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Changes of Lipid Peroxidation and
Antioxidant System in Serum and

Tissues of Patients With Alopecia Areata

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Alo pe ci a are a ta (AA), is an au to im mu ne inf lam ma tory di se a se, cha rac te ri zed by
the loss of the scalp ha ir, and its eti o logy and  pat ho ge ne sis is still unk nown. To se arch the ro le of oxi da -
ti ve stress in the eti o pat ho ge ne sis, li pid pe ro xi da ti on and an ti o xi dant enz yme le vels are stu di ed in the se -
rum and tis su es of pa ti ents with AA. MMaatteerriiaall  aanndd  MMeett  hhooddss:: The study was per for med on 21 adult pa ti ents
di ag no sed as AA and 21 he althy vo lun te ers. All sub jects we re nons mo kers, did not ha ve any syste mic di s-
e a se and had not re ci e ved any syste mic or to pi cal the raphy. Blo od samp les we re ob ta i ned from both the
pa ti ents and the con trol gro up, and tis su e spe ci mens we re ta ken only from the alo pe cic and nor mal scalp
tis su es of the pa ti ent gro up. Ma lon di al dehy de (MDA), su pe ro xi de dis mu ta se (SOD) and glu tat hi o ne pe r-
o xi da se (GP) enz yme le vels we re stu di ed. Stu dent’s t test and Mann Whit ney U test we re used for the sta-
tis ti cal analy sis. RRee  ssuullttss::  Se rum erit rocy te SOD and GP le vels we re sig ni fi cantly hig her in the pa ti ents
with AA when com pa red with the con trol gro up (p=0.025, p=0.033, res pec ti vely). Plas ma MDA le vels we -
re hig her in the pa ti ent gro up, but this was not sta tis ti cally sig ni fi cant (p=0.109). SOD le vels of alo pe cic
tis su es we re sig ni fi cantly hig her than nor mal tis su es for the pa ti ents (p=0.018). The re was not any dif fe -
ren ce for the le vels of GP and MDA in the alo pe cic and nor mal tis su es (p=0.458, p=0.660, res pec ti vely).
CCoonncc  lluu  ssii  oonn:: An ti o xi dant enz yme le vels (SOD and GP) we re hig her in the pa ti ent gro up com pa red with
con trol gro up, furt her mo re for the pa ti ent gro up the se le vels we re hig her in alo pe cic tis su es com pa red
with nor mal tis su es. The re fo re it is tho ught that, as the re sult of oxi da ti ve stress and li pid pe ro xi da ti on,
an ti o xi dant enz yme le vels are in cre a sed. In conc lu si on it is de ci ded that, li pid pe ro xi da ti on and chan ges
in oxi dant-an ti o xi dant systems may play an im por tant ro le in the pat ho ge ne sis of AA. 

