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Introduction 

Local anesthetics cause a reversible loss of sensation in a 

portion of the body, and they reversibly block impulse 

conduction along nerve axons and other excitable 

membranes. Anesthesia in skin is useful for relieving 

pain in procedures involving the skin, such as 

venipuncture, lumbar puncture, skin biopsy, and hair 
removal in hirsutism.1,2 Deep analgesia is conventionally 

achieved through direct intradermal injection of local 

anesthesia. ―Needle anxiety,‖ however, may cause 

discontent, especially in pediatric subjects, and can 

distort the injection site. Therefore, topical formulations 

may offer significant benefits for preventing procedural 

pain.3,4 Several problems can arise with conventional 

topical preparations, e.g., negligible uptake because of 

the barrier function of the stratum corneum and late onset 

of action. To overcome these limitations, nanoparticulate 

drug carriers, particularly lipid-based systems, have been 
introduced to disrupt and weaken the highly organized 

intercellular lipids, thereby enhancing intradermal drug 

penetration, increasing the duration of local action, and 

preventing systemic absorption of drugs, and thus 

reducing the side effects associated with the systemic 

absorption of anesthetics.5-9 Different vesicular systems, 

especially liposomes, have been studied by numerous 

investigators. Vesicles are made of one or more bilayers 

surrounding aqueous spaces and have attracted great 
interest because of their numerous benefits, such as 

chemical stability, lower cost, and accessibility of 

materials. Several studies have focused on the use of 

liposomes to improve percutaneous delivery; however, 

because of the absence of deep skin penetration and 

because liposomes remain limited to the upper layer of 

the stratum corneum, it is commonly agreed that 

conventional liposomes are not suitable as carriers for 

transdermal drug delivery.10-14 Ethosomes, introduced by 

Touitou et al. in 2000, are modified forms of liposomes 

which are unilamellar or multilamellar vesicles made of 
high concentrations (20-45%) of phospholipids and 

ethanol and have been used for the administration of 

several drugs. The presence of ethanol, a well-known 
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Abstract 
Purpose: It is necessary for local anesthetics to pass through the stratum corneum to 

provide rapid pain relief. Many techniques have been reported to enhance intradermal 
penetration of local anesthetics such as vesicular lipid carriers. Ethosomes are lipid vesicles 
containing phospholipids, ethanol at relatively high concentration. We hypothesized that 
synergistic effects of phospholipids and high concentration of ethanol in formulation could 
accelerate penetration of nanoethosomes in deep layers of skin. 
Methods: Lidocaine-loaded nanoethosomes were prepared and characterized by size and 
zeta analyzer, scanning electron microscopy (SEM) and X-ray diffractometer (XRD). 
Furthermore, encapsulation efficiency (EE), loading capacity (LC), and skin penetration 

capability were evaluated by in vitro and in vivo experiments. 
Results: results showed that the particle size, zeta potential, EE and LC of optimum 
formulation were 105.4 ± 7.9 nm, -33.6 ± 2.4 mV, 40.14 ± 2.5 %, and 8.02 ± 0.71 
respectively. SEM results confirmed the non-aggregated nano-scale size of prepared 
nanoethosomes. Particle size of ethosomes and EE of Lidocaine were depended on the 
phospholipid and ethanol concentrations. XRD results demonstrated the drug encapsulation 
in amorphous status interpreting the achieved high drug EE and LC values. In vitro and in 
vivo assays confirmed the appropriate skin penetration of Lidocaine with the aid of 
nanoethosomes and existence of deposition of nanoethosomes in deep skin layers, 

respectively. 
Conclusion: The developed nanoethosomes are proposed as a suitable carrier for topical 
delivery of anesthetics such as Lidocaine. 
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permeation enhancer, aids ethosomes in permeating 

deeper into skin layers and entrapping drugs of different 

physiochemical properties. Ethanol gives them a flexible 

structure; thus, they can squeeze through the pores in the 

skin and release drugs into deeper layers.15-17 Lidocaine 

is an effective and reliable local anesthetic with rapid 

onset, intermediate action, and moderate systemic 
toxicity.18,19 It is hypothesized that an ethosomal 

formulation of Lidocaine will be a suitable carrier for 

drug encapsulation and rapid and efficient percutaneous 

penetration. The incorporation of Lidocaine into 

vesicular systems, which provides efficient drug delivery 

through skin, may open up a new market for 

pharmaceutical and cosmetic industries. 

