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Abstract 
Plant extracts (PEs) are frequently used as ingredients in skin and hair care 
products to improve protection against the excess of sun exposure. PEs are 
usually selected based on their antioxidant capacity for reducing the damage in 
lipids and proteins, which are key molecules in the maintenance of skin ho-
meostasis and hair integrity. Interestingly, biomolecules that do not have any 
antioxidant capacity can have a protective effect by physically adsorbing and 
inhibiting leakage of membranes. Our aims are: 1) to develop an experimental 
protocol that quantifies the level of membrane damage/protection; 2) to rec-
ommend an approach to compare the membrane protection efficiency of dif-
ferent PEs; 3) to briefly describe the mechanisms of membrane protection. 
Evaluation of membrane damage/protection is based on a phospholipid lipo-
some system that signals the membrane rupture caused by photo-induced lipid 
oxidation. Carboxyfluorescein (CF) emission is monitored as a function of time 
(120 min) in a controlled experimental setup, in which a certain level of mem-
brane damage is induced by Dimethyl-Methylene Blue (DMMB) photosensi-
tized oxidation during red-light irradiation. Percentage levels of membrane 
damage/protection are calculated by comparing the CF fluorescence level of 
DMMB-liposomes in the presence of varying concentrations of mem-
brane-protective ingredients with that of surfactant-dissolved DMMB-liposomes. 
Membrane protectants reduce the level of CF fluorescence during irradiation 
of DMMB-liposomes. Gallic acid (GA) and trehalose (Tre) were used as 
standard compounds to compute the levels of protection by the antioxidant 
and physical adsorption mechanisms, respectively. The percentage of membrane 
protection was shown to be linearly proportional to the concentration of the 
standard protectants. The performance of PEs was measured and compared in 
terms of GA or Tre membrane protection equivalents. All extracted also had 
their antioxidant capacities evaluate by the anti-radical DPPH assay. The mem- 
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brane protection efficiency parallels the anti-radical efficiency for extracts 
that have antioxidant activity. However, even extracts that are mainly 
enriched in polysaccharides and that do not have any measurable anti-radical 
capacity were able to protect membranes. We propose that these extracts 
protect membranes by the physical adsorption mechanism, in comparison 
with the protection observed by Tre and also based on the known effect of 
carbohydrates that can protect against membrane micro-fissures. The mem-
brane damage assay described here can be used to evaluate and compare the 
performance of cosmetic ingredients with claims of maintaining lipid mem-
brane integrity of skin and hair products. 
 

Keywords 
Photoprotection, Antioxidants, Sugars, Polyphenols, Flavonoids,  
Photochemistry 

 

1. Introduction 

The interaction of photons with absorbing molecules naturally present in human 
skin, here simply called photosensitizers (PS), can trigger a variety of photo-
physical and photochemical events [1]. For example, DNA itself absorbs Ul-
tra-violet B radiation (UVB, 280 - 320 nm), triggering the formation of muta-
genic photoadducts [2]. Among these processes, the formation of long-lifetime 
excited states (triplet excited states) facilitates several photosensitized oxidation 
reactions that can cause photoaging and other skin diseases [2] [3]. Uncon-
trolled lipid oxidation is also associated with many diseases, including cancer, 
Alzheimer and many inflammatory diseases [4]-[10].  

The structure and function of human skin are highly dependent on the cuta-
neous barrier function, which avoids water loss as well as the entrance of exter-
nal agents. Lipids exert a fundamental role in the barrier function by forming in the 
stratum corneum (SC) an orthorhombic, highly ordered, and densely packed, la-
mellar phase. The general lipid composition (by mass) of the SC is made of a 
mixture of ceramides (~50%), fatty acids (10% - 20%), and cholesterol (~25%) 
[11]. The ceramide portion is highly enriched in linoleic acid, a polyunsaturated 
fatty acid (PUFA) and consequently easily oxidized [12]. Indeed, lipid oxidation 
caused by sun exposure alters the lipid composition (formation of hydroperox-
ides and chain-truncated-aldehyde ceramides) of the SC [13] and considerable 
disturbances in the lipid packing and the barrier functions [14]. The basal layer 
and the dermis are tissues harboring living cells with bilayer lipid membranes, 
which provide physical barriers to separate the external from the internal envi-
ronment of cells and organelles and mediate the entry and exit of diverse sub-
stances necessary to maintain cellular homeostasis. Lipid membranes are rich in 
conjugated double bonds and, therefore, are an easy target of photosensitized 
oxidation reactions [15]-[21]. Consequently, lipid integrity directly affects the 
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homeostasis of superficial tissues [22].  
Not only the skin but also the structure and function of hair depend on the 

