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Purpose: Fusidic acid (FA) and sodium fusidate (SF) have problems in their skin penetration

and stability resulting in a reduction in their potency; therefore, the objective of this study was to

develop FA and SF nanoemulgels to improve the antibacterial activity of the drugs.

Methods: FA and SF nanoemulgel formulations were prepared by the incorporation of FA and

SF nanoemulsions with Carbopol hydrogel. First, the drugs were screened for their solubility in

different oils and surfactants to choose the suitable oil and surfactants for the drugs, and then the

drug nanoemulsion formulations were prepared by a self-nanoemulsifying technique using

Tween 80, Span 20 and pine oil. The drug nanoemulgels were evaluated for their particle size,

polydispersity index (PDI), rheological behaviour, drug release and anti-microbial activity.

Results: Based on the solubility test, pine oil was the best solubilising oil for both drugs,

Tween 80 and Span 20 showed the highest solubilising ability for both the drugs among the

surfactants; therefore, they were chosen as surfactant and co-surfactant, respectively. The

optimum self-nanoemulsifying formulations showed a particle size for fusidic acid and

Sodium fusidate of 140.58 nm and 151.86 nm respectively, and both showed a low PDI

below 0.3. After incorporating both drug SNEDDS formulations with Carbopol at different

concentrations, the results of the drugs particle size and PDI showed no significant differ-

ence. The zeta potential results for both drugs nanoemulgels showed a negative potential

with more than 30 mV. All nanoemulgel formulations showed pseudo-plastic behaviour with

the highest release pattern at 0.4% Carbopol. The antibacterial activity of both drug nanoe-

mulgel formulations showed superiority over the market product.

Conclusion: Nanoemulgel is a promising delivery system for FA and SF that helps in

improving the stability and antibacterial activities of the drugs.
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Introduction
Nanotechnology is a field focused on creating materials with new functional and

beneficial characteristics through controlling of the structure\sequence of material at

the nanometre size;1,2 the field is also concerned with the development of nanotechnol-

ogy support improvements for new treatments for various diseases.3 Nanoemulsion is

a novel delivery system, which is one of the growing technologies for drugs and

lipophilic materials. Nanoemulsion is named due to its droplet sizes which range

between 20 nm and 200 nm. Nanoemulsions have been used in the pharmaceutical

field as a drug delivery system through various systemic routes such as oral, topical and

parenteral nutrition.4
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The technique of nano-emulsification has come from

various modifications and improvements in the limitation

routes faced through the drug delivery processes.5 The term

comes from the incorporation of nanoemulsion and hydro-

gel. Obtaining better stability of a nanoemulsion due to the

gelling system by the reduction of the surface and interfa-

cial tension and a better topical administration by enhancing

the viscosity of the aqueous.6,7 Moreover, nanoemulgel,

which basically includes gel, shows an improvement in

thixotropic properties, non-greasy, easily spreadable, easy

to remove, not staining, water-soluble, emollient, longer

shelf life and an agreeable appearance.6,8 The formulation

eliminates the difficulty of spreading and supports patient

compliance in administration since is not sticky.9

Antimicrobial resistance is considered a major public

health problem with the second-leading cause of deaths

worldwide. World Health Organization (WHO) expressed

serious concern regarding an increase in antimicrobial resis-

tance rates in recent years.10 This leads to the need of new

strategies to either develop of new antibiotics or enhance-

ment of the effectiveness of existing antibiotics. Therefore,

several studies provide an overview on the management

of microbial infection and antimicrobial resistance.

