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1. Introduction 

Our skin is equipped with specialized cells and mechanisms that defend our bodies against 
pathogens, heat, and water loss. Today, our skin is exposed to increased environmental 
stress including solar ultraviolet radiation (which results in direct and indirect DNA 
damage) and atmospheric pollutants. Ozone depletion from the earth’s atmosphere as well 
as expanding industrial processes has led to increased exposure to pollutants including 
pesticides and cigarette smoke. While UV radiation, and in particular its UV-B component 
(280-315 nm), has several health benefits (including production of vitamin D3) (Reichrath, 
2008) continuous exposure is the primary source of UV-induced DNA damage. 
The sun produces UV radiation classified into three broad bands. The highest energy UV-C 
(100-280 nm) radiation is largely absorbed by the earth’s atmosphere and thus does not 
affect humans. Meanwhile, the UV-B component is partially absorbed by the atmosphere 
and UV-A (315-400 nm) is primarily unabsorbed. While lower energy UV-A radiation 
penetrates beyond the epidermis, higher energy UV-B radiation primarily affects the 
outermost epidermal layer of skin.  
Harm to the body’s barrier can lead to DNA mutation or DNA replication inhibition in the 
skin and eyes (cataracts) and may lead to broader immunosuppression (Britt, 1995). The 
most serious skin cancer (malignant melanoma) occurs when excitation of a chromophore 
leads to either direct reaction of the excited molecule with DNA or in the production of a 
free radical which may also react with DNA. Since the body produces oxygen free radicals 
(ROS) as part of normal metabolism (during ATP production), it is able to combat oxidative 
stress through endogenous antioxidants. 
The body’s protective system, however, may become overwhelmed and compromised by 
environmental factors, age, or disease. Aging leads not only to increased total exposure but 
also to a decrease in production of endogenous antioxidants (enzymes and vitamins) and an 
increased risk of DNA damage. Oxidative stress can also lead to damage to other cellular 
components including lipids and proteins. A naturally-derived method to enhance 
protection against environmental factors that eventually overwhelm the body’s defense 
mechanisms is discussed. Another major risk of UV radiation is oxidative damage to lipids 
(peroxidation) and proteins. Cell membranes, which are composed of lipids, are especially 
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prone to the damaging effect of free radicals (Sen, et al., 2010). Prolonged oxidative stress to 
the lipid bilayer can lead to membrane rupture and apoptosis. Lipid peroxidation is, in fact, 
used as a marker of oxidative stress since the lipid membrane is easily attacked by free 
radicals.  
Cellular DNA damage caused by UV radiation may be classified into two components. The 
first is that caused by an immediate photochemical reaction (direct) while the other is 
caused by the formation of ROS (indirect). Direct damage (through direct UV absorption) 
results primarily in the DNA product cyclobutane-pyrimidine dimer (CPD) (Farage, et al., 
2010). On the other hand, indirect damage (through ROS formation) causes DNA mutation 
due to a replication error induced by modified guanine base (8-oxo-guanine). Direct UV 
absorption also leads to the formation of 8-oxo-guanine (8oGua) as well as the photoproduct 
pyrimidine (6-4) pyrimidinone although in proportionally lower amounts.  

2. Free radicals & ROS 

The negative effect of free radicals may be mitigated by antioxidants primarily through their 
radical-scavenging ability. These antioxidants stabilize radicals by donating electrons and 
thus preventing oxidation of DNA or other cellular components. While the body is 
equipped with its own defense system against reactive oxygen species (ROS) and other free 
radicals produced in the body, it also relies on external (exogenous) antioxidants including 
those contained in food. As environmental conditions lead to premature aging, a search for 
a suitable antioxidant product is vital. 
Free radicals cause damage in the body because of their instability and high reactivity. ROS 
are of particular interest. During aerobic respiration, mitochondrial electron transport 
results in the formation of a ROS (superoxide) as a by-product. Solar UV radiation also leads 
to formation of ROS. Oxygen is particularly vulnerable to radical formation due to its 
electronic configuration with two valence shell unpaired electrons. Thus, there are several 
types of ROS including superoxide, hydrogen peroxide, nitric oxide, and hydroxyl radical. 
Free radicals of other atomic species specifically nitrogen are also formed within the body.  
ROS can potentially react with other cellular entities including DNA which can lead to DNA 
modification and ultimately bodily harm. The guanine base in DNA is particularly 
susceptible to attack by ROS formed by solar UV radiation. Oxidation reactions which 
modify the guanine base may also lead to single-strand breaks in DNA (Held, 2010).  
While the effects of oxidative stress on the body vary according to type and duration, cells 
often halt division (enter G0 phase) and may even undergo apoptosis under severe stress. 
The general response to oxidative stress is cell cycle arrest through the expression of various 
inhibitor proteins (such as p21). Nevertheless, ROS also serve useful roles within the body 
including intracellular and intercellular communication (Held, 2010).  

