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THE ROLE OF LIPID PEROXIDATION AND ANTIOXIDANT PROTECTION IN
SKIN IN THE DEVELOPMENT OF EXPERIMENTAL CONTACT DERMATITIS

M. M. Regeda-Furdychko

Lviv Medical Institute

Abstract

The purpose of work to study the conditions of prooxidant and antioxidant system in
the skin of guinea pigs in different periods of contact dermatitis formation.

Materials and methods. Researches were conducted on guinea pigs, divided into five
groups: | - control, 11 — 4™ day of expirement, 111 — 8" day of contact dermatitis development,
IV — 10" day and V - 18 ™ day of model process. Early period included groups of animals on
the 4" and 8™ days of experiment. The late one — guinea pigs on the 10" and 18™ days of
contact dermatitis. Experimental contact dermatitis was simulated by method of
Volkovoj V. A. (2010). Condition of free radical lipid oxidization in the skin was determined
on maintenance content of malonic dialdehyde by method of Corobeynikov E. G. (1989) and
diene conjugates by method of Gavrylov V. G., Myshkorudna M. 1. (1989). The degree of
activity of antioxidant defence was estimated on maintenance enzymes - superoxidedismutase
by method of R. Fried (1975), catalase by the method of B. Holmes, C. Masters (1970),
glutationperoxidase method of Arkhipova O. G. (1988) and glutationreductase method of
Moina V. M. (1986).
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Results and discussion. Gradual increasing of lipid peroxydations products - malonic
dialdehyde, diene conjugate had been determined on the 4" 8" 10" and 18" days of
experimental contact dermatitis development in this research. Primary increasing of the
indices of superoxidedismutase, glutationreductase, glutationperoxidase and catalase has been
investigated in the skin on the 4™ day with the following decreasing of these enzymes from
the 8" day of experiment. It testified about imbalance in antioxidant and prooxydant systems,
especially on the 10" and 18" days of the study, which exacerbates the inflammatory process
in the skin and also triggers a cascade of other mechanisms of damage.

Key words: contact dermatitis; malonic dialdehyde; diene conjugate;

superoxidedismutase; catalase; glutationperoxidase; glutationreductase.

POJIb ITPOLECIB IEPEKUCHOI'O OKUCHEHHS JIIIAIB TA
AHTHOKCUIAHTHOI'O 3AXUCTY B HIKIPI B IUHAMILII PO3BUTKY
EKCIHEPUMEHTAJIBHOT'O KOHTAKTHOI'O JIEPMATHUTY.

M. M. Perena-®@ypanixo

JIbBiBCbKMIT MeIMYHUA IHCTUTYT

Mera HamIOro [JOCHIIKEHHSI - 3'ICYyBaHHA CTaHy MPOOKCHUJIAHTHOL 1
AHTUOKCHUJIAaHTHOT CHCTEMH B IIKIpI MOPCHKMX CBHUHOK y pi3HI mepiogu (opmyBaHHS
KOHTaKTHOTO JIEPMATHUTY.

Marepiaa i MeToau aoc/izkeHHsA. ExcriepuMeHTanbHi TOCTIKEHHS MMPOBOAMINUCH
Ha MOPCHKIN CBHHKaX, MOJUIEHUX Ha 5 rpym no 9 TBapuH y koxHid. Jo I rpynu (KOHTpOIIb)
BITHOCHJIM 1HTaKTHI MOPCHbKI CBUHKH, 110 I[- TBapuHM 3 eKCIepUMEHTaJIbHHUM KOHTAaKTHUM
nepmatutoMm (4-a no6a), no Il — mopceki cBUHKH Ha 8-y 100y MOJIENBHOTO Tpotecy, 10 [V -
TBapuHU Ha 10-y o0y Tta V - Mypuaku Ha 18-y 100y KOHTAKTHOIO AE€PMATUTY. 3 METOIO
JIeTaIbHOTO aHali3y Ta IHTepHpeTalii MOKAa3HUKIB NMPOOKCHAAHTHOI Ta aHTHOKCHAAHTHOI
CHCTeM Yy pI3HI JO0OM eKCIIepUMEHTY BHUAULUIM YMOBHO JBa IMEPIOJU PO3BUTKY
eKCTIIEpUMEHTAIbHOTO KOHTAKTHOTO JI€pMAaTHUTy: paHHIM 1 mi3Hid. PaHHIi mepion BkiItoYaB
rpyny TBapuH Ha 4-y Ta 8-y n1o6u excriepuMeHnTy. I1i3Hiif — Mopcbki cBuHKH Ha 10-y Ta 18-y
J00M KOHTaKTHOTO JIEPMAaTHTY.

