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1. INTRODUCTION 

 

Acyclovir (ACV) is a class of antiviral medications 

called synthetic nucleoside analogues that mimic guano-

sine, which is defined by its structure (Figure 1). It is a 

first-line drug used to treat infections caused by HSV. ACV 

was approved by the Food and Drug Administration (FDA) 

to treat HSV encephalitis and genital herpes1. Some other 

non-FDA-approved indications are herpes zoster, varicella 

zoster, and mucocutaneous HSV, in which ACV can be 

used. It prevents the synthesis of viral agents by incorpo-

rating itself into the viral DNA2. The bioavailability of 

ACV is about 10-20%, which is considered to be much 

less, and the absorption through the topical route is not 

more than 10%. Therefore, in the current study, ACV is 

being used to get effective therapy, reduced side effects, 

and also reduced the dose of ACV through transdermal 

delivery3. 

In the transdermal delivery system (TDDS), bioactive  

ingredients are delivered across the skin to the systemic 

circulation. The application of drugs to the skin is consi-

dered to be one of the most important target sites4-6. It also 

provides controlled absorption, more uniform plasma 

levels, reduced side effects, painless and simple applica-

tion, and the flexibility of terminating drug administration 

by simply withdrawing it from the skin7-8. 

Microemulgels are dosage forms that have the 

properties of microemulsions as well as emulgels9-11. The 

prepared formulations are known as microemulgels when 

both microemulsion and gel are combined in the dosage 

form12-13. They offer a significant surface area for drug 

absorption, and the oil portion promotes bioavailability by 

enhancing drug permeability. Incorporating microemul-

sion into gel also increases its stability14-16. Microemulgel 

will be a more significant dosage form for the delivery 

of drugs through the transdermal route. 

The current research is to prepare ACV-loaded mi-

croemulgels, which are considered to help reduce the side 
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ABSTRACT 

 

Acyclovir (ACV) is an antiviral drug that is primarily used to treat herpes zoster virus (HSV) infections. 

HSV infections in deeper regions of the skin, i.e., nerve junctions, and appeared as a red spot on the upper part 

of the skin. The objective of the research is to formulate and evaluate an emulgel loaded with ACV microemulsion 

(ME) in order to treat herpes infections and to get effects from the deeper region of the skin. MEs were prepared 

by high-pressure homogenization, and then microemulgels were prepared by the dispersion method. Microemulgel 

characteristics are being determined, and an in vitro diffusion study was performed. In this study, we have developed 

and evaluated an ACV-loaded microemulgel using Carbopol 940 as the gelling agent. The characteristics and 

stability of ACV-loaded microemulgels were studied, and in vitro drug diffusion of the optimized microemulgel, 

i.e., MEG3, was found to be 95±2.4% with a sustained effect for 8 hours. Observation shows that the optimized 

microemulgel has a smaller globule size, and hence it may move to the deeper regions of the skin. Stability studies 

did not show any significant change; hence, it is apparent that the drug substance or product will remain within the 

acceptance criteria during shelf life. It was concluded that the ACV-loaded microemulgel was prepared successfully 

for transdermal delivery. 
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Figure 1. Structure of Acyclovir. 

 

effects caused by the ACV. The formulated microemulgel 

is evaluated to determine its consistency, drug diffusion, 

viscosity, and stability to provide an effective therapy for 

HSV. 

 

2. MATERIAL AND METHODS 

 

2.1. Material 

 

ACV was purchased from Mangalam Drugs & 

Organic Ltd., Mumbai; isopropyl myristate (IPM), Tween 

80, polyethylene glycol 400 (PEG 400), ethanol, Carbopol 

940, glycerine, methyl paraben, propyl paraben, trietha-

nolamine, sodium chloride, potassium chloride, sodium 

phosphate dibasic, potassium phosphate monobasic, 

hydrochloric acid (HCl), and isopropyl alcohol were 

purchased from the Research-Lab Fine Chem Industries, 

Mumbai. The diffusion membrane was purchased from 

Dolphin Pharmacy Instruments Pvt. Ltd, Mumbai. 

 

2.2. Spectroscopic studies 

 

2.2.1. UV spectrophotometric analysis for ACV determi-

nation 

 

UV spectrophotometer (Shimadzu-1800, Shimadzu, 

Kyoto, Japan) was used for the estimation of the λmax of 

the ACV in phosphate buffer solution (pH 7.4) and 

methanol was determined, and the calibration curve was 

plotted by serial dilutions17. The λmax of ACV in a phos-

phate buffer solution (pH 7.4) and methanol was found 

to be 255 nm (Figure 2). The calibration curve in phos-

phate buffer solution (pH 7.4) shows a linearity range of 

2-10 µg/mL, the regression coefficient is 0.996, and the 

standard curve equation is found to be y=0.058x+0.006. 

In methanol, it shows a linearity range of 2-10 µg/mL, 

while the regression coefficient is 0.995, and the standard 

curve equation is found to be y=0.046x+0.040.

