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Abstract This article provides an overview of pharma-

cology, toxicity, pharmacokinetics and clinical data of

Polypodium leucotomos L. (PL). PL aerial part has proven

to exert antioxidant, photoprotective and immunomodu-

latory activities; its mechanism of action is complex and

includes several activities: (1) PL diminishes the pro-

duction of reactive oxygen and nitrogen species (ROS,

RNS); (2) PL inhibits the photoisomerization of trans-

urocanic acid (t-UCA); (3) PL inhibits apoptosis induced

by ultraviolet radiation; (4) PL prevents damage to

genetic material and (5) PL enhances DNA repair. PL is

not mutagenic and does not induce acute or chronic tox-

icity. Its biological effects have been proved in cell cul-

tures, animal models, murine models and in human

beings. Photoprotective activity has been assessed in

healthy volunteers as well as in patients suffering from

several cutaneous diseases such as vitiligo, psoriasis,

idiopathic photodermatosis or melasma. PL results to be

an efficient treatment especially for sensitive cutaneous

phototypes and adds extra protection when ultraviolet

radiation (UVR) exposure cannot be avoided, such as

wide or narrow band UVB phototherapy or treatment with

psoralens plus UVA exposure radiation.

Keywords Polypodium leucotomos � Photoprotection �
UV radiation � Pharmacodynamics � Clinical studies

Introduction

Several chromophores normally present in the skin absorb

ultraviolet radiation (UVR). These include melanin, DNA,

RNA, proteins, lipids, aromatic aminoacids such as tyro-

sine or tryptophan, or trans-urocanic acid (t-UCA) [16]. As

a result of their absorption, different photochemical reac-

tions and secondary interactions take place that imply

generation of reactive oxygen species (ROS) and result in

cell damage.

DNA is the main target of UVR; pyrimidines suffer

from photochemical modifications that lead to the forma-

tion of cyclobutane dimers, 8-deoxy-guanosine and other

compounds that need to be repaired by specific cellular

enzymatic systems [46]. Photoprotective effect towards

this radiation damage on skin is an essential element in

prophylaxis and therapy of skin diseases.

UVR is one of the main factors involved in skin cancer

development [1, 9, 28, 29]. Moreover, continuous expo-

sure of skin to sunlight induces other harmful effects such

as sun-burn, immunosuppression, pigmentation changes

or photoaging [10]. The mechanism that induces cutane-

ous damage is complex but falls under two main mecha-

nisms: (1) an oxygen-independent direct damage

mediated by photons absorption that is characteristic of

UVB exposure radiation and (2) an oxidative damage

caused by UVA exposure radiation mediated by free

radicals and ROS [34].

The damage caused on skin by UVR is cumulative and

may induce skin cancer. In this sense, the Cancer Council

Victoria (Australia) made public the risks and benefits of

solar exposure and recommended the need of reaching an

appropriate and healthy balance that makes it necessary the

use of antioxidant agents such as those that inhibit or

scavenge the cutaneous damage induced by UVR [15, 48].
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Indigenous from Central and South America use the fern

Polypodium leucotomos in traditional medicine for the

relief of inflammatory diseases of the skin [22]. Oral

administration of the hydrophilic extract obtained from

aerial parts of PL decreases cutaneous sensitivity against

UVR, prevents sun-burn, decreases immunosuppression

induced by UVR, as well as mitochondrial and DNA

damage and decreases tumour development [33, 34].

Preliminary studies in healthy patients showed that oral

administration of PL decreases the cutaneous reaction

induced by solar irradiation, together with cutaneous

phototoxicity, erythema (MED-B) and persistent pigment

darkening (MED-A) derived from UVB exposure radiation

and UVA exposure radiation, respectively [1, 18, 19, 40,

47].

This review includes an updated overview on the

knowledge on chemical composition, pharmacodynamics

and clinical efficacy of PL. Molecular mechanisms that are

implied in UVR—induced damage as well as the photo-

protective effect of PL in cellular models, animal and

murine models, and healthy humans—is analysed. The

main therapeutic applications for oral use of PL such as

vitiligo, psoriasis, idiopathic photodermatosis and melasma

are included.

UVR effect on skin

Sun radiation and mainly UVR provokes several damaging

effects on skin through induction of reactive oxygen spe-

cies (ROS) and other active metabolites, inducing inflam-

mation, DNA damage and immunosuppression (Table 1).

