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Abstract

Context and purpose: Reactive oxygen species (ROS) play a role in a numbered of
degenerative conditions including psoriasis. Psoriasis is a chronic inflammatory disease who’s
the etiopathogenesis is not yet completely understood, and therefore there is no standardized
therapeutical approach. Flavonoids, recognized as potent antioxidants, are multifunctional
molecules that can act as anti-inflammatory and antiproliferative agents through the modulation
of multiple signaling pathways. The present study was designed to investigate the protective
role of flavonoids [quercetin, chrysin, curcumin or Epigallocatechin 3-gallate (EGCG)] against
n-Hexyl salicylate (HXS)-induced oxidative stress and inflammation in skin. Anti-oxidative and
anti-inflammatory effect of flavonoids is quantified by histopathological assessment of skin,
measuring the levels of lipid peroxidation and glutathione (GSH) in the skin, total number of
inflammatory cells in peritoneal cavity, macrophage spreading index, and hematological and
biochemical parameters.

Main findings: Topically applied of n-Hexyl salicylate caused significant increase in lipid
peroxidation and decrease in GSH, which is accompanied by an increase total number of
inflammatory cells in skin and peritoneal cavity, functional activity of macrophages, and
enzymatic activity of ALP and AST. In contrast, topically applied 5 % preparation of flavonoids
(quercetin, chrysin, curcumin or EGCG) with HXS effectively prevented these alterations and
maintained the antioxidant status.

Summary: The results suggest that flavonoid preparations can serve as a potent antioxidant
and anti-inflammatory agents in psoriatic-like skin lesions, without toxic effects.
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Introduction

Psoriasis is a chronic inflammatory, proliferative skin disease
characterized by pathological skin lesions due to various
exogenous and endogenous factors. It is associated with a number

The skin is an external organ that covers the entire body surface. It
is responsible for the communication between an organism and the
environment and is constantly subjected to exogenous stimuli. The
main function of the skin is to protect the organism from
environmental insults [1]. More exact, the skin is able to activate a
defense mechanism aimed at pathogen elimination and tissue
repair [2]. The skin is a biological interface with the environment,
and is frequently and directly exposed to prooxidative stimuli
including chemical oxidants, ultraviolet and visible irradiation, which
are known to promote the generation of ROSs and lipid peroxides
[2]. Initiation of the defense response is characterized by the
infiltration of neutrophils and the release of several pro-
inflammatory mediators, which starts the inflammatory process. If
this inflammatory response is not appropriately regulated, an
inflammatory skin disease can be triggered [3]. The most common
inflammatory skin disorders include atopic dermatitis and psoriasis.

of biochemical and immunological disturbances. The disease is
believed to be primarily mediated by T-cells dendritic cells (DCs),
natural killer T cells, and macrophages, and affects approximately
0.2% to 2% of the world population [4], These cells release
cytokines that stimulate keratinocyte (KC) hyperproliferation and
altered differentiation leading to widespread development of
erythematous plaques with adherent silvery scales [5]. In psoriatic
skin context, reactive species are generated by keratinocytes and
activated leukocytes, mostly neutrophils [6, 7] and macrophages [8]
which play a key role in inducing psoriasis-like skin disease. This
suggests that cellular redox status plays a pivotal role in a healthy
skin environment and that an imbalance between pro-oxidant and
antioxidant mechanisms could result in skin diseases, including
psoriasis [7,9].
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Since, that currently available therapeutics to treat chronic
inflammatory skin diseases are mostly ineffective and produce a
plethora of side effects [3, 4], the search for more effective and
safer treatment alternatives is necessary. Natural products derived
from plants have long been used in folk medicine, and topically
applied antioxidants can protect the skin from oxidative damage [7,
10-13]. Natural polyphenols, recognized as potent antioxidants, are
multifunctional molecules that can act as anti-inflammatory [7, 10-
13] and antiproliferative agents [14-17] through the modulation of
multiple signaling pathways.

The present study was designed to investigate the role of
flavonoids in reducing oxidative stress and inflammation in HXS-
induced psoriasis like lesions in skin.

