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This study investigated the potential use of topically and orally administered propolis extracts to prevent UV irradiation-induced
oxidative stress in skin. The results illustrated that green propolis extract (GPE) contained greater amounts of polyphenols,
coumaric acid, drupanin, baccharin and artepillin C than did brown propolis extract (BPE). GPE showed higher antioxidant
activity than BPE when the ICsy (concentration that caused 50% inhibition) values were compared. Interesting, the oral treatment
of hairless mice demonstrated a recovery of 30.0% for GPE and 22.8% for BPE with respect to UV irradiation-induced GSH
depletion. The topical pretreatment of animals with both propolis extract solutions recovered around 14.0% of the depleted GSH.
However, the employed treatments did not inhibit the increase of cutaneous proteinase secretion/activity caused by irradiation.
These findings indicate that despite differences in composition and antioxidant properties, GPE and BPE both successfully prevent
UV-induced GSH depletion in vivo and are both promising antioxidant systems against oxidative stress in skin. Based on these
findings, complementary studies should be performed to enhance our understanding of the protective effects of propolis extracts

in skin.

1. Introduction

Skin is the largest human organ and the only organ directly
exposed to ultraviolet (UV) irradiation. It is well known that
reactive oxygen species (ROS) are associated with premature
skin aging (photoaging), local and systemic immunosup-
pression, many cutaneous inflammatory disorders, and pho-
tocarcinogenesis [1]. Due to the deleterious effects of ROS in
the skin, many researchers have endeavored to identify and
evaluate antioxidants to enrich the endogenous cutaneous
protection system, to prevent and/or treat UV irradiation-
induced skin damage.

Much attention has been paid to antioxidants from
natural sources, especially flavonoids [2] and other phenolic
compounds [3]. It has been reported that orally and topi-
cally administered natural antioxidants, such as flavonoids,
carotenoids, ferrulic acid, and superoxide dismutase provide

protection against UV irradiation-induced erythema and
cytotoxicity [2, 4].

Due to their high concentrations of antioxidant com-
pounds, natural extracts, such as propolis extracts, have
been tested for their ability to prevent UV-induced skin
damage. Propolis has been shown to have antitumoral [5],
anti-inflammatory [6], antioxidant [7], radioprotective [8],
hepatoprotective [9], imunomodulatory [10], and mainly
antibacterial [11] properties in both in vitro and in vivo
studies.

Therefore, the present study was designed to evaluate
the potential applicability of two Brazilian propolis extracts
(green and brown) for the prevention of oxidative stress
in skin due to UV irradiation. With this aim, the first set
of experiments compared the physico-chemical composition
and the antioxidant potential of propolis extracts. In the sec-
ond set of experiments, the in vivo capacity of these extracts
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to prevent UVB irradiation-induced reduced glutathione
(GSH) depletion and the secretion/activity of metallopro-
teinases of hairless mice skin were assessed. Both oral and
topical treatments were investigated in these in vivo studies.

2. Materials and Methods

2.1. Chemicals. Brazilian brown propolis extract (BPE)
purchased from APIS FLORA (Ribeirao Preto—SP, Brazil)
was standardized using propolis from several sites in Brazil
(Patent number PI 0405483-0, published in Revista de
Propriedade Industrial no. 1778 from 01/02/2005). Brazilian
green propolis (GPE) was a gift from Bioessens Ltda (Cotia—
SP, Brazil). Both BPE and GPE with 11% dry weight.
Luminol, horseradish peroxidase (HRP), thiobarbituric acid
(TBA), ethylene glycol bis (-aminoethyl ether)-N,N,N',N’-
tetraacetic acid (EGTA), xanthine, and xanthine-oxidase
(XOD) were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). Hydrogen peroxide (36%) was purchased from
Calbiochem (CA, USA), and deoxyribose, o-phthalaldehyde
(OPT), and quercetin were purchased from Acros (New
Jersey, USA). Gallic Acid and Folin-Ciocalteu were purchased
from Merck (Darmstadt, Germany). All other chemicals were
of reagent grade and were used without further purification.