ROS generation

Skin exposure to UVR induces ROS that are physiologi-

cally eliminated by cellular antioxidant systems to prevent

cell injury; a natural pro-oxidant/anti-oxidant balance thus

exists to control these processes. Oxidant agents induce

cellular membrane damage through peroxidation of the

fatty acids present in it; this effect generates radicals such

as lipid peroxide, hydroperoxide and other related products

that not only keep but amplify oxidative damage. Chronic

exposure to high UVR doses induces free radical accu-

mulation that provokes deterioration of the cellular integ-

rity and functionality; this consequently damages nuclear

and mitochondrial DNA and can lead to extrinsic aging and

tumour formation [46].

Inflammation

Erythema induced by UVR is due to an increase in blood

flow and vasodilation, a process in which nitric oxide and

prostaglandins play a crucial role. Other cells with an

important role in skin homeostasis, such as Langerhans

cells (LC) or mastocytes are also affected. UVR induces a

selective recruitment of macrophages and neutrophils, ROS

generation and cytokine secretion that contributes to the

inflammatory process and cause tissue damage [19, 36, 39].

DNA damage

The heterocyclic bases in DNA chain are the main

cromophores with a photon scavenger function in skin.

UVB radiation absorption results in pyrimidine dimers

formation (mainly thymine–thymine) and pyrimidine–pyr-

imidone photoproducts. UVA radiation induces formation

of 8-deoxyguanosine and also induces common deletions in

mitochondrial DNA. All these intermediate compounds act

as early steps in mutagenesis and tumour formation. DNA

damage is also related to systemic immunosuppression

[27].

Immunosuppression

DNA damage is related to skin immunosuppression that is

partially mediated by cis-urocanic acid (c-UCA), which is

Table 1 Harmful effects of UVR on skin

Mechanism Responsible Short-term effects Long-term effects

Free radicals generation ROS, RNS Photoaging, cancer,

immunosuppresion

Other damaging

metabolites

UCA photoisomerization, t-decomposition Photoaging, immunosuppresion

Inflammation Cell death, apoptosis Sun-burn eritema. Ache,

itching

Photoaging, cancer

DNA damage Pyrimidine dimers and pyrimidine-pyrimidona

dimers

Tumorigenesis, cancer

Immunosuppression Epidermal LCs depletion Susceptibility to infections Chronic inflammatory diseases,

cancer

ROS reactive oxygen species, RNS reactive nitrogen species, UCA urocanic acid, LCs Langerhans cells
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made by photoisomerization of trans-urocanic acid (t-

UCA); t-UCA is obtained from hystidine deamination and

exerts a natural photoprotective effect due to photons

absorption. When large quantities of c-UCA are formed, it

acts on epidermal LC and induces abnormal degranulation

of mastocytes which are implied in immunomodulation

[21, 28].

Ultraviolet radiation is known to induce a wide range of

immunosuppressive responses that include the transition of

competent LC to tolerogenic cells leading to a clonal

anergy of Th1 cells [47].

In summary, effects of UVR on skin are not only acute

effects such as sun-burn, inflammation and local and sys-

temic immunosuppression, but also chronic or long-term

effects such as hyperpigmentation, extrinsic aging and

tumour development. These effects strongly support the

need of photoprotective measures.

Polypodium leucotomos

Current development of photoprotective measures follows

two main routes: (1) development of more efficient sun-

screens that do not harm the environment, and (2) search of

non-toxic substances that could fight UVR damaging

effects [17, 26].

PL may be useful from both points of view: due to its

chemical composition, it provides topical and systemic

protection; it also inhibits some of the molecular mecha-

nisms involved in cutaneous damage.

Chemical composition

The chemical composition of PL leaves include phenolic

compounds, such as benzoates and cinnamates, together

with quinic, shikimic, glucuronic and malic acids.

4-hydroxycinnamic acid (p-coumaric), 3-methoxy-4-

hydroxycinnamic acid (ferulic), 3-hdihydroxycinnamic

acid (caffeic), 3-methoxy-4-hydroxybenzoic acid (vanillic)

and 3-caffeoilquinic acid (chlorogenic) are the most

abundant among them [12]. These polyphenols are

endowed with antiinflammatory, antimutagenic and anti-

tumoral effects mainly due to their antioxidant ability [11,

50, 51]. Some of them, such as caffeic and ferulic acids

bind a sugar moiety for increasing stability; both acids

prevent peroxidation mediated by UVR by inhibiting the

chain reaction of lipid peroxidation and scavenging nitro-

gen oxides [43]. Moreover, ferulic acid strongly absorbs

UV-photons; together with caffeic acid, it protects human

skin from UVB-induced erythema, which justifies their

inclusion in the formulation of several topical solutions and

sunscreens [44, 45].

