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Background and purpose: Calendula officinalis flowers have long been employed time in folk therapy, and
more than 35 properties have been attributed to decoctions and tinctures from the flowers. The main uses
are as remedies for burns (including sunburns), bruises and cutaneous and internal inflammatory diseases
of several origins. The recommended doses are a function both of the type and severity of the condition
to be treated and the individual condition of each patient. Therefore, the present study investigated the
potential use of Calendula officinalis extract to prevent UV irradiation-induced oxidative stress in skin.
Methods: Firstly, the physico-chemical composition of marigold extract (ME) (hydroalcoholic extract) was
assessed and the in vitro antioxidant efficacy was determined using different methodologies. Secondly,
the cytotoxicity was evaluated in L929 and HepG2 cells with the MTT assay. Finally, the in vivo protective
effect of ME against UVB-induced oxidative stress in the skin of hairless mice was evaluated by deter-
mining reduced glutathione (GSH) levels and monitoring the secretion/activity of metalloproteinases.
Results and conclusions: The polyphenol, flavonoid, rutin and narcissin contents found in ME were
28.6 mg/g, 18.8 mg/g, 1.6 mg/g and 12.2 mg/g, respectively and evaluation of the in vitro antioxidant

activity demonstrated a dose-dependent effect of ME against different radicals. Cytoxicity experiments
demonstrated that ME was not cytotoxic for L929 and HepG2 cells at concentrations less than or equal
to of 15 mg/mL. However, concentrations greater than or equal to 30 mg/mL, toxic effects were observed.
Finally, oral treatment of hairless mice with 150 and 300 mg/kg of ME maintained GSH levels close to
non-irradiated control mice. In addition, this extract affects the activity/secretion of matrix metallopro-
teinases 2 and 9 (MMP-2 and -9) stimulated by exposure to UVB irradiation. However, additional studies

mplet
are required to have a co

. Introduction

Calendula officinalis L. (Asteraceae) is an annual herb native to
he Mediterranean region. In Europe and America it is cultivated for
rnamental and medicinal purposes. It is commonly known as the
arigold or maravilla, and its flowers have long been employed in

olk therapy (Duke et al., 2002). More than 35 properties have been
ttributed to decoctions and tinctures from the flowers, and these

reparations have been considered valuable remedies for burns,
ruises, cuts, rashes, skin wounds and other conditions (Brown and
attner, 1998).

∗ Corresponding author. Tel.: +55 16 3602 4433; fax: +55 16 3633 1941.
E-mail address: magika@fcfrp.usp.br (M.J.V. Fonseca).

378-8741/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2009.12.019
e understanding of the protective effects of ME for skin.
© 2009 Elsevier Ireland Ltd. All rights reserved.

Calendula officinalis is used mainly for cutaneous and internal
inflammatory diseases of several origins. The dosages cited are
2–4 mL of tincture diluted to 250–500 mL with water or 2–5 g of
herb in 100 g of ointment. A tea made from 1 to 2 g of the flower
in 150 mL of boiling water has also been used up to 3 times a
day as an antispasmodic (Re et al., 2009). However, the recom-
mended doses are a function of both the type and severity of
the condition to be treated and the individual condition of each
patient.

The main chemical constituents of Calendula officinalis include
steroids, terpenoids, free and esterified triterpenic alcohols, phe-

nolic acids, flavonoids (quercetin, rutin, narcissin, isorhamnetin,
kaempferol), and other compounds (Re et al., 2009).

Phytopharmacological studies of different marigold extracts
have shown anti-tumoral (Jiménez-Medina et al., 2006), anti-
inflammatory, wound healing (Zitterl-Eglseer et al., 1997) and

http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:magika@fcfrp.usp.br
dx.doi.org/10.1016/j.jep.2009.12.019
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ntioxidant activities (Katalinic et al., 2006). In clinical studies,
arigold was highly efficacious in the prevention of acute der-
atitis in cancer patients undergoing postoperative irradiation

Pommier et al., 2004).
It is well established that the inflammatory response following

cute UV light irradiation of the skin and the degenerative pro-
esses related to chronic UV irradiation skin exposure are largely
ediated by the overproduction of reactive oxygen species (ROS)

nd free radicals and by the impairment of antioxidant systems
Aquino et al., 2002). Therefore, due to the deleterious effects of
OS in the skin, many studies have focused on the establishment
nd evaluation of antioxidants to enrich the endogenous cutaneous
rotection system, and thus to prevent and/or treat UV irradiation-

nduced skin damage. In this context, much attention has been
aid to antioxidants from natural sources, especially flavonoids and
ther phenolic compounds (Atoui et al., 2005).

