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ABSTRACT

A simple, specific and sensitive high-performance liquid chromatography
(HPLC) method has been devel oped for the determination of metoprolol in
rabbit plasma. Separation of metoprolol and atenolol (internal standard)
was achieved on aAce C ,column (5um, 250x4.6 mmi.d.) using fluores-
cence detection with Aex=276 nmand Aem=296 nm. The mobile phase con-
sisted of methanol-water (50:50, v/v) containing 0.1% trifluoroacetic acid
(TFA). The analysiswas performed in less than 5.0 min with aflow rate of
1ml/min. Calibration curvewaslinear over the concentration range 3-200ng/
ml. Intra- and inter-day precision values for metoprolol in rabbit plasma
were less than 5.0, and accuracy (relative error) was better than 4.8%. The
analytical recovery of metoprolol fromrabbit plasmaaveraged out to 95.7%.
Thelimitsof detection (LOD) and quantification (LOQ) of metoprolol were
1.0 and 3.0ng/ml, respectively. Also the developed and validated HPLC
method was successfully applied to a pharmacokinetic study of metoprolol

in New Zealand white rabbits. © 2010 Trade Sciencelnc. - INDIA
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B-blockersareclinicaly important drugsand are
used in the treatment of disorders such as hyperten-
sion, anginapectorisand arrhythmia. Metoprolol (Fig-
urel), 1-(isopropylamino)-3-[ p-(2-methoxyethyl) phe-
noxy]-2-propanol, is a relatively selective -1
adrenoceptor antogoni st that hasbeen used extensively
for morethan 25 yearsto treat such cardiovascular dis-
ordersashypertension, arrhythmiaand heart failure2.

Severa methods have been reported for determi-
nation of metoprol ol including gaschromatography-mass
spectrometry (GC/M S)i*9, high-performanceliquid
chromatography (HPLC)®9 | C/MS*13 and LC/
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Figurel: Chemical structures of metoprolol (a) and atenolol,

1S(b)

MS/M S inhuman plasmaand other biologicd fluids.
On extensivesurvey of literature, nomethodisre-

portedtill datefor determination of metoprolol by HPLC

inrabbit plasma. Therefore, thisreport describesasen-

sitive and specific HPL C procedurewith fluorescence
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detection for determining metoprolol in rabbit plasma
using |Smethodol ogy. The method wasvalidated by
using linearity, stability, precision, accuracy and sensi-
tivity parametersaccordingto International Conference
onHarmonization (ICH) guidelines®,

Theadvantages of present method includesimple
and single step extraction procedure using inexpensive
chemical sand short run time. Also, thismethod was
used to assay the metoprolol in plasma samples ob-
tained from six rabbitswhich had been given an ora
tablet of Problok (100mg metoprolal).

EXPERIMENTAL

Chemicalsand reagents

Metoprolol tartrate was obtained by Sigma-Aldrich
(St. Louis, MO, USA). Atenolol asinternal standard
(1S) waskindly donated from Abdi Ibrahim Pharma-
ceutica Industry (Istanbul, Turkey). Probl ok tablet (100
mg metoprol ol tartrate) was obtained TerraPharma-
ceutica Industry (Istanbul, Turkey). HPLC-grade or-
ganic solventswerepurchased from Merck (Darmstadt,
Germany). All chemicalswereof andyticd grade. Dis-
tilled water was prepared as required by using aqua
SMAX™qltra, Young instrument (Korea) ultrawater
purification system.

Apparatusand analytical conditions

A Hewlett-Packard series 200a HPLC system
equipped with an HP 1046A programmablefluores-
cencedetector and ChemStation software packagewas
used (Hewlett-Packard, Wilmington, DE, USA). The
HPL C mobile phase was composed of methanol-wa-
ter (50:50, v/v) containing 0.1% TFA. Separation was
achieved usinganAce C , column (5um, 4.6x250mm
i.d.) withaguard column (4mmx3mmi.d., Phenomenex)
packed with the sasme material at aflow rate of 1ml/
min. Theduent wasmonitored by fluorescence detec-
tion at 276 nm (excitation) and 296nm (emission).

Preparation of stock and standar d solutions

5 mgmetoprolol and ISwerewasweighed, trans-
ferred 500ml volumetricflask, differently. 250ml metha:
nol was added and the flask was sonicated. Theflask
wasfilled to volumewith methanol (10ug/ml). After,
5000ng/ml standard sol utionwas prepared by diluting
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with methanol appropriate volumes of 10ug/ml stock
solution and stored at -20°C under refrigeration. The
working solutionswere prepared by diluting the stan-
dard stock solution from 3.0ng/ml to 200ng/ml. Also,
qudity control (QC) solutionswere prepared from stock
solution at concentrations of 75, 250 and 450ng/ml to-
gether with 200ng/ml IS,

Extraction procedure

A 0.5ml blank plasmaof New Zealand whiterab-
bit wastransferred to a12ml centrifugetube. 1.0ml of
standard metoprol ol solutionstogether withthe S so-
lution (20ul, 10ug/ml) and 0.5ml 1M sodium hydrox-
ide solution were added. After vortex mixingfor 5 sec-
ond, 3 ml of ethylacetate and diethylether was added
(2:1, viv), themixture was vortexed for 30 second and
then centrifuged a 3000xg for 7 min. Theorganiclayer
was transferred into another another 5ml tube and
evaporated to dryness under stream of nitrogen gesat
40°C. Theres duewasreconstituted in Iml methanol,
and a20ul diquot wasinjected into the HPLC system.

