
Summary
Myoglobinuric acute renal failure (mARF) is an uremic syndrome which develops due to damage of skeletal muscle. It was 

demonstrated that free radicals and nitric oxide (NO) play an important role in pathogenesis of mARF. Our aim was to investigate the 
effect of losartan, a drug known for its antioxidant effect, on mARF. In our study, a total of 34 male Spraque Dawley rats were divided 
into four groups. 1st and 2nd groups were injected with saline, 3rd and 4th groups were injected with intramuscular glycerol. One and 24 
hours later, 1st and 3rd groups received saline orally and 2nd and 4th groups have taken 10 mg/kg losartan. Urine was collected; the blood 
samples and kidneys of the rats were taken under the anesthesia. The levels of NO, arginine, asymmetric dimethylarginine (ADMA), 
glutathione (GSH) and malondialdehyde (MDA) were determined, renal functions and histopathological changes examined. In our 
study, we found that levels of urea, creatinine, and potassium, in serum samples and MDA and ADMA in renal tissue were increased 
in 3rd group when it’s compared with the 1st group. Levels of sodium, arginine in serum samples and arginine in renal tissue were 
reduced 3rd group when compared with the 1st group. When 3rd and 4th groups were compared, serum creatinine was higher in the 
latter group whereas ADMA level in renal tissue was lower in the same group. We think that there is no positive effect of losartan on 
the pathogenesis of mARF.
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Ratlarda Gliserol ile İndüklenen Miyoglobinürik 
Akut Böbrek Yetmezliği Üzerine Losartanın Etkileri

Özet
Miyoglobinürik akut böbrek yetmezliği (mABY) iskelet kaslarının hasarlanmasıyla oluşan üremik bir sendromdur. Nitrik oksit (NO) 

ve serbest radikallerin mABY patogenezinde önemli rol oynadığı gösterilmiştir. Çalışmamızda antioksidan etkileri olduğu bildirilen 
losartanın mABY’deki etkilerini araştırmayı amaçladık. Çalışmamızda 4 grupta toplam 34 adet erkek Spraque Dawley sıçan kullanıldı. 1. 
ve 2. gruba fizyolojik serum, 3. ve 4. gruba gliserol intramüsküler enjekte edildi. 1 ve 24 saat sonra 1. ve 3. gruba distile su, 2. ve 4. gruba 
10 mg/kg losartan oral yolla verildi. İdrarları toplandı, anestezi altında kan ve böbrekleri alındı. NO, arginin, asimetrik dimetilarginin 
(ADMA), glutatyon (GSH), malondialdehit (MDA) düzeyleri, histopatolojik değişiklikler ve böbrek fonksiyonları incelendi. Çalışmamızda 
1. grup ile karşılaştırıldığında 3. grupta serumda üre, kreatinin, potasyum, böbrek dokusunda MDA ve ADMA düzeylerinde artma; 
serum sodyum, arginin, böbrek dokusunda arginin düzeylerinde azalma gözlendi. 3. grup ile karşılaştırıldığında 4. grupta serum 
kreatinin düzeyinde artış, böbrek dokusunda ADMA düzeyinde azalma saptandı. Bu sonuçlar ışığında losartanın mABY patogenezi 
üzerinde olumlu etkilerinin olmadığını düşünüyoruz.

Anahtar sözcükler: Losartan, Miyoglobinürik Akut Böbrek Yetmezliği, Serbest radikaller, Nitrik oksit, 
              Asimetrik dimetilarginin
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INTRODUCTION

Rhabdomyolysis is the clinical and laboratory condition 
caused by extracellular distribution of intracellular elements 
from striated muscle due to traumatic and non-traumatic 
reasons 1. Rhabdomyolysis causes tubular obstruction, 
tubular necrosis and renal vasoconstriction which results 
in acute renal failure, a potential complication of rhabdo-
myolysis 2,3.  

The most common method of setting up experimental 
mARF is intramuscular injection of hypertonic glycerol 
solutions in rats 4. Intramuscular glycerol injection results 
in myolysis and hemolysis. Iron released from the degradation 
of myoglobin and hemoglobin catalyses Haber-Weiss and 
Fenton reactions and thus resulting in free radical formation, 
lipid peroxidation and detorioration of renal functions 3,4.

