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ABOUT THE JOURNAL

Rims and Scope

Asian Archives of Pathology (AAP) is an open access, peer-reviewed journal. The journal
was first published in 2002 under the Thai name “215a815519¥ ML N BUNNIWATUTEWALNE
and English name “Journal of the Royal College of Pathologists of Thailand”. The journal is a
publication for workers in all disciplines of pathology and forensic medicine. In the first 3 years
(volumes), the journal was published every 4 months. Until 2005, the journal has changed its
name to be “Asian Archives of Pathology: The Official Journal of the Royal College of
Pathologists of Thailand”, published quarterly to expand the collaboration among people in
the fields of pathology and forensic medicine in the Asia-Pacific regions and the Western
countries.

The full articles of the journal are appeared in either Thai or English. However, the
abstracts of all Thai articles are published in both Thai and English languages. The journal
features letters to the editor, original articles, review articles, case reports, case illustrations,
and technical notes. Diagnostic and research areas covered consist of (1) Anatomical
Pathology (including cellular pathology, cytopathology, haematopathology, histopathology,
immunopathology, and surgical pathology); (2) Clinical Pathology (Laboratory Medicine)
[including blood banking and transfusion medicine, clinical chemistry (chemical pathology or
clinical biochemistry), clinical immunology, clinical microbiology, clinical toxicology,
cytogenetics, parasitology, and point-of-care testing]; (3) Forensic Medicine (Legal Medicine
or Medical Jurisprudence) (including forensic science and forensic pathology); (4) Molecular
Medicine (including molecular genetics, molecular oncology, and molecular pathology); and
(5) Pathobiology.

All issues of our journal have been printed in hard copy since the beginning. Around the
late 2014, we developed our website (www.asianarchpath.com) in order to increase our
visibility. We would like to acknowledge that our journal has been sponsored by the Royal
College of Pathologists of Thailand. We have the policy to disseminate the verified scientific
knowledge to the public on a non-profit basis. Hence, we have not charged the authors whose
manuscripts have been submitted or accepted for publication in our journal.

On the other hand, if any authors request a printed copy of the journal issue containing
the articles, each of the copied journals costs 450 bahts for Thai authors and 30 United States

dollars (USD) for international authors.

Publication Frequency

Four issues per year
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Disclaimer

The Royal College of Pathologists of Thailand and Editorial Board cannot be held
responsible for errors or any consequences arising from the use of information contained in
Asian Archives of Pathology. It should also be noted that the views and opinions expressed in
this journal do not necessarily reflect those of The Royal College of Pathologists of Thailand
and Editorial Board.
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REVIEW ARTICLE

Cellular injury

Chetana Ruangpratheep

Department of Pathology, Floor 6, Her Royal Highness Princess Bejaratana Building,
Phramongkutklao College of Medicine, 315 Rajavithi Road, Rajadevi, Bangkok 10400 Thailand
Telephone: +66 (0) 90 132 2047  Fax: +66 (0) 2 354 7791  Email: chetana.rua@pcm.ac.th

Abstract

Cellular injury is the process through which the cell is unable to maintain its homeostasis
in the encounter with injurious stimuli. Generally, the cells with mild injury result in reversible
cell damage and there is no cellular death. However, severe cellular injury leads to irreversible
change and death of the affected cells.

Keywords: cellular death; cellular homeostasis; cellular injury
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n1suIALIuTanad (Cellular injury) waneds nszuiunisiwasiussmeldaunsasne

AM¥815ana (Homeostasis) 1lel 1dlew@gyfudanszdusinag inendunsne (Injurious stimuli) e

wadiu Tnedsnszduiiaunsanendunnerewadlusisnie Taun Jadeniaiugnasy (Genetic

factors) iWeralsA (Infectious agents) Ufjisemeniiauiu (Immunological reactions) Uadennang

(Mechanical factors) Jadem1anienin (Physical factors) ansiaiifinelsa (Chemical agents) A4l

luaunagnialayuinis (Nutritional imbalances) A19¥Ws0400nTLaU (Hypoxia) wazouladasy

(Free radicals)"”

fegwesamrsuarnatnnIsiinnisuiniveuyed®

1. maummﬁmmﬂaummm (Traurna) W aURmeRINNMTITIasUUaUY Wusu neliinnis
Snvaveciiodenie vessnene

2. Msgameansusuleuanlys (Carbon monoxide inhalation) Aelmannsdiudanisvuds
PONTLIUGLYAAAT) VBI319NY

3. nslaunsaun (Strong acid) szvilansuszneulusivluiofessy vessemeinns
Fusafudusoudu (Coagulation) s e ausnafilaunsniiudeanimnisieu
Auunfly

4. MRS IR ILRALAUIUIN (Paracetamol overdose) agnelilinasusznouNIs
il dunaainnszuaumsa suanmuesenlusenie deasaiivaniiasdusvans
TUshuuazanslalulusiiu (Lipoproteins) lusadsiu auitlieadduinanisdoningils

5. ashadeuuaiiSarnelfifinnnuinunfsieg vessrsmesudunasinasivuas
wulwlfidoununi Sousazviindeseanu

6. mslasusednauszq (lonising radiation) wu $3d1end (X-rays) Lusiu azneliiinnis
yhangansugnssy [Deoxyribonucleic acid (DNA)] moaiwadeni luitlaidovasinanied
JRE LY

Imaﬂﬂﬁué’amimﬁsmuﬂawawaaﬁimﬁmm%uaq'h"mw"fummqmmsumﬁq nsEAUNNe
nfunsiesieadiy naRemndsnszsutuneliinnisuinduiiesdndes (Mild injury) sewsad
dloidndanszAuiluame biwadiinnisuiniduiissdndeseanly wadildsuuiaiunuuiiioe

X o & A A o | ¢ &4 a & ¢ a A
ansafunduundulndlalaendaldusingnisaevesead F938nn15u1A UvBIRaaYEAtldn
“Reversible (Non-lethal) cellular injury” lagaziinsildsuwlasveasadiiudnvusladnuue
nilsssilife Cloudy swelling, Hydropic change (Vacuolar degeneration) %39 Fatty change
mmsﬁaéﬁﬁmmimmL%ULﬁaaLﬁﬂﬁaaiummLiﬂ Giamléﬁ’%’uﬁqmzﬁuﬁﬁﬂﬁlﬁmmimm%uasmimm
mnwuu (Severe injury) maLszfaa“lmumﬂiumuméﬂmﬂmmsmmLaruamﬁuuﬁamLmusmﬁmaa fm
A TAANSUIMLE UL LT A Wdnseeveuwad (Cellular death) Lag feusiinavanansardnas
ﬂizq}u‘wLﬂummaimezfaam@msmm%uamaqwmLLawLmqﬁzaumﬂﬁummzmumimaﬁuaqmaaLLm
I &  Xav X ) & I3 aq v o < s v
Ay wadwaidnldaiuisadlunauudueadunilaas 3u58nn1SUIALE U LTAR NS Ny
JULTUUTIWAANIMEVRUEARTT “Irreversible (Lethal) cellular injury” Fagaaiilasunis
VI Ueg19gULIzUIINganvazasdelUlifie Pyknosis, Karyorrhexis, Karyolysis %38 Ghost

cells®?
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aﬁﬂﬁ’m?{ﬂﬂﬁw’juﬁﬂﬁﬁﬂﬂETuG]i’lEJGI'E]L“UaﬁLLUULéjﬁ]%'ﬂLLGﬂﬂJliquLLN (Chronic mild injury) N3
WasuuUasweawadiAntuazgnineglulszinn Reversible (Non-lethal) cellular injury usilwadas
Usngdnvaed uananeluainiinaalitiesdufe eraianisazanvesansaneg aeluiwad
(Intracellular accumulations) i laSuunaduiy wWu aslesu (Lipid) a1sldsiu anslnalay
(Glycogen) 3o39A3ng (Pigments) {udu Iugﬂﬂn’mﬁﬁﬂL%ﬁﬁﬁlﬁ%ﬂU’lﬁL%ULLUUL%@%QLLGH@JEHLLN%
pinnsasullasiionin “nsuiustvesad (Cellular adaptations)” %ﬂ%xﬂiﬁﬂgé’ﬂwmz
Aunndnsiuieneluide n1slavawvas (Atrophy) nsiiyyuInvasivas aulng/na1uni
(Hypertrophy) n15sus1uIuYaugas 1¥uInnd1uUnd (Hyperplasia) n1sivdsurdnvadivas
(Metaplasia) w3anisiasanivinagrdnuniveseas (Dysplasia)®
nalnnisuialiuvasag >

dsnsgduiinendunerelvadazdmaliiinnsdsunlasineg veslassaiinagninives
Hevuwad (Cell membrane) lalawanada (Cytoplasm) uag/v3efnadsa (Nucleus) vosivadd

TasuunaLSutiy
1. mswdsuuvasiidoviuiyad

— Boruwadvinihildlianysal Ssoradunannamniiife mahateszuunisinlessuy
(lon) i luwaduagnisiuloeussnuanigad (lon pumps) vesdevuisad msviaelag
szuugiiduiuresiinie videmwhansanmsfiviignudeseenulasilouuaiiderslss

— msdnvnvenderuead Ssoralunannavadiie gifvg nsvanglageuyadase
wIan1svanelaglssnuooalu@a (Osmotic pressure)

2. mswAguuasilolawaradu

Yo

- mi‘ﬁﬂ‘U’JNﬂ‘izU’JuﬂﬁL%JGH‘UEJ%%J %Qa’]ﬂl’ﬁuwaﬂﬂlﬂﬁql»%mﬁ ﬁda ﬂ’]‘ilﬂiuﬁﬁﬁ‘wﬁiaizvu
a a £ %

n139181a N18NIeeFsLUY (Hormone) N15v1akAauansidigninsedulviladingg
W3eyiule (Growth factor) nsensduaseilusaugniilivgayedn

— msdumadlunisadiandanuvenead dseralunasnanadiide nzneseandiau

anuraUnflun1sviauvetlulnaewaie (Mitochondria) n3en1iensesuInlanglaa
(Glucose) luiden

3. n1ssUAyuLUaINduARYE

v
v a4

—  msvhaieansiugnssa (ONA) Gsorafunannanumsaie msldsusadnouszq nslésu
guasiintn (Chemotherapy) visensvihanelageusadasy

@EJ’]\‘iliﬂGﬂllﬁﬂLVWI"U\?‘WU‘UE)EILLawaﬁﬂEU‘VIﬁﬂE]‘L!‘IMlUﬁﬂ’]iLﬂﬂﬂﬂi‘UﬂﬂL?]U‘ll’é]\iL"Uaaﬂa “A3UA
\dontanizdi (Ischaemia)” %qLUumamﬂmsmumamiamﬂuﬁuawaamaammwlmasmual,sjaiu
e 1ee3ene Sudanmvnietesnduuiirludsaiededuaesonaendenunsiiunie
qmﬁuﬂgu aenInsviuredlularouaisNazunnssaniauiunsanasliuntsnanasIina 1 uwA
\wad [Adenosine triphosphate (ATP)] 1A UdN15a3 199U adaT20anT1au [Reactive oxygen
species (ROS)] FrurusnFuinlulslanousde 9 ROS widrilargnudeseenutainlulanounie

L3

= ! v dyd
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(1). Aanszuunsileseendintuveslvsiu (Lipid peroxidation) ﬁﬁaﬁm%aé UV
Tassaisuagnihfiveadevumadgnyinans wiouduwadiinisgapdonnizsisinalu
naseuniufe Teieulesau (Na*) agidhdiwadunndu Tunadeylossu (K) 1
gnduoanuoneadiiuiu Wunalivesssiuesaludageiu i udduwadifivan
Fuduiioaru 1ian1sveneivessumeulanatad uyidanenu (Rough
endoplasmic reticulum) lslulay (Ribosomes) AN15kENLALATEAIIAIDONINN
Srawmoulananaduunniy warvwiavedhilanoueniofsuanlnaudae Saili
wadinnsuINLUUEBUNEY (Acute cellular swelling) warilvwalvgiTuiuies
devni o oflwadiinisd sundasdanaiundeud Haematoxylin wag Eosin
(H&E) wazgdnendasganssatasnuin Madsuudadluszesusntulalonaadud
SnYEAAENIEINANTENI “Cloudy swelling” LﬁaLﬁmmimﬂL%Uﬁﬁaﬁm%é
Wunanuuanniy ihidnlVazadlulelananaduauiinvaradronszandniufas
saushiu slidiulelananafuiidnvasdudesindlansananvumdniiounseii
IIUIUNINLT 8N “Hydropic change (Vacuolar degeneration)” 1agnns
WasuulashsaesdnumeianandeduaansonuldveslusadiBeyrievadiudy
woangla (Proximal convoluted tubular epithelial cells) ot duwadiidly
Tnreunsvegidusuiunn wdeutuiludiuvedladwihmihfiunigalunisgada
uazindenssineg mewuiu drhudeRannzadenludesdileadumamalf
a1u5anunsUasuLUaIwUY Cloudy swelling wag Hydropic change (Vacuolar
degeneration) Tuwadieysiananliiostiuos®”

oflailolslulsuiinisusnuaznszaefieanainsiaumeulananaduunniy
Souq Msaalusiufavanas yilinsvudeanslalulusiiu (Lipoprotein) sanuen
wadhananduiu Sufnnsazauvesansusynouludu (Lipid) sgnanglulelananady
1nd ety Tnstanizansuszneulusiurinlnsnawelse (Triglyceride) ol afinns
agamaamiﬂizﬂauhﬁﬂumaﬁtﬁa@ﬁ’mmLiJa'szﬁuLﬂuﬁmﬁm Wadi e
deadernanurunszuiunsmediaaineg (Histology) Fadosldvieansavaneie
MuUDa (Ethanol) w3stefiausanesed (Ethyl alcohol) wazansazaeledu (Xylene)
a]zﬁﬂﬁmiﬂizﬂaulﬁuﬁ’uiuL%ﬁﬂfugﬂﬁﬂﬁazmﬂiﬂ sound oo ofis
nsrUINNINlYineseuTesuaindourmied HAE wasgriendedanssal Ay
wulelanaraduidnuaziluresindlansinay (Clear vacuole) auinlng Feazna
LﬁamﬁamﬁaaﬁumLszjaﬁmdwﬁaml,wumLLazgﬂmﬁﬂlﬂaq%mﬁmauL%ﬁﬁﬂﬁmwﬁq
Sunwadiiiniswasunlasdneariin “Fatty change” lnowadasiidnuzadne
WmIURsT (Sienet ring cell) Wail wadlus1aniefinun1siua suudasuuy Fatty
change lsUsefignfeieadsiy iiesanwadiuiisidesiunszuiumsiuniueddy
wosladu (Lipid metabolism) oflsmsdsunlasdnuarilfawnsanuldluead
nénanidelauazeadidoyviovndiduresmielauiu ufinszdufinumsida
Fatty change IuL%aéﬁﬁmmeﬂmﬁmmLﬁamLawwﬁﬁﬂwuﬂaﬂiumaﬁﬂé’mLff@
wala dmsuiwadiuasiinn1siUasuwladuuu Fatty change Iuﬂizﬁﬁﬁmqi’nfﬂu
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USuauunneddaidiesiunaeiion wiodunasgrudeundudesinielasu
a5y LU @15avateA1suauAnsSIAanlse [Carbon tetrachloride (CCly)] tudu
dr1un15AsunlathuU Fatty change 1uLszfaa‘l,?iaqﬂammﬁauﬁumawﬂwlmﬁﬂ%
nannslasuansiiwdigsanieiuiiuiu®e?
nsnugerindlansinaslulelanaraduvesadenadunasnnisazanvasi

violusuluwadfly diinisiguiiudodofiiemuiaunadudunasinnsasay
vaniuidoluifunelugad wwfouhtuiloan (Fresh tissue) veuiioifasananiil
Wuntsugluansaratenlesunay (Formalin) wavnszuiunmsnisniodendae
Anen wvhmsinTuiieseisutuds (Frozen section) uarfeudedessdisale (Oil
Red 0) ilothuilaiofiiunisdauaznistioudieisdinanudrinnagiendos
amssmd mnansfiazaveglulslanarafuvewwadiduaslufiufesiiuresitmse
nauluwadiuindun®

2). Aamsdauladiassadrevedusiufiasnetunelumas (Protein modifications) 9
VlAdnsuAnA2 (Breakdown) n3efianuiinun@lunisdiunuda (Misfolding) ¥e9
Tushumaniu Sahlugnsaydenthilvensadvionismevessadluiian

(3). iansviatefieute (DNA) autilugnisiman (Mutations) llunaldiwadiings
WwsaivlnegsiinunAnaznanaiduwadugiie (Cancer cells) 191

dlansuinidvreseaddinaindueg1eneiiios nieuiulin1siiussAUYTeIAIILIULSIVEINTT
vndudnme lnglnizn1suinldurengaadannnuiainasnseseendiauiazluideiods
NsHaRa1stinasuLAasd (ATP) Aazanaiies s Aeluwady lasuuInldunalila s oty
NIEUIUNTEAIENTE1INTIEAUWAs (Cellular metabolism) aaeddlnalala@a (Glycolysis) lieluls
WEIURLTULINNOAUAIIUF DINTITVDUTAS LUV UL ALAANITUIALE UL ULD LLﬁmzﬂ’uﬁmm@ﬁﬂa
(Glucose) Faluansammsuszianaslulawsn (Carbohydrate) Nvzgnaanalaeigadnigg Tusnenie
walmAndundsnudmsvihlvldduiedounszuiunisinnuveusad Imaﬂnﬁué’a%gmﬁuammg

P % & A caly vo <
melulglananaduvesgadluguiuuvasansinalaau (Glycogen) srewsiidlaiadlasuuiniy
Annszuaunisinalaladaiivuiniu Usunamesansinalanuiiazausgneluwadiunsvanadly
dl' = I v ad 1Y ¥ a .
Segq Weasnngnaagluidunglaanenszuiunswnvedduuuulidesldoandiau (Anaerobic
metabolism) tietfinndsuliunwaaluvaeiinanisuinidu dsdunnzingivessa dnwnaini
nalaaRzgniudsuasLannn (Lactate) [anseyiusvansauanda (Lactic acid)] TuuSunamanniiu
nirfiwadasmdnlaviudenisadiaiu asuanwmanazasised nelulelanaraduvesadfilasu
v vibianiley (pH) aneluwadazdianudunsauniu dwaliiinnisiniznquiuvedlasun
#u (Chromatin) Tutiedea? Wetilageniin1siasuwlasuoiwad luanwueaInaudauaied
H&E wazgsiendesganssey asnuingadvetiadowmaridvuainas llananadufndyunidy
d%’ = | 3 [ < a a = wy a v | [ . ..

