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This commentary will deal with the assessment of the 
aqueous permeability of biological membranes. Due to the 
hydrophobicity of the phospholipid bilayer, the membrane 
itself is not permeable to hydrophilic substances. However, 
the permeability of the natural biological membrane for small 
and electrically neutral water molecules is very high. The 
passive entry of water into cells is ensured by the presence 
of specific “water channels” in membranes, or aquaporins, the 
universal water channels, are responsible for rapid response 
of cell volume to changes in plasma tonicity.  Aquaporins 
are independent protein complexes designed by nature 
for transmembrane transport of water along the osmotic 
gradient. They selectively allow water molecules to pass 
through membrane [1]. 

With their help water molecules enter and leave the cell, 
preventing the flow of ions and other soluble substances. 
Each cell has its own set of aquaporins, which is determined 
by the evolution of the organ and its function. Thus, water 
permeability depends directly on the number of aquaporins 
in the membrane [2]. For example, each erythrocyte contains 
up to 120-160 thousand molecules of aquaporin-1 (AQP1) [3]. 
Due to the high rate of water entry into the cell, its estimation 
is very difficult.

In 2014, the author published a method for assessing 
the aqueous permeability of erythrocyte membranes 
[4]. The method of gradient osmotic ektacytometry was 
used [5]. Gradient osmotic ektacytometry is a highly 
accurate and informative method recognized as the gold 
standard in the arsenal of diagnostic tools for studying the 
functional properties of erythrocytes. The deformability of 
the erythrocyte depends on the ratio of the surface and 

volume, or the shape of the cell, the internal viscosity and 
rigidity of the membrane. The classical profile of the osmotic 
deformability of native erythrocytes (osmoscan), which is a 
change in the deformability index (EI) of erythrocytes in the 
range of osmotic concentrations of the suspension medium, 
is usually characterized by the following parameters: integral 
deformability index (EImax) at isotonic osmolality O(EImax), EImin 
parameter at osmoscan inversion point Omin, Ohyper index, 
which varies linearly with MCHC, which serves as an estimate 
of the cytoplasmic viscosity, or the degree of hydration of 
hemoglobin in the erythrocyte  and osmotic deformability 
range of erythrocytes (∆O=Ohyper-Omin). 

 The work evaluated the deformability index at the point 
of isotropic erythrocyte swelling Omin (Imin) with formation 
of additional water pores and blocking of existing pores 
was estimated. The essence of the method is that under 
hypoosmotic conditions water penetrates into erythrocytes 
along the concentration gradient. At the prehemolytic 
stage the erythrocyte has the shape of an isotropic sphere. 
The sphere has a maximum volume for a given surface 
area, a change in its morphology suggests two alternatives. 
If the volume is maintained, this transformation must be 
accompanied by an increase in surface area, and if the area is 
maintained, the volume must decrease. Thus, deformation of 
a spherical erythrocyte will lead to a decrease in its volume, 
since biological membranes are unstretchable [6,7]. Gradient 
ektacytometry shows that during the isotropic sphere stage 
the erythrocyte undergoes a transformation under the action 
of shear stress in Quette’s cell. An increase in hydrostatic 
pressure leads to a decrease in volume compared to the 
maximum critical one due to the exit of the liquid phase 
through the hydrophilic pores into the suspension medium.  
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Thus, the index Imin clearly reflects the ability of the erythrocyte 
membrane to pass water molecules.  Unfortunately, in the 
literature the parameter Imin of osmoscan is not discussed in 
detail.

To demonstrate the applicability of the proposed method for 
assessing the ability of the erythrocyte membrane to pass water 
molecules, we present experiments to study the dynamics of 
the erythrocyte deformation abilities formation in mature and 
immature newborn animals. The rheological properties of 
erythrocytes in Wistar rats and guinea pigs of both sexes were 
studied 1, 3, 10 days and 1, 2 and 3 months after birth. After 

decapitation of non-narcotized animals, blood was collected 
in tubes with EDTA. Rheological properties of erythrocytes 
were assessed by gradient ektacytometry at 37oC. Statistical 
processing of the results was performed using Microsoft Office 
Exel 2007. The data are presented as arithmetic mean values 
with their standard deviations. Significance of the changes 
found in the compared groups was determined using two-
pair Student’s test with unequal deviation.

Figures 1 and 2 show the averaged osmoscans of erythrocytes 
in postnatal ontogeny of the studied animal species. Digital 
data are presented in Table 1.
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Figure 1: Erythrocyte osmoscans of Wistar rats at different stages of postnatal development.
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Figure 2: Erythrocyte osmoscans of guinea pigs at different stages of postnatal development.
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The presented data show that water permeability of 
erythrocyte membranes during postnatal ontogenesis in 
rats as mature newborn animals has a reliable tendency 
to increase, and in immature newborn pigs - to decrease. 
This pattern is demonstrated more clearly in the histograms 
presented in Figure 3. 

Discussion

Osmoscan is a reflection of the superposition contribution of 
deformation changes of all the form elements of blood samples 
under study in a wide range of osmolality of the suspension 
medium. Analysis of the literature confirms the increase in 
aquaporin expression in cell membranes during mammalian 
ontogenesis. Thus, the level of AQP1 increased fivefold from 
the last gestational day to the first postnatal day and persisted 
at high levels into adulthood [8,9]. The content of AQP1 
detected in the rat myometrium increases at the beginning 
of early pregnancy from day 1 to day 6 from the moment of 
conception [10]. The level of AQP1 in erythrocytes increases 
even after birth [11,12].  Compared to adults, it has been shown 
that human fetuses in the second and third trimesters contain 
less AQP1 and lower osmotic permeability to water [13]. Our 

message shows that the expression of the aquaporin pool 
in the membranes of rat erythrocytes, as immature animals, 
increases in postnatal ontogenesis. Unfortunately, systematic 
data on blood rheology in the ontogenesis of mature animals 
such as guinea pigs, starting from birth, are not available in 
the available literature at all.  This report shows that guinea 
pig erythrocytes already possess a fully formed pool of AQP1 
aquaporins by birth, which is gradually lost during the process 
of maturation. In this connection, it should be mentioned 
that the deformational properties of blood erythrocytes in 
both species of the studied animals also decrease during their 
maturation and, consequently, aging. This is evidenced by the 
changes in the integral deformability index (EImax).

Currently, a promising direction in molecular biology is the 
search for aquaporin inhibitors and activators [14]. Artificial 
modulators of aquaporins will find wide application in 
prevention in preventing heart diseases [15-17], treatment 
of blood diseases [18], and tumor processes [19-21]. Thus, in 
the context of ongoing research, the proposed method for 
assessing the water permeability of erythrocyte membranes 
seems very promising.
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Figure 3: Histograms of changes in EImin parameter during maturation of rats and pigs.

Table 1: EImin parameter of Wistar rat and guinea pig erythrocytes at different stages of postnatal ontogenesis (M ± σ).

Age, days Wistar rats guinea pigs

1 0,076 ± 0,004, n=5 0,207 ± 0,022, n=7

3 0,150 ± 0,010 ¥, n=5 0,128 ± 0,024 *, n=6

10 0,238 ± 0,015¥, n=5 0,179 ± 0,026, n=11

30 0,330 ± 0,018¥, n=5 0,135 ± 0,041, n=8

60 0,196 ± 0,016¥, n=5 0,066 ± 0,020¥, n=6

90 0,200 ± 0,020¥, n=5 0,100 ± 0,007 ¥, n=4

Note: n - number of animals; * - p<0.05; # - p<0.01; ¥ - p<0.001
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