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Background: The etiology of vitiligo is still unclear. The recent studies have been
proposed that the oxidative stress generate hydrogen peroxide which inactivate
acetylcholine Esterase (AchE) result in higher acetylcholine that inhibits melanin production
in vitiligo lesions. Disorders of the biochemical substrate of the cholinergic system are
probably crucial in vitiligo. There are so far no reports on cellular expression and distribution
of cholinergic substances in vitiligo.

Objectives: To elucidate the expression and distribution of Choline Acetyltransferase
(ChAT), Acetylcholine Esterase (AchE) and Vesicular Acetylcholine Transporter protein
(VAchT) in skin affected by vitiligo.

Material and Methods: The study included eleven vitiligo patients and three healthy
volunteers. The skin biopsies from the patients and volunteers were divided into three
groups. The first and second groups contained lesional and non-lesional skin from vitiligo
patients, respectively. The third group was skin biopsies from healthy volunteers as
controls. Expression and distribution of ChAT, AchE and VAchT of each skin biopsy were
investigated by immunohistochemical techniques.

Results: The epidermis of lesional skin of vitiligo group showed staining of ChAT in 2
cases (18.2%), AchE in 5 cases (45.5%) and VAchT in 4 cases (36.4%). The epidermis of
non-lesional skin of vitiligo group showed staining of ChAT in 1 cases (9.1%), AchE in 6
cases (54.5%) and VAchT in 3 cases (27.3%). The control group showed staining of ChAT
in 3 cases (100%), AchE in 2 cases (66.7%) and VAchT in 3 cases (100%). In the sweat
glands, all of three groups showed less staining of ChAT in glandular cell and less staining
in sweat ducts in lesional and non-lesional skin of vitiligo groups but showed more staining
in the control group. The expression of AchE in sweat ducts is higher in all of three groups

and in glandular cells of lesional and non-lesional skin of vitiligo groups and lower in control



group. No different of VAchT expression in sweat glands in all of three groups. The
sebaceous glands have scantly expression of ChAT, AchE and VAchT in lesional and non-
lesional skin of vitiligo groups. Otherwise, AchE is higher expression in the control group
and all of three groups have similar expression of ChAT, AchE and VAchT in the vessels.
The mean of incubation time for manifestation of the color of ChAT and VAchT on the tissues
was different between lesional skin of vitiligo group and control group in statistically
significant (p=0.023, p=0.031)

Conclusion:The vitiligo patients trend to have decrease in the expression of ChAT,
AchE and VAchT in the epidermal layers and sebaceous glands and only ChAT in sweat
glands. Although the expression of AchE is trend to higher in sweat glands. Remarkably, in
vitiligo patients, expression of ChAT, AchE and VAchT between the lesional and non-lesional

skin is not markedly different.

Keywords: Vitiligo, Immunohistochemistry, Cholinergic, Skin, Melanocytes
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dihydroxyphenylalanine Tl melanin Tusanlulas) denalifianisdudnnsasiasinglu
5a¢113AAN9T19 (Rokos, Beazley; et al. 2002)

1
] [ % | o

a1s Ach JuansBetszamniannudAtyseaduazine]  wananazudieanuiann

o

aneilszamiagiuasan (cholinergic) Tuszuudseamaniudld (Autonomic nervous system)

(Kurzen. 2004) udafanudnfinisuansaanaesans Ach sdiieigiasieilaildssuudszam

\i EeyRaresRaniiiuaredeazine eynaeniden wayedtnzniely adunsAuiug Hey

El q

194979 (Mesothelial) Aine-lusnnng imaaauyy wadgdasisadilszamn (glia cell) uazidule

v X
NAHLLA

'
a

dl 1 ¥ ¥ ! 1 = dl & o = a o dj
aniinanadnesulsadisanaiiasiinnuinaadesiuansach Dagusnntonilalu
Anuziifaianntieanninaafunisuanseanteseulninldainaans Ach visa ChAT Enzyme
Tsmuminnnans Ach dingnsviie (vesicles) inelaasansAch anumagiisa VAchT Protein

uwazienlmsinAtuANviTedLanNEL9941s Ach %98 Ach Enzyme

AINHIUNIEUBINIGTINE

v
Y o o

TunsidsafangIdalafenugennng1ihal



1. WeAnEannuanseanted wulbmiladueviansuamasd (ChAT Enzyme)
wultd azifialadn wAWeEa (AchE Enzyme) way lsiun@Aianeziaialrdunsuale
a3 (VAchT Protein) lutlanlsdausineluseaneens  dovdsniudilaelsansunouay

Havilalnf luaulng

ANRIATYARINISIAE
~ = . ! , =< a Ry . . =
Huanan1sANEINLIIaMeLes TR0 8N TeARINN1INH oxidative stress TMB1A
npaniaduniauen vsa Jadunialuduniy nsvfuliianseyyasasche lalasiaulas
aanlas llidsuudlaslassafuazyinliifansgadugnareaenladevafialaay  leame
174 (Acetylcholine Esterase: AChE) gaflueuliiniaisasasamnalaf (Acetylcholine:

o

Ach) M lEHszAua13ACh WinTwlusasAnea1q Ineans Ach Hazlusudaeulaflunisasradn

V)

flaq1iuin ngunnunglunsAunussuulafuesan (cholinergic system) AR

Q

3| o

A uszLUNA AR AUNNIRI Y UAZNNTULNFRTIRNITAR NTRANAAAIARA TN N1TVAILTE

=)

ﬂﬁigﬂﬁmmﬁmﬁwdwmﬁ WAZULIUNNT apoptosis 1B4EAR  NN1TAUNLANT Ach teulzlla
AUZLETANIUAWNELIA (Choline Acetyltransferase: ChAT) dafluenloflFluntsdansed
413 Ach eulzdezisfialrdu wawmeLsa (Acetylcholine Esterase:AchE) Fnane@ns Ach LAz
Tshun@ranevaialrauniualewas  (Vesicular  Acetylcholine  Transporter
Protein:VACchT) ugnsaanifnianagdaenenitulafuaziuanlulod Inefludihilunis
HUIN1419 Ach
Lﬁfaqmﬂﬂ"aiﬁﬁmiﬁﬂmﬁai:ﬁuimL@q@meﬂ’mmmfa@ﬂfﬂmszuuimaLu@ﬁﬂﬁaquﬁﬂu
308 l3AAN AN MR NN TuaAseenTassvLL AR FRAT AL T Lt 1] ChAT,
AchE uazltlsiiy VAchT sLuu?‘mm%uﬁwﬁwm@@ﬂTmm'fmmﬁqLLumﬁmjmﬂﬂﬂﬁﬁuwu

a

wanguiTeanyagulusizeaninfialsnneeauaziin llgnisimun Aundddauaziug

q

nanzine v iewnan

UBLLUAUBINIGINE
funnsfndanisuanseanseatasaadilsiuluszunladnesan  ludilaelézunis

adeilulsAAI NI NIRNUATNAIFRUATIAIUEN AU 11 AL ANNFLNIAFIAT AL

UUNINLN R ATUATUNTI TR LATANANATATNNRIMILNA /7UU 3 AU



a

ANNFAFIUTIUNIFILLRSNTDLUUIAAUDILNUINUIRE (Conceptual framework)

Q9 M9

¥ dl a 1 a dld [ dl Ql z a o 2’/
mn@inuuﬂun%mm@ﬂiﬁ‘mmw’nmmmnm?mmmmmm? Ach NINHUWRTY ANTY

%

1. fnnsuansvanaed ChAT wnauluseslsasnanquansdninaziiiadelannszsu

WHRNANAUIRY ChAT N1 TRNN98519417 Ach NN WAL BIRNNTLAAIRANTURY ChAT 1N
49{ dl a a o 1 =® a -dl [~ £ o a a
1N lAra9RrTNa1ALNUanDeLEnNLFunEHa lunRAras A

2. fnnsudmeaanaad AchE  anadlugasispm1ganann liiin1sinaneue9a1? Ach

¥y A

AnA4 d9analilunaNIan oxidative stress M?‘@ﬂ@ﬁﬂﬁlujmﬁm%mm 1NNNNTUAASRANTUDY
AchE anasiiiBnaslatesfinvisanatsuaniaisnadifasealsauinniiusnng

3. #msuanseanaed VAchT mnnauluseslsadnsaniuansdnitasdl faseloun
ﬂ@xﬁuﬁlﬁﬁmnﬁmf‘ﬁumm VAChT slsifinnanfiuans Ach snnTuuazinldmsudniinaiuans
Ach lugilaasnsziy (vesicles) asvluiidnaugadmanTulad waz finisuansaanes

v 1 1 1 1
VAChT snnauivsnnlaraaiomiianatsuanivtsnuiinasaalsaninniiiuznuau



NTAUUUIAATDILNUITUARE (Conceptual framework)

Oxidative stress : Exogenous or Endogenous causes

|

HZOZ T

AchE l

|

AchT — inhibit tyrosinase enzyme ———®  melanin i

1

T ¥3o l ChAT Enzyme

T %30 l VAchT Protein Vitiligo skin

, Tw%‘a l AchE Enzyme

TneAnwuFeudey wunldunisuassasnaas ChAT, AchE
Enzymeuaz VAChT Protein lufiswifsdusnarluses

AN Ranmiislnalugialsanenng uag Roniisluaulng




UNN 2
LANAISTLAZINUIALNLN LIRS

v i
o

a o -13’ 9 o =R a o dl al % Y o o Y ] -13’
sLumm%mm gQ@ﬂiﬂﬂﬂHqL‘ﬂﬂ@%‘LL@Zﬁ\‘i’]uq NLNEIUBN LL@%1®M’]L@M@I§]’]NMQ°II@I§]@1?JH
1. T9ARA19T19 (vitiligo)
2. szuuladiuadan (Cholinergic system)

3. uyudalaalass (Immunohistochemistry)

1. TsAmn9ana (vitiligo)

a

I3aAg1dulsARamiaiiARINNTNINae8 AR 4519EMAR  (melanocyte) TN lHLAA

b

seelsniduiivrevnadaauuasnduauidnntiueanudinndfeuiudannsndag seafiu
Faaainllugnsenisauuazinagliiinasieany duresdinausiasiinadunnuansn . daau
uazanla
1.1 szURINE (Epidemiology)
Tmm’wmqLﬂuim‘ﬁ'Lﬁmlmiq\iLLiﬂmﬂﬁﬁmLmzwugﬁﬁmaﬁmﬂumﬂﬁmimﬂizmm
0.5 - 2 wefiusresdszainslan (Lerner ;& Nordlund. 1978) §Qﬂquﬁﬂm@qiiﬂ§uﬂgﬁUL%@
mﬁ‘imﬂwﬂumumﬁﬁtﬁﬂu 2 wlefidiud anigewiini 1 wefidusl uaz faide 0.14 iwefidus iy
4 (Nordlund :& Majumder. 1997) ;:Iﬂqmﬁ'quim,iﬁﬂﬁ;mLﬂuimmwmﬁ@umq 20 1 §
ﬁmmmummmea:mmﬂﬂfjfnwwmﬂuimaifmmf;ﬁwuiwﬁﬂ wstliumnsinariuluglun
1.2 @1NTUARINIIARNA (Clinical manifestation)
laasnernasiidneusiuudsnhidnnmnsrareaeadindluin veuwndaey Tnaszes
Suusnresseslspsnaziiaunndn rii@mmf-m:mmwﬁ“ﬂmﬁmuﬂmaLﬂuﬁ'umﬂmy
(nwilsznavu) seslsadnnuNinANluntin naeile dala SnuF viresaudzhe d1uiusenie
AANFRUAN Ayn 1N WuN avhe uazaduazin nssiiuzedlsauaznisineintuiusia

194919AA9U19



nndsznaut wassdnmuznadiiavetlaalsnnngaa (Goudie, Wilkieson ;et al.1983)

T3AAN I AN LA INsE e TR ls AR (Bleehen, Pathak ;et al. 1968)
1.2.1 i@ﬂ‘lﬁﬁ?ﬂmwmﬁlﬁmquzﬁ (Localized)
1.2.1.1 Focal type flseslsndnuauniinaitennnnindndeslufnadetfnamh
UBITINE
1.2.1.2 Segmental type se8/lsALfinAFea L durlazamitludesioinnnses
19m (Dermatome)
122 seal2AA99AANIZANE TR (Generalized)
1.2.2.1 Acrofacial type saalsalinLEntuas AL 91
1.2.2.2 Vulgaris type 7aalsanszataaasdneaasianialaganaanumg (Symmetry)
vizaldile (Asymetry)
1.2.2.3 Universal type i@ﬂ‘iiﬂmmmmmﬁ@uﬁﬁq

aa

1.2.3 Mixed type 708 [9ANHAN UL NANT D Segmental type Wag Acrofacial type

1.3 &UUANISINIALSA (Etiology)
o I~ ndl 1o 1 d-dl a =2 a % 1
deliiluimauuidn uilivanengudinetainesunaianiaiaisa liun

1.3.1 N FuRugNITH (Genetic theory)



Tsadnsanaldunmuannsfialsnvizadiuunliniinalsamelfiuiladanisuanin
% 1 Q‘I a [-3 o A e o a o al =3
nazsu TeasnsnnanfialuindnnudnfdssRdugnesnlunisiinlsalunsaunia dnnsdnmily
a = ! Ry ) o o Ao !
Bangalore lutlszweguma wudnluguauninisussuiuesluaseuniandlsasiean wu
naialsafnsa1alulsetnaie 20 % uazwudnlulsafnea199ina non segmental aziFuiiia
Tudenin uaziidsedfnseuniaflulsnreann (Hann ;& Lee. 1996)  Amnufslunvuues
WugNasN  (Genetic model) lAnamsiaiugnssnlunsauaimiiulsanieane  wielsidu
Multifactorial model (Goudie, Wilkieson; et al. 1983) dominant model with incomplete
remutation (Hafez, Sharaf; et al. 1983) wa¥ multilocular recessive model (Majumder, Das; et
al. 1988) taeiusiay model a1aaziNgatasiuiuegnEululsa (Arcos-Burgos, Parodi; et al.

2002) Tnelu dominant model sinasunalupuldniinlsadrsaanauany 30 T wsiluauiifia

% 1 o

Tiﬂﬁ’]\ﬂnwﬁqu 30 U HNDNENBANURNTTHLLL multilocular recessive model %ﬂuﬂuﬂ@;u
Hinasildseifnsdudaresnsailudawindan  Sandniuldinnsduny  specific HLA

= [ [ & o o dl i o dl v a
haplotype arimaudniusniu Tuasauaianiulsaneae seauauuusaaeslsaningaaes

1
a

fu angnBuiuiazlsnssaqluusazausnf (Finco, Cuccia; et al. 1991; Ando, Chi; et al.

1993; Zamani, Spaepen; et al. 2001) gnfaatnaduluanuiiiduisas1gananinisiansaanaa

|
a A

gunvaInnae (gene polymorphism) Tusuulenas MHC class Il Tusnuuudenis HLA wudn

o & a

dnduiusiulsanisealaduyy [ lAmnuIlainedunay (type1 DM) uazlsaguinass

o 1

1uin (Juvenile-onset rheumatoid arthritis) 8nFaBENMia89s2UL HLA gene Miiaqiulsa

AgTNauAAzTaE [ lasa9 luauRisananEuiunauang 30 1 90 HLA gene N1a¥

Nai-1 (Transporter associated with antiaging- processing) W8 subunit B

@ oo

immunoproteasome (LMP2/LMP7) (Casp, She: et al. 2003) lulsan1sanandunusiulsanig

a v

aalnAnyuindANNRALNRa9EUCTLA-4 (cytotoxic lymphocyte Antigen -4) Na¥1sTisfiu

v
o o

sl activated T cell Anutinfldwnnzan (Blomhoff, Kemp: et al. 2005) wazlulsan19a19

o

a all a A % ¥ . R = a a = dl v s
alipiniaenizile Win wazutih (acrofacial vitiligo) ShilmauRadnfaesgunadraels
COMT (catechol-o-methyl transferase) FaifutauladndnAnylunismmuefanaasansie e
pie7) asRelszan Welinisaaeulasd COMT aziliinainauzesaswmniiularipe o-
quinone Turuaun1sa519wmantiu (melanin synthesis) M lEinmAsee A9 e (Tursen, Kaya;
et al. 2002) %ﬂﬁq'afjﬁmmmiﬁuwummamﬂﬂﬁmmﬁum’ﬂumwﬂLm?mmﬁmm:mqﬁmqw
a dl [ 1 a oI/ o o d‘ [~ o 1 dl
moranflulsassanartianszatgviafaindnisuansaanaaslasinlen 1P31 dadusnuwmidan

dnesenisiinealnaNyu (AIST; autoimmune susceptibility locus) (Fain, Gowan; et al. 2003)



1.3.2 wqw@jmim%ugu (Autoimmune Theory)
al =® dll 1 1 = [ % o 6 o a a |dl
NURAENITANTIN Lﬁ@qqiﬁ‘ﬂﬂq\jmqﬁ]ﬂﬁrJqN@NWHﬁﬂUI?ﬂ@@Im@NHuT@ﬂLﬁqﬂmqﬂm'ﬂ\j'ﬂﬂﬂgu@%w

= o A o A

\TaRA519L3AA%38 melanocyte (Ortonne ;& Bose. 1993) %mmngmwaum

1.3.2.1 Tsapnsanadniingauriulsa Thyroiditis, Pernicious anemia, Addison’s disease,
Diabetes Mellitus, localized scleroderma, alopecia areata, Myasthenia gravis, pemphigus
vulgaris A halo nevus %qﬁuﬁﬂgmﬁuﬁum?ﬁuwumimLmu’r?m@ﬁrfi@rfi@uﬁ“m@ﬂﬁ AANUNIN
T maduAensAluNIEINTZa Mg (parietal cell) Liaalsza n (nervous cell) Way Malignant
melanoma (Bystryn ;& Naughton. 1985; Bystryn. 1997)

1.3.2.2 NM9NHILNNAENS LU N19R1LAES PUVA NN steroid WAZ cytotoxic drug 9eaanna

[

nHANAY (immunosuppressors) Wudnldnalun1sinelsasig219 Tanalnuiangrazesenly

nsfiugal fisenauyanizisemantulas TnanatinlunisnsaniuweuiueNuaNe
AHRN[Gi! immunoprecipitation LN melanocyte-surface antigens, indirect

immunofluorescence (Naughton, Eisinger; et al. 1983; Bystryn ;& Naughton. 1985),
complement-dependent cytotoxicity (Cui, Arita; et al. 1993; Yu, Kao; et al. 1993), antibody
dependent cellular cytotoxicity (Brostoff. 1969), immunobltting wag ELISA (Brown, Olkowski;

et al. 1977; Harning, Cui; et al. 1991; Gilhar, Zelickson; et al. 1995) Tunguf)aeinguyuay

'
=

WuINLRUIenlIAR1NTI1NeAAs HT ARS8 NYY humoral WA/ By cellular Ingana
wildva T cell uae T suppressor cell Tnafilaifisenulasyyuidndians s lawundiiu
(Ortonne ;& Alario. 1978; Soubiran, Benzaken; et al. 1985; Grimes, Ghoneum; et al. 1986;
Durham-Pierre, Walters; et al. 1995) HnnsAunudngrifinisnluavscAuaasioumvansa
wanaululFinresitresnan Twlafasduiusiunnugulsaesseslsn Tngannnem
AsagaLUszALaURLeR ldszann 50 wesimululsasneniiitseslsationndn 2 wesimus
JaNUTTT8939Me (Body surface area) WA NLsEFULURLRALEEY 93 wWefiufies
Q’ﬂfmﬁﬁi@ﬂhﬂmﬂﬂdﬂ 5 wlefirusunsiuiinaianie (Naughton, Reggiardo; et al. 1986)
Tnefiszsansuaumveasiamailofmanmdsannl@iunnssne daanisanauas PUVA
wﬁﬂﬂmﬁﬁuﬁu'jw:ﬁuLLfauﬁm?\ﬁmﬂuﬁﬁummgum\mmhﬂ&hmm
1.3.3 mqwﬁmﬁmﬂuﬁmimumiuhﬁ(Theory of autotoxic melanocyte)

mqﬂﬁﬁmmnmiwmmmxﬁqmmwudf]mﬁluﬂ@ (phenol) uazaNTaYRUSIEINUEA (phenol
derivatives) Huasan1sas1ainduaasanTulas (Lerner ;& Nordlund. 1978) LALEW LATADLE

(Bleehen, Pathak; et al. 1968) wWudnnsliiuansnidsuilsznauaesiuaaiseansoyyasase



10

agyliinnsinanasiamanTulas sann laaduazanie (Riley. 1969) wudnsaslsalugiloslsn
! ~ A Ao g, \ o - = o a o o val
ANNTNYLNNINENNIAIRNLEUNNN I esannsazanaasssaudansiueadaua sy N1 lEa
neanaaasuan lulafluiandaniniwazmioustlusedu papilla wazinl¥nnsasnyaasiuan
laftalnRansas

Tuavqunirairasaniunuansaniulssina lnlunistlesfunuiasannasieniauanine
Q¥iin138519417 dopa, dopaquinone WaY 5,6 — di idroxindol e ldtleeiuansiEainaeuan
dl al al v dl [~3 o v a o e v < al
iHain19gryidsesauiunIsainasnlntlesnuesiazinliiianisinaemadainadng lu
sa81lsAAN9AN9 (Lerner. 1971)

1.3.4 nou]szuusray (Neuronal theory)

wanlulofiduadiimsyunanisadrunfiadunsaiuiussuulszamvda  neural
crest FatiuaLunsinangrestan lulafenaazineadesiuminuiinlnfaesssuudszain
(Barnes. 1988) anyFAguNdAtyressesisAf1araiimmiieadesiulsanieszuudszam
dquna1eueailaiulsa Neurofibromatosis 13A Tuberous sclerosis lsARAE@ALLATIEHLN
TipiuTNAG 19AFeu N19RameludNesenduantafa (viral encephalitis) wazlsa Multiple
sclerosis  WUINHNAREN1TAE AR TRIRIrTaLazANNRaUnRIessTuLsYan  Tasesisa
ANNT1IB1RALFEAIA N LA UL FYaNNAINNIVTRWINALNTAWIS (Lerner. 1971: Bamnes.
1988)

= = = . .
1.3.5 N EONINTUAN (Biochemical theory)

Audnguvanged e natuauungEgnTRiuNaialIAAeI1Y Wl AannIsAne
194 130LLADSUAT AL (Schallreuter, Lemke; et al. 1994) WLANANHOILN9ITIUAINGDDLTE
iiuFaadlsAA1919n781sN19d09 wood's lamp @1AlfinAINNsAzANTeIANT pteridine Tugll

oy a A , . = 4 = ) \ = ~ oA
oxidize form 2 MUAAR B6-biopterine TIALLTANLLANALAN LA 7-bioptering TIALLTANLLANALUADN
e Tt 1997 lawazaniy (Lei, Woodworth; et al. 1997) Te@unuans 6BH, TumanTulms
waztesflulas  @ailu  cofactor  lwnisnszfuniainauaasienlad  phenylamine-
hydroxylase uaz Lt lun1sadg L-tyrosine Q1N L-phenylalanine Tnenudnasinnsdsanaeaans
% . 4 . 4o .

