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Abstract The skin is under continual assault from a variety of damaging environmental factors such as ultraviolet
irradiation and atmospheric pollutants, and as organisms
age the cumulative damage exceeds the capacity of endogenous antioxidant defenses resulting in chronic inXammation and premature aging. Botanical extracts such as
Feverfew containing naturally occurring antioxidants could
replenish the depleted cutaneous stores and perhaps forestall these degenerative changes. A parthenolide-depleted
extract of Feverfew (PD-Feverfew), which was free of sensitization potential, was found to possess free radical scavenging activity against a wide range of reactive oxygen
species and with greater activity than Vitamin C. In vitro,
PD-Feverfew restored cigarette smoke-mediated depletion
of cellular thiols, attenuated the formation of UV-induced
hydrogen peroxide and reduced pro-inXammatory cytokine
release. In vivo, topical PD-Feverfew reduced UV-induced
epidermal hyperplasia, DNA damage and apoptosis. In a
clinical study PD-Feverfew treatment signiWcantly reduced
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erythema versus placebo 24 h post-UV exposure. Through
the ability to scavenge free radicals, preserve endogenous
antioxidant levels, reduce DNA damage and induce DNA
repair enzymes, which can help repair damaged DNA, parthenolide-depleted extract of Feverfew may protect skin
from the numerous external aggressions encountered daily
by the skin and reduce the damage to oxidatively challenged skin.
Keywords Feverfew · Flavonoids · Oxidative stress ·
Parthenolide · Reactive oxygen species · InXammation
Abbreviations
ROS
Reactive oxygen species
UVA Ultraviolet A
UVB
Ultraviolet B