 

Materials and Methods 

Materials 

Lidocaine was obtained from Darou Pakhsh Pharm. 
Chem. Co. (Iran). Cholesterol and Rhodamine B were 

prepared from Merck Company (Germany). Chloroform 

(Dae-Junge, Korea), methanol (Caledon, Canada), 

ethanol (Scharlau Chemicals, Spain) and diethyl ether 

(KianKaveh Pharmaceutical and Chemical Company, 

Iran) were used as received.  

 

Preparation of Lidocaine-loaded nanoethosomes  

Lidocaine-loaded nanoethosomal formulations were 

prepared according to the modified ethanol injection 

method.20 Briefly, phosphatidylcholine, cholesterol, and 

Lidocaine were dissolved in ethanol and injected slowly 
into the 100 mL aqueous medium under mixing by 

homogenizer (DIAX 900, Heidolph, Germany) at 20000 

rpm.21,22 The composition of different formulations was 

summarized in Table 1. We also prepared hydroethanolic 

solution of Lidocaine as a control in the same drug and 

ethanol amounts of optimized formulation used in skin 

penetration experiments. 

 
Table 1. Formulation composition of Lidocaine-loaded 
nanoethosomes. 

Formulation 
code 

Phospholipid 
(mg) 

Ethanol
a
 

(mL) 
Cholesterol 

(mg) 
Lidocaine 

(mg) 

F1 350 10 - 35 

F2 175 10 - 35 

F3 175 20 - 35 

F4 175 40 - 35 

F5 175 40 35 35 

a
The final volume of formulation was 100 mL. 

 

Characterization of Lidocaine-loaded nanoethosomes 

Particle size distribution of formulations was analyzed 

using dynamic light scattering (DLS) system and 

reported as intensity-weighted average (z average) and 

the polydispersity index (PDI), which quantifies size and 

distribution width, respectively. Zeta potential of 

prepared nanoethosomes were also analyzed by the same 

system (Nano ZS, Malvern, UK).20 The morphology of 
prepared nanoethosomes was obtained using scanning 

electron microscope (SEM) (MIRA3 TESCAN, UK) 

operating at 15 kV. The specimens were mounted on a 

metal stub with double-sided adhesive tape and coated 

under vacuum with gold (100-150 A°) in an argon 

atmosphere prior to observation using a direct current 

sputter technique (EMITECHK450X, England). In order 

to assess the effect of nanoethosome preparation process 
on crystallographic patterns of Lidocaine and lipids, 

XRD analysis was performed using an X-ray 

diffractometer (D-5000, Siemen, Germany, 2° to 40°) to 

assess the crystalline structures of Lidocaine, 

phosphatidylcholine, and vacuum-dried (Binder, 

Germany) powder of optimized nanoethosomal 

formulations. The diffraction pattern was measured using 

a Cu-Kα radiation source (30 mA and 40 kV).  

 

Determination of Entrapment efficiency (EE) and 

loading capacity (LC) 
The EE (%) and LC (%) were expressed as the 

percentage of entrapped drug to the added drug or to the 

used lipid, respectively. EE was determined by first 

separation of the un-entrapped drug by centrifugation 

method using of Amicon® Ultra-15 (molecular weight 

cutoff of 100 kDa, Millipore, Germany) tube. The 

formulation was added to the upper chamber of the 

Amicon® tube and then the tube was centrifuged (Sigma 

3K30, Germany) at 5000 rpm for 15 minutes. The clear 

solution in the bottom of Amicon® tube was used for 

Lidocaine determination using a validated HPLC and 

mathematically calculated according to the following 
equations: 
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where, W(Initial drug) is the amount of initial drug used and 

W(Free drug) is the amount of free drug detected in the 

lower chamber of Amicon® tube after centrifugation of 

the nanoethosomal formulations. Accordingly, W(Entrapped 

drug) is the amount of loaded drug and W(Total lipid) is the 

amount of used phospholipids and cholesterol in the 
preparation process.23,24 The formulations in the upper 

chamber of Amicon® tube were rinsed five times by 

hydro alcoholic (50%) solution to eliminate unloaded 

Lidocaine. These rinsed formulations were used for the 

rest experiments.  

Lidocaine was analyzed using a validated reversed-

phase HPLC method by Knauer HPLC apparatus 

(Germany), consisting of a sensitive variable 

wavelength ultraviolet detector (set at λmax=254 nm) 

and an ODS column (C18, 10 µm, 4.6 × 250 mm). The 

samples were eluted using a mobile phase consisting of 
acetate buffer: acetonitrile (65:35 v/v), adjusted to pH 
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3.4 with NaOH 1N, at a flow rate of 1 mL/min. At this 

condition the retention time for Lidocaine was 5.5 min. 