Pharmacodynamics

The photoprotective effects of PL are well-documented in

different in vivo and in vitro studies (Table 2).

Direct antioxidant activity

This activity is attributed to the polyphenolic compounds,

mainly from the hydroxycinnamic acid family [12]. Poly-

phenols prevent peroxidation induced by UVR by inhibit-

ing the lipidic peroxidation change reaction [43, 45].

Moreover, PL acts as a direct ROS scavenger against

superoxide anion, hydroxyl, oxygen and oxygen peroxide

[13].

The antioxidant capacity of PL isolated component

increases in a concentration-dependent manner, ferulic and

caffeic acid being the most powerful antioxidant when

tested by the luminol/H2O2 assay [12]. The structural

Table 2 Beneficial effects of Polypodium leucotomos on skin

Molecular effect Short-term effect Long-term effect

ROS and RNS

generation

Inhibition

Increase in antioxidant plasma capacity

Photoaging relief and tumour

prevention

Other metabolites

generation

Inhibits t-UCA photoismerisation and

photodecomposition

Diminishes erythema and

sun-burn

Photoaging relief and tumour

prevention

Inflammation Inhibits apoptosis and cell death Reduces SOS response

DNA damage Pyrimidine dimers formation

Immunosuppression Prevents LCs depletion

Proliferation ; proliferating cells

: p53 cells

Anticarcinogenic properties

; decrease

: increase

ROS reactive oxygen species, RNS reactive nitrogen species, LCs Langerhans cells, SOS SOS response is the depression of several genes that

codify for proteins directed to DNA restoration
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characteristics of these compounds are associated to their

antioxidant capacities, the incorporation of a hydroxyl

group at the para-position of a monophenol enhancing the

antioxidant ability. Vanillic acid shows the weakest activ-

ity, probably due to the lack of a–CH = CH–COOH chain,

which acts as an electron donor; the stabilisation of the

resulting radical might be increased by the electron delo-

calization following hydrogen donation by the hydroxyl

group. Meanwhile, the glycosylation of the carboxylate

group does not influence the antioxidant potential of the

molecule [12].

Also the antioxidant ability of PL is proven through the

reduction of the oxidative damage on macromolecules such

as lipid peroxidation in non-irradiated and irradiated

fibroblasts and keratinocytes. This effect indicates a pro-

tective effect on cell membrane [37].

In vivo tests show that PL inhibits glutathione peroxi-

dation and prevents LC depletion induced by UVR in a

nude rat model [36]. One study describes the effect of the

oral administration of a hydrophilic extract of PL on epi-

dermal antioxidant levels in nude rats. Irradiation induces

an increase in GST and CAT enzymes activities in eryth-

rocytes (14 and 25 %, respectively), with a decrease in the

plasmatic levels of GSH about 25 %. Pre-treatment with

PL decreases in an effective manner glutathione oxidation

in epidermis and peripheral tissues (erythrocytes, plasma)

with an increase in GSH/GSSG ratio. These changes in

oxidative damage could reflect that activation of antioxi-

dant systems and increased expenditure of GSH are two

main actions to neutralize ROS increase induced by radi-

ation. De novo synthesis is ruled out as erythrocytes are

anucleated cells; therefore, the observed changes are due to

catabolic changes of these implied enzymatic systems. On

the contrary, the most evident effect of UVR on epidermis

is a consistent depletion of LCs, this effect being the main

cause of UV-dependent immunosuppression [36].

Another study confirms the antioxidant and scavenging

properties of PL in hairless mice [42] after oral adminis-

tration of a hydrophilic extract of the fern Polypodium

leucotomos (300 mg/kg during 5 days before UVR and for

two additional days after irradiation). This study found a

reduction in the number of proliferating cells by 13 %, an

increase in the number of p53 cells and antioxidant plasma

capacity (63 and 30 %, respectively) and reinforcement in

the network of dermal elastic fibres. The study revealed no

significant changes to endogenous antioxidant systems

(antioxidant-related enzymes) indicating that the beneficial

effect of PL is probably due to its antioxidant and anti-ROS

properties.

In vitro studies on the photoprotective effect of PL

showed that PL efficiently blocked cellular death induced

by UVA-R in fibroblasts and keratinocytes and restored

their proliferation. At cellular level, PL inhibited

disorganisation of the actin cytoskeleton and cell–cell

adhesive contacts and cell matrix induced by UVR [2]. PL

also inhibited proteases secretion induced by UVR and

improved membrane integrity of irradiated cells [37].

