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Summary 
 

Knowing the active parts structure of Euphorbia cyparissias (Cypress spurge) 
extracts, nanoencapsulated, concentrations of 5 and respectively 10% obtained previously 
where included in a simple ointment base (unguentum simplex) and pharmaceutically tested. 

The rheology behaviour, according to the „Loop”, „Creep”, „Amplitude sweep” and 
„Frequency sweep” curves was accomplished with the help of a MCR-300 (Paar Physica) model 
rheometer in parallel side cells, with 20mm i.d. and 1mm interstices. 

The rheologic study revealed complexes who presented pseudoplasticity and 
thixotropy as “Loop” tests proved, and also viscoelastic behaviour as results after “Creep”, 
“Amplitude Sweep” and “Frequency Sweep” tests. 

From viscosity curves were obtained viscosity values η∞ at infinite great shear 
speeds for each sample. 

From “Amplitude Sweep” diagrams were obtained the critical deformation values of 
samples. The temperature samples’ behaviour is complex, their viscosity obey to an 
Arrhenius dependence only on certain temperature intervals. 

Making a correlation of these intervals for η-t experimental data after Arrhenius 
formula the values for activation energy of viscous flow were obtained. 

The samples are changing to a certain temperature the value of activation energy 
of viscous flow. 

The samples are sensibly changing them rheologic proprieties with temperature, 
tension, respectively shear speed. 
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The aim of the study is the 5 and 10% Euphorbia cyparissias’ ointments 
rheologic behaviour it what concerns pharmaceutical applicability of nanoparticles 
with bio compounds in veterinary medicine as part of collective’s researches 
started in 2006. 

 
Materials and methods 

 
Knowing the active parts structure the Euphorbia extracts 

nanoencapsulated, concentrations 5 and respectively 10% obtained previously (1, 
2, 3) where included in a simple ointment base (unguentum simplex) and 
pharmaceutically tested for rheology according to the „Loop”, „Creep”, „Amplitude 
sweep” and „Frequency sweep” curves. 
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1. Euphorbia / β-cyclodextrine complexes obtaining 
 

Were weighted β-ciclodextrine (ßCD) (corresponding to 0.5 mmols ßCD) 
as shown in table 1, and dissolved in 4ml distilled water at 50ºC.  

After this the ethanolic solutions of Euphorbia extract over cyclodextrine 
solution was added by pouring in 0.5 hours under continuous agitation and the 
obtained solution was agitated for an additional 15 minutes.  

The complex was then chilled gradually to the room temperature in four 
hours and after kept to refrigerator at 4ºC for 12 hours. The suspension was filtered 
and washed with 1ml 96% ethanolic solution and after this, dried in exicator. 

 
Table 1 

Conditions and results in the Euforbia / ßCD extract complexes obtaining 

No. Code Description 
m 

(ßCD)(g) 
V(water) 

(ml) 
Temp. 

(°C) 
V (EtOH) 

(ml) 
Chill time 
(hours) 

Refrigeration 
(hours) 

1 T5 CD 5% Euforbia Extract 
2 T10 CD 10% Euforbia Extract 

0.671 4 50 4 4 12 

 
2. The E. cyparissias complexes ointment obtaining 

 

The ointment was obtained through dispersion of the Euforbia / β-
ciclodextrine complexes in unguentum simplex. The study concentration of 5, 
respectively 10% Euphorbia complexes was of 0.004% 

 
3. Rheometry 

 

The Euphorbia cyparissias nanoparticles based ointment rheologic 
features was accomplished by „Loop”, „Creep” „Amplitude” and respectively 
„Frequency” curves.  