Introduction
The skin is the barrier which protects organisms from an
environment that is becoming increasingly hostile. The
daily onslaught of environmental factors such as solar UV
radiation, coupled with recent increases in atmospheric
pollutants and other external aggressors, provides an oxidative challenge that exacts a serious toll on skin health
[6]. Endogenous antioxidants protect skin from the eVects
of oxidative stress; however, the levels of antioxidants in
the skin decrease with age [22], thus resulting in less protection and a greater potential for skin damage [18]. With
advancing age and thus total exposure, oxidative stress
begins to overwhelm the skin’s capacity to respond. This
causes subtle changes that accumulate, accelerating the
aging process and resulting in a state of chronic inXammation [40].
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The primary environmental insult challenging the skin
is solar ultraviolet (UV) irradiation, particularly its UVB
component. UVB irradiation can induce many pathophysiological eVects in the skin such as formation of
reactive oxygen species (ROS) [34], DNA damage by
thymine dimer formation [29, 48], lipid peroxidation [31,
32], dermal matrix protein degradation [40], alterations
in membrane permeability [14], induction of pro-inXammatory mediator release [4, 42] and induction of apoptosis [3]. It has been known for decades that ROS are
produced in the skin following UV irradiation [34] and
are major mediators of oxidative damage to DNA and
other cell constituents. These cellular changes induced by
UV irradiation make solar exposure, particularly UVB,
responsible for the induction of nonmelanoma skin cancer
[27].
Other external aggressors that the skin is exposed to,
such as cigarette smoke, mediate oxidative stress in human
tissues by depleting intracellular thiols such as glutathione
[30, 37]. This results in pathophysiological eVects such as a
decrease in phagocytic cell chemotaxis, increase in epithelial cell permeability and pro-inXammatory cytokine
release, prevention of epithelial cell repair processes [25,
41, 50] and Wnally cell death. Smoke-induced oxidative
stress can lead to premature skin aging, which is phenotypically similar to photoaged skin [38, 45].
Much attention has recently been focused on naturally
occurring antioxidants, in particular botanical extracts, that
provide eVective protection from UV-induced damage [1].
In addition to the well-described eVect of dietary beta-carotene, other carotenoids have shown eVectiveness in counteracting the eVects of UVB. Oral administration of a
combination of the antioxidants, ascorbic acid and alpha
tocopherol in humans signiWcantly reduced both the sunburn reaction to UVB and the formation of thymine dimers
[36].
Feverfew is an aromatic perennial, widely cultivated
throughout Europe, which has been used for centuries as
a source of herbal remedies. There are early references to
its use for relieving fever, headache and migraine, as
well as menstrual problems, stomachache, toothache and
insect bites [13, 16]. Feverfew exhibits anti-inXammatory activity and parthenolide, a sesquiterpene lactone
and an active constituent of Feverfew, has been shown to
be responsible for many of its anti-inXammatory eVects
[20, 24]. However, parthenolide is a potent skin sensitizer and therefore would not be appropriate for topical
applications [15, 35]. To eliminate the risk of skin sensitization from Feverfew, we developed a parthenolidedepleted extract of Feverfew (PD-Feverfew) and determined the eVectiveness of PD-Feverfew in mitigating the
eVects of external aggression-induced oxidative stress in
the skin.
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Materials and methods
Depletion of parthenolide from feverfew
Extracts of Tanacetum parthenium with a reduced content
of -unsaturated -lactones, particularly parthenolide, were
obtained by diVerential solvent extraction and subsequent
elution on basic resins of Feverfew biomass [8]. Whole
Feverfew contained 0.72% § 0.08 parthenolide as a percent of dry weight, and the parthenolide-depleted extract of
Feverfew that was obtained contained 0.026% § 0.001,
approximately 30 times less parthenolide as a percent of
dry weight compared to whole Feverfew.
Cell culture
Primary normal human keratinocytes and primary normal
human dermal Wbroblasts were obtained from Cascade
Biologics (Portland, OR, USA) and were cultured in Epilife
growth media supplemented with human keratinocyte
growth supplement.
Determination of free radical scavenging activity
The antioxidant scavenging capacity of Feverfew against
the peroxyl radical (ORAC), hydroxyl radical (HORAC),
peroxynitrite radical (NORAC), and the ferric reducing
power of Feverfew (FRAP) were determined by Brunswick
Laboratories (Norton, MA, USA) as previously described
[19, 33]. ORAChydro reXects water-soluble antioxidant
capacity and the ORAClipo is the lipid-soluble antioxidant
capacity. Trolox, a water-soluble Vitamin E analog, is used
as the calibration standard and the ORAC result is
expressed as micromole Trolox equivalent (TE) per liter.
Determination of cell viability
Cell viability was assessed by the release of lactate dehydrogenase (LDH), a marker of cytotoxicity, using a cytotoxicity detection kit (Roche Diagnostics, Indianapolis, IN,
USA).
Assessment of cigarette smoke-induced eVects
Normal human dermal Wbroblasts seeded in six-well format
transwell inserts (Corning Costar, Cambridge, MA, USA)
were incubated with a medium containing various concentrations of Feverfew for 24 h prior to exposure to either placebo (mock) or cigarette smoke (1 cigarette, BASIC Full
Flavor 100’s cigarettes, Philip Morris, Richmond, VA,
USA) for 10 min. Prior to smoke exposure, the medium
above the inserts containing the Feverfew extract was
removed, while the one below remained during the smoke
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exposure. After exposure, the cells were incubated for
another 24 h with the previous medium. The cells were
washed twice with Dulbecco’s phosphate-buVered saline
and lysed in 200 l lysis buVer (caspase-3 colorimetric
assay kit; R&D Systems Inc., Minneapolis, MN, USA).
Intracellular thiols were then measured by mixing 100 l of
the lysate with 60 M monobromobimane (Molecular
Probes, Eugene, OR, USA) and incubating at 37°C for
30 min. In the presence of thiols, the monobromobimane
becomes Xuorescent. Fluorescence was measured using a
CytoFluor® Fluorescence Plate Reader (PerSeptive Biosystems, Framingham, MA) set with excitation wavelength
at 360 nm and emission wavelength at 460 nm.
Determination of hydrogen peroxide formation
in normal human keratinocytes
UV-induced hydrogen peroxide formation was determined
using a modiWcation of the method of El Hindi [11] and
Wang [49]. Primary human keratinocytes were plated at
8,000 cells/well in a 96-well plate. After 48 h, the cells
were incubated for 30 min with 5 M of the hydrogen peroxide-sensitive Xuorescent probe 5-(and-6)-chloromethyl2⬘,7⬘-dichlorodihydro-Xuorescein diacetate, acetyl ester
(CM-H2DCFDA; Invitrogen Carlsbad, CA, USA). After
incubation, the plate was rinsed to remove excess probe and
Feverfew was added at the indicated concentrations. The
plate was immediately read on a Xuorescent plate reader set
at wavelengths 485 nm excitation/530 nm emission to
detect basal peroxide formation. The plate was then
exposed to UV (1000W-Oriel solar simulator equipped
with a 1 mm Schott WG 320 Wlter; UV dose applied 4.2 kJ/
m2 as measured at 360 nm) or to cigarette smoke as
described above and read 60 min post-UV exposure.
Assessment of UV-induced mediator release
from reconstituted epidermis
Reconstituted human epidermis (EPI-200-HCF) was purchased from MatTek Corporation (Ashland, MA, USA).
After reception, epidermal equivalents were incubated with
a phenol-free and hydrocortisone-free maintenance
medium (MatTek Corporation, Ashland, MA, USA) at
37°C for 24 h. PD-Feverfew, 1%, was prepared in 70% ethanol/30% propylene glycol vehicle and 5 l was applied
topically for 2 h prior to exposure to ultraviolet light
(1000W-Oriel solar simulator equipped with a 1 mm Schott
WG 320 Wlter) with a maximum irradiance of 7.52 mW/
cm2. The UV dose applied was 65 kJ/m2, as measured at
360 nm, 95% UVA and 5% UVB. After 24 h, the medium
below each equivalent was collected and analyzed for
secreted IL-1 by ELISA using a commercially available
immunoassay multiplex kit (Upstate Biotechnology, Char-

