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Abstract: This study was aimed at providing information on how Na sulphate, K sulphate, Ca sulphate and Mg sulphate
supporting electrolytes affect the permeation of hypotonic Na chloride, K chloride, Ca chloride and Mg chloride ions through
Red Blood Cell (RBC) membrane while the RBCs haemolyse using a UV/Vis spectrophotometer. The effects of the supporting
electrolytes were deduced from the changes in their respective rates of permeation through RBC membranes during
haemolysis. Na,SO, added to NaCl and MgSO, to MgCl, resulted in a decrease in permeation rate of the resultant solutions
while the addition of K,SO,4 to KCI and the addition of CaSO,4 to CaCl, resulted in an increase in permeation rate. In this
research there was no regular pattern of permeation and since NaSO, and MgSO, decreased NaCl and MgCl, permeability
respectively, then the increase in the permeability of KCI and CaCl, may not be as a result of the increase of K™ and Ca**
concentration in K,SO,+KCl solution and CaCl," CaSO, solution respectively.
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1. Introduction

The addition of supporting electrolyte to an electrolyte
solution can affect the ionic strength of that electrolyte
solution [1]. According to IUPAC [2], a supporting
electrolyte is an electrolyte solution, whose constituents are
not electroactive in the range of applied potentials being
studied, and whose concentration, ionic strength, and
therefore contribution to conductivity is usually much larger
than that of the electroactive substance to be dissolved in it.
The supporting electrolyte is a strong electrolyte in high
concentration in comparison to the concentration level of
other ions in the medium. The effect of added electrolyte on
the equilibria of a solution with ionic strength of 0.1 M or
less is independent of the chemical nature of the electrolyte
but depends on the ionic strength. It also maintains constant
ionic strength and constant pH [3]. Mature mammalian red
blood cell (RBC) consist of a single compartment,
simplifying many approaches for transport studies making

mature erythrocytes from mammals a very easy-to use model
for cell membrane transport studies intracellular constant
measurements (ion or metabolite concentrations, pH) and
flux experiments are easier than in any other type of cell
containing multiple compartments [4-6]. lons enter and leave
cells through the cell membrane which is a selective barrier
and has a dynamic structure composed of two layers of
phospholipid molecules interspersed with cholesterol and
proteins. It regulates passage of water and ions through it [7].
The type of ions or electrolyte that is allowed to pass through
a cell membrane and at what rate can be determined by
certain physiological factors like tonicity and osmotic
concentration [8-9]. Different electrolyte solutions can vary
in the osmotic pressure they exert on a cell membrane,
depending on the degree of dissociation of the particular
electrolyte in the solvent. In order to understand ion
permeation through red blood cell (RBC) membrane,
chemical phenomenon (dissociation and ionisation);
physiological phenomenon (haemolysis); physical properties
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(refractive index, dispersion or absorption of light) and
optical density/turbidity (light scattering), have been used to
study the electrochemical effects of individual electrons and
protons on cell membrane, and the relationships correlating
the number and energy states of electrons in ions and
electrolytes with the observable properties shown by a cell
system [8-12].

In the last few decades, researchers have shown numerous
interests in the application of membranes in certain areas like
pharmaceuticals, biotechnology, agriculture, food, medicine,
etc. [1]. RBCs have been studied extensively, to determine
the permeability across cell membrane but there exists a
paucity of information on ion permeation through RBC
membranes in electrolytes other than KCI and NaCl [9].
Experimental studies show that supporting electrolyte
concentration has a marked influence on ion transport rate
[13]. Okolue et al. [1], studied the effect of supporting
electrolyte on permeation of ions through a polymeric
membrane. The result shows that there was a rapid increase
in the rate of permeation of NaCl, CaCl, and AICI;
electrolytes supported by Na,SO4, CaSO, and Al,(SO,)
electrolytes respectively. They reported that this increase was
as a result of an increase in the concentration of Na*, Ca*’,
and AI’" ions in the resultant mixture. The observation of this
research may not explain the effect of supporting electrolyte
on ion migration across a biological membrane.

This study is aimed at providing information on how
supporting electrolytes affect permeation of ions through
RBC membrane by determining the rate at which ions of
hypotonic NaCl, KCl, CaCl, and MgCl, at pH 7.4 haemolyse
RBC and the rate at which ions of hypotonic mixture of
NaCl+Nast4, KzSO4+KC1, CaC12+CaSO4 and
MgCl,+MgSO, at pH 7.4 haemolyse RBC using haemolysis
as a marker while apply UV/Vis spectrophotometry to
monitor the haemolysis process. Haemolysis time is used as

3. Results and Discussion
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an index as to the rate of osmosis of penetrating molecules
into the cell [12]. The amount of time that it takes for
haemolysis or crenation to occur is directly related to the rate
of permeation across the cell membrane [14]. Therefore, the
rate of haemolysis can also be used as an indicator of the
permeability for a particular penetrating solutes [8, 10, 15]. A
transient turbidity measurement from a given blood/test
solution, prepared by adding blood to that test solution, can
give a quantitative index of the permeability coefficient of
the substance being tested. Thus, from such measurements,
one can deduce relative permeability for each of the test
substances [9].