 

 

Figure 2. UV spectra in (a) methanol and (b) phosphate buffer solution (pH 7.4). 

 

2.2.2. FTIR Studies 

 

IR analysis has been performed using Fourier-

transform infrared (FTIR) spectrophotometer (IR Affinity-

1, Shimadzu, Kyoto, Japan) on ACV, and the major com-

ponents used in mircoemulgel preparation such as Tween 

80, PEG 400, and Carbopol 940, all the spectra were 

compared with FTIR of the optimized microemulgel 

formulation. FTIR studies are performed for the deter-

mination of compatibility between ACV and excipients 

by determining the standard peaks of drugs and other 

excipients in the FTIR of microemulgel. Previously dried 

solid samples of drug were placed in sufficient amounts 

on the crystal surface to fully cover it; the arm was twisted 

back to the center, and the knob was twisted clockwise 

until it was fixed at this position. For the FTIR of mi-

croemulgel, the semisolid sample of microemulgel was 

placed on the crystal, and the spectrum was recorded over 

a range of wavelengths from 4,000 cm-1 to 400 cm-1 18. 
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2.3. Solubility studies for the screening of components 

 

The solubility of ACV in different solvents and oils 

was determined using a UV-visible spectrophotometer 

(Shimadzu-1800, Shimadzu, Kyoto, Japan)18. The method 

used for the determination of solubility is the shaking flask 

method19. It was carried out by adding an excess amount 

of drug to each vial of a specific solvent and sealing it 

with a stopper. These vials were attached to an orbital 

shaker for 24 hours at a speed of 50 rpm, and a temperature 

of around 37±5°C was maintained throughout the method. 

Each solution from the vials with suitable dilutions was 

prepared by using phosphate buffer solution (pH 7.4) and 

finally was scanned in a UV-visible spectrophotometer 

at 255 nm, and solubility was calculated. Oil, surfactant, 

and co-surfactant have been selected to formulate micro-

emuslions of ACV based on the findings of solubility 

investigations20. The oils used in the research are olive 

oil, castor oil, and IPM, while the surfactant are Tween 

20 and Tween 80, and co-surfactant is PEG 40021. 

 

2.4. Construction of pseudo-ternary phase diagrams 

 

The phase diagram was constructed using the method 

‘Aqueous Titration’ to determine the region of micro-

mulsion. So as to develop a microemulsion, different 

concentrations of water, selected oil, and surfactants and 

co-surfactants were blended22. Briefly, a mixture of oil, 

surfactant, and co-surfactant was prepared. The various 

weight ratios of surfactant to co-surfactant mixture 

(Smix) were taken as 1:1, 1:2, and 1:3. In a water titration, 

oil-phase solutions with surfactant and co-surfactant 

were produced in vials in the following ratios (% w/w): 

1:9, 2:8, 3:7, 5:5, 6:4, 7:3, and 9:123. A small amount of 

purified water, i.e., a 0.1 mL increment, was added to 

the vials. Following each addition, the mixture in vials 

was vortexed for 2-3 min and allowed to equilibrate for 

5 min. After equilibration, the mixtures were examined 

visually for phase separation and transparency24. The 

point at which the mixture became turbid or showed signs 

of phase separation was considered the endpoint of the 

titration. This was allowed to stand overnight to observe 

any change in turbidity25. In order to reduce the turbidity 

of MEs, it was noted that the amount of purified water 

needed as well as the proportions of the oil phase, Smix, 

and aqueous phase were plotted in a pseudo-ternary phase 

diagram using the CHEMIX School 10.00 programme 

(CHEMIX School 10.00, Arne Standnes, Bergen, Nor-

way). The clear, stable, and emulsion zones were identified 

by using a ternary phase diagram26. 

 

2.5. Preparation of ACV microemulsion 

 

The pseudo-ternary phase diagram region for ME 

has been identified, and points from that region were 

chosen so as to cover the complete range of ME deve-

lopment in the phase diagrams with the lowest concen-

tration of surfactant and the most amount of water27. In 

order to develop the microemulsions, 2% w/v of ACV 

was added to the oil phase and stirred on a magnetic 

stirrer for 20 to 30 min while being heated to 30°C to 

40°C until the ACV solubilized in the oil. Additionally, 

a mixture of surfactant and co-surfactant (Smix) was 

prepared, and this Smix was added to the oil phase and 

thoroughly mixed again to get a homogeneous mixture 

of oil, surfactant, and co-surfactant (Table 1)28. Although 

the prepared emulsion is slightly clear, being an emulsion 

that contains globules larger than 500 nm, the prepared 

globule size might be non-homogenous in nature, which 

may not be suitable for transdermal delivery. So to get 

a reduction in globule size and a homogenous mixture 

of the globule size, it is treated with a high pressure 

homogenizer (HPH) (PandaPLUS 2000, GEA Niro Soavi, 

Italy) for the appropriate transdermal delivery. Hence, 

with the utilization of HPH, the globule size was further 

reduced to the nanosize of the formulated MEs. According 

to the reports, the pressure was tested on a placebo of 

microemulsion at 100, 200, 300, and 400 bars; since 400 

bars lead to a smaller globule size, 400 bars was consi-

dered to be the ideal pressure for further experiments29. 

