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The Study of Microsatellite DNA DYS 393 in Vaginal Swabs as an

Indicator of Sexual Intercourse

Saraluck Sakkiattichai *

Tanin Bhoopat M.D **

Lertlakana Bhoopat M.D. ***

Abstract

This study was conducted to determine the chance of detection evidence of abuse by examination

between DYS 393 locus on Y-chromosome and spermatozoa detection from vaginal swabs of the raped

r.ictims. y-STR locus DYS 393 using for the investigation of rape cases compared with the Oppitz staining

method. The samples were collected from 60 acid phosphatase positive vaginal swabs from the Department of

Forensic Medicine and divided into 2 groups which were sperm positive and spem negative. The spenn

positive group was furlher divided into three subgroups depending on the amount of spematozoa (l+, 2+ and

3-). The n.rethods to detect DYS 393 were total exhaction and amplification using PCR technique, then the

pCR product was analyzed on 8.5% polyacrylamide gels. The chance of detection of spermatozoa rvas

different using either the amplification of locus DYS393 or the Oppitz test (p=9.999; and the opportunity to

detect locus DYS393 varies with the amount of sperm cells in the specimen'

Key nords: DYS393, Spematozoa, Y- Chromosome, Vaginal swabs, Raped
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;udtrt.l rrdyrlJouttdrya txrfi:131.f[runt unq u0un3 ut1 [ua10ut{Ta:?1] tul,{1]a?0qndl,Jt)-09r)-tt

yr! Microsatellite DNA !uln: IilIsur?,rflyrsciruu { Dys 393 lddr z: 6'rodr r olnd,nu, :o d'rodrr

' i v dd h s u 62 o
dlu[u9l]0u'til't9:'l0Ttlt9!'10d0 l0 gD0ulidtut:fl0t:101{udnu[uv9l[0ur0[uIf]:tlryTrTatnTf.iltlt.iui
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DYSlgl lfi0i 27 ft'tdul.t (90%) rlavr ouunuouat :tJ'l n t:$r:'t ol^lugnodt no [u$|l0t 1119]:?{ytu

riroqo^nrurntu.li l+, 2+ uav 3+ liudlrr1:oa:xfl u'ludrufi { Dys i9l ldrvirriu 5/7 ei'lodri, l7l18

6'rotir':uas sl s 6'aodr.rqrildrdl rsrt1uldirnr:qrxnvlu Microsatettite DNA uuIn:Iil16M1,!ssru

drrryri.r tys 393 nyfinxl r[ : riu'hJqrrrurl?rrarnr:fl:aov,rufl-rodi uay n1:d dr:Jr:6rer:x 0loo Dys 393

, -i ,a , J: ,l .i rn, - ^Jlcr lugnottNrgr:'ltrt0al0dn tu 51t10ru0u fl 1l tu0lotu0 t tntnnt:vtq5 tn tlJv,lufl l0qnuuo rdlnqt ]n

'l';rrr:11:1n i$1'"roq6fifinr:rnmdo.r fir1unr:dun{rdldi6nr:sr:rn6'xoq6uux oppitz test finr:'ld
t,dylno"

'J,r1r0rnt0u't.lttrr1..|YLlY0 lfla0q0tnfltdufitulv,lullanu0ulrn 2- 3 t tn)-na)- JJ rl.rflquurlHud lann0u

il t lJ'r: r ind'1unfr'oroan::sri lquortrflul:J16'i 16'rori nddru rsr: rrvf odr: li ruryuoa lruur.iu rlari
lr'lrjfi6':oqio'orl,d,o t6,rJ,fioi, 1 u#-:u rnr: rldd rrrilrjr6u,uo.:d r6fl rodornaoeorro;fiil6o'1ilfi6'e

oqorJuoqjfil6'1 6lrir1#sr:aokiur6'roqi uioorornoornnrrlfiouaroror{'n:,loro,rfirilu1illd'rqiuri'u
ds4ln.uqluu[ 0ul la)-r .rrdnu sfir0utr]uu tn: l:J tcxIJ[1,!fl,],ludi61 tu t:09r:?i1{u t9r tunl:dnofl10ut{11

o 1rq g' 
"' 

I J - o 1e A - -UltJItfltUnl:nunllfl:{Unsdnn uU I ttUnYUg]tSAA (total extracrion) 11'l tt4tlAly|dnqflIoUl{OlrlliIlfi
\ie4 d tA y irir,o,- , I a ^ cn , n 4j
tqqt0Ut0 t ln[rUn d 0ulJ 0.i flry lUfl tXJ t59lX 0 dtlluu lO lU ['uU It 01lr.l] (epithelial cells) [ U9rU [tAs [Un: fl
e o rt'qrd " ' i -i a ar oe/ I o , 

"yi 
o

f.lfl)-Y111 I:J tqunt:: ttJlflflugttJfl]t n: gT t0til.l0utlTury{fl 0t!u n t5 n5 ymlry ttS t [otryunu tTu nlt lyu JtJ0

"^t 
i ",- - {^ a 11 y 4 .tr) t d 4 J ^ !te) t u

n:J [0n]fllltryadr.r?fiuintnut!0n;fiqaflo t l9r fi50nt: t{, ln (oral) n0 tt:Jn:]uu ta tugtou t latSuflu
4 0 6' adrilrrt r:rd'uJ'r:oa:'lrrnoorourolrolln:lillffiLurqryruld:fiLfiln:tfifirln:slirrflurriuu;orflunufifi
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i6nr:er:'lonr: r microsatellite DNA uuln: IilIryilureyrflrfiui6fi r yrirul#r: rilun fi'n o ru nt:n:y li-r
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xIS t l9:J tn u

riruirlun:fififinrter:?01,rrer'xoqo^1u:lirLrrumrrurntuq{ t+, z+ lurtld'aoriufisr:xo'h;yru

tin!6uu6rEurorulq:lrulmrrvtaryru ortrrfiorrurornlurn0rounridriq urflunr:afi'quur\riuunryfisr

"nvn i' uad ddixRd 14:rl Total extraction 11 1tl'l tUU I dnqFl[01J[otJll:lJllll9l0UtOlJ 0.i r.|fifl lllU0u ln 1l I ng1']lifll:0U
_ a d.! .1) I o q,/ - 14 ro o 4 d s,iu:^:vitr prirner n-u 6rEuror{rr tfl (Targel DNA) dtrua'Iflprimer t ,tldugirriuloroi tn: t l.x r1^rfl

.tr! - ; u94 4 d , i 'u a d , a an liJ lFlu0U oill Prinz ,rRBfltlrv tOf,nU109l: ldlUfl0iflldUt0r.lllUYlrid 0qn1lOt0UlOlJ0{flfifU{ IUuany

i;r.rriruduflneirrri'u uuir ludsr:rdeucroi6r6uroflrro ,6rduroto.rrflu{ld r'zooo rfludn:rriaufiq.:
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u"tion 6li6 dovfi nt: d ooaa lutton eiruro lrryadrsoo

,, 4 oe I d ^ e, o J i.4.=+{-.-.. ,
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Id!u

n rnnr:finu tlonldnt:111J d'ng1u'lun6n:s f tf rt:r leanr:q:ro6t6u[oto{]n: I Iryur flsru
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rJrfrovro oO:rg l,rrjrfin':r rtqneirlfi'uodr{firiuiirfiiUfl1.1do6fifir p = 0.000 uarru^o'ldfinur'lun{rurjoa

rolr.fr"fi'lriolnaoeetilil;:Jlilfifl:tor,!ud'.loqn^mujrlui0 sr-lorjtidfl:iorudroq,:^ldn*lzu ri'lodrl
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' i 1ul ita rur:on:roroo6nuru:6r6uto'llfl: ln !9ilodt tlas]uEt lotil{11st:'lt tulluax0qt l0 Fl10t ll i
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At present, DNA technology was used to forensically personal identifications. For nuclear DNA,

there is lirritation in degraded, decomposed or old biological evidences. According to geographic distribution,

mitochondrial DNA has many haplorypes so it was applied to forensically personal identification, especially

in matemal inheritance. We studied the pollanorphism of mtDNA at hypervariable regions (HVR) in 100

Phitsanulok populations that were not matemally related. The haplotypes in each HVR region were 81, 74, 13

and haplotype diversities were 0.9943, 0.9853 and 0.7973, respectively. The power of discrirrination (PD) in

each region were 0.9844, 0.9754 and 0.7858, respectively. The combined of HVR I and II was 0.9896 and

increased to 0.9900 when combined all three HVRs. This data were very informative for study of

anthropology and geaneology in Phitsanulok population and were used in forensically personal identifrcation

in this area. Moreover, these data would be very benehted for study of single nucleotide polymorphisms

(SNP) and used as biomarkers in neuroscience degenerative diseases at this area.
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Lrrndqiu?ilrJ:lud:n:fi:iutirinrqi niu 6urf inaunrir viorod'olrlus,n riJudu lou6tduroffrjrr]ll#

ci-:ulnqjtilu nuclear DNA u?t?01 non-coding region ff6un'jr VNTR (Variable Number Tandem Repeat)

Ios STR (Short Tandem Repeat) 6sficio{r6'o1un:tfliifilcirn:rooqiluanru'lrlarLl: ai rilrrtloo u6ofiorq
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a.:,r url: riucjo ldrdurl d (mutation rate) qln'irlu nuclear DNA 6.rfinr:ilrlrlddnuriSe urnl:tol

lrlurl n-r:drrrun species rdu cytochrome b fll: finurnrllrqu uin al loonr:frltnfl 6',nutuvcjo'idro'utua
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-:rrr:ndrufiudlnun:rtrnnl:frrlfloqlulnioiurer--il50[un:ounf:fidrrq6uardro.+r,roudlrmrir
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' e a j nro dd:uuqindt rtdvdr r:0rnqfru'tr{[udrdurorrsialri:ucJoldtntu(lrereroplasmy)t:-'unrtrfidrojrrralu

'' rri {16ua6'uogjuarad,a) rfiEnr:oirirn6irxor0rfioldfiarun:fi niu rdo16o16orti'ufidrd'rrralri
ji, , - tr :

..Lr Lrnu Y:0 tulu0ru0911iluglnu1dinurq8?flu atFrLl1Lldrranfltlflu cu{fl1)-nnlul,tuI [u6]nu su

/[sddd:.1'rrro iUfirtun):flf,nut [flnoulo5ud6[Suloouri ln rriort rnii rfr-urrffild'r rnnr:drnr5
,) v A- ' l- r.i rqulud (sequencing) tv anuuvfl6 tununt:T0r'to0 tifl.trilgr:rtfinr:rlurfl0 (contarninarion) lit

^ ., 1 u ?4
rrrtrdfl l:Fr:1il,rdiu [u:r:Ls]n:roi'lTU lrrirorrfi6'o:rnr:narofiufdrrnnsirrri'uluurirrs'rar

@ dd 
' 

,ao u 4.: :i'n!nnUnl:nn lUflUqlJfidlUOUll n YryXnUtifiln?'l:Jr[ll:r.lUtt6l$0O:ln15ndlUl{UqldiAlOUlUd

dd
..1. r,lflouro:uaqloulo tu :yrln:nlnrfirioaou6illctol :srTa'lflflrr.l'01#sr::tvl-arriljnfldrray

-- q I a o 1r4 ^ ? a @ I' :.1*iJllutlflt0 tl0vU ltJ l lT tUn l:fl: ln dnUUnnA nll d:J1'!Ut11't.ltfi50 la[UllU11 liUSl

edla,gti"I -=rdn: n fl v'l1l ulflld9: fl1:tllt1] u ul.n?11tJ10 flu[:fl']: :1]t1l u1Ju10udl4tuI lu tu n t: flnu rstal{uq

. Geneaotogy) -)^ im u tnr: lrasut1uuirlur (Antkopology) tor rl:s rytn:1ufiufifi finst uonotnfi

"i:. I;UId'l l:0lJl lt4l SNPs (single nucleolide polymorphisms) ll nll tiulj!utnU [:ft11l.15yUU

-: - i' rneuroscience degenerative diseases) t'iu Alzheimer's disease, Parkinson's disease 1ur.T^ufi6": nritr

- aA... l Ir !ri luiyloniinuflifid rlfl rv (biomarkers) to r]:fld r i"l 1urton rn rmfiom ourirsio'Iillu

"95-
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-^) - -i.r'r?6'l?IFlLe'n610n? fl 4 qll1lu 2

nfln3] - t!191flU r.d.2555

rruioldfloqriorlunr:rirrfiunr:i{'aluru11ududr 6ldrrfiunr:rfilar:fiuqn::lornruaei'rdor1

n:v{lufil (buccal cells),uol :vtrn:fforfiuoqilu6"ruinfiuqlandruru 100 nu fi'[ifin':rilrfiurrtu11r'l

aro16on ornrfu6lafio616uro0lnrryadr6oqn:r{lufir:drai6 Chelex 100 rrd'l6rrfiurlirLrtu616urofi

drurrjl Hyp"*uriable region (HvR) I, [ lray ttt'ieafinrrrr{il{u10.:cilut{a eirl 1 6o o.z Inu aNrrs,

1.5 mM MgClr, 0.05 U/Pl ?"44 DNA Pol

6lli t{11 1

(QIAGEN, Germany)llav 0.2 pM HvR I, II tta' III primers 9'l

sn:tsd t rraqldrd'U p.t.",. fi14rfi:L i ror'l ]onourq3sn6r6utolt:^tru uvn t, u trav u (fiU], rutz nr,r It6& pason er ar)

Region Prim€rs sequence (s'-+3')

HVR I

Lt5991 5'_caccattagcacaacaagcr3'

H16401 5ltgatttcacggagcatggtg_3'

IIVR ]I

L29 5'-ggtctalcaccclattaaccac_3'

5rctgttaaaaClgcatacgcca_3'

HVR III

LI28 5 Lcgcacciacgttcaatattac-l'

H619

ornriu6,rrjr'hlfiilrliiltordrurndo{ thermocycler 9700 (Perkin Elmer) pre-denaturation ffqarr4fi

94.c lxat 4 uifi denaturation 94"C [?a] 45 eutff annealing 55'c lxal :s iurfi rtag extension d 72"c

rfluna-r 3 urfi ornriurirdt6n 3o:ol ttdrdl frnul extension 72"C lflut?al z urfi trd16lfl:roao d:u

zoh agarosegel electrophoresis trdarirl# amplicon riqmd (purlfication) dx0 QlAquick PCR purification kit

(erAGEN, Germany) udr6lirn:ryrirrdr6'rLuLadaourSolito:rs#drd'trla6'nluri6 (DNA Sequencing)

g6't6lrird rd'lrtafi 1d1rtiruul6 uurfioufi'r iir6'lrl adr.:6{cl os Anderson ltio Cambridge Reference

:vtuull?i lot

H.108

5Lgstgalgtgagcccgtctaa-l'



,:'rrdr?flfrren6'r6rrf flfi + af::fi z

,.tnt'to?.J t8.t19'luu vi.4.2555

Sequence (cns) rfiourruafitlsrndt rfi'u tldvl4t Haplotype rr.r^oritrurri rritafia 60 random match probability

rp). discrimination power (DP), haplotype diversity 1o{:J:vgrn:lu6'lr.riqfiuqla n

orflnl:fiaur :ysrn:,ir'riliqr.,r-uiulafl ,iluxu 100 nu drur nfin DNA sequencing 111]'j1 n?lt]

v, s . i. :"r, 5f.ru10t(i't9lutudl0i lu lanourn:uao[0ur0 (polymorphism) ?lJ[[uunxt Yi'trl!tvl0ial0ulud

(haplotype) ttavn11 fiarnua1fl (haplotype diversity) fl1ltJ dlrJr: n1unl: ttflnttuv (PD) ttoy random

match probability fil?rrar UVn flraru (IIVR I, II, [I) rldfl{1uar:r{fi 2 uas 3

,',r'ruii , ,,o"ror.,uruJ:pjrEro{drdrrracrs,:'lulflnouroiaa6roro:rJrrlrorr:rd,rr rcro.:.irdrr d (haplo!,pe) lras

n?lxHalflYAl€i (haprotyF diversiry) nll dtUt:nlUnl:ttURlltlv (pD) [tAg random Drcr(h probabirity d HVR ], rL u

Power of Discrimination

(PD)

Random match

HVR R€gion Polymorphisms Hrplotype Haplot}?e diversity

Probability(")

HVR I 81 97

40

l3

0.9943 0.9844 0.0156

HVR II 74 0.9853 0_9751 0.0246

HVR III l6 0.1937 0.7858 o_2142

rrrqr{irrry rfifinr:rrl6aurr nrd16'rrurqrol'l lnoourrriaa6rduro,nur,o,rr.,d r',o,.,,.,,, rridr iu!rfiuu

n'rri rdrtr arro :g r cambridse Rererence sequence (cRs)

flt:tqfl 3

HVR Region Hrplotypes

HVR I
16041 16M2 I605t 16058 1605916075 r6086

16147 16t48 16153 15151 16151 16t6216161

16194 16206 16209 16212 1621416217 16218

16256 16257 t6259 16260 t6261 16263 16261

16293 1629416295 16296 t629',7 16298 16301

16334 16344 16152 16354 1635516357 16362

r6093 t6097

t6169 16172

162t9 16221

1626616270

1630416309

16108 16109

16173 l6l Et

16223 16224

16211 16272

1631116312

16118 16124 16t26 16129

t6182 16183 1618416187

\6225 t6132 t6234 )6235

16274 16278 t6287 t6288

16316 t6319 1632016324

16136 16140

16t89 )6)92

16239 16244

1629016291

1632.5 16327

16141

16193

16249

16292

16328

*97 -

F{OrlavRl:ofi l1sflanl:e6'u



HVRII 155 463 464 466 479182 485 '189 
513 522 523 553 568

073 091 093 114 125 127 128 131 141 146 1s0 151 152 153 184 185 187 189 t 94 195 tg9 20020410s 207 210 228 229 246

249 263 298 309 315 316 3lA 324 326 329 332

elt:tqd 4 lldo.:gitlutl1o.:d16 t!dfffinr:nlflourtrl a lh]rfiorfiolrilii roiltlaula5$11'ltuo'i -enderson'" *qu"*" frl:-trar

ri ttturi I uvn ,,fin r:r duurtrl o l'u o rri ld'trt a6 rrrao r1i6'1fi

:la.r:i :fll 6uuttddlllJ-touoia 1l0 u')uiir6'uruafi fi nr:trj6surrrlas

21T-+C

C -)T

G_)A

88

53A-)G

l0A'+ C

C_)A

T +A

c-+T

24T-+G

2G )C

70

26c-+G

21

55.70

.l-4.30

-^) - !
l',rrd'rruaLe'lFll6nt !11 4 01lLl11 2

Nn5ro - ts.llg'lflu 1'{.FI.2555

HVR II

6

8
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:.1flf'to:.1 tl..l1.nf iL1 1,!.FI 2555

rrirunfid r g rrurroriirri'uruaff nr: r:l6uuruln:ruorir}Ifiarfiri{r6'rmdu.rFr:Iruro'r o,a...on" *o**" dritrtu

gl1ll 1.l.1 HVR rr

60

40

30

20

10

r T-rc

rc+T

EG+A

E A+G

r A-rc

! c+A

r A+T

r G+T

rT-)c

ac+c

EC*c
0

A POINT MUTATION CHANGE

a ^ a d rrr,6
ru'0r{r) r:ruroirurusr) r:ril6uuuila.ifirfroflu1urirfiuilruBrJru HVR II rvr#uldirdltrrri'rrrafi

." fi ii'nutuvnr:ri6uuurlarfi ilil6'rfl fiu

l',t'l14 91 4 ttult fr'lu

a ,i u u, ,
1. Transition fl0 n l:tlj duUttlj d{A lO lUd tU14tJtglU?flU tOttn

purine/purine A+G, GiA

- pyrimidine/plrimidine C +T, T+C

purine/pyrimidine A-+T, A+C, G+C, G+T

C -+G, C+A, T+A, T-+G- pyrin.ridine/purine

-99-

2. Tranversion 6onr:rildauurlal ii li'lrr aluririrrafiqir rriu 16'uri

,o

2
1 1

,|o



a1r6ref,Alxxr11a Frf flfi a arilfi z

8.ln:1frN - t lg',luu 1\.6.2555

3 Insertion 6onr:rr.l6auurlaldrfrlrr-raIqufinr:trr:nrar,irlar{urluii16'lrlariu

4. Detetion 6ont:rr.J6flurril al dr6'urudleflfinr:14lfll olu{rt o1u ai rritrlariu

ruHu4fid z g *llro.rrird'rrlafifinr:ul6uuurlatfiuulun{rLrJ:vlrn:{'luiofiuqlan'iru'lu zl :ra

