
213 

dounral of Ckmmafogropky, 183 (1980) 213-220 
Biomedhd Appliedions 
EFsetier Scientific Publishing timpany, Am+dam -Printed in The Netherlands 

CXiROMBIO. 600 

~~~~ERMINL~TIBN 0F PROPRANOUXANDITS ~MAJ~RMETABOISTES 
IN_ -PLASMA AND URINE BY HiGH-PERFORBIANCE LIQUID 

CHROMATOGRAPKY WfTHOuT SOLVENT EXTRAC’I’ION 

MANWI LO and SIDNEY RIEGEjtJ!QAN* 

School of Pkanzacy. University of C&font&z, San Fmncisco, CA 94143 (U_S.A_) 

(Received February 6th, 1980) 

SUMMARY 

Fast, reliable, specific and sensitive methods are reported to accurately quantitaze UQ- 
changed propramlol in plasma, and its major met&o&es in plannn and urine after snzymat- 
ic hydroXysk without the need for solvent extraction. These methods enable the analyst to 
process a large nrrmber of propranobl samples in one working day and should prove valuable 
to clinical laborafories demanding both speed and specificity in am assay. 

INTRODUCFION 

Fropranolol, a drug wick&7 US& in the treatment of hypertension, angina, 
cazdiac anhythmias and th~toxicosis is almost completely metabolized in 
man [I& The major metalA&=s identified in plasma and urine include: con- 
jugates of propnmolol and 4-hy&oxyp~opmno~ol and free et-naphthoxylactic 
acid [Z-7]. Methods presently available to measure these metabolites use 
cities spectzofluoromefzy [Sl, thin-layer chromatography [2,3], gas cb-rorna%o- 
mphy [lo--131, gas chn>matograplrp-mass spectrometzy [3;14,151 or high- 
performance liquid chromatography (HPLC) [4,X6-20]. Alla these methods n+ 
quirk extensive sample work-up. We report for the first time an assay proced~ 
that requkes only a simple protein precipitation step yet allows one to measure 
all the compounds in one. chromatogmphic n_m. For clinical laboratories not 
concen~ed with measznin g metabolites, a method is reported which affords an 
aceuratemeaswe of tmconjugated propran in plasma. 



214 

Standcrds and reagents 
Proprenolol HCI, 4-hydroxypropranolol HCI, a-naphthoxylactic acid, 

propranolol glycol and N-desisoprapylproprandol were kindly supplied by 
I.C_I. (MaccIesfield, Great Btitain). a-Naphthoi and at-naphthoxyacetic acid 
we~xz obtained from Alrich (Milwaukee, WI, W&A_) and Trans World 
Chemicals (Washington, DC, U.S.A.), respectively. 

The internal standard N-ethylproprauolol was prepared according to the 
method of Wood et aL 1211. However, the crude product contained an impurity 
tha% intetiered witi the assay and could rzot be separated by solvent extra&on_ 
Therefore it m necessary to purify the product by reversed-phase HPLC and 
sohrent extxaction. The recovered N&hylpropranolol was stored in methanol, 
which m used to make up three conce&ration.s for use as hzterual standards: 
one iu acetoniixile, for unchanged propranolol in plasma and two in dih&e 
phosphoric acid, for hydrolyzed plasma and at five-fold concentmtion for use 
in the urine assay. 

_4cetonitrile (W grade) and me’thanol were supplied by 3urdick and Jackson 
Labs. (Muskegon, MI, U.S.A.). All 0th~ chemicals were analytical grade. 

-4 Varian Model 8500 high-performance Liquid chromatograph equipped tith 
a Perkin-Ehner 650-10 LC fluorescence spectrophotometer, a LiCbrosorb RP-8 
column (25 cm X 4.6 mm I.D.; 10 pm particle size; Altex Assoc., Berkeley, CA, 
U.S_A.) and a LiChrosorb Pa-2 precolumn (4 cm X 3.2 mm I.D.; 10 pm pticle 
size; A&x) were used. The fluorescence output was recorded on a dualehannel 
recorder (Linear Instruments, Irvine, CA, U.S.A.). Injections were made v&h a 
lOti Hamilton syringe through a V&o CV-6-UHPa-N60 sweep-flow injector 
equipped with a lOO*l loop. 

