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Summary: This study aimed to investigate alterations in hemorheology induced by L-carnosine, an anti- oxidant dipeptide, 
and to determine their relationship to oxidative stress in density-separated erythrocytes of aged and young rats. 28 male 
Sprague Dawley rats were divided into 4 groups as aged (Aca), young (Yca) L-carnosine groups (250 mg/kg L-carnosine, 
i.p.) and aged (As), young (Ys) control groups (saline, i.p.). Density separation was further performed to these groups 
in order to separate erythrocytes according to their age. Blood samples were used for the determination of erythrocyte 
deformability, aggregation; and oxidative stress parameters. Erythrocyte deformability of Yca group measured at 0.53 Pa 
was lower than Aca group. Similarly, deformability of least-dense (young) erythrocytes of Yca group was decreased 
compared to least-dense erythrocytes of Aca groups. Total antioxidant capacity (TAC) of Aca group was higher and oxi-
dative stress index (OSI) lower than As group. Although L-carnosine resulted in an enhancement in TAC of aged rats, this 
favorable effect was not observed in erythrocyte deformability and aggregation in the dose applied in this study.
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Introduction

Aging is characterized by macromolecular damage 
caused by free oxygen radicals and accumulation of 
oxidized/cross linked/denatured proteins (12). L-car-
nosine (Beta-alanyl-L-Histidine) is an endogenous dipep-
tide which is known to have antioxidant activity (8). It 
has been suggested that L-carnosine delays effects of 
aging, in relation to antioxidant activity, by preventing 
the formation of cross-linked, oxidated and denaturated 
proteins (13).

Erythrocytes are essential cells for tissue oxygenation. 
The ability of the entire red blood cell (RBC) to deform is 
of crucial importance for performing its function of oxygen 
delivery and it is also a determinant of the cell survival time 
in the circulation (17, 24). The physiological importance 
of erythrocyte aggregation in circulation is its tendency to 
increase the blood viscosity in low shear flow and to disturb 
the passage in capillary circulation through the formation 
of sludge (3, 22). RBC deformability is the ability of the 
cell to change its shape when passing through microcir-
culation or subjected to shear stress and it is an important 
determinant of blood flow particularly in microcirculation 
(23). Impaired RBC deformability in cellular aging has 
been previously reported (27). Oxidant stress is involved 

in mechanisms of biological aging as well as aging of the 
erythrocyte (12, 22).

RBC do not have protein synthesis mechanisms, and 
therefore the activity of most proteins diminishes through-
out the life-span of these cells. Thus, target mechanisms of 
carnosine may be expected to be affected by cellular aging. 
Therefore, it might be suggested that the role of carnosine in 
modulating RBC mechanical properties may differ between 
RBC of different in vivo ages. In vitro L-carnosine was pre-
viously demonstrated to improve RBC deformability which 
was impaired by H2O2 treatment. Increase in RBC deform-
ability was more prominent in young rats compared to elder 
ones (1). Although the effects of in vitro L-carnosine on 
RBC deformability was shown; as far as we know, there 
is no study in the literature demonstrating the effects of in 
vivo L-carnosine treatment on aggregation and deformabil-
ity of density-separated erythrocytes in young and aged rats. 
Therefore, the aim of the present study was to investigate 
the effects of in vivo L-carnosine treatment on deformability 
and aggregation of young and aged erythrocytes of young 
and aged rats. Parameters indicating oxidative stress (total 
oxidant status, TOS; total antioxidant capacity, TAC and 
oxidative stress index, OSI) were also determined in order 
to investigate the relationship of oxidative stress to the pos-
sible alterations in hemorheological parameters.
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Materials and methods

Animals and experimental procedure

A total of twenty eight male Sprague Dawley young (3–4 
months, 150–200 g) and aged (20–24 months, 300–340 g) 
rats were used for the experiments. The rats were fed with 
standard diet and water ad libitum. Animal handling during 
all experimental protocol was consistent with the Nation-
al Institutes of Health Guidelines for the Care and Use 
of Laboratory Animals (NIH Publication No. 85–23) and 
approved by the Pamukkale University Ethics Committee 
of Animal Care and Usage. The animals were divided into 
four main groups: Aged L-carnosine (Aca), young L-car-
nosine (Yca) and aged control (As), young (Ys) control 
groups. Each group consisted of seven animals. A prelim-
inary study was performed in order to determine the most 
effective dose and duration of L-carnosine administration. 
According to the results of the preliminary study, a single 
dose of L-carnosine (250 mg/kg; i.p.; Sigma, U.S.A.) was 
injected to the rats of the L-carnosine groups, while saline 
was injected to control groups. 30 minutes after the injec-
tion, the rats were anaesthetized with xylazine (10 mg/kg, 
i.p.) and ketamine (90 mg/kg, i.p.). Heparinized blood 
was collected from their abdominal aorta under anesthesia 
and used for the determination of hemorheological param-
eters. The reason why it is preferred to take the blood this 
way is that it allows maximum blood to be taken while 
the respiration of the animal continues. Therefore at least 
8 milliliter of blood could be collected from each animal. 
The animals were then euthanased by exsanguination while 
under anesthesia. Plasma samples were stored at –80 °C 
until being used for the measurement of parameters repre-
senting total oxidant-antioxidant status.

