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120 ml whisky (850 mmole)

blood alcohol
16 mM

breath 1.44 mmole/h
[alveolar air alcohol 0.008 mM ]

hepatic metabolism 200 mmole/h

| ——

éé‘_!_, renal excretion 0.8 mmole/h

Tl
[urine alcohol 17mM ]
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®. nonoxidative metabolism

. oxidative metabolism

LLNUDATNA IUL DY ILBANBE DA T WUUU
nonoxidative metabolism TagtanIueanIUfAzenunan lues
Taeass MAlAnAnd s nIntedmasvasnsalysiu
oA fatty acid ethyl ester (FAEE) W Lofian1ading
(ethyl palmitate), Le7ialeaLef (ethyl oleate) wagls
nandadungaiefiangAalstud (ethyl glucuronide; EG)
7#IDLONIUBAYIUATNUNIANDENITIAN (phosphatidic
acid, PA) laiduneanAifateniuaa (phosphatidyletha-

nol, PE) wamAamdautneiilagioniy FAEE a1unsany
swiugstuiidudadautunsldsueniuea silsaanas
Widusastnsiesuueanaseals Teanansansaaiale
AnduREETANLaNDTad” LazdiunsanasIniiAnd
shlufuruenueaimldnannissaienearnanalaa
(phosphatidylcholine; PC) sagtaulyainaalnlailad (phos-
pholipase D) Fenaanfnaladwiunsainaiafiaday
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UeATUELINIAR Lan (acetaldehyde) (Km 0.2 - 2 mM
ethanol) kazazilagusnag195InLsIlneLeulNwean bas
flalasawud (aldehyde dehydrogenase; ALDH) Figivioln

I lnvoauazlalnaowesy Wasuazwnadlas (acetak-
dehyde) 13 N3ARLTAN (acetic acid) (U7 «)

NAD®  NADH+H* Q
NAD* NADH+H"
/\OH e, /\o : :
OH
Alcohol dehydrogenase Aldehyde dehydrogenase o
Ethanol Acetaldehyde Acetic acid
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Rdun I THEIINAEIIALTINTNENIUDA A §1113D
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WNAY (basal ganglia) wasyinlAnszUIUNITAI9NBAUTN
AaUsNf mm@ﬁimmaaa”umwﬁqmm\ﬁLﬁuﬁtﬁmmﬂmi
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WoSaladiuinann dndresumailadilalnsiiu
AN sazaNvesNaINIaf tgasn M lERaRes8ua9
Tagwasnan laminuiizensindaiunyesiiluresiusiu
w3991 vinlieuen

fonkes nMsuAlefimvesniuea elenueais
aatanueanly vinlweulusl ADH wag ALDH luise
Uin3eveaenuealinananduesunian lanuasnsa
p2REn WUunalinIsseufAse1vesuniuealag ADH
waz ALDH %agas n1siianasanadlasuaznsanasaing
WuRwslpgas WUNTUITINABYBIUN1UOALH

nsnsnesdansaiulaeulydie (coenzyme A
faenianszduens ATP e1feLeulysl azwfialaeTuiime
(acetylCoA synthetase) Ml lanzigialate (acetyl CoA)
Fodussdananeddn aunsadignazuauniTiaum
voatuldnanedd Wi Wigigdnansudniunszuaunis
paNTLAYINNaadWaIaLadu (oxidative phosphorylation) Y111
18 ATP waawluanssesulunisdenssinanlsies (fatty
acid) Wiosluansnosulunsdonzinlauusfa (ketone

bodies: acetoacetate, B-hydroxybutyrate, acetone)

AcetylCoA synthetase

Acetate + ATP + CoASH

» Acetyl CoA + AMP + PPi
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o 8iA (o0 — 0@ N3N) WNAWUL o — ooo TlAuAaDS
nssenuaaierinflilaufia Sudszmiuemisiosa
T inaasemsiagenienanlusiu wise wag
3018% M39aTuIadue O o 0 o T v uaglviananas

