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ABSTRACT  

Introduction: Polypodium leucotomos (PLE) extract is a recognised agent with topical 

and oral photoprotective action which adds biological protection to physical and 

chemical filters.   
Objective: To evaluate the efficacy of an SPF 90 photoprotective agent that contains 

physical, chemical and PLE filters in reducing the damage caused by solar radiation, 

compared to the same formulation, but without PLE.   
Methods: Ten volunteers were included, each one defined according to four areas 

(skin that was non-irradiated, irradiated and unprotected, irradiated and protected with 

photoprotector without and with PLE) who were exposed to solar radiation. 

Colorimetric evaluations of erythema and pigmentation were performed. Samples were 

collected for histopathology.  
Results: The area treated with the SPF 90 sunscreen containing PLE presented, 

compared to the sunscreen with the same formulation but without PLE, less intense 

erythema and pigmentation, lower generation of sunburn cells, p53 and MMP-1 and 

higher CD1a cell positivity (less depletion of Langerhans cells).   
Conclusions: The association of Polypodium leucotomos extract with physical and 

chemical filters proved to be effective in reducing damage caused by solar radiation.  The 

presence of PLE in the formulation contributed to reducing damage compared to the 

formulation without the active ingredient.   
Keywords: Sunscreen; Polypodium; Solar radiation   

 
 
ABSTRACT  

Introduction: Polypodium Leucotomos Extract (PLE) is a recognized topical and oral 

photoprotective agent that adds biological protection to physical and chemical filters. 

Objective: To evaluate the efficacy of an SPF 90 sunscreen containing physical and 

chemical filters, and PLE in reducing sun damage when compared to the same 

formulation but without the presence of PLE.  
Methods: Ten volunteers were included, each representing 4 areas (non-irradiated skin; irradiated 

and unprotected skin; irradiated and protected with sunscreen not containing PLE; irradiated and 

protected with sunscreen containing PLE) exposed to solar radiation. Colorimetric evaluations of 

erythema and pigmentation were performed. Samples were collected for histopathology.  
Results: The area treated with PLE-containing SPF 90 sunscreen, compared to the 

sunscreen of the same formulation but without the presence of PLE, showed lower 

intensity of erythema and pigmentation, lower generation of sunburn cells, p53, and 

MMP-1, and higher CD1a cell positivity (lower Langerhans cell depletion).   
Conclusions: The association of Polypodium Leucotomos Extract with physical and 

chemical filters is effective in reducing the damage caused by solar radiation. The presence 

of PLE in the formulation contributed to the reduction of damage when compared to the 

formulation without the active ingredient. Keywords: Sunscreens; Polypodium; Solar 

radiation 
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INTRODUCTION  

Solar radiation can cause both acute and chronic harmful 

effects to the skin.1 The mechanisms of photodamage arise due to 

the absorption of solar energy by different chromophores in the 

skin, such as melanin, DNA, RNA, proteins, aromatic amino 

acids such as tyrosine and tryptophan, and urocanic acid, 

amongst others. The absorption of radiation by these 

chromophores leads to different photochemical reactions and 

secondary interactions involving reactive oxygen species, which 

produce harmful effects in the event of overexposure.¹  
The four main photodamage mechanisms are 

considered to be: direct damage to the DNA of keratinocytes, 

the generation of reactive oxygen species (ROS), the 

suppression of innate cellular immunity by depletion of 

Langerhans cells (photoimmunosuppression) and increased 

melanin production (melanogenesis).¹  
DNA is one of the main targets of solar radiation, with the 

pyrimidines therein undergoing photochemical changes that result 

in cyclobutane dimers and other by-products, which, 

physiologically, are repaired by specific enzymes. This system is 

effective. However, excessive sun exposure can make this repair 

less efficient.2 The ultraviolet B (UVB) band of solar radiation is 

able to damage DNA directly. 2  
A second protective mechanism against changes to 

nuclear DNA is the apoptotic mechanism, in which damaged 

cells undergo the activation of a self-destruct mechanism 

(apoptosis), thus preventing the generation of new damaged cells. 

