Metformin hydrochloride (1-1dimethyl — biguanide hydrochloride)

C4HUN5 HCL 165.6
chloroform ether (melting point) 225 °c
Metformin hydrochloride biguanide guanidine
bisubstituted compound biguanide
onosubstituted compound metformin side chain
metformin biguanide pH=8

pKa = 12.4 (Schafer G. ,1983)

biguanide
monosubstituted side chain long chain
phenformin buformin
aromatic hydroxylation bisubstitute side chain
metformin ( Bailey CJ.,

1992 ; Hermann LS. and Melander A. , 1992)
phenformin buformin lactic
acidosis metformin phenformin buformin

(Hermann LS andMelander A. 11992 ; Sirtori CR. and Pasik c. ,1994)
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R2 NH NH \H
Biguanide
R1 R2
Metformin -CH3 -ch3
Phenformin -H -CHj- CH2 '
Buformin -H -CHj- CHj— CH3
1 Biguanide (Andre JS.,1996)
Metformin Type 2 30
5-7% 10%
70 pancreatic P-cell
1 hepatic glucose insulin
resistance glucose clearance (Kilo c. and Miller JP et al., 1980)

retinopathy, nephropathy, neuropathy,coronary disease, cerebrovascular

disease type 2

Metformin , , type 2

insulin resistance

(Hermann LS.et al. ,1994) metformin



( hepatic glucose production)
type 2 insulin resistance

(DeFronzo RA. et al.,1992 ; Klip A and Leiter LA.,1990)

metformin 9-30 %
metformin 1,000-2,550 mg/day 3 (DeFronzo RA.et al .,1991)
metformin hepatic gluconeogenesis (Gerich JE.,1989 ;Bailey
CJ.,1992;Stumvoll M. et al.,1995) glycogen glucose
1

(peripheral tissue)
20-40 %
(KUp A and Leiter LA.,1990) metformin 0.5-3 g/day
3 18-29%
glucolysis glucogenesis
(Bailey CJ.,1992; Klip A and LeiterLA.,1990)
type 2 insulin resistance
glucose transporter metformin
insulin receptor tyrosine kinase
glucose transport glycogen (Kenneth c. et
al.,1998; Johnson AB.et al., 1993; Galuska D.et al.,1991)
Metformin
(Bailey CJ and Wilcock C.1990)
metformin triglyceride LDL-cholesterol
HDL-cholesterol metformin VLDL -

cholesterol metabolism insulin sensitivity (Hermann LS.et al-, 1994)



ABNORMALITIES OF TYPE Il DIABETES
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abnormalities of membrane
insulin receptor post-receptor pathways
| I
2 type 2 (Clinical diabetes, 1988)
i= hyperglycemia
U= hyperglycemia
iii= insulin peripheral tissue

hyperglycemia
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(liver)
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Starch
Glucose absorption
(qut)
3 metformin (Text book of diabetes 2ed.,
1997)
metformin (MTF) 3
1. MIF hepatic gluconeogenesis glucose
2 MTF glucose

3 MTF glucose



CELLULAR MECHANISM OF ACTION UFMfcTFORMiN
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(Clinical diabetes, 1988)
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(Absorption)

Metformin 70-80 %
20-30 % (Hermann LS. et
al., 1992 ;Tucker GT.etal.1981)

metformin 0.5-1.5 gm absolute oral bioavailability
40-60 % 6
(Tucker GT.et al.,1981)
10% 4
Cmax
40%  AUC 25% Tmax 35 (Brookes LO.et al., 1991)
( Distribution)
Metformin (Tucker GT.etal.,1981)

deep compartment (Noel M, 1979)
(Backmann R.,1969 ; Vidon
N.et al :198) (Tucker GT.et al.,1981) metformin
(Volume of distribution)  Vd 63-276 L (Noel M, 1979 ; Tucker
GT.et al., 1981)

(Metabolism)
metformin
(Backmann R.,1969 ; Debry G.etal :1965) metformin
metformin 100 % ( Pentikainen PJ.

et al,,1979) metformin ,



Metformin phenformin

aromatic hydroxylation
lactic acidosis (Hermann LS.t al, 1992 ; Sirtori CR.et al.,1994)  metformin

lactic acidosis biguanide
( Excretion)
Metformin 8
1.5-4.5
24 (Andre S.J., 1996
; Dunn CJ.and Peter DH.,1995)
50% 21% (Tucker GT.etal.,1981)
kep t 15=2.5h Koy
G ——» P T
PU "TP
11~ 2h 11=12-14 h
U
5 two-compartment open model
metformin (Andre JS.,1996)
G = ] 1
P=

T=



Karttunen et

0.5

Tablet

1.00+0.11

40

(Andre JS.,1996)

Brookes
etd.
0.85

24

1.5+0.2

25+1.0
4.7+2.8

36.948.5

(Therapeutic use)

parameter Pentikaine
etal.
Dose(q) 05
Formulation Tablet
Number of 5
individual
Cmax (myll)  1.55+0.24
Tmax () 1,9404
t1/2 plasma 2.63+0.18
Q)
t1/2 urine(h) 8.41+0.58
Renal 26.6+1.4
clearance
uh
Total
clearance
()
vd(L)
Bicavailability =~ 51.645.2
9
1
Metformin
22-26%

biguanide
metformin

Arafat et Noel et al.

a.

