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ABSTRACT

Introduction: Cephalexin monohydrate (CEM) is mostly used because of its ac-
tivity against both the gram-positive and gram-negative microorganisms for in-
fections. Microemulsions offer numerous advantages for dermal delivery of drugs.
Objective: The objective of the present study was to prepare novel CEM loaded
microemulsions and to characterize formulations, to evaluate their in vitro release
profiles and antibacterial activities.

Method: CEM loaded formulations [0.02% (w/w)] were characterized according
to their droplet size, zeta potential, PDI, pH, electrical conductivity and viscosity. In
addition, in vitro drug release studies and antibacterial activity tests were performed.

Results: The developed CEM loaded microemulsions (M1 and M2) achieved nar-
row droplet size distribution (152.75+4.85 and 128.05+9.22), low PDI (0.364+0.05
and 0.489+0.06), suitable pH (5.28-4.84) and conductivity (342+4.472-374+5.477
uS/cm). Zeta potential was measured as 0.209+0.041 and 0.141+0.024 mV. M1,
showed 100% release at the 7" hour and was provided almost the same zone diam-
eter as CEM solution when evaluated for antibacterial activity.

Conclusion: Overall, it was concluded that microemulsions might be beneficial in
improving dermal delivery of CEM for the treatment of skin and soft tissue infections.
Keywords: Cephalexin, microemulsion, dermal delivery, in vitro release, antibac-
terial activity.

INTRODUCTION

Human skin is the largest organ of a human being, therefore it takes the atten-
tion of scientists as being an important target site for the application of drugs .
Topical drug delivery is an important way of treating especially local diseases
due to features of these systems such as being restricted to the affected area,
therefore, reducing systemic side effects and being easy to stop treatment in a
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proper time in case of a severe side effect *. On the other hand, dermal drug
delivery is a promising way of treatment because of large surface area of skin
and being easy to access and the administration route is non-invasive therefore
improved patient compliance 2.

In recent years, colloidal drug delivery systems especially nanocarriers range up
to 500 nm have increased the attention of scientists for dermal drug delivery 3.
Microemulsions (MEs) are one of the colloidal drug delivery systems which its
concept was introduced to the literature in early 1940s 4. MEs are clear, thermo-
dynamically stable and optically isotropic mixtures which has low viscosity and
consist of oil, water, surfactant and co-surfactant 4. The main benefit of MEs is
being in need of less energy whilst forming. In order MEs to be formed, a highly
fluid interfacial film and latter, low interfacial tension which occurs between col-
loidal and the external phase are required 5.

For dermal drug delivery, the main advantages of microemulsions can be divid-
ed into three groups. First, they can be a potential drug carrier system in order
to dissolve both hydrophilic and lipophilic drugs therefore show increased ther-
modynamic activity towards skin itself. Secondly, by the effect of permeation
enhancers involved in microemulsion formulation, Stratum Corneum (SC) can
be destroyed and subsequently the flux of drugs via skin increases. Latter, the
affinity of a drug to the internal phase can be easily modified in favor of partition-
ing into the SC, therefore permeation rate of drug can be improved %°.

The most commonly occurring infections in people are skin infections®. Micro-
bial invasions into skin and the soft tissues underneath the skin are defined as
Skin and Soft Tissue Infections (SSTIs). They show variable presentations, eti-
ologies and severities. The main obstacle of SSTIs is to conveniently differenti-
ate those cases that have severe presentations which require immediate atten-
tion and intervention from those that are less severe. SSTIs can be produced by
the extremely diverse ecology of organisms localized on the skin. The clinical
manifestations of SSTIs are the sum of two-step process. The first step is micro-
bial invasion to the host and the second step is interaction with host defences
12, Gram-positive species such as Staphylococcus epidermidis, Corynebacterium
species, S aureus and Streptococcus pyogenes are generally the typical flora
which colonize the skin. S. aureus and Streptococcus pyogenes are the main
reason for SSTIs.