1T u Fevesadenarusariunisdndveslelanatadudududunslatguiu (Acidophilic /
Eosinophilic cytoplasm) dwsuiluadsavessadinaidiazindunduduuniuaugadoudude
(Intensely basophilic nucleus) Iaetsonn1siUdsuLlasvaswaaNianwueNInuailin “ Pyknosis
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(sIFwr9mmsideus lunTvIninasedife #7137 pyknono wiad1 ilwdudu uaze13r —osis
uta1 nnzhaunE)”®
Tuwaduni unaiBeslessy (Ca?) asigwadlutsinaiitdesinn Weuradeslesauriuide
vuwadiinluglelananaduuds visduazduiulusiundgnifvaraulifisameulananaduuayly
Tnreunie waailosllessudufivieazgnivesnuenwadionszuiunsdiosends ATP a 1ie
Fuwadiu mnfamsuiaiurensadssanvelafnuduiilugninianssuiuniaveooniindu
voslusuiieviuivad Imaa%ﬁummﬁwﬁmmLﬁaﬁuL%aéﬁﬂ aﬂv‘hma uananlufeulossuas Lfihzi
wadinntukaslvunaidonlessuay ﬂﬂsuuaaﬂuamsaaammmt,a’; unadouloooufazitngiadiiiu
mnmuimmuwammaawmmawuumm%uﬂu mmmwaumamwlaaauwLsmamjaauum
UimmmqqLﬂummmzmumiwLmaLﬁziaulaauaaﬂuaﬂLsziaa%mamﬂm mulwumw wAaLTE
loosudastiiogmelulalananaduagnsedunszuaumnne sulunadorowaddsiie”
(1. Annsnszgueulydvealnlaa (Phospholipase) Wunaliinsaansludiugiin
waalyllalin (Phospholipid) Faduduuszneurendorfumad funiudorumadis
Qﬂﬁ’]mamnsﬁu
(2). iamsnszdueulelushiea (Protease) Wunalvilinisuenasdusznourendule
Tsiuiidenlosiudusaumitedulnsisawenead (Cytoskeleton) datiueadas
Lﬁmmimul@fﬂ'ﬂEJ@J’]ﬂGTTuLﬁaIsaLﬁsulaaauuawfm%gﬁ%ésumzLﬁmmimmL%‘Usuaq
\wag
(3). innsnszsueuladiieulailandied (Endonuclease) Wunalifinisaaialasunfiu
Tuthirdes
@. iansnszAueuledlusfiulag (Protein kinase) Wunallasunduluiiedead
nsuaninifudaug s (Fragmentation) wagtoulwaid SanoliiAanindumy
Woawln (Phosphate) asuuansusznaulusiunisluwad Jwilvdanuiaund
vaslassadranazntinfiveslusiumeaniiou
sanmanszdunsiaureeuluiioulaindioauarlusiulauagina1ndadui e
dodeiifinmuindurensadesnweiiios wieusulimaifiussduresniugunisenisuiadures
WwadBndae svhmadondied HEE uwasgiendesyansaa aznuinsadvondedetiuonainasd
yadnas Telowanadufndvudu/Aunanniuwd: Tuefeaveasadmarifazunnsenidududn
Futles InoiSonnswasunlawoswadfidanvaeianuniian “Karyorrhexis (57987917775
Wourluniwininassdide #1391 karyon wad1 TuAdea uage1d1 rhexis 4iad) n1susneen)” B4
deeuledioulaindeauariusivlauadevaaslasuivluiuedoauntumiilug nsaateves
fumdvatazasunnmsunnduiudntutesnarsunduanandendudingny sadanse e
woshendesansimifandudufonadng fcu/dsluseditlelomaadufndvumdu/Aung
TnoBonnsasuulamwewadiilansaedsidin “Karyolysis (s1nAwiuI9nnsidoudlun e
n3naesrfe 197 karyon ulad1 FuAdea uaza117 lyein 4Uad1 nrsuen)” eflwwnsiiwadnan
ATP anaiosq lalelaufazdeny vantu niauduinisuaesiouleingulalasiaa (Hydrolases)
gonanlaleley auwliiAnnsgesaanadiies [Autodisestion (Autolysis)] voswaadilssuuimdy
iy Tnsioulesifignudeseonannlaleleu (Lysosome) agvinisdeslassasaniglulalananadumes
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wad (Organelles) sudsdinndvaiuanasdondudagng dudae wlufgawadiinnisuiaiu
wardinadsuudasdnuasideindunismevensad (Cellular death) oghsutiuau Sloguadiil
nsmeiifendesganssmissnuii andiufissgUiafuvonvadidlelanaradufnduumidu/Auns
wihttu udlsifutndeaognslumadiios oneadiimeuduasidnuaesili “Ghost cell”®
winseiufouidededelafansuinivedisguuss awilisadludededdnszuiuns
AIYVDILTAE LA Iﬂmwwumaauaﬂwm%ﬁmwu Pykn05|s Karyorrhexm Karyolysis %38 Ghost
cells wanvuiludedo 4 GU‘LJE]EJﬂU’J’]LLG]ﬁ‘“‘UiL’AEN‘U’eNLuE]LEJE]uuLﬂ(ﬂﬂﬁWlEJ‘UENLstiaaLL‘U‘U'i’mLi’mia

o

wuureelluAsyly uazvy u’WLL!E]LEJ@@JW]S’D?]HUL‘?I@@WGHEJLLﬁ’JﬂWﬁQ@QIU‘U‘UW@UI@ GNUULME]@JWJEJ

ndosganssauddlidnduiiagdemud wadiinewdiveatadenldsuuiniuegissuussiinatadu
Ghost cells yi9viain

N15UTALA URINNISbNad UV ILA BANI8NAIN15VIALABALANISN (Ischaemia-Reperfusion

In'l un z)(9—12)

A a 2 & & A I3 ! v a ' a = v Y]
L:LlaLﬂ@fﬂi?ﬂ@La@@lﬂLaﬂﬂLuaLB@I@ﬂ@’]ﬂJ ﬁ]gﬂ@s[swlaﬂﬂﬂ’]']3W5aqa@ﬂ%L‘r\]u@aLuaLEJ@‘UUWi@lIﬂ‘U

msanadlunissdn ATP dufuead fuueadvondodomaiasdiiunssuiunsumuodfuves
wankuulildeandiau mmmiaiwammmmmmaaEJma‘LulﬁzﬂmwmaszjmaaLszjaawlm‘ummLauuu
vinlsten pH meluwadagdaudunsauindy faduwadiefosinumnngsisanadionisdu
lalnsiaulenau (HY) drufueenueniead uasthlufeuleseutuueaifeslesouazidnduaduniy
JsaziRnnaidesewadfiiinanudiluiide “nalnmsuiaiduveead”

dovaoadoaunsduinnisiuvionisgaduldfunisudlalinisinavendoanduduun
pondlaufunsidgwadifindu vldwadanunsadidunssuiunisuaueddunuuldeandian
(Aerobic metabolism) Ay n1sassansuanmaiazanas vlia pH aeluwadndugaung
oslsfimudoniilnanduiiundnaseiuldiheyyadassande Inseyyadassmaniaznszdunis
Jnvesdesiioriuduluvaslulnneuiaisdauiendt “Mitochondrial permeability transition
pore (MPTP)” s?fwzjaéﬁagﬂumazﬂﬂaﬁim MPTP ﬁﬁwgﬂﬂmgjmaamnm dlogas MPTP QmTJW‘ﬁum
witliAnnndsaugalunszuiunisaine ATP sadlulnnounie ddueaddsgniianeifiniudn
pdsufunanisinanedug nouyadasuaranuaaiiouleseudasyieiinaudluiate “naln
nsuaduraasad” widsiiinveseyyadastlunsdiuenaninnieutuidondlnanduudneds
W& Sranunsaunldannisadralaewadidadenunvdiaialnsita (Neutrophils) finmdeufunseua
Fondalvanduiniues elaszuuniduiuvesianenuuaoundisus (Complement system) i
woufunszuadentiiusntiafenisiivievhaewadinniy

fog1vesrUaefidanuisadenisuiniusind 1dun §Uaslsandundewalansetie
LABUNEU (Acute myocardial infarction) LLavawm:}‘vLuaamaqmammmaam [Brain (Cerebral)
infarction] w"LmiUmiLLﬁlﬁuLiaqmimumamiamﬂuﬁuawaamaammmlﬂLasuﬂmmuamiﬁlmama
ANDIEY
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N15UNALUVBUTARAUIINESLAT
Imaﬁ"ﬂﬂﬂalﬂmimm%waaL%aﬁé’umﬂamﬂﬁﬁﬂaza%maéhamLma“’mﬁmmﬂmimﬁ 2 %8
fife ansazany CCl, wavansavansiefianoanesed Inowiesameldsuasavansdeswidndunnivly
Tusvezusnazsiliiodeuaziwadiuifinniswasunasiiionia “Fatty change” fafinanudslu
Wide “nalnnisuinlduveayad”
Tuefinansazats CCl grlfidutnerdnuds witagtuildldasazarsving unaunuud,
ilosanansazans CCl nelsiAnmsyanglelou (Ozone) luduussenniavestan datuansiaiiag

aﬂi%’mwwﬂuﬁawﬁﬁ’amﬁ%’aLﬁaﬁﬂ‘mL‘%aqmimmL%UsuamﬁfuasmLﬁauwé’umﬂmﬁmﬁ (Chemical-
(13-16)

induced acute liver injury) Winu™9 fleansazane CClL, 1ihdseneazgnivasulneioulsilaln
1ATUN 450 (Cytochrome P450) 91n519uutaulana‘aduvilniieu (Smooth endoplasmic
reticulum) Tuiwaddu Tinaneiduansoyyadaseiifidedn “naslswiia (Chloromethyl)” Gsazsinlit
Annszuiumseseandintuvesluiuiidoruwadvesvadiu wagnsudsuulasmneg vouvadi
pasnauinmImMeveaTaddufsinaudirsiuluide “nalanisuiniduvasad” duies
dnfumsundureasadivduiomnmsléfuamsazaeiofiooanesedunidultusinm
esludfifngiFess T,mLawaLLaaﬂaaaafﬂvmLﬂaauLUuLLUaQIuLsziaammwami%aaﬂuaﬂswma
uinsAsuulasiasiinanseyyadassiuinds faansoyyadaszilay vrisliiinnszuaumaies
aaﬂszjmusuaﬂﬁuuwLaawuwaa%qmaamu LazaRUNSIWALLLUANY YosuradTinLanauLAn

AsAnevagaasuiuiuY

< I3 v
N15UIALRUYBLYARINSeHNaUTEY
n3kisusdnayszgneliiinnsuIniuresYadianImsawaznedeu n1suIalulnensu

Huraninnisvhane DNA Tulluedea dmsunisuindureneadlnedeutiu fadasiufisenduii
agﬂul%‘[mwma%mmLszjaéu,é’aLﬁmmia%aﬁawﬁu %aﬁiamWmia%a@aizﬁLﬁmﬁuﬁﬁ%ﬁwaw DNA
flogluiuedoatues lnsidoifevasseneiildonisgniianesiessdneusyy 1dud e aves
szuumaiue s lunsegn seutundos warsils Mailidodovessgoulunssdifaiuilasants
gnviaemeTadiguiu®

asumsiasunlasaawadifinfanmsuiadu®

dloinnsuiaiureusasuuy Reversible (Non-lethal) cell injury Feaznunsiasunlas
vongadianglulelananaduviity mnmsuaiuressadviaidnsiiiudelubesq auasqadi
laiaunsaniunauls (Point of no return) Aagtinn1SUNAUYBLTARLUU Irreversible (Lethal)

cell injury Fagad MAnN15U1A I UBTA T UaIN92LT1E NTLUIUNTIIALVOULAE LABITNUNTS
WasunUaswaawadndlulalanatadunazdneisa dudsiilslafniuiisadinisiudsunlatuns
Jeduaiadu waasananazldauisanduauunduwadundladnias el a1u1sanunis
a fa Y 1 Y o w o X a P <
Wisuwlasweawadniingnssuiunsmelanuadudsife niswdsuuvasedas@iauuinign
amelugaddaiunsansranuldniendesganssaudidnaseuvinluy nsasunuasveuyadds
aunsaasianulamendesganssmisssuni wasnisidsuwlasvendeadausaiulan aamn
Wan
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U5 U ANNITUIALIUVBITART UL NISYINTNN VAR s UUIARUTUA LIS Uanas
5089 Mnwaailasuuinldudignszuiunismevesgaaudd wadimaiinazliawisaviming
solulpnazmelulungn

21N1TBALINITHENVBITIINELBAAN1SUIALI UYBLsaE
TaeUnflilainn1suInuYedwadT Ul lulo el AN uve93 19N AAEARNIEUIUNITSNLEU

