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ABSTRACT 

A rapid and reproducible procedure to evaluate the 
glibenclamide and tolbutamide free fraction in serum was 
developed. The ultrafiltration technique was used, employing 
disposable filter units (Centricon 30, Amicon) with 30.000 MW cut- 
off. In order to obtain the maximum filtration recovery (101+3%) 
the pretreatment of membranes with 0.1 M sodium hydroxide and 
bidistilled water was necessary. Results on the effect of 
tiaprofenic acid, an antiinflammatory non steroidal agent, on 
glibenclamide and tolbutamide levels in maturity onset diabetic 
patients are reported. Neither pharmakokinetic parameters, nor 
the free fraction of sulphonylureas were significantly changed 
after tiaprofenic acid treatment, thus excluding the risk of 
pharmacological interactions. 

INTRODUCTION 

G1ibenclami.de and tolbutamide are very commonly used 

hypoglycaemic drugs, effective in non-insuline dependent (type 11) 
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176 ARCELLONI ET AL. 

diabetes mellitus (1-4). The "adult onset" diabetic patients, 

particularly the elderly ones, are usually under different 

concomitant therapies, i.e. non steroideal antyinflarmmatory drugs, 

which may cause displacing of sulphonylureas from protein binding 

sites ( 5 ) .  One of the major risks occurring during the use of 

oral hypoglycaemic drugs is thus the possible prolonged 

hypoglycaemia which, sometimes, may be a relevant adverse reaction 

( 6 ) .  The phannacokinetic and pharmacodynamic behaviour and the 

study of pharmacological interactions of sulphonylureas are very 

useful, giving indications about possible undesired complications. 

Several analytical approaches are available, at present, for 

the measurement of these drugs (7-15) and are generally employed 

to determine of the total circulating levels in pharmacokinetic 

studies. The determination of the "free" fraction, i.e. that able 

to cross cell membranes, bind to receptors and express the 

pharmacological activity, instead, has not been carried out so 

often (16-25). 

Since Sophianopoulos et al. ( 2 6 )  verified its validity, 

ultrafiltration has been increasingly employed as an alternative 

technique to the traditional method of equilibrium dialysis for 

the assay of free drugs. Most of the studies on glibenclamide and 

tolbutamide protein binding utilize equilibrium dialysis tecnique 

with the labelled drug, while only few workers utilize the 

ultrafiltration tecnique followed by GC or HPLC determination. 

In this study we have developed a rapid and reproducible 

ultrafiltration procedure to assess the serum concentration of 
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GLIBENCLAMIDE AND TOLBUTAMIDE 177 

free tolbutamide and glibenclamide. We compared the free and 

total levels of these agents in type I1 diabetic patients and 

then, the influence of a non steroidal antiinflammatory drug 

(tiaprofenic acid) on the protein binding equilibrium of 

sulphonylureas was also evaluated. 

EXPERIMENTAL 

Reagents and Solutions 

Standard sulphonylureas were obtained from Hoechst (Milano, 

Italy). Tiaprofenic acid was kindly provided by Roussell 

Maestretti (Milano, Italy). Dinitrofluorobenzene (DNFB), potassium 

dihydrogen phosphate, hydrochloric acid were from Merck 

(Darmstadt, F.R.G.). The solvents (Merck) were HPLC grade and 

water was always bi-distilled. The solutions were always filtered 

through a 0.45 pn filter (Millipore, Molsheim, France) before HPLC 

analysis. 

Equipment 

For the separation of serum protein-bound fraction from the 

free one, a disposable Centricon micropartition system and a YMT 

membrane with 30,000 MW cut-off (Amicon, Danvers, MA, USA) were 

used. Ultrafiltration was performed at 4 OC on a centrifuge with a 

fixed angle rotor. 

HPLC analysis was performed on a Kontron (Zurich, CH) 

liquid chromatograph, assembled with two model 420 pumps, model 
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178 ARCELLONI ET AL. 

460 autosampler, model 325 plotter and detector Uvikon 735. All 

modules were controlled and programmed by a Data System The 450. 

separation was performed on a LiChrosorb RP18 cartdrige (Merk) 

(250 X 4 . 6  nun i.d., Solvents were evaporated 

in a vacuum centrifuge (Savant, Hicksville, USA). 

7pm particle size). 

Chromatographic conditions 

Acetonitrile-0.01 M phosphate buffer, pH 3.5 (80:20,v:v) 

was used as the elution mixture; flow rate was 1 ml/min and the 

U.V. detector was set at 360 nm. 