Material and Methods
Animals

Present study was approved by the ethical committee (Faculty of
Science, University of Zagreb, Croatia). Male Swiss albino mice 2
to 3 months old, weighing 20 to 25 g, obtained from Department of
Animal Physiology, Faculty of Science, University of Zagreb, were
used in this study. The animals were kept in individual cages during
the experiment and at 12 hours of light per day. They were fed a
standard laboratory diet (4 RF 21, Mucedola, Settimo Milanese,
ltaly) and tap water ad libitum. Maintenance and care of all
experimental animals were carried out according to the guidelines
in force in Republic of Croatia (Law on the Welfare of Animals, N.N.
#19, 1999) and carried out in compliance with the Guide for the
Care and Use of Laboratory Animals, DHHS Publ. # (NIH) 86-123.

Irritant

Psoriasiform lesions was induced by topical application of irritant n-
Hexyl salicylate (C13H1g03) in an area of ~3 cm shaved abdomen
of mice. N-Hexyl salicylate (99.00 %) were purchased from Sigma-
Aldrich, St. Louis, MO, USA. Figure 1 shows the chemical structure
of selected irritant.

Flavonoids

Epigallocatechin 3-gallate (EGCG) manufactured by Shanghai
Angola Chemical Co., Ltd., China; Curcumin (CURC) and Chrysin
(CHRYS), manufactured by Sigma-Aldrich Corporation, USA;
Quercetin  (QU), manufactured by Fluka Chemie GmbH,
Switzerland. The chemical structure of flavonoids used in the
experiment is shown in Figure 1.
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Figure 1. Chemical structures of selected materials used in
experiment. (A) irritant n-Hexyl salycilate (HXS, Cq3H1g03); (B)
Quercetin (C15H1oo7); (C) Chrysm (C15H1oo4); (D)
Epigallocatechin gallate (EGCG, CaoH1g044); (E) Curcumin
(C21H2006)
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Induction of psoriasis-like skin lesions and test
components application

Hexyl salicylate were used as an irritant as previously reported [18].
Topical 5 % flavonoids application has relevance for evaluating the
efficacy of test components /7 vivo in animal model, as was
reported previously in the study by Noh et al. [19]. Test
components (100 mg) was dissolved in 2 mL acetone/olive oil (1:1).
The day before the trials were about to start, all animals had had an
area of ~3 cm shaved on their abdomen.

In the experiment we used seventy mice. The animals were divided
into 10 groups (each group consisted of 7 mice: the first group
consisted of mice that were topically treated only with n-Hexyl
salicylate) and the acetone/olive oil (1:1) solution; the next groups
(2 - 5) consisted of mice that were topically treated with irritant
Hexyl salicylate and/or Epigallocatechin 3-gallate, quercetin,
chrysin, curcumin), respectively; groups 6 -9 consisted of mice that
were topically treated only with EGCG, QU, CRYS, or CURC, and
control group treated with acetone/olive oil (1:1) solution (groups
11). All animals were numbered within the group, and every group
was in its separate cage with the label of the group on it. During 5
days every animal was topically treated with its specific test
compound on the abdomen.

Briefly, 30 uL Hexyl salicylate were painted onto their surface of
shaved abdomen of mice during 5 days. During the one-time
topical application on the skin of the tested animals we used 30 pL
of solution, and the analysis lasted 5 days.

Count of the total number of cells present in the
peritoneal cavity

After disinfection of the external abdominal region, each animal
was inoculated with 3 mL of saline solution and after gentle
agitation of the abdominal well, the solution containing peritoneal
cells was removed for cellular evaluation. The total number of cells
present in the peritoneal cavity was determined by counting in a
Birker-Turk chamber.

Determination of functional activity of macrophages

The functional activity of macrophages in the peritoneal cavity was
determined by the spreading technique [15, 20]. Spread cells were
those that exhibited cytoplasmic elongation, while the non-spread
cells were rounded [15, 20] Using an ocular grid, 200 macrophages
were scored as either round or spread. An index of macrophage
spreading (SI) was then calculated for each monolayer of each
glass cover slips, as follows:

Sl=(number of spreading macrophages x 100)/200 adherent cells,
i.e. SI=% of spreading macrophages.

Pathology assessment

Mice were euthanized 5 days after induction of psoriasisform skin
inflammation. Skin was removed and immediately fixed in a
solution containing 10% formalin. Paraffin-embedded sections were
cut at 0.5 um and stained with H&E. The sections of the skin were
examined histologically as described in paper Or3oli et al. [7].