Ssheiane Judunsneuausivesimesiodensedusineg inendunmedelwadiues e1nsuay
gnsuanIvessnefiamsanuldisiafanisuinidurenead Tdun ensld (Fever) uazornis
1Juian (Pain) é’uLﬂuwamﬂmiﬂssé]’usuaqmimﬁﬁwé’qaaﬂmimaLszfaél,ﬁmLﬁamnﬁﬁmﬁ’wmwﬁﬂu
‘UQﬂSEJ’]ﬂ’]i@ﬂLﬂ‘U mmaﬁnﬂmiLﬂ@ﬂfuﬂﬁ]vmﬂmwmEJLﬂmﬂivmumimmuaasﬁmLLUUIGUaaﬂGULﬁJuqu
1Ty wazdnsmsuwesiilafanfintusuan
uaﬂmﬂuuummaLsJm@mézjaaQmmmamﬂmsmm%umau%aé aniinnsndaeuleiangg
aaﬂmmﬂL%aa‘ﬁlé’f%’umm%uﬁ?mﬁﬂgiﬂimaLﬁaﬁﬂ,uﬂ%mmﬁqaﬂdﬁzﬁuﬁmmﬂumﬂﬂﬁﬁﬂﬂ R
wadvenilofeutavaiinaziinsasueulaiiismesensiauveadedody shegrady
— ouledezarfuszilunsiudinelsa [Alanine aminotransferase (ALT)] w3otoulasd
%%’uﬂﬁj’mme—lwgmmm’mﬁazﬁma [Serum glutamate-pyruvate transaminase
(SGPT)] gnasslueadnéiiionle waddy uasiwadiBoyfivemiols
— oulesidanladneanieg [Alkaline phosphatase (ALP)] gnasialulgadfunay
LYAHNTEAN
— oulesierluaa (Amylase) gnaiduwadioyfivesseslususou
— oulgduoanisinnezdluns udineisa [Aspartate aminotransferase (AST)] %30
ulel@sungaiia-denylass@Ransiudesdiua [Serum slutamic-oxaloacetic
transaminase (SGOT)] gnadrdluwadndmiioas wadndruiewls wadiy
wadldoyivewieln uavwadidoyfinvosenlufusou
— LeuleviaTioffiulaiua [Creatine kinase (CK)] gnasrsluisadndnunioans wad
dues uazwadndwiiowile
— touleduannndlalasdiua [Lactate dehydrogenase (LDH)] gnas1sluiead
nduilonns iwadsu wadideyRemiels wasisadidnidonuns
JuRedlaianisdniauegrudeunduvesdiuseu (Acute pancreatitis) A11150ATIINUTEAU
193 Amylase Liugstuniunilunszuaien Wiomnamanuidinsiuiures ALP lunszuaiden
1NNIUNGA ﬁmmLﬂulﬂvl,éﬁwLﬁmwmﬁamwﬁuﬁﬁuﬁamz@ﬂ g

nsazauvasiuyuluiiawa (Pathologic calcification)™”
= a a X S & A [ [ < A =
diaisuinnsmevesgaatunnildaalainiy liiazilunaannisviadenluides n1sgn
atgannshadeulsneginiess udu ueaeulessussidnlasausygluwadvenielde
wiatuNNauRafina wduluiide “nalnnisuiaiuveawad” lnsunadeulooaumand
zduiuvleaialessu (PO,>) Feunannisaangvesansusenaulusiuvusiinn1smeveuead \in
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Jume ﬂaus?JENLLﬂaLSUEJﬂJWE]aLWGl (Calcium phosphate) mammmmmuwam vilhiedeiin
Asmeddanuudannd @ udae dannsay amamuﬂﬂmuawa‘mmaqmau EUNQRRRGREY
NITUIUMTUMUBATUVRILAALT BLLAL SEAUTDILART BN lUNTELaIdonag lulnueIUnG 1T8nnIs
azamaﬁmgué’ﬂwmzﬁ’jw “Dystrophic calcification”

aflan31iin Dystrophic calcification @nunsanulgluiiewd svossrsnmediianisidenanm
(Degeneration) Aufeiifindy wu wifituluvemasndonundalsund (Coronary artery) aurlate
osfin (Aortic valve) Wudu Fafudgelefifnnsavauvesiivyuiuiivaonideaunslalsund was/
wisawhlaeeesindusresnaiu fazdmalfiinennisuazeinisuansessianesuiieain
PnMsinuiiiaunfvesiila

Tufeuiiesenfiaunsawunisiin Dystrophic calcification Tgiduiy mndewilesendusiaua
v wadnsaushadunawenileseniuenlisuidenludediiiomesudansmetuunls il
Lﬁ'amiazamaaﬁugﬂmﬁawﬂLﬁmsﬁyu%’auﬁ’wma%mwﬂuﬁ’auﬂamsL'%‘am'w “ Psammoma
bodly”

ﬁ’m%’umaﬁzamaﬂﬁugﬂuﬁaLﬁaﬁﬂé’ﬂwmwﬁqL%&Jmh “Metastatic calcification” \Juna
nnsisneianuinunflunszuiunsunvedduvesaaden wasiisediurowaaid o
Qq%undwﬂnﬁiummmﬁam (Hypercalcaemia) vilsiinsanazneuvesupaidonreananszanaiialy
Tuietd osineq vossnenne lngainnue9n154in Metastatic calcification Laun A198ABUNIT
Insosavineuiiu (Hyperparathyroidism) A1283mduaLiu (Hypervitaminosis D) ugi5afifinag
wnsnsEaneundansean (Metastatic bone cancers) wse wwiSadinidonun (Leukaemia)” 1ludu

Luammawa‘mJmmzamawquium‘vﬂ,mﬂmu WWNsdounIed HRE uaraeendes
ANl ﬂ%WUWSﬂE’m“Ua\‘iLLﬂaL%EJQJWEJ&LWG]U?Wﬂgagﬂmﬁmga fanwugiuteuddisuazianuwn
1119evNsUSuANANTAveInInlundosganssaled19?1 Adreduusuninasidun (Fine
adjustment knob)

asy

" Asuialiuveswaa (Cellular injury) wUseanidu 2 Uselan Ae Reversible (Non-lethal) uagy
Irreversibte (Lethal) cellular injury

" 9ad7iiAn Reversible (Non-lethal) cellular injury ’«aumaﬂwmummalﬂ‘fda Cloudy swelling,
Hydropic change (Vacuolar degeneration) %38 Fatty change

" addiin Irreversible (Lethal) cellular injury ailugnismeveawad (Cellular death) lagdl
Snwasasioluiiie Pyknosis, Karyorrhexis, Karyolysis 38 Ghost cells

u mmzammﬁuguﬁluﬁjmﬁa (Pathologic calcification) wuseanidu 2 Useinnde Dystrophic
ey Metastatic calcification

" n15ifin Dystrophic calcification gadasfunisaereasaduionisidesanin (Degeneration)
vauioidelusnine Tnesesmedindinssuaunmsumueasuvesunadsuarsysuresnadoy
lunszuaiienagluinaeiuni

" flesumeinanuinunflunszuiunisuauedduvewaadey was Isssuveawnaifauiiy
Qﬂ%uﬂdﬁﬂﬂaiuﬂﬁzLLaLﬁaﬂ (Hypercalcaemia) azdnaliilin Metastatic calcification
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Cellular and somatic deaths
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Abstract

Cellular death generally results from irreversible (lethal) injury. In addition, a normal
physiological cell death process or apoptosis presents during embryogenesis and adult life.
The role of apoptosis is also involved in pathological condition. Somatic death means that
the individual is permanently unable to communicate or deliberately interact with

the environments.

Keywords: apoptosis; cellular death; somatic death
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n13m18 (Death) vanefs MIgadsnisysannisuaznsUszauanudmiunsviviives
lalussuumyuidouladin szuunismela uavanes” lagialuannsouvsnmsmeoenldiiu 2
Usznfe n1saevaas (Cellular death) wag NM3M18Ya9319N1EYTaN1IH8TIN (Somatic
death)”?

n13A18vadwad (Cellular death)

nsmevasead (Cellular death) vinefls madenanmitliaunsondufuganimunalely
w7 S udmsunisidinegvenwad Tnslamiznsudnaslindsaunniead [Adenosine
triphosphate (ATP)] wazn135nwInes1senameuisensnenduadsas (Redox homeostasis) U
neliAnnsgadennuanysaiveasad loun nsdasiuldegsansvendevinead (Permanent

plasma membrane permeabilization) #3e nsuanaatsveseas (Cellular fragmentation)®
desamevganismela iliAanngwiessendiau (Hypoxia) sawadluiofora ve
$9me wieufunsanasluniswdn ATP dvsuadmeuiy lnswadveuiadowandasduiiu
nIzUIUNsIAMUeATUYeNTad ULl ToanLau (Anaerobic metabolism) AANTAS19ATLAALAR
(Lactate) [ansysiusvasnsauanin (Lactic acid)] Asf1segnelulslanatady (Cytoplasm) ve9
wad Aiey (pH) neluwadariinnudunsaunniu vasfiwadndn ATP anasdesq laleluufiay
Ao Uity uardinisUdestoulesingulslasiaa (Hydrolases) sanainlalaley ofsvaefisranie
Annmgnsossendiauseiiioibosay du uradeulesou (Ca*) Adhduaduntuuagnsssuioulsd
Woalnlalla (Phospholipase) toulaiilusfitoa (Protease) toulaiiioulniiandiea (Endonuclease)
waztoulwilusaulaiua (Protein kinase) a'amaiﬁﬁmmaﬁmwL?jaﬁmmaé Tassasanelulalanan
avuvLTan (Organe les) immmmaaa (Nucleus) Wufaiinnstasaatsfaies [Autodlgestlon
(Autolysis)] veswadinedunas nsuieoris (Decay) vossrneluiign®™ dednuwaznis
Wasuulasiinadvengadiianmsmetuaniiuleddn Wunisdsuwlassuiaannisuiniures
wadulafililannsatiundunnfusaduni [Ireversible (Lethal) cellular injury] tutes Waiinisane
yoawadlagnluazgnidonin “Necrosis”®?
wadvenidedourazainlusumessinnsgesaaeiesluszoznafivansiaiu mndu
wadfdnsvinureseuleiuaunnlunaeidddiney wadduitasinisdesaaeduaddoshs
nnfuilededin o1fivu wadvesiudou wadiBeyiivesnszinzenms uazivadvessouvaanle
$ulu (Adrenal medulla)® dmsuwaduszamuasUdenaues (Cortical neurons) azmenelu 3 -
7 wiinmendanmensesoondiauetanysalieiwad duwadidaidesvndiansandeulmdely
1#3nfs 12 lususisilasgneaidu (Cardiac arrest) uéafinnu weiliilosnsnededinluuddeng
WU iwadvesimianaznsegnaziinszuiunisiumueadueawadeydnuatedalus mniiwad
voudaidonsanswiaianiumefideiioudminamsdeduiosjifing (Cell culture) At
wuingasdsaansasyaulanelulasnnaieu®?
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ylavasnisaevaswadlngnall (Types of necrosus)710 12

nsmeveamadlneinluazudeentdiiu 6 viin fiilfe Coagulative necrosis, Gangrenous

necrosis (Gangrene), Colliquative (Liquefactive) necrosis, Fibrinoid necrosis, Caseous

necrosis LLay Fat necrosis

1. Coagulative necrosis

Coagulative necrosis [umsmevsseadiiniuannsuaEesluidswuueme Ay
nanundluiledeiluvesinene é’mﬁaammﬂmiq@ﬁ’mawaamﬁamt,mﬁlﬂLgaqLﬁaLﬁaa";u
the Weilanansadendedeifinsnsmevesvaddnvarilasnionilen “Infarction” ognals
mumIIEvenYadYila Coagulative necrosis 4 Sldneiinsmevengadainmsundenly
dedluiilodovesanes $11d daile daufh uvu uazen [g319asBeslu Gangrenous necrosis
(Gangrene) wag Colliquative (Liquefactive) necrosis]

A A v A Al & A 1% ' @ W <
L‘LJ@LEJEW]G]’]EJ’%Wﬂﬂ’]i@ﬂ@u%@ﬂ‘lﬁa@ﬂLﬁ@@LLﬂQ‘VII“LJLﬁEN Lmammammawvmuaﬂwmzmugﬂ

aaa

‘W@LLaSJJﬂ"?JW\]’Nmﬂ?WﬂGUENL'LJE]LEJEJ‘UW] [Fan-shaped anaemic (white) infarct] lngusiiaunss
wilaiouuamevesiuintuiugafivasaideaunainnsgaduiues fsusadveiaibe
dufiegndaningadenaniazuinesndiou LLazLﬁfﬂﬂ’]i@ﬂ&l“UENL%ﬁﬁ@ﬁ@@U%LimﬁQﬂLgﬁNﬁ’w
wrusvemaondenuasdgasutiu Juilidudusuindues Wedideiboanusnuinede
angfainisdeudied Haematoxylin uag Eosin (H&E) uazq@iendnsganssm aznuin

ol a & & o } ¢ = a o v & a a
L"?Iaaﬂ/lmEJIU‘UiL’Jmu"\]zLMULWEJQIM%N‘U@Glejaa I%Imwmﬁslmmﬂﬂ%mmwu LLﬁ%liJLViL!“H’JLﬂﬁEJﬁ

2. Gangrenous necrosis (Gangrene)

. & ¢ a a oA 1Y)
Gangrenous necrosis (Gangrene) WUN13AN8vRRYARLU VRN T TLAZ AR UG I
Coagulative necrosis ualialdafingasilonanusnanitwinnii wagdeadunsmevesad
91NN15V9LE DA bR S UL URIAN LA T2D TN kI WALVIYINTY F1USUNITANEAINETD
& A [J 2/ a 4 . 1 1 =3 ra a & A A a
Yasloodnldanusaisenin Infarction wnuls agnglsisulideusennisaevaaiioldafivie
Yuiuiiadle Tunn wu wazw1 Julledwnannisanduvevaenienwninludelalamnand
A18A191 Infarction lngaglyAnin Gangrene Tun1si5enty1d'y €9 Gangrenous necrosis
(Gangrene) @unsautseantatiu 3 Ussianmudnwazfiusingfaiife Dry gangrene, Wet
gangrene La¢ Gas gangrene
2.1. Dry gangrene
Dry gangrene LJunsangveawaasuilosnainasnidonuasiluifeilodovesin
a e v a o & ° A = & A a
flo fawin wwu wazwn winnisaedutlunaiuusuyibiliididenluifeaiadauiiim
faNaN Tailaroanfazlianuazwinie) Jan1 wazlvaunNau1saLenaantaaen
) X A ad 1Y = a g oA A Y ' a a &
Paluanileieuninegiiades Ingluusnavesilabeinetinaslireaiianisinie
LUATILSESIUAE
2.2. Wet gangrene
Wet gangrene Junsanevessadsuiiennanvasndenundiluibeiied oves
S1ld Taile T uwIu wazan m@mwaammmﬂunmmuwmﬂﬁlmLaamlmaENLuaLEJa
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vinafinan susuinsiadouuaiidsegsguustdudodofifinismeindu Feil
vinnmesiadedimedisnumsui \Wenuay Taunwedn dndundu uagliaunsousn
vounvasioifefinsesnanidaleunifiogtradsddogisdaay nannmsiade
wuafidsweidmaligieininnadeiindeuinags

2.3. Gas gangrene

e‘ddv

Gas gangrene Lﬂumsmmaqmaamaﬂwmzwuma’mu Wet gangrene ERhE)
BUE mﬁmmaamaL&JannmLLsuuLLawm Snemsindonunideiintusiudeiu i
mmmﬂﬂqmawual,wﬂmiw faunsaasaiulaldluniiedilifieondiau (Anaerobic
bacteria) waramnsananiideonuilanie lnsanwig Clostridium perfringens 33vinliuaug
ps19sameudenilenduinaniodefiinsmeintudu sxlddudenseunnsuiung
Sudlosnnnguuiadignudalnedauuaiidofanandreiu unsnegluiodeldfoms

(Subcutaneous tissue) warsyninaulevasnauiioals™?