 

2.6. Characterization of ACV microemulsion 

 

2.6.1. Drug entrapment efficiency 

 

The centrifugation method was used to estimate the 

amount of ACV contained in ME. The supernatant was 

collected  after  2  mL  of  ME had been centrifuged for  

 
Table 1. Formulation table of nanoemulsion from pseudo ternary phase diagram. 
 

Batch Code IPM (mL) Smix Water (mL) 

  Tween 80 (mL) PEG 400 (mL)  

ME1 10 20 20 50 

ME2 10 25 25 40 

ME3 10 30 30 30 

ME4 15 20 20 45 

ME5 15 25 25 35 

ME6 15 30 30 25 

ME7 20 20 20 40 

ME8 20 25 25 30 

ME9 20 30 30 20 
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20 min at 5,000 rpm in a centrifuge tube, and a dilution 

was made in a 10 mL volumetric flask. Additionally, the 

volume was made up with methanol, scanned in a UV-

visible spectrophotometer (Shimadzu-1800, Shimadzu, 

Kyoto, Japan) at 255 nm, and calculated30. 

 
Drug Entrapped

Total Drug added
×100=Entrapment Efficiency         Eq. (1) 

 

2.6.2. Thermodynamic stability of ME 

 

The selected formulations were subjected to a ther-

modynamic stability study to assess their physical stabi-

lity31. These studies were carried out with three different 

tests: the heating and cooling cycle test, the centrifugation 

test, and the freeze-thaw cycle test. During the heating 

and cooling cycles, the ME passed through six cycles 

between refrigerator temperatures of around 4°C and 

heating temperatures of around 40°C, with a storage 

period of 48 hours. In the centrifugation test, ME was 

subjected to centrifugation for 30 min at 5,000 rpm. In 

the freeze-thaw cycle, ME was kept in a deep freezer at 

-20°C for 24 hours, and after 24 hours, it was removed 

and kept at room temperature31. Further evaluation of 

ME is carried out on the specific ME that passed the 

thermodynamic stability test. 

 

2.6.3. Globule size analysis and polydispersibility index 

(PDI) 

 

The selected ME from the thermodynamic stability 

investigations is analysed for globule size and PDI to 

assess the globule size and homogeneity of the ME using 

the Malvern ZS instrument (Malvern ZS3000, Malvern 

Instrument Ltd, Worcestershire, United Kingdom)32. 

 

2.6.4. Zeta potential 

 

The ME’s zeta potential was calculated using the 

Malvern ZS instrument (Malvern ZS3000, Malvern 

Instrument Ltd, Worcestershire, United Kingdom), which 

offers data on the stability of the ME and was selected 

based on thermodynamic stability tests of the optimized 

batch32. 

 

2.6.5. Transmission electron microscopy (TEM) 

 

Microscopy of the globules of the selected ME from 

the thermodynamic stability studies was carried out using 

TEM (Tecnai G2 spirit biotwin, FEI Company, Nether-

land). ME was dropped on a carbon-coated grid that was 

positioned on a paraffin sheet, and the sample was kept 

on the carbon substrate to get the micro globules to adhere 

to it. Then phosphotungstate staining is applied to the grid 

for 20s. The prepared sample dried under the IR lamp, 

and then photographic images were captured by TEM33. 

 

2.7. Preparation of microemulgel 

 

Using a dispersion approach, an ACV-loaded micro-

emulgel was developed by adding the ACV microemul-

sion to a hydrogel34. Carbopol 940 was used as a gelling 

agent in the preparation of the hydrogel. In order to make 

hydrogel, Carbopol 940 is appropriately weighed, dis-

solved in water while being stirred, and then the liquid 

is allowed to sit for 24 hours to allow for swelling35. For 

gel consistency, glycerin was added as necessary, and 

methyl and propyl parabens were added as preservatives36. 

Triethanolamine (1 mL) was added to the resulting 

microemulgel to neutralise it, and then the mixture was 

agitated to achieve transparency (Table 2)37.

Table 2. Formulation of an ACV-loaded microemulgel. 
 

Sr. No Ingredients Formulation 
  MEG 1 MEG 2 MEG 3 

1 Carbopol 940 (g)   1.00   1.50   2.00 

2 Optimized ACV (400 mg) ME (mL) 42.11 42.11 42.11 

3 Methyl Paraben (%w/w)   0.02   0.02   0.02 

4 Propyl Paraben (%w/w)   0.01   0.01   0.01 

5 Triethanolamine (mL)   1.00   1.00   1.00 

6 Glycerin (mL)   2.00   2.00   2.00 

7 Distilled Water (mL)            50.00           50.00           50.00 
 

*MEG: Microemulgel 

 

2.8. Characterization of an ACV-loaded microemulgel 

 

2.8.1. Appearance 

 

The appearance of all the prepared microemulgels 

was checked visually for the presence of any aggregates 

or clumps. Microemulgels were evaluated by visualiza-

tion to evaluate the presence of any visible particulate 

matter38. 

