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SUMMARY 

A comprehensive high-performance liquid chromatographic method was developed for quantitat- 
ing propranolol and ite known metabolites in serum, bile and urine. Analyxie was performed before 
and after incubation of the eamples with p-glucuronidaee-aryleulfataee to quantitate both free and 
conjugate forma of the oxidative metabolitee. Fractionation of the basic, neutral and acidic metabo- 
lites was achieved by differential pH &vent extraction. The basic and neutral metabolitee were 
extracted from the biological eamplee at pH 10.5 with 2% n-butanol in dichloromethane. Additional 
clean-up of the basic fraction by back-extraction into dilute acid wee needed for thoee samples that 
were subjected to enzymatic hydrolysis. The original aqueous eample wae titrated with acid to pH 1, 
followed by extraction of the remaining acidic metabolites into either n-butanol-dichloromethane 
(with unhydrolyzed serum) or carbon tetrachloride (with all other tsamplee) . Chromatographic sep- 
aration of the metabolites in the different extracts was achieved on a reversed-phase C,, column, 
using a single ieocratic mobile phase consisting of 0.044 M pH 2.7 phosphate buffer, tetrahydrofuran, 
methanol and a&o&rile, with the addition of n-butylamine ae a competing base to control retention 
volume and peak shape. Detection and quantitation of propranolol and ita metabolitea in the low 
nanogram to sub-nanogram range was afforded by fluorescence at a low W excitation wavelength. 
The coefficients of variation for replicate aeeay of spiked eamples were uniformly lees than 6% for all 
the analytes. 

INTRODUCTION 

Propranolol is a widely used /3-adrenoceptor antagonist for the treatment of 
arrhythmias, thyrotoxicosis, angina pectoris and hypertension. It has also been 
used as a pharmacokinetic probe in elucidating the complex mechanisms involved 
in the uptake and metabolism of drugs by the liver. Metabolic studies in dogs, 
rats and humans [ 1,2] revealed three primary pathways of biotransformation, 
viz. N-dealkylation, aromatic hydroxylation and glucuronidation of the hydroxyl 
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Fig. 1. Major pathways of propranolol metabolism. 

group at the 2-position of the side-chain. More recently, ethereal sulfate of pro- 
pranolol has been identified in dog serum [ 31. A scheme illustrating the major 
products of propranolol metabolism is shown in Fig. 1. More than 30 metabolites, 
displaying a wide spectrum of physicochemical properties, have been identified 
to date. For example, polar metabolites with basic and acidic functional groups 
are present together with neutral non-polar compounds. Hence, a comprehensive 
and quantitative study of propranolol metabolism requires a flexible and efficient 
analytical procedure that can cope with the varied nature of the metabolic species. 

Traditional methods for quantitating intact propranolol in biological samples 
include radioimmunoassay [ 41, direct fluorometric procedure [ 5-91, thin-layer 
chromatography [ lO-131 and gas-liquid chromatography [&l-17]. Most of these 
methods are not easily adaptable for metabolite measurements. Analysis of pro- 
pranolol metabolites has mostly been accomplished with high-performance liquid 
chromatography (HPLC) [ 3,18-311. However, the existing methods are usually 
directed at a select group of propranolol metabolites, e.g. the basic species. None 
of the described procedures is capable of resolving the recently discovered regio- 
isomeric monohydroxyl metabolites of propranolol (viz. 4-, 5- and ‘I-hydroxypro- 
pranolol), which have been shown to possess P-blocking activity. The most 
versatile methods reported to date involve the use of gas chromatography-mass 
spectrometry (GC-MS) [ 1,32-371. Although mass-selective detection provides 
the necessary resolution capability, it requires access to an expensive mass spec- 
trometer and it is not cost-effective for routine high-througput analytical usage. 

This paper decribes a comprehensive and highly sensitive HPLC fluorescence 
assay for propranolol and its six major metabolites (see Fig. 1) . By combining 
an intensive clean-up procedure with an optimized enzymatic hydrolysis of the 
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conjugate substrates, our method is applicable to a variety of biological fluids 
including serum, bile and urine. Chromatographic separation of basic, neutral 
and acidic metabolites was accomplished with a single isocratic mobile phase. 
This procedure has been successfully applied to a series of quantitative metabo- 
lism studies with propranolol in the rat. 

EXPERIMENTAL 

Materids and reagents 
Propranolol hydrochloride, N-desisopropylpropranolol, pronethalol, 

naphthoxylactic acid and 4-hydroxypropranolol hydrochloride were kindly sup- 
plied by Imperial Chemical Industries (Macclesfield, U.K.). 1-Naphthol, 
naphthalene ethanol and naphthoxyacetic acid were purchased from Aldrich 
(Milwaukee, WI, U.S.A.). Propranolol glycol, 2-, 5- and ‘I-hydroxypropranolol 
were gifts from Dr. Wendel Nelson (Department of Medicinal Chemistry, Uni- 
versity of Washington, Seattle, WA, U.S.A.). /?-Glucuronidase-arylsulfatase 
extracted from mollusks (Types H-l and H-2)) fl-glucuronidase from beef liver 
( Glucurase@ ) , purified arylsulfatase from Aerobacter uerogenes (Type III) and 
saccharo-1,4-la&one were obtained from Sigma (St. Louis, MO, U.S.A.). Addi- 
tional supplies of fi-glucuronidase-arylsulfatase were also purchased from Cal- 
biochem-Behring (La Jolla, CA, U.S.A.) and Endo Labs. (Wilmington, DE, 
U.S.A.). High-purity solvents suitable for HPLC were supplied by Burdick & 
Jackson Labs. (Muskegon, MI, U.S.A.). n-Butylamine (D-4 reagent) was 
obtained from Waters Assoc. (Milford, MA, U.S.A.). All other chemicals were of 
analytical grade. 

