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Introduction

In the period of clinical manifestation of cardiovascular 

diseases lesions in blood vessels are irreversible; identification 

of early diagnostical markers of cardiovascular diseases, types 

and quality of metabolic disorders causing their development 

is very actual for determination the key spots of pathogenesis 

of these diseases, planning preventive measures, elaboration 

a strategy that would be more focused on the prevention of 

irreversible pathological changes and complications associated 

with alterations of cardiovascular tissues.

There is a significant gender and age difference between 

reproductive-aged women and age-matched men and/or 

menopausal women in the frequency of induced by car-

diovascular diseases mortality and disability [1], which is 

associated with differences in mechanical properties of their 

blood – an insufficient blood supply due to altered mechani-

cal properties of blood, particularly RBCs.  It is proposed that 

the remarkable dissimilarity in morbidity and mortality due 

to cardiovascular diseases in pre-menopausal women versus 

men and post-menopausal women could be related to the 

increased amount of “young” red blood cells (RBCs) caused 

by monthly bleeding in pre-menopausal women [2].

It was shown that the chemical composition of RBCs mem-

branes affects their mechanical properties and alterations of 

lipid composition of membranes as well as serum lipids altera-

tions would contribute to the atherosclerosis progression and 

can be considered as a new risk factor for atherosclerosis [3].
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Abstract

Background: Many aspects of age-related correlation and causal relationship between the mechanical properties of red blood cells (RBCs) and 
parameters of lipid and hormonal metabolism in women are unclear till now.

Material and methods: 58 reproductive-aged (less than 45 years) and 32 menopausal (more than 45 years) women admitted to the Central Clinic of 
Tbilisi State Medical University, Georgia were investigated.  In each group we studied blood estradiole, free nitric oxide (NO) content, density of inactive 
form of β

2
-adrenergic receptors (β

2
ARs) and mechanical property of RBCs membrane.

Results: In the blood of menopausal women NO content and deviation of volume (DV) of RBCs, reflecting their deformability, with lower density 
of inactivated β

2
ARs on the surface of RBCs membranes was greater than the corresponding parameter in the reproductive-aged women. DV of RBCs 

rapidly decreased at low HDL (high-density lipoprotein) in reproductive-aged women and wasn’t sensitive to HDL content in menopausal women.
Conclusions: Lack of blood estrogens content in menopausal women causes the development of dislipidemia, impairment of renewal of phospholipids 

in RBCs membranes, decreased activity of adrenergic structures and the subsequent decrease in the NO production.  These factors contribute to reducing 
deformability of RBCs membrane and impairment of mechanical properties of the blood. 
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Several studies have confirmed a direct correlation be-

tween β
2
-adrenergic receptors (β

2
ARs) density in peripheral 

blood cells (lymphocytes, erythrocytes) and those in cardio-

vascular tissues.  Therefore, β-adrenoceptors in peripheral 

blood RBCs might be an indirect index of cardiovascular 

tissues [4].

In many studies it was shown that activation of different 

intracellular signaling pathways, including the adenylil-

cyclase–cAMP (adenosine 3’-5’- cyclic monophosphate) and 

adrenergic regulation systems are related to the alterations 

of mechanical properties (aggregation and deformation) of 

RBCs.  Exposure of RBCs to catecholamine (stimulation of 

membrane’s β-adrenoreceptors, or adenilatcyclase) led to 

the change in their micro rheological properties, elevation of 

deformability and decreased aggregation [5]; β
2
AR mediate 

increase in intra-erythrocyte c AMP synthesis with farther 

ATP release from erythrocytes, which join to purinergic 

receptors of endothelium resulting in the production of 

endothelial vasodilators (such as nitric oxide),  stimulating  

vessel diameter and blood flow in the microcirculation [6].

The aim of our study was to establish the correlation and 

causal relationship between the mechanical properties of 

RBCs and parameters of lipid and hormonal metabolism of 

women in reproductive and menopausal ages.

