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SUMMARY. Nanocapsule suspensions containing coenzyme Q10 were prepared by interfacial deposition.
The nanocapsules showed characteristics compatible with dermal application: slightly acid pH, drug con-
tent close to 100%, particle size between 213 and 248 nm with low polydispersity and negative zeta poten-
tial. Three cosmetic formulations for skin application were developed, one with the free-coenzyme Q10, a
second with a suspension of coenzyme Q10-loaded nanocapsules and a third containing dried coenzyme
Q10-loaded nanocapsules. The dried nanocapsules were obtained by spray-drying of the suspension. No
significant differences in the diameters of the particles after their incorporation in the semi-solid formula-
tions were observed in comparison with those of nanocapsules in the aqueous suspension. The rheological
characterization showed that the formulations containing coenzyme Q10-loaded nanocapsules had a pseu-
doplastic flow, while the formulation containing free-coenzyme Q10 had a yield-pseudoplastic flow. The
semi-solid formulations containing coenzyme Q10-loaded nanocapsules suspension or powder of nanocap-
sules of coenzyme Q10 redispersed in water are promising cosmetic formulations for topical application.

INTRODUCTION
Both organic and inorganic molecules and

atoms containing one or more unpaired elec-
trons can be classified as free radicals 1. This
configuration makes the free radicals molecules
very reactive, highly unstable and presenting
short half-life. Their presence is classified as crit-
ical to the maintenance of many physiological
functions. The in vivo formation of the free radi-
cals occurs naturally as a consequence of the
process of transferring electrons during the cell
metabolism 2.

Antioxidants are substances that, when pre-
sent in low concentrations, in relation to the ox-
idizable substrate, effectively delay or inhibit the
oxidation, repressing the formation of free radi-
cals 3. The imbalance of nutritional conditions,
smoking, alcohol consumption, air pollution
and other factors may reduce the levels of cell
antioxidants 4. The levels of antioxidant en-
zymes naturally present in the epidermis and

stratum corneum are also decreased by acute
and chronic exposure to ultraviolet radiation 5.

Oxidative stress is defined as an imbalance
between the production of reactive oxygen
species and antioxidant defenses 6,7. The theory
of radicals of oxygen, developed by Harman 8

suggested that aging could be secondary to ox-
idative stress and Sander et al. 5 described that
oxidative stress can cause oxidation of proteins
in the skin and it is directly related to aging.
Thus, the topical administration of antioxidant
substances that occur naturally in human skin
can be quite advantageous in preventing oxida-
tive damages 9.

The coenzyme Q10 (CoQ10), 2,3-dimethoxy-
5-methyl-6-decaprenil-benzoquinone or
ubiquinone, is known as cellular endogenous
antioxidant. It comprises a long side chain con-
taining ten units of isoprene. Due to its structure
(Fig. 1) this coenzyme has very low water solu-
bility. A set of functions for coenzyme Q10 was
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established over the years, but their role as ef-
fective antioxidant cellular membranes are still
under investigation. The protective effect of
coenzyme Q10 has been observed on lipids,
proteins and DNA. The coenzyme Q10 is in-
volved in obtaining ATP, which is the major
source of energy that drives a range of biologi-
cal processes 10 and it acts as a stabilizing agent
in cell membranes 11. In the human body, coen-
zyme Q10 is found in relatively high concentra-
tions in cells with high energy needs, such as
heart, liver, muscles and pancreas. Investiga-
tions have also showed that coenzyme Q10
plays a central role in mitochondrial oxidative
phosphorylation 12,13 as carrier of electrons from
complex I and II to the complex III of respirato-
ry chain function and as an antioxidant able to
combat free radicals 14-16.

Modern cosmetics are designed to reduce
the signs of skin aging, where oxidative stress
plays an important role.  In terms of skin admin-
istration, the coenzyme Q10 has shown the abil-
ity to reduce photoaging in vivo with a corre-
sponding decrease in the depth of wrinkles. In
addition, its physiological levels showed a de-
crease with increasing age 17.

