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Introduction

Many drugs are used in the treatment of
hypertension, including clonidine, methyldopa, ril-
menidine, ramipril and amlodipine(1). It’s known
that hypertension is able to determine multiple
organs damage including heart, eyes, kidneys and
other organs, requiring, therefore, long-term treat-
ment. Forty-two percent of hypertension complica-
tions are reported to involve the kidney, and the
death rate associated with this is about 10-15%(2).
Investigation and identification of the side-effects
on the kidney of antihypertensive may be useful in

determining indications and contraindications in
kidney disorder accompanying hypertension. The
problems encountered in clinical practice are organ
toxicity appearing during drug use for several rea-
sons. Therefore it is important identify the possible
nephrotoxic effects of these drugs, to determine the
adequate dose-adjustment.

Biochemical and histopathological tests are
used in order to reveal the toxic effects of drugs.
While oxidant/antioxidant parameters and organ
functions are determined using biochemical tests,
structural toxic effects in tissues are determined
with histopathological examinations(3). Tissue
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ABSTRACT

Aims: Hypertension is known to cause potentially fatal kidney damage. However, it is unclear whether long-term use of antihy-
pertensive drugs establishes any toxic effect on the kidney. This study investigate whether clonidine, methyldopa, rilmenidine, amlo-
dipine and ramipril establish nephrotoxic effects in rats. 

Materials and methods: Methyldopa, clonidine, rilmenidine, amlodipine and ramipril were administered orally to rat groups
for three months. At the end of that period, rats were sacrificed by decapitation, the kidneys extracted and biochemical and histo-
pathological analyses performed. 

Results: The experimental results revealed that methyldopa and ramipril slightly increased Malondialdehyde (MDA) and
Myeloperoxidase (MPO) levels in rat kidney tissue and slightly reduced total glutathione (GSH). Rilmenidine increased MDA and
MPO levels more than methyldopa and ramipril, but less than clonidine and amlodipine. Severe glomerular cellularity, hyalinization,
tubulointerstitial inflammation and tubular necrosis were encountered in the clonidine and amlodipine groups, in which MDA and
MPO were highest and GSH lowest. These histopathological findings were moderate in the rilmenidine group and mild in the methyl-
dopa and ramipril groups. In addition to these histopathological findings, mild interstitial fibrosis and increased mesenchymal
matrix were observed in the amlodipine group and increased mesenchymal matrix alone in the clonidine group. 

Conclusions: Ramipril and methyldopa were identified as drugs causing mild nephrotoxicity, rilmenidine moderate nephro-
toxicity and amlodipine and clonidine severe nephrotoxicity.  

Key words: Antihypertensive agents, kidney, toxicity, rat. 
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integrity is assessed using the difference in the oxi-
dant/antioxidant balance. Various aggressive factors
that can lead to tissue damage impair that balance
in favor of oxidants(4). Tok A et al. reported that oxi-
dant parameters such as Malondialdehyde (MDA)
and Myeloperoxidase (MPO) rose and total glu-
tathione (GSH), an antioxidant parameter,
decreased in renal ischemia/reperfusion injury(5).
Girardi et al. showed that structural damage such as
glomerular cellularity developed in the kidney with
the administration of toxic substances(6). Glomerular
cellularity is a pathological marker of nephritis(7).
El-Gerbed MS identified ultrastructural changes
such as thickening of the glomerular basal mem-
brane in kidney damage induced with
deltamethrin(8). Structural impairments such as
hyalinization, tubulointerstitial inflammation,
glomerulosclerosis, tubular necrosis, interstitial
fibrosis and increased mesenchymal matrix can be
seen in kidney tissue damage(9-13). Methyldopa,
clonidine, rilmenidine, amlodipine and ramipril
have been shown to exhibit biochemical and struc-
tural toxic effects at differing levels in the rat
liver(3). However, our literature review revealed no
comparative research into the biochemical and
structural nephrotoxic effects emerging in animals
in association with long-term use of methyldopa,
clonidine, rilmenidine, amlodipine and ramipril. 

