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Abstract

The aim of the present study was to evaluate the in vitro percutaneous absorption and the in vivo anti-inflammatory activity
of EPA and DHA fatty acids from three oily extracts, obtained by acetonic extractions from the entrails of different varieties
of Mediterranean fishes such as mackerel (Scomber scombrus), sardine (Sardina pilchardus) and horse mackerel (Trachurus
mediterraneus).

In the first part of our research, we focused our attention on the characterization of the oily extracts to determine their�-3
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polyunsaturated fatty acid content, then, we evaluated the in vitro percutaneous absorption through excised human skin
corneum/epidermis membranes; SCE) of EPA and DHA contained in the extracts. In the second part, the fish oil which gu
the best in vitro permeation profile of these�-3 fatty acids was studied in order to evaluate its inhibiting ability towards the
vivo UVB-induced skin erythema.

From the results obtained, all the fish oils tested in this study presented significant amounts of�-3 fatty acids EPA and DHA,
and particularly sardine oil extract showed higher concentrations of these substances compared to the other two fish oi
vitro experiments revealed interesting fluxes of these compounds from sardine extract through the stratum corneum/e

membranes and an appreciable anti-inflammatory activity against UVB-induced erythema in human volunteers was also observed.
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1. Introduction

Fish oils are a main source of�-3 fatty acids
whereas the major polyunsaturated fatty acids com
ponents (PUFA) are eicosapentaenoic acid (EPA) a
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docosahexaenoic acid (DHA). EPA and DHA are often
referred to as 20:5 and 22:6, respectively, in that EPA is
a 20 hydrocarbon chain with five double bonds whereas
DHA is a 22 hydrocarbon chain with six double bonds.

The �-3 PUFA are mainly known for their anti-
inflammatory effects related to their competition as
substrates for cyclooxygenase (COX) and lipoxyge-
nase (LOX) leading to the formation of less active
prostaglandins and leukotrienes (James et al., 2000;
Ziboh et al., 2000).

More recent studies assessed that�-3 polyunsat-
urated fatty acid supplementation could be helpful
against many inflammatory diseases (Barbosa et al.,
2003; Roynette et al., 2004; Remans et al., 2004; Curtis
et al., 2000). It is especially reported that dietary sup-
plementation of fish oil, characterized by an high con-
tent of�-3 polyunsaturated fatty acids, reduced UVB
erythemal sensitivity (Rhodes et al., 1994), probably
by decreasing UVB-induced prostaglandin E2 (PGE2)
levels into the skin. However, dietary supplementa-
tion with fish oil is not always effective whereas local
application of these products may be favourable to
the treatment of localized inflammatory diseases as
arthritis (Heard et al., 2003). Besides, some scientific
works (Thomas and Heard, 2005; Heard et al., 2003;
Loftsson et al., 1995) outlined a high epithelial pene-
tration ability of PUFA and an interesting enhancement
effect in the skin drug permeation.

Heard and co-workers, for instance, demonstrated
in vitro the feasibility of the simultaneous permeation
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and present a very high PUFA content (Passi et al.,
2002) probably because of the geographic position of
the Mediterranean basin.

In the first part of our research, we focused our
attention on the characterization of the oily extracts
to determine their�-3 polyunsaturated fatty acid con-
tent and to also obtain information on their chemical
composition.

Then, we evaluated the in vitro percutaneous absorp-
tion through excised human skin of EPA and DHA
contained in the extracts and the fish oil that guar-
anteed the best in vitro permeation profile of these
�-3 fatty acids was studied in order to evaluate its
inhibiting ability towards the in vivo UVB-induced skin
erythema. Furthermore, the anti-erythematous efficacy
of the fish oil was compared to the one observed with
formulations containing ketoprofen (2%, w/w), a well-
known NSAID, widely employed in the treatment of
skin inflammatory diseases.