6BH, 4ar 7 BH, N naulusenlann1eann elusseuilaqiiunuatmveninsauaed 6BH,1Wnay
wranldintsAunueulmd GTP-cycle-hydralase 1 Taiiluiaulmadlunnadeimnzif 6BH, unau
irp@1AarlANHAnUNATe9N13ANER 6BH4 Tneilinnsed 4a-OH tetra-hydropterine (4a-OH-
BH,) anas M liin1siinaduaes 7BH, way H,0, Tuduudesnindy @9 7BH, azdudunulnd

phenylalanine hydroxylase i1 RAMNRAUNRT89N 18RIz a1 TiL



1

anuangudnsiuguuazaniy (Kurzen; et al) MAunuatsAch Andseanuiainiead iy
WAL AN MUT89H9MIe (Extraneuronal acetylcholine) Tnaiazasngnasiewmaddnanes 17

£ dl [~ Z// . . . an rnzll a a o A . .
ninMfluie autocrine, paracrine Waz endocrine lAAZHFENAATNLTIURINMIIAR nicotinic
receptors (nAch-R) WAy muscarinic receptors (mAch-R) UANANNTREINN1IAUNL AchE

enzyme @avinutinfaaeans Ach lutdnnsiusdandag (Schallreuter, Elwary; et al. 2004) Tag

]
=

nalnnisifialsarnsnadianyAgauniatediiemadiomidniaiuuadansllennazia
nsaislalasiaulasaanlas (H,0,) Tafluarseyyadasznarusninaneeulssd Ache ¥nli
\NANN2AY28995AUATT Ach 9ans Ach Aafiugagnaaed dopaoxidase enzyme #ldlunng
FumsnzsisaniinaagmanTulas asinldfiinlsasnaane (Schallreuter, Moore; et al. 1999)
1.4 nalnalunisasadin@lulsanneanin (Mechanism of Repigmentation of
vitiligo)
Tugilalsassnnauessnudnaiuisiiaaddusesdiouusenlsaliialnangiloe
1 1 o = al 6 1 1 = e @ 6
dnulungiinacdinisgoudeasamanlulidoenenins  wudnddihatssunn 50 wlafifus
al v aa U o/ Yo o/ v a
ausNAnNdndRauusealsalduaclAsunnsinensag  photochemotherapy  N19AANNS
asdedininismaeunaesnanulas Nnanseurgantuludeusnuudauuen (outer root
sheath ) 18933121 lugULRTU basal layer YBSRAIMINAATLTY basement membrane (Le
Poole, Das; et al. 1993; Ortonne ;& Bose. 1993; Parsad, Pandhi; et al. 2004) YFAN174519L50
al a a -dl o A & dl PR % 1 1
FdenaaziinanniBnnseslsaisanaawaamaniulad  @anulstesndn)  wAruIwANT A9
d A Y e o oo d N A . a
wasunreawan lulbfiugdududeudana lndeluwidn WATRINUNALNAANNHALRIANT
11989 (Mediators) Aidaeliiinnisindeuizedmadling (pigment cell) sanfufisenues
wanlulasiu extracellular matrix molecules way cell surface molecules (Grichnik, Ali; et al.
1996) HNIANHINLINHATLANUN98EN9TU BFGF, leukotriene, endothelian-1 4ag stem cell
factor Wnazdgmasianisinaaunaesualulas (Horikawa, Norris; et al. 1995) Ua¥WLIINNS
waeunuuLmanlulad dniduuuugu waglidusadeoy lunnsioniidng fBerewaniu
Tofazil OvR1, 0B3R1T, OL 2”1, O5R1 integrin receptors kaz N1swAAauTadNal L lofluses
TsAAN999E L9 NsEALIRY matrix of collagen 4 NNTULAZAZNUAURLEARD OvR1, O3R1

8

integrin receptors VBRI LNA1 s (Norris, Horikawa; et al. 1994)

a

1.5 ANBULNINFANENE (Histology)
13 isnnean lusra s Buuwsnaznui Bunadnan wlafantes wWanisadiulsanin

d%’ oA & a % Iy .allal
uaznudninisungldaesmanlulesd natFnneuaassealsadnnuiwanTulsfaua v
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wulasiin (dendritic) Aituaiugzanauanaaaniy azinadnauTnednsguyNIeTARAN
Wlafwazianielmsd ‘;T"mﬁ‘i_lﬁm?l,ﬂ?llﬂul,l,ﬂmLLUULL']ﬂ@Iﬂ@’] (vacuolar degeneration) Ngzanel
Lﬂuuﬂ'fammu%u basal layer %wzwuu‘%mmm@ummi@ﬂim n138519893 ludlusea lsmsng
ﬂm%Lﬁm%m@iuﬁu?mmmmgmmu stunuAnMde9ARseNaRALLLNTEA BT AN TR

saalsaviTaiinfniuaLegiUAEN193NE

1.6 N195n1 (Treatment)

as [ 1 =3 1 ' ] o
Aanefnnleasnganaluanuasfluny ldusnsieiu (a19791)



AN94 1 LAASADNN95NE 19AAN91N9 (Grimes. 1993)

13

L4 ] >
N5l e NSHIAR

N195NBIFIN /N1TSNEN

=
NINLARAN

Repigmentation
Oral PUVA Autologous Punch Grafts
Topical PUVA Autologous Suction Blister Grafts
Corticosteroids Pure Melanocyte Cultures
Khellin Thiersch Grafts
Tar Emulsions Micropigmentation (Tattooing)
Melagenina Dermabrasion / 5-Fluorouracil
Anapsos

Clofazimine

Cyclophosphamide

Cyclosporine

Isoprinosine

Copper

UVB Phototherapy

Vitamin E and PUVA

Minoxidil and PUVA

Vitamin D Analogues

Phenylalanine+UVA

Pseudocatalase

Levamisole

Suplatast tosilate

Depigmentation

Monobenzyl Ether of

Hydroquinone

Broad-spectrum Sunscreens
Cosmetic camouflage
Dermablend

Lydia O’'Leary
Clinique
Fashion Fair Stains
Vitadye
Chromelin
Self-tanning Lotions

Psychological Counseling




14

2. szuulafdiuasan (Cholinergic system)
2.1 @192zl EAaLAAY (Acetylcholine:Ach)

&3 Ach \fhuansdetsyanluszunilszamdounans (CNS system) Way 32l
Uszarmdautlane (PNS system) #7al3en31 neuronal acetylcholine flaqiiuiinsdunudngns
Ach anansonuldnueingyitessundug uenmileanssuntszanluuywediaiandt non-
neuronal acetylcholine
a13 Ach ArgnduAIziiniaIng1s choline uay Acetyl CoA Iazandtiaulad Choline
acetyltransferase (ChAT enzyme) Ineinge1nun19daLAIziians Ach azanAaans Acetate i
a1n Acetyl CoenzymeA Intl CoenzymeA axilthiviin acetate Tneiaziisiusy covalent fit
acyl group 1 acetate (flannilsznaw 2)

@13 Acetyl CoenzymeA dounnnazgndvaszilululanewnsy Tnaandeeulssd pyruvate
dehydrogenase Faaziminiaiendsansdy Krebs cycle Wsli cholinergic cells ahu
mitochondrial membrane lug¢lalananagnlngazindfjisaniuans choline Tnaande oulssl
ChAT (choline acetyl transferase) (Lﬂumuvlfmfﬁﬁqmmw“lu rough endoplasmic reticulum
28N cholinergic cells %‘\1% transport ldmna axon terminal Lfllﬂ FaINNdalATIZFANT Ach) 15
{luas Ach uaz CoenzymeA antia1? Ach aggni fivlunszile (vesicles) sanns
nazsuandrynulszamsiall tTaaans Ach aziisurwinas 2 stinAe WiaRANN (nicotinic) uaz
WaA13in (muscarinic) ?LﬂﬁwLm§%qﬁm@ﬁmwLm‘fﬁ%mm@@ﬂmmd”mmﬂfmm&ﬁmqm'u
TugnadsvILIzamuazndaLie Lmaﬁlﬁ@uﬁqmm:uumm W sruunnuAumigla sTuu
MaAueIung sruuvinlauazuaeniaan szuulatinuazlanszgn scuumiaAuilasny uas
svuufade dudu uanannid ans Ach deanunsanulAnnadsing W wadidainen in3n

= . ' ' ' a & @ v
\@en glial cells wadwanlulas uaz iadiaas A lulas dusu
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WLIUNNSHILATIZWETT Ach

Pre-synaptic cell
. . .

- 1. NM9&9LATIZU 419 Ach a1n acetyl CoA WAy choline

2. naiuans ACh 1u synaptic vesicles

3. n19Uaadn? Ach ( NNIUABNIINTZINN synaptic

vesicle il presysnaptic membrane Waznadds ACh lale

+ choline
4.

synapse)

4. NN399NOMEUR9ANT ACh RRAINNsFUIIENINg g9
Ach fuEwimas (nicotinic Wazmuscarinic)

5. 413 ACh axgninansseiaulasl acetylcholinesterase

(AChE) Miag1i31a04 synaptic cleft naneniluans choline uaz

4/ acetate
Post-synapti
(neuron or ne

Andsznay 2 wamsauaunig Neuronal Cholinergic Pathway (Bravo ;& Parsons.

2002)

2.2 Storage organelles
UFnlanalszam a1s Ach axgninulunsuidng (vesicles) Iasiande vesicular
acetylcholine transporter (VAchT) protein (Anderson. 1998) VAchT w1 vesicular transporter
afiaviivutiivinnansdetsranmanfiola synaptic vesicles Taeiandanisuaniilasny
szalisnau (Bravo ;& Parsons. 2002) 1AN19ANEIA1U immunohistochemistry 289 VAchT 14
Tun13m99am cholinergic neuron (Schafer, Weihe; et al. 1995; Gilmor, Nash; et al. 1996;
Arvidsson, Riedl; et al. 1997; Schafer, Eiden; et al. 1998) HuNNNFANHIUANAINAZNL
VAchT T cutaneous nerve LLﬁfJ?ﬁ'\immmWU%\iﬁm epidermal melanocytes Wag keratinocytes
LATWUANT Ach Way choline i non-neuronal LHuf epidermis MuANFA19a7n neuronal
pathway
23 nsnaesnsazLIRalAaY (acetylcholine:Ach)
luszuvilszamnisilansans Ach zﬁ"tymﬁmMWW%Qﬁi@mmqﬂizm‘wLﬁ@ﬁmﬂ,ﬁm%u
PeusriLLAnEeNBasy (free calcium) lulalawanads  vesicles Titsnaulanaisyannay
\ReUTNENTATL presynaptic membrane uaz @13 Ach ﬁLﬁU@gﬂu vesicle azgnilags
ABNNIEN synaptic cleft %dLﬂumu‘ﬁlﬂgﬂu extracellular space (Monck ;& Fernandez. 1994)

wsigLqunslantaes1e4a1s Ach A1n non-neuronal cell 814 K1 ANLERLFNN
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Azt Selimsusidn wildinnsdunadngns Ach wadann secretory granule ¥ide
endosome 84 epithelial cell anidansiariu cell membrane Tmmmmﬂﬁlﬂuﬁuﬂi:fﬂvﬂﬁﬁ (lonic
transporters) WATHNNTAUNL ChAT gene s fibroblast (Erickson, Varoqui; et al. 1994) %\‘1%
4519 VAchT protein %'\1Lfluiﬂiﬁuﬁzﬁﬁﬁmﬁ'eﬂ'qﬂumiu&mw Ach Taeendensiiisduessy s
intracellular calcium (Fischer, Lukasiewicz; et al. 1998; Hu, Park; et al. 1998; Tint, Slaughter;
et al. 1998) Lﬁ@iﬁﬁ*uma?m:ﬁuﬁummu a1sAch azgniasseanainnszitetsomilany
sx@ AR nicotinic vis@ muscarinic receptor RestziiinmNNg Bunauaunisiidn
presynaptic UWAXAZINAYULALNITG postsynaptic AINN ﬁqum@ﬂqw'ﬁfmmmﬁ Ach ‘ﬁliﬁmm
receptor ﬁ@:z%umﬂ (Brockdorff, Ashworth; et al. 1991; Cooper, Couturier; et al. 1991;
Nada, Okada; et al. 1991) Inaifiaulad AchE daaarlANszALITas a19Ach

92U Cholinergic luszuulseann azifendeeiuszuLlsramdaunans sutsamanTusTa
ey srutlszamdautlanauaznduidle Inelusziinlsyamdiunane @13 Ach avainsd
U3nd caudate nuclease lmzazdedrynnauldafnuanas LazaAnsumisaraiait B
amygdala Faazdeansiatlazamlies AIUFNNT] VBNANEIAIUNIN R S IE ST TR

waznsEeus (Aanwilsznau 3)
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caudate
nucleus

cerebral
cortex

‘nucleus of
meynert

émygdala

hippocampus
thalamus s e

brainstem
nuclei

nwdsznay 3 uanasnumienduaei uaz pathway Tuniseengmsuesans Ach Tussuu
3@ d91nang (Erickson, Varoqui; et al. 1994)

Tuszuuilszamdnlulmans Ach doulunjaznasann Uanelszan parasympathetic Lay dau
o o . o ¥ \ \ o =
Uatazudaanlanatszam sympathetic v lussuusneduszuuialauazvaaniaen
sruumAugla  sruumnaAuang  syuunasuilaanny  stuuedtnc@uiug  Tuszuy

a [~3

3e87% motor UAT sensory system L1u Lﬁmﬁumﬁui@mmu ANHIALLA NN9FLEIa uaY
naweaeulm gy
2.4 Non-neuronal cholinergic system ﬁﬁ%uﬁ'ﬂ

1uil 1962 anem (Scott. 1962) WAuNL a3 Ach ARamiTeesEdAXIUTN LS IR
wilad  sennludl 1993 wnrulawazmnie (Grando: et al. 1993) lAAnINLIN epidermal
keratinocytes lunyueia111904574 cholinergic enzymes saeulmFduamsiiasrinaaans
Ach LL@zwud’wﬁmiLmm@ﬂﬂmm;ﬁ nicotinic WA muscarinic classes U84 cholinergic
receptors LUUXAU8Y epidermal keratinocytes A ETnAaSiardUTUANT Ach uaTBuTLLNNg
ABLAUBITRITAR A1NN13ANEN UMaRANAREY @15 Ach Qx'ﬂ'ﬂﬂq%’éﬁi'ﬂ keratinocytes KN
Autocrine WA paracrine %I\‘]‘flN@ﬁi@ﬁﬁﬁﬁﬂﬁ?ﬁ’m’]uﬁhﬂmm keratinocytes Way AeIAS viability
218N keratinocytes ANMARBINLIN cholinergic drugs a3 A keratinocyte
proliferation, adhesion, migration Way differentiation @19 Ach aza1Ael calcium \f114 mediator

dag/lunseenyysse keratinocytes TansilasuulatszAuadndinduaes calcium azinasie
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NN ALAZNNTUAAIDDNTE cholinergic enzymes and cholinergic receptors Al keratinocytes

uwariszavsine)esnsiasuulasii  keratinocytes  @1aaziflunan1aINNNIERNgNEYRN

=

cholinergic enzymes Way TiAla9 cholinergic receptor u@ﬂmﬂﬁﬁﬂwudﬁ keratinocyte
L313np97LTU basal, prickle waz granular layer filnN1smaUaUadsaans Ach LANANI AL
ganAdeeTLMN T luusas stage 989 keratinocyte ﬁw?aﬂw,wi@z%umm epidermis (Grando,
Crosby;et al. 1993; Grando, Kist;et al. 1993) ﬂ@f«gﬁuwudﬂwﬁwﬂmiéwﬁl,ﬂumwﬁwm
m”mzl,ﬂwmmmizuuﬂi:mw%mﬂﬂmﬂ motor LAY sensory pathway udasladl adrenergic
AL cholinergic signal transduction Pathways (Grando, Zelickson; et al. 1995; Schallreuter,
Lemke; et al. 1995) @17 Ach fBnndamilaanainazldFunnaintaneszanudaganin
aadireralilad  uasiwanuladfvinivedanmsd  uasinangdns  Ach Ay
Cathecholamine %qu Tnenalnnsdamsnzdians Ach avpdeAfReiun1sdaATesflussuy
neuronal cholinergic system (Le Poole, van den Wijngaard; et al. 1994; Grando, Zelickson;

' =

et al. 1995; Schallreuter, Lemke; et al. 1995; Schallreuter, Wood; et al. 1996) BHANH
nsAn unysfnd @ns Ach Suthiidndtydaedsadinesituled uaz wanlulad dnns
EELTIBINGDG nMslAREUR nsdeansiuszwinagag muaumim‘ﬁm% nsn@e Ly g
Tuanaulaiin n1sadravasnidanlvd (angiogenesis) 289H911Ie (Longmore, Bradshaw; et al.
1985; Smith, Smith; et al. 1992; Schafer, Nienhaus; et al. 2001; Heeschen, Weis; et al. 2002)
LANANTALENT Ach flafimtinTiflians apoptotic secretion TaeiualiinadiaasAlulas waeu
ﬁ's@ﬂﬂ%u stratum granulosum 1‘1J°7‘1I°%u stratum corneum (Nguyen, Ndoye; et al. 2001)

anFIetNANNNALNRTIB9TTLY cholinergic system ﬁlﬁsmﬁiﬂimawﬁﬂumgwﬁmﬁﬂuim&ju
ﬁﬂwmimm‘tm autoimmune pemphigus, junctional and dystrophic forms of epidermolysis
bullosa, thermal burns Wa¥ mustard-induced vesication %I\‘lLﬁm@’mmmamﬂﬂmuuﬁﬁ‘ﬁsﬂm

= |

Ach F@ nicotinic and muscarinic ACh receptors Feluasia KC cell-cell waz cell-matrix

| [
A v o

adhesion ¥TaANNEALING I ACh receptor subtypes auiiiiaadasiy intercellular adhesion
molecules 111 classical WAy desmosomal cadherins WAL integrins mediating KC adhesion
pia substrate WWNAlHH signaling pathways ¥1991NN"3 NIzsu ¥sadiuely kinase cascades
Fepnalunalfiianng WnKse anasres regulation TWnNNTUAAIEENYEY cell adhesion
molecules e liAANTILALLLLAIUL21NNT phosphorylation status Y3aIRATI9ERIRENS
dJ v A o . . . o . . dl = =<
smﬂ@f-guuumiwrmm antiacantholytic theraplesimﬂelﬂj cholinergic  drugs  TNN{NE

v |
cholinomimetics utlael pemphigus uar lansunnaslagu Anuialnfvesans Ach €9
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uanvnaaslsaionisaudnuaisaiinigu Acne vulgaris, psoriasis, atopic dermatitis WAz
vitiligo (Grando. 2006)
AN13ANURIIR AR UATATUY (Wessler, Reinheimer; et al. 2003) TumnuinUnsaeg
cholinergic system Tugtlagl atopic dermatitis (AD) 7 AW LAzeNdNASTAIARRAMTILNR 12 A1y
WU1AINNNTATIA choline-acetyltransferase (ChAT) Aa838 anti-ChAT immunohistochemistry
LAY enzyme assay A1N skin biopsies WLAN AnNImI9anL ChAT enzyme activity Tu
homogenized skin WaY subcutaneous fat (13 nmol/mg protein/h) Wwaz ChAT
immunoreactivity Wud’]ﬁmﬂmmﬂﬂﬁﬁmm keratinocytes, hair papilla, sebaceous,
eccrine sweat glands, endothelial cells Wa¥ mast cells Tmﬂué’ﬂ‘m AD R[N
acetylcholine sy 14 winluiu superficial uas 3 wiﬂu%um\iLﬁmﬁﬂuﬁﬂuﬁwﬁﬂuﬂzﬁu
RRLRLECE

TunsAnresuaanesidulazAe (Hagforsen, Einarsson; et al. 2000) wudngilae
palmoplantar pustulosis (PPP) ﬁmﬁmﬁlmﬁmﬁu cholinergic system lunnsAnEAaeR 3
immunohistochemistry Lﬁ@@ﬂmmm@@ﬂmm choline acetyltransferase (ChAT) WAy
acetylcholinesterase (AChE) Tudouaes sweat gland apparatus SLw;:Iﬂfm palmoplantar
pustulosis (PPP) {igiLfiu palmar skin flnilu anangsins healthy non-smokers Lag smokers
WUIN sweat gland 1Ay duct Aazu@AIAaNIUad ChAT- WAz AChE-like immunoreactivity (LI) Tu
mmmwﬁﬂumaﬁmﬁ%ﬂ 3 ﬂzﬁwwuu’]ﬂﬂdﬂiu%u epidermis way ChAT-LI %W‘Ll‘ﬁl coil uazlu
duct 284 sweat gland 4 Smokers way ;E‘ﬂfm PPP aziinnsuamnaan ChAT+ lu acrosyringia
taendnlunguaes non-smokers usifilor  PPP  azdinnsu@mseanaed ChAT-LI lu
granulocytes Tusnmues wazlu papillary dermis uazludu stratum cormneum mﬂﬂd’m@:&l%u
st

Tunszuaunisdansnzsiinaniin wewlasd tyrosinase 39 dopa oxidase enzyme (1w
glycoprotein A% copper contaning oxidase enzyme) %Qﬂﬂ@'@ﬂ@ﬂﬂmmr} ER
(Endoplasmic reticulum) TmﬂmﬁﬂmﬂmﬂLﬂ?ﬂlﬂwhuﬂ@xfoﬂﬂﬁ‘mu W8 proton pump inhibitor
P AAN R e F LR T (PH) 1 intracellular organelle uﬁamﬂﬁumﬂmﬂtyrosinase
Az el Goli uazidnguanTulan (melanosome) et A eiaaniin Tngazin
MﬁWﬁLﬂu catalyst IPEALUNNT rate limiting conversion Immﬂﬁlﬂu tyrosine {1y DOPA uay
wlagw DOPA 1y DOPA-quinone 1as DOPA-quinone @:Qmﬂ?ﬂlﬂmﬂu DOPA-chrome @4a

polymerize ldansmaniiusialyl (Fanndsznew 4 uaz 5)
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)

idermal Melanin
o

Ep Unit

Precursor Dopaguinone
melanocyte| !