Standard solutions 

Stock solutions of tolbutamide and glibenclamide (1 pg/ml) 

were prepared in methanol and stored at 4 OC for 1 week. Every day 

working solutions of appropriate concentration were prepared by 

diluting the stock solutions with water. DNFB solution ( 6  m g / m l )  

was prepared weekly in n-butyl acetate and stored at 4 OC in the 

dark. 

Glibenclamide and tolbutamide assay 

A previously published method (9) was modified for our 

purposes. Serum (lml), 1M hydrochloric acid (0.2 ml) and internal 

standard (10 pg glibenclamide for patients under treatment with 

tolbutamide and 1 bg tolbutamide for subjets taking glibenclamide 

respectively) were gently shaken with 5 m l  toluene for 15 min. 

After centrifugation (1500 g for 3 min) the organic layer was 
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GLIBENCLAMIDE AND TOLBUTAMIDE 179 

transferred to a 12 ml conical glass tubes with screw caps with 

PTFE facing, and evaporated to dryness. After addition of 25 pl 

of the derivatizing agent (DNFB), the samples were heated for 30 

min at 120 OC, dried again and redissolved in 50 pl of the mobile 

phase before HPLC injection. 

Ultrafiltration procedure 

Before ultrafiltration, YMT membranes were pre-treated 

centrifuging 0.2 ml of 0.1 M sodium hydroxide, followed by rinsing 

with bi-distilled water (0.5 ml). Serum (1 ml) was placed in the 

Centricon sample device, capped and centrifuged at 2500 g for 90 

min at 4 OC. The ultrafiltrate (0.7 ml) was transferred to the 

test tube, the internal standard was added and the sample 

processed as described for the total drug assay. 

Recovery calibration curves 

Calibration curves for total and the free assay were 

constructed by spicking with increasing amount of the drugs a 

control serum or an ultrafiltrate of control serum, respectively. 

Linearity of the assay was determined by plotting the 

sulphonylureas-internal standard peak area ratios against the 

drug concentration in the spiked serum or ultrafiltrates. Recovery 

of the drugs from the ultrafiltration procedure was evaluated from 

the comparison of peak areas in acidified water samples spiked 

before and after ultrafiltration. 
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Application 

Free and total drug concentrations were evaluated at 

hourly intervals for one day in type I1 diabetic patients under 

long term treatement with tolbutamide (500 mg t.i.d.) or 

glibenclamide ( 5  mg b.i.d.). The same protocol on the same 

patients was repeated after 5 days of additional treatment with 

tiaprofenic acid (300 mg b.i.d.) in order to evaluate the 

possible displacing of sulphonylureas from binding proteins. 

Statistic 

Results given are means k standard deviation. Student's t 

test was used in the evaluation of the differences between means. 

RESULTS AND DISCUSSION -- 
Tolbutamide and glibenclamide are highly protein-bound drugs 

(95-99%) in healthy subjects (4 ,18 ,24 ) .  In order to assay the free 

circulating levels, a very specific and sensible method is 

therefore required, especially for glibenclamide which maximum 

serum concentration rarely exceed 300 ng/ml following a 

therapeutic dose. Several methods utilize an acidic extraction 

with different solvents (chloroform, benzene, diethyl ether) 

followed by W (7) or fluorescent (8) detection. All these methods 

resulted not suitable for our pourposes, soffering to some degree 

of the lack of specificity and giving very dirty "blanks" 

extracts. We adopted the method by Zecca et al. (9) but we used 
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o.oa 

0 

FIGURE 1: Chromatograms of A) control serum ultrafiltrate B) 
serum ultrafiltrate of a patient taking glibenclamide (free level 
5 ng/ml) C) the same specimen analysed before ultrafiltration 
(glibenclamide concentration 68 ng/ml) D) serum ultrafiltrate from 
a patient taking tolbutamide (free level 0.5 pg/ml). 
In A) and B) 50/50 pl, in B) and in C )  25/50 p1 were injected. 

toluene, a more selective solvent, for extraction instead of 

chloroform, we reduced the quantity of derivatizing agent (25 pl), 

increasing on the contrary the concentration to obtain higher 

reaction yields. Fig. 1 shows the chromatograms obtained from the 

analysis of a control serum ultrafiltrate, of an ultrafiltrate 

serum from a patient under treatment with glibenclamide and one 

under treatment with tolbutamide. In the figure is also reported 

the serum containing glibenclamide assayed before ultrafiltation. 

