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A high-performance liquid chromatographic method for the determination of trimetho- 
prim, su&methoxazole and its metabolite and a series of sfxucturalIy related sulfonamides 
is described_ The half3ife time of elimination of sulfamethoxazole and its metabolite N.- 
acetylsulfamethoxazole is 9 h for both compounds_ The renal excretion rate of. sulfameth- 
oxazole depexids strongly on the urinary pE The renal excretion rate of the metabolite 
N,acetyJsulfam&hoxazole is not dependent on the urinary PH. 

INTRODUCTION 

S&amethoxszole in combination with trimethoprim (Co-Trimoxazole@) 
is nowadays accepted and used as a highly effective antibacterial formulation. 
Both compounds interfere with folate synthesis in bacteria and many papers 
have appeared devoted to the clinical applications and its chemotherapeutic 
activity]l~l. - 

However in papers dealing with the various aspects of the pharmacokinetic 
-parameters of absorption, ~metabolism and tissue concentration of the two com- 
ponents of co-trimoxazole, the determinations were carried out -with rather 
intricate or non-specific methods such as microbiological [6], siectrophoto- 
metric ]7,8} ; spectrofluorimetric. [9] and spectrodensitometric [lo] assays 
or pyrolysis gas chromatographic-mass spectrometric analysis [ll] _ 

The use of high-performance’ liquid chromatography (HPLC) for pure sul- 
fonamides .has been -described recently ]12,13] and some. determinations of 
these compoundsin biological fluids have been accomplished-[14,15] _ 
: The m easumment of plasma concentxation and renal elimination of sulfon- 



amides, especially in patients with kidney insufficiency [16-X3] can be of +xd- 
vantage in treatment, as the renal excretion of-sulfamethoxazole and of its me- 
t$olite N4 -aceQ&ulfamethoxaxoIe account for 50-100% of the tot&l elimina- 
tion [ 19,20). 

This has led to the development of an HPLC determination of trimethoprim 
and sulfamethoxazole in the body fluids, plasma, serum and urine of man. The 
method described in this communication covers the therapeutic range of con- 
centrations in serum and urine for trimethoprim &om 0.1 pg/ml up to 10 pg/ml 
and for sulfamethoxazole from 1 gg/ml to 200 pg/m.l. 

The differences in pharmacokinetic behaviour of s~ulfamethoxazole and its 
metabolite N4 -acetylsulfamethoxazole under different urinary pH conditions 
have been investigated. 

MATEiRIALS AND ME’i’HODS 

Appmatzis _ 
A Spectra Physics 3500 B high-performance liquid cbromatograph was used, 

equipped with a spectrophotometric detector (model 770). The detector was 
connected to a 1 mV recorder (BD7, Kipp & Zonen, The Netherlands). A stain- 
less steel column, 15 cm X 4.6 mm I.D. packed with LiChrosorb RP 8, particle 
size 5 pm, was obtained from Chrompack (Middelburg, The Netherlands). An 
injection loop of 100 ~1 was used. Detection of sulfonamides only was effected 
a% 260 mu, the detection limit is 0.5 pg/ml. Detection for sulfonamides and 
trimethoprim simultaneously was effected at 225 mn. The detection limit of 
trimethoprim is 0.75 pg/ml. 

SoZvents 
Sulfonamides. The solvent is a mixture of phosphate buffed and methanol of 

pH 6.7. Therefore 390 ml of 0.067 M KH*PO,, were mixed with .fO ml of 
0.067 M Nal HP04 and 80 ml of methanol. The solvent flow-rate is 1.6 ml/min 
at a pressure of 115 atm (Fig. 1, Table I). 

Sulfamethoxazok + trimethoprim. The solvent is a mixture of 390 ml 
0.067 M KHzPOe, 10 ml of 0.067 M Na&-IP04 and 80 ml of ethanol. The solv- 
ent flow-rate is 1.2 ml/min at a pressure of 85 atm (Fig. 2 and Table Ii). 

Drugs 
Sulfamethoxazole, N4 -acetyl.sulfamethoxazole and trhnethoprim were ob- 

tained from Hoffmann-La Roche (Mijdrecht, The Netherlands)-by the courtesy 
&f Dr. J. Kuitert. Sulfapyridine, &fad&tine, sulfathiazole, sulfadoxine were 
obtained from the St. Radboud Hospital .Pharmacy. Sulfadimidine and sulfa- 
-methoxypyridine were obtained from the Department of Pharma&ology,-State 
University of Groningen, The Netherlands by courtesy of DE D.K.F.. Meyer. 
According to the HPLC chromatogram all compomids Were 100% pti, 

: : 

Subjects and patients .: ~. 