‘I |Eumelanin]  |Phaomelapin

Neural
crest

Andsznad 4 LaasFAunIliingas Melanocytes N1949LAIIEY Melanin Wag Epidermal Melanin

Unit (Dupin. 2003)

0 OXIDASES
oL
Ty coow 0% " N, Coon

DOPACHROME
POLYMERIZE ¢

MELANIN «—

N COOH

nwdsznau 5 LLZQ@\?IF]NZQ%’]\WIWQL?]?I‘U@Q Precursors WarduAaUN1949LATIER Melanin

(Dupin. 2003)
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AINNNIANHITEY U fuazAe (lyengar. 1989)  lufihalsnnnennn 52 salunisdnm
T NGt Acetylcholine Esterase (AchE) Aq8138 fluorescence immunohistochemistry
wudnsesuresienle] AchE luseslsaawieunuarlif ihinaliilssiuresans Ach et 3q
%ﬁm@slumiﬁuéqqmémmL’ﬂﬂﬁﬂ tyrosinase (aerobic dopa oxidase ) safluenlamenil
Tunnsa¥rasindaewman Tl

siaxn Tull A.A. 2001 T1908IRSIATYA (Schallreuter ;& Wood. 2001) AnsAuwLsn Tusas
Tansnaa19 azflatiaunisiia oxidase stress Taidadnfanumdsnisdudanassanslalomn
nsflssynuesitideulsrneuesinduwienin  siseeraiinanniladaneluivn 1
7TALTRY  H,0, LﬁumﬂﬁuLﬁuﬂqi@@ﬂqwéLﬁuﬁum@a epidermal monoamineoxidase A,
NADPH-oxidase activity Tusindananqialnsia NM@\‘IM?L‘WIN manganese superoxide
dismutase v lINsfnTes TNFOU unalfifinisazanaes H,0, nMafintuauns photo-
oxidation U84 epidermal 6-biopterin WAL sepiaterin m‘iLﬁlﬁwm nitric oxide synthase Way
nudngefinuealnsian vee lUsaamalsn anaaziinantlfidainent1aaninlosfiaaulose
answmlulasivesans quinone Whidu nsil H,0, WAty Az ANARDNNIATLIANUAL signal
tranduction pathway 1849 419Ach LAy walsd AchE (Schallreuter ;& Wood. 2001) pannlull
A.A. 2004 T17RRmRsLAYANMY (Schallreuter, Elwary; et al. 2004) WUINGNANTazaNT8 H,0,
1NNY 10°M range  azilnasialaaaireraqenlssd AchE annisAnmnlaeid computer
modeling Wu91 H,0, Az liAANreaN Tt uIes Tlsiudau Trp(432), Trp(435), Met(436)
waz His(440) residue aaaeulasd AchE (faniwilsznay 6) ﬁﬂiﬁﬁﬁﬂ’]?@@@ﬂqwﬁum?
Finaneans Ach fnavinldzAuaaans Ach inntuwiniRnsessneann dedlerdn H,0, M1

arnsnaialed lualdaaumadnH,0,Adaud Ay luniaifalsasnsanadiunisnalndanana
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[=Pleated
shaeat

‘ s-Helices
(,. #-Helix [i-Pleated =

sheet

Trp 435/ °
5-0H Trp 435 Trp 432/

T 50HTmp 432

5-OH Trp 84

- Phe 330

Trp 84

ZACh

A nilsznaue wanslasadd19aed AchE ann13@AnEineRs computer modelinghamnan AL
Tﬂiﬁu'ﬁzﬁﬁﬁmslumi@@ﬂqm%fﬁgﬂﬁﬁmﬂimﬂ H,0,

(ﬁm Nicholas C  J Gibbons, John MWood, HartmutRokos and Karin
U Schallreuter.Computer Simulation of Native Epidermal Enzyme Structures in the Presence
and Absence of Hydrogen Peroxide (H,O,): Potential and Pitfalls Journal of Investigative

Dermatology (2006) 126, 2576-2582.)

2.5. Acetylcholine receptors
TufamisdnrAunsTanmassiagns Ach Aa AlaRTAA (nicotinic:nAch-R) Lay TdA730A
(muscarinic:mAch-R) Fininaslu wadinasmlulas (keratinocyte) wanlulas (melanocyte)
waz Wlislanas (fibroblast) FeluurazedtnzaiinsuanieenIaLAas WAL TUANF
11 (Grando, Zelickson; et al. 1995; Kurzen, Berger:; et al. 2004)
2.5.1 Nicotinic Acetylcholine receptor (nAch-R)
{N19AUNL nAch-R subunits AMNadenzsne) 289Nyl 1w 01-10, B 1-4, gamma, delta WAz

epsilon TngazuanseanNsenfeseninessULlsTaNnuasnaniiie (neuromuscular junction)
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ANNAIATYTEY nAch-R WAz subunits Tuseuuilszam azuiilaseadng il heteropentamer
= - . @ ~ '
WA homopentamer NN heteropentamer Azl O3 subunit Hudiutlsznay @Fandn
= = A o d a
03*nAch-R Beaziinalnifeaiu Na+ visa K+ channel uaz Tu homopentamer Az 0L 7 LaE O
9 subunit udaudsenay Inadiwininanineaiu Gate calcium (Millar 2003) tag 0L 9 subunit
a1NN30Raz3NiL O 10 subunit 1ulA9d519 heteromeric nAch-R inutinfuansnely auiu
winFreaad  Ineutifizes nAch-R  azliuegiu  doutszneutes  subunit 5,
° o o o | - A Ao o
ANNANNTE  UATANLTUITUNIduAUIENdNe d1s Ach (Ve ansauidledwly
doutlsznavuidi a19UlARL) waz nAch-R (Grando, Zelickson; et al. 1995; Nguyen, Ndoye; et

al. 2001; Kurzen, Berger; et al. 2004) (fanwisznau 7)

guUud@ma nicotinic receptor

acetylchaoline binding =ite
1 -
i, | | i

[

acetylcholine
o @ g - bound to wMat ions
ao o channel Sy receptor
@ entrance =
o

@ Wkt jons

o 2
(=] o el interior
b bt
channel clo=ed 2 o

2002 Encyclapsedia Britannica, Inc. e 9 - UU

Tt

nidsznay 7 uaasanenurlaseaiianneluianazes Nicotinic receptors
(Grando.1997)

Tuonilireauyeeiin1gmaany 0L 3, 5,7, 9, 10, 8 1, 2 uaz R 4 nAch-R subunits
TeaznunAe 03, 5,7, 9, 10, & 1 nAch-R luusiazdiuaes epidermis Msugneanas

nAch-R subunits fiuaneinefiu i ludis unsyan (granular layer) wae ali/Tudy (spinosum
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=X a a‘l = dl = £ dl [ 3
layer) FINUTNILUAY 419 Ach LAY UAAELNNIN AzdnTUaAIaanaad o7  B9lunnvan
Aanfunadasuulatuazniaasyuasnismnaeadiaamilas (Fuchs. 1990; Dessy, Kelly;
et al. 2000; Sando, Zhu; et al. 2003; Kurzen, Berger; et al. 2004) iwazagwy 09, 10, Lay 3 1

nAch-R duiuda (basal layer)

1
o o

anfeteaNEmInANAeeAY nAch-R dudiinlnGn SLURP-1 (Gsdnatflu super

£ A

family receptor 184 Ly-6/UPA TeRuiinidqe 1 nAch-R Rnsmevauassadns Ach 16a) g1iim
AnuRalng aziflulsadiRaaty inflammatory and keratotic palmoplantar skin disorder Lt
Mal de Meleda Tmmﬂu‘ﬂ?ﬂﬁlmm}@mmu Autosomal recessive (Denda, Tomitaka; et al. 2003;
Sando, Zhu:; et al. 2003) #@15ilARL Iuw'?fl%ﬁmﬁlﬁﬁmﬁqiﬁdw dasannanalaauluiilnfiu
avlidu  nAch-R ﬁ@ﬁ.ﬂimmiﬂuvlmﬁu (sebaceous gland) %q@:m:tﬁ’jﬂﬁﬁﬂmﬂ?{ﬂmlﬂm
a9AlsznauwaznaHAnlail NIEFuNI9LAsyTeY sebocytes AN ﬁﬁlﬂuﬂ@qﬁuﬁm?ﬁuwu
NITLAANARNURY Ach-R subunit gene Tfuanue (Kurzen, Berger; et al. 2004)

2.5.2 Muscarinic Acetylcholine receptor (mAch-R)

v
mAch-R wuagsnuedenzdinsing 1eedeniedn aned stuudszaméniud®  nduiide

Hontls wazedenznielusine wihiseuivedaandvung  duluanesasindnineaiy

'
e A a

neEeul ANAY uarnITALANAILILANeaesienie et lunnzangad NUTnaany
Uszamdautlasaziiwifisuedngiiaouay iy eousudazmnduresialalidnag
nevaeniren Mvaiatemaesanlulen nsudaewls e I LUNIALeIMNS i
nsudeansAAMAIann vietnmn uazsesisite daelunisuafhaes TR WA ciliary muscles
229QNA LG

s AR indrinen 3oluiana uaz wAANINENYY WUd1 mAch-R H 5
subtypes (m1-m5) Tne/luusiay subtypes aznszsii second messenger system Iagiduiy G
proteins ﬁwui@fmmqwﬁmjﬁuméwmﬂL°n'u'1u slanusa Fundu aatszaman uas @:uuﬁluq
28459NY 1A M2 WA m4 azAuUrilu G proteins 184 Gi family s lifannssusanig
SGEaFAH cyclic adenosine monophosphate (CAMP) Tazeinunng tewlasd adenylyl cyclase
Uar m1, m3 wag m5 subtypes azAUAU Gq class U84 G proteins %mzrﬁ’j‘u phosphoinositide
metabolism V‘i’ﬂﬁlﬁmm’iﬁuéﬁ signaling molecule 284 phospholipase C vi7a D nhAanng

waguulasuaassau intracellular calciuming? m1, m3 waz m5 receptors (Aannysenay 8)



25

T e e S
_'—lr.—-l-l_- L.l
FI0 e o e o g

Andszneu 8 meﬁnﬂmx‘iﬂ@m%ﬂmal‘uLaqmm Muscarinic receptors (Grando.1997)

Tneluusiaz subtypes AasWUANETNZANUANFNGTU 11 M1 receptor AaxWLT Anasdaumtin
(forebrain) hippocampus Was cerebral cortex WA m2 receptor QUNUNTNUANDS BaT viala
m3 receptor A¥WUR nANeiFEY Aendvie (exocrine gland) WAy cerebral cortex m4

receptor QLNUNINNANDIA1 neostriatum LAy m5 receptor AeWLNIN b ULRY substantia

nigra (ANNAITN 2)
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M19719 2 AAN Muscarinic subtypes U84 Acetylcholine Receptors (Grando.1995)

Muscarinic Acetylcholine Receptors

M, M, M, M, M,
Cortex, Exocrine Substantia
Distribution Heart Neostriatum
hippocampus glands, Gl tract nigra
Antagonists  Pirenzepine AF-DX 116 pF-HHSID
Xanomeline,
Agonists
CDD-0097
G prOtein G(lq/ﬂ G(li/o G(Xq/ﬂ G(li/o Gaq/ﬂ
Adenylyl Adenylyl
Intracellular Phospholipase Phospholipase Phospholipase
cyclase cyclase
response CB CB CB
inhibition inhibition

@ﬂﬂﬁmﬂ"]ﬂﬁ?ﬁﬂwﬂmﬂmﬁﬂLmﬂﬁﬂm’m polymerase chain reaction UBANANANITAUNL
nicotinic receptors subtypes ﬁiﬁﬂﬁafmﬁwmmmﬁuﬁq falin3AUNL muscarinic receptors
1 muscarinic receptors finuaziley] 5 subtypes A m1-m5 Feusiardureiomiaiiinng
WAASBANTEILAAY subtype wanseriulaaazwuluepidermal melanocytes ﬁﬁlaﬁwﬁﬂﬁmw}u
21UIUNTT melanogenesis TneanANIL cholinergic signals (Buchli, Ndoye; et al. 2001) m1
WAz m4 mAch-R %W‘Llﬁu?mm suprabasilar layers s m2, m3 Az m5 mAch-R @:W‘Llﬁl
U3iand basal layersludaueazyuauluniumidasnge WUFT outer root sheath 1843711 A
WU mAch-R %ﬂﬁs\lmﬂﬂﬁu m4 mAch-R, 17{ central cell layers QWU m4, mb5 mAch-R LL@ﬁll
inner root sheath azWu m1-m4 mAch-R luANLMNT83LEa sebocytes ﬁﬂ"ﬂﬂlﬂ?ﬁglﬁmﬁ WL
I m3-m5 mAch-R Wil sebocytes ﬁL@?ﬁﬂ;LﬁuﬁLLﬁq%wu m2 uaz m4 mAch-R lusenwile
13104 myoepithelial cells RZWUINE m2-m5 mAch-R wid214a84 acinar cells /2wy m1, m3
WaY M4 mAch-R 115 (Kurzen, Berger; et al. 2004)

lulsasnsannflanyfgiulunainlzaldvanseting nalnutisfidande auyfgiud
Reafiunnngiidl oxidative stress TutBnisatlsn anafamumdansdudiaussdanslrlaan

o

Wunalidans H,0, Wunnaudeansilazinang wultd AchE yinlfRamlsEnniudszay

o

417 Ach WNNNAU 39a13 Ach aziignatiudaeulsd tyrosinase aifweulasandulunig
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a5rflnd veamanluled fuRadusessineang Wilaqiu elifinisdnenlafidnsssuuaes
IAaLuasan (cholinergic system) luseslsasngnid &qufumimmﬁx‘m@iﬂhixﬁuimL@qmm
cholinergic system uUN1TU&AIAANURY ChAT, AchE Enzyme WAz VAchT Protein Tut3in
%uaquﬁwmimﬂmﬁmmqé’nLLmi\aﬁifmqm@ﬁﬂﬁé’uwwﬁﬂgmﬁ@@umﬁgmslmimmmﬂﬁm

Tsasgznauaztillgnisimuduadiadawazuwanienisinm s lueuan

= . .
3. augiuaﬂtmﬂﬁﬂmi (Immunohistochemistry)

Immunohistochemistry  \{lurtaunisnaaTuilelnga1Audunaunisvindjnsenszudng
MEUFAAULIURNTUHE AL LA UALBATIANNIZINANN90ATAN I RN TAana s
Uffsensiouaufiues i @19 fluorescence dye, Enzyme, Radioactive element 138
colloidal Gold

il 1941 dalifeuazanie (Albert H. Coon; et al. 1941) #AununisAnsmsany iy
o o Agj dsj aca & dl 3| ¥ A . a o
dviuTuialnensanyungeasamud  sadunisldansizasuas  (Fluorescein)  FAfL

a = ded% o o A U 73 d’j £ o b lﬂl b4 v b
weuAuen slNdedninme  Fesldiliean FAedRRAILLATEY  cryostat  WATABNAAILNADY
AaNIIAUNGRALTALTUAYINGL  WANAINUANIFAILAIAIANAN NN NUAIAIN FRaLAL
aladlugifiu uaziiulalduu azfulfianizgiloiamindu (Beutner. 1983) siannlull 1966
WnituLaziNesT (Nakane ;& Pierce. 1967) l#uin enzyme peroxidase uasdl 1978 widuuay
WINN®Y (Mason ;& Sammons. 1978) 14tin enzyme Alkaline phosphatase UNTANAAIL

a = dl 17 = dl d‘ o aaa o &I
WAKALDALNE LI UANTTRILAY Tl enzyme mﬂgmmﬂu substrate iaeIA Chromogen

a.