ExcnepumeHTanabHa MOJEIb KOHTAKTHOTO JEPMAaTUTy BiTBOPIOBAJach Ha MOPCHKHX

CBUHKax 3a MetogoM Bonkosoit B.A. (2010). Ctan BUTbHOpaIUKaIbHOTO OKUCHEHHS JIIi/IiB
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y WIKipi BU3HAYald 3a BMICTOM Ji€HOBHX KOHtorariB 3a merogoM B.I'. I'aBpunoBa, M.L
MumkopynHoi (1989), 1 manonoBoro mianpaeriny 3a merogom E.H. KopoGeiinnkosa (1989).
CryniHp aKTHBHOCTI AHTHOKCHJAHTHOI CHUCTEMHM OLIHIOBAIM 3a BMICTOM (DepMEHTIB —
cynepokcumaucmytasu 3a merogoM R. Fried (1975), karanasu 3a meromom R. Holmes, C.
Masters (1970), rmyrarionnepokcugazu — 3a mMeroaoM Apxunosoir O.I. (1988) Ta
riyTaTioHpeaykrasu— 3a MetogoM B. M. Moina (1986).

Pe3yabTaTn gocjaigKeHHs Ta iX 00roBopeHHs. Y poOOTI BCTAaHOBIEHO IOCTYIIOBE
3pOCTaHHs TPOJYKTIB BUIBHOPAJAUKAIHHOTO OKHCHEHHS — [IIEHOBUX KOH IOTaTiB Ta
MaJOHOBOTO JialbJerily Ha yci 100M (QopMyBaHHS EKCHEPUMEHTAIbHOIO KOHTAaKTHOTO
nepMaTuTy. BCTaHOBIEHO MMOYATKOBE MIABUINEHHS AaKTHUBHOCTI CYNEPOKCUIIMCMYTAa3H,
Karajasu, [NIyTaTIOHPEIyKTa3u Ta IIyTaTIOHIEPOKCHIa3U B LIKIp1 HA 4-y 100y, 3 HACTYITHUM
3HIDKEHHSM IuX (epMeHTiB 3 8-i 100y eKCHepUMEHTy, L0 CBIJUUJIO PO MNOPYLICHHS
pIBHOBaru Mk MPOOKCUJAHTHOIO Ta aHTHOKCUJIAHTHOIO cucTeMaMu, ocoomnuBo Ha 10-y 1 18-y
00U JOCHIKEHHS, [0 TMOCWJIIOE 3amajibHUIl Mpollec B IIKIPI, a TaKOX 3alyCKae KacKal
IHIINX MEXaH13MIB IOMIKOHKEHHS.

KinwuoBi cjioBa: KOHTAKTHHUI JepMaTMT, MAJOHOBHH Jiajbjaeria; Ji€HOBI
KOH’I0raTH; CYNEepPOKCHIUCMYTA3a; KaTajnasa; IJIyTATIOHNEPOKCUAA3a;

rJIyTaTiOHpeayKTAa3a.

