
fi rtowr:miicionrrnl6suililor

nrdafininur
rjrcAili rwind.

nr:'ldiucr:raifu lr'toroo!
rrU - fl6t 0'lnlt n{n't{dl n{u

.l .rl. d.lll2nfi 0U (Environment)

2. nrruuorin (occupation)

r. ar orocyldiuetRnlrfrrin

:hu rlnounndrf, ufl rl rionrr,{ioor

iuilrvnuro.r

arrrafi tficfirilun'uiotu r:r
J6onir cenoroxic agenr f;ruillrilu

utc I
ut!tRllo1{1 tnn{u

l. Mutrsen rfluar:rnidrirbi

rienr:drrrrir (uuation)

2. clasogen fioar:raiddrbi

riqnrruldouurjn.rtalln:Illmr fi
. , ...In2l!?lnunnlnnt (Chromosome

abenation) tr'rorodohlrdn Sister

chromatid unJflto micronucleus lnotl
nllilurqnfltnrrQn ilioludnrf,oo

lln.ri?eiou polychromatic nonroblast

3. Carcinogen rfluarlnifirio

hirfinrcriq (caocer)

4. Terratogen rfl uar:rnfi iirirh?

Rltriflurnrrrrqoluilofierjnfi i
- -Jn21! nlflnnt 1! thalidomide

f,uuscarlaigir{1 1il'hoviu

utrnfi{uxndo! nrr.nuolin u;oil
lulilto.rorinurI:nfinrl ocrhlfri

n r: uJi ou urjn.r 1 un N In fi nr'fl s r ldo'r d

n. n r ufiarjnfi rosnierdoouo.r

n.t rhhirierdonunrafu lC
t

riou ilulul:nirlr iifi
ft.l.l Hypoplastic tio nplastic

anemia nr:rnifirirh?rfin aphstic
- i, | :, d

anemn lnltn OVn2, d1t U, lUutu, Ul

rirttunqtfiecrtdurid, ethylene oxide

ttdvrrd{i{il tfludu ephstic anemia tilu
tjc.I: nfr r: rrvrr nrrvriiatiionl ntfini r
(Pancytopenia) uaJrtt'ol0rvltn:3Qnxl

e:20nvilu2'tfilrndit.t.l,irururloo
,

(Hypocellularity) l:afirfl ul:afi nulC

rioolurJ:anrlnsuncluroriu ruio

nr10r'r{nrs{i|20 rinlrinujrfi frr:rirl

I Rrnirlqnrrtfiuitd.i
n lrflfiuflnlrun 6

lrrinsrduriollrri
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ln uiriisnrroarfi oitn'oa wruirria

16oaunliiturnunvnrrn'nfl:jnn' rfia

rfionrrrrir tdsrrrruonrfiadnriioa
rt

t'l20Jttlj lymphocyte drt uililu rehtive

lymphocytosis ttncfirniatn'oeir nrrl
f,. a v

pancytopenia Ulll uio.lllln1tzulc0
,l . nrl

ll0n00ne1nn12!0u 60 luu

(l) Paroxysmal Nocutmd

Hemoglobinuria (PNH)

(2) Myelopthisic anenia lfii

o 1 n n u i lrnrifi qil nn'r{u tur: nlu 1t

nt!qn {r1#ltntsAnth.rluuniljo{

(3) Megslobhstic ancmia tfiarrn

nrr{mh{rnil unlentu'u fitz rlrlrtnu

clndnrdonrta$nrJnfi dl mcsr-

loblast c€[ unvfi mot'rrstion defecr

(+) inrrnnr{otuutr lrtlri

Septicemia, Typhoid

(s) inurhnrodnt6onunr tfia

riioatrr un;rninrfioarrnnirilnfi riu

Hyperspleniqm llnJ rutoimmlne

hcrnoVtic anemia

(6) nm! Disseminrt€d

inuavascular cbtting (DlC)