Tissue preparations

Portions of skin samples of 100 mg were homogenized in 1 mL of
50 mM phosphate buffer (pH 7.0) by ultrasonic homogenizer
SONOPLUS Bandelin HD2070 (Bandelin, Germany) using a probe
MS73 (Bandelin, Germany) with a power of 10 %. Homogenates
were centrifuged by Micro 200R centrifuge (Hettich, Germany) for
15 minutes at a speed of 10 000 rpm supernatant was used for
measurements of glutathione and level of lipid peroxidation.

Lipid peroxidation

The presence of lipid peroxidation was determined by measuring
the concentration of malondialdehyde (MDA) [7], which is one of
the major products of lipid peroxidation. Malondialdehyde reacts
with thiobarbituric acid and produces chromogen which was
measured at 532 nm and 600 nm Libro S22 spectrophotometer
(Biochrom, UK). The total absorbance was determined using the
formula Aial = Asso - Agoo- An array of known concentrations of
tetrametoksipropan were used for creation of the calibration curve
using the same protocol as for the homogenized samples. The
concentration of lipid peroxides has expressed as a mg
MDA/mL/mg protein.

Glutathione assay

The skin homogenate was used to measure the level of Glutathione
[7] at 412 nm following the reaction between 5-5'-dithiobis[2-
nitrobenzoic acid] (DTNB, Elman’s Reagent) and GSH of sample
supernatant. The results were calculated from the standard curve
of array of dilutions of reduced glutathione measured by the same
protocol.

Hematological analysis

The hematological analysis was performed on blood obtained from
the tail vein of experimental and control mice on day 5 after topical
treatment with test components. Blood was collected into EDTA
tubes. The measurement of the leukocyte, erythrocytes,
hemoglobin, hematocrit, MCV, MCH, MCHC and platelets was
made in an automatic cell counter (Cell-Dyn® 3200, Abbott, USA).

Serum samples and biochemical determinations

Animals were treated with test components, blood samples were
collected and centrifuged at 2200 rpm for 10 minutes. Serum was
used for the determination of total protein, glucose, urea,
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creatining, bilirubin, alkaline phosphatase (ALP), aspartate and
alanine aminotransferases (AST and ALT) and lactic
dehydrogenase (LDH). Biochemical parameters were made using
serum samples from both control and experimental groups in an
automatic cell counter.

Peripheral blood micronucleus (MN) assay

Peripheral blood smear was prepared as described by OrSoli et al.
[7, 15]. Blood was collected from tail tip, and smear was prepared
on pre-cleaned slides. The smears were allowed to dry at room
temperature and fixed in absolute methanol for 5 minutes. After
fixation, slides were stained with acridine orange (AO) and washed
twice with phosphate buffer (pH 6.8).

Statistical analysis

The data was presented as mean + standard deviation (SD) of the
representative experiment from two independent experiments. All
data were analyzed by Kruscal-Wallis ANOVA. Further analysis of
the differences between the groups was made with Multiple
comparisons of mean ranks for all groups. Statistical analyses were
performed using STATISTICA 12 software (StatSoft, Tulsa, OK,
USA). The data were considered significant at A< 0.05.

Results

Effect of flavonoids on total number of peritoneal cells
and functional activity of macrophages in HXS-induced
psoriatic mice

Result (Figure 2) showed significant difference between HXS and
combination HXS with tested flavonoids (EGCG, QU, CHRYS,
CURC); a statistically significant reduction in the total number of
inflammatory cells in the peritoneal cavity of experimental psoriatic
mice treated with flavonoids were noticed (#<0.05). Psoriatic mice
treated with test flavonoids do not show any statistically significant
differences as compared with nonpsoriatic mice in the total number
of inflammatory cells in the peritoneal cavity.

In addition, a statistically significant difference exists between
nonpsotiatic animals (~ <0.05) treated with test components and
HXS group.

The results obtained in Figure 3 indicated statistically significant
increase in the percent of activated macrophages in HXS-treated
mice (P <0.05) compared with nonpsoriatic control mice and
nonpsoriatic mice treated with CHRYS and CURC. In other groups,
the percent of functional activated macrophages in psoriatic mice
treated with test components and nonpsoriatic mice treated with
test component were equal but lesser than HXS-induced psoriatic

group.

