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PindoloI, ci, Z-4-(2-hydmxy-3~isopropykmhm-propoxy)-indole is a potent 
&adreno@eptor blocking agent for the treatment of hypertension [1,2] and 
angina 131. Fluorhnetry, after reaction with o-phthzdaldehyde, is the only pub- 
lished method sensitive enough to estimate therapeutic concentrations of &his 
drug 141. This method is sensitive to approximately 20 ng pindolol and is rela- 
tively simple TV perform [ 5,6]. However, its specificity particularly in relation 
to interference by other chugs is questionable and could have co&zibuted to 
thevery large scatter in pindolol plasma concentrations of hypertesive subjects 
taking additional medication [. 71. 

We report here a procedure for determining plasma pindolol concentrations 
uGlising high-performance liquid chromatography (HPLC). The procedure in- 
volves a three-&p solvent extraction of pindolol from plasma combined with 
the separative capability of HPLC and the setitivi~ of fluorescence detection. 

Reagents 
Acetotitrile, HPLC 190-nm grade was purchased from Waters Assoc. 

(Milford, MA, U.S.A_)_ Diethy ether (Ajax Chemicals, Sydney, Australia) and 
n-heptane (BDH Chemicals, biverpool, Great Britain) were washed successively 
with 1 M sodium hydroxide, 1 M hydrochloric acid, water and then distilled 
prior to use. water for EZPLC was di&lkd from a&&e potassium uer- 
manganate before use. Pi..dolol wzs obtained from Sandoz, Sydney, Australia. 
All other reagents wer& of analytical grade obtained from commercial sources. 

A 5000 series liquid ckomatograph fitted with a universal loop injector 
(Varian Assoe., Palo Alto, CA, U.S.A.) was used in conjunction with a column 
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(300 X 4 mm ID.) packed with Micropak MCH-IO octadecylsilane (particle size 
10 pm). A -e column (40 X 4 mm I.D.) was packed with- @eIlicular Cts 
material (particle size 40 pm, Vydac SC reversed-phase, Var+i Assoc.). The 
detector Was a Schoeffel FS-970 fluorimeter (Schoeff& Westwood‘NJ, U.S.A..) 
fitted with a deuterhun arc source. End0101 was detected by excitation at 220 
run (X-_ for pindolol 219 nm) and its fluorescence emission was selected by 
a Corning 7-60 glass filter with an approximate band pass of 320-400 run. 

Plasma samples 
Drug-free venous blood was obtained from healthy human subjects. Blood 

was also obtained from (i) clinic out-patients on chronic pindolol therapy 
2-4 h after taking 15 mg pindolol once daily and (ii) clinic ou&patients taking 
medicaqon which did not include pindolol. These patients sewed as controls 
for evaluating possible drug interferences in the assay. Blood was collected into 
plastic tubes containing lithium heparin and centrifuged at 1000 g for 10 min 
in a refigerated centrifuge. Rasma was stored in plastic tubes at -20°C until 
analysed for pindolol. 

Extmction of pindolol and HPLC estimation 

P&ma (2 ml) was placed into 25ml stoppered glass tubes in ice. To each 
tube were added 0.5 ml 1 M sodium hydroxide and 8 ml cliethyl ether. Pindolol 
was extracted into the ethereal layer by mechanically vortex&g the phases for 
2 min. The phases were separated by centrifugation (3 min at 1000 g) and 6 ml 
of the ethered extract transferred to clean IO-ml tapered glass-stoppered tubes 
containing 200 ~1 of 0.1 M sodium &hydrogen phosphate (pH 3.0). Findolol 
was extracted into the aqueous phase by mechanically vortexing the solution 
for 20 sec. After separation of the phases by centrifugation the aqueous phase 
was frozen by immersion of the tubes into a dry ice-ethanol * ‘tare and the 
ethereal phase aspirated_ The aqueous phase was then washed with 2 ml of 
n-heptane by mechanically vorkxing the solution for 20 sec. After centrifuga- 
tion and freezing of the aqueous phase, the n-heptane was asp&ted and dis- 
carded. Accurate aliquots (50-100 ~1) of the acidic phase were injected direct- 
ly onto the HPLC column. The mobile phase was 0.01 M perchloric acid- 
acetonitrile (3 : 2) at a flow-rate of 2.0 ml/min. A calibration cuNe was prepared 
by treating ei*her water or plasma (2 ml) containing known concentrations (25, 
50, 75 and 150 ng/ml) of pindolol in an identical manner. Them was no differ- 
ence &I calibration curves prepared by substituting water for plasma. 

