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ABSTRACT

The objective of this investigation was to formulate benzoyl peroxide (BPO) loaded liposomes.
The liposomes were prepared using lecithin and cholesterol as the lipid forming agents using
solvent evaporation method and sonication at 65 W power at 1 min pulses. Six formulations
were prepared and characterized for particles size, drug entrapment and release study. The
particle size of the liposome ranged from 2.22 to 8.01 pm. The entrapment efficiency was found
to be in the range of 2.143 to 53.77%. Sustained release of the encapsulated BPO was obtained,
with less than 70% of the drug released in 24 h. The formulation was stable for a period of 12
weeks in accelerated conditions suggesting an improved stability of the drug.
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INTRODUCTION

Acne vulgaris is a most common skin
condition and the biggest distress of a
teenager’s life. It is a chronic inflammatory
disease of the pilosebaceous follicle and is
more frequent and severe in males, whereas
more persistent in women [1]. The presently
used effective strategies of management of
acne are aimed to intervene at one or more
of the four main stages of pathogenesis of

the disease and include topical and systemic

antibiotics and retinoids, benzoyl peroxide,
azelaic acid, salicylic acid and oral
antiandrogens, depending on the severity of
the disease.

Benzoyl Peroxide (BPO), a therapeutic
agent for acne, is known to induce
concentration-related skin irritation. BPO is
the most commonly used treatment
prescribed to patients with acne and is

available in a variety of strengths (2.5-10%)
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and formulations (cream, gel, wash, foam,
aqueous gel, leave-on, and wash-off) [2].
The use of BPO is limited by concentration-
dependent irritation, staining and bleaching
of fabric, and uncommon contact allergy [3].
Liposomes are colloidal particles in which
phospholipid bilayers encapsulate a portion
of the medium into their interior. They are
formed spontaneously by the self-assembly
of phospholipid molecules in an aqueous
medium [4]. Liposomal formulations are
good for topical application because they
can spread excellently to form depots of
active ingredients in the horny layer of the
skin, which allows for the transport of
dermatological and cosmetic agents of
different types. Also liposomes are known to
improve the stability of the encapsulated
drug and reduce its toxicity [5]. Literature
evidence suggests that the topical
administration of BPO encapsulated in
liposomes may be advantageous in reducing
the irritation and itching associated with
current BPO formulations [6-9]. The
literature revealed  that liposome
encapsulated benzoyl peroxide formulations
have been a topic of wide interest among the
researchers and helps in improving the
antibacterial efficacy and storage stability of
the drug [10-13]. The method of preparation
of the liposomes influences the
physicochemical characteristics of and
hence the release kinetics and clinical

efficacy of the drug. The objective of this

work was to test the hypothesis that drug
incorporated into liposomes possess higher
stability. Hence we developed, and
characterized benzoyl peroxide loaded
liposomes and to determine its antibacterial
efficacy in storage stability.

MATERIAL AND METHODS

High purity Soy Lecithin and cholesterol
were procured from Merck Life Sciences,
Mumbai. Benzoyl peroxide (BPO),
methanol, acetonitrile, ortho phosphoric
acid, and chloroform were purchased from
Oxford Fine Chemicals, Mumbai.
Preformulation and compatibility study of
drug and excipients [14]

The procured BPO was studied for
identification characteristics whereas the
FTIR spectrum of benzoylperoxide and a
physical mixture of drug with lecithin and
cholesterol were obtained to study the
interaction (if any) between drug and the
excipients.

Formulation of liposomes

The liposomal vesicles were prepared using
physical dispersion method from a lipid
mixture of lecithin: cholesterol in varying
ratios [15]. The quantities of lipids was
accurately weighed (Table 1) and dissolved
in 100 ml of a methanol:chloroform (2:1,
v/v) solution in a round bottomed flask. BPO
(200 mg) dissolved in 5 ml of chloroform
was added to the lipid mixture. The organic

solvent was evaporated to dryness in a rotary

evaporator that was rotated at 180 rpm in a
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40°C water bath. When a thin film of lipid
was deposited on the inner wall of the flask,
phosphate buffered saline (PBS, pH 7.4, 5
ml) was added and the preparation was
rotated for a further 30 min until a white
homogenous dispersion of liposomes was
obtained. The dispersion was then incubated
in a shaker bath for 2 h at 37°C to complete
the swelling process. Smaller MLVS were
produced from the larger MLVs by probe
sonication. Sonication was performed
intermittently, with each cycle comprising
of sonication at 65 W for 1 min followed by
1 min of rest, and 10 - 100 of such cycles
were applied to a batch of liposomes. The
alternating cycle was to ensure that the
liposomes were maintained at the ambient
temperature of film hydration. The
liposomes were incubated for another 2 h at
37°C to allow for the completion of the
annealing process.