(NBT-BCIP) azilsingansasiuniizesiioifianiweniven lidvagiuuaumian - 35Hamns
ARNENABIRANTIANEIINAT UATANEIAIN paraffin section 1§ uaraunsniiualadidualas
n1ale
. . = Qddﬁf 1o a . dl

AUIUNINT  Immunohistochemistry  NUAEIGUUBLNLMUAUBY  specimen nldlunng

ARl WA TTALAINN IINFRINNT Immunohistochemistry medthod ISENSHLN!
3.1 Direct method

ilaensld weudueshn conjugate Nl enzyme (horse radish peroxidase 38 alkaline

phosphatase) tNquALLAUAIAN WTaanAan1saudty1ulag tag fluorescence fUUAUALARA

asl X = . b o
A8n19UAzdl sensitivity Uagl (Aan1nilsznay 9)
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Fluorescent/staining

tae ™
J Anti-A

A
EIG 0

Cell

nwdsznay 9 wamsmALANIS Immunohistochemistry Tasiande fluorescence lunn9au

Aryryunad (Mason.1978)

3.2 Indirect method
FueuALed gestiia Tausn Ae Primary antibody MilAMNNSNZReaRTiERINNAE
mwmﬁuq Imel secondary antibody Lilu IgG Algandnitesmizse Primary antibody 1agl
secondary antibody A¢ conjugate enzyme 138 fluorescent dye U FITC, rhodamine 38
Texas red Fand1 indirect immunofluorescence method WAZEN conjugate enzyme LU

peroxidase, alkaline phosphatase or glucose oxidase qwi3enI1 indirect immunoenzyme

method T43an13HN 1 sensitivity A2U (Fannilszney 10) Inganunsawtialaiilu
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Fluorescent'staining

tag : .
Goat anti-rabbit

Rabibit anti-A

A A
0o ° o

Cell

nwdsenad 10 waAnAlANIY Indirect immunoenzyme method (Mason.1978)

3.2.1 Unlabelled antibody method

unngld secondary antibody Lﬂumwmﬁﬂlﬂmwdw primary antibody iU teriary
antibody ‘ﬁlﬁ enzyme complex conjugate ﬂg' Tﬁ'ﬂ’]?ﬂﬁiﬁuﬁ Peroxidase-antiperoxidase
complex (PAP), alkaline phosphatase anti-alkaline phosphatase complex (APAAP) %ld
complex AAuudauss waziaanalandn peroxidase molecule 17{1%'157 conjugated to the anti
IgG molecule tszanns 100 &4 1000 W1 3$@1330 dilution primary antibody ‘ldunn uaz
ANan non-specific background staining &

3.2.2 (Strept) avidin-biotin technology

walintiaztlsvnayldae Fuusnae unlabeled primary antibody Fufigasie biotinylated
secondary antibodyLL@:%uﬁ@’m An complex of avidin-biotin peroxidase laeia1Ae substrate
DAB or substrates éu”]

NANNN9284 avidin-biotin technology Lﬂﬁ%m@ﬁmﬁﬂ@mmuﬂmumﬁuﬁqﬁumm avidin
LAz biotin Aazdaffuetnuiunuazsnzazas avidin Wudautlsznauredldan
structureLﬂugﬂﬁlmgﬂuﬁ 4submit ‘17{%1‘157 biotinin1zl@da1 biotin 151 low molecular weight
vitaminfignusnas conjugate U enzyme 114 peroxidase 38 fluorescein édnel
3&1/7@1‘131’@’134’1?@117;%1% biotin conjugate U secondary antibody uaz@319  avidinbiotin
enzyme complex Lﬁlfaél%l,mu PAP or APAAP complex #iq avidin Azl oligosaccharideresidue
19419919 R AN s ENaL LAY lecitin UuibaiEelEvn AN nonspecific staining A4

= . ¥ - = ¥ X X = Al
ANITNALNU avidin MILIRNT streptavidin stLﬂ’W’mﬂ’ﬁLWﬁZLZ\]?;I\?Lﬂ]'ﬂLLi_IﬂVIL'j“EI
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Streptomycesavidinii anada sl oligosaccharide residue wariAnaNTF1LNNIAURL biotin
FuREaT avidin 330135 14uA avidin-biotin complex (ABC) method, labeled avidin-biotin
(LAB) method Lag labeled streptavidin-biotin (LSAB) method
3.2.3 Chain polymer-conjugate Technology

Lﬂumﬂﬁﬂm% enzyme (HRP,AP) uay antibody (primary, secondary) N1AALY spine
molecule 184 dextran Lalid 1 spine molecule 784 dextran @YNNIDAA enzymeiﬁ 70
molecules W¥aNiL antibody 8n 10 molecules é"mmr;ﬁ wallatAstaeniy sensitvity aALIAN
Lazdumeluntg IHC 18 utieldiiy
3.2.3.1 DakoCytomation's EnVision Systems

i dextran polymer technology ImgieAanisauniueeaeulad horseradish peroxides
38 alkaline phosphatase fl secondary antibody ﬁfl dextran backbone deaAa NN1HN
Alafisdy uazan non-specific background staining La AatuRaL "Lumiﬁﬁﬂﬁﬁ?ﬂ’uﬁﬂ
Wiy conventional techniques umenuiisail
3.2.3.1.1 1d primary antibody
3.2.3.1.2 4 enzyme labeled polymer
3.2.3.1.3 1d substrate chromogen
3.2.3.2 Vector's ImmPRESS polymerized reporter enzyme staining system

{ThiAR s antibodies NNUAFNTY polymerizing enzymes WAL
micropolymers TNbEEN high density 284 very active enzyme 8 secondary antibody dannn
L‘WIS\J sensitivity, signal intensity, am background staining, LLaam non-specific binding %umu
Al
3.2.3.2.1 & primary antibody
3.2.3.2.2 18 enzyme labeled polymer
3.2.3.2.3 & substrate chromogen
3.2.3.3 CSA Methods From DakoCytomation il lglu
3.2.3.3.1 CSA Systems

Taeild Tyramide Signal Amplification daARaiaRas AFavILeLAALBINTee 1A iy
Usz@nBninaes low affinity mouse WA rabbit antibodies wazyinlin1ainuisenaes mouse
e rabbit antibodies MU paraffin embedded tissue sections Lﬁﬁﬁuvlﬁa%u

3.2.3.3.1.1 1@ primary antibody
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3.2.3.3.1.2 4 biotinylated linking antibody
3.2.3.3.1.3 4 Tyramide Amplification Reagent
3.2.3.3.1.4 4 Streptavidin-HRP
3.2.3.3.1.5 & substrate chromogen
3.2.3.3.2 CSA |l - Biotin-free Tyramide Signal Amplification System
Lﬂuﬁ'ﬁﬁlﬁmmiﬂum@mq@muzgqimﬂﬁl?ﬁ% signal amplification method lagaAeawlasl
peroxidase-catalyzed i1 fluorescein-labelled phenolic compound (fluorescyl-tyramide,
MINAILILIN3EN secondary reaction 284 a peroxidase-conjugated anti-fluorescein 4
mmmmm@muﬂﬁﬁ?mié’mn peroxidase-conjugated  anti-fluorescein Ineazandel
diaminobenzidine/hydrogen peroxide Lﬂuohromogen 138 substrate %'qmmm@iﬁmn light
microscope mﬂﬁﬂﬁmmmm'm%@uﬂ?mmmmiﬂaﬁmﬂmmﬂﬁLﬁﬂmﬂﬂﬂ,é’ﬁLL;’J%FE low
affinity antibodies ARN
3.2.3.4 Multiple Staining Method
Hlunsmsaamueuitausnnninisfstulu e deannsnsmalaeazenfeis
immunofluorescence method Iaelld fluorescent dyes ﬁLLﬁﬂﬁiNﬁVu multiple staining 214190
RIACNG NG peroxidase conjugated antibodies i1 developed with different
chromogen substrates ﬁi’\\‘iﬁlﬂ%m end products 'ﬁlﬁaﬁh\‘ljﬁu
3.2.3.5 EM Immunohistochemical Method
Electron microscopic (EM) immunohistichemical techniques immunostaining iau resin
embedding (Fanan pre-embedding %ﬁ%‘ﬁ% immunolabeling M@T\iﬂ’mﬁ resin embedding
(post-embedding) m:‘ﬁl@ﬂ%ﬁ% pre- 39 post-embedding method Lﬁlfﬂﬁ%m%m antigen
Tutusumiaes antigen WAZAN®OLZARN primary antibody TneneuiiasBudumen immuno-
EM labeling ATFAANNAAAL characteristics and dilution of the primary antibody %qrﬁmmﬁﬂ

N17779941N light microcopy nau



UNN 3
A5ALUUNN5IRE

v
o o o

ae L X amouye o % X
TunsAdansall fAde 1A Rumuduneussil
1. MInInUALIEIINIUAENENFRENa
ginsniuazansainldlueniide
RELRIINGITRET
aa =2
ABNN3ANEN

I EARGIAT

® o A ® N

anAN 3T IiTaya
nisiuualsEIInNsuaznauAlIasing
15219 (population) WAz NANAIRLNG (sample)
v ai Yo ana [ | ! dlddll o o [ all [
filaenlasunisitiadadnudulsnsenaiiNun N FRuAZuILEY 49U 11 AW ANNFuNIg
pIvanAudHonisnInendsATuATun A lsmsrauiing wazenanainsniionilalng A1uou
3 AU

N1FATUIUTUIARIDENG

a o |

dl = =) % dgj a Y aa a
iasaneddeilidunisfinenisinuiugunisinaanslng IdadmTdanssuun - uaz
v aial o o o N I a o 1 o 9a// [ N all o
poenuLlszinuna Lz uupesdialsasaalauauldunn - Asiuanuaugilaentinun
ANWIAIQNANARAUILT 11 AL WAZENANENAT 3 AL
NSIAANNENAIDENT
ngwnausilunisdniaenidnunAne (Inclusion criteria)
1. angsaus 5 Taul ludanimume
2. lhmeldsunisinEnlannneuesnaiias 6 1Aau
= 1 dl a A o o
3. 90e13AANNT19NLTNILAIULN 1FR AN69
4. fuqwsestiusanidninlasanisidameangdasla wazasanaaneng
snweg W lugugansun1ssne (Inform consent)
ﬂgmmsm“lumiﬁm'aﬂmnmiﬁﬂm (Exclusion criteria)

1. Hilaeddilszdlsassnnanlaunisinmaialussazioa 6 hau

2. filhenilsalszandaitu Tsawnmanu, Tsadeneandte, lsanieszuues
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Tn8uyusnge

3. fulwldFuen aspirin, anticoagulant veaiauRaLnG lunsudsnaeg
A
BR

4. HuseRdsedRudananannzh Filaefléiu chemotherapy, radiotherapy
R B
tilaenguyms

5. filveddsgdRdunmanuneourusziuiimalun, Ande HIV

6. gihadiszifiunailuyuvisenanas

ailnsniuazansadnldlunuidn
1. NARIAARAR
2. BUUAALUNN
3. mﬁm%ulﬁmmuﬁmm
4, -quiwﬂumimgﬂ’%mﬂ@
41 igmm 4% formaldehyde in phosphate-buffered saline (PBS)
4.2 Ice-cold mixture of methanol: acetone:water (2:2:1;v/v)
5. iiaeinTwie (microtome)
6. poly-L-lysine-coated slides
7. 1@‘5&’1&”} H&A stain (Haematoxilin and azoploxin)
8. atlnsnduazansiailuniaisisad immunohistochemistry
8.1 xylene
8.2 ethanol
8.3 wﬁlm autoclave
8.4 10 nmol sodium citrate PH 6.0
8.5 TENG-T (10 nmol Tris, 5 nmol EDTA;150 nmol NaCl, 0.25% gelatin,
0.05%Tween20:PH 8.0)
8.6 Goat anti mouse IgG(sigma) or goat anti rabbit IgG
(DaKo.Inc.,Glostrup,Denmark)
8.7 Nitroblue Tetrazoliumchloride/5-bromo-4-chloro-3-indolyl phosphate (Toluine

salt; DaKo.Inc.,Glostrup,Denmark)
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8.8 Antibodies sia ChAT, AchE, VAchT

9. gunsndlunisinmanuidnaesnistlinguesilsiunAnwadaeds Immunohistochemistry

aa o

A8ALUUIUIRE

[ %

A ¥ Y ¥ o ¥ L% k4 ol/ L
1. mm@@ﬂ;_jmeuimqma?mm@muumm\imum‘faﬂmemmmwmmiﬂmmQﬂ'm

Y

vieyauarduneulunisdimnianudrlawnigidndaniasenis

u

—9

Y 1

W iATINNTAIANE AN T NEIELeaNdN TN IATINTS (inform consent)

©32¢

¥ v
o

2

3

4. panngas lsANaUENARTUILAANARIAANDA
ng A a o a 1 a o a T 1 v a dg/

5. FinTuie i MTLTMseANNakasHaninnA lugUae lsps1sanauasinTuile

HontlsnlnAvesnguananasing
6. T TWanIENuaILIUNNT Immunohistochemistry
7. tnTuileNENWILIKNIg Immunohistochemistry mdmﬁqmﬁm%mmﬂ

8. WLlaNanIsAAR LA MLeFn9 189Ram

28n15ANEN

= - { R ' PRy ' - T
@zﬂﬂiﬂfq@’]ﬂmuLu@"ﬂ‘ﬂ\?ﬂ@‘NEq}lﬂ')ﬂt?ﬂm"]Q‘ﬂqQW\TVIN‘?@ﬂﬂ’]\T’HWQLL@:ﬁ@QumuLuﬂVIﬂﬂmLL@:ﬁlu

a

: o daZ X o "y : o 2 o ad
nguanaadAsniduwielnd Inelunguiiaalsnsineannargnsinduile 2 AuliAeLFion

9081 19AUAZTUIHRUNA NUFULIUINYTAAF A THAY 0.5%0.5 8. NIATUUUNAY 1 1 WAL

% a’l di/ a a a o 1 %3 AD dlf dl % o . %
AeARTUIaLUNG 1ummmmmnuiun@umzﬁzﬁmm ‘Emmum@mgﬂmm%qﬂmm fix a8 4%
formaldehyde in phosphate-buffered saline (PBS) ﬁ@m%gﬁﬁmﬁ?ﬂu Ice-cold mixture of

o

methanol: acetone:water (2:2:1;v/v) NgaUu)H 4 ANATALTEA WaaNetnatas 1 51 Uadann

a
v 3

Tusindliatianntnuiunistinuneanandwiia e ldsefuaudnduaad  ethanol  Ngze
1 o 1 :J/ o -ij dl % . dl . [~3 o/ o dgl dl o/
pineeiu slaantiuiniiedialy embed o parrafin uavidie parrafin wisdinaziniiaidialisin

AnellAzas microtome 11 7 tulAsums antuazihduieNgnannivasuuglas uazazven

@

118 poly-L-lysine Tnemn- 15 alas avflandag haematoxilin uaz azophloxin (H&A) Taiflua

% aa o o o Qsz dlf dl o :j/ 1 o A
fanuazldlun1InIadauIsnIIRALAsIATALITRTLLLaNAANN Iﬁﬂﬂluﬁ]ﬂuﬁl'ﬂiﬂ@ZﬂﬂL@@ﬂ

a

alasdnddavaastiaitionfiasnisanmihuniuldnenmni 4 ssmugadaa et lAnssos

u

3% Immunohistochemistry faly
AUMBUNITEDN Immunohistochemistry

1. fim tissue section AN paraffin block gl LEsaa Microtome WINANNUUN 7 microns
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@'ﬂﬁlélu'é’]\i{i’]'qmﬁﬂmﬁ dsznnnu 43 aeAaaimaa (Fnulseiaaniin)
a1 Slide (@an3an131Aan1Imik WausgmIN)
. Deparaffinization pingl Xylene 7 W 3 ﬂ%ﬂ
. Rehydrate the sections Tmam:‘a’mﬂu ethanol series 100%-50% serie 8% 5 W9
 &ralutinndu 5 undl 3 Ass

. 2191u PBS 5 117 3 A%

~N OO o0 B~ W DN

. Incubate the sections in Teng-T/10% Normal Goat serum (NGS) %ﬂiﬁmuﬂ?:mm 30
Tk
8. Incubate the sections i1l the primary antibody .ﬁﬂ,’ﬁmﬁu (dilutions made in Teng-
T/10% Normal Goat serum (NGS) ‘ﬁlfqmugﬁﬁm
9. 11 sections N1&319A%¢E PBS 5 1171 3 ﬂg/\i
10. Incubate the sections 71U the secondary antibody 1.5-2 . (GAM-AP for monoclonal
antibodies or GAM-AP for polyclonal antibodies)
GAM-AP A Goat-anti-Mouse with Alkaline phosphatase (1:100 in Teng-T/10% NGS)
GAR-AP A Goat-anti-Rabbit with Alkaline phosphatase (1:200 in Teng-T/10% NGS)
11. 1 sections 1n&1aae PBS 5 117t 3 A
12. Incubate the sections 11U AP-substrate (Dilute NBT/BCIP 1:50 in buffer 2 WAZLAN
levamisol 1/1000 dilute 810 1 M stock solution)
13. uﬂmﬂﬁﬁ?ﬁmé’wﬁﬂﬁu (Uszannu 0.5 -2 B AU AR AR light microscope)
14. Dehydrate the sections Ia&in129ua<1 ethanol series 50%-100% 819390137
15. §79698 Xylene 7 W 3 e
16. Mount the sections 'li Entellan
n19MsIAAENA[Y Light Microscope
%uﬁfa'ﬁ'é’@u Immunostained %Qﬂﬁﬂﬂmm@ﬁfm Nikon Labophot-2 light microscope
AaaN1AYaENe 10 LAy 40X objectives waznIwaznan ning Northen Eclipse 6 software Loy

147U3unsn Adobe Photoshop 7 wa CorelDraw 11

N5UsELHUNA
1. ANHDNNNTLARIBBNTBIA1T ChAT, AChE Enzyme waz VAchT Protein luusasduuea

Homlsszningsaslsansanquazioniialniludiloslsasanquaiomiiaasaunlng
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2. guunltuANNLANANNTa9ANIETNT8INI9RAR (staining intensity) A1NN1991Y
171381289 @19 ChAT, AchE Enzyme uaz VAchT Protein fia antibody fiamny
m@q%wﬁﬂuuﬁimﬁLfammmﬁfmﬁqmﬂ‘luﬂzj:uLﬁmﬁ“u

3. uWhauauieAuuAnAneesnnNdnaeanishiag (staining intensity) AMNN199I1
U7)781989813 ChAT, AchE Enzyme Waz VAchT Protein 5ie antibody fiamnzluusay

v
o

SIS R NS B IR BTN B T N T L B ISR N A R G Y K E e T AL VLR

flnd
A8n15UszLAUNG
1. 13U AUANHN T NURINIF AR (staining intensity) anTulalneia

Immunohistochemistry
TneluusaznguiialungulsnsnanquaznguiuiialnfarfesdlTuianiuan (internal control)

Tneaglitinldden  primary  antibody  @annsdsziiuaanauidineesdasdsziiulaeidnuiin

]
=

gi@ennyAnuimmunohistochemistry 2 AW d9liddquneadeiueuddy Tnaavilsyifiuaiy
v a a ) % d’ o 1 d‘ 1 | [ a al
duesnsindiduFesasieazinnimanadsiaziinilussAuaenishing

NUTTNNTLLN T AUANIE NURINIF AR

Sasay AN NUBINIRAAR wilona

0% 0 R RNaE U internal control

1-25 % +1 RARRLANLALLHANLUTY internal control
26-50 % +2 Ardlnunanailameauiy internal control
51-75 % +3 ApANNNLHANeIUTL internal control
76-100 % +4 AnANNTgALNaLALY internal control

2. sumndeyalunisenisiivudeya



M1379 3 APNNTAUTRYANNTUAAIRBNTBY ChAT UTIIRURINTREIUANT

AL UUIARININUY
ChAT

Internal

control

+1

+2

+3

+4

Stratum corneum

Stratum granulosum

Stratum spinosum

Stratum lucidum

Basal cell layer

Sebaceous gland

Sweat Duct

gland Glandular

Vessel Endothelial

Muscular

M1319 4 AN3NNTALERYANTTULAANBENTBY AChE LIFIMNANIRNEI A1)

AR UITDININUS
AchE

Internal

control

+1

+2

+3

+4

Stratum corneum

Stratum granulosum

Stratum spinosum

Stratum lucidum

Basal cell layer

Sebaceous gland

Sweat Duct
gland Glandular
Vessel Endothelial

Muscular
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M1319 5 A3 NNTAIULYANITLAAIRBNTR VAChT UTanuianiiedqusing

AR UITDININUS Internal

VAchT control 0 +1 +2 +3 +4

Stratum corneum

Stratum granulosum

Stratum spinosum

Stratum lucidum

Basal cell layer

Sebaceous gland

Sweat Duct

gland Glandular

Vessel Endothelial
Muscular

aaa ¢ v
A0BN LTILATIZRTDYA

1.

2.

3.

2
¥

—9

TADAIINITUU ANITUARAIBBNTBY ChAT, AchE enzyme WAz VAchT protein Tulsias

Furesiontiiszndneseslsnsisanauarioniislnalugiaelsnsisanouastioniivesay

=

=)

n
Tdanmdanssiwn  guusliinuBaunaumnudinaein1sfind (staining intensity) 119
Immunohistochemistry 4839 ChAT, AchE Enzyme Wag VACHhT Protein wa3731Ha Tuus

a

aztFnIasiamRine lunguimani
Tdanmmenssiun  guusliuuBaunauanudinaein1sfing (staining intensity) 119
Immunohistochemistry 489 ChAT, AchE Enzyme Waz VACHT Protein Tl azALAL

westuionisszndneseslsamnanauavioviieln i lugiaelsnsieanauasoniiresay

Unm



M5UTUITNUIRRLAEANT L HURIY (Administration and Time schedule)

39

A1979 6 WAAINITLIIMNTUITRILATANT LN TRIIY (Administration and Time schedule)

2550

2551

N17ANLHLNGNY

n.A.

4.A

n.gl.

F.A.

W.el.

a.A.

