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The dependence of the surface potential difference (AU),  transversal elasticity module ( E l )  and membrane 
conductivity (Go) on the concentrations of the antiviral drugs, rimantadine and amantadine was studied in the 
planar bilayer lipid membrane system. The method used was based on independent measurements of the 
second and third harmonics of the membrane capacitance current. The binding constants of bilayer lipid 
membranes obtained from the drug adsorption isotherms were 2 .1 .10  5 M - !  and 1 .3 .10  4 M -I  for 
rimantadine and amantadine, respectively. The changes in G O took place only after drug adsorption saturation 
had been achieved. The influence of rimantadine and amantadine on the interaction of bilayer lipid 
membranes with matrix protein from influenza virus was also investigated. The presence of 70 p g / m l  
rimantadine in the bathing solution resulted in an increase in the concentration of M-protein at which the 
adsorption and conductance changes were observed. The effects of amantadine were similar to those of 
rimantadine but required a higher critical concentration of amantadine. The results obtained suggest that the 
antiviral properties of rimantadine and amantadine may be related to the interaction of these drugs with the 
cell membrane, which can affect virus penetration into the cell as well as maturation of the viral particle at 
the cell membrane. 

Introduction 

Adamantane derivatives amantadine (1-amino- 
adamantane hydrochloride) and rimantadine (a- 
methyl-l-adamantyl-methylamine hydrochloride) 
are used clinically for the prevention of influenza 
virus infection. At the present time, there is a 
variety of hypotheses on the nature of the antiviral 
effect of adamantane derivatives. It has been shown 
that the drugs affect either the early stages of the 
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adsorption of viruses on the membrane and their 
penetration into the cell [1], or the later stages of 
virus macromolecular component synthesis and 
M-protein synthesis, in particular, by the infected 
cell [2]. The M-protein gene product of influenza 
virus has been associated with amantadine semi- 
tivity in studies utilizing temperature sensitive 
mutants [3,4]. It has also been suggested that 
rimantadine acts on the stage of viral 
ribonucleoprotein deproteinization [5], i.e. M-pro- 
tein separation from viral ribonucleoprotein on the 
nuclear membrane. 
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In an earlier study, the influence of rimantadine 
on the packing and mobility of fatty acid chains of 
the phospholipids of the influenza virus membrane 
and artificial vesicular membranes made from the 
total lipids of influenza virus was studied [6]. It 
was shown that the drug decreases the temperature 
of phase transition in the virus membrane as ob- 
served with the aid of spin-labelled derivatives of 
stearic acid as probes [6]. This is probably a conse- 
quence of the penetration of rimantadine mole- 
cules into the hydrophobic regions of the lipid 
bilayer. The absence of this effect in artificial lipid 
membranes has led the authors to conclude that 
the drug affects lipid-protein interactions. In the 
presence of rimantadine, the spin label concentra- 
tion in the membrane increased which suggests 
adsorption of the positively charged drug mole- 
cules on the membrane [6]. 

In our previous papers we studied the interac- 
tions of M-protein, total surface glycoproteins and 
neuraminidase of influenza virus with bilayer lipid 
membranes [7,8]. It was shown that bilayer lipid 
membranes may be used for modelling the main 
features of the viral protein interactions with the 
membrane of the infected cell, i.e., adsorption and 
incorporation. 

In this paper, we report results of the interac- 
tion of rimantadine and amantadine with planar 
bilayer lipid membranes and the effects of 
rimantadine and amantadine with planar bilayer 
lipid membranes and the effects of rimantadine 
and amantadine on the interactions of influenza 
virus and M-protein with bilayer lipid membranes. 

Materials and Methods 

The techniques for preparation of influenza 
viruses and M-protein and the methodology em- 
ployed for measurement of the surface potential 
difference on the membrane, the bilayer lipid 
membrane conductivity and its mechanical module 
are described earlier [8]. Amantadine was obtained 
from Sigma Chemical Co., and rimantadine was 
the kind gift of Dr. M.K. Indulen from Kirchen- 
stein Institute of Microbiology, Latvian SSR 
Ministry of Health. 

Results 

The kinetics of surface potential difference, AU 
(the second harmonic of capacitance current), 
changes after two consecutive additions of riman- 
tadine to one side of an asolectin bilayer lipid 
membrane as shown in Fig. 1. A saturation level is 
observed for AU (lower curve) after each addition 
of rimantadine; the current through the membrane 
being unchanged. The adsorption of amantadine 
on successive addition produces similar results. 