During the last two decades, several new
pharmaceutical carriers of substances based on
nanotechnologies have been widely researched
and developed. Nanocarriers are able to protect
the encapsulated drug against degradation and
facilitate its transport across critical and specific
barriers 18. For those reasons, nanoemulsions,
nanosuspensions, liposomes, solid lipid
nanoparticles and  polymeric nanoparticles have
been extensively studied 19-22. Polymeric nano-
particles can be classified as nanocapsules
(vesicular structures) or nanospheres (matricial
structures), according to their composition and
molecular organization. Nanocapsules can serve
as reservoirs of lipophilic substances which are
able to gradually release the drug in the stratum
corneum, being an efficient way to control the
drug penetration in the skin. They are also able
to increase the adhesiveness of the active sub-
stance during the time of contact with skin 23.

Figure 1. Structure of Coenzyme Q10.

Nanoparticulated systems can also be used
as an alternative to improve the penetration
through the skin barrier of substances that, in its
free form, are poorly permeable 24. Additionally,
those systems can increase the availability of ac-
tive substances or drugs applied topically 25.
The nanoencapsulation can increase the stability
of labile substances during storage and in bio-
logical fluid 19,22 and protect substances from
photodegradation 26. Moreover, the nanoencap-
sulation increased the antioxidant activity of
substances. This effect was demonstrated for
idebenone 27 and melatonin 28.

The coenzyme Q10 is an attractive active in-
gredient for the development of cosmetic for-
mulations 29. Additionally, its reduced form, the
ubiquinol, is a potent antioxidant, with the abili-
ty to reduce oxidative damage caused by lipid
peroxidation of membranes 30. However, it is es-
sentially photo-unstable when exposed to light.
The lack of chemical stability hampers their in-
corporation into a cosmetic formulation suitable
for topical administration 17. Another limitation
stems from the lack of control of the skin per-
meation of coenzyme Q10. Hoppe and col-
leagues 17 observed a penetration of 20% in pig
epidermis, while only 2% of coenzyme Q10
reached deeper layers of skin.

Some authors have studied and developed
alternatives to resolve the instability of coen-
zyme Q10, including its complexation with cy-
clodextrins 31 and the preparation of a dry re-
dispersible emulsion 32. Besides, formulations
self-nanoemulsified containing coenzyme Q10
were able to increase its dissolution 33 and solid
lipid nanoparticles for topical release 20 showed
biphasic release profile of coenzyme Q10. Ne-
hilla et al. 34 developed surfactant-free nanopar-
ticles and obtained stable release of Coenzyme
Q10 for two months. Regarding the oral route of
administration, it was noted that nanoemulsions
and dried nanoemulsions containing coenzyme
Q10 35 increased its oral absorption.

Another possible strategy to stabilize the
coenzyme Q10 not yet fully exploited is the use
of polymeric nanocapsules. Comparative studies
of stability were performed by Kwon et al. 36,
which prepared polymeric nanoparticles using a
method based on microfluidization and showed
that the inactivation of coenzyme Q10 at high
temperatures and UV radiation was effectively
reduced when this active was encapsulated in
polymeric nanoparticles. 

Nevertheless, the full applications of poly-
meric nanoparticles have not been exploited
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due to the lack of stability of formulations when
conserved in aqueous medium for a long peri-
od. During the storage, microbiological growth,
polymer hydrolysis and physicochemical insta-
bility as a consequence of particle aggregation
can take place 37. Considering that, our research
group and others have been involved in the
study of the spray drying technique to stabilize
polymeric nanoparticle aqueous suspensions
converting them into powders 21. However, up
to now, there is no report in the literature fo-
cused on the preparation of semi-solid cosmetic
formulations containing redispersible nanocap-
sule powder. Taking into account the potentiali-
ty of cosmetic use of coenzyme Q10 and the
useful of nanocapsules as stabilizers of labile
substances, such is the case of this active, the
objective of this work was to study the feasibili-
ty of semi-solid formulations containing
nanocapsules of coenzyme Q10, previously
dried by spray-drying. Our interest was also di-
rected to the rheological characterization of se-
mi-solid formulations. Specifically, the aim was
to verify if the incorporation of coenzyme Q10-
loaded nanocapsules could alter the rheological
properties of vehicles. It is worth emphasizing
that, from the technological point of view, the
knowledge of rheological behavior is of funda-
mental importance in order to ensure an ade-
quate flow of the systems, characteristic re-
quired for the therapeutic activity or the cosmet-
ic features of the product 38.