2. Materials and Methods

Isotonic solutions of NaCl (160 mM), KCI (160 mM),
CaCl, (110 mM) and MgCl,.6H,0 (110 mM) at pH 7.4 and
solutions of NaCl (18 mM) + Na,SO, (180 mM), + KCI (18
mM) + K,SO4 (180 mM), CaCl, (26 mM) + CaSO, (260
mM) and MgCl, (26 mM) + MgSO, (260 mM) at pH 7.4
were prepared taking into account their molecular weight and
osmotic concentration. Each of the isotonic solutions (25
mL) mentioned above were diluted with 25 mL of distilled
water to give half their initial concentration (50 %
hypotonicity). Blood (20 mL) collected in acid-citrate-
dextrose (ACD) was washed thrice with isotonic saline and
the RBC separated. Each hypotonic solution (1.5 mL)
prepared was mixed with 0.05 mL of RBC suspension and
their absorbance/min for 16 min were measured using a
UV/Vis spectrophotometer while the RBCs haemolyse. The
absorbance of each solution were recorded. The data were
used to plot graphs with the time (min) on the x-axis and the
absorbance (A) on the y-axis. Logarithmic trendlines were
used to analyse the graph to understand the correlationship
and the interrelationship of the variables of this study.
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Figure 1. Effect of Na,SO, on NaCl electrolyte permeability through RBC membrane.
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Figure 2. Effect of K;SO, on KCI electrolyte permeability through RBC membrane.
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Figure 3. Effect of CaSO.2H0 on CaCl, electrolyte permeability through RBC membrane.
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Figure 4. Effect of MgSO,.7H>0 on MgCl..6H>0 ions permeability through RBC membrane.
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Table 1. Changes in absorbance of the RBC+Electrolyte solutions after 16 minutes of haemolysis*.

y=mx+c »1(x=1) Y2 (x=17) Ay (y1-y2) YoAy12 YoAYap
NaCl Ve =-0.04In(x) + 0.189 0.189 0.076 0.113 -59.79
NaCl + Na,SO, = -0.016In(x) + 0.304 0.304 0.259 0.045 -14.80 6018
KCl1 V. =-0.008In(x) + 0.191 0.191 0.168 0.023 -12.04
KCI + K;,SO, w=-0.022In(x) + 0.331 0.331 0.268 0.062 -19.03 10957
CaCl, yo—=0.0039In(x) + 0.268 0.268 0.279 -0.011 4.10
CaCl,+ CaSO, 5 =-0.017In(x) + 0.231 0.231 0.183 0.048 -20.78 23636
MgCl 3= -0.016In(x) + 0.217 0.217 0.172 0.045 -20.74
MgCl, » MgSOy4 Y= -0.009In(x) + 0.263 0.263 0.238 0.025 9.51 T
*Deduced from the logarithmic trendline of the graphic interpretation of the experiment’s data
From the changes in absorbance of the RBC+Electrolyte
solutions after 16 minutes of haemolysis deduced from the
logarithmic trendline of the graphic interpretation of the References

experiment’s data as shown in Figure 1 to 4 and Table 1, it is
observed that there was a high 59.79% change in absorption
of RBC in NaCl solution and a very low 4.10% increase in
absorption of RBC in CaCl, solution. This low increase in
absorption was reversed with the addition of CaSO, by
536.36% though CaSO, was observed to be insoluble in
water. The addition of Na,SO, to NaCl and MgSO, to MgCl,
resulted in a decrease in permeation rate of the resultant
solutions while the addition of K,SO, to KCI resulted to an
increase in permeation rate. The increase in absorption as a
result of the addition of K,SO,4 to KCl was relatively high at
169.57%. The observation from the addition of Na,SO, to
NaCl and the addition of CaSQ,4 to CaCl, is different when
compared with the results from the study of the effect of
supporting electrolyte on permeation of ions through a
polymeric membrane carried out by Okolue et al. [1], which
shows that there was a rapid increase in the rate of
permeation of NaCl, CaCl, and AlCI; electrolytes supported
by Na,SO,, CaSO, and Al,(SO,) clectrolytes respectively
which they reported was as a result of an increase in the
concentration of Na, Ca®", and AI’" ions in the resultant
mixture. While there was an increase in the rate of
permeation of both CaCl, and KCI, with the increase for
CaCl, observed to be three (3) times higher, a decrease at
almost the same rate was observed for NaCl and MgCl,.

4. Conclusion

Supporting electrolyte concentration in the external
solutions had a marked influence on the transport rate
studied. Na,SO; added to NaCl and MgSO, to MgCl,
resulted to a decrease in permeation rate of the resultant
solutions while the addition of K,SO, to KCI and the addition
of CaSO, to CaCl, resulted to an increase in permeation rate.
In this research there is no similarity in pattern of permeation
hence the effect of K,SO4 to KCI ion permeation and the
effect of CaSO,; on CaCl, ion permeation across RBC
membrane may not be attributed to an increase in the
concentration of the respective K and Ca’" ions in the
resultant solutions.
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