1]. Cd is an abundant 
transition metal of worldwide concern, because 
it accumulates in the environment as a result of 
its numerous industrial uses. In human non-
occupational exposure to Cd results from 
smoking, air pollution [2]. Cigarette smoke is 
the main source of airborne Cd exposure in the 
environment as a single cigarette contains 1.5 
μg of Cd [3].

Because of the long biological half-life of Cd 
(10–25 years) and its low rate of excretion, the 

body becomes a ‘sink’ as Cd accumulates and 
causes toxicity to many vital organs including 
the lungs, liver and kidneys [4]. Evidences indi-
cate that oxidative stress and reactive oxygen 
species (ROS) formed in the presence of cad-
mium could be responsible for its toxic effects 
in many organs or cells [5]. Chronic exposure to 
Cd causes severe nephrotoxicity in humans and 
animals [6]. In those with occupational expo-
sure to cadmium, the renal stones and glomeru-
lar damage have been found [7]. The most com-
mon effects of Cd on the kidney are impairment 
of renal tubular function, glomerular alterations 
and interstitial fibrosis. However, the substan-
tial changes of renal injury in chronic Cd poison-
ing have not been fully established and the 
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mechanism by which Cd administration causes 
such renal changes remains unclear [8].

Parathyroid hormone-related protein (PTHrP) is 
the peptide hormone responsible for most 
instances of humoral hypercalcemia of malig-
nancy. Parathyroid hormone receptor-1 (PTHR1) 
is a second G protein-coupled PTH receptor, 
PTHR2, has been identified [9]. PTHrP binds to 
PTHR1 but not to PTHR2 [10].

In the adult kidney, both PTHrP and the parathy-
roid hormone receptor-1 (PTH1R) are abundant 
throughout the renal parenchyma, including the 
intrarenal vasculature [11]. PTHrP appears to 
modulate renal plasma flow, glomerular filtra-
tion rate, and induces proliferative effects on 
both glomerular mesangial and tubuloepithelial 
cells [12]. Renal PTHrP is over expressed in sev-
eral experimental nephropathies, including a 
rat model of tubulointerstitial scarring after pro-
tein overload, associated with the development 
of proteinuria [12].

Clinical and experimental studies have sug-
gested that angiotensin II plays an important 
role in the pathophysiology of various kidney 
diseases. Most studies have evaluated the 
effects of blockade of the renin-angiotensin 
system (RAS) in conferring renal protection 
using either an angiotensin-converting enzyme 
(ACE) inhibitor or an angiotensin type 1 (AT1) 
receptor antagonist [13]. The AT1 receptor is 
considered the major receptor mediating the 
actions of angiotensin II, whereas the AT2 
receptor has no or a minimal role in renal 
pathology. Telmisartan is a highly selective AT1-
receptor antagonist approved for treatment of 
hypertension. On the other hand, telmisartan 
acts as a partial agonist on the nuclear peroxi-
some proliferator-activated receptor-γ that has 
been reported to exert anti-oxidative and anti-
inflammatory effects [14]. Clinical studies 
revealed the effectiveness and safety of telmis-
artan against diabetic nephropathy in patients 
with type 2 diabetes mellitus [15], as well as in 
non-diabetic patients with hypertensive 
nephropathy [16]. Fouad and Jresat found that 
telmisartan, through its antioxidant and anti-
inflammatory actions, effectively prevented 
cadmium nephrotoxicity in mice [17].

This study aimed to assess the effect of angio-
tensin receptor 1 antagonist (telmisartan) on 
kidney function, blood pressure alternation and 

PTHr-P over expression in cadmium nephrotox-
icity in adult male rats. Furthermore, to explore 
the possible role of Angiotensin II in the patho-
physiology of the cadmium induced 
nephrotoxicity.

Material and methods

Animals

This study was carried out on forty five white 
male albino rats, 2-month old with a initial body 
weight of about 230 ± 30 gm. These animals 
were obtained and maintained in The Assiut 
University Animal Nutrition and Care House. 
The experimental protocol was approved by the 
Institutional Animal Research Committee of the 
Faculty of Medicine, Assiut University, Egypt, 
and followed the published guidelines and reg-
ulations. The animals were caged in metabolic 
cages and kept under standard conventional 
laboratory conditions at a temperature of 22°C 
± 2°C, with a relative humidity of 50 ± 5% and 
a 12-h/12-h light/dark cycle. They had unlimit-
ed access to drinking water ad libitum and rat 
chow.