Method 1: Measurement of unconjugafed propranolol in pb.ma 
Daily standard curves were prepared = folloxvs. A 1.5 pg/ml propranolol 

(free base) solution in water was prepared tirn a 50 gg/mi propranolol HCl 
aqueo-us stock solution. A 0.5~ml aliquot of this standard solution was added to 

- 2 ml of drug-free human plasma to make up a 300 ng/ml standard. It was then 
serially diluted with plasma to yield concentrations of 150,75,30,20,10 and 
5 ng/ml. 

Hasma samples were processed by transferring a 0.2ml quantiv into an 
Eppendorf polypropylene IS-ml micro test tube (Brinkmann No_ 2236411-1, 
BrinlmlaIm Instruments, Westbuq~, NY, U.&A_), and 0.4 ml of the N-ethyl- 
pmpranolol solution in acetunitrile was added. After the sample was vortexed 
for 15 set it was centrifuged for 2 min at 12,800 g using an Eppendorf Micro- 
centrifuge, Model 5412_ The clear supernatant was transferred to a m 
glass culture tube (13 X 100 mm) and evaporated to an approximate volume 0: 
0.1-0.2 ml under a gentle stream of nitrogen, After adcFing 0.2 ml of O-05 M 
phosphoric acid and brief vortexing, a 50-9-l aliquot was injected onto the 
cohzmn- The mobile phase was composed of 360 ml acetonitiile, 180 ml meth- 
anol and 70 ml of 0.0871 bI phosphoric acid diluted to one liter with gIass 
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distilled water. The flow-rate was 100 ml/h. The fluorometer was set at an ex- 
citation wavelength of 230 nm and an emission wavelength of 340 nm. Both 
slit openings were set at 20 m. The fluorometer was operated at a sensitiviw 
range of 0.1 and normal power gain. The output was 1 V and sensitivity varied 
by changing the voltage spans on the dual-pen recorder. One pen was always 
fixed to measure the internal standard. 

Method 2: Measurement of propmnolol, 4-hydro~yproprunolol and ar-naph- 
tho&kzcti.c a&i fn plasma and urke after enzymatic hydrolysis 

The plasma and urine standards were made up as follows: the most concen- 
trated plasma standard containing 2 gg/ml of u-naphthoxylactic acid, l fig/ml 

. of propranolol and 4-hydroxypropranolol was prepared by evaporating to dry- 
ness 0.5 ml of 20 pg/ml cr-naphthoxylactic acid in methanol. Then 0.5 ml of 
propranolol (10 pg/ml in water) and 0.25 ml of 4-hydroxypropranolol(20 pg/ 
ml in 0.01 M phosphoric acid including 5 mg/ml ascorbic acid to minimize’ 
oxidation) were added. These were diluted with 4.25 ml of human (drug-f&ee) 
plasma. Additional standards were prepared by serial dilution with more blank 
plasma. Urinary standards were prepared slightly differently because of the in- 
stability of 4-hydroxypropranolol in urine. A urre sample containing 20 pg/ml 
of propranolol and ar-naphthoxylactic acid was first prepared and then serially 
diluted with more blank urine. A series of disposable culture tubes were 
prepared each containing 0.1 ml of a 200 mg/ml solution of ascorbic acid. Then 
0.025, 0.05, 0.1, or 0.2 ml of 4-hydroxypropranolol (20 pg/ml protected by 
ascorbic acid) was added. To each of the tubes was added 0.2 ml of the appro- 
priate propranololq-naphthoxylactic acid mixture and a 0.2-ml quantity of 
the 5-fold concentrated internal standard solution. 