Density Separation of Erythrocytes

Erythrocytes were separated, according to their density, 
using discontinuous Iodixanol (Optiprep, Nycomed Phar-
ma As, Norway) density gradients (2). Five Iodixanol lay-
ers with densities between 1.075, 1.085, 1.095, 1.105, and 
1.115 g/ml (2 ml each) were layered on top of each other in 
a test tube with the densest layer at the bottom. One millilit-
er of whole blood was carefully layered on top of the least 
dense layer, and the tube was centrifuged at 2,500 g for 25 
min at 22 °C. RBC were then harvested from specific den-
sity fractions: least dense cells were those that accumulated 
in 1.095 g/ml layer and most dense cells were those that 
accumulated in the 1.105 g/ml layer. RBC deformability 
was assessed for cells in these fractions as well as non-frac-
tionated RBC (21). Each major group in this study was 
further divided as aged RBC of aged group treated with 
L-carnosine (AcaA), young RBC of aged group treated 
with L-carnosine (AcaY); aged RBC of young group treat-
ed with L-carnosine (YcaA), young RBC of young group 
treated with L-carnosine (YcaY), aged RBC of aged saline 

group (AsA), young RBC of aged saline group (AsY); aged 
RBC of young saline group (YsA), young RBC of young 
saline group (YsY). Then, RBC deformability of each 
group was measured.

RBC deformability measurements

Ektacytometry for testing red blood cell deformabili-
ty needs about 5–6 microliter of blood or blood cell sus-
pension for a test. RBC deformability (the ability of the 
entire cell to adopt a new configuration when subjected to 
applied mechanical forces) was determined by laser dif-
fraction analysis using an ektacytometer (LORCA, RR 
Mechatronics; Hoorn, The Netherlands). The system has 
been described elsewhere in detail (10). Briefly, a low 
Hct suspension of RBC in 4% polyvinylpyrrolidone 360 
solution (MW 360 kD, Sigma P 5288, St. Louis, MO) was 
sheared in a Couette system composed of a glass cup and a 
precisely fitting bob. A laser beam was directed through the 
sheared sample, and the diffraction pattern produced by the 
deformed cells was analyzed by a microcomputer. On the 
basis of the geometry of the elliptical diffraction pattern, 
an elongation index (EI) was calculated for 9 shear rates 
between 0.3 and 30 Pascal (Pa) as: EI = (L – W) / (L + W), 
where L and W are the length and width of the diffraction 
pattern, respectively. An increased EI at a given shear stress 
indicates greater cell deformation and hence greater RBC 
deformability. All measurements were carried out at 37 °C.

Measurements of RBC aggregation

RBC aggregation was also determined by LORCA 
as described elsewhere (11). The aggregation measure-
ment in that LORCA system requires about 1 milliliter of 
blood sample. The measurement is based on the detection 
of laser back-scattering from the sheared (disaggregated), 
then unsheared (aggregating) blood, performed in a com-
puter-assisted system at 37 °C. Back-scattering data were 
evaluated by the computer and the aggregation index (AI), 
aggregation half-time (t1/2), which shows the kinetics of 
aggregation, and the amplitude (AMP), which is a measure 
for the total extent of aggregation, were calculated based on 
the fact that there is less light back-scattered from aggregat-
ing red cells. The hematocrit (Hct) of the samples used for 
aggregation measurements was adjusted to 40% and blood 
was fully oxygenated.

