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ABSTRACT 
 

Aim: Various drugs used for pain relief show the diversity of pharmacological properties besides 
their intrinsic analgesic activity. In order to verify a common mechanism, we studied the effects of 
selected analgesic agents on lipid bilayer membranes by paying attention to their induced 
physicochemical membrane modification and stereostructure specificity. 
Methodology: Biomimetic membranes were prepared with different phospholipids and cholesterol 
to be unilamellar vesicle suspensions. The membrane preparations were treated with local 
anesthetics (lidocaine, bupivacaine and ropivacaine), phenolic sedatives/anesthetics (thymol, 
eugenol, guaiacol and propofol), non-steroidal anti-inflammatory drugs (ibuprofen and 
indomethacin), N-methyl-D-aspartate receptor antagonist (ketamine), and their stereoisomers at 
clinically-relevant concentrations, followed by measuring fluorescence polarization to determine the 
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changes in membrane fluidity. 
Results: All the tested drugs interacted with lipid bilayer membranes to modify their fluidity. 
Lidocaine, bupivacaine, ropivacaine, thymol, eugenol, guaiacol, propofol and ketamine increased 
the fluidity of neuronal mimetic membranes at 0.1-200 μM, whereas ibuprofen and indomethacin 
decreased the membrane fluidity at 100-200 μM. In neuronal and myocardial mimetic membranes 
consisting of 35-40 mol% chiral cholesterol, stereoisomers (25-200 μM) showed the enantiomer-
specific membrane effects with the relative potencies being R(+)-bupivacaine > racemic 
bupivacaine > S(–)-bupivacaine, S(+)-ketamine > racemic ketamine, and S(+)-ibuprofen > racemic 
ibuprofen > R(–)-ibuprofen, which were correlated with those of their analgesic, anesthetic or 
cardiotoxic effects. 
Conclusion: Analgesic agents share the ability to interact with lipid bilayers, directly influencing 
the properties and functions of biomembranes at a lipid level and indirectly modulating the activities 
of membrane-associated ion channels, receptors and enzymes through the conformational 
changes of proteins. The membrane interactivity possibly accounts for their pharmacological 
diversity. 
 

 
Keywords: Analgesic agents; membrane interaction; lipid bilayer; pharmacological diversity; 

mechanism. 
 
ABBREVIATIONS 
 
NSAID, non-steroidal anti-inflammatory drug; NMDA, N-methyl-D-aspartate; POPC, 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine; POPE, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine; 
POPS, 1-palmitoyl-2-oleoyl-sn-glycero-3-[phospho-L-serine]; POPI, 1-palmitoyl-2-oleoyl-sn-glycero-3-
phospho-(1’-myo-inositol), CL, cardiolipin; SM, sphingomyelin; DPH, 1,6-diphenyl-1,3,5-hexatriene; 
DMSO, dimethyl sulfoxide. 
 

1. INTRODUCTION 
 
Pain relief is achieved by medications with 
structurally- and mechanistically-different agents, 
including local anesthetics, sedatives/anesthetics, 
non-steroidal anti-inflammatory drugs (NSAIDs), 
N-methyl-D-aspartate (NMDA) receptor 
antagonists and anesthesia adjuncts (structures 
of representative agents shown in Fig. 1). In 
addition to the intrinsic analgesic activity, these 
agents show seemingly unrelated 
pharmacological effects. Local anesthetic 
lidocaine, bupivacaine and ropivacaine [1]; 
sedative/anesthetic thymol, eugenol [2], and 
propofol [3]; non-steroidal anti-inflammatory 
indomethacin [4] and ibuprofen [5]; and NMDA 
receptor antagonistic ketamine [6] have the 
properties to inhibit the growth of various 
bacterial and fungal species. Bupivacaine [7], 
propofol [8], indomethacin [9], ibuprofen [10] and 
ketamine [11] are able to inhibit the platelet 
aggregation induced by different agents. 
Lidocaine [12], thymol [13], propofol [14] and 
ibuprofen [15] scavenge free radicals or reactive 
oxygen species and inhibit the lipid peroxidation 
caused by them. Lidocaine, bupivacaine [16], 
propofol [17] and indomethacin [18] inhibit the 
proliferation, viability and invasion of different 
tumor cells and also induce their apoptosis. 

These analgesic agents show not only 
antimicrobial, antiplatelet, antioxidant and 
antitumor effects depending on molecular 
structures but also significant pharmacological 
differences even between stereoisomers as 
reported for antibacterial bupivacaine (racemic 
and S(–)-bupivacaine) [19] and antiplatelet 
ibuprofen (S(+)-, racemic and R(–)-ibuprofen) 
[10,20]. While their primary mode of action is 
referred to as the blockade of voltage-gated ion 
channels, the allosteric modulation of receptors, 
the inhibition of pathogenetically-responsible 
enzymes or the antagonism against relevant 
receptors, the pharmacological mechanism 
underlying such diverse effects with the 
structure-specificity remains poorly understood. 
 
The diversity of pharmacological properties is not 
interpreted by the direct interaction with a 
specific functional protein alone, suggesting 
multiple molecular targets or a common target for 
analgesic agents. The physicochemical 
modification of biomembrane-constituting lipid 
bilayers is presumable as one of mechanisms   
for inhibiting microbial growth, platelet 
aggregation, lipid peroxidation and tumor cell 
proliferation. Although they are not essentially 
analgesics, antimicrobial peptides [21], 
antiplatelet benzodiazepines [22], antioxidant 
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phytochemicals [23] and antitumor drugs [24] 
commonly alter fluidity, order, elasticity or 
curvature of artificial and biological lipid 
membranes. Representative analgesic agents 
(Fig. 1) are structurally composed of an aromatic 
ring to confer hydrophobicity or lipophilicity on 
the molecule, an ionizable group to confer 
hydrophilicity and different substituents to 
provide chemical characteristics. Amphiphilic 
molecules interact hydrophobically and 
electrostatically with lipid bilayers, while highly 
hydrophobic molecules preferentially act on the 
deeper regions of lipid bilayers. Analgesic agents 
meeting such structural requirements would 
interact with lipid bilayer membranes [25] and 
their membrane interactions should at least partly 
underlie antimicrobial, antiplatelet, antioxidant 
and antitumor effects as well as analgesic effects 
[14,23-25]. Although the partition and distribution 
of membrane-interactive drugs into lipid bilayers 
are generally governed by their hydrophobicity, 
their potencies to modify the membrane 
physicochemical property are not necessarily 
determined by the order of hydrophobicity. 
 
