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Abstract: Although technological innovations in the area of drug delivery claim for varied benefits, increasing the drug 
therapeutic index for human clinical application is the main goal pursued. Drug delivery systems for local anesthetics 
(LA) have attracted researchers due to many biomedical advantages associated to their application. Formulation 
approaches to systemically deliver LA include the encapsulation in liposomes, complexation in cyclodextrins, association 
with biopolymers and others carrier systems. Topical delivery systems for LA are characteristically composed by a 
diversity of adjuvants (viscosity inducing agents, preservatives, permeation enhancers, emollients,…) and presentations 
such as semisolid (gel, creams, ointments), liquid (o/w and w/o emulsions, dispersions) and solid (patches) pharmaceutical 
forms. The proposed formulations aim to reduce the LA concentration used, increase its permeability and absorption, keep 
the LA at the target site for longer periods prolonging the anesthetic or analgesic effect and, finally, to decrease the 
clearance, local and systemic toxicity. This review deals with the innovations pertaining to formulations and techniques 
for drug delivery of topical and injectable local anesthetics, as described in recent patents. 

Keywords: Local anesthetics, liposomes, cyclodextrins, polymers, micro and nanoparticles, topical formulations. 

INTRODUCTION 

 Despite the recent advances in basic and clinical 
investigation towards new therapeutic agents, management 
of pain is still a challenge. Local anesthetics (LA) are among 
the different classes of pharmacological compounds used to 
attenuate or eliminate pain. The commercially available 
formulations are used in a variety of doses and routes of 
administration, but the relatively short duration of analgesia - 
due to their transfer and redistribution from the site of injec-
tion - still restricts their clinical use [1-6]. Hence, numerous 
approaches have been tried so far to prolong analgesia 
duration, such as the organic synthesis of new LA molecules, 
management of the formulation pH and pharmaceutical 
associations (with anti-inflammatory and/or opioid agents). 
In the last decades the development of LA drug delivery 
systems made it possible to manipulate some biopharma-
ceutical and pharmacological properties of LA, improving 
their therapeutic effects (long duration of action associated to 
low systemic toxicity) and pointing them as promising 
alternatives to favour the clinical use of LA agents [4-8].  

 The investigations on drug delivery systems for LA have 
shown that, basically, two factors must be considered: i) the 
drug has to be sufficiently carried in order to maintain 
therapeutic concentrations for a long time and ii) carrier/drug 
elimination must be reduced for a low systemic concen-
tration of the drug and its allocation on the site of injection. 
These factors determine the concentration and the effect of 
LA on the nervous tissue, changing the latency, spread,  
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intensity of the blockade and the duration of action [4, 6, 9, 
10].  

 Another important aspect is that the development of 
drug-delivery systems for LA aims to sustain a therapeutic 
index for the treatment of acute and chronic pain [11] or for 
the management of postsurgical pain [12], reducing systemic 
toxicity and blocking sensory rather than motor fibers [4, 
13]. Thus, drug delivery systems for LA should act as 
reservoirs at the site of injection; LA are slowly released 
from them, preventing peak plasma levels, prolonging the 
duration of nerve block and therefore reducing the risk of 
systemic toxicity [7, 9, 10, 14-16]. For this reason, surgical 
or chronic pain patients (who often need repeated local 
anesthetic administrations for peripheral, central or 
autonomic nerves block) would be those benefiting from the 
development of long duration or controlled release formu-
lations for postoperative pain relief with longer anesthesia, 
lower frequency of daily administrations and decreased 
systemic toxicity relatively to the currently available local 
anesthetic drugs. 

 This review focused on recent drug delivery strategies, 
such as the use of liposomes, cyclodextrins and biopolymers, 
patented for pain treatment with the use of local anesthetics. 
In the case of liposomes and micro or nanoparticles-based 
systems, the improved pharmacological action is generated 
by the slow rate of release of the encapsulated drug from the 
lipid bilayers or polymer, respectively, while cyclodextrins-
based formulations aimed to improve the water solubility of 
the more hydrophobic LA compounds. It is worthwhile 
noting that new pharmaceutical forms patented for LA are 
claimed to be used with other analgesic drugs or, even more 
frequently, formulations designed for other drugs (such as 
anti-inflammatory, antibiotics, analgesics, antihypertensives) 
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are also claimed to work for LA; for a practical reason, we 
will not focus on this last kind of formulations.  

 Bupivacaine (BVC) is the most cited LA among the 
liposomal patents for infiltrative use while benzocaine 
prevails in topical formulations, although almost all 
commercially available LA are claimed to be suitable for 
cutaneous surfaces. So far, cyclodextrins-based technologies 
were used for ropivacaine, benzocaine, tetracaine, lidocaine, 
dibucaine, BVC and levo BVC and polymer (micro or 
nanoparticles) technologies claimed to be applicable to all 
commercially available LA compounds. 

LIPOSOME-BASED LA FORMULATIONS 

 Liposomes have been extensively described in literature 
for their use as drug carriers [17]. They are microscopic 
mono or multi bilayer phospholipid vesicles that are biocom-
patible, biodegradable and nonimmunogenic [18]. The 
distinct advantage of liposomes is their structural versatility 
combined with their ability to encapsulate different com-
pounds, like local anesthetics [19, 20]. Various types of 
liposomes can be prepared, depending on the number of lipid 

layers, size, surface charge, lipid composition and methods 
of vesicle formation. 