Nanostructured materials are one of these strategies which

are being developed to overcome some types of bacterial

resistance. Therefore, Nanoparticles may offer a promising

solution as they can not only combat bacteria themselvesو

but can also act as carriers for antibiotics by circumvent drug

resistance mechanisms in bacteria and assist in the delivery

of novel drugs.11,12

Fusidic Acid (FA) is derived from fusidium coccineum,

which is a fungus that was originally isolated in 1962 from

monkey faeces.13,14 Fusidic Acid (FA) has a bacteriostatic

activity and is available in many formulations such as oral,

topical, and parenteral formulation for various treatments

for infection. In contrast, many adverse effects are related

to oral and parenteral routes, including gastrointestinal and

liver upset, hepatotoxicity, diarrheal, phlebitis and rhabdo-

myolysis. This leads to a reduction in its therapeutic effi-

cacy at the target site due to systematic distribution and

absorption of FA to different organs of the body.15,16 There

are many problems linked with topical routes such as poor

spreadability and dermal penetration, local irritation, and

sub-optimal efficacy.17–20

Sodium fusidate which inhibits bacterial protein synth-

esis is Staphylococci, including penicillinase producing and

methicillin resistant strains.21 With the exception of the

Neisseriae and Bacteroides spp., Gram-negative bacteria

are insensitive to sodium fusidate. Gram-positive organisms

highly sensitive to this drug include N. asteroides,

A. israelii, Clostridium spp, and C. diphtheriae.22

Fusidic acid (FA) and sodium fusidate (SF) are available

in the market as cream or ointment formulation, which have

low absorption and penetration through the skin layers, and

do not last for a long time on the skin. Our challenge is to

make a formulation with better stability, spreadability,

absorption and penetration with a minimal concentration

and little irritation. Our formulation is nanoemulgel.

When dealing locally with infectious diseases the per-

cutaneous forms of antibiotics are often used. Several pene-

tration-promoting agent23,24 and particle sizes have been

studied,25 and various formulations as liposomes,26 oint-

ments and creams27,28 and gels29–32 have been inspected

and applied to improve skin penetration. Therefore, the

application of nanoparticles is expected to improve the

drug penetration through the skin, and local DDSs which

have used it have the potential for extensive clinical use. In

contrast, nanoparticle skin uptake can be affected by differ-

ences in particle size, the retention time during circulation

and the possibility for adherence and degradation.33 The

objective of our study is to develop topical fusidic acid and

sodium fusidate nanoemulgel formulation and evaluate

their antimicrobial activity.

Materials and Methods
Materials
Fusidic Acid, Sodium Fusidate, Fusylin cream (Market pro-

duct of Fusidic Acid) and Fusylin ointment (Market product

of Sodium Fusidate) were kindly gifted to the researchers by

Jerusalem Pharmaceutical company–Palestine. Tween 80,

Span 20, glycerol, Tween 20, Span 80, ethanol and

Carboxyvinyl polymer (Carbopol 940) were purchased

from CBC Co., Ltd., Japan. Pine oil, olive oil and paraffin

oil were obtained from the AL-Shams company, Palestine.

Wavelength Screening for the Drugs (FA,

SF) Using UV Spectrophotometer
Scanning of the optimum wavelength for FA and SF, the

samples were prepared using 10 mL of methanol and 0.02

g of the active ingredient (FA and SF). The samples were

then mixed using a vortex mixer to ensure the homogene-

ity of the samples; the absorbance was determined using

a UV spectrophotometer (Jenway 7315-spectrophotometer,

United Kingdom) at a wavelength range of 200–600 nm.
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Solubility Screening of FA and SF in Different

Oils and Surfactants
The solubility of the active ingredients (FA and SF) was

determined by dissolving FA and SF in different oils

(olive oil, paraffin oil, pine oil and corn oil) and surfac-

tants (glycerol, Tween 20, Tween 80, Span 20 and Span

80) at a concentration of 2%. The mixture vials were kept

in an isothermal shaker (Nirmal International, Delhi,

India) at 25 ±1.0°C for 72 h until they reached equili-

brium. The supernatant of equilibrated samples was then

filtered through a membrane filter (0.22 μm), it was then

centrifuged for 15 min at 3000 rpm. The absorption was

determined for the drugs in each sample using a UV

spectrophotometer.