No peaks were detected at the retention time of the two 

sulphonylureas. By the method reported here, the quantification of 

serum glibenclamide or tolbutamide can be carried out at a lowest 

limit of 2 ng/ml, being this the minimum concentration giving rise 

to a signal-to-noise ratio of 2. Extraction by the solvent gave 
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almost a complete recovery of the two drugs. Standard curves gave 

a linear response for both drugs (r=0.999). In Fig. 2 the 

pharmacokinetic profiles of a subject taking glibenclamide and one 

taking tolbutamide are shown. The total drug concentration-time 

curves were studied before and after 5 days treatment with 

tiaprofenic acid. No significant differences were found as far as 

drug levels and pharmacokinetic parameters are concerned. 

For the free drug assay, initially we tried to ultrafilter 

the plasma samples on YMT membranes directly. The recovery 

obtained centrifuging water containing authentic standards was 

always < 50% for tolbutamide and < 20% for glibenclamide, 

indicating a relevant loss of drugs by binding to Centricon 

components. Repeated washing of the membranes by inverting the 

Centricon unit did not show any improvement in the recovery 

efficiency ( + l o %  and +3% for tolbutamide and glibenclamide, 

respectively). A complete recovery of the two drugs (101: 3%) was 

accomplished only by pre-centrifuging the YMT membranes with 0.1 M 

sodium hydroxide (0.2 ml) followed by a rinsing with bidistilled 

water (0.5 ml), therefore, this procedure was adopted before each 

sample assay. 

Standard curves constructed on a control serum ultrafiltrate 

gave a linear response in the expected free-serum level range (0-5 

pg/ml for tolbutamide and 0-500 ng/ml for glibenclamide). The 

equations of the lines calculated by linear regression analysis 

were Y = 0.195X - 0.006 (r=0.999) for tolbutamide and Y = 0.527X + 

0.002 (r = 0.999) for glibenclamide (X expressed as pg/ml). The 
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GLIBENCLAMIDE AND TOLBUTAMIDE 183 

FIGURE 2: Total pharmacokinetic serum profiles of patients taking 
tolbutamide (A) or glibenclamide (B). 
(A) Before tiaprofenic acid treatment 
(0) After 5-days treatment with tiaprofenic acid. 
Arrows indicate time of administration of the two drugs. 
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ultrafiltration procedure showed good reproducibility. Water 

samples (6) of tolbutamide(1 pg/ml) or glibenclamide ( 2 5  ng/ml) 

ultrafiltered and analyzed in the same day gave a (N% of 2 . 5 .  

Evaluation of the possible displacing action of tiaprofenic 

acid treatment was done on selected serum samples taken at 0, 2 . 5 ,  

5 ,  8 ,  10, 1 2 . 5 ,  19 h after sulphonylureas administration. Adir et 

al. ( 1 8 )  who considered the in vitro tolbutamide binding 

equilibrium, reported that the drug is about 9 5  % bound, this 

percentage being related to serum albumin and to the total drug 

concentration. Fernandez et al. (24) found that the percentage of 

free tolbutarnide in serum of patients untreated with other drugs, 

was about 13%. In our study, the free levels of tolbutarnide ranged 

from 0.8 to 9.3 pg/ml, with a mean value of 3.9 f 4 . 0  (n-41) 

before tiaprofenic acid administration, while ranged from 0.6 to 

5.5  pg/ml (2.9 f 1.3) (mean f SD, n=41) after the antiinflammatory 

treatment. The corrisponding mean free fractions were 4.6 f 3 . 5  

and 4 . 8  f 2 . 1  % before and after the 5 days treatment, 

respectively. 

In vivo protein binding behaviour of glibenclamide has not 

been extensively studied yet. Glibenclamide is a higly protein- 

bound drug (99%) in healthy subjects ( 4 )  and due to the very low 

circulating levels, some of the samples processed for the free 

fraction determination were under the detection limit of our 

method ( 2  ng/ml). In the samples reliable we found a mean value of 

1.2 t 6.5 and 1.1 t 5 . 1  ng/ml (n=20) before and after tiaprofenic 

acid treatment, corresponding to a free fraction of 1.9 f 6 . 2  and 
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GLIBENCLAMIDE AND TOLBUTAMIDE 185 

7.3 f 6.5%. We suppose that our slightly high free-serum 

glibenclamide levels, compared to those reported by Ferner et 

a1.(4), are probably related to drug interaction with occasional 

drugs taken by our patients during the treatment (beta-receptor 

blocking drugs, antiarrhythmics etc.), to age (62L1.2 years) or to 

a probably slightly impaired renal function. However, no overall 

effects of tiaprofenic acid treatment on tolbutamide or 

glibenclamide free fraction in serum was detected, being the 

differences never significant. Fig. 3 shows the correlation 

between the free fraction and the total serum concentration of the 

two drugs. Although some authors already reported a strong 

correlation between the free fraction and the total concentration 

of sulphonylureas (18), we found only a moderate tendency (r= 0.18 

and r=0.28 for tolb~tamide and glibenclamide, respectively). 