2.2. Physico-Chemical Composition

2.2.1. Total Polyphenol and Flavonoid Content in Brown and
Green Propolis Extracts. Total polyphenol and flavonoid con-
tent in brown and green propolis extracts were determined
by the Folin-Ciocalteau colorimetric and aluminum chloride
colorimetric methods, respectively [12].

2.2.2. HPLC Analysis. Propolis samples were subjected to
HPLC analysis using a Shimadzu High Performance Liquid-
Chromatograph (SCL-10A VP system controller, three LC-
10AD pumps, SPD- M10AVP photodiode array detector,
and Shimadzu Class-VP (5.02) software. The separation was
carried out on a CLC-ODS column (4.6 mmID X 250 mm,
5 um particle diameter) and a CLC G-ODS [8] column was
used as a guard column. A gradient starting with 0.8% acetic
acid, 0.3% ammonium acetate, 5.0% methanol/water, and
25% acetonitrile and finishing with 100% acetonitrile, over
60 minutes (flow rate 1.0 mL/minute), was used to separate
the major compounds, which were identified by comparison
with authentic standards previously isolated from Brazilian
green propolis [13, 14].

2.3. Antioxidant Potential. The antioxidant activity of propo-
lis extracts was evaluated by inhibition of lipid peroxida-
tion as described by Marquele and collaborators [15], the
H,0;/luminol/HRP assay [16], scavenging of superoxide
radicals produced in the chemiluminescence assay using the
xanthine/luminol/XOD system [17], and the deoxyribose
assay as described by Halliwell et al. [18].

Five hundred microliters of propolis extract were sol-
ubilized in propylene glycol (1:10) and diluted using the
medium from each reaction to the following final conc-
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entration ranges: 0.004-0.1 yL/mL for the lipid peroxida-
tion assay, 0.00006-0.2uL/mL for the deoxyribose assay,
0.036-0.4 uL/mL for the chemiluminescent assay using the
H,0,/luminol/HRP system, and 0.0013-0.04 yL/mL for the
chemiluminescent assay using the xanthine/luminol/XOD
system.

For all techniques, the percentage of inhibition was
plotted against the concentration of propolis extract and the
concentration that caused 50% inhibition of the system was
reported as the ICsq value [15].

2.4. In Vivo Protective Effect against UVB-Induced
Oxidative Stress

2.4.1. Animals and Experimental Protocol. In vivo experi-
ments were performed on 3-month-old, sex-matched hair-
less mice of the HRS/J strain. The animals, weighing 20—
30g, were housed in a temperature-controlled room with
access to water and food ad libitum until use. All experiments
were conducted in accordance with National Institutes of
Health guidelines for the welfare of experimental animals
and with the approval of the Ethics Committee of the Faculty
of Pharmaceutical Science of Ribeirao Preto (University of
Sao Paulo).

The animals were divided into 8 groups (n = 3): 4
groups for topical treatment and 4 groups for oral treatment.
The topical treatment experiment featured the following
groups: Group 1 = nonirradiated control (propylene glycol
treatment), Group 2 = irradiated control (propylene glycol
treatment), Group 3 = irradiated and treated with a solution
containing 2.5% GPE in propylene glycol, and Group 4 =
irradiated and treated with a solution containing 2.5% BPE
in propylene glycol. Three hundred microliters of the test
solutions were applied on the dorsal side of the animals,
1 hour before and 5 minutes before irradiation. The oral
treatment was tested on the following experimental groups:
Group 1 = nonirradiated control (water treatment), Group 2
= irradiated control (water treatment), Group 3 = irradiated
and treated with a solution of 100 mg/kg of GPE in 30% ethyl
alcohol, and Group 4 = irradiated and treated with a solution
of 100 mg/kg of BPE in 30% ethyl alcohol. The treatment
protocol involved the oral application of 100 L of the test
solutions (30 mg/mL) 18 hours before and 30 minutes before
irradiation [19].

2.4.2. Irradiation. The UV source of irradiation consisted
of a Philips TL/12RS 40 W lamp (Medical-Holand). This
source emits in the range of 270-400 nm with an output peak
at 313 nm resulting in an irradiation of 0.27 mW/cm? at a
distance of 20 cm, as measured by an IL 1700 radiometer
(Newburyport, MA, USA) equipped with an UVB and UV
detector. The minimal dose that induces GSH depletion
and gelatinase activity (2.46J/cm?) was determined by
Casagrande et al. [20]. The mice were killed with an overdose
of carbon dioxide 6 hours after the UV exposition, and full
dorsal skins were removed and stored at —80°C until analysis.