3. Antioxidants combat oxidative stress 

While broad-spectrum sunscreens which absorb and reflect harmful solar radiation remain 
the most effective protection against immediate solar UV damage (which result in CPD 
formation), antioxidants are crucial in combating oxidative stress caused by ROS. Skin’s 
antioxidant system consists of vitamins (vitamins C and E), enzymes (catalase and 
superoxide dismutase), glutathione, and coenzyme Q10 (CoQ10). As these antioxidants 
perform their protective actions and are degraded by ROS, they are reactivated by other 
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antioxidants. Because several types of ROS may be formed through environmental insult, 
several types of antioxidants are produced in the skin. Thus antioxidants come in various 
forms (vitamins, enzymes, etc.) and may be either lipophilic or hydrophilic to function in a 
variety of areas.  

4. DNA repair mechanism in plants 

In plants, UV radiation-induced DNA damage can lead to DNA replication inhibition. 
Although plants exhibit mechanisms by which they are able tolerate some DNA damage, 
DNA mutation can still lead to transcription and replication blocks. Since plants, like 
humans, are subjected to oxidative stress (including that induced by UV radiation), an 
investigation into the evolutionary response by plants to this stress may allow us to apply 
these findings in a clinical setting. 
By their nature, plants are subjected to solar UV radiation indiscriminately. They must 
necessarily, then, possess inherent methods to prevent and repair DNA damage. While 
plants are better able to absorb the high energy UV radiation through various photon-
absorbing structures, they are still at high risk for oxidative modification of DNA. DNA 
repair mechanisms in plants such as Arabidopsis thaliana have been investigated and serve 
as a foundation for the search of a botanical extract that can effectively combat UV-induced 
DNA damage. 
Repair mechanisms increase the likelihood of the accurate transmission of genetic 
information from parent to daughter cell and thus the survival of the species. Although 
plants have developed methods to minimize the toxic effects of DNA damage including 
DNA translesion synthesis and recombination (Schmitz-Hoerner and Weissenbock, 2003), 
they also have active repair pathways. These pathways include photoreactivation (via 
photolyase), nucleotide excision repair, base excision repair, and mismatch repair (Kimura 
et al., 2004).  
Plants and some other organisms are able to use light energy (UV and visible) to reverse 
DNA damage. The enzyme photolyase binds to CPDs and via photoreactivation removes 
UV-induced lesions. Additionally, excision repair pathways work by replacing damaged 
DNA with new nucleotides. Base excision repair (BER) employs various DNA glycosylases 
to remove modified DNA. On the other hand, nucleotide excision repair (NER) is essential 
in solar radiation protection and in repairing a wide range of DNA lesions. A complex array 
of proteins recognize, bind to, excise, and repair DNA irregularities in both excision repair 
pathways. 
Humans share repair pathways with plants, particularly nucleotide excision repair (NER). 
NER is essential in removing major damage to DNA which interferes with the genetic code. 
Due to similarities in DNA damage and repair mechanisms in plants and humans, 
metabolites produced by plants may provide beneficial effects in humans.  

5. Botanical extracts | Feverfew PFE as an antioxidant 

Feverfew (Tanacetum parthenium) is a plant that has been used as a medicinal herb for 
centuries throughout Eastern Europe and more recently North America. Traditionally, it 
was used for its anti-inflammatory properties to treat migraine headaches, fever, and 
arthritis. Additionally, feverfew has shown to exhibit powerful antioxidant activity. 
Although feverfew leaves contain skin irritating compounds called parthenolides, 
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purification processes are available to create feverfew parthenolide-free extract (Feverfew 
PFE) which does not produce skin irritation and is free of sensitization potential (Kurtz, et 
al., 2005).  