RESXXTS AND DISfSX3SION 

Pindolol isolated from plasma chromatographed with a retention time of 
3.6 min and is well separated from any analytical artefacts (E’ig.l). The fiuores- 
cence (y) due to pindolol expressed in PA of detector current is linearly rek&d 
to its plasma concentration (x) according to the equation: y.= 0.426~ + 0.167 
(r = 0.996) up to a concentration of 150 ng pindolol per ml of plasma Higher 
concentratio= were not examined. Variations in the calibration curve &om day 
to day were small, the coefficient of variation in the dope being 8.5%. Recov- 
eries of pindolol from plasma or water were identical and after allowing for 
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Fig-l. High-performance liquid chromatograms of extracts from plasma. (A) Control drug- 
fkee plasma; (B) plasma containing 67 ng/ml pindolol; peak P = pindolol. A volume equiv- 
alent to 25 ng pindolol was injected onto the HPLC coiumn. 

TABLE I 

PRECISION OF THE IIPLC PINDOLOL ASSAY 

Plasma pindoloi concentration 
(nglmU 

Pindolol added Rndolol recovered IZ 
(mean f SD.1 

2 2.5 + 0.4 3 . 
5 5.2 c 0.5 6 

LO 10.4 f 1.3 7 
25 26.0 f 1.0 4 
75 76.7 fr 2.7 3 

LOO 101.7 * 4.8 4 

&quoting tbk was in excess of 96%. Hence calibration curves were usually 
prepared using water instead of drug-free plasma. The reproducibility of the 
assay together with the stand& deviations determined for various plasma con- 
centrations of pindolol am given in Table I. The sensitivity of the assay is about 
2 ng ptidolol per ml plasma when 2 ml of plasma is used in the assay. This is 
about a four-fold imrease in sexx&iv&y over what we have observed $4) for the 
~tzorh~~etrk procedm developed by Pa&a [Sl. In this assay we chose not TV 
include an internal standard so as to minimise the probability of potential drug 
interfemxes when am&sing plasma obtained from ou%p&ies&s taking add& 
tional medication. 
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Wop~ol 
Arailoride 
Chlordiezeporide 
Chloi-othiazide 
Clonidine 
Cydopentbiqide 
E&E?pam 
Dice- 
Digoxin 
DFsopyramFde 
Fnxsemide 

lkdomethacin 
Isasorbidedi.mik&e 
MetkyHopa 
Nitrazepam 

Quiniciine 
salbukmoi 
Sdphinpyrazane 

Tbymxine 

TdlUOEpShIE 

TABLB III 

PLASMA PINDOLOL CON- X-IONS OF 9 OUT-PA- DURING A PERIOD 
OF 12 MONTHS 

1 3 6 12 

Plasma pindalol 77.3 f 10.9 73.9 211.3 73.7 + 7.8 59.6 f 8.0 
coilcenk&ion 

(ng/ml) 

Fameofsampling f69k0.15 3.15 r0.26 3.47 i 0.29 3.45 to.19 

&erdose(h‘i 

Analysis of plasma sampk from out-patients taking medication which did 
snot include pindolol semed as a *useful method for investigating possible inter- 
ferences by othes dmgs and their snetabol@s on the estimation of pEasma 
ptidolol concentrations. Therapeutic concentrations of drugs xvhkh were in- 
vestigated for possible interference in the assay art+ Wed in Table II. None of 
these dmgs interfered in the estimation of pindoloL However, plasma exkracts 
of patients taking quinidine or pram& had extra peaks hz the& chromatograms, 
In both instances these drugs prolonged analysis time. After quiniche tuki.u- 
‘i&ration two intense peaks were okemed with retention times of ahout 4 and 
9 min WhiIst after pramsin, a single intense peak appeared at 6 min. 

Pindolo! concentrations determined by thk method fkon plasma of nine out- 
patients over a 12-month period are presented in Table -III. Mean plasma 
pindoIo1 concentrakions obsemed in t&se patients -are in agreenzeqt v&h the 
known phaxmacokketics of this dmg 14]_ Differemes in pIasmakoncenkation 
o?xemed over this B-month pexiotl of ttrerapy are small as would be e.qx&ed 
from 8 drug with a small degree of fkst pass metaboliisxn 141. 

In summary, these rest& indicate thak the- HPW method desu@ed for 
esf&naGng plasma pindolol comer&atio~ is of k.ffwient sensitivity and 
_qxxHcity for use in phannacokimtic studies md clk&sl trisF&.W& hawe &xx- 
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