KKeeyy  WWoorrddss::  Alopecia areata; lipid peroxidation; oxidative stress

ÖÖZZEETT  AAmmaaçç::  Alo pe si are a ta (AA), et yo lo ji si ve pa to ge ne zi ke sin ola rak bi lin me yen, saç dö kül me si ile
ka rak te ri ze, inf la ma tu var oto im mün bir has ta lık tır. Has ta lı ğın et yo pa to ge ne zin de ok si da tif stre sin ro -
lü nü araş tır mak ama cıy la AA’ lı has ta la rın se rum la rın da ve do ku la rın da li pid pe rok si das yo nu ve an -
ti ok si dan en zim dü zey le ri araş tı rıl dı. GGeerreeçç  vvee  YYöönn  tteemmlleerr:: Ça lış ma ya AA ta nı sı al mış, si ga ra iç me yen,
her han gi bir sis te mik has ta lı ğı ol ma yan, sis te mik ve to pi kal te da vi al ma yan 21 eriş kin has ta ve ay nı
ko şul lar da ki 21 sağ lık lı gö nül lü dahil edildi. Kan ör nek le ri has ta ve kon trol gru bun dan, do ku ör nek -
le ri ise sa de ce has ta gru bu nun alo pe sik ve nor mal saç lı de ri le rin den alın dı. Bu ör nek ler de ma lon di al -
dehit (MDA), sü pe rok sit dis mu taz (SOD), glu tat yon pe rok si daz (GP) en zim dü zey le ri araş tı rıl dı.
İsta tis tik sel de ğer len dir me de Stu dent t tes ti ve Mann Whit ney U tes ti kul la nıl dı. BBuull  gguu  llaarr:: AA’ lı has -
ta lar da ki se rum erit ro sit SOD ve GP dü zey le ri, kon trol gru bu na gö re an lam lı de re ce de yük sek sap tan -
dı (sı ra sıy la p=0.025, p=0.033). Plaz ma MDA dü zey le ri has ta gru bun da kon trol gru bu na gö re yük sek
tes pit edil se de bu fark is ta tis tik sel ola rak an lam lı de ğil di (p=0.109). Has ta la rın alo pe sik do ku la rın da -
ki SOD dü zey le ri nor mal do ku la rın da ki SOD dü zey le ri ne gö re is ta tis tik sel ola rak an lam lı de re ce de
yük sek ti (p=0.018). GP ve MDA dü zey le ri açı sın dan alo pe sik ve nor mal do ku lar ara sın da fark yok tu
(sı ra sıy la p= 0.458, p= 0.660). SSoo  nnuuçç::  Bu ça lış ma da an ti ok si dan en zim (SOD ve GP) dü zey le ri has ta gru -
bun da kon trol gru bu na gö re; ay rı ca has ta la rın alo pe sik do ku la rın da nor mal do ku la ra gö re yük sek bu -
lun du. Bu du rum da ok si da tif stres ve li pid pe rok si das yo nu so nu cun da an ti ok si dan en zim dü zey le rin de
ar tış ge liş ti ği dü şü nül dü. So nuç ola rak li pid pe rok si das yo nu nun ve ok si dan-an ti ok si dan sis tem de ki
de ği şik lik le rin AA pa to ge ne zin de önem li rol oy na ya bi le ce ği ka ra rı na va rıl dı. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Alo pe si are a ta; li pid pe rok si das yo nu; ok si da tif stres
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lo pe ci a are a ta (AA) is an au to im mu ne inf -
la ma tory di se a se, cha rac te ri zed by ha ir
loss, and its eti o logy and pat ho ge ne sis is

not known de fi ne tely.1-3 The cli ni cal ex po si ti on of
AA ac cor ding to the pat tern of ha ir loss may be
clas si cal, to tal (cha rac te ri zed by ha ir loss co ve ring
the who le scalp) and uni ver sal (cha rac te ri zed by
the loss of all body ha ir).1,2 Im mu no lo gi cal fac tors
(au to im mu nity, apop to sis, cel lu lar fac tors), ge ne tic
pre dis po si ti on, ato pic sta te, emo ti o nal stress, ne u -
ro lo gic fac tors, vi ral in fec ti ons (cyto me ga lo vi rus),
oxi da ti ve stress are tho ught to play ro le in the eti -
o logy of the di se a se.1-8

The pre sen ce of oxi da ti ve stress, ari sing as the
re sult of  im ba lan ce bet we en oxi dant and an ti o xi -
dant systems is shown by eva lu a ti on of an ti o xi dant
enz ymes such as su pe ro xi de dis mu ta se (SOD), glu-
tat hi o ne pe ro xi da se (GP) and li pid pe ro xi da ti on
pro ducts such as ma lon di al dehy de (MDA). SOD is
the ma jor an ti o xi dant enz yme that re du ces the su-
pe ro xi de ra di cals in the cell and al so it is the first
de fen ce mec ha nism in the body for fre e oxy gen ra-
di cals. GP, in hi bits li pid pe ro xi da ti on. MDA is a
pro duct of li pid pe ro xi da ti on and is the best in di -
ca tor of oxi da ti ve li pid pe ro xi da ti on and so the oxi-
da ti ve stress in the plas ma.9-11

The pre sen ce of an ti-MDA an ti bo di es is
shown in syste mic lu pus ery the ma to sus mo dels and
de ter mi ned that oxi da ti ve stress may play a ro le in
the de ve lop ment of au to im mu ne di se a ses.12 Be si -
des it is shown that oxi da ti ve stress may ca u se
apop to sis.13 The re fo re it is tho ught that oxi da ti ve
stress may play a ro le in de ve lop ment of AA, which
is an au to im mu ne di se a se and apop to sis is ac cu sed
in for ma ti on.  

