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Abstract 

 The objective of this work was to investigate flow rheological properties of topical hydrophilic 
gels, containing liposomes loading dill volatile oil. It is well known that rheological properties of 
pharmaceutical systems for topical use influence the release rate of the contained active substances. 
Because of this, it is important to establish whether and to what extent the presence of liposomes or 
volatile oil determines changes of these characteristics. 

Liposomes composed of phosphatidylcholine and cholesterol and incorporating Anethi 
aetheroleum were prepared by thin film hydration method and dispersed into two types of hydrogels 
(0.5%, respectively 1% carbopol). The rheological measurements were performed at two different 
temperatures (23°C – storage temperature and 37°C – body temperature). The obtained data indicated 
for both the experimental hydrogels, at both temperatures, a thixotropic, non – Newtonian, 
pseudoplastic behavior. It was found that rheological parameters depend on the polymer concentration 
and on the nature of the incorporated form.  
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1. Introduction 
 

In recent years, there was an increased incidence of microbial and fungal infections. 
This, together with the therapeutical difficulties which arise especially in case of invasive 
infections, determined the researchers to become more creative in innovating and developing 
new antibacterial and antifungal drugs. (NOSANCHUK & al. [1]). 

Research on antimicrobial and antifungal drugs is currently dominated by two trends: 
(a) obtain new active molecules; (b) improve the bioavailability of existing molecules and 
reduce their toxicity by coupling with colloidal carrier systems, represented by liposomes, 
cyclodextrins and nanoparticles.  

Plants are rich sources for all the chemical compound classes and in the same time 
they possess pharmacological properties which are widely used in therapeutics, due to their 
efficiency and low toxicity. Among these, the volatile oils and the volatile fractions extracted 
from plants are recognized to possess antimicrobial compounds, the capacity of inhibiting the 
growth of different bacteria and fungus being demonstrated. That is why the researches are 
pointed to the formulation of new, antimicrobial drugs, using these natural compounds. 
Although the Anethum graveolens volatile oil is not part of the intensive studied secondary 
metabolites, yet it was demonstrated its antibacterial and antifungal action on a large category 
of microorganisms. 

Since most of the volatile oils are biologically unstable, insoluble in water and 
incapable of targeted delivery, attempts are made to introduce new methods to improve their 
stability and bioavailability. These include encapsulation in liposomes, process that reduces 
the environmental action on the product (water, oxygen, light), decreases the evaporation rate 
in the external environment, increases the ability of handling, reduces odor and increases the 
degree of dilution in order to achieve a uniform distribution in the final product. 
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Utilization of liposomes as drug delivery and controlled release systems for volatile 
oils in formulations with topical application presents a number of other advantages: increased 
bioavailability for the skin of the entrapped active substance, modulation of the release rate 
and consequently a long lasting effect, utilization of small quantities of volatile oil in 
designed formulations due to the intensified action and prevention of degradation. 

One of the limits of topical dosage forms is the relatively short lasting time of the 
active principle at the application site. In order to obtain a prolonged skin retention and even a 
controlled released for the desired therapeutic effect, it is important to incorporate liposomes 
into a proper gel matrix. Hydrophilic polymers are considered most suitable for topical 
application, but type and concentration of the polymer forming the gel matrix can influence 
the stability and release rate of the active substance (GLAVAS-DODOV & al. [2]). Hydrogels 
are semisolid systems that can serve as vehicles for active substances that are topically 
administered on the skin or mucous membranes. Using them is useful, because they have 
better compliance for patients, appropriate release of the active principle and rheological 
characteristics, increased skin tolerance, compatibility with most active substances, easiness 
of application and removal from the skin. 

It has already been demonstrated that liposomes are compatible with derivatives 
polymers of acrylic acid (ROSA & al. [3]). For local applications are commonly used gels of 
Carbopol 940 with concentrations from 0.5 to 2% (HORSMEYER & al. [4]). Carbopol is a 
synthetic carboxyvinylic polymer, which has the advantage of being more uniform, more 
stable, and more resistant to microbial invasions and growth of fungi due to its high viscosity, 
even at low concentrations. It is also compatible with many active compounds, has good 
bioadhesive properties, it is thermally stable and well tolerated by patients (TAMBURIC & 
al., PERTSEV & al. [5, 6]).  

In order to obtain the desired therapeutic effect, it is necessary to ensure adequate 
characteristics for topical drug formulations, such as application easiness of the gel, prolonged 
skin contact, appearance and sensation after gel application. These strongly depend on the 
rheological behavior and plasticity of the formulation. Optimization and standardization of the 
rheological parameters constitute a major technological problem, because they directly affect 
the therapeutic activity (release, absorbability, effect duration) of the active substances.  

