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Fatty acid liposomes showed a promising alternative as a carrier for various active ingredients to distribute intravenously. How-
ever, upon storage, fatty acid liposomes are unstable due to oxidation and aggregation. In this study, capric acid has been
explored as a functional material for the preparation of liposomes. Fourier-transform infrared spectra, thermal activity, and
phase transition of capric acid have been evaluated from the present experiment. Capric acid was spontaneously formed li-
posomes at pH 5.4 to 7.8. Incorporation of the fatty acid anchored poly ethylene glycol, namely 1,2-dioleoyl-sn-glycerol-3-
phosphoethanolamide-N-[methoxy (poly ethylene glycol)-2000] (DOPEPEG2000) reduced the average particle size of liposomes
to 110.8 nm and –8.5 mV at the molar ratio of capric acid to DOPEPEG2000 of 1:0.020. PEGylated capric acid liposomes
showed a significantly stable upon storage as compared to bare capric acid liposomes. Physical characterization showed that
PEGylated capric acid liposomes have the characteristics that may compatible with intravenous delivery.
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Introduction
Malaysia is the world’s second-largest palm oil producer,

where the palm oil industry alone contributed RM42.8 billion
to the national economy in 20161. Palm oil can be extracted
from the mesocarp, namely crude palm oil (CPO), or from
the inside kernel, namely palm kernel oil (PKO)2. Palm oil
contains a unique fatty acid (FA), which dominated by palm-
itic, oleic, linoleic, and stearic fatty acids plus smaller pro-
portions of myristic, lauric, linolenic, and capric acids3–5.

Fatty acid is widely applied as emulsifiers, texturizing
agents, wetting agents, stabilizing agents, cosmetics, and
pharmaceuticals6–8. Currently, fatty acid either saturated or
unsaturated has been explored as a carrier for delivering the
active ingredients such as nutrients, drugs, or even antibody
to the targeted sites such as fatty acid emulsion9, nano-
structured fatty acid carrier10, and fatty acid liposomes11–13.

Fatty acid liposomes are self-assembled spherical par-
ticles that compose of one or more lipid bilayers entrapping
their aqueous dispersion medium12,14–17. Generally, lipo-

somes can be classified by their size and number of bilay-
ers, into unilamellar and multilamellar liposomes. Unilamellar
liposomes are spherical vesicles entrapping aqueous solu-
tion and bounded by a single bilayer of an amphiphilic lipid
or a mixture of such lipids. Unilamellar liposomes can be
divided into small unilamellar vesicles (SUV) and large
unilamellar vesicles (LUV). On the other hand, multivesicular
vesicles (MVV) and multilamellar vesicles (MLV) have an
onion structure entrapping smaller liposomes inside the body
of liposomes separated by layers of water16. Different type
of liposomes can be obtained by using different techniques
of preparation. Preparation of liposomes starts with the for-
mation of amphiphilic lipid molecules18, and hydration of lipid
films followed by sizing of liposomes19.

In this study, we explored capric acid, a 10 carbon satu-
rated chain with the formula of CH3(CH2)8COOH as a mate-
rial to prepare the liposomes for intravenous delivery. How-
ever, conventional liposomes will encounter many challenges
such as oxidation, metabolite by the process of phagocyto-
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sis, instability in plasma, short half-life, and rapidly removed
from the blood circulation due to the formulation that con-
taining simply phospholipids16. Hence, the fatty acid anchored
poly ethylene glycol, namely DOPEPEG2000, was incorpo-
rated to stabilize the liposomal formulation. Characterization
and morphological studied on liposome has been done in
order to evaluate the suitability of PEGylated capric acid li-
posomes as a carrier of active ingredients through intrave-
nous delivery.