71

lottesville, VA, USA) on a Luminex L100 (Luminex Corporation, Austin, TX, USA).
Determination of photoaging in hairless mouse skin
SKh-1 hairless mice (Charles River Laboratories; Wilmington, MA, USA) were housed individually in an environmentally controlled room with a 12 h light and 12 h dark
cycle and allowed food and water ad libitum. The Institutional Animal Care and Use Committee at Johnson & Johnson approved all procedures used in these experiments. The
UVR source was a bank of 8 Philips TL40W/12 Ultraviolet-B bulbs, peak irradiance at 310 nm (Bulbtonics, NY,
USA). Bulbs were positioned 19 cm above the mice for
3 weekly exposures, which continued for 10 weeks. Each
UVB dose was gradually increased over the Wrst 5 weeks
by increments of 0.5 minimal erythema doses (MED) to a
Wnal dose of 4.5 MED (0.07 J/cm2). Irradiance was measured with an IL-1400 Research Radiometer (International
Light, Inc., Newburyport, MA, USA) using a UVB sensor.
Two groups of mice (N = 9) were exposed to UVB irradiation with a third group (N = 6) serving as unirradiated controls. One of the irradiated groups was treated with 100 l
of 1% (10 mg/ml) PD-Feverfew solution made up in 70%
ethanol/30% propylene glycol vehicle applied to the skin
pre- and post-irradiation. After 10 weeks, the mice were
sacriWced by CO2 inhalation and the dorsal trunk skin was
excised for histology. Hematoxylin and eosin (H&E) staining of mouse skin sections was performed by Paragon BioServices, Inc. (Baltimore, MD, USA). Thirty measurements
per animal were made to derive a mean value for epidermal
thickness.
Induction of UV-induced DNA and cellular damage
in porcine skin
Gottingen microswine (Marshall Farms, NY, USA) were
housed in appropriately sized cages in an environmentally
controlled room with a 12 h light and 12 h dark cycle and
supplied with Purina mini-swine chow and water ad libitum. The Institutional Animal Care and Use Committee at
Johnson & Johnson approved all procedures used in these
experiments. Animal care was based on the “Guide for the
Care and Use of Laboratory Animals”, NIH Publication
No. 85-23. UV irradiation was given with a Hamamatsu
Lightning Cure 200 UV Spot Light Source (Photonics
K.K., Japan) with a 50 W xenon lamp Wltered with a 2 mm
hot mirror, 1 mm UG 11 (Schott Glass) and 1 mm WG320
(Schott Glass) to meet COLIPA solar simulator compliance. The Xuence rate was set at 4 mW/cm2 and measured
with a calibrated Oriel Thermopile Model 71767. The
MED was then determined from the least amount of time
required to induce uniform redness after 24 h. A 1%
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(10 mg/ml) PD-Feverfew solution made up in 70% ethanol/
30% propylene glycol vehicle was applied to the skin (4 l/
cm2) followed by UV light exposure at diVerent multiples
of MED intensity. After 24 h, biopsy punches were
obtained from skin for histology. T-T dimer staining of
swine skin sections was performed by Paragon BioServices, Inc. (Baltimore, MD, USA) using primary antibodies
from AYtech (Oslo, Norway). Apoptosis staining (terminal
deoxynucleotidyl transferase biotin-dUTP nick end labeling, TUNEL) was performed by Paragon Bioservices using
Terminal Transferase, and Biotin-16-dUTP from Roche
Diagnostics (Indianapolis, IN, USA).
Assessment of DNA repair
Normal human keratinocytes in culture were incubated
with 10 and 30 g/ml of PD-Feverfew extract. The cells
were harvested after 1 h and nuclear extracts containing the
DNA repair enzyme were prepared. Nuclei were prepared
by incubating cells in the lysis buVer (Hepes 10 mM, pH
7.9; MgCl2,1.5 mM; KCl 10 mM; TritonX-100, 0.5%;
dithiothreitol 0.5 mM; protease inhibitor PMSF). The
nuclei were recovered by centrifugation and then lysed in
the nucleus lysis buVer (Hepes 10 mM, pH 7.9; MgCl2
1.5 mM; KCl 0.4 M; glycerol 25%; EDTA 0.3 mM; dithiothreitol 0.5 mM; protease inhibitor PMSF). After centrifugation to remove residual particles, 10 l (5 mg/ml of
protein) of nuclear extracts were applied to hydrogel glass
slides (Perkin Elmer) containing 1 mg/ml plasmid DNAbearing lesions induced by diVerent types of agents such as
UV (thymine dimers and 6-4 photoproducts formed by
exposing plasmid DNA to UVC irradiaiton with a dose of
0.3 J/cm2 at 2.5 mW/s emitted by a VL 15-C lamp (Bioblock ScientiWc, Illkirch, France), endoperoxide DDE
(mostly 8-oxo-guanosine lesions formed by treating 1 mg/
ml plasmid and 20 l endoperoxide at 37°C in the dark for
2 h), psoralen (psoralen adducts formed by irradiating
1 mg/ml plasmid and 120 mM psoralen amine with 1.48 J/
cm2 UVA light for 10 min) or cisplatin (cisplatin adducts
formed by treating 1 mg/ml plasmid and 15 mg/ml cisplatin
at 37°C in the dark for 2 h). The slides were then incubated
for 2 h in the presence of Cy5-dCTP, during which the
lesions were repaired. After the reaction, the level of DNA
repair was analyzed by the level of Xuorescent base (Cy5dCTP) integrated in the DNA during the reaction.
Clinical study of UV-induced erythema
Topical emulsion formulations containing Feverfew were
evaluated versus placebo formulations. The clinical study
was a placebo-controlled, randomized, double blinded
study of 12 subjects including both male and female of
Fitzpatrick skin phototypes II and III, conducted at Harri-
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son Research Laboratories, Inc. of Union, New Jersey. An
independent review board (New England Institutional
Review Board, Wellesley, MA, USA) approved the study
protocol and all clinical investigation was conducted
according to the Declaration of Helsinki principles.
BrieXy, subjects were required not to have any clinically
visible erythema on the target areas on the back, or any
past history of phototoxic, photallergic or any other abnormal responses to sunlight, or sensitivities to cosmetics,
toiletries or topical drugs. Test formulations were applied
for once daily for 2 days followed by exposure to UVB
irradiation at varying MED on randomized pre-designated
sites on the back. The UVB irradiation was from a custom-made light source with a peak output at 313 nm and a
half-power bandwidth of 30 nm. The UVB intensity was
0.95 § 20% mW/cm2, as measured with the International
Light Inc. Phototherapy System including IL1400A radiometer S/N5400, with UVB type I response sensor (detector SEL240 #5436) and diVuser (W#4489 and Wlter UVB1 #8224). The UVB irradiation period was based on each
subject’s MED, as determined immediately prior to the
study. Erythema was evaluated approximately 24 and 48 h
following irradiation, using a Minolta CR300 Chromameter (Konica Minota Photo Imaging USA, Mahwah, NJ)
[5]. Test formulations were re-applied post-UV exposure
once daily for 2 days following chromameter and clinical
grading.
Data analysis
Data are presented as mean § standard deviation (SD) of
three independent experiments. Student’s t test was used to
compare the eVects of thiol loss in Wbroblasts, peroxide
formation in keratinocytes, IL-1 release for skin equivalents and erythema reduction in UV-induced erythema
clinical model. The signiWcance for all tests was set at
P < 0.05.