Measurement of plasma total oxidant status

The total oxidant status (TOS) of plasma was measured 
using a novel automated colorimetric measurement method 
for TOS developed by Erel (7). In this method, oxidants 
present in the sample oxidize the ferrous ion – Odianisidine 
complex to ferric ion. The oxidation reaction is enhanced 
by glycerol molecules, which are abundantly present in the 
reaction medium. The ferric ion makes a colored complex 
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Fig. 2: Elongation Index (EI) of saline groups measured at 
a shear stress of 0.53 Pa. Data presented as mean ± standard 
error. AsA: Aged RBC of aged saline group, YsA: Aged RBC 
of young saline group, AsY: Young RBC of aged saline group, 
YsY: Young RBC of young saline group

Fig. 4: Plasma Total Oxidant Status (TOS) of aged and young 
rats. Data presented as mean ± standard error. As: Aged saline 
group, Ys: Young saline group, Aca: Aged group treated with 
L-carnosine, Yca: Young group treated with L-carnosine

Fig. 3: Elongation Index (EI) of L-carnosine groups meas-
ured at a shear stress of 0.53 Pa. Data presented as mean ± stand-
ard error, *: Difference from AcaY, p < 0.05. AcaA: Aged RBC 
of aged group treated with L-carnosine, YcaA: Aged RBC of 
young group treated with L-carnosine, AcaY: Young RBC of aged 
group treated with L-carnosine; YcaY: Young RBC of young group 
treated with L-carnosine

Fig. 6: Plasma Oxidative stress index (OSI) of aged and young 
rats. Data presented as mean ± standard error, *: Difference 
from the As group, p < 0.05. As: Aged saline group, Ys: Young 
saline group, Aca: Aged group treated with L-carnosine, Yca: 
Young group treated with L-carnosine

Fig. 5: Plasma Total Antioxidant Capacity (TAC) of aged 
and young rats. Data presented as mean ± standard error, 
*: Difference from the As group, p < 0.05. As: Aged saline 
group, Ys: Young saline group, Aca: Aged group treated with 
L-carnosine, Yca: Young group treated with L-carnosine

Fig. 1: Non-fractionated RBC Elongation Index (EI) of aged 
and young rats measured at a shear stress of 0.53 Pa. Data 
presented as mean ± standard error, *: Difference from Aca, 
p < 0.05. As: Aged saline group, Ys: Young saline group, Aca: 
Aged group treated with L-carnosine, Yca: Young group treat-
ed with L-carnosine
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with xylenol orange in an acidic medium. The color inten-
sity, which can be measured spectrophotometrically, is 
related to the total amount of oxidant molecules (lipids, 
proteins) present in the sample. The assay is calibrated 
with hydrogen peroxide, and the results are expressed in 
terms of micromolar hydrogen peroxide equivalent per liter 
(μmol H2O2 equiv/L).

Measurement of plasma total antioxidant capacity

The total antioxidant capacity (TAC) of plasma was 
measured using a novel automated colorimetric measure-
ment method for TAC developed by Erel (6). In this method 
the hydroxyl radical, the most potent biological radical, is 
produced by the Fenton reaction and reacts with the color-
less substrate O-dianisidine to produce the dianisyl radical, 
which is bright yellowish-brown in color. Upon the addi-
tion of a plasma sample, the oxidative reactions initiated by 
the hydroxyl radicals present in the reaction mix are sup-
pressed by the antioxidant components of the plasma, pre-
venting the color change and thereby providing an effective 
measure of the TAC of the plasma. The assay results are 
expressed as mmol Trolox equiv/L.

Calculation of oxidative stress index

The ratio of TOS to TAC is referred as the oxidative 
stress index (OSI). The OSI is calculated according to the 
following formula: OSI (arbitrary unit) = (TOS (μmol H2O2 
equiv/L)/TAC (mmol Trolox equiv/L)) × 100 (5).

Statistical analysis

Descriptive statistics are given as mean ± standard 
error (SE). To compare diferences between four independ-
ent groups, the Kruskal Wallis Variance Analysis Test was 
used, and then to compare sub groups, the Mann Whitney 
U Test with Bonferroni Corecction was used. Statistical 
significance was set at P < 0.05. The statistical analyses 
were performed with the statistical package program SPSS 
version 10.0.

Results

RBC deformability (assessed as the elongation index, 
EI) for the RBCs of all experimental groups was measured 
at 9 shear stresses between 0.3 and 30 Pa and EI values 
measured at 0.53 Pa are presented. This pattern of altered 
RBC deformability was similar for the other shear stress-
es. 0.53 Pa was used as the differences between groups is 
most prominent in the shear stress. Figure 1 demonstrates 
non-fractionated RBC deformability (i.e. the elongation 
index EI) of aged and young rats as well as the effect of 
L-carnosine treatment. RBC deformability of young rats 
treated with L-carnosine (Yca) was significantly lower than 
aged rats treated with L-carnosine (Aca) (p < 0.05).