2.8.2. Texture analysis 

 

The TA.XT Plus instrument (TA.XTplus100C, Stable 

Micro System, Godalming, United Kingdom) is attached 

to the load cell. A 75-mm-diameter compression disc 

was used to compress a cylindrical shape of gel. TA.XT 

plus instrument was used to analyse the firmness and 

cohesiveness of the microemulgel in order to identify its 

textural characteristics. 
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Firmness: The maximum force achieved during the 

disc’s downward movement denoted firmness. 

Cohesiveness: Cohesiveness was defined as the 

amount of force required to raise the disc upward, which 

reflected a measure of the formulation's capacity to stick 

to the disc. 

 

2.8.3. Determination of pH 

 

The pH value of the prepared microemulgel was 

measured using a digital pH meter (EQ-610, Equiptronics, 

Sai Lab, India) that was calibrated before measurements39. 

 

2.8.4. Determination of viscosity 

 

The viscosity of the microemulgel with spindle 

number 93 of the T-series (Helipath) was measured using 

the Brookfield viscometer (DVT2 model, Brookfield 

Engineering Laboratories, Middleboro, USA). Viscosity 

measurements were carried out at 25°C, and the speed of 

the spindle was set to be 20 rpm. 

 

2.8.5. Determination of spreadability 

 

Using a modified wooden block and glass slide 

apparatus, spreadability was determined. It consists of a 

pulley at one end that provides a wooden block. A glass 

slide was fixed to the wooden block. 1 g of microemulgel 

was spread over the ground slide40. Microemulgel was 

squeezed between the ground slide and another glass 

slide, and then weight was applied to the slide to form a 

uniform film of the microemulgel between the slides41. 

Additional microemulgel was scraped from the edges. 

Using the string tied to the hook to support a weight of 

20 g, the top slide was then moved down a distance of 

7.4 cm, and the time it took to do so was recorded and 

calculated42. 

 

2.8.6. Determination of extrudability 

 

For determination of extrudability, a closed collap-

sible tube containing amicroemulgel of 20 g was pressed 

firmly at the curved end of the tube. The microemulgel 

was extruded from the tube as the cap was removed. The 

amount of the extruded microemulgel was collected and 

weighed, and then the percentage of the extruded micro-

emulgel was calculated43. 

 

2.8.7. % drug content 

 

1 g ofmicroemulgelwas dissolved in a beaker con-

taining Phosphate buffer solution (pH 7.4). The solution 

was sonicated for 3 cycles to ensure maximum drug 

dilution in the solvent. The sonicated solution was filtered, 

and 1 mL of filtrate was diluted into 20 mL of Phosphate 

buffer solution (pH 7.4). A UV-visible spectrophotometer 

(Shimadzu-1800, Shimadzu, Kyoto, Japan) set to 255 nm 

was used to measure the drug content44-45. 

 

2.8.8. In vitro drug diffusion study 

 

A simple diffusion cell (Diffusion cell, Dolphin Phar-

macy Instruments, Mumbai, India) was used to complete 

the in vitro drug release study. The cellophane membrane 

was mounted between the donor and the receptor com-

partments. The donor medium contained 1 g of ACV-

loaded microemulgel, and the receptor compartment was 

filled with 40 mL of phosphate buffer solution (pH 7.4), 

while the temperature was set at 37±2°C. At different 

intervals, the aliquot samples were pulled out of the 

receptor compartment and replaced with fresh receptor 

medium in order to maintain the sink condition. Aliquot 

samples were filtered and then analysed for drug content 

by a UV-visible spectrophotometer (Shimadzu-1800, 

Shimadzu, Kyoto, Japan). The cumulative amount of drug 

release was determined as a function of time, and the 

release rate was calculated46-48. 

The obtained release profiles were analyzed using 

model-dependent methods such as the Zero-order, First-

order, Higuchi, Korsmeyer-Peppas, and Hixon-Crowell 

models. 

The Zero-order kinetics model is as follows: 

 

               mt=mb+ k0t                                           (Eq. 2) 

 

Where, mt=Amount of drug release over time t 

             mb=Amount of drug in solution before release 

             k0=Zero-order rate constant 

The First-order kinetics model is as follows: 

 

               In(m
0
-mt)=In(m

0
)-k1t                           (Eq. 3) 

 

Where, mt=Amount of drug release over time t 

            m0=Amount of drug in solution before dis-

solution 

             k1=First-order rate constant 

The Higuchi model is as follows: 

 

                    mt=kHt
0.5                                        (Eq. 4) 

 

Where, kH=Higuchi rate constant 

The Korsmeyer-Peppas model is as follows: 

 

                   log
mt

m∞
= log kS +nlogt                        (Eq. 5) 

 

Where, m∞=Amount of drug release after infinitive 

time 

            kS=Korsmeyer-Peppas rate constant 

n=It is the parameter indicating drug release mecha-

nism 

The Hixon-Crowell model is as follows: 
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                   √m0
3