Marigold flowers contain large quantities of antioxidant com-
ounds (flavonoids and polyphenols), suggesting they may possess
ntioxidants to prevent UV-induced skin damage. In addition,
alendula officinalis flowers have long been employed in folk ther-
py as remedies for diverse burns, including sunburns and skin
ounds. This study investigated the potential use of orally admin-

stered marigold extract (ME) to prevent UV irradiation-induced
xidative stress in the skin. As a first step, the physico-chemical
omposition and the antioxidant potential of ME were evaluated.
he toxicity of this extract was then investigated in cell cul-
ure and its in vivo capacity to prevent UV irradiation-induced
educed glutathione (GSH) depletion and the secretion/activity
f metalloproteinases the skin of hairless mice was evalu-
ted.

. Materials and methods

.1. Chemicals

The Calendula officinalis L. dried flowers were a gift from San-
os Flora (Sao Paulo, SP, Brazil). Dulbecco’s modified Eagle medium
DMEM), fetal bovine serum (FBS) and antibiotic solution con-
aining 5 mg of penicillin, 5 mg of streptomycin and 10 mg of
eomycin per mL were purchased from Gibco (Grand Island,
Y, USA). Luminol, thiobarbituric acid (TBA), ethylene glycol
is(-aminoethyl ether)-N,N,N′,N′-tetraacetic acid (EGTA), xanthine,
anthine-oxidase (XOD), protease inhibitor cocktail and rutin (95%)
ere purchased from Sigma–Aldrich (St Louis, MO, USA) and acetic

cid of high-performance liquid chromatography (HPLC) grade and
olin-Ciocalteu reagent were purchased from Merck (Darmstadt,
ermany). Ethanol was obtained from Synth (Sao Paulo, Brazil), o-
hthalaldehyde (OPT), narcissin from Chromadex® (Ivine, CA, USA)
nd acetonitrile and methyl alcohol were obtained from J.T. Baker
USA). All other chemicals were of reagent grade and were used
ithout further purification.

.2. Preparation of marigold extract

The Calendula officinalis L. dried flowers were ground in a knife
ill into fine particles (0.3 mm – mean diameter). The powdered

rug was macerated with 50% ethanol (1:9, w/w) at 25 ◦C for 5 days.
his mixture was subjected to mechanical agitation at 870 rpm
Fisatom, model 713 D) for 1 h at the beginning and end of the
aceration period. Afterwards, the extract was filtered and dried
t 40 ◦C in a stove with air circulation. Finally, the residue was
esuspended into 50% hydroalcoholic solution (200 mL) and stored
t −20 ◦C. The obtained concentrated extract contained 15.7% dry
eight.
rmacology 127 (2010) 596–601 597

2.3. Assessment of the physico-chemical composition of marigold
extract

2.3.1. Total polyphenol and flavonoid contents
Total polyphenol and flavonoid contents in marigold extract

were determined by the colorimetric methods described by
Kumazawa et al. (2004).

2.3.2. Evaluation of rutin and narcissin content by HPLC
The rutin and narcissin levels in marigold extract were deter-

mined using a Shimadzu (Kyoto, Japan) liquid chromatography
system equipped with an LC-10 AT VP solvent pump unit and an
SPD-10A VP UV-Visible detector operating at 340 nm. Samples were
injected manually through a Rheodyne injector (20 �l loop). Sepa-
ration was performed in a C18 Hypersyl BDS-CPS cyano column
(250 mm × 4.6 mm, 5 �m) (Thermo Electron Corporation, USA)
equipped with a precolumn C18 Hypersyl BDS (10 mm × 4 mm,
5 �m) (Thermo Electron Corporation, USA). The mobile phase was
acetonitrile–water (15:85, v/v) containing 2% (v/v) acetic acid at a
flow rate of 1 mL/min. Data were collected using a Chromatopac
C-R6A integrator (Shimadzu, Kyoto, Japan).