Preparation of FA and SF Nanoemulgel
Fusidic acid and sodium fusidate nanoemulgel formula-

tions were prepared, first by the preparation of FA and SF

nanoemulsions, and then they were incorporated with

Carbopol 940 hydrogel to produce the nanoemulgel.

Preparation of Pine Oil Nanoemulsion
The selection oil and surfactants, which were used to opti-

mise the nanoemulsion formulation, was based on the solu-

bility test of FA and SF in different oils and surfactants.

A self-nanoemulsifying technique was used to prepare the

nanoemulsion. In order to optimise the nanoemulsion for-

mulation, different combinations of pine oil, Tween 80 and

Span 20 were used to construct ternary phase diagram. Each

formulation was weighed then vortexed for 2 mins, after

that, it was self-emulsified in distilled water under gentle

agitation to produce the nanoemulsion.

Droplet Size and Polydispersity Index

Analysis of Pine Oil Nanoemulsion
The pine oil and surfactant emulsion droplet size and size

distribution were determined by a laser diffraction particle

and droplet size analyzer (SALD-2300, SALD-MS23,

Shimadzu Corp., Japan), which allowed the measurement

of the polydispersity and diameter of the droplet.

Loading the Drug in Pine Oil

Nanoemulsion Formulation
The drug was loaded into the emulsion formulation after we

made sure that the size was in nanoparticles, the loading

process was done by dissolving FA and SF in pine oil,

Span 20 and Tween 80.

Hydrogel Preparation
The hydrogel was prepared by adding Carbopol 940 to

water then continuously stirring the mixture using

a homogenizer to produce a uniform dispersion. The pH

of the hydrogel was adjusted to pH 6 using 2 M NaOH,

which was added by continuous stirring. The mixture was

subjected to constant stirring and was left for 24 hrs for

complete gelation.34

Nanoemulgel Preparation of FA and SF
The drug loaded in the optimum nanoemulsion formula-

tion was incorporated with Carbopol 940 hydrogel in

different concentrations (0.4%, 0.6%, 0.8% Carbopol).

The obtained nanoemulgel formulations were subjected

to particle size, polydispersity index (PDI) and zeta poten-

tial analysis. The particle size and PDI analysis were

mentioned previously.

Zeta Potential Measurement of FA and SF

Nanoemulgel Formulations
The measurement of the zeta potential was carried using

Omni Brookhaven (Brookhaven Instruments Corporation,

NY). The zeta potential value was measured in triplicate to

calculate the average, the value of each sample was deter-

mined, and the resulting data were graphed in order to

obtain a zeta potential versus Carbopol concentration.

Rheological Measurement for

Nanoemulgel
There are some differences in the behavior of nanoemulgel

formulations due to different concentrations of carbopol as

a thickening agent; the measurement was done at the same

temperature of 25°C by using a rotational viscometer

(Brookfeild DVI, USA). The viscosity values were within

the shear rate range of 0–100 rpm.

Release Test of the Drug from Different

Concentrations of Carbapol Using a Dialysis

Membrane Bag
Release test was performed to study the release of the drug

from the nanoemulgel system using a dialysis test by

adding 5 g of each sample (FA and SF) that contained

a different concentration of carbopol (0,4%, 0.6%, 0.8%

and 1%) in the dialysis bad (Spectra/Pro 3 Dialysis

Membrane, P/N 132700) with diameter size 16 mm.
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Phosphate buffer saline was prepared by dissolving 2.38

g of disodium hydrogen phosphate, 0.19 g of potassium dihy-

drogen phosphate and 8.0 g of sodium chloride in water, which

was diluted to 1000mL and the pHwas adjusted to 2.23. Then,

the samples were added to the dialysis bag at 40 mL of

phosphate buffer in the isothermal shaker (Nirmal

International, Delhi, India) at 37±1.0°C to Take the samples

from the buffer solution at 10, 20, 30, 60 and 120 min to

recognize the release of the drug from the nanoemulgel.

Finally, we compared the results of releasing an active ingre-

dient (FA and SF) from the nanoemulgel samples with the

market product by preforming the release test on the market

product too.