8000

Total nurrber of cells (x10°)

Figure 2. Total cells number in the peritoneal cavity of mice topically treated with HXS and flavonoids alone or in combination. Mice (n=7) were
treated topically with HXS or test components (EEP, EGCG, quercetin, chrysin, curcumin) alone or in combination for 5 consecutive days. Data
expressed as mean + SE.Statistically significantly different compared to solvent control (*2 <0.05) Legends: HXS, n-Hexyl salycilate; EGCG,
Epigallocatechin 3-gallate; QU, Quercetin; CHRYS, Chrysin; CURC, Curcumin
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Figure 3. Macrophage spreading index in the peritoneal cavity of mice topically treated with HXS and flavonoids alone or in combination. Mice
(n=7) were treated topically with HXS or test components (EGCG, quercetin, chrysin, curcumin) alone or in combination for 5 consecutive days.
Data expressed as mean + SE. Statistically significantly different compared to HXS (A<0.05) Statistically significantly different compared to
solvent control (‘P <0.05) Legends: HXS, n-Hexyl salycilate; EGCG, Epigallocatechin 3-gallate; QU, Quercetin; CHRYS, Chrysin; CURC,
Curcumin.

characterized by marked hyperkeratosis, mild parakeratosis,

Topical application of flavonoids reduces pathological mfcl)dest atl_canthosis., te|otnga.nlﬁd reée tridgesg ?n?kmgdest ﬂ;erT;]ll

inai i inflammation, consistent with modest psoriatic-like dermatitis [7].

markers of psoriasiform lesions Topical application of HXS and EGCG, QU, CHRYS, or CURC

significantly ~ lowered intensity  of inflammatory reactions and

exhibited only slight hyperkeratosis, no parakeratosis, mild

acanthosis, no elongated rete ridges, and mild dermal

inflammation (Figure 4). Nonpsoriatic groups treated with tested
flavonoids didn't show any changes in skin (data not shown).

To evaluate the therapeutic effect of tested flavonoid on HXS-
induce psoriasisform skin lesions we scored the clinical signs and
symptoms such as intensity of inflammatory reaction, localization,
number of mitosis and apoptosis and epidermal histology. HXS-
treated skin  exhibited extensive psoriasiform  lesions,

Figure 4. Changes of the total clinical severity score by topical of inflammatory reaction in skin of mice topically treated with HXS alone or in
combination with flavonoids. Skin samples of mice topically treated with HXS (A), HXS+EGCG (B), HXS+ QU (C); HXS+CURC (D). Mice (n=7)
were treated topically with HXS or test components (EGCG, quercetin, chrysin, curcumin) alone or in combination for 5 consecutive days.

Inflammation was scored on the following modified scale of 0-3: 0 - severe inflammatory reaction (mild inflammatory leukocytic and
the absence of inflammatory reactions; 1 - weak inflammatory granulocytic infiltrates); 3 - severe inflammatory reaction and
reaction (minimal inflammatory leukocyte infiltrates); 2 - moderately abundant inflammatory infiltrates (marked to severe inflammatory
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infiltrates  of primarily viable and degenerate neutrophils,
eosinophils, lymphocytes, plasma cells admixed with cellular debris
with altered or complete loss of normal histological structures).
Description of the results is provided in the section "Results". The
epidermal portion of the samples was photographed at a 400x
magnification.

Legends: HXS, n-Hexyl salycilate; EGCG, Epigallocatechin 3-
gallate; QU, Quercetin; CHRYS, Chrysin; CURC, Curcumin

Topical application of flavonoids markedly diminishes
oxidative stress in HXS-induced psoriasis-like skin

ROS produced during the inflammatory process, in psoriasis,
affects primarily the polyunsaturated fatty acid in a biological
system, forming a lipid peroxidation product MDA, which serves as
an important biological marker. MDA levels were significantly
increased (# <0.01) in HXS-induced psoriasis-like skin compared
to healthy control (Table 1).

