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Preparation and Characterization of Liposomes Containing
Cinnamon and Cajuput Essential Oils
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Abstract

The aim of the study was to prepare liposomes entrapping essential oils in order to
decrease volatility and enhance stability. The combination of cinnamon (Cinnamomum burmanii)
and cajuput (Melaleuca Leucadendron) oils (1:1 by volume) was selected for incorporation into
liposome and was analyzed by a developed gas chromatography-mass spectrometry (GC-MS)
method for two major compounds, cinnamaldehyde and eucalyptol. The liposomal formulations
composed of phospholipid, cholesterol and oils mixture (2 mg/mL) were prepared using a thin film
hydration method. The effects of different mass ratios of phospholipid/cholesterol (60:40, 70:30,
80:20, 90:10) and sonication time (0, 2 and 5 minutes) on oil entrapment efficiency were evaluated.
The optimized formulation, containing the mass of phospholipid to cholesterol ratio of 80:20 and
generated via sonication for 2 minutes, emerged the maximum amount of the two major
components (88.40+0.22%) and was used for further preliminary stability studies at 4+2°C and the
room temperature, 25+2°C, for a period of 2 months. Results showed that the essential oils in
liposomal formulation were quite stable within 2 months at both storage temperatures and had
good physical appearance. The percentage of oil retention in the liposomal formulations decreased
by 8.78 and 12.83 at both temperatures, respectively. Findings suggested that the combination of
cinnamon and cajuput oils which enhance antiacne-inducing bacterial activities and are stabilized in
the liposomal formulation could be further developed to provide the anti-acne cosmetic products.
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TrlaaineseauastsueNsenay (2 un./ua.) waswsenlngds thin film hydration ¥nnsUsviiiunanis
WasuwUasdndnusinaveallalatulamameseanazszaznalaiian (sonicate) AoUszanSamnisiiu
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Introduction

In the recent years, Eos (Essential oils) have received strong interest because of their
potentially useful bioactivities(l) including antibacterial, antifungal, insecticidal, antioxidant and other
medicinal properties such as anti—inﬂammatory,m analgesic,@ sedative” and local anesthetic
remedies.(S) Therefore, essentials oils are widely used in food, cosmetics and pharmaceutical
industries due to these properties.(é) However, their components are sensitive to light, heat, moisture
and oxygen, which convert to degradation products and loss of pharmacological properties.m The
low stability and the high volatility of the Eos have limited their application in medicinal use. Some
novel methods have been developed to decrease volatility, increase the stability of the active
substances and enhance their bioactivities, among these is the encapsulation of the Eos in
Liposome.(g) In the past few decades, liposomes have received a lot of attention as an efficient
entrapment of a large variety of both unstable lipophilic and hydrophilic agents inside vesicles
which provide a wide range of advantages including high entrapment efficiency and long retention
times.” Studies have shown that liposomes provide a feasible and efficient approach for
incorporating natural compounds, such as Eo components, and the entrapped compound is more

stable under the protection of the phospholipid bilayers, which is similar to biological membranes.(g)

The use of Eos in combination is a new approach to increase the efficacy and could lead to
the optimization of bioactivities. " Preliminary studies”” revealed that the three common Eos, CM
(cinnamon), CP (cajuput) and P (Plai, Z. cassumunar Roxb) oils, have shown potent anti-acne-
inducing bacterial activities against S. epidermidis (ATCC 14990) and P. acnes (DMST 14916).
Moreover, the effect of two different blends of Eo components, including CM and CP, CM and P, CP
and P oils (1:1 by volume), on the anti-acne-inducing bacterial activities were also investigated. The
best synergistic antibacterial preparation composed of CM and CP oils showed particular efficacy, in
comparison with others, with the same minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) values for both bacterial species at 1.024 and 0.512 mg/mL,
respectively. The promising antibacterial activity of the blended CM and CP oils has encouraged
researchers to use them as potential antimicrobial agents. Due to their susceptibility to degradation,
encapsulation of the blended oils in liposome was proposed to be potentially useful technique to
enhance stability and prolong retention time. This study is the first to report a preparation of

effective blended CM and CP oils in liposome.
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Objectives

In the present study, the combination of CM and CP oils (1:1 by volume) was selected for
incorporation into liposome system. The effects of different quantities of phospholipid/cholesterol
and sonication time on the physicochemical properties and the stability of liposome were
evaluated. The major constituents of CM and CP oils, CH and ET, were chosen as indices for

determination of entrapment efficacy.

