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The biguamde derivatives, particularly phenformm (N-phenethylbiguamde) 
and metformm (N,N-dimethylbiguarnde), are currently used in the treatment 
of non-msuhn-dependent diabetes melhtus [1] and hypertrrglycendaemla [2] . 
To date, the qualitative and quantitative determmation of such drugs in 
biological fhuds is still troublesome Most of the described methods suffer from 
a lack of selectivity and relatively low sensitivity [3-71 ; others require com- 
phcated preparations of the sample to be analysed [8,9]. 

Recently, high-performance hquid chromatography (HPLC) has been used 
for the assay of metformm and phenformm m blood and urme [lo-131. 
However, the reported HPLC procedures still necessitate the derivatization of 
metformm [lo] and are not conclusive as far as sensitivity, precision, specificity 
and/or application to human SubJects are concerned [ll, 121 Finally, it is not 
known if the cation-exchange HPLC method described m ref 13 can be used 
for phenfornun as well as for metformm 

In this paper we describe a rapid, reproducible and precise method to 
quantitate both phenformm and metformm m human plasma and urine by 
reversed-phase HPLC, moreover, the selectivity and sensitivity of the procedure 
IS demonstrated Fmally, the results obtained from analysis of plasma and urme 
samples from a group of diabetic patients are reported. 

EXPERIMENTAL 

Materials 
Chemicals and solvents were obtained from Merck (Darmstadt, F.R.G.) 
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and were of HPLC grade. Delomzed and distilled water, successively punfled by 
the Mrlh-Q system (Mrlhpore, Bedford, MA, U S A ), was used for reagent 
preparations. Solvent mixtures were degassed by vacuum and filtered through 
a 0 22-pm pore size filter (Mlhpore) before use Metformm and phenformm 
were kmdly provided by Laboraton Gmdottr (Plsa, Italy) 

HPLC 
A Waters Model 510 pump (Waters Assoc., Mllford, MA, US A ) and a 

Waters absorbance detector Model 441 UV monitor were used InJections of 
200 ~1 were made with a Waters U6K hquld chromatography inJector filled 
with a 2-ml loop. 

Isocratic separations were performed at room temperature on a prepacked 
300 X 3.9 mm I D. Cl8 PBondapak (10 pm) reversed-phase liquid chromato- 
graphy column obtamed from Waters and momtored by UV detectlon at 254 
nm, moduhng the amphfrcatlon from 0 005 to 0.2 The moblle phase consisted 
of 0 01 M phosphate bufferacetomtrrle (50.50) 

Standard and sample preparation 
The stock solutions of metformm and phenformm were prepared by 

dlssolvmg the drugs m distilled water to obtam a final concentration of 1 
mg/ml. By successive dilutions of the stock solution, the standard solutions 
were obtained (concentrations ranging from 25 to 5000 ng/ml for phenformm 
and from 75 to 10 000 ng/ml for metformm). 

Plasma and unne of healthy SUbJeCtS and diabetic patients treated with 
metformm or phenformm were also analysed. In 0 3-ml shquots of plasma 
from healthy SUbJeCts, 10 ~1 of the stock solution of metformm or phenformm 
were added before or after deprotemlzatlon with acetomtrlle (final ratio 1 5), 
centnfugatlon was successively performed at 2000 g for 15 mm [ 141. After 
centnfugation, the solvent was evaporated from the supernatant Blood of 
diabetic patients was drawn basally and 2 h after the last mgestlon of 500 mg 
of metformm or 30 mg of phenformm, and plasma was deprotemized as 
described above Urine samples (0 3 ml, previously adJusted to pH 8 with 1 M 
potassium hydroxide) were treated m a snnllar manner to plasma In diabetic 
patients, 24-h urine specimens were analysed. 

RESULTS 

Reversed-phase HPLC of plasma from healthy SUbJeCtS to which blguamde 
had been added before the deprotemlzatlon showed the presence of a peak 
w&h a retention time of 8 mm (lz’ = 3 1) for metformm (Fig 1B) and 14 9 mm 
(k’ = 6 5) for phenformm (Fig 2B) 

The same retention times were obtamed when plasma deprotemization was 
performed before the addition of biguamdes, and the areas under the peaks 
differed less than 5% from those obtained after the former procedure Thus, 
plasma deprotemlzatlon m the presence of the drugs is not accompanied by 
a slgmfrcant loss of biguamdes from the supernatant 

The retention times of metformm and phenformm obtamed by HPLC of 
plasma from the diabetic patients were the same as those observed when the 
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Fig 1 Chromatograms of blank plasma (A), blank plasma supplemented with 33 pg/ml 
metformm (B), patlent’s plasma contammg metformm (C), blank urine (D), blank urme 
supplemented urlih 33 gg/ml metformm (E) and patlent’s m-me (F) 
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Fig 2 Chromatograms of blank plasma (A), blank plasma supplemented with 33 fig/ml 
phenformm (B), patient’s plasma contammg phenformm (C), blank urine (D), blank urine 
supplemented with 33 rg/ml phenformm (E) and patlent’s urine (F) 

plasma from healthy SubJects to which the blguanrdes had been added was used 
as the standard (Fig lC, Fig ZC). 

