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 Background: Chronic kidney disease (CKD) is a major health problem worldwide. Oxidative stress is one of the mediators of 
this disease. Systemic complications of oxidative stress are involved in the pathogenesis of hypertension, endo-
thelial dysfunction, shortened erythrocyte lifespan, deformability, and nitric oxide (NO) dysfunction. L-carnosine 
is known as an antioxidant. In this study, our aim was to investigate the effect of carnosine on hemorheolog-
ic and cardiovascular parameters in CKD-induced rats.

 Material/Methods: We used 4-month-old male Sprague-Dawley rats divided into 4 groups of 6 rats each. Three days after sub-
total nephrectomy and sham operations, the surviving rats were divided into the 4 groups; 1) Sham (S), 2) 
Sham+Carnosine (S-C), 3) Subtotal nephrectomy (Nx), and 4) Subtotal nephrectomy + Carnosine (N-C). Carnosine 
was injected intraperitoneally (i.p.) (50 mg/kg) for 15 days. The control group received the same volume of 
physiological saline.

 Results: In CKD rats, malondialdehyde (MDA) levels were increased, and NO and RBC deformability were decreased 
compared to Sham. Carnosine treatment decreased MDA levels, improved RBC (red blood cell) ability to de-
form, and increased NO levels. However, carnosine did not affect blood pressure levels in these rats.

 Conclusions: We found that carnosine has beneficial effects on CKD in terms of lipid peroxidation and RBC deformability. 
Carnosine may have a healing effect in microcirculation level, but may not have any effect on systemic blood 
pressure in CKD-induced rats.
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Background

CKD is a major public health problem affecting millions of peo-
ple worldwide [1]. Oxidative stress is a mediator of system-
ic complications of CKD [2]. Oxidative stress may be defined 
as a disturbance in regular cellular and molecular function 
caused by the disequilibrium between production of reactive 
oxygen species (ROS) and antioxidant factors [3]. ROS are 
normally produced during normal respiration, but in exces-
sive production or insufficiency of natural antioxidant capac-
ity, ROS can lead to loss of cell and tissue function; thus, oxi-
dative stress is involved in the pathogenesis of hypertension 
[4], endothelial dysfunction [5], shortened erythrocyte lifes-
pan, and deformability in CKD [6].The presence of oxidative 
stress in CKD is evidenced by an increased abundance of by-
products of ROS [2].

One of the main effects of oxidative stress is the decrease in 
biological activity of NO [7]. Under normal conditions, ROS are 
safely converted to water and molecular oxygen. However, in 
the presence of excess O2, the oxidation of NO by O2 leads 
to functional NO deficiency and peroxynitrite formation (NO 
+ O2 – ONOO–) [8]. Peroxynitrite is a damaging molecule 
that can trigger lipid peroxidation and DNA damage in the 
body. NO is an endothelium-derived relaxing factor (EDRF) 
and is a major trophic and survival factor for endothelium 
[9]. Also, NO contributes to the maintenance of renal vascu-
lar resistance (RVR) and renal blood flow (RBF) by regulating 
glomerular filtration [10,11]. Vascular endothelium is capa-
ble of modulating the tone of the underlying smooth mus-
cle in response to local changes in shear stress, pressure, 
and other mechanical factors [12]. Endothelial dysfunction 
is characterized by a reduced synthesis of bioavailable NO 
[13]. Recent studies suggest a key role of the microvascula-
ture in renal disease [14].

By promoting the ROS-mediated inactivation of NO, oxida-
tive stress can cause endothelial dysfunction and hyperten-
sion. The remnant kidney (RK) model is widely considered to 
be the classic model of progressive renal disease. Inhibition of 
NO synthesis has been known to worsens renal disease is the 
RK model by hemodynamic changes [15]. It has been demon-
strated that alterations in hemodynamic conditions and wall 
shear stress can affect NO synthesizing mechanisms in the vas-
cular endothelium [16]. NO has been demonstrated to affect 
the cellular elements of blood, including RBC [17]. NO mod-
ulates RBC mechanical properties and blockade of NO syn-
thesis results in deterioration of RBC deformability [18]. The 
deformability ability of RBC has crucial importance for the 
maintenance of microcirculation. Blood viscosity decreases 
at high shear stress rates through the ability of RBC deform-
ability and altered mechanical properties of RBC were report-
ed in hypertension [19].