Results
PD-Feverfew has a broad-spectrum antioxidant activity
The ability of PD-Feverfew to exhibit direct antioxidant
activity was Wrst tested. PD-Feverfew was found to possess
radical scavenging activity against a wide range of free radicals, including oxygen, hydroxyl, peroxynitrate and ferric
radicals (Table 1). In comparison to the reference antioxidant, ascorbic acid (vitamin C), PD-Feverfew had a Wvefold
greater scavenging activity for oxygen and hydroxyl radicals than ascorbic acid, and threefold greater scavenging
activity for ferric radicals than ascorbic acid. PD-Feverfew
had the greatest scavenging activity against ferric radicals,
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Table 1 Antioxidant activity of PD-Feverfew
Dose (%)

Sample ID

ORAClipo
(mol TE/l)

ORAChydro
(mol TE/l)

a
ORACtotal
(mol TE/l)

HORAC (mol caVeic
acid equivalent/l)

NORAC
(mol TE/l)

FRAP (mol TE/l)

24,484

0.5

PD-Feverfew

12,852 § 813

11,632 § 1405

1,994 § 92

985 § 127

3,9033 § 2,125

0.1

PD-Feverfew

2,374 § 276

2,547 § 132

4,921

499 § 35

195 § 26

465 § 25

0.5

Ascorbic acid

2,272 § 234

3,471 § 369

5,743

386 § 46

4,491 § 420

1,2771 § 783

ORAC analysis provides a measure of the scavenging capacity of antioxidants against the peroxyl radical, which is one of the most common reactive oxygen species found in the body. aORAC total is the sum of both the lipophilic and hydrophilic ORAC values. ORAChydro reXects watersoluble antioxidant capacity and ORAClipo is the lipid-soluble antioxidant capacity. HORAC analysis provides a measure of the scavenging capacity of antioxidants against hydroxyl radicals. NORAC analysis provides a measure of the scavenging capacity of antioxidants against peroxynitrite
radicals. FRAP analysis provides a measure of the ferric reducing power of antioxidants. Trolox, a water-soluble vitamin E analog, is used as the
calibration standard and the ORAC result is expressed as micromole Trolox equivalent (TE) per liter. Data is represented as mean § SD of three
independent experiments

