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ABSTRACT 

Objective: The current investigation aimed for loading Lidocaine (LID), a local anesthetic agent, into transferosomes topically. Lidocaine has 
substantial first-pass metabolism results in low oral bioavailability. In order to prevent oral complications, the production of LID transferosomes 
was to improve LID topical distribution.  

Methods: By using a 21.31 factorial design and different amounts lipids and surfactants, transferosomes formulas were created. LID transferosomes 
were constructed applying ethanol injection method. LID transferosomes were evaluated with regard to entrapment efficiency percent (EE%), 
particle size (PS), polydispersity index (PDI), and zeta potential (ZP). Extra experiments were conducted on the optimum formula. 

Results: Utilizing Design Expert®, the optimum formula (F2) was evaluated, revealing EE% of 90.25±1.23%, PS of 194.50±6.50 nm, PDI of 
0.602±0.0005, ZP of 50.45±1.15 mV, and amount of drug release after 6 h (Q6h) of 45.00±1.50. Further, the optimum transferosomes showed 
vesicles without aggregation under transmission electron microscope evaluation. In vitro release study showed that the optimum formula was 
released in sustained manner than LID solution. In addition, during storage, the optimum formula was stable. The histological investigation verified 
the safety of the optimum transferosomes. 

Conclusion: The results confirmed the ability to utilize LID transferosomes for burn treatment topically. 
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INTRODUCTION 

One of the most excruciating and serious injuries that may occur to a 
person is a burn. The most difficult thing for patients to deal with 
while recovering from a burn is the pain of repeated therapeutic 
operations like skin debridement and grafting. Although the 
procedure discomfort is brief, it is quite severe [1]. 

Local anesthetics are a natural candidate for localized prohibiting in 
wound care operations and have been utilized as topical gels or 
intravenous infusions to relieve burn pain. There are no discernible 
negative effects on healing when Lidocaine (LID) (1 mg/kg) is 
administered topically to wounds. This has been shown to greatly 
reduce analgesic intake and acute and postoperative pain. Strong 
anti-inflammatory properties of LID may make it advantageous to 
apply it to a wound site when changing a dressing [2]. 

LID is frequently used as an anesthetic in intravenous injection to 
relieve and prevent pain during certain medical procedures. 
Additionally, it is utilized in clinics as a vasoconstrictor in topical 
treatments or as an antiarrhythmic medication to treat ventricular 
arrhythmias, particularly ventricular tachycardia and ventricular 
fibrillation [3]. 

For topical drug delivery systems, LID in pastes, creams, and 
ointments is the safest and most practical form of treatment. 
However, the primary drawback of these systems is that they are 
quickly eliminated by wetness, movement, and touch. Therefore, for 
topical administration, a new formulation method incorporating 
nanocarriers and improved local anesthetic effects is sought [4]. 

Moreover, for topical or transdermal medication delivery, the skin 
serves as both a primary target and a barrier. Notwithstanding the 
system's numerous advantages, the main encounter is the slow rate 

at which medications distribute through the stratum corneum. A 
number of techniques have been evaluated to temporarily boost the 
rate of drug penetration. Applying medications in formulation with 
skin enhancers or elastic vesicles is an easy and practical method. 
Elastic vesicles can be divided into two categories: surfactant-based 
and phospholipid-based (Transfersomes and Ethomomes). In terms 
of quantity and depth, elastic vesicles were more effective at 
delivering both high and low-molecular-weight drugs to the skin. 
Their physicochemical characteristics-composition, duration, and 
application volume, as well as entrapment efficiency and application 
techniques-have a significant impact on their efficacy [5]. 

Phospholipid (PC) vesicles with an aqueous compartment enclosed by 
one or more lipid bilayers are known as liposomes. Numerous studies 
instead link topical medication delivery to liposomes. Cevc et al. 
presented a novel class of liposomes called transferosomes as a drug 
delivery vehicle made of a PC Bilayer and Surfactant (SAA) [6]. SAA 
gives the produced vesicles flexibility, which reduces their likelihood 
of rupturing, particularly when given topically. Both hydrophilic and 
hydrophobic components found in transferosomes can surround 
medicinal molecules with a variety of solubility levels. Without 
suffering any discernible loss, they may squeeze through the small 
opening, which is five to ten times smaller than their own diameter. 
Better vesicle penetration is provided by this great deformation 
ability. Furthermore, the presence of SAA in the vesicles may cause the 
lipid and protein packing inside the SC to be disturbed [7]. 