Inhibition of photoisomerization and photodecomposition

of t-UCA

As outlined the previous section, t-UCA is the main

product from histidine metabolism. It possesses photopro-

tective and ROS scavenging properties. Photons absorption

induces isomerization to c-UCA as the way to avoid

damage to the other cellular structures. PL inhibits t-UCA

photoisomerisation resulting in a dose-dependent decrease

in the levels of c-UCA in the presence of hydrogen per-

oxide. Moreover, when ROS and a catalyzer such as TiO2

are present, UV photons lead to the formation of hydroxyl

and other oxygen radicals. They are responsible for the

inactivation of several enzymatic systems that are required

for skin homeostasis. PL inhibits t-UCA degradation and

improves peroxidase inactivation when incubated together

with TiO2 under UVR. These results assess PL efficacy as a

t-UCA photoisomerization inhibitor, and also suggest its

use to prevent the generation of oxidative metabolites

catalyzed by TiO2 [7].

Molecular immunoregulation

PL extract inhibits TNF-alpha and nitric oxide synthase

(iNOS) expression, together with transcriptional activation

of nuclear factors, apoptosis and MMPs production

induced by sun radiation. Pretreatment of human kerati-

nocytes with PL followed by solar simulated radiation

(SSR) inhibits the increase of TNF-a induced by SSR and

decreases nitric oxide (NO) production. PL also blocks the

induction of iNOS and peroxinitrites related to NO deg-

radation. In relation with the main inflammatory ways of

signal transduction, PL inhibits the transcriptional activa-

tion of nuclear factors NF-jB and AP1 [24]. These effects

are related to an increase in cell survival and a concomitant

decrease in apoptosis. Therefore, PL modulates the pro-

duction of inflammatory mediators and regulates the sig-

naling pathways implicated in inflammation.

UVR exposure increases deposition of elastotic material

and matrix metalloproteinase expression (MMPs) and it

decreases collagen levels. A study in cell culture was

carried on with the irradiation of UVA (0.6, 1.8 or 3.61 J)

or UVB (0.75, 2.5 or 7.5 mJ) followed by an incubation

period with or without PL (0.01, 0.1 and 1 %) in order to

assess its effects on membrane integrity, lipid peroxidation

and expression of elastin and MMP-1 in fibroblasts and

keratinocytes [37]. UVR did not significantly alter MMP-1

expression but did increase elastin expression in
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fibroblasts. PL effects were more prominent in the presence

of UVA or UVB for both cell types. Results show that even

at low concentrations (\0.1 %), PL is beneficial for the

prevention of photoaging and improves the membrane

integrity; higher concentrations ([0.1 %) could revert the

normal elastic fibre loss associated to intrinsic aging.

Cell immunoregulation

PL also modulates inflammatory activity by acting on the

Th1/Th2 response. PL blocks some of the harmful effects

of UV radiation on skin, such as LCs depletion, direct

apoptosis, inflammation, inhibition of the expression of

adhesive molecules needed for the migration of LCs

towards skin [39, 41]. PL not only prevents LCs depletion

but also inhibits changes in their morphology, maintaining

their functionality [35]. PL induces the expression of cel-

lular mediators such as IL-10, IL-12 and TGF-b, which

regulates other cellular responses such as macrophages.

Gonzalez et al. [14] demonstrated that PL extract partially

inhibits cytokine production in lymphocytes with a Th1

pattern (IL-2, IFN-c and -a) in PHA-stimulated peripheral

human nuclear cells. The levels observed were 24 % for

IL-2, 72 % for IFN-c and 53 % for TNF-a. In relation to

Th2 cytokines, the authors found that PL significantly

increased (33 %) IL-10 production and completely inhib-

ited IL-6 production, the latter being a pro-inflammatory

cytokine. PL preserves the skin immune system (mor-

phology, number and functionality of Langerhans cells)

and thus exerts a protective role against infective diseases

and tumour development.

PL also exerts regulation on different molecules and

cells which are implied in the inflammatory immune sys-

tem. Topical application of PL on the skin of healthy albine

hairless mice (Skh-1) significantly decreases mastocyte

infiltration and the number of vascular vessels induced by

UVR. In an oxazolone hypersensitive murine model, PL

also exerted an immunoprotective effect [49].