2. Materials and methods

2.1. Materials

Mackerel (Scomber scombrus), sardine (Sardina
pilchardus) and horse mackerel (Trachurus mediter-
raneus) were purchased from a local store. PPG-
15 stearyl ether, isohexadecane/PPG-15 stearyl ether,
steareth 2, steareth 21, stearic acid, cetylstearylic
a pur-
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nd DHA from a formulation containing fish oil. T
uthors in particular outlined an appreciable per
tion rate of EPA and DHA through excised fu

hickness pig ear skin membranes.
In the present study, we employed three

xtracts, obtained by acetonic extractions from
ntrails of different varieties of Mediterranean fis
uch as mackerel (Scomber scombrus), sardine (Sar-
ina pilchardus) and horse mackerel (Trachurus
editerraneus).
The fatty acids composition of fish lipids, especia

hose of PUFAs, is species-specific and is correlat
arious factors, including dietary, geographic and e
onmental factors, reproductive season, fishery pe
tc. (Winston and Di Giulio, 1991).

The varieties of fishes chosen in this study are
ost common in the market for human consump
cid, xanthan gum and undebenzophenon were
hased from Gattefossè (Gattefosse’ Italia S.r.l., Mila
taly). Ketoprofen was purchased by Sigma–Aldr
Sigma–Aldrich S.r.l., Milan, Italy). All the othe
eagents were of analytical grade.

.2. Extraction of fish oils

Fishes were cleaned, scaled and dissected. H
issue, tails and fins were removed and discar
nly the entrails were submitted to the extraction.
xtraction of fish entrails was carried out in 2 L c
rolled temperature reactor and acetone was the so
mployed. Briefly, 100 g of starting fresh material w

reated with 700 ml of acetone. Extraction was c
ucted under inert atmosphere (N2) and at temperatu
f 5◦C overnight and under continuous agitation.
ixture obtained was filtered through sintered g
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filter (100–160�m pore size) to remove the solid mate-
rial. After the separation, the residue was washed with
pure acetone to obtain more lipids. The combined fil-
trates were evaporated under reduced pressure at a
temperature of 30◦C. The water residue after evapo-
ration was separated from the oily phase by centrifu-
gation at low temperature. Then the oil was warmed up
at about 100◦C for around 15 min under inert atmo-
sphere to get off organic solvent traces. Finally, three
oily extracts were obtained: MACK, SARD and TRAC,
respectively, from the entrails of mackerel, sardine and
horse mackerel.

The yield of extraction process was 10.6% (w/w)
for MACK, 5.7% (w/w) for SARD and 6.5% (w/w) for
TRAC extracts.

2.3. Characterization of fish oils

Fatty acid composition of MACK, SARD and
TRAC extracts was determined after methyl esteri-
fication according to methods ofAOAC (Firestone,
1995) on a TRACE GC gas chromatograph (Ther-
mofinnigan Inc., USA) equipped with an AS2000 auto
injector (Thermofinnigan Inc., USA), a flame ioniza-
tion detector and a capillary column injection system
(split mode preferred at split ratio of 1:50). The sep-
aration was done on FAMEWAX capillary column
(Crossbond-PEG, 30 m× 0.25 mm i.d., Superchrom
S.r.l., Milan). The oven program was 170◦C (1 min),
170–225 (1◦C/min). The carrier gas helium was at flow
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stratum corneum and epidermis (SCE) were removed
from the dermis using a dull scalpel blade. Epider-
mal membranes were dried in a desiccator at approx.
25% relative humidity (RH). The dried samples were
wrapped in aluminum foil and stored at 4± 1◦C until
use. Preliminary experiments were carried out in order
to assess SCE samples for barrier integrity by measur-
ing the in vitro permeability of [3H] water through the
membranes using the Franz cells described below. The
value of the permeability coefficient (Pm) for tritiated
water was found to be 1.6± 0.2× 10−3 cm/h which
agreed well with those for tritiated water reported by
others using human SCE samples (Bronaugh et al.,
1986).