Experimental
Materials:
Capric acid was purchased from Sigma-Aldrich (St. Louis,

USA). DOPEPEG2000 was purchased from Avanti Polar Lip-
ids, Inc., USA. Chloroform, acetone, and immersion oil were
purchased from Merck (Germany). Sodium hydroxide (NaOH)
was purchased from Sigma-Aldrich (St. Louis, USA), while
hydrochloric acid 37% and phosphate buffered saline tablet
were purchased from Spectrum (New Brunswick, NJ).

Fourier-transform infrared (FTIR) spectroscopy:
FTIR spectrum of capric acid and DOPEPEG2000 were

analyzed at 30ºC using Fourier-Transform Infra-Red Spec-
troscopy (Perkin-Elmer, USA). The Attenuated Total Reflec-
tion crystal was cleaned with a delicate task wiper (Kimberly-
Clark Worldwide, Inc., USA) and acetone to eliminate the
presence of residues on the optic window20.  About 5 mg of
the sample was carefully transferred on the optic window
with a diamond crystal and scanned at the resolution of 4
cm–1 from 4000 to 400 cm–1 wavelength21,22. The peaks
obtained were compared with the literature.

Equilibrium curve of capric acid:
Capric acid sodium salt was prepared by slowly mixed

capric acid in 0.05 mol dm–3 of NaOH solution. The mixture
was sonicated using JAC Ultrasonic 1505 (Jeio Tech, Korea)
bath sonicator, followed by stirring overnight using the mag-
netic stirrer to produce a colorless solution23. One ml of stock
solution was poured into 14 ml glass vials and various amount
of 0.05 mol dm–3 HCl were then added in order to form the
solution with various pH values. The mixtures were stirred
overnight using C-MAG HS 7 Magnetic stirrer (IKA, China)
and the pH of the samples was measured by using a pre-
calibrated PH510 pH meter (Eutech Instruments Pte Ltd.,
Singapore).

Differential Scanning Calorimetry (DSC):
The thermal behavior of capric acid and DOPEPEG2000

was determined by DSC Q20 Differential Scanning Calorim-
etry (TA Instruments, USA). About 5 mg of the sample was
transferred into the Hermetic aluminum sample pan and
sealed using Tzero sample press (TA Instrument, USA). The
samples were scanned at a heating rate of 5ºC min–1, and
temperature ranges from –30 to 150ºC, with the presence of
a nitrogen atmosphere of 20 mL min–1. Each sample was
measured three times, and the average value was used.

Preparation of PEGylated capric acid liposomes:
PEGylated capric acid liposomes were prepared using

thin film hydration method as described by previous research-
ers12,24. Various molar ratios of capric acid and
DOPEPEG2000 were homogenized with the presence of 5
ml chloroform by using a bath sonicator. One ml of the clear
solution was then transferred into the round bottom flask and
the chloroform was removed by using R114 rotary evapora-
tor (Büchi®, USA). This process was repeated until all chlo-
roform was discarded, forming layers of thin films at the wall
of the round bottom flask. The thin film was then ionized with
0.05 mol dm–3 of NaOH and hydrated with warm PBS solu-
tion.  The pH of the solution was adjusted to pH 7.4 by using
0.05 mol dm–3 of HCl or NaOH solutions and stirred over-
night.

Morphological observation:
The presence of PEGylated capric acid liposomes was

observed at room temperature by using Q500MC Optimiz-
ing Polarizing Microscope (Leica, UK). 200 L of the sample
was dropped onto a clean glass (Omano, China) and cov-
ered with a glass coverslip. A drop of immersion oil was spiked
on the glass coverslip. The micrograph was taken using a
50×objective lens at 500 times magnification using light and
dark phases.