-√mi
3 =kHCt                                 (Eq. 6) 

 

Where, mi=Amount of drug left in the formulation 

over time t 

kHC=Hixon-Crowell rate constant 

 

2.8.9. Stability study 

 

The stability studies are carried out as per ICH 

guidelines Q1A (R2). Stability studies were performed 

according to ICH guidelines Q1A (R2) by keeping the 

optimized microemulgel at a temperature and relative 

humidity of around 40±2°C and 75±5%RH for a period 

of 3 months49-51. Samples from the microemulgel, which 

is kept for inspection, were withdrawn at definite time 

intervals52. The withdrawn samples were studied for 

changes in appearance, pH, spreadability, extrudability, 

drug content, and in vitro drug diffusion53. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Selection and screening of ME components 

 

3.1.1. Screening of oil 

 

Oil was screened based on its solubility, and it was 

also found to be non-toxic in nature for topical delivery. 

During studies, it was found that isopropyl myristate 

(IPM) has the highest solubility, while olive oil and castor 

oil show less solubility as compared to IPM (Table 3). 

Thus, the study demonstrates that the IPM will be prefer-

able for the preparation of ME. 

 

3.1.2. Screening of surfactant and co-surfactant 

 

The surfactants selected should be less toxic in 

nature. Non-ionic surfactants are found to be less toxic 

in nature and also have low crtical micelle concentration. 

Hydrophilic-lipophilic balance (HLB) is also an important 

factor in the consideration of surfactants. Some of the 

reports state that the required HLB value to form ME 

should be greater than 1054. The proper combination of 

surfactant and co-surfactant leads to the formation of 

stable ME. Therefore, the nonionic surfactant tween 80 

was selected (HLB value 15) as compared to tween 20. 

Experimental results also state that the solubility of ACV 

in tween 80, i.e., 15.7±0.57 mg/mL, is higher than in tween 

20 (11.2±0.48 mg/mL) (Table 3). Nonionic surfactants were 

found to be less effective at lower pH of the formulation54. 

The miscibility of the proper amount of surfactant and 

oil gives clear MEs. A low volume of surfactant and co-

surfactant is used to get stable ME. PEG 400 was selected 

as a co-surfactant because it has a high solubilizing capa-

city of ACV, i.e., 18.3±0.79 mg/mL (Table 3), and it also 

has good permeation ability, which helps in permeation 

during topical delivery55.

 
Table 3. Solubility of ACV in different solvents, surfactants, and co-surfactants. 
 

Sr. No. Solvent  Solubility (mg/mL) 

1. Olive oil   2.1 ± 0.12 

2. Castor oil   2.3 ± 0.19 

3. IPM   2.8 ± 0.23 

4. Tween 20 11.2 ± 0.48 

5. Tween 80 15.7 ± 0.57 

6. PEG 400 18.3 ± 0.79 
 

*Note: All the studies were carried out in triplicate 

 

3.2. FTIR analysis 
 

FTIR studies are carried out to study the compatibi-

lity between the major components used in mircoemulgel 

preparation, which are Tween 80, PEG 400, and Carbopol 

940, as compared with ACV. 

In the Figure 3, FTIR of the drug shows the charac-

teristic peaks at 3,306 cm–1 that attribute to O-H stretching; 

C-O stretching was observed at 1,719 cm–1, at 3,523 cm–1 

NH2 stretching was observed; and C-N stretching was 

observed at 1,632 cm-1. These characteristic peaks observed 

indicate the conformation and purity of the drug. 

In the Figure 3, FTIR of the optimized formulation 

studied for compatibility studies shows the peaks at 3,308 

cm–1 attribute to the O-H stretching, the peak observed 

at 1,711 cm–1 shows the C-O stretching, NH2 stretching 

was observed at 3,517 cm-1, and the peak observed at 

1,634 cm-1 shows the characteristic peak of C-N stret-

ching. These observed peaks in the optimized formulation 

are found to be matched with the peaks observed in the 

FTIR of the drug. Other peaks observed are 1,735 cm-1, 

which might resemble the C=O stretching of tween 80; 

a peak at 1,249 cm-1 may attribute to the C-O-C stret-

ching of PEG 400; a peak observed at 1,296 cm-1 may 

attribute to the C=O stretching of PEG 400; and a peak at 

802 cm-1 may resemble the C=C stretching of Carbopol 

940. 

These FTIR studies estimate that there were no 

interactions between the ACV and excipients. Hence, it 

states that the drug and excipients are compatible with 

each other within the formulation (Figure 3). 
 

3.3. Construction of a Pseudo-Ternary Phase Diagram 
 

The screening of ME components for oil selection, 

surfactant, and  co-surfactant was previously discussed. 
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Figure 3. FTIR spectrum of the ACV, Tween 80, PEG 400, 

Carbopol 940, and Microemulgel. 