Drugs and chemicals

Cadmium chloride powder and telmisartan 
powder were obtained from Sigma Chemical 
Company, USA. Cadmium chloride was dis-
solved in normal saline, while telmisartan was 
prepared in 1% aqueous solution of Tween 80.

Experimental design

The rats were divided into three groups consist-
ing of 45 rats each. Group I: included 15 rats 
received saline orally for 9 weeks. Group II: 
included 15 rats received cadmium orally (as 
CdCl2) (were purchased from Sigma-Aldrich (St. 
Louis, USA). in 0.5-ml sterile physiological 
saline at a dose of 5 mg/kg day for 9 weeks 
[18]. Group III: included 15 rats received cad-
mium orally in the same dose as group II and 
treated with the AT1 antagonist, telmisartan at 
a dose of 1 mg/kg/day orally [19], respectively, 
for ten weeks starting one week before cadmi-
um administration.

During this experiment, daily food and water 
consumption of every cage were recorded dur-
ing the study period. The 24 hr urine sample 
was collected; the volume was determined and 
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recorded for each rat. Urine volume was mea-
sured (ml/min). Urine was centrifuged and the 
supernatant fluid was taken and stored by at 
-20°C. At the end of the study, the animals of all 
groups were weighed. Systolic arterial BP was 
measured in all rats (conscious and restrained) 
by the tail-cuff sphygmomanometer (NARCO 
Biosystems, Houston, TX). The BP value for 
each rat was calculated as the mean of three 
separate measurements at each session.

Preparation of kidney tissue homogenates

5 ml blood from each rat’s retro-orbital vein 
were collected in micro tubes and centrifuged 
immediately for 10 min at 5000 rpm to obtain 
clear sera which were stored at -20°C until 
analysis. Then, the rats were killed by decapita-
tion. The kidneys were rapidly removed, weight-
ed and kept frozen in liquid nitrogen. Tissues 
were stored in -80°C until processed.

The kidneys were minced, washed, and homog-
enized in a dounce glass homogenizer in 10 
mM HEPES-KOH/1 mM EGTA buffer (pH 7.5) 
containing 250 mM sucrose and supplemented 
with protease and phosphatase inhibitors. The 
homogenates were spun down for 10 min at 
2000 × g at 4°C. The supernatant was collect-
ed and stored at -20°C. Blood urea nitrogen 
(BUN) was measured using colorimetric assay 
kit according to the recommendations of the 
manufacturer (Stanbio Laboratory, USA). Serum 
creatinine level was measured by an enzymatic 
assay method (Roche Diagnostics GmbH, 
Germany) using a Hitachi 902 automatic ana-
lyzer (Hitachi Co. Ltd, Tokyo, Japan).

Measurement of urinary protein excretion

Urinary protein concentrations were measured 
with an automatic analyzer (Hitachi 911; 
Boehringer Mannheim) by indirect potentiome-
try with ion-selective electrodes and colorimet-
ric reactions.

Determination of nitric oxide, lipid peroxida-
tion, protein carbonyl contents and 8-isopros-
tane

Determination of renal NO was done by evalua-
tion of its oxidant products, nitrates and nitrites 
by using Griess reaction [20]. The levels of Lipid 
peroxidation in the renal tissue was estimated 
colorimetrically by measuring thiobarbituric 
acid reactive substances (TBARSs) as described 

by Niehiaus and Samuelsson [21]. As a hall-
mark of protein oxidation, total protein carbonyl 
content was determined in the kidney by a 
spectrophotometric method described by 
Levine [22] and expressed as nmol/mg 
protein.

8-Isoprostane, a marker for oxidative stress, is 
produced via the random oxidation of tissue 
phospholipids by oxygen radicals. Urinary 8-iso-
prostane was analyzed by an enzyme-linked 
immunosorbent assay kit [23] according to the 
manufacturer’s instruction (Cayman).