Preparation of standards 
Concentrated stock solutions of propranolol and each of the metabolites were 

prepared separately in methanol. Starting with the concentrated stock solutions, 
working solutions were prepared containing 15 &ml 4-hydroxypropranolol, 10.8 
pg/ml5-hydroxypropranolol, 10 &ml 7-hydroxypropranolol, 14.4 &ml N-des- 
isopropylpropranolol, 16.6 pg/ml propranolol, 19.4 pg/ml naphthoxylactic acid 
and 6.8 K/ml propranolol glycol. Each of the working solutions contained 5 mg/ml 
ascorbic acid. Standard solutions for spiking were prepared from each of the pre- 
ceding list of stock solutions hy 1: 2, 1: 5, 1: 10 and 1: 25 dilution, respectively. 
The isomeric hydroxypropranolols, N-desisopropylpropranolol and propranolol 
constituted the basic fraction. The neutral fraction contained propranolol glycol 
and the acidic fraction included naphthoxylactic acid. Naphthoxyacetic acid and 
4-hydroxynaphthoxylactic acid are known to be minor metabolites derived from 
oxidative metabolism of naphthoxylactic acid. Since our focus is on the major 
metabolic species of propranolol, we did not include derivatives of naphthoxylac- 
tic acid in our measurements. However, preliminary work indicated that quan- 
titation of naphthoxyacetic acid is feasible with the present assay. 

Calibration standards for each type of biological fluid were prepared by spiking 
the blank biological medium with 20 ~1 of each standard solution. During the 
development of this assay, serum, bile and urine were obtained from rats. The 
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procedure has also been validated with human specimens. All calibration stan- 
dards were prepared at the beginning of each assay run and were found to be 
stable at 4°C for at least one week. 

Sample preparation 
Extraction procedures. Fig. 2 outlines the extraction procedure for the unhy- 

drolyzed serum samples. Sequential extraction with n-butanol-dichloromethane 
(1: 50, v/v) at basic and acidic pH yielded two fractions: the first extract con- 
tained the basic and neutral metabolites; the second extract contained the acidic 
metabolites. The final organic extracts were evaporated gently under dry nitrogen 
and reconstituted in the mobile phase, and aliquots were injected onto the HPLC 
column. 

0.6 ml SERUM + 5 mg ascorbic acid 
+ 20 fl pronethalol(4 Mml in methanol) 
+ 200 fl of 10% sodium carbonate (pH 10.5) 

I 
vortex 

+ 5 ml n-butanol-dichloromethane (1: 50, v/v) 

Shake for 15 min 
Centrifuge 

r 
+ 

& 
I 

Aqueous phase 

JI 
+ 10 fl naphthalene ethanol (internal standard) 

(48 @ml in methanol) 
+ 2OO~lMsuIfuricacid(pHl) 

I 

vortex 

+ 5 ml n-butanol-dichloromethane (1: 50, v/v) 

+ 
Organic phase 

4 
Evaporate 

4 
Reconstitute in 200 fi mobile phase 

& 
Inject 100 @ 

BASIC AND NEUTRAL FRACTION 

Aqueous phase 

& 
Di&XKl 

Organic phase 

JI 
Evaporate 

4 
Reconstitute in 200 4 mobile phase 

J 
Inject 100 4 

ACIDIC FRACTION 

Fig. 2. Extraction scheme for unhydrolyzed serum samples. 



369 

The extraction and clean-up scheme for prehydrolyzed urine and posthydro- 
lyzed serum, bile and urine samples is shown in Fig. 3. Additional clean-up steps 
are needed for the basic and neutral extract because of the appearance of back- 
ground interference during chromatographic analysis. During back-extraction 
with 1.2 M hydrochloric acid, propranolol along with the neutral glycol metabo- 
lite are retained in the organic phase, while the hydroxyl metabolites are trans- 
ferred into the mineral acid. The inability of dilute hydrochloric acid to back- 
extract propranolol from an organic solvent phase was observed also by Lefebvre 
et al. [ 261. These investigators found that less than 0.1% of propranolol was 
removed from a chloroform-pentanol solution when it was extracted with 1 M 
hydrochloric acid. 