When the Quality by Design (QbD) method was implemented, 
production procedures were improved, and the final goods' quality 
and safety were guaranteed. After the release of the International 
Conference on Harmonization (ICH) guidelines, the food and drug 
administration authorized QbD. The ICH guideline, for example, 
describes QbD as a method that establishes the process's starting 
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goals, promotes knowledge and control, and controls threats to the 
quality of the end output. Thus, QbD makes it possible to produce 
pharmaceutical items that are both safe and of excellent quality. 
Research on nanosystems has sparked a medical technology 
revolution in recent decades, with multiple researchers using QbD to 
create medication nano-delivery systems. By integrating final 
product quality criteria connected to clinical performance, avoiding 
variability, enhancing process design, increasing manufacturing 
efficiency, and allowing post-approval modifications management, 
QbD streamlines and lowers production procedures in this case [8]. 

A full factorial design is a factorial experiment that includes every 
possible combination of the selected factors and levels. This design 
is a powerful instrument that, in contrast to other experimental 
designs, offers the most thorough understanding of the behavior of 
the system since it takes into account the impacts of all components 
(major effects) and their interactions [8]. If the total number of runs 
equals nk since all components k have the same number of levels n. 
The number of experimental runs increases significantly as the 
number of factors and levels increases. This results in significant 
expenses and time commitments for traditional experiments. The 
response quantity variation, however, can be explained, broken 
down, and ascribed to every potential cause because of the vast 
variety of combinations, giving an almost accurate representation of 
the procedure. Because of the nature of factorial designs, their 
outcomes can be used as useful benchmarks for discussing how well 
other designs perform in the characterization [9]. 

Thus, the goals of the present investigation were to evaluate the 
safety of LID transferosomes applied topically as well as the 
possibility that it might raise LID for topical use for sustained 
treatment of burns. In order to do that, many factors affecting the 
features of LID transferosomes were investigated using full factorial 
21.31experimentusing Design Expert® to determine the optimum 
formula. EE% (Y1), PS (Y2), and PDI (Y3) were chosen as dependent 
factors, and PC amount (X1) and SAA type (X2) were examined as 
independent variables. The optimum LID transferosomes were 
further assessed in terms of stability and shape. Furthermore, 
histopathology studies of LID from the optimum LID transferosomes 
were conducted using male Wistar rats. 

MATERIALS AND METHODS 

Materials 

Lidocaine (LID), Phospholipid (PC) from soya bean, Pluronic 121, 
Pluronic 123 and Pluronic F127 were bought from Sigma Aldrich (St. 
Louis, USA). Ethanol, and methanol were obtained from El-Nasr 
Pharmaceutical (Cairo, Egypt). 

Methods 

Preparation of lidocaine transferosomes 

By applying the ethanol injection method (due to the excellent 
solubility of drug and phospholipid, and SAA in ethanol), three SAA 
(10 mg) Pluronic 121, Pluronic 123, and Pluronic f127and two 
concentration of PC (100, and 200 mg) were combined to create the 
LID transferosomes. Firstly, 10 mg of LID were added to 10 ml 
water. After that lipid and SAA were dissolved into ethanol (2 ml) at 
60 ℃. Finally, the organic phase was injected to the aqueous phase 
slowly and mixed using magnetic stirrer at 800 RPM; to obtain 
mature vesicles, the vesicles were kept at 4 °C [10]. 

Characterization of lidocaine transferosomes 

Entrapment efficiency ratio (EE%) 

The LID transferosomes for the developed formulations was 
centrifuged at 20,000 rpm for 1 hour at 4 °C using a centrifuge (Sigma, 
Germany). The entrapped drug was then lysed in methanol and 
assessed at λmax 228 nm using a UV-Vis spectrophotometer (Shimadzu, 
Japan) [11], EE% was found using the direct technique [12]. 

Particle size (PS), polydispersity index (PDI) and zeta potential (ZP) 

Using a Malvern Zetasizer, the PS, PDI, and ZP of the LID 
transferosomes were estimated for the generated formulae [13]. 
Following dilution (ten folds), the measurements were carried out. 

The scattering angle was 90°, with laser’s obscuration range was 10 
to − 0%. Every measurement was done three times [14]. 