 The advantages of encapsulating LA in liposomes are the 
slow drug release, prolonged anesthetic effect and reduced 
toxicity towards the cardiovascular and central nervous 
systems [6,15, 16, 21, 22]. 

 The encapsulation of LAs into liposomes for drug 
delivery purposes has been first proposed by Gesztes & 
Mezei, who evaluated the efficacy of topical liposomal 
tetracaine in humans [14]. Nowadays, the clinical effecti-
veness of liposomal preparations of diverse anesthetic salts 
has been demonstrated by studies in animals [7, 23-28] and 
human subjects [12, 29-31]. 

I. Liposomal LA Patents Designed for Infiltrative Use 

 Liposome-based patents for local anesthetics application 
by infiltrative routes have been proposed by for different 
groups of researchers around the world Table 1 [32-45]. 

 Legros et al. [32, 33] have patented the first formulation 
specifically designed for LA, comprising large multilamellar 

Table 1. Patents Utilizing Liposomes as Drug Delivery Systems for Infiltrative Local Anesthesia 

Title  Patent Number Inventors Date Liposome/ Composition Reference  

Pharmaceutical Composition 

Containing a Local Anesthetic 

and/or Centrally Acting 

Analgesic, Encapsulated in 

Liposomes  

EP233100A1 

US5244678 

Legros et al. 1987 

1993 
MLV (PC + Chol) 

[32] 

[33] 

Liposome Encapsulated 

Amphiphilic Drug Compositions 
WO34582 Camu et al. 

1997 
MLV (PC + Chol) [34] 

Freeze Dried Liposome 

Encapsulated Amphiphilic Drug 

Compositions and a Process for 

the Preparation Thereof 

WO42936 Camu et al. 

1997 

MLV (PC + Chol, 4:3 mole%) [35] 

Liposomal Formulation for the 

Controlled Release of Local 

Anesthetics 

PI306245-7(Brazil) Araújo et al. 

2003 

LUV (EPC:Chol 4:3 mole%) [36] 

Sustained-Release Liposomal 

Anesthetic Compositions 

WO13865 

US6045824 
Kim et al. 

1999 

2000 
LMVL 

[37] 

[38] 

Liposomal Bupivacaine 

Compositions Prepared Using an 

Ammonium Sulfate Gradient 

WO09089 

US06696080B1 

US007357944B2 

Bolotin et al. 2000 

2004 

2008 

LMVL, MLV and SUV / HsPC 

(alone or in combination with 

Chol) 

[39] 

[40] 

[41] 

A  Liposomal Combination and 

Uses Thereof 
WO2007049279A2 Barenholz et al. 

2007 MLV, LMVL (HsPC:Chol  60:40 

mole%) + (DMPC or DPPC) 
[42] 

Lipossomal Bupivacaine 

Compositions and Methods of 

Preparations 

WO9949849 Grant et al. 

1999 

SUVs (DMPC or DSPC+ Chol) [43] 

Liposomal Compositions an 

Methods of Preparation 

US200400182830 

US20056926905B2* 
Grant et al.  

2004 

2005 
SUVs (DMPC or DSPC+ Chol) 

[44] 

[45] 

* Includes others local anesthetics of the “caine” family. 
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liposomes (MLV) composed by phosphatidylcholine (PC) 
and cholesterol (Chol) to encapsulate BVC. 

 In the patents applied so far liposomes were composed 
mainly by PC and Chol, but different lipid composition, size 
and type (uni or multilamellar), and changes in the osmotic 
and pH gradient - in the inner and outer lipid vesicles 
compartments - have been reported, as will be depicted in the 
following sections. 

Formulation Strategies in Liposome-Based Patents 

1. Changes in Liposome Composition 

 Many patents comprising LA Table 1 describe liposomes 
composed by egg PC (EPC) and Chol, in a 4:3 molar ratio 
[32-36]. EPC is at the liquid crystalline disordered phase (ld) 
at room temperature and leakage of local anesthetics can 
easily occur from such vesicles. To avoid this leakage those 
inventors did not eliminate the non-encapsulated LA from 
the external water phase of their liposome formulations that 
carry free and encapsulated anesthetics, in a fast equilibrium 
regimen. 

 A strategy adopted in different technologies to decrease 
LA leakage from the liposomes was the use of a trans 
monounsaturated lipid, such as dielaydoil phosphatidyl-
choline (DEPC) [37, 38] or saturated lipids like hydro-
genated soy PC (HsPC) [39-42], distearoyl PC (DSPC), 
dimyristoyl PC (DMPC) [40-42,44-46] or dipalmitoyl PC 
(DPPC) [42] which have high transition temperatures and 
form less fluid bilayers.  

