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Rutin Release from Cosmetic EmulsionsAndré Rolim Baby, Carlos Alberto Haroutiounian-Filho, Fernanda Daud Sarruf, 
Claudinéia Aparecida Sales de Oliveira Pinto, Telma Mary Kaneko, and 
Maria Valéria Robles Velasco
Laboratory of Cosmetology, Department of Pharmacy, School of Pharmaceutical Sciences, 
University of São Paulo, São Paulo, Brazil

Rutin, one of the major flavonoids found in an assortment of
plants, was reported to act as a sun protection factor booster with
high anti-UVA defense, antioxidant, antiaging, and anticellulite,
by improvement of the cutaneous microcirculation. This research
work aimed at evaluating the rutin in vitro release from semisolid
systems, in vertical diffusion cells, containing urea, isopropanol
and propylene glycol, associated or not, according to the factorial
design with two levels with center point. Urea (alone and in associ-
ation with isopropanol and propylene glycol) and isopropanol
(alone and in association with propylene glycol) influenced signifi-
cant and negatively rutin liberation in diverse parameters: flux
(μg/cm2.h); apparent permeability coefficient (cm/h); rutin
amount released (μg/cm2); and liberation enhancement factor. In
accordance with the results, the presence of propylene glycol
5.0% (wt/wt) presented statistically favorable to promote rutin
release from this semisolid system with flux = 105.12 ± 8.59 μg/
cm2.h; apparent permeability coefficient = 7.01 ± 0.572 cm/h;
rutin amount released = 648.80 ± 53.01 μg/cm2; and liberation
enhancement factor = 1.21 ± 0.07.

Keywords rutin; propylene glycol; urea; in vitro release; isopro-
panol; factorial design

INTRODUCTION
Flavonoids exert a range of physiological activities, includ-

ing antioxidant, anti-inflammatory, antibacterial, immune-
stimulating, and antiviral effects (Gao, Xu, Chen, & Chen,
2003; Harborne & Williams, 2000; Walle, 2004). Reactive
oxygen species have relationship with oxidative stress and
studies demonstrated that the overproducing of these reactive

species can aggravate oxidative stress and the result is the
development of many diseases, such as heart injury, diabetes,
cancer, and aging. Therefore, the use of antioxidants has been
used to prevent the occurrence of such diseases (Wu et al.,
2008). Attention has been drawn to the utilization of health
care products based on natural active substances due to the pre-
sumable safe utilization, ecological orientation and preserva-
tion, and reduced ambient impact (Rolim et al., 2006).

Rutin (quercetin-3-rutinoside) is one of the major
flavonoids found in an assortment of plants. The attention
regarding on the application of this flavonol-type is due to its
well-recognized health benefits. This natural active substance
can be used as natural pigment, antioxidant, stabilizer, food
preservative, UV absorber in food, animal feed, pharmaceuti-
cal, cosmetic, and chemical industries (Calabrò et al., 2005;
Kim et al., 2005). As a topical active compound, rutin was
reported to act as a sun protection factor (SPF) booster with
high anti-UVA defense (Velasco et al., 2008), antioxidant,
antiaging, and anticellulite, by improvement of the cutaneous
microcirculation (Baby et al., 2007; Nishikawa et al., 2007).

Active substances topically applied must be able to be
released from topical preparations and reach the action site, or
interact with, in adequate concentration to exert their physio-
logical and biological activities. Therefore, rutin, when incor-
porated in cosmetic products or pharmaceutical semisolid
dosage forms must be able to be released from the formulations
to the epidermis.

In vitro diffusion techniques are widely used in the assess-
ment of release and percutaneous absorption of topically
applied active compounds and this research work aimed at eval-
uating the rutin in vitro release from cosmetic semisolid sys-
tems containing urea, isopropanol, and propylene glycol, as
penetration enhancers, associated or not and in distinct propor-
tions, according to a design of experiments by factorial design
with two levels (DOE 2k) with center point.
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EXPERIMENTAL PROCEDURE

Semisolid Systems and Design of Experiments
The development of the cosmetic formulations involved

the elaboration of semisolid systems (O/W emulsions)
containing rutin 5.0% (wt/wt) and urea, isopropanol and
propylene glycol, as penetration enhancers for cosmetic
purpose, either in association or not and in different pro-
portions, according to factorial design with two levels
(DOE 2k) with center point, employing three concentration
values: minimum (without addition of the penetration
enhancer), median (2.5%, wt/wt), and maximum (5.0%,
wt/wt). Tables 1 and 2 describe the design of experiments
and Table 3, the qualitative/quantitative composition of
the cosmetic semisolid systems. The enhancers were
selected according to their compatibility with topical for-
mulations, biocompatibility with the skin, and their con-
centrations were in accordance with the safety use in
semisolid systems intended for cosmetic purposes. Experi-
ments were performed in genuine replicates of three and in
random order to eliminate systematical errors (Gabrielsson,
Lindberg, & Lundstedt, 2002).