followed by oxygen, hydroxyl and peroxynitrate radicals,
respectively. PD-Feverfew was also eVective in scavenging
superoxide anion as measured by using a superoxide dismutase (SOD) assay kit (Dojindo Molecular Technologies,
Gaithersburg, MD, USA). The IC50 of SOD scavenging
activity for PD-Feverfew was 2.74 § 0.39 g/ml and that
for ascorbic acid was 34.8 § 2.13 g/ml. Thus, the SOD
activity of PD-Feverfew was 13-fold greater than that of
ascorbic acid.
PD-Feverfew protects cells against the eVects of cigarette
smoke
Cigarette smoke (CS) is the major cause of pulmonary
emphysema. Cellular oxidative stress is one of the several
toxic eVects of CS. CS mediates oxidative stress by depleting cells of essential thiols such as glutathione in vitro [28]
and in vivo [7]. To assess the role of PD-Feverfew on CSmediated eVects, human dermal Wbroblast cells were
exposed to CS in the absence or presence of diVerent concentrations of PD-Feverfew. A 10 min exposure to the
equivalent of one cigarette reduced the dermal Wbroblast
thiol content by about 50% (Fig. 1a). Preincubation with
PD-Feverfew gave a stepwise reversal of this inhibition,
which was statistically signiWcant (P < 0.05) at concentrations of 10 g/ml and 25 g/ml when compared with the
smoke-exposed control. At these concentrations, cellular
thiol content was maintained at levels similar to those in the
no-smoke-exposed control. Likewise, cellular toxicity as
measured by lactate dehydrogenase (LDH) release was also
dose dependently reversed by PD-Feverfew treatment
(Fig. 1b). PD-Feverfew was also found to protect keratinocytes from CS-induced ROS formation (Fig. 1c). CS was
found to increase ROS formation, in keratinocytes, and preincubation, and PD-Feverfew gave a dose-dependent reduction in ROS formation in keratinocytes, which was
statistically signiWcant (P < 0.05) at concentrations as low
as 6 g/ml.

PD-Feverfew protects against UV-induced damage in vitro
Another major insult we are exposed to in our everyday life
is UV irradiation. Thus, we thought it to be important to
ascertain whether PD-Feverfew plays any protective role
against UV-induced cellular damage. It has been well
established that ROS such as H2O2 and peroxyl radical are
produced in the skin following UV irradiation [44] and are
major mediators of oxidative damage to DNA and other
cellular constituents. To assess the role of PD-Feverfew on
UV-induced cellular damage, we determined whether PDFeverfew had any eVect on UV-induced hydrogen peroxide
(H2O2) formation in normal human keratinocytes. A dose
of 4.2 kJ/m2 (at 360 nm) from a solar simulator increased
intracellular hydrogen peroxide by 73% (from 173 to
298 units; Fig. 2a). Preincubation with PD-Feverfew at
concentrations from 3.1 to 100 g/ml attenuated this stimulation in a dose-related, statistically signiWcant manner
(P < 0.05). At concentrations greater than 10 g/ml, the
suppression was to levels below those in non-irradiated
controls indicating that PD-Feverfew reduced the basal
level of hydrogen peroxide present in keratinocytes.
UV irradiation has been shown to induce the release of
various inXammatory cytokines such as IL-1, IL-6 and
TNF-, which are involved in the pathophysiology of UVinduced inXammation [4]. We next looked at the eVect of
PD-Feverfew on UV-induced IL-1 release from reconstituted human epidermis. As shown in Fig. 2b, there was a
low level of 129 § 38 ng/ml IL-1 release from non-irradiated skin equivalents. After UV irradiation with 65 kJ/m2,
the amount of IL-1 increases by about sixfold to
737 § 50 ng/ml. Pretreatment with PD-Feverfew did not
change the basal level of IL-1 release, however signiWcantly reduced UV-induced IL-1 release, which decreased
from 737 § 50 ng/ml to 294 § 30 ng/ml, a 60% reduction
over placebo-treated control skin equivalents. Additionally,
post-treatment with PD-Feverfew reduced UV-induced
IL-1 release by 40% over placebo-treated control skin
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Fig. 1 PD-Feverfew reduces cigarette smoke-induced damage to normal human dermal Wbroblasts and human keratinocytes. a Intracellular
thiol content was measured and is represented as a percent of control.
*P < 0.05 compared with smoke exposed untreated control Wbroblasts.
b Lactate dehydrogenase release was measured and is represented as
optical density (OD) units. *P < 0.05 compared with smoke-exposed
untreated control Wbroblasts. c PD-Feverfew inhibits smoke-induced
H2O2 production in primary human keratinocytes. Keratinocytes were
treated with vehicle (placebo) or 1% PD-Feverfew and exposed to cigarette smoke. H2O2 production is represented as mean Xuorescent units
(MFU). *P < 0.05 compared with smoke-exposed vehicle-treated control keratinocytes