Besides membrane-embedded or membrane-
bound ion channels, receptors and enzymes, 
local anesthetics, sedatives/anesthetics, NSAIDs, 
NMDA receptor antagonists and analgesic/ 
antinociceptive anesthesia adjuncts are 
presumed to act on membrane lipid components 
[11,14,23-26]. Therefore, we studied the effects 

of selected local anesthetics, phenolic 
sedatives/anesthetics, NSAIDs, NMDA receptor 
antagonists and their stereoisomers (Fig. 1) on 
lipid bilayer membranes in order to verify whether 
these analgesic agents mechanistically share the 
ability to interact with biomimetic membranes and 
show the structure-specificity. The drug and 
membrane interactions have been investigated 
by a variety of methodology including differential 
scanning calorimetry, magnetic resonance, 
electron spin resonance, fluorometry, etc. 
Because fluorescence polarization measurement 
has been most frequently used of spectroscopic 
methods for studying the membrane effects of 
drugs [26], we employed this method. The results 
are expected to provide not only an insight into 
the diversity of their pharmacological properties 
but also a novel experimental tool for discovering 
drugs and lead compounds. 
 
2. MATERIALS AND METHODS 
 
2.1 Chemicals 
 
Local anesthetic lidocaine and bupivacaine; 
phenolic sedative/anesthetic thymol, eugenol, 
guaiacol and propofol; non-steroidal anti-
inflammatory indomethacin, ibuprofen (racemate), 
S(+)-ibuprofen and R(–)-ibuprofen; and NMDA 
receptor antagonistic ketamine (racemate) and 
S(+)-ketamine were purchased from Aldrich

 

 
 

Fig. 1. Analgesic agents examined in this study 
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(Milwaukee, WI), Sigma (St. Louis, MO), Wako 
Pure Chemicals (Osaka, Japan) or Tokyo 
Chemical Industrials (Tokyo, Japan). S(–)-
Bupivacaine, racemic bupivacaine and R(+)-
bupivacaine, and ropivacaine were supplied by 
Maruishi Pharmaceuticals (Osaka, Japan) and 
AstraZeneca (Södertälje, Sweden), respectively. 
1-Palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC), 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine (POPE), 1-
palmitoyl-2-oleoyl-sn-glycero-3-[phospho-L-
serine] (POPS), 1-palmitoyl-2-oleoyl-sn-glycero-
3-phospho-(1’-myo-inositol) (POPI), bovine heart 
cardiolipin (CL) and porcine brain sphingomyelin 
(SM) were obtained from Avanti Polar Lipids 
(Alabaster, AL), cholesterol from Wako Pure 
Chemicals, and 1,6-diphenyl-1,3,5-hexatriene 
(DPH) from Molecular Probes (Eugene, OR). 
Dimethyl sulfoxide (DMSO) of spectroscopic 
grade (Kishida; Osaka, Japan) and water of 
liquid chromatographic grade (Kishida) were 
used for preparing reagent solutions. All other 
chemicals were of the highest analytical grade 
available commercially. 
 

2.2 Preparation of Biomimetic 
Membranes 

 
DPH-labeled biomimetic membranes were 
prepared by the injection method for unilamellar 
vesicle preparation of Okimoto et al. [27] with 
some modifications as follows. The ethanol 
solutions (250 μL x 4) of phospholipids and 
cholesterol (total lipids of 10 mM) and DPH (50 
μM) were repeatedly injected into 199 mL of 20 
mM sodium phosphate buffer (pH 7.4, containing 
100 mM KCl) under stirring at 50ºC. The molar 
ratio of DPH to membrane lipids was adjusted to 
be 1: 200 and the membrane structure after 
preparation and drug treatment was confirmed 
according to previous studies [28,29]. The lipid 
compositions of membranes were (1) 36 mol% 
POPC, 22 mol% POPE, 3.5 mol% POPS, 3.5 
mol% SM and 35 mol% cholesterol to mimic 
neuronal membranes and (2) 25 mol% POPC, 16 
mol% POPE, 10 mol% CL, 3 mol% POPS, 3 
mol% POPI, 3 mol% SM and 40 mol% 
cholesterol to mimic myocardial membranes [26]. 
 

2.3 Determination of Membrane Interac-
tions 

 
The interactions of analgesic agents with 
biomimetic membranes to changes their fluidity 
were determined as reported previously [28,29]. 
In brief, the DMSO solutions of local anesthetics, 

phenolic sedatives/anesthetics, NSAIDs and 
ketamine were added to the suspensions of 
biomimetic membranes so that the final 
concentrations of tested drugs were analgesia-, 
sedation-, anesthesia- or cardiotoxicity-relevant 
1-200 μM [26,30-33]. The concentration of 
DMSO vehicle was adjusted to be 0.5% (v/v) of 
the total volume so as not to affect the fluidity of 
intact membranes. DMSO of the corresponding 
volume was added to controls. After the reaction 
at 37ºC for 15 min, DPH fluorescence 
polarization was measured at 37ºC by an RF-540 
spectrofluorometer (Shimadzu; Kyoto, Japan) 
equipped with a polarizer at 360 nm for excitation 
wavelength and 430 nm for emission wavelength. 
Polarization values were calculated according to 
the formula of Ushijima et al. [34]. The changes 
in fluorescence polarization were obtained by 
subtracting the polarization values of controls 
from those of drug treatments. Polarization 
decrease and increase mean an increase 
(membrane fluidization) and a decrease of 
membrane fluidity (membrane rigidification), 
respectively. 
 