Cephalosporins, are the most widely used for treatment of skin infections be-
cause of their safety profiless. Cephalexin monohydrate (CEM), (7R)-7-(D-a-
Amino-a-phenylacetamido)-3-methyl-3- cephem-4-carboxylic acid hydrate
or (6R,7R)-7-{[(2R)-2-amino-2-phenylacetyl]amino}-3- methyl-8-oxo-5-thia-
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1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid hydrate (Figure 1), is an antibi-
otic which has high oral absorption and lack of serum binding 4. CEM has low
water solubility (less than 0. 1 mg/g) has been using in the treatment of bacteria
caused infections. Meanwhile, CEM has an important role for patients who have
hypersensitivity to penicillin as being an alternative .
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Figure 1. Structural formula of cephalexin

In addition to all mentioned above, for treatment of antibacterial infections CEM
loaded microemulsions takes an important corner because of advantageous fea-
tures such as avoidance of gastrointestinal side effects, increased solubility and
improved targeting *°. The aim of the present study was to prepare novel CEM
loaded microemulsion formulations and to evaluate a better formulation of CEM
for dermal delivery. For this aim, the physico-chemical characterization, in-vitro
release, stability and microbiological tests were evaluated.

MATERIALS AND METHODS

Materials

CEM was purchased from DSM Sinochem, Spain. Isopyropyl myristate (IPM),
Span 20 and phospate buffer tablets were purchased from Sigma, USA. Tween
80 (Polysorbate 80), and ethanol were purchased from Merck, Germany. Cre-
mophor EL (Macrogolglycerol ricinoleate) kind gift from BASF, Germany. Oleic
acid was purchased from Doga Ilac, Turkey. Dialysis membrane (Spectro/por
Dialysis Mebrane, Spectra/por 4, diameter 16 mm, molecular weight of 12-14
kDa) were purchased from Spectrum. All other chemical reagents and solvents
were of analytical grade and used as received.

Preparation of microemulsion formulations

In order to discover the existence range of microemulsions, pseudo-ternary
phase diagrams were constructed by using titration method. A series of oil and
surfactant/cosurfactant (S/Cos) mixtures with phosphate buffer at ambient
temperature (25 + 2 °C) were titrated. After being equilibrated, microemulsions
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were determined by visually examining the mixtures?. The phase diagrams were
constructed by using a software program®. All experiments were replicated at
least four times.

Two different microemulsion formulations were prepared in accordance with
the microemulsion areas in the phase diagrams. The microemulsion systems
were prepared using IPM and oleic acid as oil phase, Span 20, Tween 80, Cremo-
phor EL as surfactants, ethanol as co-surfactant and phosphate buffer as aque-
ous phase. After gently equilibrating selected microemulsions for 5 min with
magnetic stirring, appropriate amount of CEM was dissolved in these micro-
emulsions. The final concentration of CEM in formulations was 0.02% (w/w).

Characterization of microemulsion formulations

The characteristic features of microemulsions such as pH, viscosity, refractive
index, electrical conductivity, droplet size, polydispersity index (PDI), and zeta
potential was evaluated in order to discover the suitability of microemulsions for
topical administration.

Dynamic Light Scattering method (Nano ZS, Malvern Instruments, U.K.) was
used to measure the average droplet size and PDI. The particle size and PDI
values (repeated five times at 25 °C) were obtained by averaging of five measure-
ments at an angle of 173° by using disposable cells.

In order to measure the zeta potential of samples, disposable plain folded capil-
lary zeta cells (Malvern Zetasizer Nano ZS) were used. The zeta potential was
calculated from the electrophoretic mobility using the Helmholtz—Smoluchows-
ki equation under an electrical field of 40 V/cm. Software involved system was
used for the process. The measurements were repeated five times at 25+2 °C.

