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Introduction: Genistein and daidzein are typical soy isoflavones with known estrogenic properties to provide pro-
tection against skin ageing in postmenopausal women and female rats. However their effect on male skin was
very rarely studied.

Aim: This study was designed to evaluate the effect of a mixture of genistein and daidzein on male rats’ skin.
Material and methods: Male rats were administered this mixture in a dose of 2 or 20 mg/kg body weight (bw) per
day for 5 days weekly mixed with regular rat chow, from prenatal life until sexual maturity. The female and male
rats of the control group received regular rat chow. The skin epidermis thickness, number of fibroblasts in the dermis
and diameter of collagen fibers in the dermis were measured using morphometric assay. The isoflavone effects on
activities of antioxidant enzymes, lipid peroxides, and glutathione concentration in the skin were measured with
commercially available kits.

Results: The thickness of the skin epidermis and collagen fibers in the dermis and amount of elastic fibers were
significantly greater in the isoflavone-treated groups. Isoflavones significantly decreased catalase activity in the
skin homogenates and at a higher dose inhibited lipid peroxides formation.

Conclusions: Our results provide further support for the contribution of isoflavones to defence mechanisms against
oxidative stress in the skin and suggest that genistein and daidzein supplementation may provide protection

against skin ageing in males.
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Introduction

Plant-derived isoflavones are nonsteroidal com-
pounds that exhibit agonistic or antagonistic oestrogen
activities, due to their heterocyclic phenolic structure
similar to both natural and synthetic oestrogens [1, 2].
Due to their structure similarity to 17B-estradiol, isofla-
vones are able to bind oestrogen receptors ERa and ERB
and to mimic estrogenic actions [3]. Recent data indicat-
ed that isoflavones, via binding to ERa, promote cell pro-
liferation, but via binding to ERB, promote apoptosis [4].
Furthermore, they can act as antioxidants by scavenging
free radicals and/or chelating metal ions [5, 6]. Isofla-
vones exhibit anti-inflammatory [7], anti-allergic as well
as anti-cancer properties [8]. Daidzein and genistein are
the two main and most well characterized isoflavones

present in soybean, able to inhibit transcription factors
NF-kf, Akt and AP-1 signalling pathway [6, 8-10].
Extensive studies in the field of dermatology and cos-
metology have demonstrated that phytoestrogens are ef-
fective in reducing skin ageing induced by oestrogen de-
privation as they increase hyaluronic acid concentration
[11], content and quality of collagen [12], and stimulate
synthesis of the extracellular matrix proteins [13].
Recent research on soy isoflavones’ (Sl) property
reveals that the compounds can protect against UV-
induced oxidative damage of the skin cells [14-16] by
upregulation of the intracellular superoxide dismutase
(SOD) [17] and catalase (CAT) activities etc. [14, 17, 18].
Gender differences in the skin tissue were observed in
the distribution of ERa and ERP in the epidermis and se-
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baceous gland cells [19, 20]. A number of studies have
provided evidence that oestrogens, via ERs, can influ-
ence the epidermis and dermis thickness, skin elastic-
ity, skin moisture and firmness, pigmentation, vascular-
ity, function of the skin immune system, growth of hair,
and wound healing [18, 21]. In addition, oestrogens may
improve/maintain the skin barrier function and regen-
eration [19]. However, to date, studies dealing with the
oestrogen influence on the skin tissue were mainly per-
formed in female animals or in postmenopausal women
seeking alternatives to oestrogen treatment, while their
effect on male rats’ skin was rarely studied, and the find-
ings are sparse and equivocal.

Aim

The current study is different from previously pub-
lished articles as we aimed to investigate daidzein and
genistein administration from prenatal life until sexual
maturity on morphology and the cellular redox status in
the skin of male rats.