Taken all together, these results show a multifactorial

protective mechanism that is based not only on the anti-

oxidant ability of PL; it induces suppressive/anti-inflam-

matory cytokines such as IL-10 or TGF-b; it moderately

inhibits Th1 responses, which underlines the observed

immunoregulating, anti-inflammatory and antioxidant

activities. The marked inhibitory effect on TNF-a and IL-6

production may be responsible of in vivo angiogenesis

inhibition and the prevention of LCs depletion caused by

sun radiation in humans.

PL significantly inhibits the contact hypersensitivity

response; therefore, it prevents immunosuppression caused

by UVB radiation in mice (local and systemic effects); this

activity could explain, at least in part, the decrease in the

skin cancer development induced by UVBR in mice. PL

preserves the skin immune system and its functionality,

which leads to improve skin protection against viral

infections and tumour development.

Pharmacokinetics

Doses-response and pharmacokinetic studies reveal that the

phenolic compounds from PL are rapidly absorbed and

undergo complete metabolism 24 h after oral administra-

tion; absorption is highly efficient (70–100 %) [12]. Cou-

maric, phenolic and vanillic acids are metabolised by

monooxygenase enzymes dependent on cytochrome P450

(CYP450) in the liver, suffering partial conjugation to

glucuronic sulphate and glucuronic acid (plasmatic half-

life, 4–6 h) [53]. These conjugates are present in plasma

and demonstrate the metabolism and absorption of phen-

olics through intestinal barrier [3].

An in vitro study addresses the intestinal absorption and

metabolism of the main phenolics in PL extract [12]: p-

coumaric acid (4-hydroxycinnamic), ferulic acid (3-meth-

oxy-4-hydroxycinnamic), caffeic acid (3,4-dihydroxycin-

namic), vanillic acid (3-methoxy-4-hydroxybenzoic) and

chlorogenic acid (3-caffeoil-quinic). Cell lines from human

colorectal cancer line (Caco-2) were used; rat hepatocytes

were extracted from Sprague–Dawley rats and were seeded

and then exposed to different concentrations of p-coumaric,

ferulic, caffeic, vanillic and chlorogenic acids (50 lM,

200 lM). Aliquot samples were taken along 8 h for HPLC

analysis. Results show a high absorption percentage,

between 70 and 100 % of apparent permeability. Every

phenolic acid is stable in the culture conditions assayed and

is metabolized at hepatic level: coumaric, ferulic, and

vanillic acids are conjugated to glucuronic acid and sul-

phate (35, 50 and 10 %, respectively). Plasmatic esterases

do not participate in this metabolism. No binding to cel-

lular proteins is observed [3].

Topical use of PL also shows favourable effects [19].

Clinical studies

First studies on photoprotection were carried on experi-

mental animals (hamsters) with exposure to UVB radiation.

Animals which had been topically treated with a PL extract

achieved a nearly complete photoprotection. These results

led to the first clinical studies which also proved PL efficacy

on human volunteers exposed to limited UVA radiation [20].

Clinical studies performed with PL may be classified

according to the target population. (a) healthy subjects;

(b) vitiligo patients; (c) psoriasis patients; (d) idiopathic

photodermatosis patients; (e) melasma patients and

(f) other studies. Table 3 shows a summary of the clinical

studies performed with Polypodium leucotomos and their

main outcomes.
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The first clinical study with PL tried to prove its

potential antitumoral activity [23], although the mechanism

of action was not deeply investigated. Later on, studies

focused on anti-inflammatory activity, mainly related to

skin diseases such as psoriasis [32], vitiligo [35] and atopic

dermatitis [25]. The molecular basis of these effects is, at

least in part, the immunomodulating ability of PL.

PL effect on healthy subjects

PL significantly decreases acute phototoxicity due to UVR

exposition after psoralens ingestion [8]. This effect was

shown in an open study carried out to determine the bene-

ficial effect of PL co-administration in patients receiving

psoralens-UVA-R therapy [8] which is recommended for the

treatment of several skin disorders such as psoriasis. Treat-

ment with psoralens plus UVA-R is effective in psoriasis

management but it could promote skin tumours develop-

ment, especially in skin phototypes I and II [30]. Oral PL

administration diminished sun burning and mastocytes

infiltration in skin and so decreased loss of LCs [33].

Clinical observations with PL are related to its histolog-

ical effects on skin. PL decreases histological damage

induced by UVR characterized by profound changes to

keratinocytes maturation, microvesicle formation and vac-

uolization. When compared to control (UV-radiated skin),

skin that had been previously treated with PL showed a less

quantity in sunburn cells, decreased levels of pyrimidine

cyclobutane dimers (an indicator of DNA induced damage)

and epidermal cellular proliferation, together with a decrease

in mastocyte and neutrophil infiltration [9].