In order to measure the viscosities of formulations, AND Vibro Viscometer- SV-
10 as viscosimeter was used. The pH values of the formulations were determined
by a digital pH-meter (Mettler Toledo, Switzerland). The refractive index values
of formulations were evaluated using a refractometer (Kriiss DR301-95, Germa-
ny). Electrical conductivity of the formulations was studied using a conductom-
eter (Milwaukee MW 801, USA) to determine the type of microemulsion. Experi-
ments were performed at 25+2 °C five times for each sample, and the results are
presented as mean + SD.

Evaluation of in vitro Cephalexin release

A synthetic membrane (Spectro/por Dialysis Mebrane, Spectra/por 4, diameter
16 mm, molecular weight of 12-14 kDa) was filled with 3 ml CEM loaded micro-
emulsion formulations. The receiver compartment (37 mL) consisted of ethanol
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and PBS pH 7.4 (ratio of 20:80) in order to ensure sink condition. The receptor
compartment was exposed to ambient temperature and covered with parafilm to
prevent evaporation. The temperature of the receptor compartment was main-
tained at 37+1°C while the buffer solution was stirred at 600rpm continuously
with a magnetic bar. Samples (1 mL) were withdrawn from the release medium
at predetermined times (0, 0.5, 1, 2, 3, 4, 5, 6, and 7h). The samples were ana-
lyzed by UV-Visible spectrophotometer (UV-1800, Shimadzu, Japan) at 261 nm.
The analytical method was validated. Calibration curve was drawn.

Antibacterial activity studies of CEM loaded microemulsion
formulations

Isolates of Staphylococcus epidermidis (1C1, 7N5, 7Cs5, 7N6, 7K9, 11C8, 11K8
and 12K2.1) which were isolated from vaginas of healthy women and strains of
S. epidermidis (ATCC 12228), S. aureus (ATCC 6538, ATCC 2593) were used
to evaluate antibacterial activity of microemulsion formulations by performing
disk diffusion method. All microorganism samples were incubated 24 hours in
brain-heart infusion broth medium at 37°C. The decision of the ethical commit-
tee of the study was taken from Istanbul Medipol University Ethics Committee
of Non-Interventional Clinical Researches in Istanbul with the number 38 of De-
cision dated 11.04/2013.

Pure cultures of the microorganisms were prepared in 0.85% sterile saline solu-
tion and were adjusted to give an inoculum with an equivalent cell density to
0.5 McFarland turbidity standards. The entire surface of the Mueller-Hinton IT
Agar (MHA) plate (diameter, 90 mm) (Bio-Rad) was covered with the required
inoculum, and the plate was air dried for 15 min before the disks were laid on the
sterile discs were then placed onto agar plates, and 5uL of every formulation was
applied to the discs. Discs were 1.5 cm away from the side of the petri dish and
2 cm away from each other. Plates were incubated at 37°C for 24h, and the zone
diameters of each formulation for each isolate were measured '8-2.

The experimental groups were listed as:

¢ G1: M1 Formulation (unloaded) (F1)

* G2: M1 CEM (containing 0.02% CEM) (F1+CPH)
e G3: M2 formulation (unloaded) (F2)

* G4: M2 CEM (containing 0.02% CEM) (F2+CPH)
* G5: 0.02% CEM solution (CPH)

e G6: Solvent (S)
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Results and discussion

Cephalosporins inhibit peptidoglycan cross-linkage by crossing the bacterial
cell wall. They show bactericidal effect to microorganisms which contain autoly-
sin enzymes and bacteriostatic to microorganisms that lack autolysins 2. CEM
is a first-generation cephalosporin antibiotic. The mainly usage of CEM in the
treatment is the susceptible infections of the respiratory tract, urinary tract, and
skin because of their safety profile 23. CEM is mostly used because of its activity
against both the gram-positive and gram negative microorganisms “.