 Kim et al. [37, 38], for instance, patented a liposomal 
formulation based in DEPC, DPPC, Chol and the neutral 
lipid tricaprilyn, in a 18.6:4.2:30.0:10.8 mole% composition. 
The high transition temperatures (Tc) of the lipids required 
preparation to be conducted as a water-in-oil emulsion, 
followed by aqueous medium addition and solvent evapo-
ration to form large multivesicular liposomes (LMVL). The 
local anesthetic BVC was added in the lipid film used to 
form the liposomes and the authors claimed a high loading 
efficiency with such lipid composition in LMVL plus 
sorbitol - used to enhance LA solubility - in the aqueous 
phase.  

 Barenholz et al. [42] developed a technology based in the 
association of two populations of liposomes. The first one, 
containing the LA molecule, was prepared with high Tc 
lipids (HsPC:Chol 60:40 mole%), at 60oC, with consecutive 
freeze-thawing cycles, so that LMVL with lipids in the 
liquid-ordered (lo) phase are formed; these LMVL were 
suspended in 250mM ammonium sulfate in order to entrap 
the LA+ species in the liposomes inner water compartment. 
A second population of LMVL was prepared with lipids of 
shorter acyl chains (DMPC or DPPC) and without 
cholesterol; these vesicles, being at the ld or gel phase, are 
permeable to the unbound LA that partitions into them, 
decreasing the amount of free LA in the formulation (authors 
report the loading of up to 2:1 BVC:lipid, mole% with such 
formulation). 

2. Changes in Liposome Preparation to Enhance LA 

Loading 

 Multilamellar vesicles composed by EPC and Chol were 
the first kind of liposomes which preparation has been 

described [32-34]. Camu et al. have proposed the sonication 
of such vesicles, followed by freeze-drying plus addition of 
sorbitol or threalose [35] to stabilize the vesicles that they 
used for BVC deliver. Our group proposed the extrusion of 
multilamellar vesicles such as those described by Legros 
[33] to produce large unilamellar vesicles (LUV) with an 
average diameter of 400nm [36] for the encapsulation of 
mepivacaine. 

 Barenholz et al. [42] and Kim et al. [37, 38] have 
employed saturated lipids and repeated freeze-thawing 
cycles to obtain LMVL. Similar giant vesicles, prepared with 
HsPC for BVC, were patented by Bolotin et al. [39-41]. Kim 
et al. have also added glucuronic acid to their formulation in 
order to enhance the water solubility of LA during 
solubilization [37, 38].  

 In the patent filed by Grant et al. [43-45] DMPC or 
DSPC and Chol were lyophilized; the dried lipid was 
hydrated to form MLV and, from those, unilamellar vesicles 
(100nm diameter) were prepared by high pressure 
homogenization or sonication. BVC was added to the 
unilamellar vesicles and the solution was lyophilized. The 
lyophilized powder was hydrated with saline solution to 
prepare the so called dehydration-rehydration vesicles. This 
suspension was washed several times with saline. However, 
the last wash was done with hyperosmotic (500-600mM 
NaCl) saline solution, in order to keep the LA inside the 
liposomes (avoiding in-out leakage). The authors claimed 
that storage of lyophilized vesicles and rehydration, imme-
diately prior to administration, are efficient methods to 
minimize the lack of stability of liposomal drug delivery 
formulations. 

3. Favoring the Encapsulation of Charged LA Species 

 Most clinically used LA are aminoesters or aminoamides 
and therefore, contain an ionizable amino group with pKa 
around 7-8.5 [2]. It is widely accepted that once the 
ionization equilibrium is established in the (inner/outer) 
aqueous medium Fig. (1): 

 

 

 

 

 

 

 

 

 

Fig. (1). Ionization (Ka) and partition (P:) equilibria for local anesthetics. 

 

the basic or neutral anesthetic form (LA:) rapidly crosses the 
liposome bilayer to reach the opposite (outer/inner) water 
phase, where the equilibrium is reestablished. Studies 
realized in the late 60’s and the early 70’s strongly suggested 
that the charged species (LA-H+ or LA+) access the sodium 
channel of axons from the cytoplasm membrane face, 
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binding to it and blocking nervous impulse propagation [46-
48]. Nevertheless, in the 90’s, site directed mutagenesis 
studies revealed hydrophobic sites of action for neutral LA: 
[49, 50] binding to that channel. So, being both forms 
important for anesthesia, LA: easily partitions into and cross 
the liposomes bilayer, while the more hydrophilic LA+ spe-
cies prevails in the liposomes inner/outer water surrounding.  

 In fact, in Legros et al. [33] and many other technologies, 
it was the neutral anesthetic (LA:) species that was 
incorporated into the lipid films further hydrated to form 
liposomes.  

 In the patent filed by Kim et al. [37, 38] although the 
basic form of the local anesthetic (BVC:) was incorporated 
in the lipid film used to form the liposomes, in a second 
preparation step, triprotic (H3PO4) and polyhydroxy (glucu-
ronic) acids were added to the suspension medium to favor 
the stabilization of the protonated anesthetic species (BVC+) 
at pH 5.0, increasing the loading with interesting pharma-
cokinetics and antinociceptive results. 

 Camu et al. [34] described the preparation of EPC and 
Chol (4:3 mole %) liposomes in which the charged 
anesthetic (BVC+) has been incorporated from the water 
phase, up to a BVC:lipid ratio of 1:13, at pH 6.5. The authors 
criticize former liposome patents [33, 35] in which insoluble 
BVC crystals were found inside and outside the vesicles 
since formulations were prepared in the pH 8.1, which is the 
same value of BVC pKa, instead of favoring the charged 
species. 