The main gene involved in the apoptotic mechanism triggered by 

solar radiation is the p53 gene.3   
Apoptotic cells (also called sunburn cells) can be seen 

shortly after exposure to UVB radiation.2  
When DNA repair or apoptosis mechanisms are 

insufficient in the prevention of the generation of new 

damaged cells, the carcinogenic mechanism is triggered, 

which can lead to skin cancer lesions years later, particularly 

non-melanoma skin cancer.3.4  
Photochemical reactions have important effects on human 

skin, depending on the wavelength and amount of energy. The 

natural result of photochemical reactions is the generation of reactive 

oxygen species, highly reactive molecules that can damage cellular 

and extracellular structures such as fibroblasts, collagen, elastin and 

glycosaminoglycans. The main triggers for oxidative changes in 

collagen are proteinases such as matrix metalloproteinases (MMPs) 

and, more specifically, MMP-11.   
The epidermis and dermis undergo chemical and 

histological changes after persistent sun exposure, which 

favours the rapid onset of wrinkles, roughness, dryness, 

telangiectasia, and irregular pigmentation, all of which are 

clinical signs of aging. All bands of solar radiation, including 

ultraviolet A and B (UVA and UVB), visible light (LV) and 

infrared (IR), are able to generate ROS1.   
Another cellular effect of solar radiation, especially 

ultraviolet radiation, is the ability thereof to reduce cellular 

immunity, mainly due to the reduction in the number and 

 
activity of Langerhans cells, which affects the ability to respond 

to external agents, such as viruses, and internal agents such as 

neoplastic cells. Clinically, the appearance of infectious 

dermatoses such as herpes simplex, and their contribution to the 

development of neoplastic lesions, are possible effects of 

photoimmunosuppression.5 

 

Pigmentation of the skin is a photoadaptive mechanism to 

protect against the harmful effects of solar radiation and is the 

result of the oxidation of melanin present in keratinocytes or the 

production of new melanin by melanocytes. Both these 

mechanisms depend essentially on the phenotypic characteristics 

of the individual (phototype), the exposure time, and the specific 

solar radiation, with UVA radiation and visible light being the 

most effective at producing immediate and persistent 

pigmentation.6  
Regular sunscreen use (photoprotectors) is considered 

an essential measure to reduce the harmful effects of solar 

radiation. 7   
Photoprotectors act primarily by way of organic and 

inorganic filters, molecules or particles that are able to reflect, 

disperse or absorb the radiation that reaches the surface of the 

skin, thus preventing it from penetrating the layers of the 

epidermis and dermis.8.9  
The mechanism of action of photoprotectors largely 

depends on the formation of a uniform film on the surface of the 

skin, which is why they are very susceptible to inadequate 

application in terms of manner, frequency, or recommended 

amount.10.11  
More recently, active substances with a biological 

photoprotective action have been proposed. Instead of interacting 

directly with incident radiation, these substances act via 

biological mechanisms, protecting or reducing the effects of 

radiation on cellular structures and minimising its harmful 

effects.1  
These agents include Polypodium leucotomos extract 

(PLE), a plant extract obtained from a fern species widely 

found in Central American countries by way of a standardized 

extraction process.12  
There are more than 70 publications on the 

photoprotective effects of Polypodium leucotomos extract in 

the catalogued international literature. These articles 

demonstrate its biological effect through topical or oral use 

via, among other mechanisms, the reduction of damage to 

cellular DNA, antioxidation, the protection of Langerhans 

cells and the reduction of melanogenesis.12,13,14,15,16,17  
The objective of the present study was to perform a 

comparative evaluation of the efficacy of a photoprotector containing 

Polypodium leucotomos extract and another with no PLE in reducing 

the effects caused by acute exposure to solar radiation.  
METHODS 

Study population  
This study was carried out after receiving approval 

from the University of San Francisco Research Ethics 

Committee on 05 November 2018.  
It was carried out between 03 December 2018 and 06 

February 2019 and involved 10 volunteers of both sexes, aged 

between 18 and 70 years, with phototype III, according to the 

Fitzpatrick scale.  
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Other non-inclusion criteria, such as active disease, use of other 

systemic or local medications, previous exposure to solar 

radiation and clinical changes in the dorsal area to be irradiated 

and treated, were determined and evaluated. 