Nitric oxide is an intermediate product synthesized from 
L arginine 5. NO is reported to have a role in normal renal 
function 6, reducing the rate of renal interstitial fibrosis 7 
and in higher concentrations, it is known to participate 
in proximal renal tubular injury 6. ADMA is a methylation 
product of arginine. Studies have shown that ADMA is a 
good indicator of increased oxidative stress and that it can 
be a potential marker during the progress of acute renal  
failure 8. ADMA, as an inhibitor of nitric oxide syntase, 
contributes to reduced production of NO 9. Free radicals and 
reduced NO levels have important roles in pathogenesis of 
experimental ARF 10. Endothelial disfunction is correlated 
with ADMA levels in patients with ARF 11.

Losartan is a non-peptide angiotensin II receptor 
antagonist 12. Losartan is reported to increase NO release 13. 
Losartan is known to decrease the production of reactive 
oxygen species and supress lipid peroxidation 14. Losartan 
is also reported to prevent progression of many chronic 
renal diseases such as diabetic nephropathy 12. In rats with 
renal ablation, losartan administration has decreased blood 
pressure levels and proteinuria 15.

The aim of this study is to evaluate the effects of losartan 
on oxidative stress, renal functions, NO, arginine, ADMA, 
histopathological changes of renal tissue.

MATERIAL and METHODS

 This study was approved by Trakya University School of 
Medicine Animal Care and Use Committiee (2009/065). The 
laboratory conditions were standardized as 22+/- 1°C and 
12 h light-dark cycles. Male Spraque Dawley rats weighting 
370-450 g were fed by standard rat chow and tap water.  
Rats were randomly devided into 4 groups. There were 7 
rats in 1st and 2nd groups, 10 rats in the 3rd and 4th groups.  
The rats were deprived of water 24 h prior to saline injection  
for 1st and 2nd groups and im glycerol injection for the  
other groups. 

One and 24 h after the im injection of saline, distiled 
water was administered to the 1st group (Control) via 
gavage and 10 mg/kg losartan (Cozaar® tablets, Merck Sharp 
& Dohme) was administered to the 2nd group (Control+ 
Losartan) via oral gavage after being dissolved in distiled 
water. 1 and 24 h after the glycerol injection, distiled water 
was administered to 3rd group (ARF) and 10 mg/kg losartan 
was administered to 4th group (ARF+Losartan).

After 24 h urine collection (48 h after glycerol injection) 
10 mg/kg xylazine and 50 mg/kg ketamine were used to 
anesthetize rats. Blood sample were collected by cardiac 
puncture. Serum and urine samples stored at -80°C. Serum 
urea, creatinine, Na+, K+, urine creatinine and urine Na+ 

levels were measured using automated analyzer. 

Bilateral nephrectomy was performed to rats and then 
kidneys were cut longitudinally. One half of the right 
kidney is fixed in 10% formaline solution. The other half of 
the right kidney and left kidney were stored at -80°C until 
tissue analysis. 

Renal tissues samples were homogenized in buffer 
solutions (0.15 M KCl solution for MDA and GSH; 50mM 
phosphate buffer (pH 7.4) for NO; phosphate buffer (pH 7.0) 
for arginine and ADMA). Homogenates were centrifuged 
(1.500xg for 10 min, at 4°C), supernatant of the homo-
genates were collected for the MDA, GSH, NO, arginine, 
ADMA measurements. 

Protein content of the tissue samples was samples 
determined acording to the method of Lowry 16. Spectro-
photometric detection of the color produced by the inter-
action of free SH groups in the tissue homogenates with 
Ellman reagent was used to note GSH content 17. Nitrate 
and nitrite detection was done by the method described 
by Cortes and Wakid 18. Arginine and ADMA measurements 
were made by the method described by Teerlink 19.

Kidney slides were stained by Hematoxylin eosin and were 
blindly analyzed twice by the same pathologist under light 
microscope. Proximal tubular necrosis was identified and 
was conveyed as a percent of the total sum of all proximal 
tubules in x10 magnification. Similarly, proteinaceous casts 
in the distal tubules were analysed and tubules containing 
casts were conveyed as a percent of total number of distal 
tubules.

