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ABSTRACT: This overview provides comprehensive information on the most relevant results of Stobadine preclinical disposition
studies. In order to investigate pharmacokinetic processes of the drug in rats, dogs and in human volunteers, several bioanalytical
assays based on radiometric, spectrofluorometric, as well as chromatographic determination methods were developed and
implemented. In small laboratory animals, the drug absorption, distribution, metabolism and elimination were investigated by
administering3H-labeled Stobadine. Spectrofluorometry was used alternatively for the determination of cold/unlabeled Stobadine in
extracts of biomaterials sampled from larger animal species. The chromatographic separation methods proved, however, to be the
most advantageous for determining details of the drug disposition and fate in the body. Copyright# 2000 John Wiley & Sons, Ltd.

INTRODUCTION

The primary focus in the research of the scientific
workers of the Institute of Experimental Pharmacology of
the Slovak Academy of Sciences has been concentrated
long-term on preclinical studies of therapeutic substances
with membrane-stabilizing effects. Currently, one of
these compounds, Stobadine1, [85202-17-1], has
reached the third, i.e. clinical, phase of testing.

Stobadine (Fig. 1), a cardio- and neuroprotective agent
with antidysrhythmic and antihypoxic effects, protects
the brain and myocardium from ischemia, and the lungs
and other tissues from damage caused by free, mostly
oxygen-derived radicals (Benesˇ and Štolc, 1989; Bilčı́-
ková et al., 1990; Bauer and Sˇtolc, 1993; Hora´ková and
Štolc, 1998; Sotnı´ková et al., 1998). As part of the
preclinical pharmacokinetic studies, several bioanalytical
determination methods for Stobadine have been elabo-
rated and applied (see Appendix).

The aim of this paper is to overview these bioanalytical
methods not only from methodological aspects, but also
from the point of view of reassessing the obtained
pharmacokinetic data themselves, as well as their
relationship to Stobadine pharmacodynamics.

METHODOLOGICAL SECTION AND RESULTS

Drug synthesis and labeling

Stobadine, developed at the Institute of Experimental
Pharmacology, SAS, Bratislava (Sˇtolc et al., 1983), was
prepared in Slovakofarma JSC, Hlohovec, Slovak
Republic, in cooperation with the Institute of Organic
Chemistry and Biochemistry, Czech Academy of
Sciences, Prague, Czech Republic. Two salt forms of
Stobadine have been used throughout the preclinical
studies, namely its water soluble dihydrochloride salt

Figure 1. Chemical structure of Stobadine (base; molecular
weight = 202.3 Da). CAS reference number: [85202-17-1].
CAS registered name ‘Stobadine’:cis-(ÿ)-2,3,4,4a,5,9b-
hexahydro-2,8-dimethyl-1-H-pyrido[4,3-b]indole (Chemical
Abstracts, 1994).
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(sometimesreferredto in the literatureasDH 1011)and
thewaterinsolubledipalmitate(referredto asDP 1031).

Stobadinelabeling by tritium (3H) was performedat
the Institute for Research,Production and Use of
Radioisotopes,Prague,from thedrug6-bromo-derivative
by acatalyticreductivedehalogenationreactionin which
thebromineatom(in 6-C position)wasreplacedby that
of tritium (Marko et al., 1989).The3H-Stobadinesupply
(dihydrochloridesalt dissolvedin methanol),of radio-
chemical purity = 96%, activity = 40 MBq/mL, and
specificactivity = 495GBq/mmol,is deliveredandstored
underargongas.

Control of purity and stability of the drug

The antioxidativepropertyand free-radicalscavenging
action of Stobadineare attributedto the relatively high
readinessof its moleculeto releaseonehydrogenradical
from the 5-N position (cf. Fig. 1) (Staško et al., 1990)
during the reactionwith a free radicalsuchashydroxyl
(Ondriašet al., 1989;Štefek andBeneš, 1991;Steenken
et al., 1992;Orviský et al., 1997),peroxyl (Steenkenet
al., 1992), or alkoxyl (Steenkenet al., 1992). In the
presence of oxygen, the formed radical (5-N.) is
transformedthrough an intermediate(5-N-O.) into the
drug oxidized derivative(s) (Staško et al., 1990).
Although this very reactivity of Stobadinecan be used
to advantagein preventingseveralpathophysiological
conditions,amarkeddecompositionpotentialof thedrug
molecules,inducedfor exampleby the actionof atmos-
phericoxygen,shouldbekept in mind.

ThesolidStobadinedipalmitate,thesaltform designed
to betheactivespeciesin thefinal oral drugformulation,
demonstratesanexcellentstability duringstoragecondi-
tions. However in pharmacokineticstudies,when 3H-
Stobadineand/orStobadine(their dihydrochloridesalts
dissolvedusually in physiologicalsaline) are adminis-
teredto animals,thelimited drugstability in daylightand
in oxygen-containingatmosphere(Bezákováetal., 1993)
shouldbe takeninto consideration.

Thin-layer chromatography(TLC) combined with
liquid-scintillation counting (LSC) has been used to
verify the radiochemicalpurity of the suppliesof 3H-
Stobadine(the batchsolutions)aswell as their stability
during storage(Šoltés and Trnovec,1987).To develop
theTLC plates(Silufol1 UV254; Kavalier,Sázava.Czech
Republic)threedifferentmulticomponentmobilephases
of (1) CH3OH� CHCl3�ClCH2CH2Cl� (C2H5)3N,
60:20:20:3.5; (2) CHCl3� ClCH2CH2Cl� (CH3)2

CHOH� (C2H5)3N, 60:20:20:5; and (3) benzene�
(CH3)2CHOH� CH3OH� 26% aqueous ammonia.
60:20:20:1.5 (v/v/v/v) were establishedas the most
appropriate.Under any of the experimentalconditions
(1, 2 or 3), the retentionfactor (Rf) of Stobadineequals
the optimal value (Rf = 0.5). The contentof 3H-radio-
activity in theTLC spot(s)wascountedby aTriCarb-300

CD or 2500TR-liquid-scintillation spectrometer(Pack-
ardInstrumentCo.,Meriden,CT).A purity of�95%was
setasthecriterionfor workingwith thegivenbatchof the
labeleddrug.

The stability of 3H-Stobadinedissolvedandstoredin
various aqueousbuffered solutions with different pH
values(3.0� pH� 12.2)wascheckedby monitoringthe
contentof the drug and/or of its (radioactive)decom-
positionproductsonoperatingahigh-performanceliquid
chromatographic(HPLC) apparatusinterconnectedwith
a Trace II-type radioactivity detector(PackardInstru-
ment Co.) (Sčasnar et al., 1989a). A compact-glass-
cartridge (CGC) column (3.3� 150mm) packedwith
Separon1 SGX CN sorbent(meanparticle size= 5mm;
TessekLtd, Prague)wasrunwith aneluentof 8.0%(v/v)
ethanolin aqueousNaH2PO4 (50mmol/L) with addition
of tri-n-butylamine(50mmol/L); theeluentpH wassetto
2.6 with concentratedH3PO4. Undertheseexperimental
conditionsthe drugmoleculeswereelutedat a retention
time (Rt) of 6.0min. On analyzing the 3H-Stobadine
sampleskept for up to 4 h in buffered solutions, two
decompositionproducts at Rt = 3.5 and 9.0min were
observed.Thestudyclearlyshowedthatin thepH region
from 3.9 to 8.4 the drug was relatively stable,while at
otherpH values,especiallythosewithin the alkalinepH
region, its stability decreasedconsiderably.Thus on
treating the biomaterials investigated for their drug
content,it is an inevitableprerequisiteto minimize the
time of 3H-Stobadine/Stobadinehandlingandstoragein
stronglyacidic or stronglyalkalineconditions.

