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Abstract

The use of Polypodium leucotomos, a species of fern, has been reported to be beneficial in the
treatment of atopic dermatitis, vitiligo, and psoriasis, and for prevention of polymorphic light
eruption, sunburn, and squamous cell carcinoma. We review the in vivo animal, in vitro human,
and human clinical studies performed to help elucidate the actions of and biologic pathways
affected by P Jeucotomos. These results serve as the scientific rationale and basis for the
protection and effectiveness afforded by P, Jeucotomos in cutaneous diseases.

INTRODUCTION

Polypodium leucotomos is a species of fern in the family Polypodiaceae. The South
American P, feucotomos species is known locally as "calaguala™ and extracts of this fern are
called "anapsos." P, leucotomos extracts have been used for the treatment of psoriasis in
South America and Spain? and growing clinical scientific evidence suggests 2 leucotomos is
also beneficial for the treatment of various skin disorders and conditions including atopic
dermatitis?, vitiligo® and, because it affords sun protection from ultraviolet radiation,
prevention of polymorphic light eruption®. Its antitumor effects were alluded to nearly 50
years ago®. Phenolic components of 2. feucotomos extract include chlorogenic acid,
coumaric acid, vanillic acid, caffeic acid and ferulic acid, the latter two being the most
potent inhibitors of oxidation in vitro ®7. We review the in vivo animal, in vitro human, and
human clinical studies performed to help elucidate the actions of and pathways affected by
PL.
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Experimental Evidence

In Vivo Animal Studies

Strains of hairless albino mice have been developed for studying the harmful effects of UV
radiation on the skin®9; using these animals, numerous studies have demonstrated the
beneficial effects of 2 leucotomos following skin exposure to ultraviolet light.

In 1999, the antioxidant and photoprotective properties of £ leucotomos extract were
demonstrated when applied topically to hairless mice exposed to UVB radiation?.
Compared to untreated mice, P feucotomos-treated mice showed a significant reduction in
the sunburn response and diminished histologic evidence of photoaging damage, including
reduced dermal elastosis. Eight weeks after stopping UV exposure, P, leucotomos-treated
mice also showed a reduction in the development of skin tumors compared to untreated UV-
exposed mice.

A subsequent study showed that £, feucotomos also has beneficial effects when administered
orally in a similar hairless mouse modell. These animals were fed ~300mg/kg/day of 2.
leucotomos extract or vehicle in their drinking water for 10 days and then exposed to UV
radiation and evaluated for cyclooxygenase-2 (Cox-2) expression by Western blot analysis.
Upregulation of Cox-2 is associated with UV-induced skin cancer'213, Cox-2 levels were 4-
times lower in 2 leucotomos-fed mice at 48 hours and 5-times lower at 72 hours, compared
to vehicle fed mice. Other beneficial effects of feeding £ /feucotomos included a significant
decrease in UV-induced inflammation including a 60% decrease in neutrophil infiltration
into the skin at 24 hours and a 50% decrease macrophages in the skin at 24 and 48 hours!1.

Other studies have assessed the ability of P feucotomos to counteract UV radiation-
associated skin cancers. In one study, animals received an oral extract of 2 leucotomos
(~300 mg/kg) for 5 days prior to UVB (equivalent to 1-1.5 times the minimal erythema dose
[MED] and for 2 days afterward. The number of cells positive for the tumor suppressor p53
increased by 63%, proliferating cells decreased by 13% in P, leucotomos treated mice
compared to mice that were UV-irradiated but did not receive P, feucotomos. They also had a
reinforced network of dermal elastic fibers!4. These animals were observed to have an
enhanced the antioxidant plasma capacity that was 30% greater than controls. Because there
was no change in the levels of antioxidant enzymes on Western blots, this beneficial effect is
likely due to the direct antioxidant properties of P feucotomos.