Methods

CM and CP oils were obtained from Botanicssence Essential Oil and Tropicalife Co., Ltd.,
Thailand, respectively. L-alpha-lecithin from egg, cholesterol, cinnamaldehyde and eucalyptol were
obtained from Sigma-Aldrich, Germany. Dichloromethane, methanol and hexane (AR grade) were

purchased from Merck, Germany. All other chemicals were of analytical grade.

Liposome Preparation The liposomal formulations containing CM and CP oils were
prepared by thin-film hydration technique as described by Liolios et al"” with some modifications.
Twelve trial formulations were prepared using different proportions of phospholipid and cholesterol
given in Table 1. Briefly, 80 mg of the blended CM and CP oils (1:1 by volume) was added to 100 mg
of the lipid mixture of phospholipid (L-alpha-lecithin) and cholesterol at various mass ratios in
round-bottom flask and dissolved in CH,Cl,:MeOH (3:1 by volume). The solvent was evaporated to
dryness using a rotatory evaporator at 40°C to obtain a uniform and transparent film. The mixture
was flushed with nitrogen gas in order to remove the residual solvent completely. The lipid film was
suspended in phosphate buffer saline solution (pH 7), in hydration process, at 60°C for 2 hours for
complete swelling. Then, liposome was reduced in size with various sonication times (Table 1). The
entrapped Eos in liposome vesicles were separated from the unentrapped Eos by centrifugation(m
at 30000 rpm for 120 minutes. The clear supernatant was removed carefully to separate liposomes

from non-entrapped Eos.

Liposome Characterization The amounts of Eos in sediment, after lysing liposomes with 20
mL of CH,Cl;MeOH (1:1 by volume), were analyzed by developed GC-MS method. The loading
capacity and entrapment efficiency were calculated using the following formulas.(m

% loading capacity = Amount of blended Eos in liposomes x 100

Amount of liposomal lipid content

% entrapment efficiency = Amount of blended Eos in liposomes x 100
Amount of blended Eos fed initially

The Eos-loaded liposomes were also subjected to characterize for size and polydispersity
indexes (PDIs) using particle size analyzer (Delsa® Nano C, Beckman Coulter, USA) at 25°C in
triplicate. Liposome morphology was also evaluated by transmission electron microscopy (TEM). A
drop of diluted liposome sample was negatively stained with 1% phosphotungstic acid and then
examined using TEM (Tecnai T20 G2, Phillips, Japan) with an accelerating voltage of 80 kV at 71000X
and 135000X.
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Table 1 Composition of the liposomal formulations and duration of sonication for the preparation.

Formulations Number

Composition 11 L2 L3 14 L5 L6 L7 L8 L9 L10 L11 L12
L-alpha-lecithin (mg) 60 60 60 70 70 70O 80 8 80 90 90 90
Cholesterol (mg) 40 40 40 30 30 30 20 20 20 10 10 10
Blend CM and CP oils (mg) 80 80 8 8 80 8 8 80 8 80 80 80

Sonication time (min) 0 2 5 0 2 5 0 2 5 0 2 5

Liposome stability On the basis of oil entrapment efficiency, vesicle size and vesicle
distribution, the optimized liposomal formulation was chosen to determine the preliminary stability.
The studies were carried out by keeping L8 formulation, which stored in airtight sealed vials, for a
period of two months at different storage conditions (4+2°C and 25+2°C) and continuously
evaluated every week for two months in terms of changes in the appearance, mean particle size,
PDIs, pH and percentage Eos retained in liposomes.