2.4 Statistical Analysis 
 

All results were expressed as means ± S.E.M (n 
= 6-8). Data were statistically analyzed by a one-
way analysis of variance (ANOVA), followed by a 
post hoc Fisher’s protected least significant 
difference (PLSD) test using Stat View 5.0 (SAS 
Software; Cary, NC). P values less than 0.01 
were regarded as statistically significant. 
 

3. RESULTS 
 

3.1 Membrane Interactions to Increase 
Fluidity 

 

Local anesthetics and phenolic sedatives/ 
anesthetics concentration-dependently interacted 
with neuronal mimetic membranes to increase 
the membrane fluidity as shown by polarization 
decreases (Fig. 2). NMDA receptor antagonistic 
ketamine also fluidized the membranes. While all 
of them were membrane-interactive at a 
micromolar level, alkylphenols were more 
effective in fluidizing the membranes than local 
anesthetics and ketamine. Especially, propofol 
increased the membrane fluidity even at sub-
micromolar concentrations (~0.1 μM). In 
alkylphenols, propofol was the most potent, 
followed by thymol, guaiacol and eugenol. In 
local anesthetics, the relative membrane-
fluidizing potency was bupivacaine > ropivacaine 
> lidocaine. 
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3.2 Membrane Interactions to Decrease 
Fluidity 

 
NSAIDs decreased the membrane fluidity at 25-
200 μM by interacting with neuronal mimetic 
membranes as shown by polarization increases 
(Fig. 2, comparative effects shown for NSAIDs). 
Indomethacin was greater in membrane 
rigidification than ibuprofen. 
 

3.3 Stereospecific Membrane Interactions 
 
Local anesthetics stereospecifically interacted 
with myocardial mimetic membranes to show 
different potencies between bupivacaine 
stereoisomers at a cardiotoxically-relevant 
concentration [30] (Fig. 3). When comparing the 
polarization decreases at an equimolar 
concentration, the relative potency to fluidize the 
membranes was R(+)-bupivacaine > racemic 
bupivacaine > S(–)-bupivacaine. NMDA receptor 
antagonists similarly showed the stereospecificity 
to be S(+)-ketamine > racemic ketamine in 
interactivity with neuronal mimetic membranes at 
an anesthesia-relevant concentration [33] (Fig. 3). 
 
Non-steroidal anti-inflammatory ibuprofen also 
stereospecifically interacted with neuronal 
mimetic membranes at a pharmacokinetics-
relevant concentration [32], although the 
membrane fluidity was differently decreased 
depending on its stereostructures (Fig. 4). The 

relative potency of membrane rigidification was 
S(+)-enantiomer > racemate > R(–)-enantiomer. 
 

4. DISCUSSION 
 
Our main findings are as follows: (1) all the 
tested analgesic agents interact with biomimetic 
membranes to modify the fluidity but their 
interaction potencies vary in a structure-
dependent manner, (2) their membrane 
interactions induce either fluidity increases or 
decreases depending on drug class, and (3) their 
membrane interactivities are discriminated 
between stereoisomers. 
 
The rank order of membrane interactivity (local 
anesthetics: bupivacaine > ropivacaine > 
lidocaine, alkylphenols: propofol > thymol > 
guaiacol > eugenol, and NSAIDs: indomethacin > 
ibuprofen) almost agrees with that of analgesic 
activity of local anesthetics (bupivacaine > 
ropivacaine > lidocaine) [35,36], of sedative/ 
anesthetic activity of alkylphenols (propofol > 
thymol) [37], and of analgesic activity of NSAIDs 
(indomethacin > ibuprofen) [38]. The relative 
potencies of membrane interactions also 
correlate to those of antimicrobial effects of local 
anesthetics (bupivacaine > ropivacaine > 
lidocaine) [1], of antiplatelet effects of NSAIDs 
(indomethacin > ibuprofen) [39], of antioxidant 
effects of alkylphenols (propofol > thymol > 
eugenol) [40], and of antitumor effects

 

 
 

Fig. 2. Effects of local anesthetics, phenolic sedatives/anesthetics, ketamine and NSAIDs on 
biomimetic membranes. Neuronal mimetic membranes were subjected to the reactions with 
drugs, followed by measuring DPH fluorescence polarization. The polarization changes from 

controls are shown as means ± S.E.M (n = 6) 
*P < 0.01 compared with control  
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Fig. 3. Stereospecific fluidizing effects of bupivacaine and ketamine on biomimetic membranes. 
Myocardial and neuronal mimetic membranes were subjected to the reactions with 25 μM 
bupivacaine stereoisomers and 50 μM ketamine stereoisomers, respectively, followed by 

measuring DPH fluorescence polarization. The polarization changes from controls are shown 
as means ± S.E.M (n = 8) 

*P < 0.01 compared with each racemate  

 

 
 

Fig. 4. Stereospecific rigidifying effects of ibuprofen on biomimetic membranes. Neuronal 
mimetic membranes were subjected to the reactions with 200 μM ibuprofen stereoisomers, 

followed by measuring DPH fluorescence polarization. The polarization changes from controls 
are shown as means ± S.E.M (n = 8) 

*P < 0.01 compared with racemate  

 
(bupivacaine > lidocaine) [16]. While 
pipecoloxylide local anesthetics, NMDA receptor 
antagonists and propionate NSAIDs show 
stereostructure-dependent effects which are 
discriminable between enantiomers, the 
comparative potencies of membrane fluidity 

modification are correlated not only with those of 
pharmacological or toxicological effects of 
bupivacaine [41,42], ketamine [43] and ibuprofen 
stereoisomers [44], but also with those of their 
antibacterial [19] and antiplatelet effects [20]. 
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Drug molecules interact hydrophobically with the 
aliphatic chains of membrane-constituting 
phospholipids and electrostatically with the 
phospholipid polar head groups. They penetrate 
into lipid bilayers with the preference of more 
hydrophobic molecules to deeper regions of the 
membranes. Since a fluorescent probe DPH 
aligns with phospholipid acyl chains and it is 
subject to the rotational restriction imparted by 
membrane fluid or rigid conditions, the 
membrane interactions determined in this study 
primarily reflect the hydrophobic membrane 
interactions which are greater in drugs with 
higher hydrophobicity. The rank order of 
membrane interactivity is almost the same as 
that of hydrophobicity, lipophilicity or partition 
coefficient of local anesthetics (bupivacaine > 
ropivacaine > lidocaine) [45], alkylphenols 
(propofol > thymol > eugenol) [46] and NSAIDs 
(indomethacin > ibuprofen) [47]. 
 