Determination of 3H-Stobadine in animals
without drug isolating/separating procedure

Evidence has been provided that the molecules of
Stobadineare metabolizedin vivo. In numerousbio-
materials investigated,the content of the parent 3H-
Stobadinefound was significantly lower than the total
3H-radioactivity counted in the given sample. An
exceptionallysignificantfindingwastheobservationthat
after i.v. bolusadministrationof 3H-Stobadinedihydro-
chloride to rats, in the dose of 2.0mg/kg,† the 3H-
radioactivity level of the sum of plasma Stobadine
metaboliteswaspractically unchangedover a relatively
longperiodof time(days),despitetherapiddeclineof the
parent drug plasma concentration (with a terminal
eliminationhalf-life t1/2elim= 85.6min; cf. alsoTable1)
(Kállay etal., 1990).Thusin pharmacokineticstudiesfor
thedeterminationof theparentStobadine,it is mandatory
to apply a drug isolating/separatingprocedureby which
the analyte traced is set free of its metabolite(s).
However, curiously enough,as seenin the following
subsections,therearesomedirectassaymethodsyielding
datavirtually representingthecontentof theparentdrug.

†In thewhole paper‘dose’ representsthedrugbase.
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Brain uptake of 3H-Stobadine

Theuptakeof Stobadineinto theratbrainwasdetermined
by injecting a mixture of 3H-labeleddrug and a freely
diffusible internalstandard14C-butan-l-olinto thecarotid
arteryof theanimals(Kállay et al., 1990).Within 5 s the
rats were decapitatedand in the ipsilateral cerebral
hemispheretheratio of 3H/14C radioactivitywascounted
by liquid-scintillation spectrometry. The established
brain uptakeindex= 78� 2.9%indicatesthat Stobadine
passesrelatively readily acrossthe blood-brainbarrier
(Bezeket al., 1990)andthusduring actualtreatmentof
patientsa substantialamountof the parentdrug could
reachthebrain tissue.

Scanning of 3H-Stobadine in animals by a radio-
graphic method

On applying the mode of i.v. bolus injection of the
labeleddrug, the contentof the tracerdeterminedat a
very early time interval involvesdominantlyparentdrug
molecules.Figure2 representsa radiogramcorrespond-
ing to the actual situation 5 min after 3H-Stobadine
dihydrochloride administration into the rat tail vein
(Kállay etal., 1990).[Thedrugdoseappliedwas2.9mg/
kg; the amount of (b)-radioactivity= 44 MBq per
animal.] As seen, the distribution of the radioactive
compound(s)in theanimalbody,representingmostly3H-
Stobadinemolecules,is heterogenic.A relatively high
drug contentcan be evidencedin lung, brain, myocar-
dium andliver tissue.The extensivedrug entrappingby
the lung(s) relatesto a known phenomenon—pneumo-
philicity of thebasicsubstance(s).Thehighcontentof the
3H-label in the liver correspondswell with the natural

function of this organ, ie uptakeof foreign substances
from the blood stream, their biotransformationand
subsequentelimination in the form of metabolites.The
radiographic scans taken at longer time intervals
(following i.v. drug administrationroute) (Kállay et al.,
1990)servedwell for properselectionof tissues/organs
whoseinvestigationis of muchrelevanceonstudyingthe
pharmacokineticsof the parentStobadineand/orof its
metabolites.(The rat organsprocessedwerelung, brain,
heart, liver, kidney, small and large intestine, spleen,
muscleandtestis)

Table 1. Pharmacokinetic parametersof Stobadinein rats (applied doseof 3H-Stobadinedihydrochloride: 2.0mg/kg)

Assay

Extractionmethod TLC

Drug administrationmodeandparameter Kállay et al. (1990) Kállay et al. (1991) Bittererováet al. (1990)

i.v. bolusa

t1/2elim (min) 85.6 78.1
Vc (L/kg) 3.84 3.0
VSS (L/kg) 4.78 8.5
Clapp (mL/min kg) 105.3 117.5

p.o.single
cpeak(ng/mL) 41
tpeak(min) 60 60 45
t1/2elim (min) 95� 8.2

p.o. repeated
t1/2elim (min) 78� 7.5

t1/2elim= drug terminal elimination half-life; VC and VSS= volume of drug distribution in the central compartmentand at steady-state;
Clapp= apparentbodyclearance;cpeak= peakdrugconcentration;tpeak= time in which cpeakattained.
a Relationshipof 3H-Stobadineconcentration(c) in plasmato time(t) afteri.v. drugadministrationapproximatedby abi-exponentialfour-parameter
functionaldependence,ie anopentwo-compartmentpharmacokineticmodelconferredon thedata(Gibaldi andPerrier,1982).

Figure 2. Radiogramrepresentingthe labeled drug distri-
butionin therat5 min afteri.v. administrationof 3H-Stobadine
dihydrochloride.
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Bioanalytical assay methods involving drug
extracting procedure(s)

Experimentalpharmacokineticsof a novel (potential)
drugareusuallystudiedby applyingthe pharmaceutical
labeledby a (b)-radioisotope.Primarily, the total radio-
activity representingthe mixture of the labeledparent
drug and its metabolitesis determined.To separatethe
moleculesof the parentsubstancefrom the sum of its
metabolites,a single- or multi-step liquid extractionis
usuallyapplied.

Bioanalysis of 3H-Stobadine by the extraction
method

In drugdispositionstudiesperformedonsmalllaboratory
animals,theuseof 3H-labeledStobadineallowsanumber
of simplificationsandprovidesseveraladvantages.

Extraction method principle: Scheme 1 is self-
explanatory,displayingthe methoddeveloped(Ščasnár
andŠtefek,1987)andextensivelyused(cf. Appendix)on
determiningthe drug distribution and/or its fate in the
bodyof ratsandrabbits.Thespecificityof theprocedure

representedin Scheme1 wasverified by combiningthe
TLC separationand LSC quantification methods on
analyzing the n-hexane extract/phasederived from
plasma,urine or from the homogenateof various rat
organs (lung, heart, liver, kidney). As demonstrated
(Ščasnár and Štefek, 1987), the parent 3H-Stobadine
moleculeswereisolatedselectively(>90%)with a high
recovery(>90%). This extractionmethodis character-
ized by its simplicity, rapidity and efficiency, and it is
sufficiently selectiveand sensitivefor determinationof
low levelsof 3H-Stobadinein variousbiologicalsamples.