(z) ucrllriern'oirll?tiatiorl

nfru laoriztj ilrhu unciordr

riliio{ln uiurmulriln laorietjdn

riionurrinqr rmvdrulnqjdlirdou

ruiun:ro*rrrrlnrfin irluiludol

ll.l.2 Acquired sideroblastic
a).or,-

enemie llltlnUl|Tlllllnni2'lUflnUnn

rfiad H,r; ncd2 rinuoctilnrdonrtn{

0gtflu microcytis hypochromic d1r,1l0

nu basophillic stippling 1C lfiu'ofu

lu0nlra0rR R't2! Iniin o tlt rn nr:trn
4 u 11l nR ungt'lnartll|o

ft.l.3 Porphyria cutanea tardn

dl'liidilllfitfin'lduri i hexachloro-

benzene 2,3,7,8-tcf achlorcdibenzodioxin

it.z rirlfrfiarfionrrnlunn

(Acquired hernolysis) tfiatrndr:nvfil

ouiillnlilrcrnr6uri6, dnitro-

toluene, arsirc gis, stibene gas,

hypcrbaric oxygen

nrrdrfi nrn'snunltro n oloi lhl
rfianruclniinrNriounriu (Acute

gs6rnie) a?1!lllntt{0{n12!Iniiitl{
t ,- - . 1 -lUOgRU0n:rn1t ln 10lu iln onlln.!

loufi!dn1 10{ llnllq R luRltflnnlljn

riionrrn{ooRrlrrrnufl uoRctntflct

crndr: niifi rhhfdinrf, ocualunnuul

rfi ounfiuudr ft iinrrrqCul 6nrild

(l) n123ilio{ G-6-PD i?ldrr

nr:lfo'miofllnfi
(z) lraihlnnu'u ror

(3) Hercditrry sphcrocyosis
I

(4) nrrfinlio lduri urnr6o,

finrlo Ctouttiaium ua! BrrtonellEnrlhnr:qntConrriirf,ouonln
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(5) Autoimmuno hemolytic

rrc-ia otut{rfindilll#rfii direct

Cmmb's 0est flntrnlCrrri O-nethlaopa

1e) nrrldilrilonfinn{
(z) nrrlCirrirndlrdrnr;nc

tilon

n.3 rhhlrfiara'onunlrh

oonirrulCrloon{ nul#lunr?!

Methenogbbinemia nrrraidriohilfia

R1?cU InuR NiEstc, Nitsib rlng Aniline

Mcthcmogtobin riluihlnniju
d rrf, nlufu rnq n1 nocnilafhloilu

lrJrour{ofin drlicrlunnldu
oonlrw laorlnn'luuinciuluinnrs

rolrrrnvfiilrvrrorJoons t-r nifiinn
l n t o q i n n udru rrnifir rihlfi i ru ru
tloonr rrn'sriiollilriufoonc t-z tolii
Illnniiuri.rrra lnoorfioroulqri

mcthenoglobin rcducrrse ihi
methenogbbin tn'uloon: l0 lilnrutd
rilonrc6!fi ornr:riiuz drrfi ufosnv :o

.la
0!rtxii0tntrro.trirlo rn-ufoonc so fn
iiornrrrnfilol unsilxfiuloonc zo

onr;nludiirlC

murqduirhl#rfin

rnoglobincnia uontilu'otlnfltlnfi ld
ruri

(l) R'|'!,ln NADH merhe-

mgtobin reducrasc iluirlrru'n lrnd
0101|0n lnl|l{ltUlnttttrUU autoeomal

rcc€ssivc

(2) Hcmoglobin H tiroloalrl
riulnr rlttu! autosomal dominant

n1:tfi e methermglobin o?u ro

Inn{IU

Methc4oglobin

Fc+3

)(:)ffi (*
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x. nlrilAarjnfitosolnt6oaru

t. t rirhinu cfrlrinto'oatrr

rloons

1.1.1 LeukoPcnia ar:rnfidrh

lririarn'ontrrir ldrrri ar:tq, ruudu,

ethylene oxide, orgsdc pesticide' ltd'l

iril rfludu orurrodrrovrlrlil{ihofi

rinrfioatrarirorir.urn (Agranulo-

cyrosis) orrnrirdlCud orrlfiiru:,

inlr{urlli, orCruln:ooi, uldlunl:

