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SUMMARY 
. 

A method for determining the plssma concentration of the B-receptor blocking agent 
mepiodolol by high-performance liquid eoiumn chromatography (paired-ion cbromato- 
graphy) azd eleetrocb~mical detection is described. Pindolol is used 2s an internal standard 
and .#he detection limit after extraction of 1 ml of plasma is less than L ng of mepindolol. 
Reproducible resxdts can be obtained with relative standard deviations from replicate 
analyses of 5 ng/ml plasma samples tithin + 4.7%. The method is also suitable fcr guanti- 
fkation of plasma pindolol levels with mepindolol its an internal standard. 

INTRODUCT~OM 

Mepindolol sulphate (bis-C1.-(isop~~ylrlannino)~-(Z-~e~hyli- 
pzopso1] tiphate) is a new, non-selective &receptor blocking agenk with slight 
_jntrinsi~ sympathomimetic activity. It is reported to .be two to three times as 
poten* as pindolol [I]. Its pharmacokinetic properties have been evaluated by 
a fhxorimetric method [2] and by ‘%-h&e&d drug analysis f33. Comparison 
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or” the two assays shows that, by spectrofluorimetry, (1) the plasma level of 
mepindolol is higher, (2) the ehmination half-life in the plasma is longer, and 
(3) the amount of unchanged drug excreted with the urine ia larger. The reason 
fcjr this may be that metabolites &n&u to the drug mole&e might have been 
assayed fluorimetricahy together with mepindoloi, thus showing higher and 
longer lasting drug concentrations in plasma and urine. 

We therefore decided to develop a new method of detection which should 
be at least as sensitive as the fiuorhnetric sssay mentioned above but without 
the use of radioactively labelled substances and without the need of 
derivatization, 

EXFERJMENTAL 

Subjects and medication 
Four healthy female volunteers (age range 2346 years, mean value 36 t- 11, 

and !54+6 kg in weight) were each given 20 mg of mspindolol sulphate orally 
as IO-mg tablets affr a standardized breakfast. Blood samples were taken at 
0, I, 2, 3, 4, 5, 7, 9, 12 and 24 h after the drug administration. They were 
immediately centrifuged and the plasma stored frozen until analysis. 

Reagents 
Mepindolol and mepindoloi sulphate were obtained from Schering, Berlin, 

G-F-R., and pindolcl was a gift from Sandoz, Basle, Switzerland. All solvents 
(benzene, isoamyl alcohol, methanol, ethyl acetate and diethyl ether) were of 
analytical-reagent grade and were used without further purification. Sodium 
hydroxide, 0.1 N solution, and 0.1 N acetic acid were each prepared by 
dissolving one ampoule of “fixanal” (Riedel-de Haen, Hannover, G.F.R.) in 
11 of distilled water_ 

Standard solutions 
Just before use, solutions of LO pg of mepindolol and 100 ig of pindolol, 

each in 100 LIII of methanol, were prepared. 

Glassware 
Ml glassware used in the extraction procedure ws cleaned with cbmiz 

acid, washed with distilled water and methanol and dried at 150” before use. 

&fraction procedure 
One mihilitre of plasma was pipetted into an 8-ml stoppered test tube and 

5 ng of pindolol, 200 Hi of 0.1 N sodium hydroxide solution and 5 ml of 
benzeneisoamyl alcohol (20:1, v/v) were added. After thorough mixing on a 
Vortex mixer for 1 min and centrifugation at 1200 g for 5 min, the organic 
phase was transferred to another test tube and reextracted into 200 ~1 of 0.1 N 
acetic acid by mixing for 1 min and centrifugation for 5 min at 1200 g. The 
organic phase was discarded and the acetic acid extract washed twice with 
500 ~1 of diethyl ether; 150 pL of the aqueous phase were used for analysis. 

Standardsamples prepared from blank plasmaspiked with5,10and2Ong 
of mepindolo! were analy~& along with the unknown samples. 
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.The extraction -efficiency was det ermined with l-d plasma samples 
containing 8 or 16 rg of x4C-labelkd mepmdobl (n = 5 for each concentra- 
tion), the- “C-activity being measured in the aqueous phase of the extract. 

The high-performamz liquid chromatography (HPLC) system consisted,.of a 
solvent delivery pump (Knauer, Berlin, G.F.R. type 52.001, a LiCbrosorb 
RP-18 chromatographic column (IO pm particle size, 250 mm X 4.6 mm; 
Knauer) and an electrochemical detector (E 611, cell EA 1096/2; Metrohm, 
Filderstadt, G.F_R.) using a glassy carbon working eleclmcie and an Ag/A@/ 
KCI reference electrode. Injection was accomplished with a Rheodyne RH 
7120 system. The mobile phase consisted of methanol-water (65:35, v/v) with 
0.01 M sodium dodecylsulphate and 2 ml of acetic acid per htre. The ehrent 
was degassed under reduced pressure before use. The chromatographic system 
was operated at ambient temperature, with an eluent flow-rate of 2.0 ml/mm. 
The electrochemical potential of the working electrode was set at +I.4 V 
against the reference eiectrode. The current range used was 5-20 nA according 
to the concentration of the drug. The detector signal was converted to a 
chromatogmphic tmce by a W+W recorder at an input voRage of 1 V. 

