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Summary 
Free radicals are the rnost dangerous species responsible for unfavourable reactions and undesired 
processes in the skin. They are al so the reason of premature skin ageing. Free radicals are forrned in 
norrnal conditions during natural biologica! processes such as rnelanogenesis or celi breathing, but 
they can be also released follow ing exogenic factors activity. The rnost dangerous is UV radiation. 
Hurnan skin possesses its own protective rnechanisms against free radicals . The best known are vita
min E and vitamin C and both are widely used in cosmetics. Metals, although less known, are the 
very important factors preventing from free radicals, as well. They can act directly as bound in the 
active centres of several enzymes or in indirect way. Arnong enzyrnes of antiradical properties there 
are superox ide dismutase containing zinc and copper (SODI) or manganese (SOD2) in mitochondria, 
as well as selenium containing glutathione peroxidase. Metals can act also in indi rect way. Zinc for 
example stabilizes celi membranes. It protects against other redox active metals (Cu '+, Fe2+) through 
exchanging them in the celi membranes, stimulates metalothionein synthesis - the very important 
antioxidative molecule , and finally it can participate in vitamin E metabolism, although its activity in 
this process was not thoroughly studied . The use of metals as active agents in cosmetics is not well 
recognized. They are usually used as antibacterial compounds. Their usage as antioxidants is howe
ver quite new. Recently, i.e. superoxide d ismutase was started to be used in cosmetics products . This 
allows to beiieve for the future development of metal use in cosmetic goods as important antioxidant 
agents. 

Riassunto 
I radical i liberi sono considerati tra i più aggressivi inquinanti responsabili di reazioni indesiderate e 
negative che si verificano a livello della cute . Rappresentano anche la ragione principale dell ' invee-
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Fig. 1 Active cerllre of superoxide dismutase 8- M11SOD 
(SOD2). 

It is the copper ion, where the reaction catalysed 
by SOD proceeds. The react ion - disproportio
nation of superoxide anion radical to hydrogen 
perox ide and water runs according to the equa
tion: 

202 + ztt+ ~~~• H20 2 + 02 

(Eq. I ) 

Hydrogen peroxide - a harmful product of this 
reaction - is in the next step decomposed by ano
ther enzyme - catalase. These two enzymes, 
superoxide dismutase and catalase , due to the 
specific cooperation protect the skin against har
mful side products of oxygen metabolism. 
Catalytic mechanism includes two - controlled 
by diffusion - stages described as "ping-pong" 
mechanism due to the fact of passing of copper 
ions interchangeably into oxidation states +I and 
+2: 

E-Cun + o; E-Cu1 + 0 2 

E-Cu1 + O~ + 2H+ H202 + E-Cu11 

(Eq . 2) 
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Manganese dismutase catalyses the same reac
tion, however in its enzymatic centre zinc ion is 
not present, but single manganese ion exclusive
ly (Figure lB). 
The role of zinc in SODI has not been explai

ned entirely up to now. It was found that SOD 
exhibits its antioxidative ro le also in case of zinc 
absence in the catalytic centre of the enzyme. 
One hypothesis states the zinc ion takes part in 
electrostatic potential generation between positi
vely charged active centre of the enzyme and 
superoxide anion radical , what facilita tes the 
course of disproportionation reaction. In normai 
conditions, such system should be accompanied 
by the tota! charge +2 or +3 on bimetallic centre 
(one negative charge is provided by aspartic 
acid). However, one of SOD's histidine ligands 
is deprotonated and its sharing between two 
metals results in additional positive charge for
mation. In the consequence, the tota! charge for 
compi ex is + l for Cu(I) form . This res iduai char
ge is of a great importance . Together wi th addi
tional charges present in neighbouring amino 
acid chains it facil itates generation of electrosta
tic potential attracting negatively charged 
peroxide anion rad ical O/ to the active si te of 
enzyme (4) . 
It is suggested that another possible role of zinc 
is related to providing thermal stabili ty to the 
protein. As it was proven Cu,Zn-superoxide 
dismutase is highly thermo-stable. After removal 
of zinc ions from the active site, the enzyme's 
thermo-stability decreases. The studies on bacte
ria Saccharomyces cerevisiae suggest that apart 
from antiradical protection, SOD takes pait in 
zinc homeostasis (5). 
Extracellular superoxide dismutase, EC-SOD, 
differs structurally from Cu/ZnSOD present in 
cytosol, but it may be found sometimes in the 
extracellular matrix as a result of breaking celi 
membrane continuity and spreading out of the 
cytosol , outside the celi (6) . 