In Vitro Release Experiments
Prior to experiment performing, cellulose acetate mem-

branes with an average pore size of 0.45 μm (GE® Cellu-
lose Acetate Membranes, 25.0 mm, GE® Osmonics,
Minnetonka, MN, USA) were treated to achieve standard-
ization. Membranes were adequately cut and washed in dis-
tilled water. Following, they were immersed in distilled
water at 100°C for 60 s (Haigh & Smith, 1994; Valenta,
Nowack, & Bernkop-Schnürch, 1999). This treatment was
performed three times and, at each time, water volume was
discarded and a new volume at same temperature was
used. The standardization process was performed to
remove additives that might be present on the membranes,
such as plasticizers and preservatives, among others,
that could affect rutin in vitro release and quantitative
determination.

All release experiments were performed using an infinite
dosing technique. Vertical diffusion cells (Hanson
Research®, Chatsworth, CA, USA) consisted of a donor and
acceptor chambers between which the membranes were posi-
tioned. Diffusion area was 1.77 cm2 with 15.0-mm orifice and
acceptor chamber volume was 7.0 mL. The acceptor medium
consisted of a 1:1 (vol/vol) water–ethanol 99.5% (LabSynth,
São Paulo, Brazil) solution, to ensure sink conditions
(Reichling, Landvatter, Wagner, Kostka, & Schaefer, 2006;
Saija et al., 1998), and it was constantly mixed with a mag-
netic stirring bar (300 rpm), except during the period of the
sample collecting. Diffusion experiments were conducted at
37.0 ± 0.5°C (Li & Birt, 1996; Ngawirunpat, Opanasopit, &
Prakongpan, 2004). Amounts of 300.0 mg of semisolid sys-
tems were applied to the donor compartment. Samples of 1.0
mL were collected over 6 h, in predetermined intervals, and
immediately replaced with same volume of fresh solution.
Samples were analyzed by spectrophotometry determination
at 410.0 nm. In vitro release experiments were performed in
replicates of three.

Quantitative Determination of Rutin Released in the 
Acceptor Medium

For quantitative determination of rutin released in the
acceptor fluid, the spectrophotometric method (Beckman
DU-640 UV-visible Spectrophotometer with a 1.0 cm quartz
cuvette; Beckman, Fullerton, CA, USA) at 410.0 nm was
used, previously validated for linearity, specificity, lacking
of interferents, limits of detection and quantification, recov-
ery, precision and accuracy. To the 1.0 mL collected sample
from acceptor chamber was added 1.5 mL of the mixture of
spectrophotometric solvent and blank consisted of distilled
water–ethanol 99.5%–sodium hydroxide 0.25 M (1:1:0.025)
(LabSynth). The presence of sodium hydroxide was
required to provoke a bathocromic shift of the rutin
(Valenta et al., 1999), intensifying its absorbance obtained
at 410.0 nm.

TABLE 1 
Factorial Design with Two Levels (DOE 2k) 

with Center Pointa

Semisolid Systems Urea Isopropanol Propylene Glycol

E-1 −1 −1 −1
E-2 +1 −1 −1
E-3 −1 +1 −1
E-4 +1 +1 −1
E-5 −1 −1 +1
E-6 +1 −1 +1
E-7 −1 +1 +1
E-8 +1 +1 +1
E-9 0 0 0

aFactors: 3. Runs: 36. Blocks: 1. Base design: 3;8. Genuine repli-
cates: 3; Center points: 12.

TABLE 2 
Codification of the Factorial Design of the Semisolid Systems 

According to the Proportions of the Enhancers in Three 
Concentration Values

Codification
Urea 

(%, wt/wt)
Isopropanol 
(%, wt/wt)

Propylene 
Glycol (%, wt/wt)

−1 0 0 0
0 2.5 2.5 2.5

+1 5.0 5.0 5.0
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Analysis of the In Vitro Release
Rutin release profiles were determined experimentally by

the diffusion studies and involved the calculation of the follow-
ing parameters:

A. Rutin amount released (μg/cm2)
B. Liberation model kinetic : linear regression coefficient (R2)

(Kalia & Guy, 2001; Larrucea, Arellano, Santoyo, & Ygartua,
2001; Reichling et al., 2006; Shah, Kaka, Tenjarla, Lau, &
Chow, 1994).

C. Flux (J, μg/cm2.h) (Shah, 1993), 

where D is the diffusion coefficient, KV/M is the vehicle/
membrane partition coefficient, CR is the rutin concentration,
E is the membrane thickness, and CA is the slope from the
regression line of rutin amount released in function of time.

