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Abstract
Polyphenolic compounds constitute a diverse group of natural components 
commonly occurring in various plant species. These include phenolic acids, 
tannins, flavonoids, anthocyanins, lignans and neolignans. Due to the chemical 
structure of the molecules (e.g. the presence of ortho-diphenol groups in aro­
matic rings), these compounds have antioxidant properties, which may delay 
the aging process. The mechanism of their antioxidant activity is mainly related 
to the scavenging of free radicals. Additionally, polyphenols possess antimi­
crobial and antiallergic, as well as vasoactive (sealing capillary walls) proper­
ties, which allows them to be used as ingredients of dermocosmetics for acne, 
sensitive and capillary skin. The use of creams containing natural antioxidants 
can effectively improve skin condition and prevent its aging. This paper reviews 
substances from the group of polyphenols utilized or potentially useful in the 
production of dermocosmetics as well as current scientific reports on their bio­
logical activity.
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Polyphenols are one of the most interesting groups of 
bioactive compounds found in plants due to various 
aspects of their practical use in food, parapharma-
ceuticals and cosmetics of natural origin. The latter 
direction is gaining more and more popularity and 
intensifies phytochemical research, including search-
ing for new plant sources of these compounds, de-
veloping methods for their effective isolation from 
plant material and qualitative analysis, including 

spectroscopic evaluation of chemical structures of 
new little-known compounds. There is also a steady 
increase in the number of published papers on bio-
logical research (in vitro, in vivo and clinical) on this 
group of phytochemicals.

Polyphenols are organic compounds that occur 
commonly in numerous plant species (in their vege-
tative and generative organs), where they play the role 
of chemical defense against attack of various parasitic 
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herbivores. The chemical structure of polyphenolic 
compounds always contains one or more rings of ar-
omatic hydrocarbons with least two hydroxyl (-OH) 
groups attached [1,2]. The name "polyphenols" refers 
to the chemical affiliation of these components to the 
group of phenols with the simplest molecular struc-
ture like hydroxybenzene or phenol. The polyphe-
nols group includes, among others, phenolic acids, 
tannins, flavonoids, anthocyanins, mono- and oligo-
meric catechins, lignans and neolignans [3-5]. They 
show different types of biological effects, including 
antimicrobial [6], anti-inflammatory, anti-oxidative 
or photoprotective (anti-UV), that determine correc-
tive or therapeutic activity for the leading brands of 
dermocosmetics [7,8].

Phenolic acids and their 
biological properties
Phenolic acids (PhAs) include derivatives of benzoic 
(gallic, p-hydroxybenzoic, protocatechuic, vanillic or 
syringic) and cinnamic (e.g. caffeic, ferulic, p-cumar-
ic, synapic) acids. Herbal substances also contain gly-
cosidic and ester forms of PhAs [9-11].

Caffeic acid (CA) is a representative of this group 
that shows strong antioxidant properties. It common-
ly occurs in berries, apples, cereals and coffee seeds 
[12,13]. This compound reveals anti-inflammatory, 
antiviral [14] and antibacterial [15] activities and is 
known as an inhibitor of carcinogenesis and a stimu-
lator of collagen production [16,17]. Therefore, it is 
used as a  component of various skincare cosmetics 
(peels, butters, tonics). The similar or even stronger 
dermoprotective properties reveal some CA deriva-
tives, namely chlorogenic, rosmarinic and caffeoyl-
tartaric acids, that are CA esters with quinic, 3,4-di-
hydroxyphenyl lactic, and tartaric acid, respectively. 
A  very promising skincare and anti-inflammatory 
agent is also caffeic acid phenylethyl ester (CAPE), 
that is known as a  specific inhibitor of the nuclear 
transcription factor (NF-κB) and the lipoxygenase 
via suppressing arachidonic acid metabolism during 
inflammation [18-23].

Ferulic acid (FA) occurs in rice seeds, cereals, nuts 
[24], leaves and willow bark (Salix sp.) [25]. It has 

antioxidant and anti-inflammatory [26], as well as 
radio- [27], neuro- [28], hepatoprotective activities 
[29]. FA, added as a recipe ingredient of dermocos-
metics, determines their anti-aging properties, and 
affects skin protection against discoloration [30].

