
Rapid and sensitive kietxzrmhation of ChloEthalidone in blood, plasma and urine 
of man using high-performance liquid chromatography 

P-J&¶. CUELENt, AM. BAARS and T.B. VRES 

Depmtment of Clinical Pharmacy, St. Radboud HospiW, University of Nijmegen. Nijmegen 
(The Nether&m&) 

and 

Ad. NL3KERT.C and J.M. VERMEER 

Phamachemie B-V., P-0. Box 552. Ha&em (The Netherlands) 

(Received August 2Otb, 1979) 

Chlotihalidone is a diuretic drug widely used in anti-hypertensive therapy 
[I]. This sulphonzunide-like diuretic differs chemically from the thiazides by 
the nature of the heterocyclic ring, although its phaxmacologicaZ action is 
indistinguishable from that of the thiazides. The drug is administered orally, in 
a dose of 25-100 mg daily and is daimed to have a prolonged action [2--5], 
mainly due to tie long biological half-life of the compound (SO-SO h) [6-9]. 

The vohune of distribution of chlotihalidone appears to be relatively large, 
200-400 1 191, resulting in maximum plasma concentrations of 100-400 

ng/ml. However, this compound reaches 10-30 times greater concentrations in 
red blood cells [?-IO] _ For the detezmination of the low concentrations in 
plasma- only a limited number of methods are available. A spectrophotometric 
method for the determination of chlorthalidone in whole blood and urine has 
been published by Tweeddale and Ogilvie 161, permitting the determination of 
a minhnum concentzation of 1 mg/ml. G&quid chromatographic (GLC) 
methods have also been published [II--131 ; most of these methods, based on 
the conversion of chlorthalidone to its tetramethyl derivative by extractive 
akylation [ll, 123, are still quite laborious aud may pose considerable 
methodologkai problems -for a large series of samples. A sensitive and selective 

*To whom correspondence should be addressed. Present address: Medisch C&em&h Labor;a- 
to&m ABE,, P.0. Box 232,940O AE ASSXI, The Netherlands. 
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dire& GW method has been developed by FIeuren and Van Rossurn 1131; 
although plasma concentrations as little 8s PO ng/mLcan he measmfzd, this 
method still req&es 1 ml of plasma, which can only be obtained by 
wenipunm. For kinetic studies in volunteers, Iargeseriesarerequ&d,which 
can easily be obtained and amlysed by the proposed method. 

In an earlier high-performance liquid chromatography (HPLC) paper from 
our group, dealing with the determination of diazmdde [14], the separrdion 
characteristics of ch?orthalidone were mentioned. However, the method was 
still not sensitive enough for the mutine determination of clrlorthalidone in 
kinetic studies. Therefore, a new HPLC method for the analysis of 
chlor&ahdone in plasma, urine and whole blood was developed. Analytical 
details and some results of the pharmacokinetics of chlortbalidone in healthy 
volunteers are presented in this paper. 

MATEULS AND METHODS 

Ap_pamtus 
A Spectra Physics 35008 high-performance liquid chromatograph was used, 

equipped with a variable wavelength spectrophotometric detector (Model SP 
770). -4 stainless-steel column (15 cm X 4.6 mm I.D.) was packed with 
LiChrosorb W-18, particle size 5 pm, obtained from Chrompack (EGddelburg, 
The Netheriands). An injection loop of 100 ~1 was used. Detection of 
chlorthalidone was effected at 226 nm. The detection limit is 30 ng/ml. 

Solvents 
The solvent used was a mixture of 0.01 M sodium acetate in water and 

acetonitrile (400:100, viv) aud the flow-rate was 1.6 ml/min, at a pressure of 
165 atm, 

ChIorthalidone was obtained from Ciba-Geigy (Arnhem, The Netherlands) 
and proben&? tin Sigma (Brunschwig Chemicals, Amsterdam, The 
Netherlands). 

Sui3jects 
Two healthy, caucasian subjects, both employees of the Department of 

Clinical Pharmacy, Nijmegen, participated in this study. Chlorthalidone was _ - 
admuu&ered orally either as a dose of 100 mg as Hygrotono tablets (Ciba- 
Geigy) or as an experimental generic preparation (Pharmachemie, EEaarlem, The 
Netherlands). 

Blood =ples of 0.7 ml were collected at scheduled time intervals by finger- 
tip pun&m (Microlance No. 433, &&on-Dickinson). An amount of 0.1 ml of 
blood wss used for the determination of the whole blood chlorthahdone 
concentration. The remaining 0.6 ml was centrifuged at 2606 g for 5 min and 
the plasma was immediately separated from the red blood tie&_ Spontaneously 
voided urine was collected over a period of 70 h. The pH of the urine was not 
affecW_l. 
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W&&z blood. Whole blood (0.1 ml) is mixed with 0.4 ml of 0.33 N 
perchloric acid et a temperature of 4” in a vortex mixer. Dep~teimzation and 
haemolysis are complete after standing for 5 min. The mixture is centrifuged 
for 5 min at 2660 g in a Keraus Christ centrifuge. A. IOO-~1 aliquot of the clear 
supernatant is injected onto the cohunn. 

Plasma. A 0.2ml aliquot of a potasshun dihydrogen phosphate solution in 
water (0.067 M) containing probenecid (I mg/l) as internal standard, was added 
to 0.2 ml of plasma and 1 ml of diethyl ether, and was mixed for I min in a 
vortex mixer. The mixture is then centrifuged in another tube and evaporated 
to dryness. The residue is dissolved in 0.15 ml of eluent and 0.1 ml injected 
onto the column. 

Urine. Urine ( 10 ~1) is added to 0.2 ml of the eluent and 0.1 ml of this 
mixture is injected directly onto the column. 