MATERIALS AND METHODS
Materials

Poly(ε-caprolactone) (PCL) (MW = 65,000
g.mol–1) and sorbitan monostearate were sup-
plied by Aldrich (France). Caprylic/capric
triglyceride was delivered from Brasquim (Bra-
zil). Polysorbate 80, Carbomer (Carbopol 940®)
and lactose were obtained from Henrifarma
(Brazil). Coenzyme Q10 was purchased from
Deg (Brazil) and diazolidinyl urea was obtained
from Sarfam (Brazil). Oil nut was delivered from
Inovam (Brazil); grape seed oil and sunflower
oil from Embacaps, Brazil. All other chemicals
and solvents used were of analytical or pharma-
ceutical grade. All reagents were used as re-
ceived.

Selection of the oily core of nanocapsules
Prior to prepare the nanocapsules, the solu-

bility of coenzyme Q10 at a concentration of 0.5
mg/mL in different oils (nut oil, grape seed oil,

sunflower oil and mixture of triglycerides of
capric and caprylic acid) was checked, after
magnetic stirring during 1 h at 25 °C.

Preparation of coenzyme Q10–loaded
nanocapsules

The nanocapsules were prepared by interfa-
cial deposition of pre-formed polymer technique
39. Three formulations, called A, B and C con-
taining coenzyme Q10 in concentrations of 0.5,
1.0, and 2.0 mg/mL, respectively, were pre-
pared. The coenzyme Q10 was dissolved in the
organic phase composed of triglycerides of
caprylic and capric acid (0.33 mL), sorbitan
monostearate (76.6 mg), poly(ε-caprolactone)
(100 mg) and acetone (26.7 mL). The organic
phase was poured on an aqueous phase con-
taining polysorbate 80 (76.6 mg), diazolidinyl
urea (0.01 g) and Milli-Q® water (53.3 mL)
through a funnel and maintained under magnetic
stirring for 10 min. The formulations were pre-
pared in the dark and evaporated in a rotative
evaporator Büchi R-114 at 30 °C until a final vol-
ume of 10 mL. The macroscopic aspects of sus-
pensions A, B and C were evaluated just after
preparation in order to select the best one for
further physicochemical characterization. In par-
allel, a placebo containing all components of
the formulation, excepting coenzyme Q10,
called NB, was also prepared.

Physical-chemical characterization of
coenzyme Q10-loaded nanocapsules

The physical-chemical characterization of the
suspensions was performed immediately after
preparation. The formulations A, B and C were
evaluated for macroscopic aspects. Formulation
A (selected by the macroscopic aspects) was al-
so evaluated in terms of particle size, polydis-
persion index, zeta potential, pH and drug con-
tent of coenzyme Q10. NB (placebo formula-
tion) was characterized by the particle size,
polydispersion index and zeta potential.

Macroscopic Analysis
The color and presence of precipitates or

separation of phases under natural light of each
formulation (2.5 mL) packaged in a glass tube
were observed.

pH Analysis
Measures of pH were performed directly in

the samples using a potentiometer Denver Instru-
ment VB-10, previously calibrated with buffer so-
lutions for calibration pH 4 and 7 (Merck, Ger-
many).
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Validation of the spectrophotometric method for
the coenzyme Q10 quantification

The determination of coenzyme Q10 in the
samples was performed by UV spectrophotome-
ter at 280 nm. The validation followed the pa-
rameters outlined in the Brazilian official guide
for validation 40. A stock solution containing
1000 µg/mL of coenzyme Q10 was prepared,
from which aliquots were withdrawn and dilut-
ed in the range 10 to 50 µg/mL for the standard
curve. The repeatability was evaluated from the
determination of 6 dilutions of the suspension
of coenzyme Q10-loaded nanocapsules in a
concentration of 0.5 mg/mL. To analyze the ac-
curacy was adopted the method of addition of
the standard with final concentrations of 25, 35,
and 45 µg/mL. The specificity of the method was
evaluated by analysis of nanocapsules samples
without coenzyme Q10 prepared and diluted in
the same way that the formulation tested.

Determination of the coenzyme Q10 content in
the suspension of nanocapsules 

To determinate the content of coenzyme
Q10 in the nanocapsules, a sample was diluted
in order to get the final theoretical concentration
of 15 µg/mL. Thus, aliquots of 300 µL were re-
moved from the formulations A and diluted to
10 mL with a solution of acetonitrile and ethyl
acetate (1:1). The absorbance of samples were
measured at 280 nm.