Mutation Change

24, t3o/o 4,40/o ! Transition
r Transversion
B lnsertion
E Deletion

88, 460lo

70,370/o

en:t{ii S udq.!,ianrtToao{6'n! slilohtud"lund:.J :ssln:6'ltiefiuqlanrr-r'jr6'nutuvtlafinrruvarfl aluflln

uiuqn: :uo* : I 9 llu orfl d lu lud{Yuo z t nu6':uao'!1 16'ld

x.xrol -tufr?llJst
6'n gms n r rru m a r nlralu nla fi'uq n: :sl

0.002267 569],610.o4'7619
73G t89G 201 A 226G 26 3C

0.04'1619
73G 1l5C 150T196G 204G 206G208G 222C 226G 248G 252G 256G

251C 263G 210C 297C 300C 3l0C

0.002267 5691610.047619
73G 2t0G 26lG 3l0C 324G

0.002?67569161

I

I

73G l35C llSC 263G I 0.0476I9



,r'r?61?flALa'Ifl'r6nf flfi a qri!fi z

l.lnfla:.t - H]14rflu v!.6.2555

7tG 263G I 0.047619 0.002267569161

73G 8.1T 85C r95C 210G 263G I 0.017619 0.002267 569161

73G 8,lT 263G 3 0.14:858 0.020408408164

l 0.002267569161

7lG 84T 85C ll5C l38C 139C l5lT 263G 309.l+C 116.1+C I 0.0476r9

I 0.002267569161

73G l42C 150T 198C 204C 263G 309.1+C 316.1+c I 0.047619 0.002267 569161

?3G 1 54A 186G 195C 206G 208G 222G 2Z6G 248G 219-C 252G 263G

270C 295T 309.1+C 320T 330G

I 0.047619 0.002267569161

73G 112-T l45C 226C 228T 249-A 263G 309.1rc 316.1+C l24G I 0.047619 0.002267 569161

73G 1 t 4T 13 I G 142C I 86G 204C 206G 222C 248G 252G 256G 257C

263G 2',70c 297C

I 0.002267569161

73G 186G 226G 252G 263G 309. I +C 3 I 6.1+C l 0.0,{7619 0.002267569161

73G t38C 139C 186G 206G 208G 22lG 225G 2S6G 263G 270C l 0.o41619 0.00226'7 569161

I 0.047619 0.002267569161

73G l38C 152C l86G 222G 226G 252G 263G 309.1r4 324G I 0 _002261569161

7lG l38C t50T 186G 198C 206G 20aG 221A 225G 248G 252G 256G

263G 270C 316.1+C 3l7G 324G 330G 335T 338A

l 0.04?619 0.002267569161

SUII 2l I 0.06r224653062

r-sulr Ir'I \'t 0.9387753.16938

Ran do m matc h p ro bability

P = t(x,') = 0.0612

-10L-

73G 8,1T l38C l46C 263G 309.1+C 316.l+C 0.041619

0.002267569161

73G l35c t39c 142c 210G 263c 308309+2c
0.0,17619

0.047619

73G 249-A263G 3)6.1+C

0.047619



q1?61?fr6 rXs fi164

Discrimination Power

--,i - )i 11 4 01ru11 2

\. .,2^tDp

Haploype diversitY

(1-t

n-1

'1 = 0.9387

h x.')n = 0.9909

--

3JnflA$] - tNl1'lflu 1\.F].2555

nrflnlifinur u.jr a'nu ruy d r6'rrrarol'lulsrnouro3 ua616urofil:^nudruvr-j'r nw II 1o{nd:J

il: ysrn:1uf.rniflfiuqIa n,iru.:u 21 au vtu'jlfi nxl:rfi d'rn o1s111{fruqn::il Iqflqfil0ln Haplotvpe

diversity rvirfil 0.9909 [ta;]onlddor*uouurrfiufi'[ifinludur't'udnr'rArtlrn^0ot601flufiovfid'nvilc

tirdltrafi rmfi oufiuriu Iouqrirorn Random rnatch probabilitv tYili'u 0'0612

riror.,uriarnraruytl{fiuqnr:ildflululirrudrrruri{ HVR II to.ind,., :s51n: i'rrinfiua1lan

u u.jrfin rrrum ar nfl aluq{ rnfi{ 0.9909 6otflu 99.09 % dx0n?1u a1nfi drt,1l1'11i'uqn:: rut or t titrat

!,a
F,tryun IryR II uudtrJti otl osrittJldrilu{oqalunr:q ritrira''r nr: lluflttuv (Discrimination po*"t)'ld

61fi:rarrui{'u6ulfiritdnururiirdur dlo{'l:rlflnouteriua6rduroluu?tarudrgrli'r HVR I rtaY HVR

u j.:rudru '[d:rolru.jr rfiorirnr:dnuuirrardl z d rurrjrdrjrr:fi'uvll'jrfinlurainfialurlnfiuqn::

lrnaldu d1rlr:ofioydrnt:sr:10'l lflnoureriuaarduro#rdllyil{ HVR I trav HVR u lr1d1ulrufi6

^ 'l^ ' '---? a ? ' -uf,mrlarurdoq 15ql[6sxfi'u 6'rrfulu
imu raraqrf r[r lutr int: fr qtillan atrds n 1:11qiun ]1:J dul{

n.,rrfinr.lor%dflrnrnr:finur'ldl#o?trru^uf,udfiildqurfiuarilnr:lddrrt { HVR u tflr rsi:a1unr:

vr^qorfilnnadrru6'lnr:lddrtrur.il tryR I 'jllufrxltJl.Ia1nualsr1{fiuqn5: 1o'rl:Jlstnouro?fla616uroff

l?rraroirru.nil nVn I riurnru'irfin'l-ttl arnvarsq{il1n 6'{fulufirn'11 fi alnfid'1ul11{li'uqa5: to'l

pirrruril nvR rr darlr:ofioyrirbJl#riludoryardrurriraqririird'un',r,,un,,urd,o*1sqnnalundil

il:yvrn:6',lri iqfiuqia nn{udld uayol n{o{a:lf irui6'o6u1fi rirnr:finurffl'16':ralro6n'jr1un{l

:yryrn:nu'hunrormfio ul'jriir6'u [udrl o.lfiltt?r { ril,'R. n fi Z druurj'rfifid'nuor;drrurvoionrjrL

1



erx61?flF letd16nf ilfi + qlir.rfi z

:.rnr'ra! - trr1g1uu fl.Fl.2555

, j - -_- d - -t.l. : rrr):nu lltun]nlfifio fl* o stru?iilifi 73 rldr 26J Brnrnt:ttldouu a lcl o l ai tdutu nn lfl Adenine (A)

.r drojtttd rsr:flTuto.t Anderson's sequence tflu Guanine (G) 1u1n:rtnfll z rirtrrill rtavlulruio-tlff

- lla r o,-.--
;lirnr:finurnfrfifiul'lr"[un{rur1:vytn:{.:?tierfl-uq]an{luxu zt nufi finr:1116uuttila{d16urudfr.! 2

irrrurjl n^o 73G uay 263c Ia:ru ri'lrfuortoyqi:orflunr:o^udu'16''jr nr:nldfluuilaldr6'lrlato'rli'l z

irrrvri.rd,irrurysion{rrl:vmn:1uou'lrunrnrfi1iofi'16'uavtflufiaulo'ldjr nr:nlfiaurnlalairduttafi

;rLrraEioneiu:yyrn:nu'lrunrnnirioriuarrur:ofitsrirhltrl6ulrfiu!nt:lilduuuildttoIiitriurua]u
Au ,

il Itrl.tuiFtIi",l10 iltadrlY0S l9 tfl

a: ruonr:finur

irnndililivsrn:1ufrnlinlruq1an6'nutuv'lrulnnouroitla6rdurofit?tl dltrfi l HVR ll fih;fi

uul
n'l'trJ dut{ur fl t.r drula oq r:qr[6urfiudruru 50 nu dttJl: fis]:':o 16'drrE o rilu dru'lu 2l flu lluntlaY

a-nutuyair6'rrua'ldrt'rillq l9 [ruu 1,,r silulnirtolrrafin]6outrrla.:'hlornair6'utlldflo.t Anderson's

sequence 53 duryr.ir I on rafi nunuvriroyr.,rudnsiuvrlo.rludli?{or:ldlo af'rr 6q rvirrYr o.oe tz 6qrfJu

4'
o.tz % uov rirnr: n:s o rud'arl oidnu 3a19Lllud fii0 fl'1fl1'llJfiaTnfia1uflln1{uq n:5 q{ 1n trlnu

6 a .i .i d, , i.r Yq , : uY.i
0.9909 n-qr u s9.09 % fr ilfl:Jtyfr iylrluroqldfl't5-[un r)- en rn r: rtuntluvslqv{ tsqflna to ryit?lu l3dlfi5u

.l " tJ't r a ? u v t a
rlnyrirrur[d'[ulrufrsr=Suutgtnni vt.tluttin t:il4tuUnn auden l: {nuf]'l l:J dU11ut 1'l lid1U[a0qutroI

rdurfi'u uac vru'jlii'ns iuv dr6'utu rf i trfl rcaioil: vvrn:1u'i'lfiiqfiufllIa narlr:adosril lt ;u!tfiuu

- & ^i uro , i
nunur,yoryrqou.l let [ud]uuo'ltittilurl:vltlmilunrrl{rnluru,drr,ln^ufon{lrJ:;trn:6ulld rral

ri uriou a d 1d1un r: fin u riiflurnr5rro.r ilq! d srfifiu qinar ua vr rrlu 0Tvrur : rillfl{nr: rirrur1drfl u

uio-rrt",'uolI:oTl{:guu :gd'tll (neuroscience degenerative diseases) [O tuoulnfl

-103-
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Production of Blood Stain Artifacts of Chrysomya megacephala and'

.lchoetundras (: Chrysomya) rujifacies on the Different Material Surfaces
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Damrongpan Thongwat *

Sunisa Vlongsuk *

Saengchai Nateeworanart x*

Abstract

Srudy of fly artifacts, produced by blow flies, is vcry important for foreosic investigation because blow flies, the fir$ insect fauna

:-:ling at a corpse, produce some artifacts on surrounding surlaces ofthe crime scene lhat may alter the real blood stain evidences. The fly

::Jacts may be a causc of misinlerpreted investigation ofblood stair patlem in the crime scene. Currently, the study about blow fly artifacts is

:r:i.'d. Therefore, the objective ofthis study was to investigate pattem, number, and size ofblood stains, produced by the rwo most forensically_

.::onanr b low fly species of Thailand, Chrysotnya negacephala anC, Achoetandrus (- Cht\sonra) n$facies, on 5 differenl material surfaces. C

:li.ephola znd A.,?y'JA.ies aduits were scparateiy reared in a rearing cage- Each rearing cage was covered all the sides with one kind ofthe

-:red material surfaces. Fresh swine blood and distilled water in a separated conlainer, as a food source, were placed in the center of lbe cagc.

-:r l-+ hrs, the tested aterials were examined for fly artifacts. Pattem, number, and size ofblood slains produced by each fly species on each

i: r.f studied materials were invesligated. Fly artifacts were divided into 3 types including fecal spots, rcgurgitalion spots and swiping stains. ln

,: - 3::1. mean numbers offly adfacts, produced by C. negacephala a$d A. rufdacies were 57.34 znd 40.32 spots, respectively. Totally, numbers

::.r1 spots, regurgitation spots, and swiping stains found in this study wcre found 6l.?9o/o, 28.09% and 10.12%, respectively. However, the

_ :,:r sizes on each kind of material surface produced by these blow fly species were not significantly difference. The results showed that the

::::.umberofflyadfactswasfoundonthepolysfyrenefoamsurface.Morcover,thercscttc-likeform,thenewcharacterofswipingstains,

.::i:.r\eredinthisstudy.Theinformationfromthisstudymaybeusefulforapplyiflginforensicentomologyfurther.

. . . " ords: Blow fly, fly afiifacts, Forensic Entomology

, ,:::rent of Microbiology and Parasitology, Faculty of Medical Science, Naresuan University, Phitsanulok

;::ent of Mcdical Technology, Faculty of Allied Health Sciences, Naresuan University, Phitsanulok
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an ruff rfinruqfin rtrL,itri'tg rftu odr.rlrnludrufiGfiqir ut (Forensic Entomologv) tuiolornttlaliu#':

rfi uerfl uula,r n{rutt: nfflr6l flvlttasrinair{ n:rut6oqurlanr.la orLm3l'l{ludu fir: olu:'teuao rudrfio

.-.: ' ;- a .i
,usr drororirl#rfiqnr:ril6uuuilalrorn:ru16oofiffoqirioulurnlufitfrntMEtrnnl)-frnultnulnunli

ai.,,,ur..rr,6urno{rr aniufxrfiurfir.irurLrul'ir n:ru16oodrr a{iuair.:durilun:rudtfioornnr:

rir:on n t.-riud tu ttay n t: [na^ou'hrr ]qun)- turd^oofirfiodu,rvfi fi'nu orgn # tflfiun: tun:''6unol16on d

.e a i '' 3 '
rfinornnr:- n toui on t.-qndtf totolt 6o'lun6flrern:: 6'lriu o:rr-rraoofr[t n liul.i )ttUxd5 lllud{

r{lualuqmu'lffrio'h?rnsrortln a tornaioulun l: fil arufido lo rfiurio4a o i;Llrluu n: lurfioofivlulu

antudrfroruqlunr:fi 4orfnd (Bevel, & Gardner, 2002; Stirman, et al', 2011)

floqflunr:finuu6u.lfiunr:a3r.:o:1u[6on1o{ur.lo{iurt":rfiorfflnlfisqiodrl'irfi'o'hin:olnqil

lil6liorqrrtrrurlnyfiqfiflUluAnrufirfrotmq odrll:fiflril 0rnnr:finu1el-'rnrirr arlr:ndrtrunn:rufi

rurLaliuair,rdu'16'r{lu r dnuory ldrui (r) asrufirnaolanr:qiurirflto'ltt aliu (Fecal spots) fid'nuarv

rfluqonat turnrHn firir firdruuuqu,,arGalaJr,a:.,0 r#uEilugudnar'rrJ:v 10t 0.s-4 n^a6nrsr: fi :

ftfigelneili'u n^o fin:^rL firipto,,at,'orirq, 'nr{:., 
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,furyotilurir r 4.3-9.2 udAr:Jst: (James, & Eckert, 1999; Bevel, & Garder,2oo2; Greenberg, & Kunich,

2002, Zuha, et al., 2008)
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rlri,n'qn:rrrfioorrilaniloo:rdulurorudrn'oruq niu uu: r:nru rdorir :lrLlildrruinqo^u "r :du$i'x
, r, - A - jo sl- ?.. 4 t 4 da 4 .ii.,rlJ',tt'1,15 tt 0u[1]ul.r6lnnturtsttn:tvfi6l.ldllliflnttx't9 i!nourduB'lattnnt)^anuttfruln-lrinuory

.v :-' 
-, -;

r ridf ri 0nn: rura-onrl o {urr 6r.riu1'ru i r rrrariu:intvairrqnrfloulurirrufif,.rn.:or{uoqj uaiii'n! t
...----...+._.. -J_ ^ - ja, , 4 e, 11 oJ I tglrl: 'lul6t0r1uu1'l 

r.t Janilua av'uue:J a nuilvfl"hjurju ou o.. ldo l o rdrJHd'nrn qiluntrdtrrung u:tu
.--..+-.i . .y i s-tql .i. c!rd:Fl:lllld0ollttlJdllu6l)-liljutv,l0tYlunt:uuuuaof,tatlloitrtunntt rlgnot{:y1,ti tiroufl:ytqulJo{

, d 4 a / dq , j^
r.d9try.u ufinngtu tun l:v{dn nonun:iula*o9lu dnrlaolfrtfrootnnt:fl5vli't1]di[[ aiiu (Benecke, &

Barksdale,2003)

finr:finurrfiorri'uflr:dgr{n:lu16oocroqrr a{iuri.:rfiurarom'ur{filrrrurnfiqn1uil:vrue

rJ1[atss rlo cllrysotlrya ntegaceplmla ul'jt trrua liu#':rfiarsfiqfi'oirur:naYt{n: rurdoqdun nsitr 6'u'[d

rft: ii'nutu, si.rfi nrira{rr 6'u (tfta, etal., 2008) usinr:6nu rsr',: n rit:'[df tnr:r fl a o {uurdu fr:n: yqru

n:ldlYilfu uoflotnfi f,'tfinr:finurnt:a{rrn: r!ra"osr.uo':rr a{iuti?lfiux calliplnra vicina LLd,y Lucillia

sericata t)uduilvu^nrir'r 1 (Fujikawa, er. a1.,2009; stuiman, et. a1.,2011) odrr'l:fisrrru rr:.J a{;ufT{n 6ir?
r.,q, -ld , n -! - | ? l:arrJ lTlrua t1urrun ?] dtFlrulltluafl0tltutlol :srl1fl"lTu q,l1iu imq!:ralrilolnt:anu1lun5l dt
A , o ...d..=_*.._= a ute,rtro t 4 ell"loradoun l:d:'liflt lutd 0 oLlullutl ]arlQTlra na 1{ nu 5 luo ldrrri [:]dn rjunntapr=n ritflrflarrouFl

n:vots6i-lorondr:dtra so rrn: rlasldrii'oav16flq ro{lr a{Surirrfiaa c megacephala [LCtz

Achoetqndrus ( chrysomya) ruffa"im dr tflutrruar iurtrrfi urfir,vlrurnd e q trasfinrr rirritymr.runfi6

iflurclo{ :strg'lTu (Suchrit, et aI.,1g76; sucharit, & Tumrasvin, l98l; Sukontason, eta1.,2008) d{floua

fi kYr y riJ u rJ : y l u r riqi o n r : rj r 1 :l ldl u m r.: fi o^fi g 
-l^m 

u r ri o }J

?6nr:6nur?o-a

d-
nr:t6€,lttxa{rr-u C hrysomya m egtceph ala tldy Achoetsndrus ruJificieslu#osrJfi ffi nr:

frnr:{'lttrualiusr-r16ili06'aaiGai.rIau Ieuldrn:tror1ur:prlrrflurro*oeio trnfr.rfilurqrqrr.irla

rir'lrttilnorru-or{'.:uionutulan,iruunryu^otorurua,riufifurld'lounirfr1#daud?unxr rEurrdx

'itttunflr:Ja-nu vn r.rti'atgruivrar lncrldqiguoo 11n: erruro.l Tumrasvin et at. (197g)n-o16o nranry

!lro.riusfiq c. megacephala (iLJ tnl uarz. rufifacies (gil t cJ) dr 1ilr6'r,.:1u n: r d rvfrr6'o rgru a r iufi{ru
iran.rrXrsrrdru'uuTo 30x30x30 tryufrtrueri loalufidin:.rocrirnr:rdeqrrJar iu[lrflflrrasry{fllfrs runas so

-'r r6fl{$1"'ar6il jurio ruua{;udxudr:ovaru rflra rudrisrr:r^u:rr r0% (w/v) rtaysirr.rrcn :yrurar 40

- 1,09 -
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;rJfi r d'nuutrrsii'turruimttro.lttualiu rtttitr.n Ch,l,rouryo ,negacephala (n) Ln*urJa{iulitlfisx

Ach oet andrus ruffacies ("rJ)

4erAuuAflllfInulnltdll.lft:'l taoota{u a.iaur.t?[1iui chrysomya megacephala Ltdy Achoetandrus ruJifacies

fll: dnu lntt dfl {a: t!lfiogrt nn do toilr n {iufufinu r'lun: rru rqrf;n tsxt5xl5 rryue]^[rJsr:

6rdrd:o#rn rdrofit nfipioro r#rnrriruoondru:Je 4 dru u.l*orirl.rf!ldo'qfi"ufr:iorqfimn,ror ffr
.t y ,, J J .e-- ,e, I qt , i i au:snorolu o turlu tst{1t:14:JFt 3 0tu aslrul: tu I $itu (11=un5 t.) lqflttriaydtutt tfiufioon,flu + dlu
- jq va ,r J j, s) Lry-lfiqfll"fdnu llunf tfr :vnoudru lfdo trruuuatcpr-n firflruayr6uo n5yoturitorondt:fit t.: 8o rrn:u

rrovlr,lilo'oas16uo

lirnr:6nulnl:flfllifl:lutfioarLoilt niiu?ittitat c. megacephqla LLdz,l. rufilacies Taalrtt
..^.^^v^.---- -4 n v ra':, e di^ i^- .lt[]td:?ur1nn5{[auitufi0tlJfluflfl1::.J1U.!fl:'11U]nldnltnou=uHriorqfrfiqdoun:{ay19t??1.i.]qlaoFl

ljudnrravdl 6ilfifidr6u'urJarohitjrod odrav r r lq rrnny roo:l^an'frsr: frrir:nrfirnann:.r ,fi01#
.ar-...---'- + !; - ou,o.ra A 'tlutttia il o ild oqtloyd tfru d.riu tsri r'l:ld r If rn-nn: ru uJ-on: u z+ falr I f,lrnEr rol-ulr*n,i rulu a: tu
a .i - E 3" ,rdoqfrtr:Ja::uditldu'lurtqiavtiluuorn:ira's.r druunfinuaryturon:lurfioodrr ariuaflrrtju'lduri

a i^
n:r![a-ogfrrn*q0]nnnr:dr:on nr:{!6iru rlas nr:rn60u"hi ?ro.r[rrJ6,riu ar nr:dfMto{ zuha et ar.

