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8-BLOCKING AGENTS : DETERMINATION OF BIOLOGICAL LEVELS USING HIGH 

PERFORMANCE LIQUID CHROMATOGRAPHY 

M.A. LEFEBVRE, J. GIRAULT and J.B. FOURTILLAN 

Department of Chromatography and Mass Spectrometry applied to 

Clinical Pharmacy. Faculty of Pharmacy. University of POITIERS 

POITIERS - France. 

ABSTRACT 

Nine 6-blocking agents have been tested and dosed by 
high performance liquid chromatography. Six of them, acebutolol 
an acebutolol metabolite, atenolol, metoprolo$, propranolol and 
sotalol are detected with a fluorometric detector. Oxprenolol, 
pindolol and timolol can be quantified by their UV absorption at 
variable wavelength. A method is developped to find the best condi- 
tions of extraction and detection for each blocking agent. Experi- 
mental trials have led to a simple procedure for all compounds. 
Only pindolol and timolol plasma levels are non suitable for high 
performance liquid chromatography and need mass fragmentography or 
gas chromatography with electron capture detection. 

However, pharmacokinetic parameters can be reached, for 
timolol and pindolol, through urinary excretion since sensitivity 
of the procedure is within the range of urinary levels. 

studies on sotalol, acebutolol, acebutolol metabolite, atenolol, 
propranolol, pindolol and timolol. 

The method has been applied, as well, to pharmacokinetic 

INTRODUCTION 

Clinical studies have demonstrated large variations in 

@-blocking drug therapy. Two explanations can account for them. 

First, metabolism has been implicated for acebutolol and propranolol, 

and second, intestinal reabsorption after biliary excretion has 

been postulated. Since treatment by B-blocking agents for hyperten- 

sion and angor usually involves long-term therapy, it would be of 
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484 LEFEBVRE, GIRAULT, AND FOURTILLAN 

great interest to know plasma levels which can lead u s  t o  therapeutic 

schedules. 

In this paper, we describe results of trials performed in 

an attempt to find conditions for plasma level determination of seven 

out of nine 6-blocking drugs and urinary levels for all of them. In 

this study, sotalol plasma concentrations were the first studied by 

high performance liquid chromatography ; the procedure has been 

extended to other compounds. 
This study included five steps : 
- determination of wavelength in UV absorbance, excitation 

and emission wavelength in fluorometric detection for each blocking agent. 

- determination of biological fluids alkalinisation 
conditions, since 6-blocking agents are weak bases extractable in 

organic phase only as non-charged molecules. 

- determination of the best extraction solvent among 
twelve commonly used organic solvents. 

- determination of the best aqueous phase for back 
extraction, from organic layer. 

- shaking times have been investigated and adaptation of 
mobile phase for high performance liquid chromatography has allowed 

good separation of drug, internal standards and endogenous components. 

A large number of other cardiovascular drugs have been 

tested in order to determine eventual chromatographic interferences. 

MATERIALS AND METHODS 

Equipment : The liquid chromatograph consisted of the following 

components : model 6000 A pump (Waters Associates, Paris, France), 

model WISP-710 A as automatic injector (Waters Associates, Paris, 

France) a v-Bondapak Cla (Waters Associates, Paris, France). Three 

detectors have been used for these trials : model M 440 U.V. detector 
with 280 nm filter, M 450 U.V. variable wavelength and model 970 FS 

Schoeffel fluorometric detector (Cunow, Paris, France). The outputs 

of these detectors were connected either to a Houston Instruments 

chart recorder (Waters Associates, Paris, France) or to a Servotrace 

10 mv (Sefram, Paris, France). 

Flow rate was set for this entire study at 1.3 ml/min. 

for a 3100 psi pressure. To determine U.V. absorbance, a Pye Unicam 
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B-BLOCKING AGENTS 485 

407 (Philips, Paris, France) instrument was used and a SPF 500 Aminco 
fluorometer (Kontron, Paris, France) allowed us to determine excita- 

tion and emission wavelengths for sotalol, acebutolol and its metabo- 

lite, atenolol, metoprolol and propranolol. 

Reagents : U.V. grade acetonitrile and methanol were purchased 

from Prolabo (Paris, France). All organic solvents were reagent grade, 

obtained from Mallinckrodt, used without further purification. Hydro- 

chloric acid, sodium hydroxide, acetic acid, sulfuric acid were 
Suprapur reagents from Merck. Borate buffer was prepared with doubly- 

distilled water. 
In order to allow separation of weak bases such as blocking 

agents, counter ion I-heptane sulfonic acid (PIC B-7 reagent, Waters 

Associates, Paris, France) was used and prepared by diluting one bottle 

of the reagent with one liter of mobile phase. 