L-carnosine is known to possess free radical scavenging func-
tions [20]. In our previous study on diabetic rats, we demon-
strated that carnosine has healing effects on RBC of diabetic 
rats, which decreased as a result of oxidative stress in diabe-
tes mellitus [21]. In this study, our aim was to induce renal 
failure in rats with subtotal nephrectomy (RK model) and ob-
serve the effect of carnosine on RBC deformability and blood 
pressure levels of nephrectomized rats and to compare the re-
sults with sham-operated control group rats.

Material and Methods

Male Sprague-Dawley rats were used (4 months, 375±19 body 
weight). The animals were maintained under the conditions of 
6:00–20:00 h lighting, 24±1°C temperature, and 55±5% humid-
ity, and were given ad libitum commercial diet and water. The 
animals were divided into 4 groups of 6 rats each. The study 
was performed in accordance with the guidelines for animal 
welfare and was approved by the Institutional Review Board 
of the Faculty of Medicine, Bezmi Alem University, Turkey.

Nephrectomy	and	sham	operations

Through a right dorsolateral incision, the right kidney was 
pulled out to expose the renal vessels and ureter, which were 
then ligated with cotton thread and cut between the hilus and 
the ligated portion to remove the kidney. After kidney remov-
al, the incision was sutured. The left kidney was pulled out 
through a left dorsolateral incision to expose the renal vessels 
and ureter. The renal vessels were clipped by a clamp, and the 
cranial and caudal parts of the organ were cut so that ¾ of the 
kidney remained. Finally, the treated left kidney was returned 
to the abdominal cavity and the incision was sutured. Sham 
operations consisted in laparotomy and manipulation of the 
kidneys and renal pedicle without destruction of renal tissue.

3 days after surgery, the surviving ¾-nephrectomized rats were 
randomly divided into the 4 groups;
1. Sham (S, n=6),
2. Sham + Carnosine (S-C, n=6),
3. Subtotal nephrectomy (Nx, n=6),
4. Subtotal nephrectomy + Carnosine (N-C, n=6).

Carnosine (white powder, dissolved in physiological saline, 
Sigma Chemical Co, USA) was injected i.p. with 50 mg/kg in 
each injection every day for 15 days. The control group re-
ceived the same volume of physiological saline.

Red	blood	cell	deformability	measurement

After the injections were finished at the end of the 15 days), 
30 microliters of blood were obtained from a tail vein of each 
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rat and the red blood cell deformability index was measured by 
a shear stress diffractometer (Rheodyn SSD, Myrenne GmbH, 
Germany) as previously described [22]. Briefly, 30 µl blood 
sample was added to 2 ml of Dextran 60 solution (viscosity 
24 mPa s, osmolality 290 mOsm, pH 7.4), mixed well, and in-
troduced to the device, where RBC suspension was shared. 
As a measure of deformability, RBC elongation index (EI) was 
measured at shear stresses from 0.3 to 60 Pa.

Arterial	blood	pressure	and	heart	rate	measurement

Twenty-four hours after the last treatment, mean, systolic, and 
diastolic blood pressure and heart rate were directly measured 
through the femoral artery 19 days after the operation. The 
animals were anesthetized with ketamine (39.35 mg/kg, i.p.) 
plus xylazine (4.96 mg/kg, i.p.). A polyethylene catheter (PE-
50, Intramedic, Clay Adams, MD) was implanted in the femo-
ral artery. The catheter was filled with heparinized solution of 
normal saline (10 IU/ml) to be connected to a pressure trans-
ducer. The transducer output was amplified, and the arterial 
pressure signal passed to an analog-digital converter (MP30, 
Biopac System), and the arterial pressures were determined 
from the pulse wave.

NOx	and	lipid	peroxidation	measurement

NOx and MDA levels were measured spectrophotometrically 
from serum samples as described before [23]. Briefly, NOx lev-
els were measured with Griess method and the susceptibili-
ty of erythrocytes to lipid peroxidation was immediately de-
termined by a method based on measuring the concentration 
of the pink chromogen compound that forms when MDA cou-
ples to thiobarbituric acid.

Statistical analyses

SPSS 15.0 and Excell were used for analyzing data. Kruskal-
Wallis ANOVA, Mann-Whitney U and Student’s t tests were 
used for statistical analysis. Data are expressed as mean 
± standard error of mean (SEM). P<0.05 was considered 
significant.