Anti-Bacterial Test
Microorganisms

The organisms used for the anti-bacterial test were

Enterococcus fuesium (ATCC 700221), Escherichia

coli (ATCC 25922), Staphylococcus aureus (ATCC

25923), Shigella sonnie (ATCC 25931), and against

the growth of a diagnostically-conformed Methicillin-

Resistant Staphylococcus aureus (MRSA), refence micro-

bial strains were obtained from American Type Culture

Collection (ATCC).

Culture Media

Moller Hinton Agar (which is produced by Becton,

Dickinson and Sparks Co. in France) was used as the

culture media. It contains 2 g of beef extract, 17.5 g of

acid hydrolysate of casein, 1.5 g of starch and 17 g of agar

per litre of purified water. The preparation of the media

was done by mixing the components with each other and

heating the mixture until boiling with frequent agitation to

dissolve them. Then, the samples were placed in the auto-

clave for 20 mins at 121°C. After this, the agar was cooled

and poured into sterile Petri dishes and on a flat surface to

obtain uniform surface and depth. The samples were then

stored in a refrigerator at 4–8°C.

To study the diffusion of the Muller Hinton agar pre-

parations: Muller Hinton agar was used for the standard

inoculum of bacterial culture; 6 mm diameter wells were

punched into the agar and three holes (A, B and C) were

made. A was filled with fusidic acid or sodium fusidate

nanoemulgel, B was filled with pine oil pure extract and

C was filled with fusidic acid or sodium fusidate from the

market. The plates were incubated at 37ᵒC for 24 hrs. The

antibacterial activity was evaluated by measuring the

diameter of the zone of inhibition all tests were done in

triplicate.

Statistical Assessment
All the outcomes data of the established experiments were

performed in triplicate and the values were expressed as

mean ± S.D. Statistical significance was considered when

the p value was ≤0.005.

Results
Wavelength Screening for the Drugs (FA

and SF) Using a UV Spectrophotometer
The screening was carried to find an optimum and suitable

wavelength for both fusidic acid and sodium fusidate using

a UV spectrophotometer; an optimum absorbance was

achieved at 285 nm for fusidic acid and 290 nm for Sodium

fusidate.

Solubility Screening of FA and SF in

Different Oils and Surfactants
The solubility of fusidic acid and sodium fusidate was

determined by dissolving them in different oils and sur-

factants, then using a UV spectrophotometer to measure

the absorption. The results obtained are explained in

Table 1.

According to the results in the table above the best

solubilising oil for both drugs was pine oil. In addition,

Tween 80 and Span 20 showed the highest solubilising

capability for the drugs among surfactants; therefore, they

were chosen as surfactant and co-surfactant, respectively.

Optimisation of Pine Oil Nanoemulsion

Formulations
A self-emulsifying technique was used to prepare the pine oil

nanoemulsion. The optimum nanoemulsion was chosen based

on their droplet size and polydispersity index of the pine oil in

the formulation. Therefore, in order to find the optimum for-

mulation, a ternary phase diagram was constructed using

different concentrations of pine oil, Tween 80 and Span 20.

As presented in Figure 1, the ternary phase diagram showed

a high nanoemulsion region; eight compositions showed

a nanoemulsion with a droplet size below 200 nm, as shown

in Table 2. Therefore, those formulations were loaded with

fusidic acid and sodium fusidate, after that their particle size

and polydispersity index were measured in triplicate.
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Particle Size and Polydispersibility Index

of Fusidic Acid and Sodium Fusidate

Nanoemulsion
After loading the fusidic acid and sodium fusidate in the

selected nanoemulsion formulations, it appears that there

were variations in the particle size for both drugs with an

increase in the size after loading the drugs as shown in

Tables 3 and 4. Therefore, in order to choose the optimum

formulation, three criteria were taken into considerations.