Evaluation of liposomes [16]
Encapsulation efficiency of BPO

The efficiency of drug encapsulation (EE) is
defined as the percentage of encapsulated
BPO in a liposome dispersion, was
determined as previously reported. Sml
samples of liposomes were subjected to
high-speed centrifugation at 86,000 g for 4 h
at 4°C. The supernatant containing the free
drug was isolated, and the pellet containing
the BPO-loaded
reconstituted in 5 ml of PBS. The BPO

liposomes was

contents in the pre-centrifuged liposome

sample, the supernatant and reconstituted
pellet were determined by HPLC using C18
column (30 x 4.6 mm, 5 pm pore size). The
mobile phase used was 70% v/v acetonitrile,
28% v/v water, and 2% v/v phosphoric acid
at flow rate of 1 ml/min and detection
wavelength of 254 nm using UV detector.
BPO encapsulation efficiency of the
liposomal samples was calculated as
follows:

Amt of drug encapsulated
% Encapsulation = x 100%
Amt of BPO in formulation

In vitro drug release

The in vitro BPO release study was carried
out over 24 h. Dispersions of liposomes
(5ml) were placed in dialysis sacs immersed
in glass bottles each containing 100 ml of
stired PBS (pH 7.4). At designated time
periods (0.5 h, 1 h, 3 h, 5h, 8 h, 24 h), 1-ml
aliquots were removed from the receptor
compartments and replaced with an equal
volume of PBS. Drug concentration in the
receptor compartment was determined by
HPLC. The in vitro BPO release profile was
constructed by plotting the mean cumulative
percent drug release (calculated based on the
actual BPO content in the liposomes) against
time.

Size

The particle size of the liposomes was
determined by using a Magnus microscope,
employing the calibrated eye piece and stage

micrometer method. Size of liposomal
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vesicles was measured at different location
on slide by taking a small drop of liposomal
dispersion on it and average size of
liposomal vesicles was determined.
Stability of Liposomes

The stability of the liposomal preparations
was evaluated as a function of storage time.
In the preliminary experiments, liposomal
samples were stored in a refrigerator at 4°C
for 3 months immediately after preparation.
Once every 2 weeks, the size of the samples
were determined using ocular micrometer.
RESULTS AND DISCUSSION

The BPO procured was white solid with
faint odor and melting point of 105-107°C.
It exhibited a log P value of 3.5. The HPLC
chromatogram exhibited retention of 5.3
min using the followed chromatographic
conditions.

The FTIR spectra of BPO exhibited
stretching and bending vibrations in the
region of 600 to 2000 cm™!. The vibrations
of BPO and the excipients were present in
the physical mixture with slight variation in
frequencies  suggesting no  chemical
interaction between the drug and the
excipients (Figure 2, 3).

Evaluation of liposomes

The process and formulation and parameters
strongly affect the properties of drug-loaded
liposomes. As with all drug delivery
systems, a precise characterization of the
physicochemical parameters of the BPO-

loaded liposomes is important in order to

develop drug products of high quality. The
parameters used to characterize the
liposomes in the preliminary experiments
included particle size, encapsulation
efficiency and the drug release profile.
Stability studies using particle size as an
indicator of stability were also conducted
over a 3-month period.

Particle size

As the concentration of lecithin increased,
the particle size increased. It was also found
that increasing the amount of cholesterol in
the formulation also caused a significant
increase in the particle size of the liposomes
(Table 2). The sonication time on the other
hand also affected the particles size. Drug
loaded liposomes in the size range of 1.8 —
3.2 um, were obtained over 30 min of
repeated sonication and cooling. Ideally
smaller particle size is desirable but the
increased process time and lower stability
might present problems. Also it has been
earlier stated that the maximum amount of
drug incorporated into liposomes is
dependent on the quantity of membrane
component.