POJIb ITPOHECCOB NEPEKUCHOI'O OKUCJIEHU A JIMIINI0OB "1
AHTHOKCHUIAHTHOM 3AIIATHI B KOKE B JIUHAMHUKE PA3BUTHUS
IKCIHHEPUMEHTAJIBHOI'O KOHTAKTHOI'O JEPMATHUTA

M. M. Perena-®@ypanuxo

JIbBOBCKHII MeIMIMHCKUI HHCTUTYT

Henb padoThI — U3YyYUTH COCTOSIHUE TPOOKCUAAHTHON U AaHTHOKCUIAHTHOM CUCTEM B
KOXK€ MOPCKMX CBHHOK B pasHble MepHoAbl (OPMHPOBAHUS SKCIEPUMEHTATIBLHOTO
KOHTAKTHOI'O JA€pPMAaTUTA.

Marepuansl M Meroabl. MccnenoBaHuss NpPOBOAWIM HAa MOPCKHX CBUHKAX,
pa3zeneHHbIX Ha ATk Tpyn: | rpynna - konTponsHas, II- 4-e cyrku skcnepumenra, 11 — 8-e

CYTKH pa3BUTHS KOHTAKTHOTO JepMmatuta, IV - 10-e cyrku u V - 18-e cyTku MoaensHOTro
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npouecca. PaHHuil nepruosa BKIIOYaa TPYIIy KUBOTHBIX Ha 4-€ U 8-€ CYTKM SKCIEPUMEHTA.
[Mo3guuit — w™mopckue cBuHkM Ha 10-e w 18- CyrkM KOHTAaKTHOTO JiepMaTHTA.
DKcrepuMeHTalIbHAs MOJENIb KOHTAKTHOIO AepMaTUTa BOCIIPOU3BOIMIach MeTo0oM Bokosa
B.A.(2010). CocTostHre cBOOOTHOPATMKATIBHOTO OKUCIICHHUS JIMITHUJIOB B KOXKE OTMIPEACIISLIIN 110
COJICPKAHUIO JUEHOBBIX KOHbIOraroB meronom B.I'. T'aBpunosa, M.M. MseimkopyaHoi
(1989), u wmanonoBoro muanpiaeruga Mmetogaom E.H.KopoGeiinukoa (1989). Crenenb
aKTUBHOCTH AHTHOKCHJIAHTHOM 3alIUTHl OLEHHBAIM IO COJCPKAHUIO  (EPMEHTOB
cynepoxkcuaaucmyrasbl MerooM R. Fried (1975), karanassl merogom B. Holmes, C. Masters
(1970), rayratnoHpeaykrassl merogoM Mowuna B.M. (1986) u rayraTHOHIEPOKCHIA3HI
MetosioM Apxunosoit O.I". (1988).

Pe3yabTaTrhl U 00cy:Kaenne. B paboTe ycTaHOBIEHO MOCTENEHHBIA POCT MPOIYKTOB
CBOOOJHOPAIMKATIBHOTO OKHUCIEHUS - JUEHOBBIX KOHBIOTaTOB M MAaJIOHOBOTO JAHMAaJIbJernia Ha
Bce HTambl (HOPMHUPOBAHUS SKCIEPUMEHTAIBLHOTO KOHTAKTHOIO JepMaTHTa. Y CTaHOBJIEHO
MepBOHAYAILHOE MOBBIIICHHE AKTUBHOCTH CYNEPOKCUTUCMYTAa3bl, Karasasbl,
[JIyTaTUOHPEAYKTa3bl U TIIYTaTHOHNEPOKCHIa3bl B KOXKE€ Ha 4-€ CYTKH, C TOCIEIYIOIUM
CHIDKEHHEM JTHX (pepMEHTOB ¢ 8-bIX CYTOK O3KCIIEpUMEHTa, YTO CBHJIETEIIHCTBOBAJIO O
HapyIIeHUH pPAaBHOBECHUS MEXIy NPOOKCUAAHTHON W aHTUOKCHUIAHTHON CHCTEMaMH,
ocobenHo Ha 10-¢ u 18- CyTKM HCCIIeIOBaHMS, YTO YCHUIMBACT BOCHAIUTEIBHBIA MPOIIECC B
KOXe€, a TaK)Ke 3aIyCKaeT KacKa APYruX MEXaHU3MOB MOBPEKICHHUSL.

