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Abstract

Metformin is recommended to be the first line treatment of type 2 diabetes due to high
efficacy, low cost, low risk of hypoglycemia and no weight gain, which are highly valued
advantages. Recent studies, established that metformin, result in a significant decrease in the
production of hepatic glucose. Additionally, metformin results in glucose utilization in peripheral
tissue. Consequently the two effects combined result in a dramatic reduction of glucose level.
Metformin associated metabolic acidosis (MALA) is a fatal adverse effect in patient treated with
metformin. MALA defined by blood lactate of more than 2mmol/L, pH less than 7.35 in
metformin treated patients. Incidences of lactic acidosis occurring as a result of metformin
treatment, is at a rate of 6.4 patients per 100,000, year on year. Well established predisposing
factors for MALA are due to a variety of reasons. Namely, impaired renal function, concurrent liver
disease, alcoholism, and decreased tissue perfusion due to infection, heart failure or other
causes. The majority of patients demonstrated severe conditions and needed hemodialysis
treatment in some case. Conventional wisdom has it that the association between metformin and
lactic acidosis suggests is directly of causally linked with renal failure and that other factors such
as sepsis or cardiac failure. However some researches has established an additional link the
patient factor itself. Indeed the polymorphism of the MATE/SLC47 gene, affecting the
accumulation and/or elimination of metformin, also suggests the potential for the cause of

metformin associated lactic acidosis (MALA).

Keywords: metformin associated metabolic acidosis (MALA), metformin; membrane transporter;

MATE-1; SLC47A1
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1% metformin associated metabolic acidosis
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fausn selulsemalne ansgending  wazglsy
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msmefifgatuumnuadld 42 % (p=0.017)
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Aomuluiuszozinan 10 T [4] wazidleeou
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3. Indywad1ans (Pharmacodynamics)
wazndvaauA1dns (Pharmacokinetics)
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LdINamIdnsvee metformin Wuineil
ausaviglunisamvauuImulagann1INEn
1U1m1a91nAU (hepatic  gluconeogenesis) H1U
AMP-activated protein kinase (AMPK) ([7] &3
< ] £ v
vUu cellular energy sensor wgﬂﬂiw}umﬂm
n17% metabolic  stress  d@walinszuiunis
gluconeogenesis WLay glycogenolysis angad an
N139ATUUINIAIINNILAUBINITUAL BN NS
X 42 o ¥ ”
WeatBotiuauainisalunisiiuinialily
(peripheral tissue sensitivity to insulin) Nyl
Aulasiadugdu (insulin sensitivity) LiUTHI
284 insulin binding to insulin receptors (IR)

TMAUNNITAANTZUIUNIT fatty acid oxidation
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Y
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gaianldianlneenulusiuaudefinegad (mem-
brane transporter) %9 PMAT (encoded lnggu

SLC29A4) way OCT3 (encoded tna8uSCL22A3)
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Rwadiie MATEL uay MATE2 (encoded Tagfu
SLCA7AT waw SLCATAZ suddtu) (Ul 1) [8]
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4. anzdandunsaainaislden metfor-
min

A1g metformin associated metabolic
acidosis (MALA) mnedenmzfidnisasianunsa
waadn (lactic acid) lwidenu3uage Tz
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Anndoguuse Tame videsue daudd wa. 2500
phenformin 19u biguanide 1@uLAgiU metfor-
min  gniuntdlunisinviuimaududiusn
nsAnenluvazdunuitedivssansamlunis
Snwlalluegrafuainatnafesnunaiue g
[9]
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ugnaeneenaNnzLigue1vesussing

WJunsa (lactic acidosis) Tuwgfisn metformin



T 24 avuil 3 nsngreu - Fugrey 2559

215815 memansuazinalulad

gnldlunisnaassves UKPDS  geraradasiil

v
°

U PUAANAUNUS T1UIU 342 AY ldnune
deadunsn (UKPDS 1998) [4] enilsalasu
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guRn1Tel 9 s1eseUs¥¥IN1S 100,000 6ol [9]
winwded 6.3 TudeUszIns 100,000 sed
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wunuIEgnIveialunislden metformin
Uszuna 22-94 % ﬁﬁﬁ?uﬁmwm'uﬁmmmmiﬂ
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fundin lnvenalithdeursegradusndaasula
laviuanasaunszguliiinnnezidealunsa
nen wu anzladen Tsadu Ansiamdn wie
ausulafinanasainnisinidevionisideiden
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windeyaiiedn metformin lusuniunsviiy
994 mitochondria dawavilisudsnsadiaingia
90U wiluraziioafunissuniuiagvinled
lactate  iinFunsIeNE91ULUY anaerobic
metabolism [10] yonanilunefitnisyeu
voslpiifnUnfazdimalinisidnvesesannia
Yaanvlavendenalnvodusiuvudsiineas
MATE-1 waz MATE-2 Taanasauduwmgliiia