The assays were performed as follows: a 0.2~ml quantity of urine or a 0.4-ml 
quantity of plasma were mixed with 0.2 ml aqueous internal standard in a 
disposable glass culture tube. The urine sample was diluted with 0.2 ml of 
water. A O-l-ml quantity of ascorbic acid (200 mg/ml), 0.04 ml of acetate buf- 
fer (1.4 M, pH 5.53 and 25 mg of &lucuronidase/aryl sulfatase (400 units/mg, 
Sigma G 0751, Sk. Louis, MO, rJ.S.A.) were added. The mixture was incubated 
at 37°C for 90 min. After precipitating the protein with 0.8 ml of acetonitzile, 
the resulting mixture was transferred to a 1.5-ml microcentrifuge tube and cen- 
trifuged for 3 min at 12,800 g. A 0.6~ml amount of the clear supematant was 
removed and 0.3 ml of 0.05 M phosphoric acid was added. It should be noted 
that no evaporation was necessary. A 4O-50+1 aliquot was injected onto the 
column. The eluent was composed of 300 ml of acetonitxile, 90 ml of methanol 
and 66 ml of 0.0871 M phosphoric acid dilutid to one liter with glass distilled 
water. The flow-rate was 100 ml/h. Since 4-hydroxypropranolol fluoresces dif- 
ferently when compared to propranolol and cr-naphthoxylactic acid, the fluoro- 
meter’s emission wavelength was first set to 430 nm to measure 4-hydroxy- 
propranolol. The excitation wavelength was fixed at 310 run. After the elution 
of 4-hydroxypropranolol (about 6 min), the emission was then changed to 
350 nm for the detection of propranolol and a-naphthoxylactic acid. Slit 
widths were set at 20 nm and the sensitivity range set at 0.1. The recorder OK& 
put wti set at I V and a normal power gain was used. The spans of the recorder 
were used to vary sensitivity. 
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Wg.1. Assay of unchanged propran in plasma (see Method 1). (A) Drug-free human 
~6(~)~~~gunpleobteinedEromanangir;apatient~g20mgof propranolol 

L _ : = a-mzphthoxyacetic acid; 2 = propranotol, 34 nglml; 3 = N&Ixyl- 
proprarfolol(intemal &udtrd}_ Fluorometer settings: excitation = 230 nm;emission = 
34Onn. 

TABFZI 
INTRA-ANDINTER-ASSAYVARIATIONOF PROPRANtK0LNPLASM.A~ 

Spikedconcentration Jilti-wyC.V.(W) Ir&er-fE3sayc.v.(%) 
. (aids) . (R = 5) (n = 3, over 2 weeks) - -.- 

10.05 l-5 3.9 
30.14 nCL* 3.8 

15.35 0.9 3.9 
150.69 22 nd_* 

301.38 1.1 5.5 

*Notdetermined. 
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Fig. 2. Assag- of propranolol and metabolites in plasma (see Method 2). (A) Standard mix- 
+zre- Peaks: I = 4-hydr6xypropranolol; 2 = N-deaisopropylpropmnolol; 3 = propranolol 
glycol; 4 = enaphthoxylactic acid; 5 = propranolol; 6 = rr-naphthol; 7 = ct-naphthoxyacetic 
acid; 8 = N-etE~lpropranolol (internal standard). (B) Hydrolyzed human plasma blank_ 
(C) Hydrolyzed 1-b plasma sample from an angina patient taking 80 mg of propranolol every 
6 h. Peaks: 1 = 490 @ml 4-hytiroqpropranolol; 4 = 770 ng/ml e-naphthoxylactic acid; 5 = 
490 ngimi propranolol; 8 = N-etbyQwopmnaZ~l (internal standard). (D) Unkydrolyzed 
human plasma blank (enzyme omitted). (E) Unbydrolyzed pzttient sample, same as C. Peaks: 
4 = 770 ng/ml a-naphtboxybictie acid; 5 F 128 &ml propranolol; 8 = N-etbylproprsnolol 
(intermd standsrd)_ Fb.mrometer settings: B and C, excitation = 310 run; emission = 430 nm 
for the first 6 min, -then .changed to 350 mn. D and E, excitgtion = 230 nm; emission = 
34omlL 
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hydrakine, hydrochlorthiazide, tziamterene, fttrosetide, procainamide and 
qrtinidine, Only qrdniaine was found to interfere. 

