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SWY 

A rapid highpreraure liquid chkmatographic (EEPLC) assay is described for the quanti- 
tative analysis of tolbutamide and its major metabolite. carboxy tolbutamide. in plasma. An 
aliquot (25-100 pl) of p+.ua was prepared for chrornatograpby by deproteinization as 
follows. One volume of plasma and 2.5 voluxmes of acetonitrile were vortex mixed for a 
few seconds and then centrifuged for appros. 1 min. A 50-l sample of the clear supernatzuxt 
wss injected i&c the chromatograph. A ~Bondspak C,, reversed-phase cokmn wes used 
with a mobile phsse of acetonitrile-9.05% phosphoric acid (45:55) at a flow-rate-of 1.5 
mllmin. The column effluent was monitored by a variable-wavelength W detector set at 
200 mn. Tolbutamide and its metabolite had retention times of 5.75. and 2.25 @II, re- 
spectively. The procedure yields reproducible results with sensitivity adequate for routine 
cliztical monitoring of plasma levels or for &gle-dosephk.rmacokiietic studies. A number 
of commonly riged drugs do tiot interfere with the method. A singIe plasma sample can be 
tiyzed in approx. 9.or 10 min. 

INTRODUtiON 

Tolbuknide is a sulfonylurea that is orally effective as a hypoglycemic 
agent and has found iRide application for-.the treatment of diabetes mellitus 
of the maturity+mset type. It .has beeri suggested that -therapeutic plasma con- 
&e&rations of tolbutamide lie in the range of 53-96 pg/til [l] _ The chronic 
nature of disk. _tes Usually means that tolbutamide may need to be administered 
over iOng pekods to a patiest -popirlation comprised .of middleaged dr elderly 
people:in Wh om progressive -tihysiological~ changes are occurring which cotid 
result in clinically important alterations~ -in‘ &ug ~disposition ‘or intrinsk re- 
sponses. It is. usually recommended that patients of advanced age begin ther- 
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apy with about half the usual daily dose of tolbutamide because some such 
individuals are very responsive to sulfonylureas and may develop severe hypo- 
glycemia after usual doses [a]. Therefore, it may be prudent to monitor the 
plasma level of tolbutamide occasionally in elderly patients who receive the 
drug over a prolonged period, to ensure the suitability of the established 
dosage regimen. Riegehnan and Sadee [3] have advocated the monitoring of 
plasma 1eveIs of tolbutamide when the patient does not appear to have achiev- 
ed the expected therapeutic response. 

. 

A number of methods based on absorption in the ultraviolet 14, 51 or 
visible [St81 regions have been reported over the last twenty years for the 
quantitative determination of tolbutamide in biological fluids. However,-those 
procedures suffer from disadvantages which include lack of adequate sensi- 
tivity and specificity, and laborious work-up procedures. Gas cbromatographic 
procedures which have been described 18-121 overcome some of the dis- 
advantages of the spectrophotometric methods, but the analysis time is great- 
ly lengthened by the necessity to derivatize the tolbutamide molecule prior to 
gas chromatography. A report of an HPLC method for quantitative analysis 
of tolbutamide in l-ml aliquots of plasma has recently appeared in the literature 
1131. Sample preparation prior to chromatography required lengthy solvent 
extraction and evaporation steps. 

The purpose of the present paper is to report a new HPLC method for the 
simultaneous quantitative analysis of tolbuwde and its carboxy metabolite 
in plasma. The method described involves an‘ extremely simple sample pre- 
paration followed by HPLC analysis on a reversed-phase column with W 
detection of the compounds in the column effluent. The assay is fast and 
sensitive, and only very small plasma samples are required. 

EXPERIMJZNTAL 

Reagents and standards 
Tolbutamide and 1-butyl-3-@carboxyphenylsulfonyl)-urea (hereafter re- 

ferred to as carboxy tolbutamide) were kindly supplied by Upjohn (Kalama- 
zoo, Mich., U.S.A.). Standard solutions of these compounds were made up in 
methanol and stored at -20” when not in use. Glassdistihed methanol and 
acetonitrile were purchased from Burdick & Jackson Labs. (Muskegon, Mich., 
U.S.A.) and phosphoric acid was obtained from Fisher Scientific (Fair Lawn, 
M-J., U.S.A.). 

Other drug substances which were tested for potential interference of the 
assay had, in moat cases, been donated by pharmaceutical manufacturing com- 
panies. Solutions of these compounds in methanol or distilled water were pre- 
pared and stored at -20’ when not in use. 

A 0.05% solution of phosphoric acid in distilled water (final pH 2.6) was 
prepared and passed through a 0.45 pm membrane filter for subsequent-use 
in the preparation of the HEWZ mobile phase. 