Nowadays, for the treatment of skin infections, the oral route is being chosen for
CEM usage Even though CEM has high safety profile, systemic antibiotic usage
has some disadvantages such as antibiotic resistance, which is a major threat to
public health, and systemic toxicity and side effects and also low concentration
of drug at the site of infection 24. In order to improve drug concentration at the
infection site and decrease the systemic toxicity and side effects, and avoid from
the bacterial resistance topical administration of CEM can be advantageous .

In order to overcome the disadvantages of oral drug delivery for skin infections,
development of novel topical drug delivery systems such as microemulsions,
nanoparticles, liposomes etc. would be helpful 2°. In this context, microemul-
sions shows favorable characteristic features because of having the simple and
economical preparation method, showing long term stability, biocompatibility
and high solubility of poorly soluble drugs . For instance, it is not possible to
use CEM in the treatment of some specific skin infections such as acne due to
the very decreased penetration of CEM which has hydrophilic structure into the
microcomedones where bacteria are located . On the other hand, because of
structural features of microemulsions, they enhance the penetration of drug into
the skin and improve the dermal bioavailability with a good topical tolerance 2.

In our present study, it was aimed to prepare of the microemulsions for the treat-
ing of bacterial skin infections.

Preparation of CEM loaded microemulsion formulations

In order to prepare microemulsions, IPM and oleic acid were selected as oil
phase. IPM has a strong permeation enhancing effect and can increase the diffu-
sion coefficient in skin 28. Meanwhile, oleic acid which is one of the fatty acids is
able to induce lipid fluidization as well as phase separation within the membrane
and so enhance the permeation through skin #. In addition, to prepare micro-
emulsions, high concentration of surfactants and co-surfactants are necessary
to develop these diagrams and latter to determine the microemulsion region.
This is the reason why determining the dermal tolerance of these systems is an
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important procedure to eliminate the possibility of irritation. In order to prepare
microemulsions which have ideal formulation characteristics, Span 20, Tween
80 and Cremophor EL as nonionic surfactants that are considered as less toxic
compared to ionic ones were investigated for their suitability to form a micro-
emulsion 3°. Meanwhile, ethanol which is commonly used in dermal microemul-
sions was used as a cosurfactant to prepare CEM loaded microemulsions.

In order to prepare ideal microemulsions, the optimum concentration range of
components involved in microemulsion itself should be determined. The con-
struction of phase diagrams makes it easy to find out required the concentration
range of components. The construction of pseudo-ternary phase diagrams was
used to obtain appropriate concentration ranges of components in the areas of
forming microemulsions. Gravity center of phase diagrams provided the per-
centage of components in order to prepare the drug free microemulsion formu-
lations. It was seen that all formulations formed clear and transparent. Figure 2
shows the pseudo-ternary phase diagrams of drug free microemulsions. Com-
positions of microemulsion formulation according to the pseudo-ternary phase
diagrams and area values were presented in Table 1. The area of M1, M2 micro-
emulsions was determined as 732 and 652 respectively. M1 microemulsion has
higher area than the other microemulsion. Once CEM [0.02% (w/w)] was dis-
solved in the formulations, inversion of microemulsion, which is an unwanted
conversion, was not seen.

Table 1. Composition of microemulsion formulations (M1 and M2)

Components (%) M M2
IPM 21 -
OA - 14
Span 20 12.7 -
Tween 80 - 40
Cremophor EL 24.3 -
Ethanol 18.7 20
Phosphate buffer (pH: 7.4) 23 26

* For both formulations, surfactant/co-surfactant ratio=2:1
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Figure 2. The pseudo-ternary phase diagrams of microemulsion formulations (M1 and M2) composed
of IPM, oleic acid, Span 20, Cremopor EL, Tween 80, ethanol and phosphate buffer (pH: 7.4).

Characterization of microemulsions

Droplet size, PDI, zeta potential, pH, viscosity, refractive index and electrical con-
ductivity were measured in terms of determining the physicochemical properties
of each microemulsion. Table 2 shows the physicochemical parameters and char-
acteristic features of microemulsions during the presence and the absence of CEM.