 

Investigational products  
The investigational product was the SPF 90 sunscreen 

(Heliocare Max Defense SPF 90) - SPF 90 with PLE, which is 

commercially available and duly registered with ANVISA, 

which contains a combination of organic and inorganic filters 

and standardised 0.5% Polypodium leucotomos extract (PLE).  
The comparator, which also had SPF 90 (SPF 90 

sunscreen without PLE), was specially developed for the study, 

and contains the same combination of organic and inorganic 

filters as the investigational product, but no PLE. 

 

Source of exposure to solar radiation   
The study was carried out using a solar simulator 

(Solar Light - USA) adapted for exposure to the full solar 

spectrum (UVB, UVA, visible and infrared light). 

 

Study methodology  
The study methodology, in terms of determining the 

minimum erythematous dose, irradiation, equipment, quantity 

and application of the product and visual reading of the erythema, 

adhered strictly to standard ISO 24444:2010,18 which is 

considered a reference by ANVISA when determining the SPF 

for registering sunscreens in Brazil. 19  
Before the actual test, it was necessary to determine the 

minimal erythematous dose (MED) for each participant.  
To do this, an area of the volunteer’s back was selected 

and six sub-sites were exposed to UV radiation at doses in a 

geometric progression with a ratio of 1.12, thus resulting in a 

variation of 12% between each sub-site.  
After 24 hours, the participants’ MED was defined by 

the presence of clear erythema with well-defined contours at 

the site which received the lowest dose of ultraviolet (UV) 

radiation.  
Following determination of the MED, four areas were 

established on the participant’s dorsal region. The 

arrangement of the areas was randomised among the 

participants, as shown in Figure 1.  
Once these areas had been established, a 2 mg/cm2 amount 

of the investigational products was applied to the 

respective area.  
 

After drying for an average of 15 minutes, six sub-sites 

in each area were exposed to UV radiation at doses in a 

geometric progression with a ratio of 1.12, thus resulting in a 

variation of 12% between each sub-site.  
It should be noted that, in accordance with ISO 

24444:201018, the dose irradiated in the areas protected with 

the two investigational products was multiplied by the 

estimated SPF of the product (90 in this particular case). In 

other words, the irradiance provided in areas A1 and A2 was 

90 times higher than that in area A3. This action is necessary 

to eliminate the photoprotective effect (physical and chemical 

filters) of the analysis. 
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After 24 hours of exposure, the erythema reading was taken 

in the exposed areas, then colorimetry was measured for all sub-sites 

in all study areas. A CR-400 colorimeter (Minolta) 
 
 was used for colorimetry measurements and the values 

determined for the parameters a*, b* and L* were used to 

determine the individual typology angle (ITAo).  
 

After taking the colorimetry measurements, material was 

collected to carry out an anatomopathological and 

immunohistochemical study, taking a sample from each of the 

four areas irradiated at the same sub-site, defined as the third sub-

site.  
These samples were evaluated by a specialised 

laboratory to detect the following markers: quantification of 

sunburn cells (keratinocyte apoptosis and, therefore, DNA 

damage), quantification of anti-CD1a antibodies (Langerhans 

cell marker), quantification of anti-p53 antibodies (marker of 

DNA damage), quantification of anti-MMP-1 antibodies 

(marker of matrix metalloproteinases and, therefore, collagen 

damage) and quantification of anti-tyrosinase antibodies 

(marker of melanogenesis). 

 

RESULTS  
A total of 21 participants were screened, of which 10 

were selected for the study.  
The age range of the participants was 18 to 55 

years, with a mean of 32 years. 