Calendula extract solutions were prepared by dilution of 100 �L
of concentrated extract into 10 mL of 50% methanolic solution.
Next, 1 mL of this solution was diluted into 5 mL of the mobile
phase. Finally, this solution was filtered and analyzed by the pre-
viously described HPLC method. The results were calculated in
relation to the dry weight of extract.

Qualitative and quantitative data for rutin and narcissin were
obtained by comparison to known standards of rutin (from Sigma®)
and narcissin (from Chromadex®). The HPLC method employed for
the determination of rutin and narcissin in ME was previously vali-
dated considering the parameters linearity, accuracy and precision.
The method was linear over the concentration ranges evaluated and
the values obtained for the precision and accuracy of the measure-
ments are in agreement with ICH guidelines.

2.4. Determination of in vitro antioxidant efficacy

The antioxidant activity of ME was evaluated by H-donor activ-
ity using DPPH• radical as described by Blois (1958), by inhibition of
lipid peroxidation as described by Rodrigues et al. (2002) and scav-
enging superoxide radicals produced in the chemiluminescence
assay using the xanthine/luminol/XOD system (Girotti et al., 2000).

Marigold extract was first solubilized with ethyl alcohol (50%,
v/v) and diluted using the medium of each reaction to the follow-
ing final concentration ranges: 30–180 �g/mL for H-donor activity
using the DPPH• radical assay, 75–600 �g/mL for the lipid perox-
idation assay, and 1–18 �g/mL for the chemiluminescence assay
using the xanthine/luminol/XOD system.

For all the three different methodologies employed, the percent-
age inhibition was plotted against different concentrations of ME
and the concentration that caused 50% inhibition of the system was
reported as the IC50 value.

The percentage inhibition was calculated using the following
equation:

inhibition (%) = 100 −
[

100 × As

A0

]

where As is the absorbance (spectrophotometric methods) or
area under curve (chemiluminescent method) observed when the
experimental sample was added, and A0 is the absorbance (spec-
trophotometric methods) or area under curve (chemiluminescent
method) of the positive control (ME absence).
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.5. Determination of cytotoxicity

.5.1. Cell culture and treatment
L929 and HepG2 cells were routinely grown in 150 cm2 tissue

ulture flasks in DMEM supplemented with 1% (v/v) of an antibiotic
olution containing 5 mg of penicillin, 5 mg of streptomycin and
0 mg of neomycin per mL, and 7.5% or 10.0% (v/v) heat-inactivated
BS at 37 ◦C under 5% CO2.

Marigold extract was evaporated to dryness using a Speed-
ac concentrator (model SPD 2010, Thermo Electron Corporation)
t 45 ◦C. The dry residue was dissolved in dimethyl sulfoxide
DMSO) and diluted using PBS to a final concentration range of
.5–37.5 mg/mL in relation to dry weight of extract. The final con-
entration of DMSO was less than 0.1%. MTT assays used 20 �L of
ach dilution.

.5.2. MTT assay
The sensitivity of cells to ME was determined by a

tandard spectrophotometric 3-(4,5-dimethylthiazole-2-yl)-2,5-
iphenyltetrazolium bromide (MTT) assay (Mosmann, 1983). Cells
ere seeded at a density of 105 cells/well into 96-well plates and

ncubated for 24 h at 37 ◦C in atmosphere of 95% air and 5% CO2.
hen, 20 �L of ME, at different concentrations in PBS was added to
he culture plates for 24 h. After treatment, cells were rinsed once
ith PBS and serum-free culture medium without phenol red was

eplaced in all wells. Cells were then incubated for 4 h with MTT
olution (5 mg/mL). The yellow tetrazolium salt was metabolized
y viable cells to form purple crystals of formazan. The crystals were
olubilized overnight (12 h) in a mixture consisting of 20% sodium
odecyl sulfate (SDS) in HCl (0.01 M). The product was quantified
pectrophotometrically by measuring absorbance at 570 nm using
microplate reader (�QuantTM, BioTek Instruments Inc., USA). The
ellular viability was expressed as the percentage of viable cells
ompared to the control group.