5.1 Feverfew PFE reduces UV and external aggression induced reactive oxygen 
species formation 

Reactive Oxygen Species are produced in skin following UV irradiation and is a major 

mediator of oxidative damage to the skin (Pathak and Stratton, 1968). Hydrogen Peroxide 
(H2O2 ) and peroxyl radicals are produced in skin following UVB irradiation (Stewart et al., 

1996) and can induce oxidative damage to DNA and other cellular constituents. Singlet 
oxygen can be generated from the action of UVA and endogenous photosensitizers, such as 

porphyrins and flavins (Cadet et al., 1997), which can produce DNA damage. In addition 
external aggression such as cigarette smoke can induce oxidative stress in human tissues. 

Cigarette smoke not only contains peroxy radicals but also contains nitric oxide which can 
facilitate conversion of peroxy radicals into the more highly reactive alkoxy and hydroxy 

radicals. Exposure to cigarette smoke depletes the intracellular antioxidant thiol glutathione, 
decreases phagocytic cell chemotaxis, increases epithelial cell permeability and pro-

inflammatory cytokine release, reduces epithelial cell repair processes and can result in cell 
death (Rahman and MacNee, 1999), (Rusznak et al., 2000).  

Feverfew PFE has been shown to directly scavenging a wide range of free radicals, thereby 
reducing the oxidative damage to skin that can result from the presence of the free radicals. 

Feverfew PFE had the greatest scavenging activity against ferric radicals, followed by 
oxygen, hydroxyl, peroxynitrate radicals respectively (Martin et al., 2008). In comparison to 

the reference antioxidant, Ascorbic acid (Vitamin C), Feverfew PFE has a 5-fold greater 
scavenging activity for oxygen and hydroxyl radicals than Ascorbic acid, and 3-fold greater 

scavenging activity for ferric radicals than Ascorbic acid. Feverfew PFE was also 13-fold 
greater than Ascorbic acid in scavenging the superoxide anion. 

Functionally Feverfew PFE was also shown to reduce UV-induced cellular damage in 
primary human keratinocytes. Exposing normal human keratinocytes to UV increases the 

production of hydrogen peroxide (H2O2). H2O2 production is represented as mean 
fluorescent units (MFU). The production of hydrogen peroxide occurs during exposure to 

UV, so that measurements of hydrogen peroxide immediately after UV exposure can detect 
significant increases in hydrogen peroxide. A dose of 4.2 kJ/m2 (at 360nm) from a solar 

simulator increased intracellular hydrogen peroxide by 73%.  
Preincubation with Feverfew PFE at concentrations from 3.1 to 100 μg/mL significantly 

attenuated hydrogen peroxide production in a dose-dependent manner (*P<0.05 compared 
with UV exposed vehicle treated control keratinocytes). At concentrations greater than 10 

μg/mL the suppression of hydrogen peroxide production was less than in non-irradiated 
controls indicating that Feverfew PFE reduced the basal level of hydrogen peroxide present 

in keratinocytes due to metabolism (Tierney, et al., 2005). The activity of Feverfew PFE 

reducing oxidative stress in keratinocytes was not limited to UV exposure. Exposure to 
external aggressors such as cigarette smoke was found to increase free radical formation in 

keratinocytes which was inhibited by Feverfew PFE in a dose dependent manner at 
concentrations as low as 6 μg/mL. The reduction of oxidative stress in skin cells also helped 

to preserve the levels of endogenous cellular antioxidants. In cells exposed to cigarette 
smoke treatment with Feverfew PFE maintained the cellular thiol content at levels similar to  
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Fig. 1. Feverfew PFE inhibits Reactive Oxygen Species. 

those in the no-smoke exposed control (Martin et al., 2008). Through free radicals 
scavenging activity and preserving endogenous antioxidant levels, Feverfew PFE may 
protect skin from oxidative stress that could result in DNA damage. 