D. Lag time (LT, h) (Parks, Cleek, & Bunge, 1997; Shah, 1993;
Shah et al., 1994)

E. Apparent permeability coefficient (P, cm/h) (Reichling
et al., 2006; Shah, 1993; Shah et al., 1994). 

F. Diffusion coefficient (D, cm2/h) (Shah, 1993; et al., 1994). 

G. Semisolid system/membrane partition coefficient (KV/M)
(Shah, 1993). 

H. Liberation enhancement factor (LEF): quotient of rutin flux
in presence of the penetration enhancers by the rutin flux
without enhancers (Bonina & Montenegro, 1994).

Data were statistically treated to achieve the effects or inter-
actions of the urea, isopropanol and propylene glycol on the in
vitro release of rutin and one way ANOVA followed by Tukey
Multiple Comparison Test was also used (Graphpad Prism®

5.00, San Diego, CA, USA).

RESULTS AND DISCUSSION
In vitro release experiments through synthetic model mem-

branes allow the determination of maximum liberation of an
active compound from semisolid dosage forms, which permit
to characterize and differentiate formulations, to evaluate the
production quality and batch-to-batch uniformity, and to com-
pare the performance of innovative products with those avail-
able to the consumers. However, it is indispensable to attend
prerequisites during the experiments, like: infinite dosing, no

TABLE 3 
Qualitative/Quantitative Composition of the Semisolid Systems

Components
Composition 
(%, wt/wt)

Cetearyl alcohol (and) dicetyl phosphate 
(and) ceteth-10 phosphate

Crodafos® CES (Croda) 2.50

Diisopropyl adipate Ceraphyl® 230 (ISP) 1.00
Isopropyl myristate Crodamol® IPM (Croda) 2.00
BHT — 0.10
Disodium EDTA Uniquelan® NA2S (Chemyunion) 0.10
Xanthan gum Rhodicare® S (Rhodia) 1.00
2-Bromo-2-nitropropane-1,3-diol Protectol® BN (Basf) 0.01
Aqua (q.s.) — 100.00
Urea LabSynth 0, 2.50, and/or 5.00
Isopropanol LabSynth
Propylene glycol LabSynth
PEG-8 Carbowax® 400 (Dow) 5.00
Rutin Rutina (Henrifarma) 5.00
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rate limitation by the model membrane separating the donor
and receptor compartments, and the receptor phase must act as
a perfect sink to the active substance (Guy & Hadgraft, 1990;
Reichling et al., 2006). The cosmetic semisolid systems were
developed with pH values ranging from 6.5 to 6.9 and apparent
viscosity, from 3,243 to 4,546 cP.

The rutin in vitro release profiles (kinetic liberation) from
the semisolid systems, containing urea, isopropanol, and pro-
pylene glycol, associated or not and in distinct proportions,
according to factorial design with two levels (DOE 2k) with
center point, and employing cellulose acetate as a model mem-
brane, are represented in Figures 1 and 2, as rutin amount
released (μg/cm2) in function of time (h) and in function of
square root of time (√h). Results obtained of rutin release
experiments from semisolid dosage forms were treated mathe-
matically and statistically to determine the liberation kinetic
model employing linear regression.

All semisolid systems (E-1 to E-12) presented zero-order
kinetic model for rutin liberation in agreement with the linear
correlation coefficient (R2) higher than .9923 ± .0019 to the

relationship between rutin amount released (μg/cm2) in func-
tion of time (h), in Table 4. In accordance with Shah et al.
(1994) and Larrucea et al. (2001), it is considered an adequate
value of R2 to determine the kinetic model values equals or
superiors than .997.

Even though it was observed R2 values inferior than .997 to
semisolid system E-2 (.9948 ± .0026) and E-8 (.9923 ± .0019),
the relationship of rutin liberation in function of square root of
time resulted in R2 values not exceeding .9808 ± .0051, sug-
gesting that Higuchi kinetic model was not applied to these dif-
fusion experiments. Exposed so, it was verified that rutin
transport across the acetate membrane had the active com-
pound dissolution as a limitation factor to the diffusion process
(Kalia & Guy, 2001; Larrucea et al., 2001; Shah et al., 1994)
which corroborated with the low permeability of this flavonol.

Rutin in vitro release profiles were complemented with the
determination of the parameters: flux (J, μg/cm2.h), lag time
(LT, h), apparent permeability coefficient (P, cm/h), diffusion
coefficient (D, cm2/h), semisolid system/membrane partition
coefficient (KV/M), and LEF, described in Table 4.

FIGURE 1. Rutin amount released (μg/cm2) in function of time (h).
Semisolid systems E-1 to E-5 (A) and E-6 to E-9 (B).
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FIGURE 2. Rutin amount released (μg/cm2) in function of square root of
time (√h). Semisolid systems E-1 to E-5 (A) and E-6 to E-9 (B).
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Flux values were on the interval between 72.36 ± 3.66 and
105.12 ± 8.59 μg/cm2.h, respectively, for rutin from semisolid
systems E-8 and E-5. E-8 flux was statistically different from
E-3, E-5, E-6, and E-7 (p < .0011). Calculated flux values for
all other systems were homogeneous.