Assay of antioxidant enzymes

Superoxide dismutase (SOD) activity was deter-
mined by the method of Marklund and Marklund 
[24] in which the inhibition of formation of 
NADH-phenazine methosulfate nitroblue tetra-
zolium formazan was measured spectrophoto-
metrically at 560 nm. Catalase (CAT) activity 
was assayed calorimetrically as described by 
Sinha [25] using dichromate acetic acid 
reagent.

Urinary markers of renal toxicity

The activities of N-acetyl-β-d-glucosaminidase 
(NAG), alkaline phosphatase (ALP) and 
γ-glutamyl-transpeptidase (GGT) in urine were 
determined colorimetrically [26] using commer-
cial Kits (Roche Diagnostics, Mannheim, 
Germany).

Cadmium measurement in kidney tissues

Cadmium concentration in the kidney was 
determined as described in the previous study 
[27] using an atomic absorption spectropho-
tometer using a Zeeman furnace system 
(Solaar 969, Thermo Optek).

Measuring angiotensin II (Ag II) in serum and 
kidney

Ang II concentrations in serum and renal tissue 
were determined using Ang II radioimmunoas-
say kit (Beijing North Institute of Biological 
Technology, China) [28].

Morphological examination

Immediately after euthanasia, one kidney of 
each animal was removed, and fixed immedi-
ately in 10% buffered formalin, embedded in 
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paraffin, prepared as 5-μm-thick sections and 
stained with hematoxylin and eosin (HE). 
Stained sections were examined under light 
microscope (Olympus CX31, Japan) and photo-
graphed using digital camera (Olympus, 
Camedia C-5060, Japan). Other kidneys speci-
mens were kept frozen in liquid nitrogen and 
stored in -80°C until processed.

Immunohistochemical analysis

The slides from kidneys of all experimental 
groups were deparaffinized with three changes 
of xylene and rehydrated through a graded eth-
anol series to distilled water. Antigen retrieval 
was performed by placing the slides in 10 mM 
citrate buffer (pH 3.0), heating them in a micro-
wave oven for 20 min, and allowing them to 
cool to room temperature for 20 min. Slides 
were rinsed once with phosphate buffered 

saline (PBS), and the endogenous peroxidase 
activity was blocked by incubating the samples 
for 30 min in the blocking solution (3% H2O2 in 
PBS), followed by rinsing three times with PBS. 
Non specific binding was blocked by incubating 
the slides for 30 min in PBS containing 2% nor-
mal goat serum (Vector Laboratories, 
Burlingame, CA) and 1% Triton X-100, followed 
by incubation with specific polyclonal anti para-
thyroid hormone receptor-1.

Reverse transcription-polymerase chain reac-
tion (RT-PCR) 

Total RNA was isolated from rat kidney homog-
enates obtained using an RNeasy Tissue kit 
(Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. The RNA aliquots 
were stored at -80°C until use. Total RNA from 
either rat kidney, was reverse transcribed, and 

Figure 1. Systolic BP (A) and proteinuria (B) in control, group II and group III. Data are shown as mean ± SD. *P<0.05, 
***P<0.001 versus control; ##P<0.01 versus group II.

Figure 2. Effect of telmisartan treatment on serum and renal tissue levels of Angiotensin II of rats treated with 
cadmium for nine weeks. Values are mean ± SD. *p<0.05, **p<0.01 and ***p<0.001 as compared to control group. 
##p<0.01 and #p<0.05 as compared to group II.
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resulting cDNA was amplified, using a Qiagen 
one step RT-PCR kits using specific primers for 
the rat PTHrP (sense 5ʹ-TGGTGTTCCTGC- 
TCAGCTA-3 ,́ antisense 5 -́CCTCGTCGTCTG- 
ACCCAAA-3 )́. These primers yield PCR amplifi-
cation products of 266 bp. The housekeeping 
gene; glyceraldhyde-3-phosphate dehydroge-
nase (GAPDH) was amplified using specific 
primers (5 -́CCTTCATTGACCTCAACTACATG-3 ;́ 
reverse, 5 -́CTTCTCCATGGTGGTGAAGAC-3 )́ as 
a constitutive control. The reaction mixture (10 
μL), with 0.5 μCi (α 32P) dCTP (3000 Ci/mmol; 
NEN Life Science Products, Zaventem, 
Belgium), was incubated for 45 minutes at 
48°C and two minutes at 95°C, followed by 30 
cycles of one minute at 95°C, one minute at 
60°C, and two minutes at 68°C, with a final 
extension of seven minutes at 68°C. Preliminary 
experiments established that these conditions 
provided a linear cDNA amplification in each 
case. Each PCR product was loaded onto aga-
rose gel, visualized by ethidium bromide stain-

ing under ultraviolet light, and analyzed by 
scanning densitometry (ImageQuant; Molecular 
Dynamics, Sunnyvale, CA, USA) of the different 
PCR products were. The results are normalized 
against those of the corresponding GAPDH. 
Band intensities of RT–PCR products were 
quantified using Biometre Image software.