Catalase and glutathione 
peroxidase 

Superoxide dismutase is the essential enzyme of 
antiradical activity. However its increased activi
ty is not always beneficiai, especially at unbalan
ced peroxides' activity. Then, paradoxically, it 
may become the element of free-radical proces
ses chain leading to breakdowns and damages in 
cells and tissues. It is due to overproduction of 
H20 2 , which - on account of the relative insuffi
ciency of catalase - is not decomposed imrnedia
tely to water and oxygen, leading to i.e. inflarn
mation (7). This happens for example during 
strong exposition to UV radiation. Declerq et al. 
revealed seasonal decreases (in summer time) in 
catalase activity in stratum corneum, but not in 
SOD activity (8). 
Catalytic mechanism of catalase action is analo
gous to the one described for SOD. 
Dispropo1tionation of hydrogen peroxide proce
eds in two stages, according to the equation (4): 

EFe3+ + H20 2 - Compound I + H20 

Compound I + H20 2 - EFe3
+ + H20 + 02 

(Eq. 3) 

In the first stage a substrate is reduced to water 
and enzyme is oxidised at the sarne time . 
Catalytic cycle is closed, when the second mole
cu le of hydrogen peroxide is oxidi sed to oxygen 
and water. 
Peroxidase glutathione also catalyses the hydro
gen peroxide oxidation reaction. The enzyme 
containing selenium in its enzymatic centre -
decomposes peroxide radicals as well. 

NON-ENZYMATIC MECHA
NISMS OF ANTIRADICAL 
ACTIVITY OF ZINC 

Apart from enzymatic mechanisms, there are a 
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number of other mechanisms of antiradical 
actions, in which metals participate. It appears, 
however, that zinc plays the superior role in 
here. It results from the fact, that zinc in biologi
ca] systems occurs exceptionally on +2 oxida
tion state and does not take part in any oxidation
reduction processes, in contrary to copper or 
manganese ions, which presence in enzymatic 
centres enables reactions to run, i.e. d ispropor
tionation of peroxide ion is linked with regular, 
repeated changes in oxidation state (i .e . 
Cu(I)/Cu(II)). The mechanisms of non-enzyma
tic activity of zincare presented below (4). 

Zinc ions vs. redox-active copper 
and iron ions 

Zi nc ions may replace redox active molecules of 
copper or iron at criticai sites in celi membranes 
and proteins that are paiticularly susceptible to 
free radicals activity. Free copper (Cu+) or iron 
(Fe2

•) ions do not exist in vivo in normai condi
tions, since they are bound strongly to respecti
ve binding proteins. However, they can be pre
sent in ligand binding to DNA or celi membra
nes. Then, they are capable of electron transfer
ring and free radicals generating. In the presence 
of H20 2 , the highly destructive hydroxyl radical 
HO• may be produced following the formation 
of peroxy, lipid peroxy or alkoxy radicals and 
attacking the next, neighbouring sites in proteins 
and lipids (site specific reaction) (9, 10). 
Cotton and Wilkinson proposed that zinc rn.ight 
compete with copper ions Cu+ or iron ions Fe2• 

and dispiace them off the complexes, stabilizing 
the system and protecting it from oxidation. The 
resulting free ions Cu• or Fe2