dnrtu, urinuurnr6u, ulin!lul'l

r2'll. ulin!totnr:rir'lordufi no'ltrl,

orduilfi crrc. ordrurn'snnnrorfl un'u,

urriuin. srinurl:nfurnir, o1inlo

6lrn, urd.rldtnriu riudu

ntttfi n agranulocytosi, fi nnlnfi

drn'q: n'af,o

1r I nn'lnrrlpr'{lfiu (I.rnuoe

mechanism) orovn:l{uhlirlnroahl
JI

noufi rod noun'uo6oliuriloriilnrc

uufirto.t granulocytc tioduriuorlu

iilrfinrflu immune comptcx tlnstlqn

qnfuo{uufi rtolttari ganulocye ttdr

!n macrophag€ dufiurhnro utlrtto{lu

fi r rinl ufi rroun' uodfi rfi ntiuorlfi nn

io graoulocyb'lultn:vqn

dnu vtc tllol agnnulocY-

rosis fi rfi nornnnlnvrrlqfi {16'u ii'lii

(t.t) nrrr6alrarilulilodrl

rfislndu

(1.2) 01Rltlln'olnl:ltdn{?t'l

lrJluun lCrrd 1{ turrd'u

(1.3) nr:nt2o'ltn:lqn 1u:lol

6uCu granutocyte drttrittncdrdouoa

n{ lnodrinrfioaunldrtiou llng
.i

megakaryocyte nn udtllltlutJo3lt!
,-.-
fudrocilu granulocyte drdaulrn ort

ovducuf, n'jrrfl u granulocytic leukemia

Ja o!' I(1.4) nuoufr'uonluttr|no

granubqne n0lJ leufoogglutrtrD

(z) f,utolorionnnr:chl

granulocyte

urrJ:ctnrdolRnnttarl'l{ DNA

n'u rowro ro Is ti lfl ni orsnridu d lfi n

lloqinr6onlfin6ulultnrrqn ldrrri

ri n rn'o n ttelt tn v tni s tfi o n tinl il stn nrc
i- i

Ito{ agr.nulocytosis 14lna01nR1tnqlu0{

^ ^-t01fl1t!t|0.101 ll9{u

(2. t) nr:rfi eI:nrioorfl uriou'hJ

finlrloo

(2.2) n'ltt:2rltn::qn rw'irii

rgnrirloo (xypo""llular marrow)

(z:) lufi :"ltosfiilru'hifi rrsu

- J,
nilOnn0 granulocyte

u lt:dr:trouanr:rrnndliollrlri flii r lrilii r rilorol zs3u



fl riofi orrduailnf oinrirbi

rrnridourouinrdoainrrrleiof, r
t0{0'l!n{rr

(t) iledsnrfruln:rr
(z) arrlunnilluqornlrifi

tolor ri.rIn:.rnfi.r lnvdrurj:vnou

rjinriou
L

(3) ff211J l2X0{ granulocyle

ia'! noo t|lt9to0-l

(4) nalni2rrr vr,r in ql'{r fiu

unvnnlnfi!ir01

x.2 nrafiarisrt{rflariioatrr
r I tr IItn n liltn

i,.2.1 Acule leukcmia dr:tniid

dolfrrn'nI:nfi lduri ruuiu ualilfl
11.2.2 Chronic granulogruc

leukemia oloovtieornrtacilil

1.2.3 Multiple myGloma oletg

tfiaernunlilil lrn multiple -y"b- d

(a) iljrfiuluillarrv
1s; ilnnrlnulur6oaql

(6) iinr2suinrfiorql rirldfl
|lnrr.n ffdalC

n. rhb{ uemostrss fie rjnsr^

rfi nnrrvrni arf, ocri r
(Thrombocyopenia)nrr rafi ddrhilnin

ro'oarir lduri tuuiu, organic pesticides,

hyperbaric

uarirfi

lC rri

oxygen, ethylcne oxide ltnS

'ifl2ufl,|l q0uu0n01n ]flRU

i.l ldiopathic thrombocytopenic

n.2 Irnltnrvqa aplastic
.:

fl.3 nltn0tt0 ItU D€ngu€

hcnorrhagic fever

4.4 Hypersplenism

i,nrtnnflo fr d rolunr:ia
(Biononiodag) f,r ernnumfi lCuri

, itr -l. nlt2ntlnufllflnt l u x
2. nltin mebbolite 1o{ar'ttf,!