Average particle size and zeta potential:
The average particle size and zeta potential of the lipo-

somes were quantified using a Zetasizer NanoZS (Malvern
Instruments Ltd., United Kingdom) in entre for Fundamental
and Frontier Sciences in Self-Assembly (FSSA), UM25. A four
clear sided disposable cuvette of 1 cm path length was used
to measure the particle size while a U-shaped polycarbon-
ate with the gold plated electrodes cell was used to measure
the zeta potential. All measurements were carried out in trip-
licates at 25ºC for a period of 30 days.
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Results and discussion
Fourier-transform infrared (FTIR) spectroscopy:
Fig. 1 shows the FTIR spectrum of DOPEPEG2000 (a)

and capric acid (b) at 30ºC. The peaks at 2884 and 2858
cm–1 in DOPEPEG2000 and peaks 2954, 2917, and 2850
cm–1 in capric acid were attributed to the stretching of C-H
bonds26. The strong single peak at 1600 to 1800 cm–1 in all
samples was attributed to the C-O stretching vibration27. The
peak 1466 cm–1 in DOPEPEG2000 and peak 1428 cm–1 in
capric acid were due to the bending of C-H bond in methyl-
ene groups. The stretching of C-O bonds was observed at
the peak 1279 and 1103 cm–1 of DOPEPEG2000 and peak
1296 cm–1 of capric acid28. The peak of 962 cm–1 in
DOPEPEG2000 and peak 930 cm–1 in capric acid was at-
tributed to the C-H deformation vibration of the samples28,29.

Further addition of HCl exceeding pH 5.4 produced an
emulsion region, where oil droplets started to form, showing
that all the carboxylate head groups were fully protonated.

Differential Scanning Calorimetry (DSC):
The information on the melting temperature is important

for the preparation of liposomes as liposomes can only be
prepared above this temperature32. Fig. 3 displays the ther-
mograms of DOPEPEG2000 and capric acid. The sharp
peaks indicated the melting temperature of the samples. The
bulk structure of DOPEPEG2000 gave out the higher melt-
ing point of 52.0ºC as compared to the simpler structure of
capric acid at 35.7ºC. At this temperature, the chains come
out of their ordered arrangements and begin to move around
freely. The narrow melting temperature range is recognized
to have better thermal performance because it is easy to
absorb or release latent heat33.

Fig. 1. FTIR spectrum of (a) DOPEPEG2000 and (b) capric acid at
30ºC.

Equilibrium curve of capric acid:
Evaluating the equilibrium curve of fatty acid is crucial in

determining the most suitable pH for the formation of lipo-
somes.

Fig. 2 shows the phase transition of capric acid as the
HCl was introduced into the system. At high pH, the solution
appeared colorless, which was due to the ionic repulsion
between the adjacent carboxylate head groups23,30.

Addition of HCl protonated the carboxylate groups of so-

Fig. 2. Equilibrium curve of capric acid as a function of added
0.05 mol dm–3 hydrochloric acid at room temperature. The
standard deviation was less than 0.5.

dium caprate and reduced the pH of the solution. As approxi-
mately half of the ionized carboxylate head groups were pro-
tonated, the ionized and non-ionized carboxylate groups were
spontaneously rearranged due to hydrogen bonding and
formed the bilayer membranes of liposomes17. At this pH,
the solution turned turbid, which the liposomes were formed
abundantly, and can be observed through a microscope. The
plot showed that capric acid liposomes were formed within
pH 5.4 to 7.8, which is suitable for intravenous delivery be-
cause the normal pH of the arterial blood is pH 7.35–7.4531.
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Morphological observation:
Micrographs showed the formation of multilamellar

vesicles (MLV), where they are having an onion structure
entrapping smaller liposomes inside the body of liposomes
separated by layers of aqueous34. The presence of liposomes
can be verified by their unique active properties under
polarised light35.

Fig. 4 shows the presence of blue-yellow spherical
PEGylated capric acid liposomes viewed under the light
phase OPM due to the birefringent effect. Under the dark
phase OPM, liposomes showed their active Maltese cross
property. This phenomenon happened as the results of dif-
ferent in refractive index at the ordered assembly of the bi-
layer membrane of liposomes36,37.