Fig. 2 demonstrates the dependence of surface 
potential difference, i.e., the quantity of molecules 
adsorbed on the concentration of rimantadine (a) 
or amantadine (b). The adsorption of the drugs 
induces a positive potential on that side of the 
membrane to which they are applied. The mem- 
brane affinity for rimantadine is higher than that 
for amantadine and isothermal adsorption of 
rimantadine reaches a saturation at a concentra- 
tion approximately 10-times lower than in the case 
of amantadine. In both cases, adsorption iso- 
therms are not of the Langmuir type. After the 
surface of the asolectin bilayer lipid membrane has 
been saturated with the adsorbed molecules of 
either rimantadine or amantadine, the surface 
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Fig. 1. The kinetics of surface potential difference, AU, changes 
after two consecutive additions of rimantadine to one and the 
same side of an asolectin bilayer lipid membrane. The arrows 
designate the time at which rimantadine was added. The 
rimantadine concentration is 12 ~g/ml  (1) and 15 pg/ml  (2) 
The bilayer lipid membrane was formed in solution containing 
KC1 (0.2 M), Tris buffer (5 raM, pH 7.4 at 20°C). 
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Fig. 2. The surface potential difference dependence on 
rimantadine (a) and amantadine (b) concentrations for an 
asolectin bilayer lipid membrane. See also Fig. 1. 

potential difference equals approx. 50 mV in both 
c a s e s .  

The asolectin membrane conductance begins to 
increase at a rimantadine concentration of approx. 
100 / tg /ml  and an arnantadine concentration of 
approx. 800/~g/ml,  i.e., after adsorption has re- 
ached saturation. The membrane conductance in- 
creased with concentrations of rimantadine up to 
450/~g/ml and amantadine up to 1000/~g/ml. At 

TABLE 1 

MODIFYING CONCENTRATION OF RIMANTADINE 
FOR BILAYER LIPID MEMBRANE WITH DIFFERENT 
COMPOSITIONS 

Membrane Rimantadine 
composition concentration (#g /ml )  

Oxidized cholesterol 40 
Cephalin + cholesterol 100 
Asolectin 110 

higher concentrations, the membrane became un- 
stable and was destroyed. 

The influence of the membrane lipid composi- 
tion on the minimal concentrations of the drugs 
modifying the membrane conductance was minor 
(Table I). 

The elasticity module of an asolectin membrane 
was calculated from the third harmonic of the 
capacitance current increasing from the initial 
value of 7.2.106 Pa to the maximal value of 
1.1 • 107 Pa at 100 # g / m l  of rimantadine. Further 
increase of the rimantadine concentration did not 
produce any changes of the elasticity in spite of 
the increasing membrane conductance. At the 
amantadine concentration of 800 #g /ml ,  the elas- 
ticity module of the asolectin bilayer lipid mem- 
brane reached 8.6.106 Pa. 
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Fig. 3. The surface potential difference dependence on the 
concentration of M-protein in the absence (1) and presence of 
70 / t g / ml  rimantadine (2). See also Fig. 1. 
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Rimantadine and amantadine affected the in- 
teraction of M-protein with bilayer lipid mem- 
brane. M-protein adsorption in the presence of 
rimantadine (curve 2 in Fig. 3) is decreased signifi- 
cantly as compared with adsorption in the absence 
of rimantadine (curve 1 in Fig. 3). Rimantadine 
also inhibited M-protein incorporation into the 
membranes so that modification of the membrane 
began at 5 /~g/ml  of protein as compared with 0.6 
#g prote in/ml  in the absence of rimantadine (Fig. 
4). All of the effects of rimantadine could be 
observed only if the rimantadine was added 10-15 
min before the M-protein. 

The effects of amantadine were found to be 
similar to those of rimantadine. At a concentration 
of 100 F g / m l  of amantadine, the modifying con- 
centration of M-protein was increased to 3.6 
#g /ml .  