Results

Malondialdehyde levels

In the Nx group, MDA level in erythrocytes was significantly 
increased compared to the S group as we expected (p<0.05). 
MDA level was significantly decreased in the N-C group com-
pared to the Nx group (p<0.05). In the S-C group, MDA level 
was decreased compared to the S group, but this change was 
not significant (p>0.05; Figure 1).

NOx	Levels

NOx level of the Nx group was significantly decreased com-
pared to the S group NOx levels (p<0.05). There was no dif-
ference between Nx and N-C groups compared to S and S-C 
groups in terms of NOx levels (p>0.05; Figure 2).

RBC	deformability	levels

EI level was significantly decreased in the Nx group compared 
to the S group (p<0.05). N-C group EI level was significantly 
increased compared to the Nx group (p<0.05). These results 
show the improved effect of carnosine on nephrectomized 
rats’ RBC deformability indexes (Figure 3).

Figure 1.  Malondialdehyde levels of all groups. S – Sham-
operated group, S-C – Carnosine-treated sham-
operated group, Nx – Nephrectomy-operated group, 
N-C – Carnosine-treated nephrectomy-operated group. 
* p<0.05 when compared to S and ** p<0.05 when 
compared to N group.
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Figure 2.  Nitric oxide levels of all groups. S – Sham-operated 
group, S-C – Carnosine-treated sham-operated group, 
Nx – Nephrectomy-operated group, N-C – Carnosine-
treated nephrectomy-operated group. * Compared to S 
group (p<0.05)
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We also found that S-C group EI value slightly increased com-
pared to the S group, but this increment was not statistically 
significant (p>0.05). These EI values demonstrate that carno-
sine has this effect at all shear stress values (Figure 3).

Blood pressure and heart rate levels

In all systolic blood pressure (SBP), diastolic blood pressure (DBP), 
and mean blood pressure (MBP) measurements, there was no 
significant difference between S and Nx groups (p>0.05; Figure 4).

S-C group heart rate level was significantly increased com-
pared to S group heart rate level (p<0.05). There was no im-
portant difference between other groups in terms of heart 
rate levels (Figure 5).

Discussion

CKD has emerged as a major public health problem that affects 
millions of patients worldwide and leads to decreased surviv-
al [1]. Reduction of the renal mass by subtotal nephrectomy 
in animals or by kidney disease in humans results in protein-
uria, glomerulosclerosis, tubulointerstitial injury, and progres-
sive deterioration of kidney function and structure. This pro-
cess is mediated by a constellation of hemodynamic events 
(glomerular hypertension and hyperfiltration) and non-hemo-
dynamic events (oxidative stress, inflammation, and apoptosis) 
[24]. The prevailing oxidative stress in animals and humans 
with chronic renal insufficiency leads to the oxidation of pro-
teins, carbohydrates, nucleic acids, lipids, and lipoproteins, and 
accumulation of their harmful by-products in various tissues 
and body fluids. In addition, the increased generation of ROS 
leads to tissue injury and dysfunction by attacking, denatur-
ing, and modifying structural and functional molecules, and 
by activating redox-sensitive transcription factors and the sig-
nal transduction pathway. These events, in turn, promote ne-
crosis, apoptosis, inflammation, fibrosis, and other disorders. 
Oxidative stress and inflammation are constant features of ad-
vanced renal disease and play a major role in progressive dete-
rioration of renal function and structure, as well as associated 
cardiovascular and numerous other complications of chronic 
kidney disease. It is implicated in the pathogenesis of renal 
injury and may be blocked by antioxidants [25]. Therefore, we 
used carnosine as an antioxidant to reduce oxidative stress.

Carnosine is a scavenger of hydroxyl and superoxide radicals 
and a strong quencher of singlet molecular oxygen [26]. It is 
present in various human tissues [27], but occurs in high con-
centrations [up to 20 mM] in skeletal muscles and the brain 
(where it is thought to act as a biological antioxidant), and 

