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Abstract: In vitro effect of three local anesthetic agents (Procaine, Tetracaine , Lidocaine ) on the surface electrical 

properties of erythrocytes was investigated. The surface electrical properties were determined by the electro-

rotation technique. It was found that the surface conductance, Ks, was the most sensitive parameter, while the 

surface electrical of capacity of RBC (CM) refractory to treatment with the local anesthetic tested. The values for 

Ks decreased with the increase in the concentration of the local anesthetic agents giving concentration-response 

relationships. The values of EC50 were found to be in the following order: Tetracaine (59.57 nM) >Lidocaine 

(47.52 nM) > Procaine (23.62 nM). The values were proportional with the lipid / water partition coefficient of the 

respective anesthetic agent. 
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1.      INTRODUCTION 

Local anesthetic agents reversibly block conduction along nerve axon and other excitable membranes that utilize the 

sodium channels as the primary means of action potential generation (Johnson, 2004)). Local anesthetic drugs prevent or 

suppress initiation and propagation of nerve impulses by modulating membrane permeability to ions , particularly sodium 

ion influx, which is necessary for generating action potential ( Brayfield, 2014). However, the possible effect on the 

electrical properties on non- excitable cellular membranes did not meet much attention. A wide variety of drugs and axons 

exert their biological activity by interfering with distribution of electric changes across biological membrane or with 

mobility and propagation of electric impulses (Johnson et al., 2004 ; Bear et al., 2001). Alteration of surface electrical 

properties by local anesthetic agents, would be expected. Identification of the affected parameters is of importance in 

understanding their mechanism of action.  

The present study was undertaken to investigate the effect of some local anesthetic agents on the surface electrical 

properties of non-excitable biological membrane. The electrical parameters were assessed by electro-rotation technique ( 

Han et al., 2013; Dalton et al., 2004 ; Cen et al., 2004), a simple and low-cost technique with good potential which has 

been used successfully in earlier work (Liu et al., 2013). 

2.      MATERIALS AND METHODS 

Freshly withdrawn blood was used throughout this study. Stored samples were not used in order to avoid variation in the 

electrical properties of erythrocytes membrane brought about by storage (Yao-Xiong Huang et al., 2011). Blood was 

always withdrawn from the same person because the effects of blood groups and other genetically determined factors, if 

any, have not been determined yet ( ManaSezdi and Yektaulgen, 2006). Different concentrations of 3 local anesthetic 

agents (Procaine ,Tetracaine , Lidocaine) were prepared in the concentration range of 50 – 500 nM in 330 milliosmol 
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medium. For the electro-rotation technique experiment, microamounts of the blood was pipetted into  a test tube 

containing the desired concentration of the local anesthetic. The medium conductivity was then adjusted, by the Herpes 

buffer. Ten micro-liters of this medium was pipetted into the vicinity of the rotation chamber and the true conductivity 

was obtained by applyningthe  relation (Arnold and Zimmerman, 1989) 

                                          σ = σ
, 
(1 - ∆T(0.02)) 

Where ∆T is the temperature difference between the solution in air and the rotation chamber, and σ
,
 represents the 

apparent conductivity (the conductivity of medium in air). The rotation apparatus  that was used in this study depends on  

only cells that rotate  at the centre of the chamber, the characteristic frequency (Fc) was measured for each cell using the 

contra-field rotation technique (Arnold and Zimmerman, 1989). The radius of each cell was measured using a micrometer 

attached to ocular piece of the interval microscope used. 

The surface electrical capacitance of erythrocyte membrane  per unit area (CM) and the surface electrical conductance per 

unit area (KS) were calculated by applying the  relation ( Xun et al., 1990): 

                                 Fc  =  KS / (π.a.CM) + a.CM/(2π.CM) + σ/( π.CM) 

Where Fc is normalized against the radius of the cell in order to avoid the effect of size-heterogeneity found in a typical 

cell population.Between 20 and 30 cells were tested for each concentration used. 