Both CA and FA may alleviate skin photosensi-
tization, protect against sunburn caused by UV-B 
(290-320 nm) or reduce the negative UV-A  (320-
400  nm) radiation effects (skin photoaging, sun al-
lergies, pigmentation disorders, carcinogenesis risk). 
These specific abilities of CA and FA have been uti-
lized in sunscreens used in dermocosmetics [27,31].

Protocatechuic acid (PA), also deserves special at-
tention due to its biological effects. Plant sources of 
PA include vegetables [32], fruits [33,34] and herb-
al substances with medicinal properties, including 
rosemary, lemon balm [35], hibiscus flower (Sudan 
mallow) [36] or St. John's wort [37]. PA shows anti-
proliferative activity in the process of skin carcino-
genesis. It is also known as antioxidant (in vitro tests, 
carried out in rat liver cell cultures treated with tert-
butyl hydroperoxide, revealed cytoprotective effects 
of PA in oxidative stress), anti-microbial and anti-
inflammatory (being a  lipid peroxidation inhibitor) 
agent [38].

In addition to the antioxidant activity, some PhAs 
have strong antibacterial properties. This group in-
cludes rosmarinic acid (RA), which is commonly oc-
curring in some herbal substances from the family 
Lamiaceae, including the leaves of lemon balm, sage, 
various mint species or rosemary [39,40]. In addi-
tion, RA has antiviral (against herpes or herpes zoster 
virus), anti-inflammatory, anti-proliferative, immu-
notropic and weakly antiallergic activities [41,42]. In 
the in vivo studies performed on Swiss Albino mice, 
the activity of a  niosomal gel containing RA was 
compared to a dermatological preparation with ben-
zoyl peroxide. The product with RA was more effec-
tive in reducing the growth of some bacterial strains 
(Staphyloccocus aureus and Propionibacterium acne) 
within the epidermal cells [43].

 Oxidative stress and molecular aspects of the anti-
oxidant activity of PhAs

In normal cellular metabolism, endogenous free 
oxygen radicals or reactive oxygen species (ROS) 
are produced in the animal body. Exogenous ROS 
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usually originate from the environment (pollution, 
pesticides, UV-A radiation). The ROS group is dis-
tinguished by anionic superoxide radicals (O2 

• -), 
hydroxyl radicals (OH• ), hydrogen peroxide (H2O2), 
and singlet oxygen. Excess ROS causes increased 
lipid peroxidation of cell membranes resulting in 
their damage and accumulation of peroxides. The 
imbalance between the pro- and antioxidant sys-
tems induces oxidative stress, and subsequently the 
damage of structural and enzymatic proteins and ge-
netic matrix, resulting in the development of various 
pathomechanisms and diseases [44]. The ROS influ-
ence on the skin can cause burns, collagen fiber dam-
age, increased pigmentation and the risk of carcino-
genesis. ROS also contributes to the development of 
inflammatory processes in the skin by activating the 
synthesis of specific proteolytic enzymes (collagenas-
es), e.g. MMP-1 (metalloproteinase-1) [45].

The antioxidant activity of PhAs is determined by 
the presence of one or more hydroxyl and /or meth-
oxy groups in their molecules. The presence of a sec-
ond hydroxyl group in the ortho- position relative to 
the already existing -OH group in the para- position 
(e.g., in CA) increases the antioxidant activity due to 
additional resonance stabilization and the formation 
of o-quinone) Antioxidant efficiency of para-hydrox-
ycinnamic acid (p-coumaric acid - PCA) is signifi-
cantly increased by the presence of one or two meth-
oxy groups substituted at the ortho positions relative 
to the -OH group. Therefore, FA is a  stronger anti-
oxidant than PCA, while synapic acid (SA), found 
in large amounts in the Brassicaceae plants, reveals 
stronger antioxidant effects than FA [46,47]. The 
chemical structure of the aforementioned PhAs have 
been shown in Figure 1.