Statistical Analysis

Statistical analyses were performed using Statistica 
7.0 (Licence code: 31N6YUCV38) programme. Quantitative  
data was given as mean±SD. Normal distribution of variances  
was determined using Kolmogorov-Smirnov test. Since 
normality assumption is not satisfied, Kruskal Wallis test was 
used to investigate inter-group differences. To determine 
which group was causing the difference, Mann-Whitney 
U test were used. P<0.05 was considered as statistical 
significance value. 
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RESULTS

Renal function markers of the study groups are 
shown in Table 1. Urine could not be collected in ARF and 
ARF+Losartan groups. In regards to urine sodium, creatinine, 
creatinine clearance and fractional sodium excretion no 
statistically significant difference was detected between the 
control and losartan groups. Compared to control group, 
serum urea levels were significantly elevated in ARF and 
ARF+Losartan groups (P=0.017 and P=0.007, respectively). 
No significant difference in serum urea levels was detected 
between ARF and ARF+Losartan groups. In a similar fashion, 
serum creatinine levels were significantly elevated in ARF and 
ARF+Losartan group (P=0.016 and P=0.008, respectively). 
Serum creatinine level was higher in ARF+Losartan group 
than ARF group which was statistically significant (P=0.034). 
Compared to control group, serum sodium levels were 
significantly decreased in ARF and ARF+Losartan groups 
(P=0.016 and P=0.029, respectively). No significant difference 
in serum sodium levels was detected between ARF and 
ARF+Losartan groups. Compared to control group, serum 
potassium levels were significantly elevated in ARF and 
ARF+Losartan groups (P=0.016 and P=0.008, respectively). 
No significant difference in serum potassium levels was 
detected between ARF and ARF+Losartan groups (P=0.157).

Biochemical parameters of the study groups are 
shown in Table 2. No statistically significant difference was 
detected between study groups in renal tissue GSH levels. 
Compared to control group, renal tissue MDA levels were 
significantly increased in ARF and ARF+Losartan groups 
(P=0.017 and P=0.008, respectively). No significant difference 
in renal tissue MDA levels was detected between ARF 
and ARF+Losartan groups. No significant difference was 
detected among groups in regard to serum NO, renal 
tissue NO, urine NO and serum ADMA levels. When ADMA 
levels in renal tissue were compared between groups, an 
increase in ARF group and a decrease in ARF+Losartan 
group were detected in comparison to control group, both 
of which were statistically significant (P=0.030 and P=0.014, 
respectively). Compared to control group, renal tissue 
arginine levels were significantly decreased in ARF and 

ARF+Losartan groups (P=0.017 and P=0.006, respectively). 
No significant difference in renal tissue arginine levels was 
detected between ARF and ARF+Losartan groups. When 
serum arginine levels were compared between groups, 
a decrease in ARF group was detected in comparison to 
control group (P=0.017). There was no significant difference 
in serum arginine levels between the control, ARF and 
ARF+Losartan groups.

Histopathological findings of the study groups are 
shown in Table 3. In our study, no change in glomeruli or 
tubular necrosis was seen in HE stained kidney slides of 
control and losartan groups. Tubular necrosis was present 
in HE stained kidney slides of ARF and ARF+Losartan 
groups. There was also evident dilatation of the tubules 
with accumulation of dense, proteinaceous casts in distal 
tubules. Hydropic cytoplasmic swelling and vacuolisation 
in distal tubule cells was prominent. Peritubular stroma 
showed edema and vascular congestion. Tubular cellular 
regeneration was noted. Glomerular congestion was more 
pronounced in ARF group (Fig. 1).

Table 1. Serum renal function markers of the study groups

Tablo 1. Çalışma gruplarının serum renal fonksiyon belirteçleri

Renal Function 
Markers

Control 
(n=7)

Losartan 
(n=7)

ARF 
(n=3)

ARF+Losartan 
(n=4)

Urea 
(mg/dl) 22.71±2.56 24.29±4.19 595.33±31.56* 586.75±48.49*

Creatinine 
(mg/dl) 0.40±0.06 0.39±0.05 6.87±0.44* 8.23±0.21*#

Na+
 

(mmol/L) 139.86±4.06 136.71±10.01 123.00±7.93* 132.00±3.92*

K+

(mmol/L) 4.83±0.59 4.89±0.72 8.80±0.92* 7.85±0.76*

Data are given as mean±SD, * P<0.05 compared with control group, # P<0.05 
compared with ARF group

Table 2. Serum and kidney tissue biochemical parameters of the study groups

Tablo 2. Çalışma gruplarının serum ve böbrek dokusu biyokimyasal para-
metreleri

Biochemical 
Parameters

Control 
(n=7)

Losartan 
(n=7)