Rheological studies are important in pharmaceutical sciences because of their 
contribution to the characterization of manufacturing operations, of changes that may occur 
during storage or transport, or of the behavior during administration of pharmaceuticals 
(TAMBURIC & al., JONES & al. [7, 8]). 

As it was demonstrated that the rheological properties of topical pharmaceutical gels 
constitute determinants of the therapeutic outcome (OWEN & al., THORGEIRSDOTTIR & 
al. [9, 10]), it is important to establish if, and at what extent, the presence of liposomes and 
volatile oil in gels influence their rheological properties. Starting from these considerations, 
the main purpose of this work was the study of the flow rheological properties of topical 
hydrophilic gels containing dill volatile oil entrapped in liposomes and to elucidate the 
relationship between these properties and structure / composition of the gels. 

 
Materials and methods  

 
Phosphatidylcholine (PC) was purchased from Sigma – Aldrich and cholesterol p.a. 

(Chol) from Fluka. Carbopol 940 and glycerin were purchased from Alpha Pharm, and 
triethanolamine (TEA) from Fluka. All solvents used were of analytical or HPLC grade and 
were purchased from Merck. Anethum graveolens volatile oil (VO) was extracted in our 
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laboratory and assessed by gas chromatography. All other materials were analytical grade or 
equivalent. 
 Preparation of liposomal gels  

The purpose of the sample formulation stage was the incorporation of the liposomes 
loading active substance in the matrix of a macromolecular colloid, Carbopol. Design aimed 
at achieving a formula whose rheological behavior indicates the nature and intensity of the 
interactions between the tridimensional matrix, liposomes and volatile oil, in order to identify 
critical parameters which influence the stability and bioavailability of an antifungal topical 
formulation. 
Liposomes preparation 

Multilamellar vesicles (MLV) were prepared according to the thin film hydration 
method. Lipid solutions were prepared by dissolving precise amounts of phosphatidylcholine, 
cholesterol and essential oil in chloroform. Aliquots of 5.0 mL from each solution were 
introduced in a 100 mL round-bottomed flask. The solvent was evaporated in a Heidolph 
Laborota 4000 rotaevaporatory, at 35˚- 40˚ C, under reduced pressure (13-14 mm Hg). The 
obtained dry lipid film was hydrated with 5 mL distilled water. The mechanical stirring of the 
lipids in aqueous medium was performed with the rotaevaporatory equipment at 37 °C and by 
manual stirring in the water bath, for 2 h, at the same temperature. This suspension was 
allowed to hydrate for 2 h in order to anneal any structural defects. 

Unilamellar vesicles (SUV) were obtained by sonication of the MLV liposomes, in a 
bath-type sonicator (Sono Swiss SW 6L) for 30 min. (6x5min.). The sonication temperature 
was above Tc of the lipids (a temperature under Tc determines structural defects in the bilayers 
of the liposomes, which conducts to the fusion of vesicles). 

For the purification of vesicles, the compound incorporated liposomes were separated 
from the unincorporated compounds by centrifugation. Vesicular dispersions were spun in a 
laboratory centrifuge Hettich Universal 320 R, at 10ºC, 10000 rpm, for 60 min. The 
supernatant was removed and the liposomes were reconstituted in 5 mL distilled water. 

The quantity of essential oil encapsulated in SUV vesicles was spectrophotometrically 
determined using a Perkin-Elmer Lambda 2 Spectrophotometer and the entrapment efficiency 
of the volatile oil was calculated.  

The optimal formulation of volatile oil entrapped liposomes was prepared, based on a 
study of preparation and entrapment conducted earlier (ORTAN & al., [11]). The final 
composition of the liposomes used in gel preparation, expressed in mg / ml, was PC:Chol:VO 
= 19.5:2.6:9. 
Preparation of base gels 

Approximately 0.5g Carbopol 940 were dispersed in water under mild stirring and 
allowed to swell for 24 h. Then, 12 g of glycerin were added. The obtained dispersion was 
neutralized with 0.4 g TEA to pH = 7. The preparation was filled up to 100g with 7.2g of 
distilled water. 