The calibration curve was linear in the concentration 

range of 1–50 µg/mL (r2= 0.9998). No interference 

from the formulation components or skin tissue was 

observed. The samples were also found to be stable 

during the study period. The mobile phase was filtered 
through a 0.45 µm cellulose acetate filter under vacuum 

and degassed by sonication (Starsonic 35, Italy) in 

order to protect the column. 

 

In vitro skin permeation and drug deposition studies 

Male Wistar rats (weighing 200–250 g) were obtained 

from Pasteur Institute (Tehran, Iran), housed in animal 

facilities of the Drug Applied Research Center (Tabriz 

University of Medical Science) and used for skin 

permeation and drug deposition studies. All animal 

experiments were conducted according to the Guide for 
Care and Use of Laboratory Animals of Tabriz 

University of Medical Sciences, Tabriz-Iran (National 

Institutes of Health Publication No 85-23, revised 

1985). The abdominal full thickness skin was shaved 

using an electric razor after sacrificing with excess 

ether inhalation. The skin was washed and 

subcutaneous fat was carefully removed. Subsequently, 

to remove extraneous debris and leachable enzymes, the 

dermal side of the skin was in contact with a saline 

solution for 12 h before starting the in vitro skin 

penetration study. The skins were mounted on the 

Franz-type diffusion cells with an available diffusion 
area of 3.8 cm2 and the receptor compartment volume 

of 25 cm3. The stratum corneum was faced to the donor 

compartment of the Franz-type diffusion cells (HDT6, 

Erweka, Germany). Twenty five milliliter of phosphate 

buffer solution (pH 7.4 and 37 ºC) was used as the 

receptor medium (stirred with Teflon-coated magnetic 

stirring bars at 700 rpm) and 200 µL of the formulation 

was applied on the skin surface in the donor 

compartment. The donor chamber and the sampling 

port were covered by parafilm to prevent evaporation 

during the study. Samples of 250 μL were withdrawn 
from the receptor compartment through the sampling 

port of the diffusion cell at determined time intervals 

(0.5, 1, 2, 4, 6, 12 and 24 h).25 At the end of the 

experiment, the amounts of drug remaining were 

quantified. The amount of drug in the withdrawn 

samples from receptor compartment was also assayed 

with HPLC apparatus. Each set of experiments was 

performed in three diffusion cells and was repeated 

three times in different days.  

 

In vivo studies 
Fluorescence measurement allows to follow the 

distribution of dyes in skin in the investigated time 

intervals and therefore, lets to study the effect of carrier 

on skin distribution of Lidocaine. Rhodamine B labeled 

(dye content=0.001%) Lidocaine-loaded nanoethosomal 

formulation was prepared in the same concentration of 

Lidocaine used in in vitro experiment to study the 

penetration behavior of nanoethosomal formulation by 

imaging technique.26-28 The unloaded Rhodamine B was 

removed from the formulation by dialysis through the 

cellulose acetate membrane (cut off molecular weight 

12 kDa, Sigma, USA). 200 µL of the formulation was 

applied on the skin surface and after 5 h exposure, rats 

were sacrified with excess ether inhalation and then the 
skin was cut into 1.5×1.5 cm2 pieces and rinsed with 

distilled water. Hydroethanolic solution of Rhodamine 

B was also used as control. Skins were cut into vertical 

slices with 15 µm thickness by a freeze microtome 

(Kryomat 1700, Leitz, Germany) and slices were stored 

at 4 °C and analyzed within 24 h. The skin slices were 

investigated under both normal light and fluorescence 

microscopes (BX50, Olympus, Japan). The images 

were taken from normal light and fluorescence 

microscope of the same area and the dye distribution in 

the skin was evaluated qualitatively.29 
 

Results and Discussion 

Characterization of Lidocaine-loaded nanoethosomes 

The sizes of prepared Lidocaine-loaded nanoethosomes 

were analyzed and are presented in Figure 1a and Table 

2. Particle size and PDI were in the ranges of 105.4–

404.2 nm and 0.173–0.274, respectively. The low PDI 

value (≤0.2) indicated a narrow size distribution. 

Optimum formulation had a z-average of 105.4 ± 7.9 

nm and PDI of 0.245 ± 0.07. Hopefully, the zeta 

potential value of the optimized formulation (Figure 1b) 

will be less than -30 (-33.6 mV), providing a suitable 
situation for colloidal stability of suspended 

nanovesicules.30 SEM images of the nanoparticles were 

well-matched with data regarding size, confirming the 

narrow size distribution of nanoethosomes (Figure 1c). 