The aim of this study is to se arch the ro le of
oxi da ti ve stress in the ae ti o pat ho ge ne sis of AA by
stud ying the le vels of li pid pe ro xi da ti on and an ti o -
xi dant enz ymes in blo od and tis su es of pa ti ents
with AA. 

MATERİAL AND MET HODS

Twenty-one pa ti ents with AA and twenty-one he-
althy vo lun te ers as con trol sub jects we re inc lu ded
in the study. The study pro to col was ap pro ved by

the lo cal Et hi cal Com mi te e and all par ti ci pants sig-
ned in for med con sents pri or to samp le col lec ti on.
All pa ti ents we re nons mo kers, did not ha ve any
syste mic di se a se and we re not re ce i ving syste mic
or lo cal tre at ment for thre e months. Ha e mog lo bin
va lu es, fas ting plas ma glu co se, vi ta min B12 le vels,
thyro id func ti on tests and au to an ti bo di es we re re-
se arc hed for all pa ti ents. Pa ti ents with any ab nor -
ma lity for the se tests we re exc lu ded from the study.
Blo od samp les we re ob ta i ned from both gro ups. On
the ot her hand tis su e samp les we re stu di ed only
from the pa ti ents with AA and from the alo pe cic
and nor mal  scalp tis su es. Scalp tis su e samp les we -
re ob ta i ned un der lo cal anest he si a by 4 mm punch
bi opsy tech ni qu e. 

Erit rocy te/tis su e SOD and GP, plas ma/tis su e
MDA le vels we re as sig ned using met hods de fi ned
by Sun et al, Pag li a et al, Hun ter et al, Uc hi ya ma et
al, res pec ti vely.14-17 Stu dent’s t test and Mann
Whit ney U test we re used for sta tis ti cal analy sis.
Re sults we re ex pres sed in me an±stan dard de vi a ti -
on (for Stu dent t test) or me di an ±in ter qu ar ti le ran -
ge (for Mann Whit ney U test). p va lu es ≤0.05 we re
con si de red sta tis ti cally sig ni fi cant. 

RE SULTS

Tab le 1 shows the epi de mi o lo gi cal and cli ni cal
cha rac te ris tics of both gro ups. The re was not any
dif fe ren ce for sex and age bet we en the gro ups.
All of the pa ti ents had clas si cal AA. The com pa -
ri son of  la bo ra tory va lu es for AA and con trol
gro ups are shown in Tab le 2. Se rum erit rocy te
SOD and GP le vels we re sig ni fi cantly hig her in
the pa ti ents with AA. Se rum MDA le vels we re
hig her in the pa ti ent gro up, but this was not sta-
tis ti cally sig ni fi cant. SOD, GP ve MDA le vels in
alo pe cic and nor mal tis su es for pa ti ent gro up are
shown in Tab le 3. Tis su e SOD le vels we re sig ni -
fi cantly hig her in the alo pe cic tis su es when com-
pa red with nor mal tis su es of the pa ti ents
(p=0.018). This sig ni fi cant dif fe ren ce was not fo -
und for GP and MDA le vels. Fi gu re 1 shows SOD,
GP ve MDA le vels in blo od samp les for pa ti ents
and con trol gro up and Fi gu re 2 shows SOD, GP
ve MDA le vels in alo pe cic and nor mal tis su es for
pa ti ent gro up.
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Sex Age (years) First episode Last episode Type of AA

Patients 12 male (57%) 18-62 1week-144 months 1week-12months 100% classical AA 

9 female (43%) (33.8±11.6) mean12.90 months mean 6.6 weeks (<10% BSA)

Controls 11 male (52%) 25-50

10 female (48%) (32.6±6.2)

TABLO 1: Epidemiological and clinical characteristics of patient and control group.