Quantitative Analysis of the Eos by Developed GC-MS (Gas Chromatography-Mass
Spectrometry) Analysis of the blended and of the encapsulated oils were carried out using GC
(Trace GC Ultra, Thermo Electron Corporation, USA), equipped with an autosampler (Al 3000,
Thermo Electron Corporation, USA), a capillary column (ZB-5MSi, 30 m x 0.25 mm i.d., film thickness
0.25 pm, Phenomenex, USA) and a quadrupole MS detector DSQ (Thermo Electron Corporation,
USA). The temperature program ranged from 60°C to 200°C with an increase rate of 6°C/min
followed by 5 min under isothermal conditions. The injector was maintained at 250°C. Helium was
the carrier gas at 1.2 mL/min. The ion source temperature was 250°C. The major constituents, CH
and ET, were identified by matching their mass spectra with those reported in a computer library.
Moreover, identification has been confirmed by comparing their retention times and mass spectra
with those of pure reference standards. A quantitative analysis of CH and ET in blended oils of free
and entrapped liposomes were carried out by external standard technique.

The developed GC-MS was validated in term of linearity, accuracy, precision and specificity
parameters according to the International Conference on Harmonization (ICH) guidetine.(w) For
linearity study, the mixed standard solutions of CH and ET were prepared in the range of 0.25-4.00
mg/mL and injected into system at five levels of concentration in triplicate. The responses were
measured as peak areas and plotted against concentrations to obtain the calibration curve. The
accuracy of the proposed method was assessed by adding known amounts of CH/ET corresponding
to three concentration levels (80, 100, and 120%) to the pre-analyzed sample. The experiment was
conducted in triplicate. Accuracy was expressed as percent recovery by the proposed method. To
study intra-day and inter-day precisions, three different concentrations of the CH/ET were analyzed,
in six replicates for each level, on the same day and on five different days afterwards. The results
were reported in term of relative standard deviation. The specificity of the developed method was

evaluated by reference standards and test samples, verifying the absence of signal interference.

Data Analysis and Statistics. Data are expressed as mean + SD. Statistical analysis was

performed using SPSS 16.0. Statistically significant difference was considered at the level of p<0.05.
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Results and Discussions

In order to study the influence of liposomal composition and sonication time on the retention
time of entrapped oils, different vesicular formulations were prepared. The constituents in blended
oils were analyzed by GC-MS which serves as a suitable and reliable method for the quality control
of the chemical markers.'® The developed GC-MS method for quantification of CH and ET in CM
and CP oils has been validated according to ICH guidelines and shown to be reliable and
reproducible (Table 2). The GC chromatograms showed sharp, symmetrical and well separated
peaks for ET and CH in blended oils with consistent and convenient retention times of 10.68 and
18.18 min, respectively (Figure 1). The peak purity of analyzed components was accessed by
comparing their respective mass spectra at different regions of the peaks. Results indicated the
absence of signal interferences. The calibration curves of CH and ET showed good linear relationship
in the concentration range of 0.28-4.26 and 0.26-4.18 meg/mL, respectively. The percentage of
recoveries of both CH and ET were in the range of 98-102 and their RSDs of precision were less than
2 as recommend by ICH guidelines,m) which indicated that the proposed method was precise and
reproducible.

Table 2 Method validation and data

Analytes Linearity Accuracy Precision
Slope Intercept v Recovery  RSD Intra-day RSD Inter-day RSD
(%) (%) (%) (%)
CH  66.11x10°  040x10° 09998  101.66  1.15 0.8025 1.2099
ET 49.03x10° 3.74x10°  0.9997 100.51 1.20 0.6745 1.1997

Quantitative Analysis of the Blended Eos The blended oils solution was analyzed by
developed GC-MS. The results showed that the oils were composed of CH (28.95%) and ET (23.25%)
as the main constituents (Figure 1). For the analyzed solution, the amount of both main compounds
was 0.522 mg/mL.