Average particle size and zeta potential:
Determination of particle size is important in designing

the carrier for intravenous delivery as the size of the particle
has to be compatible with the size of blood capillary, which is
4000 nm38.Fig. 3. Differential Scanning Calorimetry (DSC) thermogram of (a)

DOPEPEG2000 and (b) capric acid.

Fig. 4. Optical Polarising Micrograph (OPM) of 1st day old PEGylated
capric acid liposomes at room temperature. The scale is 20
µm.

Fig. 5. Average particle size of PEGylated capric acid liposomes at
25ºC. The standard deviation was less than 10. The molar
ratios of capric acid to DOPEPEG2000 were 1:0 (n ), 1:0.005
(l ), 1:0.010 (s ), 1:0.020 (t ) and 1:0.040 (  ).s
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Fig. 5. shows the average particle size of liposomes as
incubated for 28 days. On the 1st day, the average particle
size of capric acid liposomes was largest, which was at 262.0
nm and smallest in PEGylated capric acid liposomes with
the ratio of capric acid to DOPEPEG2000 of 1: 0.02 at 110.8
nm. Upon incubated in 7ºC for 28 days, capric acid liposomes
showed a significant increase in the average particle size,
proving that DOPEPEG2000 was able to stabilize the capric
acid liposomes. This may be due to the aggregation of ca-
pric acid liposomes. The changes in average particle size of
PEGylated capric acid liposomes with the ratio 1:0.005,
1:0.010, 1:0.020, and 1:0.040 over 28 days incubation pe-
riod was 50.1, –3.5, –20.7, and –84.4%, respectively.

Table 1. Zeta potential of PEGylated capric acid liposomes at 25ºC.
The standard deviation was less than 1

Ratio of capric Average zeta
acid to potential (mV)

DOPEPEG2000 Day 1 Day 28
1:0.000 –15.7 –47.1
1:0.005 –7.2 –38.4
1:0.010 –2.9 –32.6
1:0.020 –8.5 –18.3
1:0.040 –2.8 –12.8

The zeta potential of fatty acid liposomes was usually
found to be negative due to the presence of free fatty ac-
ids39. Table 1 shows the zeta potential of day 1 liposomes
was most negative in capric acid liposomes, which was at
–15.7 mV. Incorporation of DOPEPEG2000 altered the sur-
face of liposomes, which increase the zeta potential up to
–2.8 mV in PEGylated capric acid liposomes with the molar
ratio of capric acid to DOPEPEG2000 of 1:0.040. This zeta
potential allowed encapsulation of highly negative zeta po-
tential so that it can be compatible with the zeta potential of
the blood, which is around –15 mV40. On day 28, the aver-
age zeta potential became more negative, which may be
due to the presence of free fatty acid due to the breakage of
the bilayer membrane. The zeta potential was most negative
in capric acid liposomes and the zeta potential gradually
became less negative with the addition of DOPEPEG2000
in the formulation.

Reduction in average particle size and zeta potential was
happening may be due to the oxidation of the membrane
which leads to the rupture of the liposomal bilayer membrane.

Conclusions
The multilamellar PEGylated capric acid liposomes were

successfully prepared by using the repeated thin lipid hydra-
tion technique. Capric acid liposomes were found to be the
most abundantly present between the pH 5.4 to 7.8, which
allowed the preparation of liposomes for intravenous deliv-
ery at pH 7.4. The presence of liposomes was confirmed by
OPM through the presence of spherical multilamellar par-
ticles that underwent birefringent effect and Maltese cross
effect under polarised light. Incorporation of DOPEPEG2000
reduced the average particle size of liposomes and signifi-
cantly stabilized the liposomes. These stable PEGylated li-
posomes demonstrated a high potential to be a carrier for
active ingredients for intravenous delivery. Further experi-
ments such as biocompatibility tests, encapsulation of vari-
ous active ingredients, and upscale test are needed for fur-
ther development.
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