Approximately 75% of propranolol in plasma, -y aJ!l propmnolol in 
urine and 4-hydroxypropranolol in plasma arzd urine appear as their conjugates_ 
Enzymatic hydrolysis is therefore required to liberate the compounds. Fig-U 
shows how 4hyciroxypropranolol, a-naphthoxylactic acid, propranolol and the 
internal standard N-ethylpropranolol are separated from the minor metabolites 
of pr.opranolol, namely N-desko~ropylpropranolol, propranolol glycol a-naph- 
thol and cr-naphthoxyacetic acid. Chromatograms of patient pksma and urine 
samples and blarks after enzymatic hydrolysis are shown in Fig.%, C and 
Fig_3. It can be seen that there is no interference from normd biological con- 
stituents. The same patient plasma sample was analyzed before hydrolysis for 
a-naphthoxylactic acid and unconjugated propranolol and the chromatogram is 
shown in Fig_2E, again there is no interference from blank plasma (Fig.2D). 
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Fig. 3. As& of propranolol and metabolites in urine (see Method 2). (A) Hydrolyzed human 
urine blank_ (B)HydroIyzed 2-3-h lnineco%ctian from ahypertenive patienttaking 
10 mg of pmpranolol every 6 h. Peaks: I= 3-3 ~g/ml4-hydroxyprop~atalol; 4 = 3.27 rg/ml 
wnaphtfhoryLactic acid; 5 = 2.36 rag/ml propranolol; 8 = N&hyIproplalolol (izltexxl8l Stan- 
dard). Ruorometer settings: excitation = 310 nm; emission =430nrnfar&efi.t6mirr, 
then changed to 350 nma 
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PERCENT OF PROPRANOLOL AND METABOLrIBS REMAININ GtiPLASSAND 
URINE FOLLOWING ENZYMATIC KYDROLYSXS* USING ASCORBIC ACID, SODIUM 
MEXABISUL~ AND SODm BIsULFiTE AS ANTIOXKDANTS 

Compound Antiosidant** 

Ascorbic acid Sodium mek&i5ulfite Soditim bisuLEit(3 

Propranolol 
Plasma (0.5 pglml) 99.4 
Urine (5.0 pglml) 96.7 

4-Hydroxypropranolol 
Plasma (0.5 pgfmi) 99.9 
UPiQe (5.0 pg/ml) 99.2 

c-Naphkhoxylactic acid 
Pkzsma (1.0 &g/ml) 99.6 
Urine (5.0 pglml) 91.9 

*lO,UOO units of enzyme, 90 min, 37°C. 
l *20 mg of each antioxidant used. 

95.9 94.6 
33.3 88.6 

76.1 72.5 
39.2 46.3 

91.3 91.5 
71.6 66.3 

TABLE ill 

INTRA- AND INTER-ASSAY VARTATION OF PROPRANOLOL Mti ITS METABOLXTES 
IN PATXENT PLASMA AND URINE SAMPLES* FOLLOWING ENZYMATIC 
HYDROLYSISf* 

Plasma 
I~tra-day C-V. (46) 

(n=5) 
klter-day C.V. (W) 

(n=3) 

Ropranolol 4-HYdroxypropranolol a-Naphtboxylactic acid 

1.6 22 23 

1.3 7.1 1.9 

U&e 
Inka-day C-V_ (96) 1.4 1.4 0.9 

(n=5) 
rnter-day C-V. (a;) 1.3 3.9 4.2 

(n=3) 

fDei.ennina tions were xqade over a 2-week, and 2-month period for plasma and urine 
sampk, respectively. 
l *zo,aao ‘units, 31oc, 90 mip. 



220 

Dupzcate pIEEirw standards com%.ning 1 /lg/stI of a-napbtlloxylactic ati& 0.5 
pg/mI of proprmolol and 4hy&oxypropranolol, and urine standards containing 
5 ~g/ml of aII t&see compounds v&~&incub&ed with enzyme for 90 min using 
20 mg of each of the tb.ree antioxkknts. The percent of each conzpound ze- 
maining was calculated by comparison to an unincubated standard. The reslrlts 
shown in Table II suggest that ascorbic acid is the best antioxidant for the pro- 
tection of alI three compolmds. 