composition and packing of lipids, which are made mainly of 18-methyleicosanoic 
acid (18-MEA) and free fatty acids, cholesterol, ceramides. Lipids exert a struc-
tural role in hair by self-organizing in phases called a cell membrane complex 
(CMC), which are present in both cuticle and cortical cells. CMC modulates the 
structure and the properties of both cuticle and cortical parts of hairs as well as 
the interface between them [23]. Unsaturated lipids present in the hair fibers are 
also prone to suffer oxidation by chemical treatments or by environmental in-
sults, such as light exposure. Accumulation of lipid peroxides correlates with the 
loss of hair properties such as strength and shine [24].  

The photoinduced lipid oxidation starts either by the Type I or the Type II 
mechanisms of photosensitized oxidation. In the Type I mechanism, electron or 
hydrogen abstraction from biological substrates form carbon-centered radicals, 
initiating a series of radical-chain reactions [25]. Most excited states will have 
enough energy to abstract hydrogens from unsaturated lipids carrying either a 
single double bond or several conjugated double bonds (PUFA). The photoin-
duced lipid oxidation mechanism differs from the radical-based auto-oxidation 
mechanism, which greatly depends on lipids carrying PUFA. After the first step 
of hydrogen abstraction, chains radical chain reactions can progress to the for-
mation of peroxyl and alkoxyl radicals Alkoxyl radicals can suffer beta scission, 
leading to the accumulation of lipid truncated aldehydes [26] [27]. In the Type II 
mechanism, the excitation energy is transferred to molecular oxygen, resulting 
in the formation of singlet oxygen (1O2), which is highly electrophilic, adding to 
the double bond of biomolecules and in the case of lipids, forming hydroperox-
ides [26]. Both lipid truncated aldehydes and carboxylic acids as well as lipid 
hydroperoxides disturb significantly the packing order of lipids and the mem-
branes’ properties [16]. The lipid peroxidation reactions continue to propagate 
in the dark, with the beginning of a new chain of oxidations by peroxyl and al-
koxyl radicals and the decomposition of lipid hydroperoxides into other inter-
mediate radicals [28].  

Antioxidant strategies are often used to prevent skin cancer and premature 
skin aging by inhibiting/spreading photo-oxidative reactions. Supplementation 
with compounds of plant origin and with pure molecules with recognized anti-
oxidant potential is quite frequent [29]. Plant extracts effectively protect against 
the effects of sun exposure [30] [31] [32]. The action mechanism involves mainly 
the antioxidant effect, decreasing or inhibiting the damage generated by free 
radicals and/or other oxidizing compounds. Plant extracts’ protective effect has 
motivated the cosmetic industry’s interest, especially in understanding damage 
and protection mechanisms [30] [32]-[38]. In addition to the antioxidant effect, 
it has been shown recently that plant compounds can also have a protective ef-
fect by physically adsorption and mechanical protection against membrane rup-
ture [39]. 

The level of membrane damage and membrane rupture can be evaluated by 
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the Carboxyfluorescein (CF) assay in liposome suspension [40] [41]. Herein, we 
aim to report an experimental protocol that can evaluate membranes’ damage by 
photosensitization and protection by different types of cosmetic ingredients. 
We also focus on assessing and quantifying the membrane protecting efficacy 
of several plant extracts (Figure 1) and on discussing the two most important 
mechanisms of membrane protection, i.e., antioxidant and physical adsorp-
tion. 