(2008) 1iL.ld1u?urtasfumond'nuatvn: r! taooodfl u Soriurnn:rlrfionuria y d'nr ary ln u1di6 nr: ineJurq

rfiuurYrerr:ri rq5s1u nrfl16'nd0{qar::flfdrqoslo iory-pur, rJ:vrrof,r]u; r{rnr:finurnr:aYr.r
- J {^ - J i , i a !n:tura0qlj0iu,.l0ltuvtid0td'tt1,luquu14uF.nidEat l0 qit [14=ouln1tf,aulo,l.uur9]n:rutfronr{:

Jd,ni- eion:i u,rortluunri.:o nrr: lour 6fluor r:rdgruuariurnju mtrourariurr.rhifid'uy:Lrirnr:drtr

ldto.rrmar{udru{ri'ubJfi,rnrio.rmard6ntulo rrxzoxo rryufruLsr: fffisiorcJuro o^rr., *ri,ur, du,
996':ufiror{radrfifusvrrrJornifloduurlinrior hiovflnroiqror^rlnriJuri'aciou 1#6'rrryaorilru.,r.,rr''.
-,- L - , a dr u 9a 19 4 - lq 4 - d @ : .o0u rl untYfl io )0 0uhl: tutljuqnuq 0'1 qFrlf ottiti ttavrru=omtdnrrpiflnrilud'rrdruiun rU'lu n eio lra u I rr
rirnrio.rd.:neir:'l:Jrilonrclun:rr6'ur,,uuuiu,,d.ri',rn.,:rdur6'a16iliflenili6finrir.:{r,rdusiohJ
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dunrslur'rar z+ #alrur uas
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anl:flnut
4 , u ta0tnnt:flnutflt:d:t{n:turd0or0{ttljdttul,tltttl2dtt,ilu1i do C. negocephala LLd,y A.

.. j, 
^ - j , ue ,,,! ru , .- , ,.1n(i./dcies uuvlur.l'l laqrllfiingll { nu 5 Tun-lottn'lfdfl ttr.ru atAa=n firflrflnsrarJo n:ynruriruronflr:d

rrx 80 rrn5ru uavlrlrudqavr6co u'jr u a{iufi?rfruaflo'r 2 arofiu{finr:aYr{n:r ra'oodfiii'n!fliy
a - .i o hrdr o

[14]l0uflu ry{0't[[un lollju 3 dflltuy tFl n

(D n:rurfioqdrn^on rnn r: dud rur o.rrlrJ d {5u fia-nuorrrfluqnnauru rn :y .rru o.: + l'afruLqr:

^4^.,^^_V--.-.-. 4 4u d , vld 4 .; tr a - :^1!Uzutq tutl u10.1fl 5lura 0q s:J dflutuvr: u]l g]lu '[tJtJu']t't :tn:rrud:itraruo dln: rtrdona'nu ilyfiil 3 fr

^ ^- ^3 , .J u ,afl0 dfl)- dU'1fl la00U t[dydU tgnd[trJ (A m 2)

,; - d -.r -gdfr u ahunrrdrodr rn: rltfioofirfioornn r:tiuriruro :rrrua riuri:rflursr-rrffr ioa wfrud. ch,yror,ro ,rcgrceptnta LLd,y
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Growth and Developmental Duration of De Geer (Dermestes macalates) in Klong
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De Geer (Dermestes maculates) is a kind of beetle that plays an important role in forensic

investigation. It can be found in the late stages of creature decomposition. This study aims to estirrate period

of growth and development of this insect in an ambient area of Klong Nong Lek Village, Tha Po Subdistrict,

Phitsanulok City, Phitsanulok Province. The results show that the developing time from adult insect to larva,

larva to pupa and pupa to adult were 7.08 + 2.00, 22.14 + 2.88 ,7.07 + 1.71 days, respectively. Our data is

useful for forensics study.
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Atdaa,ra,ra,r^s
third instar larvae litfl uolRilil1?mulauut:fl ?: o{1'l?o?\lual lanq

\ruSorri ltaau1:ai ItdnYg 1-l11?)-U1:n o:fuiu] 05g2lu3fla'.

-.!0Ttt\a 1Iad1d9 nun, ,6a.rdr firn'nf q:^arqor: **

u1lfl9tu0

a .6 
" - - d id

chrysomyo rflr res r umu'r1uuu,i r iufi:rto:frfin: ru ri ui'qu rnfiqnfiu lurinruai:um'rlan6'tooutoI

- :- .,tr .
rmaliufifinuuuauro.rurluri frrrYnufiflginureurr:01d6'rtjoutmrirfir.l:vrurarrtarna'snr:st'ttt (postmortem interval;

. .,.- , de - , ,put) '16'nr:finurfifiiorqrJ:varrirlr-o5ori'r 9i1.i .l to{ cephalopharyngeal skeleton (cs) ttolttla':luvfiefi1lt:sas thi.a

instar tarva Iooor-:otiuvuouai'r,iouovondoouasri 11#r#uriruto.r cs 1u to"" roH n,nrfuio cs 6':o oculo

i,i
micrometer r{aflt:Aflu.rl,t]] filtqAu t dlut u.fll]u:Jlfl:qluto{n?1 u1?10': pharyngeal sclerite (PS), mouthhook-domal

lobes (comua) of pharyngeal sclerite (MH-DC), pharyngeal scledte-dorsal lobes (cornua) of pharyngeal sclerite (PS-DC),

mouthhook-ventral (comua) ofpharyngeal scledte (MH-VC), mouthhook-vertical plate (MH-VP) av sclerite [vi16'r 195.18

!23.83,1,421.05 !69.88, 1,132.89179.36, 1,300.00:t 78.77, 1,231.14 L65.34 LLaY 57.41 :t13.85'l In:tusl: flr d16'I

nrafi'ldornnr:dnurdarlrroqiralunr:t(0n1finto.:ll ai:ur.irtfiur c ntfifacies f,itruatiuri'lfia:o'u 6.:ovrirlil {nr:
- o i ii. 1l"f :s Iusulunt: SytJtolridt alnl:n rutul'{uTllmtnt5dfl]J I

itzfrd Chryron yo 
^hfacies 

cephalopharyngeal skeleton ufi1aflu16'sul:flx5 'i'lmiofilqlan

ulfi fl arrrrrninnr:u md n1n;vrlmnfiaaiiuirfl d HriT0r6'url:flx: 11^!ailan
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Length of Cephalopharyngeal Skeleton of Chrysomya rufifacies, Thitd

Instar Larvae, Collected from Naresuan University, Phitsanulok Province

Chaiwat Chaisomboon, Saengchai Nateeworanarl, A nya Ji'avi'iyabul *

Itthipon Ponsawat, Thanakom Sienglum, Pitak Suriyabut **

Abstract

Keywords: Chtysomya rufifacies, cephalopharyngeal skeleton, Naresuan University, Phitsanulok province

Department of Medical Technology, Naresuan Univemity, Phitsanulok.

Chrltsonya ruJilacies is one ofthe most important blowfly species in a multifarious pafi ofthe world. The fly larvae

are often found in human corpses, and it is used by forensic entomologist to €stimate the postmortem interval (PMI). The

obj€ctive of this study was to measure the various parts ofthe cephalopharyngeal skeleton (CS) taken from third instar larva

of this fly. The specimens were digested and cleared for a better visualization in l0% KOH. Then the cleared sample was

measured its CS by using an oculo micrometer. The results show that the mean t standard deviation oflengh of pharyngeal

sclerite (PS), mouthhook-dorsal lobes (comua) of pharyngeal sclerite (MH-DC), mouthhook-dorsal lobes (comua) of

pharyngeal sclerite or length pharyngeal sclerite-dorsal lobes (comua) of pharyngeal sclerite (PS-DC), mouthhook-ventral

comua of pharyngeal sclerite (MH-VC) mouthhook-vertical plate (MH-\?) and sclerite are 195.18 t 23 83, 1,421.05 ,l 69.88,

1.132.89 !'79.36,1,300.00 t 78.77, 1,231.14165.34 and 57.41 t 13.85 micrometers, respectively. The data results are usetul

fot iden'tify'tng C. ruffac,es that lead to estimate PMI in studied area.

** Student ofMedical Technology, Depafiment ofMedical Technology, Naresuan Uriversity, Phitsanulok.
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,.r.tiufrrfiur (Blow flv) rflu rua r iufffin rl:J rirriryr rrfiorin u'rfllderf d':uvlqGn::rutol

......:riofi:inoyrr.r'ldlu6.rfi6iofisrrsrrdr n'r:yll6'rcjouvuourtlra{iuryfiod6uo',u',to

t 
. ! i ult.ruGimorerAsrfril'orl:ylru: ytlvnarufilnl:911U (postmodem intewal: PMI) 'uo{q1'{'ld'

Ctttsontya rufifacies riluuilo l5ufrrrfi flrdvllurn'lu: v uvlt: nEio{ :B U1u nl: rrjrtflo ulo'lgfl fi

. ...rr-r,r!u a{iuryfiodrumngufr':lan nr: finu r'luil: v rm e'lmtlfi t'iru}J11"lu[l a j;u Chrvsontva

...t.::tta\!ayc.rufifaciestflun{rufiuulrnua;finrrueir6'tgmNfi6fi6inur1url:srrfl'lflur''

Cephalopharyngeal sketeton (CS) rfluoitrrs u ui.r o{fixcioutiuou[[:Ja{;udlu antedor dd],.,1:f)

: : - r {rro.luuariuld 
, rlii'u6,rrirnr:iefixu Tynouro{ CS ,uoo1dritufloryufig1ullo{n15fifl!r

'= = 
: i i u u tu o s i'riu d I q u, o ! u t'i li 11 u r 6'o u t: fl r : is v io n' u q 1 a n

rEI-ll:fln91

ilaodqfflfflunndnrr

fri6'Urirnr:rfilfirodNlofl1dryrn'lriujrrflutufioriol#tt 
dn,iuer'?rfiflxr'1'ld lqunr:arltn6oGio s

.1 ^

!Fl)-ou t.i lillfl l6'flur:flli o.1iufl!lnn o rnrfuri rnr: rfit6'aodrlmuaulu iufr 31oInt:r rlrYUo Iour.i0n

rq rs6'rciou:say third stage tarva ro'!u:Janiur1lfltr':rvirriuurrdorirnr:finursio'}l trnriulirnr: rtun

irnafi nr:fi nurfi r'irulr'-' lnu1d6':riou
sfiqlon c rufifacies 0lnd'nuolufllsuonlln key uav:lu'11u11

lruou C. rufifaciesdlu':u 72 pt-r 'lunr:ionauuralo{tixu CS

n1t16tlt?1t!t111'ttot tdounuouuualiuuavdtu cs

f . isrcrurofiuourr a{{usfro C. rufifacies lqu14 vernier caliper trart6on"ld6'rdfinu1to'1uo''t l '00 -

1.35 rryufitxia: n?] n{1{ 0.20 - 0.35 tryusl^[:Ja:

z. qr'odrurirlo'id'eniouruouttla':{uIoud'nornri'luilartrdlildolfi I (?ilfi 1)

:. rirrirufrto.it'iuouu a{;uudludl:4flalu l0% KoH dlrdu

+. rirnr: dehydration rirufi'xlonHuoulr a{iu]outrgilu ethanol Youav 35,50,70,80,95 [[Av 100 t{lu

txar nxr l.fl duay 30 urfi ornriugqilu ethanol xylene (S.E. Supplv LTD , PART) ulu 30 eulfi
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5 Mount riru#r loold pemount (Permount, Fisher Chemical, UN 1993)

a is,am CS ntnri'tuli?loit.tuoutttldniu lqald oculo micrometer lqu;o

6.1 n?lut,1?91:iri?u Pharyngeal sclerite (Length ofPS)

6.2 fixu MH-DC (Mouthhook-dorsal lobes (comua) of pharyngeal sclerite)

6.3 6i?il PS-DC (Pharyngeat sclerite-dorsal lobes (comua) ofpharyngeal sclerite)

6.4 3i'lu MH-VC (Mouthhook-ventral comua of pharyngeal sclerite)

6.5 iixu MH-VP (Mouthhook-vertical plate of pharyngeal sclerite)

6.6 dlu sclerite

z. uiufinflaInfl:ru{iufirnat{n?r:J tlr?1o{ CS'ldtrrj rirnaruorrtraynxl!r{r{q{qol[asdldo (maximum

and minimum) ri trn6o rmean) ri:u,duln,ut,tsr:g ru (srandard deviarionl SD) ]norirfi: lu{lufiilillalilu

\r ln: uLsr:

MH se.lqrlle,

;rjd f In:laix 
""phalopharyngeal 

skeleton lvdr L3 1o.1 blow fly larva. PS; pharyngeal scle te, MH; mouthhook, DC;

dorsal lobes (comua) ofpharyngeal sclerite, VC; ventral comua ofpharyngeal sclerite, VP; vertical plate. (l0x)

,{an]:flnu1

'1u1o1o{ CS 1o{d'x€joufiuouuua {;u c. rufifacies finrrlor:tolriru PS oti:su'j1{ 150-250

'l ln:rum: rilqdafi 195.18'l ln:t a: nx1 81?olnGi'tu mouthhook (vrD 6'reiru dorsal lobes (cornua)

of pharyugeat sclerite (DC) fintr flr::rfi'jrl 1.250-1.550 l:Lln:ruq: rirro6ofi 1.421.05'lil]n:lilFl: fil

PS
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n'11 81?11nd1u pharyngeal sclerite (PS) dl dorsal lobes (comua) of pharyngeal sclerite (DC) finaualr

:sfi'i1{ 1,000-1,42s 'hln:rrsr: rirrndofi 1,1J2.89 'lillnililer: rirn'l1uur'rto.rci'lu MH 6rri':u ,"ntral

cornua of pharyngeat scterite (vC) finrtlata:vt,t'iti 1,125-1,500 'IruIn:r:Lrt: rirrq6afi t,:oo.oo

'luln:mrgr: n?r! sl?1ro 'rri?u MH 6{ vertical plate (vP) fin:r crl:vfi'jr'r 1,100-1,400 'lu]n:r:Lst:

, j .i , u j
n1tflaflT l.2ll-14 t tfi:rrJel: lrayf]?1rJ arrtirufr sclerite firir:sm'ir{ 25-87.5'hln:$Lsr: rirrqau SZ.+t

-,j'h ln:rrun: (gtr:rrfr t)

n1:rlfi t nrr ortuol]e:lafrl Cephalopharyngeal skeletor of C. ruiifacies

Length of (micrometers; gm)

PS

(um)

MII-DC

(trm)

PS-DC MII.VC

(pn)

MH-VP

(lm)

Sclerite

(um)

Max 250 1,550 t,425 1,500 1,400

150 1,000 1.t25 I ,100 25

Mean 195.18 1,421.05 1,132.89 1,300 t,23t.14 57.41

SD 69.88 79.36 '78.77 65.34

e
aI: llttds lot:6ll

L'^- -lunl:dnutu fljnfllonll ulxl]on cs 'uo.l9?ooufiuoutt:Ja{1 c. rufifacies n?l ul?1o.1d2u

ps, MH-DC, PS-DC, MH-VC, MH-VP UAv sclerite rvirri'r 195.18 + 23.83, 1,421.05 + 69.88, 1,132.89 +

79.36, 1,300.00 + 78.77, 1,23t.t4+ 65.34 uay 57.41 + 13.85 hln:Nsr: nlild]{i'u lutarvdnr: ional:l
,:,i

u]?cjo'l CS 1o{6'x€jou:sav third instar larvae 1o.l C. megacephala vlu rirrada + ri':utfiuituu rfl:qru

uo {n'l'lr.r u1?10.: PS:sflsIo'i MH-DH, PS-DC, MH-VC rras MH-VP rYiri'x 392.14 + 29.14, 1,616.47 +

35.42, t,265.65 - 6q.65, 1,362.01 | 85.94 rrdv 607.88 + 44.13 'l ln:tuer: ar .il{i'u5 t rnrloryao-l n ritr
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ilil.jr 6ixu ps uar MH-\? ro{rrild iiura.:d0 rryfiofin r rruusrnsirsflu rn uavrinfio^fiqim ordllJl:rlttun

,rualiuri.raotryfiq'ldtrn cs dlao,riaudodn'l:finru {io6'ol1#6'eeioussuY third inskr larva 1d':

rruo{5u*'xrfi uT,do{orntfl urrt,vfi cs hifi nr:ril6 outr altrdr'

nt:finutri.:u cs firJ:ylasdlunt::v11,nuoto,: c. megacephala LLAY c. rufifacies nr:r.'lrrohejou

-:uuou[[ 6{']uu uonornos ruu:y ltrmflu nr:il: vlrat rrarfl d'l n r:nrflrrdr frq Ar:Lr:n1d6":ciout'iuou

ruralSurrn:aourar:fi uuiourff {errfl 'ldiuriouqra'[d6ndruu''

uuouulalSudrirrLrdnurrfluuuourrilai;ufi1d:Jtrrnnr:':-r{'ldnrrut::ttsrn fli6'tlnro'jr
r i-

nr:finurocfiil:yloryri:Lrn0.:durrnfinr:finsrdru6u rriu nr:finvrfiuirur:v0craar'lud':ltrarfrInr:

ro:'quorliruurtord'rcioufiruryrdo,rlur?orrJ6ri6nr:d':o ru^olorn{oryaq-ln6irrilrtsfiil:slovrflunr'r

m-uinfltrrarnr: :c:rtiurirPMI laisrutordufififinur

lunr:finurfi'rii{ul#ar:acar0 l0% KOH rituriour r: :snou'lupTruuourfiol#rfiurilu cs 16',

#r,ou6odu uO.1,r1r6*, fi:rurrunr:finurul'jrdr:ayaran:a HCI ttav u,sOo lir'l#r#uriau CS 1o'leix

oiou'ldrftn.irar:oya1fl l0% KoH dr:a3ar0n:o6lrirocl4trnrtioo6'ruuouldrfrdu' nr:finutlu

ournsr6lnt: f rnr:6nurryfror ola-',, uru-',rd,rr",ral'lunr: doorravrirlr1uluri:u cs tfioll-rnosriau

:; ryfioro16'.ldou16'15:dulir'l#arrur:n:rolrur,,rld,5:durir1il{nr:rJ:vrutut:arnfirnr:nru:eotEe

^*u.:1u

nr:finsrrluro ;il:'r.rto,r'[riuavoiflrslo.iu arSufiriruqirulunr: n6n a lun6N aruo6dfi:rolru

luarigouL?ntrray arfl :yrflsri'rlan tiru Ylluil: v rils\T afi: r ulrunr: ldriado uttl aliu'lu nr:

rJ:c r trar'lunr:flru rdu nr: :srurtutrarlu n15 sl181o{fitli'lilu: ruilfii1u{ltliotoutriiu'ldtrn6'a

cioUto,t C. megacephala' tily floSOrvfiAl:lr: n'ld'[unr:tttlntfinttlaliu 'ldrtri anterior ltav posterior

,pi.u"l" rfludu'' '0, " '[urorydfi:1fl.rrunr:finur1ufrliliqrda{1Hxi 6rfinr:finu r;rJ:'rld'nuuvrravdo:r

nr: fi91urrolrrtLo,r iufifinrru d rfi',ty1 xu^gll]sflrdn{ do C. negrcephala LLI'Y C. rufrfacies'" ,o, ,rd

rlifrufirnrr-in cs qroi c. rufilacies Li,riu niorrlnr{turruariur-':,tordnrulnlu,fiuffddnur otirl'l:fi
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fri,i'atotorqtu qtun'fig uasoriuonr: qatq?r: urno-trra:oror: dqrm'tld rolrl nrniryrnlainrosraof

oorsiTuraranfnr: rr r11 firimur6'flur:gr:1unr:1#nrrurirtltfi6o:s 'ir{rirnr:nonor ttaatotolqtuoror:tl