Determination of particle size, polydispersity in-
dex and zeta potential 

The average diameter and the polydispersity
indexes of the particles in suspension were de-
termined by dynamic light scattering using a Ze-
tasizer Nano series equipment Nano-Zs (Malvern
Instruments). A and NB samples were diluted at
a ratio of 1:500 (v/v) in Milli-Q® water and the
distribution of size (measured in intensity). The
measurements were carried out three times for
each sample. The measures of average diame-
ters were also performed after 20 days of stor-
age at 25 °C, protected from light. Using the
same equipment, the zeta potential was mea-
sured by electrophoretic mobility. The samples
were diluted at a ratio of 1:500 (v/v) of 10 mM
NaCl and the measurements were performed in
triplicate.

Spray dryed nanocapsules 
The nanocapsule aqueous suspensions were

dried in a mini-spray-dryer MSD 1.0 (Lab ma-
chine, Brazil), using lactose as adjuvant (3.0%

w/v). The efficiency (yield) of drying was calcu-
lated as the sum of the masses of the suspen-
sion components (except the water) added the
weight of lactose. The drying parameters were:
pressure of 2 bar, flow 3 mL/min and tempera-
ture of input air of 146 °C.

Microscopic analysis of powders 
The samples were metalized with gold (Jeol

Jee 4BSVG-IN) and subjected to analysis by
scanning electron microscopy (Jeol Scanning Mi-
croscope JSM-5800 – Centro de Microscopia
Eletrônica, UFRGS), using a voltage of 20 kV
and increases between 500 and 25,000 times.

Preparation of hydrogel containing
coenzyme Q10-loaded nanocapsules

Suspensions A and NB were thickened with
Carbopol® 940 (0.2% w/V) and neutralized with
triethanolamine (pH 7); the semi-solid formula-
tions were called FNCo and FNB, respectively. A
placebo formulation containing free-coenzyme
Q10 (not encapsulated), called FCO was also
prepared. In parallel, the nanocapsule-spray-
dried powders was recovered by dispersion in
aqueous solution, followed by thickening with
Carbopol® 940 (0.2% w/V) and neutralization
with triethanolamine (pH 7). This formulation
was named FPCo.

Physical-chemical characterization of
semi-solid formulations

The average diameters of FNCo and FNB
were evaluated and the macroscopic analysis
was performed according to the techniques cit-
ed above for the characterization of suspen-
sions. The size and polydispersity indexes of the
particles in the formulations FNCo and FNB
were determined in samples diluted at a ratio of
1:500 (v/v) in Milli-Q® water by the same tech-
nique described above, in order to compare
these results to those obtained with the
nanocapsule suspensions (A and NB). The rheo-
logical characterization (FNCo, FPCo and FCO
hydrogels ) was performed using a Brookfield
viscometer DV-II + Pro Viscometer, mode LVF,
spindle SC4-25, with a range of shear rate rang-
ing from 40 to 56 rpm. Samples (20 g) were
kept at 25 ± 1 by using a circulating water bath.
Data were analyzed using the equations of flow
of Bingham, Casson, Ostwald and Herschel-
Bulkley, which describe the rheological models
perfect plastic, plastic, pseudoplastic and pseu-
doplastic with transfer of value, respectively.
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RESULTS AND DISCUSSION 
Preparation and physical-chemical
characterization of the nanocapsule
suspensions
Selection of the oily core

Coenzyme Q10 was practically insoluble in
the nut oil, grape seed oil and sunflower oil at a
concentration of 0.5 mg/ml. On the other hand,
coenzyme Q10 was soluble in the mixture of
triglycerides of caprylic and capric acid (0.5
mg/mL). So, this oil was selected for the prepa-
ration of nanocapsule. Indeed, the solubility of
the drug in the oily core is the key parameter to
obtain formulations of nanocapsules prepared
by the method of nanoprecipitation 21.

Macroscopic Analysis
After preparation, the suspensions of

nanocapsules (A and NB) resulted in formula-
tions which presented uniform macroscopic ap-
pearances, slightly yellow and white colors (re-
spectively) and bluish opalescent aspects, due
to Brownian motion of nanoparticles in suspen-
sion (Tyndall effect). The suspensions B and C
visually showed the presence of precipitates af-
ter the process of evaporation of solvents and,
thus, they were not characterized and used in
further experiments.