Assessment of the impact of formulation 
constraintsapplying21.31 factorial design 

Applying the lowest experimental runs, a 21.31 factorial design was 
employed to determine the impact of several factors on the aspects of 
LID transferosomes [15]. Two factors were assessed: one had two levels 
(X1: PC amount), and the other had three levels (X2: SAA type). As 
dependent variables, the EE% (Y1), PS (Y2), and PDI (Y3), were identified 
(table 1). To create LID transferosomes, all probable combinations were 
tested in the experiments (table 1). The experimental data were 
inspected using Design Expert® (Stat Ease, USA) to independently source 
the impacts of these components, and then analysis of variance was used 
to assess the significance at 95% confidence level. 
 

Table 1: 21.31Factorial-design for optimization of LID 
transferosomes 

Factors  Levels 
X1: PC amount (mg) 100200 
X2: Pluronic type P121 P123 PF127 
Responses   
Y1: EE (%) Maximize 
Y2: PS (nm) Minimize 
Y3: PDI  Minimize 
Y4: ZP Maximize 
 

Optimization of lidocaine transferosomes 

To determine which formulation should be selected for further 
investigation, the desirability function was established. This function 
predicts the optimal levels of selected components. Selecting the 
optimal formulation requires meeting specific criteria, including 
achieving the lowest PS and PDI and the maximum EE%, and ZP. 

Determination of the amount of drug release 

The amount of medication released was measured for six hours at 
37 °C using the USP dissolution tester equipment II. The optimal LID 
transferosomes of (2 ml samples) were added into plastic cylindrical 
as donor compartment and sealed with cellulose membrane with 
surface area of 3.14 cm2, that contained 5 mg of LID. The 
formulations were immersed in 50 milliliters of pH 5.5 phosphate 
buffer release medium [7]. In this volume, the sink state was 
preserved. Aliquots were removed every hour up to 6 h. A UV 
spectrophotometer with a λmax of 228 nm was used to evaluate 
aliquots (1 ml) of LID. Three experiments were carried out. 

Transmission electron microscopy (TEM) 

Using a Joel JEM 1230 transmission electron microscope (Tokyo, 
Japan), the optimal formula morphology was examined. A thin layer 
of the nanodispersion was applied to a grid covered with carbon, 
dyed, then observed, and photographed [16]. 

Effect of short-term storage 

For forty-five days, the ideal LID transferosomes were kept at 4 °C. 
At 0 and 45 d, samples from each formulation were taken out. 
Comparing the initial measurements with the values acquired 
afterwards storage allowed for the evaluation of stability. As 
previously mentioned, measurements of the EE%, PS, PDI, ZP, and 
Q6h(%) from the LID transferosomes were made. Statistical 
significance was analyzed by Student’s t-test [17]. 

pH assessment 

The pH of the optimum LID transferosomes was estimated, by a 
calibrated pH meter (Hanna, Romania). 

Histopathological study 

The study design was authorized by the ethical committee of the Al-
Ayen University College (AUIQ-REC-A24001). Six animals supplied 
by Al-Ayen university animal house were divided into two groups 
where groups one behaved as control left untreated, while group 
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two was treated with the optimum LID transferosomes. The rats 
were provided with water and a standard diet, at 22 °C, 55% 
humidity, and a cycle of 12 h dark followed by 12 h light. Rats 
remained to adapt for 7 d. The treatment lasted one day. After being 
fixed for 24 h in 10% formol saline, skin samples were cleaned, and 
alcohol was used to dehydrate them. Following a 24 h period at 56 
°C, the specimens were cleaned, embedded blocks, and sectioned 
using a microtome (Leica, USA) at a thickness of 4 mm for each skin 
sample. Using light microscopy, the specimens were deparaffinized 
and stained with hematoxylin and eosin, for histological analysis. 
(Axiostar plus, Zeiss, New York) [18]. 

RESULTS AND DISCUSSION 

Analysis of factorial design 

Two independent variables were investigated: the PC amount (X1) 
and SAA type (X2); dependent variables included EE% (Y1), PS (Y2), 

PDI (Y3), and ZP (Y4). The experimental results were evaluated using 
Design Expert® to trace independently the effects of these factors, 
which were then evaluated employing ANOVA to decide the 
significance of each factor. The two-factor interaction (2 FI) model 
was utilized, and it was seen that the predicted R2 values were in 
agreement with the adjusted R2 in all responses, with reference to 
the design analysis results in table 2. Adequate precision is 
employed to confirm that the model could be utilized throughout the 
design space; it is worth noting that all responses showed adequate 
precision with a ratio superior to 4. The degree of freedom and F 
values have been supplied in table 3. 