Extractionmethodapplication(s): an interestingstudy
designwasusedin investigatingthepharmacokineticsof
3H-Stobadinedihydrochloride in rats (Kállay et al.,
1991). The drug was administeredorally in a doseof
2.0mg/kg to a groupof animals,andthe time courseof
the parent 3H-Stobadine plasma concentration was
determined(t1/2elim= 95� 8.2min; cf. also Table 1).
During threeconsecutivedays,anothergroupof ratswas
treatedwith thelabeleddrugby applyinganoral doseof
6.0mg/kg in order to quickly saturatethe rat tissues.
Fromthe4th up to 15thday,themaintenancedaily dose
of labeledStobadineappliedp.o.was1.0mg/kg.During

Scheme1. Sketchof the sampletreatmentprocedureappliedon determining
theparent3H-Stobadinein variousbiological materials.
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this time period the peaksand troughsof the total 3H-
radioactivity in plasmaindicated that virtually steady-
state conditions had been achieved.The treatmentof
animalsfrom the 16th up to the 25th day continuedby
applyingcold/unlabeledStobadinedihydrochlorideat the
doseof 1.0mg/kg.Finally,onthe26thday,theinitial 3H-
Stobadinedihydrochloridedose(2.0mg/kg)wasapplied
andthe time courseof theparentdrugplasmalevel was
determined.In this experimentaldesign,ie repeatedp.o.
drug administrationmode, the calculatedt1/2elim value
was78� 7.5min (cf. alsoTable1).

In another study (Ujházy et al., 1994, 1995), 3H-
Stobadinedihydrochloridewasadministeredorally in a
single dose of 5.0mg/kg to a group of non-pregnant
rabbitsandto agroupof pregnantanimalsonthe27thday
of gestation.Thetimecoursesof theparent3H-Stobadine
level determinedin plasmaarerepresentedin Fig. 3. As
evident,thedrugconcentrationprofile in thelaststageof
pregnancyindicateda recirculationof 3H-Stobadinein
thematernalbody[cf. Fig. 3, curveB, the(second)peak
at 300 min]. To describethe drug fate in non-pregnant
animals,a third-orderlinearmodelwasfully satisfactory,
while in the caseof pregnantrabbitsevena fifth-order
linear model had to be applied. The apparentbody
clearanceof the drug in non-pregnantrabbitswasfound
to be 139.6mL/min kg. During pregnancyits valuerose
significantlyandat the 27th day of gestationit equaled
312.6mL/min kg.

Bioanalysis of Stobadine by a ¯uorimetric
method

The moleculesof Stobadineexhibit native fluorescence
providing an adequateproperty for spectrofluorometry
(SF)asa (nonradiometric)bioanalyticalmethod.

SF method(s)principle: both SF methodsdeveloped
(Marko, 1985;Ščasnár et al., 1989b)for theparentdrug

isolationfrom serum(aswell asfrom urine) exploit the
extraction procedureoutlined in Scheme1. However,
since the intensity of Stobadinefluorescenceis pH
dependent,with the maximum in the region close to
neutralpH (Marko,1985),thedrugmoleculesfrom then-
hexanephasearebetterback-extractedinto a phosphate
buffer (0.1mol/L, pH 6.5) to obtain a liquid sample
appropriatefor fluorescencemeasurements.By using a
Perkin-Elmer 203 spectrofluorometer(Perkin-Elmer,
Norwal, CT) at theexcitationandemissionwavelengths
302 and 365nm, respectively,the limit of Stobadine
determinationin dog serumwas found to be 50ng/mL
with RSD< 10% (Ščasnár et al., 1989b).On analyzing
the samplesderived from dog urine, this limit was
500ng/mL, mostly due to non-standardfluorescenceof
(co-)extractedendogeniccompounds(Marko, 1985).

SF method application(s): Figure 4 shows the
concentrationsof Stobadinedeterminedin dog serum
following a single oral administration of Stobadine
dihydrochlorideor dipalmitatein the doseof 5.0mg/kg
(Ščasnár et al., 1989b).On applying a solution of the
dihydrochloridesalt, the concentrationreacheda peak
value of 1770ng/mL (cpeak) at 1.0h (tpeak) after drug
dosing.Howeverthe value of cpeak reachedat 2 h after
Stobadine dipalmitate (powder) administration was
significantlysmaller,ie 1040ng/mL (cf. alsoTable2).

Drug determinations applying chromatographic
separation methods

In bioanalysisof drugs,radiochemicalaswell asspectro-
(photo/fluoro)-metricassayshavecertainlyyieldedmuch
useful knowledge.However, since the step of liquid
extractionfails to be adequatelyspecific,someensuing
conclusionsmay be biased.Chromatographicmethods,
with their inherentcharacteristicof efficientseparationof
multicomponentmixtures,provide the requiredspecifi-
city.

Figure 3. Time coursesof the labeleddrugplasmaconcentra-
tion in non-pregnant(A) and pregnant(B) rabbits following
singlep.o.administrationof 3H-Stobadinedihydrochloride.

Figure 4. Stobadinelevelsdeterminedin dogserumfollowing
singlep.o.administrationof dihydrochloride(A) or dipalmitate
(B) salt of Stobadine.
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Bioanalysis of 3H-Stobadine by the TLC method

The TLC methodis the simplestchromatographicassay
for 3H-labeled Stobadinebioanalysis.This method, in
combinationwith the LSC quantificationof the parent
drug and/orits metabolites,hasbeenappliedwith good
resultsin a numberof pharmacokineticstudies(Bitter-
erová, 1989;Bittererováet al., 1990).

TLC method principle: to 1.0mL of (rat) plasma
investigatedfor the 3H-Stobadinecontent, 100mL of
aqueous trichloroacetic acid solution (2.0mol/L) is
admixed. By this step plasma proteins precipitate
quantitatively (Blanchard, 1981); simultaneously,due
to sampleacidification,thecorrespondingtrichloroacetic
drugsalt is formed.Theprecipitatedplasmaproteinsare
separatedby centrifugation.(Theadsorptionof Stobadine
trichloroacetateto theproteinprecipitantis insignificant.)
To a 500mL aliquot of the withdrawn supernatantan
aqueousNaOH solution (50mL; 2.0mol/L) andchloro-
form (100mL) are added. The liquids, in a 1.5mL
Eppendorfcappedtubeareshakenintensivelyfor about
5 min. (From the alkalized supernatant.Stobadine,the
base,is partitioned quantitatively into the chloroform
phase).After centrifugation,50mL of the chloroform
extract(the bottomphase)is spottedonto the aluminum
TLC plate of Silufol1 UV254. A markerof methanolic
solutionof Stobadinedihydrochloride(2mL; 1 mg/mL)is
spottedonto the plate simultaneously.The developing
solventsystemapplied is a four-componentmixture of
CHCl3 � ClCH2CH2Cl � (CH3)2CHOH � (C2H5)3)N,
60:20:20:5[v/v/v/v; cf. abovesolventsystem(2)]. The
localizationof Stobadine/3H-Stobadineon thedeveloped
TLC plateis indicatedby thequenchedreflectanceof the
fluorescenceindicator(UV254). Thepositionof theparent
drug (Rf = 0.5) doesnot interfereeither with Stobadine
metabolites(2-N-desmethylStobadineRf = 0.2; Stoba-
dine 2ÿN→O derivativeRf = 0) or with UV light-(254