2.4.2. Skin permeation experiments
Samples of dried SCE were rehydrated by immer-

sion in distilled water at room temperature for 1 h
before being mounted in Franz-type diffusion cells
supplied by LGA (Berkeley, CA). The exposed skin
surface area was 0.75 cm2 and the receiver compart-
ment volume was of 4.5 ml.

The receptor compartment contained a
water–ethanol solution (50:50), to allow the estab-
lishment of the “sink condition” and to sustain
permeant solubilization (Touitou and Fabin, 1988),
was stirred and thermostated at 35± 1◦C during all
the experiments. Butylated hydroxyl anisol (0.05%
w/v) was added to the donor and receptor phases
to inhibit oxidation of the polyunsaturated fatty
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.4. In vitro studies

.4.1. Skin membrane preparation
Samples of adult human skin (mean age 36± 8

ears) were obtained from breast reduction op
ions. Subcutaneous fat was carefully trimmed and
kin was immersed in distilled water at 60± 1◦C for
min (Kligman and Christophers, 1963), after which
cids.
Approximately, 200 mg of each oily extra

MACK, SARD and TRAC) was placed on the sk
urface in the donor compartment and the latter
overed with Parafilm. Each experiment was ru
uplicate for 24 h using three different donors (n= 3).
t intervals, whole receptor phases were removed

eplaced with fresh solution. The samples were
yzed for EPA and DHA content by GC as descri
efore. EPA and DHA fluxes through the skin w
alculated by plotting the cumulative amount of ac
ompound penetrating the skin against time and d
ining the slope of the linear portion of the curve

he χ-intercept values (lag time) by linear regress
nalysis. The fluxes (�g/(cm2 h)), at steady state, we
alculated by dividing the slope of the linear portion
he curve by the area of the skin surface through w
iffusion took place.
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Table 1
Composition of the topical formulations containing ketoprofen 2% (KETO) or without active compound (CONTROL)

Formulation Oil phase Aqueous phase Surfactants and structurizing agents

KETO PPG-15 stearyl ether (7 g);
isohexadecane/PPG-15 stearyl ether
(3 g); ketoprofen (2 g)

Distilled water (76.7 g) Steareth 2 (3.5 g); steareth 21 (2.5 g); stearic acid
(2.5 g); cetylstearylic acid (2.1 g); xanthan gum
(0.3 g); undebenzophenon (0.4 g)

CONTROL PPG-15 stearyl ether (8 g);
isohexadecane/PPG-15 stearyl ether
(4 g)

Distilled water (76.7 g) Steareth 2 (3.5 g); steareth 21 (2.5 g); stearic acid
(2.5 g); cetylstearylic acid (2.1 g); xanthan gum
(0.3 g); undebenzophenon (0.4 g)

2.5. In vivo evaluation of photoprotective effect of
fish oil extract

2.5.1. Preparation of the formulations
A ketoprofen-loaded topical formulation (KETO)

was prepared to compare its anti-inflammatory efficacy
to the activity of SARD fish oil. The composition of
KETO formulation is reported inTable 1. The O/W
emulsion was prepared by slowly adding the aqueous
phase to the oily phase and to the blend of surfactants
under continuous agitation: the phases were kept to
70◦C. This mixture was stirred until it was cool, thus
forming the emulsion formulation. Furthermore a for-
mulation containing the NSAID (2%, w/w) and SARD
fish oil (KETOSARD) was prepared in order to evalu-
ate the vehicle effect on ketoprofen anti-inflammatory
profile.

2.5.2. Instrument
UVB-induced skin erythema was monitored, as pre-

viously reported (Bonina et al., 2001, 2002), by using
a reflectance visible spectrophotometer X-Rite mod.
968 (X-Rite Inc., Grandville, MI) having 0◦ illumi-
nation and 45◦ viewing angle. The instrument was
calibrated with a supplied white standard traceable
to the National Bureau of Standard’s perfect white
diffuser. The spectrophotometer was controlled by a
computer, which performed all color calculations from
the spectral data by means of a menu-driven suite of
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health questionnaire followed by physical examination
of the application sites. After they were fully informed
of the nature of the study and of the procedures involved
they gave their written consent. The participants did not
suffer from any ailment and were not on any medication
at the time of the study. They were rested for 15 min
prior to the experiments and room conditions were set
at 22± 2◦C and 40–50% relative humidity.