The standard curve was constructed with l-ml blank plasma sampks con- 
tainhrg 0, 1, 2.5, 5, 7.5, 10, 15, 20, 30 and 50 ng of mepindobl and 5 ng of 
pindolol. These sampks were extracted by the method described above. Peak 
heights of internal standard and drug were measured and the calibration curve 
(peak height ratio of mepiudolokpindolol versus the concentration of 
mepindolol) was corst~cted. 

Urkem dasma samples were processed together with three calibration 
points (5, 99, and 20 ng of kepindolol) which were used to correct for inter- 
assay variability. 

The overall accuracy of the assay was calculated from two series of 
experiments: deterzmnason of five samples of 1 ml of plasma with 20 ng and 
with 5 ng of mepindolol. 

Phmmacokinetic evaluation 
To determine the absorption and elimination- half-lives.time courses of the 

plasma levels of each test subject were plotted separately on a semi-logarithmic 
scale. The eljmination rate constant (ke) was obtained from the slope of the 
terminal straight line.. The absorption rate constant (It,) W&S constructeda by 
the “feathering” method 14 1. tmax was calculated from 

RESULTS AND DISCUSSION 

Assay 
This report describes a highly sensitive and selective method for the deter- 
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mhatim of mepindolol’in pknqutilizing HPLC with efectrochemk.al d&c- 
f&m., Extraction ris perfcxmed in two steps by first using an organic solvent 

s . 
ntucbae (henzene-isoamyl alcohol) and th& - -into 0.1 M acetic 
acid and washing the aqueous phase with diethyl ether. The ovezall re&overy of 
this proced~.~ was found to be 69.9 r 4.4% and 64.7 r 6.2%. for 8 and 16 ng of 
mepindolol, reqectively, as determined by r&&&Sty measurem e&s of the 
extpact -after spiking plasma samples with *%lahelled drug (see ‘Fable I). The 
mean value of recovery for the two concentrations was 67.3 c 5.8%. 

Adaed to plaa Recovered 

8.00 5.66 
5.36 
5.45 
6.18 
5.32 

16.00 11.33 
10.96 
9.74 
10.34 
8.93 

- 

Rasma constituents and possible co-extracted metaboliks of mepindolol 
SW& then separated fnam the drug by HPLC using a reversed-phase system with 
km.pair formation (see Fig, 1). 

D&e&on is performed by rnean~ of an electrochemical detector in the 
oxidative mode. This is possible because the indole moiety can easily be 
oxidized or react with electrophik. The main site of oxidation will always be 
the $-position of the molecule 151. The introduction of an ad&tonal methyl 
group in position 2 as with mepindolol should- enhance nucieophilicity at 
position 3 by an inductive effect thus making mk@ndolol even more 
susceptible to oxidation than pindobl. As can be seen from pig. 2 (electro- 
chemical response at varying potential settings) pindolol starts to be oxidii 
at somewhat higher voltages. The potential setting of +I.4 V used in the detec- 
tion system described shove is considerably higher than that applied in the 
dete _ &ion of catechokmines and related compounds (+0.50 to HI.85 V) as 
described in the Meratt [6-U] md it may not be increased further because 
of electrolysk of the eluent. 

Plasma concentrations of mepindolol were determiped by comparing the 
peak heights of thF- drug and the internal standd added to the $asma 
specimens before extraction. A typical calibration curve of the assay is 

; 
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5 min d -- 5 min 

Fig. 1. HPLC chromatograns of (A) blank plasma samples spiked w&b 5 ng of pindolol, 
(B) 5 ng of pindo + 7.5 ng of mepindolol, and (C) of a plasma sample obtained from test 
subject No. 4 2 h after oral administration of 20 mg of mepindcAo1 sulpbate. 

ill&M in Fig. 3. The equation 

peak height of mepindolol = (0.133 X concentration of mepindolol) - 0.061 
peak height of pindolol 

was obtained, with the y-intercept of -0.061 being almost zero. The correla- 
tion coefficient was 0.998 and demonstrated the linearity of the data This 
calibration curve was used for the analysis of uuknown plasma samples. 
Concentrations of more than 50 ng/ml thus have to be regarded as estimates. 

The overall accuracy of the assay expressed as standard deviation of five 
consecutive determinations .of 5 and 20 ng of mepindolol per ml was 4.7 and 
4.2%, respectively (see Table II). When assayed on four different days peak 
height ratios’ for 20. ng of drug per ml were obtained as 2.67, 2.90, 2.50 and 
2.77, yielding a stand& deviation of the inter-assay accuracy of 6.2%. 
Although this due was quite t+rable, stand+ samples prepared &om 
blank plasma. qiked ,tith 5,IO aqd 20.ng of mepindolol per ml were analyzed 
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Isg_ 2. F%stmch emical resqouse {peak height) of 2.5 fig each of piado aad megxindolol 
at 9tkrbis patentii-il settings. 