Material and methods

58 reproductive-aged (less than 45 years) and 32 meno-

pausal (more than 45 years) women with dislipidemia, arte-
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rial hypertension, obesity, metabolic syndrome and other 

symptoms, who had been admitted to the Central Clinic of 

Tbilisi State Medical University, Georgia during 2009-2011, 

were investigated and compared with each other.  A subject 

with cystic disease, ovariectomy, or using hormonreplacement 

therapy was excluded from this target group. 

In each group we investigated blood estradiole, nitric ox-

ide (NO) content, and density of inactive form of β
2
ARs and 

mechanical property of RBCs membrane.  NO content and 

density of inactive form of β
2
ARs on the membrane of RBCs 

were measured by Electron Paramagnetic Resonance (EPR) 

method.  EPR spectres of blood were registered on rediospec-

trometre РE-1307 (Russia).  Density of inactive form of β
2
ARs 

was detected according to the intensity of EPR signal g = 2.01 

[7].  Free nitric oxide was measured with spin-trap natrium 

diethildithiocarbamate (DETC) (Sigma).  EPR spectres of NO-

Fe2+-(DETC)
2
 complexes were measured at the temperature 

of liquid nitrogen at microwave power 20 mVt.  Mechanical 

properties of RBCs were studied according to the derivate 

of their volume (DV) determined by spectrophotometric 

method.  Lipid spectrum in peripheral blood from patients 

was investigated by enzyme-colorimetric method.  Estrogens 

content in blood was measured by ELISA method. 

Statistical analyses of the obtained results were performed 

by SPSS (version 10.0) program package.  The result was ob-

tained in the form of standard deviation of average values. The 

difference between groups was assessed by student t+criterion.  

In all cases statistical confidentiality was defined according 

to < 0.05 index. 

The research complies with the norms of the Foundation of 

Bioethics.  The local ethics committee approved the protocol, 

and informed consent was obtained from all participants.

Results and discussion

Our study showed that in the blood of menopausal women 

estradiole content is statistically significantly lower than in 

the reproductive-aged women (0.41 ± 0.024 versus 0.52 ± 

0.034) (fig. 1), free Nitric Oxide was statistically significantly 

lower than in the reproductive age (1.89 ± 0.050 versus 2.26 ± 

0.112) (fig. 2).  At the same time, density of inactivated β2AR 

(corresponding to the intensity of the EPR signal g = 2.01 [7]) 

on the surface of RBCs membranes in menopausal women 

was greater than the corresponding parameter in women 

of reproductive age (1.6 ± 0.3 versus 0.8 ± 0.2) (fig.3).  This 

result indicates the decreased activity of adrenergetic regula-

tion during menopause.  β-adrenoreceptors are involved in 

regulation of mechanical properties of RBCs, through the 

influence on the deformability of the membrane integral/

skeleton proteins; β-adrenergic agonists may improve in the 

RBCs passage through microvasculature [8].

The fluidity of blood, 45% volume of which is occupied by 

RBCs, strongly depends on its behavior in flow, which is a key 

factor of proper tissue perfusion [9].  The mechanical property 

(deformability) of RBCs depends on many parameters [10].  

Parameter DV reflects the spherulation quality of RBCs in 

patient’s blood.  Due to the high deformability of the RBCs 

they easily change their form and are translocated in the thin 

capillaries.  Senescent RBCs’ membrane is characterized by 

low deformability, which causes high spherulation quality of 

this population.  So, according to the numerical value of DV 

of RBCs we can detect their spherulation quality and therefore 

distribution according to the chronological age.  In our study 
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Fig. 1.  Blood estradiole content in menopausal (a) and 

reproductive-aged (b) women. 
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Fig. 2.  Blood free nitric oxide content in menopausal (a) 
and reproductive-aged (b) women. 

Fig. 3.  Density of inactivated β2AR on the surface of 
erythrocyte membranes in menopausal (a) and 

reproductive-aged (b) women. 
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it was revealed, that in menopausal women DV of RBCs is 

lower than in reproductive-aged women; that indicates the 

dominance of young RBCs in blood of this age group patients.  

In menopausal women dominate senescent RBCs, which are 

revealed by their high spherulation quality. 