3.      RESULTS 

A clear tendency for decreasing KS values with the increasing in the concentration of  local anesthetic agents is quite 

obvious (Figure 1). The decline may be described as having an initial rapid decrease at lower concentrations, which tend 

to become less steep as the concentration surpass the 100 – 200 nM range (Figure 1). When the percentage changes 

(decrease) from control value were plotted against the local anesthetic agents concentration, on logarithmic scale, straight 

lines of typical concentration – response relation were obtained (Figure 2). For these lines, EC50 (the concentration which 

causes 50% reduction in KS value)  values for the three local anesthetics used were calculated and were found to be in the 

following order : Tetracaine (59.57nM) >  Lidocaine (47.52 nM) > Procaine ( 23.62nM). 

Attempts to correlate the EC50 values with the physico – chemical properties of the different compounds used were not 

successful except when they were correlated with lipid/water partition coefficients. When these EC50 values were plotted 

against lipid solubility estimates (Bannet and Brown, 2003), a straight line was obtained (Figure 3). The influence on the 

values of CM of changing the concentration of the different anesthetics showed no statically difference (Table 1). All the 

values were more or less scattered around the same mean. Differences in CM values at zero concentration probably 

represent day-to-day variations in experimental conditions. 

4.      DISCUSSION 

Biochemical, biophysical and molecular biological investigations have led to a rapid expansion of knowledge about the 

mechanism of action of local anesthetics. A variety of physico – chemical models have been proposed to explain how 

local anesthetic achieve nerve conduction blockade. The successful use of erythrocyte membrane as a model local 

anesthetics was demonstrated in the present study. Changes in surface conductance (KS) could be clearly seen. 

A standardized measure of the activity of each to demonstrate alteration of surface electrical properties by local anesthetic 

molecules tested , in the form of the concentration which cause 50% reduction in KS value (EC50) had very strong 

inverse correlation with the lipid/water partition coefficient of the respective compounds. The more the lipid solubility, 

the smaller was the molar concentration to produce 50% reduction in KS value. It has been proposed that the interaction 

of relatively lipophilic local anesthetic molecule with membranes causes a conformational change in the organization of 

membrane lipids, resulting in membrane expansion. This could supposedly be achieved by unfolding of membrane. It is 

also possible that the lipophilic portion of the local anesthetic molecule binds to non-specific ubiquitous sites within the 
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membrane lipids, leaving the protonated positively charged amine terminal of the molecule on the external surface of the 

membrane (Bowdle et al., 1994). 

Contrary to clear changes in KS, the calculated CM values were refractory to change in response to treatment of 

erythrocytes with the local anesthetic tested.  The refractoriness of the specific membrane capacitance to change after 

treatment with the local anesthetic procaine and tetracaine was observed clearly in voltage relaxation experiment on the 

algal cell membrane of valonia utricularis using intra cellular electrode ( Buchner et al.,1986). 

It is clear from the present work that the surface electrical conductance of the erythrocyte membrane  which represents a 

non-excitable lipid bilayer, is affected by local anesthetics. The role of such phenomenon in altering propagation of 

impulses along a nerve axon or an excitable cellular membrane; away from the action on sodium pump, needs further 

investigation. 
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APPENDIX – A 

List Of Figures: 

 

Figure: 1. Changes in concentration of the local anasthetics with KS. 

 

 

 

Figure: 2. Percentage changes from control value against drug concentration. 
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Figure: 3. Lipid solubility estimates against EC50 values. 

APPENDIX – B 

List Of Tables: 

Table: 1.Variation of the membrane capacitance with the concentrations of anesthetic agent. 

 

Concentration(nM) 

Local anesthetic 

Lidocaine Procaine Tetracaine 

0 0.634 0.741 0.719 

50 0.592 0.661 0.678 

100 0.595 0.621 0.617 

200 0.616 0.626 0.654 

300 0.655 0.601 0.646 

400 0.620 0.628 0.640 

500 0.598 0.614 0.655 

  

 

 

 