Liposome Characterization L-alpha-lecithin from egg and cholesterol, most commonly
used lipid in preparation of liposomes,(g'm were chosen as the core components for the preparation
of liposomes by the thin film hydration technique. Different ratios of phospholipid and cholesterol
were incorporated with a fixed amount of blended Eos in various batches of the formulation using
variables of sonication time (Table 1). The results showed that the phospholipid/cholesterol fed
ratios and sonication times had an impact on both liposomal sizes and the amounts of entrapped
Eos. The entrapment efficiency is the most important parameter from pharmaceutical viewpoint in
liposome formulations. It was clearly depicted from the data shown in Table 3 that, overall, the oils
entrapment efficiency agreed with the loading capacity profiles. The loading capacity and
entrapment efficiency of the liposomal formulations with the same sonication time were increased
on increasing the cholesterol content (10 to 20 mg), whereas on further increase in cholesterol
content (20 to 40 mg) the entrapment efficiency was decreased. This might be due to the fact that,
with increased cholesterol content, the bilayer hydrophobicity and stability of bilayers vesicles
increased and the permeability decreased, which may lead to efficiently trapping the hydrophobic

Eos into bilayers as vesicles formed. In contrast, higher amounts of cholesterol may compete with
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the Eos for packing space within the bilayer, hence, excluding the Eos as the amphiphiles assembled
into the vesicles."*"”
The impact of different compositions in the liposome systems on the size was assessed

because vesicular size has the ability to influence the penetration of Eos through the skin to the
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Figure 1 GC-MS chromatogram of the blended CM and CP oils containing CH and ET as main constituents
at 18.18 and 10.68 minutes, respectively (A); electron impact mass spectra of CH (B) and ET (C).

Table 3 Particle size and size distribution of oil-loaded liposomes prepared by different proportions of

phospholipid and cholesterol with various sonication time (mean + SD, n = 3).

L-Alpha- Particle Size
Formulation Lecithin: Sonication Diameter Polydispersity =~ %loading  %Entrapment
Code Cholesterol  Time (min) (hm) Index capacity efficiency
(mg)
L1 60:40 0 786.3+1.16 0.355+0.02 13.83+0.11 66.22+0.54
L2 60:40 2 367.9+1.97 0.241+0.02 14.47+0.09 69.32+0.44
L3 60:40 5 237.2+2.15 0.201+0.01 12.63+0.12 60.43+0.61
L4 70:30 0 816.7+2.35 0.460+0.01 14.72+0.08 70.49+0.38
L5 70:30 2 4353+2.15 0.278+0.01 15.81+0.09 75.71+0.45
L6 70:30 5 321.7+1.47 0.191+0.01 13.91+0.05 66.63+0.23
L7 80:20 0 856.2+1.45 0.447+0.01 17.28+0.18 82.78+0.40
L8 80:20 2 456.9+1.25 0.287+0.01 18.35+0.10 88.40+0.22
L9 80:20 5 280.7+1.31 0.209+0.01 16.42+0.08 78.62+0.38
L10 90:10 0 876.8+1.26 0.487+0.01 16.49+0.05 79.00+0.26
L11 90:10 2 491.1+2.80 0.232+0.01 16.41+1.19 81.80+0.24
L12 90:10 5 221.2+2.08 0.201+0.01 15.62+0.11 74.83+0.52
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Figure 2 Transmission Electron Microscopic images of liposomal formulation, L8, entrapping cinnamon and
cajuput oils at 71000X (Figure 2a) and 135000X (Figure 2b)

deeper layers. As shown in Table 3, all liposomes were produced with vesicle sizes ranging from
221.2 to 876.8 nm with PDI of 0.201-0.487. TEM photographs of the prepared nanoparticles (Figure 2)
revealed the spherical or ellipsoidal vesicular structure of liposomes. These results can be
attributable to the fact that the prepared liposomes are large unilamellar vesicles. Furthermore, the
results indicated that the vesicle sizes and size distributions of liposomes were strongly dependent
on sonication time. The increase of sonication time decreases the vesicle sizes and PDIs. This
observation agreed with the study by Nam et al”” These results suggested that uniformity of the
vesicular diameter increased with the sonication time. In drug delivery applications using lipid-based
carriers, such as liposome, a PDI of < 0.3 is considered to be acceptable and indicates a homologous
population of phospholipid vesicles.”” As illustrated in Table 3, the PDIs of different liposomal
formulations after sonication were less than 0.3, indicating that the sonication method can prepare
nano-size homogenous vesicle. Moreover, the sonication duration of two minutes was found to be
appropriate to produce aggregate free liposomal suspension and showed high percentage of
blended oils loading and entrapment in each level of cholesterol concentration. On the basis of the
above results, L8 was the optimal formulation, as it showed the highest entrapment efficiency
(88.40%) of Eos, had quite small vesicles (456.9 nm) and indicated the uniformity of the liposome
diameter (PDI <3). Therefore, this formulation was considered as the model for further stability
studies.