Skin erythema was induced by UVB irradiation
using an ultraviolet lamp mod. UVM-57 (UVP, San
Gabriel, CA). For each subject, the minimal erythemal
dose (MED) was preliminarily determined and an irra-
diation dose corresponding to the double of the MED
was used throughout the study.

For each subject, eight sites on the ventral sur-
face of the forearms were defined using a circular
template (1 cm2) and demarcated with permanent ink.
Skin sites were exposed to UVB irradiation and then
a weighted amount (200 mg) of SARD extract, KETO
and KETOSARD formulations were spread uniformly
on six sites (each formulation in twice) by means of
a solid glass rod. For each volunteer, two of the eight
sites were used as control and treated with a formu-
lation without active compounds whose composition
is reported inTable 1. Each skin site, after the appli-
cation, was occluded for three hours, using Hill Top
chambers (Hill Top Research Inc., Cincinnati, OH).
After the occlusion period, the chambers were removed
and the induced erythema was monitored for 58 h by
reflectance spectrophotometry. From the reflectance
s was
c d by
o

rograms (Spectrostart, X-Rite Inc.) supplied with
nstrument. Reflectance spectra were obtained ove
avelength range of 400–700 nm using illuminan
nd 2◦ standard observer.

.5.3. Protocol
Experiments were performed on ten volunteer

oth sexes in the age range of 25–35 years. They
ecruited after medical screening including filling i
pectral data obtained, the erythema index (EI)
alculated using an equation similar to that reporte
thers (Dawson et al., 1980):
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where 1/R is the inverse reflectance at a specific
wavelength (560, 540, 580, 510 and 610 nm).

EI baseline values were taken at each designed sites
for formulations before UVB irradiation and they were
subtracted from the EI values obtained after UVB expo-
sure at each time point, to obtain�EI values. For each
site, plotting�EI versus time the area under the curve
(AUC0–58) was computed using the trapezoidal rule.

2.6. Statistical analysis

Statistical analysis of in vitro data was performed
using Student’st-test. Statistical differences of in vivo
data are determined using repeated measure analysis of
variance (ANOVA) followed by the Bonferroni–Dunn
post hoc pair-wise comparison procedure. A probabil-
ity, p, of less than 0.05 is considered significant in this
study.

3. Results

3.1. Characterization of fish oils

Table 2reports the fatty acid composition of SARD,
TRAC and MACK oils (expressed as % areas). Look-
ing at the GC analyses it was found that all the extracts
showed appreciable amounts of EPA and DHA fatty
acids, but the SARD extract showed the highest amount
of �-3 fatty acids. In particular from the GC analyses
t her
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than the amount of EPA and also the�-3 fatty acid
contents were higher than the total�-6 amount, con-
firming the information reported in literature (Passi
et al., 2002). Furthermore a good amount of palmitic
(C16:0) and oleic (C18:1n-9) acids in all the extracts
was also found.

3.2. In vitro skin permeation experiments

In vitro skin permeation experiments were per-
formed by using SCE membranes instead of full-
thickness skin since as reported by others (van de Sandt
et al., 2004), the dermis in vitro can act as a significant
artificial barrier to the absorption of lipophilic com-
pounds.

The flux values at the steady state of EPA and DHA
from SARD, TRAC and MACK oily extracts, calcu-
lated from the linear segments at the steady state, are
reported inFig. 1.

Statistical analysis revealed no significant differ-
ences between the steady state flux value obtained with
TRAC extract and the value registered with MACK
oil extract (p> 0.05). Moreover both extracts showed
flux values considerably lower than SARD fish oil
(p< 0.01).