Material and methods

Sexually mature 3-month-old female Wistar rats were
kept for a week in a cage with sexually mature males
(2 : 1) under standard conditions in terms of lighting
(12L : 12D) and nutrition. After a week, they were sepa-
rated from the males, and each female was placed in
a separate cage. Pregnant females were randomly di-
vided into 3 groups (4 rats per group: control (C) and
experimental groups (S2 and S20)). Females of the ex-
perimental groups received per os soy isoflavones (SI)
daidzein and genistein mixture (Meno Stop —HASCO Lek,
Poland). Based on the content of these compounds in soy
human diet [22], we chose two dose groups for Sl treat-
ment: 2 mg/kg body weight/day (bw/day) (low doses, S2
group) and 20 mg/kg bw/day (high doses, S20 group).
Rats were treated with SI from the first day of the experi-
ment until delivery. Isoflavones were given once a day for
5 days/week to each rat mixed with a regular rat chow.
The females and young males of the control group (n = 8)
received regular rat chow from the feed store. Young
males of experimental groups (n = 8 rats per group)
were continuously treated with the same doses of S| until
reaching the age of sexual maturity. Next, the rats were
sacrificed under thiopental anaesthesia (120 mg/kg bw,
i.p., Biochemie GmbH, Austria). The study was performed
according to the National Institute of Health Guidelines
for the Care and Use of Laboratory Animals and the Eu-
ropean Community Council Directive for Care and Use of
Laboratory Animals and was approved by a local ethics
committee (Committee on the Use and Care of Animals,
approvals No. 25/2012, 26/2012, and No. BN-03/12).
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Morphometric analysis

The skin samples were fixed in freshly prepared 4%
paraformaldehyde (pH 7.4). After fixation, the skin was em-
bedded in paraffin wax, sectioned and stained with hema-
toxylin and eosin (H-E). The thickness of the epidermis and
the diameter of collagen fibers in the dermis of rats’ skin
were measured using a Zeiss microscope equipped with
a 20x objective lens. For each animal, 50 measurements
were carried out. Additionally, in skin sections stained with
H-E, the number of fibroblasts was counted using ocular
10x with a square reticle. The surface of each square was
1225 um? (35 x 35 um) under 40x objective lens. All morpho-
metric measurements were performed with Axio Scope Al
(Zeiss) using AxioVision Rel. 4.6 Software.

Biochemical study

To determine the activity of SOD, CAT, glutathione per-
oxidase (GPx), glutathione reductase (GR), and concen-
trations of glutathione (GSH) and lipid peroxides (LPO),
the tissue homogenates were prepared as follows: equal
volumes of skin samples (0.5 g) were placed in phosphate
buffered saline, pH = 7.4, frozen in liquid nitrogen and
underwent homogenization using a hammer mill. The
suitable buffer (5-10 ml/g tissue) was added, and then
tissues underwent homogenization using a CAT X120 ho-
mogeniser (Germany). The homogenates were centrifuged
for 10 min at 12,000 G at 4°C. The supernatants were used
to determine the activities of SOD, CAT, GPx, GR, and the
levels of GSH and LPO were measured using suitable As-
say Kits (Cayman Chemical Company) following the manu-
facturer’s instructions. The absorbance was measured at
suitable wavelengths with a usage of plate reader Asys
UVM 340 (Asys Hitech GmbH, Austria).

Results of enzymes activity were converted into
the total protein content, which was determined using
a commercial BCA Protein Assay Kit (Thermo Scientific
Pierce, USA). An absorbance was measured at 562 nm.

Statistical analysis

The data were analysed statistically using Statistica
PL 6.1 software. The data are presented as mean + SE of
the mean. The distribution of results for individual vari-
ables was obtained by the Shapiro-Wilk test. The non-
parametric Mann-Whitney U-test was used to determine
significant differences between means. P-value of < 0.05
was regarded as significant.

Results

The thickness of the epidermis in the skin of the con-
trol and experimental male rats’ groups was measured
in cross sections of the organ. As shown in Figure 1 A,
the epidermis thickness in the skin of rats exposed to
Sl was significantly greater (p < 0.001) than the control
group. The values for the median thickness of epidermis
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Figure 1. The thickness of epidermis in the skin (A), the
number of fibroblasts in dermis of the skin (B), and diam-
eter of collagen fibers in dermis of the skin (C) of rats in the
control group and rats exposed to soy isoflavones in a dose
of 2 mg/kg bw/day (52) or 20 mg/kg bw/day (520). Results
are given as mean + SE of 8 rats in each group. Values de-
noted as (**) and (***) are significantly different from the
control value at p £ 0.01 and p < 0.001, respectively
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Figure 2. Concentrations of lipid peroxides (LPO) (A), the
activities of superoxide dismutase (SOD) (B), and catalase
(CAT) (C) in the skin homogenates of the control group and
rats exposed to soy isoflavones in a dose of 2 mg/kg bw/
day (S2) or 20 mg/kg bw/day (520). Results are given as
mean + SE of 8 rats in each group. Values denoted as (*)
and (**) are significantly different from the control group
value at p < 0.05 and p < 0.01, respectively

and lower and upper quartiles for the control, S2 and
520 (um) groups were: 16.95, 13.91--18.67; 32.70, 24.50—
42.74; 37.37, 28.90-50.63, respectively.