These criteria were the drug particle size, polydispersity

index and the oil concentration. From the comparison

between the formulations, it can be seen that formulation

eight was the selected formulation as it appears in both tables

and is able to produce a formulation with the lowest particle

size and a polydispersity with the highest concentration of oil

at 50%. The result of the fusidic acid was 140.58 nm in size

with a polydispersity index of 0.186, and it was 151.86 nm in

size with a polydispersity index of 0.201 for sodium fusidate.

Fusidic Acid and Sodium Fusidate

Nanoemulgel Particle Size, Polydispersity

Index and Zeta Potential
Nanoemulgels of fusidic acid and sodium fusidate were

prepared after loading the nanoemulsion with the drug; the

mixture was then mixed with different concentrations of

Carbopol hydrogel (0.4, 0.8 and 1%). Figures 2–4 showed

the results of the particle size of the drug nanoemulgel,

polydispersity index and the zeta potential, respectively.

The results of the drugs particle size and PDI showed no

significant difference between the drugs in the form

of a nanoemulsion and when it was converted to

a nanoemulgel. In addition, there were similar behaviours

with respect to the difference in the Carbopol concentra-

tion; only a slight incensement appeared in the particle

size with respect to the increment in the Carbopol concen-

tration. With regard to the zeta potential, all of the nanoe-

mulgel formulations showed a zeta potential below −30
mV for both drugs.

Rheological Measurement for Nanoemulgel
Both drug nanoemulgel formulations, which are considered

semi-solids forms, required evaluation for their rheological

properties (flow properties), which may reflect and indicate

the quality and efficacy of the formulations. The rheological

analysis of the drug nanoemulgel formulations showed

a decrease in the viscosity with an increase in the shear

rate, indicating that the drug nanoemulgel formulations

behave as a pseudo-plastic (Figure 5). As it can be seen in

Figure 5, the behaviour of nanoemulgel formulations was

not affected by the Carbopol concentration; however, the

only change was in the viscosity as it increased when with

the Carbopol concentration increment.

Release Test of Fusidic Acid and Sodium

Fusidate from the Nanoemulgel

Formulations
The release tests of fusidic acid and sodium fusidate were

carried out to study the release of the drugs from the nanoe-

mulgel formulations, which helps in choosing the optimum

Carbopol concentration used as thickening agent in produ-

cing the hydrogel, which was used in the nanoemulgel

formulations. The release of the nanoemulgel formulations

was compared with the release of the market product. The

Table 1 Values That Expresses the Solubility of FA and SF in

Different Oils and Surfactants

Oil Fusidic Acid

(mg/mL)

Sodium Fusidate (mg/mL)

Olive oil 10.26 ± 0.11 16.72 ± 0.28

Pine oil 43.11 ± 0.43 42.47 ± 0.47

Paraffin oil 1.80 ± 0.32 5.68 ± 0.23

Corn oil 6.09 ± 0.24 7.97 ± 0.20

Glycerol 1.94 ± 0.14 4.87 ± 0.19

Span 20 14.43 ± 0.21 18.98 ± 0.27

Span 80 17.15 ± 0.34 17.44 ± 0.18

Tween 20 7.48 ± 0.22 5.86 ± 0.16

Tween 80 12.78 ± 0.31 22.97 ± 0.41

Figure 1 A ternary phase diagram of pine oil nanoemulsion with Tween 80 and

Span 20. Data represented as mean (n = 3).
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dialysis method was used to carry out this task. The results

of the release study are explained in Figure 6. Figure 6

demonstrates the difference in the release profile of the

drugs, it can be noticed that the increase in the Carbopol

concentration led to a decrease in the release profile with the

highest drug release at 0.4% Carbopol, in addition to this, all

Table 2 The Selected Pine Oil Nanoemulsion Formulations

Formulation Tween 80 (%) Span 20 (%) Pine Oil (%) Droplets Size (nm) ±5 Polydispersibility Index ±0.05