• precipitate in cyto
sol environment or, what is more probable, are 
bound by specific -fora particular ion - proteins 
(ferritin , transferrin, ceruloplasmin) or bind in 
other sites of molecule (of lower importance) 
shifting the piace of free radical processes (1 1, 
12). 
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Fig. 2 lnhibiring acrion ofzinc in oxidarive srressed generared by C11· ions. The arrow shows rhe cyclic reacrion, sire-spe
cijìc oxidarion, which could have piace in rhe adjace111 ro mera/ binding sites of a111011i acids. As a resulr changes in 
amino acids struc111res occur, depending of the amino acid rype. i.e. ryrosine ca11 be rransformed imo diryrosine or 
nitroryrosine, phenyla/anine imo o-, 111- ryrosine. Replacing C11· by redox inacrive Zn'· prevems rhis undesirable reac
rions (13). 

Su/fhydryl group (-SH) sfabilizafion 

One of the mechanisms of antioxidative activity 
of zinc is stabilization of enzymes containing 
plenty of -SH groups and their protection from 
oxidation and formation intramolecular disulfide 
bonds. The enzyme, which was most extensive
ly studied in this area is &-aminolevulinic acid 
dehydratase (&-ALA-D). In humans, it exists in 
the form of homooctamer of identica! subunits -
every unit has 4 reactive - SH groups. The acti 
vity of &-aminolevul inic acid dehydratase 
depends on the number of - SH groups. There is 
a strict correlation between oxidation state of 
th iol groups and the enzymatic activity. The 
detailed studies showed that 8 moles of zinc is 
bound to I mole of the octamer and the amount 
of zinc determines the enzyme activity. Zinc pro
tects from inactivation caused by oxidation. It 
prevents thiol groups from oxidation and forma-
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tion of disulphide groups. Removal of zinc ions 
from the enzyme structure increases sulfhydryl 
groups reactivity and leads to the decrease in 
enzymatic activity. Gibb's et al. (14) proposed 
three possible mechanisms of -SH groups stabi
lization: 

l . direct binding of zinc ions to thiol group 
2. binding of zinc ions to other sites of the 

enzyme in the vicinity of -SH group. Then, 
a steric hindrance is formed , which limits 
the possible reactions with radicals 

3. binding of zinc ions to other sites of the 
enzyme resulting in conformational changes 
of the molecule (Figure 3) . 

Apart from &-aminolevulinic acid dehydratase, 
zinc stabilizes a number of other proteins and 
enzymes containing thiol groups , i.e. dihydrooro
tase, tubulin, alanylo-tRNA synthetase etc. (15). 



A. Frydrych. J. Arct. K. Kasiura 

SHIV 
---"!\ ~Hn/lt-_ )

S.1 '-L._J SH::;-

" Zn I A 

SHIV 

~ SH1 SHm 

~ y 
SH1v 

SHm 

~IV 
z:? SHm 

Fig. 3 Srabilisario11 of thiol groups by Z11" io11s proposed far 8-a111i110/evuli11ic acid dehydratase (A- direct bi11di11g to thiol 
group, 8 - co11formatio11al change in the protein strucwre , C- steric hi11dra11ce ofthiol group) (13) . 

The mechanisms of protein stabilisation presen
ted above may exist for ali peptides and proteins 
with thiol groups. However, notali zinc-binding 
thiol groups may be protected from oxidative 
stress . Zinc in metalothionein does not protect 
ali thiol group from oxidative stress and the reac
tion between ZnMT and hydroxyl or peroxide 
radical leads to formation of disulfide bond and 
zinc pulling out of the complex (16). 

