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Two different kinds of liposomes and a submicron emulsion were added to a topical hydrogel consist-
ing of alginates. The rheological characteristics of the gels after various dilutions were investigated.
The various preparations studied exhibited a similar rheological behaviour. No important interactions
were observed by mixing the hydrogel with liposomes or a submicron emulsion. The viscoelastic prop-
erties and gel state were preserved, only a decrease in consistency was measured.

1. Introduction

Liposomes and emulsions have been widely used as drug
carriers for dermatological purposes, aiming at better pe-
netration or prolonged action in the skin of a variety of
drugs (Cevc 2004). In order to enhance the accumulation
of drug at the site of application and to improve the appli-
cation of topical liposomes, the use of viscous, but re-
freshing vehicles is apprecipated by patients. Pavelic et al.
(2001, 2005) demonstrated the compatibility of liposomes
with crosslinked poly(acrylic acid) gels such as Carbo-
pol1.
The aim of present study was to evaluate the influence of
liposomes and submicron emulsions based on the same
phospholipids on the rheological properties of a topical
gel consisting of alginates. The influence of concentration
of the carrier system in the hydrogel, and the presence of
lecithin in the liposomes were investigated.

2. Investigations, results and discussion

The physical characteristics of both kinds of liposomes
and submicron emulsion were measured 1 day after pre-
paration and before mixing with the hydrogel. The data
obtained are given in Table 1.
The particle size of the liposomes and the emulsion dro-
plets were quite similar. The various carrier systems were
negatively charged.

The influence of different dispersions of submicron emul-
sions and liposomes on the rheological properties of the
hydrogel was examined. Concentrations of 10%, 20% and
30% (w/w) carrier systems in Kelset1 gel were compared
to the characteristics of the hydrogel diluted in the same
manner with the aqueous vehicle (mannitol 5.07% w/v).
Flow measurements were used in order to study the rela-
tion between the stress (related to the force applied) and
the shear rate on the samples, and to determine the viscos-
ity and the flow characteristics. The rheological para-
meters derived from the flow measurements are summar-
ized in Table 2.
The rheograms of all gels diluted with mannitol solutions,
submicron emulsions or containing both kinds of lipo-
somes exhibited a pseudoplastic behaviour. The rate index
values ranged from 0.32 to 0.51. The yield stress values
were about zero for all preparations examined. The best
curve fitting was obtained with the Herschel-Bulkley mod-
el. The submicron emulsion and the liposome preparations
had a Newtonian behaviour with a rate index of 1.0 and a
viscosity of 1.06 Pa � s.
The addition of various amounts of liposomes or submic-
ron emulsion to Kelset1 did not change the rheological
characteristics of the hydrogel. The rate indeces lower
than 0.51 indicated the pseudopastic behaviour was pre-
served but depended of the dilution. Mixing of the hydro-
gel with the submicron emulsion had less influence on the
rate index than addition of liposomes.
Of course, compared to the pure gel (K100) a decrease in
consistency was recorded after mixing as a function of the
dilution. The consistency of the hydrogels diluted with
liposomes was higher than the hydrogel preparations
mixed with submicron emulsions.
The statistical analysis of the consistency values of the
preparations was performed (Scheffé test, significance le-
vel p ¼ 0.005). Comparing K80E20 with K80S20 and
K90E10 with K90S10, p-values of 0.004 and 0.0002 were
calculated respectively. This means that significant effects
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Table 1: Physical characteristics of liposomes and submicron
emulsion

Preparations Particle size (nm)
(� SD)

Zetapotential (mV)
(� SD)

Liposomes S75 477 (3.6) �34.4 (1.1)
Liposomes S75
þ Chol

463 (26.4) �47.9 (0.6)