Statistical analysis

Data are expressed as mean ± SD for all param-
eters. The data were analyzed using Graph Pad 
Prism data analysis program (Graph Pad 
Software, Inc., San Diego, CA, USA). For com-
parison of statistical significance between dif-
ferent groups Student Newman-Keuls t-test for 
paired data were used. For multiple compari-
sons, one-way analysis of variance (ONE-WAY-
ANOVA) test followed by the least Significant 
Difference (LST). Correlations were assessed 
using Spearman’s non-parametric correlation 
coefficient ƍ as described by Knapp and Miller 

Figure 3. A. Representive photomicroscopy of a section in the kidney of a control rat showing the renal corpuscle 
with the parietal layer of Bowmman’s capsule (arrow head). glomerular and normal Bowmann’s space (*). Normal 
appearance of the proximal (P) and distal (D) in control convulated tubules. B. Group II showing apparent glomerular 
atrophy (G) with widened Bowman’s space (*). Swelling of the renal tubules is observed (thick arrows). The proximal 
tubules showed marked vaculation of the cytoplasm (+), some nuclei in the proximal tubules appear pyknotic (arrow 
head) or karyolsed (thin rrow) and others show exfoliation (tailed arrow). C. Group III showing swelling of the renal 
tubules (thick arrows) and some proximal tubules showed pyknotic nuclei (arrow head). (H&E) X 400. Bar = 50 μm.
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gain. In addition, Kidney 
weights of rats of all groups 
were not significantly different 
(Table 1).

Effect of AT1 antagonist on 
BUN and serum creatinine

Rats which received cadmium 
chloride alone, showed signifi-
cant increase in BUN and 
serum creatinine as compared 
to the control group (p<0.001). 
However, significant reduction 
of these levels were observed 
in group III treated with telmis-
artan as compared to group II 
(p<0.01), but these levels 
were still significantly higher 
than those of control group 
(p<0.05) (Table 2).

Effect of AT1 antagonist renal 
biochemical analysis

Telmisartan treatment signifi-
cantly suppressed renal tis-
sues levels of NO, lipid peroxi-
dation (TBARS) and protein 
carbonyl compared to those of 
the group II (p<0.05, p<0.01 
and p<0.01 respectively). In 
addition telmisartan attenuat-
ed the depletion of the antioxi-
dant defense mechanisms 
(SOD and catalase activity) 
compared to Cd treated rats 
(p<0.01 and p<0.05 respec-
tively) (Table 3).

[29]. A value of P ≤ 0.05 was considered statis-
tically significant.

Results

Effect of AT1 antagonist on body weight gain

Cd intake had no significant effect on food 
intake of group I, II and III (25.46 ± 1.02, 25.92 
± 1.26 and 26.39 ± 1.23 g, respectively). No 
significant differences of water consumption 
between group I, II and III were detected (25.74 
± 0.52, 25.51 ± 0.72 and 25.14 ± 0.83 ml 
respectively). As a high Cd intake had no signifi-
cant effect on food or water consumption, no 
significant differences between the studied 
groups have been observed for the body weight 

Effect of AT1 antagonist on renal toxicity mark-
ers

Group II had significant elevations in urinary 
levels of total protein (Figure 1B), 8-isopros-
tane, NAG, ALP and GGT compared with those 
of control rats (p<0.001). Telmisartan treat-
ment significantly suppressed these elevations 
compared to those of group II (p<0.01, p<0.01, 
p<0.01, p<0.05 and p<0.05 respectively) 
(Table 4).