Ten subjects, all employees of ‘the Department -of Clinical Pharmacy:partici- 
pated in this study. Sulfamethoxazole -was anministered in dosesof 800,400, 
200, and 100 mg (powder in a gelatine capsule). The drug wastaken orally in 



Fig. 1. HPLC ehromatogxam of sulfamethoxazole and related sulfonamides. The column 
used was LiChrosorb RP 8, and the solvent a phosphate btifer of pH 6.7 + 26% met&u~ol. 
Flow-rate, 1.6 ml/min. 1= Sulfacetamide; 2 = sulfanilamide; 3 = sulfadiazine; 4 = subkneth- 
oxazole; 5 = sulfatbiazole; 6 = sulfadoxine; 7 = sulfapyridine; 8 = BI, -acetykulfamethoxa- 
zole; 9 = sulfamethoxypyridine; 10 = sulfadimidine. 

TABLE I 

RETENTION TIMES OF SULFAMETiIOXAiOLE AND RELATED SULFONAMIDES 
RELATIVE To THE UNRETAINED COMPONENT (R’) 

Cohmm, LiChrosorb RP 8; solvent, phosphate buffer (pH 6.7) + 20% methanol. 

Compound Relative retention time K’ 

Sulfacetamide 
Sulfanilsmide 
Sulfadiazine 
SaHametboxazole 
Sulfktbiazole 
Sulladosine 
Sulfapyridine 
N,-Acetykulfamethoxazole 
Sulfamethoxypyridazine 
Sulfadimidine 

.x.53 
1.87 
3.00 
5.60 
8.20 
9.00 : _ 
9.73 

14.40 
18.40 
20.73 
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Fig. 2. HPLC chromatogxam of sulfamethoxazole (S), its metabolite N4 -acetyIsuIfamethoxa- 
wle (AS) and trimethoprim (T) in plasma df a patient receiving co-@imode as treatment_ 
The column used was LifBrosorb RP 8 and the solvent a phosphate buffer of pH 6.7 4 20% 
ethanol. Flow-rate, 1.2 ml/m& 

TABLEII 

RETENTION TIMES OF SULFAM&HOXAZOLE, ITS MEZARO~ AND TRIlkTH- 
OPRIM RELATIVE TO THE UNRETAINED COMPONENT (R’) 

~lumn, LiChrosorb RP 8; solvent, phosphate buffer (pH 6.7) + 26% ethanol. : -: : 

._ 
Compound Relative retention time K’ 

‘Ikimethoprim 3.50 
Sulfamethoxazole 4.33 
N,-Acetylsulfamethoxawle 5.50 
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the xhorning, 1.5 h after a standard breakfast. Blood samples of 0.2 ml were 
I co3Iected at scheduled intervals by fingertip puncture (Microlance no. 433, Bec- 

ton Dickinscin); Spont&ieotily voided urine was collected during 56 h. An 
alkaline urine pH waireached by the daily intake of 10 g of sodium bicarbon- 
ate (pK 7-8). An acidic lirine PH was reached- by the daily intake of 8 g of 
ammoniuin cb+ide (pH 5-6). 

Blood samples from patients receiving -cc-trimoxazole as treatment were 
obtained from the Intensive Care Unit (Dr. R. van Dalen) of the St. Radboud 
Hospital. . 

Satiplejzwepamtion 
Buman sszun is 10 times diluted with distilled water;an’&YE-0.2 ml of-the - 

-~dilUti se&m a 0.8 ml volume of per&lo&c acid (0.33 M) is added. The solution 
& mir+ thoroughly on -a. Vortex mixer and subsequently allowed to stand for 
‘10 -minL After centrifugation at 2660 g for 5 min, 100 ~1 of the su&matsnt 
is injected onto the column. 

A ca@bration curve is made by adding known concentrations of sulfarneth- 
oxazole to blank human serum. Once a calibration curve has been m&de, it is 
-desirable to check 3 points of this curve v&h each series of determinations in 
Iorder to confirm whether the column is still stable. 

The human urine sample is prepared by addition of 0.5 ml of- perchloric 
acid (0.33 AZ) to 10 ~1 of urine. The solution is mixed and 100 ~1 is injected 
onto the dolumn. 

Recovery 
Recovery of sulfamethoxazole added to human serum in the concentration 

range of l-200 Erg/ml was found: to be 88 + 4%. For trimethoprim the recov- 
ery-was found to be 83 i 2% in the concentration range of 0.5-16 pg/ml_ 

If, for the estimation of sulfamethoxazole, the serum is not diluted, the 
recovery after deproteinization is somewhat less, 80 t- 7%. 

The m&very of sulfamethoxazole and trimethoprim added to urine is 100 
* 2%. 

