
148 

. 

Jocund of Chtonzatogruphy. 146 (1978) 148-151 ‘. 
Biomedical Ap&?ations 
8 E3mwier Stzientific Publiskg company, Amsterdam --printed in ‘l?w Nether&x& 

cHR0MB10.153 

Determination of metformin in p&ma at therapeutic levels by -quid 
cbromatogra~hy using a nitrogen detector 

J. BROHON iind M. NOEL 

SociEtG d$tudes et de Recherches pour la Phamzacie et l*Agriculture, 116 Rue Camot, 
92151 Suresnes (France) 

(Received October 28th, 1977) 

In the literature dealing with the identification and quantification of the 
hypoglycaemic biguanides in biological fluids there is little information con- 
cerning specific methods for metformin (NJCdimethylbiggde) [l-i’]. 
Unfortunately, even the most sensitive of these do not demonstrate sufficient 
reproducibility; this is due principally to difficulties in extraction, derivatiza- 
tion and linearity of the internal standardisation. In order to overcome these 
extraction difficulties Ross [S] described a technique for derivatization in 
aqueous medium using high-performance liquid chromatography for the 
determiiiation of urinary levels of metformin. However, this has limited ap- 
plication to other biological fluids, due to the sensitivity of the detector. 
We have adapted this useful technique of derivatization to gas-liquid chroma- 
tography (GLC). By using a nitrogen detector and a linear internal standard, 
a reproducible, specific and quantitative analysis of metformin has been pos- 
sible with a sensitivity suitable for plasma and tissue levels of the drug after 
the adminktration of therapeutic doses. 

PEINCIPLE 

Metformin is derivatized directly in the biological ~medium with p-nitro- 
benzoyl chloride to form the corresponding substituted triazine derivative: 
2-amino-6dimethylamino-4-(4’-ni~ophenyl)-l-3-5-triazine, thus: 
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ca+riedout in the presence of an excess of acetonitrile ‘and as 
ine is formed it passes into the acetonitrile phase. The extract 
C. A thermionic detector sensitive to nitrogen assures specific 

detection of -the molecule and its quantitative analysis with good sensitivity. 
The calculation of the metformin level is performed using propylbiguanide 
hydrochloride as an internal standard. 

Reagents 
Metformin and propylbiianide hydrochloride were kindly supplied by 

S.N.E.L. Aron (Suresnes, France). 
The preparation of derivatives of metformin: the Z-amino&dimethylamino- 

4-(4’-nitrophenyl)-l-3-5-triazine and of propylbiguanide: the 2-amino-6-pro- 
pylamino4(4’-nitrophenyl)-1-3-5-t&x&e were carried out using the technique 
described by Ross 181. 

Gas-liquid chromatography 
The analyses were performed on a Carlo Erba Chromatcgraph, Fractovap 

series 2350, equipped with a nitrogen detector (KC1 salt). The glass cohunns 
(200 cm X 3 mm LD.) were packed with 3% Oh’-17 on silanised Chromosorb W 
(80-100 mesh). Nitrogen was used as the carrier gas at a flow-rate of 40 ml/ 
min. The oven temperature was maintained at 256 _ 

Extractiorr and~deriv&ization of metfortnin 
Samples of 2 ml of plasma were placed into IO-ml stoppered test tubes. 

After addition of 2.5 fig propylbiguanide hydrochloride (in 100 ~1 of water) 
as the internal standard, sodium chloride was added to saturation and 1 ml of 
acetonitrile. The tubes were agitated for 15 min on a roto-reciprocating stirrer. 
After centrifugation the acetonitrile layer was removed using a Pasteur pipette 
and rejected. 1 ml of 5 N sodium hydroxide, sodium chloride to saturation 
point, 1 ml of acetonitriIe and about 10 mg of p-nitrobenzoyl chloride were 
added. The stoppered tubes were shaken for 15 miu. A further 10 mg of 
p-nitrobenzoyl chloride was added and the tubes were shaken again for 15 min. 
After centrifugation *the acetonitrile layer was transferred to a “minivial” and 
evaporated to dryness in a water bath at 60”. The residue was taken up in 
tetxahydrofurau (usually 100 ~1) and the solution was injected into the chroma- 
tograph. 

REXXILTS AND DISCUSSIOBi 

Fig. 1 shows the trace obtained from 2 ml of control dog plaema, Fig. 2 
shows the trace obtained from 2 ml of treated dog plasma taken 1 h after the 
intravenous * a - ’ tion of metformin at a dose of 10 mg/kg body weight 
with the addition of 2.5 pg of propylbiguanide hydrochloride. The derivatives 
of. metformin and propylbiguanide hydrochloride were characterized by their 
Kov&s- retention iudices -obtained from an injection containing the two syn- 
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Fig. 2.CSaschromat4~~ of 2slofdogplasmaprevioualptreatedwithlOmg~met- 
formin iv.sampIed after 1h_2_5~gpmpylbiidehy&o&l~ride add+das&ernaI &md- 
ard_l=Me~o~ndaivative;2~propylbiguanidederivative. 

thesised &ritrobenzoyl derivatives and selected normal saturated hydro- 
carbons (C28 and C32): 

p-nitrobenzoyl derivative of metformin: IRK = 2975 
p-nitrobenzoyl derivative of propylbiiide: IRK = 3120 

Considering the large variations in recovery observed between the two pre- 
parations it was necessary to use an internal standard. The area under the 
peaks corresponding to each of these derivatives is measured on the chroma- 
togram, The concentration of metformm is directly proportional to the areas 
under the -peaks. Experimental points obtained by adding known .quantities 
of metformin and propylbiguanide hydrochloride to rat plasma fall on .a- 
straight Line, the equation of which has heen mathematicahy c-$x&~kd, 0) =. 
1.35 x-- O-04) with an excellent correlation(r = 0.994): 

The derivatization techniques for metformin previously deserWd ci, 21 
necessitated a prehminary extraction procedure. This extraction. from blood 
plasma has a poor recovery, of the order of 40% under the. best conditions 
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giying a very poor a>verdl recovery pf about 10%. In this new d&vat&&ion 
technique, performed directly in &queOti Solution withqut previous extrac- 
tion, it is p+si_b~ e obtair+ a total recovery of 88% (10 determinatkns) w@~ a 
standard-tition&f 15%. 

In order ts use GLC for this determina tion it is important that the extract 
from plasma should be as pure & possible while consistent with miirimal losk 
of metformin. For this reason, an initial washing of the plasma Sanmpre with 
acetonitrile was car+%3 out. This solvent-is, however, incompatible with a 
nitrogen detector and the dried exAract was dissolved in tetrahydro~zVan for 
injection into tiie chromatograph. Using this procedure levels of metformin 
below 25 &ml could be easily determined; providing adequate Sensitivi~ for 
the determination of therapeutic blood levels. It should be noted that the 
proCedur&& a& applikable to other biological fluids such as urine and tissue 
homogenates. 
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