Analysis of pH 
Formulation A presented slightly acid pH

(Table 1, triplicate of batches) due to the char-
acteristics of its components. The presence of
the polymer poly(ε-caprolactone) in the formu-
lations contributes to obtain acid suspensions
41,42. Besides, this pH value (close to 5.0) is ap-
propriate for products intended for cutaneous
administration.

Validation of analytical method and determina-
tion of coenzyme Q10 content in the nanocap-
sules

The method was validated in the range 10 to
50 µg/mL, showing linearity (r2 = 0.9927 ±
0.001069), precision (repeatability, RSD = 1.23%)
and accuracy (90.15%). The specificity of the
method was determined by subtracting the ab-

Formulation
Diameter Polydispersity ζ Potential Drug content

pH
(nm) index (PDI) (mV) (%)

A1 246 ± 1 0,15 ± 0,04 -9,5 ± 0,80 105,23 ± 1,32 5,18 ± 0,02
A2 229 ± 6 0,16 ± 0,02 -10,31 ± 0,52 101,91 ± 4,15 5,32 ± 0,01
A3 218 ± 7 0,15 ± 0,02 -11,99 ± 0,46 101,83 ± 2,23 5,34 ± 0,04

Table 1. Characterization of suspensions of nanocapsules containing coenzyme Q10. Values represent the mean
± standard deviation of three measures of the same batch. A1, A2 and A3 correspond to three different batches
of the suspension of nanocapsules.

sorbance of samples of placebo nanocapsules
(without coenzyme Q10). The nanocapsule for-
mulation (A) (Table 1, triplicate of batches)
showed a recovery of coenzyme Q10 in the
range of 101.83 to 105.23%.

Determination of particle size, polydispersity and
zeta potential 

Coenzyme Q10-loaded nanocapsules (formu-
lation A) presented sub-micrometric particles
with diameters between 213 and 248 nm (Table
1). The average diameters obtained are in agree-
ment with data reported in the literature for
nanocapsules prepared by the method of inter-
facial deposition of pre-formed polymer 28,42.
Moreover, the nanocapsules are within the
range of diameters suitable for dermal applica-
tion 23. For all formulations was observed an in-
dex of polydispersity (Table 1) close to 0.15,
which corresponds to a variation in size of ap-
proximately 32 nm around the average diameter
of 231 nm, indicating homogeneity of the sys-
tems. The polymeric nanocapsules of coenzyme
Q10 showed similar size distribution of the solid
lipid nanoparticles containing coenzyme Q10
developed by Teeranachaideekul et al. 20. There
was no significant increase in the average diam-
eter of particles in suspensions within the 20
days of storage at room temperature (Fig. 2).
The zeta potential values are related to the po-
tential surface of the particles and were nega-
tive, close to -10 mV (Table 1). These values are
similar to those reported in the literature for
nanocapsules of poly(ε-caprolactone) coated
with polysorbate 80 19.

Spray drying the suspension of
nanocapsules 

Coenzyme Q10-loaded nanocapsules were
sprayed in a drying chamber using lactose as
drying adjuvant. Due to the large specific sur-
face of the droplets and the flow of hot air, the
dehydration occurs in a few seconds. Lactose
was selected as an adjuvant for drying based on
the studies of Tewa-Tagne and collegues 43 that
showed better results for this excipient in com-
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parison with maltodextrin and mannitol, result-
ing in better morphology and more appropriate
rebuilding of the suspension (empty nanocap-
sules). Three batches of coenzyme Q10 loaded-
nanocapsules (formulation A) were dried with
yields of 64, 52 and 52%. Converting aqueous
suspensions in powders is suitable, because de-
spite the biopharmaceutical benefits of aqueous
suspensions, they have disadvantages as a con-
sequence of physical and chemical instabilities
during the storage, which limits their industrial
applicability 44-46.

Microscopic analysis of powders
SEM analyses showed differences between

the lactose spray-dried powder and the clusters
of lactose and coenzyme Q10-loaded nanocap-
sules (Fig. 3). On the surface of dry coenzyme

Figure 2. Average diameter of particles in coenzyme Q10-loaded nanocapsule suspension just after preparation
(a) and after 20 days of storage (b).