N.A.

n.w

b8

1.NUNAUITTIUNTIN

\ 4

2. @aulaziaualngeg

v

3 AAULAAFHN AR E 9T UL
a I Y a
YBIRIMITUNDAN W ARELNATIA

nasudnyluBalaAniars

A\ 4

4. ANEINTUAAAANLAZNITNIZAN
2789 ChAT, AchE enzyme LAy
VAchT protein 28471

A dx
LA AN

A\ 4

5awzvikazidsnadeys

\ 4

6.7gLanToy sy iinug

v




UsENIUNNSINE (AARRLIENNTIANS)

1319 7 WaneLlszi1unngiae (faieananaynaanisg)

nNAAAT Lfanse §181N9 ATUIUNY
(un)
UNIAAIADLUNY | AYRELUNLENANdTAT 6,000
UL LG ChE ANRNIUNIAN NIRRT U ANy Td 2,500
Ardduddniguianenddeatiuany sl 2,500
ANDNEILANANT 1,000
NNIAANIAR AN primary WA secondary antibody s 116,000
ChAT, AchE Enzyme az VAchT Protein
a3l histological process 20,000
Aasaduazgnandlunigin 30,000
Immunohistochemistry
mml,l,@zmiwmmmjﬂqmﬁ@Lﬁmmm%mﬁm 10,000
AFaRdNTingu 2,000
Liguid nitrogen 10,000
EFUSI DI EEA VLY 200,000
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NAN1SIAE

ansuslaenaliuainguaiadng
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L dl Yar aa o I 1 o 3\// o
Qﬂ@ﬂﬂllﬁ?UﬂW?’JuQ'ﬂﬁlﬁqL‘flui'iﬂﬁ]’]ﬂﬁl’]ﬁ@’]ﬂﬂ’]ieﬂﬂﬂﬁ‘v)ﬁ] FATAITINNY INUNA 1UIU

11 A uazanaadnn i lsatlszansale 3 au lnauinguisasnisAnenaanily 3 nguma

1
oAl

ngui1 AnwnansaarNanaresdiloalsnsnemin 11 faating
qui 2 AnwnanniamiialnFaesdilasTsad1ennn 11 faaeing
3

)

\ A
nany 3 Anmannianislnfvesenanasiag 3 Fiaeeng
ansuslaenaliraingudilalsaniesag

1 ¥
filnsianmuzTaavialdssialil

;1379 8 uandnsncinesiallaeangugiay

LN | a0y | A winlsa | szavioan | fladunseeu HEAT fs/mem
al fnaan | il @) ATALATY (Ha%w)
1 10 Silatd] segmental 4 Ujias (i 1%Protopic / 6
2 13 | wils | vulgaris 5 Ufjias Taidl 5%LCD /6
3 7 BTN vulgaris 4 ‘ﬂgjmﬁ Td 5%LCD /6
4 10 We | segmental 5 jias laifd Steroid / 6
42 | wdg | wulgaris 7 Ufjias il Ufjuas
6 56 | el vulgaris 30 Ufjias (i 1%Protopic / 24
7 52 il vulgaris 35 Ujias Tafl 1%Protopic / 24
8 70 i mixed 40 Ufjias (i 1%Protopic / 24
9 66 | Wi mixed 15 Ufjias i 1%Protopic / 12
UV light
10 42 | wia mixed 9 Ufjias f Steroid / 6
Melanidine
11 44 | wi mixed 7 Ufjias Tl Ufjias




( Acrofacial+vulgaris )

Mixed, 36%

Segmental, 18%

Vulgaris, 46%

O Segmental
B Wlgaris
O Mixed

nndsznau 11 N9 WLAAERATA91IAANNTNIRNLUNATNNIINIZANLURITRUAINUND

24fin 16iuA steroid

2 950 LA 1% fu Melanidine, %

Protopic fy UV

light, 9% lildsnun, 18%

1 9fip Aa steroid, 9%

1afin fia 1% Protopic, 37%

1 afim fa %
LCD, 18%

0 lildshmn

01 «iia #a 1% Protopic
01 «iia A 5% LCD
01 afla fia steroid

B 2 yiin 1eiud 1%

Protopic /iy UV light

0 2 i l6wA Steroid
fu Melanidine

1
o

Awilsznan12 nanuanglsedRnas lasUN1I M ININa L

42
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Oua
M

win, 18% O a6
O ¥eain

P, 18% a6, 9% Han

i ¥
o A

v
Awilsznau 13 nauassAularaslsaNfaTuLle

1%

AINAT9T4 8 mm';mz@gﬂ%’ﬂg@ﬁqiﬂmfaqmjuﬁaﬂﬂw sl gilaelsnmngann 11 918
dsznavlifaamatiaatuau 4 au Aniluianay3e mﬂqﬁjﬂw%\mmLLmLWﬂmﬁq‘%mqu 7 A
Aowiluferas 64 1esilaaronun nuetnaiiangdoud 7 T 70 1 leflengadawiniy
38 1 utleiln@Ramna Fitz Patrick 7a7 3 3 :e Anwdufenas 27 4ilef 4 5 uAaludes
8z 46 uazaiiaf 5 3 :e Andufenar 27 aandszney 11 nauansiazeslsAsnegng
RUUNANNNTNIZA8LR9TaE AT LUEuEin vulgaris 5 918 Anduseaay 46 Bin
mixed (acrofacial WAz vulgaris) 4 sawATNe 3 AL AnLUFaas 36 wazain segmental 2
efnuFenay 18 (Fedefiaelsad1sanaisnindsenay 14) Inaszazinanlunisiulsn
fnaInaiade 14.6 1 ;ﬁﬂm‘ﬂmﬁwwm%\mmﬂﬁL@ﬁﬁ@ﬁﬂmzrﬁjﬂﬁhmwmqLﬂumﬁu Y
UszRnsaupiauiulsasinemn 2 ¢e Anduferas 18 Inef 1 meduiusiuunsm fans wag
WA UAYEN 1 Meduiuiiuiony wastesann nndszneu 12 usasnemilssTRiae
IFfunsfneunneusesdiaalsanigang Inepeldiunisinmunnen 9 . Andluiesas 82
Tad1@5un195nen 2 me Aadlufesaz 18 uildusnunsdazen 1 1tiaAe 1% Protopic 4 318 AR
duFetas 37 5%LCD 2 318 Anluietas 18 waz Steroid 1 918 AnLluTasas 9 uarinun 2
a3im TALN 1% Protopic auiL UV light 1 318 Anidudesas 9 waz Steroid $anriu Melanidine
1978 Anufesas 9 Tmmﬁﬂw%&wmuﬂmmﬁﬂmﬁ@uﬁﬂéquﬁ%Lﬂ?ﬂlﬂ 12.67 18U

0 ' o & X ° ' o &
nndsenau 13 uaasninawisseslsananduiiie Taaaumissas lspnsng
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(e 9191 4 918 Asiludasay 37 ida 2 318 Asdludasay 18 Nwin 2 e AaTuEaaaz18 Nvin

1
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111 2 918 AaluFesay 18 uaziansa 1 98 AaLdluiatas 9
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A19149 9 wanANEuzlaesinlUaaaNdNaTAg

S WA a1 (1) Tamilszansia
1 Siald 28 Ufias
2 Siald 35 Ufias
3 N 45 Ufias

ANNAITN 9 ANANATATNIINFINIRLRANUIU 3 AU INATILA1UIU 2 A AnLTTuSatay 67
wazwAnINaWaY 1 AU Anilufanay 33 Hengsaus 28 T 45 1 Tnsienya@swiniy 36

1 visnumlfiaslantszansala

UFLIUNANTULUA
LG AP

;73 v
o

F1319 10 WAATRLATEE TN UL INARTULDT0INANABINIY 3 NGX

a

ﬂzg'm'ﬁﬁ (11 AyRENN) mjwﬁlz (11/2984) mjuﬁ':s (3 FINALN)

217291 3 AR (28%) 1192 3 ABENT (28%) Fup1991 (33%)
1198 1 ARt (9%) Y111 1 FNBEiN (9%) Fu1991 (33%)
18991 2 Aaae19 (18%) Hadne 2 fAaeng (18%) 1291 (33%)
127991 2 FiNBEiNg (18%) g 2 ARaeng (18%)

Wingan 1 faeeng (9%) Winde 1 faaeing (9%)

Windel 1 faating (9%) Wingnn 1 faaeng (9%)

A6 1 Finaeing (9%) aFNdNe 1 Faeing (9%)
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1 v ¥ ¥ 1 4

AINAN39 10 wanstayaLFNAATUILEIBINEANARLT 3 Ngu Tungud 1 azhnTy
et ANe1esga iR Heuna 11 fatne azfinduliiananan
3 finmeing AnfluFanas 28 a1t 1 sivating AafluFanas 9 Hew0n 2 frating AndluFanas
18 W01 2 et AnfluFatay 18 Winann 1 fatine Anudetas 9 wWindne 1 faatng An
3| % o o/ o 1 a [ v 1 d‘ o ng ‘i’ a a o a
dusesay 9 uazansinnn 1 faeine Astdudesas 9 Tungui 2 avdAnduiiatanilonisln

v J 2’/ o 1 y ¥ dl o I dl 1 dl o
2995108113AANY9 Hanum 11 faaeine fansednunanninsiungui 1 waz lunguin 3 azsin

Fulatd RN RueIanan47n7 3 Faating NLFNFUITUAIAIUILN

HANITNA[RAY

NANITWAAIBANUAY ChAT, AchE Enzyme wag VAchT Protein ARELNIATANIIENY
Tugalaaiians lungusaalsaniann nquRiuislnaaagilaalsasiea uwas ngu
ANARIAT

HANNTUAAIBBNTEY ChAT, AchE Enzyme uaz VAchT Protein azuantaaniiiuninu

Wulun13magd Iee 0 Aa lldn1IRAA

A A

a v = v
1+ A8 AAKAUAY (NN1TLAANAANLAEL)

2+ ARALuNaNY (HN1udnaaaninunand)
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=

4+ AARNINNAA (NN1TUAANBBNNINTZA)
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- p9qa iUt uRa IR At

103 A79EITINTTUUNIBINITUAAIBBNTEY ChAT, AchE Uaz VAchT mndusne|es

a
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v
A1919 11 LL@@Q%@H@%'&E ITINTTUUNTBINTUAAIBANTA ChAT, AchE uaz VAchT mmﬁwﬁh\ﬂ pIAN

tontllungusasisnsennn (ngui 1) (N = 11 Aw)

aau TRl ﬂ@:&lﬁ 1
#
Laudiau Epidermis Sweat gl. Sebaceous gl. vessels
sc sg ss sl sb glandular duct endotheli muscular
al
ChAT
0 010 - 0 - - - 2+ 0
1 o|lo|0|-1|o0 - - - - -
AchE
O] 0710 - 0 - - - 2+ 0
VAchT
0 0 0 - 0 - - - 2+ 0
ChAT
2 0 |2+ |2+ ]| - 0 2+ 2+ - 2+ 0
AchE
olo0]O0]|-1]0 - - - - -
VAchT
0 0 0 - 0 1+ 1+ 0 1+ 0
ChAT
3 O] 0710 - 0 3+ 3+ 0 2+ 2+
AchE
O] 0710 - 0 3+ 3+ 0 3+ 0
VAchT




AT 11 (i|)
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TURINUG

AU ﬂ@:Nﬁ’l
#
LauBiau Epidermis Sweat gl. Sebaceous gl. vessels
sC sg ss sl sb glandular duct endotheli muscular
al
0 0 |2+ ] - | 2+ 1+ 1+ 0 2+ 0
ChAT
0 0] 0 - 0 2+ 3+ 0 2+ 0
4
AchE
O |1+ |1+ - | 1+ 2+ 3+ 0 3+ 0
VAchT
0010 - 0 1+ 1+ 0 2+ 0
ChAT
5 0] 0|0 - |1+ 1+ 1+ - 2+ 0
AchE
O |1+ |1+] - | 1+ 2+ 2+ 0 2+ -
VAchT
0010 - 0 0 0 0 0 0
ChAT
6 0010 - 0 0 0 - 2+ 0
AchE
0] 0|0 - 0 3+ 3+ 2+ 3+ 0
VAchT




AT 11 (Ai|)
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TURINU

AU ﬂ@:&lﬁ 1
#
LauBiau Epidermis Sweat gl. Sebaceous gl. vessels
sC sg ss sl sb glandular duct endotheli muscular
al
0 010 - 0 0 0 0 0 0
ChAT
0 0 |2+ | - | 2+ 3+ 3+ - 0 0
7 AchE
0 |2+ |2+ | - 0 1+ 1+ 0 0 0
VAchT
0010 - 0 0 0 0 1+ 0
ChAT
8 0010 - 0 0 0 - 2+ 0
AchE
0010 - 0 3+ 3+ 0 1+ 0
VAchT
0010 - 0 0 0 - 2+ 0
ChAT
9 O |2+ |2+ | - |1+ 3+ 3+ - 2+ 0
AchE
0] 0|0 - 0 2+ 3+ - 2+ 0
VAchT




A1 11 (si|)
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AU TuRamds ﬂ@:&lﬁ 1
#
LauBiau Epidermis Sweat gl. Sebaceous gl. vessels
sC sg ss sl sb glandular duct endotheli muscular
al
0 010 - 0 0 0 0 1+ 0
ChAT
0 0] 0 -1 0 4+ 4+ 1+ 2+ 2+
10 AchE
0 010 - 0 2+ 2+ 0 1+ 0
VAchT
0O [2+ |2+ ] - | 2+ 0 0 0 2+ 0
ChAT
11 0 |2+ |2+ ]| - 0 3+ 3+ 0 2+ 1+
AchE
O] 0 [1+] - 0 3+ 3+ 0 2+ 0
VAchT

(sc: stratum corneum,

sb: stratum basale)

s@: stratum granulosum, ss: stratum spinosum, sl: stratum lucidum,

AMNAITIN 11 LAAINAYBANNITLAANAENURAY ChAT, AchE WAz VAchT mmﬁu&mj UBN

Aonids 1@u Tuseau epidermis wiiiludu sc, sg, ss, sl waz sb luszAn sweat gland wuaitlu

glandular cell W8z sweat duct TugzAv sebaceous gland Lag luseAU cutaneous vessels

uthflu endothelial waz muscular layer Tungusasisafaang (ngui 1)
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M131912 UAATayAITEITINITUUITBINTUAAIBBNTBY ChAT, AChE UaT VAChT ANdusng

paramils lunguiaunislnflugilalsasisann (ngui 2) (N = 11 Aw)

o o dFuRamia P
A NaanN 2
7
wauRLay Epidermis Sweat gl. Sebaceous gl. vessels
sC sg Ss sl sb glandular duct endotheli muscular
al
0] 0|0 - 0 - - - 2+ 0
ChAT
1 O] 0|0 - 0 - - - 2+ 0
AchE
O] 0 [1+] - 0 - - - 2+ 0
VAchT
0] 0|0 - 0 - - - 2+ 0
ChAT
) O |1+ |1+ ] - 0 0 0 - 2+ 0
AchE
0o[0|0]-]0 - - - 2+ -
VAchT
O] 0710 - 0 1+ 1+ - 1+ 0
ChAT
3 0] 0|0 - 0 3+ 3+ - 1+ 0
AchE
0] 010 - 0 3+ 3+ - 3+ 0
VAchT




A9 12 (618)
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aau TRl ﬂ@:&lﬁ 2
#
Laudiau Epidermis Sweat gl. Sebaceous gl. vessels
sc sg ss sl sb glandular duct endotheli muscular
al
0 010 - 0 1+ 1+ 0 0 2+
ChAT
0 O [1+] - [ 1+ 2+ 2+ 0 3+ 0
4 AchE
0 0 0 - 0 3+ 3+ 0 3+ 0
VAchT
0 o [1+] - 0 1+ 1+ 2+ 1+ 0
ChAT
5 0 o |1+ ] - 0 2+ 2+ 2+ 1+ 0
AchE
0 0 0 - 0 2+ 2+ 0 1+ -
VAchT
O] 0710 - 0 - - 0 1+ 0
ChAT
6 0 0 0 - 0 0 0 2+ 3+ 0
AchE
0 0 0 - 0 2+ 2+ 1+ 3+ 0
VAchT




A9 12 (618)
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aau TRl ﬂ@:&lﬁ 2
#
Laudiau Epidermis Sweat gl. Sebaceous gl. vessels
sc sg ss sl sb glandular duct endotheli muscular
al
0 010 - 0 0 0 0 0 0
ChAT
0 o |1+ - |1+ 3+ 3+ - 2+ 0
7 AchE
0 |2+ |2+ | - | O | 3+ 4+ - 3+ 0
VAchT
O] 0710 - 0 0 0 - 1+ 0
ChAT
8 0 0 0 - 0 0 1+ - 1+ 0
AchE
0 0 0 - 0 3+ 3+ - 2+ 0
VAchT
O] 0710 - 0 0 2+ - 2+ 0
ChAT
9 O [1+ |1+ | - 0 3+ 3+ - 2+ 0
AchE
0 0 0 - 0 3+ 3+ - 2+ 0
VAchT




A9 12 (618)
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aau TRl ﬂi\j&lﬁ 2
#
- Epidermis Sweat gl. Sebaceous gl. vessels
LLAUMLAU
sc sg ss sl sb glandular duct endotheli muscular
al
0 010 - 0 0 0 0 0 0
ChAT
10 0 010 - 0 3+ 3+ 0 2+ 2+
AchE
0 |2+ |2+ ]| - 0 3+ 3+ 0 1+ 0
VAchT
O] 0710 - 0 0 0 - 2+ 0
ChAT
11 0 o |1+ ] - 0 2+ 3+ - 2+ 0
AchE
0 0 0 - 0 0 3+ - 1+ 0
VAchT

(sc: stratum corneum, sg: stratum granulosum, ss: stratum spinosum, sl: stratum lucidum,

sb: stratum basale)

AMNAITIN 12 LAAINATBANNITHAANARNARAY ChAT, AchE Way VAchT lﬁ]’ﬁ\léﬁ/uﬁl"m"l AR

Honids u Tuseau epidermis wiiiludu sc, sg, ss, sl waz sb luszAn sweat gland wuaitlu

glandular cell kaz sweat duct TugzAv sebaceous gland wazlgeAL cutaneous vessels

wthflu endothelial waz muscular layer Tunguiawienglugilaelsanans (ngun 2)
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v
A3 13 AT AL AR TINITUUNTRINITUAANAANT ChAT, AchE uaz VAchT lﬁ]’ﬁ\l‘f]/ulﬁi’]\‘i“] pIAN

a

Rouiidlunguenanadng (ngud 3) (N = 11 Aw)

[AU Tudamily ﬂ@:&lﬁ 1
#
Laudiau Epidermis Sweat gl. Sebaceous gl. vessels
sc sg ss sl sb glandular duct endotheli muscular
al
ChAT 0 |2+ |3+ | - |2+ 0 1+ 0 1+ 0
AchE O |3+ |3+ - |4+ 0 2+ 0 1+ 0
1
VAchT O |3+ |3+ | - |2+ 0 1+ 0 1+ 0
ChAT O |1+ |1+ | - | 3+ 3+ 3+ 2+ 2+ 0
AchE 0 0 0 - 0 2+ 2+ 0 2+ 0
2
VAchT O [1+ |1+ | - 0 3+ 3+ 0 2+ 0
ChAT 0 0 0 - |2+ 2+ 1+ 3+ 2+ 0
3 AchE O [1+ |1+ | - |2+ 0 2+ 3+ 2+ 0
VAchT O |2+ |2+ | - |2+ 0 3+ 3+ 2+ 0

(sc: stratum corneum, sg: stratum granulosum, ss: stratum spinosum, sl: stratum lucidum,
sb: stratum basale)

[INAITIN 13 LAANNRAUDINITHAAIADNUAY ChAT, AchE LAy VAChT mu%wfi’mj AR
Houtls 1w TuseAs epidermis uihflusu sc, sg, ss, sl wag sb Mgzl sweat gland wiiailu
glandular cell lag sweat duct lusesu sebaceous gland uazluseAl cutaneous vessels

wilaifli endothelial waz muscular layer Tunguananadas (ngui 3)



A3 14 LAANTaL AR TN TN (%azla:) AAINTTULAAIAANUAY ChAT, AChE LAY

VAChT ludiu Epidermis a99iamiislungai 1

a

56

Epidermis
sc sg sS sl sb
ChAT
0 11 (100.0%) | 10 (90.9%) 9 (81.8%) 0 (0.0%) 9 (81.8%)
1+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
2+ 0 (0.0%) 1(9.1%) 2 (18.2%) 0 (0.0%) 2 (18.2%)
3+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Y 11 (100.0%) | 11(100.0%) | 11 (100.0%) | 0 (100.0%) | 11(100.0%)
AchE sC sg ss sl sb
0 11 (100.0%) | 8 (72.7%) 7 (63.6%) 0 (0.0%) 8 (72.7%)
1+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (18.2%)
2+ 0 (0.0%) 3 (27.3%) 4 (36.4%) 0 (0.0%) 1(9.1%)
3+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
EXEN 11 (100.0%) | 11(100.0%) | 11 (100.0%) | 0 (100.0%) | 11(100.0%)
VAchT sC sg SS sl sb
0 11 (100.0%) | 8(72.7%) 7 (63.6%) 0 (0.0%) 9 (81.8%)
1+ 0 (0.0%) 2 (18.2%) 3(27.3%) 0 (0.0%) 2 (18.2%)
2+ 0 (0.0%) 1(9.1%) 1(9.1%) 0 (0.0%) 0 (0.0%)
3+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
EXEN 11 (100.0%) | 11(100.0%) | 11 (100.0%) | 0 (100.0%) | 11(100.0%)




AMNAITIN 14 NTLAAIAANUAY ChAT Iuﬂzg'uW Nszdu epidermis ©u s. granulosum 1
918 (9.1%) ©1 s. spinosum 2 9181 (18.2%) 91 s. basale 2 918 (18.2%) NNFUAAIBANUDY

AchE lungui 1 N9zu epidermis 1 s. granulosum 3 9181 (27.3%) G s. spinosum 4 378l

(36.4%) uazdu s.basale 3 918 (27.3%) N19UAAIEENTEY VAChT Tungui 1 Nszay

57

epidermis U s. granulosum 3 9181 (27.3%) U s. spinosum 4 918l (36.4%) Lazdu s.basale

2 918 (18.2%)