Enzymatic hydrolysis of conjugate metabolites. The isomeric hydroxylated pro- 
pranolols are present mainly in the form of glucuronide and sulfate conjugates in 
urine. Synthetic compounds of these conjugate metabolites are not available. At 
present, measurements of the conjugate metabolites must rely on enzymatic 
hydrolysis and indirect assay of the liberated aglycones. A preliminary study was 
carried out to explore the optimal conditions for hydrolysis. The final conditions 

URINE, BILE OR SERUM 
+ 20 fl pronethalol (internal standard) 

(4tcB/mlinmethanol) 
+ 5 mg ascorbic acid 
+ 10% of sodium carbonate until pH 10.5 

I 
Vortex 

+ 5 ml n-butanol-dichloromdhane (1: 50, v/v 1 

Shake for 15 min 
Centrifuge 

Aqoeou~ phase 

J 
Acidify with 200 pJ of 1 M sulfuric acid 
+ 10 d oaphthalene ethanol (internal standard) 

(481rglmlinmetbanol) 

I 
VOrteX 

+ 5 ml carbon tetracbloride 

I 
Shake 
Centrifuge 

Organic phase 
+ 2 mg ascorbic acid 
+ 300 ~11.2 M hydrochloric acid 
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Fig. 3. Extraction scheme for hydrolyzed serum and all urine and bile samples. 
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adopted for the assay are as follows. An aliquot of bile (10 ~1)) urine (50 ~1) or 
serum (0.5 ml) were placed in screw-capped tubes and to each were added 5 mg 
of ascorbic acid (as an anti-oxidant), 100 fl of 1 A4 sodium acetate buffer (pH 
5.5 ) and 200 fl of water (except for serum samples). Then 10 mg of Sigma Type 
H-l enzyme in lyophilyzed form, containing 350 U/mg/3-glucuronidase (i.e., 3500 
U) and 15 U/mg arylsulfatase (i.e., 150 U) activity, were added. After vortexing, 
the tubes were incubated for 4 h at 37°C in a water-bath. Following hydrolysis, 
the samples were subjected to extraction as described in Fig. 3. 

Optimization of conditions for enzyme hydrolysis. The optimization study was 
carried out with a pooled 24-h urine collection from a male Sprague-Dawley rat 
(body weight 300 g) dosed orally with 6 mg/kg of S ( - ) -propranolol hydrochlo- 
ride. The principal conjugate metabolites of propranolol in rat urine are the glu- 
curonides of the regioisomeric monohydroxypropranolols. The hydrolysis 
procedure was optimized to achieve maximal yield of free 4-, 5- and 7-hydroxy- 
propranolol. The source and amount of enzyme, sample volume, incubation tem- 
perature and incubation time were among the parameters examined for an efficient 
enzymatic hydrolysis of the conjugate species. 

Four different preparations of /3-glucuronidase-sulfatase from three commer- 
cial sources were evaluated: Sigma Type H-l (partially purified powder) and 
Type H-2 (crude solution) mixed enzymes, Glusulase@ (crude solution) and 
Calbiochem /?-glucuronidase-arylsulfatase solution. 

To determine the amount of enzymes required, the extent of release of the 
aglycone metabolites from a 50-~1 aliquot of rat urine was measured after incu- 
bation with 5,10,20,50 and 100 mg of enzyme, which corresponded to 1750-35 000 
U of P-glucuronidase activity and 75-1500 U of arylsulfatase activity. During the 
early part of the investigation, incubations were carried out at 37 ‘C for 90 min 
at pH 5.0, in accordance with the conditions recommended by Lo et al. [ 281. 

The size of the urine aliquot, together with the substrate concentration (which 
depends on the administered dose of propranolol and the collection interval), 
also proved to be important considerations. Aliquots of urine, varying from 5 to 
100 ~1, were incubated with a fixed amount (10 mg) of Sigma Type H-l B-glu- 
curonidase-arylsulfatase. The extent, of hydrolysis was compared between the 
different aliquot volumes of urine. 

Lastly, the rate of hydrolysis was assessed at incubation temperatures of 37,40 
and 45 o C. Incubation times of 2,4,6,8 and 24 h were evaluated at 37’ C. 

Selective enzyme hydrolysis 
The relative proportions of glucuronide and sulfate conjugates of the hydroxyl 

metabolites in rat urine were assessed by hydrolysis studies with purified enzymes 
and by the use of selective enzyme inhibitors. 

Aliquots of rat urine (50 ~1) were incubated separately with /3-glucuronidase 
isolated from beef liver (4000 U ) or purified bacterial arylsulfatase ( 3 U ) at 37 ’ C 
for 4 h. Similar incubation was carried out with the mixed Type H-l enzymes in 
the presence of saccharo-1,4-la&one (2 mg), a selective inhibitor of p- 
glucuronidase. 
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Chromatographic conditions 
The HPLC system consisted of a Waters Model 6000A pump for solvent deliv- 

ery, a Model 710B Waters automatic injector and a 25-cm Beckman/Altex 
Ultrasphere reversed-phase Cl8 column (5 pm particle size) (Rainin Instrument, 
Woburn, MA, U.S.A.). A Schoeffel Model FS 970 fluorometer (Schoeffel Instru- 
ments, Westwood, NJ, U.S.A.) was used for detection. The excitation monochro- 
mator was set at 216 nm. A 280~nm cut-off filter was placed in the emission beam. 
The time constant was set at 6 s. The signal from the fluorometric detector was 
processed by a Waters Model 730 data module. 