Drug entrapment in liposomes

The result of drug entrapment efficiency of
liposomes (Table 2) indicates that drug
entrapment  efficiency of liposomes
decreases with decreasing concentration of
lecithin which might be due to the saturation
of lipid bilayer with reference to the drug

where low lecithin content provides limited
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entrapment capacity. The encapsulation
efficiency of liposomes is governed by the
ability of formulation to retain drug
molecules in the aqueous core or in the
bilayer =membrane of the vesicles.
Chlolesterol seems to help in keeping the
drug entrapped in the core and hence
increasing cholesterol improves entrapment
marginally. Cholesterol improves the
fluidity of the bilayer membrane and
improves the stability of bilayer membrane
in the presence of biological fluids such as
blood/plasma. Annealing was performed on
the prepared liposomes to prevent physical
degradation and drug loss. This process
involved incubating the liposome dispersion
for 2 h at 35°C, a temperature higher than the
phase transition temperatures of the lipids,
to allow for the equilibrium of opposite sides
of the lipid bilayer by transmembrane flip-
flop.

From the results of particle size and
entrapment efficiency, formulation F4
containing soy lecithin-cholesterol in the
ratio 9:2 was considered the most optimum
formulation with particle size of 6.05 pm
and 53.77 % drug entrapment post 5 minutes
of sonication.

In vitro release of BPO from liposome

The in vitro release of BPO from the most
optimum liposomal formulation (F4) was
studied for a 24 h duration. It was observed

that a maximum of 61.7% of BPO was

released from the formulation over a period

of 24 h while around 23% of BPO was
released in the first 30 min of the study. In
order to establish the mechanism of drug
release, different kinetic models are used
(Figure 4). The drug release data were
subjected to various mathematical kinetic
model including zero order release kinetics
(plot of cumulative percent release vs time),
Highuchi’s equation (plot of cumulative
percentage of drug release vs log time) and
Korsmeyer-Peppas equation (log
cumulative percentage release vs log time).
The Korsmeyer model is widely used when
the release mechanism is not well known or
when more than one type of release
phenomena could be involved. The
interpretation of data was based on the value
of the resulting regression coefficients. For
the formulation, the values of R? of zero
order, Higuchi and Peppas model were
calculated. It was clearly observed that for
most of the formulations, the value of
resulting regression coefficient is highest for
Higuchi model which shows that all the
formulations predominantly followed the
Higuchi square root kinetics. The
corresponding n values of maximum
formulations were below 0.5 which
indicates that the formulations released drug
though Fickian diffusion mechanism.
Stability of liposomes

The change in particle size over a period of
three months was considered to ascertain the

stability of the liposomal formulation
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(Table 3). The optimized liposomal stability. The particle size was observed
formulation was stored in six different every two weeks for changes.
batches in refrigerator to monitor the

Table 1: Composition of liposome formulations

Formulation code Lecithin | i Cholesterol Total weight of lipids
Ratio (mg)
F1 9 1 800
F2 8 1 800
F3 7 1 800
F4 9 2 800
F5 8 2 800
F6 7 2 800
Table 2: Particle size of liposomes
Sonication ti Particle Size (nm)
Formulation Code onica 1.0 n time . BPO loaded % BPO encapsulated
(min) Blank liposome .
liposome
5 3.21 5.62 48.92
F1 15 2.24 4.16 43.51
30 1.89 2.22 30.51
5 3.82 7.01 47.23
F2 15 2.68 4.83 40.62
30 2.02 3.01 25.28
5 4.38 7.69 44.71
F3 15 3.24 6.23 26.13
30 2.96 4.98 20.64
5 3.59 6.05 53.77
F4 15 291 5.54 46.42
30 2.46 3.19 33.69
5 4.11 7.43 49.16
F5 15 3.35 5.29 42.58
30 2.76 3.62 29.84
5 4.97 8.01 45.73
Fé6 15 3.91 6.82 29.67
30 317 5.22 21.43
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Figure 1: HPLC chromatogram of BPO
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Figure 4: Release of BPO from liposome a) zero order b) Higuchi c) Peppas

CONCLUSION

Solvent  evaporation = method  was
successfully applied for preparation of
liposomes loaded with Benzoyl Peroxide for
improving the stability of the drug molecule.
The use of soy lecithin and cholesterol in
varying proportions was studied and the
effect of sonication time on the size of the
liposomes was also studied. The formulation
could control the release of the drug for
more than 24h. This formulation would be
helpful in formulating topical preparations
of benzoyl peroxide which would be applied
to acne and would be helpful in the treatment
of acne.
REFERENCES

[1] Teixeira V, Vieira R, Figueiredo A.