3. Colliquative (Liquefactive) necrosis
Colliquative (Liquefactive) necrosis WJuniseneaeswad uuulanigd wavdan L)

| a [y . . J ) fa a &£ & A

RNy Coagulative necrosis nindun1saeusssadiiinduluiilofovaanesannnisuin
A dy (7) = = a dy N d‘ v 1 1 a o 14 v o a
Hoaluides” dadleguinanilodeninevesausimieniudasnui ddnvaeadieuianai
Usngludiageniinisnenuy Coagulative necrosis weitiioteiausnuaInaItasdanyuis
93L4a7 (Semi-liquid) tesanlasUnfuallioBoanesaziidiuysznoun1edaainiliae U
(Usswrausaeae 77) arsusenauludiu (Lipids) (Vszanasagas 11) WUshu (Proteins) (Vszaa
sogay 8) a1sdunidvazansla (Soluble organic substances) (Uszuaisogas 2) aslulaiase
(Carbohydrates) (Usvuausagay 1) waginaseiunse (Inorganic salts) (Uszuiasogay 1)141
a & o a A 1 &t [ Y o ] v & ~
annsdaunennlusiufieguenwaddvimiiidudiudseneuvedlasiaiiavesilodoaues
(Extracellular structural proteins) duldn 15AA28U (Reticulin) wazAoaatau (Collagen) Bn
Mg detuluvruendlidinedileanssuniiaziimugsuyundtefiung Welinsmevevad
Anduluiledeaussdwihliminanssuiunsdesaaeiuedlaodesins vshaledefineves
aussiudsnansan mludnuaurAwesnaltiuies

WieriflelaanesannuInuiingmeuanaaina 1 ieauLinnsdeumed HAE uazg
MmenaeRansIad snuiusnalabeausmnedarlivnnglassnla veseaduszamiv
& ' o o & Y & a o . L. . a
i udaganlumeiAvimadineuddsiadunsy (Pink-staining cellular debris) uaglulasinde
(Microglia) @imtnimaniAssaanneud1tumeisn1snauiu (Phagocytosis) laglulasinde
A o Y a A a . . . = | ] = a
Mihnifinduiu (Phagocytic microglia) azdlivuialvg sUsenay lelanaradulalu@indyuy
willdnuazadenesnimany agnelulglananady [Clear foamy (vacuolated) cytoplasm]
wardpdeaiivuinianas @msu Phagocytic microglia Huaunsaisendndeunialain “Gitter
cells”

wniil otd eausaiiin Colliquative (Liquefactive) necrosis AT vualngy audfA3en

! ] 13 = . dy d' gj | 3 dy d‘d‘ a

novaUBIfanIsgnIateveneadinde (Glial cells) luilloaausatiuliasounquinanuiniiin
nMImeUesead andlasUnfudwaduszamaglilinsaiseadussamlmiusnaunuieas
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Uszamiimelu (Neuronal regeneration) soildRndwesindivsnaveaiedeauesiinneg
il éi”m%’*uLﬁaauaqﬁ'Lﬁusuausuaasdaa'mﬁqﬂa"nf\]vLﬁﬂﬂéf’;aLszjaémﬁaﬁﬁuﬁwmu%umﬂﬂﬁﬁ%m
novausionIsgnvianetiues lnslavnglulasindedahmihiimdamusadfineudt?

uanaN Colliquative (Liquefactive) necrosis %L‘Uumimmawﬁaamummm’mmism
Fealuidsauszornaniuud SnanvemilsiviliAansmevensadeinildfe nismeves
wadludadefiAansfindelasianizanidouuaiide uduinfisensnevausvessnanie
m'amiaﬂL%yaﬁ”'ué"samsé’mamwmaauwé’u (Acute inflammation) uaziinuas (Pus) \Antu
Fawadidindonmiifunumadasemssnavuuuidsunduiife Salnsfiad (Neutrophils) Lﬁa
TnlnsfladviuihiinduiudeuuafiFefduaumguoimsinidedu uasvhaneideuun fidefign
NAUAULY wiﬂmamiauqyjaaaw [Reactive oxygen species (ROS)] LLauLaulszimaaaaw
(Degradative enzymes) fia3eiuannelulalanaraduvosdainsilad® srnduidiinsilad
wanilfasAnnsgosaaesies auiliidaeuinuiiRansindewuaiieuasinisdniay
Beundumunniy nasanimdureanarfiviemseideadiiianumia (Viscous fluid) §9
Sontwmuestues dwsuiledeiituffisenssnauuudeunduiesnnsindosudndy
pwIEgnNiIend1 “N (Abscess)”

dovndadefiiuflunvhmadoudod HEE uasgirondesganssat aznuirdiulsenou
yoesiuuenaneiiwadidndonsmuiniaInsiadimdiaznsuasinmoudiogidusuou
wn Sisznoudsiaviead/iaid afinneudadsaziudugaidng duusy IwuSu (Fibrin)
(TUsauivaglunmsudedavedon) 909011910 Ma00LE 0AYULLAANTZUILAITE NLAULUY

Beunau lngavwiuludulounas dvuy LLavawmuwaisﬂmﬂummmmma 112

4. Fibrinoid necrosis
0. . . & sl o v ) ay .
Fibrinoid necrosis LUUN1TA18UDILAAN LA EJ’J“UENﬂUISﬂQﬂJGHumuLEN (Autoimmune

diseases) LU Polyarteritis nodosa (PAN) Systemic lupus erythematosus (SLE) t1dudu 1ae
Isamaniazneliiianiseniaureaasaideon (Vasculitis) F9vinatsasaaiiaunagigaanaiuiile
a A & A4 . . - a
138U (Smooth muscle cells) MtUBLEBYUNATN (Tunica media) VYBINADALABANNYUALAEYIN
119 eulleovesiielsngiiinunuiesiinsdniauveasniionsvinnsgeunied HAE
warariendosganssal znuiniledenasndusounvemiivasniionazgnunsnimeisadidle
a o a ° Y] Y a o . . . v PN
Honv1d warddngdvunanalauednyuzadiglnuiu (Fibrinoid material) WW1rluunui
WedeunAvewtlvasaaiianiu 1ag Fibrinoid material §Nas19yUIINNTLUIUNTENLAUVDS
vaealien FeUsenauniua1sdieg tawn WUsiuanwadignyinals a1sainnisaanefived
ADAAAL a13TAUNIL (Immunoglobulins) @15lUsAUAINTEUUABNNALLIUA (Complement
system) dayiiu (Albumin) wazlnuiu’”
pllallaian1ssniduvesvasnidonlas Fibrinoid necrosis 11aoALAALAITUINNAN
(Artery) uLazaualan (Arteriole) Nazdanalminnisas1sauidenduniglunaendonuug Nl
¥Ineg (Thrombus) AuLinN1sgAduvemasadenua vnlmdeallidedaliieameuniiiede
7199 FeagUangronaenlionuniniiniseaduly Laziian1saeveagadyila Coagulative
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necrosis, Gangrenous necrosis (Gangrene)!” #3e Colliquative (Liquefactive) necrosis 1N
lngdusgivviinvaaiieeniinn1svindenluifeamanniin1seniauremasniieniiuies

5. Caseous necrosis
Caseous necrosis L uN1IMIBVBRLAd T ANT UNARINNIAAT BLUATIS Banatela
wuATLSEN (Genus Mycobacterium) laglanizn1sAatdanuaiitsefinadmulsa (Tuberculosis)

=& aa ! . . d‘ o dy A A a g" v ! (Y (Y
FIUYDI1 Mycobacterium tuberculosis LHBUNUBLYBNUNITAALTDANNANININALASA AN YUY

Y @ X A v 1 ' & A Aa a Ao = < . .
widnveuiiaidonienilal ssnuinllaeniiansaeyialilaniniwda (Semi-solid) wag
& oA aA 1% 4 o & A & o v Y o 1% 1% ¢ |
Judmdeseangiue wednilagellunviinisdeurmed HAE uaznaiendedqanssal asnuii
USnfiiiin Caseous necrosis duildnuazadnewdinnsivazidendyuy tngliudulasesnwes

1 v o ] A a a a a - S &

waabne wagliusingnissudiiuveseadidaiienvnviindinsiladluusnauietenaiedl
A8 8ila Caseous necrosis YNABUTBUAILNTTANLAULUULI8T¥TiALATYLaNT (Chronic
granulomatous inflammation) gUsgnaumenauiwaadaileles (Histiocytes) Negdndniiu
US04 Caseous necrosis wazinvzdinguiwadidiadenuniviindulules (Lymphocytes) og
FUUDNAAADBNUININNGUTARTATIL o

6. Fat necrosis

1Y

Fat necrosis @nansauUseantaidu 2 Uszmmmummqmﬁda Enzymatic fat necrosis
ez Non-enzymatic (Traumatic) fat necrosis
6.1. Enzymatic fat necrosis
Enzymatic fat necrosis 1 un1sn1evediead Loy (Fat cells) ﬁ'aq'saumvua'au
(Pancreas) 1199917LAANITBNLEUKUULE BUNEUVBIRUS DU (Acute pancreatitis) 34
snasunaaniilugnin (Gallstones) ngaitranlusierhdisan (Common bile duct) Tag
Uniiviothds ez ladngaldiindauglediiu (Duodenum) fumiandeafurievesiy
99U (Pancreatic duct) LﬁaLﬁmﬁaqmﬁﬂuﬁaﬁg’lﬁiw (Common bile duct stones) A9z
THiAansdniavremietidsauniun uazn1ssniauiliindudannsoaumdviovesiu
gouldiduiy uanfnnisdniauvesivgeuluiian uenainiludafuseusmauidoundud
fnasfnduldvesniondannmsiugsegiamin viliisaddusougnihatslaeasean
LoaNe8s
defugeuinnssniauegadeundu wadvesiugouazgnnsedulivaseuluila
wa (Pancreatic lipase) ponun dueulesiiagyanedeviuressadluiuuddosaaslag
nawolse (Triglyceride) Tuwaalvsiulvnanedundiwesea (Glycerol) wagnsalusiu (Fatty
acids) lnonsalasfufliAadudarduiuunaidoslooufiegluanissniingad (Interstitial
fluid) feufisenavalifaduy (Saponification) iinluayuaaidieu (Calcium soap)
mngilodoludusoududeudoniuanasiuuinaiiAa Fat necrosis fanmiluuaria
PInlousedn (Soft chalky white areas) deviffedelusuiiinnismesiaiunvihn
doundgd HEE uavariundosganssad snuinwadlvduusnaninandlelanaiadud
mouih dddasUnfwadluifureaiodefinunssuiunamedieiner (Histology) e
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1%’ﬁgqaw3azmmamuaa (Ethanol) #3sLafialeanaged (Ethyl alcohol) wagasazaiely
A (Xylene) udrtu ansusgneuluiulumadasgniliazasly Suilfdulalanarady
yougaalviuildnvaziiuresingdansinay (Clear vacuole) vunlng uazdundvaas
wuegdnfnveuad sfsuinaddisadlutuiinmeudiiuasgndonseudengueadido

Y
[

a a a a ¢ oo aaa 9 = da & o @
wonvvllaialnsiladiliesnnugisensenaunuudsundunifinvutiuies
6.2. Non-enzymatic (Traumatic) fat necrosis

Non-enzymatic (Traumatic) fat necrosis 1 un1saevasigad buunsid1uveg
1 dld dﬂl d‘ o I a U 14 ¥ 1 L4 a d’j d‘ Va v a
sumendidaieluduegludSunudeutiann laun wunansuaziliowelatimdeuiiom
viedwassuw lnewlladamaiilasuuiniudenisgnyurieonssunn (Blunt trauma) 9e19
Jukse b svharewadlaiuuinanlasuuniuil Jasadlaiiufigniaieazinig
Uaselasndwelsdoanut $auduiin1smeuausizessianienssusiailasuuiniduniieg
UAsen1snausuulReunaulugieusn seunwaduunlasing (Macrophages) 311y
WnINUAzeNsenauwuUTeSRBINguTumian syaewadluiu weidnleg
ndwelnngnudeseanutusienseuiunisnauiuliuies

Hevwllo@elviufiiinnisaeviia Non-enzymatic (Traumatic) fat necrosis 11911
Nsfeumed HAE uazgriendesqanssall IenuwaduuaAlATNafndg It efutuunsneg
serhaeadluduunfdudviunn newaduuelasawmaidesdivuaivg susienan Ly
lonanadulalifindyuy walldnwauzadnenesoiniamany egnielulalanaiaduiu Sen

I3 Aa o A 5 = A a o v &

wankuAlATiaNddnysiuilin “Foam cells” Fadunannisnauiulududnluiues
FJehliunensefiSenwaduualasiiawaniin “Lipophages” wanaNHURAI@NTONY
waalladonvviadalvsilad aullsd wazwatauwad (Plasma cells) wazillodaidu

1o (Fibrous tissue) luusnaniedolusuiifinnsmeisuiuwaduualasmalgsngag 819

nsaneveadatnuliusyuu (Apoptosis)
NM5AN8vRNYadaE10lusTUU (Apoptosis) N8t NTEUIUNTANLVBLYARAUFN1ILNT

ﬁﬂﬂﬂuﬂﬂaﬂmf%‘]m8‘1‘71'Lﬁﬂ‘ﬁug’ljﬁLLG]ILSTI‘IEJ@%\‘]GT?EJ'EJUL%NL%%@LﬁUiﬁlUﬂiiﬁ (Embryo) aunsesisladuy
ARy ImﬂszmumimmaqL%aa’%ﬁmﬁﬂ3gﬂmu¢1mé’38§uﬁﬁmmﬁwwaﬁ’m%’uﬁnﬁumsﬁﬁ@%a
seluidlaun wadaneg vessneiilddosmssnsely wadiivhniniifnund wiewadfiawnsane
Sumsresiasnaniy fadiile¥nwiauaugasenisauwad i almluag S uiueadinieves
19018 8719A131 “Apoptosis” Juflsndniunanaeininudadn “anasun (Falling of)” 39919
Wisuldiululivaassanisldmuimuana mafiansanandieduisvesnsmevossadogng
Wusguu (Apoptosis) AINANTNAY 2 mulmwmsmasumL%aa%umuaﬂmmuml'gLmemiimm

vassemetiuies dudainien Apoptosis 1UuU “Programmed cell death” 8neiag 2"

nalnn1suin Apoptosis’?®

s . a & asdd  aa A aq = ..
N13M18989LLAALUU Apoptosis LAindula 2 350 Aanrelunsainlulaaoutnie [Intrinsic

=) ada v

(Mitochondria) pathway] tag 30n18UaNRI830A25UN15AY [Extrinsic (Death receptor)

pathway]
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lowadlusnmeszaunnizdateluie (n) RAn1sviaumauasUsEnoulUsAuiinssdums
LS a ulnvestgas (Growth factor withdrawal); (4) LA ANIIVIA18YDIATTH UG NTTH
[Deoxyribonucleic acid (ONA)] 3 unreluiwadiiiasainnisane$ed (Radiation) n1slasuansiie
(Toxins) WseMsUIMIUTBILaRINBYYadasE (Free radicals); 3o (A) Lﬁmmiazamaﬂﬂiauﬁgﬂ
Wuauligusesiaund (Misfolded proteins) 1udruauuinlustauneulanaiady [Endoplasmic
reticulum (ER)] vouiwad suileannainlsamaiugnssuusedsuazngulsansauesiidunasin
nslasulusAundeay (Prion diseases) FeazdawaliinuAnunisgregunsslumsiauses ER
(Severe ER stress) voaigadiu lnsnneiaanuogisdana ndrsduagneliifAanssuiumsneves
adLUY Apoptosis fen1snsedu “Ainelunieitlulaneuinie” Fusunnsiauresngy
Tsiufoglulelananaduvessad léun TusAudien (Bad) WWsdudled (Bid) e Wsiudledy
8im) 1udu ngulusfumariifusfuinadisuauasdidmusznouiioudlusiuion 3
Wity (BH3-only sensors) agnszdunisynauvesiusiuiegnsudevudunenvoslulnaounds
(Outer mitochondrial membrane) laud TUsAudiaia (Bak) war TusAudiatand (Bax) lushiuaes
szﬁmf{]’magiiuﬂajmiﬂiﬁumzqaﬁ%LLaa—2 (Bcl-2 family proteins) ¥utifidniinisiiin Apoptosis
vouwaduavdaiusznoululusiudiey 1 (BH1) WWsAuliaw 2 (BH2) waglusiutiey 3 (BH3) 3s
Senlusau Bak waglusau Bax 11 “Multidomain (BH1 - 3) proapoptotic Bcl-2 family