\,Iatthew Robeft Ferguson, Naresuan University Language Center (fvffC) lunr:lfrirttuvdrttavriron:r0do1lnll

qno0.110.1! nou0RM0rnqu
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n?1ilunro{fi ilr6oo aso uav nn'luln:snr:u?nr:?Trnr:ro{Fr6rrvq9!

a/daa.ra
?Ytulfl'ldgt:fl -l:uiltYtu lJ?t1-JlltJtagut:ft?l Y{uqlan

qTtll':! 11011,!11 *

onmfl '111u9t3 **

rrarfel ufrr:ur:o ***

ltfio80

oarvflii'erdnurnrrr:qntosr.rqjrdoolu:lr1r ABo uay nr, Iqo16u6'rodrrta'or,,flrurudodu r67 nu o1n 3

rirraroi6'.iliiofiuqlan n'o 1r1 druarhuryrn^o: vnr: rirrnorrnn:vnr: (,flrulu 47 flu), (2) drlarlrurl': tilnorfiu

rvrl: n 1,fi ruru t00nu) rrav (J) ri rrarlruurr ri rrnoinh,tti t,iru:u zo nu) rl l16:otir rra'ono rnrhu lr6n:ynr: rfiu

N{ra'oo e, e, as uav o rfludruru 't, ts,2 ai zr +i'rotir.:flrudrd'! lunq'ufraorrunrruqnrolr:,jr6oo A, B, AB

ruav o orn :vtrn:rlrurlrr{lu,iruru 12,36,8 rla& 44 nuarudrdu uavlun{rqofi'ra :smn:ornfliuaxdruru z, t0,

t uav r nufiNqjrfion A, B, AB uar o enudroir-r uonrrndnu'jror-rodr.:rdoomJrr:roornflrusrer^fl:snr:uacflruar.:rflu

rl,jrur+ lutorvfirJr-rrlnrlrdufirirrrj.rfinqjra'oo ru,-,iruru t nu tr,jra'oor ABo uas Rh uoflo'rnorrflufloryauiugru

e t q JAs gt - t -a e t
6rudrn r cro{ :yrr.uu lufrufrudr doryad'rnri r':drrf,urioryofrun run r.:fin:-mo rar rsrfsiohlSnd:a

rirchd'ry : n':ruqn, nqjr6oo aro, rqjrfioo Rh, 14rinura-uur:e'::, fiuqlan

Rroivrnr0inrndrasrf nrxvimuraraofnr:uumd uvrimor6'uur:ar: vruarlan
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Abstract

We investigated prevalence ofblood group base on ABO and Ri system. In this investigation, total number of blood

samples was 167 that were collected from 3 areas of Phitsanulok province; (l) BC; Ban Chattakam, Amphur Chattakarn

(n=47), (2) BM; Ban Mung, Amphur Nemmapang (n:100), and (3) By; Ban yang, Amphur Watbot (n=20). In BC nrea, we

found that the prcvalence of blood group A, B, AB and O werc 7 , 15,2 a,rld 23 samples, respectively. In the second area, the

prevalence ofblood group A, B, AB and O from BM area, were 12, 36, 8 and 44 samples, respectively. In the last group, all

people from BY area had 2, 10, I and 7 samples in blood group A, B, AB and o, respectively. All of samples from BC and

BY area were blood group Rh*. On the other hand, we found I Rh-from people from BM area. This data is not only a basic

health data ofpeople in this area but a fundamental data ofbasic forensic data.
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Verification of Gallus gallus DNA Using Primer Specific to Cytochrome b Gene

Abstract

In the present stu{y, the verification of Gallus gallus DNA using primer specific to cytochrome b

gene. Initially, the forward and reverse primers (L149621H15142) were designed from the sequence of Gallus

gal/zs mitochondrial cltochrome b gene. Total DNA was extracted using the Chelex method and amplified by

pCR; the PCR products were analyzed on agarose gel electrophoresis. In this study, we successfully amplified

DNA extracted from bloocl specimens of forty-five Gallus gallus. The results obtained that all blood samples

of Gallus gallus produced a single band at the expected size of 181 bp. On the other hand, no visible band was

amplified from DNA extracted from blood or hair specirnens of other species (human, fish, pig, cow and

duck). Therefore, these method and primer pair are usefulto verify Gallus gal/as DNA.

Ke)'words : Gallus gallus DNA, C1'tochrome b gene, PCR technique
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lj[rlel-n]:0irrastlnaail5od{uBl0Tuooufluqll tnu'lt0{nulfiEnl:01fi:0fl4mlflo1u tu1l't'!f]it

ytulufia-a$ruyltl6anrvlsY.rncira'hjatut:ofi{idm)-lxdlryfioto.:rflrto.:pirotix filrilsr:':oriu f 16'6'rfl

SGnr:rlnronrnnruintnuiomr.:firrnff6ldr1#floqriulrlsrifinet titur fiwdunriGnr:1uri 1

- ai< o d , t 16,' A ' q a. --{Tt{5TUrfltdn:frfrnrtlittnty d;fltn:19[5] t.[ltJl :sqnsl]f[ 0s]Ulunl:m:ln1{qnu ltd'llfil

', d - -i. - , r, - 3 .1 o 1 5 tt , o-i - i qv i
'[orfr ro5ruavfrd tdt!,9i:tJ'lfflutuH d nS tusuuurl :s Iusua0I nqrlnqrtu I14 lnflqsl

nr:fl:aoA16uro6old'jrrilui6nr:fifir1:vfintnru finr:flo frttavfio'lrrLrdoriulunruqn
d au | 4 | ' e( ^ a

,iorurjudttortrnfrnql nr:9l: :tdtduto tvu agtq!: v d{n alu :sn l: lryu tlIonl:91:]il'tqnuqnna nl:
d - - r;,!t , o ' 4< q .o' tl .5 s-- atr

,r 51n ds)1rr1-,r-011: ruryu=oto { daifrr{Jut'[ tt o rst :o U t.tot0ut0 [un: fllu0YuulJfl: ]n n lnuu ["u [9 tn: s!
= ^ i ," , . et v 4

iluEufrori'[u'[u-tsrnouto5o ailqulud'l]oluu'lry[a [n::J u n0u'[J1.l0u:flu nd11n0 oyn{anu Y
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| [e/ 9d r< u | ;1) d d Urdl:u:lrrrayn d:JUafl ir "l tl[ 0ulo 0trrulr1]:1r1tu9t'l0utiltu0tJl{:dqnlflu Itr]Ju:vuYnalur! nri

nlE ounior rirri'rrrali r'[davor n : arLri'l8lfin r: urla:riarflu}J:6ufifin: rrui rru rrrrnvfin: trura rnv a ru

4l 6rarri:ooonurr'lu:ruof (primer) dfinrrr,irrnrsfi'uli'rotirlfrrri':Er:rottararrr:odrtnnun

rJgfiiorqnldmo6t ot: d (potymerase chain reacrion: pcnt r{ ri:r lu nr: rirtrl'l^url?rL torei:u6'l n ri t:'ld
4 inq;, dq ^ d dr .l
on9 rfl 0a NrTu I tu l0rJI0{ Matsunaga. el al. (1999) m t9r :vqnfl lirTnufl Multiplex PCR ry{luun 15tllu

rjirrardrdurorflrrlrulounrr-'ld'ln:r!offiarudilrfloilfiu1urJg^n'iorrGui6'u rer:lrdr)utfiernio,Yni o

a rr, ' v i u ",ioyTUfl Iqrrn rr1,!v In rl llfls lflJ rrnv:J r c[{ [1'{:lrJ0:1r [Trs:Jn l:oonrluurtlrlnEu]urituto.rEu'Iry]o

In:il fl lnu forward primer ouilunr:rireir6'rr dtolxi'q{ o suo6'rnrira rLr:':il fiudr udfl: rd'ru fi

lt,turvdr 6o I,0.2, 3,0.6, l:0.6: 2 riru Reverse prirner t v ldri r6'truasrr:Ln lr ,irl rvt o.r ai'gr{rrgiacryfin
.l - ^ a c! I u rcl d d

m'ofinr:n:rraorzudlouflr:[[unu0tlrirdurodlun:vrrd'h,lflrruriaovnr]id !i'rrursrrorqr0HlrJ
u d t , dd .i

lJ0.ldgltllgtdu5ufi (trl,ty tn ?? ttnv { rtdyut) lrfrlt}rttnnnt{nu n0 t ulJ )^ tnflufl u Frr0ulo11fl u rfr 157.

227,274,331,398 rrav 439 bp erlrJiirq'r uonornfi'{frnl:io,u6'rldfinr:finurluriru1lo.rilirrordrduro
, i .i , ,a dd , i

ullttuult tyd tln:0111 1tEtunt:fr5ttd0ucytl{1tttfl0lt[191lJ0111:ut0lF]t0ul0t[:Jultulltvdtul:out:Jr

ai li do!ldfuodfi o.zs urlunfr trav lufl zooz :ain. et al.'16'ri rn r:finu r n r: n: r r dorsusruio #n { d:s
I

?tflT:lsurou'lnu Matsunaga, et al. (1999) ueifiu1{eirufifinrrrLunnrir r riu 6o ld,duryrjoto 1,fifrs,{iifi

nr: l:Jra:?odox6n t ryu^q 6o n:sl^o rdofinr:n5?odou a Iaunrs rlunuouAl6ulodrun: vrr dlulfiruu
s aa i A - dd - - ama ovnrl:d ullou6rdulofiruron']r:J rJr? zz+ bp 6rn:r filturq6ldulorlo{ix ti'urr]o rrurornfi nr:ld

Reverse primer ryfiqr6 u:6'u1unr:n: xodoxtlaydid'! t! aclo{n: y ri olurir rfi ri rru rvro ao uriufi ii ro-l
i a i ,,",, ai<

r1ldlllfirJ0unun1110.1?.) ttnflt:flns tudq laltlll:tlr0:Trunt:00ntttuu tn tnuu tryt9r tfr:lJ u
d @ ? t a o o I dd,onr1 0 ll1,{19fl1j910ut010.1dgt luglasYufi 111 t dlIJ t:0u I tlll]: uqnn try tu n t::rq5u910.1fl9nFt t{ 1o0n

o u94 er' ra dd irY o,o 4 d I
0 tnflu t9l 0{rrlt111l::J tflrto lslrouroll ts 3ull5 u'lflrr!'{ti.:ra nu 0fl

lufl n.e. 2007 Li-chin. .r ut. '16'rdr: :ru1un 15 el:'lr dou:mql'ru ru{ ru?u s fiu fi'ldr rnnfin r:

" ^ i u u d\ . in:vTlnI zuotnu.)nudnl ldl'tu 1l:gnlI 2006 ot 2007 1J0.in5yT:11flt:rnuo5 'loq uluttu'tu 5 su
t c) u 4o { - a d eta 3 i 3

u:vn0ufiru uudfl ln lu lu 2 5u 0'tu'ly[1,!flI0idfl1t flry 0 "ilulrdg Yutu0l0ldflr 0utias I su nt:
I !,, a e,.,q:rr)6roufr:rur.rfisir)flou rfirslTnfin N"rt"d pCR lunr:rfirrl?ruru6rduro:: rt'r1dh,r:$rofluriru

ror?ulrylsrIn:l fi fiarrLr:nld:;rvuodn{ nr:Er:aodouovorfiunrsfr pcn z dusroud:u'}fl:rilof z

n t dd i m itA
{ lno1vr:rruoi{rr:nrsd'uJrsolfrlurqnxurur?roirirduroli 486 up rrar'ln:rruof{fioolovarrur:01#

dd i 4 er t - tl i
lJU lfiFllltJUl?10i9lt0Ul01l 251 bp ryitlnnl:dqUf.ldnl:915 I0dOU'lfilil1{tlUttdl1'{Ull1lUd9l21ll2 5U
d, u a ? e@ i J u t t X I a,riJurulo{rr 'lrraroiu?vr1,'rflro if,fl 5rue{ dnrm;ua vfiurfior o { deti ori'riav r frufurilutorir lotrnr:
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n:rodorinnuaru lunfrdfinlrLuiludrhidrn'ir ss.z% ornpra6'tncir:arrr:nldrflum6'ntruu^uf,unr:
au I . ^ r o j t u Jr a , q r^

rr:yrtnttu orrdvlTgllilun9lnu4n:3liln1l:Jzuq[unqlfluIflunl:dna0ua1dgl']ul:0nld$lll'lq

n0fi 'rfl t9l

rlnfliu rrasnxrrufri'rncirlrirl#nr:fl:rtvt'qori6r6utotol#nfleul#1u:rtoffi
i . u r t t.1 ,.r , aaa rqYl

rf,1,['tyttt]t{oot u'l"u Ia lfl:t] 1J dttJt:011tgut [i]11:;qnfl tYtuitull tlqluugl'lrulflldgl: [o t1l?inlfl
4 a e, ai u L al 4 ,)

n:tu tsu fl:flln r: rnq,[ 0Tl1,t11l1l1i nflfi 'tutun9]o liul li:0n: tnflln1]n0 ]Jluq n:0{ryu: lfln rlluslu

d',rfulr r'.ru , ,rfi6lfiin n rl: v rlri' m'ofinu ruasnndori6nr: fifi n'lr:Ldttvtrvflrlnr:o: r ofiaorfm: ruG

d m 's o a d; ' d U s s <
ruiuroflo r'[n [oflnr: I.f [ :[uo:Ttqflrsrn tvn{fl0uu lry lfl tfi:tJ u

9t?ou1{uov?tfl1:gnu'l

, - ,1 :^ i ,.ry.( .- d":odxro-ooaotorlrifiurirfi 0fiff nr:16o r'lirfi o{rnrita 6ruru +s frrodrs
rdr- 9l?out{taoqdolj0{!uuu !al ltnv[1lo tluluSuqaY 25 9l']ofll.l

e) .aA e ^- grxorjl'rrdulu (ri[dortil: rnn q 0g) u0{fi:J [tds J J tlu1usuoav 25 9l?081.1

irl
nt:tnultagdno9't?0Uli' -

- ra^oo ro ryra'oqrJiruror o.s - t.o il^46afl: 'kial'[u Mi..o."ntrituge tube tulo 1.5 r^aaasrs

ia d qe,,-'-'irir'hlmflaorri,ufildrfirlilufirdufi
TUdl:nulf,oo rl9r1$UO EDTA 0g zudu ll'f tllnu olul tl

o flnfi 4 c u6,rlirnr:rqaounrulu 4 5u drosrfir'lluruniliub{rfiul{1ufieiunnil^ -zo cn"- -qi'- - 
; : - e s 2( q rdzi , - ,," ,",- rGruru rnue?o tir{l dutu loon t:oou ttl o'triilrtr'odru: rnOooqi6'r uod r lriou s r#u lou

" a " n," t v 'o ' e, J g, 
^ d ,u:: luqo tn:s91]u[1{ 0ur t1lli 1f] l: Ta d 0:Jnouu:: !910 iltu t0lltduluuu"l t[l',i.: dullqltn 1

, ^. I a ,) I vg, ad - e. tr
axoul.l9ttoutofl.![6i0qttagtdulur':l.tu9l 0uQnutrutdnflfllu']t chelex tla'lT lfl-l5tvl tJ

,a aa: r[u9r0ur0 tou0 tflutltflun PCR

nr : rd r rJE r.r r tudr6urolo u o r 6'u rfl fl fi fl PCR

nr: tvr^l:lirurardrduloovld PCR mixture fifirlirurqr::u to pl (rJ:vnoldrfl sterile water 5 ;rl,

lOX Taq buffer 1 pl, dNTPs I pl, Taq DNA-polymerase 1 p[, I pM each primer mix (Gallus gallus) 1 pl,

DNA Template t pD ornriudr PCR rnixture 6'lnrirrrqlrrnforrl:-lrrJdauqunqn (Thermal cycles) lqfl

#.rqanr4fr1uudau tou {i'.td Denaturation 94'C ulu :o iurfi, Annealing 60"C ulu :o iurfi uav
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Extension 72'C utu 30 eutfi ,rududu 35 :or fi.idlfiuludl]o'l Primer dldrirnr:oonttludu1v ri tt"

r ra r ta^o n141u nr: fi nu I n^o

5'- GCC CCA TCC AAC ATC TCT GC -3'

5'- GGA GAT TCC GGA TGA GTC AG -3'

n1:9t:?Odou rialo.l pcR products oyf rlq unr: rtfln trnr-r6 16uroln ur'iru n: vt[d'lv{fl luulo a

oynrl:a (agarose gel electrophoresis) loroldn:ygA'lyhilr tOO ftad ZS urfi rtd':dolroadru nthidi'-

brornide ttavdr'l riolqdaotraldaor:r'l:lotasr

p{alravofi :1ufldnr:6nu-r

rdoo:roao11flaro.1 pCR products ornd'':otir.rdrduronollriri.r +s 6'r rfiut.tfi'tl6rduro lsl:glu

:rnquolfiorou rrarqndono:.isyu1rurqfidlrr { 181bp (?ilfi 1)udcr*odlnr:n.- loaoudr{ruru z

o*o *dt,lfigorlrrn6ruru^ou16ru4nrJ:rn',, orn,fu{dnurfi{rirnr:q:aodornrrl{rtvttvto':iGnr:ff14

lunr:finsr lnunr:rir'hlfl:aoaorfird'rodrrdt6urocrolxi'qisu^e6u '16'uri lrluri rJor u4 5r rravrflo

,iruruyuflar zs d:odrr defli6nr:rduriiudrnrire urir PCR products 0rnd'rodr'rdr6urolo',,i'qr{lrr'r s

suq'[ifinr:il:rnqrro16t6urofirirluri': tgt bp raa (1rJfi Z) ttastniolirnr:prrroourd','ilu., ' 
o"o

ruafi 1dfi hirJ:rngrror6rdutorriufiu

Primer F

Primer R

lil 123 4567 8 910

bp

500

100

181

;rJd r uaoloruloto.l PcR products olflqi:odrl6rSurocJoilri (rau t - to)

rfi ol6'16rdutourqr:5lx (tau M)
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73456

bp

500

100

grJdz uarxnaton pcR products nrflfi'rotirr6rSurolo r a'qr idt s ryfio Ioa tau l,l, 6t6uto:Lrn:3rl

rio.r t, 6'rnrrqrurfi.:rl'rn (lri). lnu 2-6: utiusi ar U uavi.l rflo oruiird'l

tlasla 7: 9]-']fl?Uq l6ia! (sterile water)

ornfla nr:finu16'{n6ir'r d t u't:6l ud el i'ir rl: vfifltnrilt o li6 n t: rt ac'lfl:- rrL offi1#1u nr:finu r
t :^ ^ Surotorlrirvirrfu nerilu roo z rrujorfiuufi'rn t:riti6nr:uas1m:rrofn: { u u fl ?1}J 01[v{ 1v njl 0'] o 81.10li

e)- - r ^ A A y v ^- i 4 i q o eld d n s
n.:nar't r:J tynrdst'lruglou ryi o0fiaornu{lulnufllfluflnurlnuriiunr:1d616uro',lUl9nouro;fl1ud:I

^ 
q ?t - J" , A rl a

Eu'["r]srIn:ru t drr.riu.iruunryfio,isr{six cl oonrrnfiu rfll'luui t o ln t: tn-ndofru rmm t I nqrlro 1u

di o , , as 17-11 9l
n9 o1[u1u:o n:rurn u?nu naH ruq n:oiryu: rRfi u6]s urJ'JT n1: finu rn fq fiarrL r: ofi ov rl: vrl^ufi'l

:vfiutnruro.r':^6 nr:uavorru d lilnv to{'[flr trl o f'ldrfluo d r.r6 rreilunr:rir1il1#1un:fi nr:rn^o

i! 4 a 2) ,
doy,tv,nflT tinfl?i tfl fltul.iang lufl'liyin tviTfl{q)-1001n01f,lllut u.t tflulo ifi:'luld 0o tdul.l:J IdulJu
i i ^ ' J q,d , . /

luotuo fl:yfln o']r,?v 1.r:o?l: r'uodotl11uu fll:a5'l0do1J11T.:fl'tuflllilni'hilfiu{flogionr:gl:':ol,l^douunna
A aa^ ja, v I ,rroa q ! 4 vl I

ilioryr-r=qro rfriilB5ofrrilurd nro rpi:orir.rlru runa"ngrurl iBrnlflilu'[d drduro [uarutoluu try [fl]n:il

fi 6lfirvrrrnotir{ rnlu nr:Eixser:xodou d{lufl:fifioro rirtu nrin Nested pcR 
'o' rdr:L trirtltfiotutt

Fl?r 'l'l'lunlisr:1odo1rlerfl'hiaoaxr*irrl,,ns 1o.r{i'xotir{tlatr.rd ftaq1o{6rdurorfl rfi iltufi'ldtsfi { ruru
3 ,, ' ^ ioy + o d , qr, a J , 'r et1 d t