KiueBble ¢J10Ba: KOHTAKTHBIN JIEPMATHUT; MAJOHOBBIN JUAJIbAErH/l; JUEHOBbIE
KOHBIOTATHI, CYNePOKCUAIMCMYTA3a; KaTajiasa; rJIyTATHOHIIEPOKCH/IA3a;

rJIyTATHOHPEIYKTa3a.

Introduction. In today's world, it is difficult to overestimate the impact of the
environment and occupational hazards on human health. Environmental pollution, especially
in industrialized countries, constant contact both at home and in the workplace with chemicals
(building materials, metals, household chemicals, cosmetics), the use of various drugs for
local treatment and disinfection have led to an increase in the prevalence of contact dermatitis
(CD) [10]. The incidence of the disease reaches 15-20% among the adult population [9, 16].

The study of modern aspects of the pathogenesis of any disease is impossible without
studying the mechanisms of destabilization of biological membranes, which form the basis of
many pathological reactions of the human body, including skin diseases [4, 7, 12, 15]. Lipid
peroxidation is the oxidative degradation of lipids, which occurs under the action of free

radicals and is one of the main causes of damage to cell membranes and subsequent cell death
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due to exposure to reactive oxygen species. This process regulates the lipid composition of
biomembranes and membrane-associated enzymes, participates in the synthesis of
leukotrienes, prostaglandins, metabolism of catecholamines and steroid hormones, affects the
permeability of membranes and the transport of substances through them [7, 8, 11]. It is
known that oxidative stress is an integral part of the pathogenesis of various types of
dermatitis [12], so the aim of our research to study the conditions of prooxidant and
antioxidant system in the skin of guinea pigs in different periods of contact dermatitis
formation.

Material and research methods. Experimental studies were performed on 51 guinea
pigs (males) weighing 180 - 220 g, divided into 5 groups of 9 animals each, except the first
(15 animals). Group I (control) included intact guinea pigs, to group II, I, IV and V -
animals with experimental CD on the 4", 8 10" and 18" days. For the purpose of detailed
analysis and interpretation of indicators of prooxidant and antioxidant systems in different
days of the experiment, two periods of the development of CD were distinguished: early and
late. The chosen days of experimental CD were due to the classical stages of the
inflammatory process. Early period included groups of animals on the 4™ and 8" days of
experiment. The late one — guinea pigs on the 10" and 18" days of contact dermatitis.

Experimental CD was reproduced on guinea pigs by the method of VA Volkova
(2010) [1]. All experimental animals were kept in standard conditions vivarium of Lviv
National Medical University Danylo Halytsky. Euthanasia of animals was performed by
decapitation under ether anesthesia in compliance with the European Convention for the
Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes
(Strasbourg, 1985). Condition of free radical lipid oxidation in the skin was determined by the
content of diene conjugates (DC) by the method of VG Gavrylov, Ml Myshkorudna (1989)
[2], and malonic dialdehyde (MDA) by the method of EG Korobeynikov (1989) [3].

The degree of antioxidant system activity was estimated by the content of enzymes -
superoxide dismutase (SOD) by the method of R. Fried (1975) [13], catalase (CT) by the
method of R. Holmes, C. Masters (1970) [14], glutathione peroxidase (GPO) - by the method
of OG Arkhipova (1988) [6] and glutathione reductase (GR) - by the method of VM Moin
(1986) [5]. Statistical processing of the obtained data was carried out according to the
Student's method

Research results and their discussion. The results of biochemical studies indicate
that animals with the development of experimental contact dermatitis have characteristic signs

of oxidative stress. This is manifested by the consistent accumulation of lipoperoxidation
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products in the skin during all periods of contact dermatitis. In particular, the content of DC
increased by 30.8%, 59.2%, 67.9% and 82.7% (p<0.05), respectively, on the 4", 8", 10" and
18™ days in comparison with intact animals that testifies to stimulation of processes of free

radical oxidation (fig. 1).