equivalents. Pretreatment with PD-Feverfew signiWcantly
(P < 0.05) prevented UV-induced cellular cytotoxicity by
reducing LDH release from 4.39 § 0.36 to 2.78 § 0.22
(Fig. 2d).
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Fig. 2 PD-Feverfew reduces UVB-induced damage in vitro a PDFeverfew inhibits UVB-induced H2O2 production in primary human
keratinocytes. H2O2 production is represented as mean Xuorescent units
(MFU). *P < 0.05 compared with UV-exposed vehicle-treated control
keratinocytes. Reconstituted human epidermis (EPI-200-HCF) was pretreated with vehicle (placebo) or 1% PD-Feverfew for 2 h and exposed
to UV irradiation b or post-treated with vehicle (placebo) or 1% PDFeverfew immediately after UV irradiation c After 24 h, IL-1 (ng/ml)
release was measured by ELISA. d Cell viability was assessed using release of lactate dehydrogenase (LDH) as a marker of cytotoxicity
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PD-Feverfew protects against UV-induced damage in vivo
To determine whether PD-Feverfew exhibited any protective eVects on UV-induced damage in vivo, we Wrst looked
at the eVects of PD-Feverfew on photoaged mouse skin.
Exposure of mouse epidermis to UV irradiation results in
its pronounced thickening [21, 43] as seen in Fig. 3a.
Application of 1% PD-Feverfew markedly attenuated the
hyperplasia response. The values of epidermal thickness
increased from 31.3 § 7.0 to 62.3 § 9.7  following UVB
and signiWcantly (P < 0.05) decreased to 45.4 § 5.2  in
the group pretreated with 1% PD-Feverfew (Fig. 3b).
One of the major adverse eVects of UV irradiation is
damage to DNA, so next we looked at the eVects of PDFeverfew on cellular DNA damage. Thymine dimer immunostaining of swine skin tissue left unexposed or exposed to
UV irradiation with or without pretreatment with PDFeverfew is presented in Fig. 4a. To eliminate the potential
of PD-Feverfew to absorb UV irradiation, the surface of the
skin was gently washed with water prior to UV exposure.
The quantitative values for stain uptake are represented in
Fig. 4b. One MED (160 mJ/cm2) produced a tenfold
increase in T-T formation. After pretreatment with 1% PDFeverfew, T-T formation increased by only threefold,
which was 48 and 35% lesser than the values in the
untreated and vehicle-treated group, respectively (Fig. 4b).
Likewise, after 2.5 MED, the T-T formation was stimulated
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about 14-fold and pretreatment with 1% PD-Feverfew
aVorded a signiWcant protection by limiting the stimulation
to 8.5-fold (data not shown).
Until cells reverse these types of lesions, either by lightdependent photorepair or nucleoside-excision repair. DNA
transcription is blocked, which acts as a trigger for, among
other things, programmed cell death or apoptosis [10, 17]. To
investigate whether PD-Feverfew had any eVects on UVinduced apoptosis, Gottingen microswine were left untreated
or exposed to 1 MED UV irradiation in the absence or presence of 1% PD-Feverfew. TUNEL immunostaining of skin
biopsies showed that UV exposure dramatically increased
the number of TUNEL-positive apoptotic cells and pre- and
post-treatment with PD-Feverfew reversed this eVect with
the epidermis, comparable to the untreated controls (Fig. 4c).
Since the reduced apoptosis could reXect either the activity of PD-Feverfew to inhibit UV-induced DNA damage
from occurring or could occur by increasing the repair of
UV- DNA damage, we examined the eVect of PD-Feverfew
on DNA repair processes. PD-Feverfew induced a dosedependent increase in the enzymatic activity of DNA repair
enzymes in human epidermal keratinocytes (Table 2). In
addition to repairing CPD damage from UV, PD-Feverfew
also reduced DNA damage caused by the chemotherapeutic
agent, Cisplatin, and the photodynamic agent, Psoralen.
PD-Feverfew was also found to induce the nucleotide excision repair process in untreated human epidermal keratino-

Fig. 3 PD-Feverfew reduces
UVB-induced hyperplasia in
mice. a SKh-1 mice were exposed daily to UVB light for
10 weeks and 1% PD-Feverfew
was applied topically prior to
and following UV exposure.
Skin samples were stained with
hematoxylin and eosin (H&E)
and histologically evaluated
with image analysis. b Representation of mean § SD of epidermal thickness measured for
the diVerent groups
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Fig. 4 PD-Feverfew reduces
UV-induced DNA and cellular
damage in porcine skin. Gottingen microswine were pretreated
with vehicle or PD-Feverfew
(1%) for 30 min prior to UV irradiation exposure of 1 MED
(160 mJ/cm2). After 24 h, biopsy punches of the skin were obtained and a T-T dimer staining
was performed. b Bar graph representing T-T dimer stain uptake
in the skin biopsy punches. c
TUNEL immunostaining of skin
biopsies was performed to determine apoptotic cells. Data represent one of three independent
experiments