:Jtn uat oiotnt: uolrnufruutoIaiu fio 0v[6iuntlt'f,lulrdyldur)at ru0tn]ntsFt0ltrytfl:t:J05 2q[[av

r)rfifl nr:rir pcR 6i 2 nflr4 rl#fi lon ralun t:rn'nn t: utfl ouldi rtr

rt
fl:ar1o.1flT:9r:?rdoufiiuR11.toll.J15 n1: ulflo o1li15 ttaYfll: aorurluorvr:fip.lnfi'rl

, , AS A "rrflililru{:ro:o{r]rilnn frlrLxnirn-aodrrfilri{er:'roorofigrluurfirrmnpirliTu'hl6nr.[.r#qrirurJ?rrtu
ura a ardrtl: ur dulrutn?r:0uofl lull:tu to tun15flnuln1:00o[[uu [lJ n]l fialfl?ialulJ0t6lfll'lv lxu fl15

dd - , 3 i^ 3 i.i oqe ., ^-i .! ,) ,.qe
:r ) nqlouro n tngt10 u]{yuluofll] lrdysutuoflQnT] tl..i qn tuqiufiQtJlluqnfll lnu luuFru l.i5 0 tYtllflufi
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Real-time pCR t'r :.rrfirnr:a:tndo! 6loyrflunt:irn:ts#f'lrfr{qilnriluas ; iiu lotlovdr:Lr:n

'a ad i- /u 961 ' o q i./ ---' I v ! a-.-'--'-
'trfl:ru r.t lJ: u.uuo to uro11d.! ln: ty#'ldluna rrirll rirl#n:rtlriruzudtrto.itfiodoli ryfiqei1.1",] :xu0'!

ilir rtu nr: rJutdout o lrrio #fl {tfi fl 6u 1d6n6'ro

aq ruon-r:finur

ornnr:fiftulrlasflodoue6nr:1un]:a:1ifi'q0fdrSuroro{\ri lqunr:1d'lrr:nrof fidrrlmv

eiofiu'lryInln::L fi ul.jr rcn p.oducts trn6"lotjx6,5ure,Lo.rlrilr3.r +s fi': :rngtrnl616utofrqtou ttav

., .|
Qnetotgl:ielrJrulgtr l8l bpugiflarotPCR producrs,rrn6',:odrr6r6urotoldsrSo^u 1r{l s tfio (tLr1ud

rJor rry i: uayrflo) hirl:rnqunr6rdurodturqdrn6irrroo 6'raqrJ'ld'jr:J:vfintnrrTtoli6nl:ttov
'"" J J .^-

1u:rru o{ff ldlun r:6nu rnf rfifinrru,irur ryrird':odr rdr6uroto r'[rirvirfu : tlri I d tl t:ndti6nr:ttac

'lu:rtoirTlncir.:'lilrJ:vqnri'l4lulrunxfi6iruraranflddlluu.dtolnr:ti'ouun nion:aofi4orin:d

nr:rfro{oyl^vrrmyr.,unqnu.,uriur.,, o rrg lrarm r r n rr-{run: o r {rilnnrlun6d.ufiur{o{6'ulrildriluo rir.rd
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< AAA! A
rilrnil ldlJfiu lrauugrRfl?llu'l

0fr$191 ?11uflv x

Itd{ry8 ur?:11.r5fi **

umnnuo

d, a ir
ttt t[ilut[r]a{ qqtfioofr'trififln ruri'ooqjlu Kingdon Animalia, Phytum Arthopoda, Class insecta,

order Anoplura u:Ja{ryfiqficrilr:0rfluu #ng rulunr: rfr4trfqnn a nudl:Ji5fllflulaarirlorrx r'16'arrLryfin

n^o r?iruufi:sg r rar:r rir{i'luavlau tfirdr:Jri a'[d1u nr: file rum r rfiGivrorer afl:"16' rri o r t rn16oofi

rl:fifldfiurdrlililtofirfirrrdraoonilrdrilr:old1unr:a:xnDNAlunr:er:x0111{o d?imor16'Elhl

, ! i- ^^dn?r u nri uflufln0xrurl,ruu airil rirdr-ruar.'rnu u't,flunr:rildrl''rfr.rt,a"Uuunuuorrrrfifirfro nl:srru

tqonolu

dr:ri'a: rrrnu lauou Rr:er:'rr DNA uaafioigirararaerf

nrnivrqadrimolrasrl:fiflirar ntuvimUraraflfnrr-umrl rutinora'aur:a:: fiuo11an

x* fl]n1ryltmnuflfll:[lllllu fltus dr.i rlsfll da5 tuff1lllula0ut:fl])- Y,{!E tan

- 151 -



o'ria'rrfiAran 616Friflfi a qflrfi z

r.lflr'rn - tt.]:91flu fl.6.2555

Human Lice and Forensic Entomology

Apichat vitta *

Saengchai Nateeworanart x x

Abstract

Lice are bloodsucking wingless insects of the Kingdom Animalia, Phylum Arthopoda, class insecta, order

Anoplura. Lice are hematophagus insects that may be useful in identifying individual hosts. Humans host three different kinds

of lice; head lice, body lice , and pulis-li.ag. These lice are often utilized in forensics investigations because their bloodmeal

and excreta can be used in molecular diagnosis for human DNA detection. In addition, the insects robustn€ss can be evidence

in a dead environment when forensic entomologists find them on human remains

K€ywords: Human louse, pubic louse, DNA investigation and forensic entomology
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lfilnu (Human louse)

-153-

a, jaa a o,d ' 
j !4

ll.fllif ulr d ifrfrfroimU rgtafli15flna1 Pediculus humanas t141lltJfl']ltJfilfiill11l{n1:ttv,lvlUlJ 2 Sllg

6o tmuud:uy (Head louse; Pediculus humanus var ccrpitis) LLalnlrqtrLdld'e (Body loluse; Pediculus

d t -J , d o d' .i
humatus var coporis\'' lt{lt ultlt d,11u totd fl1j:y:J lIu l-5 tJddtugl: du'lolatlj nu0{ql [tdr[1JulltJf, l1l

drurii'rrray6'ruri'o{rruur{1firfi'u (Dorsovenn-at) ualhifitln rgrJfi tt'nr rrvrorfi ofitu toluqjn i lvrofl

rHnflou rilgrfiafir u re d rei'r urx :vtLr6u 3.5-4.5 il^a6riler: eirurne(fi turo il: v:J tal 2.5-3.5 l^a6rln:

,d
:1r:r{anHruvlrolrfi'rrr1r{mu .l ri:u 6o ei':urt: ri:uon uasci luflo{ ri:uri:fi d'n uorc6 0'l[6 n udvltnu

nd-,r.uun fini :vnorflurotfinrrnl t { finurodul druru t { Muxotteiastdufi : dol rntoltvr
-d-Aadrte.t'rilurrUlrtml4n ( Pierc ing-suck ing type) d?uont0i[1'llsl ]tsltJlfltryd aot uua0iloulnu:Jafilflt0 I q 0g

e u a )e) I 'a a rst A- t 4t tlq 4 --.1 ,u
1l I to rufi d: rl.t1rJfl tl]0'luflurrFtulj tu: { dxull d1uItlr1l d o i1,lnnrr 6r{rfluavlo ldlunr:60rnl3'hiall l

er'Fruiluodfiur#ufl 14iorutoilflrri ri:udorto.rrilr6':16iliufin:rufl't l :u ttll 3/5 toln'trtJUrt
, !, , t! ' s'r t d \ ?):.. i .' + (-i rinnrtrilritn ruflrirufiorar:Jr:[rdnHrjurldy]{rmoroonodrluiu'[dforn-ortlrnutn.-oqtfr !i.ixu

< i a tlY-
nroqorola:ufo{lult4 ttflflHrJdnu s[t a tlav Aedeagus (Penis) 1l[1.] u l9lso I q d1?l:u[1'1111'!flltJ u

qt4tdArvaudtdlu drfld9lfl0rm0{ :0uri1 udstJ?r1lo10r0 Jt 13dul'luq0qfl:.:naI{

lfiteti d]er-?rloslrrr ufi:uvfi;rJ:'r inrfluo nrufiouriu uqiunneir{ fiunoou?trordorf,ouujr{nrfl

torlarriluu n.fl.2005 lunr:finurdruri'uqflrdflfil:sxrn:roulnuuA:urrrdsrfirerltJd16'l Isrufinur

microsateltire DNA rlo.rrfirTi.rdo{ ndil vrrirntrvirao lryuqfia'nuilvrr'!fiuq n::ilfittaneir.i 6'u dturnov

a),,i,
ttunlfirf,.r do.rsu^qoo nnr6'u nx:0ve]-.ifiolurfi o qjrLufr:uv'jr Pediculus capitis eitutulfro{luorirrSanil

petliculus humaruso rHrsn d roixfffl rrrLtirfrqllum r 'rn r:uilTti6orfluvr tHyt o ll: n Louse-bome epidemic

a
ryphus, Trench fever ttay Louse-bome epidemic relapsing fever d:utt{tlufi:u v'hifi:lt {lulflufllli3I:n

,irnei rr lurl:stflfl1ru'" otix'l:fiqril fint::vuittrrrufi:uvatrt:nrf.lu rr'rsto{nr:e}^qr6o

Sraphylococcus aureus tL?& Streptococcus pyogen"r' ttla{fiorf,floqluufi:uvfia: oqjnl lu 5^[xiuiil6'?ov

"a!royee160qnu rfiorornrr rfiiird'e6 ururr uavfio:r ndo.:fl-?'lunrstndou'[ur 616prqioluould'iru

.. '' 4Aqtso0l0 lutJoln r::J rnrr l lou n [t9l1j:dgr0]0dillfillu:lnlE to tonMq{T tl'lluufl:us dltJl:n
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tlt1ft11

ru,r inr:ernrddl#rrriu,r*ouirudu G uurdu lfi'u'16'n ru1u z+ d: lt l f,O'otr r:in,rvri rl#rfio o rn r:6'ufilitrar

drufid'lrrayq:ifi:uc dunr rnourfJuyuor ayrffou#rni.r'ld rrrnf lrfronr:pt^nrdortunfiGtltn:ndou

rirl#siolriuri6o{drLir':arfrrflrotJrroy{r.:noIfl\6"lurr{sr:{fi'udru fin^ordolrl:ruoroov'hifiornr:1n

rurn'hi6'ururn 6rurl'irrurovlrrrioulutdniu6uuurnfiqn rroirJ:fiodo,ru.,rro*rld,nn,ue4nio ri':tt't.t

ruft:usa11r:o:ro.rr#u'16'druflrrilcir u?ooroldtrjutorori:oeio'rq {rJrorirulnqiovfi6"ltxrlufi:uv

rloon.ir tO n'a upilulr.:ouoroyrl ru r'ldr:rnd l 2,091 eix6 n t: qt^Flt?i roya^oeioTr.:nr:C'rl fralqfle:'l tsiu

o, d I a 'i q 1ia
nl: trl.r'rlrlli i: ]:J nu n r: trt r:ni u riu n t:ldnrl oufi u oudrl fru ttnfi:uvnurur'[ frd:uvdnnu

ilrir rilr',rqrtiu6rflnvrr:rrro'lul.- lrE uu'ldrioo rm: tvrdnfnG outcrriulndfiflfiu:rrn'''

- i -^r:nn.itrr.ru.1fl:uvr.r:l rdrio fl1urd n{trG uu Iourailrcrdnflvfr! rurotqln16oon^utfluormr:

tatup.p:J di:l't: ufirut,t'u4u.1 td fi l1#tfiqd:l 6'uot:.1:o otin tfi rrir:l6isrrruu:J: frer rtrlo lfiorfroo qil u

firirfr:uc r#uruu cru ru r,rrqorfioofiurfluoru r: unvr r l'hiuurduHrL leflra d'{ a r:'lnst^u (chitin } {u alu

I u,oq.,
fiu.lro{ t1r Ifirflrrereuuuog uorr#u'ldd':omrr:Jrir'fifitrrrjuoqis^eriiulnuf"lrl (;rlfi z)''hjrlrovflnrilu

dt 4t IdL1 c)

flxnlulu 7-10 lu trruclurnran :y xu 0.5-t fraaluet: fitrrrju rnrvsreu ufi'urdutltL tilu'[66runr

r rir 6':ru.ro;':.t.t'ldfir?rrarlnu:rn^u ,uou^uo,rdrHlst#uldruroeirir'lornrfilfi:uvrurndu rciu ilnG

2runvurriunv :s:J'ltu 0.5 ru^adtrn: druu'ldo qilurdu^uri',tuo-,nru-ufrrs v iolnu:rnr{ :-J:slrtu ts

rryuqrr fl: uaovilflurrrrr :sruru 9 r6ou rr#:ldfif,rfi6':oqjtrfifirufiolrju rroikidJxrrJrirhifid':osfi

fftrrrjuo

:rlfi r ri'rtdr:ioruaritr (dral rtardr16ruStlrvre{ (111) (d r: http://en.\\ ikipedia. org/wiki/Head-lelse)
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g fi z :rorhJ 1ni 1 to.rulruufi:usfin^nog]fr'lrdur,rr 1fi:Lr: hftp://en.wikipedia.qrgtrkiEe4d:louse)

?n0 tT?91

rilrfinr 5 [t;[Urer'ulnuJ 6 truruJ a.: grJd r r rrut hirurl: ai (Hemimerabolous ) rudod'r (un vn-:rfi o zu an

vr'u{riurr6'rri:rfiurry:x'lddqsr'orirr#ururuufotulqfl1dnr:rrfio':1 (cemenr) rfirpir16iliflrilerfifl:n'ld

iuay :yrurar o-silor vioil:yrJrflt 200-300 ylol flaoodrlfiifl' :s:Lrtu i iuly ynymph ovflnoon l
ornld aonn:lu: n9l louldnaril:yrrru l6-18 iu ryrriiurflud'rrd 5u dl:rrt nymph lray:yuy6'xr6

s o' 
'.i 

s 
" 

o ,n ,o - ny^
tuny8fild0o tada (: 11 3) nt:grqfldfl0.r[ ] nlnqtrnnl5qannd0utnayonurrnsli,d{u035x nu

ooo o

-tr f-ry-
A

'str'
AA

,-ffi-

; fi : :'ro:6into'uH1 (fi r htp://www.dpd.cdc.gov/dpdx/hrml,4readlice.hxn)
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nt:: nut

d id,rqnrl urfildvrJorn'r:nu rn d rnlfllnufiu.lfl:u&flnon o-flldu [[d v rfluttzu nei'qt6o',ld', uono rnfi

u o o rd s r'1 ' i d dl
u tritlf tnnldu d:J tn lun t: [it u 1] t{: tutvu0 tfl t: nufl5uv 1n Itag uoJIfil[[dvtl][ lryil uluuqqljll"l

Ae
erqo r,1ru1r:r?ru tnu r.r:Juas rdu zurJ ri:uluaioyur firitrtutr.rfio'lrt,ittagmrTfllrotJ rr.rrruorflruornrsfiu

n ' o dr l r- | vl I d 13
lJ'ln9!0una IInu l)uuolt a1J tIJl,tdutljuzua lfi fl,.lou ttJ[14]u.:1'{0

nt:?uoflU

fipt^orm t atrur: oo: :t lddrufl lil.irlnun t: er: r,rv{u6'rtta;'lcir t uufi:uvH6oiirsr-rdufliltfiqrHr

drmflrn:irioii'e,uunl:n dorrranornf.rund.:ovrflua:rfio rlaaonuufi:uv lodorlrJorotnjuflr-rrduzuu
! ,' d A s i^ q, q ! A

lfi:Jou'lflIfiI u0n0tn 0t0gl0{ltunafls y1rJfirodvrflnt tn n t: srg nn 0 ]n t )-filllflFl t tnn t: ITtd 6i t dur q{

roalrirurrr'rnflur*ofrrl6^fi?urri'rrduzu rrd?ovrr#.ini{ rnrv6qrfluutiurfinl rurdururu'16"'o

@ e u oe/ d d , : q I
nrsdrir.rrJiuriuaulrnb-tfflarduuodrirHrldnsvFlrulraflr.nrltalfl I'rlsuuTnru :y l.l 2-3

drlerri rirol#rrrrilql{ldlou1ildo.rldariir6'n nr:lduirafiuqna:1dili6{fi61o{ilifiunldaxr.rrrir

"*t - - - nioonrur uuno,nda6lnr^roon1#ursr rfllunr:r--nurfi'16'Ha6tn:tstfi?l ro1n41,.ta3 l..u t14 t!4 n ono fl11'

u ,aia ar ^aj , ,{ ,4 r:.r
rl.ir l:.rrJTriorflrs r urrrdsqln t du11]a0t -

drrirnr:1daryu'lr.,r:fnsr rdu urqu lur.riouLf;q#ouilrir oiru6'rtiufr'rrirriorirriu slarur^rru

l#rtrfi:uv ,*01{ r-o dalil.r 6.ra:sruil nlrrinovrfiolurdnfln6uu lunr:rirt'qrrr{lflud'orirdr rvr:rv

ruvflri'qrrr a4u'lu:fi1darlr:ncird'rrvr'ld uri'hioroovqnrir6'o'hiur:n 6rnr:1#dr travtturdtl#

fnurnal avorqlqunr: o:sr.r ou 1 ,ono ,ndldo"'r-nu tfio -tt,trtoqoqri'nr:rn dryn::rLdqfia'nuor vrflu

:-
urdurrruersnoufirr:eju iScautctoe emulsion) o'l:14odrr:vrio:;5'r ttavrl g^rinnrrurirttucdr'luq a-tn

drilf!flrfi1dflirrrrrras'ldttlr'ldrua6 n^o ufl rt u fr u t a n ry r n n o 'l: ri (Gamma- 1,2,3,4,5,6-

Hexachlorocyclohexane, Benhexachlor, Gamma isomer ofbenzene hexachloride) doYltlnl:flt 6o e^rgu.u,

Forlin, Gallogama, Gamaphex, Gammex, Isotox, Lindafor, Lindagam, Lindagrain, Lindagranox, Lindalo,

otnt I
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J- ,, !
Lindarnul. Lindapoudre. Lindaterra. Novigam. ltaY Silvanol tryfl111]fl:UY14diditflUtffdv0lO d)lrnlTl

li rz frjrur uayd)-yri dr#ndon lqurvdrd'lnr r'ldvrun rroildrurf,rhiqnriri-ql#ililo 6.rttuvri r}?

J. r e.edA; rru' 41e d. 3qv--J,5 v
rrurryron I d er ll.i rrd)tsli1ryfl1 d t3flill#'lljt lfiqqoon rio l"fivrd:uv lr.-l'ti rz "8r tll iirloonldnl

a'^s
flqa0nU 3 tU d11{:!nt, tsdl:nl0nt}tlOUI'UU IUUTA[UU lrytdql 25 7o (250o Benzyl benzoate) ry]nltfil

fi:uv lnnflrrjrl{ :v:.rror tz-zo 6'rlrLr-:^6fiasnrn 6o lritlreroutdu ud':fir1idrln^uu6'lotnfun:srul

oq ,, Jn,, o o a A -r t, " J- I at .i
lfidyoto 5oumi-t"i )lfluuq d t.!r0 t'[1n4 ld0n t 0n?iu 'l dlJfill.tg 0u I nr:T rcx10fln5i t1,l:ts[]Ju:vuv11

ldru rfiria.rrufiooqjo;flnri:6nn:Jruuiro tttrrdo ttdorfit r:turldurrJfl^fixuv iltntn'qfirdottunfi6utrr:n

" ^ 3 ! .E d t u t.2.4.)
ryoutnfllu :1IJl1 lo lt lsu ln 0utt0u9l3 dglllJu (antihistarnin) tl{ 0: v il] 0ln lSnu - -

Iaunu lPubic lousel

i- / s a L,r Y,i, s :- d o -
BoiTUtf,tdflitoi lau flo Prrlrrs pubis 1 \ lqfl1tan [rdv nl{u lus'] {to 0u11u olfl'lfltuu ' 9l?