2.4.3. GSH Assay. The GSH skin levels were determined
using a fluorescence assay as previously described by Hissin
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and Hilf [21]. The total skin of hairless mice (1:3 dilution)
was homogenized in NaH,PO, (100 mM; pH 8.0) containing
EGTA (5 mM) using a Turrax TE-102 (Turratec, Sao Paulo).
Whole homogenates were treated with 30 % trichloroacetic
acid and centrifuged at 1900¢ for 6 minutes, and the
fluorescence of the resulting supernatant was measured with
a Hitachi F-4500 fluorescence spectrophotometer.

2.4.4. Qualitative Analyses of Skin Proteinases by Substrate-
Embedded Enzymography. SDS-PAGE (sodium dodecyl sul-
fate polyacrylamide gel electrophoresis) substrate-embedded
enzymography (zymography) was used to detect enzymes
with gelatinase activity. Assays were carried out as previously
reported by Onoue et al. [22] and Vicentini et al. [23]. The
proteolytic activity was qualitatively analyzed by comparing
control animals and animals treated with propolis extracts.
The Lowry method was used to measure protein levels in the
skin homogenates [24].

2.5. Statistical Analysis. Data are expressed as means + SE
determined from triplicate analyses. The concentration of
propolis extracts that caused 50% of inhibition of the system
assessed (ICsp) were determined using GraphPad Prism
software. Data were statistically analyzed by the Student’s ¢-
test, and the level of significance was set at P < 0.05.

3. Results

3.1. Physicochemical Composition. The total flavonoid and
polyphenol contents of both extracts were assessed. The
results showed that GPE contained 1.78% and 0.23% of
polyphenols and flavonoids, respectively. BPE contained
1.33% and 0.47% of polyphenols and flavonoids, respec-
tively. The HPLC analysis of propolis extracts identified
the following major compounds: p-coumaric acid, dru-
panin, artepillin C, and baccharin (Figures 1(a) and 1(b)).
While the extracts had similar chemical compositions, the
concentration of various antioxidant compounds varied
(Table 1). Overall, GPE presented with higher concentra-
tions of the evaluated compounds than did BPE. GPE
contained 275.7 yg/mL, 529.5ug/mL, 1053.7 ug/mL, and
1060.8 pg/mL of p-coumaric acid, drupanin, artepillin C, and
baccharin, respectively. BPE, however, contained 74.6 ug/mL,
213.6 ug/mL, 477.9 ug/mL, and 585.1 ug/mL of p-coumaric
acid, drupanin, artepillin C, and baccharin, respectively.
Nevertheless, when the extracts were compared at the same
dilution and under the same chromatographic conditions,
BPE showed more peaks within the retention time range of
10—45 minutes, suggesting a greater diversity of compounds.

3.2. Antioxidant Potential. Skin exposure to ultraviolet radi-
ation induces the formation of lipid peroxidation products,
lipid radicals, melanin radicals, endogenous antioxidant
depletion, and ROS overproduction [20, 25]. Our group has
previously demonstrated the potential in vitro antioxidant
activity of BPE [15]. Additionally, it was suggested that a
topical formulation containing BPE might be effective in
protecting skin against UVB photodamage, by accelerating

TaBLE 1: Physico-chemical composition and antioxidant activity of
BPE and GPE.