The 1% Carbopol 940 hydrogel was similarly prepared.  
Preparation of liposomal gels 

The incorporation of the liposomes into gels was achieved by slow mechanical mixing 
(25 rpm), using a Velp Scientifia type BS stirrer, for 10 min. The first experimental gel was 
obtained by mixing 92g 0,5% Carbopol base hydrogel and 10 mL liposomal suspension (G1). 
G2 experimental gel was similarly prepared, using 1% Carbopol base hydrogel. 
 Macroscopic examination of gels 

Macroscopic examination aimed at a series of visual (aspect, consistency, 
homogeneity, color), olfactory (smell), tactile (touch and thermal sensation) features, 
according to F.R.X guidelines. 
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 Measurements of gel rheological properties. 
The rheological analysis of the experimental gels was performed using a Reotest LP1, 

Reotech apparatus, equipped with standard spindle CC8. The characterization of gels from the 
flowing point of view was intended. Gel viscosity was measured according to the applied 
shear rate. Experimental conditions were kept constant during the progress of the 
measurements. Experiments were conducted by changing the rotational speed, between 100 and 
800 rpm. To determine the type of flow, we analyzed the obtained data considering several 
mathematical models. We also pursued return from the highest value of shear stress to the lower 
shear stress value, in order to verify the thixotropy of the gels. The thixotropy was quantified 
by calculating thixotropic parameters: ascending area, descending area, thixotropic area.  

Since viscosity and other rheological parameters of semisolid pharmaceutical systems 
can vary in a wide range with temperature (CHANG & al., RUDRARAJU & al. [12, 13]), the 
selection of temperatures at which the rheological tests are performed is very important. In 
this study, the selected work temperatures were 37.0 ± 0.1°C (body temperature) and 23.0 ± 
0.1°C (the temperature of the hydrogels storage). 

The determinations of the descriptors of mathematical models and of the thixotropic 
parameters were obtained using “Table Curve 2D” software package. 

All measurements were carried out in triplicate.  
 

Results and discussions  
 
 Macroscopic examination 

Examination of macroscopic characteristics is the first approximation of the 
preparation, as changes observed in the quality of visual, olfactory and tactile characteristics 
are indicators of the gel preparation. 
Visual characteristic 

• aspect: transparent, shining gel 
• consistency: firm jellifying, the gel having a compact rigidity 
• homogeneity: gel is smooth, without the presence of air bubbles or other foreign 

macroscopic particles 
Olfactory characteristics 

• absence of a characteristic smell 
 

Tactile characteristics  
• after application on the backhand, a cold feeling appears 
• smooth preparation 

 
 The thixotropy evaluation of the designed liposomal hydrogels 

The thixotropy evaluation is performed by hysteresis curve plotting, i.e. by recording 
the shear stress at different speeds in ascending and then descending order and calculation of 
the thixotropic area represented by the area between the upward and downward curve. 

Intrinsic mechanism which conducts to a thixotropic behavior is based on three-
dimensional structures, generated by molecules capable of secondary bonds interactions, 
which are broken during shear; viscosity decreases, the gel turning into sol (ascending curve). 
When shearing stress is removed, initial structure recovery process is slow (descending 
curve), the necessary time of restructuring by grouping molecules, which are currently in 
Brownian motion, depending on the applied shear stress value. 
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The obtained rheological data were plotted in a shear stress – shear rate diagram, as 
shown in figures 1and 2. 
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Figure 1. Thixotropic rheograms for hydrogel G1 at 
23°C and 37°C 

Figure 2. Thixotropic rheograms for hydrogel G2 at 
23°C and 37°C 

 
The thixotropic behavior reflects a degradation of the semisolid structure with the 

application time of the shear stress. Analyzing the rheograms, we can remark that after a 
certain period of rest, depending on the material structure, the gel returns to the initial 
apparent viscosity. 

The diagrams show that at the same shear rate, the descending curve is plotted under 
the ascending one (the value of the shear stress for the recovery curve is lower), which 
indicates a thixotropic behavior for all the designed formulations. 

The values of the thixotropic parameters for the designed hydrogels, for both 
considered temperatures, are given in Table 1.  

 

Table 1. Thixotropic parameters of the designed hydrogels 
 

Hydrogel Ascending area
(Pa s-1) 

Descending area
(Pa s-1) 

Thixotropic area 
(Pa s-1) 

G1 – 23°C 614063.102 579533.945 34529.607 
G2 – 23°C 783256.905 753585.445 29671.460 
G1 – 37°C 549186.358 515318.391 33867.967 
G2 – 37°C 731467.307 703978.252 27489.055 

 
Determination of thixotropic behavior of gels is important, being a desirable 

characteristic of topical semisolid systems (application on the skin of a product initially thick 
which under a shear stress become thinner, easily spreadable material) (MOHAMED & al.     
[14]). 