Optimum separation of propranolol and its metabolites was achieved with an 
isocratic mobile phase consisting of 0.044 M phosphoric acid (pH 
2.7) -methanol-acetonitrile-tetrahydrofuran ( 67 : 20 : 1: 12) to which 0.5 @f of 
the amine modifier, D-4 reagent, was added. The flow-rate was set at 1 ml/min 
and the column was heated to 40 “C. 

Assay performance 
Extraction recovery of propranolol and its metabolites from serum and urine 

was assessed with spiked samples at four different levels over the relevant con- 
centration ranges listed in Tables I-III. Recovery estimates were based on a com- 
parison of the heights of the metabolite peaks obtained by an injection of extracts 
from spiked sample to the peak-height response of a known amount of the ana- 
lytes injected directly on column (after taking volume and concentration varia- 
tion into account). Minimum assay limit was defined as the sample concentration 
of an analyte that provides, upon injection of the extract, a detector response 
with a signal-to-noise ratio of at least 3 : 1. Reproducibility of the assay was assessed 
by replicate measurement (n = 4) of samples spiked with the drug and its metab- 
olites at mid-range concentrations of the standards. Linear calibration plots of 
propranolol and its metabolites were generated by least-squares regression of the 

TABLE I 

PERFORMANCE MEASURES FOR THE ASSAY OF PROPRANOLOL AND ITS FREE OXI- 
DATIVE METABOLITES IN RAT SERUM ACCORDING TO EXTRACTION SCHEME IN FIG. 
2 

Analyte’ Minimum dewion Concentration range Recovery Coefficient of 
limit (ng/ml) (meanfS.D., n=4) variation (n=4) 
(ngbl) (%) (%) 

4-OH-P 5.0 12.0-150 91.4k6.3 3.6 
5-OH-P 2.0 8.6-100 83.2 f 4.2 2.0 
7-OH-P 2.5 8.0-100 80.2 + 3.4 2.6 
DIP 2.5 11.5-144 91.1+ 5.2 2.0 
P 3.0 13.3-166 73.2 i: 6.2 3.5 
NLA 4.5 15.5-194 91.8k5.8 3.6 
PGL 3.0 5.4- 68 60.2 f 6.4 2.4 

*s-OH-P = 5-hydroxyprop~olol; 4-OH-P = 4-hydroxypropranolo~ 7-OH-P = 7-hydroxypropran- 
olol; DIP = N-desisopropylpropranolo~ P = propranolol; NLA = naphthoxyiactic acid; PGL = 
propranolol glycol. 



TABLE II 

PERFORMANCE MEASURES FOR THE! ASSAY OF PROPRANOLOL AND ITS FREE OXI- 
DATIVE MRTABOLI’IW IN UNHYDROLYZED RAT URINE ACCORDING TO EXTRAC- 
TION SCHEME IN FIG. 3 

Analyte* 

4-OH-P 5.0 12.0-150 84.8k5.1 3.3 
5-OH-P 2.0 8.6-108 80.3 + 3.4 3.4 
7-OH-P 3.0 8.0-100 77.9 i: 2.9 2.4 
DIP 3.0 11.5-144 88.3 & 3.7 4.6 
P 3.0 13.3-166 70.5 + 5.0 6.0 
NLA 4.5 15.5-194 90.2 k5.1 3.0 
PGL 3.0 5.4- 68 60.4 k 4.8 3.0 

Minimum detection Concentration range Recovery Coefficient of 
limit (n%mU (meanfS.D., n=4) variation ( n = 4) 
(w/ml) (%a) (%a) 

‘For full chemical names to the abbreviations see footnote Table I. 

TABLE III 

PERFORMANCE MEASURES FOR THE ASSAY OF TOTAL (FREE AND CONJUGATE) 
PROPRANOLOL METABOLITES IN HYDROLYZED RAT URINE ACCORDING TO 
EXTRACTION SCHEME IN FIG. 3 

An&& Minimum detection Concentration range Recovery 
limit (w/ml) (mean+S.D., n=4) 

(w/ml) (%) 

Coefficient of 
variation (n=4) 
(%) 

4-OH-P 7.0 12.0-150 80.3 + 8.4 
5-OH-P 3.0 8.6-100 74.9 + 4.2 
7-OH-P 3.0 8.0-100 79.8k4.0 
DIP 3.0 11.5-144 84.6 + 3.8 
P 4.5 13.3-166 70.2 f 6.3 
NLA 4.5 15.5-194 85.2 + 6.5 
PGL 3.0 5.4- 68 60.1* 5.1 

‘For ml chemical names to the abbreviations, see footnote Table I. 

5.6 
4.0 
3.8 
1.8 
3.1 
5.3 
2.1 

peak-height ratios of the analyte to internal standard against the standard con- 
centrations. The regression parameters were used to calculate the analyte con- 
centration corresponding to the peak-height ratios obtained from the test samples. 