REqYJ?s 

Sulfamethoxazole is well separated from its metabolite N4-acetylsulfameth- 
-oxazoIe; other related sulfonamides and trimethoprim, with which it may 
o&up‘ fre&uentrJT in chemotherapeutic combination (as can be seen in Figs. 
l,and -2 .and Tables 1 and II). 

J$ dose of 100-800 mg of .suifamethoxaZole results in plasma concentra- 
. 

Goris.:of sulfamethoxazole tid ti’--~&e&l&lfamethoxazoIe that can e$sily be 
measured (0.5 pg/ml-$00 pg/ml). The urine concentrations of both com- 
pounds after a dose of 100-800 mg range from IO-500 pg/ml_ 

The pharmacokinetics of sulfamethoxazole in man under acidic and alkaline 
&nary pH conditiohs reveal a difference in the excretion pattern of sulfameth- 
oxazole- which is shown in Fig. 3 and Table Iii. The most striking observation 
is that sulfamethoxazole is hardly excreted unchanged with acidic urine, while 

i 
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TABLEt III 

PIGRMACO~C PARAMETERS OF SW AMETHOXAZOElE INMAN 

Subjects Dose.. : 
. 

pH Urine TY_ (h) Excreted in the urine (96j 

Sulfameth. N-Acetylsulf. Sulfamethoxazole NI -acetyksuI 
methosazok 

n=lO 200 mg (5) 7-8 9.6 f 2.5 11.2 f 2.4 35.0 * 2.0 42.8 -c 12.9 
400 mg (2) 

n=-5. : 
666 mg (3) 
400 mg(i) 5-6 9.5 t 3.5 9.0 f 1.7 7.1 -e 3.2 44.0 + 6.9 
300 mg (3) 

the percen-e of the dose of N,-acetylsulfamethoxazole followed by excre- 
tion in.al.l volunteers is almost constant. 

The renal clearance consknt, the proportionality constant between the renal 
exkretion rate (yg/min) and the plasma concentration @g/ml) of sulfamethoxa- 

zole -a& strongly dependent on the urinary pH (Fig. 4), while the renal clear- 
ance c&s&t of the metabolite Nq-acetylsulfan~ethoxazole is hardly affected 
by the urinary pH. 

Fig.. 5’ shows an example of the plasma concentrations of sulfamethoxazole, 

RENAL CLEARANCE 
ml /min 

20 

15 

10 

5 

1 y=-21.51 +L.l7r 
r= O.BL 

I 
1 i I I I 

5 6 7 8 9 PH 
URINE 

Fig. 4. Relationship between renal clearance (mi/min) of sulfamethoxazole and the urinary 
p& Both variables were measured in each urine portion voided. Note that the renal clearauce 
is increased by 8 factor 10 when the pH changes from pH 5 to pH 8. No obvious relation- 
ship could be obsennd (r = 0.25) for the metabolite N4 -acetykuIfamethoxazole. 
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its metaboliteN, -~~~~ethoxazoleandtheco-medicationtrimethoprim. 
While the-conc&trations ‘of both. sulfa: compouqds are relatively high-and can 
b.e meas&zd oveP a Iong period, ~e@ti@im &an .only be measured-for a short 
time..- _~ . ..’ : . . .: 

The- renal excretion rate of t&etho&n is’&& high= than that ‘of sulfa- 
methoxazole. 66% of tzimethoprim is excreted unchanged, while for sulfa- 
methoxazole th&4 value is 9.5% and -52% is excreted &s metabolite. The pIi 
of the urine in this experiment is not infIuenced. 

DISCUSSXON 

The HPLC method for sulfonamides has the advantage over the Bratton &d 
Marshall photometric method [7,8] that the compounds are measured specific- 
alIy and selectively and that several sulfonamides ingested at the same time, 
can be simultaneously measured 1131. The pharmacokinetic parameters can be 
compared under exactly the same circumstances. As plasma and urine concen- 
trations can be measured conveniently, the renal clearance constant can be cal- 
culated. It was shown that the renal excretion of suifonamides is strongly de- 
pendent on the urinary pH [21-231. The implications of this pharmacokinetic 
behaviour for clinical treatment are the subject of further research. 

It may be deduced that in the case of an infection of the urinary tract, the 
urine should be kept alkaline in order to ensure that the concentration ‘of 
sulfamethoxazole is as high as possible, because the metabolite is-inactive. V&en 
trimethoprim is used in chemotherapy in combination with sulfamethoxazole, 
three compounds can be easily recognized in the HPLC chromatograms of 
plasma and urine samples (Fig. 1 and Table I). 

The ease of the sample preparation and the avoidance of extraction proce- 
dures, the small sample volume required, the possibility of -simultaneous 
determination of several sulfonamides and the shilLTt retention time (10-15 
min) all make this method useful for the analysis of large series of samples 
for both research and routine applications. 
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