cytes, which could repair DNA damaged by intrinsic
metabolic ROS formation.
PD-Feverfew reduces UV-induced erythema: a clinical
study
To elucidate the eVect of PD-Feverfew on UV irradiationinduced erythema, human subjects were exposed to 0.5, 1
and 1.5 MED UV irradiation. Figure 5a shows a representative cross-polarized photographic image of a subject at 24
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and 48 h post-UVB irradiation, depicting UV-induced erythema that was further evaluated via clinical expert grading
and instrumental assessment. As evident from Fig. 5a, at 24
and 48 h post-UVB irradiation, there is a marked reduction
in visible erythema for the site treated with 1% PD-Feverfew formulation versus the placebo formulation. In the
expert grader assessment, at 24 and 48 h post-UV irradiation, PD-Feverfew-mediated improvements in erythema
relative to placebo were statistically signiWcant (P < 0.05)
at 1.0 and 1.5 MED UVB dose (Fig. 5b). Chromameter
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Table 2 EVect of PD-Feverfew on DNA repair process
Lesion carried by DNA Control
(treatment/lesion)

PD-Feverfew PD-Feverfew
10 g/ml
30 g/ml

Control (no lesion)

1637 § 277

2172 § 423

3579 § 691

UVC (TT dimers)

2664 § 693

3990 § 579

5971 § 1043

Endoperoxide (8-oxo-G) 1885 § 506

2055 § 341

5005 § 2021

DDE (alkylated base)

6807 § 2504 6584 § 2038 17453 § 5906

CIS (cisplatin adducts)

1203 § 291

PSO (psoralen adducts) 2725 § 357

1968 § 569

3011 § 882

3758 § 1818 8251 § 1984

Normal human keratinocytes were incubated with 10 and 30 g/ml of
PD-Feverfew. Nuclear extracts were obtained and applied to hydrogel
glass slides (Perkin Elmer) containing plasmid DNA-bearing lesions
induced by diVerent types of agents such as UV (thymine dimers and
6-4 photoproducts), endoperoxide, DDE (oxidative lesions mostly
8-oxo-guanosine), cisplatin (cisplatin adducts) or psoralen (psoralen
adducts). The slides were then incubated with Cy5-dCTP and the eYciency of DNA repair was analyzed by the level of Xuorescent base
(Cy5-dCTP) integrated in the DNA during the reaction, represented as
mean Xuorescent intensity § SD representing three independent
experiments

readings conWrmed the improvements in erythema versus
placebo at 24 and 48 h post 0.5–1.5 MED UV irradiation
(Fig. 5c). Photo-absorbance studies conducted using a Labsphere conWrmed that PD-Feverfew did not substantially
absorb UVB (data not shown) and thus indicates that the
reduction in erythema does not result from a non-speciWc
interference.

Discussion
To eliminate the risk of skin sensitization from Parthenolide in Feverfew, which is reported to cause allergic reactions and contact dermatitis [13], we developed a
parthenolide-depleted extract of Feverfew (PD-Feverfew)
in the current study. Clincial tolerance testing (repeat insult
patch testing) of formulations containing PD-Feverfew in
over 1,200 subjects demonstrated that PD-Feverfew does
not elicit allergic responses and is free of the sensitizing
eVects of parthenolide [23] in contrast to whole Feverfew.
In addition, standard tests of phototoxicity and photoallergy
for PD-Feverfew were uniformly negative. While removing
parthenolide from Feverfew eliminated the sensitization
potential, parthenolide depletion did not reduce the antioxidant activity of Feverfew. We demonstrated that Feverfew,
depleted of parthenolide (PD-Feverfew), protects skin from
smoke and UV-induced DNA damage, apoptosis and
inXammation via the ability to scavenge free radicals and
dismutate superoxide, protects cells from oxidant-induced
depletion of endogenous antioxidants and induces repair of
free radical damaged DNA. Taken together, PD-Feverfew
provides broad antioxidant protection and repair activity to

Fig. 5 PD-Feverfew inhibits UV-induced erythema. In a placebo-controlled, randomized, blinded study of 12 subjects, PD-Feverfew formulation treatment followed by exposure to UVB irradiation at varying
minimal erythema doses (MED) decreased UVB-induced erythema. a
Cross-polarized digital photography showing the reduction of erythema. b Clinical grader assessment of erythema 24 and 48 h postUVB irradiation. c Assessment of erythema 24 and 48 h post-UVB
irradiation using a chromameter. Values are presented as the percentage of improvement relative to placebo. *P < 0.05; **P < 0.1