Effects of AT1 antagonist on renal cadmium 
concentrations

Rats that received cadmium chloride showed 
significant increase in cadmium ion concentra-

Table 1. Body weight gain and kidney weight of all studied groups
Group I Group II Group III

Body Weight gain (gm) 31.55 ± 1.13 31.68 ± 0.66 31.36 ± 0.69
Kidney Weight (gm) 0.487 ± 0.007 0.486 ± 0.008 0.489 ± 0.012
Values are means ± SD. No significant differences have been observed between the 
body weight gain and kidney weights of all studied animals through the experiment.

Table 2. Effect of telmisartan on Cd-induced changes in 24 hr 
urine volume, BUN and serum creatinine

Group I Group II Group III
24-hr urine volume (ml) 3.133 ± 0.16 2.55 ± 0.25*** 2.86 ± 0.34*,##

BUN (mg/dl) 14.69 ± 0.58 17.85 ± 2.15*** 15.43 ± 1.14*,##

Serum creatinine (mg/dl) 0.55 ± 0.06 1.01 ± 0.38*** 0.63 ± 0.11*,##

Values are mean ± SD. *p<0.05 and ***p<0.001 as compared to control group. 
#p<0.05 and ##p<0.01 as compared to group II.

Table 3. Effects of telmisartan (TEL) treatment on renal tissue lev-
els of cadmium, NO, TBARS, protien carbonyl and some enzymatic 
antioxidants in rats with nephrotoxicity induced by cadmium (Cd) 
chloride
Parameter Group I Group II Group III
Cadmium (ug/g tissue) 17.58 ± 1.49 21.42 ± 1.99*** 19.63 ± 2.58*,#

NO (nmol/gm tissues) 72.16 ± 2.93 80.35 ± 5.16*** 76.09 ± 5.15*,#

TBARS (mg/g tissues) 2.45 ± 0.06 2.71 ± 0.23*** 2.52 ± 0.1*,##

Protein Carbonyls 
(nmol/g protein)

1.73 ± 0.05 2.02 ± 0.56*** 1.84 ± 0.16*,##

SOD 10.51 ± 0.4 9.64 ± 0.57*** 10.11 ± 0.61*,##

CAT 46.09 ± 0.75 44.17 ± 1.52*** 45.29 ± 1.18*,#

Values are mean ± SD. SOD: one unit of activity was taken as the enzyme reaction, 
which gave 50% inhibition of NBT reduction in 1 min/mg protein. CAT: mmol of H2O2 
utilized/min/mg protein. *p<0.05 and ***p<0.001 as compared to control group. 
#p<0.05 and ##p<0.01 as compared to group II.
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tions as compared to the control animals 
(p<0.001). However, telmisartan treated rats 
had a significantly lower renal cadmium level in 
comparison with the group II (Table 3).

Effects of AT1 antagonist on serum and renal 
Ang II levels

Figure 2 showed that serum and renal Ang II 
levels in group II were significantly higher than 
those of group I (p<0.001). These levels were 
significantly lowered in group III after telmisar-
tan treatment, but they were still significantly 
higher than those of control group (Figure 2).

Effects of AT1 antagonist on systolic blood 
pressure

Systolic blood pressure of rats received Cd for 
nine weeks was significantly increased than 
those of Group I (p<0.001), whereas this 
increase was markedly lower in rats of group III 
compared to group II (p<0.01) (Figure 1A).

Effects of AT1 antagonist on renal histology

In general, the morphological examination of 
HE-stained sections of the kidneys of Cd treat-
ed rats showed that Cd effects were found 
largely confined to the proximal tubules; 

Cadmium intake for nine weeks caused wide-
spread dilatation, vacuolar degeneration and 
necrosis (pyknotic and karyoylsed nuclei and 
others show exfoliation) in the cytoplasm of the 
proximal convoluted tubules. There was also 
glomerular atrophy with widening of Bowman’s 
space. The histopathological renal damage 
induced by cadmium was markedly ameliorat-
ed in animals received telmisartan treatment 
(Figure 3).

Effects of telmisartan on renal immunohisto-
chemistry

Immunohistochemical examinations of rats’ 
kidney revealed that cadmium administration 
caused marked increases in the immunoreac-
tivity (highly positive reaction) of PTHR1 in the 
kidney of group II in the cytoplasm of proximal 
tubular cells as compared to the control group. 
On the other hand, the detection of PTHR1 in 
the renal tissues of group III demonstrates a 
weak positivity slightly higher than the control 
group (Figure 4).