nm)-absorbing endogens (Rf > 0.9) co-extracted by
chloroform.Thecut-outpartof thealuminumTLC plate
containingtheanalytedeterminedis digested(for 5 min)
directly in themeasuringLSCvesselby applyingawater-
ethanolicsolution of KOH (0.2mL; H2O�C2H5OH�
KOH, 1.2L:0.4 L:0.32kg) andthedigestis subsequently
dispersedby addingmethanol(2 mL). After additionof
an SLD 311 solution (15mL; Spolana, Neratovice,
CzechRepublic),the3H-radioactivityis evaluatedby the
LSCmethod.Thecalibrationof thismethodis performed
by processingrat plasmasamplescontaininga precisely
adjustedamountof the labeleddrug. The precisionof
3H-Stobadinedeterminationfound was� 0.57%. The
method sensitivity, which lies in the ppb (sub-ppb)
concentrationrangeof 3H-Stobadine,is sufficiently low
to be appropriatein mostexperimentalpharmacokinetic
studies.

TLC methodapplication(s): by using this relatively
laborious but very precise method, the 3H-Stobadine
concentration-timecoursesweredeterminedin plasmaof
intact rats(Bittererováet al., 1990)andin animalswith
experimentallyinducedheartdysfunction,aswell as in
rats with induced liver or kidney function damage
(Bittererová, 1989).Thedependenceof pharmacokinetic
parametersobtainedafter various drug administration
modes, i.v. bolus and p.o. single or repeated,was
investigated by applying drug doses ranging from
0.4mg/kgto 12.0mg/kg.Forillustration,Table1 presents
the pharmacokineticparametersdeterminedwhen 3H-
Stobadinedihydrochloridewasadministeredto ratsin the
doseof 2.0mg/kg.

Bioanalysis of Stobadine by the HPLC method

The HPLC (GC as well) assayof a drug and/or its

Table 2.Pharmacokineticparametersof Stobadinein dogsafter oral administration of different drug salt forms at the doseof
5.0mg/kg

Stobadinesalt form

Dihydrochloride Dipalmitate

Parameter
Šoltés et al.

(1991)a
Ščasnár et al.

(1989b)
Kukanet al.

(1994)
Šoltés et al.

(1991)a
Ščasnár et al.

(1989b)

t1/2abs(min) 24� 2.5 21� 7.2 32� 4.6
t1/2elim (min) 312� 28.8 196� 20.6
tlag (min) 2� 5.2 15� 1.2
cpeak(ng/mL) 1282� 44.0 1770 823� 27.2 1040
tpeak(min) 97� 5.3 60 100� 7.1 120
Cltot (mL/min) 7� 0.4 15� 0.8
Frel (%) 46.4

t1/2abs= drugabsorptionhalf-life; t1/2elim= terminaleliminationhalf-life; tlag = lagtime;cpeak= peakdrugconcentration;tpeak= timeof cpeakattained;
Cltot = total bodyclearance;Frel = relativebioavailability.
a Relationshipof Stobadineconcentration(c) in serumto time (t) after p.o. drug administrationapproximatedby a function representinga two-
compartmentopenlinear pharmacokinetic model with a first-orderabsorptionand a time delay (tlag) betweenadministrationand onsetof drug
absorption(Pecket al., 1984).
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metabolitesin abiologicalsampleconsistsmostlyof two
stages(Mehta,1986;Šoltés, 1989):

(i) transformationof the biological sample into the
analyticalone;

(ii) evaluationof the analyticalsampleitself.

HPLC method principle: an appropriate amount
(2.5mg) of the 2-N-propyl analogof Stobadine,applied
asan internalstandard,anda carbonatebuffer (400mL;
1.3mol/L; pH 9.5) are admixedto a given volume of
serum(up to 4.0mL) investigatedfor Stobadinecontent.
The resultingsampleis appliedonto a pre-conditioned
solid-phaseextraction(SPE)cartridge(Separcol1 SI C
18; AnaPronLtd., Bratislava).In this way bothanalytes,
Stobadineand the internal standard,are quantitatively
entrappedby the solid microparticulatematerialpacked
in the cartridge.The main part of co-trappedendogenic
compoundsis flushedout from the packingby applying
1 mL of acetonitrile.Finally theanalytesstill retainedby
the cartridgesorbentareelutedby 2.5mL of methanol.
After blowing off the liquid by a streamof nitrogen,the
solid residueis redissolvedin a smallvolume(25mL) of
dichloromethaneandasamplealiquot(10mL) is injected
onto the CGC column (3� 150mm) packed with
Separon1 SGX silica sorbent (Tessek).By applying
such a procedurein analyzing dog serum[cf. Fig. 5,
panels(A) and(B)], thechromatogramrevealsclearlythe
relative peaksof the internal standardandStobadineat
4.6and7.2min; botharesharpandsymmetrical[cf. Fig.
5, panel (B)]. On analyzing the samplesfrom human
volunteers,a minor peak of an endogeniccompound
eluting immediately after Stobadinewas observed[cf.
Fig. 5, panel (C)]. The photometric detection set at
302nm wasfully satisfactoryfor determiningrelatively

high concentrationsof Stobadinein dog serum; the
wavelengthsettingat 247nm did howeverimprove the
limit of Stobadinedetection.At a drug level of 500ng/
mL, the RSD found for dog serum was 4.4%; at a
concentrationof 50ng/mL it was 8.1%. The lowest
detectable drug concentration in serum of human
volunteers(at 247nm detectorsetting)was10ng/mL.

HPLCmethodapplication(s): theHPLCtechniquewas
usedto determinethebioavailability of Stobadinein the
dog(s)aftersingleoraladministrationof thetwo different
drugsalts—dihydrochlorideor dipalmitate(Šoltés et al.,
1991).The doseappliedwas5.0mg/kg.The pharmaco-
kinetic parameterscalculated,or rathertheir errors(see
Table 2), imply that a very good precision of the
analyticaldeterminationswasachieved.

In a further part of the preclinical pharmacokinetic
study of Stobadine,the levels of the parentdrug were
examinedin serumsamplesof healthyvolunteerswho
received a drug formulation containing Stobadine
dipalmitate.The resultsshowed(seeTable 3) that on
monitoringtheStobadinelevel in patients,it is necessary
to take a blood samplewithin the time interval of 1.0–
2.5h after administration of the drug and that the
expectablecpeak (in dependenceon the patient’s body
weight)will bein theintervalof 10–300ng/mL(Šoltéset
al., 1991).