A clinical study was designed to in vivo evaluate the

usefulness of the photoprotective effect of a PL extract

after oral or topical use. This study took into account all the

previous pharmacological studies on PL immunomodulat-

ing and antioxidant properties, together with its photopro-

tective effect on vitiligo treatment [18]. 21 healthy

volunteers with cutaneous phototypes III and IV were

included in a randomised clinical trial. The following

clinical parameters were evaluated, before and after topical

and oral PL administration: immediate pigment darkening

(IPD), minimal erythema dose (MED), minimal melano-

genic dose (MMD), and minimal phototoxic dose (MPD).

Immunohistochemistry was also performed. PL-treated

groups received a total dose of 1,080 mg of dry standard-

ised extract (Difur, IFC): 240 mg, three times daily during

the day before the study, followed by a 360 mg dose on the

day of the study. The obtained results proved the photo-

protective effect of PL after topical or oral use: the treat-

ment induced an increase in the UVR dose necessary for

IPD (p \ 0.01), MED (p \ 0.001) and MPD (p \ 0.002)

was observed. Following oral administration of PL, MED

increased up to 2.8 ± 0.59 folds whereas MPD increased

up to 2.75 ± 0.5 and 6.8 ± 1.3 folds, depending on the

type of psoralen applied. Moreover, immunohistochemical

examination demonstrated the protection of PL treatment

(oral or topical) on LCs.

Another study [33] proved the protective effect of the

oral administration of PL on UVR-induced damage. The

aim of this study was to evaluate the photoprotective effect

of orally administered PL extract when artificial UVR was

applied. Nine healthy volunteers with II and III skin pho-

totypes were exposed to variable doses of UVR following

oral administration of PL (7.5 mg/kg body weight) or

placebo in an open study. Twenty-four hours after UVR

exposure, the erythematogenic response was measured and

paired samples from treated and non-treated skin were

taken. Results show a significant decrease in erythema in

treated skin (p \ 0.001). Histological results show a lower

quantity of burn cells in PL-treated skin (p \ 0.05), cy-

clobutanopyrimidine dimers (p \ 0.001), proliferative

epidermal cells (p \ 0.001) and mastocyte infiltration

(p \ 0.05). The study also showed a non-significant trend

to preserve LCs. All the above results demonstrate the

efficacy of the oral administration of PL as a systemic

chemopreventive agent that exerts a significant protection

on UV radiated skin.

The same authors carried out another study with healthy

volunteers with skin phototypes II and III to evaluate the

effect of the oral administration of PL extract on the

psoralen-UVA (PUVA)-induced toxicity in human skin

[34]. The application of PUVA in patients with light skin

phototype is limited by the adverse effects such as acute

phototoxicity and possible long-term carcinogenesis. In

this study, 10 volunteers received PUVA alone (oral

administration of 8-methoxypsoralen, 0.6 mg/kg) or PUVA

plus PL (7.5 mg PL extract/Kg body weight, per os). After

48 and 72 h, phototoxicity was decreased in subjects

receiving PL (p \ 0.005) with a decrease in pigmentation

after 4 months. Histological analysis revealed a significant

reduction in sun-burn cells (p = 0.05), LCs preservation

(p B 0.01), decrease in the infiltration of tryptase-positive

mastocytes (p \ 0.05) and decrease in vasodilation

(p B 0.01). The study also showed no significant differ-

ences in Ki-67 proliferative cells. These results prove that

PL acts as an efficient chemophotoprotective agent against

acute skin phototoxicity induced by PUVA and is endowed

with important benefits in skin protection, as proved by

histological data.

These results demonstrate the photoprotective role of PL

after topical and oral administration.

Vitiligo patients

The effect of concomitant treatment with PL and narrow

band UVBR on skin repigmentation in patients suffering
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from vitiligo vulgaris was studied [32]. 50 patients were

recruited for a randomised, double blind, placebo-con-

trolled trial. The treated group received 750 mg standard-

ised PL extract for 25–26 weeks (250 mg, three times

daily). After the treatment period, repigmentation had

improved in head and neck areas (44 % versus 27 %,

p = 0.06); no significant differences were found in the

trunk (6 % increase), extremities (4 %), feet and hands

(5 %). Patients who attended 80 % or more of the narrow

band UVB sessions showed an increased repigmentation in

the head and trunk in the treated group (50 % versus 19 %,

p \ 0.002); the researchers found no significant differences

within other body areas. Patients with skin phototypes II

and III in the PL-treated group showed a better repig-

mentation in head and neck (47 % versus 21 %, p = 0.01).

