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Chlorthahdone, 2-chloro-5-( l-hydroxy-3-oxo-l-lsomdolmyl)benzenesulfon- 
amide (I m Fig. l), 1s an orally effective dmretlc agent used alone and m com- 
bmatlon for the treatment of hypertension and edema [l-4] Chlorthahdone 
has a prolonged duration of actlon which may be attnbutable to Its long 
blologlcal half-Me (40-65 h) [5-111 Chlorthalldone has a high affmlty for 
red blood cells [7, 8, 12, 131 where it 1s estunated to be between 95 and 99% 
bound [5--71 The red blood cell bmdmg may be related m part to chlor- 
thahdone’s affmlty for the membrane-bound enzyme, erythrocyte carbomc 
anhydrase [6, 13, 141 In hght of chlorthahdone’s assoclatlon with red blood 
cells, It 1s desn-able to measure Its whole blood concentrations to obtam 
relevant pharmacokmetlc mformatlon 

1nitla.l assays for determmmg chlorthalldone m blood relied on gas chromato- 
graphic procedures based on the extractlve alkylatlon of the drug to rts tetra- 
methyl derlvatlve [15, 161 These methods are time-consummg and not ideal 
for processmg large numbers of samples More recently, high-performance 
liquid chromatographlc (HPLC) procedures for the measurement of chlor- 
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Fig 1 Structures ot chlorthahdone (I) and the mternal standard, sulfamlamllde (II) 
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thahdone m biological fluids have been reported [ 17, 181. The technique 
described for blood samples by Guelen et al. [173, however, did not use an 
mternal standard and reported only 47 6% recovery of chlorthahdone from 
whole blood The HPLC assay described by Wllhams et al [18], while 
employing an acetomtrlle precipitation techmque and an internal standard, 
does not readily allow for the determmatlon of complete drug recovery The 
presently described HPLC method incorporates an internal standard (sulfaml- 
anrhde, II m Fig. 1) to improve quantitatlon and recovers 86 1% of chlor- 
thahdone from whole blood 

In addition, tlus procedure allows for the quantitatlon of at least 0 20 bg/ml 
chlorthahdone which provides adequate sensrtlvlty to measure chlorthahdone 
blood concentrations to at least 96 h followmg a single 25-mg dose 
admmlstered to an adult of approx 70 kg This sensitivity hmit compares well 
to an apparent quantltatlon hmlt of 0 75 @g/ml reported by Guelen et al [17] 
and 0.20 pg/ml reported by Wllhams et al [ 181 

EXPERIMENTAL 

Apparatus 
A Waters Assoc (Mllford, MA, U S A ) modular chromatography system 

comprised of a Model 6000A pump, a WISP Model 710B autosampler, a Model 
730 data module, a Model 720 system controller and a Model 441 UV 
absorbance detector was used to perform the chromatography A PBondapak 
CN, reversed-phase column, 30 cm X 3.9 mm, 10 pm particle size (Waters) 
was used. 

Reagents 
Chlorthahdone and the internal standard, sulfan&mihde, were produced by 

Revlon Health Care (Tuckahoe, NY, U S A ) Water was delomzed and glass- 
distilled Acetonltrile and tetrahydrofuran were HPLC grade (Fisher Sclentlfrc, 
Fanlawn, NJ, U S A ) Dlbutylamme phosphate (D-4 reagent) was obtained 
from Waters Assoc All other reagents were analytical grade 

Chromatographlc condltmzs 
The mobile phase was tetrahydrofuran-acetomtrile--water (2 0 0 5-97.5) 

contammg 10 mM dlbutylamme phosphate adjusted to pH 5.0 with 2 0 M 
sodium hydroxide The flow-rate was 2 5 ml/mm and the detection wavelength 
was 214 nm 

Preparation of standards 
A 5.27 pg/ml standard of chlorthahdone m blood was prepared by diluting 

an appropriate volume of a methanohc solution (5%) of 105 4 fig/ml 
chlorthahdone with heparnnzed whole blood (Plasma Alliance, Knoxville, 
TN, U.S.A ). Standards of 0.20, 0 66, 1 32 and 2 64 pg/ml were made by 
sequential dilution of the 5.27 fig/ml standard with whole blood. 