MALA ¢

5. 9IN1TUAALAZLUINIINITINBIN1IL
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detinla nsidadelnglduseiinislasuenuay
NsATINTeANUTEAUNTALAARNES (lactate level
> 2 mmol) wieunadeniiruidunsadaiau
(pH < 7.35) nan13n379 electrolyte WUANWE
high anion gap metabolic acidosis zAULN
metformin  #3asERUnsALAARNlUGaRD19UNR
viauiutnuld Tngliduiususeduausuusos
Tsa [11] ilesaneniiluianatdn  (molecular
weight 165.8 Da) dusiiulusAutiosunn dusen
madaanzidundn (90 %) [12,13] As5nwIald
msvenidenmsnioslafioudundn Weannse
28NN 1N8lABLDIUTEIUIN (anion) B8N wax
ansgduen metformin wiilutlaquuisslifitoya
mawaﬁ%wwﬁmaqm%Wanimdmwiwmzﬁ
Ussansammilenindu saustedslaifinnsdnui
Fnddadeiitinanednsinissendinain

79879 LU ANSAN®IVDY Kim  havAuy

WYINTAUNAANTVDINTTTNYY TABUUINTBITT
Sulsemunseaanulunsaansluiden (pH) Ll

aunsalanensalle

6. UNUIMVDIEU SLCA7AI NUAIMULEYY
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81 metformin
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transporter dunumaAglunisiiendigsinie
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transporter  wfin cation Slunumdidnludes
WNFTRaUANENIVEIET NaNAD  N1sEINIelUs
dusine 9 Tusenedulugiinuiu membrane
transporter fatugEeaTYRABY 9 fifosend
NSYUAIHIUNA LNAINE1ILAINARDTLAUTBIEN
metformin  A29819 LU ﬂﬁlﬁ%’um pyrimetha-
mine $3uUE1 metformin Wavhnsinsziue
ludaaniz wudien metformin gnAdneanng
Yaanzanas wavszaveludeaiinuinniing
wieurhadufiussiuves lactate Tudondowuiy
Tunarns@iinauinunfivesBufiadne
membrane transporter 19@INAlRN1TYI191Y
U89 membrane transporter ﬁ'mﬁalﬂuazﬁmaﬁ&
WNEINarEnsLaslndvaauransvesele
Uagdumnuvainuateniaiusnssuly

wywdvasdull lagnihanfnwiegaunsnaieiiion

Y

a

UNUINUBY membrane transporter poUsEans
AMMYBIET metformin ABNITINWILAZNITAANS
Fravsdegian TnslanizegeBeauyfigiu
Lﬁmﬁ’umwmmﬁlﬂmaﬂﬁuﬁmuqm A1991197U
984 membrane transporter ¥l MATE-1 1ag
MATE-1 (multidrug toxic

and compound

extrusion protein) %38 solute carrier family 47,

'
=]

mermber 1 1Julushufiadrsandu sSLcazar 7
oguulaslulougil 17 Sadulusfuvudeioeadd
Vmhiituansivuazndeusoenmedaans e
firnufisUnfvestuiasylfAnnadafssane
ﬁ§uLLiaLLﬁasi%'awiuﬂ%uwmﬁmmzau uASLAR
azdeadunse wsizBuiiiiunuvlunisdu
metformin aannebm (tubular secretion) U w.¢.
2552 fns@nwrfinanslidiuiinnuiaunfives
membrane transporter ¥Un MATE-1 inasio

WNAYIAUAIARSUDIEN metformin taavinlugu
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SLC47A1 nean3vinau (Matel-/-) mice [15] @
ABNITUINEIINTNNILAAAY 25 % LATAITUU
pondnlmanas 18 % WlewSeuifiufiuvyund
wild-type (Mate1+/+) mice
uaﬂmﬂﬁmmLL@ﬂﬁiﬂaﬁumwaﬁuqﬂiiuman
fudaflunuimsenisansesuinaialudentile
1§%Uen metformin A1SNARDILARNIRIUAUTIT
vulaslulay SLC47A1

n15Na1e  (mutation)

vaa o

rs2289669 G>A WUIHTHANWAE homozygous

Y

g-130A vulasluleyy SLCA7AT

P '