 

Instrumental Pigmentation Assessment - ITA 

(individual typology angle)  
The individual typology angle is a colorimetric 

measurement calculated from the variation in the colorimetry 

parameters b* and L* and which determines the pigmentation 

of the skin according to the following equation: 

 

ITA° = ArcTg [(L – 50)/b] x 180/3.14159 

 

The higher the ITA°, the lighter the skin, and therefore, 

in the pigmentation process, any decrease in ITA° represents 

the darkening of skin.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Example of arrangement of areas on the back of the   
participants; A1: skin protected with the investigational product; A2:  

skin protected with the control product; A3: irradiated unprotected skin; 
and A4: non-irradiated unprotected skin 
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Figure 2 shows the treated and control areas with 

and without irradiation.  
It can be observed that the three irradiated areas (treated 

or untreated) presented variations with respect to the non-

irradiated area (control).  
Considering that area 04 (control) did not receive treatment or 

irradiation during the study, the difference in ITA° between the 

treated (A1 and A2) and untreated (A3) areas with respect to the 

control area (A4) shows how much the skin became pigmented after 

irradiation, with the expectation that use of the investigational product 

(A1) would have a greater protective effect against pigmentation than 

the SPF 90 sunscreen product (A2) and that, in turn, both would 

present less variation than the unprotected area (A3). Therefore, the 

closer to zero, the smaller the difference between the irradiated and 

control areas, thus indicating less pigmentation of the area.  
The results showed that the irradiated and unprotected 

area presented a variation in ITA° of 3.56 points with respect to 

baseline (non-irradiated area), whereas the areas protected with 

the investigational product and the SPF 90 sunscreen presented a 

variation of 2.51 and 3.04 points, respectively.   
Table 1 shows the percentage variation between the 

deltas of the irradiated areas and the control area without 

irradiation.  
When comparing the area treated with the investigational 

product and the unprotected area, it can be seen that the product 

was 29.67% more effective, whereas the SPF 90 product was 

14.56% more effective in the untreated area, practically half of 

the response of the PLE-containing product, thus demonstrating 

the efficacy of the formulation of the latter product with respect 

to the comparator in terms of inhibiting skin pigmentation after 

solar irradiation.  

 
Mean ITA° (Individual Typological Angle) 

 
 
 
 
 
 
 
 
 
 

 
Heliocare Max Sunscreen Irradiated without protection Control (A4)  

defense (A1) SPF 90 (A2) (A3)  
 

Figure 2: Mean ITA° of the areas treated with the test products, SPF 90 
sunscreen and irradiated and non-irradiated control areas. N = 10  

 
 

 
Table 1: Comparison of the deltas for the irradiated areas and the non-

irradiated control area (A4). N = 10 
 
 Areas Variation % 
   

 Delta (Sunscreen SPF 90 – Control)  
 Versus -14.56% 
 Delta (Irradiated without protection – Control)  

 Delta (Investigational product – Control)  
 Versus -29.67% 
 Delta (Irradiated without protection – Control)  

 Percentage variation between areas 17.70% 
   

 
 

The difference between pigmentation intensity in the 

areas treated with the investigational product and the areas 

treated with the sunscreen SPF 90 product was 17.70%, with 

the investigational product being more effective at protecting 

against skin pigmentation caused by solar radiation. 
 

Instrumental evaluation of erythema (a* parameter 

in colorimetry)  
The a* parameter in colorimetry indicates the colour 

variation between green (negative) and red (positive). As such, 

the lower the a*, the lesser the redness or erythema of the skin.  
Considering that area 04 (control) received no 

treatment or irradiation during the study, the difference in a* 

between the treated areas (A1 and A2) and the control area 

(A4) shows how much erythema the skin developed, with the 

expectation that the investigational product (A1) would 

present less erythema than the sunscreen SPF 90 product 

(A2).   
Figure 3 shows the differences between the treated area 

(A1) and that of the sunscreen SPF 90 (A2) with respect to the 

non-irradiated control area (A4).  
The difference in erythema intensity between the treated 

areas was 6.79%, in other words, the Heliocare MD 90 product 

produced 6.79% less erythema than the SPF 90 control product. 
 

Histological evaluation of apoptosis - sunburn cells 

count  
Keratinocytes are the main cell type in the skin and, 

therefore, the main target of the alterations produced by 

different types of stress.  
Solar radiation can trigger morphological changes in 

keratinocyte DNA and, at the same time, promote a protective 

cellular apoptosis mechanism. Apoptotic cells are also called 

sunburn cells.  
The keratinocytes that underwent apoptosis were 

quantified in the four study areas (area protected with the 

investigational product, area protected with the sunscreen SPF 

90 product, irradiated area without protection and control area).  
In general, the samples of skin not protected with one 

of the investigational products presented a higher number of 

apoptotic keratinocytes per field, whereas the areas protected 

with the investigational products presented a lower number of 

apoptoses (Figure 4). 
 