1 0.25 0.55 0.20 157.18 0.286

2 0.30 0.50 0.20 145.49 0.234

3 0.50 0.30 0.20 155.46 0.321

4 0.45 0.20 0.35 150.90 0.244

5 0.65 0.15 0.20 152.59 0.260

6 0.70 0.10 0.20 103.66 0.405

7 0.60 0.05 0.35 128.54 0.263

8 0.45 0.05 0.50 137.66 0.290

Table 3 Fusidic Acid Nanoemulsion Particle Size and the Polydispersity Index

Formulation Pine Oil (%) Tween 80 (%) Span 20 (%) Particle Size (nm) ±5 Polydispersibility Index ±0.05

1 0.20 0.25 0.55 210.78 0.304

2 0.20 0.30 0.50 331.34 0.156

3 0.20 0.50 0.30 176.22 0.324

4 0.35 0.45 0.20 161.65 0.300

5 0.20 0.65 0.15 145.00 0.320

6 0.20 0.70 0.10 209.58 0.551

7 0.35 0.60 0.05 224.20 0.294

8 0.50 0.45 0.05 140.58 0.186

Table 4 Sodium Fusidate Nanoemulsion Particle Size and the Polydispersity Index

Formulation Pine Oil (%) Tween 80 (%) Span 20 (%) Particle Size (nm) ±5 Polydispersibility Index ±0.05

1 0.20 0.25 0.55 166.23 0.288

2 0.20 0.30 0.50 170.50 0.368

3 0.20 0.50 0.30 189.43 0.320

4 0.35 0.45 0.20 172.42 0.162

5 0.20 0.65 0.15 198.04 0.373

6 0.20 0.70 0.10 167.44 0.298

7 0.35 0.60 0.05 171.54 0.374

8 0.50 0.45 0.05 151.67 0.201
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Figure 2 The particle size of fusidic acid and sodium fusidate nanoemulgels, Data represented as mean ± SD (n = 3).
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of the nanoemulgel formulations showed a higher release

profile when compared with the market product.

Antibacterial Evaluation of Fusidic Acid

and Sodium Fusidate Nanoemulgels
The anti-bacterial test was done on Enterococcus,

Escherichia coli, Staphylococcus aureus, Shigella, and

MRSA by implanting them in agar media on Petri dishes

to check the anti-bacterial activity of the fusidic acid and

sodium fusidate nanoemulgels, this was then compared

with the market by measuring the inhibition zone.

Table 5 explains the anti-bacterial activity.

Discussion
Fusidic acid and sodium fusidate nanoemulgel were pre-

pared in this study to improve their therapeutic activity

when compared with the market products. To achieve this

task, the drugs were prepared in a nanoemulsion form using

a self-nanoemulsifying technique; this was then incorpo-

rated with Carbopol hydrogel. The drugs release and anti-

bacterial tests were carried out for the drug nanoemulgel

and the market products.

To design a nanoemulsion using a self-emulsification

technique with physiochemical properties that can be

accepted for the final product, the ingredient (active or

inactive) of the system must be carefully chosen to have

a good combination of oil, surfactant and co-surfactant. By

studying the solubility, we can identify suitable self-

emulsification system components with an acceptable

solubilising capacity for both the drugs (FA and SF). It is

important to try the technique with different oils to identify

which one is more suitable and to try different co-

surfactants and surfactants to have the best solubilising

potential for the drugs under investigation to load the

drug to achieve optimum results.35 The main excipients

are the oils that can specifically solubilise the lipophilic

drug due to increasing the absorption and penetration by

increasing the transporting fraction. The medium chain of

the oily phase of pine oil is the reason why we selected the

pine oil for its amphiphilic nature, which enhanced drug

solubilisation by providing it with surfactant properties.36

According to the physiochemical characteristic of pine

oil, which contains linoleic acid and oleic acid which is an

unsaturated medium chain fatty,37 the drugs were able to be

dissolved because of the excellent solubilizing properties of
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Figure 4 Zeta potential of fusidic acid and sodium fusidate nanoemulgels, Data represented as mean ± SD (n = 3).
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the oil as it is composed of fatty acids which help in devel-

oping a formulation containing the drug.