Addition of native influenza viruses to the solu- 
tion bathing the bilayer lipid membrane also re- 
sulted in an increase of membrane conductivity. 
Fig. 5a shows the kinetics of such changes for an 
oxidized cholesterol membrane. The membrane 
conductivity increases discretely with considerable 
fluctuations of the transmembrane current. Ri- 
mantadine inhibited the membrane modifying ef- 
fect of influenza viruses (Fig. 5b). The critical 
modifying concentration of viruses in the absence 
of rimantadine was approx. 0.3 # g / m l  (virus pro- 
tein concentration) and 0.66 Fg /ml  in the pres- 
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Fig. 4. The dependence of the asolectin bilayer lipid membrane 
conductance on the concentration of M-protein in the absence 
(1) and in the presence of 70 pg /ml  of rimantadine (2). See 
also Fig. 1. 
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Fig. 5. The kinetics of the conductance changes of oxidized 
cholesterol bilayer lipid membrane in the presence of influenza 
viruses. Conductivity of the membrane: (a) in the absence and 
(b) in the presence of 30 Fg/ml rimantadine. 

ence of rimantadine at a concentration of 30 
~,g/m]. 

D i s c u s s i o n  

Rimantadine and amantadine molecules have a 
positive charge equal to 1 at neutral pH values. 
Therefore, on adsorption to the negatively charged 
surface of an asolectin bilayer lipid membrane, the 
drugs induce a positive electrical potential dif- 
ference on the membrane. The hydrophobic radi- 
cal of adamantyl is probably penetrating into the 
hydrophobic phase of the lipid bilayer. Rimanta- 
dine shows a higher affinity for the bilayer lipid 
membrane than does amantadine. This is probably 
a result of the higher energy of hydrophobic inter- 
actions in the case of rimantadine. This would 
result in deeper penetration of the rimantadine 
molecules into the bilayer. The incorporation of 
hydrophobic radicals into the bilayer may be sug- 
gested on the basis of our data on the membrane 
elasticity and conductance changes as well as 
earlier published data on structural changes in 
viral membranes caused by rimantadine [6]. 

To the best of our knowledge concerning the 
charge of the rimantadine and amantadine mole- 
cules, we can estimate the surface density of the 
adsorbed molecules. It was shown that after the 
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external compensation of the intramembranous 
electric field (experimentally, this can be observed 
as the disappearance of the second harmonic), the 
potential difference may be determined by the 
Hui-Chapman approach [9]. Using the experimen- 
tal value of AU = 50 mV which corresponds ap- 
proximately to saturation of one side of the mem- 
brane with adsorbed molecules of rimantadine or 
amantadine and 0.1 C / m  2 for the initial surface 
charge density of asolectin bilayer lipid membrane 
[11], we obtain a value of 6 . 1 0  -2 C / m  2 for the 
surface charge. This density corresponds to ap- 
prox. 300 A 2 of the surface area per unit charge. 
This means that the average distance between ad- 
sorbed molecules each carrying a unit of positive 
charge is approx. 20 A. The observation that the 
membrane  surface saturation with adsorbed 
rimantadine and amantadine molecules is achieved 
at different drug concentration may be related to 
the different binding constants for these drugs. 

The adsorption process may be considered as a 
reversible reaction 

R+L ~ RL 

The saturation function for binding centers in 
this reaction is: 

r =  r ( L ) " "  
1+ K(L) "a 

where K is the binding constant, L is the reactant 
concentration, and n H is Hill's coefficient. The 
value of K calculated from this formula is 2.1 • 10 5 
M -1 for rimantadine and 1 .3 .10  4 M -1 for 
amantadine. The cooperativity coefficient, n H, for 
both compounds is the same and equals 1.33. 

Rimantadine and amantadine antiviral activity 
are related to a number of factors as discussed in 
the Introduction. The change of the bilayer lipid 
membrane surface potential caused by adsorption 
of rimantadine or amantadine molecules hinders 
the M-protein binding on the bilayer lipid mem- 
brane surface and correspondingly its penetration 
into the bilayer (Figs. 3 and 4). 

The change of the membrane surface charge 
density causes subsequent change of the electro- 
static free energy of the bilayer and influences the 
phase behaviour of the lipid molecules [10]. Conse- 
quently, the possible influence of these drugs on 
the structure of the membrane should also be 
considered. Perhaps the incorporation of influenza 
viral proteins into the membrane may be in- 
fluenced by the same factors. 

It seems likely that penetration of the adaman- 
tyl radical into the lipid bilayer prevents the for- 
mation of a specific structure in the host-cell mem- 
brane which is necessary for formation and 
'matura t ion '  of the viruses. It is also possible that 
rimantadine and amantadine on being bound to 
M-protein complexes, change the structure of the 
complex to hinder penetration of the bilayer. It 
was shown in particular, that the affinity of M- 
protein from rimantadine-insensitive influenza 
viruses is lower than that for rimantadine-sensitive 
strains [5]. 
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