2. Materials and Methods 
2.1. Reagents 

1,1’-diphenyl-2-picryl-hydrazyl (DPPH), 6-hydroxy-2,5,7,8 tetramethylchro-
man-2-carboxylic acid (Trolox), Carboxyfluorescein (CF) and Gallic Acid were 
purchased from Sigma-Aldrich. Tris-NaCl, Sephadex-G50, Chloroform, and 
1,9-Dimethyl Methylene Blue (DMMB) were obtained from Merck. Folin- 
Ciocalteau was acquired from Haloquímica (São Paulo, Brazil). The vegetable 
extracts and soy lecithin were provided by Farma Service PE (São Paulo, Bra-
zil). 
 

 
Figure 1. Proposed model for damage assessment and protection of membranes. 
Above: photo-induced reactions that cause lipid oxidation and membrane lea-
kage. Below: the green leaves represent the anti-radical effect that avoids the 
generation reactive oxidant species and the propagation of the lipid peroxidation 
and the yellow shell represents carbohydrates that physically adsorb in the lipid 
head-groups and that avoid leakage. 
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2.2. Photosensitizer 

The 1,9-dimethyl methylene blue (DMMB) photosensitizer was solubilized in 
ethanol and diluted in water at around 30 times. The final concentration (15 
µM) was determined by absorption using a Shimadzu UV-VIS 2400 spectro-
photometer.  

2.3. Preparation of the Carboxyfluorescein Solution 

The CF solution was prepared by adding 1.882 g of solid CF to 100 mL of an 
aqueous solution containing 60.57 g of Tris buffer. Sodium Hydroxide was add-
ed until the pH reached 8.0, and it was stored away from light. 

2.4. Preparation of Liposomes 

Multilamellar liposomes were prepared from soy lecithin with CF encapsulated 
in the internal compartment. Initially, Chloroform was added to soy lecithin in a 
test tube to obtain the final concentration of 30 mg·mL−1. The solvent was re-
moved with an Argon flow, while the tube was rotated in an inclined manner 
until obtaining a thin film on its walls. The film was hydrated with a CF solution 
and vortexed. After 10 minutes of sonication in an ultrasonic bath sonicator, the 
system was again vortexed. The suspension obtained was filtered on a Sephadex 
G-50 column equilibrated in 10 mM Tris/HCl (pH 8.0) and 0.3 M NaCl to re-
move the free CF [42]. The fraction containing liposomes with CF encapsulated 
in the internal compartment was easily visualized in the Sephadex column and 
collected in a test tube. 

2.5. Quantification of Liposome Leakage 

The concentration of CF inside the liposomes is high enough to promote fluo-
rescence self-quenching; therefore, an increase in CF fluorescence indicates lea-
kage to the external solution [43] and can be used to measure membrane dam-
age. The total fluorescence intensity of the CF released by lysis of the liposomes 
was measured with 5% (v/v) Triton-X aqueous solution. The content of CF re-
leased from liposomes (percentage of release) was calculated by dividing the ini-
tial fluorescence intensity by the total intensity of the released CF. 

initial

total

FI
% Release 1

FI
  

= −  
   

 

The experiment to quantify the damage in the model membrane consisted of 
comparing the action of the photosensitizer (DMMB) in the permeabilization of 
the liposomes. This experiment was carried out in fluorescence plate reader of 96 
wells clear bottom black, with 8 wells destined to the blank (only buffer), 8 wells 
destined to the control (only liposomes and buffer), and the rest to liposomes 
and variable amounts of the buffer, photosensitizer and vegetable compounds 
under study. The volume of liposome suspension added to the assay well cham-
ber was always 7 μL, and the final volume was kept constant at 300 μL. The ir-
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radiation was carried out with LED’s λemission = 639 nm, in an arrangement de-
termined to maximize light’s dose and homogeneity. The fluorescence intensity 
was determined by using an Tecan Infinite M200 microplate reader (Männedorf, 
Switzerland), λexcitation = 480 nm/λemission = 517 nm. One of the limitations of the 
assay proposed in this work is related to the possible presence of surfactants in 
the extracts. Amphiphilic compounds can directly interact and destroy the lipo-
somes, thus preventing the measurements. Another factor that we could consid-
er is the increase in the medium viscosity, since at higher viscosity the rate of 
substrate diffusion and membrane disruption is decreased [44]. As measure-
ments are always made in comparison with controls, there will be no interfe-
rence in the final results, as far as solution viscosity are the same for samples and 
controls.  