AA: Alopecia areata

BSA: Body Surface Area 

Blood Eritrocyte SOD (U/gr Hb) Eritrocyte GP (U/gr Hb) Plasma MDA (nmol/ml)

Patients 1248.3±544.1 57.90±15.77 8.57±2.41 

Controls 972.7±312.8 49.70±12.15 7.75±1.80 

p 0.0254* 0.033* 0.109*

TABLO 2: SOD, GP and MDA levels in blood samples of both groups.

SOD: Superokside dismutase,  GP: Glutathione peroxidase,  MDA: Malondialdehyde

*Student t test

Tissue SOD (U/gr tissue) GP (U/gr tissue) MDA (nmol/gr tissue)

Alopecic  5914.039±3774.706 511.050±410.275 126.440±286.095

Nonalopecic 3969.183±1583.337 427.940±269.105 145.830±208.570

p 0.0184* 0.458** 0.660**

TABLO 3: SOD, GP ve MDA levels in alopecic and normal tissues for patient group.

SOD: Superokside dismutase, GP: Glutathione peroxidase,  MDA: Malondialdehyde

* Student t test

**Mann Whitney U test  

FIGURE 1: SOD*, GP* and MDA* levels in blood samples for patients and control group shown on the schemes.
SOD: Superokside dismutase, GP: Glutathione peroxidase,  MDA: Malondialdehyde

*Student t test
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FIGURE 2: SOD *, GP** and MDA** levels shown on the schemes in alopecic and nonalopecic tissues for patient group
SOD: Superokside dismutase, GP: Glutathione peroxidase, MDA: Malondialdehyde

* Student t test

**Mann Whitney U test



DIS CUS SI ON

Oxi da ti ve stress is ac cu sed in the ae ti o pat ho ge ne -
sis of many cu ta ne o us and syste mic di se a ses.9-

11,18,19 It is shown that oxi da ti ve stress plays ro le in
pso ri a sis, vi ti li go, ac ne, ro sa ce a and pho to-age -
ing.9-11,20-25 But the re are a few stu di es se arc hing
the pre sen ce oxi da ti ve stress in pa ti ents with AA.
It is the first study that oxi da ti ve stress is eva lu a -
ted in pa ti ents with AA both in blo od and tis su e at
the sa me ti me, mo re o ver nor mal and alo pe cic tis-
su es are com pa red con tem po ra ne o usly in the sa -
me pa ti ent for the first ti me. The most im por tant
ad van ta ge of using the sa me pa ti ent’s nor mal tis-
su e as con trol gro up for the tis su e study is that
both tis su es are ef fec ted at the sa me le vel from
any kind of exo gen and en do gen fac tors ef fec ting
oxi dant-an ti o xi dant systems. So the only re a son
of dif fe rent enz yme le vels bet we en tis su es is the
cli ni cal exis tan se of AA.

Erit rocy te SOD and GP le vels we re sta tis ti cally
sig ni fi cantly hig her in the pa ti ent gro up. Se rum
MDA le vels we re hig her in the pa ti ents but this was
not sta tis ti cally sig ni fi cant. Hig her le vels of an ti o xi -
dant enz yme le vels in the pa ti ent gro up may be a
sign of oxi da ti ve stress and it is tho ught that an ti o -
xi dant enz yme le vels are in cre a sed as an ans wer to
oxi da ti ve stress. In cre a ses in the le vels of an ti o xi dant
enz yme le vels may dec re a se MDA le vels which is
the sign of li pid pe ro xi da ti on. Tis su e SOD le vels we -
re sig ni fi cantly hig her in the alo pe cic tis su e. Tis su e
GP le vels we re hig her in the alo pe cic tis su e than
nor mal tis su e but this was not sta tis ti cally sig ni fi -
cant. Tis su e MDA le vels we re lo wer in the alo pe cic
tis su e than nor mal tis su e but this was not sta tis ti -
cally sig ni fi cant.  SOD is the first li ne enz yme to de-
fen ce aga inst oxi da ti ve stress and we tho ught that it
may ca u se the hig her tis su e SOD le vels in our early
on set AA pa ti ents. High le vels of SOD and GP in the
tis su e li ke blo od samp les show that an ti o xi dant
system is wor king suf fi ci ently in AA and ade qu a te
res pon se is gi ven to oxi da ti ve stress. 