.6. Assessment of the in vivo protective effect against
VB-induced oxidative stress

.6.1. Animals and experimental protocol
In vivo experiments were performed on 3-month-old, sex-

atched hairless mice of the HRS/J. The animals, weighing 20–30 g,
ere housed in a temperature-controlled room, with access to
ater and food ad libitum until use. They were housed within cages
ith a 12-h light and 12-h dark cycle. All experiments were con-
ucted in accordance with National Institutes of Health guidelines
or the welfare of experimental animals and with the approval of
he Ethics Committee of the Faculty of Pharmaceutical Science of
ibeirao Preto (University of Sao Paulo).

The animals were divided in five groups (n = 3): Group 1 = non-
rradiated control (water treatment), Group 2 = irradiated control
water treatment), Group 3 = irradiated and treated with a solution
ontaining 150 mg/kg of ME, Group 4 = irradiated and treated with
solution containing 300 mg/kg of ME and Group 5 = irradiated and

reated with a solution containing 600 mg/kg of ME, in relation to
he dry weight of the extract. The concentration of ME used in this
ssay was selected based on an anti-inflammatory activity study
eported by Núñez Figueredo et al. (2007). The treatment protocol
onsisted of applying 100 �L of the test solutions orally 30 min and
8 h before the irradiation.

.6.2. Irradiation

The UV irradiation source was a Philips TL/12RS 40W lamp

Medical-Holand). This source emits in the range of 270–400 nm
ith an output peak at 313 nm, resulting in an irradiation of

.27 mW/cm2 at a distance of 20 cm as measured by an IL 1700
adiometer (Newburyport, MA, USA) equipped with UVB and UV
armacology 127 (2010) 596–601

detectors. The minimal dose which induces GSH depletion and
gelatinase activity (2.46 J/cm2) was determined by Casagrande et
al. (2006). The mice were killed with an overdose of carbon diox-
ide 6 h after the start of UVB exposure, and full dorsal skins were
removed and stored at −80 ◦C until analysis.

2.6.3. GSH assay
The GSH skin levels were determined using a fluorescence assay

as previously described (Hissin and Hilf, 1976). The total skin of
hairless mice (1:3, w/w dilution) was homogenized in 100 mM
NaH2PO4 (pH 8.0) containing 5 mM EGTA using a Turrax TE-102
(Turratec, Sao Paulo). Whole homogenates were treated with 30%
trichloroacetic acid and centrifuged at 1900 × g for 6 min and the
fluorescence of the resulting supernatant was measured in a Hitachi
F-4500 fluorescence spectrophotometer. Briefly, 100 �L of sam-
ple was mixed with 1 mL of 100 mM NaH2PO4 (pH 8.0) containing
5 mM EGTA and 100 �L of OPT (1 mg/mL in methanol). The fluores-
cence was determined after 15 min (�exc = 350 nm; �em = 420 nm).

2.6.4. Qualitative analyses of skin proteinases by
substrate-embedded enzymography

SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis) substrate-embedded enzymography (zymography)
was used to detect enzymes with gelatinase activity. Assays were
carried out as previously described by Gerlach et al. (2007).

Total skins of hairless mice (1:4, w/w dilution) were homoge-
nized in 50 mM Tris–HCl buffer (pH 7.4) containing 10 mM CaCl2
and 1% protease inhibitor cocktail in a Turrax TE-102 (Turratec).
Whole homogenates were centrifuged at 12,000 × g for 10 min
at 4 ◦C. The Lowry method was used to measure protein levels
in skin homogenates (Lowry et al., 1951). Supernatant aliquots
(50 �L) were mixed with 10 �L of 100 mM Tris–HCl buffer (pH 7.4)
containing 4% SDS, 20% glycerol and 0.001% bromophenol blue.
For electrophoresis, 30 �L of the mixture (40 �g of protein) was
used. SDS-PAGE was performed using 10% acrylamide gels con-
taining 0.25% gelatin. After electrophoresis, the gels were washed
twice for 30 min with 2.5% Triton X-100 under constant shak-
ing, incubated overnight in 50 mM Tris–HCl (pH 7.4) 10 mM CaCl2
and 0.02% sodium azide at 37 ◦C, and stained the following day
with Coomassie Blue 350-R (Phast gel blue R-Pharmacia Biotech).
After destaining in 20% acetic acid, zones of enzyme activity were
detected as regions of negative staining against a dark background.
The proteolytic activity was qualitatively analyzed by comparing
controls and marigold extract-treated animals.