RESULTS AND DISCUSSION 

Chromatographic separation 
Resolution of the propranolol metabolites on the Cl8 reversed-phase column 

was accomplished with .a single isocratic mobile phase using a judicious combi- 
nation of organic modifiers and a critical buffer composition and pH, The first 
attempt at optimization. was to establish an effective mobile phase pH range, 
within which the stability of the bonded stationary phase is not sacrificed. Mobile 
phases with moderately acidic pH values of 5.5-7, such as those reported by Simon 
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Fig. 4. Relationship between retention volume and mobile phase concentration of phosphate buffer 
for propranolol and eight of its metabolites. Key: 1 = 5OH-P; 2 =4-OH-P; 4= 7-OH-P; 6 =2-OH-P; 
7=DIP; b=propranolol; 9=PGL; and lO=NLA. See Fig. 1 for the full chemical names to the 
abbreviations. 

Fig. 5. Representative chromatogram obtained with a standard mixture of propranolol and its metab- 
olites. Peaks: 1 = 5-OH-P; 2 =4-OH-P; 3 = I-OH-NW 4 = 7-OH-P; 5 =pronethalol (internal stan- 
dard) ; 6 = 2-OH-P; 7 = DIP; 8 = propranolol; 9 = PGL; 10 = NLA; 1 1 = naphthalene ethanol ( internal 
standard). See Fig. 1 for the full chemical names to the abbreviations. 

and Terry [ 381 and Nygard et al. [ 391, were evaluated. Unfortunately, these 
mobile phases resulted in excessive peak tailing for the basic metabolites. Low- 
ering of pH led to an improvement in peak shape and increased sensitivity. A 
final pH of 2.7 was chosen, which provided an acceptable column lifetime (ca. six 
to eight months of constant use). 

The use of a ternary solvent system was also evaluated. A proportion of 20 : 1: 12 
methanol-acetonitrile-tetrahydrofuran afforded the best resolution. Using this 
particular combination of organic co-solvents, the influence of phosphate buffer 
concentration on the retention volumes of the analytes was also evaluated. Except 
for the neutral metabolite, propranolol glycol, a decrease in retention volume with 
an increase in phosphate concentration was observed (Fig. 4). A concentration 
of 0.044 M was chosen, which provided adequate resolution and complete elution 
of the metabolites within an hour. 

The basic metabolites presented peak-tailing problems. Peak symmetry was 
improved by the addition of amine modifiers such as triethylamine or n-butyl- 
amine. The alkylamines are known to reduce the peak tailing of basic drugs by 
suppressing ionic or adsorptive interaction of amine solutes with the uncapped 
silanol groups on the silica support [ 401. n-Butylamine was selected because of 
its relatively low volatility and its stability in aqueous solution. 

In general, elevating the temperature of the mobile phase above ambient pro- 
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motes solubilization of hydrophobic solutes in the mobile phase, leading to a 
shortened chromatographic retention [ 411. A throughput time of ca. 30 min was 
attained at a column temperature of 40 2 1 “C. At higher column temperatures, 
variation in 4-hydroxypropranolol peak height was observed, perhaps reflecting 
on-column degradation of this labile metabolite. A typical example of the sepa- 
ration of propranolol and its metabolites accomplished with the optimized sepa- 
ration conditions is illustrated in Fig. 5. 

Sample preparation 
Non-conjugate metabolites. A variety of extraction solvents had been used in 

previously reported assays for propranolol, viz. benzene, hexane, ethyl acetate, 
dichloromethane, ethyl ether and dichloromethane-alcohol combination. A mix- 
ture of 2% n-butanol in dichloromethane gave the best overall extraction yield 
for propranolol and its metabolites from serum. In the case of urine and other 
hydrolyzed specimens (see Fig. 3), carbon tetrachloride was chosen for the 
extraction step with the acidic fraction, as it yielded a cleaner extract than the n- 
butanol-dichloromethane co-solvent. 

In most published methods the extraction of basic metabolites is performed at 
a pH close to the isoelectric point of 4-hydroxypropranolol (i.e. 9.6)) possibly to 
avoid the increased risk of degradation of the 4-hydroxy metabolite at high pH. 
Our experience indicated that better recovery was attained at a higher pH of 10.5 
without compromising the stability of the monohydroxylated metabolites. A sim- 
ilar finding has been reported by Simon and Babich-Armstrong [ 241. 

As was mentioned, 4-hydroxypropranolol is known to undergo rapid oxidative 
degradation at alkaline pH [ 3,19,20,22,26,28,34]. The use of anti-oxidants to 
reduce degradative loss has been recommended. Amongst the anti-oxidants 
examined, ascorbic acid has proven to be the most accepted choice [ 281. The 
advantages include the fact that ascorbic acid does not alter the initial pH of the 
biological fluid, thereby requiring less base to adjust the pH in the initial extrac- 
tion step. Ah, unlike the reducing sulfites, ascorbic acid does not interfere with 
arylsulfatase activity [ 3,421 in the hydrolysis of sulfo-conjugated metabolites. It 
should be noted that other positional isomers of monohydroxypropranolol do not 
exhibit the instability problems of the 4-hydroxyl compound. 