The preferential incorporations in lipid bilayers 
and the interactions with membranes vary by a 
slight structural difference of local anesthetics 
[45] and alkylphenols [46,48]. And furthermore, 
the effects to modify membrane fluidity were 
discriminated even between stereoisomers of 
bupivacaine, ketamine and ibuprofen. The 
opposite absolute configurations allow 
enantiomers to be discriminated by the 
interaction with another chiral molecule in 
membranes. Cholesterol with several chiral 
centers is contributable to the enantiomer-
specific membrane interaction. From their 
induced DPH polarization changes, bupivacaine, 
ketamine and ibuprofen are assumed to 
penetrate into membrane lipid bilayers and align 
between phospholipid acyl chains, although     
the spaces to be occupied by drug enantiomers 
vary by their configurational differences. 
Cholesterol is oriented in membranes with a 3β-
hydroxyl moiety anchoring to phospholipid polar 
head groups, a steroid ring adjoining fatty acyl 
chains and a flexible alkyl chain extending into 
hydrophobic membrane cores [49]. The 
adjacently aligning chiral cholesterol could 
provide lipid bilayers    with the chirality which is 
responsible for the stereospecific membrane 
interactions of bupivacaine and ibuprofen 
enantiomers to modify the membrane fluidity 
depending on R (+)- or S(–)-configuration and 
S(+)- or R(–)-configuration, respectively. 
 
Antimicrobial compounds and antibiotics directly 
act on phospholipids of cell membranes to alter 
membrane organization, fluidity, permeability and 
dynamics [50,51]. The resulting disturbance of 

membrane structures and functions produces 
antimicrobial effects. Antiplatelet drugs inhibit the 
platelet aggregation induced by mechanistically-
different agonists, suggesting the common site of 
their actions, not confined to a receptor specific 
to each individual inducer. They change platelet 
membrane fluidity, with a resultant influence on 
the activity of phospholipase C, and subsequent 
inhibition of phosphoinositide breakdown, 
inhibiting intracellular Ca2+ mobilization and 
thereby resulting in platelet aggregation inhibition 
[22]. Antioxidant agents to scavenge free radicals 
either decrease the fluidity of lipid bilayers to 
reduce the radical mobility in rigid membranes 
[52] or increase the fluidity of lipid bilayers to 
make the interaction between antioxidant 
molecules and radicals more efficient in fluid 
membranes [53], causing the suppression of lipid 
peroxidation, because the fluidity governs the 
propagation of oxidant and antioxidant molecules 
in lipid bilayer membranes. Since the activation 
and suppression of cell proliferation occur in the 
lipid membrane environments, cell membranes 
and membranous organelles are considered as 
one of targets for antitumor agents [54]. 
Doxorubicin used for the treatment of a wide 
range of cancers has the property to alter the 
lipid bilayer fluidity and the membrane protein 
conformation of erythrocytes from leukemia 
patients [55]. The membrane interactions 
independent of cyclooxygenase inhibition 
underlie both beneficial anti-inflammatory effects 
and adverse gastrointestinal injury actions of 
NSAIDs [56]. Membrane fluidity modification 
linked to the inhibition of cyclooxygenase also 
plays a crucial role in tumorigenesis [57]. While 
antitumor drugs with different mechanisms 
modify the fluidity of membrane hydrophobic 
regions, the alteration of membrane fluidity 
affects the functions of cells and the induction of 
apoptotic pathways, leading to the death of tumor 
cells [58]. The membrane interactivity shared by 
analgesic agents is possibly associated with the 
diversity of their pharmacological properties. 
 
Local anesthetics, thymol, eugenol and NSAIDs 
exert antibacterial and antifungal effects by 
damaging cell membranes, inhibiting 
dehydrogenase and increasing cell wall 
permeability [1], affecting the biosynthesis of a 
specific membrane component and the 
membrane integrity [59], disrupting cytoplasmic 
membranes [60] and inhibiting DNA synthesis [5], 
respectively. Although the medicinal product of 
propofol was suggested to support the growth of 
many microorganisms, such properties are 
attributed to soya bean oil and egg lecithin, not 



 
 
 
 

Tsuchiya and Mizogami; BJPR, 7(2): 110-121, 2015; Article no.BJPR.2015.096 
 
 

 
117 

 

propofol itself, contained in the propofol emulsion 
formulation like Diprivan® [61]. Propofol show the 
antibacterial activity based on membrane lysis 
and permeability increase. Bupivacaine [7], 
propofol [8] and NSAIDs [10] prevent platelet 
aggregation through multiple platelet signaling 
pathways, stimulated NO production and 
cyclooxygenase inhibition. Local anesthetics [12], 
alkylphenols [13] and NSAIDs [62] scavenge 
reactive oxygen species and inhibit their induced 
lipid peroxidation, contributing to the antioxidant 
effects. Local anesthetics [16], alkylphenols [17, 
63,64] and NSAIDs [18] not only promote the 
apoptosis of various tumor cells but also inhibit 
tubulin and enzymes associated with tumor 
proliferation and progression. In addition to these 
mechanisms, the mode of membrane interaction 
is considered to be at least in part responsible for 
the diverse effects of analgesic agents. 
 
Membrane lipid bilayers regulate or determine 
the functions of membrane-embedded or 
membrane-bound proteins such as voltage-
dependent sodium and calcium channels, 
GABAA and NMDA receptors, and 
cyclooxygenase [65,66]. The intrinsic effects of 
analgesic agents would be the combined results 
of the interaction with these proteins to modulate 
their activities and the interaction with membrane 
lipids to alter the lipid environments surrounding 
functional proteins. The latter mechanistic 
interaction is also likely to produce the 
pharmacological effects independent of ion 
channels, receptors and enzymes. 
 