The droplet size of CEM loaded microemulsion formulations were found dif-
ferent than each other and was determined in between 102.110+9.966nm and
152.750+5.321nm. The present droplet size of current formulations are in the usu-
al microemulsion droplet size range 20. The incorporation of CEM into M1 micro-
emulsion significantly increased the droplet size (p5<0.05). Different droplet size
of the formulations can be interpreted in the manner of difference optimized oil
and surfactants phases used. Optimization of different surfactant and oil phases
may cause the minimal droplet size distribution with narrow PDI. Narrow PDI
value shows the homogeneity of the size distribution of droplets in the developed
microemulsions. This is the reason why the polydispersity index below 0.5 of all
formulations developed can be formed an estimate of the indication of uniformity
of the droplets. Zeta potential values of microemulsions were found almost neu-
tral due to microemulsion components like nonionic surfactants.

The conductivity of CEM loaded microemulsion formulations was found be-
tween 342+4.472 puS/cm and 374+5.477 uS/cm. In terms of dermal application,
oil-in-water type microemulsion formulations are mostly required. According to
electrical conductivity studies performed in this study, it shows that developed
formulations are also oil-in-water type and are suitable for dermal applications
of CEM. The refractive indexes of all microemulsions were ranged between 1.415
and 1.41840.0002 and thus signify that prepared microemulsions were clear and
transparent.
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Table 2. Characterization of the developed blank and CEM loaded microemulsion
formulations (MeanzS.D., n = 5).

Zeta potential  Refractive  Conductivity Viscosity
pH Droplet size (nm) PDI (mV) index (nS/cm) (cP)

Formulation /
parameters

M1 4.796+0.053 65.45+1.497 0.127+0,091 0.325+0.047 1.415 374+5.477 104.4+0.548
M1, 4.844+0.013 152.75045.321 0.364:0.053 0.2090.041 1.416+0,0002 362+4.472 104.2+0.447
M2 5479:0.013 150.1+1.019 0.166 +0.007 - 0.105+0.068 1.418+0,0002 352+4.472 139.2+0.447
M2, 5.287+0.027 102.110+9.966 0.489+0.062 0.141:0.024 1.418:0,0002 342+4.472 1340

All formulations were found clear on visual inspection. In terms of patient compli-
ance, pH values of prepared formulations should always be taken in considera-
tion for preventing irritating sensations. The pH values were found in between
4.796+0.053 and 5.479+0.013. Ideally, dermal formulations should possess pH
in the range of 4-7, for minimizing discomfort of patient or irritation on the skin
due to acidic pH and microbial growth on the skin because of basic pH 2°. Table 2
shows that M2, has higher viscosity compared to M1,,,,. This result can be inter-
preted that M2,
in vitro studies. The results of characterization study indicate development of suc-

would be expected of controlled releasing drug content during

cessful CEM loaded microemulsion formulations with optimum characteristics.

In vitro CEM release studies

The samples were analyzed by UV-Visible spectrophotometer (UV-1800, Shi-
madzu, Japan) at 261 nm. The analytical method was validated in terms of ana-
lyzing the samples. Calibration curve was created with eight-point calibration
concentration with the range of 0.001-0.2mg/mL for standard solution of bulk
CEM. Three independent determinations were performed at each concentra-
tion. Linear relationship between absorption and concentration of CEM was
observed. The standard deviation of the slope and intercept were low. The deter-
mination coefficient R? for regression line is 0.99854 with slope of 20.624x and
y + intercept of + 0.0149 for standard solution of CEM.