U gelusung ey linis@urundsveslulnpeune (Mitochondrial permeability)

proteins
Lﬁ'm%ummﬁwﬂﬂa aamﬂumalﬁ%sauiﬂmimm% (Cytochrome ) [Unfuaalusdu Cytochrome ¢ 9
amumm@, mmaam/wuamm Fulugedlulamaunse (Mitochondrial intermembrane space)
?f@?f/’]ixmmz‘L/W7ivmamnmauZur)'ﬁwwn7'5%75/?@5::@Umaa] $reonunanwtdlulnaeuindeiing
lalnnanady (Cytoplasm) vesiwad wazduiunaulusiudaudu (Adaptor proteins) #1701
“Apoptosis protease activating factor-1 (Apaf-1)” anglulelananadu nareiduasuszneulusiu
Bedoudisl 7 wwu (Seven-armed complex) anntuansUszneulusiuvesoulaiunaa-9 784
yir91ulalld (Procaspase-9) $1uau 7 Tanana (Molecules) agduunusia 7 vesansusznoulusiu
FadausanatraduiaduaisuseneulusiuiiSonit “ezneninley (Apoptosome)” &«
Apoptosome ﬁlﬁ]zﬁﬂﬁlﬁmmimﬁﬂu Procaspase-9 ‘Vlga 7 IJJLaQaﬁ%’uaQjﬁ?ummm“f]uwui%mmawa
(Caspases) fianunsariauseluls Tnewoulesl Caspases 5&3%@1%5%13681@@%@@Lé’uiaiﬂiﬁuﬁ
Foulostudusrunmiodulasesaesaad (Breakdown of cytoskeleton) saufunelfiianis
nseduoulediioulaiiandiea (Endonuclease) awinlvdundsavesvadunnoenidudiuidng
(Nuclear fragmentation) @sthlugnisseveasadluiian

dmTUNIINTLAUNTANYVDLIAAUUY Apoptosis Ae “IDN1BUBNUIBINAITUNITAE” T
ﬁmmﬁm%mﬁ'aLszjaémaqs'wmaﬁﬂmﬂﬁgﬂﬁﬁ@éf’mL%éLﬁmﬁamnﬂjﬁmSMM%ﬁ (Lymphocytes)
wSeudauuelasing (Macrophages) Tneisuaindunisenseninadasuuuivaadidivung (Target
cells) ﬁumsﬂivﬂauL%qeﬁaum%miﬂﬁzﬂwiﬂiﬁu (Receptor-ligand interactions) f3ii@® (n)
ansUsynoullisdoureslusiunig (Fas ligand) ma‘uummaqLeziaammaa@mn%um Lymphocytes aru
fumsunseevedlusiunig (Fas death receptor) maauumﬁuaqLsuaa'mmamvmaqmmwuu
vide (v) ansusznoulusivluszuugiduiuiiidodn “puesiunlasdaunnines [Tumour necrosis
factor (TNF)]” G?fadauiwzy,'ﬁﬂqﬂméjﬂaaﬂmmﬂL%ﬁ Macrophages 3UNUA15UU81 TNF (TNF
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receptor) VuRnTsadIMefinedosgnidaiutuiy naandunitednantisiuisnsedu
TAnnMs596AYU Adaptor proteins Wag Procaspase-8 38 Procaspase-10 ﬁa%im&ﬂu Cytoplasm
vouwadidmunenaneduaisusznoulusiui flasasradsdousiidedn « Death-inducing
signaling complex (DISC)” ag’mw%L’Jmsuawam,%aél,ﬂmmmfu FaansusznouTusiu DISC Hay
FlAnn1sdey Procaspase-8 w3 Procaspase-10 ﬁ%’uagﬁuﬂmmﬂmau%ﬁ Caspases N3ou
funaidsuidasdafstutuiatuiinanlidesudeeulsdidgnnssdulivhaunuidmeluvde
A lulepouase
Tusnmandlengulusiudwimihidesunszuaunsmeveusaduuy Apoptosis (Multi-BH
anti-apoptotic proteins) 13U TUsAuTTuoa-2 (Bcl-2) TusAulduoa-tondwoa (Belx)
TUsAududuea-1 (Mcl-1) (Judu avfidruusenoudulusiu BH1 TUsAu BH2 TUsAu BH3 way
TWsfutiew 4 (BHA) Fan1svianuvediusiiu Bel2 asiedeadiulusiu Bad vediinelunieddlule
Aouese Welusiu Bol-2 fioglugudsdahaulailsl (Inactive Bol-2) fufulusiu Bad zdsliiin
ASPUIUN1S Apoptosis veuead wnagdlafniului ol svesseneld Sudyarmnisisedn
(Survival signals) azdsmaliiinnisnsedunisviranuvesiusiuelnd (Ak dsazthlugnisidungy
WoanmNE91ugs (Phosphorylation) TuAlusau Bad Gawalvilusiu Bad liaunsaduiv Inactive
cl2 Wansiold definmsuenansuvedidsiuianniuugs Wiy Bad wlms‘umimmaummm
WaugeazngaAn1sviuaznatedu Inactive Bad d@aulusfu Bel-2 mmwﬂaaﬂmuuﬁ] gn
ﬂizauimwwqwut,l,axauaamtzmumimwmmaaLLUU Apoptosis mm’tm%aammmmaq (Cell
survival) aganunsataseyulanelula?®

E‘U LUUYBINITAANIZUIUNIS Apoptosis

Tngvaluanunsawusguuuuvesnisiin Apoptosis fleentaidu 2 ¥ila Aie n1sifia Apoptosis
Tunszurun1snieassinenunfvees1enne (Physiologic apoptosis) Lag N151A Apoptosis

Tuvazfisraniefianen3anin (Pathologic apoptosis) ™'V

1. n15a Apoptosis Tunszuaunineassang1Univass19nie (Physiologic apoptosis)
N¥UIUNTT Apoptosis NianansanulaniuaseuzAssuluassd (Embryo) SuinswauILazns

LfﬁQJJLﬁiﬂmWawﬁﬂmﬂmwﬁau‘ﬁwﬁﬂuﬁ’a;ﬂwwjﬁw‘%w}@u‘[mﬁmﬁuﬁaﬁgu Wuwaanisnis
Fagteluil
1.1. msqzyLﬁaﬂﬁdaé’@apmﬁamiﬁwmusuaqmﬁ‘ﬁ'Lﬁu‘f]ﬂ%’aﬂﬁxﬁMﬁLﬁﬂgLﬁUTM@ﬂLsziaa‘
(Growth factor signaling) F¥M319NTEUIUNITAN waniie
1.1.1. nszvumsaseiesuluassd (Embryogenesis) ﬁ]uﬂiﬁﬂgmiwgﬂmmawmL‘Uaﬁ
WUU Apoptosis IuLuaLsJamm Suilormndnvasselydo112:50
1.1.1.1. msdrfnduiuansdegnudeseensnannisadidmsneunssia Tasansign
Uasgeenuiiazyhaiilutadedmsunisaisedn (Survival factor) veq
wadgUsvam (Nerve cells) Taii sadesiuiwaditmunedu i owwad
Uszamunsdvasdiseuluassdldldsuasdanailulsunaiifioams
L%aéﬂizammaﬂfﬁ%n’htcjmsmumi Apoptosis YIlAadUszanves
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1.2.

1.3.

1.4.

vsnaniledetuiisunuinedtunisividsseadidvane deavaaels
syuulszamanusarianuldegnsiamudunizierdussansnin'®
1.1.1.2. msmeveudeyiineluesinieliAanndenfniuvosnaiulin
(Palate) vossoouluasen
1.1.1.3. msidenaansvesdiuldwneg vesmasnidenwniosasa (Embryonic
aortic arches) Wiafseulupssdiianisiauinisvesszuulnadeuladio
1.1.1.4. Msmeveasadludiied efslnszuinsiiadlowaz i (Interdigital web
tissue) nnsruaINM T laAnT utumsnluasss (Foetus) Aazvila
ﬂimgmsﬁmﬁuﬁuaaﬁ’aﬁauaz/w%ﬁ’uﬁﬂ (Syndactyly) vaLfinusnLin
14929
1.1.1.5. maideuaaisvesionisfilawunsn (Mieyalaai3eu) [Paramesonephric
(Millerian) duct] \ilafasauluassdiinisadraefoaglusruuduiugine
%418
1.1.2. nssuunsmyuidsunisadauagaans (Turnover) vaueadiiindenuniviindul
a6 (Lymphocytes) Iulmﬂisaﬂ (Bone marrow) wagsoulngda (Thymus gland)
113, nasvumskdnadiboyitludededld
miamawaﬁzé’uaaﬁuﬂuiwmae‘z’fqﬁﬂ‘uﬁmiamé’ﬁyzymmiﬁﬁﬂ%wmmL%afﬂum‘fal,?iaﬁ
Aendestunsineuvessesluuty ldun wasvesouiusluand (Mammary glands)
L%émauﬁaﬂmﬂmqﬂ (Endometrium) mesUagiiiey (Corpus luteum) ¥a33lY (Ovary)
LazlgaduadsiaNgnmin (Prostate gland)
mMsgademsdadyaaunsisdnveseadidadonsn aendaandsnsedunsiiau
GUENLszjaét,ﬁmﬁamﬁunﬁgﬂﬁgﬂﬁﬁmlﬂL%SJU%TEJEJLLE% Aavdenalisuiuresindonuianas
Lﬁaéuqmmzmumimauauawwizwgﬁﬁmﬁ’wums'wmaw‘%’mﬁaéuq@ﬂizmumi
MOUAUBIVDITINIBIINNITO LAY
M3susueuRauvaInueIag 1 duLla (Strong recognition of self-antigens) vinlinn1s
N3¥AUITNITNLVRALAAWUY Apoptosis Teaewuy Ao Saneluniedilulnrouniouay
Aneuenuiedifiiunisme Wemhdnwaduladonvivindulnlediviufiseldies
(Self-reactive lymphocytes) Fuduwaddaidanuvdadulnlediiddnaninlunisyi
uURTIURBIwaaUNRURITINY

2. N15i08 Apoptosis luyaleiisreniesnaneg15aa1n (Pathologic apoptosis)

dmsunszuIuns Apoptosis vasgaaliiasaneiane1saniniy lunaanisnsnesludl

2.1.

2.2.

LmammmiﬂmmsJﬁzJaqmiwuﬁﬂﬁmumsflul,ezjaaavmmaslwLsziaammumm Apoptosis Tng
naulUsiu BH3-only sensors fioganelu Cytoplasm ‘UENL%aaUUﬂi“G}umiW’N’]WUE}Qﬂau
BH1 — 3 proapoptotic proteins

Sleiinmsazauves Misfolded proteins Sumeluwadazdwmaliaadianiliin Apoptosis
1ay BH3-only sensors ﬁ]zﬂizﬁumiﬁﬁmu%ﬂ Proapoptotic proteins #38819tANA1NAT
nszAulagnswionsviauvesauley Caspase
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23, dewaslussmeinnisinidelada WsiiuveshiaasoldiAnidnsmevensaduuy
Apoptosis I@aminixﬁu?amaﬁlw‘%af‘sﬁlﬂmﬂaum%slumaéméﬂf aflswadidadeny
silnlelnfiondniiaulnles (Cytotoxic T lymphocytes) Aavaelunisyhaneadinnge
Tfamenisnseuiuns Apoptosis Uil InensnseRuItneuenseinmsun1snIerIu
nseuvesoulesl Caspase

ANWAENI9EAUFIUINET (Morphology) Yadwadiiin Apoptosis

NTANEUDLTIAALUU Apoptosis dnaztinduiuiwadiiesdaien (Single cell) wagiwaadnaAes
wdsmsunding lnen1smeveasasuuuialiwleniliiinnisnevaussmenisenausnime lwas
PN . = a (% Q’fd ! ! (3 a v ¢
AANIIABLUU Apoptosis Aziinsiudsuntasasilae TuszezisnsosnaseninagadUnAnuiad v
LA Apoptosis (Intercellular junctions) 3¢ N¥M1a18 LT ULAANITINIENA NN UYBILATUIAY
(Chromatin) Tutllpdvaussiwaditin Apoptosis Ui ARLLEAaTILAA Apoptosis A NARIAIVIN LA

¢ & % a o v g oA v Yy . .

ypvedradianas lelanarafufedvunituiinduiiie dausied Haematoxylin wae Eosin (H&E
staining) wa¥ Chromatin AgkNznguiuNUInveuvesiuafsa wiouiuilioulesl Endonuclease
szgnnszd ulivnauiasdwmalidnfvavonsadiia Apoptosis waneanidudiuane (g
sreazdualuide “nalnnisiia Apoptosis”) agnslsAnuadiulsznaunns nelulalananaduves
1ad (Organelles) TaufalulnpauwnIgaeasdiliiiinisgniansudedndla Jauand1sainnisaeves
WaaLUU Necrosis N1agtinn1591a1e Organelles

wasaIntuwaafiiin Apoptosis 9zUs1ngnsidanedusu (Bleb) vaudonuwad udndovuy

¢ & Y A = 2 a a PN I

\wanilazloudeu Organelles oglulalanataduuay/vioirvvasiandsanuaneen aunateidugs
YUIALENTIUIULINTIEENTN “Apoptotic bodies” Fsluriaisiaun Apoptotic bodies manifaggn

nauAu (Phagocytosis) Ineiwad Macrophages'?%*”

AULANAT95ENININITABVBUTARUUY Necrosis AULUU Apoptosis™
1. N15918Y8NUYAAUUY Necrosis

NSYUIUNTANVBITARLUY Necrosis axildnwarsmeluine

" mseveswadiAntuethslinindn (Accidental cell death)

" gadfegluninaifentuasdinmsvesadifntusiudae

" gaarinneazinni1suinusaas (Cell swelling)
s a 1 I 1 A L% '3 1 = 1 g:v

u Lﬁzjaawmamﬂmﬂﬂmaqmummaawammaa wivzlalil Organelles aglutiy

" gadfinnes mmmammumammummLaulsdmwgamlaLiJa (Phospholipase) vl oru
waammmamnmu uaziouledlusiioa (Protease) vhliiwadinisuinanndiy

" gadiiieazinnsuinwarnsdenthiivehilaneunie

" gaaiinngaznaliAANIsIIALAAUANTIANA S 1uLNad [Adenosine triphosphate (ATP)]
WAZNNTNYATLINNTEUIUNTIHINAYEN58IU1S (Metabolism)

. N = s v v & o’

" Chromatin luihirdvaveawadinieassindinudungudny

" Ann1syeraalsvedalsnugnIsukuulidnnigiatgas (Random DNA degradation) Tu
fhirdvavodwadnaig
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& o

" gaananegniiibikengane (Cell lysis) wazdinisUdesanseine Negnieluwadiueanin
" yInuniwadnigaziinissniau (Inflammation) ARTRIILIEY
" Uhaiiwadaeasgnunuiisienisiiaunaidu (Scarring)

2. N13018Y8UYAAKUY Apoptosis
NTEUIUNTALUVBIIARLUU Apoptosis Azilanuwuzineluiife

<

" nseneveswadidunmsmdaadilideinis Taeliunssuiunsiegaeldnisauauues
eNagtd

= gadfimeasintufivaadifen liAvdestusadiieginaes

" gadfinneasiinnisnngn (Cell shrinkage) lviwadfivunaidnas

" wadneliunngmsdnuinvendeviuivad wiaziansiUmeaduduvesdeuvaduasi
Organelles wwalvigjoglutiy

" Leadfimeaninnistukiuntedilnnouniofinduinnitund

" yadfimeardeasingaing ATP uaznsdansiesilusiuogiuiy

= fuedvaveneadiinnevyrindatuuiusniusazveuvesinndeainfusesnsn (Nuclear
condensation and lobulation)

" Aan1stosaaisesansiugnIsudi egseninaniiegesvaslasluley (Chromosome)
(Internucleosomal DNA degradation) Tuleduavosadiinig

" Lgadfineasinnisnssdunsvieuseseulusl Caspase shligadunndosiduiwdng was
nanedu Apoptotic bodies

" Ginadifeadaearlifinissniauiintuuie

" yinadileadmeazlignunuishensifausaidy

N32UIUNISNAUNUAQLD VDA (Autophagy)
NSTUIUNTNAUNUANBIVBLYAS (Autophagy) [Wunaannseesaatsdiulseneuniely

wagsetouledannlalalay (Lysosomal digestion) veaadiuies Inenszurumsiiint uiii ol
Sameiannsalasuasemnsuasndsnuitesieliidindeluldvareglunneymlasuinig dsae
Sudusnonisaiiegsiiidiuuszneuain ER % Organelles e flegnelulelananaduvesad
[Endoplasmic reticulum (ER) - derived autophagic vacuole] Gf’e]mq ﬂﬁyf\] LlULd ausauiu
Lysosome nanewdu Autophagolysosome udtoulesives Lysosome Aavdovaans Organelles 7
ogfluiufielfiduumasansomsveneadluinedely luuadanssuiunstasiatulueadid
nsdlevenilaife (Atrophy) ileliwadueuiadefiAnnsuiusmuuuidssditinogld oglsfinu
L%ﬁﬁa&ﬂumwamamﬂlﬂimmmiﬂz’fﬂizmumi Autophagy viensaed3nldduszesiiaiu
waeluilgaisadmaniifasidngnismevensad
dmsuiwaduzifsianunsafidinegldnelusisnievesdiae fausiinduisaziinaizeia
ansomsegeguLIIinuty WWelwadunddnsruauns Autophagy waiiousgluanmiznisdfa
melusrnievesiiineg danssurunisilenarilisadus Sedanumumudienisinuidseiaiivida
vi3onsaneadsnie lesaneuarfadildinunzdainasinalunisewaduzifeiiinsuusieg
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naon aeluninadustsfldineyglusanigedsiuaedlanszuiunis Autophagy Nasvinli
wadusunallidnauausssenisinumesviesdnliungdietues”

N13A18989319N1838N1 51 88%IN (Somatic death)