A5l 8N disulfiram, metronidazole, cefotetan,
trimethoprim dansasussewluduoanlasalalasama
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w. AdsueulyilulalaslvafioguIiaain
wulananafiaafnda oultinguiizend1 microsomal
ethanol oxidizing system; MEOS %38L38131 mixed func-
tion oxidase; MFO 1ag cytochrome P450 monooxygenase
3@ cytochrome P450 2E1, 1A2 Wag 3A4 (CYP2E1 AU
fign) Wagwenwueaidy exwmailadlddnnisnis

v
a

([Uszaasagas o) L@ulﬂﬁﬂ@j&l cytochrome P450 4%
SofienuaauTunamnng agiinanszdufinyianaie
(Km = 8 — 10 mM ethanol) B8NS LEHNNTH UUNUBRTH
firuns MEOS Hlinandsdusondas Tnsanzagy
d1seuyadassuazlglasaumadaanlua

CYP 2E1

CH; — CH, — OH + NADPH + H* + 0, —— CH; — CHO + NADP* + 2H,0

Microsomal ethanol oxidizing system (MEQS)

JUT @ WUNUPATNYSLEANSFOAN1% microsomal ethanol oxidizing system; MEQOS

wwlvsdnga CYP2ET 4audu microsomal ethanol
oxidizing system (MEOS) U331804azAN8 &1 5015
p1aLzINTEdu daidu inducible enzyme Fesunuiife
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NITAUNITNIUVRIA1TNEEL WU NITHUUNUDATN
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ccl, ¢ Aepnsdufivdisuudnsiag sildinnisane

6o @ o ¢ o, & '
Y290AaAU WuauATIETULTY Wwinnsalduilnulilungs
winewlulasemtnuiedednsldeanivswnnszaaslss
ANLAZANTANEI 1159913

Microsomal ethanol oxidizing system (MEQOS)

ccl,

> CCl+Cl

g‘Uﬁ » ILNUDATYDIASUBNLAATLAAR IAHIYW microsomal ethanol oxidizing system

wowlysl CYP2E1 €9813130N326WLLNUBATH
929813058 l1lAs¥5 WY N-nitrosamine, 4-methylnitrosa-
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F9NTLAUNUNUBATNVDILINANBYIA WU 2UAYUIA
DA WY (acetaminophen %38 paracetamol) Fine
Winunsnate nsiiafuudasliiogusnsdunsaiaie
soduld Taeialuenaziwnedlumu s1ansagnininoen
faeewldalnnIuaWeLIa (sulfotransferase) LAaZLEY
i?fsjmgﬁﬂiﬁmﬂumﬁfmLm(gIucuronyltransferase)‘g Teiidu

dafaminaeuing wiengAslslunneuqne filsidudie

Fmedusanls wivndisienySanasnniiull susansa
gnuunusladdeiaulasd CYP2E1 udaegluguiidiashs
Wudrsnindiamlasfan (electrophilic) basmeni1sduiu
dananTusiunaznIniandsn Joduaisianiledian
(nucleophilic) vinlvina1eaudndfveslUsiunie
nanfanddnmaniu AeliAnfudedulufign usnin
fnganlalouninwend1ansaneuqnaiungaibalon
wazdueanluIUnIALNBWAUNIN (mercapturic acid;
N-acetylcysteine S-conjugates) Tiazangsinl@uazsnenie

tusentagliluiuliguiu (Ui «)
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NHCOCH;

NHCOCH,
PAPS
—_————»
Sulphotransferase \
UDP-GA ’ P
—_— >
UDP-Glucuronyltransferase
o
Acetaminophen
Conjugate

l +O,*NADPH+H" Nontoxic sulfate/

Nontoxic glucuronide

NHCOCH,

Glutathione conjugate

Nucleophilic attack sG
O l
NHCOCH; ¢
NHCOCH;

Macromolecules:Protein-SH

OH
S-CH,CHNHCOCH;
liver damage /

(e} COOH

Mercapturic acid conjugate
(N-acetylcysteine S-conjugate)

UM o uUBATIYRIED2YAZE LU (acetaminophen %38 paracetamol) (1131 AALUAIAIA Correia, boow)®

NVDILDANDTRANUIN LANNTINALWARSU DA TN Ty dUTNIUE1561908NTLATUITU
UILIUTOU central vein #1L38N31 perivenous zone LAY nga1lalautes UeAIINUULTLI perivenous zone 93
central vein A8 NABALABAAT BYUTLIMEIUNA1IYDY liver santiauiiesy NMainUfA3e130end (redox) YasENIUEA

lobule” (3U# @) N1sAidinsviaIgLwaasuNINUTIMi agesntiauuinaiianasludn Taduduasesawas
AATIAAHEBIAINUTIANE CYP2ET 3n (ViU dAsenleny WaTusg (UM @)
fsutandaemanguiingdu wnuea puswnnszaaslss
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Sinusoids