The described ultrafiltration technique resulted in a rapid 

and reliable method to determine the free serum levels of 

tolbutamide and glibenclamide in the therapeutic range and in 

presence of possible displacing agents that could enhance the free 

circulating concentrations, avoiding the much longer procedure of 

equilibrium dialysis. Moreover, Barrel et al. (27), for the 

determination of free valproic acid, din't find significant 

differences employing ultrafiltration or equilibrium dialysis, 

confirming the validity of ultrafiltration tecnique in respect to 

the considered reference method. 

Different complications such as retinopathy or peripheral 

neuropathy have been frequently reported ( 4 )  as a consequence of 
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A 
' A  

A 

A 

0 

FIGURE 3: Free vs total glibenclamide and tolbutamide 
concentrations. The points reported for the two drugs are obtained 
both before than after the treatment with tiaprofenic acid. 

an abnormal hypoglycaemic effect, produced by agents causing 

displacing of glibenclamide from protein binding sites. In these 

cases our simple and very accessible HPLC method may be very 

useful for physicians, being able to detect the increased 

glibenclamide free-serum levels and to monitor any possible drug 
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GLIBENCLAMIDE AND TOLBUTAMIDE 187 

interaction. Tiaprofenic acid did not seem to modify either 

glibenclamide and tolbutamide serum levels, or pharmacokinetic 

parameters, thus excluding the risk of hypoglycaemia due to 

interaction with this pharmacological agent. However, our results 

can not be generalized for other sulphonylureas or other 

antiinflammatory drugs. Thus, given that the free drug represents 

the biological active fraction, it is desirable that the same kind 

of interaction is systematically explored. 

ACKNOWLEDGMENTS 

The authors wish to thank Prof. Marzia Galli Kienle for her 

interest in this work. 

REFERENCES 

1) Stowers, J.M. and Borthwick L.J.G, Oral hypoglicaernic drugs: 
clinical pharmacology and therapeutic use, Drugs 14, 41, 1977. 

2) Jackson, J.E. and Bressler, R., Clinical Pharmacology of 
sulphonylurea hypoglicaemic agents: Part 1, Drugs, 22, 211, 1981. 

3) Jackson, J.E. and Bressler, R., Clinical Pharmacology of 
sulphonylurea hypoglicaemic agents: Part 2, Drugs, 22, 295, 1981. 

4) Ferner, R.E.and Chaplin, S., The relantionship between the 
pharmacokinetics and pharmacodinamic effects of oral hypoglicaemic 
drugs, Clin. Pharmacokinet., 12, 379, 1987. 

5 )  Wishinsky, H., Glaser, E.J. and Perkal, S., Protein interaction 
of sulphonylureas compounds, Diabetes 11, 18, 1962. 

6) Asplund, K., Wiholm, B.E. and Lithner, G., Glibenclamide 
associated hypoglycaemia: a report of 57 cases. Diabetologia 
9,311,1973. 

7) Uihlein, M. and Sistovaris, N., High performance liquid column 
and thin-layer chromatographic determination of human serum 
glibenclamide at therapeutic levels, J. Chromatogr. 227, 93, 1982. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



188 ARCELLONI ET AL. 

8) Adams, W.J., Skinner, G.S., Bombardt, P.A., Courtney, M. and 
Brewer, J.E., Determination of gliburide in human serum by liquid 
chromatography with fluorescence detection, Anal. Chem. 54, 1287, 
1982. 

9) Zecca, L., Trivulzio, S., Pinelli, A., Colombo, R. and 
Tofanetti, O., Determination of glibenclamide, chlorpropamide and 
tolbutamide in plasma by high performance liquid chromatography 
with ultraviolet detection, J. Chromatogr. 339, 203, 1985. 

10) Keal J., Stockley C., and Somogyi A., Simultaneous 
determination of tolbutamide and hydroxy and carboxy metabolites 
in plasma and urine by high-performance liquid chromatography, J. 
Chromatogr. 378, 237, 1986. 