All solutions of 4-hydroxypropranolol were spiked with ascorbic acid and stored 
at 4 o C between use. Biological samples were fortified with ascorbate at 200 mg/ml 
immediately upon collection, stored at - 70’ C and analyzed within one month. 
Additional amounts of ascorbic acid were added to the samples at the start of the 
extraction procedure. Extracts were kept cool during handling and were pro- 
cessed for chromatography within 24 h. 

Amongst the array of internal standards mentioned in the literature, prone- 
thalol emerged as the most suitable candidate for the basic metabolite fraction. 
It had the desirable retention characteristics and was quantitatively extracted 
under alkaline conditions. However, because of the instability of pronethalol, 
working solutions of the internal standard need to be prepared daily. Naphtha- 
lene ethanol was chosen as the internal standard for the acidic extract mainly 
because it is eluted after naphthoxylactic acid, thus avoiding the numerous inter- 
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I I r I 

0 8 16 24 32 0 8 16 24 32 40 
Retention time (minutes) 

Fig. 6. Representative chromatograme of the basic and neutral (panel I) and acidic (panel II) extracts 
from blank (B) and spiked (S) rat eerum prior to enzymatic hydrolysis. Peaks 1=5-OH-P; 2 =4- 
OH-P; 4=7-OH-P; 5=pronethalol (internal standard); 7=DIP; 8=propranolo~ O=PGL; lO=NL& 
11 cnaphthalene ethanol (internal standard). See Fig. 1 for the full chemical names to the 
abbreviations. 

fering peaks that are present in the early part of the chromatogram. 
Representative chromatograms of extracts obtained from serum and urine 

according to the procedures outlined in Figs. 2 and 3 are presented in Figs. 6 and 
7. In all instances, the chromatograms were clear of interfering peaks in the areas 
of interest. Recovery data for the extraction procedures with unhydrolyzed serum 
and urine samples are summarized in Tables I-III. Except for propranolol glycol, 
the extraction yields were in the range 70-90% for all the analytes. More impor- 
tantly, upon replicate extraction the absolute recovery is reproducible with a coef- 
ficient of variation between 4 and 10%. 

Conjugate rnetubolites. Enzymatic hydrolysis of the conjugate metabolites of 
propranolol was evaluated under a wide variety of conditions. Incubation with 
the Sigma Type H-l partially purified powder of /3-glucuronidase-arylsulfatase 
provided the cleanest extract and was chosen for use. The other enzyme prepa- 
rations contained large amounts of fluorescent contaminants;which interfered 
with the HPLC assay. 

Fig. 8 shows that for a 50-~1 aliquot of urine, the maximal yield of the aglycone 
monohydroxyl metabolites was observed when the added amount of enzyme was 
10 mg or more (i.e., 3500 U of b-glucuronidase and 150 U of arylsulfatase activ- 
ity ) . With larger aliquots of urine, more enzymes were required to effect complete 
hydrolysis, possibly owing to an increase in the amount of substrate or to the 
presence of endogenous constituents in urine that are capable of inhibiting the 
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Fig, ‘7, Representative chromatograms of the basic (panel I), neutral (panel II) and acidic (panel 
III) extracts from blank (B) and spiked (S) rat urine prior to enzymatic hydrolysis. See legend to 
Fig. 6 for the key to the numbering of peaks. Note that pronethalol serves as internal standard for 
both the neutral and basic fractions, since its partition between dichloromethane and 1.2 M hydro- 
chloric acid is reproducible. 

7-OH-P 

Fig. 8. Extent of hydrolysik of conjugated monohydroxypropranolols (4-, 5- and 7hydroxypropran 
0101) in a 50-d aliquot of rat urine as a function of the amount of /Cglucuronidase-arylsulfatase 
enzymes added to the incubation mixture. The Sigma Type H-l enzyme powder contains 350 U/mg 
fl-glucuronidase and 15 U/mg arylsulfatase. 
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TABLE IV 

EXTENT OF ENZYMATIC HYDROLYSIS OF THE CONJUGATED MONOHYDROXY- 
LATED METABOLITES OF PROPR.ANOLOL IN RAT URINE AS A FUNCTION OF INCU- 
BATION TIME 

Aglycone Pre-hydrolysis Post-hydrolysis concentration* (&ml) 
metabolite concentration 

(w/d) 2h 4h 6h 8h 24h 

4-Hydroxypropranolol 26.0 + 0.3 362 +2 384 f2 339 +2 329 f2 271 +2 
5-Hydroxypropranolol 10.3 + 0.6 39.220.9 46.1kO.8 45.2kl.l 44.9kO.8 42.6f0.8 
‘I-Hydroxypropranolol 2.5 + 0.2 12.9k0.5 16.3f0.8 16.4f0.9 15.9f0.8 16.1f0.8 

*Free and conjugated metabolite. 

p-glucuronidase-arylsulfatase enzymes. Hence the amount of enzyme used for a 
given aliquot of sample may differ, depending on the source and nature of the 
biological fluids. The recommended amount of enzyme in the present study is 
more than sufficient for complete hydrolysis of conjugate metabolites in samples 
collected from animal studies involving low and moderately high dosages of pro- 
pranolol (less than 10 mg/kg). 