Table 1. Lipid peroxidation levels in the skin tissues of mice topically treated with HXS and flavonoids alone or in combination

Experimental group? MDA (nmol/mg skin protein) | Min value Max value
HXS+vehicle 42.36 +3.70" 37.99 49.73
HXS + EGCG 13.54+ 0.44 12.37 14.55
HXS + QU 16.83 £ 0.83" 16 18.49
HXS + CRYS 15.07 + 0.40° 14.66 15.88
HXS + CURC 2141145 19.96 24.32
EGCG 5.61+0.33 5.02 6.29
Qu 12.11 + 0.57 11.09 13.57
CHRYS 10.41 +1.80 6.87 12.80
CURC 7.95 +0.51 7.23 8.94
CONTROL+vehicle 9.80 + 1.58 6.96 12.31

@Mice (n=7) were treated topically with HXS or test components (EGCG, quercetin, chrysin, curcumin) alone or in combination for 5 consecutive
days. Data expressed as mean + SE.Statistically significantly different compared to HXS ( /40.05; /~<0.01) Statistically significantly different
compared to the corresponding combination with HXS ( £<0.05; P<0.01)"Statistically significantly different compared to solvent control ("~
<0.05; ” P<0.01)Legends: HXS, n-Hexyl salycilate; EGCG, Epigallocatechin 3-gallate; QU, Quercetin; CHRYS, Chrysin; CURC, Curcumin;
MDA, malondialdehyde

Topical application of HXS and EGCG, QU, CHRYS, or CURC
reduced skin MDA activity significantly (# <0.05). Skin MDA levels
in nonpsoriatic mice either treated or non-treated groups were
decreased due to psoriatic mice, but MDA level between control
and flavonoids did not reach any statistical significance (Table 1).
GSH, which participates in the cellular system of defense against
oxidative tissue damage, is determined as a key to antioxidant

capacity. On the b5th day of HXS-induced npsoriasis-like
inflammatory skin, skin GSH levels was found to be decreased
while treatment psoriatic mice with HXS+EGCG or HXS+QU
increased GSH level (P<0.05). There were no significant changes
in the levels of GSH between control and flavonoids nonpsoriatic
treated mice (Table 2)

Table 2. Glutathione levels in the skin tissues of mice topically treated with HXS and flavonoids alone or in combination

Experimental group? GSH(nmol/mg skin protein) | Min. value | Max. value
HXS+vehicle 0.37 + 0.040° 0.32 0,45
HXS + EGCG 0,82+ 0.037" 0.75 0.87
HXS + QU 0.64 +0.066™ 0.50 0.81
HXS + CRYS 0.30 £ 0.018" 0.19 0.36
HXS + CURC 0.43 + 0.064" 0.30 0.51
EGCG 0.22 +0.014 0.20 0.27
Qu 0.23 +0.022 0.17 0.26
CHRYS 0.14 +0.047 0.14 0.17
CURC 0.13+0.012° 0.090 0.15
CONTROL+vehicle | 0.19+0.014 0.15 0.22

@Mice (n=7) were treated topically with HXS or test components (EGCG, quercetin, chrysin, curcumin) alone or in combination for 5 consecutive
days. Data expressed as mean + SE. Statistically significantly different compared to HXS (/%0.05) Statistically significantly different compared to
the corresponding combination with HXS (2 <0.05; P <0.01) Statistically significantly different compared to solvent control ("2 <0.05; = P
<0.01) Legends: HXS, n-Hexyl salycilate; EGCG, Epigallocatechin 3-gallate; QU, Quercetin; CHRYS, Chrysin; CURC, Curcumin; GSH,
glutathione

PAGE 284 [



OrSoli efal International Journal of Phytomedicine 9 (2) 279-288 | [2017]

Effect of flavonoids on hematological and biochemical
parameters in HXS-induced psoriatic mice

Tables 3 and 4 show hematological and biochemical parameters in
control and experimental animals treated with irritant HXS and/or
flavonoids. A statistically significant difference was observed in the
number of leukocytes and MCH value in HXS + QU treated group
and in MCH and MCHC values in HXS + CHRYS treated group
compared to the healthy control group. MCHC value was also
increased in the group HXS + EGCG compared to healthy controls.
As shown in Table 4 irritant HXS elevated values of ALP and AST;
a statistically significant difference exists between psoriatic mice
(ALP, P <0.01 and AST, P <0.05) and healthy control animals. In
psoriatic mice treated with CURC there was a reduction in level of
AST (P <0.05) in relation to psoriatic animals without treatment.