Recouery 
The recovery of chlotihalidone added to human whole blood in the 

concentration range of l--10 pg/ml was found to be 47.6 + 2.7% (SD.) and in 
urine 100 + 2% (SD.). The recovery of the chlorthalidone extracted from 
plasma in the concentration range of 50-500 ng/ml was found to be 70 + 3% 
(SD.). The calibration curves were linear over the concentration ranges 
measured, and the sensitivity limit for chlorthahdone was 30 ng/ml. 

RESULTS 

Fig. 1 shows high-performance liquid chromatogmms of whole blood, plasma 
and urine samples obtained from a vohmteer after the intake of 100 mg color- 
thalidone. As shown in the blank samples no interfering peaks are found either 
in direct injections (urine) or after deproteinization (whole blood), or 
extraction (plasma). 

Fig. 2 shows the concentration-time profiles of whole blood and plasma and 
the renal excretion rate--time profile of chlorthalidone in a volunteer after an 
oral dose of 100 mg. The calculated pharmacokinetic parameters of the 
volunteers are summarixeci in Table I. The plasma half-life time of elimination 
in this study varies from 26.5-42 h, whereas the hair-fife time measured in 
whole blood appeared to be somewhat longer (33-57 h). 

About 40% of cblorthalidone is excreted in urine unchanged, although big 
variations are found. The renal excretion rate hardly appeared to be affected 
byurinaryfloworurinary pH, but was strongly influenced by the plasma con- 
centration. The relationship between the renal excretion rate and the plasma 
concentration (the proportionahty factor being the renal clearance) clearly 
shows a biphasic character. The renal clearan ce of chlorthalidone was much 
higher (161 ml/min) during the absorption and distribution phase of the drug 
in the body than during the elimination phase (59 ml/mm) (Fig. 3). 

The concentration-time courses of chlorthalidone in plasma and whole 
blood are not synchronous. A linear relation between blood and plasma con- 
centration was found (r = 0.929) after absorption and distribution processes 
were complete. The uptake of chlorthalidone in the red blood cells was sIower 
than the drug supply after absorption, resulting in altering whole blood:plasma 
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TABLE I 

SOBbE I?K-uRBu COKINETIC P -ES OF CEILOR- 6NE 
ADMINiSTRATION OF 100 mg TO VOLUNbERs 

AFTER ORAL 

Subject Body Pfasma whole Concentration Percentage Renal 
weight 

% 
blood ratk wfiole excreted in clearance** 

(kg) 
:a”, 

blood:pIasma - * 
FT. 

(mi/mw 

JED 60 26.5 _*tt _*t* 50.9 67.5 * 16.8 
26.5 36 28.3 c 5.4 42.7 60.6 -+ 35.4 
30.5 34 26.1 * 3.0 44.9 54.0 f 15.3 
28.5 33 39.8 r 8.4 38.3 62.4 f 15.3 

57 40.0 _*** _*** 23.4 67.5 f 11.8 
29.0 36 20.5 c 5.2 34.8 65.1 r 22.3 
42.0 57 25.9 + 5.5 27.2 51.9 f 13.7 
40.0 33 26.6 c 4.6 19.2 39.0 * 14.3 

*Percentage of the dose excreted in urine as the unchanged drug during 70 h (ca 2 x ts). 
**Calculated from plasma concentrations and renal excretion rates during the elim+tiQn 
phase. 
**NQt measured. 

Fig. 3.. The. datiqnship b+xen the sew exe&ion rate &d the plasma concentration, 
the proportiodity f&Mar being the ~ienal clearante. The rend dearante QP chlQ&halidQue is 
much -higher during the absorption and diskibution~ phase of the .tig tbe~ du@.&& 
elitiorxpbase. -_. -, .. 

concentz&icm r&&s during.the &st_8 h aftei &&intake (Fig. 4). CEilor- 
th&done could not be measured in-saliva in this .expe@ment,becmse the 
concentrations appeared to be below the de&e&ion limit (30 ng/ml). 
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Fig. 4. The rektionsbip between whole blood and piasma concemtratio~~~ of &l-?&h&done_ 
The uptake of chlorthalidone in the blood cells is Slower than the drug supply after 
absorption, resulting in chasgkg biaod:plasma concentration ratios during the first 8 h after 
drug i&&e. 

DISCUSSION 

The HPLC method descriw in this pz.per permits the determination of 
ctiorthalidone in biological fitids at concentrations as low as 30 ng/ml. The 
method has advankges over the spectrophotometrk method of Tweeddale and 
Cgilvie [S] with respect to sensitivity. The published GLC methods [II--131 
are sensitive, but are mainiy based on derivatization, with the exeeption of the 
method of Fzeuren and Van Rossum 1131, which still needs 1.0 ml of plasma 
to attain a detection limit of 10 ng/ml. These volumes &an only be obtained 
fkom venipuncture, which may pose practical problems wheti large sample 
series are required for kinetic studies. With our method large numbers of 
samples cau easily be obtaIned by fingertip puncture and the concentr&on of 
chkxthalidone can be measured in plasnqwhole bkod and u.rintX _ . 

Fr*ary $.armacokinetic results as *own in this paper (Fig. 2, Table.1) 
are in good agreement with eariier reports [~10,15,16]. Cblor+alidone is 
excreted mainly unchanged in urin& & .th+ study abdut 40% of :ae 
ad..ed dose could be traced in 12. h (2 X &) W&I wide inter-.and i&a- 
individual variations (Table I). These differences 82e report& e&k in 
literature [S-lo, 15, 161 and are attributed to variations in bioavailability, 
which is &z&iv&y poor for cblorthalidone [IS,--93 ; non-linear-bindkg of-t& 
drug to -red blood cells [IO, 151 and dose-de-dent u&ary excretion [X6]. 
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