N13ANEYaIIINEVIaNT9LEeTAA (Somatic death) winefis nsiyaaalianansouansnis
domsvionsiiufduiuslasnudieBnslafmuiudsing feguindenlddniae faiyanatty
wUnngdnvazvesnsliflafduudyyzuazaslisuiessnnsismnuileguesiaunazynasuy
Tanluil®

n3WasuulasvesTeneiuandfiensidedInedreutiuay
douaralafmudedinasiiansivasunlavessanmeidAgydeusenityanaguuauin

WAIDYNILUUDY AINAD FBEILAIATNAINUIEIUA9UB9519n18 [Livor mortis (Post-mortem
lividity or Post-mortem hypostasis)] dn1idsfiavadsrenie (Rigor mortis) wag N1stUnaane
9949319018 (Putrefaction)™”

1. 59897UAININAINYITIUA 19Y89519n 18 [Livor mortis (Post-mortem lividity or Post-

mortem hypostasis)]
dewilangaunazseniveglunnznisdedialuiiseuiosud Wadeaunsiegly
VaeAiendTeAey ) AnawnuksIisgavadlaniarazaunglunasniiondes (Capillary) Mianils

Yo9AN MNANDYTUVIUEUNNBAZNUTOETILAIDYN R ITIVDIANUTLIUN UNS A A TUNES

yowvunazyiued? Fednwaznsivdsundasienaniaziuunngliiulaniendsainnis

EeoTInluudauszana 1 - 2 93109 uazasUsnguiintiudon) uiivetedaauingsenieves
A A aa v 1Y) 1)

AnlodeTInuatusEa 6 - 12 3l

) ! . .
2. gNINLYINaYad519n18 (Rigor mortis)
Wlaidedinseauvesans ATP Meglugadnduiilonia 199319N18asARe ) aRAY IWNTEI

JEAUTREns ATP Megluwadnaiuiletsuninfosar 85 a1nA1UNA Feawviluinduiilalsunasy
< (% a é’ a (4) & [ a aa I3 Y
wazwdainntus o lnentelu 2 - 4 9luan1enain1sidedInazusingnisudsdiives
v & 2 A A A aAa 9 ) a < A
nanutleansvesunsshnsidunuwsn wasiiiad@edinlundruseunal 6 — 8 TaluaasinnNISwiaie
nesnevesen’ sudsaunsanuinvuauimdsvesaninisantuiuunladndie dmsu
nsinuaniRiavesanilidunannnisuadivesnduiileatsde “ Arector pili” 10854
Usnalauvesdurumuimis lnevagilidineg uilaidnnandinaiuiellaznadvinliiie
p1nsvugniues® agrdlsinuniendinisidedinuszunn 2 - 4 Suaninudafovosaniaz

mely iliannduinegluaningeusinasia

3. AMSUEaNYY9319N18 (Putrefaction)

A19LUEA8YRIANLA 827 09N UNITAANEA LDV LTaA ¢ 199 Tull 918 89939519018
(Autolysis) Safumsnuuafiisederfeeglusensvaenddidinlasansaigludldlveg e
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nswesuiviauasfisaunniuden neufuiinsanuialinimiousalslasiaudals
[Hyrogen sulphide (H,S)] wazufawonluile (Ammonia)® Jadleusa H,S ﬁgﬂwﬁmﬁumﬁ”’ﬂé’
Fugrue 1wt tllunaendeannidu nauesnau Sulphide (S*) agsiudadudlulnadu
(Haemoglobin) MlﬁamﬁmLﬂumi%’amuiﬂaﬁu (Sulphaemoglobin) Fsviliiunasniiennis
muuqmmmwamwuuL‘UumaLauammﬂmﬂmammawuaau(Marbtmg) ) Snvidues
mwumnmwaquaamuﬁuwuamwmmmﬂmmﬂuammmwu,sﬂ mﬂuummuwmﬂwmv
Ao wWaswiudidening efsrnaniianisuinda (Bloating) egraunnuariinduniuetng
suusssuiosnnnsuanuiavesuuaiFesanandnasdutiues

a5y

29—

mmmaamimmaqmaaﬁmﬁ’ﬂﬂ (Necrosis) lgin msmmﬁamlﬂtﬁmLﬁal,?iaﬁhm YDITNNE
AMTNIDIBENTAU NSAALTD lsagiduauies Mslasuansity nslasused laganunsawdssen
Tdu 6 wiln ﬁﬁﬁyﬁa Coagulative necrosis, Gangrenous necrosis (Gangrene), Colliquative
(Liquefactive) necrosis, Fibrinoid necrosis, Caseous necrosis kag Fat necrosis
nsaneveradeg1nduszuy (Apoptosis) 1Sendnd el “Programmed cell death”
Lﬁ'aqmﬂm‘jumsmsﬁuaaL%aﬁﬁ'qﬂfﬁ’muﬂli’LLé’ammsamﬁmaﬁ'NmEJ Tneialunisiiie
Apoptosis Fannsanuldislunszuiumsmeaisineunivessnsne (Physiologic apoptosis)
warluvaefisesniaianenSanin (Pathologic apoptosis)

ASTIAEWUU Necrosis 9z4iAN19A18Lasn158entinfives Mitochondria Win1sAIEveRsad
WUU Apoptosis Tuduraannisiansuszneulusiuduniuntaves Mitochondria sty
nsnauiudllesveaaas (Autophagy) 1uNaaInn1sdesaatedIuUsenounelulwadnie
woulasiann Lysosome voaeadtues

AEVRINITESYIN (Somatic death) %Uimgmﬁmﬁauuﬂawaaﬁ'wmaﬁﬁwﬁ’aﬁﬂﬁﬁa 58891
LASATUA INUIFIUA 19989919018 [Livor mortis (Post-mortem lividity or Post-mortem
hypostasis)] an1nudefiorassranie (Rigor mortis) wae NMswinaatevessanie (Putrefaction)
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The basic concepts of carcinogenesis
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Abstract
The aetiology of developing cancer consists of genetic and epigenetic mutations, DNA
damage, genome instability, cancer stem cells, infectious agents, and carcinogens. However,

carcinogenesis is a complex multistep process associated with various hereditary and
environmental factors.
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AR UBINTISRANzsUTENOUAIE (1) NsnateiugssAuiugnIsuLazszaumienugnIsy;
(2) audemevedansiugnssy; (3) muliaiesvesdy; (4) waddunindauzss; (5) L%yﬁ]ﬂ'aiiﬂ;
Lag (6) ansrouziss sgnslsfinunssuiunaiinuSsivansdunoulazdudeu Faiedesiutladon
vimmnmaﬁgamidwmaﬂmaﬁuqﬂﬁuLLazﬁmmé’am
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12134 (Cancer) %38 1ffasan¥s (Malignant tumour) ilundulsefiisadunilusnsniedinng
nangugv AR suUsauazisauivlneg waruaulild nefinisudsundanislussduimad
seduugNsTL (Genetic) uazseiumileiugnssa (Epigenetic) Famuunfinisuyseaduaznismie
vongaduuuiiinmsimualiudrfidondn “Apoptosis” Huazgninwlilfegluannizaunaifions
anmANaNY INveteiEITlagsEuUA19 veesunglivihauldegednd indinsnaneiugly
sefufugnssuviessiumilonugnas asdsmalfaugadnangniuniusanislsauziarulufias

AnYazINIzYaLTadUISe

Tdyaaunsziunmaasyiulanglugadies lngludedidyyunssduauun

Y

A

goydenisnevauewadypInduds inliwaddnisasuivlnegdhingngs

)~ a A . X = a a Y ! I3
llﬂavLﬂWaﬂLaﬁlﬂﬂqim']ULL‘UU ApOptOSIS LL@J’J']?]%@JF"I’J']@JNWUﬂ@Vl'NWUﬁqﬂiﬁiJ@%ﬂqﬁltLULsUﬁﬁ

'
a

UsiAananiizideunssduiiosnainnisieongfiiudu (Senescence) vilsinisutaeadlilag
Lifidwaudnin

fimsasmaeadenlud vlrwaadnisasyulalaeglddndiianisiuasenms

fanuanansatunisgniuiloatiame (Invasive carcinoma)
fanuaunsaunsnszangludeundaislnald (Metastasis)

dauaznalnuainisiialsauzse

1.

N1INANYRUTILAUNUSNITULATITAUMTINUGNTIY

1.1.

1.2

n13NANERUSvasaRULUE (Mutation) UUENSWUSASSH (DNA) vilvin1suansoanves
fu (Gene) fimuiinundly Wu nmsnanewuguesaduLuaUL Exon 7 12 Y838y NPMI
FadunilsluBunaneuginuvesiian Tnenulszanadosas 2 - 8 Tusinuagdosas 27 -
35 Tuglngiiitheifulsn Acute myeloid leukaemia (AML)? agnslsAnisnaneiusves
u NP1 finensailsadia® lnogUaesiniinismevaussiosnduinaudngszezas
(Complete remission) AMenaan1stasulalivndn (Induction chemotherapy)
N13NABAUS TEAUMT W UFNTTU (Epimutation) LﬂuﬂammﬂnmamwmLﬂﬁ‘ﬁﬁ
UJdUNusAua1siugnssy 1w n1siauny Methyl (-CHs) v CpG island U L5
oromoter vasBuardwadudnisuanioanvesdusiiatug lunensaiuda mndnnsia
iyl Methyl UShiuienaieenty azdanalviinisuansesnvesduaniaunila Ussuna
Jeuar 30 Yo Ulelsa AML 7§l Karyotype Un@® 32iN1INTIINUNINAERUTVOITY
DNMT3A @ewudnnsnexdilu Arginine gnivdsuidunsaexiily Histidine fisuvia 882
(R882H) Ul Methyltransferase domain @inaligu DNMT3A 5&ﬂﬂ§1ﬂ°ﬁ%ﬁ'ﬂﬁlL§umﬂ
Methyt11/1ﬂUafliwuﬁﬂiiuuﬂ’nmﬂwsaalu MlAAnaniig msmm Methylm
(Hypomethylation) UStaau CpG island d@9nalimiinIsuanI9nvoB umIge iy wu Su
HOXA uay HOXB Bsdaaiunsissapivlnvossad®
nsnaneiussedumieugnssudsdananalusiu Histone fanunsndanaranis
wanseanvesdulmiduiu luaneunfiansiugnssuassamuuueg iulusiu Histone we
Lﬁ'aﬁmmﬁwyj Acetyl (CHsCO-) vunsaoziilu Lysine wa4lUsAu Histone aganalians
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1.3.

1.4.

1.5.

fiugnITunAIEFIeen %aLﬁya'é"]m&Jm'aﬂWiﬂiuﬁuiﬁﬁ@mmamaaﬂ %39 NANTSYINIUTDY
uldinedu ilesann Transcription factor a’lmiaLsmammﬂumiwuﬁﬂiiulmsuu Tu
{Jﬁ]wummﬂmmﬂi“mm HIStOhe deacetylase (HDAC) inhibitor Emsmmimwu Acetyl
pan21nLUIAU Histone mmmmimmamwmimm AcetyL G (Hyperacetylatlon)
nszaelaeiluvulasinfiu asmliﬂmvmaumEmmmammuu WU BudnuugiSe TP53
WIQSUﬂﬁiﬂiuﬁluIﬂEJ‘VIEJ‘L!?{’J‘LMLM@@I@EJ&’JUQJ’]ﬂQuQﬂEJUEN
anuAnUnfivassuiuvasuiislasialay (Chromosome) Wiofilundn “Aneuploidy”
arunsanulaveslulsauziSsvdan 199 1y ¥ANT19WU Hepatoblastoma uag
Nephroblastoma (Wilm’s tumour) 1uﬂijﬂ 381Uﬂq'uaﬂﬂﬂi Edward’s syndrome g adl
Iﬂ'ﬂmi%mﬁ 18 1Au (Trisomy 18)"® %%‘amimaawuiﬂsIﬂ%Mﬁ 7 AU (Trisomy 7) Tu
3988y 40 “ZJENB\I‘U’JEI Colorectal adenoma 1usu sgrelsAnudslaianudatauin
wmmmmﬂmﬁmmmmaaﬂmaaaumﬂsuuauLuaqmnmiwuiﬂﬂuimmummﬂm D)
Tudnmanilsmnuiinunilusefuduiifegreudsualiivadinsusiiogasinsuay
muaulills suAnmnuliedosludunalaslulenduihundsanuiianainluszes Mitosis
1991995 suusas
n’mﬁuﬁﬂmuﬁuaﬂmsﬁuqnssu (Genomic amplification) Li‘juﬂ’lilﬂmﬁmu%’mm
FJudrudug veslesluluy uazdinuiunsiiiBuiousnermegie wu Su My Fadu
SunouziSwdauwsnd lisunisiududndnsiuduaulunzs watewida W Colon
carcinoma, Small cell carcinoma of lung %38 Plasma cell leukaemia 1Jugiu®?
n1sduasuvaslasialey (Chromosomal translocation) inainnisilasiuleud
gy msuaniudsuiuduauinmanauduinduiulmivinuilaslilsyduinds
fiu LU Philadelphia chromosome vilgiu ABL1 mﬂiﬂiimiszjm@ﬁ 9 luwaniudu BCR
f\ﬂﬂiﬁﬂﬂ‘dﬂ@:ﬁ 22 AaduBulmidedu BCR-ABLI Fufiunisieuvesoulel Kinase 7
vy eams (Phosphorylation) Tinsaeeiilu Tyrosine Iuiﬂiaugu‘] (Tyrosine kinase)
danaliiAnlsa Chronic myeloid leukaemia (CML) Tu
Tuunensdinslesuenaiivtrtadieldlunssnuuzswiavilienvdmwatiade s
Annsduasuveddasiulonianinundwziidnuin wu n15k3u Topoisomerase |l
inhibitor Feldiuegrunsuanglunssnuuzsweseiozwuuiidudeou (Solid tumour)
n3ouziSeszuulainingn (Haematologic malignancy) uniitadnaAssdayinliminng
Fudsuvestudinvaddasiuleyld 1wy innsinsevesdudiuvesiu KMT24 (MLLI)
nanodulassadieesdud Tn159ms e lny d avhmd 19 Laeg1ed aunf
(Rearrangement)™ uazfinensailsad lid® s esdaludvesdu kMT24 fnd
anuduiusiunislasuinividanneu Tnewulduszinafosas 10 vesiftaeiorlngd
\UulsA AML (Therapy-related AML)*?