Ex trac tlon 
A 160-111 ahquot of a thoroughly mixed whole blood sample was added to 
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480 ~1 of an aqueous solution contammg sulfamlamhde (1 33 pg/ml). The 
mixture was stirred on a Vortex Geme mixer (Scientific Products, Evanston, 
IL, U.S A.) and somcated for 15 mm m an ultrasonic cleaner (Model 42, 
Branson Sonic Power, Danbury, CT, U.S.A.). Acetomtnle (6 ml) was added to 
the mixture followed by vortexmg for 30 s and further somcation for 15 mm. 

The mixture was centrifuged at 1500 g for 10 mm at 4” C The supernatant 
was decanted mto a clean tube and evaporated to dryness under nitrogen m a 
40°C water bath. The residue was redissolved in 80 yl of mobile phase and 25 
~1 were injected onto the HPLC column 

Calculatzon of results 
The areas of the chlorthahdone and sulfanilamhde peaks were determined by 

electronic integration and the peak-area ratio of chlorthalalldone/sulfan&mil~de 
was calculated. Cahbratron curves were constructed by plotting the peak-area 
ratlo versus the chlorthahdone concentration for the standards and the lmear 
regression line was determined Chlorthahdone sample concentrations were 
calculated from their peak-area ratio relative to the calibration curve 

RESULTS AND DISCUSSION 

Chmmatographxpropertles 
Chromatograms of extracted blank and whole blood standards are depicted 

m Figs. 2 and 3, respectively The retention times of chlorthalidone and sulfaml- 
arnhde were 8.7 and 13.9 min, respectively There were no interfering peaks in 
control blood with retention times the same as chlorthahdone and the internal 
standard 

Lznearzty and sensztwzty 
The peak-area ratio versus the chlorthahdone blood concentration exhibited 

a linear relatronship between 0 20 and 5 27 pg/ml (Table I). The correlation 
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Fig 2 Chromatograms of extracted blank whole blood (a) without mternal standard, 

(b) with mternal standard C and S mdlcate expected retention times of chlorthalldone and 
sulfamlamhde, respectively 
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W 3 Chromatograms of extracted whole blood contammg chlorthahdone (C) and lntemal 
standard sulfamlamllde (S) (a) 0 2 &ml chlorthalldone, (b) 1 32 pg/ml chlorthalldone, (c) 
5 27 ug/ml chlorthahdone 

TABLE I 

REPRODUCIBILITY OF THE METHOD 

Concentration Peak-area ratio Coefflclent of variation 
kg/ml) (mean*kSD) (%) 

0 20 00953 i- 00058 61 
0 66 0 332 + 0 030 9 0 
132 0660 + 0 029 4 4 
2 64 140 t 0 08 57 
5 27 2 80 * 0 11 39 

Mean 58 

*Average of six replicate determinations at each concentration 

coefficient of the composite curve (n = 36) was 0 998 The llmlt of quantlta- 
tlon, based on the lowest concentration point of the standard curve, was 0 20 
pg/ml which 1s more than a three-fold increase in the sensltlvlty reported by 
Guelen et al. [17] This quantltatlon hnut IS adequate for current apphcatlons 
and may be extended further, d necessary. 

Precwon and accuracy 
Standards of 0.20, 0 66, 1 32, 2 64 and 5 27 pg/ml chlorthahdone concen- 

tration were assayed in trlphcate on two different days to determine the 
reproduclblllty (precision) of the assay The results (Table I) show that the 

precision of the assay, expressed as the coefficient of vmation, ranged between 
9.0% at 0.66 @g/ml and 3.9% at 5 27 E.cg/ml. 

The accuracy of the method was determined by assaymg whole blood chlor- 
thahdone standards at 0.20, 0.66, 1.32, 2 64 and 5 27 @g/ml Table II shows 
that the assay was accurate to within 5% or better for the concentration range 
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TABLE II 

ACCURACY OF MEASUREMENT OF CHLORTHALIDONE ADDED TO WHOLE BLOOD 

TheoretIcal Calculated concentration Coefficient of Difference of mean 
concentration (mean*kSD) variation from theoretical 
(Ccg/ml) (Izglml) (%) (%) 

0 20 0 21 f 0 01 48 +5 0 
0 66 0 65 + 0 05 77 -15 
132 127 f 0 05 39 -3 8 
2 64 2 65 ? 0 16 60 +o 4 
5 27 5 28 f 0 21 40 +o 2 

*Average of SIX rephcate determmatlons at each concentration 

studled. The coefflclent of varlatlon of the calculated concentrations varied 
from 7.7% at 0.66 pg/ml to 3 9% at 1 32 fig/ml 