The purpose of this study was therefore to
investigate and compare the biochemical and struc-
tural nephrotoxic effects developing in rats in asso-
ciation with long-term use of methyldopa, cloni-
dine, rilmenidine, amlodipine and ramipril. 

Materials and methods

Animals
Sixty albino Wistar rats weighing 200-210 g

were obtained from the Ataturk University
Medicinal and Experimental Application and
Research Center, Erzurum, Turkey. Animals were
allowed 14 days to acclimatize before the experi-
ments commenced. They were kept in a 12:12 h
light/dark cycle (lights on 07:00 - 19:00 h) in an air-
conditioned constant temperature (22 ± 1 °C)
colony room, with free access to water and 20%
(w/w) protein commercial chow. All studies were
performed in accordance with the ethical guidelines
set out by the local ethical committee that were
fully compatible with the “NIH Guide for the Care
and Use of Laboratory Animals”.

Chemical Substances
All biochemical assay compounds were pur-

chased from the following sources: Zdorove Drug,
Ukraine (clonidine); Eczacıbası Drug, Turkey
(methyldopa); Pfizer Drug, Turkey (amlodipine);
Aventis Drug, Turkey (ramipril); Servier
Pharmaceuticals, France (rilmenidine).

Administration of clonidine, methyldopa, ril-
menidine, amlodipine and ramipril.

The animals in the experiment were randomly
assigned into six groups of 10 rats each. Clonidine
was administered at a dose of 0.075 mg/kg, methyl-
dopa at 100 mg/kg, rilmenidine at 0.5 mg/kg,
amlodipine at 2 mg/kg and ramipril at 2 mg/kg, all
once a day, orally, over a period of 3 months.
Control group healthy rats were given the same vol-
ume of distilled water as solvent. At the end of that
period rats were sacrificed by decapitation. The kid-
neys were subsequently extracted and biochemical
and histopathological examinations were per-
formed. The biochemical and histopathological
results from the drug groups were then compared
with those from the healthy control group.

Biochemical analyses
Determination of Malondialdehyde (MDA)

formation
The concentrations of tissue lipid peroxidation

were determined by estimating MDA using the thio-
barbituric acid test(14). In brief, the rat kidneys were
promptly excised and rinsed with cold saline. To
minimize the possibility of interference of hemoglo-
bin with free radicals, blood adhering to the tissue
was carefully removed. The tissue was weighed, and
homogenized in 10 mL of 100 g/L KCl. The
homogenate (0.5 mL) was added to a solution con-
taining 0.2 mL of 80 g/L sodium lauryl sulphate, 1.5
mL of 200 g/L acetic acid, 1.5 mL of 8 g/L 2-thiobar-
biturate and 0.3 mL distilled water. The mixture was
incubated at 98 °C for 1 h. Upon cooling, 5 mL of n-
butanol:pyridine (15: 1) was added. The mixture was
vortexed for 1 min and centrifuged for 30 min at
4,000 rpm. The absorbance of the supernatant was
measured at 532 mn.

Determination of Myeloperoxidase (MPO)
activity

MPO activity was measured according to the
modified method of Bradley et al(15). The homoge-
nized samples were frozen and centrifuged at 1,500
g for 10 min at 4 °C. MPO activity in the super-
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natant was determined by adding 100 mL of the
supernatant to 1.9 mL of 10 mmol/L phosphate
buffer (pH 6.0) and 1 mL of 1.5 mmol/L 0-diani-
sidine hydrochloride containing 0.0005% (wt/vol)
hydrogen peroxide. The changes in absorbance at
450 nm of each sample were recorded on a UV-vis
spectrophotometer

Total glutathione (tGSH) determination 
The amount of GSH in tissue was measured

according to the method described by Sedlak &
Lindsay(16). The tissue surface of the kidney was
collected, weighed and then homogenized in 2 mL
50 mM Tris-HCl buffer containing 20 mM EDTA
and 0.2 mM sucrose, pH 7.5. The homogenate was
immediately precipitated with 0.1 mL of 25 %
trichloroacetic acid, and the precipitate was
removed by centrifugation at 4,200 rpm for 40 min
at 4 °C. The supernatant was used to determine
GSH using 5,5’-dithiobis 2-nitrobenzoic acid.
Absorbance was measured at 412 nm using a spec-
trophotometer.