Calculated lag time values were near to zero (–269.17 ±
46.79 × 10–3 to 25.34 ± 67.88 × 10–3 h) to all formulations and
apparent permeability coefficient presented values were
between 4.82 ± 0.244 × 10–3 and 7.01 ± 0.572 × 10–3 cm/h to
E-8 and E-5, respectively.

The semisolid system/membrane partition coefficients
were in the interval –92.92 ± 14.07 (E-7) and 140.40 ± 30.30
(E-1). E-5 presented the highest enhancement factor for rutin
in vitro release (1.21 ± 0.07) and E-8 (semisolid system con-
taining urea 5.0%, isopropanol 5.0%, and propylene glycol
5.0%, wt/wt) generated the inferior LEF value, equal to 0.83
± 0.03 (p < .0001).

Rutin amount released (μg/cm2) in function of time (h),
after 6 h of experiment, was statically more expressive to E-5,
analyzed by one-way ANOVA (p < .0002) followed by Tukey
Multiple Comparison Test, possessing value equal to 648.80 ±
53.01 μg/cm2. Therefore, the presence of propylene glycol
5.0% (wt/wt) presented a tendency to be more suitable to promote
the rutin release from the semisolid system, while, unexpectedly,
the formulation containing the association of urea, isopropanol
and propylene glycol at maximum concentration (E-8) resulted
in release of inferior magnitude, equal to 419.76 ± 17.98 μg/cm2.
It may be suggested that the inhibitor effect of rutin release by
E-8 could have involved the increase of the active compound
affinity to the semisolid system. Topical penetration enhancers of
hydrophilic type, such as dimethyl sulfoxide (DMSO), pyrroli-
dones, dimethylacetamide, dimethylformamide, urea, propylene
glycol, and other glycols, increase the extent of hydration of
the membranes used in topical diffusion experiments, includ-
ing the stratum corneum. Urea, one of the naturally occurring
moisturizing factors (NMF), is known to possess water-binding
capacity and this behavior could be associated with the
increase affinity of rutin into the emulsions containing urea
(Lippold & Hackemüller, 1990) and its associations.

The statistical treatment, established on the design of exper-
iments by factorial design with two levels (DOE 2k) with cen-
ter point (Box, Hunter, & Hunter, 2005), evaluated the effect
intensity of the urea, isopropanol, and propylene glycol, associ-
ated or not and in distinct proportions, on rutin in vitro release
parameters. Statistical experimental design methodologies are
powerful, efficient, and systematic tools in the design of phar-
maceutical and cosmetic forms, allowing a rational study of the
influence of formulation excipients on the selected responses
with a shortening of the experiment time and an improvement
in the research and development work. The objective of the
experimental design is to plan and conduct experiments to
extract the maximum amount of information from the collected
data in the smallest number of experimental runs. Statistical
analysis of data generated from the experiment clearly

establishes the relationship between the measured parameters
of interest (responses) and the process parameters (factors)
being studied. Factors may have individual, simple effects on
the response or may have effects that are interdependent,
referred to as interaction effects. For statistical validation and
estimative assay variability, the center point is of utmost rele-
vance, as adopted for this research work. The center point is
obtained from a run in which all factors are set in the middle of
their range and it is replicated several times (typically 3–10) to
provide an estimate of the variance of the response (Furlanetto,
Cirri, Maestrelli, Corti, & Mura, 2006; Gabrielsson et al., 2002;
Lutz et al., 1996; Martinello, Kaneko, Velasco, Taquedo, &
Consiglieri, 2006).

Table 5 describes the effects caused by the enhancers on
rutin in vitro release from the semisolid systems and Figures
3–9 illustrate the effects through the contour plots. Accord-
ing to results obtained for flux by factorial design, it was veri-
fied that the presence of urea alone, isopropanol alone, urea +
isopropanol, and isopropanol + propylene glycol influenced
significant and negatively the rutin transport across the cellu-
lose acetate membrane per unit of area and time, in different
levels of effects or interactions. Exceptionally, the propylene
glycol alone did not provoke a result statistically significant;
consequently, it did not promote the flux value reduction. The
more intense effect that reduced the active transport across the
membrane per unit of area and time occurred with the associa-
tion of isopropanol + propylene glycol. This phenomenon may
be a result of the decrease of the thermodynamic activity of the
rutin on the semisolid system due to the solvent effect provoked
by the presence of isopropanol and propylene glycol. Theoreti-
cally, the thermodynamic activity of a diffusant will be maxi-
mum in a saturated medium and a maximum flux of penetration
might be expected and, ideally, the penetration rate will be pro-
portional to the degree of saturation (Dugard & Scott, 1986).
According to Figure 3, there was an evidence for the flux maxi-
mization when the isopropanol has its concentration reduced.

