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Insulin, a peptide that has been used for decades in the treatment of diabetes, has well-defined properties and
delivery requirements. Liposomes, which are lipid bilayer vesicles, have gained increasing attention as drug
carriers which reduce the toxicity and increase the pharmacological activity of various drugs. The molecular
interaction between (uncharged lipid) dipalmitoyl phosphatidylcholine (DPPC) liposomes and insulin has been
characterized by using Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction. The characteristic
protein absorption band peaks, Amide I (at about 1660 cm�1) and Amide II band (at about 1546 cm�1) are
potentially reduced in the liposome insulin complex. Wide-angle x-ray scattering measurements showed that the
association of insulin with DPPC lipid of liposomes still maintains the characteristic DPPC diffraction peaks with
almost no change in relative intensities or change in peak positions. The absence of any shift in protein peak
positions after insulin being associated with DPPC liposomes indicates that insulin is successfully forming
complex with DPPC liposomes with possibly no pronounced alterations in the structure of insulin molecule.
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1. Introduction

Insulin, the most important regulatory hormone in the
control of glucose homeostasis [1], has well-defined
properties and delivery requirements. Classical subcu-
taneous administration of insulin is far from being an
ideal method of treatment as insulin does not imme-
diately reach the liver following injection. Other
limitations to this route include hypoglycemia (due to
a narrow therapeutic window), peripheral hyperinsuli-
naema [2], lipoatrophy, lipohypertrophy [3,4], obesity
associated with intensive therapy [5], insulin neuropa-
thy and insulin presbyopia. This mode of administra-
tion can cause psychological stress leading to poor
patient compliance. There are an increasing number of
diabetics, across the globe, which needs daily multiple
injections throughout their life span. Therefore,
improved insulin delivery could significantly influence
the treatment of diabetes and the quality of life of these
individuals. To reduce the injection frequency and
toxicity of subcutaneous administered protein drugs, it
is necessary to develop safe and sustained injectable
delivery systems.

Over the past few decades significant research has
been carried out to develop oral formulations using
various drug delivery approaches. These include emul-
sions [6,7], particulate carriers [8–13], colon tar-
geted systems [14], vesicular carriers such as

liposomes [15,16], use of permeation enhancers

[17,18] and protease inhibitors [19,20], protein–ligand
conjugates [21,22], bioadhesive carriers [23,24] and

hydrogels [25,26]. These strategies show some improve-
ments in delivery, however, are not sufficient to result

in the development of a commercially viable product in
use today.

Liposomes have been studied as sustained drug
delivery systems [27]. Liposomes have advantages over

other delivery systems, since they are biodegradable,
non-toxic and non-immunogenic. Liposomes, which

are lipid bilayer vesicles, have gained increasing atten-
tion as drug carriers which reduce the toxicity

and increase the pharmacological activity of various
drugs.

Liposomes have been presented as an interesting

alternative for administration of biomolecules through
several mucosal surfaces [28], since they are versatile

and tend to be relatively innocuous (produced with
natural and biodegradable compounds), and also

provide protection to the encapsulated material
[29–32]. Their organized structure (an aqueous core

encapsulated within one or more phospholipid
bilayers) permits the association of drugs to both the

aqueous and lipid phase and drug release can usually
be controlled, depending on the bilayers number and

composition [29,30].
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In order to evaluate liposomes as a safe and
sustained injectable delivery systems for proteins,
insulin was chosen as a model of protein drug since it
is one of the most widely used protein drugs and it has
a short half-life in circulation after intravenous admin-
istration [33].

The most common phospholipid used in liposomal
drug carriers is phosphatidyl choline [34]. Liposomes
of pure dipalmitoylphosphatidylcholine (DPPC) have
been widely used as membrane model systems to study
the effects of molecules of biological interest (like
hormones, vitamins and ions) on membrane properties
[35,36].

There is a limited knowledge about the interaction
between insulin and DPPC (as uncharged lipid) lipo-
somes. Some investigators suggested that the interac-
tion between anionic liposomes and insulin may be
hydrophobic in nature [37]. So, the aim of this study
was to determine the structural integrity of insulin
upon entrapment in uncharged DPPC liposomes.
Because of their large application on the protein
physical stability analysis [38], Fourier transform
infrared (FTIR) and X-ray diffraction have been
used in this study to examine the insulin structure
and interactions between insulin and uncharged DPPC
lipid after its entrapment.

2. Materials and methods

2.1. Materials

L-�-Dipalmitoyl phosphatidylcholine ’DPPC’ in
powder form of purity 99% and sephadex G-75 were

purchased from Sigma (St. Louis, MO, USA).
Recombinant human insulin crystals were purchased
from VACSERA, Egypt. The purity of the protein was
greater than 98.8%. Double distilled deionized water
was used throughout the study. All other reagent and
solvents were of analytical grade and were used
without further purification.