Although the clinical implications of the 
membrane interactivity shared by analgesic 
agents may be beyond the scope of this study, 
the discussion on their effects besides the 
intrinsic analgesic activity would be valuable for 
speculating the practical applications of 
membrane-interactive drugs, possibly suggesting 
their supplemental roles. Local anesthetics and 
NSAIDs are used to prevent the incidence of 
pain on drug injection. Ketamine is frequently 
applied together with general anesthetics during 
clinical use. Membrane-acting drugs (lidocaine, 
ketamine, indomethacin, etc.) with the 
antimicrobial activity may be effective in reducing 
the risk of postoperative infections and sepsis. In 
dental applications such as impacted tooth 
extraction, membrane-acting antimicrobial 
NSAIDs and alkylphenols may decrease 
postoperative complications and exhibit the 
synergism with antibiotics. Surgery and the 
accompanying anesthesia induce the oxidative 
stress which is implicated in ischemia-

reperfusion, inflammatory and cardiovascular 
injuries and cerebral damages as one of factors 
to increase postoperative morbidity and mortality. 
Protection against the pathological states relating 
to peri-, intra- and postoperative oxidative stress 
is expected for membrane-acting drugs 
(lidocaine, propofol, thymol, ketamine, etc.) with 
the antioxidant activity. In addition to the pain 
relief, membrane-acting antiplatelet and 
antiproliferative drugs potentially contribute to the 
prevention of thrombus formation and cancer. 
Among them, anesthetics with the antitumor 
activity might be ideal agents for cancer surgery. 

 

5. CONCLUSION 

 
Local anesthetics, phenolic sedatives/anesthetics, 
NSAIDs and NMDA receptor antagonists share 
the structure-dependent ability to interact with 
lipid bilayer membranes, directly influencing the 
properties and functions of biomembranes at a 
lipid level and indirectly modulating the activities 
of ion channels, receptors and enzymes by 
changing the conformation of membrane-
associated proteins. The membrane interaction 
possibly accounts for the pharmacological 
diversity of analgesic agents and also may be an 
experimental clue to discover drugs or lead 
compounds with the analgesic potential and 
other activities from the point of view of a novel 
mechanism. 

 

ACKNOWLEDGEMENTS 

 
The authors thank Maruishi Pharmaceuticals and 
AstraZeneca for the supply of local anesthetics. 
This study was supported by grants-in-aid for 
Scientific Research 23593005 and 26463078 
from the Japan Society for the Promotion of 
Science. 

 

CONSENT  

 
It is not applicable. 

 

ETHICAL APPROVAL  

 
It is not applicable. 

 

COMPETING INTERESTS 

 
The authors declare there are no conflicts of 
interest. 



 
 
 
 

Tsuchiya and Mizogami; BJPR, 7(2): 110-121, 2015; Article no.BJPR.2015.096 
 
 

 
118 

 

REFERENCES 
 
1. Johnson SM, Saint John BE, Dine AP. 

Local anesthetics as antimicrobial agents: 
A review. Surg Infect (Larchmt). 2008; 
9(2):205-13.  
DOI: 10.1089/sur.2007.036 

2. Friedman M, Henika PR, Mandrell RE. 
Bactericidal activities of plant essential oils 
and some of their isolated constituents 
against Campylobacter jejuni, Escherichia 
coli, Listeria monocytogenes, and 
Salmonella enterica. J Food Prot. 2002; 
65(10):1545-60. 

3. Joubert KE, Picard J, Sethusa M. Inhibition 
of bacterial growth by different mixtures of 
propofol and thiopentone. J S Afr Vet 
Assoc. 2005;76(2):85-9.  
DOI: 10.4102/jsava.v76i2.403. 

4. Chang-Ying Y, Yi L, Jun-Cheng Z, Dan Z. 
Inhibitory effect of copper complex of 
indomethacin on bacteria studied by 
microcalorimetry. Biol Trace Elem Res. 
2008;122(1):82-8. DOI: 10.1007/s12011-
007-8063-x. 

5. Mohsen A, Gomaa A, Mohamed F, Ragab 
R, Eid M, et al. Antibacterial, anti-biofilm 
activity of some non-steroidal anti-
inflammatory drugs and N-acetyl cysteine 
against some biofilm producing 
uropathogens. Am J Epidemiol Infect Dis. 
2015;3(1):1-9. DOI: 10.12691/ajeid-3-1-1. 

6. Begec Z, Yucel A, Yakupogullari Y, 
Erdogan MA, Duman Y, Durmus M, et al. 
The antimicrobial effects of ketamine 
combined with propofol: An In vitro study. 
Rev Bras Anestesiol. 2013;63(6):461-5. 
DOI: 10.1016/j.bjane.2012.09.004. 

7. Liou JT, Mao CC, Liu FC, Lin HT, Hung LM, 
Liao CH, et al. Levobupivacaine 
differentially suppresses platelet 
aggregation by modulating calcium release 
in a dose-dependent manner. Acta 
Anaesthesiol Taiwan. 2012;50(3):112-21. 
DOI: 10.1016/j.aat.2012.07.001. 

8. De La Cruz JP, Páez MV, Carmona JA, De 
La Cuesta FS. Antiplatelet effect of the 
anaesthetic drug propofol: influence of red 
blood cells and leucocytes. Br J Pharmacol. 
1999;128(7):1538-44.  
DOI: 10.1038/sj.bjp.0702927. 

9. Gürsoy A, Akbuğa J, Eroğlu L, Ulutin S. 
The inhibitory effect of liposome-
encapsulated indomethacin on 
inflammation and platelet aggregation. J 
Pharm Pharmacol. 1988;40(1):53-4.  
DOI: 10.1111/j.2042-7158.1988.tb05150.x. 

10. De La Cruz JP, Reyes JJ, Ruiz-Moreno MI, 
Lopez-Villodres JA, Jebrouni N, Gonzalez-
Correa JA. Differences in the in vitro 
antiplatelet effect of dexibuprofen, 
ibuprofen, and flurbiprofen in human blood. 
Anesth Analg. 2010;111(6):1341-6.  
DOI: 10.1213/ANE.0b013e3181f7b679. 