11) Emilsson, H., Sjoberg, S., Svender, M., and Christenson, I., 
High-performance liquid chromatographic determination of 
glibenclamide in human plasma and urine, J. Chromatogr. 383, 99, 
1986. 

12) Braselton Jr, W.E., Bransome Jr, E.D., Huff, T.A., Measurament 
of antidiabetic sulphonylureas in serum by gas chromatography with 
electron-capture detection, Diabetes 26, 50, 1917. 

13) Weinkam, R.J., Rowland, M., Meffin, P.J., Determination of 
phenylbutazone, tolbutamide and metabolites in plasma and urine 
using chemical ionization mass spectrometry. Biomed. Mass 
Spectrom. 4, 42, 1977. 

14) Castoldi G. and Tofanetti, O., Gas chromatographic 
determination of glibenclamide in plasma, Clin. Chim. Acta 93, 
195, 1979. 

15) Hartvig, P., Fagerlund, F., Gyllenhaal, O., Electron-capture 
gas chromatography of plasma sulphonylureas after extractive 
methylation, J. Chromatogr. 181, 17, 1980. 

16) Zini R., d'Athis P., Hoareau A., and Tillement J.P., Binding 
of four sulphonamides to human albumin, Europ. J. clin. Pharmacol. 
10, 139, 1976. 

17) Verbeek, R.K., Boel, A., Buntiux, A., De Schepper, P.J., 
Plasma protein binding and interaction studies with diflunisal, a 
new salicylate analgesic, Biochem. Pharmacol. 29, 571, 1980. 

18) Adir, J., Miller, AJ., Vestal, R.E., Effects of total plasma 
concentration and age on tolbutamide plasma protein binding, 
Clinical Pharmacol. Therapeut. 31, 488, 1982. 

19) Whiting, B., Williams, R.L., Lorenzi.M., Varady, J.C., Robins, 
D.S., Effects of naproxen on glucose metabolism and tolbutamide 
kinetics and dynamics in maturity onset diabetics, Br. J. Clin. 
Pharmacol. 11, 295, 1981. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



GLIBENCLAMIDE AND TOLBUTAMIDE 189 

20) Jackson, P.R., Tucker, J.T., Woods, H.F., Altered plasma drug 
binding in cancer: role of al-acid glycoprotein and albumin, Clin. 
Pharmacol. Therapeut. 32(3), 295, 1982. 

21) Luders, R.G., Chao, G., Effect of pirprofen on protein binding 
of warfarin and tolbutamide in human plasma, J. Pharm. Sci. 
70(12), 1370, 1981. 

22) Miners, J.O., Foenander, T., Wanwimolruk, S., Gallus, A.S., 
Birkett, D.J., The effect of Sulphinpyrazone on oxidative drug 
metabolism in man: inhibition of tolbutamide elimination, Eur. J. 
Clin. Pharmacol. 22, 321, 1982. 

23) Miners, J.O., Wing, L.M.H., Lillywhite, K.J. Smith, Failure of 
'therapeutic' disposition of 8-adrenoceptor antagonists to alter 
the disposition of tolbutamide and lignocaine, Br. J. Clin. 
Pharmacol. 18, 853, 1984. 

24) Fernandez, M . C . ,  Erill, S., Lucena, M.G., Pita, G.,  Perez- 
Alferez, N. Serum protein binding of tolbutamide in patients 
treated with antiepiletic drugs, Clin. Pharmacokinet. 10, 451, 
1985. 

25) Wing L.M.H., and Miners J.O., Cotrimoxazole as an inhibitor of 
oxidative drug metabolism: effects of trimethoprin and 
sulphamethoxazole separately and combined on tolbutamide 
disposition, Br. J. clin. Pharm. 20, 482, 1985. 

26) Sophianopoulos, J.A., Durham, S.J., Sophianopoulos, k.J., 
Ragsdale, H.L., Cropper W.P. Jr., Ultrafiltration is theoretically 
equivalent to equilibrium dialysis but much simpler to carry out, 
Arch. Biochem. Biophys. 187, 132, 1978. 

27) Barre, J., Chamonard, J.M., Houin, G., Tillement, J.P., 
Equilibrium dialysis, ultrafiltration, and ultracentrifugation 
compared for determining the plasma-protein-binding 
characteristics of valproic acid, Clin. Chem. 31(1), 60,  1985 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