CEM loaded microemulsion formulations and CEM solution component were
studied for in vitro release through synthetic membrane to assess and compare
the performances of formulations. Figure 3 shows the in vitro release graphics.
As it can be seen in Figure 3, M1, and CEM solution shows 100% release at the
end of the 7" hour.
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Figure 3. Percentage of release and time

Evaluation of antibacterial activity studies of CEM loaded
microemulsion formulations

Table 3 shows the results of antibacterial activity tests of microemulsion formu-
lations and their control groups which were performed on isolates of Staphylo-
coccus epidermidis (1C1, 7N5, 7C5, 7N6, 7K9, 11C8, 11K8 and 12K2.1), strains of
S. epidermidis (ATCC 12228), S. aureus (ATCC 6538, ATCC 2593). As a result, it
was noted that there was no zone when blank microemulsion formulations were
applied to the bacteria tested. On the other hand, it was found that when the
CEM loaded formulations were applied on the test bacteria, the zone diameters
varied between 12 and 32 mm.

When the CEM solution was applied on the bacteria alone, zone diameters were
determined in between 16-32mm. Once the CEM loaded M1 and M2 microemul-
sion were applied on bacteria, zone diameter was measured between 12-30 mm,
18-28 mm, respectively. No zone formation was observed in the petri dishes in
which the solvent was applied on.

As a result, blank M1 and M2 formulations were found to have no antibacterial
activity when applied alone to the tested bacteria. In the meantime, CEM loaded
M1 and M2 microemulsion was applied on the bacteria separately, it was seen
that both of the formulations have close antibacterial activity compared to CEM
solution. In addition, it was observed that the solvent used as a negative control
in the study did not have any inhibitory effect on the bacteria. The study can be
concluded that the M1 and M2 formulations could be used in combination with
CEM antibiotic. Figure 4 shows the images of the zone diameters. At this figure,
G1, G3, G5 refers to the above zones at each petri dish and G2, G4, G6 are for the
below zones at each petri dish.

36 | Acta Pharmaceutica Sciencia. Vol. 55 No. 4, 2017



MICRORGANISM G1/G2 G3/G4 G5/G6

S. epidermidis 1C1

S. epidermidis TN5

S. epidermidis 7C5

S. epidermidis TN6

S. epidermidis TK9

S. epidermidis 11C8

S. epidermidis 11K8

S. epidermidis 12K2.1

S. epidermidis ATCC 12228

S. aureus ATCC 6538

S. aureus ATCC 25923

Figure 4. The images of zone diameters
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Table 3. Zone inhibition diameters

DIAMETER of ZONE INHIBITION RING (mm)
MICROORGANISMS
G1 G2 G3 G4 G5 G6

S. epidermidis 1C1 - 20 - 22 24 -
S. epidermidis TN - 16 - 16 16 -
S. epidermidis 7C5 - 18 - 18 26 -
S. epidermidis 7TN6 - 12 - 20 18 -
S. epidermidis 7K9 - 24 - 24 28 -
S. epidermidis 11C8 - 16 - 18 18 -
S. epidermidis 11K8 - 22 - 22 26 -
S. epidermidis 12K2.1 - 24 - 26 22 -
S. epidermidis ATCC 12228 - 30 - 26 30 -
S. aureus ATCC 6538 - 24 - 28 32 -
S. aureus ATCC 25923 - 18 - 26 26 -

CONCLUSION

In this study, blank and CEM loaded microemulsions were prepared, character-
ized, and evaluated for in vitro drug release and microbiological activity. The
pseudo ternary phase diagram was used to optimize the microemulsion formula-
tions. The present study showed that CEM microemulsions can successfully be
prepared with titration method with narrow particle size and PDI range. Accord-
ing to the results of the characterization, and in vitro release studies, both of the

formulations can be used for the treatment. M1 . is a convenient formulation

CEM
when prompt affect is required but on the other hand, if relatively prolonged

release is necessary, M2 can be seen as a desirable formulation. The present

CEM
study can open up a window for dermal application of microemulsions loaded

with CEM; they would be a better alternative to conventional formulations in the
treatment of various SSTIs with less systemic side-effects.
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