Anfiradical acfivify of mefallo
fhionein (MT) 

Antiradical activity of MT was confirmed seve
ra] times during studies with the use of free radi
cals-generating factors, i.e. X and UV radiations, 
anti -tumour toxic medicines (doxorubicin) and 
others. The protective role of ZnMT in oxidative 
stress evoked by Fe-NTA (iron complex with 
nitriltriacetate acid) and leading to kidney cancer 
was shown (17). Zn-MT was induced by 3-fold 
subdermal injection of zinc chJoride (2,5 mg Zn 

kg body weight). Significant decrease in celi 
deaths compared to control groups was noted. 
Moreover, the decrease in lipids oxidation was 
observed. 
A lot of studies showed that metallothionein 
induction in keratinocytes by a number of fac
tors (low temperature , vitamin D3, beta-tujapli
cine) decreases celi damage by UVB radiation 
(18). Recently, it was shown that zinc com
pounds could provide such protection as well. 
Masaki et al. studied the ability of metallothio
nein induction by zinc complex with glycine 
Zn(Gly)2 (19). The experiments were carried out 
in in vitro conditions on human keratinocytes. 
The cells were placed for 24 hours in medium 
containing different concentration of ZnCl2 and 
Zn(Gly)2• At the Zn(Gly)2 concentration of about 
JOµM , a significant increase in MT was obser
ved: from 6,3±0,73 up to 11 ,97±0,63 µg/mg pro
tein . The effect was much more stronger than in 
case of zinc chloride (8 ,19±0 ,63 µg/mg pro te in). 
The influence of Zn (Gly)2 - induced MT on oxi-
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dative stress evoked by different factors (UVB, 
H20 2, t-butyl hydroperoxide) was investigated. 
Irradiation of keratinocytes with UVB radiation 
induces celi deaths on the leve] of 47%. In case 
of cells in Zn(Gly)2 medium , the percent of celi 
deaths was at the Jevel of severa] percent. Also in 
case of other factors evoking oxidati ve stress, 
H20 2 and t-BHP, the decrease in celi deaths was 
observed, although in a lower degree . In every 
case, Zn(Gly)2 appeared to be more effective in 
antiradical protection (19) . 
Metallothioneins may neutralize various types of 
radical: hydroxyl, superoxide, as well as organic 
radicals. It was proved that they are especially 
active against hydroxyl radicals and exhibit 
much lower activity towards superoxide radical 
(in this case SOD is the most efficient) (20) 
(Table I). 
There are studies carried out in in vitro method, 
in which it was shown that hydrogen peroxide, 
superoxide radical may react with MT changing 
theirits properties in the effect of oxidation. In in 
vivo conditions, if the process takes piace, it can 
change the ability of metal binding. Therefore, 
some authors propose another possible mecha
nism of action and assumed that antiradical acti
vity of MT is based on delivering of Zn,. ions to 
the cell s membranes and their releasing then, 
what results in binding of zinc ions to the proper 

site of a membranes and stabil ization effect (2 1). 

Zinc in nifric oxide homeosfasis 

Zinc counteracts mtnc oxide (NO) formation 
(22, 23). Nitric oxide (II) is formed naturally in 
physiological conditions as a result of catalytic 
activity of constitutive nitric oxide synthases: 
endothelial and neuronal (eNOS and nNOS). 
The concentration of NO maintained due to cata
lytic activi ty of eNOS and nNOS are quite small , 
within the range of JOnM-5µM , and the half-Jife 
period (tl/2) of NO molecule is about 1-30 
seconds. In these very small concentrations, NO 
plays role in many important physiological pro
cesses - it is a paracrinic neurotransmitter in ner
vous system, is responsible for blood vessels 
relaxation as well as inhibits platelets aggrega
tion, regulates immune response etc. It is also, at 
the adequate concentration, the factor responsi
ble for free radicals removing from the cells: in 
the reaction with lipoperoxides LOO*, nitric 
peroxide is transformed into harmless 
derivati,ves. It was estimated that its efficacy is 
10000 to 100000-fold higher than in case of vi ta
min E. In the skin, NO is responsible for skin 
blood circulation (subdermal injection of eNOS 
inhibitor results in locai decrease in blood circu
lation in the skin), takes part in melanogenesis 
(essential in UVB-induced melanogenesis) and 
in the process of erythema induction. 

TABLE I 
Reaction rate constants of natural antiradical 

compounds in reaction with hydroxyl and superoxide radicals (20). 