Figure 3. Scanning electron microscopy of lactose
powder (3,000 x of magnification) (a) and clusters of
lactose containing coenzyme Q10-loaded nanocap-
sules (6,000 x of magnification) (b).

Figure 4. Scanning electron microscopy of lactose
containing coenzyme Q10-loaded nanocapsules 6,000 x
of magnification (a) and 13,000 x of magnification (b).

Q10-nanocapsules were observed nanostruc-
tures presenting similar diameters than those
measured by PCS in the nanocapsule aqueous
suspension (formulation A) before drying (Fig.
4). The powder of coenzyme Q10 nanocapsules
was easily redispersible in water.

Preparation and physical-chemical
characterization of semi-solid formulations
containing nanocapsules of coenzyme Q10 

All the semi-solid formulations, FNCo, FNB,
FPCo and FCO showed bright and homoge-
neous appearance and semi-solid consistency.
The colors were yellowish for FCO, slightly yel-
lowish for FNCo and FPCo and white for FNB.
No coalescence or aggregation of the particles
were observed in semi-solid formulations after
thickening with Carbopol® 940 the dried poly-
meric nanocapsules redispersed in water (FP-
CO), the nanocapsule suspensions (empty or
containing coenzyme Q10) (FNB and FCO). The
average diameter (measured by dynamic light
scattering) of semi-solid samples (FNCo and
FNB) after aqueous dilution (1:500) were similar
than those measured in the original suspension
(A) and the NB (Fig. 5) before drying. This find-
ing means that there was maintenance of the
size of nanocapsules (empty or containing coen-
zymeQ10-nanocapsules) before and after their
incorporation into hydrogels. 

The rheological properties of hydrogels were
analyzed considering the average coefficients of
determination (r2) obtained from the curves of
shear stress versus shear rate for different types
of flow. For the formulation FCO, the coeffi-
cients of determination (Table 2) were close to
1 when the results were adjusted to the flow
model of Herschel-Bulkley, which corresponds
to yield- pseudoplastic behavior 47. In contrast,
the formulations FNCo and FPCo best fits to the
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model of Ostwald, which corresponds to pseu-
doplastic flow. Indeed, the rheological behavior
of gels prepared with acrylic acid polymers has
been studied because they are widely used in
formulations for dermal application 48, showing
in general, flow curves described according to
the flow models of Ostwald and Herschel-Bulk-
ley 49. In the present work, we clearly demon-
strated that the incorporation of coenzyme Q10-
nanocapsules in the hydrogels altered the rheo-
logical pattern of flow of formulations from the
yield- pseudoplastic to pseudoplastic model.

CONCLUSION
The nanoencapsulation of coenzyme Q10

was shown to be feasible through the use of
poly(ε-caprolactone) as polymer constituent of
the wall of the vesicles and medium-chain
triglycerides as a core of nanocapsules, which
were stabilized by surfactants and prepared by
the technique of interfacial deposition of poly-
mer.

Formulation Bingham Casson Ostwald Herschel-Bulkley

FCO 0,977 + 0,017 0,976 + 0,021 0,990 + 0,001 0,999 + 0,001

FNCo 0,978 + 0,004 0,981 + 0,003 0,987 + 0,003 0,977 + 0,004

FPCo 0,982+ 0,011 0,987 + 0,014 0,995 + 0,008 0,983 + 0,013

Table 2. Average regression coefficients (r2) for the models of the flow curves of shear stress versus shear rate
(formulations FCO, FNCo and FPCo).

Figure 5. Average diameter of particles in placebo-nanocapsules (a) nanocapsules containing coenzyme Q10
(b), the gel containing placebo-nanocapsules (c) and the gel containing nanocapsules of coenzyme Q10 (d).

The conversion of the suspension of nano-
capsules containing coenzyme Q10 into a pow-
der was effectively performed by spray drying
technique using lactose as a hydrophilic adju-
vant. In this sense, this powder, potentially sta-
ble for long periods of time, can be considered
an interesting material for the production of in-
novative cosmetics. Additionally, both the coen-
zyme Q10-loaded nanocapsules (in aqueous
suspension or a water-dispersed powder) were
successfully formulated in semi-solid formula-
tions prepared by using carbomer. The presence
of nanocapsules in the hydrophilic gel caused
an alteration of the rheological behavior, from
yeld-pseudoplastic to pseudoplastic.
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