In order to shorten the hydrolysis time, incubation was carried out at elevated 
temperatures. In the presence of excess ascorbic acid, 4-hydroxypropranolol 
appears to be stable at temperatures below 40°C.’ Above 4O”C, a significant 
decrease in the yield of free 4-hydroxypropranolol was noted, probably as a result 
of accelerated degradation. Hence the incubation temperature was set at 37°C. 
When the incubation time was varied, maximal yield of the aglycone metabolite 
was attained within 4 h (see Table IV). A notable decrease in the recovery of 4- 
hydroxypropranolol was observed at incubation times longer than 8 h. 

Both sulfate and glucuronide conjugates of propranolol and its hydroxylated 

TABLE V 

COMPARISON OF AGLYCONE YIELDS FROM VARIOUS HYDROLYTIC TREATMENTS 
OF RAT URINE CONTAINING CONJUGATES OF THE MONOHYDROXYLATED METAB- 
OLITES OF PROPRANOLOL 

Treatment Total concentration (&ml) 

4-Hydroxy- 
propranolol 

5-Hydroxy- 
propranolol 

‘I-Hydroxy- 
propranolol 

Pre-hydrolysis 

Type H-l b-glucuronidaee- 
aryleulfataee 

Qpe H-l enzymes plus 
saccharo-1,4-la&one 

B&f liiter glucuronidaee 

Purified bacterial aryleulfzkak 

26.0 f 0.6 10.3 + 0.6 2.5kO.2 

380 +4 44.8 f 0.8 16.5f0.5 

23.4k0.2 13.1 kO.1 2.8f0.5 

385 +2 44.1kO.3 15.5f0.4 

24.3 + 0;8 12.6f0.4 2.5kO.7 
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metabolites have been reported to be formed in humans and in dogs [ 1,431. The 
exact nature of .the conjugate metabolites of propranolol has not been investi- 
gated in the rat. Table V compares the amounts of aglycone metabolites released 
after incubation with mixed enzyme preparation in the presence of a selective p- 
glucuronidase inhibitor and after hydrolysis with either purified/3-glucuronidase 
or arylsulfatase enzyme. Hydrolysis was negligible in the presence of a specific /I- 
glucuronidase inhibitor, saccharo-1,4-lactone, or upon incubation with purified 
arylsulfatase alone, indicating the absence of sulfate conjugates in rat urine. Fur- 
thermore, incubation with pure beef liver /I-glucuronidase preparation (Glucu- 
rase) yielded the same amount of aglycone as the Type H-l mixed enzyme 
preparation. 

For all post-hydrolysis samples, a back-extraction step was included in the 
treatment of the basic and neutral fraction (Fig. 3). This is necessary to elimi- 
nate chromatographic interference from endogenous constituents. The mean 
extraction recovery for each of the spiked propranolol metabolites (in free form) 
from urine subjected to the hydrolysis procedure are presented in Table III. 

Assay performance 
Data on the sensitivity limit and precision of the assay are included in Tables 

I-III. By using a low UV excitation wavelength in the fluorescence detection, as 
recommended by Krol et al. [ 431, quantitation of low levels of propranolol 
metabolites in small volumes of blood/serum samples (ca. l-5 ng/ml in 0.5-1.0 
ml) became feasible. This assay should be applicable to studies of propranolol 
metabolite kinetics in blood. The only existing assays with comparable sensitivity 
are those involving GC-MS. 

The within-assay coefficients of variation are consistently less than 6% for 
each of the metabolites. Our experience to date indicates that the same degree of 
reproducibility can be achieved between assay runs, when repeated measure- 
ments on actual samples are made. 

CONCLUSION 

The present assay procedure offers several distinct advantages. It allows simul- 
taneous determination of all six of the major propranolol metabolites in a single 
sample, thereby avoiding the problems of multiple assays. The use of an isocratic 
mobile phase allows easy automation of the chromatographic procedure. Finally, 
it is a cost-effective alternative to the existing GC-MS assays. 

ACKNOWLEDGEMENT 

This work was supported by a United States Public Health Service Grant HL- 
33389 from the National Heart, Lung and Blood Institute of the National Insti- 
tutes of Health. 

BEF’EBENCES 

1 E.M. Bargar, U.K. Walle, S.A. Bai and T. WaIle, Drug Metab. Dispos., 11 (1983) 266. 



2 T. Walle, U.K. Walle and L.S. Olanoff, Drug Metab. Dispos., 13 (1985) 204. 
3 P.M Harrison, A.M. Tonkin, C.M. Cahill and A.J. McLean, J. Chromatogr., 343 (1985) 349. 
4 K. Kawashima, A. Levy and S. Spector, J. Pharmacol. Exp. Ther., 196 (1976) 517. 
5 P.K. Ambler, B.N. Singh and M. Lever, Clin. Chim. Acta, 54 (1974) 373. 
6 J.W. Black, W.A.M Duncan and R.G. Shanks, Br. J. Pharmacol., 25 (1965) 577. 
7 M. Kraml and W.T. Robinson, Clin. Chem., 24 (1978) 169. 
8 P.S. Rae, L.C. Quesada and H.S. Mueller, Clin. Chim. Acta, 88 (1978) 355. 
9 D.G. Shand, E.M. Nuckolls and J.A. Oates, Clin. Pharmacol. Ther., 11 (1970) 112. 