HPLC instrumentafion and conditions 
A model M-6000A pump was used to deliver the mobile phase to a model 

U6K injection loop and a 30cm CrBondapak CIs. reversed-phase column (par- 
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Preliminary study in a mbbit ~_ 

Tolbutamide (40 mg in 1.6 ml of 95% ethanol) was ir$us&over 1 rr\in.into 
the medial vein of one ear of, a 4kg albino-rabbit. Blood %a~Gples (O-5 ml) 
were collected from the mar&A vein of the contralateral ear prior to drug 

. _ 
dmmstration and at intervals for 5 h thereafter. .Blood samples-were placed 

3 heparinized tubes which were centrifuged immediately to obtain plasma. 
The separated plasma samples were stored at -20” until the .time of analysis. 

RSSULTS AND DISCUSSION 

Tolbutamide is metabolized in humans by oxidation to carboxy t&b&amide 
and this metaholite accounts for the majority (about 75%) of the urinary re- 
covery of a dose of. the drug [ 21. Although this metabolite is reported to be 
devoid of hypoglycemic activity [14] it may he important from a toxicological 
staudpoiut, In addition, in some pharmacokinetic studies it may ,he desirable 
to study the time course of formation and removal of the metabolite. There- 
fore, the toibutamide assay described in this paper has been designed so that 
it also accommodates quantitation of the major metabolic transformation 
product of tolbutamide. 

The UV absorption spectrum of tolbutamide dissolved in the HFLC mobile 
-phase is shown in Fig. 1. The earlier reported UV methods for q~uantitative 
analysis of tolbutamide [4, 51 made use of the peak at approx. 228-230 nm. 
Under the conditions employed in the present.work the absorbance at 200 nm 
was approx. 2.5 times greater than the absorbance at 230 nm. As a result the 
lower wavelength (200 run) was chosen for the monitoring of the EWLC column 
effluent by the W detector although 230 nm could also be used. 

Chromatograms resulting from the acetonitrile treatment and DPLC of 
blank human plasma together with similarly treated plasma which had heen 
previously spiked with tolbutamide and carboxy tolbutamide are shown in 
Fig. 2. Tolbutamide eluted from the HPLC system after 5.75. min and was 
well resolved from its more polar carboxy metabolite which had a retention 
time of 3.25 min. No interferer& in blank plasma was observed at the re- 
tention time of tolbutamide for this particular sample of plasma or for plasma 
collected from eight other individual patients who were receiving other drugs. 
However, in some of the samples of plasma a small peak occurred which had 
a similar retention time to that of carboxy tolbutamide. The maximal con- 
tribution of this interfering peak observed in any of the various batches of 
piasma analyzed was of the order of 0.5 pg/ml. 

Data used to establish the standard curves for tolbutamide and-its metab- 
olite are summarized in Tables I and II, respectively.- Least squares linear re- 
gression analysis was carried out for each of the standard curves and the re- 
sulting coefficients of detefmination (3 ) were 0.9998 and 0.9996 for tol- 
butamide and carboxy tolbutamide, respectively. These high values of P 
together with the constancy of the response factors (peak height divided by 
concentration) over the concentration ranges studied_ indicate good linearity 
for the. standard curves. The percentage recovery from plasma for tolbutamide; 
compared to an aqueous solution,..was 97 and. 99% .at plasma concentrations 
of 50 and 150 pg/ml, respectrvely. For carhoxy tolbutamide the-percentage 
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Fig. 1. W absorption spectrum of a 1 mg% solution of tolbutamide in acetonitrik-O.O5% 
phosphoric acid (45:55). The spectrum was recorded using a Model 200 Perk&Elmer W- 
visible recording spectrophotometer. 

recovery from plasma, determined in a similar manner, was 87 and .89% at 
plasma concentrations of 25 and 75 @g/ml, respectively. 

The within-day precision of the method was good, as assessed by conduct- 
ing replicate (AI = 10) analyses of the same spiked plasma sample (50 pg/ml 
of tolbutamide and 25 pg/ml. of carboxy tolbutamide). The coefficient of 
variation. for tolbutamjde wqs. i.l?%, while for carboxy tolbutamide. the cor- 
responding value was 2.32%. The coefficients of variation for the analysis of 
the same plasma sample on five days over a period of one week were 1.16% 
and 4.01% for toIbutamide and its metabopite, respectively. Although these 
data suggest that the day-today reproducibility of the method was good- it 
may be prudent to include at least one standard sample on those days when 
patient plasma samples are being analyzed. 
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S’i?ANTMRD CURVR FOR CARBOXY TOLBUTAMIDE IN PLASMA 

Linear &on ~&ti~n:.y= 1.9800~ +.1.4117,r= 0.9998.One m ea5uremen~ was per- 
formedateach~ncentHzion. 

Carbosy toibutamide Cssbosy tilbutamide Response 
COlLin m.heig&t* fkCtQ~*ff 

Plasma 

2.5 1.93 
5' 3: 1.99 

12.5 26.. 2.04. 
.25 54 2.15 
50 -103 2.07 

100 197 1.97 
150 '. .299 1.99 
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compotids, iucludiug sulfisoxazole 1151, creatinine ]16], griseofulvin 1371, 
procainamide and N-acetylpro caiuamide [18], theophylline ]39], salicylates, 
and furosemide. Over a period of approx. one year many hundreds bf de@ro- 
teinixed plasma samples have been injected into various Apes of MpLC columns 
(ionexchange, reversed-phase, etc.) without any apparent alteration_in column 
performance having occurred with time. No precohunns or mother special 
column Care procedures (other than those recommended by the column Sup- 
pliers) have been used during that time inteival. 