Other chemical products such as sodium sulfate were reagent 

grade quality. 

Method 
- Conditions of d_e_tec_tio_n : For the nine 8-blocking agents, 

fluorometric spectra of excitation and emission were recorded with 

the Aminco fluorometer. These controls allowed us to set excitation 

wavelengths on Schoeffel detector, close to the maximum sensitivity, 

and eventually, to choose the emission filter. In the case of UV detec- 

tion, UV absorption spectrum was measured with a Pye Unicam 407 ; Waters 
M 440 model with 280 nm filter or M 450 model with variable wavelength 
were used for chromatographic detection. 

- Determjn~tjon_o_f_Elasma alkalinisation conditions : All 
blocking agents need to be extracted at basic pH with an organic solvent 

(Figure 3 ) .  Extraction were carried out from each 0-blocking reference 

aqueous phase ( I  ml), with 100 p1 of 0.1 N, 0.5 N, N, 2 N, 4 N sodium 
hydroxide. After extraction and centrifugation, aliquots of aqueous 

phase were injected in the chromatograph. Peak heights were then 

compared with the @-blocking reference peak. For sotalol other trials 

were performed with aqueous phase set at pH 9, 9.2 and 10. 

- zede_ction of best back extraction phase : Following first 
extraction by chloroform-n pentanol mixture, and back extraction with 
0.01 N, 0.05 N, 0.1 N, 0.5 N, 1 N hydrochloric acid, 0.01 N, 0.05 N ,  
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486 LEFEBVRE, GIRAULT, AND FOURTILLAN 

0.1 N sulfuric acid, 0.01 N, 0.05 N, 0.1 N ,  1 N acetic acid, aqueous 

phase samples were injected into the chromatograph. Peak heights obtained 

from injection of aliqots of these aqueous phases were then compared 
with initial aqueous dilution of the drug. In the results we took into 

account the concentration obtained in back extraction aqueous phase 

since the volume of the later is three times smaller than the volume 

of the first aqueous phase. 

- Other paramete_rs : Extraction percentage with chloroform- 
pentanol 1 was measured following various time of agitation. Different 

mobile phases were tested in order to obtain the best separation of 

drug, internal standard and endogenous components from plasma. 

For drug monitoring studies we tried a large number of drugs 

which could serve as internal standards for each f3-blocking agent. 

- Conditions of detection : with UV absorbance, experience 
shows that M 440 with 280 nm filter was better for oxprenolol and 

pindolol and that M 450 was necessary for timolol, with wavelength 

set at 295 nm. For fluorometric detection, as shown in Figure 1 and 

2 ,  maximum of sensitivity was obtained with excitation wavelength set 

at 235 nm for sotalol and acebutolol, 222  nm for atenolol and 215 nm 

for propranolol. For acebutolol we used 389 nm filter while no filter 

was used for other blocking agents. 

- @termination of pihzrna alkalinisation conditions : Except 

for sotalol, which was well extracted at pH 9, other blocking agents 
were extracted with best efficiency when 100 p 1  of I N NaOH was added 
to 1 ml of plasma (Table I). 

- D e t e r m i n ~ t ~ o ~ - o f - b _ e ~ ~ - ~ ~ t ~ ~ ~ ~ i ~ ~ - ~ ~ ~ z ~ ~ ~ - z ~ i ~ ~ ~ ~ ~  : 

Chloroform-n-pentanol mixture seems to be the best extractant for the 

nine blocking agents (Table 11). Dichloromethane-n-butanol resulted 

in emulsification and, therefore, was not used. 

- Eetermination of best extraction Eh_zge : For all 8- 
blocking agents, 0.1 N sulfuric acid gave excellent back extraction 

efficiency (Table 111) . 
- Other paramete_::-: Manually shaking was better than auto- 

matic shaking and two minutes were sufficient shaking time to provide 

excellent extraction. 
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492 LEFEBVRE, GIRAULT, AND FOURTILLAN 

We selected mobile phases with methanol acetic acid and 

water. Addition of counter-ion I-heptane sulfonic acid to mobile phase 

is necessary for this kind of study. 

Table 4 shows that mobile phases with 28 % (atenolol) 

35 % (sotalol) and 50 % (others) were able to chromatograph the nine 

blocking agents. All these results have led us  to develop the following 

standard extraction procedure. 

- zta_gga_rd extracticn procedure : For both sotalol, acebutolol, 

acebutolol metabolite, atenolol, metoprolol, oxprenolol, pindolol, propra- 

nolol and timolol we used the following procedure : 0.9 ml of plasma and 

0.1 ml of internal standard aqueous solution were added with 0.1 ml of 

I N sodium hydroxide and 7 ml of chloroform-n-pentanol mixture (60/20,v/v) 
in a 10 ml teflon-lined screw-capped tube. Tubes were shaken for two 

minutes and then centrifuged at 3500 rpm for 5 minutes. Aqueous phase 

was discarded and 6 ml of organic phase were placed with 300 111 of 

0.1 sulfuric acid i n  new tubes which were shaking for two minutes 

and spun at 3500 rpm for five minutes. 