Maintenance of normal RBCs deformability also depends 

critically on the metabolic state of the cell – its metabolic 

energy.  In order to find feedback between parameters of 

lipid metabolisms and physical properties of the RBCs mem-

brane, we carried out a correlation analysis between blood 

HDL content and RBCs spherulation parameter (DV).  It 

should be noted that HDL content in blood from women of 

menopause-aged group was statistically significantly lower, 

than in blood of women from reproductive-aged group 

(menopausal women – 3.01± 0.24 versus reproductive-aged 

women – 5.40 ± 0.32).  Our research revealed the existence 

of dependence between the spherulation quality of RBCs and 

parameters of lipid metabolism – HDL content.  Our data 

show that spherulation degree (or volume) of RBCs is rapidly 

decreased at low HDL in women of reproductive age and is 

not sensitive to HDL content in women of menopause age.  

This indicates the existence of estrogen-related dependence 

between those two parameters.  The difference in incorpo-

ration of fatty acids in RBCs membrane phospholipids in 

reproductive-aged and menopausal women is defined by 

other authors as well [11]; estrogen-dependent acylation of 

phospholipids occurs predominantly in PE of senescent cells, 

increases as a function of cell age.

Conclusions

1. As it seems from the results of our study, lack of blood 

estrogens content in menopausal women is one of the major 

causes of the development of dislipidemia, impairment of 

renewal of phospholipids in RBCs membranes, decreased 

activity of adrenergic structures and the subsequent decrease 

of the β
2
-AR-stimulated NO production. 

2. These factors contribute to reducing deformability of 

RBCs membrane and impairment of mechanical properties 

of the blood. 

3. These results do not give us the opportunity to get a 

complete picture of the development of cardiovascular di-

seases in menopausal women, but provide important novel 

information regarding the particularly physiological mecha-

nisms underlying β-adrenergic regulation of vascular tone in 

menopausal women.

References

1. Schnatz PF, Nudy M, Shively CA, et al. A prospective analysis of the as-

sociation between cardiovascular disease and depression in middle-aged 

women. Menopause. 2011;18(10):1096-1100.

2. Kameneva MV, Garrett KO, Watach MJ, et al. Red blood cell aging and 

risk of cardiovascular diseases. Clinical Hemorheology and Microcircula-

tion. 1998;18:67-74.

3. Sands SA, Reid KJ, Windsor SL, et al. The impact of age, body mass index, 

and fish intake on the EPA and DHA content of human erythrocytes. 

Lipids. 2005;40(4):343-347.

4. Peng Y, Ma S, Zhang S, et al. Clinical significance of changes in 

β-adrenoreceptors in peripheral lymphocytes in patients with essential 

hypertension. Chinese Medical Journal. 2000;113(12):1064-1067.

5. Muravyov AV, Tikhomirova IA, Maimistova AA, et al. Extra- and 

intracellular signaling pathways under red blood cell aggregation and 

deformability changes. Clinical Hemorheology and Microcirculation. 

2009;43(3):223-232.

6. Adderley Shaquria P, Sprague Randy S, Stephenson Alan H, et al. Regula-

tion of cAMP by phosphodiesterases in erythrocytes. Pharmacological 

reports. 2010;62(3):475-482. 

7. Pulatova MK, Richireva GT, Kuroptieva ZV. EPR in radiobiology. 1989 

(in russian).

8. Tuvia S, Moses A, Gulayev N, et al. β-Adrenergic agonists regulate cell 

membrane fluctuations of human erythrocytes. The Journal of Physiol-

ogy. 1999;516(3):781-792.

9. Dupire J, Socol M, Vialat A. Full dynamics a red blood cell in shear Flow. 

Proc nat Acad Sci USA. 2012;109(51):20808-20813.

10. Erikssen GK, Liestøl JV, Bjørnholt H, et al. Erythrocyte sedimentation 

rate: a possible marker of atherosclerosis and a strong predictor of coro-

nary heart disease mortality. European Heart Journal. 2000;21(19):1614-

1620.

11. Le Petit-Thevenin B, Lerique ON, Boyer J. Estrogen modulates phospho-

lipid acylation in red blood cells: relationship to cell aging. Am J Physiol 

Cell Physiol. 1991;261(3):423-427.