Different methods of deproteinizing plasma samples prior to ‘the HPLC 
analysis of other drug molecules have been reported [ZO, 211 but the other s 
procedures do not appear to offer simplicity and rapidity comparable with 
the a&or&rile deproteinization method. 

It should be pointed out that a volume of plasma smaller than 100 ~1 can 
also be satisfactorily analyzed for tolbutamide and carboxy tolbuta&de 
using the method described in this paper. The addition of 2.5 volumes of 
acetonitrile to 25~1 and IOO-~1 aliquots of the same spiked plasma sample, 
followed by vortexing, centrifugation, and injection of 56~1 of the superhatant 
into the HPLC, yielded the same answer for the tolbutamide and metabolite 
concentration in the plasma sample. The ability to use such small plasma 
volumes is a great advantage in clinical situations, where capilhuy blood 
samples may be used, or for pharmacokinetic studies in small laboratory 

A study was made of the retention times of other sulfonylurea oral hypo- 
glycemic drugs using the HPLC conditions described above. It W&S found that 
acetohexamide and tolazamide had almost identical retention times to that of 
tolbutamide, but chlorpropamide, with. a retention time of 4.6 min, was re- 
solwed from the tolbutamide peak. The similarity of retention times for the 
four anti-diabetic drugs should in no way limit the usefulness of the tolbuta- 
mide assay since it would be wery rarely that any one patient would concur- 
rently receive more than one of the agents. It is anti&pated, therefore, that 
tolazamide, acetohexamide, or chlorpropamide plasma concentrations could 
be determined using the method described here for tolbutamide, provided 
that the patient concerned was only receiving one of the drugs. 

A large number of other drugs and drug metabolites were tested for poten- 
tial interference of the assay by injecting stock solutions of the compounds 
into the HPLC. The compounds tested in this regard were as follows: acetamin- 
ophen, amethopterin, ampicillin, aspirin, .caffeine, chloramphenicol, color- 
diazepoxide, chlorpromazine, chlorthalidone, ephedrine, fluphenazine, gly- 
cinexylidide, lignocaine, methaqualone, monoethylglycinexylidide, N-acefyl- 
procsinamide, perphenazine, phenacetin, phenobarbitone, phenymin, pro- 
cainamide,. prochiorperazine, saiicylic acid,. sulphisoxaxole, tetracycline, theo- 
bromine, theopbylline, trifluproma@ne, and trimepra&.ne. Methaqualone was 
the oay compound. which had a similar retention time to that of tolbutam.ic+e, 
although it should_ be noted that some of the other compquncls -tested would 
interfere_ :,with the analysis of carboxy tolbutamide. Plasma collect&l from 
eight patients who were receiving other drug thezapy;.zwhich included a.mpici# 
liu, chlorthalidone, dig&in, frusemide, methyl dopa, pr&uisone, tid ter- 
butaliue, showed .no _interference at the retention time of tolbutantide and 
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only slight interference in some samples at the retention time of carboxy toI- 
bu$amide. 

Fig. 3 shows chromatograms of acetonitrite-treated blank rabbit plasma and 
similarIy treated plasmas collected from a rabbit after the intravenous admini- 

Fig. 3. Chromatograms of acetonitrile treat& p&-&e (blank) rabbit:p@sma (A) aad simi- 
lady txeated plnamn w&i&_ WBS co&&ed @om the rabbit afv intravenous &imhi&ation 
of tolbutamide (B). Tolbutamide con&e&ration in sample B wak 78.6 pglml. The ?rroxv 
marks the point of injection. 
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Fig. 4. Time course of tolbutamide plasma concentrations in a 4-kg rabbit following the 
titzavenous injection of 40 mg of tolbutamide. The line repre+nts a fit by eye to the data. 

&ration of tolbutamide. As can be seen from the analysis of the preklose 
(blankj plasma sample, no endogenous compounds eluted with a similar reten- 
tion time to that of tolbutamicje, but an interfering peak did elute near car- 
boxy tolbutamide and made it impossible to quantitate that metabolite in 
rabbit plasma. The time course of tolbutamide plasma concentrations in the 
rabbit following intravenous administration is shown in Fig. 4. 

CONCLUSIONS 

The method described in this paper for the simultaneous determination of 
tolbutamide and carboIj tolbutamide in plasma is simple and rapid and re- 
quires only a micro volume of plasma. The total analysis time per sampI& is of 
the order of S-10 min and no evaporation or derivatization steps are required 
Hasma concentrations of tolbutamide as low as 0.5 pg/ml could be quantitated, 
if necessary, although it should be noted that the precision of the method at 
that concentration has not been established. It is concluded that the analytical 
procedure may be valuable. for the routine monitoring of plasma concentra- 
tions in patients receiving the drug and for pharmacokinetic studies in humans 
and animals. 
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