.lligurnrdfiruro :;!r z:ran^urn: firrrrrr #nu vti rsr- lr1rufl orLn i rrrr loufi rirufro leiou{r l f,u

.irrillrnoulTtnun'ltuu]l10{ata't otut 110l a0lll0lrtsrdr1ld0i q uu0on l taulJllfiu:ntloxl

d , ,i I e, 4el
i:!afl d'lulr1fllr 2 rlav 3 uurertr.iru uarul'u[grov1r.:03 0{a310fi'l ai :il:lld'nutuvnluuond'nn6i1']

v s) ,< <z( a.lrirrn'ouiilffrrrl orfi6o6onlau6norir.rru'l'ir crab louse'' (grlfi +;" rJ:finfiorfrooqjorrlLtu

- 1,57 -

n1:flo{ffu

09, d' r ,, qt t I ur a a rv+ t v r^
fi Itd:vru lfflsdror u :riloulruoudu9ll au 2 fi: i uas I nqnfld :o tYd{101:1 nuryao

3 o r)t ngci t e) t J .qv:(
l1-r r uonfl'rflun: 50r.r nn:0in1:9t: tint t[1.irofl0ul.ru0ud]l9 l?iat I fl:: tlnv[[uLu ][t{llt0uudv

arurfrn1un:ounftir,i'r,nlnflou,iudru-:^6fiqndor drr{lunr:florri'unr:tt?!:':s 'to1ro.:l:nrvr'ld lotr

" drd q 4 t q - dl
Irus tllir6n6 d.rinu tn t t dg0to1]0iStintu ttnv :vri lllulllidt titndrutryn tun:0ufr: ?[lJulri lfi']t

rirrnioli#lJo rfier^nrrru # nri rn: iil dr o rq rirurnio lri.rriuo l: ri rtJn r n ttqo fi;o rdrrn:jo.t or #t' "'
dxun.Iln1 dt9l 0 y4'ltuu fi10o$t1n{ rlldv IlJrt4 tll0 ggnurd0r.r1r ur.iafl nl:: fl! ]n'lltJdso10lJo.l:1{ n1fl

,, ! t o 1eo @ xr,
a1ufl t:0'tuutu0u"l 0 t0nsT1tfifl1nq[ ] [91
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louraflryuita #'tnnhqnfiu16oonut{luorur: filfloooln1: Z+ firIil'l si':Iauov'hjarrur:ndr:l6iel

OU1q ,2.4.5

grJfi I d'rr6n{o1a u (Ptit-us pubi) (fiil: http://en.wikipedia.org/wiki/Crab-louse)

?so:r?91

laufil.ro:fiiqndlflnf;{fi'unn Iauorfiooqinrltul?rratoitl':vdlfiu{ {ruUi" trair) mfol?tatu

z
peri-anal region llr{fl5noro u orf,ufirusnillufiflr ru rhon tunr tudx u tgtn)- l tu:-nttg [[avtu

ai .ixueir.i.l roidrlfl.ln'," d'ar6iliflrilerfiflar.:'hifiorilrdutu iuay:J:vlrot Z-: r"lol tlisrl:vrLtu gO

do.r sraoori:rfiin'"ldflnr{lu6'eeiou (Nymph) ntu1u 6-8 iu rrdrroitytor^l1fltur{lueirr6iliu il:vilriu

t3-17 iuorn'hjounartrflu6':16lialdnarrl:r rru 20-28 iu tgrJd s1'o laufiorqoqi'16'r.i:vruru t 16ou

louaur: n6osior.irum rlrltAdt ll'ud ,d'uo y fir,o rn,lu'u o.tnufiu'i1il8{6norruou trsiov'hjst^el! u ''''o''

a:^6' d 4q"d-t - 'i+- 3-'l-j 4--q
nr: st^osioil r{ 6ufiu'lritr rnrlraaiilliuri rdu n r: u ourd rJ.ril5 o]{riltYqstls l nuflurslqls0 tdtdor'll{ornu

-i^ i a J, s , i.i
Taotso 14iou{Uu tod JtJ1llJlstlod 

rrrr r'
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w

g d s r.ro:fiintollau (fiur http://w*.w.cdc.gov/oar@)

o1fl1:

4 ytt i< s ts ' 9Ao I
o rnnr:fin! r{rlxflfirtlu l:n Pediculosis pubis ,iruau t ts ou'" yru'jr{frfr ornrs d'uoth{quu:n5ofl

4 e e, c) s, q i. -
As 85.9:J50UflAOn5OUAv 24.8 [tAs Maculae ceruleae U:[1tu14U1TO{ltA UO Ul15OUAg 0.8 0ln15Tdln

6oornr:riurirrtufiqr^sr16olqurailrgr?rrarirrur-ir oroova'{rnerr#u6'rlaufiri':rur-ir rio#rrnnuu'[rifi
3 ^ i-s

tnulJur.i ?[1{u'r115 o ol n oyl{1r 5 ouy1Lr s r']ol1r9n I dugtglla oa uonnrnfiornny u6',?] du lur-rirror o^u rdu

u I a )5tu:nt[: [n:1 tun? 1ugr1

nr:ifio#u

drilr:nr#u'ldu?opirrdo6'ruflrril6ir u?oorooyldrriurfllrJ M;ofilfld{dunr:6flIau or0'Iilil!

rrnlrti rdorir:.1:fi sreiorndorlan::arirfi oifi oq-fl ''''''

N1::RU'I

permethdn cream lrru?rrnrfi 6erdodl'l{ to ulrfl rdrroon hildrLitrorfi crunr

&

A.
A

(Q-q*-ry*-W-
{*1

ed3aM*;isb-,af
Ee o uenro &@ o k.rro
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: fl lt 1lt O 1li t.r

Lindane sharnpoo lda:vtur?rrnrfirilunirl{+ urfiu#r#xoon 1il'lnrLir?or1ufir hiidlunufi
dr s e 14 '.t 9, ^ i. al 9 a d 9 |
rilu'[:narudn'trildrinorfr fr ur.rd fiToaufio{ r?orfi norqrioon'ir z fl

r, 3 r"pyrerhrins [da:s.uumr'h l0 um rra?ar{oon - nr: ] nururLir tufi:J: frsrorfioodfiIrflunr:

u{

nt: otn

. - u , i u I d ' o d o ,rl 
'HOinln:nuI fi'ltn1{fi tlruo{0 rnnt:: flu tgr'lu d t: trrtJty$llfl traIJ t8[r91 lridl t:0n ]na tt]au1#

lnl ,j j q 
'.i dt qt

titJq'1il nr:rilAuurartasfiuoulr.ilJlrirvororuuflr:ldrnunr5pr^q:d-srfi6nyrrrru'r uonrtnfi;nutri
u e, c, i q) A :l oy-^ ,l,loutrau{fi:'lrJtl.,tfloufl:y1l{:nu1HTUfl10ua1 r0{0tn:nulrtatld0flt ltu0u rnt0: [*8{aono

u , o 4 I I t 4 A a t9 cr e, , rdsrrr1,!:ts suuo0 {u tr d0fl I ru t14u lfr:0 tu oult tl.i a tu [1Jft]J[rdr0uufi to?flflltrJ 5 0u - "

rmr Iau uavfifi6qinur

fi664inor(ForensicEntomology)r.rrurodrnr:rirnlrufrrrdrufixiflrJrro{u ardrriJud,rfifiisr

1u rhylu- Arlhropoda ruril:; qnoilddr l3l1un: strunr: m t{flA :Jtu'7 rriu nr:1#d'rdouuayfr?rduiu

tt a{lun1: :, tiJ^ut'ldt?i d'{ nr: snu (Post mortem interval fiio pMD ornln:,ra#l.rr.riooiursqlo{6'rdou

viod'rt6ruio'"0 uonf, Infi1loudornrrilaidilrfirflil&r1dr{lurl:snorrirmfinrruo*u1ufirfrnrila rflu6n
i i - qrdt I o o t, a s u erUllItlJUi11dtu t:O [Tt1JUl0Ud tUn]5UinU t,UnA?t tU tfl0Ai tTU9t?fln:yyt tfl'lt r.lqfit0fi1d trfiq n t:

2r.21 | ou49A^ a -.io'lu ltu n l:ulflgr']1 l10T nury lnflv,l )tfi: rs1.Ifi ru n{:0 d'ti llu s.l Derrick [n:ruluitultl]ll1u[0nd]:

lt d?ulJ0lndt rudt0{ft'l00ut.iuouultd{iudlut:ost:10uI.i:0d'l:Tzufl ta Iq5u la u0nttnuutfii?l
iy \y@ a .i- , o u ela , o ,rred ,t ! - ,dl:11flfrlu l9rSuuid r:o9t:tnntn0t t:1l91100urr nr'ru [9lnu0tnfly, 1t'til'tFl0ogl JU:']tJm,l9l'teiou
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Deception Detection

Abstract

presently, deception detection has been advanced from assessing physiological signs using polygraph to assessing

brain activity using functional magnetic resonance imaging (IMRI). The fMRI has not been used in court yet because of

expensive course and required specialist. However, its accumcy has been reported about 90 percent while the polygraph's

accuracy has been repot in a wide range of 50-99 percent and the rcsult can be used only 60 percent in court. Futhermore,

question paradigm and types are necessary in deception detection. Therefore, the purposes of this review article were to

review deception detection using the polygraph and IMRI, and to summa ze the question paradigrn and types that have been

used in deception detection. This knowledge would be more helpful in understanding the applied science principle to the

deception detection which would be further benefits to thejustice system.

Keywords: Lie detection, Functional magnetic resonance imaging (fMRI), Polygraph
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fifi6vrfrmorionr:r:l6auurlanrrlaS:iilarr{.rduIoud.:drd'tytoln:vl'lunrso-urfi0n^ott5.rn:v u1u
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id, a v. ^ o d anr r q 4 d o

fl dXlflUt T l in9l lT0l1l1lfl0n: y JUnl:Yllid55l11Ultud{rllflryqllUUnl:tU[110UtOq{lOflio1FlI

donairfurrsirilunr:iriodlrlfi'n^iorrir.:lfirrJduuu a{1uj1.inrotol1nnafifin:tilrfiflxluifi'x
a - - 

""- a ..r e d
nqorn::lvrrlonfildru udrirnrr:Lrn5uqfr rfr Era{oqi'l-!nrs aonaxnflu 1 (5)

rl:vrnmnr:6't.ltfio

l- ft1'{t1 ni,lo nn 1lw'fi

nr:6'rrfiofi1dloufirl:J 6oi'uil:rlqflnr:#irnflfi #r nr: er orri'rjfiiarr?olouif;6u Ioflfi
4 'i 3. u.!

uflosraTstualflnuuaxt fifi'lt nt: 0'l:ano'rH'lvnr:qnu:onr:r dtJudldu{ ovdaolu nr:'i'rtti o'16' (t)
tc! @ t 19ad u d ad ' dd ' 14 r o I rt,, | ? d ?

rranuo 5uirnr: [6?f n r: iiurli 0Tn ']Ssil 
t nun']'t un :oi"[udru'rt00!nu InHn"leti0u[ 0jlryust (20)

z. n n {u fi ol a ul&mi o dild n e n4

luflolfurnior}J6n:rvl rfluroiorfiomrlinursranffildlunr:i'rut,:fiI#nrtuc;o:nuri
, f <qA j 

" 
j 

" 
.ltry 

^ / ,d" dr -i 9 a
ryil0usli'luiliat.t'tu:l nu:guullQnntMuo tloxti tllitln: nrl:.rvrIslo:usrfl0rl urivFr0.!r'nflu

orrrarur:ounv irdxnl:flfI0{fidlfiunr:t'rrfitrudol#nr:3rn:rv#Hafirl:rfrmGn,*vfldrndol}16

n:rr,,lldu ii'nnr: n,r{ro.'.tu,rld ouurl arm rrirr nr ori'ufi Ha ru rorndn rrs nrrrLr douuiartt-tror:rai s

:J:ynr:6o nt:riralorinartuu^oon (Thoracic respiration) nr:r.ita1ou?te0rurirflo.r (Abdominal
j i^

respiration) rJ6 nio ln-l'ofi filytil (Galvanic skin reflex) nrrru 6'ulafiqr-6r,ln: (Blood pressure-pulse) ltav

'6rYs^i,S tsun rtutciu{u'uo r tafiflfr arou't t Plerhysmograph) (5)

orflnr:flodoun'ilrJrniutlrroinr:'i'urfiodlorn6o'rLl6n:rr',1 u:-r'itfinarltniuthlu:vri'1fi

arn?idru 6o rJ:s:Jriufloflae 85 (4, 2t), Yoonv 9o (20), li'lifloudi 50 di 9q (2). rirlfloflav 50 fit 9s (3)

rrasdr{gouns 80 o*r 98 (22) rirrondrnr:fin lrrLrrriudrlurirrfinilruasfrrfioi r'hirfiuluofioviluLlflu
J -" J ^ I a
fi0oilfu1u6uera (+, o) 6 nlirru'o'roinNdro{n1:in n1: r:J6fluuilarrrrai:ivt u1fi rnoornnr:ri1.r1urlo.:

:sur:sdrro-qlufi6'hiarilr:nuflnuuv'ldodr{dqrou'irnrrilzu^e:Jn6rolrdun:rv,lriurnoduo-',noo-',r,
i v .- I

or:runi1fl r,riu naruffinfro (Guitr) n lr:Jaurdu (Excitemenr) mSon:rruln:t (Anger) (4. 6. 7) 6'l u nt5

rfrmurrn*onrrirurf,rflqflriofrfxurnrifrurliilqur.irurr:suu:gflrr.ilunaxloun:.rovrirl#fi

nx1 l#n?l uriudrlunr:6'lrfiorrn0'rdu (+, 6, s) uonorfldfr.:rfJunr:rfirur.r6'ngrumrrirurflldqf
i ov u d o , a a A i

r1,{0 tl.tflt:nur1l0 tu.l tuu9t'l1l8 tflt d9: ufn rrJu t[5dfr0 1nu llu



x'rrd1?fiArenfi.drri flfi + sflfi z

s, nniufioloul#tnnfinnnthuntytdt o., (Functional magnetic resonance imaging: {MRI)

r6r.,or{'lo (Magnetic resonance imaging: Mtu) ,fluodo lt^u, r rnt:r[1,{ildfi'ldfl1rilfiflurfluodx

arluflrrrrrjuffrfirj:ylolrilrnleurq rsnr:air{nrv,llro{dllo{tn:tvuonttntvldaYrlnrmrr'iloqnro

:n1o,,flri,o,r,rnldo:r,rvtdtuuriloi rl 11uaruolfi1d1unr:fun:rruff;nornfiln:;{u niu nr:1d6u

nr:#lrTa nr:ruolrr1u riludu:.:rulilfi1nr:ldsr:rorrdrulnilluar:0rfi1#1unt:oonrir*1l#srolauo.l
,^ i ^-riofiln:;{u triu nt:4o nr:nq rfludu 6lrmntlndlnatrlsuntt Functional magnetic resonance imaging

(f\,{Rr)

nraru rflunrnunfilde:'loilrdru?rilonuuauoudfi^urrotnnr: tirrrucJo.t:vttl:l: varmeirunarl

loaot:.1 1:, 4, 6, 8-13) dlor#uil d'nnr:0t:.:oiq nr:rilA flu u:Ja r:tu'jtlra*0nfifi:vriunruLtqi:Lc1u1o.1

oonfirnuqjr (Deoxyhernoglobirl lurirr taardoruo.r o qjluanr:rr{n (nest) rta v 16ooff fi:s 6'lo erlr{rLdu

roloon6rruqr (Oxyhemoglobin) lurielna rffrlol'ld:-unr:n:v{u {A.rirut.at tvrrlu'ld jr:s6't
d d rA , - i
diuiUliurouol:1luo norrlnutuo qj6'lrnr: t 6ourt aq: v6'uoonfirou6{fiu:LrEflntrnfinfi'jr BOLD (Blood

nanr 6 I tfi oo fi fi oo n6rtu o qjt{ur1u (oxyhemoglobin, Fe't) ov ttdel'1

qildilfl6flriurilil5nrf]u'looyurLnr Gn (Diamagnetis,r) fir.rar4r1#narrLtt : :rurto iautLurirvdnnd'n
6r' a a a ',:ln'irl?rrar{rtr6tll'lunrlqr:liiu{rn(Magnetic flux) AOd.i d:run I U:t]flrqifla ll dtutultulo:J0l:[l

rdoqfifi o o n6rouoi-r (Deoxyhemoglobin, Fe'*.) o y fi 6rH nsr: ou lootduro 6jrurnttavor ttan.rqtu alffimr.t

trriruHnrflullr: lu:J nru91^n (paramagnerism) rir1#autrurrriruf;nrii'nl?rauri.rnrirarfiqnlrutr::ru
A i ooro c! t d 4 ia .1--.

rfl*ufru rir"[rida]iUr tdtJ o 15 an d{[tJ-otfru]llixuslltufrtJooflT iloil4{ (23)

nr:drryn finnr:riTUnru drJ o r frvrm rurldlu n r:,i'r rfi o os arrur:oo:?i dounrsfi 1n1u1o'itv1-ru

,)drr
lJ:ydrlr flnxurpJdn r'lyor:rJ ilr ldfi Ioaor#rrfia'nnr: aYr.r;rJurulunr:6'urfionroldrirtruv rir z clo 6o

nt:odnrrurnl:flqaou1#finrr:rrfior{o1fi',:-rHaqioflfl rrasfltrffnl:n::{u1#{uitdlr:nr:flqaourfrer

n?r flurrJrudrslnr.rnodnoir6'lnr:oonrru!nriroaotfitflunr:unona?todt{ttfin;.ltsrir1#rrlufir

n:;lrunt:-nt:rit,'rnuuauo,ddrt.flolfi'unt:fiaonarl\dotitltql',rrvr01u0{(8)nr:ttrfitdrtrrmnfin

nr:rirunrua o.t tulm fintrrurrriudrrurnn'jryf oryirrilfoaay 90 (3, 14, , r, ,r) 
"-,rf, 

rl'lrorflunr:finrur

grJurunr:6'rrfio dr uurnunnr:rir uRrlr drJo.i runr 1r?finrrrrq rv[orv0.ision1: f r.:ru'u oq r'riufial o'l

:io s, v r,re--- r t tqY zi 4r .-.---^-q l-
ru1nu{ruonfl ?:sro,!orflr,Ha nflii uo{ ni:o:'rodolJynr]:16 n:rvlrLtl: r qn aildrffotiluu u rm t llu nr: n'.t

o 2i q 
'qY '\ '' A '^

tiroruua;qourirorrJiirJd{? rluu'[unr:vrFrdortfrolf "l6tJt"xin:vu]uflt:tutl10TUnIl tluuu1[[av

- 1,69 -
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arr r: nrirru rl i:.J: s lomf'ldti r'lu I tum t.rdruu'sr':^rt,re rafl{lqurflu n r: tfiru u d'ng tult r lin o rsr osrf lu
i :i

nudru nr: i'rrfi r (3, s, t r) n-rlu6'ruqlornarrurirt6o6o nlruttriudrfr rurnEl u

: uuurornr:orruiirmYrnr:fi'urfi o

^ J" . -i a 6's i ,

nt:dtrfrnnr n t:Tqdou atufltt-tuqofit0 rtlfl ni:J 0unufi t09t t{nufllu1911l:vd.in tou11ttnnv

q rq -.' -.a92-ilt-- - '
afllruy0yi.rdsl:1o{nro.uJr[ou n lrnni.rlunr:ad'rrirnrr rirnrrfiov d tr r'ld"[un t: mn aolr [stnufi a no q

- .1,n, A 1) dr o 'l'qlqUfi:'[:Jt]rfr 3 irtnmdo t)ritot rit:doln!flFl (Relevant question) tllufilal fl0gtun:0U0|[y'lls1]0i
A "i" - a ,, ^!' " .id

n6firirflrdttatudo!dxutyilliu fi.rfitir6'tgn^o do,rfffr":rirorlfirfroululn'Io6 [qun:-{ n101:r:vo1l:o't

" d . dt ' 
jj e @ -

rrnuritn t:J[80 10{ulu tufid'nStu 2) rirnr n]!EtJ (conrrol quesrion) lflual01tJfrtflti]{o{fluanuiuY

^ia' , - - '.J - e t -.. iar a 'iq ''i , a
nrr frqfrriluntu tun!fldltgl ] {nn?l f!,.191$ou ouflll 3) al0lurt unal{ :011 t ln0?101flufl9

.i' ^( Neurral/lrrelevant quesrion) rfluri rnrrufirj:ra^t r:-ol t ttn .li )-nOrLol:Jfrn'iorfinouduoilo{11flndfiu

rirnrr drrfl nr:fl Fldoxfifia1flAiluu!6 rfi;a q il: s r rri'd rrlr rs sirlriuoo n'l tt a v n1iet5?odou 111.!1il6

n:rvlfi ni:rfl do fi alunf{ uoia;; utlto.:ri1o1:J0Ylflu'lilnlildelrrlonri1il1u

lqErildndelljdu5o (n"ia) 1d1di6riruifu6'runr:radoruifl (First tesr) rr#rf lldn r:roaoudrfl
- a ocrdr q et 94Ufl:lnr tU(Card restltl4tolstflulunt:n:v{unrt:Lffinljoiqnfld f,il lnfiutstilunl)-TodoUfidl