ARF 
(n=3)

ARF+Losartan 
(n=4)

Serum

NO 
(µmol/mg) 2.25±0.63 2.35±0.43 1.55±0.48 4.22±2.66

ADMA  
(µM) 1.42±0.31 1.64±0.30 3.87±3.97 0.87±0.47

Arginine 
(µM) 87.97±10.10 95.30±9.90 38.81±32.51* 79.64±12.36

 Kidney Tissue

MDA 
(nmol/g doku) 0.58±0.12 0.47±0.05 1.37±0.20* 1.20±0.12*

GSH 
(µmol/g doku) 62.56±10.17 58.89±7.76 59.85±6.02 70.47±9.06

NO 
(µmol/mg) 97.14±49.00 62.37±28.77 41.21±37.69 44.94±33.02

ADMA 
(µmol/mg protein) 1.25±0.29 0.72±0.57 3.62±2.84* 0.57±0.25*

Arginine 
(µmol/mgprotein) 190.10±18.98 181.38±22.37 67.87±25.01* 70.57±10.42*

Data are given as mean±SD, *P<0.05 compared with control group

Table 3. Renal histopathological findings of the study groups

Tablo 3. Çalışma gruplarının renal histopatolojik bulguları

Histopathological 
Findings

Control 
(n=7)

Losartan
(n=7)

ARF 
(n=7)

ARF+Losartan 
(n=7)

Necrosis (%) 0.00±0.00 0.00±0.00 78.00±5.29*‡ 80.00±7.16*‡

Cast (%) 1.42±0.53 1.29±0.49 77.67±2.51*‡ 77.50±2.08*‡

Data are given as mean±SD, * P<0.05 compared with control group, ‡ P<0.05 
compared with losartan group
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DISCUSSION

Oxidative stress and NO play important roles in ARF due 
to myoglobinuria 3. Losartan is a non-peptide angiotensin II 
receptor antagonist. Losartan has been shown to increase 
NO release and decrease oxidative stress 20. As far as our 
knowledge, this is the first study in which the effect of 
losartan on experimental mARF is studied. It is also the first 
study to investigate ADMA levels in mARF pathogenesis. 
In our study, rhabdomyolysis was shown to cause renal 
tubular injury, decrase in renal functions, elevate oxidative 
stress and ADMA levels and diminish arginine levels. 
While losartan was shown to decrease ADMA levels, it also 
increased serum creatinine. Losartan seemed to have no 
effect on other findings.

In our study, MDA levels were significantly reduced in 
healthy subjects after administration of losartan. In a study 
performed by Saleh et al.21, investigating the renoprotective 
effects of losartan, it was reported that in healthy rats  
given i.p. losartan either as a single dose of 60 mg/kg or in 

divided doses (10 mg/kg daily for 6 days), losartan showed 
no significant effect on renal MDA levels. The decrease of 
MDA in our study may be due to the differences in dose, 
timing, method and period of administration.

Seven of the rats in our ARF group died within the first 
48 h due to complications. Previous studies reported lower 
mortality rates in mARF model 22-24. Rats used in these 
studies are reported to weigh between 160 and 300 g 
whereas the rats in our study weighed between 370 and 
450 g. High mortality rate of our study may be a result of 
high dose administered i.m. glycerol due to higher animal 
weight. High dose glycerol injection intramuscularly causes 
muscle damage which results in the release of K+, myo-
globin and other cytokines into systemic circulation. We 
believe increased serum K+ levels result in cardiotoxicity 
and released myoglobin promote tubular necrosis and cast 
formation, thus precipitating renal failure. In our laboratory, 
the rate of tubular necrosis and cast accumulation  
was higher than any ARF groups formed in previous 
studies 22,25.

Fig 1. Histopathological appearance of the study groups

A) Control group, B) Losartan group, C) ARF group, D) ARF + Losartan group 

Şekil 1. Çalışma gruplarının histopatolojik görünümü

A) Kontrol grubu, B) Losartan grubu, C) ABY grubu, D) ABY + Losartan grubu
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The increase in blood urea and creatinine levels in ARF in 
control groups is consistent with previous studies performed 
on this model 26-28. Elevated K+ is known to be a result of 
decreased urine output in ARF and severe muscle damage 29. 
Decreased blood Na+ level may be caused by tubular 
disfunction which is consistent with previous studies 25,30.