2.6. DPPH Radical Scavenging Capacity  

The radical scavenging capacity of vegetable extracts was evaluated by the sup-
pression of the 2,2-Diphenyl-1-(2,4,6-trinitrophenyl)hydrazine radical (DPPH•), 
by using a classical procedure [45] with slight modifications. Briefly, aliquots 
with different concentrations of the sample extracts in ethanol were added to 
freshly prepared 0.1 mM DPPH solutions. Each mixture was vortexed for a few 
seconds and incubated for 4 hours at room temperature. The absorbance was 
measure at 515 nm against a blank of ethanol using an Infinite M-200 Tecan 
microplate reader (Männedorf, Switzerland). Due to the action anti-oxidant ca-
pacity (usually donation of a hydrogen atom) of the PE, DPPH• is reduced, 
forming a yellow-colored diphenyl-picryl-hydrazine, with the consequent dis-
appearance of absorption at 515 nm. The absorption decay is monitored by the 
decrease in the solution absorbance at 515 nm [46]. 3 hours after the start the 
solution attain a steady state condition and the percentage of remaining DPPH• 
is calculated by using the formula:  

0

% DPPH remaining 100fA
A

 
= × 
 

  

where A0 and Af correspond to the absorbance at 515 nm of DPPH at initial and 
steady state respectively. Af value was obtained at the steady state region where 
absorbance did not depict further observable decreases. 

The radical scavenging capacity was defined as the quantity of antioxidants 
needed to decrease the initial DPPH• concentration by 50% (efficient concentra-
tion = EC50), estimated by using a linear regression algorithm. All test analyzes 
were performed in triplicate. Trolox was used as a positive control and a calibra-
tion standard. A calibration curve was obtained in the concentration range of 
0.0125 - 0.075 mg·mL−1. After obtaining the EC50 of the solutions, was possible to 
obtain the amount of Trolox equivalent per kilogram of extract (g·Kg−1) (TEAC), 
using the equation: TEAC (EC50) = Trolox (g)/Extract (Kg). Comparisons of an-
ti-oxidant capacity were always performed after 4 hours of incubation time.  
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3. Results and Discussion 
3.1. Efficiency and Mechanism of Membrane Protection 

In order to mimic the photosensitized oxidations occurring in lipid bilayers, we 
developed a liposome system carrying internalized self-quenched Carboxyfluo-
rescein (CF) and a red-light photosensitizer Dimethyl-methylene blue (DMMB), 
which can engage in both type I and type II photosensitized oxidation mechan-
isms [47] and, consequently, cause membrane damage by the formation of 
both lipid hydroperoxides and chain-truncated lipids [26] [27]. The suspension 
of Small Unilamellar Vesicles (SUV) with internalized and auto-suppressed CF 
and in the presence of the DMMB photosensitizer will be called DMMB-liposomes. 
A set of red-light LEDs irradiates DMMB-liposomes in order to trigger the 
photosensitized lipid oxidation. The kinetics of CF fluorescence is followed as 
a function of irradiation time and correlated with membrane leakage (Figure 
2).  

Light exposure prompts a sigmoid increase in the fluorescence intensity of the 
liposome suspension, due to the damage caused by the photo-induced lipid oxi-
dation and the consequent membrane permeabilization (CF released in the bulk 
solution is no longer self-quenched) [27]. Note that the controls (buffer and li-
posome with buffer) exhibit irrelevant CF emission. The fluorescence level at 
100% membrane leakage is obtained by dissolving the liposomes with Triton-X 
(see methods sections) and the CF emission intensity obtained after a 120-min 
irradiation periods is used to calculate the percentage of membrane damage at a 
certain experimental condition.  