Variation of the a* parameter for treated areas A1 and A2 with respect to the non-irradiated area 
A4  

 
2.99 

 
 
 

 
2.8 

 
 

 
Heliocare MD90 (A1)  Sunscreen SPF 90 (A2)   

 
Figure 3: Difference in a* between the areas treated with the 

investigational product and the sunscreen SPF 90 with respect to the 
non-irradiated control area. N = 10 
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Figure 5 shows the average apoptotic keratinocytes per 

field, as well as the percentage variation between the areas 

evaluated.  
The irradiated and unprotected area showed greater 

positivity for keratinocyte apoptosis, with this being 1600% 

higher than the control area (without irradiation and without 

protection), thus showing the effect of irradiation on 

keratinocyte apoptosis.  
The sunscreen SPF 90 product induced a 53.74% 

reduction in the number of apoptotic cells, thus demonstrating 

the effectiveness of the combination of physical and chemical 

filters on this effect. In turn, the investigational product 

induced a 59.79% reduction in the number of apoptotic cells.  
In comparison, the investigational product presented 

13.08% fewer apoptotic cells than the other sunscreen with 

the same SPF, thus showing greater efficacy in protecting 

against damage to cellular DNA and, therefore, against 

keratinocyte apoptosis due to the presence of the Polypodium 

leucotomos extract.  
 

Immunohistochemical evaluation of p53 protein 

expression (DNA damage)  
The p53 protein is expressed in mutated keratinocytes 

as a consequence of the alteration of nuclear DNA with 

generation of cyclobutane pyrimidine dimers (CPD), due to  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Volunteer R05 AR1 Volunteer R05 AR3  

 
Figure 4: Apoptotic keratinocytes in the area protected with the 

investigational product (AR1) and in the irradiated area without protection 
(AR3)  

 
 

the action of UVB radiation. Thus, expression of the p53 

antibody can be considered a marker for cellular DNA 

damage and, consequently, the carcinogenic action of solar 

radiation. The unprotected irradiated area was expected to 

show higher positivity for this marker, which was indeed the 

case, as can be seen in Figure 06.  
The irradiated area without protection presented 426% 

more positivity for the anti-p53 marker than the control area 

(without irradiation and without protection), thus 

demonstrating the ability of irradiation to produce damage to 

cellular DNA and, therefore, the expression of p53.  
The sunscreen SPF 90 product induced a 69.10% 

reduction in p53 expression, thus demonstrating the 

effectiveness of the combination of physical and chemical 

filters on this effect. In turn, the investigational product 

induced a 75.34% reduction in p53 expression.  
When comparing the products, it can be seen that the 

investigational product was 20.18% more effective than the 

comparator in terms of protection against the generation of 

p53 and, therefore, against carcinogenesis. This effect is due 

to the presence of the Polypodium leucotomos extract in the 

product. 

 

Immunohistochemical evaluation of Langerhans 

cell protection (photoimmunoprotection)  
The CD1a antibody marks the expression of antigen-

presenting epidermal dendritic cells, also known as Langerhans 

cells. Langerhans cells are important cellular elements in innate 

cellular immunity, with microbial antigen (such as viruses and 

bacteria) and tumour cell antigen presenting activities. Solar 

radiation is known to significantly reduce the activity or number 

of Langerhans cells in the epidermis, thereby triggering 

photoimmunosuppression and increasing the occurrence of viral 

infections (such as herpes simplex), as well as reducing 

immunological activity to protect against the clonal expansion of 

tumour cells.  
As stated above, irradiation would be expected to 

adversely affect irradiated skin for this antibody. As such, and as 

observed, a decrease in the number of Langerhans cells marked 

by the antibody would be expected.  
 

