
© Appl. Rheol. 28 (2018) 62616 |   DOI: 10.3933/ApplRheol-28-62616 |   1 |

1      INTRODUCTION

Carbopol is a gelling agent that is commonly used in the
preparation of topical gels. Carbopol is composed of
acrylic acid polymers crosslinked with divinyl glycol [1].
They are approved for pharmaceutical use by several dif-
ferent administration routes which include topical, oral
and intravenous. They also exhibit good rheological
properties resulting in a stable gel system. Also, Car-
bopol gels are anionic with good buffering capacity,
which may contribute to the maintenance of the desired
pH.  It has been confirmed that liposomes are fairly com-
patible with Carbopol by other researchers [2, 3]. Due to
the afore-mentioned advantages of Carbopol gels, lipo-
somes were incorporated into Carbopol gel in this study.
Liposomes are artificially constructed spherical vesicles
of a few nanometres to micrometres in diameter. They
are composed of phospholipids or amphipathic mole-
cules enclosing water or an aqueous buffer (Figure 1).
Throughout the years, liposomes have made substan-
tial advancements in medical applications, particularly
as anticancer agents for chemotherapeutics owing to
their excellent properties such as biodegradability, non-
toxic and flexibility. Furthermore, liposomal formula-

tions provide innovative systems for vaccination, gene
therapy and radiopharmaceuticals. Liposomes have at-
tracted much attention among the colloidal drug carrier
systems proposed for site-specific drug delivery [4 – 8].
Apparently, liposome also can be functionalized
through topical administration route. In the dermato-
logical field, liposomes were initially preferred as a drug
carrier due to their moisturizing and restoring proper-
ties. Later, the potential of liposomes to encapsulate
various types of drugs as well as the administration of
these drugs to the epidermal cells and to deeper cell lay-
ers was explored [9]. 
         The most common problem related to liposomes
is their stability. Unmodified liposomes result in aggre-
gation of the vesicles. Subsequently, the aggregation
of particles causes leakage of encapsulated material
[10]. As stability is a general problem with lipid vesicles,
we have incorporated a polycationic polymer Diethy-
laminoethyl Dextran (DEAE-DX) into the formulation in
order to promote the stability of liposomes. Diethy-
laminoethyl-Dextran (DEAE-DX) was used in this study
because of its excellent properties such as biodegrad-
ability and biocompatibility [11]. Positively charged
DEAE-DX is similar to chitosan and also may interact
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         After analysing the linear viscoelastic region for all
the liposomal gels, a frequency sweep was performed
in order to provide more information on the forces or
interactions in the gel system [20]. The frequency
sweep profile exhibited G’ larger than G’’ over the se-
lected frequency range for all liposomal gels. This result
further supports the fact that addition of liposomes in-
to Carbopol gel could maintain the solid like behaviour
of 0.25 %w/v Carbopol gel (Figure 3b). However, the
slope of G’ of the liposomal gel was found to decrease
and show lower frequency dependence compared to
the pure Carbopol gel. The decrease in slope implied
that the liposomal gel has more solid-like behaviour
than pure Carbopol gel. In this case, sedimentation is
unlikely to occur.

3.2.2 Flow behavior
Generally, polymeric gel systems are non-Newtonian
and exhibit shear thinning behaviour. Similar to Car-
bopol gel, the liposomal gel also exhibited shear thin-
ning behaviour. The spreadability and flowability of the
liposomal gels were studied by measuring shear viscos-
ity as a function of shear rate and shear stress [21]. At
low shear rate, the shear-viscosity profile of all the li-
posomal gels was found to be slightly higher than Car-
bopol gel (Figure 4). Also, the yield stress sp of the lipo-
somal gel was found to be larger than pure Carbopol
gel. Yield stress sp is the stress applied in order to make
the structured fluid flow (Table 3). The value of yield

stress is significant as it indicated the degree of defor-
mation of a structured fluid. Furthermore, higher vis-
cosity at low shear rate is desirable for topical gel during
storage [22]. The results which show that liposomal gels
have higher shear viscosity and yield stress sp might be
attributed to the presence of liposomes which have in-
creased the rigidity of the formulation as discussed in
the previous section whereby the liposomal gel exhib-
ited larger storage modulus G’. As a result, the gel is
more resistant to flow. Results of flow behaviour also
indicated that there is a significant increase in yield
stress of liposomal gel upon incorporation DEAE-DX
coated liposomes compared to non-coated liposomes.
This result supports the findings obtained from the am-
plitude and frequency sweep tests whereby addition of
DEAE-DX enhanced the rigidity of the gel; therefore the
resultant gel was more resistant to flow. 

3.3    MORPHOLOGY OF LIPOSOMAL GEL

DEAE-DX coated liposomes were incorporated into Car-
bopol gel at a concentration 0.25 %w/v (Figure 5). In this
research, all the liposomes were found to be entrapped
in the 3-dimensional network of the gel. The entrapped
liposomes in the gel matrix showed spherical morphol-
ogy. Also, all the particles exhibited a particle size of less
200 nm. This shows that incorporation of liposomes in-
to the gel matrix did not significantly alter the size of
the liposomes

4     CONCLUSION

The viscoelastic properties and the flow behaviour of
gels are important because they give an overall predic-
tion on the deformability, spreadability and stability of
topical gel formulations. We found that incorporation
of liposome into gel had a significant influence on its
rheological properties. Presence of liposome in the gel
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Figure 4: The flow behavior of the gel where (a) is the shear viscosity profile with increasing the shear rate and (b) is the shear
stress versus shear rate profile.

(a) (b)

Table 3: Yield stress sp of liposomal gels which was deter-
mined from the steady rheological behavior.
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elevated its viscoelasticity. Furthermore, the higher val-
ues of critical strain and yield stress that were obtained
for liposomal gel compared to the plain gel indicates
that the former gel is more resistant to deformation.
Furthermore, there was also variation observed in the
rheological properties between a gel containing coated
and non-coated liposomes. Liposomal gel containing
DEAE-DX coated liposome exhibited even higher values
of elastic modulus, critical strain, yield stress and cohe-
sive energy. This phenomenon indicated a special inter-
action between DEAE-DX and Carbopol that could pro-
mote the internal forces holding the polymers to be-
come stronger. This improved the adhesiveness of the
resultant gel due the presence of the oppositely
charged polymers. Overall, LEC-DEAE-DX liposomes in
gel has potential for use as drug carriers.
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Figure 5: TEM micrograph of LG-LEC-DEAE-DX at the scale of
500 nm.
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