 A noteworthy strategy has been proposed by Bolotin  
et al. [39-41] i.e. the incorporation of 250 mM ammonium 
sulfate in the liposome aqueous core, in order to keep the 
anesthetic (BVC) charged species trapped inside. Since the 
ammonium ion but not its anion (sulfate) is highly permeable 
through the bilayers an exchange of NH4

+ (out) and LA+ (in) 
ions takes place throughout the liposome membrane, so that 
a greater amount of charged LA will become soluble and 
entrapped in the vesicles inner aqueous compartment. The 
authors employed high Tc lipids (DSPC, HsPC), heating, 
extrusion and freeze-thawing cycles to prepare a BVC 
formulation in MLVL able to produce more than 9h 
anesthesia, in animal skin. 

 In other patents [43-45] these authors described the use 
of hyperosmotic saline (500-600mM) in external liposome 
medium, also to increase the amount of the anesthetic (BVC) 
inside the vesicles. Their formulation was prepared at pH 8.1 
to ensure that both charged and neutral LA forms would be 
present and, besides liposomes shrinking, they found 
sustained release from the site of injection and reported more 
than 16 h of blockage duration, after injection in mice.  

II. Liposomal Formulations for Topical Use 

 Various approaches used to topically deliver drug 
molecules include entrapment into liposomal systems. 
Nevertheless in these non-solution formulations the liposome 
composition is not the only variable to influence drug release 
and permeation across the skin or mucosal tissues. Agents to 
improve functionality of transdermal/ percutaneous drug 
delivery systems include viscosity inducing (or jellifying) 
agents, preservatives and other adjuvants. Table 2 [51-58] 

lists the patents comprising liposomal LA formulations for 
cutaneous surfaces, prepared as liquid (o/w and w/o 
emulsions), semisolid (gel, creams, ointments) or solid 
pharmaceutical forms. 

TRANSDERMAL, NON-LIPOSOMAL TOPICAL 
FORMULATIONS FOR LOCAL ANESTHETICS 

 In general, adequate anesthesia of the skin is achieved 
using a relative excessive amount of drug or prolonged 
application periods, in comparison to infiltrative anesthesia. 
In contrast, the anesthesia of mucous membrane covered 
surfaces is easier to achieve, but the rapid absorption into the 
circulatory system reduces its duration and may possibly 
cause systemic toxicity. A good review on transdermal 
formulations for different drugs was recently published by 
Tiwary et al. [59]. 

 The first drug delivery formulation employing a local 
anesthetic (benzocaine) for topical use appeared in 1940 [60] 
and, up to the 70’s, benzocaine was the only LA mentioned 
in patents [61-63]. From the 80’s on, a myriad of other 
technologies have been proposed, comprising gels/ hydro-
gels, water-in-oil emulsions, modified polymers, micelles, 
solid patches, etc. Patents designed to deliver local anesthetic 
for topical application that are not liposome-based are listed 
in Table 3 [64-101], although in some of them [81, 89], the 
inventors claim that liposomes are among the pharma-
ceutically acceptable carriers for their topical LA formu-
lations. 

 For topical anesthesia the most successful commercially 
available formulation is EMLA [58], a water-in-oil emulsion 
consisting of an eutetic mixture of the basic forms of 
lidocaine and prilocaine, thickened with carbopol firstly 
described by Reiz et al. [102]. Although the effectiveness of 
many new technologies is usually compared to that of 
EMLA [e.g. 58, 94, 103] its onset of action is long (ca. 1 
hour or more) due to the pH of the formulation (9.0) neces-
sary to favor the neutral LA species. Another disadvantage 
of EMLA, at least for skin use, is that it requires occlusive 
dressing for deep dermal penetration. 

CYCLODEXTRINS-BASED LA FORMULATIONS 

 Therapeutic benefits of drugs traditionally administered 
are frequently limited by their physicochemical, toxicolo-
gical properties or even by physiological barriers. The 
development of cyclodextrins (CD) inclusion complex 
formulations made it possible to handle some of those 
properties, such as the aqueous solubility [104-107].  

 Among the natural CD, -cyclodextrin ( -CD) has been 
extensively studied despite its own limited aqueous solu-
bility (ca. 16mM). Several reports have shown the advan-
tages of using -CD and its derivatives in pharmaceutical 
formulations to improve the bioavailability of drugs and 
decrease their toxicity [108-114]. For this purpose, alkylated, 
sulphated and sugared derivatives such as hydroxypropyl- -
cyclodextrin (HP- -CD), maltosyl-beta-cyclodextrin (G2- -
CD) and sulfobutyl ether-beta-cyclodextrin have also attrac-
ted growing interest due to their improved complexation 
ability, greater water solubility and lower toxicity when 
compared to -CD [115,116]. By modifying physical, 
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Table 2. Patents Utilizing Liposomes as Drug-Carrier Systems for Topical Anesthesia 