Physico-chemical composition (pg/mL) BPE GPE

p-coumaric acid 74.6 275.7
Drupanin 213.6 529.5
Artepillin C 477.9 1053.7
Baccharin 585.1 1060.8
Antioxidant activity (ICso —4L/mL) BPE GPE

Lipid peroxidation assay 0.016* 0.009
H,0,/luminol/HRP assay 0.221* 0.070
Xanthine/luminol/XOD assay 0.005* 0.003
Deoxyribose assay 0.024* 0.002

*ICs values determined by Marquele et al. [15]
Results are represented by mean of 3 determinations.

the cellular renewal (cicatrization) and inhibiting the inflam-
matory process [26]. The present study was designed to
further characterize the ability of BPE to prevent oxidative
stress and to discover if GPE had similar properties. Thus, the
antioxidant activity of GPE against different free radicals was
evaluated using several antioxidant methods, and the results
were compared to the antioxidant activity of BPE. Some of
these methods were able to generate several ROS in skin
after exposure to UV irradiation, such as superoxide (O?7),
hydroxyl radicals (OHe), lipid radical (Le), lipid peroxyl
radical (LOQe), alkoxyl (LOe), and peroxyl radicals [27].

GPE showed significant antioxidant activity against
various radicals. We were able to build a dose-response
curve for GPE using all of the methodologies employed,
demonstrating that these methods were adequate to evaluate
the antioxidant activity of GPE. The ICsy values were
0.009 yuL/mL, 0.070 yL/mL, 0.003 yL/mL, and 0.002 yuL/mL
for the lipid peroxidation assay, the H,O,/luminol/HRP
assay, the xanthine/luminol/XOD assay, and the deoxyribose
assay, respectively (Table 1). The same in vitro methodologies
were previously used by our group [15] to determine the ICs
values of BPE.

In an attempt to observe which free radicals were
efficiently scavenged by each propolis extract, the ICs values
were compared. BPE achieved the lowest 1Cs5y value for
the xanthine/luminol/XOD system, suggesting better activity
against superoxide radicals than against the other radicals.
In comparison, GPE showed the lowest 1C5, value for the
inhibition of the degradation of the deoxyribose sugar,
suggesting better activity against hydroxyl radicals than
against the other radicals.

3.3. In Vivo Protective Effect against UVB-Induced Oxidative
Stress. Based on the evidence for antioxidant activities
described above, the propolis extracts were evaluated in vivo
against UVB-induced oxidative stress. There was a dose-
dependent depletion of GSH in the skin of hairless mice
after UV irradiation [20]. In the irradiated control animals
(Group 2), the dose of irradiation used (2.46 J/cm?) induced
a decrease of 47.3% and 41.0% in the GSH level for the
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FIGURE 1: Chromatograms of BPE (a) and GPE (b). 1: p-coumaric acid, 2: drupanin, 3: artepillin C, and 4: baccharin.

topical and oral treatments, respectively, when compared to
the nonirradiated control animals (Group 1).

Topical pretreatment of animals with solutions contain-
ing both propolis extracts (Groups 3 and 4) led to a 14.0%
recovery GSH levels after irradiation (Figure 2(a)). However,
there was no significant difference (P = 0.112 for GPE and
P = 0.194 for BPE) between these groups of animals and the
nontreated ones (Group 2).

In contrast to the results obtained with topical treatment,
the oral administration of BPE and GPE demonstrated
potential effects against oxidative stress. Pretreatment with
GPE and BPE solutions (Groups 3 and 4) significantly
(P 0.001) prevented UV-induced GSH depletion when
compared to nontreated irradiated animals (Group 2),
leading to a recovery of 30.0% by GPE and 22.8% by BPE in
GSH levels (Figure 2(b)). There was no significant difference
between the potential in vivo protective effects of the two
extracts.

The ability of the propolis extracts to inhibit proteinase
secretion/activity induced by UVB irradiation was also
investigated in this study. Enzymography of the gelatinases
(MMP-2 and MMP-9) in the skin showed that MMP-9 only
appeared in irradiated skin, as observed in previous studies

performed by our group [19, 20]. It was visually observed
that neither topical nor oral treatments with propolis extracts
inhibited the increase in cutaneous metalloproteinase-9
activity induced by exposure to UV irradiation (data not
shown). In addition, gelatinase-2 (MMP-2) was present in
all groups of irradiated animals and nonirradiated animals.
Neither topical nor oral treatments containing propolis
extracts altered cutaneous metalloproteinase-2 activity (data
not shown).