The surfactants used were hydrophilic (non-ionic), safe

and biocompatible.38 Also, they formed superior and uniform

droplets, which allowed the nanoemulsion to have a rapid

drug release and rapid absorption due to a large surface area.

The hydrophilic-lipophilic balance (HLB) value of the sur-

factant Tween 80 is 15, and the HLB value of co-surfactant

Span 20 is 8.6, to have a system with high HLB value more

than 10 by combining them to get an o\w emulsion easily.39

Table 5 Nanoemulgel Activity Against Enterococcus

Bacteria Sodium Fusidate

Nanoemulgel

Market Sodium

Fusidate

Fusidic Acid

Nanoemulgel

Market Fusidic

Acid

Pine Oil

Enterococcus 3.5 ±0.1 cm 2 ±0.2 cm 4.5 ±0.4 cm 3 cm 1.7 ±0.3 cm

E. coli 1.4 ±0.2 cm Negative 1.4 ±0.1 cm Negative 1 ±0.1 cm

Staphylococcus

aureus

7 ±0.2 cm 4 ±0.1 cm 6.8 ±0.2 cm 4 ±0.1 cm 3 ±0.3 cm

Shigella 4.5 ±0.3 cm 0.5 ±0.2 cm 4.6 ±0.5 cm 1 ±0.4 cm 2 ±0.5 cm

MRSA 5.8 ±0.5 cm 3 ±0.3 cm 6.4 ±0.2 cm 3.4 ±0.5 cm 2.3 ±0.2 cm
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Figure 5 Rheological behaviour of fusidic acid and sodium fusidate nanoemulgels, Data represented as mean ± SD (n = 3).
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Figure 6 The release profile of fusidic acid and sodium fusidate nanoemulgels, Data represented as mean ± SD (n = 3).
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Construction a ternary phase diagram to determine the

self-nanoemulsifying regions and to select appropriate

concentrations of oil, surfactant and co-surfactant used in

the formulation of the optimum self-nanoemulsifying drug

delivery system (SNEDDS) formulation. The diagram was

plotted to show the best formulation that could be obtained

with a droplet size below 200 nm. Obtaining a high nanoe-

mulsion area of pine oil was possible due to the optimum

balance of the solubility, HLB values and molecular geo-

metry; this was confirmed by Mayer and his research

team.40

The droplet size was a critical factor in the SNEEDS

performance due to identifying the extent and rate of the

drug release and drug absorption. In addition, the smaller

particle size, the larger interfacial surface area led to

further rapid absorption and improvement of the bioavail-

ability. When the droplet size was lower than 200 nm, it

led to achieving the criteria of SNEDDS. The proper

mixture of surfactant\co-surfactant provided a smaller glo-

bule size, a strong mechanical barrier that protected the

formed globule to be aggregated as clarified.41 The poly-

dispersity index (PDI) is another parameter of equal

importance to the droplet size in the formulation of

SNEDDS; It is also called the droplet size distribution to

measure the particle homogeneity. The particles are more

homogenous when they are close to zero of the PDI value.

Small values indicate a narrow globule size distribution,

homogeneity and more uniform emulsion which has

higher physical stability.