Hydroxyl radicals 
K •OH (x 109 M"1s-1

) 

Superoxide radicals 
K 02° - (x 105 M"1s-1) 

Zn(II)-MT 2700 4 
GSH 8 67 
SOD - >10000 
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There are even studies on mice confirming 
wound healing accelerating after nitric oxide 
donors application on the skin (29), Many stu
dies confirm also regulatory role of NO in colla
gen synthesis (24). However, the unfavourable 
effects of NO activity are well known as well. In 
some conditions, inducible nitric oxide synthase 
(iNOS)- the third NOS isoform - may by for
med, what leads to significant increase in NO 
concentration . An increase in NO leve! 
abovel µM stimulates superoxide anion radical 
0 2 - production. A very toxic peroxynitrite (III) 
anion radical ONOO- is formed as a result of 
NO reaction with 0 2- leading to lipids, celi 
membranes and tissue damages, including dea
mination of DNA nitric bases and an increase in 
p53 protein inducing apoptosis (25). Inhibition 
of glutathione peroxidase and mitochondrial 
superoxide dismutase (MnSOD) was observed 
as a result of nitration of tyrosine 34 playing a 
key role in this enzyme activity (26) . 
The detailed interrelationships between zinc and 
NO have not been known yet. It is known that 
NO releases zinc from metalothionein leading to 
the locai increase in Zn2• ions (27, 28). It was 
also shown that Zn2

• might inhibit nitric oxide 
formation by reducing the activity of iNOS. It 
was revealed in in vitro studies that the rate of 
[3H] arginine transformation into [3H] cytrulline 
was about 50% lower in the presence of 150µM 
zinc compared to contro! value. 
Neither the detailed action of NO in the skin nor 
the role it could play in pathogenesis of common 
skin inflammations linked with zinc deficiency 
is well known. All three isoforms of nitric oxide 
synthase were identified in the skin and the 
iNOS isoform was detected in most skin cells 
including keratinocytes, Langerhans cells, fibro
blasts or endothelial cells (29) . Yamaoka et al. 
showed that zinc is capable of inhibiting iNOS 
expression induced by some cytokines. Zinc ions 
reduce NO production (in keratinocytes) stimu
lated by IFN-y and THF-a. Proinflammatory 
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cytokines INF-gamma, THF-alpha, IL-beta take 
part in evoking of allergie contact dermatitis, 
different skin infections, psoriasis or atopic con
tact dermatitis. NO may be produced on a wide 
scale in keratinocytes under the influence of 
these cytokines. It is thought, that if there is suf
ficient amount of zinc ions in microenvironment 
of epidermal keratinocytes (in vivo studies), then 
the excessive NO production in epidermis can be 
significantly reduced by iNOS suppression . 
Therefore, at average level of zinc (1 2,3±2,4 
mM), the expression of cytokines inducing 
iNOS may occur in keratinocytes in much lower 
degree. 

COSMETIC APPLICATION OF 
METALS IN ANTIRADICAL 
PROTECTION 

A number of in vitro tests confirming the 
influence of zinc and copper presence on the 
increase in resistance against oxidative stress 
were carried out in laboratory conditions. 
It was shown that the addition of zinc chloride 
solution (6,5 mg/L) into the cultures of human 
fibroblasts results in significant decrease in 
DNA helix damages and reduces apoptotic pro
cesses evoked by UVA radiation. Sakurai et al. 
Revealed that ora! administration of zinc in the 
form if zinc chloride or zinc complex with pyri
dyl-2-carboxylic acid leads to the decrease in the 
amount of UVA-induced free radicals in mice 
skin. Zinc chloride exhibited strong, but short
time activity and Zn(pic)2 acted slower, but pro
vided long-term effects (systematic decrease in 
ROS during following 3 days since the last 
Zn(pic)2 dose was observed) (30). It was shown 
also in other studies that topically applied Zn(II) 
protects from UVA-induced radical stress (31). 
It was confirmed in in vitro studies, that zinc 
could inhibit lipid peroxidation in the presence 
of a many initiators of radical processes exhibi
ting different physicochemical properties. 
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Antioxidative role of zinc (250 µM) was not 
confirmed in presence of azo- compounds: 2,2'
azo-bis(2,4-dimethylvalerenitrile) and 2,2 '-azo
bis(2-amidinepropane) capable of peroxide radi
cals generation in hydrophobic or hydrophilic 
media, respectively. 
Inhibition of lipids oxidation is of superior 
importance for celi membrane and intercellular 
cement integrity. Significant decrease in concen
trations of lipids oxidation products , i.e . malon
dialdehyde, hydroxyalkenoles, coupled dienes as 
well as 8'-hydroxy-2'deoxyguanosine (DNA 
oxidation product) was noticed in in vivo studies 
at people with zinc ora! supplementation compa
re to contro! group. 
The efficacy of a particular compound's activity 
always depends on its bioava ilability, thus the 
form , in which it is used. Bagchi et al. revealed 
the zinc complex with methionine Zn(Met)2 