Bile canaliculi /\
W
M\
°O

Lo o To70%
Jo T L\
D ’":mmmc.zm"
[ =0
‘Q\-‘&g‘g 3’ o 2] O’U‘

o7
o™ oo
00 o°

Bile duct

Branch of the
hepatic artery

Branch of the
portal vein

Central
vein

Liver lobule

cv
®

JUT @ MINWAREY LaAIEINYDIWAREU central vein kA portal space TiU3ENBUAIY bile duct, hepatic artery, portal vein

(i1 Barrett et al. woow)”

nshaweanagadunAwly flaeefunin
lAsuneaneageafiey oo — o.¢ NAANTNFBLATANIA
N3TAUNITNAILLTAALALNIUNIINILHM oxidative stress
mudriunsldngantalen Mlvivsanangailsleuanas
Talnaswssegniinans nszduldinlatainssuuniaunis
sl shaneadinnt dueflldsueanasedanand
%o — @o NINERTU 1uIa1 oo U WIaNGNlATUNINAT

a

wo — o NSNABTY WUIAT oo U %I0AN oo NSNADTY

Catalase

agfinnandeslunisialsadunisiissainweansges
aRuBn we Wi

o Advaseulisingnzas (catalase) Todsnnlu
waseandlua (peroxisome) ¥8sLas mzaziaatwownlysl
aaﬂqw%sﬁmmzmumﬁ@aﬂ?mﬁu (antioxidant enzyme)
Widnlalasanmesoanlomlfiduninazoantiasn

weaaTaLseUiAse IR lalasaumesoanlynsaniy
wnueabiiduszgniafilgduazindndae (Ul o

Catalase

CH;-CH,-OH + H,0,

» CH,CHO +2H,0

UR @ navhsuvesazazadnszgunsasulalasaumeisanluaduiivazfsweniusadusziumantas

AZAZLAENIAALEN DA bALNEITDEAY o DY
A530IBNN1309NTLATHIDIENINES WAdlDsanAzAzIAE
faluludnes n3zUINNIsFINa1IReTI R N1IHES
anmadladlusnes Jodusuaseld dufugmuindu

dwguilefivilsiAnn1IMUN1Y (tolerance) sioupanazad
uanannudsenadneuluinzaadnazdumunyaitaiy
winseu Ingnuinsaenludazasadlufingeusiy
#oendn o U Hannndrluglng



Thammasat Medical Journal, Vol. 14 No. 3, July-September 2014

415

. InenlvdsadlaneanTad” dusanszeu
ATHANYLOAR bR WU BLN1anante YA lenanae

sdowaats wulediidan Km 1 mM Taga1ndnnianssey
saetaulrndidunalndfgyildiiasusniduiesain

Wunsaasuandan wisunulalalasmuwnessanlun MIANLDANDEDA
wiagwesaanlyn i liiineuyadassistuwaziiuiiv
Aldehyde oxidase

RCHO + H,0 + 0, ————— RCOOH + H,0,(or 05)

U7 o0 M3 uvesenleldadladeanting nszduniswisuneafilanidunsa asventanaasaauldnanna

NANENTBUYADATE

wyuaJivniuaa

mmmmaﬁmLamu@aﬂ%mmgm VED
111 IR LA HARRAE1THINA1IADDLLINAR LR LAS
NADH + H* USanasnn Zevinldiinmasfiausndisng
wangUsEN e oN

1. WunUeATaYeseulvLeanasaas b lagaa® =
L8a3fanaeie szwmanies arssanlesduansd
fandashigeaunsasiniunyesiilulide Ingdsne
uasusznaviiliagdaiFendBiua (Schiffs’ base)™

wazinufAsenselule wWunguansdasls indunsnese
#13%0laanavessenigledng TaganisiuaIsnan

NAD" NADH+H"