Particle size analysis results showed that nanoethosome 

size depended on phospholipid and ethanol 

concentrations. In the same ethanol concentration, 

nanoethosome size decreased (from 165.2 nm to 105.4 

nm) with decreasing concentrations of phospholipid. 

Controversy exists regarding the role of lipid 

concentration in vesicle size. Some articles have 
reported that vesicle size was increased by increased 

lipid concentrations, and a few have claimed that 

increases in lipid concentration decreased vesicle 

size.15,21,31,32 Increasing the ethanol concentration from 

10% to 40% resulted in the production of 

nanoethosomes with a higher particle size (vesicle size 

was increased from 105.4 ± 7.9 nm to 404.2 ± 15.6 

nm). It was assumed that increasing the ethanol 

concentration disrupted the vesicle membrane and 

subsequently increased vesicle size. Cholesterol was 

added to increase the rigidity of the membrane, which 
decreased particle size from 404.2±15.6 nm to 239.9 ± 

13.5 nm. Contrary results have been reported regarding 

the role of cholesterol in the size of vesicular systems. 

Some investigations have indicated that the 

incorporation of cholesterol increased size, and a few 

articles have reported that cholesterol had a reducing 

impact.31,33-36  
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Figure. 1. Particle size distributions (top), zeta potential values 

(middle), and scanning electron microscopy images (down) of 
Lidocaine-loaded nanoethosomal formulations. 

 

As Table 2 indicates, EE (%) and LC (%) values of 

nanoethosomal formulations were affected by formulation 

compositions ranging from 10-66% and 2-8%, 

respectively. The optimum formulation showed EE 

(%) and LC (%) values of 40.1 and 8.0, respectively. 

By increasing the ethanol content from 10% to 40%, 

EE and LC values were reduced from 40.1% to 9.7% 

and from 8.0% to 1.9%, respectively. These findings 

indicate that ethanol has a negative effect on 

Lidocaine loading in nanoethosomal formulations. As 
expected from the results of previous studies,12,13,37,38 

the addition of cholesterol to the formulation 

increased both EE and LC values. This could be 

explained by the impact of cholesterol on the rigidity 

of the bilayer structure of vesicles. Although ethanol 

has been reported to increase the membrane fluidity of 

ethosomes, ethanol concentrations >45% (w/w) have 

been shown to decrease the value of EE, perhaps 

because the membrane may leak in the presence of 

high ethanol concentrations. Thus, ethanol 

concentrations in ethosomes should be controlled 
within a certain range.

39-41
  

 

 

XRD study 

The diffraction pattern of Lidocaine analyzed by the 

X-ray diffraction method demonstrated several sharp 

peaks, indicating the crystalline nature of Lidocaine 

(Figure 2). The characteristic main peaks of Lidocaine 

were absent in the XRD pattern of the optimized 

nanoethosomal formulation (F2), suggesting that 
Lidocaine was uniformly and molecularly dispersed in 

the nanoethosomes lipid bilayers. This finding 

supports the explanation of observed high Lidocaine-

loading capacity (around 8%) for nanoethosomes. The 

diffraction pattern of phosphatidylcholine (between 4-

10 2θ) also disappeared in the nanoethosomal 

formulation. This shows that phosphatidylcholine in 

Lidocaine-loaded nanoethosomes was formed to some 

extent in the less-ordered crystals. It seems that the 

drug molecules can be accommodated in between lipid 

layers, which can increase drug loading and reduce 
expulsion during storage time.42 

 

Table 2. Particle size, polydispersity index, encapsulation efficiency and loading capacity of nanoethosomal 
formulations. The results of encapsulation efficiency and loading capacity values are presented in mean ± standard 
deviation (n=at least 3). 

Formulation code Size (nm) Polydispersity index Zeta potential (mV) EEa (%) LCb (%) 

F1 165.2 ± 6.3 0.27 -23.5 ± 2.6 66.5 ± 4.3 5.4 ± 0.8 

F2 105.4 ± 7.9 0.25 -33.6 ± 2.9 40.1 ±2.5 8.0 ± 0.71 

F3 121.2 ± 06.9 0.24 -16.9 ± 1.9 18.7 ± 1.9 3.7 ± 0.6 

F4 404.2 ± 25.3 0.26 -2.15 ± 0.9 9.7 ± 1.2 1.9 ± 0.3 

F5 239.9 ± 11.6 0.17 -6.45 ± 0.8 12.6 ± 2.0 2.5 ± 0.3 

aEncapsulation Efficiency 
bLoading Capacity 
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Figure 2. The X-ray diffractions pattern of Lidocaine, Lecithin, 

and optimized Lidocaine-loaded nanoethosomal formulation. 