GC methods for Stobadine bioanalysis

Threequalitatively different GC designsapplicablefor
Stobadinebioanalysishave beenintroducedso far (cf.
Appendix).Thefirst one(ŠtefekandBeneš. 1987),which
comprisesa glasscolumn(3.0mm� 2.5m) packedwith
3% OV-17 on Chromosorb1 W (80–100mesh)and a
flame-ionization detector, was used to advantagein
studying Stobadinemetabolism (Štefek et al., 1986,
1987,1989ŠtefekandBeneš, 1987,1989Štefek,1993).

ThesecondGCbioanalyticalmethod(Marko,1988)is
basedon using an HP 1 fused-silicacapillary column
(0.2mm� 12.5 m; film thickness= 0.33mm) and a
thermionic nitrogen-selectivedetector. By combining

Figure 5. HPLC analyticalprofilesof samplesderivedfrom a
dog (A, B), following singlep.o. administrationof Stobadine
dipalmitate,andfrom a humanvolunteer(C).

Table 3. Time (tpeak) of reaching Stobadine peak concen-
tration (cpeak) in healthy volunteers after single oral
ingestionof the therapeutic substance—Stobadinedipalmi-
tate (doseof drug basenormalized to body weight)

Drug dose
(mg/kg) tpeak(h) cpeak(ng/mL)

Numberof
subjectsa

<0.4 <10 1
0.8 1.5–2.0 12–38 3
1.6 1.0–2.5 82–114 3
2.4 1.5 45–289 2

a Stobadinedipalmitateingestedorally waswell toleratedby all human
volunteers(Dzúrik andFedelesˇová, 1987).
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thesedesignattributesalong with SPEsampleproces-
sing, the limit of Stobadinedeterminationin a spiked
serumsample(1.0mL) was5 ng/mL. Suchsensitivityas
well as the attained intra- and inter-assayprecision
(CV� 10.2%) is adequatefor Stobadine pharmaco-
kinetic studies in various organisms,including man.
Nevertheless,further developmentand improvementof
this methodhasresultedin the presentlyusedarrange-
mentoperating(on-line)with amass-spectrometric(MS)
detector.

Thedevelopmentof theGC-MSmethodwasprompted
by the needto determinenot only Stobadinebut alsoits
pro-drug forms, designed for local application(s) as
transdermal(drug) formulation(s)(Koprda et al., 1995,
1996, 1998): for in vitro (transdermal)measurements,
diffusionchambersaccordingto Franz(1975)wereused.
The skin from the abdominalregion of 5 day-old rats
separatedthe donor and receptor compartments.The
donorcompartmentcontainedthe investigatedpro-drug,
ie theoxalatesaltof 5-N-acetylatedStobadine,dissolved
(2.5� 10ÿ2 mol/L) in a solventsystemof, for example,
ethanol� dipelargonateof propyleneglycol, 1:9 (v/v).
The receptor compartmentwas filled with phosphate
buffered saline (pH 7.4). The kinetics of the pro-drug
permeationthroughthe skin (thermostatedat 32°C) was
determinedon analyzing0.2mL samplealiquotswith-
drawnin 2 h intervalsfrom thechamberreceptorsite.

GC-MS method principle: the internal standard
Darodipine(500ng), dissolvedin 10mL of methanol,is
addedto thesamplewithdrawn.This solution,dilutedby
phosphatebuffered saline (0.8mL), is alkalized by
addition of 26% aqueous ammonia (0.2mL). The
analytes are extracted (5 min) with chloroform
(3.0mL). After centrifugation,the chloroform (bottom)
phaseis transferredinto a heatedvial and the liquid is
blown off by a streamof nitrogen.The solid residueis
redissolvedin 200mL of tolueneandthis final sample,in
a volume of 1.0mL is (splitless) injected into an HP
5890A gaschromatographequippedwith an HP 5970B
mass-selectivedetector (Hewlett-Packard Company,
PaloAlto, CA). The separationis performedin a fused-
silica capillary column (0.2mm� 12 m), lined inside
with a 0.33mm film of 5% crosslinkedphenylmethyl-
siliconestationaryphase.Thecolumnis heatedfrom 120
to 210°C by a linear gradientof 30 deg/minandthenof
10 deg/minup to 300°C. The temperatureof thesample
injection port is 260°C, the sameas that of the MS
detector.Helium is usedas the carrier gas (pressure=
35kPa at the column inlet; flow-rate 2.0mL/min). For
quantitativeanalysis,selectiveion monitoring is opera-
tive at 58 and201m/zandthemolecularion of the5-N-
acetyl pro-drug derivative= 244 m/z; for Stobadine
detectionm/z= 58 and 202. The settingfor the internal
standardDarodipineis at 252 and 371 m/z. Qualitative
analysisis donein the 10–500m/zmass-spectrumspan.
Figure6 demonstratesa typical resultobtainedon testing

the performanceof the GC-MS device by running a
sample mixture composedof appropriateamountsof
Stobadine,the5-N-acetylpro-drugderivative,aswell as
Darodipine.TheanalytesareelutedattherespectiveRt of
3.49,5.75 and9.22min assymmetricpeaks.Under the
experimentalconditionsused,the limits of determina-
tions are 1 and 0.5ng/mL for the 5-N-acetyl pro-drug
derivativeandStobadine,respectively.

GC-MSmethodapplications: this specificandhighly
sensitiveGC-MS method has been used to study the
kinetics of the pro-drug permeationas well as that of
Stobadinereleasein theskin.Thepro-drugsinvestigated
sofar arethe5-N derivativesof Stobadine,substitutedby
a -CO-Rgroup,with -R representingasaturatedlinearor
branchedalkyl substituentor an unsaturatedalkyl-aryl
chain(BenešandPronayova´, 1994).Furthercomponents
in the donorsolutionof the transdermal(drug) formula-
tion, serving as pro-drug solubilizers and/or skin
penetrationenhancers,were phosphatebuffered saline
(pH 7.4), dimethylsulfoxide,ethanol,propyleneglycol,
dipelargonateof propylene glycol, monoethyletherof

Figure 6.Quantitative(A) andqualitative(B, C andD) GC-MS
analysis of the calibrating sample mixture composedof
Stobadine (B), 5-N-acetyl (Stobadine) pro-drug derivative
(C), aswell asDarodipine(D), usedasthe internalstandard.

Copyright  2000JohnWiley & Sons,Ltd. Biomed.Chromatogr.14: 188–201(2000)

Pharmacokineticstudiesof Stobadine1 ORIGINALRESEARCH 195



diethyleneglycol (Transcutol1), dodecyl-azacyclo-
heptan-2-one(Azone1), etc. (Boháčik, 1996).