 

Additionally, the selection of the amount of oil, surfactant, 

and co-surfactant was analysed and determined by using 

a pseudo-ternary  phase  diagram  to  get a proper, stable, 

and clear ME and to minimize the runs for the prepara-

tion of ME. A pseudo-ternary diagram is plotted using 

CHEMIX School 10.00 programme (CHEMIX School 

10.00, Arne Standnes, Bergen, Norway). Observations 

from the prepared phase diagram demonstrate that the 

region found in the diagram is suitable for the preparation 

of ME, while the ratio is found to be 1:1 for tween 80 and 

PEG 400 because it shows the broadest area in the diagram 

and might show maximum solubilizing capacity as per 

solubility studies (Figure 4). 

 

 

Figure 4. Pseudo-Ternary Phase Diagram for IPM, Smix, and Water. 

 

3.4. Characterization of ACV Microemulsion 

 

3.4.1. Entrapment efficiency and physical appearance of 

ME after 24 hours 

 

According to the pseudo-ternary phase diagram, the 

batch was prepared, and the entrapment efficiency of 

formulated batches shows that the percentage of entrap-

ment is about 78.64% to 91.20%. The highest entrapment 

was shown by batches ME2 and ME8 because ME2 and 

ME8 consist of a Smix concentration of about 50% of 

the formulation, which makes stable and intact globules 

and thus will not diffuse the drug into water during the 

preparation method of microemulsions60. Hence, this 

might be the reason for the highest entrapment in ME2 

and ME8 as compared to the other MEs. Formulations 

ME2 and ME8 also show a clear appearance after 24 

hours of preparation, while other batches do not show 

transparency for selection for further studies (Table 4). 

Some of the MEswere found to have phase separation 

after being kept for several days and hence ME2 and 

ME8 were selected for further studies. 
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Table 4. %EE and observation after 24 hours of prepared MEs. 
 

Batch code Observation after 24 hours Entrapment Efficiency (%) 

ME1 Hazy 87.26 ± 1.7 

ME2 Clear 91.20 ± 1.9 

ME3 Almost Clear 81.02 ± 1.6 

ME4 Hazy 84.24 ± 1.8 

ME5 Almost clear 78.64 ± 2.1 

ME6 Hazy 86.38 ± 1.8 

ME7 Almost clear 81.42 ± 1.9 

ME8 Clear 90.40 ± 2.4 

ME9 Hazy 85.30 ± 2.2 
 

*Note: All the studies were carried out in triplicate 

 

 

Figure 5. Thermodynamic stability study of ME2 and ME8. 

 

3.4.2. Thermodynamic stability of MEs 

 

From the above test, it was found that ME2 and 

ME8 were stable batches as per appearance and showed 

no separation of phases during storage. Therefore, ME2 

and ME8 were subjected to thermodynamic stability 

studies. The thermodynamic stability of batches ME2 and 

ME8 was tested to ensure their stability at various tempe-

ratures. ME2 was found to be a more stable batch as it 

passed all the conditions of heating and cooling cycles, 

centrifugation, and freeze-thaw cycles and showed no 

phase separation, while ME8 passed the conditions of 

heating and cooling cycles and centrifugation but showed 

phase separation in freeze-thaw conditions (Figure 5). 

According to this observation, batch ME2 was more 

stable than batch ME8. 

As a result of the thermodynamic stability test, the 

ME2 formulation is considered to be more physically 

stable. 

 

3.4.3. Globule size and PDI 

 

The PDI of the ME2 was found to be 0.262, indicating 

a narrow size distribution. The average globule size of 

the ME2 was discovered to be 227.4±16.24 nm, 

demonstrating that the globules are less than 250 nm in 

size (Figure 6a). In addition, reports claim that the oil 

concentration affects the globule size; the greater the oil 

concentration, the larger the globule size61. Our work 

also shows that modest amounts of oil produce globule 

sizes less than 250 nm62. This indicates that the desired 

globule size was achieved, and it helps to permeate the 

drug through the skin61-62. 

 

3.4.4. Zeta Potential 

 

The Zeta potential study found that theME is 

negatively charged. The zeta potential result of ME2 

showed a value of -31.2±4.12 mV (Figure 6b). Reports 

indicate that the value above or below ± 30 mV indicates 

a highly stable formulation63. 

 

3.4.5. TEM 

 

A TEM study of ME2 was conducted, and the results 

show that the morphology of the globules was spherical 
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Figure 6. a) Globule size and b) Zeta potential of ME2. 

 

in shape. Additionally, a significant number of globules 

were discovered to be less than 260 nm, which has already 

been covered in the globule size analysis. The TEM study 

confirms that the prepared ME has the desired globule 

size, and no agglomeration of globules is found between 

them, which states that ME is in stable form (Figure 7). 

So, from the above results for ME2, it is found that 

ME2 has suitable characteristics for the delivery of 

ACV through the transdermal route. Hence, ME2 is 

considered ideal for the preparation of microemulgels. 

 

3.5. Evaluation of ACV-loaded Microemulgel 

 

3.5.1. Appearance 

 

All  the  prepared  formulations  of  microemulgels 

showed a good appearance and were free from any parti-

culate matter (Table 5). 