There is abundant evidence that UVB radiation-induced immunosuppression is a major
contributing factor to UVB-induced skin cancers in micel®. Investigators sought to
determine the effect of £ leucotomos on the immune system. They explored whether oral 2
leucotomos placed in the drinking water would reverse direct immunosuppressive effect of
UVB that occurs locally in the skin or the general immunosuppression that acts systemically
following UVB exposure, or both.16 To test for the local effects of 2 /eucotomos on skin
exposed to UVB, mice were exposed to UVB radiation daily for 4 days and were then
sensitized by topical application of the experimental contact allergen oxazolone directly on
the radiated site. To test for effects of 2 leucotomos on UVB-induced systemic
immunosuppression, a separate group of mice was exposed to 10,000 J/cm? UVB radiation
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once and 3 days later were sensitized with oxazolone at a site not exposed to UVB.
Compared to mice receiving plain drinking water, animals that had received P, feucotomos
exhibited significantly less local and systemic UVB radiation-induced immune suppression..
Thus, oral administration of 2 leucotomos reverses UVB immunosuppression regardless
whether it is local or systemic. In ther studies, 2. feucotomos also inhibited UV mediated
depletion of Langerhans cells.1” While recent observations indicate that the primary role of
epidermal Langerhans cells may be to generate regulatory T-cells, many studies have shown
a clear association between UVB-induced depletion of Langerhans cells and local UVB-
induced immunosuppression.

In addition to affecting the immune system, UV radiation has also been shown to produce
other adverse systemic effects including oxidative stress'8. 8-oxo-dG is a pre-mutagenic
marker of oxidative damage to DNA and is caused by the UV-induced generation of reactive
oxygen species. 8-0x0-dG positive cells were reduced by approximately 59% at 24 hours
and by 79% at 48 hours in 2 leucotomos-treated animals compared to control animals.
These findings support the concept that £ Jeucotomos reduces oxidative DNA damage. Two
weeks after UV exposure, mutations in £ /eucotomos-fed-mice were approximately 25%
less than those from mice treated with UV alonell. In other studies, when hairless rats were
pretreated with an oral extract of 2 /eucotomos (30 mg/kg) each day for 7 days prior to UV
exposure, less glutathione oxidation in both blood and epidermis was observed, providing
evidence for a potent systemic antioxidant effect,

In Vitro Human Studies

While many of the studies performed on mice cannot be conducted in humans, many in vitro
studies using human cell cultures have demonstrated the photoprotective and beneficial
effects of 2 leucotomos.

One study demonstrated that pretreatment of human keratinocytes with 2. /feucotomos
inhibited solar-simulator-UV-mediated increase of tumor necrosis factor-alpha and nitric
oxide production and prevented nitric oxide synthase induction20. Other effects observed
were suppression of solar simulated radiation induced transcriptional activation of nuclear
factor-kappaB (NFxB) and activator protein-1 (AP-1), both of which have been implicated
in UVB-induced skin carcinogenesis. Pretreatment with £ /eucotomos was cytoprotective
against UV-induced damage resulting in increased cell survival.

P, leucotomos extract has been shown to be photoprotective against UV-induced cell
damage. Fibroblasts obtained from healthy volunteers were treated with an extract of 2
leucotomos and then exposed to UV-A and UV-B radiation?L. A2 Jeucotomos maintained
fibroblast survival and proliferative capacity in a dose-dependent manner. £ leucotomos
treatment of human fibroblasts had a protective effect on the morphological changes that
occur following UV exposure. Specifically, there was less disorganization of F-actin-based
cytoskeletal structures and a reduction in the coalescence of the tubulin cytoskeleton.
Moreover, there was a more regular distribution of integrin and cadherin adhesion molecules
in UV irradiated cells following UV exposure?!. In that study, the protective effects of 2
leucotomos following UV exposure in terms of proliferation and survival was also observed
with the human HaCaT keratinocyte cell line. The ability of 2 /eucotomos treatment to
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protect against UV-induced death of human fibroblasts has been demonstrated by others as
well?2,

A major UV-absorbing chromophore in the stratum corneum is trans-urocanic acid (t-UCA).
When the skin is exposed to ultraviolet radiation, trans-urocanic acid undergoes
photoisomerization to its cis- conformation. Cis-urocanic acid is a well-studied mediator of
UVB-induced immune suppression.23 /n vitro studies demonstrated that 2 /eucotomos was
also to inhibits UV-radiation-induced photoisomerization of t-UCA to cis-UCA. Trans-UCA
will decompose in the presence of such oxidizing agents as H,O,, and titanium dioxide
(TiO,). P, leucotomos treatment blocked that effect?2.