2.7. Statistical analysis

Data were expressed as means ± SE determined by triplicate
analysis. The ME levels causing 50% inhibition of the system
assessed (IC50) were determined using GraphPad Prism® software.
Data were statistically analyzed by Student’s t-test or one-way
ANOVA followed by Bonferroni’s test of multiple comparisons and
the level of significance was set to p < 0.05.

3. Results and discussion

3.1. Preparation of marigold extract

Five extractions of marigold were performed in the same
day and under the same experimental conditions to evalu-

ate the repeatability of the proposed extraction process. The
extraction precision was evaluated by determination of the dry
weight (14.9 ± 3.2%), H-donor activity in the DPPH• radical assay
(56.6 ± 1.5%) and polyphenol content (26.5 ± 3.2 mg/g) of the five
extracts. The results demonstrated the efficiency and reliability
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f this method of obtaining marigold extract, as the average rel-
tive standard deviation (RSD) from the three different parameters
etermined was no more than 3.2%.

.2. Physico-chemical composition of marigold extract

ME contained 28.6 ± 2.3 mg/g and 18.2 ± 0.5 mg/g of polyphe-
ol and flavonoid content relative to the dry weight of extract,
espectively. Furthermore, HPLC analysis (Fig. 1) of ME showed sev-
ral chromatographic peaks, revealing a wide chemical diversity.
mong the substances present, rutin and narcissin were identi-
ed. These flavonoids are widely distributed in medicinal plants.
he identification and quantification of rutin and narcissin in ME
ere done by comparing the obtained retention time and area with

nown standards of rutin (Sigma®) and narcissin (Chromadex®).
he rutin and narcissin contents found were 1.6 ± 0.1 mg/g and
2.2 ± 0.5 mg/g relative to the dry weight of extract, respectively.

.3. Determination of in vitro antioxidant efficacy

The in vitro antioxidant activity of ME was evaluated against
everal free radicals using different methods. ME showed antiox-
dant activity against various radicals. It was possible to build

dose–response curve for ME using all of the methodologies
mployed, demonstrating that these methods are adequate to
valuate the antioxidant activity of ME. The IC50 values were
7.1 ± 2.1 �g/mL, 350.0 ± 13.1 �g/mL and 4.4 ± 0.9 �g/mL for the
PPH• system, lipid peroxidation assay and xanthine/luminol/XOD
ssay, respectively.

The same in vitro methodologies employed in the present work
o evaluate the antioxidant activity of ME were previously used by
ur group to determine the IC50 values of quercetin, a flavonoid
hat has well-known antioxidant activity. Thus, quercetin is used
s a reference antioxidant compound in order to evaluate the
ctivity of different extracts. As demonstrated by Vicentini et al.

2007) quercetin showed an IC50 of 0.2 �g/mL for the inhibition
f lipid peroxidation and of 0.8 �g/mL in the DPPH• assay. For
he xanthine/luminol/XOD assay, the IC50 value was 11.3 �g/mL
unpublished data). Therefore, based on the IC50 values found for

E and by comparing with the IC50 value obtained for quercetin,

ig. 1. HPLC Chromatogram of marigold extract. Chromatographic conditions:
eversed-phase C18 column, with a mobile phase of acetonitrile–water (15:85, v/v)
ontaining 2% (v/v) acetic acid (flow rate of 1 mL/min) and UV detection at 340 nm.
rmacology 127 (2010) 596–601 599

it can be concluded that ME showed higher activity in scavenging
superoxide radicals produced in the xanthine/luminol/XOD system,
but quercetin showed higher activity against the hydroxyl, peroxyl
and alkoxyl radicals produced during lipid peroxidation and by the
DPPH• radical.