Lag time was demonstrated for urea alone and isopropanol
alone; and for the associations between urea + propylene gly-
col and isopropanol + propylene glycol to be homogenous, that
is, these substances did not cause effects or interactions statisti-
cally significant on this parameter.

Propylene glycol alone, urea + isopropanol, and urea + iso-
propanol + propylene glycol offered significant results, gener-
ating decreased lag time values which proved that these
substances influenced positively the time for rutin to initiate its
release to the receptor phase linearly in function of time. How-
ever, all lag time values for rutin liberation were near to zero,
as presented in Table 4. Urea +  isopropanol + propylene gly-
col generated a decrease on the lag time value with more inten-
sity when compared with propylene glycol alone.

The effect analysis of urea, isopropanol, and propylene gly-
col for the apparent permeability coefficient, demonstrated that
urea alone, isopropanol alone, urea + isopropanol, and isopro-
panol + propylene glycol provoked a significant decrease on
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TABLE 5 
Analysis of the Effect of the Enhancers: Flux (μg/cm2.h), Lag Time (h), Apparent Permeability Coefficient (cm/h),

Diffusion Coefficient (cm2/h), Semisolid System/Membrane Partition Coefficient (KV/M), Rutin Amount Released (μg/cm2), 
and Liberation Enhancement Factor (LEF)

Parameters Enhancers Effect Coefficient Standard Error t p

Flux (μg/cm2.h)

Urea (1) −9.28 −4.64

1.88

−2.50 .018*

Isopropanol (2) −6.42 −3.21 −1.73 .094*

Propylene glycol (3) 2.30 1.15 0.61 .540
1 and 2 −6.58 −3.29 −1.77 .086*

1 and 3 −6.89 −3.44 −1.85 .073*

2 and 3 −10.15 −5.07 −2.73 .010*

1, 2, and 3 −1.05 −0.52 −0.28 .783
Lag time (h) Urea (1) −0.0063 −0.003

0.02

−0.15 .876
Isopropanol (2) −0.0047 −0.002 −0.11 .907
Propylene glycol (3) −0.0731 −0.036 −1.80 .081*

1 and 2 −0.1176 −0.058 −2.89 .007*

1 and 3 0.0620 0.031 1.52 .137
2 and 3 0.0211 0.010 0.52 .605
1, 2, and 3 −0.1212 −0.060 −3.54 .001*

Apparent permeability coefficient (cm/h) Urea (1) −0.00061 −0.0003 0.0001 −2.50 .018*

Isopropanol (2) −0.00042 −0.0002 −1.73 .093*

Propylene glycol (3) 0.00015 0.0001 0.61 .540
1 and 2 −0.00043 −0.0002 −1.77 .086*

1 and 3 −0.00046 −0.0002 −1.85 .073*

2 and 3 −0.00067 −0.0003 −2.73 .010*

1, 2, and 3 −0.00007 −0.0000 −0.28 .783
Diffusion coefficient (cm2/h) Urea (1) −0.000001 −0.000000 −0.15 .875

Isopropanol (2) −0.000001 −0.000000 −0.11 .905
Propylene glycol (3) −0.000011 −0.000005 −1.80 .081*

1 and 2 −0.000018 −0.000009 0.000003 −2.89 .007*

1 and 3 0.000009 0.000005 1.52 .136
2 and 3 0.000003 0.000002 0.52 .605
1, 2, and 3 −0.000018 −0.000009 −3.54 .001*

Semisolid system/membrane partition 
coefficient (KV/M)

Urea (1) −24.05 −12.02

11.35

−1.05 .298
Isopropanol (2) −52.84 −26.42 −2.32 .027*

Propylene glycol (3) −50.44 −25.22 −2.22 .034*

1 and 2 93.70 46.85 4.12 .000*

1 and 3 36.32 18.16 1.60 .120
2 and 3 40.95 20.47 1.80 .081*

1, 2, and 3 −17.97 −8.99 −0.78 .442
Rutin amount released (μg/cm2) Urea (1) −63.11 −31.55

11.86

−1.05 .012*

Isopropanol (2) −48.14 −24.07 −2.32 .051*

Propylene glycol (3) 22.04 11.02 −2.22 .360
1 and 2 −32.17 −16.08 4.12 .185
1 and 3 −49.42 −24.71 1.60 .046*