TsfuwaznIndinddn vinliiansleslednny (cross-
linkage) kN3 EATIsee vasansTUsEuwAZNIA
TnadnRaly Wi n1svheseseulrdsneg WSeanseus
yaslUshulassasinly wiaelsaniusnsnanwediuis
mfﬁ'ammm (neurotransmitter) 193 FL3LAIU (serotonin)
A9 esTlstadwie U Awvevasiumanlan
fudngnanuide nsfisionnsliaue aawld adew
BRWNAY F1901991 YIaFse Yaaniien d91n1Inie
Uszan duass Suse Wudu nnduewlviueanlasile
Tostud Avaaregezwnadlasdunsaesdnntodufiv

1oend (UA oo UAZ o)

NAD" NADH+H"

Ethanol L& Acetaldehyde % Acetic acid
(0]

Alcohol
CH3-CHp-OH  dehydrogenase

CH4-CH

Aldehyde o

dehydrogenase \
Jaros CH3-COH

U7l o0 wuMUBATNENIMBALAEIFINAIBTIMNAR s kAR wTunIAeLdRn wianAuldnandn NADH + H'

(X1 AALUAIAIN Botham and Mayes, woek)™
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H H OHH .
HOH,C i i I II CHO + NH,-Protein
OH OH H OH
Glucose 4»
H H OHH
HOH,C I I l | CHIZN Protein
OH OH H OH {y
H H OH
HOH,C i I I " CHy-NH-Protein (Amadori Product]
OH OHH O l
( Reactive carbonyl containing products (X)J + NH,-Protein
Protein-NH-X @rotein-NH-X-NH-protein )
Adduct Protein crosslinkage

FUT ow nalnniauRwyasaziunian lEar1wN13a8319 Schiffs’ base ¥l lel protein adducts %38 LAa protein crosslinkage

{x1 fauUasann Kennelly, woow)*

v. warARTildBnUszNIMilsRe & NADH + H' A
miéw”aﬁl,ﬂuﬁqmwgmfgﬁmmmﬁ AABAAUNTTHANE
nanlusilidumdonn Sansditge wleiluipinnasud
azgnduge msdanengladlfidundosnilaianananidng
pinapsudld Fedugaitlngian (pyruvate) waziiiasann
fi3zéu NADH ¢ InguavAawAeslsidunanian (lactate)
mﬁﬁﬁigﬁmmm@mhﬁamjﬂ (hyperlacticacidemia) 83819
fidasvinauninde 1o Watunsaiioen n1stunsndu
Boududunmeduiu Wy msfunangin asildiasas
Fadudeinldnangsnlunszuaidengs (hyperuricemia)
ldulsnnng Jenvannludfaman

wananinandifnman3ese enuoaazyinla
nalaalaidansalindsuldifad 1iesarnngled
ligunsadngigdnaasud waedl NADH #ilgann
aunuaATavesanIueaN1n Teazdudeduniefinde
NADH %¥89i9dnstasud Leun isocitrate dehydrogenase,
O-ketoglutarate dehydrogenase, malate dehydrogenase
(UT oa) uonaNE r9mglaidmnsaninnglagann
mﬁﬁuﬁwmzmumiﬂQ‘Lmﬁimum%a (gluconeogenesis)™

16 ilegarnszdu NADH g9 silsilnglonuazesn
wilansBianen dudonszuaumanglailemusda una
Whinanalwdene (hypoglycemia) (o — e ¥3la19) 1A
ATIAEBU glucose tolerance test FI9KIANHAZIPNHRANA
(o - @ §Uaw) MlEin1snsEdunIsaseftauvefa
LAZLANLAR TEAU -hydroxybutyrate/lactate ratio =
wio WAZ oo (large anion gap) AlAuUBAAazaElugY
B-hydroxybutyrate lp9anszdu NADH &9 (g‘ﬂﬁl 0a)
FUYBIONHEATITUNINNITTNIUYB IS IE e
U3zdM (neurotransmitter) WA1YYRA NITLATULONIWDA
9u3N°] WIgeRUTI ey L@Vl’]%@m&ﬂi%j%ﬁ’]ﬁ?];@
UszamfisminfigugenisdensenaUszam (inhibitory
neurotransmitter) t9% NIALNNNITININHIDITINTT AU
(y-aminobutyric acid; GABA) waglnadu (glycine) fivinens
iudasllnnaslsa (chloride channel) wawAtHSUWIU
ioane agnseduanadouszdmitvimihiinssdunnads
N3LAUIEAM (excitatory neurotransmitter) LU AQALNG
(glutamate) #in32dur13 N-methyl D-aspartate (NMDA)

receptor
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nusaLiialiFudaouan aznszdu GABA
receptor, chloride channel FlHndE DN DUAAE
anANA9Ia Fudn waznaudnety nssude post
synaptic N-methyl D-aspartate (NMDA) receptor ﬁﬂizéju
n3d madeui nsfavTanoeniueayIanasies
W o gndaiu fuwlinfiduusleviluwddfasedy
LOYALAALALAFLNDTOA (HDL cholesterol), aAN1ILANZNGY