2. ANUHEMEVRIETTHUTNTTU (DNA damage)

v oA ad 4 ' = U [ L
IUﬂ%ﬁ!UMQJVIZ]‘UQVlL“UE]’?J’]ﬂ?iﬁ%ﬁll%@\‘iﬂinuLﬁﬂﬁ?ﬂ%@ﬂﬁﬂiwuﬁqﬂﬁimL‘Uuﬁ%%ﬁ]‘waﬂ‘ﬂ@ﬂﬂﬁi

WAnlsauziS ™ Feaunsanuseantailu 3 Tunou sallae
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2.1, nslASuUaIINIZRUNLIS
arsnszAuusnaglukazneuensmeamnsanelminaudsnevesans

fugnssuT eI AudezgndonuTlneBur NN ugN I

2.1.1. @snsziuusisananglusienie (Endogenous agent) Ly d@150Uyad AT
(Free radical) Tneiannzag 198 3Useian Reactive oxygen species (ROS) Fanda
Mndindenvnziauualasing (Macrophage) warfialnsila (Neutrophil) Ingay
wuldunnluedorsdifinissniauis ofe wu Isa Inflammatory bowel disease
(1BS)'9 viongdnssunisuilneomsiidloiugedamaliinimmdsnsaind @Gile
acid) Usunamnnifuszeznaiaiuiy duduarsinelanudenisvesans
fiugnssutsnddsauzSadldludiga”

2.1.2. msﬂszm:’umﬁamnmauans’wma (Exogenous agent) L% @15LUUTY
(Benzene) FsldFun1studuindemuduiusiunisialsa AML, Myelodysplastic
syndrome (MDS), lsalunszanile (Aplastic anaemia) wazlsauziSarautmdes
(Malignant lymphoma)™® uenani ged wurldud asshldiAalse Acute
lymphoblastic leukaemia (ALL), Chronic lymphocytic leukaemia (CLL) @ g
Multiple myeloma (MM) 8ngne'®, ms@iaidie Helicobacter pylori N3EAUNIS
%19 ROS tanFanisiinlsausansemnnzenms® vienislésu Aflatoxin 210
Fos Aspersillus flavus ag Aspergillus parasiticus AUNTT nlsaugiSaiu®
Judu

2.2. NMIVINBUYBNULBNEITWUINTIH (DNA repair gene) Usvinasosay 60 - 80 ARTULeS

Tngliifinsdrenenmaiugnssu® dawalinisuanteanvesfiuteuusuansiugnssuiu

anae3av1nmeg lUlngANuRnUNARINE1I819RAIINNTNAETUTVRIAULUE 1Y 113

naneuguesdu 7P53 Fanuldunndedesay 50 vedlsauziSeianun® lnsdrusnnidu

uzi§aveseterzuuuiidudou (Solid tumours)® Bu TP53 a¥1alusiu p53 daddqu

Aatedunsdenusunnudensvesaisiugnisudieds Nucleotide excision repair

(NER), Base excision repair (BER), Mismatch repair (MMR) uag Seflduigateeiunis

@puueL Double strand break (DSB) 8naae'?® Tusau p53 dunumdAgediswnnlunig

ETUEjgﬂﬂﬂiLfﬁmuLG]Q‘UIG]“UENL%ﬁﬁﬁﬁﬂﬂﬂﬁiﬂﬂgﬂﬂﬁlﬂﬁ%‘f]u “The guardian of the

genome”?® msnaeiuguesdu 7P53 dwennsallsailaid wihidiheaslasuaiivdeda

lassaudemelviuwad uinisnateiuguesdu TP53 apviliinn1snievegas

LUy Apoptosis laanas

daRaeudsmeawiliarevaaostsesarsiugnssueia (Double-strand
breaks) naulUsfAu Fanconi anaemia core complex (FANC) 3¢ nn3ef ulhagduiu

TUsAu BRCA1 wag BRCAZ @sazyiausiufudulusiu RADS1 iledenusuansiiugnssy

LUUIiend “Homologous recombination” n1snanesiugvesnaNdy FANC azdsna

TWiAalsalafinansiln Fanconi anaemia (FA) Falidnumizfe nunamensvieiuvesla

nNs¥ANANMa7 (Bone marrow failure), AML, Wanzswesotorzuuuiidudou wazd

AuiaunAneandyayn dmsunisnatewugvesdu BRCAI uay BRCAZ Huiilanane
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SULUY wiguuuuidienandestenisiiougi3sie Frameshift mutation Tngwunanesg
Y9381 BRCAI waz BRCAZ Uszunauidewas 72 uazdeuaz 69 TufUisusiiausiiuy uay
Ussanaifesas 44 uarfenas 17 TuftisunSesvldmudndu® uenandmanateiug
Y098U BRCAI waz BRCA2 faflmnuduiusiunisiinuziiedld uziisdiudou uasuzisa
FlaugNMLINBNeIY
mmRaUnAonafndiszdumietusnssy Wy naAnaninnsiing Methyl ga
(Hypermethylation) #iu3 1384 Promoter region 98481 MGMT vil# A an1snnnas
LAnIDENYBIBURING1 FemuunAudanoulesl MGMT agvhmihiitesusaiug Guanosine
AnUnfULasiugNIIN MIsnaeiuguesdy MGMT avdwmaliAnuzi3saldlng/la®®
2.3. msazauanudenevesasiugnssy (unaduidesndeiinanuudiude e
ﬁqmalmumiﬂam mmemmi%mLLGUmmi‘wuﬁﬂiim szdsnalviinsifindiuiuves
LszjaaezmmmmLaammaamiwuﬁﬂﬁmmmwﬁaa6] MntuAIAsE TS TRUEN IS
wiandsduiusdiAanisnaneiusiluseduiusnasuuas sedumieiugnssufuia
Fulun Tngdrsusnanulatnfdainanasfaduluusnadumzuinumis (Feld
defects %38 Pre-malignant tissue) wadmanftuidueadsedu (Precursor) 484013
Aoduwaduzise deo1vezdsliannsansramuanuiinnileq Idainnisdanniien
Wamdeudiuanislindesganssa widonasniluwadisiuifinunfuasudonsavant
%Lﬁzgtﬁuimashﬂaimmé”’qLLazLLEJ'@mm'%z:yLﬁuimmﬁamaéﬂﬂaauﬂizﬁqﬂmsJL"fJu Clone
TnivaznaneifuwaduziSaluiian

3. anuluafiesvesdu (Genome instability)
auliiadesvesBulunildudnvasreasadussduinananuunnseslunisdeuusy

fu (Mismatch repair) dsnaliansiugnssuveaiwad i ulslvindaainnszuaunis Mitosis
uansnslunneadieiu anuliadosvestudullldvatosuuun 1 nmafsturesuadinans
Wug (Base pair mutation) A51a sunUasluesansuiuagn (Microsatellite instability)
muUndldlunisnsigeudnanwalyana (DNA fingerprint) #3eAUAAUNAYBITIWIUNTO
Tassadevewistasiulen (Chromosome instability) luwaduziSsasdinisadsiuBufinanewus

9
s

nfugiu uardimnsfinnfazaumenyuiudosy anauliiadosvesdu lnsmanaeiug

yosBufidsnufinanannsouisoenididu 2 via fuieluid

3.1. Driver mutation #io Msnaeiusides msliadusfaiuihsmsudsiveueadi
fuasiufe wadaunsaulaildmniBau SnsdidmaBesnelisadidnsonluain
srUUnNANAUAINUNATEITNNIY WU NIsnaeRugesBuneusiuasduiuuiss (g
waded 4) 1udu Tnefnazasiany Driver mutation Saudulugvaeiidunzis i
e

3.2. Passenger mutation fio nsnaetuguuUANTIAnMedtheTetug Tasanusansi
Wy Passenger mutation l¢vanefusiumisdsgandn Driver mutation 1n® lusdnide
fuin Passenger mutation iuilesnisdesiiunsnaneiiusiliinglag denisasayivle

Yauganuzse wiludagiuisuiinisAunuiinisazauaed Passenger mutation @3na
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nIgnuRNISANTULIA WU In15M5I9NUIINTEYANTEY Passenger mutation e
ﬁﬁﬂﬁﬂiﬂ’wiiﬂﬁmﬁﬂ (Cirthosis) \inugLSeiuvila Hepatocellular carcinoma Fuoo
a8n9lsAmuiisneeuin Passenger mutation ¥l¥nnsedulsavesusidadunianuy
Usupiuaziuuunsnsznedululdesnidias uaswaduzisalanuudsianaaiesan

Passenger mutation TUUn219115%191u83 Driver mutation®®”

4. nsnaneugvesduiinauaunisieiyiulavesianeuazBuduaziie

fuiimuaunisiadqiularessninie (Proto-oncogene) Tuthilaissesluudoongys
nlzasieaivasidivung viwiafiviiilunismuaunisadisiafudygyin (Signal
receptor) waznsenenendaaauadiuluinaded (Sienal transduction) definanuddysanis
wigivlnveseadauund dmsudunouziss (Oncogene) lAnannIsnaneugu3 a3y
FrunuresnguiudnarsiliiAanmsndalusiuinty dlusfufignuanainduiazoongys
SUNININMTMULead Mk nsuvseadifudududuaunnegaauaulald wliilu
Jagtuasiimalulaglunisanulasansiugnssy wu nskd CRISPR-Cas9 dnsadiu usin15l43s
fananliansothuszondldldlunsdnsifauns WesngaBuduvesBunousifefedud
muAuMssyUlnvessnedsdmusuiuienisogsenvesvad

Uszanaidosay 30 vesfitrsuzifadnuuiinismsianunsifins uiuvesdu FRBB2 Fuvilu
uil nanedudsdd Tan1adanmm Biomarken) wazinlgnisldensnviugifeeg1ansagn
(Targeted therapy)®? lne8iu ERBB2 Juduitads Human epidermal growth factor receptor
2 3aduisinfudnTenilsinBu HERZ/heu snsifinsuruvesiiu FRBBZ Sanuduiusiunis
WisU3anaves Vascular endothelial growth factor (VEGF)® ifusalsfiinnisnsedunisadng
vaeaden Faztisliwaduniainsnasayivlnldesdliitaside

Msunsuwesiy MYC viliinisadralusiu Myc iiisannau Tnelusuiazvimeng
Ju Transcription factor TumsnsgdlviinmsuanseenvesBunindun Winty

8 SRC wan Cellular Src kinase (c-Src) %ﬂﬁﬂwﬂ’lﬁLamngaaLWm (Phosphorylation) T
nsmexiilu Tyrosine Tulusiudue (Tyrosine kinase) M3nanefuguesiiu SAC aadusiudiu
nainusSedld undadu uasnzwiongnrann® uenaini c-src Sudunidutimneg
938U BCR-ABLI (g¥hdfef 1.5) FaildwlumsiAnlsa CML s

nauEU RAS Usenaume Bu HRAS Bu KRAS uazliu NRAS lagngugu RAS avainelusiu
Feiinthitanevendyyrauneluead 39 rRAS 1Hunguduinuinfinmsnateiuivesiande
Uszanadesas 30 vodlsauzise®®

8 TERT vimiiniadne Telomerase reverse transcriptase @ uniiegosuotiaules]
Telomerase vimtillaudduiua TTAGGG Tiiudulangveslasiuluy (Telomere) lngund
w1 Telomere agnaduasdos Wowadieguniu suiliingansutasadluiian i
NsNAeRUEUSLI Promoter ¥s8u TERT agdnalvidinmsuanieuledidengty Jeilieadd
nsuUsilaegnslaifau®?

Tunenseiudnududuugiss (Tumour suppressor gene) az@319d QY LA D3 LUy
mMangaNsuUsradLitel A nstesLeLa sugnssunouardsiuluSusadsusely muund
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LarBusunzisRsgnnssulagnsesoavaead (Cellular stress) waznisilasiugnssy
WQ@]E]E]mJ’H]’mL“UaéLﬁaﬁﬂ’ﬂﬂJLa‘EJWlEJLﬁﬂ‘ﬁu (Free-floating genetic material) Sud1uuzi5eiidl
ArwdduargnAnwnniianie u TP53 definanunudlusiadedt 2.2 uenandeuiates
voslusiu p53 SalamnanAsadesiunisnateiuiueadu COKN2A aadralusiu p1aARF lag
TUsfu p1aARF asldgudalusiu MoM2 & wdulusiuiidnvananisvineuvesiusiu ps3
wszaztunInuIalusiy plaARF Usinamesldsiu MDM2 fazifindu vildnnsieuves
Tsfu p53 anaaiiowdnfinisvinlusiu ps3 lWseiTued®” efsduduuzisiuiawineed
awduiuslumsneuziSaiisme 1wy msnaneusvesdu RBI funisiinuzi3svesgnanaie
Retinoblastoma %3 8n15na18Wus ¥e3du APC AUNT5AAN19E Familial adenomatous
polyposis (FAP) Fsazimuseliduusdedldlngaue {Hudu

nsnaneiugvesBulafunisiuaglineliAnlsaugise ifosndsdsuunfvind uaoe
auaunssivlnvegadoy madslseusSetudosdiaestadorio fusmiuie (1) s
naneugvesBuiimununsiasgyiiulnvesienienaefuduneusifesuunansiu was (2)
nsnateiugvesdustuuzsidwunatedu windadedenanliasudiuwadinazngnnis
WigAulakazidndnszuIun1s Apoptosis Tneiluguneuziduinasiidnuaezieu (Dominant)
Tuvazinmsnaneiusvesdudunzduinsdudnuauedes (Recessive) tuAeazdaainianats
fuganiaesinsedlashilonderdmaliduiusaihmiiinund egislsfnunisnany
Wwugvesdusuuzisniaslulauiissdiufed faunsadwaliialsauzselauiu 3andn
“Dominant negative effect” wu Tunsdinsnaneuguesdu P53 \Jusiu

5. waasunudauzise (Cancer stem cell)

waaduidauzsadunguilnivometdiuiavedsanziss Inodanufgiuiitany
wannviane (Heterogeneity) vosusidaiu witswdfidusiidnnaneadiioavadiioniude
wadduiudaugised soy duvuaaludduturesninaigiivinvosad (Hierarchy)
dnvazlanizvengadauiuidnfe Lwadazeyluan1izdnda (Dormancy feature) kay &
AuaansalunsuUsiai enaunuiiesldog1ereiiies (Self-renewal) dadnuwagianiz
Fnannhliwadduiniangasenllannshaefenitidadatuansgadugdaiing
wUasee1959ni5a (Anti-proliferative therapy) SailiAnnisnsuidusvewsgmendsain
1asun13snw (Relapse)

foyadsnandnafuidnadenstiruauumensinwuesitae Taglul wa. 2560 (a6,
2017) Shlush wazpnglalddoyanisnatenuglagsiu (Mutational landscape) ¥04iwad dln
Femunadeuaingdtaslsa AML Wleusn3fiads (Diagnostic blast) Wisuitsufumsnaneius
vongadudindonuniigeuningtaelsn AML vneiinduilugh (Relapse blast) Ssanunsauys
amnmanduiiugivestasesniduaeandy 1éun nguil 1 Ao nsnduidusrduinainead
duridauzidadadonyn (Leukaemic stem cell) ifidayanisnanewusunnsndluaindeya
nsnaneiugidonsnidedveg1edwds lngnuinisuansesnvesduinuadisndety
Haematop0|et|c stem and progenitor cell (HSPC) (Relapse origin- pr|m|t|ve) mawuuuaﬂu
Srduturesnaiiyiulnvonead uazngudl 2 Ao lwadduridaunssiifdoyamanasiiug
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[y

adeadstutoyansnaneiiudiileusnitiady (Relapse origin-committed) sogluszauansly
Sutureinsiasaiulnvenead uddiiinisuanseenvastudaludnvarsunzvosvaddu
ffineg FewninsiuunnguivasTaisslenifeldfuunuuamisdunssnuguael
mevn osnngueaduzsfiannsaidnsenllanmsvhaisveseaiivatn foinduwad

surdaussadadonrnauaznguiiues®

6. lsmdndeuazansiousiSdus
Tsndnideunsiinfirnuiieatesfumsifiauese ey
6.1. n13AALEaUUATLSY Helicobacter pylori TuNSEWNT81%15 I@&mewmaﬂ’uﬁ:ﬁﬁ
Virulence factor CagA (Cytotoxin-associated gene A) adanuduiusAunisiinuzis
seutmdeswin Mucosa-associated lymphoid tissue (MALT) %&Lﬁuwa%ﬂﬂﬁﬁ%mmﬂ
szuunfiduiuvedUaeies Inedalnsilaazgnaszdulsinds ROS SuazneliiAnalu
deomesoasiugnasu®
6.2. n1s@mdenerslulduida Clonorchis sinensis was Opisthorchis viverrini %3l
s Tunsiiauzdaieda (Cholangiocarcinoma) Tnedinalnnisrelseludnues
wuLAINUAUTD 6.1
6.3. nsAnelada ediguuuulunmsnensisld 2 Ussnm Failde
6.3.1. nsneuzsaudulusgradesundy (Acutely transforming)
Lﬁmmﬂmsﬁh%’aﬁﬁuﬁamL%ﬂagjmﬂu [Viral-oncogene (v-onc)] Faduiiy
wSeuitazuanseenviuiifiwaduesvite (Host cel) SnmshndelaSasiind wu n1s
fALe Rous sarcoma virus (RSV) astinnsadng v-Src danslsiiAn fiorosarcoma
TulA Tne v-src lulrvyihmihfiduientu c-Src Tunywd (ghded )
6.3.2. nsnauzisauduluagnetng (Slowly transforming)
nanhifadeiuasiiugnssuvesiiies (Viral genome) WWluunsndey

¥ '
= I

luansiugnssuvesvge mnnsunsnsatduiaunusalnatuduiiaiuauns

a a ] < v @ ' [ | 1 <3 1 a &
wiAUleveTeny Wunalidunsnannateidudunouziis wu (1) n15faLe
Human papillomavirus (HPV) duwus Aunisiiauzissuinungn (Cervical
cancer); (2) li¥asusniauwiind [Hepatitis B virus (HBV)] duiusiunisiinugiss
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APPENDIX 1
INFORNMATION FOR AUTHORS

All authors listed in a paper submitted to Asian Archives of Pathology (AAP) must have
contributed substantially to the work. It is the corresponding author who takes responsibility
for obtaining permission from all co-authors for the submission. When submitting the paper,
the corresponding author is encouraged to indicate the specific contributions of all authors
(the author statement, with signatures from all authors and percentage of each contribution
can be accepted). Examples of contributions include: designed research, performed research,
contributed vital new reagents or analytical tools, analysed data, and wrote the paper. An
author may list more than one type of contribution, and more than one author may have
contributed to the same aspect of the work.