Title Patent number Inventors Date Liposome 

composition 

Anesthetic Reference 

Liposomal Local Anesthetic and 

Analgesic Products 

US4937078 Mezei and 

Gesztes 

1990 HsPC  Benzocaine lidocaine 

tetracaine  

Prilocaine dibucaine 

[51] 

Formulation Method of Topical 

Anesthesia with Transdermal Effects 

KR090030A Lim  2001 Different PC or 

phospholipids 

plus Chol  

Lidocaine tetracaine 

Ropivacaine cocaine 

[52] 

Liposomal Mixture of Local Anesthetics 

and Manufacturing Method Thereof  

WO19403A1 Lim et al. 2001 EPC, Chol, 

DOPC  

Lidocaine tetracaine 

Ropivacaine cocaine 

Pontocaine 

[53] 

Preparation for Efficiently Transporting 

Volatile Agents, E.G. Drugs Or 

Pesticides, Through Barriers, E.G. Skin 

or Mucosa, Containing Permeation 

Promoter, E.G. Transfersomes 

DE19938800A1 Huebner 2001 HsPC and oleic 

acid 

Various [54] 

High-Concentration Lidocaine 

Compositions and Methods for their 

Preparation  

US20030104046A1 Patel  2003 Different PC Lidocaine [55] 

Sleeve and Micro-Encapsulated Topical 

Analgesic for Pain Relief  

US20040228803A1 Smith et al. 2004 NOVASOMES® Lidocaine  [56] 

Aggregates with Increased 

Deformability, Comprising at Least 

Three Amphipats, for Improved 

Transport Through Semi-Permeable 

Barriers and for the Non-Invasive Drug 

Application in vivo, Especially Through 

the Skin 

US20070031483A1 Cevc  2007 HsPC Bupivacaine [57] 

Pharmaceutical Composition / Process 

For Obtaining Pharmaceutical 

Composition, Use of a Pharmaceutically 

Effective Amount of Anesthetic and 

Gelling Agents, Product and Method of 

Treatment 

WO2008138089A2 Silva et al. 2008 EPC:Chol 4:3 

mole% 

Benzocaine 

ropivacaine 

[58] 

 

Table 3. Non-Liposomal Patents of Drug Delivery Systems for Topical Local Anesthesia 

Title Patent Number Inventors Date Reference 

Anesthetic Compositions Containing Benzocaine US4344965 Stone 1982 [64] 

Local Anesthetic Mixture for Topical Application, Process for its 

Preparation, as well as Method for Obtaining Local Anesthesia 

US4562060 Broberg and Evers 1985 [65] 

Topical Composition US4748022 Busciglio 1988 [66] 

Benzoate Esters of Polyalkoxylated Block Copolymers US5271930 Walele et al. 1993 [67] 

Anesthetic Compositions US5446063 Reuter et al. 1995 [68] 

Percutaneous Anaesthesia US5484603 Holden and Sandbank 1996 [69] 

Lidocaine-Vasoconstrictor Aerosol Preparation US5534242 Henry 1996 [70] 

Topical Anesthetic Comprising Lidocaine, Adrenaline, and Tetracaine, and 

its Method of use 

US5585398 Ernst 1996 [71] 
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(Table 3) Contd.... 

 

Title Patent Number Inventors Date Reference 

Water-Based Formulation for the Treatment of Sunburn US5558914 Cohen and Haight 1996 [72] 

Method For Treating Headache Pain With Topical Local Anesthetic 

Compositions 

US5667799 Caldwell and Galer 1997 [73] 

Topical Anesthetic Formulation US5993836 Castillo 1999 [74] 

Improved Personal Care Formulations WO9922703A1 Luriya and Luriya  1999 [75] 

Composition for External Use for Treating Wounds and Burns, Contains 

Mixture of Plant Tinctures and Essential Oils and a Local Anesthetic 

Having an Immediate Short Term Action 

FR2783715A1 Courmont and 

Raynaud 

2000 [76] 

Film Forming Polymers, Methods of Use and Devices and Applications 

Thereof 

WO0113955A1 

WO2004091553A2 

Fotinos et al. 2001 

2004 

[77] 

[78] 

Enhanced Transdermal Anesthesia of Local Anesthetic Agents US20016299902B1 Won Jun and Kang 2001 [79] 

Topical Anesthetic Formulation WO141550A2 Wepfer  2001 [80] 

Transdermal Anesthetic and Vasodilator Composition and Methods for 

Topical Administration 

WO54679A2 Samuels & Sweeney 2001 [81] 

Drug Delivery Device US6277401B1 Bello and Packman 2001 [82] 

Drug Delivery of Phase Changing Formulations W0122907A1 Zhang  2001 [83] 

Local Anesthetic for External Use US20026429228B1 Inagi and Mada 2002 [84] 

Transdermal and Topical Administration of Local Anesthetic Agents Using 

Basic Enhancers 

US20020197284A1 

US20040086556A1 

Luo et al. 2002 

2004 

[85] 

[86] 

Compositions and Delivery Systems for Administration of a Local 

Anesthetic Agent 

US20030027833A1 Cleary et al. 2003 [87] 

Preparation for the Topical Anaesthesia of the Skin WO055465A1 Mueller et al. 2003 [88] 

Composition and Method for the Treatment of Anorectal Disorders WO059320A1 Patel and Lemko 2003 [89] 