Tannins and their 
derivatives - skin effects
Tannins (TNs) are the second group of polyphenols 
that are important in the production of dermocos-
metics. These are high molecular weight compounds 
(500-3000 daltons), which have the ability to tan the 
skin, i.e. to create permanent bonds with skin coat 
proteins. These compounds can be divided into hy-
drolysing (gallo- and ellagotannins), non-hydrolys-
ing (catechin = condensed TNs) and mixed tannin 
compounds [11,48]. The plant sources of TNs cur-
rently used in cosmetics and medicinal preparations 
include: oak bark (Quercus robur L.), cinquefoil rhi-
zome (Potentilla tormentilla Necker), blueberry (Vac-
cinium myrtillus L.), walnut leaf (Juglans regia L.), 
Hamamelis bark and leaf (Hamamelis virginiana L.) 
[49,50]. Cosmetics containing TNs have astringent, 
disinfecting, anti-inflammatory, anti-haemorrhagic 
and analgesic properties. Tannin-rich extracts are 
often the components of intimate hygiene products. 
Procyanidins and naturally condensed TNs occur in 
cranberry and hawthorn fruit, whereas florotanins 
can be found in brown algae [11]. Mixed TNs com-
prise (-) - epicatechin gallate (ECG) and (-) epigal-
locatechin gallate (EGCG), which are mainly found 
in green tea leaves (Camellia sinensis L.) [51]. EGCG 
has anti-inflammatory, antioxidant and photopro-
tecting properties. It facilitates wound healing and 
shows bacteriostatic activity on strains of Strepto-
coccus sp. and Escherichia coli [52-54]. In preclini-
cal studies, EGCG was characterized by anti-wrinkle 
effects, stimulated hair growth and protected the 
skin against damage caused by UV-A  and UV-B 
radiation. In in vitro studies on human fibroblasts, 

Fig. 1. 
Chemical structures of PCA, FA and SA.
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EGCG significantly limited cell aging [55]. In vitro 
and in vivo assays on human dermal papilla cells (tis-
sue cultures and scalp in the occipital part) showed 
an increase in dose-dependent dermal cell prolifera-
tion, a  three-fold increase in the expression of pro-
teins involved in the proliferation of human epider-
mal keratinocytes and a 180% increase in hair follicle 
length after 10 days of EGCG administration [56]. In 
in vivo studies, using guinea pigs and hairless mice, 
the protective effect of EGCG (1%) and vitamin E 
(1%) has been demonstrated on the skin of animals 
under the conditions of UV-A and UV-B exposure. 
At the same time, a 2.9-fold decrease in lipid peroxi-
dation in the guinea pig skin under the influence of 
this compound was documented, as well as reduction 
of erythema and inhibition of collagenase activity. 
The structure of the guinea pig skin, protected with 
EGCG containing formulation, turned out to be less 
flaccid and its surface less rough compared to the 
control group [57,58].

Flavonoids and 
flavonolignans
Flavonoids are a group of polyphenolic compounds 
that are benzo-4-pyrone derivatives – Figure 2 [59].

Due to the antioxidant and anti-inflammatory ef-
fects, they constitute a valuable component of skin-
care products used in a  broad spectrum of derma-
tological diseases [60]. Antioxidative activity is de-
termined by the presence of hydroxyl and carbonyl 
groups as well as the double bonds in a flavone mo
lecule. The hydroxyl groups in both benzene rings are 
hydrogen and electron donors for hydroxyl, peroxyl 
and peroxynitrite free radicals. They cause their stabi-
lization and the formation of a fairly stable flavonoid 

radical. Increasing the number of substituents in 
benzene rings, e.g. hydroxyl groups and placing the 
substituents in the ortho- and para- position causes 
an increase in the antioxidative activity of flavonoids, 
while the addition of a  sugar moiety reduces free 
radical scavenging properties of these compounds 
[61-64]. Table 1. presents selected flavonoid com-
pounds and their use in cosmetics.

Flavonolignans, represented by silymarin (SLM), 
constitute a set of ingredients (silibinin, silychris-
tin, silidianin and others) found in the fruit of milk 
thistle (Sylibum marianum L. Gaertn.), It is known 
for hepatoprotective [65], antioxidant [66], anti-in-
flammatory and antiviral activities [67]. In in vivo 
studies, SLM showed a protective effect on the skin in  
SKH-1 mice with a skin cancer induced by UV-B 
radiation. While administered topically or per os, 
before or after exposure to UV-B, SLM significant-
ly inhibited the development of sunburn, tissue 
edema and the process of skin cell apoptosis. It also 
reduced the activity of proinflammatory enzymes, 
namely catalase, cyclooxygenase and ornithine de-
carboxylase [68]. In cosmetology, SLM is used as 
a component of anti-UV filters, a brightening agent 
for skin tone and as a  curative agent for rosacea 
(Pharmaceris brand).