RBC deformability results of young and aged RBC of 
young saline groups (YsY and YsA) and aged saline groups 
(AsY and AsA) are presented in Figure 2. No significant 
alterations in RBC deformability were observed between 
the groups. Figure 3 demonstrates RBC deformability 
results of density separated RBC of aged and young L-car-
nosine groups. EI of young RBC of young group treated 
with L-carnosine (YcaY) was significantly lower than 
young RBC of aged group treated with L-carnosine (AcaY) 
(p < 0.05).

The aggregation index (AI), aggregation half time (t1/2) 
and aggregation amplitude (Amp) of non-fractionated RBC 
of aged and young rats as well as the effect of L-carnosine 
treatment are shown that in Table 1. No significant alter-
ations in aggregation parameters were observed between 
the groups.

Tab. 1: Aggregation parameters of young, aged rats 
treated with L-carnosine or saline

AI (%) t ½ (s) Amp (Au)

As 67.86 ± 2.72 1.65 ± 0.26 20.94 ± 1.10

Ys 55.95 ± 4.31 3.32 ± 0.63 18.35 ± 1.29
Aca 71.31 ± 2.94 1.37 ± 0.26 22.21 ± 1.71

Yca 59.74 ± 2.74 2.51 ± 0.36 23.50 ± 2.12
AI, aggregation index; t1/2, aggregation half time; Amp, amplitude 
of aggregation. Descriptive statistics are given as mean ± SE; n = 7

L-carnosine treatment had no statistically significant 
effect on the TOS level of aged and young rats (Figure 4). 
Plasma TAC levels were significantly higher in the L-car-
nosine-treated aged group compared to aged control group 
(As, p < 0.05) (Figure 5). On the other hand, although 
L-carnosine treatment caused decrements in plasma OSI, 
the result was statistically significant only for the L-car-
nosine-treated aged group (Aca) compared to aged control 
group (As, p < 0.05) (Figure 6).

Discussion

Flow, deformability and aggregability of blood cells are 
main components of hemorheology. In microcirculation, 
where cells must deform to pass through narrow capillar-
ies, deformability and aggregation of RBCs are the major 
determinants of resistance to flow. The ability of the entire 
RBC to deform is of crucial importance for performing its 
function of oxygen delivery and it is also a determinant of 
the cell survival time in the circulation (4). In this study, 
the effects of L-carnosine treatment on hemorheological 
parameters during biological aging and cellular aging of 
erythrocytes in rats were demonstrated. The results of the 
current study indicate that, L-carnosine has a negative effect 
on RBC deformability in young rats compared to aged rats 
and anti-oxidant activity of L-carnosine in aged rats is more 
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prominent than young rats. Results of some previous stud-
ies have shown that RBC deformability decreased during 
biological aging (1, 26). One of these studies, performed 
in our laboratory demonstrated that RBC deformability of 
aged Wistar albino rats (18 months) was significantly lower 
than young rats (15). In contrary with these results, Tugral 
et al., have shown that RBC deformability of aged individ-
uals was higher than young ones. However, this increase 
was not statistically significant (27).

Previously conducted studies reported that lifetime 
of RBC shortens with the aging of the individual and as 
a result of this process increased hematopoiesis causes 
enhancement of the number of young RBCs in the circu-
lation (16, 19). In the current study, RBC deformability of 
young and old control Sprague Dawley rats were not found 
to be different from each other (Figure 1). Although not 
measured, the possible increment of young erythrocytes in 
the blood of rats at later periods of old age (24 months) 
used in the our study may be an explanation for this issue.

The effect of in vivo L-carnosine administration (250 mg/kg) 
on RBC deformability of young and aged rats was also 
determined in the current study. Aydogan et al. (1) have 
previously demonstated that, L-carnosine improves 
RBC deformability impaired with H2O2 administration 
and the improvement was more prominent in young rats 
(3 months) compared to old rats (12 months). Although 
L-carnosine at the dose and duration injected in the current 
study induced a slight increment in the RBC deformability 
of aged rats, it did not cause a significant alteration in the 
deformability of the non-fractioned RBCs of the young 
and aged rats in comparison with their respective controls 
(Figure 1). On the other hand, in contrary with the results 
of Aydogan et al., RBC deformability of young rats after 
L-carnosine treatment was lower than that of aged rats and 
the difference was statistically significant. As far as we 
know, our study is the first one in the literature examining 
in vivo effects of L-carnosine on hemorheological param-
eters in rats. The difference between the findings of our 
study and those of Aydogan et al. can be due to the fact 
that, they conducted an in vitro experiment whereas our 
study is an in vivo one.