Anesthetic Composition for Topical Administration WO2004110423A1 Bouffard Fita 2004 [90] 

Topische Behandlung Von Überempfindlichen Zähnen Und Dentinschmers  DE027685A1 Liedtke 2005 [91] 

Alcohol Based Topical Anesthetic Formulation and Method US6894078B2 Castillo 2005 [92] 

Hemorrhoidal Compositions and Method of Use US20070003627A1 Blanco 2007 [93] 

A Topical Analgesic Composition WO2006096914A1 Sheil et al. 2006 [94] 

Transdermal Drug Delivery Composition and Topical Composition for 

Application on the Skin  

WO2007103555A2 Sand et al. 2007 [95] 

Topical Anesthetic Formulation US20077273887B1 Wepfer and Wepfer 2007 [96] 

Topical Formulations WO2007031753A2 Brown and Jones 2007 [97] 

Formulation of Indanylamides and the use Thereof as Local Anesthetics and 

as Medication for Chronic Pain 

WO2007038325A2 Aberg, and Johnson 2007 [98] 

Dermal Composition of Substituted Amides and the use Thereof as 

Medication for Pain and Pruridus 

WO2008088756A1 Aberg and Johnson 2008 [99] 

Drug Delivery Device for Providing Local Analgesia, Local Anesthesia or 

Nerve Blockade 

US20080241243A1 Myers and Reginald 2008 [100] 

Polymer-Based Films and Drug Delivery Systems Made Therefrom WO2008100375A2 Fuisz et al. 2008 [101] 
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chemical and biological properties of the drug [111], 
complexation with CD provides a way to increase drug 
solubility, stability and bioavailability [110, 117-119].  

 As for LA, the main effects of complexation with CD are 
changes on aqueous solubility, physicochemical stabilization 
and improved pharmacodynamical properties. These effects 
have been reported for etidocaine, lidocaine, prilocaine, 
mepivacaine [120, 121] bupivacaine and levobupivacaine 
[119-128] and, more recently, for ropivacaine [8], pointing 
out LA: CD complexes as potentially advantageous 
formulations to be used in postoperative pain relief.  

 According to these preclinical studies, the complexation 
of LA (especially bupivacaine and ropivacaine) with CD is 
particularly advantageous for promoting a potentially 
effective drug delivery system for the treatment of pain. 
Nevertheless, there are many differences between these 
preclinical investigations and the real clinical conditions 
especially regarding the neurological safety determination of 
these formulations after epidural and intrathecal adminis-
tration. 

 Regarding the toxic effects, studies in the literature 
showed that CD do not elicit immune responses and induce 
low toxicity in animals and humans [114], however some 
cyclodextrins are nephrotoxic when parenterally adminis-
tered [88,89]. HP- -CD has been shown to be well tolerated 
in humans; being its intravenous administration considered 
to be non-toxic at low to moderate doses [115, 131-133]. 
HP- -CD is currently used in two products approved by the 
Food and Drug Administration [129,130], with oral dosing 
of up to 8 g HP- -CD/day and intravenous dosing of up to 16 
g HP- -CD/day [134]. In other study, a formulation 
consisting of an inclusion complex between levo BVC and 
G2- -CD was also described, showing prolonged anesthetic 
effect associated to reduced neurotoxicity after spinal and 
sciatic nerve blockade in animals [128]. 

 Despite the fact that there is no inclusion complex bet-
ween CD and LA formulation in clinical use, some patents 
have described LA:CD compositions Table 4 [135-138].  

 Borgbjerg, in 1995 [135] described the formation of LA 
complexes with HP- -CD in aqueous solution at 0.01 to 
15%. The inventors described an increase on duration of 
action and in the maximum effect of lidocaine and BVC after 
complexation with HP- -CD. The patent also emphasizes the 
non-toxic potential and the solubilizing effect of HP- -CD.  

 In 1998, Hiji [136] described the use of -CD, -CD and 
-CD, as well as their hydroxypropyl derivatives for com-

plexing LA such as dibucaine, tetracaine, lidocaine, mepiva-
caine and bupivacaine, at a concentration not less than 
0.02%. The LA agents were said to form complexes either in 
their basic (LA:) or hydrochloride (LA+) forms, at pHs 
ranging from 6.5 to 8.5 (more preferably at 7.4). The 
invention also reported pharmaceutical formulations for 
parenteral or topic/mucosal use (ointments such as gels, oily, 
emulsion and aqueous ointments, adhesives and supposi-
tories) associated to other efficacious ingredients, such as 
antihistamines, nonsteroidal anti-inflammatory and adreno-
corticosteroid drugs. Pharmacological efficacy was evaluated 
in vitro (bundle of crayfish giant nerve) and in vivo (after 
subcutaneous injection in mice) with disappearance of the 
action potential deflagration and reduction of the systemic 
neurotoxicity after LA complexation with the different CDs.  

 Moldenhauer [137] patented a formulation and its 
preparation method using benzocaine complexed with -CD 
(1:2, molar ratio) in cream, tablets and powder for topical 
and mucosal use. 