(Third test) ttdro'lrflunt:fl q aoudxudlol r.ld:J (Mixed question teso uo nolnfif,lfinl:flqaou ur

(Guitt comptex test: GKT) firrurvdrm:-lr1nnrafifiilgfi?urnolduo{iltnlfiu'lild.rortrdor{olfi'lnr:d
d 4 do q9,/ 4 Y4 ' r'l 9,

Unnafiurir6'r?iunrluii'tttldlltloulilunl iotsolslllli ll*n:rruflinlt ?dn0allquu:l lq nls

TFldoUdnsu=Fl?ifr{frttoflsttnoo nttflnt:flodoUo-u tiUn'jr nr:TOdoUqgqa0ofilo{n?1:J9=.:lni Uq (Peak

of tension test: por) ovriron:rfiun r rruf ffnfi6'o.r n rirru a on a r{odr{,irninvriocloriror:Jduoo n 1 tlav

ae) , A gt gt jo - <q tdt .i, Y ai q

ns"ldnaori r ril rfi rqio a:ruovrouq!anu?lul1dlaiu10lnot tllurnl{i110.iUnna0ulo:Jlflouuon0lnol

rin:sritrtayrittttitfrFt ti?SfrdUT:tudOUAlmtUu d1ufll:l19ldoU0n5ugl{ui1'l[:Ufl']l nl:fl9ldoUqla
c, Agt I qr, J

rirsror-rrXor rflunr:roaoufi{fl: Jrdou60 ru o nhiqnn ariun orri lor lu'ltt o {eruto {qa oqn15 ro d 0u

< ,.v^ q e t o Ya i^ i 1 u 'q'a raaa
BloyriolfrnFrnr t rqr[6tdudu]unxI idnTtnq{unru lua Jqflaa[0{uasrI tfilfl9]! 0n:u111l.l o'15lJ[1.1

611varri'ouoonr.,r:J:rng1#r#uldnrlrdunrvr}l6n:rr''l (s) ornnr:finutqild:rf61o'ltt0iavnl:flodou

fifin:rrusrnrixiiuuasnrr:rrflu'l 1d'ilflofinr:rirufroriru''rd.rtireollfrufifirciil,rrirnrldoilrirl#rner
. < . J t 119 1 - 4 A

niyu'lunt:n=or.nunl:titrtutotd:Jo.l ti ttJt.rint: )-Yqnq tq,? t[!unl:TflddL19lll'] tunl:01lr141lt1lo

iqnr: rild uuuila rn r: fir nur o {:suu:l:s armeiru nnr{Ioflfl5{ (3, 4, 6, 8- 13)



,r1r6'r?urrre5616Frf :..lll 4 0llilvl 2

n']:l'{'erur; tlu! [[as n1:drritotrJtJ rrJ:rqnri'ldlunr: o'! tri tdrflrfl nfio nr:rironrudruol fllzu

leud rnr:aflutt,rcflqao!: tt!unr:6'ltfitdlrirnuLfirirurldlunr:mqOorfirr :vtnvr fio rirnr:l

rfiar{orfiun6rirnrrn:rqrrrasrirorrLfirfJunanuiofihirfiorriorfrtn6ruottnnt:finutmujrrilutot

a,nodonnrrduar:Jr:-odr niruirildodrsondo{flounv 93 travdlruriniurfioldYouas so 6lttaq11#

,r1,i,,rurlonrrrirun r a ol rMRI dt:r t:nri rrurfruuir'ld1u:rotr.nnn rrsiodrl'l:fisr rilnxidivfi
r .l ^ e q/ I i . e ,i iq, -. ,!....- qY '

nr:finUrty{-:JrfrulOO af tl ao tUnt:oiitAOltttluO=Ullltfl OUn:{tu0l0lnzuaT tOn lnn l:n5rquUon [Ottg]

rfiuln{rrorl5rrturr{nruinrflqJo.rarLo.:d rfiqnr: rildautt arornnr:maona:lttsilriarur:n:v1l?t:at

rrlnruinrncJorfl tLo{fi t6fl rflo{nr:roona'll'ldotjrltq lsrolro': (14, l5)

uoflntnu u.! nr: qnutnr: f,r rfioloflldrflnu^n nr: rironrvl drL o I ru1ru fi1d;r.Juul n t: rado!fr

Gflnjrnr: oao!ilruull r{lu nr:noco16ngrJullmu*uro.rnrr rrrnl:vrr':}Jdn:rvlfi orfianr:n:r{u

otrruffinfirflurJruo$1u10 r.raornnr:finurlll.jr 1urtuydfinr:maonorlovfinr:fr':ruqiolalolriru

VpLFC, Dorsolateral prefrontal cortex (DLPFC), Medial prefrontal coIlex (MPFC) tla3 Anterior cingulated

d o'' rn:rdudtont:ueaouiluurilrtnqll#gyrus ttio Anterior cingulated cortices (ACC) tgtlju [q I lf'la0 ll

r#udlnr:rirlrudr fi'u,uo.rd:rol arurirufirfiflrdo{riilnr:uaonarrttqifif,lhiarrur:nn:r{unl:lir'tru

,u o r orr o {1#au o r n o r Eio nr: nrir:t-i a o n a r l'ldo tir I ta nrv to rv o ltqiu tda 1f,u (to, 11, t7 , 24)

nr:drg urrnr:roaord:odrnrrLffrilunauuiofihitiurclo{rirnd urlirnr:moaolnr:o'rrrfio

lquldrrnfinnr:drunr?rduor firfRrrrayrirxuo1#fluirir:Lnr:finstatr.rt:otf;onflolritotru:vm'jt.:4o

ni.ry6or,,rouio16'odxda:v ulir nt:n.itxl46tondtlrrnnr:n:v{ud':orirnttdrftuna,r,niufilr;

rnfl,luo.tflunq n'ltu6rrJl,!urilunt:n:ydunt:fir.:rucJo.!d:Jo{6iru ventrolateral prefrontal regions flido'l
A. - a 

noro, 
, e 4 a i' , -..-4-.. t

{Ntto. tat{orauorruyfreirdqn*ont:}{qui15)lJnr:iinuTtorSutJ[t0l:l]T rt Il q lrl u11:oluq n1)- 0l

^.1 , o dctqs) t ,4 - ul ' I a u t@ 
'nirfir.iruru r orrirhifirdrirrunt:dnvt n: tru5dnu0uiu 

'[19t0n]:n:]qu llavd ?'luinunl:fl:Yqunl:

ffi ;;,;;;";; *ui.i.,,',i'i,,,,.,.,u.",,,,,,.4,r r, .-,,',+,i,,,un,u,u#ul,i

(16)

ai :i m u r uav rJ :v orn n r ui n r n ffu n r: {'utfi o

drtlngl dvflllo lno

flauloluTmurnr:drunr:6'rtfioldorf,a a-nfl::ngflrla3:irurtfiofl:roao nrr:Lt dsutt a'l

1o{j1{nru6'ufi,.tail1ornnxtJtildautt:Ja'!dluo15tJaisio:v:Lu:l:varvrdolurio'(Autonomic

e.rnflo'.1 -! 1*'lflu v'i.6.2555

-L7l-

nervous
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e'r161rflAt'r{616otf i)i, + aljrl z

A e, , 4i ' o, ' er a ^
svsrem: ANS) tSl filrflu:yrlr.J:ydtmfidt t:fifituEtdnDyntflludltnlu"[f duqa tsu nl:lglul.i]tn

dt s) | -.--^--l^.^y:..".^,F|".-^"J-.,4-.-.,","1"-:,"^.'nr:fitu tn q 4rrzuo,1: t{ntfl riludu :yuu :ydlrti'olul-6uonrfluaolri'lu6o :s! :ca1rfr:rv'lltfl

rem: sNS) 6 lfi rryndrl: v nlnoqilurJ#o'r1t#umii'l:srilonttav toa

(Thoracolumbar) rtAy:sll :yAlmUr:1fi lt-ttTSn (Parasympathetic nervous system: pNS) fifitryati'

rJ: rArr oEjlu:ld'o{'h #ur.ra-{:c q-!fiouay n:ytuutfitll (Craniosaoal) :vul :vOrmd'oluflor'fir-rmurm

:'
Frll tfirro?a'ly11g tu:t.tfltu o.rr-j noo n dlrutfio6 fllt0{firfifl (Arrector pili) Svulml{lquo lfi'l: :Ytl1l

mxrfiuflaarrs :r1luti1fl10 rufirr.iaosrrdoo ndrrLrrioGaunrulual (cilliary, Sphincter papillae, Dilator

", .1 0 J"
pupilae; n#lrlfio dfien (Tarsal, Muller's to{fili.tst'11 ndUru'or.ialolav9iorusill 1 (ZS)

1u n rr-sr:.: taoudrurnio I frrLrfioriun tt:Jia nfi't ta lflorir hJt o lrlnn nfiQ na: ?tdourrY fi.i')u'Iil

n:v{u:;6lnt:rit{tu1o{ iy dttt tilril ornl: uondlul oAql0 (Sy*rpathetic activity) rlaodntlrmt't

o r:rLoign:Jq nrflrduluria lqlotynr: nci1'lY aoflaxn ilqfiiurauo'rnoufl1{d;:arslovtfronlsr Asulr a'1

-:
IoarlirL rar lnfisrffrrt u o r rrfiruduui o lnur :Ju:i t arxuurrl{I6rfifl'lrJf,ln#rutu^oei:unvlran n:tru

drun: yua'lylflrl?trtufirrfiloroasr#o fla{tfioiornororfiot,ta"rrm'l^ofilintu{'rfio g trlunr:m ro'lo oro

fiuzuru o'fl:rnr: rglottayd o:orthinlfi t:t'o:surl:valmfruvtrtu6n (Sympathetic nervous system:

4 e " 'rfietnl:f t':ru :YULJ :Yd1111115lfi llman (Parasympathetic neruoussNS) Qfln l1 lfl:8qn:vEu 11.1

" 2iqr, .-.1^ 'l" gt Aa' 4

svsrem: pNS) tyri rlrurno}i: tinlUnd'Uddnllrd qn (5) lotldru'Uo:a otl'llilHulT[1lufluflnnl{

fi?uq :vlju syarnd'srluliet^ n^o'[o]rlnrarriO (Hypothalanus) tsair'rao{lrLurfionrlqlnr:ru60r

ao{lruuornsio:Jldduolruaol#rfisnl5nxuq d:Jqalo'iil?ilrilf'lrraYdl:dualu'lut6oortaYn?1lq
t y4 d - . :

q[u?iQfi)-'l{ntu o't:tJ if n'] til{A n lltt:nt:6uttayn15fid'U nl:fi1n15otJ tta vfi llU idnT l'l tl{fl r(aYT I

u rlrdrl:yarunr: f rlru: ym'jrl: ytlurl: varn6'flIu:ifr6'l: vul :v Aryt trassio:L'l#vio (Neuroendocrine)

rvl^ofnura:Lqato'ri1{ n1u (25)

nr:r:Jduuuila{flr.rixnru16flrdolriunr:nJdouurjalduad'udldouto.r:YU1] 5sdlmri?unal'l

lurirufiriurqio.rd'r:yu ssdrrii'aluri6uasnr:rildouurlai'rLo'reioil'[fyio nr:rr]duurtrla'rr1{i1{fl1u

,n,i',dri'.r1#finis'iyrurfifrrtilaulorravv{'i1flrusfinr:rrldtruu:la'ror:ilal:'rlnrflovfinr:rrl6autrrja'r

' lfi fi amril 16ua{olfi'unr:rir}"hhfi fr ':nri'rtuvfi fi or:rLoidurduu6'wru
ufl9i lou I {tsu fln:ul{oltfi.l€

'll^hlrru fiari rir o; rfirLfiu nr:uJdfluu a.rfl1:'lfia1os tdon taqo rnrduta^oerr'lo ut ur06'rt[a v[a.oe os Qfl

d.r}hlrior6'u.tuirrufi':rrilurndurirlr?nufifior:rLailn:t{nu#lovtrol eirunudffornr:q:rflrilf,u fio
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-. i & e" * - aA qed qrr ' 4- --4^- ^ a'i ri r @ e)

t o lri:'[tfru:.rfiurflu ei'q;dnu oifruan t]f nru"[{i i ]u n a r'rri0 [uonulnoo't5lJtu1ltua u ttua{091:]n]:[au

a & 1 , q d dr A ' ir Y.<-.+.
flo{fi] [n0yt5']l[aYu:1tU riXUdfl:1fl1: lU]dtdlOOntldUnl:Y lU [nAflt Uln)-0iUi5 tr4t UOin]:lflO

or::roilnur y{ry o r: uoifi rdorfi'rn:ru.riorrfll'lult (Conflicrs) triu otnt:vtfl1o'hiil6ocrouilru"[t.i1u

n r: rrr run{r mo uirusrrd ruao rn'r o r: rrflilni t rirrl:srt-t6oo'urdurtds isfieeittil'olno o r::Lcfirqir rfluei'u

(26)

nr:r duutr artor:'rrnrurn^orfrqnt:t duutt alol:loitrogjnrulddvrfrvtalol:c!u :vdrr

uatsiotlfvio d'lriu ru'orfiont:rrdel{oonrrlor:rLtri6l.irrfluordoufin,r14',t,,urlrrdluriufloi:vuu
e -4.i ^ ,)

:yarmtirunarlrlay :ydtflo'a]uil-er fi{fi nr:floUCuonml{:YU : y A rvrdoluti6frtn-q t lnn t: n:r{u
aia,t

lualolriu n:srrd :ud trfitnofiurrvqn,rilhJfil'lalilmrarfinfilriluqudnarlqlqnlun l: furtriln r:

eror.rfluonrlo.r:y url:s armo'srlurinrrar n{rroltuadil:varnluilaru:vdufifi6vrm'lasiofllseloLlduo{

1Joi:siru :vduro-sr'iu:io^dlu6'rd 6o 1u:v6'loto.:ei1ufld'li(Midbrainl figurina r lto ln l: ilo{i'lgri lu
rAr,'d

srr lu:y6'uylouri reons) figudna trtiurn't AAtr:,ttdslutyfi!nludlJ0i (Medulla) fluUnalinl:
I J I o S q6 a 

' 
q 

'6fitU'[0 n]:lduf I Itr :tngnt:ailo{:s1lU :EdlToa Iu:Jsrfia lUsunqnnts Eu [1.'ltnF]i lfil.jd18d1u10{
.c3t,a ot tsiu duo{nAllHlil (Frontal lobe) unvd oldlu ACC l{uelu (25)

*olnntsinrnrrcvnlr{ tfrf,

nr:finurriau}4qifirfiurfi'!nr:o-utfioIflul4rflofinn156i1un1 d o'l runr ra1'jrrlfrfriurnr:

rirlruto': alolri?u #1 (Prefrontal cortex; o rrfill.t ndulutiuvfifi nr:t4ao fla?n (10, ll, 13, 16-19,27-

29) drJo r.ilur4rir (prefronrat correx ) fiuruJodfilfifi r1u fi'u o rril d* o nal,o rd,r:.,"oqjlirrnr rr:o I n6tv #t

rr?',siodufia:Lo,r (Broadmann area: BA) 6, 8 ltaY +S rirtrlrfinrlq:Jnlt[naiou'lil1 n15oofltA8'! n?1u6o

^9an1r:J0r deriliUrU I Unain nxl ;6in 0l:tJill (25)

d:Jo{riluillil (Prefrontal cortex) 60 Frontal association cortex u ltflu z riru 6o

t. riau orbitofrontal (25) 6o orbitut gy-, fil vll lmdtLu'uri'ri'l nr:rir':rulo{o 5u?s n181u

rrayot:rJfli (visceral uas Emorional activities) lqu orbitofrootul tfluriruu utrlt o.: vtqufffi 16olr{u ril
- J * d ure,^-^.^^J^^.^i... ,S^_,..- - /

qflfl::rJvl'l t: iluuu 6r I ruJ I I heory of mind ) Go) ri rriu 6ltr'o'ld'jr arL o.r riru orbitofrontal fin r uL drur{u ri

iiunrT?raonax{ (13)

z. titu Dorsolateral (zs) filmlrnrfiflrfiunxl qaro (Intellectual abilities) triu nrrlfio:ru

flofl n]:'r1.1unu nl:9r-9au1n uavnlsttdfl 1
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,rruo r rirufi'ldiln r:tr*ufiu irfin': t:r ii'lltud'sion r: u oo n a: lrflu o ril lrurn6o aru o I ri ru vLPFC ffI

rixrunrtrldalo.idlu orbitofrontat ua yfiold'jrriiuei':uttu'.tcr o{a oleirurrlr (25) duo.iri?u VLPFC

!a, , i-
u[1ludrJo,!d?utl:JF]?t:JdtfiiUaont:rir1#rfiqil: yatl Rt:itit[asa1:9loLl duo'1111'lo15 nflfluodx0.: (rt)

uonotnddilo.irixu VLPFC f,lfilmurlrsiont:nT!qiln1560uflto.1a?f i1 (Cognitive control of memory)

6nd?u (:O) d{tui'jrnr:uaonaaqrflu n)-su tunr: r5 uuffidldou to'r:vllrl:s arm6.rdolordflnr:f f .i-lu

drruflutolaruolrotariru (Combinations of signatures) (27) tleiflt:ilno nna.rrfud'lr,[uffi'ln1: n:vdunl:

lir{ru.uora o.rri'ru VLPFC tfluotjrl rn (11, 13, l7-19,28)

d ond?u vrprC rfluei':udouto,l Pars opercularis, Pars triangularis. Pars orbitalis leutuli'ltv BA

44,BA.45uay BA 47 ro.t Inf'erior frontut gy-. fifidrfidrrity 6o r{luurjran'luq nll:J'iI lerufia:Jo.l

dru Inferior frontal gyrus ovoqiurltrioaruo.rdru Premotor cortex (BA 6) tlayfid'{doduo.: ri?u Posterior

frontal pole (BA 10) (30)

a'ueoxr d ufiisfi 1l{aItJo i d?u vPLFC tldsnl:fialonoIr

d o l ei?u vpLFC fi n?ril fufiudrio n r: y aona : rnrfl ldn15f r t lulro i dtJ o{ d'lu orbirolrontal

4 d, ' i- o qr< . jj d
rr-r-o l o tnrilu rt o lri:uttnn : tru d rrltyslo nt: ri rlf lnfin l t irrlnu )nu!tvdunlS udvnl:9101ldurlllt'11

tdt , tr I o

ot:rJiliriluodt{s-i (31) nt:filllu1o.! VLPFC n'lltJ6ilaruslonl:flxUE:Jnl:t)-uuilJ0ln15dl dtll

n:v11'1ufl1: do n:vl':unr:n':uqil n1: d'lf i1 (Mnemonic control) tlds n:Yr?u nl:Aolfiflxfi'x ii'ryri'nl oi

?rsonrt H rarolrit (Semantic retrieval) loufiaro{6i'ru VLPFC ovfilmurltsiorirnlrutd orri'l nr:oo'il

;rJullnr:rrflilq i (Episodic retrieval) Sonlru,irrfilrrq nr:ai (Episodic retrievat) dltflunl:oq'ir
ti 4 a )A 

' 
u '- -a-.e-g rrurlun r: rrriikufl tflo t[1{En t:0ifllflur.r'rurJ 1 50 :vdunrrfll luo99l1rtflu t'tt0 {flun ls9lfldu tn rtdv n l:

udo{oon rYrriu aruo,rriau vpLFC 6{fin?r:Jli'r.ruiufrilnr: u ao n a'l { tflu odr{A{ rrljo rtrnlutiuvdfinr:
, i. gtAA e u y,?4 ,- ----^--^c^i.^-..:^d-. J .