Un li ke this study Na zi roğ lu et al. and Ko ca et
al. ha ve re por ted lo wer le vels of an ti o xi dant enz y-
mes and hig her le vels of li pid pe ro xi da ti on pro duct
le vels in the blo od samp les of pa ti ents with AA.5,6

Si mi lar with the re sults of this study, Akar et al. fo -
und hig her tis su e an ti o xi dant enz yme le vels but
dif fe rent from us they al so re por ted hig her tis su e
li pid pe ro xi da ti on pro ducts le vels in pa ti ent gro up.4

The re a son of the dif fe rent re sults bet we en the stu-
di es may be du e to the dif fe ren ce of the num ber of
the pa ti ents ,or type of AA of pa ti ents, or type of
con trol gro up. Half of the pa ti ents we re to tal or
uni ver sal AA in Akar’s study but all of our pa ti ents
we re clas si cal AA, or  Akar et al. used dif fe rent in-
di vi du als’ tis su es as con trol gro up but we used pa-
ti ents’ nor mal tis su es as con trol gro up. 

Va ri o us hypot he sis are cla i med to exp la in the
ro le of oxi da ti ve stress in the ae ti pat ho ge ne sis of
AA. Oxi da ti ve stress ca u ses li pid pe ro xi da ti on and
MDA is pro du ced. MDA forms co va lent bond  with
en do gen pro te ins and ca u ses the for ma ti on of new
an ti gens by pro du cing struc tu ral chan ges in the
pro te ins. Au to im mu ne mec ha nisms are trig ge red
by for ma ti on of new an ti gens.12

Anot her the ory is that, oxi da ti ve stress trig gers
apop to sis and con tri bu tes to de ve lop ment of AA. As
a re sult of the da ma ge oc cur red in the mi toc hon dri -
al mem bra ne be ca u se of oxi da ti ve stress, cas pa se enz -
ymes that play ro le in apop to sis are sec re ted and
apop to sis de ve lops in the ha ir fol lic le.13 Alt ho ugh
the se two the o ri es sup port the ini ti a ting ro le of oxi-
da ti ve stress in the ae ti pat ho ge ne sis of AA, it is still
not known if oxi da ti ve stress is ini ti a tor for AA or if
it de ve lops as the re sult of inf lam ma ti on. 

With this study we conc lu ded that oxi da ti ve
stress plays ro le in the ae ti o pat ho ge ne sis of AA and
ade qu a te an ti o xi dant res pon se oc curs du e to oxi da -
ti ve stress in clas si cal AA. 

Be ca u se all of the pa ti ents we re clas si cal AA in
the study and be ca u se less than 10% of body sur fa -
ce are a we re held, the se qu es ti ons sho uld be ans-
we red. Do the se pa ti ents ha ve ade qu a te reply to
oxi da ti ve stress and so they ha ve clas si cal AA? If
ade qua te reply to oxi da ti ve stress sho uld not be
per for med, wo uld all the se pa ti ents de ve lop to tal
or uni ver sal AA? 

Mo re com pre hen si ve stu di es inc lu ding pa ti -
ents with to tal and uni ver sal AA or re pe ta ti ve tis-
su e samp les from stu di es on ani mal mo dels from
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the sa me mo del du ring the di se a se sho uld help to
cla rify the re la ti on bet we en an ti o xi dant ans wer

and prog no sis. This know led ge will cla rify the ef-
fec ti ve ness of an ti o xi dant the rapy in AA.
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