We also compared the deformability of young and aged 
RBCs of young and aged control rats (Figure 2). Previous 
studies showed that as the duration where RBCs remain 
in the circulation increases, RBC deformability decreases 
(2, 22, 25). Waugh et al. suggested that while RBC sur-
face area decreases as the RBCs age, intracellular viscosity 
increases in consequence of cellular dehydration and these 
changes can explain the decrease in RBC deformability 
in line with cellular aging (29). However, it was report-
ed in another study that the shear elastic modulus, which 
is one of the primary determinants of the elastic behavior 
of cells, does not change at a significant level in relation 
with in vivo RBC aging. Additionally, the cell surface-vol-
ume ratio of aged RBCs is not very different from that of 
young RBCs enough to prevent the circulation of RBCs in 

microcirculation (18). The results of our study also demon-
strate that although the alteration was not at a significant 
level, RBC deformability decreases as the RBC’s age 
increases in both young and old rats (Figure 2). This finding 
is in concordance with the literature (2, 25, 29).

Deformability of density separated RBCs after L-car-
nosine injection was also determined in the current study 
(Figure 3). It was observed that L-carnosine injection 
decreases deformability of young RBCs (YcaY) of young 
rats in a statistically significant level when compared with 
the deformability of the young RBCs of aged rats (AcaY). 
When the deformability of aged RBCs of aged rats (AcaA) 
after L-carnosine treatment was compared with aged eryth-
rocytes of young rats (AcaY) a tendency to decrease was 
observed, but it was not at a statistically significant level. 
These results are in concordance with the decrease of the 
non-fractioned RBCs of young rats in Figure 1, observed 
after L-carnosine injection. At the dose and application 
duration used herein, L-carnosine causes decrement in the 
deformability of young rats, and their young RBCs, due to 
an unknown mechanism. On the other hand, the -relative 
increment- in the deformability of young and aged RBCs 
of aged rats following L-carnosine treatment, observed in 
both Figure 1 and 3, can serve as an advantageous compen-
satory factor to prevent circulation disorders that may occur 
as a result of ageing of the organism and RBC. Consider-
ing these data, it can be speculated that unlike young rats, 
L-carnosine treatment can contribute the improvement of 
circulation in aged rats.

 Another hemorheological parameter determined in the 
current study is the RBC aggregation which is the reversi-
ble adhesion of adjacent erythrocytes (22). While the ampli-
tude af aggregation (AMP), is a static parameter providing 
information about the magnitude of the total RBC aggrega-
tion, aggregation half-time (t1/2) is a kinetic parameter indi-
cating the rate of the aggregation. Aggregation index (AI), 
on the other hand, can be considered as a function of the 
static and kinetic characteristics of RBC aggregation (11). 
Despite the fact that the literature involves studies reporting 
increment of RBC aggregation in line with ageing (14, 28), 
to our knowledge our study is the first one that examining 
the effects of L-carnosine on RBC aggregation at old age. 
Although the alterations were not statistically significant, 
the results of our study indicating increment of RBC aggre-
gation during againg are in concordance with the literature. 
Similarly, no statistically significant effect of L-carnosine 
could be found on the examined RBC aggregation param-
eters (Table 1).

Within the scope of our study, TOS was measured as 
an indicator of the oxidative stress in the blood plasma 
of young and aged rats (6), and TAC measurement was 
carried out in order to test the antioxidant capacity of the 
organism (20). Furthermore OSI, that reflects the redox bal-
ance between oxidation and antioxidation, was measured 
as an indicator of oxidative stress (5, 7, 20). Throughout 
their lifetime, RBCs are exposed to various physical and 
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chemical stresses. One of these is the oxygen radicals that 
have a reactive nature and that can harm cellular structures 
(9). It was reported that the oxidant damage caused by the 
oxygen radicals is also effective on RBC deformability 
and decreases RBC deformability (4, 23). L-carnosine is 
a dipeptide known to have antioxidant activity. The results 
of our study have shown that L-carnosine injection to aged 
rats increases antioxidant defense and significantly low-
ers oxidative stress index compared to aged control rats 
(Figure 5 and Figure 6). This finding is consistent with the 
literature. The finding that L-carnosine exhibits its antiox-
idant activity particularly in aged rats may be related to 
the improved RBC deformability observed in aged rats fol-
lowing L-carnosine injection (Figure 1). As it is known, an 
increase in RBC deformability can positively affect tissue 
oxygenation by facilitating the passage through capillary 
circulation. One of the aging theories is related with the 
oxidant damage increasing in line with ageing (30). The 
results of this study emphasize the usefulness of L-car-
nosine therapy in aged animals with the purpose of regu-
lating circulation and protecting aged individuals against 
oxidant damage. Further mechanistic studies will be neces-
sary to understand the observed changes in hemorheologi-
cal parameters in RBC subpopulation and the mechanisms 
of these alterations as well.
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