Submicron emulsion 326 (1.1) �31.7 (0.7)



on the rheological behaviour of the hydrogel were ob-
served when the gel was combined in a ratio 90/10 or 80/20
with an emulsion on the one hand and with liposomes on
the other hand. The differences were, however, not signifi-
cant in the case of a 70/30 ratio. Moreover, no significant
differences were noted, when the hydrogels diluted with
the vehicle mannitol were compared with the gels mixed
with submicron emulsion.
Two series of oscillation measurements were carried out
with a controlled stress rheometer in order to investigate
the elastic (G0) and viscous (G00) parameters of the gels.
During DSS (dynamic stress sweep) measurements the os-
cillation stress was increased logarithmically from 0.3 to
3000 Pa in order to detect the linear viscoelastic region
(LVER), which is the stress region characterised by a di-
rectly proportional relation between the stress applied on
the sample and the strain of the sample. The polymer net-
work stays intact, while applying an oscillation stress in
this linear viscoelastic region. This relation is not proport-
inal any more after the LVER because of the destruction of
the polymer network: a larger deformation of the sample is
obtained due the stress used resulting in a decrease of the
elastic value (G0). Consequently, analyses of DSS measure-
ments allow the characterisation of polymeric dispersions,
the force of their intermolecular bonds and their resistance
towards the stress applied (Ceulemans and Ludwig 2002a).
Three different situations can occur: G0 (elastic) � G00

(viscous) for a chemically crosslinked system, G0 > G00 for
a network consisting of secondary bonds and G0 < G00 for
a physically entangled polymer solution (Ferry 1970).
The viscoelastic behaviour of the pure hydrogel is shown
in Fig. 1. The Kelset1 gel exhibited elastic properties at
low oscillation stress values. The values of G0 were higher
than the values of G00, suggesting the presence of a net-
work with secondary bonds. The linear viscoelastic region
reached 9 Pa. At higher values a sharp decline of the elas-
tic properties was observed. From Fig. 1 one could also
deduce that when the stress values increased the decrease
of the elastic properties (G0) was more important than the
decrease of the viscous properties (G00). The cross-over
stress was around 20 Pa. A possible explanation of this
phenomenon is that by applying an oscillation stress sec-
ondary bonds between hydrated polymers were broken
down, but the free polymer chains then participated in
physical entanglement (G00 > G0). The same phenomenon
was observed in Carbopol1 gels (Bozdag et al. 2005).
The DSS (Dynamic Stress Sweep) results of the various
diluted gels are summarised in Figs. 2–5.

The preparation K90E10 containing the lowest amount of
emulsion, possessed the highest viscoelastic properties
(highest G0 values), indicating that emulsion droplets did
not improve the elastic behaviour of the hydrogel. The
values of G0 being higher than G00 for all preparations ex-
amined suggested that the network with secondary bonds
was preserved. The LVER of K90E10 is 5.0 Pa and is sig-
nificantly longer than both other preparations (2–3 Pa).
From the LVER one could conclude that the higher dilu-
tion of the gel caused a decrease in resistance of the dis-
persed polymers to the increased oscillation stress.
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Table 2: Rheological parameters of flow measurements

Samples Code Consistency (Pa.s) (SD) Rate index (SD) Regression (SD)

Kelset gel K100 158.2 (7.7) 0.318 (0.005) 0.971 (0.002)
Gel-emulsion 90 : 10 K90E10 73.6 (6.7) 0.362 (0.007) 0.984 (0.014)
Gel-emulsion 80 : 20 K80E20 44.8 (6.4) 0.346 (0.003) 0.979 (0.003)
Gel-emulsion 70 : 30 K70E30 41.1 (5.1) 0.360 (0.019) 0.973 (0.006)

Gel-liposomes S75 90 : 10 K90S10 128.2 (15.5) 0.351 (0.075) 0.986 (0.017)
Gel-liposomes S75 80 : 20 K80S20 83.8 (9.1) 0.434 (0.016) 0.991 (0.008)
Gel-liposomes S75 70 : 30 K70S30 62.3 (5.9) 0.505 (0.039) 0.990 (0.007)

Gel-liposomes S75 þ CHOL 90 : 10 K90SC10 101.4 (14.1) 0.408 (0.020) 0.995 (0.001)
Gel-liposomes S75 þ CHOL 80 : 20 K80SC20 91.5 (2.9) 0.387 (0.012) 0.994 (0.003)
Gel-liposomes S75 þ CHOL 70 : 30 K70SC30 60.5 (10.8) 0.411 (0.034) 0.995 (0.001)

Gel-mannitol sol 90 : 10 K90M10 84.0 (8.2) 0.383 (0.006) 0.991 (0.003)
Gel-mannitol sol 80 : 20 K80M20 47.8 (2.4) 0.424 (0.004) 0.988 (0.002)
Gel-mannitol sol 70 : 30 K70M30 36.5 (4.3) 0.443 (0.008) 0.988 (0.004)
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Fig. 1: Rheological characteristics of Kelset1 gel
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Fig. 2: DSS graphs of hydrogel diluted with submicron emulsion.
(composition see Table 2.)