Figure 3.  Elongation Index in all shear stress levels of all groups. 
S-C – Carnosine-treated sham-operated group, Nx – 
Nephrectomy-operated group, N-C – Carnosine-treated 
nephrectomy-operated group.
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Figure 5.  Heart rate of all groups. S-C – Carnosine-treated sham-
operated group, Nx – Nephrectomy-operated group, 
N-C – Carnosine-treated nephrectomy-operated group. 
* p<0.05 Compared to S group.
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Figure 4.  Blood pressure levels of all groups. S-C – Carnosine-
treated sham-operated group, Nx – Nephrectomy-
operated group, N-C – Carnosine-treated nephrectomy-
operated group.
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protects these tissues against oxidative damage induced by 
different factors [28]. It was also reported that it protects mito-
chondrial membranes from free radical damage, decreases lipid 
peroxidation of cell membranes, and has inotropic properties. 
Thus, it is reasonable to propose that carnosine may protect 
the heart from injury and improve the functions following car-
diac ischemia [29]. Carnosine has been reported to have natu-
ral ACE-inhibitor activity, serve as an oxygen free radical scav-
enger, and cleave advanced glycation end-products. Addition 
of carnosine markedly reduces the synthesis of matrix compo-
nents and TGF b2 in renal cell lines [30]. In experimental stud-
ies it was shown that carnosine reduces the level of proinflam-
matory and profibrotic cytokines. It is suggested that carnosine 
is a naturally occurring anti-aging substance in humans, with a 
beneficial effect on the cardiovascular system [27].

Oxidative stress and inflammation play a critical part in pro-
gression of many diseases, including kidney and heart diseases. 
Oxidative stress is caused by a combination of increased pro-
duction of ROS and impaired antioxidant capacity. Increased 
generation of ROS leads to tissue injury and dysfunction by 
attacking, denaturing, and modifying structural and functional 
molecules and by activating redox-sensitive transcription fac-
tors and signal transduction pathways. These events, in turn, 
promote necrosis, apoptosis, inflammation, fibrosis, and oth-
er disorders [31].

High oxidative stress levels, as indicated by plasma MDA con-
centration, was found to be significantly higher in Nx animals 
[31–33]. This finding is in agreement with our observation in 
nephrectomized rats. In the Nx group, we found significantly 
elevated lipid peroxidation levels, which indicates that oxida-
tive stress is increased in these animals. In the N-C group, lip-
id peroxidation levels were decreased to S group lipid perox-
idation levels, which indicates that carnosine prevented lipid 
peroxidation in Nx group rats. Several studies reported a ben-
eficial effect of antioxidant treatment on MDA concentration 
or ROS in CKD. One of these studies showed that alpha-lipo-
ic acid, an antioxidant, attenuated kidney MDA concentration 
in Nx rats [33]. Another study reported that sildenafil-treated 
Nx rats had decreased ROS levels [34].

NO also plays an important role in renal function and sodium 
excretion and regulates the homeostatic response to increased 
sodium intake [35]. In the current study, renal NOx levels were 
measured 2 weeks after surgery. The present study confirms 
that decreased renal NOx levels occurred very early after kid-
ney damage. Decreased renal NOx levels were probably asso-
ciated with MDA in the Nx animals.

Oxidative stress has many consequences in the body. It has 
adverse effects on many organ systems and types of cells, in-
cluding RBC. RBC are susceptible to oxidant damage because 

of lipid contents in their membranes. Oxidative stress-related 
alterations may lead to changes of RBC rheologic behavior as 
RBC deformability [36]. It is generally accepted that RBC de-
formability is an important determinant of blood flow resis-
tance, especially in the microcirculation, and thus impaired 
RBC deformability may contribute to tissue perfusion problems 
and organ damage [37]. Our results indicate that RBC deform-
ability abilities were decreased in Nx group rats, which means 
oxygen consumption of tissues was diminished in these ani-
mals. In N-C group rats, we found that carnosine can increase 
RBC deformability ability of Nx rats, which supports the result 
that obtained in lipid peroxidation levels.

Blood flow, deformability, and aggregability of RBCs are the 
main components of hemorheology. In large blood vessels, a 
basic component is the flow. In microcirculation, where cells 
must deform to pass through narrow capillaries, deformabili-
ty and aggregation of RBCs are the major determinants of re-
sistance to flow. The ability of the entire RBC to deform is of 
crucial importance for performing its function in oxygen deliv-
ery and it is also a determinant of cell survival time in the cir-
culation. Oxidative stress may decrease RBC aggregation via 
echinocyte formation. When the results of the current study 
are evaluated together, it can be seen that the alterations in 
RBC aggregation are far from explained by the changes in ox-
idative stress [38].

Prolonged ischemia, oxidative stress and inflammation-medi-
ated alterations in erythrocyte mechanics and microvascular 
architecture play a major role in some pathophysiologic pro-
cess such as ischemia/reperfusion injury or no-reflow phe-
nomenon. An increase in red cell rigidity is an important rhe-
ological aspect of RBCs, which facilitates platelet aggregation 
with the subendothelium [39].