the skin, which is continuously challenged by an increasing
hostile environment.
DNA damage by UVB irradiation results from photochemical reactions consequent to direct absorption of photons by DNA bases. The UV-induced DNA lesions that
have been studied in most detail are the cyclobutane pyrimidine dimer (CPD) and the 6-4 pyrimidine-pyrimidone photoproduct (6-4PP) at adjacent pyrimidines [29]. Our in vivo
studies on UV-irradiated microswine showed that PDFeverfew had a pronounced inhibitory eVect on the generation of CPDs (Fig. 4a, b), reducing the formation of CPDs
by up to 70%. Several lines of evidence suggest that the
reduced DNA damage resulted from the radical scavenging
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activity of PD-Feverfew. Nuclear DNA strand breaks are
readily produced by incubation of keratinocytes with
hydrogen peroxide [2] and hydroxyl radicals can be generated from hydrogen peroxide through Fe2+-mediated Fenton-type reactions [44]. Our study demonstrated that PDFeverfew scavenged both hydroxyl and ferric radicals
(Table 1), while pretreatment with PD-Feverfew abolished
the UV-induced release of hydrogen peroxide from normal
human keratinocytes (Fig. 2a). In addition, PD-Feverfew
reduced the hydrogen peroxide-induced formation of ROS
in keratinocytes (Fig. 1c). Furthermore, pretreatment with
PD-Feverfew reduced the intrinsic metabolic oxidative
stress as shown by the decrease in peroxide levels to below
basal (unirradiated control) levels. Thus, it can be concluded that the antioxidant properties of PD-Feverfew can
block the cascade of events taking place between UV irradiation and DNA damage. PD-Feverfew treatment resulted
in an increase in repair of DNA damaged by UV and chemotherapeutic and photodynamic agents. Thus, PD-Feverfew can provide a unique protection to the skin challenged
by oxidative stress, namely protection from ROS and
induction of repair pathways in the skin.
The response to chronic UVB irradiation in vivo demonstrated a protective eVect of PD-Feverfew on mouse epidermal hyperplasia. A 10 week exposure to low-dose UVB
induced a twofold increase in epidermal thickness, which
was reduced to 50% by topical PD-Feverfew (Fig. 3). The
pattern of epidermal changes were very similar to those
observed when green tea polyphenols (0.2%, w/v) were
administered orally as a sole source of drinking water [47]
or when lutein/zeaxanthin were supplied as a dietary admix
[12]. Likewise, PD-Feverfew blocked the UV-induced
release of the pro-inXammatory mediator IL-1 from reconstituted human epidermis (Fig. 2b). Cytokine release is one
of the myriad early responses to external aggressors, leading, if unchecked, to potential inXammation. Consistent
with the mechanism of action of antioxidants, PD-Feverfew
was less eVective in reducing UV-induced release of the
pro-inXammatory mediators when applied only after UV
exposure (Fig. 2c). Antioxidants have a greater eVectiveness when present prior to, or during, external aggression
than when administered after the insult. Indeed, while both
pre- and post-treatment of murine keratinocytes with
Tocopherol reduced UV-induced PGE2 release, post-treatment was only about half as eVective as pretreatment [51].
In addition to the use of UVB irradiation as the inducer of
oxidative stress, we exposed keratinocytes and Wbroblasts
to cigarette smoke, which is itself rich in free radicals but
has also been shown to promote the production of ROS
through recruitment and activation of phagocytes in, for
example, the lung [39]. Our results showing inhibition of
ROS formation, reversible loss of intracellular thiols and
a general cytotoxicity are in agreement with published

123

Arch Dermatol Res (2008) 300:69–80

studies [9] and many others reviewed in [46]. PD-Feverfew
pretreatment maintained the oxidant–antioxidant balance
and thereby allowed the Wbroblast thiol content to remain at
levels comparable to controls unexposed to cigarette smoke
(Fig. 1a). By sparing endogenous antioxidants, PD-Feverfew-treated cells would be better able to resist damage from
subsequent external aggression preventing oxidative stress
from overwhelming the cellular defenses.
The skin is continuously exposed to numerous forms of
external aggression that can alter the oxidative balance and
result in cellular damage. Oxidative stress is believed to be
a primary factor leading to photoaging and potentially skin
cancer [6, 40]. While supplementation of skin with antioxidants putatively can protect skin from oxidative stress,
many antioxidants used topically may not be as eVective a
free radical scavenger as PD-Feverfew. Indeed, antioxidants such as Vitamin C protect against some forms of free
radicals, but are marginally eVective against other free radicals such as hydroxyl radicals (Table 1) and can undergo
degradation when exposed to air [26]. We found that a parthenolide-depleted extract of Feverfew, which was free of
sensitization potential, had free radical scavenging activity
against a wide range of free radical ions and with greater
activity than vitamin C. Furthermore, PD-Feverfew protected skin cells from UV and smoke models of external
aggression, reducing free radical damage as shown by
maintained cell viability. Through the ability to scavenge
free radicals, preserve endogenous antioxidant levels,
reduce DNA damage and induce DNA repair of damaged
DNA, parthenolide-depleted extract of PD-Feverfew may
protect the skin from the numerous external aggressions
encountered daily by the skin and reduce the damage to the
oxidatively challenged skin.
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