The particle size and PDI of the drugs showed no

significant difference between them in the form of nanoe-

mulsion and when it was converted to nanoemulgel. The

indication of the stability of the colloidal preparation is

referred to as the magnitude of the zeta potential. If the

zeta potential of the particles is largely negative or posi-

tive, the particles will repel each other making dispersion

stable, and if the values are low, there is a dispersion

instability because there is no force preventing them

from coming together. There is a dividing line that sepa-

rates between stable and unstable dispersions which is

generally determined at +30 or −30 mV.42 When the zeta

potential of the particles was higher than +30 mVor lower

than −30 mV it was typically considered stable. All of the

nanoemulgel formulations showed a zeta potential

between −35 to −40 mV for both the drugs due to the

presence of non-ionic surfactants, which stabilise the

system by making a coat around their surface. They

do not contribute to any change in the nanoemulsion

particle, so it does not affect the stability of producing

a nanoemulsion.43

The rheological measurements are important for semi-

solid preparations to describe the system physically (flow

properties) and to control the stability, which is important

in ensuring the effectiveness and quality of the formula-

tion. Viscosity is a crucial factor as higher viscosities may

affect drug release and bioavailability due to the slowing

down in the drug diffusion out of the vehicle.44 From the

results, the viscosity increased when the Carbopol concen-

tration increased; this also decreased the shear rate. The

rheological behaviour of the colloidal-emulgel was

pseudo-plastic, ie, the viscosity decreases with an increase

in the shear rate.

The fast release of the drug into the dissolution med-

ium describes the efficiency of the delivery system.39,45

The result of the drug release correlates with the concen-

tration of Carbopol; it will decrease in every increment of

Carbopol due to the viscosity that the Carbopol confers on

it. Therefore, the formulation that contains 0.4% Carbopol

will have the best pattern of drug release relative to other

formulations in the study (0.8% and 1%) and the market

product. These results were proven by many studies as

stated by Sanjay Kumar et al (2018), who found that the

increase in the Carbopol (sustained releasing agent) con-

centration affected metoprolol succinate release from the

dosage form.46

Fusidic acid and sodium fusidate nanoemulgels showed

an improvement and higher zone of inhibition in their anti-

bacterial activity when compared to the market drug.

These results are due to several factors. First, as the

nanoparticles have a small nano-size and a larger surface,

this leads to higher penetrations and activity.47 The same

finding was mentioned by Marslin et al (2015), who stu-

died the effect of Withania somnifera cream incorporated

with silver nanoparticles on the microbial growth. They

found an increase in the penetration of Withania somnifera

cream silver nanoparticles, which led to an increase in the

inhibition of the bacterial growth. In addition, the packing

process of the bacteria by nanoparticles increased the

concentration of the drugs entering the bacteria by increas-

ing the contact between the drug and the bacteria.48 The

same results were obtained in 2017 by Assali et al who

reported an improvement in the antimicrobial activity of

ciprofloxacin that contains single-walled carbon nanotubes

which led to an increase in the residence time of the drug

by the aggregation of it around the bacteria as well as

leading to more penetration through it.49
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The second reason for the improvement in the bacterial

inhibition was due to the presence of pine oil, which

showed anti-microbial activity against gram-negative and

gram-positive bacteria and fungi, which led to the

enhancement of the drug nanoemulgels. Recent research

has shown that pine oil has antimicrobial activity against

Staphylococcus aureus (which is a bacterial pathogen that

is the main cause for skin infections), MRSA, E. coli or

Listeria monocytogenes, Pseudomonas aragenusaandα-

pinene and terpineol. The antibacterial activity of pine

oil was referred to by the presence of essential oils asphel-

landrene, terpineol and mainly terpinen-4-ol for

S. aureus50 and β-caryophyllene, which is responsible for

destroying cellular integrity, inhibition of respiration and

ion transportation for B. cereus according to the study of

depa in 2008.51

Conclusion
In this paper, fusidic acid and sodium fusidate nanoemulgels

were prepared successfully by the development of

a nanoemulsion, which was composed of pine oil, Tween

80 and Span 20. The nanoemulsion was prepared by a self-

nanoemulsifying technique, which was then incorporated

with Carbopol hydrogel. These nanoemulgels were found

to have high stability indicated by the zeta potential,

a similar rheological behaviour, in addition to this, the high-

est drug release and antimicrobial activity was found to be at

0.4% Carbopol when compared to the market product. In

general, the results of the study directed that fusidic acid and

sodium fusidate nanoemulgels reported in this study could be

promising dosage forms for pharmaceutical industries. The

findings reported in this paper will also be a guide towards

the use of simple nanotechnology techniques in the prepara-

tion of pharmaceutical dosage forms.
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