Glucose

v

v
Glyceraldehyde 3-phosphate

-KNAD*

1,3-Diphosphoglycerate

Phosphoenolpyruvate

GDP+CO
2 Pyruvate

| ADH +H’

YDILNAALADA (platelet aggregration), a@mm?ﬁlmmi
Lﬁ@lﬁﬂ%@@@ﬁ@@ﬁﬂﬂq@f%u (occlusive coronary disease),
AANIINANABALABALUANBIRAR (embolic strokes),
aannasRafifaunganaNufaUndvasuanaiion
(vascular demential wazanAasdesn1sulsndalrwes

(Alzheimer’s disease)

Tissue protein

Alanine

Lactate
Cytoplasm

NAD"

Pyruvate

Oxaloacetate

[ionid

Malate <€ Malate

T

Succipate

.

PDH

— > (Citrate

Oxaloacetate
NAD* ¥ NAD®
[@-Ketoglutarate
AN
Succinyl CoA @

~
Mitochondria

Acetyl CoA

X

Isocitrate

( NAD*

UM oa N3ATEAU NADH + H' gaiinly asiiin feedback inhibition 1a8n138Ues gluconeogenesis LAz Krebs cycle

Iﬂﬁlgﬂgﬁﬂ’liﬁw’mﬂ@GLaul?IéjﬁLﬁﬁﬂﬁﬁ%ﬂ’]ﬂﬁiﬁﬁmﬁ’wﬁ NADH + H® 3% pyruvate dehydrogenase (PDH),

isocitrate dehydrogenase (ICDH), «-ketoglutarate dehydrogenase (AKGDH), malate dehydrogenase (MDH),
glyceraldehyde 3 phosphate dehydrogenase (G3PDH) tuss (s aakUaga1n Bender and Mayes, wook)™

WANIN LA TULONIUDALAUNIATTIN LT LAY
o gilasady azviliiiadunsesegunmmaigdsenis
Tour nadiousnamanes (pharynx) wgew Tinlsueu
N3U AN1INYANIlAVUENAY N1TUBUNAUFRNANAY
ATFARRLANADAUNITUTLANUTNAUTYBIN1THN9U
879926199 UNNTDY AANNUNNTBITLUUUILENARIN
Uae Semaaauvun luiigasussdalaeanzaoy
Tvaau @ﬁma}mL%@%ﬁﬁﬂﬁmﬂwu,amaammami‘m
9780 o TaNF8 LARANNANUINRYIENDILIET
Aun1sne 881013989 Wernicke's encephalopathy 8
FANNANUINRVDINITNDIAU (ophthalmoparesis), LAWY

(ataxia) AN THNNYDIANDITINAUBINITVRY Korsakoff
syndrome {N13%a98% (amnesia) fwesanndisusia
Tusiudsludu dusnay duude® ndruilaalaion
(cardiomyopathy) A :sUla%ings Fusaudndy n1slel
fudsnasnnuazsewiias asnduldiAan1anazdu NMDA
receptors Tdudasuuninsanganiin d1sdsuszamiu
amm‘ﬁl@aﬂq%'ﬁsﬂﬁgﬁu (excitatory neurotransmitter) Whag
emugadesiunsBeuisng waznn3dn (earning and
memory) 981915AiNa AInTEFUTNARLLY YinlAafe
sowaaUszanlawuiu (neurotoxicity)

* fubawlaredndadulsndy Wesanueanegealadiendnneg wiiindsazhadesniideeiaa
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A, fhudenssuaunisdanenaaludeudiolilsidu
pzifialowe Wleeannnadl NADH go Sugenszuaunis
WwAeenTuadu (B-oxidation)” (FUTl o) fiUfATENIES
vaulysl B-hydroxyacyl CoA dehydrogenase lugiudslsl
gansadansliidundeany Nelugessazfialaauas
Alauuafd IneAlsuuefiausznauiieasllnasBiom (ace-
toacetate) LUANtEATONTTINLIH (B-hydroxybutyrate) LaZ
9TLe (acetone) A9LATIZAAINNNITINAUYDIDATNALAL
096 (ST o) dounshaamuaasnng Adlaisnansa
Undauarniongladuazlediu wiaglindssmuannnis
dan8LaN1ueALeY JeflunneTagnasunas il d
fAnduuarlidesnisansrvsdu WuwaliAnnisua