This study concludes that there exists a marked tendency to

repigmentation in vitiligo vulgaris patients when oral PL is

associated to narrow band UVB therapy, mainly in head

and neck areas, this effect being more pronounced in light

skin phototypes.

A pilot study was designed to detect the immunomod-

ulatory systemic effects of PL as an adjuvant therapy of

PUVA in vitiligo treatment [40]. 19 patients were included

in a randomised, double-blind, placebo-controlled trial.

Blood samples were collected a t0 (before the first PUVA

session) and t12 weeks (before the last PUVA session).

Response to repigmentation was assessed by independent

dermatologists after 12 weeks and was classified as none or

minimal (\25 %), moderate (25–50 %) and moderate to

excellent ([50 %). Studies on isolation of peripheral

mononuclear cells, immunofluorescence response and

proliferation were also performed.

Clinical evaluation showed a significant better repig-

mentation for PL-treated group (720 mg/day plus another

720 mg dose 1 h before irradiation) than placebo. A sig-

nificant correlation was observed between the clinical

response and the drop on mononuclear cells percentage

(correlation coefficient = -0.493).

Psoriasis

Combined psoralen with UVAR therapy is effective for

psoriasis treatment, but its use is limited because of the

possibility of increasing skin cancer risk, especially in light

skin phototypes (I and II) with a more marked tendency to

redness, irritation and photoaging [31]. Moreover, this

treatment may induce hyperpigmentation that makes it

necessary to increase UVAR dose and thus its toxicity.

Idiopatic photodermatosis

Idiopatic photodermatosis (IP) are abnormal skin reactions

to ordinary light exposure and constitute a group of

photosensitive skin diseases which cause is unknown. The

pharmacological treatment includes therapy for the acute

phase and prophylactic therapy to prevent symptoms

before exposure to UVR.

The study conducted by Caccialanza et al. [5] included

28 patients diagnosed with IP (26 with polymorphic light

eruption and 2 with solar urticaria) who had not experi-

enced any benefit from habitual treatment. Patients were

advised to diminish solar exposition during summer time

and received 480 mg PL extract (7.5 mg/kg body weight/

day divided in two doses) since day 15 before solar

exposition along the whole exposition. Clinical outcomes

were evaluated according to normalisation (absence of skin

reactions and subjective symptoms), improvement (light

skin and subjective improvement) or no improvement (no

changes in any parameter).

25 within the 28 recruited patients were eligible. 80 %

of them (n = 20) found PL treatment as beneficial. The

improvement in punctuation after PL administration was

significant (p \ 0.05). Results revealed that 49 % of

patients improved and 31 % were back to normal levels

after photoexposition with no adverse effects.

A recent study performed by the same authors [6]

included 57 patients affected by IP (53 with polymorphic

light eruption and 4 with solar urticaria). Patients received

a normal sunlight exposition while taking 480 mg of PL

extract (7.5 mg/kg body weight/day divided in two doses)

starting 15 days before solar exposure and continuing

throughout the period of exposure. A statistical evaluation

of the basal clinical conditions compared to those after

sunlight exposure was performed (normalisation, clear

improvement, slight improvement or no improvement).

Results showed that 73.68 % of the patients obtained

benefit from PL treatment during sunlight exposure

(43.86 % had an improvement and 29.82 % were com-

pletely normal), with a significant reduction of skin reac-

tion and subjective symptoms (p \ 0.005). No adverse

effects were observed. Authors concluded that the multi-

factorial protection exerted by PL, together with its lack of

toxicity makes it an effective photoprotective treatment for

IP.

A more recent study [52] evaluated the effect of a

concentrated hydrophilic extract of PL (Fernblock, IFC,

Madrid, Spain) on the prevention or delay of the photoin-

duction of polymorphic light eruption (PLE) lesions by

artificial UVR. 35 patients with long-standing PLE were

recruited for this open, non-controlled bicenter study; they

were induced PLE by artificial UV and UVA light and all

patients with positive phototest reaction received a daily

dose of PL extract according to body weight (720 mg PL

for body weight B55 kg; 960 mg for 56–70 kg; 1,200 mg/

day for C70 kg). After 2 weeks of daily treatment with PL

extract, a second photoprovocation was performed. After
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the summer time, a follow-up assessment recorded the

efficacy of PL extract in protecting from PLE episodes.