No statistically significant differences were noted in
the number of fibroblasts in the dermis of the skin be-
tween the control group and the groups of rats exposed
to Sl (Figure 1 B). The values for median, and lower and
higher quartiles of the fibroblasts number for the control,
S2 and S20 groups were: 1, 0-2; 1, 0-1; 1, 0-2, respectively.

A statistically significant increase in the thickness of col-
lagen fibers was observed in the dermis of rats exposed to
Sl (p < 0.01 for S2 group and p < 0.001 for S20 group) com-
pared with the control group (Figure 1 C). Additionally, a sig-
nificant difference in collagen fibers diameter in the dermis
was noted between S2 and S20 groups, the diameter being
higher in the S20 group. The values for the median diam-
eter of collagen fibers and lower and higher quartiles for the
control, S2 and, 520 groups (um) were: 4.22, 3.48-5.02; 4.43,
3.89-5.28; 5.64, 4.27-6.66, respectively.

Biochemical studies of redox balance in the skin

In the skin homogenates of the rats treated with a high-
er Sl dose (group S20), LPO level was decreased compared
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with the control group; however, the difference was not sta-
tistically significant (Figure 2 A). The values for the median
LPO level and lower and higher quartiles for the control, S2
and S20 groups (nM/mg protein) were: 6.35, 3.78-9.67; 4.73,
4.49-9.23; 4.30, 2.78-5.04, respectively.

No significant effect of SI treatment was found in
SOD activity, however we found a higher enzyme activity
in the treated groups compared with the control group
(Figure 2 B). Values for median SOD activity and lower
and higher quartiles for the control, S2 and S20 groups
(U/mg proteins) were: 2.50, 1.26-3.13; 3.43, 2.21-4.78;
3.92, 2.18-6.75, respectively.

The activity of CAT was significantly lower in the skin
of rats exposed to SI (p < 0.05 in S2 group and p < 0.01in
S20 group) than the control group (Figure 2 C). The values
for median CAT activity and lower and higher quartiles
for the control, S2 and S20 groups (U/mg proteins) were:
706.42, 437.86-943.60; 152.57, 116.56-247.12, 110.43,
41.72-234.38, respectively.

No statistically significant differences were observed
in GPx activity in the skin between the control group and
groups of rats treated with Sl (Figure 3 A). The values for
median enzyme activity and lower and higher quartiles for
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the control, S2 and S20 groups (U/mg proteins) were: 8.82,
5.98-10.84; 10.0, 3.96-14.30; 7.94, 4.11-10.18, respectively.

There were no statistically significant differences in
GR activity between the skin of the control group and the
group exposed to a low dose (2 mg/kg bw/day) of Sl. In
the skin of rats exposed to a dose of 20 mg/kg bw/day,
GR activity was slightly higher compared to the control
group, however the difference was not statistically sig-
nificant (Figure 3 B). The values for median of GR activity
and lower and higher quartiles for the control, S2 and
520 groups (U/mg proteins) were: 3.58, 2.25-9.21; 4.18,
2.41-9.38; 7.83, 4.19-12.00, respectively.

The levels of GSH in the skin homogenates of rats
treated with Sl at 2 mg/kg bw/day (52) or 20 mg/kg bw/
day (520) were slightly increased, but they were not sta-
tistically different compared to the control level (Figure
3 O). The values for median of GSH concentration in the
skin homogenates and lower and higher quartiles for the
control, S2 and S20 groups (UM/mg protein) were: 0.04,
0.03-0.06; 0.05, 0.04-0.07; 0.05, 0.05-0.06, respectively.

Discussion

The present study was undertaken to assess the pos-
sible beneficial effect of genistein and daidzein mixture
on male rats’ skin parameters, such as thickness of the
entire epidermis, diameter of collagen fibers, number of
fibroblasts, and levels of antioxidant enzymes. To our
knowledge, this is the first study to investigate the ef-
fects of Sl on the skin of male rats exposed during foetal
and postnatal periods until sexual maturity. The effect of
phytoestrogens as an alternative to oestrogen treatment
is well documented in postmenopausal women, but no
clearly supported evidence was found in men [1, 23].
The oestrogen treatment in postmenopausal women in-
creases collagen content, thickness of the epidermis and
dermis, elasticity, wound healing, vascularization, and
the proper functioning the skin’s immune system [18, 21].