 

In vitro drug permeation study 

The cumulative percentage of permeated Lidocaine from 

the optimized nanoethosomal formulation and 

hydroethanolic solution through exercised rat skin was 
investigated using Franz diffusion cell for a period of 24 

h. As shown in Figure 3, the ratio of drug passed through 

the skin to the receptor compartment of the Franz 

diffusion cell was diminished by the encapsulation of 

Lidocaine in nanoethosomes. Lidocaine itself permeated 

better than the nanoethosomal formulation. This might 

be correlated to the characteristics of Lidocaine 

(molecular weight = 234.34 and Log P = 2.6) which are 

suitable for skin penetration (MW<500 and Log P 1-

4).43,44 Furthermore, nanoethosomes directed only 2.5% 

of Lidocaine to the receiver compartment of the Franz 

cell, which is a simulator for systemic drug absorption. 
Therefore, the ethosomal formulation could be 

successfully applied for topical drug therapy avoiding 

systemic drug absorption. This would be ideal for the 

delivery of drugs such as analgesics, especially for those 

which may cause adverse systemic side effects, such as 

Lidocaine. The amounts of unpenetrated Lidocaine 

remaining on the skin for the hydroethanolic solution and 

nanoethosomal formulation (F2) were calculated as 18.3 

± 1.9 and 3.5 ± 0.8, respectively, indicating the 

superiority of nanoethosomes in skin penetration 

accompanied by skin accumulation of Lidocaine.  
Although the exact mechanism for superior permeation 

into deeper skin layers from ethosomes is still not clear, 

the synergistic effects of a mixture of phospholipids and 

high concentrations of ethanol in vesicular systems have 

been suggested to be responsible for deeper distribution 

and penetration in the skin’s lipid bilayers. The high 

concentration of ethanol makes the ethosomes unique, 

which disturbs skin lipid bilayer organization; therefore, 

when incorporated into a vesicle membrane, it enhances 

the vesicle’s ability to penetrate the stratum corneum. 

Furthermore, because of the high ethanol concentration, 

the lipid membrane is packed less tightly than 
conventional vesicles, but has equivalent stability, 

resulting in a more flexible structure and improving the 

drug distribution ability in stratum corneum lipids.45 

 
Figure 3. Passed Lidocaine through the stratum corneum from 

Lidocaine-loaded nanoethosomal formulations and hydro 
hydroethanolic, determined in vitro on exercised rat skin by 

Franz diffusion cells. 

 

In vivo experiment 

Rhodamine B has almost the same physicochemical 

structure (MW = 479.02 and log P = 2.43) as Lidocaine 
(MW = 234.34 and Log P = 2.6), and both are suitable 

for skin penetration (MW<500 and Log P 1-4). 

Therefore, it would be a good model for evaluating the 

ability of nanoethosomes to penetrate skin and distribute 

Lidocaine. Figure 4 shows that nanoethosomes could 

pass Rhodamine B through the stratum corneum to the 

lower layers of the epidermis, while Rhodamine B in 

hydroethanolic solution remained mostly on the stratum 

corneum. These findings verified the in vitro skin 

penetration study results.  

 

 
Figure 4. Rhodamine B penetration into rat skin: staining of rat 

skin following the application of 0.001% Rhodamine B-loaded 
hydroethanolic solution (a: light microscopic image, b: 

fluorescent microscopic image) and nanoethosomal (c: light 
microscopic image, d: fluorescent microscopic image) 
formulation after 5 h. 
 

Conclusion 
Optimization of the nanoethosomal formulation by 

changes in structural compositions resulted in 

appropriate characteristics, including small particle size 

and good encapsulation efficiency, suggesting that 
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nanoethosomes could be used as a carrier of Lidocaine. 

In vitro studies of Lidocaine skin permeation from 

nanoethosomes and hydroethanolic solution showed that 

a higher percentage of drug reached the skin and a lower 

percentage reached the receiver medium of the Franz cell 

from nanoethosomes than from hydroethanolic Lidocaine 

solution, indicating the superiority of nanoethosomes for 
the dermal delivery of Lidocaine. The in vivo study 

confirmed the results of the in vitro study by tracking the 

fluorescent-labeled nanoethosomes in rat skin. The 

results of this study may pave a way for a novel 

commercial product for efficient local pain management. 
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