10 Y. Garceau, I. Davis and J. Hasegawa, J. Pharm. Sci., 67 (1978) 826. 
11 M. Sch&fer, H.E. Geissler and E. Mutschler, J. Chromatogr., 143 (1977) 607. 
12 J.M. Bonicamp and L. Pryor, J. Anal. Toxicol., 9 (1985) 180. 
13 H. Ong, P. du Souich and C. Marchand, Drug Metab. Dispos., 9 (1981) 529. 
14 C.A. Chidsey, P. Morselli, G. Bianchetti, A. Morganti, G. Leonettiand A. Zanchetti, Circulation, 

52 (1975) 313. 
15 D.E. Easterhng, T. Walle, E.C. Conradi and T.E. Gaffney, J. Chromatogr., 162 (1979) 439. 
16 D.A. Saelens, T. Walle and P.J. Privitera, J. Chromatogr., 123 (1976) 185. 
17 E. Di Salle, K.M. Baker, S.R. Bareggi, W.D. Watkins, C.A. Chidsey, A. Frigerio and P.L. Mor- 

selli, J. Chromatogr., 84 (1973) 347. 
18 W.D. Mason, E.N. Amick and O.H. Weddle, Anal. L&t., 10 (1977) 515. 
19 R.L. Nation, G.W. Peng and W.L. Chiou, J. Chromatogr., 145 (1978) 429. 
20 A.M. Taburet, A.A. Taylor, J.R. Mitchell, D.E. Rollins and J.L. Pool, Life Sci., 24 (1979) 209. 
21 F. Pritchard, D. S&neck and A. Hayes, Jr., Res. Commun. Chem. Pathol. Pharmacol., 23 (1979) 

279. 
22 D.W. Schneck, J.F. Pritchard and A.H. Hayes, Jr., Res. Commun. Chem. Pathol. Pharmacol., 

24 (1979) 3. 
23 J.F.Prit&ard, D.W. Schneck and A.H. Hayes, Jr., J. Chromatogr., 162 (1979) 47. 
24 M. Simon and M. Babich-Armstrong, J. Anal. Toxicol., 3 (1979) 246. 
25 M.T. Rosseel and M.G. Bogaert, J. Pharm. Sci., 70 (1981) 688. 
26 M.A. Lefebvre, J. Girault and J.B. Fourtillan, J. Liq. Chromatogr., 4 (1981) 483. 
27 O.H. Drummer, J. McNeil, E. Pritchard and W.J. Louis, J. Pharm. Sci., 70 (1981) 1030. 
28 M.W. Lo, B. Silber and S. Riegehnan, J. Chromatogr. Sci., 20 (1982) 126. 
29 F. Albani, R. Riva and A. Baruxzi, J. Chromatogr., 228 (1982) 362. 
30 C. von Bahr, J. Hermaneson and M. Lind, J. Pharmacol. Exp. Ther., 222 (1982) 458. 
31 H. Takei, H. Ogata and A. Ejima, Chem. Pharm. Bull., 31 (1983) 1392. 
32 G.L.Tindell, T. Walle and T.E. Gaffney, Life Sci., 11 (1972) 1029. 
33 T. Walle, J. Pharm. Sci., 63 (1974) 1885. 
34 T. Walle, J. Morrison, K. Walle and E. Conradi, J. Chromatogr., 114 (1975) 351. 
35 D.B. Menzel, M.B. Abou-Donia, J. Margolis and H. Strauss, Pharmacologist, 18 (1976) 156. 
36 V.T. Vu and F.P. Abramson, Biomed. Mass Spectrom., 5 (1978) 686. 
37 K.D. Ballard, D.R. Knapp, J.E. Oatis, Jr. and T. Walle, J. Chromatogr., 277 (1983) 333. 
38 M. Simon and R. Terry, Ther. Drug Monit., 1 (1979) 265. 
39 G. Nygard, W.H. Shelver and SK. Wahba Khalil, J. Pharm. Sci., 68 (1979) 379. 
40 B.A. Bidlingmeyer, J. Chromatogr. Sci., 18 (1980) 525. 
41 J.R. Cant, J.W. Dolan and L.R. Snyder, J. Chromatogr., 185 (1979) 153. 
42 T. Walle, U.K. Walle, D.R. Knapp, E.C. Conradi and E. Bargar, Drug Metab. Dispos., 11 (1983) 

344. 
43 G.J. Krol, C.A. Mannan, R.E. Pickering, D.V. Amato, B.T. Kho and A. Sonnenschein, Anal. 

Chem., 49 (1977) 1836. 