In order to quantify the efficiency of membrane protection, DMMB-liposomes 
were irradiated in the presence of a series of standard compounds and PEs. The 
PEs obtained from ethanolic solutions have a very rich and diverse chemical 
composition. Still, to evaluate their membrane protection efficiencies, we will 
consider two important groups: polyphenols and polysaccharides. Gallic Acid 
(GA), and Trehalose (Tre), respectively, were used as standard for polyphenols 
and a membrane protecting sugars [48]. Interestingly, there is a significant de-
crease in CF’s emission with the increase in the concentrations of both GA and 
Tre, demonstrating membrane protection in both cases (Figure 3). It is essential 
to mention that the membrane protection measures carried out in this work are 
accurate since they are compared with control experiments. Therefore, external 
factors such as the presence of surfactants in the extract that directly affect the 
membrane can be easily detected. 

As shown in Figure 4, the percentage of protection increases linearly with the 
GA and Tre concentrations. Note that there are strident differences in the con-
centration ranges. While GA protects the membrane in the micromolar concen-
tration range, Tre works in the millimolar concentration range. This 3-order-of- 
magnitude difference suggests that GA and Tre protect membranes by different 
mechanisms. 
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Figure 2. Fluorescence intensity as a function of irradiation time 
in lecithin liposomes with internalized CF (concentration) and 
[DMMB] = 15 µM, pH = 8.0. (λexc = 480 nm, λemis = 517 nm). 

 

 

Figure 3. Carboxyfluorescein fluorescence intensity as a function of liposome irradiation 
time with varying concentrations of Gallic Acid (GA) and Trehalose (Tre). 

 

 

Figure 4. Percentage of membrane protection as a function of the concentration of stan-
dard vegetable extracts. 

 
GA works by a typical anti-oxidant mechanism. By donating a hydrogen and 

forming a stable radical, and by avoiding the radical chain reaction’s progres-
sion, GA avoids the lipid peroxidation and the membrane leakage [49] [50]. 
Contrarily, Tre does not have any known anti-oxidant activity, since it is a 
non-reducing disaccharide. Nevertheless, it also protects the membrane (Figure 
4). Tre is known to protect the membrane structure by acting mainly by a phys-
ical adsorption mechanism. By efficiently interacting with the polar head groups 
of the lipids, Tre protects the membrane integrity by physically avoiding small 
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changes in membrane conformation [51] [52]. This compound establishes hy-
drogen bonds with the carbonyl and phosphate groups and replaces water mo-
lecules from the lipid head group [53]. The interaction was computationally 
modeled, showing the high affinity and specificity of the lipid/trehalose interac-
tion [54] [55]. The fact that both GA and Tre protect membranes (Figure 4) in-
dicates that both mechanisms (anti-radical and physical adsorption) can be eva-
luated by this method. 

3.2. Vegetal Extracts as Membrane Protectants 

After standardizing the protocol to evaluate membrane damage/protection, at-
tempts were made with different vegetable extracts to establish correlations be-
tween the properties of the extracts and their respective effectiveness in terms of 
protecting membranes.  

The ability of all extracts to act as anti-radicals was evaluated by quantifying 
their capacity to suppress a relatively stable free radical, i.e.  
2,2-Diphenyl-1-(2,4,6-trinitrophenyl)hydrazine (DPPH•). DPPH• is reproduci-
bly annihilated by anti-oxidants, such as GA and Trolox, which can donate hy-
drogen atoms to DPPH•. The radical scavenging activity of either pure com-
pounds or vegetable extracts can be compared by evaluating the efficiency of 
radical suppression by a standard compound [56]. For this purpose, DPPH• 
UV-VIS absorption is followed as a function of time, in the absence and in the 
presence of antioxidant compounds and extracts. The anti-radical capacity of a 
vegetable extract is usually expressed as Trolox Equivalent Anti-radical (TEAC) 
per kilogram of extract (g·Kg−1) (Table 1). Extracts that are known to carry an-
ti-oxidant compounds present measurable TEAC values, varying from ~0.6 to 
~10 grams Trolox equivalent per Kg of extract (Table 1, left column). Note also 
that the extracts that are basically made of polysaccharides either show minimal 
or unmeasurable TEAC values (Table 1, right column). 