Mdondt.l drJoiaixufrfl1fifi]fr[iu]do{nunr:noir? u:i 1]n1: uRlJiUl{ 110 l[Nqnl: 1'llflutnqtuu1.] fl 1ls

y A ogta r s a q q , "
o nn:yduril*olliiln r: riquaid rr0 r?rluuucr o rn r: erio fru1t1u g:Jrruuriuu r1fl6 n (30) u 0 n n tnfi d o 1.ilu

4 v q Jo o 
"

vpLFC r,{ rJUyr ur11rrrJlrurnx nr: f r.iruro.ro irJxsRlolurrovor:- uoi In utavr tvor::Loi tflft (sad mood)

nl:iqdtqnno (Recal of personat memories) rraylflud o.rairu rirri'tyfirfiu:rio lfi'lo r:-ruai (Emotional

mareriat) uf o n t:oou duo tl't't i o t: uiririluod r rE I t: t r

aia-uutu9!
nr: frn urfiEu dun x1:J xi'tJfiud1] o-l n 1: aofla?{dun1:n)-Yqunl:L111u101d}J0':d1u VLPFC

loflorfiflrrnfinni:firtRr duo.l ruzudlrirruol#fltrir:'lrLnr:finurrfitlurio'::rrorn:l:vdxnl5ilirLo.i
. i " 

! a, o @ d ,r t < 4 a 4gtu[o{dtu]udo{l5o{lray t tgtiriJunt0rtJ0urrnqltt:x:Jnt:flnurdlIJl:0la0nfld119llrn]l:Jf,t114:al
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nrir:r.raonaal'ld Hanr:finurvru'ir nr:t-iaonat':ri'lfiuri'iilnr: n:;{unr: f r{ru'uo'ia oleiru vrprc
o - L, -I qe2r2) t zi ia...Y

tilurluI{ tnrrny nIt d ut9l:nuaid0{tt{oluun1:[r.rflltt:ttJ1tt:flnHtlstrt]J[:0i5l]TUnll qulnu

a a^i' oql t e4 rirr 'l:sion r:-n:- vdlr ttn i f,ililiudfiu n t:l.tiolfiEn ti 0i05 {Tr.r luu l0rli I lt.'i r"{tt'l: ? nl:flnu] n1l:J?dnu0t

n:vdunr:f lirulro.rdtro{ri?u vrpnc 16'6n'irnr:ldgrJrtll ni:finu I o d1 I o^u''l rriu n r:1drio:^ racJvilru

l$ tlI ( 16)

on0rnn1:t{rlnna'lna1:nx!q rll:1i1.11uto'ldilolfitfiur'fl0lfiunls aonaIltld? fr':

,itrfludolfin rlLr{rlo1ur a-n nt:y t{o^fla ur1,o{ nr: Int n (Psychology of deception) d'rfi naril arneionr:

" j i . .(.,v ' d,drtrUnVl*Ufrnr:{rntUtO{d O{lfrOlftfltl tytt tyO lO On ll ll dOnA?{ tUO.:01nn:yU1Unl:fl].i lUlJO.1dtJ0 n

; e u dt t .4 .4 ,
0vlnul'lio.rri'udotunr:0i9iril ['uu n]::Ya=n0ldo{d (Recall) dnl?vol:u (Emotions) n l:nxuq

v{rla'n::! (Behaviours controlled) rldbn t:fronl:do{o {inlonnarion managed] r{lu#u ttft avfrr

odt-er'tA'aq
,d ufludo{ordun'l r rtr lnti Biliuflqu flrtri'rin1t (Theory of mind) nr: u'rdl nr:qoudu o'i (Response)

rrasflxrir:vtJvt l? (working memo,yt 6lrjtt6o'jrrru^0 dtro l'[diunl:n:v{udranr:nrilr aona']'losl{11

nr:fi r{rui xu fi'u1o.! d o.rti?ueir{ ''ltr 1n n'jr nrse o usrrtJn xrlltflu 0:^ { tutrorolnlrljrfinl:n:s{un1:
,i i" d,

rir'rrucro:a orfi:dor{r{tol lnlerior lrontal gyri tlavd 0lriludulf irrtlusion:;u?ufll:'il fll:rlo

irn:rsr{ nr:uflfliu?rirta v nrr{i'qAuln uner-rodr{rdu Middle frontal gyms, ACC tta, sMA 1uttuvfirua
a 't' ^ ryirfinr: n:ydunr:li r.rruto ldtJo i6n101n1:n:vEunlSflIrluloId 0i9llufl l:a0 9llufl-l lrJluu0:iT

r?rro{ Inferior frontal gyrus loofialo I eiru6ufi,fi lflusion: vrru nri6qt[4sfl1:'irrLrrfiurflol#oan'jr
i , r ia o dr q a o I 'ru-r't3:JtatnitlulrfuyT:Jn1: anltIJt:{runtl iilllju [un l5nqltagTUTlun]1ru{lu00nlln lIflnl')

aonal{ (11)

I
nn tnn?uq nt:r:rJug (Cognitive conrrol mechanisms) rfluna'lntolnr:6uuffio;# rfi'uriii'u

rflr?i rflrragnr:udo{oon lgsdd:Jolrixuvl-pFc lntlqflrsdndrflt o r rirufi6 un'jr Inferior frontat gyrus

par opercularis v;o BA 44 firuarionr:nrlql n1:liauflto.:n'tltJ'ir triu n:cr:un1:nxuFtual:d10'i1l[as
- j i 4 a l, qr. < i" -

n: yuxu n tsnalnu tnr iiiu anufliil5oflx 'rufitJ rul]0 in r (32) n l:flnu lT l.llutJ I [9]0t 11 1u0.lu1lu lll1l d'lnq
q Lr9' t y .i a,

floidrJo.td?u vLpFC frn{tu (Left VLPFC) "l5Xr drur.{Urr0r VLPFC (Anterior VLPFC) ry{l UUst',lill

BA 47 fi:^o6fln'jt Inferior frontal gyrus pars orbitalis ovfirLfl!rflrdflriTufl1:nxuq nxl:J60 nl:tldgt.loofl

flr:erourililr!d[6trr{o.r6':Jnr:oerirrrJulunr:ttflflq]ilrjrilfiunr:tit{tuduo.:6nd1fl1o.1 Posterior

middle temporal corte.. tfrio :slrdFrd0tnnxt dtlfiltHqnl:fli]oudtJoln]tqdl: ttuufi'nu vtl'Ielnl:ol

ruayoo,irg nxunr:rrfrfliufirlonr qnr:nirfu luqrarsfiaro.reiruflar{ro.r vLpFC (Midvt-prc) 6'rtilu

ui[']ru BA +s ilio6un'jr Inferior frontal gyrus pars tdangularis ovfirlvrrtr tdaafi'ilnt:rJ: vru':a zuar4'r'hl

qraarafifirrsnrnnfflfi a ofr:fi z
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";
6''rriu na'lnnr: mrlqr nr: lirr rufi : v rtu du: vt't'j I i n:3u'lunl)- fl?lqrunr::r':oortto vn:e u?uflT: nFl

rfitr':iiu#ru6'nsaiv6onrtluutotolrir::rrviln:rru,itrfioefi'lnr.-fro:toav16ooluodsr nr:rtflflqrrrio
",-Ja,ade,si

q d::flr[aynt:lrJ6ounon::ltiulfluit9{a tolnfll:lil{lurtoldUo{ai)u VLPFC tsn"iltJ IoUTdtJoi

riau vlpnc findrodos lirm ritfilunt:Fqdrilfiu Inferior and lateral temporal cortical tltdortolduo.tdo

rirnrilfi16fl:{oifi'unxr flriusurxli}Jrodrn:rruffirfiorfi'!nrr vilr0'uo.lrirrtavqualrin^to.rii'qd'nutri

(30,33)

od l'l: 6fl ril f,rfi ,nLot riru6u1fi ri rl rurfi fl r{o lfiunt:tfr fl an trv ot: runi rdu ail o l eiru ecc fi l

" E A- r - ) ' u a q r
li trrirfiflf o r: ruoirras f, rlru rr fr ra r;nrrrrrionr)-6'ndul0 [qua: i (-]0) ltnsd!0 i dxu ventromedial

pretronral coner(VpMFC) 6ltilueiruuu*ltolelolndlli#t,tyri turirfilunr:r--lfor:lni:'rufi'lrlol
.i, hr< o q ?

rt:u ecc (25) ttnnl:dnutfltttu:J t"[9t nl:0tulufl{nll dul''lut1]0lnl:T li'1u10:d:J0{nuill:

finofra'r.i'ir1urilrsfifi6orfifl'16'unr)- donaxrnvfinr:lixruiarriuto{duo.: a1flcixu noo Prefrontal

cortex, ACC, Temporal, parietal rlayui{d'luro.l Subcorticat uioneir':ld'jlrflun:surunl:litlruto't

duo'!:s6'!qi (Executive tunction) (13) 6'lrfu nr:finulfiu?fi nl:f 1n1u1o'ifl11o'l1ufl vfifinr:n:v{u

l#fin r:uoona:16rrfludrurtoruuao'ofi'ir nt:t-iaona:lfiolldn:ru':unt:6qttavnl:6'qAul0lu

::6'rql tuighe, tuncrion) t'iu nt:6eitn:tvf ntuln11 r{l'ln nr:nluq o'l:ufliorr Feafltla::dtntro
a q au,,d o '*u-,qrlurrlu nr:moaolnr:6'urfiod':otrn?uq:Jnl: gl0u du0.iltag dtl l rvaq ln i lqun l: ulu ltJ11f, v1'{

rrnfinnr:6i rfln r1',rd o{ fMRtl#finrtrro rsrttv0leiont:tit{tutoll'{^ufrd ol lnEl6u tt. tut

dqil

nr:dnur? u!utorrirar unvsfiqto.rrirotrufildrt'rbJlurn:^o,r}l6n:rl"ltsfirl:vltrsrisionr:

rir}J:J:rqnd'1d1unr:,i'rrfiodrutrnt-tonr:rirunrvra o.l {MRI rtaYrfluttu?rr{1un15fiflu1A llllun1:
@ .! I - a 6l ,a 3 !

flfidornt:dutfrn6'tu[Tn flnt:otun] dtJ0i fl\4RI rllo tt.l n?1 [afl1gtn1s1'l9t0n1:T1{1u1]0{1{u1l

A J - I ?qea dt A " -
drJ0{utnE{ u dlfu nr:otdti dnn t:10lfl]i9:'l0doullll I an:lylu'l1J:sqnfl t$0lllJudidlnqttos

nr:rirg trtltoln t:erifi'to'ttJt[nyao fi'tottJ::rud.:grJuullunr:moaolrLr]flotjrltururvautltit'l#

'ldru rd r n: v r ru n r: n r: f!rli 0fifi:J: v fim nnrnttav drilr: odt:rlldil: vlusf'16'1us runrldrufifr
A /6 e at "j , d 4 ,--- ..-r_.-.-_+__^^:-^.i_. e i--
1y aret agrjludtut o ln ltuttr ufiangtull'].lil1tJtfl1dst:yr l.lrt$oflottas ol.lu ttuu u]fl 1nu{ 1u onr'{0v

ri rr.rasion r: rdoil: v lurydfi nuo rsio 'rruflat::tJ odr rfrtHsHneio'Iil'luou lna
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Kastle-Meyer Test and Its Application in Medical Sciences

YtfioS,o

Kastle-Meyer,{lrn.,rnaaouuiurduntrfi6iyutorrn{rlr'ouoaoun:tlta'ofr drav6'nnr:ff hemoglobin 1u

I OrdOOt[Ol[1]UOtt5r!0n:Ut[11 peroxidase 'l#tfrn oxidation r:]6OU reduced form 1O{ phenolphlhalin nlAdl:dea lU"l

fifi t:.l6au}Jrilu pr,erolphthatein difiAsr4 lrJrfiusuoifirJ:rloryd1unr':fioivrura, o*f ,,uiri,u,dr.,u,.-n1dlunr:finsr

?a9)
m'ti1.'td: 0u9lil1:T I:n t5 t[ltYl0 d flfl']u

rir:fra: Kastle-Meyer reducedphenolphthalein

Abstract

Kastle-Meyer t€st is a forensic pGsumptive blood remain test. It relies on the peroxidase-like activity of

hemoglobin in red blood cells to catalyze the oxidation ofthe colorless reduced form ofphenolphthalin into phenolphthalein,

which is visible as bright pink color. The reagent does not orly serve as a useful test for forensic scientific investigation but it

can atso be applied to medical science laboratory investigation.

Keywords:Kastle-Meyer, reduced phenolphthalein
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:vffinr:rtunr: oflou Kastle-Meyer

lufl n.g.rStS Louis-Jacques Thenard duult hydrogen peroxide ttav'[u11n.fl.1863 Christian

Freidrich Schonbein #qrngrrfiu peroxidase-like activity 10.1 hemoglobin rfluAltmqtol oxidation 1o.l

hydrogen peroxide ruaro{il4fi;s1:sx'jx hydrogen peroxide ri'l hemoglobin fiv,lolrfindu luciaiducJo{

fl 1900 Kastle 'ld1d phenolptrttralein tflu color indicator 1lo.1flt:9tt1t hemoglobin hififlsiolr tvteyer'ld

rJfrrJq'rrtaru'orurnr:fl odou 6.:tiunnr:fl odoud'j1 Kastle-Meyer (KM)test 1

fiann1lflonnl:Ytodou

d'nnt:to{nt:Teldo! floo hemoglobinlur6oo [i{ n1:da1flto u'lwf peroxidase nvdala hydrogen

p.ro*id" 'ldrirua e oo n6[0u ornriuoonfitouosoonfi'lqddl: phenolphthalin (reduced form) orni,ihifid

l#ril6flurilu phenolphthalein (oxidized form) ldfitrur1'-' 1gilfi r1

n1:t9rlutJulu'l

nr:re;aildrflifinxr llflneir.tfiulu irurartolar: ohnl)-tq6u dl:avd1gfi]n01il'lilrst6uillou

ds phenolphrhalein rrdy sodium hldroxide pellers t6ldr deionised water rtv'ldal:agnluffx U [9]^:J2{

d.:nlfi (rin. aurg 6'urun:ydtdr:dydrfl1a'hififi rqt':.: ethanot tsr^lzu.rii'.rnvfinl'hJ6nrdnriotlrll^01#

dr:dedrfloEi'luntty reduced ton, rfi!rirtlrlu'u':nfitrfifir.lrtlflofivr1u{rdu (4 0{fllrrydt6ud)l

d tnern, 4 69
irvtnlt n [f]?t a tulfl0u

9ruu l uT u

ullut

", 3 e A ., q ---a?: --. t
Kasrle-Meyer rflu n1:11o doxrfio.i6urT,l*oflq douni rxldootrar hemoglouin 1un t lfiol^iTfl rerafli

dluriri.:ulrqjnr:noaoldoyldlunr:fiudxun61ur1.tu^st^txsfltderf rtsifi:raIrunt:rJ::gnofldnr:

Tqdoufilur r {[Tnunn r:uum ri figiro nr rrn r: rrvrmrirrar]^fl u rflr dqr;n r: [r?,trd6u 6'.:Ivri trauosio'hl1u

:
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Kastle.l\.4eyer tesl o
HO

2K'
H

KOH r rlo
o

O Phenolphthalein o

o

Zn

pink

no color HOOH I r

o^a,tion I I

Ldraly2ed by rreno! obrn n b ood {
reduction

l(oH / H,0
o
0

o

phenolphlhalin no color

o

grJd f. fle fasrte-Ueyer test reaction (diJ1: http://chern.vander-lingen.nl/info/item,4'{ovember 2008/id/141/mid/1415)

,lJuflounl:Ytodou

qY o dnl: llulUl Kastle-Meyer lllYll {UOl? Yl€J lfl l algl:

lun rru^sr^im urgrasrf ar:liioar:avarflfild1unr:q:10n:rula'oaluio.rdu (presumptive test)

'16'rrri eenziOine, O-tolidine, Tetramethylbenzidine (TMB), Leucomalachite Green (LMG), Luminol uag

Ae
Kastle-Meyer reagenr tfiodo{ntiaixos-.udun1: fl: t!tdoqoefitnt:ylodoU Crystal test dlu T"i"h--o

test [[AY Takayama test giO'l '
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sr-:odrlufirfisrtnq rriu hirf,ud16firlron:ru16oqfic.r#fl il6o6"rodxfirfirldornfirfinursruoo

erhanol a{ ud?odr{ ?iundrfl-r KM nrnfu HUo 3% hydrogen peroxide #lrnor anl:moflou ytnd'aodr.rfi

AdrA'utd6at
dYuryrnFr1Ju fi5lullllodou0 t0ruun: rura0q r)uN [inflt KM d tu t:o llirjanl:Tofloul urua 1n

I 14, u d q d u q, , - rL -O s - J ,, - Jua0 tgrttnt0u lcxtL peroxidase [u 1flfl rua ttJ rsu urJ:i fi Jzunnto'" u:0n [nd nyfld]qon" gtiuu

r dt 
^ I y '.Y " a, j e 4 a -alulllru9r11tJtfltdgt: I(M lljuflt:110ddun:t!ra00tu0iautTtuu dtt uTiygo{tint:Todous-urudu
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lu n rrfinurrrJiuurfiauna ir l eu oyo l uJ dr ryr0J presu,nprive r".r 1#aanr:dnurfirrenFir.,fi'u

'l:J lunr:ffnurto{ Johnston uayn v ul'jr qomoaor Hexagon oBTI kit fiorrtl'h'lunr:rqef o ryirfi'tl

,, j
LMG uay r-u '' firn:rrirnr:Anurlon Co. fiull.ir rNa finrrl,irrN-rcsio nr:o:':on:rlra*oqrurnn'ir o-

rotidine r[6]y TMB" uoni rnfi lunr:finur oNa lusr-rod xisrollrJru llli r oNa'hinnlira tu rrrry

dr:J1:0sr:10lj!1ruayrfir,t ru'lu'[upr'rodr,:fi'ldr.irusr:']odau rrr,r ,,#.6nd.u"

nmrJ:vqndl#riru1Kasfle-Meyer'l imarsrofld rlnr:uu r,

o9q I d a
u d n i rnu rflru tt. [Y tunl5 fl: ]tn: luld 0quu tflfllitutultaedoTull rflorfigrlr a 1 u{ n t:flnu ru1u I

KM lunr:o:ronr: uriiourorra'oo1u,nio r ^or.ili'qr r r liufl n:: u 'o " d., n",rrlu,iiuunur16oolu
aa,-

rnSorruor^ir6'oriluarr?isro{nr.-el^el16o'[rfooildnrarfi'lafa6'lonrauG uac HIV"' " lunr:finu-r

:vfrntnrvrtolnr:n:rtnr: ur{iou.u o rra*oFrv{ u i rdru'r KM d rrJ ,r or",t uurfioqd do uacu#r 6'rorn

firirtJrirunt:.littdod':fl Auto.luu" qorm4n^q'r6'r 134 o{elryarGfldld Inul#r{au'lnd Dil,,io, t'6,+00

t,t6odrnirriu" uonotnfiflrfi:rolrunr:ldrirurfin::onr.- urflouto.rrfionlurnforru^olurrzuun#illtr
daaa"

u19[nuflntqutt6]utn:o.11roluto1'{utulaqnlfru''1u:tulrunt:fingr:Latol:L'lugrgrtf;ogr triatomine

(Hemiptera: Reduviid) tll'jrlato rr rufih{rualrnfi'r ru rdur6 urfilrya u on[;oo]rray q {ats lrsidtutfi
6 .t, o .in,- * d, .i m,./ 

'fldu tr4t{ad! [ul!dtoirr aimt nurnoolljuonir:ry{ torrfl rlun]dru lt i:JtJ o-{ 5qtt ai5u#rutld,

u a{rerlro.r [unr5reldorry].ian:ylonfiilrflrafi:yrrolur,ugrnua5n::1on,i',t14iefisillanil1l'ir

^ -'r,l '^ a ar zi .t9 dr o .i - - a - .i
A{flgr:1,1TSU9IU t nUrd00ruuOntt:lu0ittnl?i aflt:Todrlul uau Iu1ltu y flu l9D[:JU[[ayl 1ldutli
4 qv 4 20

9t9ltdoFl Ifir{a nt: Tq dal ttl lul tln

lu nr:dnu rr:Ji ourfi uu nr:q: ao16oolu flaair y lourq aoudruu0urrl doufld drryrr'utlfi'tl

dror m,l urdr rua finrru'hlu nr: Er:aol rnn'jruolmodou (frg. 2) :?lt11-.r dr: ayatflfr{dr 15nfl:x0

:vrYr hemoglobin u:lluflaareyosfinrr:Lrrlrur1urfia{ 0.007 il-aAn;:Jlre66n:ryirdu" uuno'',nd,fiu
j 4 a I I d t qy c 9,llJ: uutlluu n t: sr: ?n 0 n 0 t5g11ljtu[lJola0flrlfl io ]una 0{n dy::flu 11u l'] KM 't{ zudu?nfl:.: nu n t: a:1116 JU

e ? .i oqrnfro.rqar::eri s4.i8?" luriurfiqorodou Guiac 'l#ruarrn 750lo" ff{ claister2r 'ld:rq1u: rtrr ru ir rv
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rirrsrflurrrra^onmur.rriinfrldrflurirararrsr

dlmiun:aonlrv hemoglobinuria ttav hematuria 1uflact':vttagnt:gri't0 occult blood luooor:gluififi
Ay
rFri.:{ o r rir arr lrnr-r..n nr:unm d rEiu irrnr:qr:roflaar':suasar:dr'[uir nru il: frflirr,111r{nr:Iry,rr d

grJd z aranr:noaord"rur Kastle-Meyer lusr'rodxflaarrs e. nanr:voaolrfluar B. nanr:moaorrfluurn
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