HPLC analysis of urme from healthy SubJects and diabetics IS also shown m 
Figs 1 and 2 (D, E and F m each). The retention times were 8.80 mm (k’ = 
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Fig 3 Plasma ( l ) and urme (0) concentrations of metformm (A) and phenformm (B) m 
dlabetlc patlents 

TABLE I 

DRUGS BEING RECEIVED BY PATIENTS WHOSE PLASMA AND URINE WERE 
ANALYSED FOR METFORMIN (A) AND PHENFORMIN (B) 

A B 

Amllonde 
Bromexme 
Chloropropamlde 
Clomdme 
Dlazepam 
Dlgoxm 
Dlpyndamole 
Ethambutol 
Flunanzmum 
Flumtrazepam 
Furosemlde 
Ganghosldum complex 
Glybunde 
Hydrochlorothlazlde 
Indapamldum 
Insulin 
Isosorblde dmltrate 
Mlansermum 
Nlfedlpme 
Nortnptyhne 
Piperazine 
Ramtldmum 
Rocwermum 
Spironolactone 
Verapamll 
Vltamm B complex 
Triazolam 

Amdonde 
Bromazepam 
Chlorpropamlde 
Dlgoxm 
Dlpyndamole 
Erythntyl tetramtrate 
Ethacnmc acid 
Ethambutol 
Flunanzmum 
Flumtrazepam 
Gangllowdum complex 
Glyburlde 
Insulin 
Nlfedlpme 
Nortnptylme 
Pentosslphyllme 
Plpermdlc acid 
Piperazine 
Spwonolactone 
Sulfamethoxazole 
Tnmethopnm 
Verapamll 
Vltamm B complex 
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3.4) and 15.10 mm (12’ = 6.6) for metformm and phenformm, respectively. 
The coefficients of variation of the capacity factors for metformm and 
phenformm were less than 3% for both within- and between-assay. 

The lmearlty of the method for metformm and phenformm was tested by 
plottmg the peak heights of metformm and phenformm chromatographed by 
HPLC agamst their concentrations m standard solutions Both for metformm 
(range 75-10 000 ng/ml) and phenformm (range 25-5000 ng/ml), the plots 
were linear (r = 0.99) and passed through the origin The wlthm-assay 
coefficient of variation of the peak heights was 4.5% for metformm and 3% for 
phenformm, at low and high concentrations, the between-assay coefficient of 
variation for both drugs was computed by testing the samples durrng three days 
of storage at 4”C, resultmg m 10 and 4.3% for metformm and phenformm, 
respectively 

The analytical procedure was successively applied to the plasma and 24-h 
urine samples from a group of non-msulm-dependent drabetlc patrents. As 
shown m Fig. 3, the assay measured the concentration of phenformm and 
metformm when the drugs are admmistered at the usual therapeutic dosage, 
thus demonstratmg its usefulness m clmlcal performance. The Iunits of 
detection of metformm and phenformm were 50 and 12 5 ng/ml, respectively 

In order to test the selectivity of the analysis, we chromatographed plasma 
samples from patients takmg the drugs hsted m Table I, and no interference 
was observed between such drugs and phenformm and metformm. 

DISCUSSION AND CONCLUSION 

Metformm and phenformm are used chmcally as oral hypoglycaemic agents 
m non-msulmdependent diabetes melhtus [l] ; moreover, a hypollpldaemlc 
effect of metformm m hypertriglycerldaemlc patients has been shown [2] 
However, both drugs, especially phenformm, alter the lactate metabohsm, and 
a number of cases of lack acidosis m patients assuming the two blguamdes 
have been reported [15] As the development of lack acidosis is often 
correlated with drug plasma levels [ 161, a rapid, selective and sensitive method 
to determine the concentration of metformm and phenformm m body fluids 
is highly advisable 

In this paper we have reported a procedure for the assay of the two drugs m 
human plasma and urme by reversed-phase HPLC The procedure allows 
measurement of the plasma and urme levels of metformm and phenformm 
m a rapld, sensltlve and selective way, appeaxmg to be a good option for the 
momtonng of patients on chronic blguamde therapy 
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