3.4. Determination of cytotoxicity

The viability of L929 mouse fibroblasts and HepG2 human hep-
atoma cells was determined in order to evaluate the cytotoxicity of
ME. These experiments demonstrated that small concentrations of
ME are capable of stimulating the proliferation of mouse fibroblasts,
with an approximately 27% increase of viability observed in cells
treated with 11.25 and 15 mg/mL of ME. However, when higher
concentrations of ME were applied, a cytotoxic effect of this extract
was observed, so that the treatment with 37.5 mg/mL of ME signif-
icantly reduced the viability of mouse fibroblasts by 21.6% (p < 0.05
using Student’s t-test).

On the other hand, no stimulating effect on HepG2 human
hepatoma cells was observed after treatment with ME in the con-
centration range of 1.5–15 mg/mL when compared with the control
group. Treatment of HepG2 cells with 30 and 37.5 mg/mL of ME
significantly reduced the viability by approximately 84% and 93%,
respectively (p < 0.05 using Student’s t-test).

These results support the observations of Matysik et al. (2005),
who showed that ME in small concentrations can stimulate the
proliferation of human fibroblasts (HSF), but at high concentra-
tions it can be toxic. In addition, ME did not stimulate the cellular
proliferation of human breast cancer cells T47D.

3.5. Assessment of the in vivo protective effect against
UVB-induced oxidative stress

The redox status of glutathione has been confirmed as an early
and sensitive sensor of UVB-induced epidermal oxidative stress,
suitable for testing the protective antioxidant effects of a substance
(Meloni and Nicolay, 2003).
Consistent with Casagrande et al. (2006), who detected a dose-
dependent depletion of GSH in the skin of hairless mice after UVB
irradiation (0.96–2.87 J/cm2), in this study a UVB dose of 2.87 J/cm2

induced a 44.5% decrease in GSH levels compared to non-irradiated
control mice (Fig. 2).

Fig. 2. Effect of marigold extract on the decrease of endogenous GSH levels
induced by UVB irradiation. G1 = non-irradiated control; G2 = irradiated control;
G3 = irradiated and treated with ME (150 mg/kg), G4 = irradiated and treated with
ME (300 mg/kg) and G5 = irradiated and treated with ME (600 mg/kg). Bars represent
means ± SE of three separate experiments (n = 3–4 animals per group). Statistical
analysis was performed by one-way ANOVA followed by Bonferroni’s test of mul-
tiple comparisons. *p < 0.05 compared to the non-irradiated control and **p < 0.05
compared to the irradiated control.



600 Y.M. Fonseca et al. / Journal of Ethnoph

Fig. 3. Zymographic patterns of metalloproteinase secretion/activity induced
by UVB irradiation of the skin of hairless mice. G1 = non-irradiated con-
trol; G2 = irradiated control; G3 = irradiated and treated with ME (150 mg/kg),
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4 = irradiated and treated with ME (300 mg/kg) and G5 = irradiated and treated
ith ME (600 mg/kg). The data are representative of three separate experiments

n = 3–4 animals per group).

The oral treatment of hairless mice with 150 and 300 mg/kg of
E maintained GSH levels close to those of the non-irradiated con-

rol, however, at the highest dose of ME administered (600 mg/kg),
n approximately 43% depletion of GSH levels was observed (Fig. 2).
possible explanation is that high concentrations of antioxidants

an stabilize, rather than eliminate, radicals in the cell (Schreck et
l., 1992). The protective effective against UVB irradiation-induced
SH depletion by the oral treatment with 150 and 300 mg/kg of
E was similar to that observed by our group through the topical

reatment of hairless mice with a quercetin-loaded microemulsion
Vicentini et al., 2008).

The antioxidant enzymes system works cooperatively, so that
hanges in one component can affect the state of balance of ROS.
hus, the ROS not eliminated by the biological system can cause
ellular damage and biochemical alterations, such as oxidation of
roteins and lipids, inflammation, damage to DNA, and activation
nd inactivation of enzymes (Shindo et al., 1993). Therefore, the
revention of UVB irradiation-induced GSH depletion by the oral
reatment with ME might be an important strategy for protection
gainst UVB-induced skin damage.