exhibits much stronger antiradical action than 
other zinc compounds such as oxide, citrate, sul 
phate, g luconate and similar activity to such 
antioxidants as vitamin C or E (32). Similarly, 
Fujimori et al. studied a number of copper com
pounds including acetylsalicylic acid derivative 
[Cu2(asp)4], copper salicylate and copper sulpha
te. In vitro studies of antioxidative activi ty were 
carried out on human epithelial cells, keratinocy
tes lines HaCaT and fibroblasts, which were 
exposed on UVA and UVB radiation. The stron
gest an tioxidative act ion was noted for 
[Cui(asp)4]. This may result from better bioavai
lability of this compound. The determined octa
nol/water partition coefficient LogP is 0 ,1 in this 
case, what gives it possibility to penetrate into 
horny layer and deeper layers of the skin (33). 

ENZYMES OF ANTIRADICAL 
ACTIVITY IN COSMETIC FOR
MULATIONS 

Antiradical activity of enzymes, SOD in particu
lar, is tried to be used for therapeutic or cosme-
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tic purpose after application on the skin. The 
first patent on cosmetic applications of SOD 
dates back to the beginning of seventies, when 
scientists from L'Oreal Company noticed the 
importance of SOD. Patent claims concerned 
SOD obtained from marine organisms and its 
genera! application in cosmetic products (34). In 
1987 Brook Industries developed the method of 
SOD obtaining from yeast growing on culture 
medium rich in zinc and copper ions . The recei
ved in this way SOD -YeastCuZnSOD exhibited 
increased activity and, by binding to special pro
tein - much higher stabil ity. With time, the SOD 
was started to be closed in liposomes or other 
carriers (35). 
There are a lot of studies confirrning the antioxi
dative role of SOD. Most of them, however, con
cern in vitro conditions. There are very little 
publications on cosmetic or therapeutic use of 
superoxide dismutase on the skin. Paramonov et 
al. showed, that application of SOD in 
PE0 -1500 decreases inflammation state imme
diately and fastens epithelization of impaired , 
burnt tissue (36). These are, however, the results 
of studies on damagecl tissue of broken epider
mal barrier. The lack of data on antiradical 
action of SOD in in vivo conditions after appli
cation on intact skin seems to be well understan
dable. Due to the high molecular weight SOD 
does not seem to penetrate into/through the stra
tum corneum. Thus, it cannot exhibit its protec
tive rote on the level of living cells of epidermis 
and derrnis. It was shown however in in vivo stu
dies that SOD extracted from yeast and applied 
on the skin may decrease erythema evoked by 
UV radiation (35). Therefore, in spi te of the fact 
the enzyme can not permeate through the horny 
layer (high molecular weight), thus it can not 
acts as naturally occurring SOD in the skin , it is 
thought that the use of SOD in care cosmetics 
may provide many benefits . 
Uncommon seem to be the results of Korean 
scientists, who studied the range of specially 