 

Sunburn cell count 
P5
3  

 
 
 
 
 
 
 
 
 
 
 

 
A4 (non-irradiated area) A3 (irradiated and A2 (area protected A1 (area protected  
                                         unprotected area) with SPF 90 sunscreen)    with Heliocare MD90)  

 
Figure 5: Means and variations in apoptotic keratinocytes by field in the 

area protected with the investigational product, the area protected with 
the sunscreen SPF 90 product, the irradiated area without protection and 

the control area. N = 10 
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A4 (non-irradiated area)  A3 (irradiated and                A2 (area protected          A1 (Area protected 
 unprotected area)   with SPF 90 sunscreen     by Heliocare MD90)  

 
Figure 6: Mean positivity of the anti-p53 antibody and its variation in the 
area protected with the investigational product, the area protected with 

the sunscreen SPF 90 product, the irradiated area without protection 
and the control area. N = 10 
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Figure 7 shows the mean quantification of anti-CD1a 

antibodies in the areas evaluated.  
The results showed that exposure to solar radiation 

induces a 33.89% reduction in CD1a expression, thus 

demonstrating a Langerhans cell-reducing effect (and therefore 

an immunosuppressive effect) of solar radiation.  
Contrary to expectations, the sunscreen SPF 90 product 

induced a 12.02% reduction in the expression of CD1a, which 

shows that the combination of physical and chemical filters 

was not effective in protecting against 

photoimmunosuppression. In turn, the investigational product 

induced a 33.01% increase in CD1a expression. As such, it can 

be seen that the investigational product is effective at 

protecting Langerhans cells against the effects of solar 

radiation.  
When comparing the results of the two photoprotectors, it 

can be seen that the Heliocare SPF 90 product was 51.18% more 

effective in terms of CD1a (and, therefore, Langerhans cell) 

expression than the product with the same formulation and SPF but 

lacking Polypodium leucotomos. 

 

Immunohistochemical evaluation of matrix 

metalloproteinases MMP-1 expression (damage to 

collagen and dermal structures)  
MMP-1 labelling was performed by counterstaining 

the samples with Giemsa. This caused all the melanin present 

in the cytoplasm of the keratinocytes to stain green, while the 

metalloproteinase-1 produced by them was stained brown 

(Figure 08). 

 
CD1a  

 
 
 
 
 
 
 
 

 
A4 (non-irradiated area)  A3 (irradiated and        A2 (area protected              A1 (Area protected                                                  
u                                                    unprotected area        by SPF 90 sunscreen)       (by Heliocare MD90)  
 

   

 
Figure 7: Mean positivity of the CD1a antibody and variation in the area 

protected with the investigational product, by the sunscreen SPF 90 product, 
the irradiated area without protection and the control area. N = 10  

  
MMP-1 can be considered a marker of the stimulus to 

collagen damage triggered by oxidative stress factors, in the 

present case due to solar radiation. It is known that solar 

radiation induces a process of oxidative stress, which triggers 

a greater expression of metalloproteinases, including MMP-1. 

These enzymes, in turn, are known to induce collagen 

degradation and subsequent trophic alteration of the dermis, 

which in the long term translates into clinical signs of skin 

aging, such as wrinkles and sagging.  
As expected, in the vast majority of cases, the areas protected 

with the investigational products presented little or no positivity for 

MMP-1. In contrast, the unprotected and irradiated area showed 

marked positivity for this antibody.  
Figure 9 shows the graph of means and variations in 

positivity for the MMP-1 antibody in the area protected with the 

Heliocare Max Defense SPF 90 product, the area protected with 

the SPF 90 sunscreen product, the irradiated area without 

protection and the control area.   
The irradiated area without protection showed a 100% 

higher positivity for the MMP-1 marker compared to the 

control area (without irradiation and without protection), thus 

demonstrating the efficacy of irradiation in the generation of 

metalloproteinase 1.  
The sunscreen SPF 90 product induced a 36.92% 

reduction in MMP-1 expression, thus demonstrating the partial 

effectiveness of the combination of physical and chemical 

filters on this effect. The investigational product, in turn, 

induced a 70.90% reduction in MMP-1 expression.  
When comparing the products, the investigational 

product was observed to be 53.88% more effective than the 

sunscreen SPF 90 product in reducing MMP-1 expression, 

which shows a greater capacity to protect the skin against the 

degenerative effects of solar radiation on collagen due to the 

presence of Polypodium leucotomos extract. 
 