Interestingly, an extract from the related fern Polypodium decumanum has been used to treat
psoriasis and related immunological disorders. Using human neutrophils, the extract
demonstrated inhibitory activity against platelet activating factor24, which is a known
mediator of UVB-induced immunosuppression.2® The specific compound responsible for
this effect has been identified as 1,2-di-O-palmitoyl-3-O-(6-sulpho-alpha-D-
quinovopyranosyl)-glycerol28. In an /n vitro model using human leukocytes 2 decumanum
was had the ability to inhibit the formation of the inflammatory mediator leukotriene B4,
which is present in abnormally high quantities in psoriatic skin?’.

Clinical Studies

The photoprotective effect of oral £ leucotomos extract has been studied in healthy human
volunteers?8. Participants with Fitzpatrick skin types I1 to 111 (A=9) were exposed to
gradually increasing doses of UV radiation from a xenon arc lamp emitting wavelengths
between 305 and 400 nm, in a manner similar to that used to determine the MED. Exposures
were then repeated after oral administration of two doses of 2. feucotomos capsules (7.5
mg/kg each). There was a significant decrease in the mean erythema response at 24 hours in
P, leucotomos-treated patients (p<0.01). Consistent with its photoprotective effect there were
significantly fewer sunburn cell numbers (P < .05), cyclobutane pyrimidine dimers (P <.
001), proliferating epidermal cells (P < .001), dermal mast cell infiltration in biopsy
specimens (P < .05) compared to those of untreated patients.

A marker of chronic UVA radiation in fibroblasts and keratinocytes is a mitochondrial DNA
deletion known as the common deletion®. In a study designed to assess the effects of 2
leucotomos on the common deletion in human subjects exposed to UVAZ0, ten healthy adult
volunteers were then exposed to doses of UVA radiation ranging from 10-35 J/m? from an
artificial UVA light source. One week later subjects were randomized to either receive or not
receive oral P, feucotomos, 240 mg given 8 and 2 hours prior to UVA exposure. An adjacent
area of skin was shielded from exposure. Skin biopsies taken twenty-four hours after
irradiation, showed that mean common deletion values in the untreated group increased by
160% over baseline while the mean common deletion values in the 2 leucofomos-treated
group decreased by 42% (p=0.06). At three times the MED for UVA, values of the common
deletion showed increases of 703% and 102%, respectively (p=0.07). These results are
graphically displayed in the Figure.
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Two studies have assessed the beneficial effects of £ feucotomos extract in patients with
polymorphic light eruption (PLE). In the first study, patients with PLE and 2 subjects with
solar urticaria were treated with oral 2. feucotomos 480 mg daily3L. Of the 25 evaluable PLE
participants, 80% improved; 31% reported that their response to sunlight normalized, 13%
had clear improvement, and 36% had slight improvement. The improvement was statistically
significant by X2 analysis (p<0.05). P leucotomos was not effective in the two solar
urticarial patients. The only adverse event was a worsening of irritable bowel syndrome in
one patient. Otherwise oral P. Jeucotomos was well tolerated.

The objective of the second study also was to determine whether A2 leucofomos extract could
prevent or delay polymorphous light eruption lesions. In these experiments, an artificial light
sources were employed for more detailed examination and quantitation of the wavelength
bands affected by £ feucotomos®. Subjects with long-standing polymorphous light eruption
were enrolled. Thirty patients were identified in whom PLE lesions could be reproduced by
repeated UVA exposure. In 18 of those 30 patients, PLE could also be provoked by UVB.
There were no subjects in whom PLE could be induced by UVB only. These patients then
began treatment with oral P. leucotomos based on body weight: patients weighing < 55 kg
received 720 mg daily, those weighing 56—70 kg received 960 mg daily and those weighing
> 70 kg received 1200 mg daily of P feucotomos. After two weeks of P feucotomos
treatment, repeat photoprovocation studies were performed. 2. feucotomos was continued
during the photoprovocation testing. Of the 30 subjects, 2 leucotormos completely blocked
PLE lesion development in 9 following UVA photoprovocation (i.e. 30%), and in 5 of the 18
subjects following UVB photoprovocation (28%). Of those patients who were not
completely protected with 2. feucotomos, partial protection occurred. Specifically, the mean
number exposures required to produce PLE lesions increased from 1.95 to 2.62 for UVA
(p=0.05) and from 2.38 to 2.92 for UVB (p=0.047).