Creatinine and blood urea nitrogen measure-
ment

Venous blood samples were collected from tail
vein into tubes without anticoagulant. Serum was
separated by centrifugation after clotting and stored
at-80°C until assayed. Creatinine and urea levels
were determined in a Cobas 8000 (Roche) spec-
trophotometric system using the colorimetric
method. Blood urea nitrogen (BUN) levels were
calculated from the formula BUN = Urea × 0.48. In
alkaline solution, creatinine forms a yellow/orange
complex with picrate. The color intensity is directly
proportional to the creatinine concentration and can
be measured by the photometric method (at 505
nm). Assays using rate-blanking minimize interfer-
ence by bilirubin. Serum samples contain proteins
which react non-specifically according to the Jaffe
method. Serum results must be corrected by 0.3
mg/dL (26 μmol/L) to obtain accurate values. This
correction causes a measurement error of 1% in
urine specimens because these do not contain non-
specific proteins. Urea is hydrolyzed by urease to
form CO2 and ammonia. The ammonia formed then
reacts with a-ketoglutarate and Nicotinamide ade-
nine dinucleotide (NADH) in the presence of gluta-
mate dehydrogenase to yield glutamate and NAD+.
The decrease in absorbance due to consumption of
NADH is measured kinetically. The NADH com-
plex to decrement is determined by the photometric

method (at 340 nm).

Histopathological examination
The specimens were fixed in 10 % formalin

and routinely processed for paraffin embedding.
For the evaluation, 4 μm thick sections were
obtained from each sample and stained with hema-
toxylin-eosin. At microscopic examination,
glomerular cellularity, hyalinization, tubular inflam-
mation, tubular necrosis, increase of in mesenchy-
mal matrix, glomerular basement membrane thick-
ening, glomerulosclerosis and interstitial fibrosis
were evaluated in 10 separate microscopic fields
from two sections. These were scored from 0 to 3.

Statistical analyses
All data were subjected to one-way analysis of

variance using Statistical Package for Social
Sciences 18.0 (Armonk, NY, USA) software.
Differences among groups were obtained using the
Tukey option, and significance was set at P ≤ 0.05.
The results are expressed as mean ± standard error
of the mean (SEM). 

Results

Biochemical findings
MDA, MPO and GSH measurement results
A statistically significant difference was deter-

mined between MDA, MPO and tGSH levels when
all the groups were compared together (P<0.05). As
shown in Figure 1, MDA levels in kidney tissue in
the methyldopa, clonidine, rilmenidine, amlodipine,
ramipril and control animals were 2.4 ± 0.2 (P>0.05
when compared with the control group), 4.0 ± 0.2
(P<0.05 when compared with the control group), 3.5
± 0.1 (P<0.05 when compared with the control
group), 4.3 ± 0.2 (P<0.05 when compared with the
control group),  2.6 ± 0.2 (P>0.05 when compared
with the control group) and 2.2 ± 0.4 µmol/g protein,
respectively. MPO activity was measured at 3.3 ± 0.7
(P>0.05 when compared with the control group), 9.5
± 0.7 (P<0.05 when compared with the control
group), 7.5 ± 0.9 (P<0.05 when compared with the
control group), 9.7 ± 0.9 (P<0.05 when compared
with the control group), 3.5 ± 0.7 (P > 0.05 when
compared with the control group) and 2.2 ± 0.5 U/g,
respectively (Figure 2). GSH levels for these groups
were 4.8 ± 0.6 (P>0.05 when compared with the con-
trol group), 2.3 ± 0.5 (P<0.05 when compared with
the control group), 3.3 ± 0.7 (P>0.05 when compared
with the control group), 2.2 ± 0.4 (P<0.05 when
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compared with the control group), 5.0 ± 0.6 (P>0.05
when compared with the control group) and 5.2 ± 0.7
nmol/g protein (Figure 3).