1

§1381%139U TINTILIFTINWALIANTUNATY (malnutrition)
Tagfinuunde N15v193a81e 308U o InEUT «

a a o

301800 % ITUT warInndud sowndesaaLien

'
a o

fivnsessuvyszam uenanuulediundugnifudsas
Wantu duunsiiledaulaigninlold Fednnsdeds
Tyshuiats Taganisdiey ey faty liver (@ lvsas
deaneg9ieeeeas ¢ - oo Wenunsnwaasy) vinl#
59 sswasaUisendeUleley (hepatocytes)
Ligansarinenldd dudusussedfiaty fnnansedu
stellate cell’ ludu Wasrspaaaauazasnnaleds
Wefia (fbrosis) wazlufiganareiduduuds (cirrhosis)

(3UT ov)

AcylCoA dehydrogenase

EnoylICoA hydratase

[
R-CH,-CH»-CH,-C-SCoA Acyl CoA
s

Il
R-CH,-CH=CH-C-SCoA

OH
R-CH,-CH-CH-C-SCoA
NAD*
[3-Hydroxyacyl CoA dehydrogenage NADH+H
(0]
R-CH2-C-CH-C-‘gCoA
CoASH
Thiolase
1 0
Il
R-CH,-C-SCoA *  CHs-C-SCoA

(e}

FADH,
o)

i/ H,0
o)

Acetyl CoA

UM o NTTUIUNITHAIENTALYIUIRNTTUVIUATT B-oxidation (XN AALUAIAIN Botham and Mayes, woow)™:

Unsenilgndugedaunauain NADH fanniiuluvinlvlugdulaigninluly

C Fouinsen o cell: Wuwaanusng sivsindidednludu saunedanfuniazareluludy Tngwnigianfue
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[ Acetyl Co@ +E4cetyl CoAj

CoA

Thiolase
N CoA
[ Acetoacetyl CoA )
HMG CoA Synthetase Acetyl CoA

[ B-Hydroxy p-Methylglutaryl CoA (HMG CoA) ]

HMG CoA Lyase

Dehydrogenase

NAD"

[ ﬁ—Hydroxybutyrata

co?
Ny CoA
—2.

NADH +H "

JUT o€ N138SLATIZRALABUBAS (acetoacetate, B-hydroxybutyrate WAz acetone)

{11 fnUasan Botham and Mayes, wool)*

(M) (@)

U o% (N) waReFUNI luduadsas (fatty liver=F) WWiguAuduYINA (normal liver=N)

(‘17‘1|8J’1 http://www.drsharma.ca/sharma-obesity-fatty-liver-disease1.jpg)*

(%) WAAIFUTLUREURN N UFULIS (Cirrhosis)

Normal liver

Liver with cirrhosis

(W37 http://usermeds.com/static/cirrhosis-of-the-liver-4.jpg login Jan, woee)*

419
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nadinguewlusl cytochrome P450 2F %38138n31

microsomal ethanol oxidizing system (MEQS) %38 ethanol-

inducible cytochrome P450 isozyme 1191433170 NADPH
WNTZAULA LU ATHYBILOANDEDAAINANN

Microsomal ethanol oxidizing system (MEOS), CYP2E

CHSCHZOH + NADPH + H" + 02

v

N3UIRNIIRANITEI0 TN TUU AT
pandlauditinufAsenlusuysal azldnaninsaufo
NaNBYADETZYIUA oxygen radicals WA hydroxyethyl radicals
Fosnansafuiuisuenaziusiuandufisuowendnd
(DNA adducts) wazlUsfuwanany (protein adducts)
PRNABATLAINITAUAVLNANLUTUN B LN AR A LA
ANANDIBBNTLAYY (lipid peroxidation) MANAANARINAS
Wu wasulaweadlas (malondialdehyde; MDA) §i
Aadnslage vuisendulusiulaidu MDA protein