11. Chang Y, Chen TL, Wu GJ, Hsiao G,   
Shen MY, Lin KH, et al. Mechanisms 
involved in the antiplatelet activity             
of ketamine in human platelets. J Biomed   
Sci. 2004;11(6):764-72.  
DOI: 10.1007/bf02254361. 

12. Lee JM, Suh JK, Jeong JS, Cho SY, Kim 
DW. Antioxidant effect of lidocaine and 
procaine on reactive oxygen species-
induced endothelial dysfunction in the 
rabbit abdominal aorta. Korean J 
Anesthesiol. 2010;59(2):104-10.  
DOI: 10.4097/kjae.2010.59.2.104. 

13. Llana-Ruiz-Cabello M, Gutiérrez-Praena D, 
Puerto M, Pichardo S, Jos Á, Cameán AM. 
In vitro pro-oxidant/antioxidant role of 
carvacrol, thymol and their mixture in the 
intestinal Caco-2 cell line. Toxicol In vitro. 
2015;29(4):647-56.  
DOI: 10.1016/j.tiv.2015.02.006. 

14. Tsuchiya H, Ueno T, Tanaka T, Matsuura 
N, Mizogami M. Comparative study on 
determination of antioxidant and 
membrane activities of propofol and its 
related compounds. Eur J Pharm Sci. 
2010;39(1-3):97-102.  
DOI: 10.1016/j.ejps.2009.11.001. 

15. Zaminelli T, Gradowski RW, Bassani TB, 
Barbiero JK, Santiago RM, Maria-Ferreira 
D, et al. Antidepressant and antioxidative 
effect of ibuprofen in the rotenone model of 
Parkinson’s disease. Neurotox Res. 
2014;26(4):351-62. DOI: 10.1007/s12640-
014-9467-y. 

16. Chang YC, Liu CL, Chen MJ, Hsu YW, 
Chen SN, Lin CH, et al. Local anesthetics 
induce apoptosis in human breast tumor 
cells. Anesth Analg. 2014;118(1):116-24. 
DOI: 10.1213/ANE.0b013e3182a94479. 

17. Ye Z, Jingzhong L, Yangbo L, Lei C, 
Jiandong Y. Propofol inhibits proliferation 
and invasion of osteosarcoma cells by 
regulation of microRNA-143 expression. 
Oncol Res. 2013;21(4):201-7.  
DOI:10.3727/096504014X1389037041020
3. 

18. Chennamaneni S, Zhong B, Lama R, Su B. 
COX inhibitors indomethacin and sulindac 
derivatives as antiproliferative agents: 
Synthesis, biological evaluation, and 



 
 
 
 

Tsuchiya and Mizogami; BJPR, 7(2): 110-121, 2015; Article no.BJPR.2015.096 
 
 

 
119 

 

mechanism investigation. Eur J Med Chem. 
2012;56:17-29.  
DOI: 10.1016/j.ejmech.2012.08.005. 

19. Hodson M, Gajraj R, Scott NB. A 
comparison of the antibacterial activity of 
levobupivacaine vs. bupivacaine: an In 
vitro study with bacteria implicated in 
epidural infection. Anaesthesia. 1999; 
54(7):699-702. DOI: 10.1046/j.1365-
2044.1999.00742.x. 

20. Villanueva M, Heckenberger R, Strobach 
H, Palmér M, Schrör K. Equipotent 
inhibition by R(–)-, S(+)- and racemic 
ibuprofen of human polymorphonuclear 
cell function in vitro. Br J Clin Pharmacol. 
1993;35(3):235-42.  
DOI: 10.1111/j.1365-2125.1993.tb05690.x. 

21. Bocchinfuso G, Bobone S, Mazzuca C, 
Palleschi A, Stella L. Fluorescence 
spectroscopy and molecular dynamics 
simulations in studies on the mechanism of 
membrane destabilization by antimicrobial 
peptides. Cell Mol Life Sci. 2011;68(13): 
2281-301.  
DOI: 10.1007/s00018-011-0719-1. 

22. Sheu JR, Hsiao G, Luk HN, Chen YW, 
Chen TL, Lee LW, et al. Mechanisms 
involved in the antiplatelet activity of 
midazolam in human platelets. 
Anesthesiology. 2002;96(3):651-8.  
DOI: 10.1097/00000542-200203000-
00022. 

23. Tsuchiya H, Mizogami M. Plant 
components exhibit pharmacological 
activities and drug interactions by acting 
on lipid membranes. Pharmacog Commun. 
2012;2(4):58-71. DOI: 
10.5530/pc.2012.4.9. 

24. Kazanci N, Severcan F. Concentration 
dependent different action of tamoxifen on 
membrane fluidity. Biosci Rep. 2007;27(4-
5):247-55. DOI: 10.1007/s10540-007-
9050-3 

25. Kopeć W, Telenius J, Khandelia H. 
Molecular dynamics simulations of the 
interactions of medicinal plant extracts and 
drugs with lipid bilayer membranes. FEBS 
J. 2013;280(12):2785-805.  
DOI: 10.1111/febs.12286. 

26. Tsuchiya H, Mizogami M. Interaction of 
local anesthetics with biomembranes 
consisting of phospholipids and 
cholesterol: Mechanistic and clinical 
implications for anesthetic and cardiotoxic 
effects. Anesthesiol Res Pract. 2013; 
2013:297141.  
DOI: 10.1155/2013/297141. 

27. Okimoto Y, Watanabe A, Niki E, 
Yamashita T, Noguchi N. A novel 
fluorescent probe diphenyl-1-
pyrenylphosphine to follow lipid 
peroxidation in cell membranes. FEBS Lett. 
2000;474(2-3):137-40.  
DOI: 10.1016/s0014-5793(00)01587-8. 

28. Ueno T, Tsuchiya H, Mizogami M, 
Takakura K. Local anesthetic failure 
associated with inflammation: Verification 
of the acidosis mechanism and the 
hypothetic participation of inflammatory 
peroxynitrite. J Inflamm Res. 2008;1:41-8. 
DOI: 10.2147/jir.s3982. 