 Our group has also filed a patent report [138] regarding 
the preparation and characterization of -CD with 
hydrophobic LA compounds such as BVC and benzocaine. 
Sciatic nerve blockade studies showed that complexation 
prolonged the duration and intensity of the sensory blockade 
induced by BVC in mice. 

BIOPOLYMERS BASED LA FORMULATIONS 

Polymeric Micro and Nanoparticles 

 Polymeric micro or nanoparticles are carrier systems that 
are classified as spheres or capsules, produced by natural or 
artificial polymers which must be biocompatible and bio-
degradable for drug-delivery purposes. The micro/nanocap-
sules are constituted by a polymeric envelope placed around 
the nucleus and are usually oily, while micro/nanospheres 
are formed only by a polymeric matrix [139].  

 Literature describes that micro or nanoencapsulation of 
local anesthetic greatly prolongs the duration of block and 
reduces their systemic toxicity [140-147], however only a 
few drug delivery systems for local anesthetic have already 
been patented Table 5 [148-153]. 

Table 4. Patents Utilizing Cyclodextrins as Drug-Carrier Systems for Local Anesthetics 

Title Patent Number Inventors Date Cyclodextrin Reference 

Local Anesthetic Preparation WO9505198 Borgbjerg 1995 HP- -CD [135] 

Aqueous Local Anesthetic Solution EP0838 225A2 Hiji 1998 -CD, -CD, -CD and 

hydroxypropyl derivatives 

[136] 

Komplex Aux -Cyclodextrin Und Benzokain, 

Verfahren Zu Ihrer Herstellung Und Ihre Verwendung 

DE10033059A1 Moldenhauer 2002 -CD [137] 

Formulations With Local Anesthetics and -

Cyclodextrin Complexes  

PI3039846 

(Brazil) 

Pinto et al. 2003 -CD [138] 
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 Hu et al. [148], in 2001, patented a new class of 
nanostructured polymer gels obtained by crosslinking gel 
nanoparticles of polymers selected from hydroxypropyl-
cellulose, N-isopropylacryl-amide, polyvinylic alcohol, poly-
phenylene oxide and polyethylene oxide. These synthesis 
took place in aqueous or non-aqueous medium through 
covalent bonds between functional groups on the surfaces of 
neighboring particles. The inventors claimed the potential 
application of these gel nanoparticles for the controlled 
release of LA and other biological active compounds.  

 Also in 2001, Vaugn et al. [149] patented a novel 
pharmaceutical composition for local delivery and sustained 
release of non-steroidal, anti-inflammatory drugs which they 
claimed to be also relevant for LA, aiming the treatment of 
dental pain. The system was composed by biocompatible, 
biodegradable poly(D, L-lactide-co-glycolide) microspheres 
prepared by solvent evaporation or solvent extraction 
methods. From the solvent evaporation method, smooth and 
nonporous microspheres of 120-135 m were formed with 4-
10% lidocaine and a relative low (30-70%) loading 
efficiency, attributed to the high aqueous solubility of 
lidocaine. From the solvent extraction method, lidocaine (5-
20%) loading efficiency was 100% but the microspheres 
diameters were smaller (7-10 m) and they were very porous, 
although smooth. The release of lidocaine from these 
microspheres took a few days to be completed, suggesting its 
potential use in the sustained release of LA at the site of 
injection. 

 Sawhney [150] patented a composition and methods to 
control the release of relatively low molecular weight, 

pharmacologically active compounds such as amide-type 
local anesthetics (lidocaine, mepivacaine, pyrrocaine, bupi-
vacaine, prilocaine and etidocaine) through bioabsorbable 
hydrogels by first dissolving LA in hydrophobic micro-
spheres. The microspheres composed by a hydrophobic 
phase (oil, fat, fatty acid, or other synthetic or natural water 
immiscible phase) were dispersed in a hydrophilic network, 
such as the hydrogel, which may or may not be crosslinked. 

 Liggins et al. [151] has granted a patent for a compo-
sition comprising a polymeric microparticle containing 
lidocaine said to be applicable also for other LA and drugs 
for the treatment of skin diseases. These polymeric micro-
particles were prepared using polymers selected from 
polyesters, poly-lactides, poly-lactide copolymers and poly-
lactide-co-glycolides and the authors claimed an increased 
efficacy with decreased toxicity for all the drugs tested.  

 Ramaswami and Patil [152] patented a stable 
pharmaceutical formulation, as a solid dispersion for poorly 
water soluble drugs such as lipophilic local anesthetics. In 
this patent the process to produce the solid dispersion 
involved three steps: i) dissolving the drug and at least one 
polymer in a suitable solvent, to form a solution; ii) spraying 
the solution onto inert pellets and iii) drying the inert pellets 
to remove the solvent. The microparticles were formed with 
polyethylene glycol, polyvinylpyrrolidone, hydroxypropyl 
methyl cellulose, hydroxypropyl cellulose, hydroxyethyl 
cellulose, polyvinyl alcohol, sorbitol, mannitol and saturated 
polyglycolized glycerides and ranged from 1 m to 50 m.  