Preliminary Stability Studies Responses obtained from different parameters of L8 during
stability period are as shown in Table 4 and 5. Stability results indicated that no significant change in
the physical appearance and the vesicle size of L8 was slightly increased, by around 13.51% and
16.48%, after storage at 4+2°C and 25+2°C over 2 months respectively. However, it showed narrow
size distribution (PDI 0.286—0.327). The increase of size might be caused by the aggregation and
fusion of vesicles itself. Moreover, the amount of the entrapped Eos in liposome was slightly
decreased, about 8.78 and 12.83% after storage at 4+2°C and 25+2°C over 2 months respectively. It
could be observed that no changes in appearance and slight differences in the value of pH were
present. Results suggest that keeping the liposomal product in refrigerant conditions minimizes

stability problems of liposomes.
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Table 4 Stability studies of L8 at 4+2°C.

Particle Size Polydispersity %Entrapment
Week (nm) Index PH efficiency
0 456.8+4.5 0.286:0.003 5.78+0.04 88.40+0.22
1 459.2+3.8 0.287+0.002 5.65+0.10 88.30+0.38
2 461.7+3.1 0.289::0.002 5.70+0.14 88.11+0.31
3 478318 0.2930.005 5.63+0.15 85.75+0.16
4 482.6+1.9 0.295+0.004 5.62+0.07 85.28+0.29
5 496.13.8 0.301=0.003 5.52+0.07 82.74+0.44
6 498.4+3.4 0.3030.002 5.62+0.12 82.55+0.24
7 503.2+1.9 0.304-0.001" 5.61+0.04 82.17+0.35
8 5185429 0.309+0.002 5.81+0.08 79.62+0.25

Data are given as mean + SD (n = 3). *Values are significantly different, identified based on the 95% confidence interval of Week 0 values.

Table 5 Stability studies of L8 at 25+2°C.

Particle Size (nm) Polydispersity %Entrapment
Week Index pH efficiency
0 456.8+4.5 0.286:0.003 5.78+0.04 88.40+0.22
1 461.2+4.3 0.29120.003 5.53+0.04 88.21+0.17
2 465.7+3.6 0.294+0.002 5.59+0.17 87.64+0.29
3 481.3x1.6 0.299+0.002 5.73+0.08 85.75+0.12
4 488.8+1.4 0.302+0.004 5.5120.05 83.96+0.15
5 499.4+2.4 0.309+0.003 5.57:£0.05 82.55+0.50
6 506.33.4 0.313+0.004 5.71+0.08 80.85+0.36
7 525.7+1.9 0.320+0.005 5.69+0.21 78.96+0.28
8 532129 0.327+0.004 5.76:0.07 75.57+0.21

Data are given as mean + SD (n = 3). *Values are significantly different, identified based on the 95% confidence interval of Week 0 values.

Conclusions and Perspectives

The present study showed that liposomal formulation containing the blended of CM and CP
oils was successfully prepared by thin film hydration technique using different ratios of L-alpha-
lecithin from egg and cholesterol. Among the various formulation, the liposomal formulation, L8,
comprising L-alpha-lecithin from egg, cholesterol 9:1 ratio displayed good entrapment efficiency
(88.40%). The stability studies for a period of 2 months also showed that liposomal dispersions
maintained 91.22% of the blended Eos content at 4+2°C. This leads to the conclusion that the
entrapment of the blended Eos in liposome increased the oil stability. The further in vitro skin
permeation of the optimized liposomal formulation should be tested for evaluation suit of applying
as topical delivery system for the blended of CM and CP oils. The performed studies contribute to
the development of the optimal preparation method and composition of the investigated system
and provide useful information to develop the prepared liposomal formulation to the

commercialized anti-acne cosmetic products.
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