Immunohistochemical evaluation of tyrosinase 

expression (melanogenesis)  
The enzyme tyrosinase participates in the melanogenesis 

cascade, transforming tyrosine into melanin at the end of the 

process.  
It is known that solar radiation can stimulate 

melanogenesis by increasing tyrosinase activity. On the other 

hand, sunscreens with anti-melanogenesis action must be able to 

inhibit tyrosinase expression, albeit partially.  
MMP-1  

 
 
 
 
 
 
 
 
 
 

 
Figure 8: Melanin stained green (triangle) while the positivity for 

anti-MMP-1 antibody is in brown (arrow)  

 
 
 
 
 
 
 
 

 
 

A4 (non-irradiated area) A3 (irradiated and A2 (area protected A1 (area protected  

 unprotected area) by sunscreen  

 by Heliocare MD90)  

  SPF 90)  

   
  

Figure 9: Mean and variation of positivity for the MMP-1 antibody in the 
area protected with the investigational product, the area protected with 
the sunscreen SPF 90 product, the irradiated area without protection and 

the control area. N = 09 
 

 
Surg Cosmet Dermatol. Rio de Janeiro vol. 11, no. 4 Oct-Dec. 2019 pp. 310-318. 



 
316 Schalka S, Donato LC  
 

Figure 10 shows the mean positivity for the 

antityrosinase antibody in the area protected with the 

investigational product, the area protected with the sunscreen 

SPF 90 product, the irradiated area without protection and the 

control area.  
The results show that exposure to solar radiation 

caused a 26.06% increase in expression, thus demonstrating a 

pigmenting effect of solar radiation, as expected.  
Unexpectedly, the sunscreen SPF 90 product induced a 

2.95% increase in tyrosinase expression, thus showing that the 

combination of physical and chemical filters lacks a protective 

effect against pigmentation. The investigational product, in turn, 

induced a 2.77% reduction in p53 expression.  
When comparing the products, it can be seen that the 

investigational product is more effective at protecting against 

melanogenesis than the SPF 90 product without Polypodium 

leucotomos extract, although the difference between the 

groups is only 5.55%.  
 

DISCUSSION  
Polypodium leucotomos extract is a known 

photoprotective agent for oral and/or topical use due to its 

antioxidant, immunoprotective and protective action on 

cellular DNA and against the degradation of collagen caused 

by solar radiation.12 There are numerous publications in the 

scientific literature demonstrating its effect in both in vitro and 

in vivo studies,   
especially for oral use.  

With regard to the topical form, some studies have 

demonstrated the action of PLE in the protection of 

keratinocytic DNA and Langerhans cells, as well as the action 

of matrix metalloproteinases in collagen degradation.13-16  
The innovative objective of the present study was to 

demonstrate the topical action of Polypodium leucotomos extract 

in photoprotection when combined with physical and chemical 

filters in a photoprotective formulation with SPF 90.  
To that end, and to reinforce the action of the PLE 

itself, it was decided to make the comparison with the same 

formulation but without PLE. Thus, the changes found in the 

results obtained with the products (investigational and 

comparator) would be due exclusively to the presence of PLE 

in the formula. 

 
Tyrosinase  

 
 
 
 
 
 
 
 
 

 
A4 (non-irradiated area) A3 (irradiated and A2 (area protected A1 (area protected  

unprotected area) by sunscreen  by Heliocare MD90) 
 