A randomized, double-blind study was designed to determine whether the use of 2
leucotomos extract could reduce the use of topical corticosteroids in children and
adolescents with atopic dermatitis2. The study enrolled 105 patients who were receiving
topical corticosteroids at the time of entry into the study to treat moderate atopic dermatitis.
In addition to their standard treatment, patients were randomized to receive R leucotomos
extract capsules or placebo for 6 months. Although the use of A2 /leucotomos did not
significantly reduce the mean percentage of days on which topical corticosteroids were used,
there was a significant reduction in median percentage of days of oral antihistamine use
(4.5% for P, feucotomos vs. 13.6% for placebo; p=0.038).

A recent study was undertaken to determine the safety of capsules containing a carefully
controlled extract of 2. leucotomos (Heliocare, IFC, Spain) extract (240 mg) taken orally
twice daily based on clinical history, physical findings and clinical laboratory parameters
and to determine its ability to increase the minimal erythema dose or to reduce ultraviolet-
associated erythema. In the randomized, double-blind, placebo-controlled study healthy
subjects with Fitzpatrick skin types I-IV were randomized to receive oral PL extract (240
mg) twice daily at 8 AM and 2 PM for 2 months (N=20) and the other group received a
placebo capsule twice daily for 2 months (N=20). Overall safety was assessed in both groups
on Day 0 and Days 14, 28, and 56. Safety assessments included vital signs, complete blood
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count (CBC), a comprehensive metabolic panel, PT-PTT and any adverse events. The MED
and UVB-associated erythema were assessed in 12 subjects from each group on Days 0, 14
and 28. These measures included MED, sunburn history and the number of hours of sun
exposure.

All 40 subjects completed the study. No treatment-related serious adverse events were
reported during 2 months of treatment and there were no significant changes in physical
examinations, clinical laboratory parameters or vital signs. Four subjects treated with A2
leucotomos extract reported mild episodic fatigue, bloating, and headaches while one
placebo-treated subject reported fatigue. There were no significant between-group
differences in sun exposure before or during the study, however, subjects in the placebo
group showed a six-fold greater chance of experiencing at least one sunburn during the study
than did subjects taking the £ leucotomos extract (p=0.04). Subjects in the PLE group had a
22-fold greater incidence (odds ratio) of an increase in UVB MED compared to the Placebo
group after 28 days of treatment (p=0.01)32

CONCLUSION

In vitroand /n vivo animal and human studies have demonstrated the beneficial effects of
Polypodium leucotomos. Together, these data indicate that extracts of this unique plant
utilize multiple mechanisms for providing photoprotection and therapeutic activity that
include reducing UV-induced cell damage, reducing oxidative stress and DNA damage,
blocking UV radiation-induced immune suppression, and inhibiting the release of UV-
induced levels of cyclooxygenase-2 and inflammatory cytokines. The /n vivo studies show
that the effects of 2. feucotomos extract are not just theoretical; indeed, benefit has been
demonstrated in animals and in humans. Thus, this natural plant extract has the potential to
complement sunscreens and other methods of photoprotection. This agent which can be
taken orally and has not been noted to have serious adverse reactions, offers unique
advantages in that it can be given orally, thus avoiding patient resistance to topically applied
sunscreens.
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Figure.
Ten healthy adult volunteers initially underwent a punch biopsy for baseline common

deletion measurement (26). One week later the volunteers were exposed to 2 and 3 times
their MED with an area of skin shielded from exposure. Subjects were randomized to
receive oral 2. feucotomos 240 mg administered 8 and 2 hours before UV exposure. Twenty-
four hours after UV, each subject underwent a second and a third punch biopsy of the
irradiated areas and a fourth biopsy from the shielded area site and common deletion
determinations were performed on all four biopsy specimens. At two times the MED, mean
common deletion values in the untreated group increased by 159.7% over baseline while the
mean common deletion values in the 2 leucotomos-treated decreased by 42.3% (p=0.06). At
three times the MED, those values increased 702.9% and 101.6%, respectively (p=0.07).
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