A1979 15 LAATALATRETINTTOIUN (FRHAT) VBINITHAAIDANTBY ChAT, AchE uay VAChT

T Sweat gland 289HaMR UGN 1

Sweat gland Glandular Duct
ChAT
0 6 (66.7%) 6 (66.7%)
1+ 3 (33.3%) 3 (33.3%)
2+ 0 (0.0%) 0 (0.0%)
3+ 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%)
794 9 (100.0%) 9 (100.0%)
AchE Glandular Duct
0 2 (20.0%) 2 (20.0%)
1+ 1(10.0%) 1(10.0%)
2+ 2 (20.0%) 1(10.0%)
3+ 4 (40.0%) 5 (50.0%)
4+ 1(10.0%) 1(10.0%)
EROEY 10 (100.0%) 10 (100.0%)
VAchT Glandular Duct
0 0 (0.0%) 0 (0.0%)
1+ 1(11.2%) 1(11.2%)
2+ 4 (44.4%) 2 (22.1%)
3+ 4 (44.4%) 6 (66.7%)
4+ 0 (0.0%) 0 (0.0%)
FROEY 9 (100.0%) 9 (100.0%)




AMNAN31915 NTUEAIBBNURY ChAT N32FL sweat glands WUT sweat glands 3 ?1¢

58

(33.3%) uaz sweat ducts 3 118 (33.3%) N1TuAAIRANTAY AchE N9=AL sweat glands WL

sweat glands 8 918 (80%) Was sweat ducts 8 9181 (80%) NITLAANAANARAN VAChT fgzmu

sweat glands WU sweat glands 9 918 (100%) LAz sweat ducts 9 918 (100%)

a o

A3 16 LAANTaLN AR TN TOIUN (%ﬂﬂﬂz) ARINTITULAAIAANTAN ChAT, AchE uwag VAchT

u

14 Sebaceous gland @Rt luNgN? 1

ChAT Sebaceous gland
0 8 (100.0%)
1+ 0 (0.0%)
2+ 0 (0.0%)
3+ 0 (0.0%)
4+ 0 (0.0%)
MU 8 (100.0%)
AchE Sebaceous gland
0 4 (80.0%)
1+ 1(20.0%)
2+ 0 (0.0%)
3+ 0 (0.0%)
4+ 0 (0.0%)
MU 5 (100.0%)
VAchT Sebaceous gland
0 7 (87.5%)
1+ 0 (0.0%)
2+ 1(12.5%)
3+ 0 (0.0%)
4+ 0 (0.0%)
EREY 8 (100.0%)
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AINAN39 16 NNTuAAIRENTEY ChAT laiinnsudne? sebaceous glands N13udAIaaN
289 AchE %1 sebaceous glands 1 318 (20%) N17UAAIRANTAY VAChT 1 sebaceous glands
1918 (12.5%)

AN99 17 LanITayadqeTangIniuT (300az) 289N1TUAAIBANUAY ChAT, AchE WAz VAchT

14 Cutaneous vessels mﬂﬂa’mﬁfﬂuﬂ@:mﬂ 1

Cutaneous vessels Endothelial Muscular
ChAT

0 2 (20.0%) 10 (100.0%)

1+ 3 (30.0%) 0 (0.0%)

2+ 5 (50.0%) 0 (0.0%)

3+ 0 (0.0%) 0 (0.0%)

4+ 0 (0.0%) 0 (0.0%)
79 10 (100.0%) 10 (100.0%)

AchE Endothelial Muscular

0 1(10.0%) 7 (70.0%)

1+ 0 (0.0%) 1(10.0%)

2+ 9 (90.0%) 2 (20.0%)

3+ 0 (0.0%) 0 (0.0%)

4+ 0 (0.0%) 0 (0.0%)
EREY 10 (100.0%) 10 (100.0%)

VAchT Endothelial Muscular
0 1(10.0%) 10 (100.0%)

1+ 2 (20.0%) 0 (0.0%)

2+ 4 (40.0%) 0 (0.0%)

3+ 3 (30.0%) 0 (0.0%)

4+ 0 (0.0%) 0 (0.0%)
EROEY 10 (100.0%) 10 (100.0%)
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ANANTN 17 NTLAANAANUBY ChAT N92Fl vessels WU endothelial 8 318l (80%)
N1TUAAIBRNTBY AChE N1s2AL vessels WUT endothelial 9 31! (90%) @z muscular layers 3
718 (30%) NTLAANBBANYBY VAChT fszAu vessels WU endothelial 9 518l (90%) Tmevid

ChAT uaz VAchT ldfn1suansaani muscular layers 184 vessels
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A1379 18 LAATaL AR TN TN (‘%%JEJ&z) 1AINTIAAIRANYAN ChAT, AchE way VAChT

a

T Epidermis 1e9iamiialunguy 2

Epidermis
sc sg ss sl sb
ChAT
0 11 (100.0%) | 11 (100.0%) | 10 (90.9%) 0 (0.0%) 11 (100.0%)
1+ 0 (0.0%) 0 (0.0%) 1(9.1%) 0 (0.0%) 0 (0.0%)
2+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
3+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
EREN 11 (100.0%) | 11(100.0%) | 11 (100.0%) | 0 (100.0%) | 11(100.0%)
AchE sC sg ss sl sb
0 11 (100.0%) | 9 (81.8%) 4 (36.4%) 0 (0.0%) 9 (81.8%)
1+ 0 (0.0%) 2 (18.2%) 7 (63.6%) 0 (0.0%) 2 (18.2%)
2+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
3+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
EREY 11 (100.0%) | 11(100.0%) | 11 (100.0%) | 0 (100.0%) | 11(100.0%)
VAchT sC sg ss sl sb
0 11 (100.0%) | 9 (81.8%) 9 (81.8%) 0 (0.0%) 11 (100.0%)
1+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
2+ 0 (0.0%) 2 (18.2%) 2 (18.2%) 0 (0.0%) 0 (0.0%)
3+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
79U 11 (100.0%) | 11(100.0%) | 11 (100.0%) | 0 (100.0%) | 11(100.0%)
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AMNAITIN 18 NITILAAIAANYAY ChAT Iuﬂziuﬁz Nszdu epidermis € s. spinosum 1
918 (9.1%) N1IUAANRANTEY AchE lUngui 2 szl epidermis €14 s. granulosum 2 318
(18.2%) 1 s. spinosum 7 918l (63.6%) WAXDY s.basale 2 718 (18.2%) NITUAANDANUD

VAChT lungui 2 N9zdu epidermis €4 s. granulosum 2 9181 (18.2%) 14 s. spinosum 2 91¢!

(18.2%)

AN374 19 LAANTaNA

a

a

Tu Sweat gland a89Ranislungun 2

ARETINTTOUUN (%“aslaz) 1RINTTILAAIRANYAN ChAT, AchE wag VAcChT

Sweat gland Glandular Duct
ChAT
0 5 (62.5%) 4 (50.0%)
1+ 3 (37.5%) 3 (37.5%)
2+ 0 (0.0%) 1(12.5%)
3+ 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%)
U 8 (100.0%) 8 (100.0%)
AchE Glandular Duct
0 2 (22.2%) 1(11.1%)
1+ 0 (0.0%) 1(11.1%)
2+ 3 (33.4%) 2 (22.2%)
3+ 4 (44.4%) 5 (55.6%)
4+ 0 (0.0%) 0 (0.0%)
U 9 (100.0%) 9 (100.0%)
VAchT Glandular Duct
0 1 (11.1%) 0 (0.0%)
1+ 0 (0.0%) 0 (0.0%)
2+ 2 (22.2%) 2 (22.2%)
3+ 6 (66.7%) 6 (66.7%)
4+ 0 (0.0%) 1(11.1%)
EREN 9 (100.0%) 9 (100.0%)




AINAN379 19 NNTUAAIBENTBY ChAT NT=AL sweat glands WUT sweat glands 3 #1¢
(37.5%) LAz sweat ducts 4 118 (50%) N17udA9RANTAY AchE =AU sweat glands WU
sweat glands 7 918l (77.8%) Wa¥ sweat ducts 8 718 (88.9%) N1TLAANRANTYAY VAChT #

7¢A1 sweat glands WU sweat glands 8 918l (88.9%) LAy sweat ducts 9 918 (100%)

a

A1374 20 LAASTaNA

a

u Sebaceous gland a99HanTisluNgNy 2

ChAT Sebaceous gland
0 4 (80.0%)
1+ 0 (0.0%)
2+ 1(20.0%)
3+ 0 (0.0%)
4+ 0 (0.0%)
MU 5 (100.0%)
AchE Sebaceous gland
0 2 (50.0%)
1+ 0 (0.0%)
2+ 2 (50.0%)
3+ 0 (0.0%)
4+ 0 (0.0%)
EREY 4 (100.0%)
VAchT Sebaceous gland
0 3 (75%)
1+ 1(25%)
2+ 0 (0.0%)
3+ 0 (0.0%)
4+ 0 (0.0%)
EREY 4 (100.0%)
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ARETINTTOUUN (‘%%JEJ&z) 1AINTILAAIRANYAN ChAT, AchE wag VAchT
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AMNAITIN 20 NITLAAIAANUAY ChAT ﬁ sebaceous glands 1 918 (20%) NTLEAIBAN

289 AchE %1 sebaceous glands 2 318 (50%) N17UaAIRANTaY VAChT 1 sebaceous glands

1918 (25%)

A3 21 LAANTaNA

14 Cutaneous vessels 284R9MTI UNgNT 2

TINTIUUN (%ﬂUNZ) 1AINTULAAIRANYRN ChAT, AchE wag VAchT

Cutaneous vessels Endothelial Muscular
ChAT
0 3 (27.2%) 10 (90.9%)
1+ 4 (36.4%) 1(9.1%)
2+ 4 (36.4%) 0 (0.0%)
3+ 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%)
FROEY 11 (100.0%) 11 (100.0%)
AchE Endothelial Muscular
0 0 (0.0%) 10 (90.9%)
1+ 3(27.3%) 0 (0.0%)
2+ 6(54.5%) 1(9.1%)
3+ 2 (18.2%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%)
79 11 (100.0%) 11 (100.0%)
VAchT Endothelial Muscular
0 0 (0.0%) 11 (100.0%)
1+ 3(27.2%) 0 (0.0%)
2+ 4 (36.4%) 0 (0.0%)
3+ 4 (36.4%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%)
EREY 11 (100.0%) 11 (100.0%)




MINAIN 21 NNTWAAIBANABY ChAT N3x6L vessels WLH endothelial 8 3781 (72.8%)
muscular layers 1 918 (9.1%) N19LdANAANARAN AchE fszAu vessels WU endothelial 11
378 (100%) 7 muscular layers 1 318 (9.1%) NTLAAIBANTBY VAChT 32l vessels WL

endothelial 11 318 (100%) tnaldinnsuamaaanyl muscular layers 984 vessels
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A3 22 LA AR TN TN (%azla:) AAINTTULAAIAANYAY ChAT, AChE Way VAChT

a

T Epidermis 1e9iamiialungun 3

Epidermis
sc sg ss sl sb
ChAT
0 3(100.0%) 0 (0.0%) 3 (100.0%) 0 (0.0%) 0 (0.0%)
1+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
2+ 0 (0.0%) 1(33.3%) 0 (0.0%) 0 (0.0%) 2 (66.7%)
3+ 0 (0.0%) 2 (66.7%) 3 (100.0%) 0 (0.0%) 1(33.3%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
EXEN 3(100.0%) | 3(100.0%) | 3(100.0%) 0 (0.0%) 3 (100.0%)
AchE sC sg ss sl sb
0 3 (100.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 0(0.0%)
1+ 0 (0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 0(0.0%)
2+ 0 (0.0%) 1(33.3%) 0(0.0%) 0 (0.0%) 2(66.7%)
3+ 0 (0.0%) 2(66.7%) 3(100.0%) 0 (0.0%) 0(0.0%)
4+ 0 (0.0%) 0(0.0%) 0(0.0%) 0 (0.0%) 1(33.3%)
U 3(100.0%) | 3(100.0%) | 3(100.0%) 0 (0.0%) 3 (100.0%)
VAchT sC sg SS sl sb
0 3 (100.0%) 1(33.3%) 1(33.3%) 0 (0.0%) 2 (66.7%)
1+ 0 (0.0%) 2 (66.7%) 2 (66.7%) 0 (0.0%) 0 (0.0%)
2+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
3+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(33.3%)
4+ 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
EXEN 3(100.0%) | 3(100.0%) | 3(100.0%) 0 (0.0%) 3 (100.0%)




[INFANTN 22 NTLAAIAANTURAY ChAT Elumjuﬁ 3 ﬁ?ﬁﬁ‘]_l epidermis %u s. granulosum 3
918 (100%) s. spinosum 3 918 (100%) s.basale 3 378 (100%) NFLAAIRANTAY AchE b
ﬂ@:wﬁl 3 flazd epidermis fus. granulosum 3 918 (100%) fus. spinosum 3 918 (100%)
uazdu s.basale 3 118 (100%) N19udAsaaN1ad VAchT Iuﬂ@jmﬁ 3 s epidermis s,

granulosum 2 918l (66.7%) U s. spinosum 2 918l (66.7%) Lazdu s.basale 1 9181 (33.3%)

A1979 23 WAATALATRELTINTTOIUN (FBURZ) 2BINITUARIEBNTAY ChAT, AChE Uy

VAchT 1 Sweat gland 2e9iauiialungud 3

Sweat gland Glandular Duct
ChAT
0 3 (100.0%) 0 (0.0%)
1+ 0 (0.0%) 2 (66.7%)
2+ 0 (0.0%) 1(33.3%)
3+ 0 (0.0%) 0 (0.0%)
4+ 0 (0.0%) 0 (0.0%)
U 3 (100.0%) 3 (100.0%)
AchE Glandular Duct
0 2 (66.7%) 0 (0.0%)
1+ 0 (0.0%) 1(33.3%)
2+ 1(33.3%) 1(33.3%)
3+ 0 (0.0%) 1(33.3%)
4+ 0 (0.0%) 0 (0.0%)
EROEY 3 (100.0%) 3 (100.0%)
VAchT Glandular Duct
0 0 (0.0%) 0 (0.0%)
1+ 0 (0.0%) 0 (0.0%)
2+ 1(33.3%) 1(33.3%)
3+ 2 (66.7%) 2 (66.7%)
4+ 0 (0.0%) 0 (0.0%)
MU 3 (100.0%) 3 (100.0%)
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AINAIT 23 NNTUARNEBNTUEY ChAT NTzAU sweat glands WUT sweat glands 0 318!
(0%) waz sweat ducts 3 378 (100%) N1TuAA9RENTEY AchE =AU sweat glands WU
sweat glands 1 978 (33.3%) Waz sweat ducts 3 318 (100%) NTLAAIBBNTEY VAChT N9zAL

sweat glands WU sweat glands 3 918 (100%) &L sweat ducts 3 918 (100%)

AN99 24 WAAITRLATRELTINITDIU (3DLAT) TBINTTUAAIBANTBY ChAT, AchE UAL

VAchT lu Sebaceous gland 193Eauislunguy 3

ChAT Sebaceous gland
0 3 (100.0%)
1+ 0 (0.0%)
2+ 0 (0.0%)
3+ 0 (0.0%)
4+ 0 (0.0%)

EXEN 3 (100.0%)

AchE Sebaceous gland
0 0 (0.0%)
1+ 0 (0.0%)
2+ 0 (0.0%)
3+ 3 (100.0%)
4+ 0 (0.0%)
EXEN 3 (100.0%)

VAchT Sebaceous gland
0 2 (66.7%)
1+ 0 (0.0%)
2+ 1(33.3%)
3+ 0 (0.0%)
4+ 0 (0.0%)
MU 3 (100.0%)




AINAN979 24 NNTuAA98aNTad ChAT laiinnsuansaani sebaceous glands N3

UAMIRANTAY AchE i sebaceous glands 3 $18l (100%) N13udA988NT89 VAChT 7

sebaceous glands 1 918l (33.3%)

A3 25 LAANTaNA

VAchT i Cutaneous vessels mﬂdﬁ’mﬁfﬂuﬂﬁjuﬁ 3

TINTIOUUN (i*aﬂa:) 1RINTTILAAIAANUAN ChAT, AchE uay

69

Cutaneous vessels Endothelial Muscular
ChAT

0 0 (0.0%) 3 (100.0%)

1+ 3 (100.0%) 0 (0.0%)

2+ 0 (0.0%) 0 (0.0%)

3+ 0 (0.0%) 0 (0.0%)

4+ 0 (0.0%) 0 (0.0%)

EAEY 3 (100.0%) 3(100.0%)

AchE Endothelial Muscular
0 0 (0.0%) 3(100.0%)

1+ 0 (0.0%) 0 (0.0%)

2+ 3 (100.0%) 0 (0.0%)

3+ 0 (0.0%) 0 (0.0%)

4+ 0 (0.0%) 0 (0.0%)

EAEN 3 (100.0%) 3 (100.0%)

VAchT Endothelial Muscular
0 0 (0.0%) 3 (100.0%)

1+ 0 (0.0%) 0 (0.0%)

2+ 3 (100.0%) 0 (0.0%)

3+ 0 (0.0%) 0 (0.0%)

4+ 0 (0.0%) 0 (0.0%)
EAEN 3 (100.0%) 3 (100.0%)
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ANAN9Y 25 NTLAANAANUBY ChAT N92Fll vessels WU endothelial 3 318l (100%)
NILAAIDBNYUEY AchE M3¥sU vessels WU endothelial 3 978 (100%) NIFLAAIDBNTD
VAChT 75261 vessels N15261 vessels WUN endothelial 3 3781 (100%)

Trasia ChAT AchE uaz VAchT lfn1suaneaand muscular layers 184 vessels

711379 26 LansdayaddeTanssninvesssazinan lunsfindssudnanisindjisenaes

WALALBALALTULA (incubation time) ¥89tau mslLAaz IR

ChAT AchE VAchT
Enzyme incubation time incubation time incubation time
(min.) (min.) (min.)
nay
¢ Mean SD Mean SD Mean SD
1 (n=11) 102.55 16.741 65.27 2.412 100.73 15.710
2 (n=11) 98.00 20.732 65.36 1.206 97.55 20.617
3 (n=3) 75.00 13.229 78.33 10.408 76.67 11.547

awv a

AINANTN 26 uARITaYATAEITINTTIUWNITRNT T EE AT NN TR ATT NI 1eNN9INU iseN

a

UDIUBURALBALAZTULNS (incubation time) aagiauladusazaiinlusazngunidn
incubation time 284 ChAT lungui 1 HA1Laae 102.55 W1# (SD=16.741) lungun 2 &

ARAY 98.00 W7 (SD=20.732) Tunguil 3 HAtaas 75.00 W1# (SD=13.229) incubation

1
=

time 984 AchE lunguil 1 AR 65.27 WiW (SD=2.412) lunguil 2 HAAH 65.36
111 (SD=1.206) lunqui 3 FAtads 78.33 w1W (SD=10.408) incubation time 84

VAChT Tungquil 1 dAaag 100.73 Wiwl (SD=15.710) Tungui 2 HA&Ae 97.55 wnd

(SD=20.617) Tungui 3 NALRAL 76.67 WA (SD=11.547)

F1974 27 uanedoyaddaLTaaLAIIEILed incubation time 489 ChAT 33MdNaNgNA 1 ua 2

a

NN FELeL Sig.(2-tailed)

NGNY 1 uaz NQNM 2 0.274
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A1NAN319 27 WuI IHANLANG199ENI N incubation time 283 ChAT §5M979NgN 1
WAy 2

;1319 28 uAndayadat@aiAsIziaag incubation time 184 ChAT S5WININGNT 1 LAY 3

NANAMINTA e Sig.(2-tailed)

NANY 1 uaT NENT 3 0.023

A o

AMNATN 28 WLIIHAMNUANFADL 19T ATUNN9ATATL1974 incubation time 184

ChAT 91dNNgNT 1 UaT 3 (p=0.023)

;1319 29 uAndayadde@aLAsIzid incubation time 184 ChAT S2UINNGNT 2 LAY 3

T
o

LG e ENS I NI Sig.(2-tailed)

NGNY 2 uay NgNY 3 0.098

AN 29 WU IHANLANFN9TEU9 18 incubation time U89 ChAT 5e1379NgHTl 2

Wae 3

¥ [ %

;11379 30 uansdayaddeiEeinsnziaed incubation time 984 AChE SM3MNgNTN 1 UAY 2

T
oA

nANANINNL T LRI Sig.(2-tailed)

q

NaNy 1 waz NNy 2 0.896

ANE979 30 WU IHANLANFNNIZIINN incubation time 183 AChE 95WININgNT 1

WAL 2

;1319 31 uanedayaddeEeaiAs1ziiaag incubation time 189 AChE S5WINNNGNT 1 LAY 3

NANANINT e Sig.(2-tailed)

NANY 1 UaY NQNY 3 0.160

A1NA1399 31 WuI ldHANLANG99ENINN incubation time 283 AchE 55M3N9NgNTl 1

WaE 3

;1319 32 uAndayaddeEaLAsIziiaag incubation time 189 AChE S5WINNNGNT 2 LAY 3

nannviansifFeLey Sig.(2-tailed)

NGNY 2 uay NgNY 3 0.163
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R1NAN319 32 WU IHAINLANG199ENI N incubation time 183 AChE 55M39NgNT 2

WaE 3

[ %

711379 33 uansdayaddeiEeiingnzaed incubation time 984 VAChT 95M99NqHT 1 UAT 2

a

nanmviansilFeLey Sig.(2-tailed)

NANT 1 UaY NQNY 2 0.422

ANE99 33 WU IHAMNLANFNNIZIINN incubation time 183 VACHT $1379nguil 1

Wae 2

¥ o

P94 34 uanedoyaddaLTIILATITITLeY incubation time 4849 VAChT 9519 Nngxy 1 uay 3

T
oA

naNANINNL T LRI Sig.(2-tailed)

Q

NANT 1 UaT NENT 2 0.031

A o

AMNATN 34 WLIIHAMNUANFADL 1T ATUNN9aTAIL1974 incubation time 184

VACNT $21319nquil 1 uay 2 (p=0.031)

;1319 35 uansdayaIdtIEaLAsIziaag incubation time 189 VAChT s¥udNNgud 2 uas 3

T
a o

NANNYN

NsiFaudey Sig.(2-tailed)

NANT 2 Uay NgNY 3 0.124

A1NA1379 35 WU IRAMNWANGNIIEIIT incubation time 299 VACHT 3¥Mdnangud 2

Wae 3
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Buyudalnniiass
ANANTANHINITLAAIBDNTAY ChAT, AchE 1Az VAchT luusasduaasninuiiauadinay

ngunAne Tneldinatianisanyudalnaiass

1 1
Al .