4. Discussion

The present study evaluated, two different marketed propolis
extracts: brown and green. Brown propolis is the most
common propolis worldwide, and the extract used in this
study was a blend of propolis collected in several regions
in Brazil. In contrast, green propolis is found only in the
southern region of Brazil, where the main plant source of
propolis is Baccharis sp. The green propolis found in this area
is rich in prenylated derivatives of p-coumaric acid, such as
Artepillin C [28, 29].

It can be inferred from the results that the GPE contained
greater amounts of polyphenols but had lesser amounts of
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FIGURE 2: In vivo protective effect as assessed by the GSH depletion assay. G1 = nonirradiated control, G2 = irradiated control, G3 = GPE,
and G4 = BPE. (a) Topical treatment and (b) Oral treatment. Bars represent means =+ SE of three replicates. Statistical analysis was performed
using the Student’s t-test. *P < 0.05 compared to the nonirradiated control and **P < 0.05 compared to the irradiated control.

flavonoids compared to BPE. In addition, the polyphenol
content in BPE was about 2.8 times that of the flavonoid
content, while the polyphenol content in GPE was 7.8 times
that of the flavonoid content. The flavonoid and polyphenol
contents measured in this study were very close to those
previously reported in marketed Brazilian propolis extracts
from several regions; flavonoid content ranged from 0.05%
to 0.7% and polyphenol content from 0.4% to 3.9% in
previous reports [30].

Although both extracts demonstrated considerable
antioxidant activity, GPE’s activity was significantly more
efficient than BPE’s in all of the tested systems. This
difference between the extracts’ antioxidant activities may
be due to qualitative and quantitative differences in their
physico-chemical compositions. It is well established that
phenolic compounds, such as the ones present in propolis,
work as antioxidants by breaking the chain reaction of
lipids [31], inhibiting chemiluminescence reactions [32],
scavenging several ROS [33], and so forth. Nevertheless,
no correlation between phenolic and flavonoid contents
and antioxidant activity has been confirmed. Until now,
reports have suggested that antioxidant properties arise from
complex mechanisms or synergistic interactions between
compounds [34, 35].

The results obtained in this study revealed that antiox-
idant activity was mainly linked to the polyphenol content
of the sample and was less dependent upon the flavonoid
content. This suggestion is based on the observation that
the concentration of flavonoids in BPE was significantly
higher than that in GPE, but BPE showed the lower
antioxidant activity. In addition, it can be suggested that
marker compounds (p-coumaric acid, drupanin, artepillin
C, and baccharin) may contribute to the elevated antioxidant
activity of GPE.

Quercetin, a flavonoid with well-known antioxidant
activity, is used as a reference antioxidant compound to
evaluate the activity of different extracts. As demonstrated
by Vicentini et al. (2007) [36], quercetin showed an ICsy of
0.2 pg/mL for the inhibition of lipid peroxidation and an ICsg

of 1.05 ug/mL for the H,O,/luminol/HRP assay. For the xan-
thine/luminol/XOD assay, quercetin achieved an 1Csy value
of 11.3 ug/mL [19]. By comparing, the ICs values found for
propolis extracts with those obtained for quercetin, it can be
concluded that BPE was effective in scavenging superoxide
radicals produced in the xanthine/luminol/XOD system.
GPE performed well when scavenging hydroxyl radicals, and
quercetin was effective against the hydroxyl, peroxyl, and
alkoxyl radicals produced during lipid peroxidation. Besides
this, GPE showed higher antioxidant activity when compared
with ginkgo biloba and isoflavin beta [35].

The in vitro antioxidant activity studies demonstrated the
suitable applicability of these extracts against free radicals,
leading the group to research their potential in vivo protective
effects. The oral treatment of hairless mice with both extracts
prevented irradiation-induced oxidative stress by preventing
GSH depletion. However, topical pretreatment of animals
with solutions containing both propolis extracts was not
effective against UV irradiation-induced GSH depletion.

The low topical effectiveness of both extracts could be
explained by poor diffusion of the antioxidant compounds
through the stratum corneum and viable epidermis of mouse
skin. Therefore, increasing the diffusion of antioxidant
compounds through the skin might be an avenue to better
assess the real potential of propolis against oxidative stress
in skin. To this end, topical formulations and/or enhancer
promoters could be employed, as reported by Marquele et
al. [37] for topical formulations with propolis extract and
Casagrande et al. [20] and Vicentini et al. [23] for topical
treatments with quercetin.