Blood BUN and creatinine results 
A statistically significant difference was deter-

mined among BUN and creatinine levels among the
study groups (P<0.05). Mean blood BUN levels in
rats receiving  methyldopa, clonidine, rilmenidine,

amlodipine and ramipril were, respectively, 34 ± 3
(P>0.05 when compared with the control group),
200 ± 6 (P<0.05 when compared with the control
group), 116 ± 5 (P<0.05 when compared with the
control group), 196 ± 15 (P<0.05 when compared
with the control group)  and 36 ± 3 mg/dL (P>0.05
when compared with the control group) and 26 ± 2
mg/dL in the control group. Blood creatinine levels
for these groups were 0.43 ± 0.03 (P>0.05 when
compared with the control group), 2.2 ± 0.2
(P<0.05 when compared with the control group),
1.3 ± 0.1 (P<0.05 when compared with the control
group), 2.2 ± 0.2 (P<0.05 when compared with the
control group), 0.51 ± 0.04 (P>0.05 when compared
with the control group) and 0.36 ±0.03 mg/dL .

Histopathological findings
The results of the microscopic examinations of

kidney tissues of rats given methyldopa, clonidine,
rilmenidine, amlodipine and ramipril are given in
Table 1 and Figure 4.

Control group kidney tissue
Microscopically, the healthy control group

kidney tissue had a normal histological appearance,
and no pathological findings were observed.
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Groups Methyldopa Clonidine Rilmenidine Amlodipine Ramipril Control 

Histopathology

Glomerular cellularity + +++ + +++ + 0

Hyalinization + +++ ++ +++ + 0

Tubulointerstitial
inflammation + +++ ++ +++ + 0

Tubular necrosis + +++ ++ +++ + 0

Interstitial fibrosis 0 0 0 + 0 0

Increased mesenchy-
mal matrix 0 + 0 + 0 0

Total injury 4 13 7 14 4 0

Table 1: Microscopic examination results of rat kidney tissue
given methyldopa, clonidine, rilmenidine, amlodipine and
ramipril.
Note: 0 normal tissue, + mild injury, ++ moderate injury, +++
severe injury. 

Figure 3: Comparison of group in terms total glutathio-
ne (GSH) levels. 
Notes: One-way analysis of variance post hoc Tukey test was
performed. GSH levels defined in nmol/g protein. Bars are
means ± Standard error mean.
* P < 0.05 was significant, compared versus control groups

Figure 2: Comparison of group in terms myeloperoxida-
se (MPO) levels. 
Notes: One-way analysis of variance post hoc Tukey test was
performed. MPO levels defined in U/g protein. Bars are means
± Standard error mean.
* P < 0.05 was significant, compared versus control groups

Figure 1: Comparison of group in terms of
Malondialdehyde (MDA) levels. 
Notes: One-way analysis of variance post hoc Tukey test was
performed. MDA levels defined in µmol/g protein.  Bars are
means ± Standard error mean.
* P < 0.05 was significant, compared versus control groups



Methyldopa group kidney tissue
Mild glomerular cellularity, hyalinization,

tubulointerstitial inflammation and tubular necrosis
were observed in the rat kidney tissue receiving
methyldopa. No pathological findings such as inter-
stitial fibrosis or increased mesenchymal matrix
were encountered.

Clonidine group kidney tissue 
Severe glomerular cellularity, hyalinization,

tubulointerstitial inflammation and tubular necrosis
and mildly increased mesenchymal matrix were
observed in kidney tissue receiving clonidine. No
interstitial fibrosis was seen. 

Rilmenidine group kidney tissue
Mild glomerular cellularity, moderate hyalin-

ization and severe tubular necrosis were observed
in the rat group given rilmenidine. No pathological
findings such as interstitial fibrosis or increased
mesenchymal matrix were observed.

Amlodipine group kidney tissue
Severe glomerular cellularity, hyalinization,

tubulointerstitial inflammation, tubular necrosis and
mildly increased mesenchymal matrix and intersti-
tial fibrosis were observed in the kidney tissue of
rats given amlodipine.

Ramipril group kidney tissue
Mild glomerular cellularity, hyalinization,

tubulointerstitial inflammation and tubular necrosis
were observed in kidney tissue of rats given
ramipril.