 

3.5.2. Texture analysis 

 

Texture analysis was performed to evaluate the 

firmness and cohesiveness of the microemulgels. The 

firmness of MEG3 was found to be 60.12±0.49 g, while 

for MEG2 and MEG1, it was found to be 58.28±0.78 g 

and 57.48±0.76 g, respectively. The MEG3 shows high 

consistency, and the cohesiveness obtained is -38.47± 

0.71 g as compared to the MEG2 and MEG1, which show 

less cohesiveness, i.e., -49.11±0.47 g and -56.34±0.42 g, 

respectively. Results suggest that the firmness and cohe-

sive nature of MEG3 are high. Thus, the above outcomes 

suggest  that  microemulgel  will  be  capable  of  having 
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Figure 7. TEM microscopic photography of ME2. 

 

Table 5. Formulations of microemulgels and their evaluated parameters. 
 

Formulation Appearance Firmness Cohesiveness pH Viscosity Spreadability Extrudability Drug content 

  (g) (g)  (cps) (g.cm/s) (%) (%) 

MEG1 ++ 57.48 ± 0.76 -56.34 ± 0.42 6.93 46248 ± 37.21 5.92 ± 0.28 80.87 ± 1.25 97.45 ± 1.14 

MEG2 +++ 58.28 ± 0.78 -49.11 ± 0.47 6.98 46457 ± 69.17 3.52 ± 0.18 83.14 ± 1.91 98.14 ± 1.34 

MEG3 +++ 60.12 ± 0.49 -38.47 ± 0.71 7.05 46669 ± 48.31 2.74 ± 0.08 85.37 ± 1.64 98.79 ± 1.08 
 

*Note: All the studies were carried out in triplicate. 

MEG: Microemulgel 

+: Turbid 

++: Clear 

+++: Very Clear 

 

appropriate spreadability on the skin and ease of appli-

cation, while it might not cause difficulty during extrusion 

from the container58. 

 

3.5.3. pH 

 

The pH of all the formulated microemulgels was 

found to be in the range of 6.93 to 7.05. The normal and 

acceptable range of the skin is 6 to 7.464. Hence, all 

microemulgels have an acceptable pH range (Table 5). 

 

3.5.4. Viscosity 

 

The measurements of the viscosity of the prepared 

microemulgels were carried out. MEG3 shows a high 

viscosity of about 46,669±48.31 cps as compared to 

MEG1, and MEG2 shows 46,248±37.21 cps and 46,457± 

69.17 cps, respectively (Table 5). Thus, the study demon-

strates that the viscosity increases with an increase in the 

concentration of Carbopol 940. 

 

3.5.5. Spreadability 

 

Based on calculations, it has been discovered that 

the spreadability of designed gel microemulgels lies 

between 2.74 and 5.92 g.cm/s (Table 5). These results 

clearly state that the MEG3 has a minimum spreadability 

effect while covering a smaller area and might show a 

targeted effect as compared to the MEG1 and MEG2. 
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3.5.6. Extrudability 

 

The extrudability of MEG3 shows maximum extru-

dation, i.e., 85.37±1.64% of microemulgel from the 

collapsible tube, when the force is applied, while MEG1 

and MEG2 have less extrudation, about 80.87±1.25% 

and 83.14±1.91%, respectively (Table 5). 

 

3.5.7. % drug content 

 

The drug content of the microemulgel does not vary 

much, ranging from 97.45% to 98.79% (Table 5). MEG3 

shows a high percentage of drug content in comparison 

with MEG1 and MEG2. 

 

3.5.8. In vitro diffusion study 

 

Membrane diffusion was used to determine the in 

vitro release studies of the microemulgel formulation 

using a simple diffusion cell. Phosphate buffer solution 

(pH 7.4) (solubility: 2.21 mg/mL) was used for the receptor 

compartment during the release tests, and microemulgel 

was used for the donor compartment throughout the 

duration of the experiment, up to the point at which ACV 

was released to its maximum level. Results state that the 

percentage of drug released is found to be in the order 

MEG3>MEG2>MEG1, while the sustaining period is also 

found to be in the same order. The MEG3 had the longest 

sustaining time, which was 8 hours with a 95±2.4% 

released (p<0.05), while the MEG2 and MEG1 had dura-

tions of sustained release of ACV of 7 hours with an 

81±2.3% released and 6 hours with a 75±2.8% released, 

respectively (Figure 8). In MEG3, the concentration of 

Carbopol is high as compared to MEG2 and MEG1, 

which might affect the sustaining effect of ACV release. 

An increase in Carbopol concentration forms a compact 

matrix-like structure, which will release the ACV at a 

slow pace and provide sustained release65.

 

 

Figure 8. In vitro drug release of ACV from microemulgel in phosphate buffer solution (pH 7.4) (n=3, mean±S.D., *p<0.05). 

 

Drug release kinetics study 

 

DD solver software was used to apply kinetic models 

to determine the ACV release from the microemulgel. 