Impacto psicossocial da acne. Rev

da Soc Port Dermatol Venereol.

2012; 70(3):291-296.

[2] Allen TM. Liposomal drug
formulations. Rationale for
development and what we  can

expect for the future. Drugs. 1998;
56(5):747-756.

[3] Lasic DD. Liposomes: From Physics
to Applications. Elsevier: New
York, 1993.

[4] De Gier J, Mandersloot JG, Van
Deenen LLM. Lipid composition

and permeability of liposomes.

Biochim Biophys Acta. 1968;
150:666-675.
[5] Budhiraja A, Dhingra G.

Development and characterization of

a novel antiacne niosomal gel of

IJBPAS, July, 2024, 13(7)

3563



®anthi Net al

Research Article

rosmarinic acid. Drug Deliv. 2015;

22(6):723-730.

[6] Youssef M, Fattal E, Alonso MJ,

Roblot-Treupel L, Sauziéres J,
Tancréde C, Omnés A, Couvreur P,
Andremont A. Effectiveness of
nanoparticle-bound ampicillin in the
treatment of Listeria monocytogenes
infection in athymic nude mice.
Antimicrob  Agents Chemother.

1988; 32(8):1204-1207

[7] Jain S, Kale DP, Swami R, Katiyar

SS. Codelivery of benzoyl

peroxide & adapalene using
modified liposomal gel for improved
acne therapy. Nanomedicine. 2018;

13(12):1481-1493

[8] Ingebrigtsen SG, Skalko-Basnet N,

de Albuquerque Cavalcanti Jacobsen

C, Holseter AM. Successful co-

encapsulation of benzoyl
peroxide and chloramphenicol
in liposomes by a novel
manufacturing method - dual

asymmetric centrifugation. Eur J

Pharm Sci. 2017; 97:192-199

[9] Gupta A, Singh S, Kotla NG,

Webster TJ. Formulation and
evaluation of a topical niosomal gel
containing a combination of benzoyl
peroxide and tretinoin for antiacne
activity. Int J Nanomedicine. 2014;

10:171-182.

[10]

[11]

[12]

[13]

[14]

[15]

Shatalebi MA, Roostaei M.
Preparation and physicochemical
evaluation of benzoyl peroxide 5%
formable Emu oil emulsion.
Jundishapur J Nat Pharm Prod
2015; 10(3): €16229.

Pokharkar VB, Mendiratta C,
Kyadarkunte AY, Bhosale SH,
Barhate GA. Skin delivery aspects
of benzoyl peroxide-loaded solid
lipid nanoparticles for acne
treatment. Therapeutic Delivery
2014; 5(6): 635-652.

Thakur NK, Bharti P, Mahant S,
Rao R.  Formulation  and
Characterization  of  Benzoyl
Gellified Emulsions.

2012;

Peroxide
Scientia Pharmaceutica.
80:1045-1060.

Mor J, Mann R, Chopra B. Design,
development and evaluation of
solid  dispersion  incorporated
transdermal gel of benzoyl
peroxide. The Pharma Innovation
J. 2016; 5(7):13-18.

Sharma S, Tripathi N. Formulation
and characterization of oxybenzone
loaded liposomes. J Pharmacol
Biomed. 2021; 5(4):432-440.
Dheersing, Kaushik A.
Formulation of liposome
incorporated polyherbal gel for
management of gout. J Pharmacol

Biomed. 2021; 5(4):441-449.

IJBPAS, July, 2024, 13(7)

3564



®anthi Net al Research Article

[16] Ambika, Pandey GK, Dubey BK.
Formulation and Characterization
of Oxybenzone loaded liposomes. J
Pharmacol Biomed. 2021;
5(1):259-267.

3565
IJBPAS, July, 2024, 13(7)