Anthocyanins
Anthocyanins (ACs), like flavonoids, are natu-
ral dyes, that are stable in plant cells in the gly-
cosidic form. They exhibit anti-inflamma-
tory and sealing effects on capillaries [69].  
ACs improve blood circulation within the eyeball 
[70] and have antioxidant properties [71,72]. The 
main herbal sources, rich in ACs and used in medi-
cine and cosmetics, are blueberry (Vaccinium myr-
tillus L.), elderberry (Sambucus nigra L.) and black 
currant (Ribes nigrum L.) fruits and the flowers of 
cornflower (Centaurea cyanus L.), hibiscus (Hibiscus 
sabdariffa L.) and hollyhock (Althaea rosea var. nigra 
L.). ACs, as vasoactive components, are used in gel 
and creams applied to the skin under the eyes to limit 
exudative processes and tissue swelling.Fig. 2. 

Molecular structure of benzo-4-pyrone (flavone)
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Flavonoids Plant source Biological activity Cosmetic products 
and their brands

Rutoside Sophora japonica L. capillary wall sealant, 
antioxidant

creams for vascular 
skin (Bielenda, Norel, 
Farmona)

Quercetin Crataegus monogyna L. anti-inflammatory, 
antioxidant

Sesderma C-Vit

Diosmin, hesperidin  
or hesperidin methyl 
chalcone

citrus fruits

sealing capillary walls, 
antio-edematous

creams and 
concentrates for 
capillary skin, gels for 
heavy legs (Iwostin, 
Lirene, RedBlocker) 

Baicalin plant species of the genus 
Scutellaria L.

antioxidant, antiviral,

antibacterial, anti-

inflammatory

Vichy cream, Baikadent 
– a series of medicinal 
products used in 
dental diseases

Apigenin Chamomilla recutita L., 
Helichrysum arenarium L., 
Thymus vulgaris L.

antiallergic, anti-

inflammatory

Bioderma and Ecolab 
dermocosmetics 

Kaempferol Camellia sinensis L. anti-inflammatory, 
antiallergic  
and antifungal

Apis – a series of bee 
products

Naringenin Prunus sp., Citrus sp. antiallergic,  
UV-protecting, sealing 
capillaries

haircare 
dermocosmetics 
(Pharmaceris H)

Genistein Glycine soja Sieb.&Zuch. estrogenic anti-aging cosmetics 
(Auriga, Fitcomfort)

Table 1. 
Flavonoids – their occurrence, biological activity and application in cosmetic products

Resveratrol
Resveratrol (trans-3,5,4'-trihydroxystilbene – RSV) 
is a  polyphenolic compound, found mainly in red 
grapes and the root of the knotweed (Polygonum cus-
pidatum Sieb. et Zucc.) but also in mulberry or pea-
nuts. The active form of RSV (trans-) is transformed 
into the inactive (cis-) under the influence of UV ra-
diation. RSV has antioxidant, anti-proliferative, anti-
inflammatory and estrogenic activity [73-75] It was 
shown that this compound activates the SIRT1 gene 
coding for sirtuin-1 protein, which is involved in cell 
proliferation, apoptosis and aging processes. RSV is 
also responsible for normal growth and metabolism, 
the repair of damaged DNA, chromosomal stability 
and response to stress factor in skin cells [76]. It is 
often utilized as a component of anti-wrinkle creams 
(Sesderma, Caudalie, Dermomedica).

Lignans and neolignans
Lignans (LGs) belong to phenylpropane derivatives 
with a dimeric molecular structure (Figure 3). They 
contain two C6-C3 units and a  β'-β 'linkage in po-
sition 8-8' [77]. Naturally, they occur in free form, 
rarely as glycosides. Neolignans are formed by the 
biosynthesis of two Ar-C3 units with the loss of one 
or two carbon atoms as a  result of decarboxylation 
[78,79].