Recovery 
The recoveries of chlorthahdone and the internal standard were determined 

by comparison of the peak areas of extracted standards to the peak areas of 
aqueous standards dn-ectly mlected onto the HPLC column The recoveries of 
chlorthahdone and sulfamlamhde averaged 86 1 + 5% and 74.4 + 2 3%, respec- 
tively, over the concentration range of the standard curve The recovery 1s 
81% higher than reported previously [ 171 for the extraction of chlorthahdone 
from whole blood. The increased recovery 1s apparently a result of sonication 
before and after hemolysls, allowmg for a more complete release of the bound 
drug from the red blood cell. 

Drug w terferences 
Analysis of blood samples from human SubJects admmlstered chlorthahdone 

CHLORTHALIDONE BLOOD LEVEL jJG/ML 

0 20 40 60 a0 100 

HOURS POST OOSE 

Fig 4 Whole blood concentrations of chlorthahdone m a human subject who received an 
oral dose of Hygroton@ , 25 mg 
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concomitantly with the P-adrenerglc blockmg agents propranolol or cehprolol 
showed no interfering chromatographlc peaks 

Chcal samples 
The HPLC procedure described has been used for the analysts of whole 

blood samples from human bloavallabihty and bloequlvalency studies Fig 4 
shows the time course profile of chlotihahdone whole blood concentration m 
a human sublect, following a smgle oral dose of Hygroton@, 25 mg 

CONCLUSION 

An HPLC assay for the determmatlon of chlorthahdone m whole blood has 
been developed. The method 1s an improvement over the previously published 
method of Guelen et al 1171 m that It provides for greater sensltlvlty The 
presently described method mcorporates an internal standard to insure 
accuracy This assay has been used for the analysis of samples from human 
pharmacokmetlc studies 

ACKNOWLEDGEMENTS 

We thank Dr Thomas Solomon for provldmg the chmcal samples and Mr. 
Robert Esposito for revlewmg the assay work performed at Hazleton 
Laboratones America, Madison, WI, U S A 

REFERENCES 

1 A E Thomson, Int J Clm Pharmacol , 3 (1970) 21 
2 C Bengtsson, G Johnson, R Sannerstedt and L Werko, Br Med J , 1 (1975) 197 
3 R J Noveck, F G McMahon, A K Jam and JR Regan, Clm Pharmacol Ther , 28 

(1980) 581 
4 B E Howard, Curr Ther Res , 7 (1965) 304 
5 P Collste, M Garle, M D Rawlms and F Sloqvlst, Eur J Clm Pharmacol , 9 (1976) 

319 
6 W Dleterle, J Wagner and J W Falgle, Eur J Clm Pharmacol , 10 (1976) 37 
7 W Relss, U C Dubach, D Burckhardt, W Theobald, P Vudlard and M Zlmmrrh. 

Eur J Chn Pharmacol , 12 (1977) 375 
8 H L J Fleuren and J M van Rossum, Pharm Weekbl , 110 (1975) 1262 
9 H L Fleuren and J M van Rossum, J Pharmacokm Blopharm , 5 (1977) 359 

10 H L Fleuren, T A Thlen, C P Verwey-van Wessen and J M van Rossum, Eur J Clm 
Pharmacol , 15 (1979) 35 

11 T Dorsey, M Patel, M M Johnston, B L Kamath, S Bolton, E P Barry and D Mufson, 
Chlorthahdone 25 MG, MTP Press, Lancaster, 1979, p 141 

12 M G Tweeddale and R I Ogllvle, J Pharm Scl , 63 (1974) 1065 
13 B Beerman, K Hellstrom, B Lmdstrom and A Rosen, Chn Pharmacol Ther , 17 

(1975) 424 
14 B A Mulley, G D Parr and R M Rye, Eur J Clm Pharmacol , 17 (1980) 203 
15 P H Degen and A Schwelzer, J Chromatogr , 142 (1977) 549 
16 H L J Fleuren and J M van Rossum, J Chromatogr , 152 (1978) 41 
17 P J M Guelen, A M Baars, T B Vree, A J NlJkerk and J M Vermeer, J Chromatogr , 

181(1980) 497 
18 R L Wdllams, C D Blume, E T Lm, NH G Holford and L Z Benet, J Pharm Scl , 

‘71(1982) 533 