29. Tsuchiya H, Nagayama M, Tanaka T, 
Furusawa M, Kashimata M, Takeuchi H. 
Membrane-rigidifying effects of anti-cancer 
dietary factors. Biofactors. 2002;16(3-
4):45-56.  
DOI: 10.1002/biof.5520160301. 

30. Groban L, Deal DD, Vernon JC, James RL, 
Butterworth J. Cardiac resuscitation after 
incremental overdosage with lidocaine, 
bupivacaine, levobupivacaine, and 
ropivacaine in anesthetized dogs. Anesth 
Analg. 2001;92(1):37-43.  
DOI: 10.1097/00000539-200101000-
00008. 

31. Bahri MA, Seret A, Hans P, Piette J, Deby-
Dupont G, Hoebeke M. Does propofol alter 
membrane fluidity at clinically relevant 
concentrations? An ESR spin label study. 
Biophys Chem. 2007;129(1):82-91.  

DOI: 10.1016/j.bpc.2007.05.011. 
32. Vilenchik R, Berkovitch M, Jossifoff A, 

Ben-Zvi Z, Kozer E. Oral versus rectal 
ibuprofen in healthy volunteers. J Popul 
Ther Clin Pharmacol. 2012;19(2):e179-86. 

33. Larenza MP, Knobloch M, Landoni MF, 
Levionnois OL, Kronen PW, Theurillat R, 
et al. Stereoselective pharmacokinetics of 
ketamine and norketamine after racemic 
ketamine or S-ketamine administration in 
Shetland ponies sedated with xylazine. Vet 
J. 2008;177(3):432-5.  
DOI: 10.1016/j.tvjl.2007.05.005. 

34. Ushijima H, Tanaka K, Takeda M, Katsu T, 
Mima S, Mizushima T. 
Geranylgeranylacetone protects 
membranes against nonsteroidal anti-
inflammatory drugs. Mol Pharmacol. 2005; 
68(4):1156-61.  
DOI: 10.1124/mol.105.015784. 

35. Lizarraga I, Janovyak E, Beths T. 
Comparing lidocaine, bupivacaine and a 
lidocaine-bupivacaine mixture as a 



 
 
 
 

Tsuchiya and Mizogami; BJPR, 7(2): 110-121, 2015; Article no.BJPR.2015.096 
 
 

 
120 

 

metacarpal block in sheep. Vet J. 
2013;197(2):515-8.  
DOI: 10.1016/j.tvjl.2012.12.029. 

36. Peng PW, Coleman MM, McCartney CJ, 
Krone S, Chan VW, Kaszas Z, et al. 
Comparison of anesthetic effect between 
0.375% ropivacaine versus 0.5% lidocaine 
in forearm intravenous regional anesthesia. 
Reg Anesth Pain Med. 2002;27(6):595-9. 
DOI: 10.1053/rapm.2002.35145. 

37. Mohammadi B, Haeseler G, Leuwer M, 
Dengler R, Krampfl K, Bufler J. Structural 
requirements of phenol derivatives for 
direct activation of chloride currents via 
GABAA receptors. Eur J Pharmacol. 2001; 
421(2):85-91.  
DOI: 10.1016/S0014-2999(01)01033-0. 

38. Amanuma F, Okuyama S, Orikasa S, 
Hashimoto S, Yamada C, Sakagawa T, et 
al. The analgesic and antipyretic effects of 
a non-steroidal anti-inflammatory drug, 
oxaprozin, in experimental animals. Folia 
Pharmacol Jpn. 1984;83(4):345-54.  
DOI: 10.1254/fpj.83.345. 

39. Cheng JC, Siegel LB, Katari B, Traynoff 
SA, Ro JO. Nonsteroidal anti-inflammatory 
drugs and aspirin: a comparison of the 
antiplatelet effects. Am J Ther. 1997;4(2-
3):62-5.  
DOI: 10.1097/00045391-199702000-
00002. 

40. Marín LD, Sánchez-Borzone M, García DA. 
Comparative antioxidant properties of 
some GABAergic phenols and related 
compounds, determined for homogeneous 
and membrane systems. Med Chem. 
2011;7(4):317-24.  
DOI: 10.2174/157340611796150969. 

41. Heavner JE. Cardiac toxicity of local 
anesthetics in the intact isolated heart 
model: a review. Reg Anesth Pain Med. 
2002;27(6):545-55.  
DOI: 10.1053/rapm.2002.36458. 

42. Lim Y, Ocampo CE, Sia AT. A comparison 
of duration of analgesia of intrathecal 2.5 
mg of bupivacaine, ropivacaine, and 
levobupivacaine in combined spinal 
epidural analgesia for patients in labor. 
Anesth Analg. 2004;98(1):235-9.  
DOI:10.1213/01.ane.0000094338.80430.c
5. 

43. White PF, Schüttler J, Shafer A, Stanski 
DR, Horai Y, Trevor AJ. Comparative 
pharmacology of the ketamine isomers. 
Studies in volunteers. Br J Anaesth. 
1985;57(2):197-203.  
DOI: 10.1093/bja/57.2.197. 

44. Evans AM. Comparative pharmacology of 
S(+)-ibuprofen and (RS)-ibuprofen. Clin 
Rheumatol. 2001;20(Suppl 1):S9-14.  
DOI: 10.1007/bf03342662. 

45. Tsuchiya H, Mizogami M, Takakura K. 
Reversed-phase liquid chromatographic 
retention and membrane activity 
relationships of local anesthetics. J 
Chromatogr A. 2005;1073(1-2):303-8.  
DOI: 10.1016/j.chroma.2004.08.154. 

46. Reiner GN, Fraceto LF, de Paula E, Perillo 
MA, García DA. Effects of gabaergic 
phenols on phospholipid bilayers as 
evaluated by 1H-NMR. J Biomater 
Nanotechnol. 2013;4(3A):28-34.  
DOI: 10.4236/jbnb.2013.43a004. 

47. Scott DC, Clymer JW. Estimation of 
distribution coefficients from the partition 
coefficient and pKa. Pharm Technol. 2002; 
11:30-40. 