5.2 Feverfew PFE inhibits cellular inflammation 

UV irradiation has been shown to induce the release of various inflammatory cytokines such 
as IL-1α, IL-6, TNF-α, that are involved in the pathophysiology of UV-induced inflammation 
(Aubin, 2003). Inflammation has been linked to epithelial skin tumors, and anti-
inflammatory drugs are being studied for the prevention and treatment of non-melanoma 
skin cancers (Mueller, 2006). 
Feverfew PFE can reduce the release of pro-inflammatory mediators through inhibition of 
enzymes involved in production and regulation of inflammation. Feverfew PFE directly 
inhibited the activity of 5-lipoxygenase (5-LOX), phosphodiesterase-3 (PDE3) and 
phosphodiesterase-4 (PDE4) with IC50 values 11.8 ± 4.8 μg/ ml, 35.2 ± 12.3 μg/ml and 20.8 ± 
9.4 μg/ml respectively (Martin et al., 2008). 
Feverfew PFE also reduced PGE2 secretion from human skin equivalents and inhibited p38 
MAP kinase activation in vitro (Martin et al., 2005). Feverfew PFE had no direct effect on 
COX-2, this indicates the mechanism of inhibiting PGE2 formation may be upstream to 
COX-2. Human skin equivalents were pretreated with Feverfew PFE and then thoroughly 
washed prior to UV exposure. In the absence of treatment, UV irradiation induced 
inflammatory cytokine release. Pretreatment with Feverfew PFE significantly reduced UV-
induced cytokine release by more than 60% over placebo treated control skin equivalents. 
Topical application of Feverfew PFE was examined in an investigator blinded, placebo-
controlled clinical study for their effect on UV-induced erythema. Subjects were exposed to 
UVB irradiation of 0.5 to 1.5 MED (Minimal Erythema Dose), followed by daily applications 
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of Feverfew PFE. Chromameter, diffused reflectance spectroscopy measurements and 
independent dermatologist assessment concluded that Feverfew PFE significantly reduced 
the UV-induced erythema at 24 and 48 hrs after UV exposure (Tierney et al., 2005). This 
clinical study clearly demonstrates that Feverfew PFE can reduce the skin inflammation and 
damage resulting from UV exposure.  
 

 

Fig. 2. Feverfew PFE mitigates UV-induced erythema. 

5.3 Feverfew PFE reduces DNA damage 

One of the major adverse effects of UV irradiation is damage to DNA. 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 (Nakajima et al., 2004). Nuclear DNA strand breaks are 
produced by incubation of keratinocytes with hydrogen peroxide (Armeni et al., 2001) and 
hydroxyl radicals, which are generated from hydrogen peroxide through Fe2+-mediated 
Fenton-type reactions (Stewart et al., 1996). 
 

 

Fig. 3. Treatment with Feverfew PFE inhibits UV-induced T-T dimer formation. 

UV light exposure induces a dose dependent increase in Thymine dimer immunostaining of 

human skin equivalent tissue. Exposure to 65 kJ/m2 of UV produced a 10-fold increase in T-

T dimer formation and 160 kJ/m2 increased T-T dimers approximately 14-fold. Feverfew 

No UV UV UV + Feverfew 
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PFE decreased UV induced TT dimer formation by nearly 50% compared to UV alone 

(Martin etal 2008). Thus the antioxidant properties of Feverfew PFE can block the cascade of 

events taking place between UV irradiation and DNA damage. 

In addition to having direct effects on mitigating DNA damage, Feverfew PFE may also aid 

the DNA repair process via an indirect mechanism, such as induction of the Nrf2/ARE 

pathway and downstream activation of several genes involved in oxidative stress response. 

6. The NRF2/ARE pathway and its effect on reducing oxidative damage and 
DNA damage 

6.1 Antioxidant Response Element (ARE) 

The antioxidant response element is a cis-acting enhancer sequence that mediates 

transcriptional activation of genes in cells exposed to oxidative stress. It was initially 

identified in the promoters of the cell detoxification enzymes, GSTA2 (glutathione S-

transferase A2) and NQO1 (NADPH: quinone oxidoreductase 1) (Friling et al., 1990; Li and 