Ten to 100 p1 aqueous phase volume were taken for direct 

injection by an automatic injector (WISP-710), Waters Associates, Paris, 

France) into the H.P.L.C. system. 

For propranolol plasma levels in order to prevent degra- 

dation of 4 Hydroxy-propranolol, sodium bisulfite (20 mg) was added 

before extraction. 

For sotalol plasma levels, 0.33 ml of 2 N perchloric acid 

was added to 1 ml of plasma. Tubes were cooled for 10 minutes at 4OC 

and spun at 3500 rpm for 5 minutes. 1 ml of supernatant was then 

transferred with 100 1 of 4 N sodium hydroxyde and 2 ml borate buffer 

pH 9 in 10 ml teflon lined screw capped tubes. Seven ml of chloroform- 

n-pentanol (60/20, v/v) were then added and samples were treated as 

described above. 

- Standard curves : Plasma samples were spiked with increasing -------------- 
amounts of each blocking agent and treated in the same manner as descri- 

bed above. Blocking agent concentrations for the trials were 4 ,  2 ,  1 ,  

0.5, 0.25, 0.125, 0 ug/ml, respectively and internal standard concentra- 

tion was variable. For propranolol the range was 0.25 - 0.0156 pg/ml. 

Each sample was performed in triplicate. Standard curves were then 

constructed by plotting the peak height ratios versus the drug con- 

centration. 
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2 

Figure 2 . -  Chromatograms of (A) plasma samples spiked with 
I ug/ml of Oxprenolol ( I )  and 20 mcg of P L  333 ( 2 )  - (B) 
Plasma sample spiked with 2 pg/ml of pindolol (3)  and 
10 mcg of oxprenolol (4). UV wavelengh 280 nm-mobile phase : 
methanol - acetic acid-water (50/1/49 - v/v/v) 

- UJV. detectjo_z : Figures 2, 3, 4, & 5 show typical chroma- 
tograms from plasma samples spiked with each blocking agent and its 
internal standnrd. 

For pindolol, oxprenolol and timolol, mobile phase was 
methanol-water-acetic acid (50/49/1, v/v/v). Internal standard was 
P 1  333 (diphenyl 1,2 butyl-4 @ carbonyl oxypiperazinyl- N (hydroxy 
6thyl-2 5 pyrazoline 4, one 3 )  (obtained from LFT France) for oxpre- 
nolol and timolol, and oxprenolol for pindolol. No interference with 
endogenous components has been found. 

n 
The limits of sensitivity were about 20 ng/ml for pindo- 

lo1 and oxprenolol and 40 ng/ml for timolol. For oxprenolol pharma- 
cokinetic studies, 12 H. plasma levels could be measured by taking 
2 or 3 ml aliquots of plasma. 
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c 
# 

A 

1 

J 

B 

1 

I, 
Figure 3 : A - Chromatogram of  plasma samples spiked with 

1 ug/ml of Timolol ( I )  and 160 pg of PL 333  

( 2 )  UV wavelength 295 nm. Mobile phase 
methanol-acetic acid-water (5011149 v/v/v). 

B - Chromatogram of plasma samples.spiked with 
1 pg of  metoprolol ( 2 )  and 1 pg of Acebutolol 

metabolite ( 1 )  excitation wavelength: 222 nm 

mobile phase (5011 149 v/v/v) . 

Timolol and pindolol plasma levels cannot be approached 

by high performance liquid chromatography, since 12 or 24 hours 

plasma levels are less than 1 nglml, but urinary levels, which can 

provide pharmacokinetic parameters, can be measured this way. 

Figure 6 depictsa linear relationship between the drug plasma 
levels and the peak height ratios for oxprenolol. Correlation 
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2 2 

1 

B 
A 

Figure 4 : A - Chromatogram of plasma samples spiked with 
2 pg/ml of Sotalol ( I )  and 10 ug of  procaina- 

mide ( 2 )  excitation wavelength : 235 nm. Mobile 

phase : meOH - acetic acid - water ( 3 5 / 1 / 6 4  v/v). 

B - Chromatogram of plasma samples spiked with 

0,5 ug/ml of Atenolol ( I )  and 10 pg of  procaina- 

mide ( 2 )  excitation wavelength 222 nm. Mobile 

phase MeOH - Acetic acid - Water ( 2 8 / 1 / 7 1  v/v/v). 

coefficient was 0.997 for timolol. It was 0 . 9 8 8  and 0.996 f o r  

pindolol and oxprenolol respectively. 