Figure 10: Mean and variation of positivity for antityrosinase antibody in   
the area protected with the test product, the area protected with the 

sunscreen SPF 90 product, the irradiated area without protection and the 
control area. N = 10 
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The chosen study model was clinical, with volunteers 

subjected to solar radiation using a solar simulator capable of 

emitting radiation in the UV, visible and infrared bands.  
The volunteers were subjected to increasing doses of 

radiation in a study model similar to that carried out to 

determine SPF, which includes the premises of the 

internationally accepted method ISO 24444: 2010.18   
The results obtained in the colorimetric evaluations were 

consistent and, as expected, showed that solar radiation was 

capable of producing erythema and pigmentation. Also as 

expected, the use of an SPF 90 sunscreen reduced the intensity of 

erythema and pigmentation. When a sunscreen containing 

Polypodium leucotomos extract in its formulation, in addition to 

physical and chemical filters, was used, the results in terms of 

reduction of erythema and pigmentation were even more evident, 

thus demonstrating, in an unprecedented manner, the efficacy of 

said extract when combined with physical and chemical filters in 

reducing the two main biological events of acute sun damage, 

namely erythema and pigmentation.  
When evaluating the results of the histological and 

immunohistochemical markers, it was observed that, in all 

situations (DNA damage, immunosuppression, degradation of 

collagen and dermal elements by MMP-1 and stimulation of 

melanogenesis), full-spectrum solar radiation (ultraviolet A 

and B, visible and infrared light) was able to produce the 

biological effect. This data demonstrates the adequate 

selection of markers to carry out the study.  
When the skin of the volunteers was protected with the 

sunscreen SPF 90 without Polypodium leucotomos extract, it was 

found that the action of the physical and chemical filters was 

partially effective in terms of protecting against DNA damage and 

damage to dermal structures, but was not effective for protecting 

against immunosuppression or melanogenesis. The possible 

explanation for these findings is that long wavelength UVA 

radiation, visible light and infrared light have something to do 

with these effects, especially in melanogenesis, which are not 

adequately protected by ultraviolet filters.  
Finally, when evaluating the response in the areas 

protected with the investigational product (a formulation 

containing a combination of physical and chemical filters and 

Polypodium leucotomos extract), the efficacy of said 

formulation was found to reduce all histological markers, 

exceeding the results of the area treated with the combination 

of physical and chemical filters only.  
Table 02 shows the variations found in the 

histopathological results, which can be attributed to the set of 

UV filters, the PLE or a combination of both.  
As can be seen, the most relevant data is observed 

when comparing the results of the investigational product with 

the comparator. The differences found when comparing these 

results are due exclusively to the presence of Polypodium 

leucotomos extract, as this is the only ingredient present in the 

investigational product that is not present in the comparator. 
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Table 2: Summary of the evaluation results  
 
 

Positive effect 
Positive effect Increase 

 

 

percentage of 
 

 derived from  

 

derived from 
 

 

effect due to 
 

Marker combination of  

physical filters and 
 

presence of PLE 
 

 PLE with filters  

 

chemical 
 

 

in formulation 

 

 physical and 
chemical 

 

  
 

    
 

Sunburn cells 53.74% 59.79% 13.08% 
 

P53 69.10% 75.34% 20.18% 
 

CD1a 
-12.02% 

33.01% 51.18%  

(negative effect)  

   
 

MMP-1 36.92% 70.90% 53.88% 
 

Antityrosinase 
-2.95% 

2.77% 5.55% 
 

(negative effect) 
 

 
 

Finally, with regard to the tyrosinase inhibitory action, it 

can be seen that the behaviour of the products is essentially 

similar, with a small and favourable variation for the 

investigational product. This may be due to the less acute nature 

of the skin pigmentation process, which depends on successive 

exposure to solar radiation, which did not occur in the present 

study.  
Our findings show that the addition of Polypodium 

leucotomos extract added positive effects to the photoprotector 

comprised of only ultraviolet filters, thus indicating the 

biological photoprotective effect of this active substance. 

 

CONCLUSION  

 

In the individual analysis of the markers, the 

photoimmunoprotective effect (with a proportional increase of 

51.18% of Langerhans cells with respect to the SPF 90 product) 

and the protection against damage to collagen structures, 

evidenced by a 53.88% higher reduction for the investigational 

product compared to the product of the same formulation but 

without PLE, should be noted.  
As regards p53 and sunburn cells, which are markers 

for DNA damage, it can be seen that the investigational 

product had a better response than the SPF 90 comparator 

(20.18% and 13.08%, respectively). 
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