modified copper-zinc superoxide dismutase acti
vity and the possibility of its use in cosmetic pro
ducts (37). A new compound, Tat-SOD, was 
obtained by incorporating into the enzyme's 
molecule of a small carrier peptide (Tat) from 
immunodeficiency virus type- l (HIV- l). Tat 
protein is relatively well known from the abi lity 
of transportation of even big molecules into 
living celi inside. It was shown in in vitro condi
tion , that Tat-SOD enters the inside of human 
fibroblasts. Such phenomenon was not observed 
in contro! tests with the use of non-modified 
SOD. In in vivo studies on mice, the ability of 
Tat-SOD molecule permeation through the stra
tum corneum barrier into living layers of epider
mis and dermis was confi rmed (immunohisto
chemical and enzymatic ac tivi ty studies), 
Modification did not influenced (negatively or 
positively) on antiradical act ivity (37). The 
authors did not discuss, how such big molecule 
could penetrate through the homy layer structu
res , 
The use of compounds imitating natural enzy
matic systems may be very promising for 
cosmetic applications . As an example, EUK-8 or 
EUK-134 can be given (Figure 4)- SOD-catala
se-mimetic compounds, Decraene et al. showed 
their efficacy in in vitro condi tions. Significant 
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decrease in human keratinocytes deaths after 
exposure to UV radiation, hydrogen peroxide 
and other peroxides was observed (38). 
Topically applied EUK-134 in vivo results in the 
decrease in lipid peroxidation (studies on squale
ne oxidation to its monohydroperooxide) on the 
surface of skin exposed to UVA radiation, also in 
case of application of EUK- l 34 after skin irra
diation (39) . No data however can be found on 
the abi lity of EUK-134 to penetrate into the stra
tum corneum and living layers of the skin , but it 
seems possible if the molecular weight is consi
dered. 
And finally, the introduction into the cosmetic 
formulations of ingredients capable to induce 
enzymes synthesis by skin cells can be the alter
native method and the next solution, Such stu
dies ha ve been presented recently by Mahé et al. 
(40). In experiments with Vitreoscilla filifonnis 
extract they showed in in vitro conditions 
(human keratinocytes and fibroblasts), that such 
ingredient from bacteria biomass can modulate 
MnSOD expression. The in vivo tests, however, 
seems to be much more spectacular, because 
significant decrease in the number of sun-burn 
cells as well as the decrease in erythema evoked 
by UVB radiation was observed after topica) 
application of the extract (40). 

EUK-8: R=H 
EUK-134: R=OCH3 

Fig. 4 S1ruc111re of EUK-8 a11d EUK-134 si11111/a1i11g SOD!cawlase system activiry (39). 
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CONCLUSIONS 

Studies on sk:in structure and physiological pro
cesses responsible for its proper functioning sho
wed that the suitable concentration of different 
metal ions is essential for the protective, barrier 
function of the skin. Much is known on the cop
per ions participation in melanogenesis or colla
gen synthesis . The advantageous effect of zinc 
on wound healing has been known for ages. The 
plots conceming the influence of other metals -
calcium or magnesium started to develop in 
scientific literature . Ali these new discoveries of 
a great importance for medicine usually finds its 
ending in cosmetics applications. 
Antiradical action of metal ions was confirmed a 
long time ago, but the knowledge on the mecha
nisms of this activity seems to be quite new. 
However, a big number of in vitro studies do not 
correspond to in vivo conditions. The poor pene
tration of metal ions makes them difficult to 
"push" through the horny layer barrier. Much 
worse situation concerns the enzymes, whose 
excessively big molecular weight precludes their 
penetration into the stratum corneum . Perhaps, 
in the nearest future , in the face of searching of 
new cosmetologica! solutions, the use of metals 
and based-on-them enzymes will become the 
essential problem, with which the scientist wi ll 
have to set against. This problem, if solved suc
cessfully, may become the next key opening the 
door, behind which a new era of cosmetology 
will be. The era of using on a wide scale of the 
antiradical activity (an not only) of known, but 
stili not entirely adapted by cosmetologists metal 
ions. 
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