DISCUSSION OF OBSERVATIONS

Bioanalytical methods

Evenon consideringonly their endogenousconstituents,
biological samplesare multicomponentmixtures. The
determinationof the concentrationof a given foreign
substancein a biological sampleis inevitably a rather
complicatedanalytical task. It is not unusualthat the
sensitivity requirementsof an analyticalmethodwould
lie within the concentrationof ppb (or even sub-ppb).
Simultaneously,the limited volume of the biological
sample examined determinesthe application of two
potential alternatives,ie the useof radiopharmaceutics
with high specificactivity or chromatographicanalysis
working with a highly sensitivedetectionunit.

Bioanalysis of drugsÐradiometric approach

Bioanalytical methodsof 3H-labeledStobadineexploit
thefact that,by its chemicalnature,thedrugmoleculeis
a weak base. It dissociatesin two steps [pKa1= 2.9,
pKa2= 7.2 (Bezákova et al., 1993); pKa2= 8.7� 0.1
(Štefeketal., 1989)].Understronglyalkalineconditions,
thedrugmolecule(Stobadinebase)bearsno charge.Yet
on theotherhand,theprotonationof Stobadinenitrogen
atom(s) in (strong) acid(s) rendersthe drug molecule
electrically charged/ionized.This reversibility of the
ionized-unchargedmolecular state was used for parti-
tioning Stobadine molecules between the biological
(aqueous)andtheorganic(solvent)phaseson determin-
ing thedrugcontentin variousbiomaterials(seeabove).

Chromatography in drug bioanalysis

Prechromatographicseparation/isolationof analytesfrom
biological sampleshas been performedby employing
several physical and/or chemical processes,such as
(ultra)-filtration, liquid extractionandchemicalderivati-
zation.Recently,however,for preparationof analytical
samples from biological materials (chromatographic)
sorbentshave ever more frequently beenused,so that
analytesare conveniently (pre-)separatedand concen-
trated by exploiting adsorption,absorption(partitiona-
tion), ion-exchange,chelation, and other separation
processes(McDowall, 1989). The whole set of these
proceduresis termedsolid-phaseextraction(SPE).

Apolar solutescanefficiently be entrappedby hydro-
phobized(egC18) silica gel. Prior to subsequentelution/
displacementof the trapped (basic) analytes, eg by
methanol, inclusion of the sorbent washing with

acetonitrilehasprovedto behighly advantageous(Šoltés,
1992a,1992b;Šoltés andSébille, 1997).The chromato-
graphic(HPLC, GC) patternsof samplesdeterminedon
their Stobadinecontent,preparedby implementingthe
CH3CN washingstep,werefound to be muchsmoother
than thosewithout the acetonitrilewash(Marko, 1988;
Šoltésetal., 1991).Similarobservationswerereportedin
the case of bioanalysisof several other basic drugs
(Šoltés et al., 1983, 1984; Marko et al., 1985, 1990a,
1990b).

Pharmacokinetics of the drug

It is the major subjectof pharmacokineticsto study the
dispositionand fate of drugs in the body. Further,this
specialityis alsoconcernedwith thefollowing particular
processes— drug absorption,distribution, metabolism
and elimination.The pharmacokineticparametersto be
determinedare, for example,drug absorptionhalf-life
(t1/2abs), distribution volume(s), terminal elimination
half-life (t1/2elim), absoluteor relativebioavailability, as
well as the effect of dosage,dosageform andadminis-
tration modeandsite uponthe valuesof the parameters
determined.

Drug absorption

Theabsorptionhalf-livesof thetwo Stobadinesaltforms
wereestablishedonthebasisof p.o.administrationof the
drug(s) to dogs. As given in Table 2, the value of
t1/2abs= 24� 2.5min for Stobadine dihydrochloride
correspondswell with that calculatedfor dipalmitate
(t1/2abs= 32� 4.6min).Thusit canbeanticipatedthatthe
orally applied solution of dihydrochloridepassesvery
quickly throughthestomachinto the intestine.There,in
the environment with alkaline pH, Stobadinesalt is
convertedto a basewhich is subsequentlyresorbedinto
the blood stream. [The intestinal wall is a lipoidal
membranebarrier through which only the uncharged/
non-ionized moleculescan penetrate(Taylor, 1986).]
Althoughacertainlagtimewasfoundfor theseprocesses
(tlag = 2� 5.2 min), it was statistically nonsignificant.
Yet whendipalmitateis administeredorally, thepassage
of this (waterinsoluble)salt form to its absorptionsite is
retarded.Beforecrossingtheintestinalwall, thedrughas
to be solubilized.Theseprocessesalso accountfor the
observedlag time= 15� 1.2min, duringwhich thedrug
moleculesarenot availablefor the body.An interesting
finding is the equivalenceof the t1/2abs= 24� 2.5min
determinedfor the dihydrochloridedrug salt form with
the t1/2absvalue= 21� 7.2min, establishedon applying
the 3H-Stobadinedihydrochlorideinto the (chronic)dog
ileal loop (Kukan et al., 1994). This good agreement
indicatesthatin theileal loop,atpH� 7.8,themolecules
of dihydrochlorideareconvertedto thedrugbase,which
readily passesthroughthegut wall.

Copyright  2000JohnWiley & Sons,Ltd. Biomed.Chromatogr.14: 188–201(2000)

196 ORIGINALRESEARCH L. Šoltés et al.



Saltformsof StobadineandStobadinepro-drugforms:
the rate(andextent)of drugabsorptiondepends,among
other factors, on the hydro- or liposolubility of its
molecules.In thecaseof (parent)Stobadine,modification
of the drug chemical properties was achieved by
producingand using its salts, i.e. dihydrochlorideand
dipalmitate.The applicationof the latter was however
accompaniedby reductionof thedrugbioavailability(cf.
Table 2; Frel. = 46.4%). Nevertheless,the excellent
stability of the (solid) dipalmitate strongly favors the
involvementof thissaltform in manufacturethefinal oral
drug formulation(Bauerova´ et al., 1995,1999).

A qualitatively different way is to apply a pro-drug
form, ega 5-N-acyl (Stobadine)derivative.By usingthis
approachduring the phasesof pro-drugpenetrationinto
the skin as well as permeation through it, active
Stobadinemoleculesshould be releasedby hydrolytic
reaction(s)of theenzymaticsystempresentin thehuman
skin (Wiechersandde Zeeuw,1991).However,despite
achievinga constantandadequatelyintensiveflux of 5-
N-acetylatedStobadine(its oxalatesalt) through the 5
day-old rat (hairless)skin [14� 1.0mg/cm2 h (Boháčik,
1996)], the presenceof Stobadinewasnot confirmedin
the permeate.This may however be due to the well-
known fact of a still immaturemetabolicactivity of the
(rat) newborntissue(s)/organ(s)(Morgan,1997).which
wasusedin the in vitro modelstudies.

Mode of Stobadineadministration: during the pre-
clinical pharmacokinetic studies, several modes of
administrationof the drug were applied, such as i.v.
bolus, i.p., p.o. single and repeated.Of these, oral
ingestionof Stobadine(dipalmitate)was establishedas
optimal for treating diseasesin which the damaging
actionof oxygen-derivedradicalsis primarily involved.
However,transdermalpro-drugforms may havea great
impactin thosecaseswherethenoxais operativewithin a
small well-localized subdermalregion of the patient’s
body.