When adding these extracts to the DMMB-liposomes, it was observed that 
there are different levels of damage to the membrane during irradiation, de-
pending on the extract and the concentration. The protective effect can be clear-
ly noted, as the level of CF fluorescence decreased in the presence of several ex-
tracts. It is interesting to note that all vegetable extracts studied here have consi-
derable membrane protection levels (Table 1). 

In order to evaluate the significance of the free-radical scavenging mechanism, 
the percentage of membrane protection of each plant extract was plotted as a 
function of their respective TEAC value (Figure 5). Note that the efficiency of 
membrane protection increases linearly with the TEAC values. Linear regression 
with R2 = 0.953 was obtained by plotting membrane protection with TEAC val-
ues for the extracts F, C, G, W, P (Figure 5). Extracts with high anti-radical ca-
pacities, such as pomegranate and walnut, have a significantly higher capacity of 
membrane protection than those with low anti-radical activity (Fennel and 
Chamomile).  
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Table 1. Percentage of membrane protection and TEAC values for different vegetable ex-
tracts. 

Polyphenols 
% 

Protection 
TEAC 

(g·Kg−1) 
Saccharides 

% 
Protection 

TEAC 
(g·Kg−1) 

Fennel 0.5% 60.47 0.58 ± 0.08 Aloe Vera 0.5% 57.92 without AOX 

Chamomile 0.5% 64.90 1.12 ± 0.10 Plantcol 0.5% 66.36 without AOX 

Guarana 0.1% 84.84 5.44 ± 0.81 Tamariliz 0.5% 75.38 0.10 ± 0.03 

Walnut 0.1% 90.94 9.02 ± 0.74 Alga Fucus 0.5% 46.92 0.17 ± 0.04 

Pomegranate 0.01% 94.33 9.87 ± 0.93    

 

 

Figure 5. Percentage of membrane protection as a function of 
TEAC expressed in gram equivalent of trolox per kilogram of ex-
tracts. F: Fennel, C: Chamomile, G: Guarana, W: Walnut, P: Pome-
granate, AF: Alga Fucus, AV: Aloe Vera, Pl: Plantcol, T: Tamariliz.  

 
Several extracts have minimal or zero TEAC values but still offer membrane 

protection varying from 47% (AF) to 75% (T) (Table 1, write columns, data in 
red in Figure 5). All these extracts were enriched in naturally occurring poly-
saccharides. As discussed above, sugars generally have a low antiradical capacity 
since they protect the membranes by a different mechanism. 

Finally, each plant extract’s composition was determined as the equivalent of 
AG and Tre used as standards and correlated with the percentage of membrane 
protection (Table 2). This calculation considers the percentage of membrane 
protection, the equivalents of either GA and Tre, following the calibrations 
showed in Figure 4, and the concentrations used to attain the reached level of 
membrane protection. Note that Pomegranate extract achieved 94% of mem-
brane protection at the very low concentration of 0.01%, given a very high GA 
equivalent level, i.e., 32 g·Kg−1 extract. Note also that walnut and pomegranate 
have similar levels of anti-radical activities, as expressed by similar levels of Tro-
lox equivalent (Table 1), but pomegranate has an at least 10-fold higher level of 
GA equivalent compared to walnut, indicating that other property, besides the 
anti-radical activity, is essential for the membrane protection. This other impor-
tant property is likely to correlate with the level of membrane interaction of the 
active anti-radical ingredients [57].  
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Table 2. Membrane protection expressed as equivalents of Gallic Acid and Trehalose.  