1AN1INDUEAUDIN
N1351¥1028 metformin
130G)
hemoglobin, HbA1c) [16]

AgnIAuUNG (g.-

Wednanszaviiniagzau (glycated

msfnwBemnuduiusvesmRaUnR
994 MATE-1 Aunsiinnngidenidunsnainnig
1461 metformin  ludminnasdlaenislinyiign
NYANISVINUVDIEY SLCA7AT (SIAG7AT/MATE-1
knockout mice) T dusunuvesnguiifinisnans
[17.18] 1duidinausn metformin w7 Su
mﬂﬁ?uﬁﬂmimmLﬁamwudmyﬁizﬁu blood
lactate \iinTuethailfodfynieada wazidend
Aanudunse (low pH, HCO,) dlodaidaidosuan
asaafnuIndinnududuvesengauiu

mamﬂmiwmamﬁﬁaaqﬂlﬁdﬂmmﬂwﬂa
volUsAuvudaIRilgad  MATEL (homozygous
MATEL variant duunilslutiadeiivinliiin
azideatunsnainnislden metformin
(metformin-associated lactic acidosis) [18]

asanerluanunansliifiuindnway
polymorphism 493 rs2289669 Tudiu SLC47A1
l#N15¥197U membrane transporter MATE-1
AnunAludy Sauduiusiuanuanansalunis

anszAuINavee) metformin TuidenlugUae
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913 Caucasians [16,19] waziin1sAnwluanwuy
wieatuillunguithewenddu ieguszansamn
91NN155NWIAIBET metformin Tuszaze 584

Anwiganuduiusveundyaaud1ans Aunns

£
= =

nateeddu [20] n1sfnwiladndUisiuiniu
viladl 2 AldFunsidadeln druou 202 Ausng
8 SLC47A1 WuddnyagiugnIsy (genotype)
3 nNay Ao GG (49 Au) GA (103 au) kag AA (50
AL)

anwagiugnIsuAena §Uae 10 AU 90
uiagngugnduLitouiun@nuies metformin
lngSuusen1uen metformin

pharmacokinetic

oral treatment WWuian 1 U wadingiasenu

HbAlc wu31 HbAlc anadunag1siltadAgnIg
adAlunguATidnuuraiugNTTILUY AA (-2.32
%) lelFeuifiouiudn 2 nau fie GA i HbALc
anas -1.16, -1.07 % lungu GG agreiiusdAny
MeddR (P<0.05) Tauvidiszdiunanuiduduecen
Tudenileifisuiunanganiingudu farea under
the plasma concentration versus time curve
(AUC12h)] uinguiifidnunisn1afugnssuuuy AA
Azfinisnidnveseiniunilntosnin [renal
clearance (CLR) and renal clearance by
secretion (CLSR)] NMsAnwiiasauiniidanumsy
WUGNTTUVRITU SLCA7AT WUV 152289669 G>A
szmavavawionssnvlngansediutmaluden
faee1 metformin laalaerunalnnisdueennia

Jaanenanag

fayanis@nwuna d3ndululadngad

Y
AnuaERUINITUVRIBY SLCA7AT LU
rs2289669 G>A 913iANULABIALLANN1ITLEEN
WWunsaainnislden metformin aannsduenesn

melaanzanas Inedlifidaduidedu q 1w
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Weanudn Ineaeanigng
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NYUSNUTNIINVDIY

homozygous variant

7. d3d

Metformin  1Jug1fifiadudualunis

Wenldieshwdtieiuimuelinn 2 uad
NaTIALINAITSEIRsEYe Ae nzLdeadune

N5 (metformin - associated  lactic

acidosis, MALA) Tpeiitladefdaasy wu Ay

o

NAUNBNIINUTATTY

q

TnalusAuvudaiRwassile

Aaa

MATE-1 9i§i8u  ScL47A1  Judamuau laedl
nsAnwwndyiiugatans (Pharmacogenetics) GR
wanaliiiuindnvaeiugnssuvesdu SLCA7AL
WUU 52289669 G>A HUNUMFONIIAOUAUDIAD
N133n¥IA3887 metformin WANAIIIINNEGY
fiugnssugULuudusiunalndunstugioonmg
Haame ydafiuanudssionsiinnnie MALA
Tudninnass fedulunisnsisgoudnuaznis
Wugnssuenatunumsenisandulalunisidenld
g1 metformin Tuewan Teiliiiedosfunisiia

N1g MALA
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