The viscosity at 20°C, viscosity vs. temperature (20-60°C) loop, creep, 
amplitude sweep and frequency sweep curves were conducted on a MCR-300 (Paar 

Physica) model rheometer in parallel side cells, with 20mm i.d. and 1mm interstices. 
The dynamic viscosity curves (η-t) were obtained at the temperature range 

of [20 ÷ 60] °C with a shearing rate of γ& = 1s-1 all rheologic tests being 
accomplished at normal pressure as follows: 

• The loop viscosity curves (η- γ& ) were obtained at t = 20°C and γ& = 

[0.01÷500] s-1 
• The creep curves ( γ& -t) were obtained at t = 20°C with following τ shear 
strain values: 15, 0, 29 and respectively 0Pa, the time depending strain 
evolution being monitorized. 
• Amplitude sweep tests were conducted in the strain range of [0.01÷1] % at 
t = 20°C, with an oscillation frequency of ὠ = 10s-1. 
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• The frequency sweep tests were obtained at critical strain (from the 
amplitude sweep), with a logarithmic variation of oscillation frequency in the 
range of [0.01÷100] s-1. 

 
Results and discussions 

 

Loop curves 
The investigated ointments’ samples viscosity Loop curves (η-γ& ) at t = 

20oC are presented in figure 1. It is observed that the samples present viscoelastic 
behaviour: 

- pseudoplasticity, the samples refining once the shearing force increased 
- thixotropy, the samples being less viscous when shearing force reverted 

monotonous to the initial minimal value. 
These phaenomenons (pseudoplasticity and thixotropy) are due to the 

samples microstructure and can be explained as a consequence of particles 
agglomeration. Thereby the particles interact on a hand as a result of van der Walls 
forces attraction and as electrostatic and steric repulsion on another hand. 

The systems stability depends by the potential energy barrier existence 
which prevents the particles contact (adhesion).  

If the suspension it is in rest, through agglomeration the particles can 
constitute spatial netting and so the suspension develops an internal structure.  

Certainly the netting must be sufficient solid to not be destroyed by the 
thermal movement.  

When the suspension is sheared, the weak physical bonds are torn and the 
netting will cleave in individual aggregates that can disintegrate in small fragments 
known as flowing units.  

As a consequence, sample’s viscosity will reduce accompanied with the 
rise of shearing speed, phenomena known as pseudoplasticity. On the other hand, 
thermal movements determine the flowing units’ collision and as a consequence, 
the growth of aggregates number.  

After certain time to a given shearing speed γ& establishing a dynamic 
equilibrium between aggregates’ destroying a regeneration, anew to great γ&  value 
the balance is changed in the direction of a more intense dispersion. The time 
dependence of a fluid viscosity is named thixotropy and is explained by the late 
adjustment of mass internal structure to the applied shearing conditions. 

η-t data were correlated by Origin programme application (method of the 
smaller squares), with the formula: 

-n
cη η γ= +

∞
&  

where: 
• , ,c nη∞

 represents the correlation parameters.  

• η∞ is the viscosity significance to shear infinite great speeds,  

• nc,  parameters with no physical significance. 
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Fig.1. “Loop” test for T5CD and T10CD samples at t = 20 oC 

 
In figure 2 is presented the experimental data correlation in the up 

mentioned respect. The obtained values for correlation parameters , ,c nη∞  in the 

case of the studied samples are shown in table 1. 

 
Fig. 2 Viscosity curves (correlations) of samples T5CD and T10CD  

 
Table 1 

The correlation parameters values in nanoparticles based ointments 
rheologic characterisation  

Sample 
η∞

 

[Pa s] 
c 

[Pa s1-n] 
n 

T5CD 1,1 286,81 0,76 
T10CD 0,9 289,28 0,72 
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“Creep” curves 
“Creep” curves (γ& -t) denotes the viscoelastic behaviour of all studied 

ointment samples (fig. 3, 4).  
Towards application of a shear tension, the γ deformation will raise 

monotonously, but next stress removal deformation being partially retrieved. 
 

 
 

Fig. 3 “Creep” test for T5CD, samples at t = 20oC 
 

 
 

Fig. 4 “Creep” test for T10CD samples, at t = 20oC 
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Oscillatory tests 
 

a. “Amplitude Sweep” 
The “Amplitude Sweep” test results for the samples at t = 20oC are shown 

in figure 5. This test permits the critical deformation specification lied on diagram to 
the end of interval (paler) in which elastic G’, respectively G” viscous modules 
remain constant to the sample’s deformation variation. 