The effectiveness of the ME in modifying the proteinase secre-
ion/activity induced by UVB irradiation was also investigated in
his study. Consistent with Vicentini et al. (2008), a significant
ncrease in the expression/activity of gelatinases in the skin of
airless mice was observed after UVB irradiation in this study.
he analysis of the gelatinases (MMP-2 and MMP-9) in the skin
howed that MMP-9 only appeared in irradiated skin. Interestingly,
amples from irradiated skin in animals not treated with ME only
isplayed the higher molecular weight form of MMP-9 (92 kDa, the
ro-enzyme), while animals treated with 150, 300 and 600 mg/kg
f ME showed both the 92 kDa- and the 87 kDa MMP-9, the active
nzyme. Furthermore, there was also an increase in the 68-kDa
MP-2 form in irradiated skin from animals treated with 150, 300

nd 600 mg/kg of ME, indicating an increase in both gelatinases
licited by the ME (Fig. 3).

Recent clinical data indicate that the relationship between
MPs and disease is not simple; for example, increased MMP activ-

ty can either enhance or inhibit tumor progression. This complex
elationship between MMP expression and cancer has increased
he basic and clinical interest in understanding MMP function in
ivo, but it has also focused attention on MMPs and pathology, and
elatively less attention has been focused on the normal roles of

hese enzymes (Page-McCaw et al., 2007).

MMPs can be both pro-inflammatory and anti-inflammatory.
MPs facilitate inflammatory cell recruitment and clearance of

nflammatory cells by cleaving inflammatory mediators, result-
armacology 127 (2010) 596–601

ing in a tightly regulated inflammatory response (Page-McCaw et
al., 2007). MMPs can regulate chemokine activity, either by direct
proteolysis or by affecting the formation of chemokine gradients
(Gill and Parks, 2008). Thus, several chemokines, including C-C
motif ligand-7 (CCL7) and CXCL12, are substrates of MMP-2. MMP-
2 cleavage of CXCL-12 results in the loss of its ability to bind its
cognate receptor (CXCR4). CCL7 is cleaved by MMP-2, and the
removal of the four (N)-terminal amino acids from the active CCL7
chemokine molecule converts it to a truncated form that can still
bind to its CC chemokine receptor, but cannot activate it, thus func-
tioning as a receptor antagonist (Manicone and McGuire, 2008). In
addition, MMP-9 cleaves and activates CXCL6 and CXCL8, whereas
it inactivates CXCL1 and CXCL4 (Page-McCaw et al., 2007).

Studies showed that elevated levels of degraded collagen
observed in photodamaged skin act to down-regulate type I pro-
collagen synthesis. Of the different MMPs, MMP-1 was the most
effective collagenase, followed by MMP-8 and MMP-13. Gelati-
nolytic enzymes (MMP-2 and MMP-9) did not degrade intact
collagen, but the combination of MMP-1 and MMP-9 broke down
collagen into small peptides. These small fragments did not inhibit
procollagen synthesis, but the larger breakdown fragments of
type I collagen negatively regulated its synthesis (Varani et al.,
2001).

Since inflammatory cells need to cross the extracellular matrix
during skin repair following UV irradiation, it may be that the
increase in gelatinases, which degrade most matrix extracellular
molecules, may be beneficial for skin healing. Furthermore, the
increase in both gelatinases (MMP-9 and MMP-2) induced by the
ME in irradiated skin may be beneficial for procollagen synthe-
sis, regulation of the inflammatory response and rearrangement
of damaged skin. However, future studies addressing these possi-
bilities are required.

In conclusion, the present study suggests the potential appli-
cability of marigold extract against UV-induced skin damage, as
this extract showed relevant in vitro antioxidant activity against
different radicals and prevented the UVB irradiation-induced GSH
depletion in the skin of hairless mice after oral administration. This
extract affects the activity/secretion of proteinases stimulated by
exposure to UVB irradiation, and this increase in gelatinase activity
may be beneficial for skin healing and procollagen synthesis. How-
ever, additional studies are required in order to have a complete
understanding of protective effects of ME for the skin.
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