Impaired RBC deformability is thought to be due to increased 
oxidative stress. Indeed, RBCs are very sensitive to the harm-
ful effects of free radicals. First, RBCs are constantly exposed 
to oxidative stress due to continuously generated oxygen rad-
icals by the auto-oxidation of hemoglobin. Second, RBC mem-
branes contain relatively high levels of unsaturated fatty acids, 
which are especially good substrates for peroxidation reactions. 
Studies have indicated that hypertension, as well as cardio-
vascular and cerebrovascular diseases, are strongly correlat-
ed with hemorheological abnormalities. Therefore, the correc-
tion of the hemorheological abnormalities may be important 
in the treatment of these pathologies. Oxidative stress-in-
duced membrane damage is usually initiated by any free rad-
ical. Additionally, recent studies have shown that blood rheo-
logical parameters must be within the physiological limits for 
good tissue perfusion. This finding was consistent with previ-
ous studies, which showed a relationship between oxidative 
stress and decreased RBC deformability [40].
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The increased oxidative stress reduces erythrocyte deform-
ability. In our study, increased MDA levels and decreased plas-
ma NOx levels manifested the role of oxidative stress in the 
pathogenesis of the disease. It is known that the increased 
MDA values and decreased microvascular flow impairs RBC de-
formability. Many studies have evaluated erythrocyte deform-
ability in chronic disease, such as diabetes mellitus, chronic 
renal failure, and coronary artery disease [41]. In our previ-
ous study, we found that carnosine can significantly reverse 
erythrocyte deformability, reduce lipid peroxidation, and in-
crease NOx levels in diabetic rats. In this study we conclud-
ed that carnosine can recover from microvascular circulation 
problems by increasing erythrocyte deformability and protect 
cells and tissues against lipid peroxidation [21].

In the present study, blood pressure levels were not signifi-
cantly different between groups. Normally, high blood pressure 
is expected after kidney ablation surgery. These discrepancies 
may reflect differences in the duration of post-operative pe-
riod on animals or saline loading (with food or fluid intake). 
First, a time-dependent increase in both systolic and diastol-
ic blood pressure levels was observed in rats with Nx [42,43]. 
Secondly, high blood pressure depends on salt loading in the 
Nx kidney [35,44]. In this study we wanted to investigate how 
kidney ablation affects red cell deformability in the early phase 
of kidney damage without changing blood pressure. The rat 
model described here develops an initial modest kidney injury 
of uncertain cause that is independent of salt intake and lasts 
2 weeks. Therefore, we chose a 2-week postoperative period 
after rat surgery and distilled water was also consumed by all 
groups. However, Lai et al. found no significant change in blood 
pressure with salt loading in Nx mice [45,46]. This result is in 
agreement with our result. High BP in response to sodium in-
take (salt sensitivity) is considered an important factor in the 

pathogenesis of human hypertension [35,47]. The other rea-
son why we did not prefer to increase animal salt intake was 
that almost all physicians suggest decreased salt consump-
tion in the diet of their patients due to kidney surgery or an-
tihypertension treatment. Thirdly, this might relate to activa-
tion of renal afferent reflexes initiated by the renal injury and 
the healing process from the 2/3 Nx [46]. Thus, the absence 
of high blood pressure does not mean that microvascular cir-
culation of the kidney has not been affected in these rats.

We found that only the carnosine-treated group had significantly 
decreased heart rate levels. We assume that carnosine increases 
intracellular Ca+2 levels in cardiomyocytes to increase contrac-
tility [48]; therefore, heart rate may decrease from this effect.

Understanding the mechanisms of altered RBC rheology in 
sepsis, and the effects on blood flow and oxygen transport, 
may lead to improved patient management and reductions in 
morbidity and mortality.

Conclusions

In conclusion, MDA levels were elevated and consequently 
caused a decrease in NO levels and impaired RBC deformabil-
ity in Nx rats. However, blood pressure levels were not affect-
ed in these rats. We showed that MDA levels were decreased 
in rats treated with carnosine and this healing in MDA levels 
caused an increase in NO levels and RBC deformability, but we 
could not find any difference among groups related to blood 
pressure levels after carnosine treatment. We assumed that 
although systemic blood pressure level has not been affect-
ed in the Nx model, microcirculation might be affected due 
to decreased RBC deformability and NOx levels in these rats.
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