2 and 3 −68.33 −34.16 1.80 .007*

1, 2, and 3 −3.18 −1.59 −0.13 .897
LEF Urea (1) −0.106 −0.053

0.018

−2.93 .006*

Isopropanol (2) −0.073 −0.036 −2.02 .051*

Propylene glycol (3) 0.025 0.012 0.71 .480
1 and 2 −0.074 −0.037 −2.06 .047*

1 and 3 −0.080 −0.040 −2.21 .034*

2 and 3 −0.116 −0.058 −3.22 .003*

1, 2, and 3 −0.012 −0.006 −0.33 .740

*Statistically different, p <.1.
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FIGURE 3. Contour plot for flux (μg/cm2.h).
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FIGURE 4. Contour plot for lag time (h).
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FIGURE 5.  Contour plot for apparent permeability coefficient (cm/h).
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FIGURE 6. Contour plot for diffusion coefficient (cm2/h).
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FIGURE 7. Contour plot for semisolid system/membrane partition
coefficient (KV/M).
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FIGURE 8. Contour plot for rutin amount released (μg/cm2).
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this parameter values, indicating that the presence of these
components and their associations on the semisolid systems
containing rutin was not adequate due to the inhibition of the
active compound transport to the receptor phase, reducing the
flux. The effect caused by propylene glycol alone did not
present significant response; hence, it did not contribute with
the expressive reduction of the apparent permeability coeffi-
cient which is directly proportional to the flux.

In relation to diffusion coefficient, the presence of propy-
lene glycol alone, urea + isopropanol, and urea + isopropanol +
propylene glycol propitiated significant decrease on this
parameter value. All other components, alone and in associa-
tion, obtained homogeneity of the results. The effect of these
penetration enhancers may have increased the structuring of
water on the semisolid systems as was demonstrated by the
decrease of the apparent diffusion coefficient (Lippold &
Hackemüller, 1990). Although propylene glycol promoted bet-
ter results on rutin release, the negative effect on this parameter
suggested that this enhancer alone and in association with urea
and isopropanol acted unfavorably as the known mode of
action of penetration enhancers, as they decreased the rutin dif-
fusivity, reflecting in a difficulty of this active compound to
propagate through the membrane as, probably, a function of the
molecular structure of the diffusant interaction with the presence
of those enhancers and their association (Saija et al., 1998).

It was verified for semisolid system/membrane partition
coefficient that isopropanol alone and propylene glycol alone
presented significant effect on the value reduction while asso-
ciations like urea + isopropanol and isopropanol + propylene
glycol promoted an increase on this parameter value. Urea
alone and in association with propylene glycol did not obtain
effects statistically significant. The relative affinity of the rutin for
the membrane and vehicle was evaluated by the determination of

the semisolid system/membrane partition coefficient. Usually,
high values of this parameter indicate that the vehicle possess
poor affinity for the drug and a low value may be an evidence of
high degree of mutual interaction, reflecting a tendency of the
active to remain in the vehicle (Puglia et al., 2006).

Rutin in vitro release was negative and significant influ-
enced, that is, inhibited, by the presence of urea alone, isopro-
panol alone, urea + propylene glycol, and isopropanol +
propylene glycol. A factor for the elucidation of the decrease in
rutin release could be the creation of hydrogen bond between
the rutin molecules and these hydrophilic substances. The pres-
ence of such penetration enhancers probably originated inter-
molecular H-bond that resulted in the decrease in concentration
of free, unbounded rutin molecules able to penetrate the
membrane easier than the molecules involved in inter-
molecular interactions (Arct, Oborska, Mojski, Binkowska, &
Swidzikowska, 2002).

The presence of propylene glycol alone and urea +  isopro-
panol did not generate effect statistically significant for the
rutin amount released (μg/cm2), accordingly, they did not
inhibit the rutin liberation from the semisolid systems.

LEF presented negatively influenced when formulations
contained urea alone, urea + isopropanol, urea + propylene gly-
col, and isopropanol + propylene glycol. Only propylene gly-
col did not result in an effect statistically significant; therefore,
it did not present tendency to reduce the enhancement factoring
comparison with the semisolid system not added with urea,
isopropanol, and propylene glycol. The rutin in vitro cutaneous
permeation was tested (data not shown) with identical
experiment conditions, substituting the synthetic membrane
with an alternative biomembrane model constituted by pure
stratum corneum obtained from Crotalus durissus shed skin
(Baby et al., 2006a, b), for the semisolid system containing

FIGURE 9. Contour plot for liberation enhancement factor (LEF).
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propylene glycol 5.0% (wt/wt). Although propylene glycol
promoted better rutin release through cellulose acetate mem-
brane, the active substance presented low permeability and it
was not able to permeate across the stratum corneum, being
retained 0.931 ± 0.0391 μg/mg (μg rutin/mg alternative model
biomembrane). Propylene glycol is considered as a solvent or a
cosolvent that may improve the rutin solubility in the vehicle
and it also can alter the stratum corneum structure, thereby
modifying percutaneous permeation. It was reported for the
propylene glycol its ability to permeate the skin, carrying the
active molecules across, although, for this research, this
enhancer was not able to promote rutin percutaneous perme-
ation, possibly due to an inadequate concentration or to the fla-
vonol interaction with the skin (Baby, 2007; Larrucea et al.,
2001). According to these results, rutin applied topically is
suggested to exert its biological activities only at the skin sur-
face or at the upper layers of the epidermis (Velasco et al.,
2008)

CONCLUSIONS
The rutin in vitro release from semisolid systems pre-

sented herein, employing cellulose acetate as synthetic model
membrane, presented liberation kinetic of zero order. Urea
(alone and in association with isopropanol and propylene gly-
col) and isopropanol (alone and in association with propylene
glycol) influenced significant and negatively the rutin libera-
tion from the semisolid systems in diverse parameters, like:
flux (μg/cm2.h); apparent permeability coefficient (P, cm/h);
rutin amount released (μg/cm2)—except for urea +
isopropanol; and LEF. In accordance with the exposed and
considering that the meaningful data obtained from a topical
release experiment is usually the active substance diffused
through the model membrane into the receptor phase (Shah,
1993), the presence of propylene glycol 5.0% (wt/wt) pre-
sented statistically favorable to promote rutin release from
this semisolid system.