Jaiswal, 1992; Rushmore and Pickett, 1990). The ARE possesses structural and biological 

features that characterize its unique responsiveness to oxidative stress, and its consensus 

sequence was identified to be 5’-TGACnnnGC-3’ (Rushmore et al., 1991). In addition to 

being involved in inducible gene expression, the antioxidant response element is also 

responsible for the low-level basal expression of several genes, and is therefore crucial for 

maintaining cellular redox homeostasis under a variety of cell conditions. Proteins that are 

encoded by the ARE include enzymes associated with glutathione biosynthesis (Moinova 

and Mulcahy, 1998; Wild et al., 1998), redox proteins with active sulfhydryl moieties (Ishii et 

al., 2000; Kim et al., 2001), and drug-metabolizing enzymes (Favreau and Pickett, 1991; 

Rushmore and Pickett, 1990). Several of these proteins have an endogenous role in 

protecting the cells from oxidative damage, for example, enzymes such as GST, NQO1, and 

HO-1 (heme oxygenase-1) function to detoxify harmful by-products of oxidative stress. 

Other phase II enzymes induced by ARE activation include aldehyde dehydrogenase, 

glutathione peroxidase, glutathione transferases, superoxide dismutase, quinone reductase, 

epoxide hydrolase, UDP-glucuronosyl transferases, and gamma-glutamylcysteine 

synthetase, etc. The human 8-oxoguanine DNA glycosylase (OGG1) enzyme has also been 

shown to contain the binding sites for transcription factor Nrf2 in its promoter region 

(Dhenaut et al., 2000). Human OGG1 functions to remove 8-oxoG, a mutagenic base 

byproduct which occurs as a result of exposure to reactive oxygen, from damaged DNA and 

initiates base excision DNA repair.  

6.2 Transcription factor Nrf2 

Transcription factor Nrf2 (Nuclear factor E2–related factor 2) binds to and induces activation 

of the ARE. Nrf2 was first isolated by an expression cloning procedure using an 

oligonucleotide containing the NF-E2 DNA binding motif as a probe to screen for closely 

related proteins (Moi et al., 1994). Nrf2 belongs to the cap-and-collar family of basic region–

leucine zipper transcription factors, and is an essential component of the ARE-mediated 

transcriptional machinery. It has been shown that Nrf2 mediates both the basal and 

inducible activity of the ARE, and the loss of Nrf2 results in a profound reduction in the 

enzyme activities of NQO1 and certain GST isoenzymes (Itoh et al., 1997). These 

observations also correlate well with the ubiquitous expression of Nrf2 at steady-state levels 
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in various tissues and cell lines (Nguyen et al., 2004). As a result, the function of Nrf2 and its 

downstream target genes are vital for protection against cellular damage induced by 

oxidative stress or chemicals. Several studies have shown that Nrf2 knockout mice having 

decreased levels of phase II detoxification enzymes and antioxidant proteins are highly 

sensitive to cytotoxic electrophiles compared to their wild-type littermates (Lee and 

Johnson, 2004; Leung et al., 2003). The upregulation of protective detoxification and 

antioxidant genes by Nrf2/ARE pathway can synergistically increase the efficiency of our 

cellular defense system.  

6.3 Activation of the Nrf2/ARE pathway by oxidative stress 

The induction of several cytoprotective enzymes in response to reactive chemical entities or 
oxidative stress is regulated at the transcriptional level via activation of Nrf2. This 
transcriptional response is mediated by the ARE, and is activated in response to H2O2 

(Purdom-Dickinson et al., 2007) and by chemical compounds with the capacity to either 
undergo redox cycling or be metabolically transformed to a reactive or electrophilic 
intermediate (Nguyen et al., 2003). Several electrophiles, including diethyl maleate, tert-
butylhydroquinone, sulforaphane (Zhang et al., 1992) and curcumin (Balogun et al., 2003) 
have been shown to induce Nrf2-dependent transcriptional activation of downstream target 
genes. In addition, several phytochemicals, such as Sulforaphane obtained from cruciferous 
vegetables (Zhang et al., 1992), Resveratrol (Kode et al., 2008), and Celastrol from the 
medicinal plant Tripterygium wilfordii (Seo et al.) have also been shown to activate the 
antioxidant response element . Chemical compounds such as the isothiocyanates and diethyl 
maleate can directly react with sulfhydryl groups and do not require metabolism. They can 
mimic an oxidative insult by oxidizing cysteine residues and depleting reduced cellular 
glutathione (GSH). Elevated levels of reactive oxygen and other electrophilic species 
followed by a reduced antioxidant capacity can lead to the alteration of the cellular redox 
status and trigger the transcriptional response mediated by Nrf2/ARE (Nguyen et al., 2009).  