PF+CISlQN OF T-I&U3SAY 

: ‘!?& come~tive detdi&tions of 5 ng of mepindold and 20 ng of mepiadolol per ml of 
plasma were made. 

Mephdolol Peals height (mm) 
(Wmu 

Pindolol Mepindolol Mep.Pind. Mean f SD. 

20 35 108 
33 57 
38 108 
37 105.5 
39 108 

5 66.5 2Y 
63 30 
80.5 40 
58 27.5 
71 34 

3.09 
2.94 
2.84 2.8C 2 0.12 
2.85 
2.77 
0.44 
0.48 
0.50 0.47 r 0.02 
0.47 
0.48 

INDIVIDUAL PHARMACOICLNETIC PARAMEX-ERS OF FOUR TEST SUBJIXXS AETER 
ORAL ADMiNISTRATiON OF 20 mg OF h%RPINDOLOL SULPHATE 

Test subject Absorption Concentration maximum Elimination 

t2i (W f~,+ ih) 
(h) (ngI=U 

1 0.7 3 36.3 3.8 

3” - 1.2 3 1 69.0 57.8 4.3 4.1 
4 0.4 2 74.2 3.5 

Mean f S-D,. - 2.3 2 1.0 59.3 * 16.3 3.9 f 0.4 

Mean value * 0.4 1.5 47.3 * 18.8 4.0 
- 
*Gaicut%ted from the mean values’ ywzve of the four volu&eers. 

along with the tmknowa sampks on different d3ys to correct for ihe inter-assay 

xthnce. 

The detection limit after extra&ion of I ml of plasma was less than B ng of 
mepindoloL 
. . 

&4dy of plasm levels 
Megkxiolof was absorb& with a half-life of 0.4 h (cdcdated frc.:~ 3 curve 

constinreted with the mean values of the four test subjects) and reached its 
m&m atabout 2 h (calculated: 1.5 h) at a ievel of 47.4 * 18.8 ng/mL. The 

--individti- pharmacokiu&ic~values of the four vok&eers are listmA in ‘Fable III 
(see also Fig. 4). As cau.be seen from Table Iv, there is no difference in the 
remI& of the %%ssay aud the method described above, especially when the 
data are corrected for the body weight of the test subjects. In that case - when 
taking-.&he %otly weight of. the male subjects (L4C-~y) as ti standard - the 
meau vah~e of the umximtun concentration of the HPLC itssay becorhes 41.1 
+ 16.3 ng/mt_- 



Fig. 4. %sma level of mepindolol (mean 2 S. D.) after oral administration of 20 mg of 
mepindoiol suiphate to four healthy female voluateers. 

COMPARISON OF RBSULTS OBTAINED BY THREE DLF- ME3XODS _AFFER 
OFUL ADMiNlS-l33ATiOM OF MEPINDOLOL SWLPJiiATE TO EiEALW 
VOL-ERS 

F’lcorimetry “Cmethcsd HPLC 

No. test subjects .5 5 4 
sex MaIe + female Male Female 
D- hzl 10 20 20 
Absorption t* jh) 1.1 0.4 0.4 
Concentration maximum 

(h) 
(w/J4 4::: k 8.1 3::: 2 20.7 

1.5 
47.3 +- 18.8 

razge<ngiznl) 33.4-54.3 21.9-71.6 36.3-74.2 
Elimination t4+ (h) 4.6 f 1.6 4.2 -+ 1.3 3.9 + 0.4 
- 

In the fluorimetric assay, howeveqanidenticalvalue is obtained with half 
the dose administered_ The reasonforthismaybet~m~~~~chemieslly 
~u,~edrugmolecuIe~kthavebeenfllroPimetricallyassayed together 
withme~indoloi,thusshowinghigherandlongeri~gplasna~neent~tions. 

The ssme kolds for urkzary excretion. In the report by Gugkr et at. fZj, 
W h &r-oral ' 0 _ &&on of10 mgofmeptidoloIstipk&e 17.4% ofthe 
do-se was recovezz in the urine in the unchanged-form. z4C-LabeUed drug 
an&y& [3~.however,has shownthatafterdouble thedoselessthzm I%wms 
to be fmmd in the urine. 

Thus, the LEI?LC assay of mepindolol described above differs from the 
fluorimetricmetkod knownintkelite~by 
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(I) Use of ..&I i&,-end standard for contro&ng the eAraction; procedure, 
(2) .separ&ion of plasma constituents and mepindolol metabolitis from the 

unchanged drug by HPLC (metabolic patterns will be reported elsewhere 1121. ?, 
(3).high sen&ivi~ without the need of deriv&iz&ion, and 
(4) rapid sample preparation, thus permitting a higher efficiency in routine 

work. 
The method will be used in fuxther clinLca.l pharmacokinetic studies in our 

laboratory and may also be applied +a the deter&ion of pindolol. 
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