. CHSCHO + NADP" + ZHZO

adduct %39 MDA FanAusslnaf banuaslusiulaidu
MDA-acetaldehyde-protein adduct (MAA adduct) 911lA
Tushudeanmiminfilals daufimdeainnszuamn
nsdfamesoantindu fe odInAfiafiogfiuniusy
gryateusdan Iddusneniueudug W hexanals,
hydroxy-2-nonenol (HNE) wa& hydroxy ethyl radical (HER)
quAvlUshulanananidu HNE-protein adducts, HER
protein adducts® (g‘U'ﬁ o))

Alcohol dehydrogenase

Ethanol Acetaldehydg

+Protein

> (pgcucis |

Cytochrome P450 2E1

Oxygen radicals

HER: Hydroxyethyl radical
HNE: 4-Hydroxy-2-nonenal

Lipid
Oxidative stress Lipid peroxidation
Malondialdehyde (MDA) HNE
+Protein +Acetaldehyde+Protein ¢ +Protein

[ MDA-protein adducts] MAA adducts

+Other Macromolecules

+Protein

[ HER-protein adducts]

( HNE-protein adducts J

MAA: Mixed MDA-Acetaldehyde-Protein Adducts

U oo LUNUDATNYRIOMIUE AT WA YA BassRowenandinyiuazlUsAuuenfng
{11 fnwUasann Tuma and Casey, wooe)™
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WyyaJaisouaddss
mjmmaawaamz (Reactive oxygen species;
ROS) 1w lalasiaumesaanlys (H0) grsseanlds

<,

0, lansantaushinea (OH') Wuasilaagda Hasan

FBanaIoutied Feusndazegidug (@wiulalasian

¢
Waseenlyauuiienidjiseduwmannisgiles

sanludfaznanlansandalonsuteditiannsouifien)
dseuyadaszlaiddes fraudesliveudiazidin
Uiisentuastulagemsdvhuiisenduniiulamss
TUsiu ludiu wasnsailanddn d1msun1Inanayya
3aselansantaloaey (OH) Anldded

Fenton reaction Fe’" + HO, _— Fe* + OH + OH
Haber-Weiss reaction OZ" + Fe” —_— Fe™ + O2
Fenton/ Haber-Weiss reaction Oz" + HZOZ EE— O2 + OH + OH"

NU{)N381989 CYP2E fansaaeweniuea
Wuazwmadlas wazdsldoyyadase oxygen radicals
sl FeviuRAseriuarsnanlusAuLassuediiu
stalaanaiidfyuesinenis Wi sseyyadasaini
YAz duwandlu (thymine) vasatdwe vinldwa tnfiu
nangLduanseuyadaszaiy wWu lansandlniiuusainea

°
+OH

aaa '

UM o= NMIAAUHATENTZNING

(hydroxythymine radical) (gﬂ‘ﬁ' oq) F9azdashilunisia
U381 a1ainUiseiuessenineauyasassvasinii
LA DNA crosslink ¥i11%n159i1919v09uaa Lagsauiely
AsliianNuRnUsARveIwaaLazAe ANz ldsa Y

OH
HsC

o N /Ko

[ Hydroxythymine radical J

Tnfunazlansendawnstnea
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PUYADAILBBNTLAY (oxygen radicals) &14158 59 Wugnld uaﬂmﬂﬁuﬁuﬁggﬂuﬁa lipid peroxyl
MuUfAzenfuiuszeuasnaaludfulaidadiiadfiomes radical azoglusnwdilaiog (unstable) ¥irliAAN1S
panTiadu il leasTFendn lipid free radical 3o danesiuazeia Taanasee1vesnanluiuinoan wn
lipid peroxyl radical mﬂmi“?iLﬁ@%mﬂumi@%a@mmaz n3a T ud 1N o uYeSLUNLUTY §oNtinle
rolMiAnUfATegnld Wi fAsendusiuozedug 7l watusAednunglaseaely Ui oo

aglunsnludulidndale Wuaseuyadaszdilnilese

LH:Unsaturated fatty acid
-CH=CH-CH,-CH=CH-CH2-

7 ~ COOH

+OH

. o
/\/\/\/\/\COOH

H Lipid free radical

-CH=CH-CH-CH=CH-CH2- +0,
\ l H 0-0
~ ~ COOH
=CH-CH-CH,-CH=CH-CH,- L ( Lipid peroxy radical )
| .
fole)
LH
\ H ooH
/M/\ACOOH