ACKNOWLEDGMENTS
This work was supported by CNPq/MCT and CAPES.

Authors also thank Dr. Maria Elena Santos Taqueda, Ricardo
Lira, Júlia Oshima, and Caroline Paganucci.

REFERENCES
Arct, J., Oborska, A., Mojski, M., Binkowska, A., & Swidzikowska, B. (2002).

Common cosmetic hydrophilic ingredients as penetration modifiers of fla-
vonoids. Int. J. Cosmet. Sci., 24, 357–366.

Baby, A. R. (2007). Avaliação in vitro da permeabilidade cutânea da rutina
em emulsões cosméticas. Doctoral theses (p. 144), School of Pharmaceutical
Sciences of University of São Paulo, São Paulo.

Baby, A. R., Lacerda, A. C. L., Velasco, M. V. R., Lopes, P. S., Kawano, Y., &
Kaneko, T. M. (2006a). Evaluation of the interaction of surfactants with
stratum corneum model membrane from Bothrops jararaca by DSC. Int. J.
Pharm., 317, 7–9.

Baby, A. R., Lacerda, A. C. L., Velasco, M. V. R., Lopes, P. S., Kawano, Y., &
Kaneko, T. M. (2006b). Spectroscopic studies of stratum corneum model
membrane from Bothrops jararaca treated with cationic surfactant. Colloids
Surf. B Biointerfaces, 50, 61–65.

Baby, A. R., Migliato, K. F., Maciel, C. P. M., Zague, V., Pinto, C. A. S. O.,
Salgado, H. R. N., Kaneko, T. M., & Velasco, M. V. R. (2007). Accelerated
chemical stability data of O/W fluid emulsions containing the extract of Tri-
chilia catigua Adr. Juss (and) Ptychopetalum olacoides Bentham. Rev. Bras.
Cienc. Farm., 43, 405–412.

Bonina, F. P., & Montenegro, L. (1994). Effects of some non-toxic penetration
enhancers on in vitro heparin skin permeation form gel vehicles. Int. J.
Pharm., 111, 191–196.

Box, G. E. P., Hunter, J. S., & Hunter, W. G. (2005). Statistic for experiment-
ers. Design, innovation and discovery (2nd ed., p. 639). New Jersey: Wiley
Interscience.

Calabrò, M. L., Tommasini, S., Danato, P., Stancanelli, R., Raneri, D., Catania,
S., Costa, C., Villari, V., Ficarra, P., & Ficarra, R. (2005). The rutin/β-
cyclodextrin interactions in fully aqueous solution: Spectroscopic studies
and biological assays. J. Pharm. Biomed. Anal., 36, 1019–1027.

Dugard, P. H., & Scott, R. C. (1986). A method of predicting percutaneous
absorption rates from vehicle to vehicle: An experimental assessment. Int. J.
Pharm., 28, 219–227.

Furlanetto, S., Cirri, M., Maestrelli, F., Corti, G., & Mura, P. (2006). Study of
formulation variables influencing the drug release rate from matrix tablets
by experimental design. Eur. J. Pharm. Biopharm., 62, 77–84.

Gabrielsson, J., Lindberg, N. O., & Lundstedt, T. (2002). Multivariate methods
in pharmaceutical applications. J. Chemometrics, 16, 141–160.

Gao, Z., Xu, H., Chen, X., & Chen, H. (2003). Antioxidant status and mineral
contents in tissues of rutin and baicalin fed rats. Life Sci., 73, 1599–1607.

Guy, R. H., & Hadgraft, J. (1990). On the determination of drug release from
topical dosage forms. Int. J. Pharm., 60, R1–R3.

Haigh, J. M., & Smith, E. W. (1994). The selection and use of natural and synthetic
membranes for in vitro diffusion experiments. Eur. J. Pharm. Sci., 2, 311–330.

Harborne, J. B., & Williams, C. A. (2000). Advances in flavonoid research
since 1992. Phytochemistry, 55, 481–504.

Kalia, Y. N., & Guy, R. H. (2001). Modeling transdermal drug delivery. Adv.
Drug Deliv. Rev., 48, 159–172.