One should also point out that the elastic moduli (G0) of
K80E20 and K70E30 were quite similar. The cross-over
stress of K90E10 is significantly higher than that of
K80E20 and K70E30, which indicates a closer interaction
between the hydrated polymer chains in this preparation,
due to the lower oil concentration present.
The DSS curves of the pure gel K100, the gels K80E20
and K80M20 are presented in Fig. 3. The elastic properties
of these 3 gels were more pronounced compared to the
viscous moduli (G0 > G00). The LVER of K100 is 9.0 Pa in
contrast to both other preparations with a LVER of 3.0 Pa.
The cross-over stress is also decreased after mixing from
20 Pa to less than 10 Pa. Thus, structure change from a net-
work with secondary bonds to physical entanglement oc-
curred at lower oscillation stress compared to K100.
Furthermore, lower viscoelastic values were observed after
mixing the hydrogel with 20% submicron emulsion or
mannitol solution. However, the viscoelastic properties of
K80E20 and K80M20 were not significantly different.
The DSS measuremets of the gels containing both kinds
of liposomes are given in Figs. 4 and 5. Both graphs show
the elastic behaviour of these gels mixed with liposomes
without and with cholesterol. A decrease of G0 values and
G00 values was registered as a function of dilution. But at
low oscillation stress the elastic moduli were higher than
the viscous moduli, which means that the addition of lipo-
somes did not change the structure of the network. The

LVER and the cross-over stress were influenced slightly
by the concentration of the liposomes incorporated into
the gel. The LVER is 8.0 Pa in the case of K90S10 and
K90SC10 but 5–6 Pa for K70S30 and K70SC30.
From Figs. 4 and 5 one could deduce that cholesterol pre-
sent in the bilayers of the liposomes had no influence on
the rheological properties of the various samples.
In Fig. 6 a comparison is made between the pure hydrogel
K100 and the diluted gels K80M20 and K80S20. The stress
sweep curves of K100 and K80S20 were almost similar.
The decrease of G0 values in comparison with K100 is more
important in the case of K80M20 than for K80S20.
When analysing the DSS results recorded after addition of
liposomes and submicron emulsion, following conclusions
can be drawn. The elastic moduli of samples with lipo-
somes are higher than the G0 values of corresponding mix-
tures with microemulsions. Also G00 values are for all sam-
ples measured always higher in the case of liposomes
compared to similar addition of emulsions. The LVER and
cross-over stresses are greater in hydrogels mixed with
liposomes than after addition of submicron emulsion.
Dynamic frequency sweep (DFS) measurements were per-
formed in order to gain insight in the gel or sol state of
the preparations and to evaluate the possible change in
hydrogel structure after mixing with submicron emulsion
or liposomes. The oscillation stress is maintained at a low
constant value deduced from the DSS results in order to
keep the structure of the network intact, meanwhile the
oscillation frequency is increased. In an entangled network
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Fig. 3: DSS curves of K100, K80E20 and K80M20 preparations.
(composition see Table 2)
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Fig. 4: DSS curves of hydrogels mixed with liposomes.
(composition see Table 2)
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Fig. 5: DSS curves of hydrogels mixed with liposomes containing choles-
terol. (composition see Table 2)
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Fig. 6: DSS curves of K100, K80S20 and K80M20.
(composition see Table 2)