 

Table 5. Patents Based on Biopolymers as Drug-Carrier Systems for Local Anesthetics 

Title Patent Number Authors Date Biopolymer Used Reference 

Synthesis and Uses of Polymer 

Gel Nanoparticle Networks 

WO03022910A1 Hu et al. 2001 Hydroxypropylcellulose (HPC), N-

isopropylacrylamide (NIPA), polyvinylic 

alcohol (PVA), polyphenylene oxide (PPO) 

polyethylene oxide (PEO). 

[148] 

Sustained Release Non-Steroidal 

Anti-Inflammatory and Lidocaine 

Plga Microspheres 

US20016217911B1 Vaugn et al. 2001 Poly-lactide-co-glycolide  [149] 

Composite Hydrogel Drug 

Delivery Systems 

US20036632457B1 Sawhney 2003 DL-lactic acid and poly(ethylene glycol) - 

hydrogel 

[150] 

Composition Useful for Treating 

Inflammatory Condition, Infection, 

Neoplastic Disease, Fibrosis and 

Restenosis Comprises 

Microparticle Containing a 

Polymer and a Drug 

WO2006002365A2 Liggins et al. 2006 Polyesters, poly-lactide, poly-lactide 

copolymers and poly-lactide-co-glycolide or 

their analogs and derivatives 

[151] 

Pharmaceutical Compositions of 

Poorly Soluble Drugs. 

WO20081100534A1 Ramaswami 

and Patil  

2007 Polyethylene glycol, polyvinylpyrrolidone 

hydroxypropyl methyl cellulose, 

hydroxypropyl cellulose, hydroxyethyl 

cellulose, polyvinyl alcohol, sorbitol, mannitol 

and saturated polyglycolized glycerides 

[152] 

Lipospheres for Controlled 

Delivery Substances 

US5188837A Domb 1993 Poly(caprolactone) [153] 
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 Another noteworthy technology is the one patented by 
Domb, late in 1993 [153] that described the preparation of 
solid lipid particles containing lidocaine, suitable for infil-
trative use. In one of the formulations proposed (example 
10), the inner core of the particle, called liposphere, was 
formed by a polymer (caprolactone MW2000 g/mol).   

Other technologies such as those of Cleary et al. [87] and 
Fotinos et al. [77, 78], also describe the used of polymers in 
the preparation of local anesthetics drug delivery system for 
topical application. 

CURRENT & FUTURE DEVELOPMENTS 

 The development of long lasting LA formulations has 
been investigated worldwide for decades: the first patent on 
a drug delivery system for LA was focused in topical 
application [60] as well as the majority of the existent 
technologies Table 3 [56, 58,122-135, 136-142], regarding 
these compounds. The first liposome-based formulation was 
patented in 1987 Table 1 while cyclodextrins and polymer-
based formulations appeared after 1995 Table 4 and 2001 
Table 5, respectively. 

 Preclinical studies are numerous, but the lack of more 
detailed and/or long term studies about stability and safety 
still limits clinical trials. In this way, there is a long journey 
to reach new LA formulations with improved therapeutic 
effects and good physicochemical stability. 

 Although liposomes are very appropriate for LA deliver, 
being the carrier of choice in many technologies Tables 1 & 
2, their use has been poorly practiced so far, since liposomes 
are considered unstable colloidal systems, either physically 
(size) or chemically (lipids are prone to oxidation). Besides, 
the scale-up of sterile liposomal formulations is another 
drawback to be overcome by chemical engineering 
processes. 

 On the other hand, taking into consideration the 
innovations in drug delivery systems achieved in the last 
decade (73% of the patents in Tables 1-5 were published 
after 1999), we believe in the next years, clinical reports 
other than that of Grant et al. [31] on the successful long 
term anesthesia attained with LA in carriers such as modified 
cyclodextrins, biopolymers or solid lipid nanoparticles will 
be published. While biopolymers are still high cost carriers, 
cyclodextrins are not and, since CD are efficient mainly for 
long acting LA [8], formulations carrying LA complexed in 
modified cyclodextrin may provide significant therapeutic 
benefits for the future of surgical patients (postoperative pain 
relief) or those with chronic pain (who often need repeated 
LA administrations for peripheral, central or regional nerve 
block).  
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ABBREVIATIONS 

BVC = Bupivacaine  

CD = Cyclodextrin  

Chol = Cholesterol  

CNS = Central nervous system  

CVS = Cardiovascular system  

DEPC = Dielaydoyl phosphatidylcholine  

DOPC = Dioleoyl phosphatidylcholine 

DMPC = Dimyristoyl phosphatidylcholine  

DPPC = Dipalmitoyl phosphatidylcholine  

DRV = Dehydration-rehydration vesicles  

DSPC = Distearoyl phosphatidylcholine  

EPC = Egg phosphatidylcholine  

G2- -CD = Maltosyl-beta-cyclodextrin  

HP- -CD = Hydroxypropyl- -cyclodextrin  

HsPC = Hydrogenated soy phosphatidylcholine  

LA = Local anesthetic  

LA: = Neutral species  

LA+ = Charged species  

LD = Liquid disordered phase  

LMVL = Large multivesicular liposomes  

LO = Liquid ordered phase  

LUV = Large unilamellar vesicles  

MLV = Large multilamellar vesicles  

SUV = Small unilamellar vesicles  

Tc = Main lipid phase transition temperature 
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