Kim, K. H., Lee, K. W., Kim, D. Y., Park, H. H., Kwon, I. B., & Lee, H. J.
(2005). Optimal recovery of high-purity rutin crystals from the whole plant
of Fagopyrum Esculentum Moench (buckwheat) by extraction, fractionation
and recrystalization. Bioresour. Technol., 96, 1709–1712.

Larrucea, E., Arellano, A., Santoyo, S., & Ygartua, P. (2001). Combined effect
of oleic acid and propilene glycol on the percutaneous penetration of tenoxi-
cam and its retention in the skin. Eur. J. Pharm. Biopharm., 52, 113–119.

Li, B., & Birt, D. F. (1996). In vitro and in vivo percutaneous absorption of
cancer preventive flavonoid apigenin in different vehicles in mouse skin.
Pharm, Res., 13, 1710–1715.

Lippold, B. C., & Hackemüller, D. (1990). The influence of skin moisturizers
on drug penetration in vivo. Int. J. Pharm., 61, 205–211.

Lutz, M. W., Menius, A., Choi, T. D., Laskody, R. G., Domanico, P. L., Goetz,
A. S., & Saussy, D. L. (1996). Experimental design for high-throughput
screening. Drug Discov. Today, 1, 277–286..

Martinello, T., Kaneko, T. M., Velasco, M. V. R., Taqueda, M. E. S., &
Consiglieri, V. O. (2006). Optimization of poorly compactable drug tablets
manufactured by direct compression using the mixture experimental design.
Int. J. Pharm., 322, 87–95.

Ngawirunpat, T., Opanasopit, P., & Prakongpan, S. (2004). Comparison of
skin transport and metabolism of ethyl nicotinate in various species. Eur. J.
Pharm. Biopharm., 58, 645–651.

Nishikawa, D. O., Zague, V., Pinto, C. A. S. O., Vieira, R. P., Kaneko, T. M.,
Velasco, M. V. R., & Baby, A. R. (2007). Avaliação da estabilidade de mas-
caras faciais peef-off contendo rutina. Rev. Ciênc. Farm. Básica Appl., 28,
227–232.

Parks, J. M., Cleek, R. L., & Bunge, A. L. (1997). Chemical release from topi-
cal formulations across synthetic membranes. J. Pharm. Sci., 86, 187–192.

Puglia, C., Filosa, R., Peduto, A., Caprariis, P., Rizza, L., Bonina, F., & Blasi,
P. (2006). Evalutaion of alternative strategies to optimize ketorolac transder-
mal delivery. AAPS PharmSciTech., 7, Article 64.



282 A. R. BABY ET AL.

Reichling, J., Landvatter, U., Wagner, H., Kostka, K. H., & Schaefer, U. F.
(2006). In vitro studies on release and human skin permeation of Australian
tea tree oil (TTO) from topical formulations. Eur. J. Pharm. Biopharm., 64,
222–228.

Rolim, A., Oishihi, T., Maciel, C. P. M., Zague, V., Pinto, C. A. S. O., Kaneko,
T. M., Consiglieri, V. O., & Velasco, M. V. R. (2006). Total flavonoids
quantification from O/W emulsion with extract of Brazilian plants. Int. J.
Pharm., 308, 107–114.

Saija, A., Tomaino, A., Trombette, D., Giacchi, M., De Pasquale, A., &
Bonina, F. (1998). Influence of different penetration enhancers on in vitro
skin permeation and in vivo photoprotective effect of flavonoids. Int. J.
Pharm., 175, 85–94.

Shah, J. (1993). Analysis of permeation data: Evaluation of lag time method.
Int. J. Pharm., 90, 161–169.

Shah, J. C., Kaka, I., Tenjarla, S., Lau, S. W. J., & Chow, D. (1994). Analysis
of percutaneous permeation data: II. Evaluation of the lag time method. Int.
J. Pharm., 109, 283–290.

Valenta, C., Nowack, E., & Bernkop-Schnürch, A. (1999). Deoxycholate-hydrogels:
Novel drug carrier systems for topical use. Int. J. Pharm., 185, 103–111.

Velasco, M. V. R., Balogh, T. S., Pedriali, C. A., Sarruf, F. D., Pinto, C. A. S. O.,
Kaneko, T. M., & Baby, A. R. (2008). Associação da rutina com., p–metoxici-
namato de octila e benzofenona–3: Avaliação in vitro da eficácia fotoprotetora
por espectrofotometria de refletância. Lat. Am. J. Pharm., 27, 23–27.

Walle, T. (2004). Flavonoids and isoflavones (phytoestrogens): Absorption,
metabolism, and bioactivity. Free Radic. Biol. Med., 36, 829–837.

Wu, T. H., Yen, F. L., Lin, L. T., Tsai, T. R., Lin, C. C., & Cham, T. M.
(2008). Preparation, physicochemical characterization, and antioxidant
effects of quercetin nanoparticles. Int. J. Pharm., 346, 160–168.