EE%  

The authors utilized a validated method, using UV-Vis 
spectrophotometry for calculating the entrapped drug in EE% 
calculation (table 5, and fig. 1). 

 

Table 2: Data of the 21.31 factorial analysis of lidocaine transferosomes 

Responses EE% PS (nm) PDI ZP (mV) 
Adjusted R2 0.9916 0.964 0.915 0.912 
Predicted R2 0.9847 0.922 0.814 0.808 
Adequate precision 27.512 18.01 12.05 13.34 
Significant factors X1 X1, X2 X1 X1, X2 
Predicted value of optimum formula (F2) 90.2595 194.5 0.602 -50.45 
Observed value of optimum formula (F2) 90.25 194.50 0.602 -50.45 

 

Table 3: Degree of freedom and F values for all responses 

Degree of freedom X1:PC amount (mg) X2:SAA amount (mg) 
EE% F value 558.1 1.07 
EE% Degree of freedom 1 2 
PS F value 32.67 126.45 
PS Degree of freedom 1 2 
PDI F value 5.87 39.24 
PDI Degree of freedom 1 2 
ZP F value 15.54 32.98 
ZP Degree of freedom 1 2 

 

Table 4: Experimental runs of the 21.31factorial design 

 PC amount (mg) SAA type EE%  PS (nm)  PDI ZP (mV) 
F1 100 P121 50.60±1.93 113.80±1.60 0.682±0.031 -41.70±0.01 
F2 200 P121 90.25±1.23 194.50±6.50 0.602±0.0005 -50.45±1.15 
F3 100 P123 50.07±2.70 185.50±45.50 0.454±0.004 -42.40±1.20 
F4 200 P123 93.24±1.35 419.55±28.85 0.468±0.035 -41.35±0.15 
F5 100 P127 65.32±0.46 530.15±20.25 0.527±0.027 -39.10±0.001 
F6 200 P127 73.39±0.39 560.80±18.40 0.728±0.012 -39.35±1.25 

Notes: Data given in mean±SD 

 

 

Fig. 1: Calibration curve 
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Table 5: LID calibration curve 

Conc (μg/ml) Abs 

5 0.185 
7.5 0.2181 
10 0.306 
20 0.516 
30 0.7803 
40 0.987 

 

It is possible to create multilayered nanosystems into an 
efficient drug delivery system for the targeted or controlled 
release of lipophilic medicines. Encapsulating bioactive inside PC 
containing formulations offers the best distribution, improved 

stability, and permeability based on the lipid composition and 
characteristics [19]. 

The effect of the independent variables, PC amount (X1) and SAA 
type (X2) on the EE% of LID transferosomes is shown in table 2,3 
and is illustrated in fig. 2A-B. EE% ranged from 50.60±1.93 to 
93.24±1.35% table 4.  

The polynomial equation for EE% is: EE+70.50+15.13 * A-0.020* 
B[1]+1.16* B[2]+4.65* AB[1]+6.45* AB[2] 

It was found high PC amount produced significantly (p<0.0001) 
larger EE% values than the smaller amounts of PC. At high PC 
amounts there would be sufficient space for drug loading compared 
to lower amounts of PC [7]. 

Considering SAA type (X2) (p=0.399), it has no significant effect on 
EE% with p values of 0.399. 

 

 

Fig. 2: Effect of PC amount (X1) and SAA type (X2) on EE%, and PS on transferosomes 

 

 

Fig. 3: Residual fig. for on EE% 
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PS 

The mean hydrodynamic diameter of the particles is indicated by the 
z-average diameter [20] was measured and presented in table 2,3 
and illustrated in fig. 2B. The PS of the nano-system might affect the 
degree of drug deposition as well as skin penetration [21]. PS ranged 
from 113.80±1.60 to 560.80±18.40 nm.  

It is noticeable that both PC amount (X1) and SAA type (X2), 
significantly influenced the PS of the vesicles with p values of 0.0013 
and (p<0.0001), respectively. 

The polynomial equation of PS was as follows:  

PS (nm)=+334.05+57.57* A-179.90* B[1]-31.53* B[2]-17.22* 
AB[1]+59.46 * AB[2] 

For PC amount (X1), it was found that larger PS was produced by 
using higher amounts of PC compared to smaller amounts of PC. This 
could be related to higher PC amount the viscosity of the system 
increased, hence increased the PS [15]. Further, it was also detected 
from the results that the PS was in agreement with the amount of 
drug entrapped in the nanosystems. Consequently, the increase in 
EE% would give justification for the larger PS of vesicle [22]. 