3. nltin cholinesteraso ||nJ

liver firnctbn tests

4, Zinc protoporphysin

5. DNA .dduct

6. Hb adducr

7. CBC ttn! pbtelea count

nllunu q rorqdii rmrirn rrruriruru

rrnluhnrlqn irvdulnnrlfiulu

tfion({ fiIil:iiu Bence-Jones lu
flrflrrv ornrlrnlotntlrdfi.rir{l fi
nuiloolduri

1t; nrtqnrin riio{rtRloli

flnlrtlunrsqn

(z) nnvlnr-nnnrioir

(3) n12sln2ro uinrudur6oa

lrJqr
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8. Total radical tapping

rntbxidant prrrme0er

9. Mc6emoglobin

nlrii gcnotoxicity luilrlriu
!n{u

l. Ames' test

2. Sister chrometi! chrorremc

3. Micronucl€us tcst

4. DNA rdducr: P32 hbc|lilg

E-Hydroxy2'-

dcoxyguanooine

=----
ncmoJlobin adduu d arlrrn in

- - ldld$il-
l. Ethylene oxile

[Ib : N-(2-hydroxyethyl)

vrline

2. Propylene oxidc

Hb: N-(2-

hydroxypropyl) valinc

3. 1,3-butadienc

Hb : N-(2-hydroxy-3-

butcnyllvalinc

4. Alcohol

Hb : acctrHchyde

5. 4-Aminobiphcnyl

Hb : 4-Aminobiphenyl

6, Tobacco

4-Hydroxy- I -(3-pyridyl)

- I -butsrcne

7. Acrylamide

2-Aminofluorene - Hb

Cystcine adduct
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fiul:InagiulufiYru uosnrraficnru?Trir,rnruelau\oloGiu-rsr

lunr:ifi o,ir'guasionanr:inurilcriwoseioild's:orreiuuu

differentiated dn:coruuda

Lubin E, Mechlis-frish S, Zatz S, Shimoni

A, Segal K, Avraham A, Levy R &

Feinmesser R. 1994. J Nucl Med. iS :257-

262.

rriolorn nr: cfiurndri rrnrodro

lolodu-rrr iriofrrin :l,drdo.rinr:rt1n

nrr:-Ruluuurnrru nllhfi dlfl uiltynruav

flanltnt2ilnnltn:yorotorrgri,t un'lnr:

n'neiorfu:ood 6rrlrnr:f, nurt'oI:Inar16u

lud:-l uasnlrdgrrnlnri?dr.rnrudru

loIo6u-rrr rraoinnruLlunlrn:20r.1

r:r3liioriu:oui uinsrlndrfio.r uinsrfi
riroonhJ lu{iho zor nu rn'lnr:ein

ioriu:oodiifirjcriluuu differcnriared uo3

nr:rhoro iinrr ld noncomperirive

imrnunoradiometric n*t"y infirlrlnq6ult
i:"u n1rfifi{n1ilri?ir.rnrudrulolodu-rrr

rludlnnrqnnr::hurlnrroudr o rYrlerri

riooun'ir rsH ovrillrnn.ir so

uulnrr lu{Ml*'lar:iiui,ridfi lolo6u

loIo6u-rrr hinun:6ifinr:afirnrnrirdr,r

nruifl aurnucifiul: I narl6uluifu'lCHaau

dlil lu{rJrufi:hurdrololodu-rrr

nr: iefiuI: Innr;6ulu6:-rrfl uiifi l{rJ:crfi u

nanr:inurfi6lrn {rJrofiinr:n:vmulyrir
ri o l r'u : oudueiia a n t: fl gt{ n r il li.r irl n r uril u

nu hi'jroyfi r'uI:lnol6uludilriohifinrl
l-niuurl#rulunrlduiingrn.ir duu.,of;.j.,

ucdii'uloIo6u-Irr hi6nouovfuI:lnor1

o lua:!n'l

dedifferentiation

differcntiated

rilueYtyryruro.rnr:

toc!crilfirfluuuu

niln?r1o qliluno

{r n1rdfi {nrilrir:'rlnrudocosohl6nlijdr

n'ir ro rilJnrri rlo lC6nnrln:ro{ilru

sg nu dfinr:n:cerutolrivrflioll'urouC

rilunar rz fl oodu 7+ 3.3fl)ilil.j1 sl
n! (88.4%) it'ul: I n arlduluir-l guuTtorv

fnuru rjlnrlu uar 32 Rl (55%) lililu
nrufieiln6lunrnn1:fl g1{n1ilri?drlnrodru
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