 LGs occur in oilseeds, cereals, plant resins and 
herbal medicinal substances deriving from some 
botanical genera, including Magnolia L., Eleuthe-
rococcus L., Schisandra L. or Linum L. Significant 
biological activity has been documented for a few 
lignan compounds, e.g. secolariciresinol, laricires-
inol, pinoresinol, matairesinol, magnolol, honokiol 
and others.

B
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Honokiol (HKL), shown in Figure 4, is one of 
the best known lignan representatives found in the 
bark and flowers of magnolia (Magnolia officinalis 
Rehder et. Wilson) [80]. 

The hydrophilic cream with the addition of HKL, 
applied locally to the skin of SKH-1 mice exposed 
to UV radiation, protected skin tissues against 
photocarcinogenesis. In immunoenzymatic and 
Western blotting tests, HKL was shown to inhibit 
the formation of proinflammatory factors in the 
skin, induced by UV-B, including: COX-2, prosta-
glandin E2, cytokines and interleukins (IL-1β and 
IL-6) [81]. 

The extract from the bark of Magnolia grandi-
flora L. (ME), rich in LGs, was examined as an in-
gredient of anti-aging cosmetics. In clinical stud-
ies, women applied the cream with 0.5% addition 
of ME to the face skin showing extensive erythema 
and edema. In the group of patients, where verum 
was administered, the redness decreased by half. 
Additionally, the application of this cream to the 
skin around the eyes (over a period of 2 months), 
resulted in increased skin elasticity and reduced 
fine wrinkles (so-called "crow's feet"). The extract 
also increased the amount of adipocytes and stim-
ulated the synthesis of the adiponectin, being the 
hormone regulating collagen metabolism in facial 
skin fibroblasts [82,83]. Huang et al. [84] studied 

the effect of ME on the process of inhibiting the 
skin biosynthesis of melanin and its potential in 
the treatment of discoloration, hyperpigmentation, 
age spots or freckles. ME reduced tyrosinase ex-
pression involved in the melanin production and 
inhibited the formation of this pigment in B16F10 
mice skin cell lines as well as showed significant 
antioxidant activity. The results of the studies con-
firmed the suitability of ME in production of der-
mocosmetics that are developed as the skin colour 
brightening agents.

In other studies, LGs of Schisandra fruit (Schisan-
dra chinensis L.) revealed a protective effect on the 
skin under urban smog conditions, and showed 
to be useful in creams and other dermoprotec-
tive preparations. The contaminants present in the 
smog penetrate the body through the hair follicles 
and through the skin. Therefore, they are responsi-
ble for the ROS emergence in the skin, the forma-
tion of wrinkles around the lips and nose, as well 
as changes in the skin pigmentation. The contact of 
the epidermis with air pollution causes a defensive 
tissue reaction, which manifests itself by the release 
of inflammatory cytokines and the production of 
metalloproteinases that accelerate skin aging. In 
vitro studies performed in tissue cultures of human 
epidermal keratinocytes showed that the Schisan-
dra fruit extract activated the expression of several 
genes involved in the antioxidant cascade, together 
with the poison detoxification pathway associated 
with combating the harmful effects of urban dust 
on the skin. These activities included activation of 
superoxide dismutase, glutathione peroxidase and 
catalase and other endogenous defensive mecha-
nisms, including a biochemical transcription factor 
(Nrf2) pathway playing a key role in protecting cells 
from the damaging effects of oxidative stress [85].

Fig. 3. 
Chemical structure of lignan (A) and neolignan (B)

Fig. 4. 
Chemical structure of honokiol

A B
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Summary
Polyphenols are effective natural antioxidants, used 
as ingredients in a number of creams and other der-
mocosmetics. In addition to antioxidant properties, 
they have shown activities related to the protection of 
physiological functions of the skin (anti-inflammato-
ry, anti-microbial, antiallergic, diminishing the influ-
ence of harmful UV radiation and air pollution, as 
well as strengthening capillary walls). For the above 
mentioned properties, these compounds are desirable 
components in the production of skincare cosmetics, 
enriching them with additional healing properties. 
In the last decade, lignans and neolignans emerged 
as a  promising group of polyphenolic antioxidants. 
Beside strong anti-inflammatory, they also display 
a broad range of cytoprotective properties, therefore 
their potential use as inhibitors of aging or even skin 
carcinogenesis, in novel dermocosmetic formulas, 
may be considered.
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