Fluorometric detection 

For sotalol, atenolol, metoprolol and propranolol, for 
which excitation wavelengths were 235, 227,  222 and 215 nm, respecti- 

vely, no filter was used at emission. For acebutolol a 389 nm cut 
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Figure 5 : A - Chromatograms of plasma samples spiked 

with 0.25 ug of  Propranolol ( I ) ,  0 , 2 5  ug 

of  OH Propranolol (2) and 1 g of LM 5008 
(3). Excitation wavelength : 215 nm. Mobile 

phase : meOH acid water 50/1/49. 

B - Chromatogram of plasma samples spiked 
with 2 ug/ml of Acebutolol metabolite ( I )  
2 ug/ml of Acebutolol (2) and 1 ug of LM 
5008 (Internal Standard (3) excitation 

wavelength 235 nm (emission filter 389) 
Mobile phase : MeOH - Acetic acid - Water 
(5Olll49, v/v/v). 
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8-BLOCKING AGENTS 497 

Figure 6 : Standard curve of Oxprenolol with P 1 .  333 

as internal satandard (range 4 - 0.125 pg/ml) 

off filter was used at emission with excitation wavelength set at 

235 nm. 

No interference with endogenous components from plasma 

has been found with fluorometric detection. Limits of sensitivity 

were 10 ng/ml for sotalol, atenolol and metoprolol, 5 ng/ml for 

acebutolol and its metabolite, and 0.5 ng/ml for propranolol. 
Internal standards were procainamide for sotalol and atenolol, 

and LM 5008 ( 4 -  E-(3-indolyl) ethyl] piperidine) (Pharmuka, France) 
f o r  acebutolol and propranolol. 

DISCUSSION 

The method previously described here allows measurement 

of plasma and urinary levels of 8-blocking agents. We tried to develop 

a simple procedure common to all 8-blocking agents. A great number of 

publications ( I  to 18) are related to this category of drug. Most of 

them involve gas-liquid chromatography techniques which require 

derivatisation prior to injection. This step is very difficult to 

achieve, since temperature and time of derivatisation are critical. 
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High performance liquid chromatography does not deed such derivatisa- 

tion and allows reduced analysis time compared to gas liquid chroma- 

tography. On the other hand, automatic injectors such as WISP 710 
provide gain of time for pharmacokinetic studies. 

The twostep extraction procedure first leads to a sample 

clean-up of plasma, and second, allows direct injection into the chro- 

matograph of the aqueous phase from back extraction. Moreover, con- 

centration of the drug is achieved since the aqueous phase has a 

volume three time lower than that of the initial plasma sample. 

Three detector models were used for these studies. 

U.V. absorbance detector M-440 with 2 8 0  nm filter provides an excellent 

baseline for chromatograms and allows increased sensitivity, since 

2 0  ng of oxprenolol and pindolol per milliliter of plasma can be quanti- 

fied with excellent precision and accuracy. For timolol plasma levels, 

we used M 450 variable wavelength detector set at 2 9 5  nm. The sensiti- 

vity i s  about 4 0  ng/ml with this detector. 

For other 6-blocking agents, fluorometric detector FS 970 
(Schoeffel) was used successfully ; excitation wavelength set bet- 

ween 2 1 5  and 235 nm gave, with our extraction procedure, no interfe- 

rence between drugs and endogenous components from plasma. Limits 

of sensitivity for atenolol, sotalol, propranolol, metoprolol, acebu- 

tolol and its metabolite are suitable with pharmacokinetic studies. 

Retention times of all compounds are less than 10 minutes 

and total analysis time never exceeds 4 5  minutes, since conditioning 

of the column could be reached within 30 minutes and extraction 

procedure for one blocking agent with its internal standard takes 

about 30 minutes. 

On the other hand, only one organic solvent (Chloroform- 

n-pentalol ( 6 0 / 2 0 ,  v/v) and one back extraction aqueous phase are 

required for the procedure. Internal aqueous dilutions are prepared 

monthly and kept at 4'C without degradation. 

Considering the mobile phase, good chromatographic separa- 

tions were performed with methanol percentage adjusted to 2 8  Z for 
atenolol, 35 % for sotalol and acebutolol, and 50 % for other 

8-blocking drugs. In all cases, addition of 1-heptane sulfonic acid 
was necessary. 

Finally, for drug monitoring studies as well as for 

pharmacokinetic studies, the procedure is simple and provides a 
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reduced analysis time. It could be applied for a great number of 

pharmaceutical compounds from which structures and ionisation states 

are similar to 6-blocking agents. 
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