Rabbits

The study was conducted in accordance with the
Animd Ethica Guiddinesfor Investigationsin Labora:
tory Animalsand was approved by the Ethical Com-
mitteefor Medica Experimenta Research and Appli-
cation Centreof Ataturk University. Therabbitsaremale
whichis3.8-4.1kgweight. After asingleord adminis-
tration of 1700mg of metoprolol (Problok tablet), 1.5 ml
of blood sampleswas collected from themargina ear
veinata 0,0.5,1, 15, 2, 3, 4,6, 8and 12 h time-
pointsinto EDTA collection tubes. Theblood was cen-
trifuged 6000xg for 5 min. The plasma was separated
and analyzed for metoprol ol asdescribed above.

RESULTSAND DISCUSSION

M ethod development and optimization

M ethod devel opment wasfocused on the optimi-
zation of column detection, sample preparation and
chromatographic separation. Reversed-phase column
(C,p) can be used for the separation of non-ionic as
well asion forming non-polar to medium polar sub-
ganceswhilenormd phase chromatography canbeused
for the separation of non-ionic and/or non-polar sub-
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stances. Mgority of theionizable pharmaceutical com-
pounds can be very well separated on C "%, Thus,
metoprolol can be satisfactorily separated by reversed
phase chromatography.

Several testswere performed for optimizing the
components of mobilephasein order to achievegood
chromatographi c peak shape and resolution. Thetest
results showed that the sol vent system of water could
improve the peak shapes of metoprolol. Good sepa-
ration of target compounds and short run time were
obtai ned using amobile phase system of methanol -
water (50:50, v/v) containing 0.1% TFA. The re-
tention time of metoprolol (4.7 min) was quite short
than that studied by Fang et al.[? and Chiu et al.l®l.
On the other hand, the mobile phasein the proposed
method methanol-water instead of buffered systems
isused in previously reported HPLC methods/®9.
Therefore, flushing of the column after anaysisisnot
required.

Representative chromatograms of (a) blank rabbit
plasma, (b) the rabbit plasma spiked with atenol ol
(200ng/ml) and 1S (200ng/ml) and (c) therabhbit plasma
obtained at 2 h after 100mg metoprolol were given in
figure2. Thereisnointerferencein the chromatogram
of drug-freeplasma.
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Figure2: Representative chromatograms of (a) blank rabbit
plasma, (b) therabbit plasmaspiked with metoprolol (100ng/
ml) and I S(200ng/ml), (c) therabbit plasmaobtained at 2 h
after 200mg metoprolol

—— Fyll Peper

Validation of themethod
Specificity

Thespecificity of method was determined by check-
ing the chromatograms obtai ned from blank plasma
samples, and no endogenousinterferencewasencoun-
tered. Blank rabbit plasmawas spiked with somedrugs
(carvedilal, nebivolal, ibuprofen, naproxen, mexiletine,
rofecoxib, medazepam, diazepam, disulfiram, estradiol
valerate and medroxyprogesterone acetate). There-
tentiontimesfor thesedrugsweredetermined and found
not tointerferewith metoprolol and1S.

Linearity

Thecdlibration curve was established by plotting
the ratio of the peak areas of metoprolol and IS ob-
tained after extraction of thespiked plasmasample. The
equation of the calibration curve obtained from seven
pointswasy=0.2984x - 0.0264 with acorrel ation co-
efficient (r=0.9985). Thismethod isasgood asto that
reported in the other paperg®579,

Precision and accuracy

Intra-day and inter-day precision were determined
repestibility during the sameday and intermediate pre-
cisononthreedifferent dayswereevauated with six
replicatesof QC samples. Theaccuracy of thisandytic
method was assessed asthe percentagerel ative error
(% RE).

Themethod indicated very good precision and ac-
curacy. Intra- and inter-day precision and accuracy for
metoprolol in plasmaareshownin TABLE 1. Thein-
tra- andinter-day precisonswere measured to bewithin
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Figure3: Mean plasmametopr olol concentration-time pro-
filefor sixrabbitsafter 100mg metoprolol
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TABLE 1: Intra-day and inter-day precision and accur acy of
metopr olal in plasma (n=6)

Concentration (ng/ml
Sample (ng/mi) RSD% RE%
Added Found (Mean + SD)
Plasma 125 11.92+0.223 187 -4.64
75 71.47+1.251 175 -471
Intra-day
175 168.54+1.635 0.97 -3.69
125 12.09+0.596 493 -3.28
Inter-day 75 78.02+2.956 3.79 403
175 171.09+4.414 258 -2.23

1.87 and 4.93% for plasma. In statistical comparison
(p>0.05) with other methodsin theliteraturg’3¢81214
the proposed method hasindicated high accuracy and
precision.