Infza- and inter-day assay variations of propranoIoI and ifs metaboIi& deter- 
mined by assaying patient plasma and urine samples over a period of &vo weeks 
for plasma and two months for urine are shown in Table IhI. The limits of 
detection of the three compounds are about 20 ng/mI using 0.4 ml plasma and 
100 ng/mI u&g 0.2 ml urine. Lower IeveIs can be measured by use of kger 
vohlmes of samples. 

ACKNOWLEDGEMENT 

This work was supported by funds from the National Institute of GeneraI 
Medical Sciences (GM 16496 and GM 26556). 

REFERENCES 

1 

2 
3 
4 
5 

6 

7 

8 
9 

10‘ 
11 
12 

13 

14 
15 

16 
17 
18 

19 

20 

21 

22 

J.W. Paterson, M.E. Conoily, CT. Dollery, _A_ Hayes and R-G. Cooper, PharmacoL Clin., 
2 (1970) 127. 
Y. Garceau, L Davis and J. Hasegawa, J_ Pharm Sci_, 67 (1978) 826. 
V_T_ Vu and F_P_ Abramson, Biomed. Mz.ss Spectrora, 5 (1978) 686_ 
J-F. R&bard, D.W. S&neck and A.H. Hayes, Jr., J. Chromatogr., 162 (1979) 47. 
T. Walle, T.C. Fagan, E_C_ Conradi, U.K. Walle and T-E. Gaffney, Clin. Pharmacol 
Ther., 26 (1979) 167. 
T_ Walle, E.C. Conradi, UK_ Walle, T.C. Fagan and T.E. Gaffney, CIiu. PharmacoL 
Ther_, 26 (1979) 548. 
T_ Walle, E.C. Conradi, U.K. WelIe, T.C. Pagan and T.E. Gaff&y, Clin. Pharmacol. 
Tier., 26 (1979) 686. 
P.S. Reo, .LC. Quesada end KS. Mueller, Ciin_ Chim_ Acta, 88 (1978) 355. 
M. Schafer, HE. Geissier and E. Mutschler, J. Chromatogr., 143 (1977) 607. 
T. WaUe, J. Pharrm Sci., 63 (1974) 1885. 
D.S. SaeIens, T. WalIe and P.J. Privitera, J. Chromatogr., 123 (1976) 185 
J-F. Pritchard, D-W. $chneck, W.J. Racz and AH Hayes, Jr_. Cl& Biochem., ll(l978) 
121. 
D.E. Eastsling, T. WaUe, E.C. C&m% and T_E_ Gaffiey, J_ Chrornatogr_, 162 (1979). 
439. 
T. Walle, J. Morrison, IS_ W&e and E. Couradi, J. Chromatogr., 124 (1975) 351. 
T. WaUe, U.K_ W&e, D.R. Bridges, E-C!. Conrsdi and T-E_ Gaffney, Clin_ Chem., 24 
(1978) 991. 
W.D. Mason, E.N. Amick and 0-H. Weddle, Anal. L&t., 10 (1977) 515_ 
R.L. Nation, G.W. Peng and W.L. Chiou, J. Chromatogr., 145 (1978) 429. 
k-M_ Taburet, ll_Q Taylor, J.R. M&bell, D-E. RolKus and J.L. Pool, Life Sci., 24 
(1979) 209. 
F. Pritchard, D. Schneck and A_ Hayes, Jr_, Res. Conuuun. Chem. Pathol. Pharmacol., 
23 (1979) 279. 
D.W. S&neck, J-F_ Pritchard and AX Hayes, Jr., Res. Cosnumn. Chem. Pathol. 
PhamacoL, 24 (1979) 3. 
A.J.J. Wood, K C&r, RX_ Vestal, S. Beletter, G.R. Wilkinson and D.G. Shsnd, Erit J. 
Clin_ PharmacoL, 6 (1978) 345. 
M. La, P. Reece and S. Riegelnmn, APhA Academy of Pharmace uticaI !Zemxs 25th 
National Meeting, Ahstracfs 8/Z (1978) 87. 