3.3. In vivo anti-inflammatory activity

Since the results obtained in vitro were very promis-
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able 2
atty acid composition of SARD, TRAC and MACK oils (% are

atty acids SARD TRAC MACK

14:0 3.4± 0.28 2.9± 0.09 4.9± 0.08
16:0 14.0± 0.11 16.3± 0.13 22.7± 0.08
16:1 2.6± 0.16 5.7± 0.04 3.5± 0.11
18:0 0.7± 0.01 0.8± 0.02 1.6± 0.35
18:1n9 10.9± 0.04 17.9± 0.06 15.9± 0.07
18:1n7 3.3± 1.02 3.6± 0.02 3.3± 0.01
18:2n6 1.5± 0.13 1.1± 0.01 1.7± 0.01
18:4n3 2.4± 0.08 1.0± 0.01 0.9± 0.03
20:1n9 0.8± 0.10 0.7± 0.04 1.6± 0.01
20:5n3 (EPA) 11.2± 0.66 7.2± 0.04 6.8± 0.08
22:5n3 1.4± 0.16 2.5± 0.03 1.6± 0.14
22:6n3 (DHA) 23.6± 0.2 18.4± 0.08 16.5± 0.17
otal PUFA 40.4 30.3 27.5
otaln3 38.6 29.1 25.8
HA/EPA 1.99 1.4 0.9
ng, we thought worthwhile investigating the topi
nti-inflammatory activity of SARD fish oil showin

he best in vitro results. Furthermore this activity w
ompared to that of topical formulations contain
he model drug ketoprofen widely used in the tr
ent of topical inflammatory diseases. For this rea

ig. 1. EPA and DHA steady state fluxes through excised hu
kin from SARD, TRAC and MACK fish oils.
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the 2% of ketoprofen was included in a O/W emul-
sion (KETO) and in SARD fish oil (KETOSARD),
in order to evaluate the vehicle effect and the influ-
ence of the fish oil on ketoprofen anti-inflammatory
profile.

Skin reflectance spectrophotometry enabled us to
monitor in a non-invasive manner, during the in vivo
experiment, the extent of the UVB-induced erythema.

Reflectance filter colorimetry has been extensively
used (Westerhof et al., 1986) to designate the extent
of erythema by measuring the skin color surface in
term of Commission International d’Eclairage (CIE)
L* a* b* color space parameters, since some authors
(Muizzuidin et al., 1990; Braue et al., 1990) found a
significant correlation betweena* values and visual
grading of skin erythema. Reflectance spectrometry
provided skin reflectance spectra, generally in the range
400–700 nm, which allowed us to obtain erythema
index values for more accurate and reliable evalua-
tions of skin erythema (Anderson and Parrish, 1981).
From the�EI values, calculated at each site and at
different times, it was possible to monitor the extent
of UVB-induced skin erythema and the ability of the
formulation tested to inhibit this process.

The�EI values were plotted versus time, obtaining
a curve which was computed using the trapezoidal rule.
The AUC values obtained are reported inTable 3.

As can be seen, all the formulations were able to
inhibit UVB-induced skin erythema, since the AUC
values obtained from treated skin sites were lower and
s the
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Fig. 2. Percentage inhibition of erythema (PIE) values.

treated with SARD, KETO and KETOSARD were sig-
nificantly different (p< 0.05).

In order to better outline the results obtained, from
[AUC] values it is possible to calculate the percentage
of inhibition of the erythema (PIE) induced by UVB
radiations using the following equation:

Inhibition (%) = AUCC − AUCT

AUCC
× 100

where AUCC is the area under the response–time curve
on the vehicle treated site (control), AUCT is the
area under the response–time curve on the formulation
treated site.

Fig. 2 reports the PIE values calculated for SARD
oily extract and KETO and KETOSARD formula-
tion. As demonstrated by these findings, KETOSARD
appears to possess a greater inhibitory effect against
skin UVB-induced erythema (PIE = 60.5%) than
that elicited by SARD (PIE = 24.5%) and KETO
(PIE = 46.6%).