Authors should take care to exclude overlap and duplication in papers dealing with
related materials. See also paragraph on Redundant or Duplicate Publication in “Uniform
Requirements  for Manuscripts Submitted to Biomedical ~ Journals” at
http://www.icmje.org/index.html.

The submitted manuscripts will be reviewed by the members of the Editorial Board or
the expert reviewers. At the discretion of the Editorial Board, the manuscripts may be returned
immediately without full review, if deemed not competitive or outside the realm of interests
of the majority of the readership of the Journal. The decision (reject, invite revision, and
accept) letter will be coming from the Editorial Board who has assumed responsibility for the
manuscript’s review. The editor’s decision is based not just on technical merit of the work,
but also on other factors such as the priority for publication and the relevance to the Journal’s
general readership. All papers are judged in relation to other submissions currently under

consideration.
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Categories of Manuscripts
1. Letters to the Editor
The letters to the editor are the reactions to any papers published in AAP. These
letters will be reviewed by the Editorial Board and sent to the authors of the original paper
with an invitation to respond. Letters and eventual responses will be published together,
when appropriate.
" Word Count: 300 — 500 words (excluding references and figure or table legends)
® Abstract: Not required
B References: Maximum of 10

" Fioure or Table: Maximum of 1 (if needed)

2. Original Articles

The original articles are the researches describing the novel understanding of
anatomical pathology, clinical pathology (laboratory medicine), forensic medicine (legal
medicine or medical jurisprudence), molecular medicine or pathobiology. Systematic
reviews, meta-analyses and clinical trials are classified as articles. The articles should be
clearly and concisely written in the well-organised form (see Organisation of
Manuscripts): abstract; introduction; materials and methods; results; discussion; and
conclusions. The manuscripts that have passed an initial screening by the Editorial Board
will be reviewed by two or more experts in the field.

" Word Count: 3,000 — 5,000 words (excluding abstract, references, and figure or

table legends)

B Structured Abstract (see Organisation of Manuscripts): 150 - 200 words
®  References: Maximum of 150

B Figures or Tables: Maximum of 6

3. Review Articles

The review articles are generally invited by the Editor-in-Chief. They should focus on
a topic of broad scientific interest and on recent advances. These articles are peer-
reviewed before the final decision to accept or reject the manuscript for publication.
Therefore, revisions may be required.

" Word Count: 3,000 - 5,000 words (excluding abstract, references, and figure or

table legends)
B Unstructured Abstract: 150 — 200 words
B References: Maximum of 150

®  Figures or Tables: Maximum of 4
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4. Case Reports

AAP limits publication of case reports to those that are truly novel, unexpected or
unusual, provide new information about anatomical pathology, clinical pathology
(laboratory medicine) or forensic medicine (legal medicine or medical jurisprudence). In
addition, they must have educational value for the aforementioned fields. The journal will
not consider case reports describing preventive or therapeutic interventions, as these
generally require stronger evidence. Case reports that involve a substantial literature
review should be submitted as a review article. The submitted case reports will undergo
the usual peer-reviewed process.

" Word Count: 1,200 - 2,000 words (excluding abstract, references, and figure or

table legends)
®  Unstructured Abstract: 150 — 200 words
B References: Maximum of 20

®  Figures or Tables: Maximum of 4

5. Case Illustrations
Case illustrations are aimed to provide education to readers through multidisciplinary
clinicopathological discussions of interesting cases. The manuscript consists of a clinical
presentation or description, laboratory investigations, discussion, final diagnosis, and up to
5 take-home messages (learning points). Regarding continuous learning through self-
assessment, each of the case illustrations will contain 3 — 5 multiple choice questions
(MCQs) with 4 - 5 suggested answers for each question. These MCQs are placed after the
final diagnosis and the correct answers should be revealed after the references. The
questions and take-home messages (learning points) are included in the total word count.
The manuscripts that have passed an initial screening by the Editorial Board will be
reviewed by two experts in the field.
" Word Count: 1,000 - 2,000 words (excluding references and figure or table
legends)
" Abstract: Not required
B References: Maximum of 10
B Figures: Maximum of 2

B Tables: Maximum of 5

6. Technical Notes
The technical notes are brief descriptions of scientific techniques used in the
anatomical pathology, clinical pathology (laboratory medicine), forensic medicine (legal
medicine or medical jurisprudence), molecular medicine or pathobiology. The submitted

manuscripts are usually peer-reviewed.
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" Word Count: Maximum of 1,000 words (excluding references and figure or table
legendss)
®  Abstract: Not required

B References: Maximum of 5

®  Figures or Tables: Maximum of 2

Organisation of Manuscripts
1. General Format

The manuscripts written in English language are preferable. However, Thai papers are
also acceptable, but their title pages, abstracts, and keywords must contain both Thai and
English. These English and Thai manuscripts are prepared in Ad-sized Microsoft Word
documents with leaving 2.54-cm (1-inch) margins on all sides. All documents are required
to be aligned left and double-spaced throughout the entire manuscript. The text should
be typed in 12-point regular Times New Roman font for English manuscript and 16-point
regular TH SarabunPSK font for Thai manuscript.

The running titles of English and Thai manuscripts are placed in the top left-hand
corner of each page. They cannot exceed 50 characters, including spaces between words
and punctuation. For the header of English paper, the running title will be typed in all
capital letters. The page number goes on the top right-hand corner.

Footnotes are not used in the manuscripts, but parenthetical statements within text
are applied instead and sparingly. Abbreviations should be defined at first mention and
thereafter used consistently throughout the article. The standard abbreviations for units
of measure must be used in conjunction with numbers.

All studies that involve human subjects should not mention subjects’ identifying
information (e.g. initials) unless the information is essential for scientific purposes and the

patients (or parents or guardians) give written informed consent for publication.

2. Title Page
The title page is the first page of the manuscripts and must contain the following:
B The title of the paper (not more than 150 characters, including spaces between
words)
B The full names, institutional addresses, and email addresses for all authors (If
authors regard it as essential to indicate that two or more co-authors are equal
in status, they may be identified by an asterisk symbol with the caption “These

authors contributed equally to this work” immediately under the address list.)
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3.

4.

®  The name, surname, full postal address, telephone number, facsimile number,
and email address of the corresponding author who will take primary
responsibility for communication with AAP.

B Conflict of interest statement (If there are no conflicts of interest for any author,
the following statement should be inserted: “The authors declare that they have

no conflicts of interest with the contents of this article.”)

Abstract

A structured form of abstract is used in all Original Article manuscripts and must
include the following separate sections:

®  Backeround: The main context of the study

B Objective: The main purpose of the study

®  Materials and Methods: How the study was performed

B Results: The main findings
®  Conclusions: Brief summary and potential implications
B Keywords: 3 - 5 words or phrases (listed in alphabetical order) representing the

main content of the article

Introduction

The Introduction section should clearly explain the background to the study, its aims,
a summary of the existing literature and why this study was necessary or its contribution
to the field.

Materials and Methods

The Materials and Methods section must be described in sufficient detail to allow
the experiments or data collection to be reproduced by others. Commmon routine methods
that have been published in detail elsewhere should not be described in detail. They
need only be described in outline with an appropriate reference to a full description.
Authors should provide the names of the manufacturers and their locations for any
specifically named medical equipment and instruments, and all chemicals and drugs
should be identified by their systematic and pharmaceutical names, and by their trivial
and trade names if relevant, respectively. Calculations and the statistical methods
employed must be described in this section.

All studies involving animal or human subjects must abide by the rules of the
appropriate Internal Review Board and the tenets of the recently revised Helsinki protocol.
Hence, the manuscripts must include the name of the ethics committee that approved

the study and the committee’s reference number if appropriate.
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6.

10.

Results

The Results section should concisely describe the findings of the study including, if
appropriate, results of statistical analysis which must be presented either in the text or as
tables and figures. It should follow a logical sequence. However, the description of results
should not simply repeat the data that appear in tables and figures and, likewise, the same
data should not be displayed in both tables and figures. Any chemical equations, structural
formulas or mathematical equations should be placed between successive lines of text.

The authors do not discuss the results or draw any conclusions in this section.

Discussion

The Discussion section should focus on the interpretation and the significance of the
findings against the background of existing knowledge. The discussion should not repeat
information in the results. The authors will clearly identify any aspects that are novel. In

addition, there is the relation between the results and other work in the area.

Conclusions
The Conclusions section should state clearly the main summaries and provide an
explanation of the importance and relevance of the study reported. The author will also

describe some indication of the direction future research should take.

Acknowledgements
The Acknowledgements section should be any brief notes of thanks to the following:
®  Funding sources
® A person who provided purely technical help or writing assistance
® A department chair who provided only general support
B Sources of material (e.¢. novel drugs) not available commercially
Thanks to anonymous reviewers are not allowed. If you do not have anyone to

acknowledge, please write “Not applicable” in this section.

References

The Vancouver system of referencing should be used in the manuscripts. References
should be cited numerically in the order they appear in the text. The authors should
identify references in text, tables, and legends by Arabic numerals in parentheses or as
superscripts. Please give names of all authors and editors. The references should be
numbered and listed in order of appearance in the text. The names of all authors are cited
when there are six or fewer. When there are seven or more, only the first three followed

”»

by “et al.” should be given. The names of journals should be abbreviated in the style

used in Index Medicus (see examples below). Reference to unpublished data and personal
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communications should not appear in the list but should be cited in the text only (e.g. A
Smith, unpubl. Data, 2000).
®  Journal article
1. Sibai BM. Magnesium sulfate is the ideal anticonvulsant in preeclampsia -
eclampsia. Am J Obstet Gynecol 1990; 162: 1141 - 5.
" Books
2. Remington JS, Swartz MN. Current Topics in Infectious Diseases, Vol 21.
Boston: Blackwell Science Publication, 2001.
®  Chapter in a book
3. Cunningham FG, Hauth JC, Leveno KJ, Gilstrap L Ill, Bloom SL, Wenstrom KD.
Hypertensive disorders in pregnancy. In: Cunningham FG, Hauth JC, Leveno
KJ, Gilstrap L Ill, Brom SL, Wenstrom KD, eds. Williams Obstetrics, 22" ed.
New York: McGraw-Hill, 2005: 761 — 808.

11. Tables

The tables should be self-contained and complement, but without duplication,
information contained in the text. They should be numbered consecutively in Arabic
numerals (Table 1, Table 2, etc.). Each table should be presented on a separate page with
a comprehensive but concise legend above the table. The tables should be double-
spaced and vertical lines should not be used to separate the columns. The column
headings should be brief, with units of measurement in parentheses. All abbreviations
should be defined in footnotes. The tables and their legends and footnotes should be
understandable without reference to the text. The authors should ensure that the data in
the tables are consistent with those cited in the relevant places in the text, totals add up

correctly, and percentages have been calculated correctly.

12. Figure Legends

The legends should be self-explanatory and typed on a separate page titled “Figure
Legends”. They should incorporate definitions of any symbols used and all abbreviations
and units of measurement should be explained so that the figures and their legends are
understandable without reference to the text.

If the tables or figures have been published before, the authors must obtain written
permission to reproduce the materials in both print and electronic formats from the
copyright owner and submit them with the manuscripts. These also follow for quotes,
illustrations, and other materials taken from previously published works not in the public

domain. The original resources should be cited in the figure captions or table footnotes.
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13.

14.

Figures

All illustrations (line drawings and photographs) are classified as figures. The figures
should be numbered consecutively in Arabic numerals (Figure 1, Figure 2, etc.). They are
submitted electronically along with the manuscripts. These figures should be referred to
specifically in the text of the papers but should not be embedded within the text. The
following information must be stated to each microscopic image: staining method,
magnification (especially for electron micrograph), and numerical aperture of the objective
lens. The authors are encouraged to use digital images (at least 300 d.p.i.) in .jpg or .tif
formats. The use of three-dimensional histograms is strongly discouraged when the

addition of these histograms give no extra information.

Components
14.1. Letters to the Editor
The Letter to the Editor manuscripts consist of the following order:
®  Title Page
" Main Text
" References
" Table (if needed)
" Figure Legend (if needed)
" Figure (if needed)
14.2. Original Articles
The Original Article manuscripts consist of the following order:
B Title Page
Structured Abstract

Introduction
Materials and Methods

B Results

Discussion

Conclusions

Acknowledgements
®  References

Table (s)

Figure Legend (s)

Figure (s)
14.3. Review Articles
The Review Article manuscripts consist of the following order:
®  Title Page

B Unstructured Abstract
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14.4. Case Reports

48

Introduction

Main Text
Conclusions
Acknowledgements
References

Table (s)

Figure Legend (s)
Figure (s)

The Case Report manuscripts consist of the following order:

Title Page
Unstructured Abstract
Introduction

Case Description
Discussion
Conclusions
Acknowledgements
References

Table (s)

Figure Legend (s)
Figure (s)

14.5. Case Illustrations

The Case Illustration manuscripts consist of the following order:

14.6. Technical Notes

Title Page

Clinical Presentation or Description
Laboratory Investigations
Discussion

Final Diagnosis

Multiple Choice Questions (MCQs)
Take-Home Messages (Learning Points)
Acknowledgements

References

Correct Answers to MCQs

Table (s)

Figure Legend (s)

Figure (s)

The Technical Note manuscripts consist of the following order:
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®  Title Page

®  Introduction

" Main text

®  Conclusions

®  Acknowledgements
®  References

" Table (s)

" Figure Legend (s)

" Figure (s)

Proofreading

The authors of the accepted manuscripts will receive proofs and are responsible for
proofreading and checking the entire article, including tables, figures, and references. These
authors should correct only typesetting errors at this stage and may be charged for extensive

alterations. Page proofs must be returned within 48 hours to avoid delays in publication.

Revised Manuscripts

In many cases, the authors will be invited to make revisions to their manuscripts. The
revised manuscripts must generally be received by the Editorial Board within 3 months of the
date on the decision letter or they will be considered a new submission. An extension can

sometimes be negotiated with the Editorial Board.
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APPENDIX 2
BENEFITS OF PUBLISHING WITH
ASIAN ARCHIVES OF PATHOLOGY

Asian Archives of Pathology (AAP) is an open access journal. Open Access makes your
works freely available to everyone in the world. It provides a significant boost to the readership
of your articles, and has been shown to have an increase in positive influence on citations
and reuse. Hence, open-access leads to more recognition for our esteemed authors.

The journal has been sponsored by the Royal College of Pathologists of Thailand. We
have the policy to disseminate the verified scientific knowledge to the public on a non-profit
basis. Hence, we have not charged the authors whose manuscripts have been submitted or
accepted for publication in our journal.

Since AAP is also a peer-reviewed journal, the submitted manuscripts will be reviewed
by the members of the Editorial Board or the expert reviewers. The decision on these
manuscripts is processed very fast without any delay and in shortest possible time. The
processing period is 1 — 2 weeks. These decisions of the reviewers are unbiased and the
decision (reject, invite revision, and accept) letter coming from the Editorial Board is always

conveyed to the authors.
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APPENDIX 3
SUBNMISSION OF THE MANUSCRIPTS

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Access www.asianarchpath.com

If you did not register before, please create an account first.

Login with your username and password.

Click the “+ New Submission” button on the upper right-hand side of the page.

Proceed to fill up the Submission Form online and follow the directions given

therein.

Upload your manuscript file (s).

Re-check the content of your manuscript (s) and the uploaded file (s) more
carefully prior to the submission. If you have submitted your manuscript file (s)
incorrectly, you must contact Editor-in-Chief of Asian Archives of Pathology
immediately. The Editor-in-Chief can clear the incorrect attempt and allow you

another submission.

Click the “Submit Manuscript” button under Important Notice.

If you have any further enquires, please do not hesitate to contact the Journal.
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APPENDIX 4
CONTACT THE JOURNAL

The Editorial Office of Asian Archives of Pathology

Department of Pathology, Floor 6, Her Royal Highness Princess Bejaratana Building
Phramongkutklao College of Medicine
315 Rajavithi Road, Rajadevi, Bangkok 10400 Thailand
Telephone: +66 (0) 90 132 2047

Fax: +66 (0) 2 354 7791

Email: editor@asianarchpath.com
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APPENDIX S5
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