the polymer chains can disentangle only if the time is
long enough (low frequency), while the bonds are fixed
irrespective of the angular frequency in a network with
secondary bonds. This structural behaviour results in the
case of an entangled solution in a limiting slope of 2 for
G0 versus frequency in a log-log plot. In the case of net-
work with secondary bonds, a constant value of zero is
observed for G0 over the whole frequency range (Ferry
1970; Ceulemans et al. 2002b).
Results of the DFS (dynamic frequency sweep) measure-
ments are represented in Fig. 7. The G0 and G00 moduli of
K100 and K80S20 were almost similar. The rheological
behaviour of the pure hydrogel and the gel containing li-
posomes were comparable over the whole frequency range
studied, while for K80E20 lower moduli values were re-
corded.
The DFS measurements were carried at a constant oscilla-
tion stress of 1.5 Pa. These measurements allowed to in-
vestigate which kind of polymer network was present in
the samples. The DFS slope values of the log G0/log w
and log G00/log w curves are given in Table 3.
The values of the slopes calculated demonstrated that all
samples tested were gels and no sols, because the values
were very low approaching zero. If mixing of the hydro-
gel with the carrier systems should have broken down the
network to a dispersion with only physical entanglements
of the polymer chains, a slope value of about 2 should
have been calculated.

The higher slope value of log G0 versus log w of K70E30,
confirmed the weaker gel structure and lower consistency
measured during flow measurements (Table 2).
Statistical analysis was performed comparing the slope
data of K90S10 with K90SC10, K80S20 with K80SC20
and K70S30 with K70SC30. No significant differences
were observed, indicating that cholesterol in the bilayers
had no influence.
From the rheological measurements performed one can
conclude that the pure hydrogel and the gels containing
both kinds of liposomes exhibit a similar rheological beha-
viour.
No important interactions and change in the network
structure were observed by mixing the alginate hydrogel
with liposomes or a submicron emulsion.

3. Experimental

3.1. Materials

The oil phase of the submicron emulsions consisted of medium chain tri-
glycerides (Akomed E from Karlhamns, Karlshamn, S). The soybean le-
cithin S75 was kindly donated by Lipoid GmbH (Ludwigshafen, D) and
used as received.
Mannitol, macrogol 400, and cholesterol were of pharmaceutical grade and
were purchased from VWR-International (Leuven, B). Chloroform p.a. was
supplied by Sigma Aldrich Chemie (Bornem,B). Kelset1 was purchased
from ISP (San Diego, USA), and alginic acid from ISP (Ayrahine, UK) .
Purified water produced by Milli-Q (Millipore Co., USA) was used
throughout the experiments.

3.2. Preparation of liposomes

Liposomes were prepared by the film method. Lecithin S75 (100mg/ml)
without or with cholestrol (2mg/ml) (ratio 1/1) was dissolved in chloro-
form evaporated to dry at 60 �C using a rotovapor apparatus (Buchi R205-
V805, Flawil, CH). The film was hydrated by a aqueous mannitol solution
(5,07% w/w). The preparation was held at 5 �C till mixing with the hydro-
gel.

3.3. Preparation of submicron emulsions

Microemulsions were prepared at 70 �C by dispersing the oil phase (20 g)
into the water phase (80 g) containing the required amount of tonicity
agent (mannitol 5,07% w/w). As emulsifier lecithin S75 (2 g) was used.
The primary emulsion obtained by mechanical mixing during 5 min was
further homogenized with an ultrasonic probe at 50 W (Branson Digital
sonifier 450-D, Danbury, USA) during 10 min.

3.4. Preparation of the hydrogel

The aqueous hydrogels were prepared with 2.5% (w/w) Kelset1, 1% (w/w)
alginic acid and 25% macrogol 400 in water.
The submicron emulsion and the liposomes were carefully mixed manually
until complete homogeneous preparations were obtained.

3.5. Physical characterisation

Measurement of droplet size and zetapotential were performed using the
zetasizer 3000 (Malvern Instruments, Malvern, UK). The mean droplet size
was measured by photon correlation spectroscopy after appropriate dilution
with the vehicle. Each sample was measured three times. Zetapotential
values were obtained using laser doppler anemometry. Each sample was
diluted with vehicle, resulting in an optimum signal intensity, and mea-
sured 10 times.
The measurements were performed in triplicate and mean values were cal-
culated.