4. Discussion

The first step of our research focused on the char-
acterization of three oily extracts obtained from the
entrails of well-known fishes of Mediterranean basin.
The choice to employ the fish entrails in our study
was not accidental as well as the choice to select these
varieties of blue fishes. From an unpublished work pre-
v ing
a and
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ignificantly different from those registered with
ites treated with CONTROL formulation (p< 0.05).
urthermore the AUC values obtained for the skin s
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UC0–58values obtained by applying SARD fish extract and KE
nd KETOSARD formulations to UVB exposed skin sites

ubjects CONTROL KETO SARD KETOSAR

1078.2 612.1 728.6 436.1
980.4 578.6 791.1 385.8

1170.3 583.2 866.3 421.3
1136.2 615.3 824.5 447.2

828.6 548.8 817.3 381.0
1030.2 497.3 802.4 455.2
1053.9 591.2 805.0 471.3
1274.6 517.3 749.6 394.6
1110.1 506.4 718.3 380.0
927.4 602.3 917.1 401.1

ean 1059.0 565.3 802.0 417.4
iously done by us we performed, in fact, a screen
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howed a significant amount of PUFA. Besides,
ork, pointed out remarkable differences in PUFA c
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tent among tissues and entrails; the latter, particularly,
after acetonic extraction, guaranteed high levels of fish
oil enriched with EPA and DHA fatty acids.

The characterization performed on the three oily
extracts revealed that the total amount of PUFA con-
tained in SARD extract was higher than the one
obtained from the other two fish oil varieties. Further-
more �-6 fatty acids content was found to be lower
than the total�-3 amount (seeTable 2). The data
is very important since�-6 fatty acids are endowed
with a proinflammatory activity (Bagga et al., 2003;
James et al., 2000), which could have influenced our in
vivo experiments regarding the evaluation of the anti-
inflammatory activity of the fish extract.

As for the in vitro study, in a recent work, it was
demonstrated (Heard et al., 2003) that EPA and DHA
permeated the skin when they are dosed in a fish
oil, though the authors performed the in vitro study
employing different experimental conditions compared
to those used in our study. Our in vitro results showed
that the permeation rate of EPA and DHA was higher
from SARD oily extract compared to the other two fish
extracts. This evidence could be justified by the differ-
ent composition of the three extracts and probably by
the total amount of PUFA contained in them. SARD
extract, which guaranteed the best permeation profile
of EPA and DHA, was studied in order to determine its
in vivo anti-inflammatory activity after topical applica-
tion on skin sites in which an erythema was previously
induced by means of a UVB lamp. Furthermore, we
t ity
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EPA and DHA to act as skin penetration enhancers has
been studied by other researchers (Heard et al., 2003)
who assessed that the promoting effect of these�-3
fatty acids might depend on the interaction with the
permeant. Interestingly the authors observed that this
interaction could strongly influence the permeation rate
of EPA and DHA too.

Our data is not enough to give a full explana-
tion of the mechanism through which EPA and DHA
act as ketoprofen permeation enhancers, even because
the first aim of this work was to determine the anti-
inflammatory activity of these substances. However,
works are in progress in order to obtain clearer informa-
tion on the mechanism involving the enhancer’s activity
of these�-3 fatty acids.

In conclusion, the fish oil extracts tested in this study
presented a significant amount of EPA and DHA fatty
acids and particularly SARD extract showed higher
concentrations of these substances compared to the
other two oils. The in vitro experiments revealed inter-
esting fluxes of these compounds from SARD extract
through the SCE membranes and a remarkable anti-
inflammatory activity against UVB-induced erythema
in human volunteers. Therefore, the present results sug-
gest a new opportunity for fish oils and for�-3 fatty
acids to be employed as ingredients of topical pharma-
ceutical and cosmeceutical products employed in the
treatment of skin inflammation.
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