For SAA type (X2), it was observed that PS augmented in the 
subsequent order P121<P123<P127; this could be related to SAA 
hydrophilicity, as the hydrophilicity of SAA increased the PS 
increase. Aziz et al. stated by increasing SAA hydrophilicity led to 
increasing the water content in the nanosytems with resultant 
increase in PS [18]. 

 

 

Fig. 4: Residual fig. for PS 

 

 

Fig. 5: Effect of phospholipid (X1) and SAA type (X2) on PDI and ZP on SLNs-phospholipid complex 
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PDI 

The width of unimodal size distributions is measured by the PDI. 
Further, PDI was measured and presented in table 2,3 and fig. 5 A-B. 
PDI ranged from 0.454±0.004 to 0.728±0.012. A homogeneous 
dispersion shows a value of 0, whereas a completely heterogeneous 
polydisperse population is indicated by a value of 1. A PDI that is 
considered acceptable should be less than 0.5. The produced 
vesicles' polydispersity indices were often minimal, as can be seen 
from the data, indicating strong homogeneity and a narrow size 
distribution [23]. 

The polynomial equation for PDI is:  

PDI =+0.58+0.022* A+0.065* B [1]-0.12* B[2]-0.062* AB[1]-0.015* 
AB[2] 

Factorial analysis displayed that only SAA type (X2) showed 
significant effect on PDI (p=0.0004), P127 produced the biggest PDI 
then P123, and finally P121. The previous outcomes showed 
agreement of PS results with PDI values; as the PS of transferosomes 
increased PDI subsequently increased this was described previously 
in literature [7]. 

 

 

Fig. 6: Residual fig. for PDI 

 

ZP 

ZP ranged from-39.10±0.001to-50.45±1.15 mV. For electrostatic 
causes, particles with (≥|15|mV) are expected to be stable due to 
steric reasons [24]. The negative charge present in transferosomes 
formulae was due to presence of PC carrying negative charge [25]. 

ZP was measured and presented in table 2,3 and illustrated in (fig. 
5C-D). It is noticeable that both phospholipid amounts (X1) and SAA 
type (X2) significantly influenced the PS of the vesicles with p values 
of 0.0088 and 0.006, respectively.  

The polynomial equation for ZP was as follows:  

ZP (mV) =-42.39-1.32* A-3.68* B [1]+0.52* B[2]-3.05* AB[1]+1.85* 
AB[2] 

For PC amount (X1), it was found that increasing the amount of PC 
increased ZP. It was expected that in a low ionic strength media, the 
polar head group is oriented in a manner that the negatively charged 
phosphatidyl is directed to the out while the positively charged 
choline group is located to the inside, producing a negative charge. 
Hence by increasing the phospholipid amount, the negative 
phosphatidyl group would increase [26]. 

For SAA type, it was found that SAA that produced the smallest 
transferosomes produced the highest ZP values of vesicles due to its 
ability to prevent the aggregation and sedimentation, subsequently 
produced stable vesicles [27]. 

Selection of the optimized formulation 

A set of criteria was first established in the Design Expert® (Stat 
Ease, USA) to choose the best formula. Particles having the highest 
EE%, and lowest PS and PDI were given preference according to 
these parameters. The primary effects of these parameters were 
separately found through the use of Design Expert® to examine the 
experimental data. An analysis of variance (ANOVA) was then 
performed to ascertain the importance of each element. The formula 

that satisfied the predetermined criteria was the best one. The 
optimum LID transferosomes (F2) had EE% of 90.25±1.23%, PS of 
194.50±6.50 nm, PDI of 0.602±0.0005, and ZP of-50.45±1.15 mV. 
The expected and observed responses of were compared and are 
displayed in table 2 to verify the validity of our experiment. There 
was a strong correlation found between the actual and anticipated 
values for the optimum formula F2 that is composed of 200 mg 
phospholipid and P121. 

Characterization of the optimum formula 

In vitro drug release 

Regarding the saturated solubility of LID, the utilization of 
phosphate buffer pH (5.5) (maintained sink condition and the 
saturated solubility was 5.33 greater folds than the aqueous 
solubility of LID. Subsequently pH 5.5 was selected as proper 
medium for in vitro release. 