%

200

@ control
150

@DC
100

O MDA

AN

ARNNNNNNNNNNRNNY

NRRINRRRNNRN

RRNNRNNNNNANY

4 8 10 18 days

Fig. 1. The content of lipid peroxidation products in guinea pig skin in the dynamics of

CD formation (% of control)

Determination of the content of MDA in the skin have established its gradual
increasing by 14.6% (p<0.05) on the 4™ day and by 29.2% (p<0.05) on the 8" day of CD, on
the 10" and 18" days, respectively, by 30.8% and 60.5% (p<0.05) compared with control
values, indicating the stimulation of the prooxidant system and excessive formation of lipid
peroxidation products, especially in the late period of this experimental disease model.

Regarding the activity of the antioxidant system enzymes in the skin of animals under
the conditions of contact dermatitis formation, their different changes were revealed during all
periods of the experiment development. When determining the activity of SOD in the skin, we
note a gradual growth of 11.2% (p<0.05) on the 4" and 21.9% (p<0.05) on the 8" day of CD
in comparison with the first group guinea pigs (fig. 2). Later, on the 10" and 18" days of the
experiment, a significant decrease was found by 39.2% (p<0.05) and 43.0% (p=<0.05),
respectively, against the indicators of the intact group, which indicates first on stimulation,
and then on suppression of the investigated enzyme.

A similar direction of change was found during the study of catalase activity in the
skin. Thus, on the 4™ and 8" days of CD revealed an increase in its activity by 11.7%
(p<0.05) and 28.7% (p=<0.05), respectively, and in the late period of this experimental model
of the disease there is a reduction in CT activity by 37.7% (p<0.05) and 44.2% (p<0.05) on
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the 10" and 18" day compared with the control, which gives reason to say on the suppression

of antioxidant protection (fig. 2).
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Fig. 2. Activity of antioxidant system enzymes in guinea pig skin in the dynamics of
CD formation (% of control)

Important markers that complement the characteristics of the previous ones are
gutathione peroxidase and glutathione reductase. The early period of CD formation was
accompanied by an increase in the activity of GPO in the skin by 26.0% (p<0.05) and 65.2%
(p<0.05), and GR by 40.0% (p<0.05) and 60.0% (p<0.05) against the intact group,
respectively, on the 4" and 8" day of the experiment. Opposite changes in the studied
parameters in the skin of guinea pigs are recorded in the subsequent days of development of
contact dermatitis. The activity of GPO decreased by 47.8% (p<0.05) and by 52.1% (p<0.05)
on the 10" and 18™ days, respectively, compared with group | animals. Regarding the activity
of GR, an even more significant decrease was recorded by 60.0% (p<0.05) on the 10" day and
by 80.0% (p<0.05) on the 18" day of the CD opposite the control (fig. 2).

Conclusions. Summarizing the results of the study, we can say that all periods of
experimental contact dermatitis are characterized by dysfunction of the proxidant and
antioxidant systems, which is manifested by excessive accumulation of lipid peroxidation
products (increasing levels of DC and MDA) and multidirectional changes in antioxidant
protection: first there was an increase in the activity of enzymes SOD, CT, GR, GPO as a
possible compensatory mechanism, and then their decrease, indicating a violation of cellular

homeostasis and the development of oxidative stress, especially on the 10" and 18" day of the
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study, which exacerbates the inflammatory process in the skin, and triggers a cascade of other
damage mechanisms.

Prospects for further research. In the future it is planned to study the prooxidant and
antioxidant system in the skin of guinea pigs in the dynamics of experimental contact
dermatitis in experimental pneumonia.
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