[

Animals treated with flavonoids (EGCG, QU, CHRYS, or CURC) do
not show any difference compared to healthy controls, but there is
a significant difference in ALP and AST between treatment with
flavonoids and to appropriate combination of flavonoids and HXS
(P<0.05)

Table 3 and 4 (separete file Landscape)
Flavonoids reduce the genotoxic effect of HXS

As shown in Figure 5, simultaneous application of HXS with
flavonoids reduce the number of micronucleus in reticulocytes of
peripheral blood as compared with HXS alone but without statistical
significance. However, number of micronucleated cells in control
mice was significantly lower (2 <0.05) than that in psoriatic mice
(HXS).

| :

Frequencies of micronucleated reticulocytes (2000 cells)

HXS+V HXS+QU

HXS+CURC

Qu CURC

O M
HXS+EGCG  HXS+CHRYS EGCG CHRYS Control+V g g
Groups T MeantSD

Figure 5 Frequencies of micronucleated reticulocytes (MN-RETS) in peripheral blood of mice topically treated with HXS and flavonoids alone or in
combination. Mice (n=7) were treated topically with HXS or test components (EGCG, quercetin, chrysin, curcumin) alone or in combination for 5
consecutive days. Data expressed as mean + SE."Statistically significantly different compared to solvent control ("2 <0.05) Legends: HXS, n-
Hexyl salycilate; EGCG, Epigallocatechin 3-gallate; QU, Quercetin; CHRYS, Chrysin; CURC, Curcumin, V, vehicle

Discussion

In general, repeated exposure to HXS induces inflammation of the
skin that results in the accumulation of inflammatory cells and the
production of free radicals which cause lipid peroxidation (Table 1).
Acute inflammation is characterized by classical symptoms, such
as heat, redness, swelling and pain. Cellular infiltration represents

an important feature in skin inflammation, and neutrophils are the
predominant type of cells that infiltrate the area. These cells play a
crucial role in cutaneous inflammation. In skin samples treated with
HXS inflammatory infiltrate composed of lymphocytes,
mononuclears, and some granulocytes and were localized
predominantly in the dermis and epidermis were they
showed mild hyperkeratosis and epidermal slightly elongated rete
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ridges [7]. In contrast, flavonoids-treated skin samples exhibited
slight hyperkeratosis, no parakeratosis, mild acanthosis, no
elongated rete ridges, and lower dermal inflammation (Figure 4).
ROS produced during the inflammatory process, in psoriasis,
affects primarily the polyunsaturated fatty acid in a biological
system, forming a lipid peroxidation product MDA, which serves as
an important biological marker of lipid peroxidation.

This study shows that the level of MDA increased significantly in
HXS-induced psoriatic lesions in the skin of a mouse (Table 1).
Plasma membranes of the skin cells in the psoriatic lesion have a
significant increase in arachidonic acid, which is the natural
substrate for synthesis of malondialdehyde (MDA), an end product
of lipid peroxidation [7, 21, 22]. It seems that ROS that are
produced by lipid peroxidation may activate phospholipase A2 and
thus cause peroxidation of many mediators by arachidonic acid
which finally metabolized to MDA [21, 22]. The increased levels of
other reactive species, such as nitric oxide (NO.), superoxide
anion (O,*) and hydrogen peroxide (H,O5) have been determined
in skin of psoriatic patients [22]. Hydrogen peroxide (H.O,) and
superoxide anion (O,*) can be generated by the action of the
enzyme xanthine oxidase, which displays a higher activity in
psoriatic epidermis [21,22]. Additionally, cytokines such as tumor
necrosis factor alpha can contribute to H,O» production [7, 11, 12,
23, 24].

Numbered authors demonstrated that in psoriatic skin context,
reactive species are generated by keratinocytes and activated
leukocytes, mostly neutrophils [6]. Our data obtained by histological
analysis confirmed the above facts. Lactoferrin released by specific
neutrophil granules can promote neutrophil-endothelial cell
adhesion and, as a source of iron, may promote the Fenton
reaction with the generation of the hydroxyl radical (OHs) [25].
Psoriatic skin is characterized by an advanced state of lipid
peroxidation [21] and the depletion of intracellular GSH [7, 21, 26].
Previously, we have reported that high skin MDA levels and
compromised levels of the antioxidant defense enzymes are
observed at the time of diagnosis [7]. In present study we
confirmed this hypothesis. Glutathione levels is decreased in HXS-
induced psoriaticform skin while flavonoids can directly collect
reactive radicals, prevent lipid peroxidation and induce the
synthesis of cellular antioxidants such as GSH (Table 2) and the
reactive radicals scavenging enzymes such as catalase and
superoxide dismutase. It is known that GSH is an important
constituent of intracellular protective mechanisms against various
noxious stimuli, including oxidative stress.