=CH-CH-CH,-CH=CH-CH,- ( Lipid hydroperoxide )

|

OOH

P
\/\/ \/\/\COOH

Unstable and degradation Heat or Hydrolysis

(o} (0]
)K/k + (Degrade lipid peroxide )
H H

Malondialdehyde

JUT oa NIzUIUNIIARAWMETRENTATY YilElANanNE snasulausafilas wazlglasasususdiedu wWu Bwunse
WULNG (1137 AALUa9ann Botham and Mayes, woow)®
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HanAnTildanafismesoendnduiidudunsne
WBNANN lipid peroxyl radical A 4-hydroxy-2-nonenal (HNE)
FeganAuTusfuléidn HNE-protein adducts waadsle
danguuoailadfdusunnedewad Ao aaoula
woadlas (malondialdehyde, MDA) Wiuasfidadhs dsnsa
WU Asenulusiunsaianadn wieaslulanse
L5905 Mnanandiud1sfisenswendnd (adducts)
MDA y1U§A3811U acetaldehyde Way protein W11l#LAA
mixed MDA-acetaldehyde-protein complex (MAA adducts)

TUsFuuwanfniAntu Weuinfulussiud
Ay ganrinanedunasenig naldiiannuiaUIng
Wi Msiakeasnnnulalnads Aaueaannnulysi
faydu Bedulaseaireddnuasialasfioyauaziinag
Aealunsulewas akeaanniulUsiuuuiagaa
WoReawns Aawandny duiewledang Feanmg
LuUdAsetad daufiSuenendnyiiiote taud

Superoxide dismutase (SOD)

nfulnanea lonsandniiy s-eanlviaiiu waziug 3
HAFBNITUIUNITINADIAILDIUDIFLOULD NTTUIUNT
ANENDANIINUTNITULALNITLEAIDBNYBIAY YN T9ALTIA
ANuRaUINFaNangdsluTeneiinalanisindneyya
daaelneldunuioandiuawy (antioxidant) 1% Fnfiud
winLoulvalyiuadaanluafafioma (superoxide dismutase)
wwulysinzaziad (catalase) wintaulvaingailalon
Wa3panTas (glutathione peroxidase) Tngawulusinenias
waznganlolawdasaandiadiudsulalasiawes
ool

ngalalenaseantinadasldnganlaleudu
Juidnan’ dndanaidusandladnganlalen (Gsse) B
dransniinautuldinsidu 3Aadngeanlslen Ingede
wultaingmlaleudAning (glutathione reductase) WAz
NADPH + H' (gUfi wo)

Fentan reactian

20" HO

+

2H O HO
2 22

catalase

2HO + O
2 2

2GSH NADP*

GSH peroxidase GSH reductase

GSSG NADPH+ H*

HO
2
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Abstract

Biochemical alcohol intoxication

Treetip Ratanavalachai

Preclinical Science Department (Biochemistry), Faculty of Medicine, Thammasat University

This article discusses the biochemical mechanisms involved alcohol drinking and how it affects metabolism and

Fetal alcohol syndrome

becomes harmful to humans. Alcohol is popular in festive gatherings. Alcohol drinking stimulates blood circulation, mak-
ing people feel relaxed and reduced anxiety. However, continuous and excess alcohol drinking can cause egregious harm.
International Agency for Research on Cancer (IARC) already declared that alcohol drinking is class | carcinogenic to humans
in 1988. Metabolic products of alcohol cause changes in the body from the molecular level in macromolecules such as
lipids, proteins and DNA up to the tissue and organ level resulting in various negative effects such as low blood sugar,
lack of energy, lack of essential nutrients, fatty liver, liver fibrosis, hepatitis and pancreatitis, lack of consciousness, impaired
decision and neurological disorders. The most dangerous effect of these metabolic products are free radicals and protein/
DNA adducts that can damage organs continuously, and cause serious diseases including cancer. In addition, fetal alcohol
syndrome as known the effect of mothers” alcohol consumption as well as genetic polymorphisms which makes individual’s

unique reactions against alcohol and different health effects are also discussed.

Keywords: Alcohol, Alcohol dehydrogenase, Aldehyde dehydrogenase, Cytochrome P450 enzyme, Genetic polymorphism,
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