In the present experiment, morphometric analysis
showed a significant increase in the thickness of the en-
tire skin epidermis in male rats treated with SI. This ob-
servation is in line with the findings of a previous study
which found the normal epidermal thickness restored,
improved vascularization and skin elasticity in female
rats after ovariectomy treated with SI[15]. Likewise, the
use of concentrated S| by postmenopausal women re-
sulted in an increased number of epidermal layers as well
as in normalization of keratinization [23].

We hypothesized several mechanisms for SI benefit,
first through upregulation of ER followed by the cell divi-
sion of the male epidermis, which led to an increase in its
thickness. The second mechanism of Sl effect on epider-
mal regeneration is possible via oestrogen-independent
pathway. Genistein can accelerate keratinocyte migration
and reepithelization through the influence on insulin
growth factor-1 (IGF-1) receptor [24]. The third suggested
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Figure 3. The activities of glutathione peroxidase (GPx) (A),
glutathione reductase (GR) (B) and the concentration of
glutathione (GSH) (C) in the skin homogenates of the con-
trol rats and rats exposed to soy isoflavones in a dose of
2 mg/kg bw/day (S2) or 20 mg/kg bw/day (520). Results
are reported as mean + SE. N = 8 rats/group

mechanism is linked with the anti-inflammatory prop-
erties of genistein. Previous studies demonstrated the
effect of genistein on serine/threonine specific kinases,
e.g. mitogen-activated protein kinases (MAPK), protein
kinase A (PKA) as well as on expression of genes en-
coding GPx and Cu- dependent SOD [8]. Further, the in-
creased thickness of the skin epidermis may result in the
improved epidermal barrier function and effectiveness of
protective functions of the male rats’ skin. This ability of
Slis important, considering that the epidermal barrier is
less effective in males than in females [25]; this may offer
new clues in this aspect.

Genistein and daidzein had no effect on the number
of fibroblasts in the connective tissue of rats’ dermis. So
far, there is a limited research dealing with their effect on
the number of fibroblasts in the skin. Recent studies have
shown that phytoestrogens can exert a beneficial effect
on collagen synthesis [2]. In vitro studies on human der-
mal fibroblasts have demonstrated that plant isoflavones
stimulate extracellular matrix components synthesis,
increase expression of collagen (especially procollagen
1A1), elastin and fibrillin [26].

Histological evaluation showed that texture of colla-
gen fibers (collagen type 1) and reticulin (collagen type 1)
in the papillary and reticular layers of male rats dermis
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treated with Sl were similar to those of the control group
(data not shown). Moreover, we found significant thicken-
ing of collagen fibers type I'in the skin of the rats treated
with SI. Texture of elastic fibers in the papillary and re-
ticular layers of the rats” dermis treated with Sl were not
changed, however the content of elastic fibers in the der-
mal layer was higher, especially in the S20 group. This re-
sult is in an agreement with several previous reports [4, 26,
27]. For example, Zhao et al. demonstrated that daidzein
can positively affect the collagen synthesis and inhibit its
degradation under in vivo and in vitro conditions [26]. The
authors found that transforming growth factor f1 (TGF-B1)
and Smad-dependent signalling pathways play an impor-
tant role in daidzein-dependent collagen deposition.

Evidence has shown that low levels of genistein stim-
ulate, but high concentrations inhibit collagen synthesis
[4]. This dual effect may be due to several modes of ac-
tion, such as modulation of oestrogen and IGF-1 receptor,
inhibition of tyrosine kinase activity, ribosomal S6 activ-
ity, and activation of aminoacyl tRNA synthetase [27].
An increased expression of TGF-B1, vascular endothelial
growth factor (VEGF), extracellular matrix metalloprotein-
ases 2 and 9 (MMP-2 and MMP-9), and tissue inhibitors
of metalloproteinase 1 and 2 (TIMP-1 and TIMP-2) by ge-
nistein was found [28].

The present study demonstrates a non-significantly
decreased level of LPO in the skin homogenates of the
S20 group. Phytoestrogens contribution to the regula-
tion of prooxidant/antioxidant equilibrium in the body
depends on their dose being tissue/site specific [2, 28].
Thus, the lack of the significance may result from rela-
tively low doses of SI. This result is in agreement with
previous evidence [28, 29]. There is a suggestion that Sl
are ROS scavengers and they significantly up-regulate
expression and potency of the antioxidant genes and
enzymes [30].