When expecting a drug's in vivo performance, the release profile is a 
crucial indicator [28]. High surface area and a faster rate of 
disintegration are the outcomes of PS decrease [29]. Q6h for the 
optimum LID transferosomes (F2) and LID solution are displayed in 
fig. 8. Additionally, the results indicated that the optimum LID 
transferosomes contains phospholipids that provide a significant 
(P=0.001) slower release percentage compared to LID solution. The 
release profile of the optimum LID transferosomes proved that 
transfersomes successfully sustain the release over 6 h. Moreover, it 
is a hopeful approach to deliver LID with a reduced frequency of 
administration, which would reduce side effects and enhance the 
management of burns [30]. From fig. 3 it was noticeable the release 
from F2 was fast then significantly (p = 0.01) slower in a prolonged 
way associated to LID solution as lidocaine was entirely released 
from LID solution after 1 h. The aforementioned results might be 
related to, firstly: LID is hydrophilic; therefore its hydrophilic 
characteristics results in better release from LID solution. Further, 
the existence of PC make a drug-PC complex inside the 
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transferosomes, which propose the opportunity of constantly 
releasing LID in a persistent way from transferosomes that proposes 
a store for pain management in burns. 

It is worth observing that the drug solution follows first follows first 
order kinetics with R2 of 0.9827, while it follows diffusion model for 
nano formula with R2 of 0.9928. 

 

 

Fig. 7: Residual fig. for ZP 

 

 

Fig. 8: In vitro drug release for LID and the optimum formula (F2), Notes: Data given in mean 
 

 

Fig. 9: Transmission electron micrograph for the optimum LID transferosomes 
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Morphology of vesicles  

TEM analysis confirmed that LID-transferosomes exhibited a 
uniform morphology with no observable aggregation. The 
morphological shape revealed that they were spherical and had a 
consistent size distribution (fig. 9). The Zetasizer-determined LID 
transferosomes PS correlated with TEM-PS evaluation. 

Effect of storage 

During storage, lipid nanoparticles formulations have a tendency to 
fuse and disintegrate, changing PS, PDI, and ZP. Additionally, these 
modifications result in a decrease in the EE% and medication 
leakage from the vesicles [31]. LID transferosomes (F2) were 
visually inspected for aggregation and appearance changes. 
Furthermore, it was determined what EE% of 89.15±0.93%, PS of 
199.60±1.50 nm, PDI of 0.612±0.01, and ZP of-51.34±2.05 mV, and 
Q6h(%) of 92.00 ±0.07%. After 45 d at 4 °C, statistical analysis 

showed that there was no significant change between the fresh and 
preserved transferosomes in terms of EE%, PS, PDI, ZP and Q6h(%) 
with p values of 0.79, 0.86, 0.32, 0.06, and 0.67 respectively. These 
results suggest that the ideal optimum transferosomes are stable. 

pH measurement 

The inspected pH assessments for optimum LID transferosomes 
ranged from 4.980±0.31 to 5.77±0.34, which is suitable for skin [26]. 

Histopathological study 

Permeation enhancers are thought to be a key barrier to topical 
delivery due to skin irritation [32]. When related to untreated skin 
(group I), examination of group II which were treated with the 
optimum LID transferosomes, respectively, revealed no histological 
changes in epidermal and dermal cells (fig. 10). These results 
showed that the optimum LID transferosomes formulation had a 
tolerable level of acceptability. 

  

 

Fig. 10: Histopathological study for the optimum LID transferosomes(F2) (b) compared to the negative control (a) 

 

Table 6: Score (inflammatory cell count) 

Control group LID transferosomes 
0 0 
0 1 
0 1 

 

CONCLUSION 

In this study, we developed lidocaine transferosomesas a topical 
lidocaine delivery drug for enhancing pain-related wounds. In 
accordance with the factorial design, six formulations were created 
using the thin ethanol injection process. These formulations were 
then utilized to choose the best nano-formula, which had spherical 
morphology, a good drug EE%, minimal PS, and good ZP values. The 
optimum formula was stable during storage period. The in vitro 
release study confirmed the sustained release of lidocaine from the 
optimum formula. Additionally, the in vivo histological investigation 
verified that optimum formula did not cause irritation when applied 
to rat skin. The findings therefore, indicated that since lidocaine 
transferosomes applied topically without any irritation, it could be 
regarded as a potential topical administration strategy. Further, it 
was assumed that topical application of the optimum 
transferosomes lidocaine might contribute to enhance healing, 
improved histological improvement and decreased scar formation. 

In addition, the authors recommended ex vivo skin penetration 
studies, pharmacokinetic evaluation or in vivo efficacy studies in 
burn models to prove that lidocaine transferosomes are 
therapeutically effective in humans.  
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