Discussion

This study investigated and compared the bio-
chemical and structural nephrotoxic effects associ-
ated with long-term drug use in rats given methyl-
dopa, clonidine, rilmenidine, amlodipine and
ramipril (MCRAR). Biochemical examinations
revealed different degrees of increases in MDA and
MPO levels and a decrease in GSH levels in kidney
tissues of rats receiving MCRAR compared to those
of the control group. A previous study of ours
revealed that levels of the oxidant parameters MDA
and MPO in liver tissue of rats receiving MCRAR
increased to varying extents compared to a healthy
control group while levels of the antioxidant GSH
decreased(3). In another study of ours, we deter-
mined a significant rise in MDA and MPO levels
and a significant decrease in GSH levels in nephro-
toxicity induced in rats with cisplatin(12). Clonidine
and amlodipine have been reported to induce severe
damage in liver tissue, rilmenidine moderate dam-
age and methyldopa and ramipril mild damage(3).
Salman S et al. showed that MCRAR produced
similar effects in rat ovarian tissue(17). Various toxic
substances (aggressive factors) that can lead to tis-
sue damage are known to impair the oxidant/antiox-
idant balance in favor of oxidants(4). The findings
from our study are compatible with the information
from the literature. Elevated blood BUN and creati-
nine levels were determined in groups with high
MDA and MPO and low GSH levels. Sener MT et
al. reported a significant increase in blood BUN and
creatinine levels in nephrotoxicity induced in rats
with cisplatin(12). Domitrović R et al. also reported
an increase in BUN and creatinine levels in cis-
platin-related nephrotoxicity(18). These data from the
literature indicate that a rise in BUN and creatinine
levels is a significant marker of nephrotoxicity. 

MDA and MPO are important oxidative stress
markers. Histopathological injury such as glomeru-
lar cellularity, hyalinization, tubulointerstitial and
tubular necrosis was more pronounced in the cloni-
dine and amlodipine groups, in which these oxidant
parameters were also elevated. Histopathological
examination has shown that toxic substances causes
glomerular cellularity (hypercellularity) in the kid-
neys(19). Pathological symptoms such as glomerular
cellularity, hyalinization and tubular necrosis have
also been reported to appear in kidney tissue in
long-term exposure to the effect of lead(20). In addi-
tion, tubulointerstitial inflammation has been
reported to develop in animal kidney tissue exposed
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Figure 4: Histopathological findings of groups.



to oxidative stress, and to be prevented with antiox-
idant therapy(21). Interstitial fibrosis was encoun-
tered in the amlodipine group, in which there was
pronounced tubulointerstitial inflammation.
Interstitial fibrosis is known to be seen in chronic
kidney diseases(22). Moreover, MPO activity in
clonidine and amlodipine group kidney tissue, in
which tubulointerstitial inflammation was pro-
nounced, was higher compared to the other groups.
MPO is present in active polymorphonuclear leuko-
cytes (PNLs), known as proinflammatory cells.
Activation of PNLs causes excess production of
superoxide, hydrogen peroxide and hydroxyl radi-
cals, in addition to MPO. Reaction of these radicals
with MPO leads to the formation of products that
cause more severe tissue damage, such as
hypochloric acid and N-chloramine(23).

In conclusion, the MCRARs used in the exper-
iment led to varying degrees of toxic effect in kid-
ney tissue. Long-term use of these drugs led to dif-
fering degrees of functional and pathological
impairments in the kidneys. Ramipril and methyl-
dopa were distinguished as drugs causing mild
nephrotoxic effects, rilmenidine as causing moder-
ate effects and amlodipine and clonidine as causing
severe effects. This information indicates that cloni-
dine and amlodipine should not be used in patients
with glomerular cellularity, hyalinization, tubuloint-
erstitial inflammation and tubular necrosis. They
also reveal that hyalinization, tubulointerstitial
inflammation and tubular necrosis are contraindica-
tions for rilmenidine. Methyldopa and ramipril
should be used in a controlled manner in kidney
patients.
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