Polyphenols 
% 

Protection 
Equation GA 

(g·Kg−1) 
Saccharides 

% 
Protection 

Equation Tre 
(g·Kg−1) 

Fennel 0.5% 60.47 0.40 Aloe Vera 0.5% 57.92 1.74 

Chamomile 0.5% 64.90 0.44 Plantcol 0.5% 66.36 2.04 

Guarana 0.1% 84.84 2.90 Tamariliz 0.5% 75.38 2.36 

Walnut 0.1% 90.94 3.00 Alga Fucus 0.5% 46.92 1.36 

Pomegranate 0.01% 94.33 32.0    

 
It is also important to realize that even extracts with vanishing small TEAC 

levels protect membranes (physical adsorption mechanism). This activity can be 
quantified by the level of Tre equivalent. Note that Tamariliz extract was ob-
tained from the Tamarindus fruits and has an exceptional level of membrane 
protection, and consequently, a high level of Tre equivalent (~2.4 g·kg−1). This 
high level is likely to be a consequence of the extraction process that favors the 
presence of high molecular weight polysaccharides in its composition. 

As mentioned above, lipid photooxidation occurs by both a Type I and Type 
II mechanism. The direct reactions between the excited triplet state of the pho-
tosensitizer (3PS*) and the substrate (in this case, the lipid double bond) are 
usually electron transfers, forming radicals that initiate a series of chain reac-
tions. On the other hand, the excited state generates a mediator species (1O2) 
which diffuses and reacts with unsaturated lipids. Oxidation reactions signifi-
cantly alter the structure and properties of the membrane. The accumulation of 
lipid truncate aldehydes allows the formation of nanopores [27], causing the re-
lease of the internal fluorophore (CF) in the liposome to the external environ-
ment (Figure 6(A)). Extracts containing polyphenols neutralize free radicals and 
suppress excited states due to their antioxidant capacity, interrupting lipid pe-
roxidation and avoiding membrane leakage [58] (Figure 6(B)). Indeed, antioxi-
dants have been increasingly used in formulations of sun care products by pro-
tecting skin cells from the redox imbalance [59]. On the other hand, those 
enriched in polysaccharides bind to the membrane through a physical adsorp-
tion mechanism; that is, they interact directly with the phospholipids’ hydro-
philic part [48], preserving the bilayer structure even when oxidative damage 
occurs at the hydrophobic tails (Figure 6(C)). It is worth mentioning the great 
potential of Tre, which stimulates autophagy and exhibits micro-fissures on 
membranes during freezing and reheating [60] [61]. As shown here, Tre also ef-
ficiently protects membranes against photo-induced membrane damage, even 
though it has no anti-radical effect. Another interesting example is that Aloe 
Vera (Aloe barbadensis) extracts protect keratinocytes against cell death induced 
by solar irradiation [62]. Aloe Vera exhibited the remarkable ability to reduce 
photodamage in vitro and in vivo, although it has no anti-radical properties. The 
protection afforded by Aloe Vera was associated with maintaining the integrity 
of the membrane of lysosomes [62].  
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Figure 6. Schematic representation of the photoinduced lipid oxidation (A) and mem-
brane protection by the mechanisms of anti-radical (B) and physical adsorption (C) me-
chanisms.  

 
Although the phytotherapic compounds are commonly used as photo-protectors 

against the harmful effects of overexposure to sun light, the mechanisms in-
volved are not precisely known. Therefore, we anticipate that the estimation of 
the performance of the PEs in terms of membrane protection efficiency will help 
to find solutions that maximize performance with regard to the protection of the 
lipid components of the skin and hair. 

4. Conclusion 

The quantification of the membrane protection efficiency provides a novel me-
thod to quantify ingredients aimed for sun care and antiaging strategies. Mem-
brane protection efficiency was quantified initially as a function of the concen-
tration of standard compounds, based on the anti-radical effect (Equation GA 
and TEAC) and on the physical adsorption on the membrane head groups (Tre). 
The PEs enriched either in polyphenols or in polysaccharides were analyzed and 
compared in terms of their efficiency to membrane protection. All examined ex-
tracts protect the membrane from photoinduced damage, indicating that both 
the anti-radical and the physical adsorption mechanisms can protect the integri-
ty of membranes. The GA or Tre equivalents associated to vegetable extracts’ 
capacity to providing membrane protection provide appropriate ways of quanti-
fying and comparing PEs. The membrane protection assay is a simple and 
low-cost method, which can be used in the cosmetic industry to sustain new 
claims such as the protection of SC and of CMC lipids, respectively, in skin and 
hair. 
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