Effects of telmisartan on PTHrP expression

RT-PCR was used to investigate the effect of 
telmisartan administration to adult male rats 

Figure 4. Immunohistochemical staining of sections 
from rat kidneys (X400). A. Normal expression of 
PTHR1 in the tubular epithelium of group I The glom-
erulus showed no positivity for PTHR1. B. Marked 
activation of PTHR1 (highly positive reaction) in the 
proximal tubules (P) by cadmium intake to adult male 
rats of group II for nine weeks. C. The detection of 
PTHR1 in the renal tissues of group III demonstrates 
a weak positivity slightly higher than the control 
group. Bar = 50 μm.
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on PTHrP transcripts in rat’s kidney. As shown 
in Figure 5A, Cd administration to adult male 
rats of group II augmented PTHR1 mRNA sig-
nificantly than those of group I and III (p<0.001 
and p<0.01 respectively). Significant differenc-
es between renal PTHrP mRNA of group I and III 
were detected (p<0.05. Specific bands of pre-
dicted length and increasing exponentially (at 
266 bp) were obtained with PTHrP specific 
primers of predicted length in group II and this 
band decreased markedly in group III compared 
to group II (Figure 5B).

Discussion

The present study showed that telmisartan 
treatment significantly protected against renal 
tissue injury induced by cadmium in adult male 
rats. Also, the present work, in agreement with 
previous studies, clearly demonstrated that oxi-
dative stress with increased lipid peroxidation 
(TARBS), depletion of antioxidant defenses play 
a crucial role in the pathogenesis of cadmium 
nephrotoxicity [30-32]. The results of the pres-
ent study showed that renal levels of TARBS 
and protein carbonyl were significantly 
increased in group II than those of control rats 
suggesting increased renal oxidative stress of 
Cd treated rats. Telmisartan could decrease 
these levels significantly in group III. In addition 

telmisartan increased the levels of antioxidants 
in group III significantly than those of group II.

It has been demonstrated that increased NO 
production is implicated in cadmium-mediated 
cytotoxicity and oxidative damage [17, 33]. This 
was supported by results of this study as levels 
of renal tissues NO of group II were significantly 
higher than those of control group. Telmisartan 
could decrease these levels significantly than 
those of Cd-induced nephrotoxicity. In the pres-
ent study, telmisartan significantly attenuated 
the increase in cadmium concentration in renal 
tissue resulted from cadmium administration. 
This was explained the fact that cadmium can 
be bound with high affinity to the thiol in gluta-
thione and metallothionein molecules which 
are essential for intracellular heavy metal 
detoxification [34, 35]. It could be also stated 
that telmisartan, through its antioxidant activi-
ty, decreased the cadmium burden in renal tis-
sue which results in an additional protective 
effect against cadmium nephrotoxicity.

This study also showed that there was a signifi-
cant reduction in the 24 h urine volume of 
group II. This is in consonance with previous 
studies and confirm that cadmium administra-
tion causes declined renal function, in the form 
of increased serum creatinine and BUN [36, 

Figure 5. Representative graph corresponding to PTHrP mRNA changes (evaluated by RT-PCR) in the kidney of all 
studied groups. A. Telmisartan treatment decreased PTHrP mRNA in renal tissues of group III. B. PhosphorImager 
analysis of RT-PCR amplification using specific oligonucleotide primers for PTHrP mRNA in the kidney of control, 
group II and group III. Total RNA isolated from all Kidneys was used for RT-PCR reactions as described in Materi-
als and Methods. Lane 1 from the left is the 1-kb ladder control; lane 2: group I, lanes 3: group II, and 4: group 
III correspond to the primers specific for PTHr-P at 266 bp. GAPDH mRNA was included as a constitutive control. 
*p<0.05,***p<0.001 as compared to control group. ##p<0.01 as compared to group II.
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played elevated concentra-
tions of plasma AII and initial 
alterations in the renal glo-
merulotubular system [39].

Treatment with telmisartan 
could significantly decrease 
the elevated blood pressure 
recorded in Cd treated rats. 
This could be explained by 
that telmisartan lowers the 
elevated levels of Ang II in Cd 

37]. Administration of telmisartan for group III 
improved cadmium- induced renal dysfunction. 
This is consistent with Fouad and Jersat [17] 
and could suggest that AT1 blocker improves 
renal function by preventing renal damage.