The significant increase in renal MDA levels in ARF group 
is consistent with previous studies 28,31. Free iron ions released 
from the degredation of significant amount of myoglobin 
cause free radical formation and lipid peroxidation which 
may contribute to the increase in MDA levels.

A significant decrease in GSH has been reported in 
experimental studies on mARF 4,32. However, no significant 
decrease in GSH was noted in our study which may be a 
result of low number of samples due to high mortality in 
this group.

Nitric oxide is an intermediate product synthesized from  
L arginine 5. NO plays a key role in the regulation of renal 
blood flow and glomerular filtration, production of renin  
and angiotensin II and tubular reabsorption 33. Heme  
proteins produced in mARF model consume NO and  
cause renal vasoconstriction via cytokines 34.

Previous studies stated that L-arginine treatment 
normalised renal oxidative stress and structural damage 
and reduced renal function loss 32,35. When ARF is formed 
by myoglobin infusion, L-arginine treatment may prevent 
renal vasoconstriction and disfunction via NO. In our study, 
decrease of L-arginine may have exacerbated renal ischemia 
and thus aggravated tubular damage 32,36. Previous studies 
performed by this model showed a decrease in renal NO 
levels 37. It has been reported that decrease of NO levels 
and inhibition of NOS worsens pathogenesis 38. There being 
no significant difference in NO levels may be attributed to 
high mortality rate seen in this group.

ADMA is a potent endogenous NOS inhibitor. Elevated 
ADMA levels have been linked to oxidative stress and it is 
also reported to be a marker for renal failure 35,39. 

In the experimental model of Volti et al. rats underwent  
to 45 min of renal ischemia fallowed by 30 min, 1 h, and 3 h  
of reperfusion 40. ADMA levels showed significant difference 
in the groups which 60 and 180 min reperfusion were 
performed. This result is consistent with renal ADMA levels 
of the present study.

Six of the rats in ARF+Losartan group died in 48 h because 
of the complications. When we reviewed the literature we 
could not find any study analysing the effects of losartan 
on experimental mARF models. On the experimental mARF 
models decreased renal perfusion due to increased renal 
angiotensin levels was reported. Increased angiotensin 
II, as a vasoconstrictor in renal vascular bed is known to 
reduce renal function 41. Losartan used as a therapeutic 
agent of hypertension and minimal renal changes in renal 

transplant recipients, leads to elevated serum creatinine 
levels. Elevated levels of serum creatinine can be considered 
a result of low glomerular pressure 42. In the present study 
elevated serum creatinine levels can be considered as a 
result of losartan related to low intraglomerular pressure 
and hemodynamic effects.

Yavuz et al.43 performed a diabetic nephropathy model 
on rats. They administered 10 mg/kg losartan by gavage for 
8 weeks and reported decreased MDA levels. In the study 
of Khattab et al.44 rats were subjected to hypertension 
by administering L-NAME. In this study high level of MDA 
in renal tissue was decreased by a 10 mg/kg losartan 
treatment lasting 6 weeks. Rashchizadeh et al.45 reported 
that losartan significantly decreased MDA levels in renal 
transplant recipients. Additionally creatinine levels were 
detected to be increased in the group is treated by losartan 
for 6 weeks. Preventive effect of losartan on lipid peroxidation 
reported in these studies is not correlated with our results. 
In the study of Raschizadeh et al.45, a group of rats were 
treated with losartan and creatinine levels were increased. 
This is consistent with our study.

In the study of Ito et al.46 untreated patients with essential 
hypertension were treated with perindopril, losartan, 
bisoprolol and they reported that perindopril and losartan 
reduced the ADMA levels. In the study serum MDA levels 
decreased significantly only in the group treated with  
losartan. 

As mentioned above previous studies suggest that 
losartan has a protective role in many experimental models. 
In the present study, losartan is considered to worsen the 
pathogenesis of mARF and elevated serum creatinine levels 
are a sign of this entity. 

It may also be due to different factors affecting 
experimental mARF pathogenesis which is not in correlation 
with other experimental studies. In previous studies, losartan 
was shown to increase NO levels by decreasing ADMA, 
which results in fluid accumulation in damaged muscles. We 
believe this condition exacerbates hypovolemia. We believe 
that hypovolemia causes renal vasoconstriction which 
worsens mARF pathogenesis.

We believe the effect of losartan on mARF model should 
be thoroughly investigated using variations in dosage, 
administration route, timing and period of administration.
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