6.4 Pathways/mechanism that regulate Nrf2/ARE 

The major signaling pathways implicated in the modulation of ARE/Nrf2 activity include 
mitogen activated protein (MAP) kinases, phosphatidylinositol-3-kinase (PI3 kinase), and 
Protein kinase C (PKC). Activation of ERK signaling by sulforaphane and other agents was 
shown to be involved in ARE/Nrf2 induction (Yu et al., 1999), while p38 MAPK was found 
to negatively regulate ARE/Nrf2 in certain cell types (Keum et al., 2006; Yu et al., 2000a; Yu 
et al., 2000b). The PI3 kinase pathway has also been demonstrated to be a key component of 
ARE/Nrf2 regulation; induction of ARE-driven antioxidant genes by sulforaphane was 
abrogated by blocking PI3 kinase (Nakaso et al., 2003; Wang et al., 2008). Direct involvement 
of PKC in Nrf2 phosphorylation and ARE activation has also been established (Huang et al., 
2000, 2002; Numazawa et al., 2003).  

6.5 Activation of the Nrf2/ARE pathway by Feverfew PFE 

Human epidermoid KB cells expressing the antioxidant response element promoter were 

treated with Feverfew PFE or with the well-known ARE-inducing agent Sulforaphane 

(Zhang et al., 1992) for a period of 24 hr. Treatment with Feverfew PFE led to 2-fold 

activation of the ARE promoter, which was at par with the induction mediated by 

Sulforaphane. 
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Fig. 4. Feverfew PFE induces activation of the ARE promoter. 

 

 

 
 

Fig. 5. Feverfew PFE activates the Nrf2 transcription factor. 

In order to analyze the effects of Feverfew PFE on the transcription factor, Nrf2, a TransAM 
ELISA was utilized. Primary human keratinocytes were treated with Feverfew PFE or 
Sulforaphane for 24 hr, following which the nuclear and cytoplasmic cell lysate fractions 
were separated. Translocation of Nrf2 was analyzed in the nuclear fractions. Feverfew PFE 
enhanced the nuclear translocation of Nrf2 by more than 70%. 
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The downstream functional effects of Nrf2/ARE activation by Feverfew PFE were analyzed 

by using an Oxidative Stress and Antioxidant Defense PCR array. Human epidermal skin 

equivalents treated with Feverfew PFE for 24 hr were analyzed using the PCR array. 

Feverfew PFE led to more than 2-fold increase in the expression of several genes involved in 

antioxidant defense and oxidative stress. These genes included Lactoperoxidase, an 

antioxidant-related gene which functions as a natural antibacterial agent, Glutathione 

Peroxidase which functions to protect the organism from oxidative damage by reducing free 

hydrogen peroxide to water, inducible Nitric Oxide Synthase-2 involved in superoxide 

metabolism, and G protein-coupled receptor-156 which is implicated in oxidative stress 

response. 

 

Gene Fold-increase in Feverfew PFE-
treated sample over vehicle control 

Lactoperoxidase 2 

Glutathione Peroxidase 2 

Inducible-Nitric Oxide synthase-2 (iNOS2) 3 

G-protein coupled Receptor-156 (GPR156) 3 

Table 1. Fevefew PFE leads to induction of antioxidant defense genes. 

7. Feverfew PFE increases expression of DNA repair enzymes 

Skin is continously exposed to numerous aggressors that can cause oxidative DNA damage. 

The age-related accumulation of somatic damage is worsened by sun exposure, leading to 

an increased incidence of skin disorders and skin cancer. Chemical entities such as O2·, 