Drug distribution

Thestudydescribedaboveshowedthat78� 2.9%of 3H-
Stobadine(dihydrochloride)passesacrossthe rat blood-
brainbarrier.Thisfindingcorrespondsverywell with the
result representedin Fig. 2, demonstratinga significant
amountof the tracer in the rat brain. The radiographic
scan(cf. Fig. 2) indicatesalsothat Stobadinemolecules
are quickly distributednot only into the brain but also
into themyocardiumandlung, ie thethreetissues/organs
which are directly or indirectly affectedby diseasesor
disordersassociatedwith the action of free, oxygen-
derived,radicals.

Stobadinebinding to plasmaproteins: the (reversible)
binding interactions between 3H-Stobadine dihydro-
chloride and rat plasmaas well as humanserumwere
investigatedusing the methodof equilibrium dialysis.

The resultsobtainedindicatedthat, in the drug concen-
tration rangeapplied,thenatureof Stobadinebinding to
rat plasmaproteinswasnonspecificandunsaturable.The
valueof the drug total binding rangedbetween12� 4.7
and23� 2.3%.

Humanserum,aswell ashumana1-acid glycoprotein
(a1-AGP) or human serum albumin (HSA) interacted
with 3H-Stobadinedihydrochloride,alsononspecifically.
In thedrugconcentrationrangeinvestigated,theextentof
the total binding to (full) serum= 60� 2%; to a1-
AGP= 50� 1%; andto HSA = 45� 1%.Thecalculated
capacityof the total binding wasin the caseof a1-AGP
(1.02� 0.02)� 105 L/mol, and in that of HSA
(4.0� 0.1)� 104 L/mol (Oravcová, 1991). In the light
of the parametersdeterminedandof the binding mech-
anismassumed,it canbeconcludedthat the interactions
of Stobadinewith plasmaproteinswould not markedly
affect the fateof thedrug in thepatient’sbody.

Stobadineaffinity to tissues/organs: the extent of
Stobadinebinding interactionswith rat plasmaproteins
is low (�23� 2.3%). Howeverthe levels of the parent
drug determinedin the rat body indicatethat Stobadine
has an extensive(binding) affinity to all the tissues/
organs processed.Such interactions are clearly also
manifestedby the large drug distribution volume(s)
observed(cf. Table 1). Within a relatively short time
interval following either i.v. or p.o. drug administration
routes, Stobadine levels in the rat organs studied
significantly exceededthe correspondingdrug plasma
concentrations.With increasingtime, the valuesof the
organto plasmaconcentrationratios reachedvaluesof
severaltens(Kállay et al., 1990).Nevertheless,after an
appropriatelyextendedtime interval,neitherthe labeled
Stobadinenor its radioactivemetabolitesweredetectable
in the rat body.Thus,during treatment,thereappearsto
benorisk of accumulationor irreversiblebindingof these
compoundswithin the living organism.

Stobadine placental transfer and distribution in
fetuses: the extent of Stobadineplacentaltransferwas
determinedin rabbits (seeabove)since their hemoen-
dothelial placentaresemblesthat of humanbeings.The
resultsof this study proved that Stobadinecrossedthe
placentalbarrierof rabbitsand,startingwith min 60after
drugdosage,thefetal plasmadruglevelsexceededthose
of the dams.Moreover,in all tissues/organsof both the
pregnantdoesandtheir fetuses,parentStobadinelevels
werecomparableto or evengreaterthanin corresponding
plasmasamples.It could thusbe advantageousto apply
Stobadineto protect the tissues/organs,especially the
brainandheart,from damageinducedby oxidativestress
during late organogenesisanddelivery.

Drug metabolism

The liver is the main organ responsiblefor the bio-
transformation(and elimination) of drugs.The relevant
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mechanismshavebeeninvestigatedby usingdifferent in
vitro approaches.In decreasingorderof tissueorganiza-
tion, thefollowing techniquesareused:isolatedperfused
liver, liver slices,isolatedhepatocytes,microsomes,and
isolatedproteins.

Stobadinein vitro/in vivometabolicstudies: incubation
of Stobadinewith fortified rat liver microsomalprepara-
tion yielded two metabolites(Štefek and Beneš, 1987;
Štefek et al., 1987).Their chemicalstructureindicated
that in the Stobadinemoleculethe position of 2-N (cf.
Fig. 1) was enzymatically attacked. Demethylation
reaction yielded 2-N-desmethyl Stobadine,while by
oxygenationreaction(s)theStobadine2-N→O derivative
was generated.Concerningthe latter compound,both
stereoisomersbearingthe2-N→O grouporientedaxially
or equatoriallywereestablished(Štefeket al., 1987).All
threechemicalstructureswereconfirmedby comparing
the physico-chemical parametersof the compounds
synthesizedwith thoseof the substancesisolatedfrom
thebiomaterialsinvestigated.To preparetheanticipated
Stobadine metabolites, knowledge derived from the
synthesisof some other 2,3,4,4a.5.9b-hexahydro-1H-
pyrido[4,3-b]indolederivativeswas exploited(Nagai et
al., 1979).The given metaboliteswerefound alsoin rat
urineafter i.p. administrationof Stobadinedihydrochlor-
ide (Štefek et al., 1986).

First-pass effect and enterohepatalrecirculation of
Stobadine: a markedfirst-passeffect has to be consid-
ered, since, for example, upon 3H-Stobadine dihy-
drochlorideadministrationto rats,within the early time
interval (0-240 min) less than one-fifth of the orally
applieddrug dosereachedthe animal systemiccircula-
tion (Kállay et al., 1990).On theotherhand,theshorter
t1/2elim= 78� 7.5min, determined after 25 days of
repeatedoral drugadministrationcomparedto the value
of 95� 8.2min observedat singleoral drug dosing(cf.
alsoTable1), may indicatea traceinductionof thedrug
metabolizing enzymesin the rat liver (Kállay et al.,
1991).

The relatively high levelsof total 3H-radioactivity in
both the liver andsmall intestine,determinedafter oral
application of 3H-Stobadine(dihydrochloride) to rats
(Kállay et al., 1990), might suggest enterohepatal
recirculationof thedrug(and/orof its metabolites).

Drug excretion

Biotransformationhas to be classified as the major
elimination route of Stobadinesince within the first 3
daysfollowing 3H-Stobadinedihydrochloridei.v. or p.o.
administrationto ratslessthantherespective5.4or 5.5%
of thedrugdoseappliedwascountedin theexcreta.The
fractionof theparentStobadineexcretedwithin theinitial
6 h reachedonly 4.7� 0.38%(i.v.) or 3.6� 0.53%(p.o.)
(Kállay et al., 1990).