2.2. Preparation of liposomes

The liposomes used in this work were prepared from
DPPC using reverse phase evaporation technique [39].
Reverse phase evaporation of liposomes, involves
(1) drying down lipids (2) addition of volatile solvent
(3) addition of water (4) sonication to clarity (5) evap-
oration of the volatile solvent. The lipids were first
dissolved and mixed in chloroform/ethanol (5:1, v/v) to
assure a homogeneous mixture of lipids. The organic
solvent was removed by rotary evaporation yielding a
thin lipid film on the sides of a round bottom flask.
The lipid film was thoroughly dried to remove residual
organic solvent by placing flask on a vacuum pump
overnight. Hydration of the dry lipid film was accom-
plished simply by adding an aqueous medium to the
container of dry lipid and agitating at temperature
above phase transition temperature of the lipid. The
sample is sonicated to clarity. Then, the solvent is
evaporated under a stream of nitrogen.

For liposomes encapsulated with insulin samples,
10mg insulin powder was dissolved in 5mL sterile
water and then was added to the dried lipid flask and
agitating at temperature above phase transition tem-
perature of the lipid. The non-entrapped insulin was
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Figure 1. FTIR absorption spectra of different samples.
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separated using gel chromatography column of sepha-
dex G-75.

2.3. Characterization of DPPC and insulin
interaction by FTIR

FTIR spectra of lyophilized samples of DPPC lipo-
somes and DPPC liposomal encapsulated insulin,

deposited in KBr disks were measured using
NICOLET 6700 FTIR Thermo scientific spectrometer,
UK in the range of 400–4000 cm�1 at 2mm/s and a
resolution of 4 cm�1 at room temperature The resul-
tant spectra were smoothed with a seven-point
Savitsky Golay smooth function to remove the noise
[40–42]. After area normalization, the second-deriva-
tive spectra were obtained using the derivative function
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Figure 2. (a) Second derivative of the area normalized, and (b) difference FTIR spectra of different samples.
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of Origin software Version 6.0. The difference
between spectra was obtained by subtracting the
second-derivative spectra of different samples from
control.

2.4. Characterization of DPPC and insulin interac-
tion by X-ray diffraction

X-ray diffraction (XRD) patterns of the investigated
samples were measured with a Shimadzu Labx-XRD-
6000 diffractometer (Kyoto, Japan), using a Cu K�

target operating at 30 kV and 40mA in a �–2� mode.
The diffraction angle (�) ranged from 2o to 45o.
Measurements were carried out in a step mode at a step
equal to 0.5o.

3. Results and discussion

Figure 1 shows that the characteristic protein absorp-
tion band peaks, Amide I (at about 1660 cm�1) due to
C¼O stretching vibration of the peptide group, and
Amide II band (at about 1546 cm�1) due to N–H
bending with contribution of C–N stretching vibra-
tions [43–45] are potentially reduced in the liposome
insulin complex. This may be attributed to either a
restriction on the Amide I and Amide II vibrations due
to the nature of the liposome insulin complex or, most
probably, due a ‘quenching’ effect resulting from the

association of insulin with the lipids of the liposome.
The absence of any shift in protein peak positions after
insulin being associated with DPPC liposomes indi-
cates that insulin is complexed with liposomes with
possibly no pronounced alterations in the structure of
the insulin molecule.

On the other hand, comparing the insulin–liposome
complex with empty liposome, one notices that there is
a reduction in the absorption of some characteristic
liposome bands: the strong bands around 2920 and
2850 cm�1 corresponding to the CH2 antisymmetric
and symmetric stretching modes of acyl chains,
respectively [46–48], the C¼O stretching band at
1740 cm�1, [49], the CH2 scissoring band near
1470 cm�1 [35] and the symmetric and antisymmetric
PO�2 stretching bands near 1090 and 1220–1240 cm�1,
respectively [46,49].

In order to further investigate that there is no shift
in peak positions in the insulin–DPPC liposomes
complex, the second derivative of the area normalized
and difference FTIR spectra for empty liposomes,
insulin-liposomes complex and free insulin are also
plotted (Figure 2(a) and 2(b)). The second derivative
spectra is a band narrowing technique [50–52] which
would probably reveal any shift in peak position in the
liposome insulin complex relative to empty liposome or
free insulin. It is clear from Figure 2(a) and (b), that,
for almost all absorption peaks of interest there is no
shift in peak positions for the liposome insulin complex
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Figure 3. X-ray diffraction patterns of different samples.
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compared to liposome or insulin alone. This result
further supports the observation that there is probably
no detectable structural change in either of liposome or
insulin–DPPC liposome complex. Thus the association
of insulin with DPPC liposomes and the formation of
liposome insulin complex is probably far beyond the
induction of a major change that would affect the
structure and function of either insulin or liposomal
membrane.

Further investigations are carried out using wide-
angle X-ray scattering measurements of the free
insulin, free liposome and insulin–liposome complex
(Figure 3). Compared with empty liposome, the
insulin–liposome complex still maintains the charac-
teristic liposome DPPC diffraction peaks with almost
no change in relative intensities or change in peak
positions. At low scattering angles (� up to 14�) the
insulin–liposome complex produces a scattering halo
that holds the main features of both insulin and
liposome scattering halos with an intensity which is
midway between insulin and liposome. The wide-angle
X-ray scattering results thus support the observations
drawn from the FTIR results in the aspect that there is
no evidence of detectable change in the molecular
structure of any of insulin or liposome in the insulin–
liposome complex.
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