If the sample is continuously deformed, to a certain deformation value, the 
rheologic behaviour will be changed from predominantly elastic (G’>G”) to 
predominantly viscous (G”>G’). 

Table 2 presents the critical deformation γc values and γs deformation as 
well observing the behaviour changing of the ointment’s samples. 

Table 2  
The γc and γs deformation values for the ointment samples 

Sample 
γc 

[%] 
γs 

[%] 
T5CD 0,10 >1 

T10CD 0,04 0,10 
 

 
 

Fig. 5 Results of “Amplitude Sweep” test for the ointment samples at t = 20oC 
 

b. „Frequency Sweep” 
The „Frequency Sweep” tests evinced the “shear-thinning” behaviour of all 

studied samples as we can se in figure 6. 
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Fig. 6 ”Frequency Sweep” test for T5CD sample, at t = 20 oC 
 

Figure 7 pictures the ointment samples dependency to temperature, the 
measurements being fulfilled to a γ& =1s-1 shear speed. The viscosity / temperature 
behaviour is complex for all samples. 

Thereby, for T5CD ointment samples viscosity failed exponentially 
(Arrhenius dependency) with temperature between (20÷28) oC, then growled until 
42.5oC and finally, diminish exponentially again. This viscosity growth to a certain 
temperature interval is similar with of the gels ones due probable to the forming 
aggregates when temperature approaching 42.5ºC, aggregates who are 
decomposing at heating because of Brownian movements.  

T10CD sample’s viscosity decrease continuously with the temperature in 
the studied interval, but η-t dependence is not an Arrhenius one. 

 

 
 

Fig. 7 “Temperature test” for the ointment samples at γ& = 1 s-1 
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For the studied samples η-t values were correlated on each from two 
temperature intervals where viscosity decreases according to temperature with an 
Arrhenius type formula: 

 









=

kT

E
A

a
expη  

 
where: 

 A     - represents a multiplicative constant, 

a
E    - is the viscous flow activation energy, 

 K = 1.38·10-23 J/K - is the Boltzmann’s constant, 
 T    - absolute temperature. 

 
As correlation parameters, A and a

E  constants were used  

η-t correlations are presented in figure 8. These samples suffer the 
activation energy Ea of viscous flow. 

The fitting obtained values for activation energy a
E  of each sample for the 

two temperature intervals are presented in table 3. 
 

 
 

Fig. 8 Fitting on portions of η-t data after Arrhenius formula for sample T10CD 
 

Table 3 
Correlation values of activation energy of viscous flow 

Sample 
Ea 

[J] 

T5CD I). 8,88·10-20 
II). 18,01·10-20 

T10CD I). 12,22·10-20 
II). 28,48·10-20 
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Conclusions 
 

In case of ointment nanoparticles containing Euphorbia samples a good 
dispersion of crystals in ointment bases was ascertained, this being more evident in 
the case of greater concentration samples. 

The rheologic study revealed complexes who presented pseudoplasticity 
and thixotropy as “Loop” tests proved, and also viscoelastic behaviour as results 
after “Creep”, “Amplitude Sweep” and “Frequency Sweep” tests. 

From viscosity curves were obtained viscosity values η∞ at infinite great 
shear speeds for each sample. 

From “Amplitude Sweep” diagrams were obtained the critical deformation 
values of samples. The temperature samples’ behaviour is complex, their viscosity 
obey to an Arrhenius dependence only on certain temperature intervals. 

Making a correlation of these intervals for η-t experimental data after 
Arrhenius formula the values for activation energy of viscous flow were obtained. 

The samples are changing to a certain temperature the value of activation 
energy of viscous flow. 

The samples are sensibly changing them rheologic proprieties with 
temperature, tension, respectively shear speed. 
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