Sengitivity [limitsof detection (L OD) and quanti-
fication (L OQ)]

TheLOD and LOQ were studied totest the sens-
tivity of themethod. The LOD defined assigna/noise=3
in method (RSD> 20% for LOD) was found to be
1.0ng/ml. The LOQ defined as signal/noise=10 in
method (RSD>10% for LOQ) wasfound to be 3.0ug/
ml. Both accuracy and precision of thesevalueswere
well withinthe proposed criteria(RSD% < 20%). The
proposed method hasadetection and quantification lim-
itsof 3 and 5ng/ml for plasmawhich are as good or
superior to that reported in the other papers>7.

Recovery

The recovery of metoprolol was determined by
comparing the peak areas measured after analysis of
spiked plasmasamples with those found after direct
injection of standard sol utions at the same concentra-
tionleves. Theextraction recoveriesof metoprolol from
rabbit plasmawere between 95.4 and 96.3% as shown
inTABLE 2. Themean recovery isbetter for plasma
than those of the studies reported by Albers et al.1®
Chiuet al.!® and Johnson et al.M.

Sability

Thegtability of metoprol ol inrabbit plasmawasstud-
ied under avariety of storage and handling conditions
at low (12.5ng/ml) and high (175ng/ml) concentration
levels. The short-term temperature stability was as-

sessed by anayzing three aliquots of each of thelow
and high concentration samplesthat werethawed at
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TABLE 2: Recovery of metoprolol in plasma (n=6)

Concentration (ng/ml)

Sample Recovery % RSD%
Added Found (Mean + SD)
125 11.92+0.223 95.4 1.87
Plasma 75 71.47+1.251 95.3 1.75
175 168.54+1.635 96.3 0.97

room temperature and kept at thistemperaturefor 8 h.
Freze-thaw stability (-20°C in rabbit plasma) was
checked throughthree cycles. Threealiquotsat each of
thelow and high concentrationswere stored at -20°C
for 24 h and thawed unassisted at room temperature.
When compl etely thawed, the sampleswererefrozen
for 24 h under the same conditions. The freze-thaw
cycleswererepeated threetimesand then analyzed on
thethird cycle. Thelong-term stability was determined
by analyzing threediquotsof each of thelow and high
concentrations stored at -20°C for 1 week. The accu-
racy of metoprolol stability was obtained for the short-
term temperature, freze-thaw and long-term 97.8, 96.2
and 95.4%, respectively. Thestability resultsindicated
that no significant degradation of metoprolol inrabbit
plasmawas observed under thetested conditions.

Pharmacokineticanalysis

The proposed method was used to determinethe
plasmaconcentrati on of metoprolol. The peak plasma
level (Cmax) isthehighest observed concentration and
Tmax isthe corresponding timeof this concentration.
Theareas under the plasmaconcentration-time curves
(AUC) werecdculated with thelinear trapezoidd rule.
TheAUC, « was cal culated by dividing thelast mea-
sured concentration (C, ) by elimation rate constant (k
) and adding theresult totheAUC . The elimination
rate constant was ca cul ated by theleast squaresregres-
sionusingthelast fivetime pointsof each curve. The
goparent dimination hdf-lifewasthequatient of thenaturd
logarithm of 2 and the limination rate constant™”.

Representative mean plasmaconcentrations ver-
sustimeprofilesfollowingasingleord administration
of atenolol to six rabbitsare presented infigure 3. The
main pharmacokinetic parameters of metoprolol were
showninTABLE 3.

CONCLUSION

Inthe proposed work, anew and sensitive HPLC
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TABLE 3: M ean phar macokinetic parameter sof metopr olol
for six rabbitsafter Problok tablet (100mg)

Parameter (Mean + SD) % RSD

Maximum plasma concentration Cmax (ng/ml) 311.1+24.46 7.86
Time required for maximum plasma concentration Tmax  1.50+0.216 14.40
Areaunder curve AUCo.121 (ng/ml h) 1610.2+32.42 20.13
Areaunder curve at infinite time AUC o (ng/ml h) 1942.3+41.17 21.19

Plasma half life (Ty2) (h)

method has been devel oped and validated for determi-
nation of metoprolol inrabbit plasma Thegtability sud-
iesshowed that metoprolol in plasmawere stable dur-
ing short-term periodsfor sample preparation and andy-
gs. Additiond advantagesof thismethod includesmall
samplevolume (0.5ml) and good extraction recovery
inplasma. Also, the extraction procedurein this study
weresimple. Therefore, the method can bevery useful
and an dternateto performing pharmacokinetic studies
in determination of metoprolol for clinica use.

2.75+0.462 16.80
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