The protective effect achieved by oral administration
of both extracts could be explained by the absorption of
compounds present in these extracts by the intestinal tract
and their subsequent distribution in the blood to several
organs, including the skin. Furthermore, oral administration
of antioxidants could protect the entire skin surface without
being affected by washing, perspiration, or rubbing, all
of which could lessen the efficacy of topical applications.
Additionally, the effectiveness of topical applications could
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FiGure 3: Hypothetical diagram of UV irradiation-induced skin damages and intervention of propolis extract. Degenerative processes related
to UV irradiation skin exposure are largely mediated by the overproduction of reactive oxygen species (ROS) and by the impairment of
antioxidant systems. Thus, the ROS not eliminated by the biological system can cause cellular damage and biochemical alterations, such as
oxidation of proteins and lipids, inflammation, damage to DNA, and activation and inactivation of enzymes. These biochemical alterations
generate clinical signals as photoaging, local and systemic immunosuppression, and skin cancer. We showed that propolis extract may
interfere in the overproduction of ROS and in the UV irradiation-induced GSH depletion. Then, the present study suggests the potential

applicability of propolis extracts against UV-induced skin damages.

be limited by poor diffusion of antioxidant compounds into
the epidermis [38].

It is clear that GPE and BPE presented similar protection
against oxidative stress, as assessed by GSH protection.
This observation corroborates the finding of Bankova [39],
who reported that propolis extracts with different physico-
chemical compositions, but with the same dry weight,
showed similar biological properties. The authors suggested
that even though different propolis extracts had similar
antioxidant activities, the compounds responsible for these
activities in each extract could be different.

The protective effect achieved by oral treatment with
propolis extracts against UVB irradiation-induced GSH
depletion was similar to that observed by our group through
the oral treatment of hairless mice with a marigold extract
[19] and by topical treatment of hairless mice with a
quercetin-loaded microemulsion [23].

The GPE effect is probably due to inhibition of oxidative
stress as described by Cole et al. [40], who has demonstrated
that the topical application of “Sydney” propolis reduced
cutaneous inflammation, immunosuppression, and lipid
peroxidation induced by UV exposure (Figure 3). Moreover,

it is important to consider the possibility of UV absorption
by propolis (photoprotective effect) as it has been reported
by Soares dos Reis et al. [41], who demonstrated by in vitro
analyses considerable values of sun protector factor (FPS) for
formulations with hidroalcoholic extract of green propolis.

While both extracts prevented UV irradiation-induced
GSH depletion, neither extract demonstrated the capacity
to inhibit metalloproteinase activity. However, in vitro
studies have shown that propolis inhibits metalloproteinase
activity in tumor cell cultures. Jin et al. [42] demonstrated
that propolis extracts in ethanol strongly inhibited MMP-
9 activity in a concentration-dependent manner in the
hepatocarcinoma cell line Hep3B.

When taking these studies into consideration, the lack of
positive results for both extracts in this study could be due to
the physiological mechanisms involved in the upregulation of
MMPs after UV irradiation. It is possible that the regulation
of MMPs in normal cells after UV irradiation might be
different from the regulation of MMPs in cancerous cells.
Additionally, the effect of propolis compounds in in vitro
cancerous cell culture might be different from the effects of
propolis compounds in normal cells in the in vivo system
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used in this study. As was previously mentioned, the capacity
of the antioxidant compounds to reach the “target tissue” of
mice skin could limit the extract’ ability to regulate MMPs.

5. Conclusion

The present study suggests the potential applicability of
propolis extracts for preventing UV-induced skin damages.
Both BPE and GPE extracts exhibited considerable antiox-
idant activity and inhibited UV irradiation-induced GSH
depletion, and the oral treatments were more effective than
the topical treatments. Despite differences in their physico-
chemical composition and in vitro antioxidant activities,
both extracts showed similar in vivo effects against oxidative
stress in skin by protecting against GSH depletion. To
cultivate a more complete understanding of the protective
capabilities of these extracts, topical formulations that diffuse
more effectively through the skin could be developed and
additional studies be performed.
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