From the above findings the best fit model for the 

prepared formulation is Korsmeyer-Peppas model as the 

R2 values is close to the 1. As the Korsmeyer-Peppas 

models is much more suitable for the unknown drug 

release mechanism from the polymeric matrix. The model 

suggest that the drug release involves two mechanisms 

are polymer relaxation and diffusion. The n value of the 

MEG proposed that the drug release is non-Fickian 

because n<1 in which release is governed by diffusion and 

swelling from the MEG (Table 6)62. Also release rate 

constant does not showing any significant differences 

within the MEG thus it considers that the prepared for- 

mulation is following the Korsmeyer-Peppas model. 

From the above results of prepared microemulgels, 

MEG3 was found to be the best preparation, as it shows 

better results compared with other microemulgels. Hence, 

MEG3 is considered an optimized microemulgel and 

further loaded for the stability study. 

 

3.5.9. Stability Study 

 

The stability studies of the ACV-loaded microemulgel 

were estimated for the optimized formulation, MEG3. 

From the study, it was observed that there was no change 

in appearance, texture charateristics, pH, viscosity, 

spreadability, extrudability, or drug content (Table 7). 

As observed, the accelerated data for any attribute did not 

show any significant change over time, making it apparent 

that the drug substance or product will remain within the 

acceptance criteria. 
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Table 6. Release rate constants and R2 values of the formulated microemulgel. 
 

Formulation  Zero order First order Higuchi Korsmeyer-Peppas Hixon crowell 

Code R2 k0 R2 k1 R2 kH R2 kS n R2 kHC 

  (%/h)  (h-1)  (%/h1/2)  (h-n)   (%1/3/h) 

MEG1 0.957 12.00 0.934 0.22 0.858 29.93 0.960 16.47 0.83 0.956 0.06 

MEG2 0.949 11.13 0.899 0.16 0.793 24.20 0.953 12.27 0.76 0.922 0.04 

MEG3 0.957 12.11 0.933 0.22 0.892 30.01 0.971 19.38 0.85 0.964 0.07 

 

Table 7. Stability study data of MEG3. 
 

Formulation Code MEG3 

Storage Condition 40 ± 2ºC; 75 ± 5 %RH 

Time Interval (Days)  0  30  60  90 

Appearance  +++  +++  +++  ++ 

Firmness (g)  60.12 ± 0.49  60.05 ±0.41   59.83 ± 0.37   59.80 ± 0.31 

Cohesiveness (g) -38.47 ± 0.71 -38.31 ± 0.42 -37.97 ± 0.56 -37.69 ± 0.49 

pH   7.05   7.00  7.00   6.98 

Viscosity (cps)   46669 ± 48.31   46621 ± 39.58  46618 ± 34.26   46596 ± 34.11 

Spreadability (g.cm/s)    2.74 ± 0.08    2.68 ± 0.06   2.67 ± 0.04    2.59 ± 0.04 

Extrudability (%)  85.37 ± 1.64  85.27 ± 1.48  84.91 ± 1.52  84.88 ± 1.36 

Drug Content (%)  98.79 ± 1.08  98.64 ± 1.10  98.29 ± 1.05  97.96 ± 1.10 

In vitro Released (%) 0 hours   0.24   0.20   0.19   0.17 
 1 hours  15.3 ± 1.4  15.1 ± 1.2  14.8 ± 1.4  14.7 ± 1.4 
 2 hours  22.6 ± 2.4  21.9 ± 2.4  21.6 ± 2.4  21.4 ± 2.4 
 3 hours  34.7 ± 2.8  33.4 ± 2.6  32.9 ± 2.8  32.1 ± 2.8 
 4 hours  58.2 ± 2.1  57.4 ± 2.2  56.9 ± 2.1  56.4 ± 2.1 
 5 hours  69.1 ± 2.9  68.1 ± 2.7  67.3 ± 2.9  66.2 ± 2.9 
 6 hours  77.5 ± 2.7  76.8 ± 2.4  76.2 ± 2.7  75.3 ± 2.7 
 7 hours  89.2 ± 2.2  88.6 ± 2.1  86.9 ± 2.2  86.1 ± 2.2 
 8 hours  95.1 ± 2.4  94.4 ± 2.6  93.8 ± 2.4  93.1 ± 2.4 

 

4. CONCLUSION 

 

In current research work, ACV-loaded micro-

emulgels were prepared productively by using a high-

pressure homogenizer. Further, the microemulgel was 

prepared by incorporating ACV microemulsion. The ME 

formulation showed good results for globule size, zeta 

potential, and drug entrapment efficiency. Optimize 

microemulgel showed effective results in appearance, 

viscosity, pH, spreadability, extrudability, drug content 

and also in vitro diffusion of microemulgel was con-

ducted and showed drug release maximum at 8 hours 

with a release of more than 95±2.4%, which indicates that 

ACV is capable of showing better therapeutic efficacy. 

The transdermal delivery of ACV using microemulgel 

has been proven to be effective for treating several 

diseases, and microemulgel shows tremendous potential 

and will have good clinical implications in the future. 
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