H2O2, OH· are also generated in cells as a result of several endogenous processes including 

normal cellular metabolism and mitochondrial respiration (Verjat et al., 2000). Some of these 

chemical species are highly reactive and can interact with DNA, lipids and proteins (Ames 

and Shigenaga, 1992) causing damage. Oxidative DNA damage can arise through the direct 

interaction of reactive species with genomic DNA, or via oxidation of DNA precursors in the 

nucleotide pool (Rai, 2010). One of the major DNA oxidation products formed as a result of 

such damage is 8-oxo-7,8-dihydro-2′-deoxyguanosine (8-oxo-dG). Mammalian cells have 

evolved several DNA-repair pathways to remove all the categories of DNA base lesions, 

relying in particular on DNA excision mechanisms. One of these, nucleotide excision repair, 

removes bulky adducts and is thus an essential mechanism for correcting UV-induced DNA 

damage (Sarasin, 1999). The base excision repair pathway corrects small base modifications 

such as oxidized and alkylated bases (Almeida and Sobol, 2007). The importance of repair 

mechanisms is demonstrated by the hazardous consequences of genetic defects in DNA 

repair (Friedberg, 2001). 

Feverfew PFE increases the enzymatic activity of DNA repair enzymes in human 
epidermal keratinocytes. Feverfew PFE directly induced DNA repair via the nucleotide 
excision repair process resulting in the repair of CPD damage induced by UV exposure. 
Feverfew PFE also induced the repair of DNA caused by exposure to agents that produce 
oxidative damage in skin. The chemotherapeutic agent, Cisplatin, and the photodynamic 
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agent, Psoralen both induce oxidative stress which can produce DNA damage (Martin et 
al., 2008). Feverfew PFE induced DNA repair activity in DNA damaged by Cisplatin or 
Psoralen. Thus Feverfew PFE can activate the endogenous nucleotide excision repair in 
human epidermal keratinocytes, which could repair DNA damaged by extrinsic or 
intrinsic ROS formation. 
In addition to the direct effects of Feverfew PFE on DNA repair enzymes, activation of the 
ARE/Nrf2 pathway by Feverfew might also play a crucial role in preventing DNA damage 
and augmenting DNA repair. Daily exposure to UV, smoke, and other external aggressors 
leads to the generation of high levels of reactive oxygen species in the body. In order to 
avoid the deleterious effects of reactive oxidative species, cells have developed different 
defensive mechanisms including antioxidant molecules such as glutathione, alpha-
tocopherol, vitamins A and C, and enzymes such as superoxide dismutase (SOD) and 
catalase (Ames et al., 1993; Verjat et al., 2000). When the cellular balance between 
antioxidants and pro-oxidants is upset, free radicals lead to the formation of lesions in the 
DNA causing damage, which in most cases is endogenously repaired in the cells by several 
repair mechanisms. The Nrf2/ARE pathway induces production of a battery of downstream 
genes that mitigate damage from reactive oxygen species, and aid DNA repair (Villeneuve 
et al., 2009). It has been shown that activation of Nrf2 generates a glutathione gradient to 
protect skin from the damaging effects of UVB (Saw et al., Schafer et al.), and reduces UVA-
induced apoptosis in fibroblasts (Hirota et al., 2005). Thus, Feverfew PFE may help protect 
the skin from DNA damage incurred by UV and other environmental aggressors by 
boosting the cellular antioxidant defense machinery. 

8. Summary and conclusions: The use of botanical extracts for protection 
from DNA damage and DNA repair 

Skin is under continual assault from a variety of damaging environmental factors such as 
ultraviolet irradiation and atmospheric pollutants. As organisms age the cumulative 
damage exceeds the capacity of endogenous antioxidant defenses resulting in oxidative 
damage. Plants have adapted to chronic exposure to ultraviolet irradiation by producing 
phytochemicals which can mitigate reactive oxygen species and repair damaged DNA. 
Botanical extracts such as Feverfew PFE, containing naturally occurring antioxidants can 
replenish the depleted cutaneous stores and perhaps prevent oxidative stress. Feverfew has 
been shown to contain chlorogenic acid (Wu et al., 2007), which can activate the Nrf2-ARE 
pathway (Feng et al., 2005), increase DNA repair enzyme expression (Bernstein et al., 2007), 
and induce repair of DNA (Huang et al., 2008). Furthermore, chlorogenic acid might be one 
of several phytochemicals present in Feverfew that could protect from DNA damage and 
induce the DNA repair process. Through the ability to scavenge free radicals, preserve 
endogenous antioxidant levels, reduce DNA damage and induce repair of damaged DNA, 
Feverfew PFE may protect skin from numerous external aggressions encountered daily and 
reduce the damage to oxidatively challenged skin. 
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