As in other tissues, the antioxidant enzyme system
including SOD, CAT, GPx, GR and non-enzymatic antioxi-
dants, e.g. GSH, play an important role in ensuring opti-
mal levels of reactive oxygen species/nitrogen species
(ROS/RNS) in the skin. In the present study, an exposure
of rats to SI had no statistically significant effect on
SOD activity in the skin, however we observed a slight
increase in the enzyme activity. We can assume that SI
were able to remove ROS directly by serving as hydrogen
atoms or electron donors and/or that superoxide anion
radical was not formed at an increased concentration
under our experimental conditions [31, 32].

We observed that the exposure of male rats to S|
resulted in a significant reduction in CAT activity in the
skin homogenates. CAT usually works as an antioxidant
when the H.O, level is high, what probably did not occur
in our study, as the animals were not further exposed
to any factors that could increase ROS concentrations.
We maintain that significant reactivity of Sl towards H,0,
[33] could be responsible for a decrease in CAT activity.
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Consistent with the present result, the significant reduc-
tion of CAT activity was demonstrated in serum, with-
out affecting the enzyme activity in human organs and
erythrocytes of immature male rats treated with mixed
phytoestrogens [34]. In turn, other researchers observed
a negligible decrease in CAT activity in the epididymis af-
ter exposure of mature rats to phytoestrogens [35].

We also found that exposure of animals to SI, regard-
less of their dosage, did not affect GPx and GR activi-
ties. Similar results were reported by Park et al. for GPx
activity in the brain, kidneys, spleen and serum of the
rats exposed to phytoestrogens [36]. In contrast to our
study, Abarikwu et al. demonstrated a slight decrease in
GR activity in epididymal homogenates of male rats [35].

Previous studies reported different effects of phy-
toestrogens on tissue levels of GSH [35, 37]. For exam-
ple, Abarikwu et al. found a lower GSH concentration
in male rats’ epididymal receiving phytoestrogens [35].
In contrast, our findings did not confirm the SI impact
on the GSH concentration in male skin. Similarly, Chen
et al. failed to confirm the effect of low concentrations of
genistein on GSH content in myocytes culture [37].

A potential explanation for the inconsistent results
among mentioned studies may originate from the multi-
directional effects of isoflavones on the oxidant and anti-
oxidant balance depending on their type, dose, exposure
time, age, target tissue, and differences in the individual
absorption and/or metabolism rate. Evidence shows that
some isoflavones undergo oxidation forming ROS [2, 37].
In addition, the dichotomy (estrogenic and anti-estrogen-
ic effects) of ER modulating by SI and molecular mecha-
nisms of their action in each tissue which are dependent
on the ER composition may explain observed conflicting
findings [38].

Our results reveal that relatively low doses of daid-
zein and genistein in the male rats diet had a beneficial
effect on the synthesis of collagen fibers and elastic fi-
bers or inhibited their degradation process. Known high
efficacy of the topical use of phytoestrogens in women
and our findings allow to suggest that use of genistein
and daidzein could improve also the quality of men skin
components as well as slow down skin aging. The men’s
skin is more sensitive to UV radiation than that of wom-
en, what leads to its greater damage [39] so it requires
special protection. Taking into account that genistein and
other isoflavones or their metabolites applied locally on
the skin of animals and women exhibited the protective
effect on the skin ageing and neoplasm formation [1, 15]
and our promising findings, we may conclude that the
use of phytoestrogens to prevent males’ skin from UV
damage and ageing should be taken into consideration.

Conclusions

Morphometric analysis showed significant increases in
the thickness of the skin epidermis, collagen type | fibers
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in the dermis, and in the amount of elastic fibers of male
rats treated with the daidzein and genistein mixture. The
examined isoflavones showed a tendency to extinguish
lipid peroxidation and significantly lowered the activity of
catalase in the rats’ skin. It is very likely that the positive
effects of the genistein — daidzein combination on the skin
morphology of male rats could be linked with the selective
activation of ERB. The compounds might work not only by
their direct antioxidant action, but they also were able to
influence the antioxidant enzyme system. Thus, our find-
ings provide further support for the contribution of phy-
toestrogens to defence mechanisms against intracellular
oxidative stress. However, the specific mechanism of their
interactions in males requires further studies to determine
the optimal dose, duration of use, and route of administra-
tion to achieve the best possible protection against skin
ageing without side effects.
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