48. Reiner GN, Delgado-Marín L, Olguín N, 
Sánchez-Redondo S, Sánchez-Borzone M, 
Rodríguez-Farré E, et al. Gabaergic 
pharmacological activity of propofol related 
compounds as possible enhancers of 
general anesthetics and interaction with 
membranes. Cell Biochem Biophys. 2013; 
67(2):515-25.  
DOI: 10.1007/s12013-013-9537-4. 

49. Pucadyil TJ, Chattopadhyay A. Role of 
cholesterol in the function and organization 
of G-protein coupled receptors. Prog Lipid 
Res. 2006;45(4):295-333.  

DOI: 10.1016/j.plipres.2006.02.002. 
50. Nowotarska SW, Nowotarski KJ, Friedman 

M, Situ C. Effect of structure on the 
interactions between five natural 
antimicrobial compounds and 
phospholipids of bacterial cell membrane 
on model monolayers. Molecules. 
2014;19(6):7497-515.  
DOI: 10.3390/molecules19067497. 

51. Berquand A, Fa N, Dufrêne YF, Mingeot-
Leclercq MP. Interaction of the macrolide 
antibiotic azithromycin with lipid bilayers: 
effect on membrane organization, fluidity, 
and permeability. Pharm Res. 
2005;22(3):465-75. DOI: 10.1007/s11095-
004-1885-8. 

52. Margina D, Ilie M, Manda G, Neagoe I, 
Mocanu M, Ionescu D, et al. Quercetin and 
epigallocatechin gallate effects on the cell 
membranes biophysical properties 
correlate with their antioxidant potential. 
Gen Physiol Biophys. 2012;31(1):47-55. 
DOI: 10.4149/gpb_2012_005. 



 
 
 
 

Tsuchiya and Mizogami; BJPR, 7(2): 110-121, 2015; Article no.BJPR.2015.096 
 
 

 
121 

 

53. Lúcio M, Ferreira H, Lima JL, Reis S. Use 
of liposomes to evaluate the role of 
membrane interactions on antioxidant 
activity. Anal Chim Acta. 2007;597(1):163-
70.  
DOI: 10.1016/j.aca.2007.06.039. 

54. Daoud SS. Cell membranes as targets for 
anti-cancer drug action. Anticancer Drugs. 
1992;3(5):443-53.  
DOI: 10.1097/00001813-199210000-
00001. 

55. Marczak A, Kowalczyk A, Wrzesień-Kus A, 
Robak T, Jóźwiak Z. Interaction of 
doxorubicin and idarubicin with red blood 
cells from acute myeloid leukaemia 
patients. Cell Biol Int. 2006;30(2):127-32. 
DOI: 10.1016/j.cellbi.2005.09.001. 

56. Pereira-Leite C, Nunes C, Reis S. 
Interaction of nonsteroidal anti-
inflammatory drugs with membranes: In 
vitro assessment and relevance for their 
biological actions. Prog Lipid Res. 2013; 
52(4):571-84.  
DOI: 10.1016/j.plipres.2013.08.003. 

57. Czapla K, Korchowiec B, Rogalska E. 
Differentiating oxicam nonsteroidal anti-
inflammatory drugs in phosphoglyceride 
monolayers. Langmuir. 2010;26(5):3485-
92. DOI: 10.1021/la903052t. 

58. Baritaki S, Apostolakis S, Kanellou P, 
Dimanche-Boitrel MT, Spandidos DA, 
Bonavida B. Reversal of tumor resistance 
to apoptotic stimuli by alteration of 
membrane fluidity: therapeutic implications. 
Adv Cancer Res. 2007;98:149-90.  
DOI: 10.1016/S0065-230X(06)98005-1. 

59. Ahmad A, Khan A, Akhtar F, Yousuf S, 
Xess I, Khan LA, et al. Fungicidal activity 
of thymol and carvacrol by disrupting 
ergosterol biosynthesis and membrane 

integrity against Candida. Eur J Clin 
Microbiol Infect Dis. 2011;30(1):41-50. 
DOI: 10.1007/s10096-010-1050-8. 

60. Devi KP, Sakthivel R, Nisha SA, Suganthy 
N, Pandian SK. Eugenol alters the integrity 
of cell membrane and acts against the 
nosocomial pathogen Proteus mirabilis. 
Arch Pharm Res. 2013;36(3):282-92.  
DOI: 10.1007/s12272-013-0028-3. 

61. Wachowski I, Jolly DT, Hrazdil J, Galbraith 
JC, Greacen M, Clanachan AS. The 
growth of microorganisms in propofol and 
mixtures of propofol and lidocaine. Anesth 
Analg. 1999;88(1):209-12.  
DOI: 10.1213/00000539-199901000-00039. 

62. Končić MZ, Rajić Z, Petrić N, Zorc B. 
Antioxidant activity of NSAID hydroxamic 
acids. Acta Pharm. 2009;59(2):235-42. 
DOI: 10.2478/v10007-009-0017-8 

63. Jaganathan SK, Supriyanto E. 
Antiproliferative and molecular mechanism 
of eugenol-induced apoptosis in cancer 
cells. Molecules. 2012;17(6):6290-304.  
DOI: 10.3390/molecules17066290. 

64. Inada T, Kubo K, Shingu K. Possible link 
between cyclooxygenase-inhibiting and 
antitumor properties of propofol. J Anesth. 
2011;25(4):569-75. DOI: 10.1007/s00540-
011-1163-y. 

65. Sánchez ME, Turina AV, Garćia DA, Nolan 
MV, Perillo MA. Surface activity of thymol: 
implications for an eventual 
pharmacological activity. Colloids Surf B 
Biointerfaces. 2004;34(2):77-86.  
DOI: 10.1016/j.colsurfb.2003.11.007. 

66. Lundbæk JA. Lipid bilayer-mediated 
regulation of ion channel function by 
amphiphilic drugs. J Gen Physiol. 2008; 
131(5):421-9.  
DOI: 10.1085/jgp.200709948. 

 
© 2015 Tsuchiya and Mizogami; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 
 
 
 
  

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=1177&id=14&aid=9536 
 