30 patients showed typical PLE lesions after repeated

irradiation with UVB or UVA exposure radiations; all of

them were sensitive to UVA exposure radiation. 18 patients

also reacted to UVB exposure radiation. After two weeks

of continuous PL treatment, a significant increase in the

threshold for induction of PLE lesions by UVA was

observed (negative phototest for 30 % of all UVA-sensitive

patients); the remaining 21 patients increased the mean

number of UVA exposures required to induce PLE (from

1.95 ± 1.07 to 2.62 ± 2.922, p = 0.047). Again, tolerance

to treatment was excellent and no adverse events were

recorded.

The authors concluded that oral PL treatment may be

beneficial in the prevention of PLE in severely affected

patients, although studies on treatment duration and the

most effective dose are to be conducted.

Others

Melasma Melasma is defined as an acquired hyperpig-

mentation appearing mainly in the forehead and cheeks

areas with significant impact on health-related quality of

life.

A recent randomised double-blind placebo controlled

study evaluated the effectiveness and tolerability of oral PL

in patients with melasma [Martin LK, Caperton C, Woo-

lery-Lloyd H, Avashia N. (2012). A randomised double-

blind placebo controlled study evaluating the effectiveness

and tolerability of oral Polypodium leucotomos in patients

with melasma. In: Poster abstracts of the 70th Annual

Meeting of the American Academy of Dermatology;

March 16–20; San Diego, California: JAAD; 2012. Vol

66(4). Abstract nr AB21]. Patient improvement and toler-

ability was measured through the melasma quality of life

scale (MELASQOL), which had been developed as valid

instrument to evaluate the response to melasma treatment,

regarding both clinical severity and quality of life. In this

study, twenty-one healthy female subjects aged

18–50 years with epidermal melasma were randomised to

receive oral PL or placebo twice daily plus sunscreen SPF

45 for 12 weeks. After treatment period, no significant

differences in compliance or adverse effects between both

groups were found. At the 12 week follow-up, the PL

group had significantly improved mean Melasma Area and

Severity Index (MASI) scores (5.7–3.3; p \ 0.05), while

the placebo group did not (4.7–5.7; p \ 0.05). Photo-

graphic assessment revealed mild improvement in 43 % of

subjects receiving PL compared to 17 % of placebo, and

marked improvement in 14 % of subjects receiving PL

compared to 0 % of placebo. Patient self-assessment

indicated a 50 % of PL subjects reporting mild

improvement and 13 % reporting marked improvement,

compared with 17 % and none of placebo subjects,

respectively. Some MELASQOL parameters worsened in

50 % of placebo compared to 20 % of PL subjects, while

parameters improved in 59 % of PL subjects and only

27 % of placebo (p \ 0.05).

In conclusion, PL extract is well-tolerated and effective

in patients with melasma and may be a useful adjunctive

topical or systemic treatment to prevent further hyperpig-

mentation disorders which can be exacerbated by UV light.

Atopic dermatosis Atopic dermatosis is a chronic

inflammatory disease from skin which is characterized by

pruritus, dry skin, inflammation and exudate. It is fre-

quently associated to asthma, allergic rhinitis, food allergy

and secondary infections in skin. Pharmacological treat-

ment focuses on the reduction of pruritus, control of

inflammation and prevention of new episodes.

A clinical trial has recently studied the effect of a PL

extract on patients with atopic dermatosis [38]. It is a well-

designed study (multicenter, double-blind, randomised

versus placebo) with 105 patients aged between 2 and

17 years and diagnosed with atopic dermatosis of moderate

intensity who were treated with topical corticosteroids.

Treatment duration was 6 months (240–480 mg/day,

orally, depending on patients’ age); the use of topical

corticosteroids during that period was evaluated. At the end

of the treatment period, the group that received PL showed

a no significant decrease in the use of topical corticoste-

roids, together with a significant decrease in the use of oral

antihistaminic drugs. These results show the beneficial

effect of PL on paediatric treatment of atopic dermatitis by

reducing the inflammatory lesion and itching.

Conclusions

In this work, the evidence of the beneficial effect of Po-

lypodium leucotomos fern in the prevention and treatment

of skin diseases induced by UV radiation exposition is

shown. Its beneficial effects are assessed through several

pharmacological and clinical studies and rely on three

main different and complementary mechanisms of action:

direct antioxidant activity, inhibition of photoisomeriza-

tion and photodecomposition of t-UCA and immuno-

modulation. These activities make Polypodium

leucotomos an effective and safe treatment for those

patients who need an efficient protection against ultravi-

olet radiation when sun exposition or phototherapy is

required.
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