‘Luﬂrojummmﬁmwudﬁ N7L4A988NT8d ChAT (NUsznau15) i epidermis WUNTNH
%u s. granulosum, s. spinosum Lag s. basale (NWisznau15a, 15b) “7; sweat glands AWl
1N# sweat ducts 131904 apical site ustlainud glandular cells (nNwisznauisc, 15d) I
13Jﬁﬂ’]?l,mmﬂ’ﬂm7‘i sebaceous glands (mwﬂﬁ‘zﬂﬂu%e) LLﬂz‘ﬁl vessels azny hidn1

endothelial s lWLT muscular layers 1849 vessels (Nnlsznaw15f)

nilsznan1s nsuanseanyes ChATaemATAN BNy TWEaTARasT lWHamTingy

ANa41uAT
(a,b) ki epidermis (10x, 40x). (c,d)  sweat glands (10x, 40x). (e) # sebaceous glands.
(f) i vessels. (g) H&E. (h) Rat brain (positive control). (i) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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TungueaainsnLgn NNILAAIANTaY AchE (Nnilszneil16) 7 epidermis WUNANT
414 s. granulosum, s. spinosum WA s. basale (NMWi9znau16a, 16b) Imed sweat glands a¢
WUN1NT glandular cells LAz sweat ducts L3904 apical site (NMwdsznaui6c, 16d) wazas

WUN1NT sebaceous glands (Nnilsznev16e) 7 vessels aznulugdau endothelial Wit W

muscular layers 284 vessels (NMWsznav16f)

nilsEnau16 N1IuARIaaNaaY AchE Manatianwanyudalnalass luiouniings
BNARNAT

(a,b) ‘17{%14 epidermis (10x, 40x). (c,d) ‘171' sweat glands (10x, 40x). (e) ‘17{ sebaceous glands.
(f) 17‘; vessels. (g) Rat brain (positive control). (h) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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TunguanaadAIwLgn NILAAIANT8Y VAChT (NWilsznau17) 91 epidermis wuNIN
944 s. granulosum WAz s. basale (NWUsznau17a, 17b) Taed sweat glands azwLNINT
glandular cells Waz sweat ducts 13au apical site ("Mwilsznaui7ce, 17d) Tnaaziinng

WAPIBBNT sebaceous glands Tngl (mwﬂ?a‘:ﬂﬂuﬂe) wazh vessels azwiilug0u endothelial

Wil ldWLS muscular layers 184 vessels (NMWUsznau17f)

NNLsENau17 Nsuansaanaad VAchTammatanwaxy udatnialass luiauings
BNARNAT

(a,b) ‘17{%‘14 epidermis (10x, 40x). (c,d) ‘17; sweat glands (10x, 40x). (e) ‘17{ sebaceous glands.
(f) 17; vessels. (g) Rat brain (positive control). (h) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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Tungusessinareluianisresdionlsnsi1aa1anudn nsuanseanyes ChAT
(nnilsznavu18) anasludis epidermis (NWLlsznaw18a, 18b) waz sweat glands 714 11a91
glandular cells Waz sweat ducts (nNwusznau18c, 18d) tneliin1suansaani sebaceous

glands (NMwdsznau18e) wazh vessels azwuludqi endothelial watldwu muscular layers

284 vessels (NWUgznau18f)

nilsEnau18 nsuansaanaay ChATHematlan9any Tudalnniass lusessnganaly
Raniiaregilaalsanneung

(a,b) ‘ﬁ%u epidermis (10x, 40x). (c,d) ‘ﬁl sweat glands (10x, 40x). (e) 17'; sebaceous glands.
(f) '17{ vessels. (g) H&E. (h) Rat brain (positive control). (i) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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Tungusessinarelutonisresdiqelsasinaaianudn nsuanseanaes AchE
(NMwsenau19) 17; epidermis wuama\ﬂu%u S. granulosum, s. spinosum WA s. basale
(nMwisena 19a, 19b) Tmaﬁl sweat glands Fﬁ/\imwumﬂﬁ glandular cells as sweat ducts
151904 apical site (NWLsznau19c, 19d) Tngaznun1sLaAeeanteas AchE ANAIN

sebaceous glands (NMWL32na119e) wazil vessels F9AIWLINANT endothelial WAZLNITIBIAY

WU muscular layers 484 vessels (NMWisenaui19f)

nilsEnau19 Nsuansaanaad AchE soamatian1sanyudalnaiass lusassnaangly

o

Rouilesdiaelsnnngein
(a,b) iy epidermis (10x, 40x). (c,d)  sweat glands (10x, 40x). (e) # sebaceous glands.
(f) i vessels. (g) Rat brain (positive control). (h) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)



Tungusassinareluionisresdiaalsnsi1aa1anudn nsuanseanaas VAchT
(ndsznay 20) anaaluti epidermis (NWUsenay 20a, 20b) WHTIAINUNINT sweat
glands %9ludas glandular cells wae sweat ducts (Nwilsznay 20c, 20d) Taaaziinng

WAPIBBNT sebaceous glands UREININ (m‘wﬂi‘:ﬂﬂu 20e) wazi vessels azniilugdou

endothelial sl lWLT muscular layers 184 vessels (Nwlsznay 20f)

nilsEnau 20 N1suansaanaed VAchTaamatiansanyludalaatiass lusaam1eaaly

o

a v !
Honilsresiloalsnf1ennn

v
o

(a,b) i epidermis (10x, 40x). (c,d)  sweat glands (10x, 40x). (e) # sebaceous glands.

(f) i vessels. (g) Rat brain (positive control). (h) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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TunguiantitnFveegilanlans1ea19nudn n1suandaanaad ChAT (nnisznau 21)
femanuiaannnludi epidermis (NMwdsenau 21a, 21b) waznuiiaalu sweat glands 99lu
d9u glandular cells WAL sweat ducts L3120 apical site (NMWUsznau 21c, 21d) WATNUTRE

u sebaceous glands (nMnisznau 21e) wazi vessels Samanunnnludqu endothelial W

o o
WUasN1NN muscular layers U84 vessels (NMWisenau 21f)

nilsznaw 21 nMsuansaanaas ChATAaenATANIENY TWFataLARAsT IuRauiislnRaeg
gtlaelsAmn9219

(a,b) ‘ﬁ%u epidermis (10x, 40x). (c,d) ‘ﬁl sweat glands (10x, 40x). (e) 17'; sebaceous glands.
(f) ‘1‘7; vessels. (g) H&E. (h) Rat brain (positive control). (i) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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TunguiantltnFvegilonlsns1aa1anudn n1suaniaanaed AchE (nnisznau 22) 7
epidermis %W‘]_Ifiﬂﬂu’mlu%u S. granulosum LAY s. basale Lwiwuﬂmﬂmﬁ%u S. spinosum
(nMwisenad 22a, 22b) Tmlﬁl sweat glands ﬁmqwumﬂﬁ glandular cells as sweat ducts
U504 apical site (NWLsznay 22¢, 22d) IngasNUNFWAAIRENT8Y AChE ANAIN

sebaceous glands (NMWL3znaw 22e) Lazi vessels SIAINLNINT endothelial LazL1938

WU? muscular layers 484 vessels (NMNUsznay 22f)

nilsznel 22 Nsuanieanaas AchE manatianiany udalaaiass luiawislnfaes
glaelsAmng119

(a,b) ‘ﬁ%u epidermis (10x, 40x). (c,d) 17‘; sweat glands (10x, 40x). (e) ‘71' sebaceous glands.
(f) 171' vessels. (g) Rat brain (positive control). (h) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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Tunguiantitnfveegilanlsns1aa1anudn naswaniaanaad VAchT (nwilsenay 23)
aznuaann gy epidermis (Nwwlsznay 23a, 23b) WAEIAINLNINT sweat glands Ti9lu
@91 glandular cells LAz sweat ducts U904 apical site (nwisznau 23c, 23d) lngaziinig

WAPIBBNT sebaceous glands Tngl (mwﬂs::n@u 23e) wazi vessels azwiilugnu

endothelial sl lWLT muscular layers 184 vessels (Nwilsznay 23f)

nnilsEnay 23 Nsuansaanaay VAchT saamnatianisduyudalandasslutomislnfves
gilaalsas1ena

(a,b) ‘ﬁ%u epidermis (10x, 40x). (c,d) 17‘; sweat glands (10x, 40x). (e) ‘71' sebaceous glands.
(f) 17; vessels. (g) Rat brain (positive control). (h) Negative control.

(10x, bar=200 pm; 40x, bar=50 um)
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UNN 5

a5l afUsans waztaauaLUs

anlsaua
mﬁﬁﬂﬁlﬂum@ﬁﬂmL?ﬂqﬁugmmfmmmmm:‘f [feAnenanisuandeanaesszuuled

WasanAa ChAT Enzyme, AchE Enzyme waz VAchT Protein ’Luawﬁq%uﬁmjm@w@ﬂimcom
119 AINNINUNINITIUNTINNLITz UL AR eTan azud iy 2 sTuuAINNIIAIIANLIAR
sruniladiuefAnTiaineunainszuLlszamae neuronal cholinergic system wazszuulaaiuas
AnfaiannanesanzaunenwiiasyuLtlszamae non-neuronal cholinergic system angna
mmiw‘uiﬂaLu@ﬁﬂ@’mqm'ﬁrﬂmqm@ Ach TiRAMITENUNN4 nicotinic WaY muscarinic receptors
ﬁﬂﬁl,wi@:lfnmh@qLwi@z@fh”mzﬁuﬁﬂﬁumnfﬁiwﬁuﬁumﬂﬁm N13uLeFa NstARe U
apoptotic secretion Inaiualimadinasmlulas \AABUFAAN N stratum granulosum lylidu
stratum corneum (Nguyen, Ndoye; et al. 2001) N3t uLazAMNLIILINTRITAR ANINEa
wide uaznszfunsNas lusiu uazAruAnszuLNg laRaulalin Tmﬂm@ﬁﬁ@ﬁﬂ%ujmﬁ'mﬁm
\ calcium ions, vitamin A %38 D, growth hormones 39 cytokines (Fuchs. 1990; Presland
-& Jurevic. 2002) TaefRavtiasiva 2 32U andesnedi 7 eccrine sweat glands azl§5y
@17 Ach a1n cholinergic nerve fiber (Landis. 1999) W& keratinocytes YEG melanocytes 171'
131904 epidermis qviinnsdsa Wilyx‘l WAZNIZLIUNITNIALENT Ach (Grando, Kist; et al. 1993;
Grando. 1997; Ndoye, Buchli; et al. 1998; Nguyen, Ndoye; et al. 2001) InguunNsdaAsgt
NNSUNLAZNNSYNANEIENT Ach T9ande ChAT Enzyme, AchE Enzyme Waz VAchT Protein
ANAAL TuANFA19aINaL91NN3 LW neuronal cholinergic system

Tsasnsanaflulsaiifinannnisanasaasnisainasdndvitainisinanaaemantulodann
epidermis 32 hair follicles uanemnufiedunanaifinlsarienn gu ngufiuiugnes
(Finco, Cuccia; et al. 1991; Ando, Chi; et al. 1993; Zamani, Spaepen; et al. 2001) wqﬁﬁﬂﬂ
In@xyu (Ortonne ;& Bose. 1993) nufAdnifluniusiamanlulast (Lemer ;& Nordlund. 1978)
Ny ENIe9TzULsza M (Barnes. 1988) ouyinanesiaied (Lerner. 1971) uaz nomdAu
Tqupll (Schallreuter, Lemke; et al. 1994) lull 1966 Tuiaes uaz laaiuas (Moller ;& Lemer.
1966) {3aq1812 Ach @:ﬁué’ﬁmimmumL@Wf]:ﬁ'mm melanocytes #a O-MSH

Tutl 1989 Leiuans (lyengar. 1989) laAnunugilaelsad191 52 18 wuszaLaes waulad

AchE luseslsanvzewnuaz il (wazndunnlnailed repigmentation) Wuna lddsysuuea
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49 Ach zgq%u %w:ﬁmlnmaﬁuéﬁqm%ﬂmL@u%ﬁﬂtyrosinase (aerobic dopa oxidase ) Faifly
s lunnsaiadedeeaman il seuntl 2001 1s0sinef WazgA (Schallreuter ;&
Wood. 2001) AUNLAINTLAUNILAA oxidase stress MnlszAuL09813 H,0, dsanaleg
H,0, azltiAsulasiaimeaenlsd AchE Auavnl¥sziuansans Ach AN F9as Ach Ay

fuflannBVes tyrosinase enzyme M WiA92EA19219 (lyengar. 1989)

N1SLAMIAANTAY Cholinergic system NHIAWY

NNSWAAIAANTAY ChAT Enzyme Was VAchT Protein R2M1IS

{NN3ANEINULGY ChAT waz VAChT azanannguimgaiulaawid VAChT gene azag) 111
chromosome 10 (10g11.2) (Erickson, Varoqui: et al. 1994) daifludiufianfifiaing ChAT
gene (3an41 cholinergic gene locus (Eiden. 1998) Fagauae9 VAChT gene %wm%@ﬁ_uislu
4214294 intron 489 ChAT gene (Cervini, Houhou; et al. 1995) FunNTuLasIRanTes ChAT
WAz VAChT dnazagjiisianumearii

VAChT il amine-handling cell 114 mammals @g'el,uﬂ@:s\l vesicular amine transporters 114
VAMT1, VAMT2 uaz VAChT Z9fimtinfia®ns (il uasmasans Ach vida biogenic amines au 11
dopamine, norepinephrine, epinephrine, histamine 179 serotonin imﬂ%gﬂﬂ?zﬁu@’m
a@ﬂmuﬁﬁﬂmw autocrine 138 paracrine factors AL neurotransmitters %ld VAchT luseiiy
U3z dndaunat ez L cholinergic neurons LAY Tuszulsy@mdaulanaasmyfisza
Uszanan Ul sympathetic WAz parasympathetic Theiaelainei sensory nervous system

AN12AUNL ChAT ﬁafmﬁf\ﬁ%ﬂu epidermis Wa dermis (Grando, Kist;et al. 1993; Grando.
1997; Klapproth, Reinheimer; et al. 1997; Wessler, Reinheimer; et al. 2003) AaN1NLNT
LAAsaanAad ChAT (Nguyen, Ndoye; et al. 2001) way VAchT (Elwary, Chavan; et al. 2006) T3
keratinocytes WAL melanocytes sl,u%u epidermal layers meﬁqwummim:ﬁﬁﬂmﬂﬂamfm
cholinergic neurons mL'gﬂ\‘lLﬁiu dermal blood vessels ‘ﬁl endothelial Wa muscular layers W1
NN sensory Az autonomic nerve fibers (Kirkpatrick, Bittinger; et al. 2001) sweat glands
13190 acini a¥ duct , motor endplates 184 skeletal muscles (Haberberger, Pfeil; et al.
2002), nerve fibers bundles, nerve plexus ﬁlmgm inner epithelial layer 48 hair follicles,
glands Tu subcutis (Haberberger, Pfeil; et al. 2002), sebaceous glands (Wessler,
Reinheimer; et al. 2003) wazlu sensory fibers ANNNIUAAIRENTBY ChAT WAz VAChT

(Botchkarev, Botchkarev; et al. 1998)
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n1sedndaanadad ChAT ‘17i epidermis

7 1993 unsulauazAuz (Grando, Kist et al. 1993) IHAUNL ChAT Enzymeﬁ epidermal
layers Tmewuqni ChAT activity Tu keratinocytes 20 pmol Ach/mg protein/min Tmﬁl‘ﬁ
Keratinocyte 1 11ad @519 Ach 198 2x10" mol uazmds Ach 1ade 7x10"° mol of Ach/min
FANINNNTEUTUNIIATIANY MRNA 289 ChAT i keratinocytes  Taaiwwdn ChAT dinng
memﬂmmﬁ\i%mm epidermis (Nguyen, Ndoye; et al. 2001) AnnsAnelu keratinocyte
cell culture W91 cell il highly differentiation azfin"suandnanaas ChAT untulngaiia
sNTUATNTUIBS epidermis  ARNNTULaRA w%%uzgmﬁ' stratum corneum  ABAARBNNLNIT
LAAIBANTDS VACHT B9taunshasiAtadasiuaLaunnaiin Apoptotic secretion ﬁgﬂmuvjm
el cholinergic signaling (Nguyen, Ndoye; et al. 2001) LL@%%Lﬁm%ﬂ\‘lﬁum?Lﬁm exfoliation
vaaiduny InEasinsuaniaanaas ChAT 1naul internal root sheath 91 1%LAa terminal
differentiation Tu anagen phase ”Lum:mumiquméqmaLﬁumu (Barajon, Rumio; et al.

2001)

n1sdAIaandad VAchT ﬁ epidermis

ANNTANHINLNNTUARA9IRENTRS VACHT ;Tﬂu epidermal melanocytes Wae keratinocytes
Tnenuludaues perinuclear distribution TAEILNagUNWLT nucleus WAL dendrite 184
melanocytes %4 VACHT azifiugns ACh 13fnu myosin Va fibers laei@a1s ACh “ﬁlgﬂﬂﬁwﬂﬁﬂ
VACHT anaazsinlfinnsiaaesiiaes melanosomes Aty Tagnisuansaant epidermal layers ag
Wumﬂu%u stratum granulosum mmdﬂu%u stratum basale laainsuansaaniduiuy
homogeneos distribution ﬁl@'ﬂm%\i epidermis (Elwary, Chavan; et al. 2006) ﬁ@l\imiLme'ﬂ@ﬂ%
LWIN%uWWm? differentiation 284 keratinocytes A1 epidermal layer Nﬁﬂ%uLLazéuqmﬁﬂuaﬂ
stratum corneum (Nguyen, Ndoye; et al. 2001) uﬂﬂmn‘ﬁﬁqwuﬁ peripheral lymphocytes Tu

cutaneous nerves 1319tU dermal epidermal junction (Tayebati, El-Assouad; et al. 2002)

N1sUAAIRANURaY ChAT WAy VAchT ﬁ sweat glands

ann1gAnElu Rat embryo  1AEAALNNIIA3ULAZNINMENTAT8S sweat glands  1u
sreIZUINATANAE catecholamine NN1aNN sympathetic  neurons  wasanniasey litlszan 3
il ev] sympathetic neurons azyuiinilu cholinergic neurons ﬂ'izl;ju sweat glands GR

AANINNINAILY NTIATYUAZNNININTNTLaS sweat glands azanAaans Ach (Grant, Francis;
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et al. 1995) mzéjumuv}’]d muscarinic receptors (Langley. 1922; Hayashi ;& Nakagawa.
1963; Stevens ;& Landis. 1987; Vilches, Navarro; et al. 1995) %Qﬂ"}?LLZﬁm\‘lﬂﬂﬂmm ChAT uay
VAChT ‘1'7; sweat glands Aazd1a1n cholinergic nerve fibers (Landis ;& Keefe. 1983; Leblanc ;&
Landis. 1986; Weihe, Tao-Cheng; et al. 1996) LL@ZﬁM@@@Laﬂmﬁngm eccrine sweat glands

Tu deeper dermis (Guidry ;& Landis. 1998; Zancanaro, Merigo; et al. 1999)

NSUAAIAANTURY ChAT WAz VAchT %1 sebaceous glands
AN19AN®INNG immunohistochemistry WU ChAT waz VAchT A1 nerve fiber ANLASN

sebaceous glands (Wessler, Kirkpatrick; et al. 1999)

n1sedndaanadad ChAT wag VAchT 17‘i vessels

Fadszuy cholinergic azALAN N9 lUANEUIARATBNHINIR (Low ;& Westerman,
1989; Muck-Weymann, Albrecht: et al. 1996) wuainisiuaReulaliin n1sanaNATeIVIaen
e uazussfudenianisd fuase endothelial acetlycholine Guilu mediator fidnAaynsedu
A"9&d Nitric oxide (NO) M AAN13ENENABALAD A

finnsAnEifignfiuszun cholinergic T endothelial cell 484 human aorta WuAENNg
LARANDANUAN OL3 nicotinic receptors, ChAT way VAchT Tu pulmonary endothelial cells
(Macklin, Maus; et al. 1998) TneiElugiin1smaaany mRNA 189 ChAT 7 endothelial cells LAz
N198519 Ach n3za1gmIN vascular wall (Haberberger, Bodenbenner; et al. 2000)_kaz VAchT