3.6. Rheological evaluation

Rheological measurements were performed with a controlled stress rheo-
meter (Carri-Med CSL2 100, TA Instruments, Brussels, B) equipped with a
2 cm cone (2.00�, truncation 60 microns). The experiments were carried
out at room temperature (25 �C). A pre-shear procedure was used to homo-
genise the samples. The test samples were equilibrated during 10 min al-
lowing the hydrogel to recover from the destruction caused by the manip-
ulations of sampling.
During the flow procedure the shear rate was increased from 0 to 15 (1/s)
in 3 min (flow step/linear ramp mode).
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Fig. 7: DFS curves of hydrogels mixed with liposomes and submicron
emulsion. (composition see Table 2)

Table 3: DFS slope values of the log G0/log w and log G00/log w
curves (mean � SD)

Sample Slope log G0/log w Slope log G00/log w

K100 0.18 (0.01) 0.24 (0.02)
K90E10 0.16 (0.01) 0.26 (0.04)
K80E20 0.19 (0.03) 0.26 (0.08)
K70E30 0.28 (0.04) 0.24 (0.02)

K90S10 0.11 (0.01) 0.23 (0.25)
K80S20 0.12 (0.03) 0.24 (0.10)
K70S30 0.10 (0.01) 0.29 (0.08)

K90SC10 0.11 (0.01) 0.20 (0.08)
K80SC20 0.09 (0.01) 0.19 (0.10)
K70SC30 0.12 (0.01) 0.18 (0.06)



The Herschel-Bulkley model expressed by Eq. (1) was employed as mathe-
matical model to fit the data obtained.

s ¼ sy þ K � gn ð1Þ

s ¼ shear stress (Pa), sy ¼ yield stress (Pa), K ¼ consistency (Pa � s),
g ¼ shear rate (1/s), n ¼ shear rate index (n ¼ 1, newtonian behaviour;
n < 1, pseudopastic behaviour).
In the oscillation measurements the stress was increased logarithmically
from 0.3 to 3000 Pa at a constant frequency of 1 rad/s to detect the linear
viscoelastic region (LVER), during a dynamic stress ramp (Dynamic Stress
Sweep (DSS)). A stress value in the LVER was chosen to perform a fre-
quency ramp (Dynamic Frequency Sweep (DFS)) during which the oscilla-
tion frequency was increased logarithmically from 0.1 to 10 rad/s (Weyen-
berg and Ludwig 2002). Three flow measurements, three DSS and two
DFS oscillation procedures were carried out in triplicate. Mean values and
standard deviations were calculated.

3.7. Statistical analysis

The software Statistica1 version 5.5 (Statsoft Inc. Tulsa, OK, USA) was
used to perform statistical analyses of data.

Acknowledgements: The authors wish to thank the Institute for the Promo-
tion of Innovation by Science and Technology in Flanders (IWT) for the
financial support provided.

References

Bozdag S, Weyenberg W, Ludwig A (2005) Influence of gamma irradia-
tion sterilisation on rheological properties of ocular formulations. Phar-
mazie 60: 593–597.

Ceulemans J Ludwig A (2002a) Optimisation of carbomer viscous eye
drops: an in vitro experimental design approach using rheological techni-
ques. Eur J Pharm Biopharm 54: 41–50.

Ceulemans J, Vinckier I, Ludwig A (2000b) The use of xanthan gum in an
ophthalmic liquid dosage form: rheological characterization of the inter-
action with mucin. J Pharm Sci 91: 1117–1127.

Cevc G (2004) Lipid vesicles and other colloids as drug carriers on the
skin. Adv Drug Del Rev 56: 675–711.

Ferry JD (1970) Viscoelastic properties of polymers, Wiley, New York.
Pavelic Z, Skalko-Basnet N, Schubert R (2001) Liposomal gels for vagial

drug delivery. Int J Pharm 219: 139–149.
Pavelic Z, Skalko-Basnet N, Jalsenjak I (2005) Characterisation and in

vitro evaluation of bioadhesive liposome gels for local therapy of vagini-
tis. Int J Pharm 301: 140–148.

Weyenberg W, Ludwig A (2002) In vitro assessment of the interaction
mechanisms between mucin and a cationic cellulosic derivative by rheo-
logical methods using an experimental design. Pharmazie 57: 628–631.

ORIGINAL ARTICLES

942 Pharmazie 61 (2006) 11