Urine NAG, ALP and ALP enzymes activities 
mainly come from the renal tubules and are 
regarded as sensitive indexes of renal tubular 
function [38]. The results of this experiment 
showed that the levels of these enzymes activi-
ties in the Cd only group were significantly high-
er than those in the control group at the end of 
ninths week. These results indicated that Cd 
treatment alone had caused appreciable kid-
ney damage. However, the study revealed that 
telmisartan has a marked protective effect on 
renal tubular toxicity, as rats receiving TEL in 
addition to Cd showed a markedly decreased 
excretion of NAG, GGT and ALP, thus suggesting 
a decreased tubular damage. This protective 
effect of TEL was confirmed when renal tissues 
were examined histologically, as minor tubular 
cellular alterations were observed in these ani-
mals, compared with those that has received 
Cd alone.

Varoni et al [39] found that the activation of the 
renin–angiotensin system has been indicated 
to be involved in the pathophysiology of tissue 
injury induced by cadmium. These facts were 
supported by the present results as telmisar-
tan decreased the elevated renal and serum 
levels of angiotensin II in group III. Ang II, the 
most active factor in this system [40] is consid-
ered to be the main source of cadmium-induced 
production of reactive oxygen species [41, 42]. 
The elevation of Ang II levels in Cd administrat-
ed rats was explained by the interplay between 
the kallikrein-kinin system and the RAS which 
caused various hemodynamic alterations, 
resulting in elevated RAS activity in these ani-
mals. Moreover, the low levels of kallikrein dis-

treated rats, leading to decrease significantly 
the blood pressure of group III.

The present study observed increased both the 
renal PTHrP and PTHR1 expression of Cd group. 
Telmisartan treatment significantly inhibited 
the cadmium-induced expression of PTHrP and 
PTHR1. This was explained by Ortego et al [43] 
who reported that Ang II interacts with its type 
1 receptor (AT1) which activates mitogen-acti-
vated protein kinase and the transcription fac-
tor cAMP-responsive element binding protein, 
leading to increased PTHrP expression. In group 
III the Ang II antagonists (TEL) improved the 
renal functions and this improvement was 
associated with inhibition of PTHrP and PTHR1 
expression. Thus, PTHrP and its receptors 
appears to exert a reciprocal control on, some 
Ang II effects in the damaged kidney [44]. In 
addition, Lorenzo et al [45] reported a signifi-
cant correlation between PTHrP and tubular 
damage in the rat kidney after systemic Ang II 
infusion. These data suggest that Ang II consid-
ered a responsible factor for PTHrP up-regula-
tion in Cd treated rats, and this might contrib-
ute to the deleterious effects of Ang II in the Cd 
induced nephrotoxicity.

Conclusions

Collectively, the present study indicates that 
AT1 blocker significantly protected against cad-
mium-induced renal dysfunction. The antioxi-
dant effect of telmisartan, and its role in inhibi-
tion of PTHrP overexpression can be considered 
the main factors responsible for the renopro-
tective effect of telmisartan. Therefore, telmis-
artan represents a potential therapeutic option 
to prevent renal tissue damage and dysfunc-
tion resulting from cadmium intoxication in 
adult male rats. These data suggest that Ang II 
might contribute to the deleterious effects of 
cadmium induced nephrotoxicity.

Table 4. Effect of telmisartan treatment on urinary levels of 8-so-
postane, NAG, ALP and GGT in all studied groups
Parameters Group I Group II Group III
8-isoprostane (pg/ml) 320.9 ± 5.22 346.7 ± 25.89*** 327.8 ± 7.13**,##

NAG (mU/day) 115.2 ± 11.49 130.9 ± 11.25*** 122.8 ± 10.09*,##

ALP (mU/day) 26.75 ± 4.57 33.41 ± 3.43*** 30.33 ± 4.31*,#

GGT (mU/day) 1255 ± 29 1307 ± 33.58*** 1280 ± 35.43*,#

Values are mean ± SD. *p<0.05, **p<0.01 and ***p<0.001 as compared to group I, 
#p<0.5 and ##p<0.01 as compared to group II.
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