 
 Measurements of gels rheological properties 

Examining the ascending curves of the rheograms presented in figures 1 and 2 we can 
note that all gels have a non-Newtonian behavior at both work temperatures. This type of 
behavior also results from the plotting of shear rate – viscosity diagrams (figure 3).  

Analyzing the viscosity profiles, it can be observed a sharp decrease of the share rate 
with increasing viscosity, which also indicates a non - Newtonian flow regimen.  

Theoretical and experimental researches aimed at setting equations that correlate the 
shear stress components with the components of deformation and / or velocity of deformation 
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and properties of material. The obtained rheological equations serve to theoretical approach of 
flow problems. 
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Figure 3. Variation of the viscosity with shear rate for experimental hydrogels 

 
Considering this, flow results were analyzed using the mathematical models (ALBU & 

al. [15]): 
 

• Bingham model    (1)           
• Casson model   (2)        
• Herschel–Bulkley model   (3)     
     
where: τ is the shear stress (Pa),γ& - shear rate (s-1), τ0 – yield stress (Pa); 
η – plastic viscosity (Pa·s), K – consistency index (Pa·sn), n – flow index. 

The calculated values of the R2 determination coefficients for the considered models 
are presented in table 2, for both hydrogels at work temperatures. 

 

Table 2. R2 determination coefficient for different rheological models  
 

Hydrogel  Casson model Bingham model Herschel-Bulkley model 
G1 – 23°C 0.9935 0.9692 0.9984 
G2 – 23°C 0.9982 0.9831 0.9996 
G1 – 37°C 0.9911 0.9675 0.9969 
G2 – 37°C 0.9914 0.9693 0.9972 

 
As can be noticed from the table, the highest values of the determination coefficients, 

in case of considered models, were recorded for Herschel-Bulkley flow model for both work 
temperatures. As obtained data best fitted the Herschel-Bulkley model, we calculated the 
rheological parameters specific to this model (Table 3) 
Table 3. Rheological parameters corresponding to the Herschel-Bulkley model 

 

Hydrogel 
Yield stress

( 0τ - Pa) 
Consistency index

(K -Pa⋅sn) 
Flow index 

(n) 
G1 – 23grd 265.030 22.930 0.459 
G2 – 23grd 305.637 32.444 0.478 
G1 – 37grd 195.610 18.077 0.495 
G2 – 37grd 216.759 30.693 0.469 
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As we noted in the table, the consistency index K increases with increasing polymer 
concentration at the same temperature and lowers with increasing temperature for the same 
polymer concentration. Yield stress follows the same trend. Yield stress (τ0) of a material can 
be defined as the minimum stress above which flow can be observed. Although a 
controversial parameter (BARNES & al. [16]), it is recognized as a good indicator in 
characterizing the semisolid systems, influencing the semisolids spreadability and retention 
(KIEWEG & al. [17]). In general, low values of the yield stress increase spreadability, but 
decrease retention and vice-versa. Data calculated and presented in table 3 show that G1 gel is 
more spreadable than the other one, at both temperatures.  

The flow index n imposes the degree of shear thinning, respectively of 
pseudoplasticity. The calculated n values for the experimental hydrogels being smaller than 1, 
means that they show at both temperatures a pseudoplastic behavior. This behavior can be 
explained by the existence of certain internal structures that change with flowing; certain 
particles aggregates, formed by hydrogen bonds or van der Waals interactions, could brake 
and thus their apparent diameter is being reduced.  

Like thixotropy, pseudoplasticity is also a desirable property of topical semisolid 
systems because at high shear rates (as those for expulsion from the recipient) the material 
will flow readily, facilitating the clinical administration; in case of low shear rates, such as 
spreaded hydrogel, the material will adopt a higher consistency recovering the original 
rheological properties had before administration (RATHAPON & al. [18]). 
  
Conclusions 
 

Knowledge of rheological behavior of systems designed for topical application is 
important because they can exert influence at technological level (entrapment of active and 
auxiliary substances), at therapeutical level (rheological parameters can be correlated with the 
composition of the system and therefore with their consistency and bioavailability) and also 
on their stability and compliance. 

Rheological testing performed on the liposomal gels showed that all the designed 
formulations had a non-Newtonian, pseudoplastic, thixotropic behavior at both considered 
temperatures (23ºC, temperature of the hydrogels storage, respectively 37ºC, temperature for 
kinetic experiments). This type of rheological behavior indicates an appropriate spreadability 
in case of topical administration of the tested hydrogels.  
 The rheological analysis presented in this paper will be completed by the kinetic 
analysis of the proposed experimental gels, in order to elucidate the active substance release 
mechanism and bioavailability for the cutaneous absorption.  
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