Stobadine excretion in breast milk: 3H-Stobadine

dihydrochloridewas administeredin a single oral dose
of 5.0mg/kg to lactating rats on postpartumday 10 to
follow theexcretionof labeledcompoundsin breastmilk.
The 3H-radioactivitywasdeterminedboth in the gastric
contentof suckling pupsand in their body. The results
showedthat during the first 24h after administrationof
the3H-labeleddrugto lactatingratslessthan0.4%of the
applied 3H-radioactivity was recovered in the pups
(Ujházy et al., 1999a).Thus,by takinginto accountboth
the physico-chemicalproperties of the drug and its
pharmacokinetics,it can be concludedthat Stobadine
excretionin breastmilk is of practicallyno significance.

Stobadine excretion in urine/feces: as already
describedabove,within 3 daysfollowing either i.v. or
p.o. administrationof 3H-Stobadinedihydrochlorideto
rats,theparentdrugcontentin theexcreta(urine� feces)
was5.4 and5.5%,respectively.At both modesof drug
application,the ratio of Stobadineexcretedin urine and
feces was strongly shifted in favor of elimination by
urine,namely93:7 (i.v.) and77:23(p.o.).

CONCLUDING REMARKS

The threespecificrequirementswhich haveto bemet to
achieve effective introduction of a novel synthetic
antioxidantinto practicaluseareasfollows:

1. Strong antioxidative/free-radical scavengingactivity
of the drug preparation.

2. Rapid resorption of the drug molecules and their
adequately long availabil ity in the tissues/organs
which aremostsensitiveto oxidativestress,ie brain,
heart,lung, liver, kidney.

3. Low toxicity of the synthesizedcompound.

Remarkablyenough,Stobadine1 possessesall three
characteristicsto an optimally balancedextent.

Another syntheticcompound,very similar to Stoba-
dineby its chemicalstructure,is Carbidine1 [33162-17-
3], namelyadihydrochlorideof 2,3,4,4a,5,9b-hexahydro-
2,8-dimethyl-1H-pyrido[4,3-b]indole.This clinically ap-
proveddrug (racemate),exertingsignificantantidepres-
siveandneurolepticactions(Barkov,1971,1973;Barkov
and Kutcherova, 1972, 1975), consists basically of
Stobadine(dihydrochloride)and of its cis-(�)-antipode
in a massratio 1:1. In the early 1970s,Carbidinewas
introduced into clinical practice in the former Soviet
Union. Sincethen,the drug hasbeenavailableeither in
tabletform (25mg)or in ampoules[2 mL of 1.25%(w/v)
solution]. For oral drug dosing, 1

2–2 tabletsthree times
daily are ingested.Intramuscularly,up to 4 mL threeto
four timesin 2 h intervalsfollowedby 4 mL threetimesa
dayareinjectedin thecourseof treatment(Trinus,1976).
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APPENDIX

Table A1. Analytical methodsusedfor the determination of Stobadinein various biomaterials

Biomaterial Internalstandard
Sample

processing
Derivatization

agent
Analytical
technique

Detection/
Quantitation Reference(s)

Rat
Brain 14C-Butan-l-ol /LSC Kállay et al. (1990)
Skin permeate /LSC Boháčik (1996)
Wholebody Radiography Kállay et al. (1990)
Plasma LLE /LSC Ščasnár andŠtefek (1987)

Kállay et al. (1990)
Kállay et al. (1991)
Krištofováet al. (1991)
Ujházy et al. (1999b)

Organ(s) LLE /LSC Ščasnár andŠtefek (1987)
Kállay et al. (1990)
Krištofováet al. (1991)

Urine LLE /LSC Ščasnár andŠtefek (1987)
Kállay et al. (1991)

Feces LLE /LSC Kállay et al. (1991)
Plasma PP,LLE TLC UV/LSC Bittererová(1989)

Bittererováet al. (1990)
Liver microsomesa 2-N-ethyl analog PP,LLE TFAA GC FID ŠtefekandBeneš, (1987)

Štefeket al. (1987)
ŠtefekandBeneš(1989)
Štefeket al. (1989)

Skin permeateb Darodipine LLE GC MS Koprdaet al. (1995)
Boháčik (1996)
Koprdaet al. (1996)

Guineapig
Liver microsomesa 2-N-ethyl analog PP,LLE TFAA GC FID ŠtefekandBeneš(1989)

Štefeket al. (1989)
Snake

Skin (shed)
permeate

/LSC Boháčik (1996)

Rabbit
Plasma LLE /LSC Ujházy et al. (1994)

Ujházy et al. (1995)
Ujházy et al. (1999c)
Ujházy et al. (1999d)

Organ(s) LLE /LSC Ujházy et al. (1999c)
Ujházy et al. (1999d)

Liver microsomesa 2-N-ethyl analog PP,LLE TFAA GC FID ŠtefekandBeneš(1989)
Štefeket al. (1989)

Dog
Serum LLE, LLE SF Ex302, Em365 Marko (1985)

Ščasnár et al. (1989b)
Urine LLE, LLE SF Ex302, Em365 Marko (1985)
Serum 2-N-propyl analog SPE HPLC UV Šoltés et al. (1991)
Plasma 2-N-ethyl analog SPE GC NPD Marko (1988)
Serum 2-N-ethyl analog SPE GC NPD Marko (1988)
Urine 2-N-ethyl analog SPE GC NPD Marko (1988)
Plasmac 5-N-acetylanalog LLE GC MS Bauerova´ et al. (1999)

Human
Serum 2-N-propyl analog SPE HPLC UV Šoltés et al. (1991)
Skin (p.m.)

permeate
/LSC Boháčik (1996)

Abbreviations:LLE = liquid–liquid extraction;PP= proteinprecipitation;SPE= solid-phaseextraction;TFAA = trifluoroaceticanhydride;GC= gas
chromatography;HPLC= high-performanceliquid chromatography;SF= spectrofluorometry; TLC = thin-layer chromatography;LSC= liquid-
scintillation counting;UV, FID, NPD,or MS = (spectro)photometric,flame-ionization,nitrogen–phosphorous, or mass-spectrometricdetector;Ex/
Em= excitation/emissionwavelengths;p.m.= postmortem.
a Themethodis focussedon thedeterminationof Stobadinemetabolitesgeneratedin vitro.
b Along with Stobadine,thepro-drugwasalsodetermined.
c TheGC-MSdetectionlimit of Stobadinedeterminedin samplesderivedfrom dogplasmawas1 ng/mL.
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Horáková, L’. andŠtolc, S. 1998.Antioxidant andpharmacodynamic
effectsof pyridoindolestobadine.GeneralPharmacology30:627–
638.
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Trnovec, T. 1990. Plasmaconcentration,tissue distribution and
excretion of the prospective cardioprotective agent cis-(ÿ)-
2,3,4,4a,5,9b-hexahydro-2,8-dimethyl-1H-pyrido-[4,3-b]indole di-
hydrochloride in rats. Arzneimittel-Forschung/DrugResearch
40:974–979.
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Šoltés, L. 1992b. Prechromatographicpreparation of biological
samples by extraction in a liquid-solid sorbent system for
determinationof basicdrugs(in Slovak).Chemicke´ Listy (Chemical
Letters)86:299–301.
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