It seems that the antioxidant treatment could be part of a more
specific and effective therapy for the management of this skin
disease; flavonoids can inhibit HXS-induced oxidative stress and
inflammation in psoriatic skin. It appears that flavonoids through
reduced level MDA and increase glutathione accelerate the healing
process of damaged skin as indicated by histological analysis of
skin. Antioxidants prevent oxidative injury of structural lipids and
proteins contributing to barrier integrity, which is essential for
healthy skin condition. This suggests that cellular redox

environment plays a pivotal role in skin homeostasis and that skin
disease could result from an imbalance between pro-oxidant and
antioxidant stimuli.

The positive effect of test components was not only related to
inflammatory cells in skin but also significantly reduced total
number of inflammatory cells and macrophage spreading index in
peritoneal cavity (Figure 2 and Figure 3) and inhibited the cellular
migration of polymorphonuclear leukocytes in skin, an important
step in the inflammatory process. Macrophage spreading index in
the abdominal cavity may be important marker of inflammation
induced by ROS generated by keratinocytes and activated
leukocytes, mostly neutrophils [6]. In addition, flavonoids
successfully reduce the values of ALP and AST and number of
micronuclei in blood reticulocytes which was elevated in HXS-
induced psoriasisform mice (Tables 3 and 4, Figure 5). Antioxidant
compounds, including flavonoids, offer some protection against
psoriatic complications through their roles as inhibitors of
inflammation and as free radical scavengers [10-17, 20].
Mechanism involved in skin anti-inflammatory activity of the
flavonoids have been proposed: i) antioxidant and/or antiradical
properties; ii) the effect of nitric oxide (NO) on the metabolism; iii)
the inhibition of lipoxygenase and the reduction of leukotriene B4
(LTB4) productior; iv) inhibition of proinflammatory cytokine
production v) preservation of the skin of microbes; vi) some
flavonoid compounds have even been demonstrated to have the
capacity to increase glutathione content, catalase and
superoxidase activity. In addition, flavonoids have inhibitory effects
on  myeloperoxidase activity, ~NADPH-oxidase, ornithine
decarboxylase, tyrosine-protein-kinase, and hyaluronidase [10-12].
It seems that flavonoids effectively reduce inflammation, possibly
through inhibition of NF-«xB, a redox-sensitive transcription factor
that controls a number of genes involved in inflammation,
proliferation, cell survival and apoptosis [11, 12, 27, 28].
Furthermore, flavonoids through increasing levels of glutathione
(Table 2) accelerate the healing process of damaged skin. Their
advantage compared to other drugs is as follows: 1. reduction of
damage to healthy tissue; 2. faster healing of damaged tissue; 3.
strong antioxidant, anti-inflammatory and antimicrobial activity; 4.
low cost; and 5. easy availability.

Our data also suggest that development of a single suitable animal
model could greatly facilitate research on the mechanism(s) of
action that drive inflammatory and autoimmune processes
associated with psoriasis [29, 30]. Such an animal model, for
example, permit experiments using genetically uniform subjects
within a controlled environment, as well as high-throughput
screening of potential therapeutic agents. Given the many
disparities between human and mouse skin, it cannot be expected
that psoriasiform phenotypes in mice will mirror the human disease
in every respect. For instance, relative to human skin, mouse skin
has a denser distribution of hair follicles, thinner epidermis, and an
underlying cutaneous muscle layer that is generally absent in
humans [29, 30]. Additionally, mice possess subsets of
inflammatory cells that are absent in humans [31, 32]. Despite
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these challenges, psoriasis mouse models have already provided
mechanistic insights into inflammatory skin diseases [7, 8, 33].
Inflammatory changes in the skin on a mouse model clearly can be
monitored and using thermographic cameras that confirm our
results presented in this paper [8, 33].

Conclusions

Taken together, these preliminary results support the use of
flavonoids as an anti-inflammatory and antioxidative agent and
open up new possibilities for its use in skin disorders. The
protective effect of flavonoids against HXS-induced psoriatic
lesions is probably based on the reduction of reactive oxygen
species, increasing the levels of glutathione and reduced infiltration
of macrophages and neutrophils. The protective role of the
flavonoids against the inflammation induced by HXS in mice gives
hope that flavonoids can control the production of ROS to reduce
inflammation of the skin and achieve a similar protective effect in
humans
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