0.85 10

Tablet

V) 6

154013  1.88+0.11

3.3+03 35403

2304008 2.14+0.07
1235+
1.46
35.842.1

111,0+

127

380+40 230429
5243

metformin

Pentikainen et
al.

10

Tablet

1.58+0.07

2.25H0.44

2.21+0.22

11.311.7

32.5+4.7

12

Tucker et
al.

15
Tablet

3.1010.46
15+0.2
5.98+0.75

31.118.3

93.1+10.4

50110

type 2

HbAlc 12-17% (Morley JE.,1998; Dunn CJ. and Peter DH,,1995)
metformin

metformin

sulfonylurea
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. Mmetformin
metformin type 2 2.1-3.9 ( Mayer
BD., Anne LP.,1997)
metformin
triglyceride  cholesterol low density lipoprotein
(Bailey CJ.1992 ; Charles M and Clark Jr.,199) ,
atherosclerosis
(Kenneth c.; Ralph A ; DeFronzo 11998)
metformin hypoglycemia

metformin

metformin type 2
heart attacks stroke
(Kenneth c.et al.,, 1998)
metformin

sulfonylurea sulfonylurea
sulfonylurea
metformin

(Drug administration)

051 2-3 2
3

sulfonylurea

|actate
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type 2

FPG<250 | G20 | FPG250-350 | FPG>350 |

b 73 v v
AIUANE WS * davinalunisld
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W34 1 Bn,N1ZU0

el
s HEAR AN i 1
v uaa NN ee
Y
Metformin Sulfonylurea
Wnsni FPG<150 | |(second generation
un/na 91814 short acting) v
glucose inhibitor Sulfonylurea
|
. | |
hilsha 1ieim 1ailun
(FPG>140 un/an HbA1c>8% postpandrial PG>180:N/AR)
- Combination oral agent |
v
Lildua » Bugau ¥
( oral agents)

6 type 2 (Clinical practice guideline ,2542)
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(Adverse drug reaction)

Metformin

metformin

vitamin B12

gluconeogenesis

1000
lactic acidosis
anion gap

5-20%

vitamin B12 folic acid

folic acid

second generation sulfonylurea
lactic acidosis
lactate

metformin

|lactate

lactic acidosis
lactic acidosis 0-0.08
acidosis selectrolyte imbalance,

(Drug interaction)

Alpha-glucosidase inhibitor

H2-receptor antagonist
metformin
Anticoagulant

metformin

metformin
cimetidine

competitive inhibitor

oral anticoagulant

anticoagulant



(Contraindication)

Metformin !
ketoacidosis
serum creatinine
pyelography langiography,
2
dehydration
(Bicavailability)
(fraction) (percent) systemic bioavailability
(index)
AUC
Absolute bioavailability AUC = AUC
AUC
Relative bioavailability* AUC = AUC

AUC
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bioavailability bioequivalence
(therapeutic equivalence)

bioequivalence 2
L (Cmax)
2 (Tmax)
3 (AUC)
bioequivalence Cmax, Tmax, AUC
1 ANOVA - test Cmax, Tmax
AUC 90%

2. 90 % Confidence interval

90% Cl Cmax & AUC = 80-120 %
90 %Cl Cmax & AUC = 80-125 %
Log-tranformed (Jackson AJ., 1994)
% difference Tmax =+ 20 %

( )
Metformin
Metformin (1,1-dimethylbigaunide) bigaunide
colorimetric spectrophotometer
2 mass spectrometry

gas-liquid chromatography  high performance liquid chromatography
(HPLC) metformin
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polar

HPLC

1977 Ross MS. metformin

metformin ~internal standard HPLC  stainless-steel column
packed with bondopak phenyl /corasil, flow rate 1ml/min, mobile phase  40%
methanol uv Spectrophotometer monitoring 280 nm

metforminhydrochloride 1.0 My/rooml
acetonitrile

0.02 MQ/100 m

1981 Charles B.G. metformin

' HPLC column cation-exchange, W

detector 230 nm, mobile phase ammonium dihydrogen sulphate solution (0.03
moll)  pH 24  1-propylbigaunide internal standard
metformin 0.1 mg/mi
1988 leal Lis. Somogyi A metformin
HPLC  column stainless-stell :mobile phase
sYacetonitrile ,3 mM heptane sulphonic acid ,0.05 m dipotassium hydrogen

orthophosphate pH 4 flow rate 1 miimin uv detector 234 nm
propylbigaunide internal standard metformin
0 01 (ig/ml

1992 Huupponen R metformin

HPLC  column  )ibonapack phenyl Uv detector 238 nm 1flow rate
1.35 mimin , mobile phase ~ 00LM KH:P04 pH 7 acetonitrile 60:40

phenformin internal standard Amprep extraction column
retention time  metformin  phenformin 28 56
recovery 42 % metformin 0.05| giml
metformin
metformin

Huupponen R et al, Jean DL eta
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