14 endothelial cells 9849 dermal blood vessels (Kirkpatrick, Bittinger; et al. 2001)

N1gLLAAIARNURY AchE Enzyme

Uz non-neuronal cholinergic system ﬁa'mﬁ\m@ﬂmﬂ%ﬁmiﬁuwu ChAT Enzyme
VAChT Protein  Wa%@13 Ach Aafinanadnsduudadaiinisuaninanaas AchE Enzyme 1w
Rouida T 1993 unsulawazAnuz(Grando, Kist: et al. 1993) AnmwuLa1 i keratinocytes Azl
AChE activity 1328104 1.13 U/mg protein Alaxnln1s8udunisnsaany mRNA 2849 AchE lu
keratinocytes LAZWLAN AchE %ﬁmﬂmm@@nmmm%@%wm epidermis Tmﬂwm\l’mﬁl%u

basal layer (Nguyen, Ndoye; et al. 2001) uananigalinisiansaani Acrosyringia,
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v 1
sebaceous glands LAY sweat glands ViNLTIA04 sweat ducts Wae coils NN nerve fibers N
A sweat glands WaLs0d endothelial LAz muscular layer U84 vessels (Hagforsen,

Einarsson; et al. 2000)

£% <

andsredayanalll

annuanisRaanudgiaentiiunAnsnaziansaziuwandgannnndians Tnaieauun
TdlAdunusiniia Hangdsus 7 89 70 T Jiiies 2 sreidilsedflsnsenanialuasaunin
TnafiAo nduiusuuy first waz second relationship Hiloadaulunjaziflulsadtsaqniin
vulgaris type Wa¥ mixed type A8 acrofacial WA vulgaris type Tmeiies 2 ﬁ‘wﬁf}mmﬁﬂ 1
= P % X 4 Ny o a
A2 10 1 111 segmental type TA8Yie 2 91aiieEadn melanocytes HAUNILUANIANN neural
crest Inainedasiuszuniszaim (Dupin ;& Le Douarin. 2003) WazdenAfediuanymgIu

\Aenf 1 neurochemical mediators AR&1% Ach AnasannianalszainidnisinansiuanTulas

i ldgdnisifinlsndngannaiin segmental  vitligo  MArafuAINEAUNETY cholinergic

1
o

sympathetic nerves (Taieb. 2000) Inagilaausiazseliinanudniusivlsnauiinaadesiu
n19finlsrsngann uasuganisinenfussaznatuiuieuEuAne deiulunguitiun
=) [ 1 dl =1 1 dl a 49{ o 1 dl dl 3| o % V%
Anwazifunguindulsassznafifisauniesniandalagliilsadunaziiuiladensysuls
ulsrrngeng danguiniianAneasmanzanlunisfneauialnfeesssuy cholinergic

system @aiiluanailuanvs liiinTsaf19192U8118991AY (acquired disorder)

anlsauan1Tnnany

N1SLAANRAaNURY ChAT Enzyme

NANNTNARE
lulamisndnfaesendadang azinsuanseanaas ChAT NnnLisiandu s.granulosum,
s.spinosum WAz s.basale Inef sweat glands azin1uaRI@ENNINT sweat ducts WANS 3 378
1 dl 1 a o a L 1 =
Lifinsuansaanii glandular cells g TusasAnanauazionilsinfresdiloalsanaannasd
N13udAsaanaad ChAT IndAeeiu wasiuualinanasnudnnedy s.granulosum, s.spinosum
WAY s.basale LATWLT sweat ducts aARY WATWLT glandular cells WaeuiuRawlanUns

109818140A7 lnaNiN1TuanIaanae ChAT e sebaceous glands
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AMNHANITNARBINLIINITUAAIRANTLBI ChAT anad lutiantiaaaddtlalsns1ea1asiaan
depigmentation AL repigmentation Tnedmugaannnisanenlull 2004 mmmi@mmingm
(Schallreuter :& Wood. 2001) ARN®1326L ChAT activity Tusesansana Taanudnldfinng
wWasuudas 9nNsAnEN1991708maFiN1IIATEAL ChAT activity TuseelsaTasz iy ChAT
activity 8naaz i liiasundasBedinsitTunamdalnin ldsunianndaneszanninniaes
Ramils IneldIAAnE1De morphological pattern sa1ainnsilasuudasldudn Tuaniei ChAT
activity fapsinFLazN1anaaeIlssnLdRianiiiaesgilosisann depigmentation waz
repigmentation AN17udn9RBNaRRIT sebaceous glands a8z sweat glands ARAAARNTIL

=] | ] 1 N 1
nisAne Wl 1997 1@adnis wazAnse (Elwary, Headley; et al. 1997) wudnlugtlaalsanngann
ATNNINAUYNDAARITAANN lesional LAz non-lesional skin TABNLAN sweat glands azln1g

' . . ¥ . . 2 . . =2 Ay,
AALUAURIFD cholinergic response Tmesl cholinergic drugs Af pilocarpine AaAAN aalédn
UANAINNITADLAURNUAY sweat glands 6 cholinergic response anadudaananafdeaniy
€U cholinergic BULTNE1AANN9YIN1ANY ChAT ann external oxidative stress HNUNINTG UV
light Nang melanocytes WaE keratinocytes 138 internal oxidative stress H11N"4 cholinergic

neurons NHILAEN sweat glands Wa¥ sebaceous glands

N1gLLAAIRANARY VAcChT Protein
NANNINARDY

Tuioviiefinfresananadnsasiinisuannanyes VAChT  Lfinudu s.granulosum,
s.spinosum WAL s.basale Tmﬂ%\‘l 3 mmzﬁnmmmmnmnﬁ ducts WaE glandular cells 483
sweat glands LL@:ﬁﬂﬂ?Lme'ﬂ'ﬂﬂﬁ sebaceous glands 1 918 (33.3%) Tmﬂﬁifammw’mmz
Roudsdnfresgiloalsnsisnnaarinisuanseanaas  VAchT Huualiinanasiiudinndy
s.granulosum, s.spinosum Wae s.basale WaleuRIaNa1aTAs nsanndeliinaiinnsinenis
nMuanseanaed VAChT Tugiaelsnfnsaoninen fatuileaanadesiu ChAT uanednnig
LAANRANYAY VAChT ez ChAT @mmiu%u epidermal layers ‘I;T\i'ﬂ’m depigmentation LAY
repigmentation 8n1aazin1mnanavzanilinisaireanaslag  oxidative  stress 178
biochemical agents %iw] Tneianaaydl genetic  susceptibility lugilaeusiazsns visainig

wasuudasaasgiunldadre ChAT Enzyme uaz VAChT Protein WAnNsUAAIRANT sebaceous

gland uaz sweat glands 19 sweat ducts waz glandular cells faaslndiAesiuRantlanUnAas
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ANANANAT LAANINNATUDY external ‘w% internal oxidative stress fﬂwﬁwaﬁi@ﬂmmmmmm

VAChT Protein AinNN14 cholinergic neurons Haenadn

N1SLANIAANARY AchE Enzyme
NANNTNAAAY

yfnmilsTinAredenanasing aviinnsuanieanaes AchE unnitisonity s.granulosum,
s.spinosum WAZ s.basale Tmfﬁl sweat glands 17?\1 3 ?Wﬂ%ﬁﬂf]ﬂmm\‘m'ﬂﬂmnﬁ sweat ducts
uazdl 1 mefinnsuanseenii glandular cells ‘Emﬂ‘ﬁ"lm@ﬂm'wmqLL@zﬁquﬁqﬂﬂﬁm@qéﬂqaiiﬁﬁm
IaLTinTUuanIaanTad AchE uualiuanasitFiong s.granulosum WAz s.basale Wil
Rawilefinfvesdihalsasneanadeiinisuanseent s.spinosum tndiAeeiuiavies
mmmﬁmummﬂmmmﬂﬁ sweat glands ‘1%\1 sweat ducts Waz glandular cells IndiAzeiy
AvilainAuesananaiias Tnefiinnsuansaanaad AchE tiesfi sebaceous glands AaNKA
N1INARBILAAIIN AChE Iué’ﬂqa‘ﬂmmww%qmmﬂwhwmLLa:ﬁquﬁqﬁ'ﬂ“ﬂmﬁ pigmentation
NN morphological Tmlm?LLzﬁmﬂﬂﬂﬂmmmnﬂ%‘mm epidermal layers Lﬁ'ﬂ%ﬂﬂ@’]ﬂ%
fnsvinanavderinlfiniaarsanating oxidative stress e biochemical agents a1 Tas
gaanAdeeiunsAne Tl 1989 wuang (lyengar. 1989) WuINszALL89 AChE activity Al
708619217 Imel AChE azm3aaliwylu marginal dendritic melanocytes TusagiAnataums
peaanLlulonisnalugioalsaf1eunn #3813 Ach avsfss dopa oxidase activity M504
marginal melanocytes 11sa81An4919 sl 2006 T1AAUAZILIAN (Shajil ;& Begum. 2006) e
91 systemic oxidative stress 1na1el AChE TaAN®7=A L83 AChE activity Wazseeul
systemic oxidative stress lulaanaa4 vitiligo patients lililas Baroda 1898uLAe WUINHTZAL
ACE activity snuaziinisifisans lipid peroxidation levels wazlifianuunnanafuaes AChE
activity 914149 segmental LlaZ non-segmental types Uay 4 active uay stable types 183
vitiligo Favis ACHE Wrazgninanalng high systemic oxidative stress "Lumuﬁ’mjuﬁ
8999817 Ach Tigzau a1z inans melanocytes M liasaeA919Tuglag (Shajil
8 Begum. 2006) Aatuannsia 2 AsAnEWLAnEl ACKE activity Ansialunszudidenuasluses
AN

FITAANNHANNTNARBINIANAITBS ACKE Tyt epidermal layers uli/lfdnanafinng
¥na8ann external 1aa internal oxidative stress wsannnImaaesdislaifinnsu A lad

sweat glands Waz sebaceous glands dullfannansznuenaaziinann external cause
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wNNIinternal cause NENUNINNG cholinergic neurons f1aea sweat glands ua
sebaceous glands ¥i3aanaazfaaivsatnauinndniinefn1sudniaanaas ChAT, AChE uas

VAChT  vessels Tilaruuansinsiuisluiiomiiaesgilaalsasennouazananadag

ag
Tamsnaanalulsang systemic  1@adnanmeadaunilaanalsnna1afiinTunies
o a X S - . .
maudaIaaziinaInnisilasullasasldshunineaadaiy cholinergic system Iﬁﬂ@quﬂl}]

=

\AARINNI3N external  oxidative stress IuURINLAY UV light au13u19tiinuaa internal

a

oxidative stress AMN@9WAN aaFlNu WTaARANIULAMFNS] uaMTRTINTLNTRENENA YRS

o v

wugnesn aenndaslunisasunenaniu ngedfu genetic model Tnaazifaadasiuiuang
Fadlulsm (Arcos-Burgos, Parodi; et al. 2002) 1wl dominant model azafungluawldinia
Tsmsnvananiauang 30 1 udlupuiiialsadnsa1andsens 30 U dndianeaanugnIsuLuL

. . dJ 1 dgj o = . o o 1 a al 2 =X
multilocular recessive model Gnﬂuﬁuﬂ@uum%uﬂ@mmmmmm@mamil,méluml,mm'am EN

o o= A v A o P .
AN RN asuulaelAg9ai1913aniane ChAT, AchE waz VAChT 91 keratinocytes Wa
melanocytes 138N cholinergic neurons LTI dermoepidermal junction WIRNNUALI
sweat glands %78 sebaceous glands M lHRNN1TudRAIaeN IURINTNNITREAN9TIN1LAZHAMI
Unfaesfiliuanas Taefin9vinanaaag AchE 81aunNdn ChAT  uaz VAchT asinliitiames
3189417 Ach  NnNN91LNA wazslapasaannisAnfadnnalnlun1sanasaeelilsnuia 3
a . . A [ 1 1 a o Ao 1 a 1 ?:/ (%
13inlu cholinergic system neaadavat1elslulsanneeng Inafamisndsldifinseeanenasiula
anaasuudasluszauTuanauda aannisidatienailuuwwinisinllgnisAinAunisinmluy
. = ¥ = @ o ' X - Y & K ' A o

1uuU systemic TNE1AALABIANITALFAIDLNNNINUWNDLAAS IAIUIIANNIANGN T80
a o K v dl 1 = 1 a 1 1 1 1 a o = a o dl o A
nMsAfenantiFnee) esllsnuunaziinse uiazdiusne)resliomlana AN SN e Ls

ewinas1lu cholinergic system lianysnisia il
L4
AALAUBLUS
= é’ < al o v a =S 1 .
1. NMTANULUU sebaceous gland Hauautesiiulluazaasdnesale skin

appendage %um‘ﬁulu@huﬂ%n@mm hair LLaZ neurocutaneous nerve, collagen bundle,

elastic tissue WAL muscle
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b

ldl o

2.ﬁﬂuquﬁﬂqmu@:ﬂ@uﬂquauﬂQﬁ@xﬁuﬁﬂﬂdqﬂLW@mﬂzmﬁuﬂ@nuﬂﬁ@H@uﬁﬁmmﬁ:ﬁ%qq
aAlnAtT AN Ee Rty

3. anuaiiléaanakesfunguiaes biochemical theory ieafunnanuulasluszuy
cholinergic system flanainainniay oxidative stress v 1EiNsuAAsBANTAY ChAT, AchE
uaz VACHT anaslneiansiiduaes epidermal layers Tnsanaazifluanmnlunisiialans1eung
ﬁiﬁm%mu@qnﬂﬂuﬁh(acquke(ﬁsordeo

¢¢Lﬂuiﬂgaﬁuﬁﬂuiuﬂﬁiﬁnfﬂiﬁﬁﬁqmﬁfh@ﬂm@qsyﬁenﬂc therapy  Tthnagiinlfinig
Snunlansnaanafitlsy&vanmanniy

5. ﬂ')iﬁ%ﬁmﬁadﬂ’mmm\‘lﬂﬂﬂ muscarinic e nicotinic  receptors Wm%uﬁi’]ﬂ?m\i
AU Lﬁ@ﬁﬂmﬁ\w:uu non-neuronal cholinergic system "Lﬁmmmaﬁu

6. flanidduiAnunia catecholamine nszun19a¥1e melanogenesis Tnenszfiu o1 uas
B1 adrenoreceptors AINIUNTN IP3, diacylglycerol, protein kinase waz cCAMP cascade Tu
melanocyte Tmﬂ%ﬁﬂﬁﬁu dendrite 984 melanocyte AL m:é’umm%’w melanin (Peacocke,
Yaar ;et al. 1988; Gordon, Mansur; et al. 1989; Gilchrest, Zhai; et al. 1993) ANNAATYUBY
catecholamine LazlsAA912 W‘]_Idﬁﬂ’]?l,ﬁs\l%umm BZ adrenoreceptors density Tu
keratinocytes 1899881AN9UN9 (Schallreuter, Wood; et al. 1993) Fadnv TN Ty
seA biopterin (Schallreuter, Buttner; et al. 1994) TAIWLIINNTLAA oxidation U8 biopterin A%
sinldTinsifinzes 6BH,

slax nudnlu pigmented uaz repigmented 1w epidermis wa4gilaalsAnngang azlszsiy
199 cofactor 6BH, fﬂ’]ﬂﬂ%‘LﬁﬁJ"ﬂﬂxﬂ GTP-cyclohydrolase | enzyme activities mn%{u
(Schallreuter, Buttner; et al. 1994; Schallreuter. 1999) IA8IWLIF1ULIUNNT AILATIEN 6BH,
H1UN GTP-cyclohydrolase | enzyme a¥nsehu signal AU TNF- O, IL-2, INF-Y ua
H,0,
Fagnaman iR teetunAAlAA19119 (Schallreuter, Buttner; et al. 1994; Morett,
Spallanzani; et al. 2002) uazFAaNIWLdN PAH activity ﬁﬁ@aluiﬂﬂﬁﬁqmﬁq(Sohaumunen
Buttner; et al. 1994) FednnsifinTuaed 6BH, WATN17ANAITBY PAH activity Aa2ARILALIUD
tymmkma1ui@ﬂﬁﬁqmwaﬁhﬁuﬁQiﬁﬂﬂiﬁﬂtrnﬁﬂqﬁﬂixuuﬁﬂﬁﬂq%@qﬁﬂcxnechmanﬂneﬂqu@1ﬂ
ﬁiJchoHnemycsys&nnLW@ﬁzﬁmQWmu%@mﬁ@mﬂqmﬂrwaﬂﬂmﬁﬁﬂiﬂﬁﬂqqu

7. 15708891 oxidative  stress AN H,0, ‘Hugnunn1ainlens19a198IUNIe4aI7
metaboliteswmmmﬁmﬁﬁN@[ﬁiﬂ melanocytes  WuA1 narrow-band  UVB

ATNITHU

311nm
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pseudocatalase @a8i14n H,0, BANATN epidermis HUAZAINNIONLYANIIAATOLANTNUAY

goe lFHANINAUALNN (Schallreuter. 1999; Kurzen :& Schallreuter. 2004) A9tidannuanis

NaAaIastiusung1d narrow-band UVB...  lun13snunlsasieang

311nm

8. TuTl 1966 luiaafuaziaiuas (Moller ;& Lerner. 1966) l#AN®1a1N bicassays WLAN41T
Ach nn1¥fdues frog skin aadLazanndusslddae Atropine  iaunTl 1992 11Nn"3T uaz
ARy (Nagaishi; et al. 1992) wurjﬂlﬁﬂﬁﬁmqw'ﬁfmm mAcChR #ngl Atropine 138 muscarinic
antagonist ﬁluj mliiianisairadedls  lul 2004 guiuwazaisesnes (Kurzen &
Schallreuter. 2004) wudndle Ach SUFU M2 uay M4 subtype 284 mAchR aeiinagi
tyrosinase  enzyme ‘Emmzlﬁm%’mﬁu O-MSH e melanocortin-1 receptor UK
catecholamine/B2-adrenergic response Tu melanocytes ﬁx‘lﬁfua\‘lm@LﬂuLLuQWWﬂuﬂ"}ﬁﬂHﬁ
In9AA1NT17 IUBUNARENWNIN cholinergic receptors

9. N5UAAIBANTBY VAChT 7t sweat glands, sebaceous glands uaz vessels azRAdTANIN
ChAT Lﬁ@\‘l@ﬂﬂmﬂﬁﬂww immunohistochemistry ﬁﬂjﬂu paraffin embedded sections [Nl
cholinergic nerve terminal 1o laidmLan (Schafer. 1998)

10. ﬁ@fﬁﬁumwudﬂmLwaﬂfmﬁmm H,0, a1n oxidative ~stress  LAAANN oxidative
metabolism 224 estrogen WAL aromatic steroids %l‘w] Tpeawuan estrogen WZL‘WI:H H,O, ‘17i
epidermis WAL lymphocytes warinimnanaues DNA  lu peripheral  lymphocytes
(Schallreuter, Chiuchiarelli; et al. 2006) ﬁ\i&usluéﬂfmimmwmmmmmﬂ:ﬁ estrogen

11. H,0, az1a1el epidermal AchE wag BehE Ansanmanwudniinlif topical pseudo-
catalase K.U. azifius=@ians epidermal uas systemic AchE uaz BchE 1 liinn
repigmentation JNE T RRERIATt (Schallreuter, Chiuchiarelli; et al. 2006) ﬁ\iﬁumﬂ% topical
pseudo-catalase K.U.Lm:ﬁﬂ?:‘tmﬁuﬁﬂ%ﬂumﬁﬂmijﬂm‘lﬁmm'fmnf;

12. AINN1FANHINITIATLAL non-neuronal Acetylcholine 284 skin #2&33 dermal
microdialysis Inein131a1s botulinum toxin r‘iﬁmqm%fmmmi Ach fisnann nerve fiber inl5¥
AT AILALANT Ach Tidnann skin 1 (Schleret: et al. 2006) A4a1a1ingn3 botulinum toxin
mﬁlﬁﬁ@ﬁﬂmmuu non-neuronal cholinergic system LQW’]:?{W

13. N5 M Clostridium botulinum type toxin A (BoTx) 214 lddselgmilunisinesassig
mfsl,fawwzﬁl,ﬁmmnﬁqw‘é”uﬂz\immzﬁl“wmma Ach A1 presynaptic nerve terminals ‘ﬁ‘iﬁ‘mm
peripheral neuromuscular junctions LLALANN cholinergic sympathetic WAL parasympathetic

o

neurons (Ray. 1993) usfialaidagad1a1un90ALANIEALIIRNANT Ach 91114N melanocytes
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WA keratinocytes 38 non-neuronal cholinergic system ﬁul@wlmzqm%mm local injections A&
N IANANILAE O ULIUATAINNINATLIANNIUAIANTAAUAIAN glands MAelag cholinergic
neurones (Munchau ;& Bhatia. 2000) wazataasztisnnlinismasialugilalsnseainanas

wazlsan1ganqduisanna systemic n13l4413 Botulinum toxin lanasldea
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