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ABSTRACT

Two stability-indicating methods were developed for determination of
midodrine in the presence of its acidic degradation product (the metabo-
lite). The degradation product was isolated via acid degradation and then
characterized and structurally elucidated. The first method was the first
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derivative of the ratio spectra!DD. The second method was a high perfor-

mance liquid chromatographic one.

Selective quantification of midodrinein pureform, pharmaceutical formu-
lation and/or in the presence of its degradant was demonstrated. Theindi-
cation of stability was done under condition likely to be expected at normal

storage condition.

INTRODUCTION

Midodrine hydrochloride (MD), is 2-amino-N-
[2(2,5-dimethoxy phenyl)-2-hydroxyethyl] acetamide.
Itisavasopressing agent used for thetreatment of hy-
potension, figure 14,

OCH
° 0
)’k/NHg
b H
OH

Figurel: Sructural formulaof midodrineHCI[M D] M.W.
[C,.H..N.O,Cl =290.78]

Therearefew andytical methodsfor quantitative
estimation of midodrinehydrochloridein dosageforms
andinbiologicd fluids. Thesemethodsincludehigh per-
formanceliquid chromatography!>? and acolorimetric
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method.

Searchingtheliterature, thereisno published data
concerning the stability indication of midodrinehydro-
chloride.

In modern analytical |aboratory thereisawaysa
nead for significant and s mplegtability-indicating method
of analysis. The present work aimedto develop smple
spectrophotometric and chromatographic methodsfor
the quantification of MD in pureform or eveninthe
presence of itsdegradant.

EXPERIMENTAL

Instruments

Spectrophometrer Shimadzu, 1601PC dual-beam
UV-Vis spectrophotometer (Japan) with matched 1-
cm quartz cells, connected to an IBM-compatible PC
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and an HP-600 inkjet printer. Bundled, UV-PC per-

sonal spectroscopy softwareversion 3.7 wasused to

process theabsorption and the derivative spectra. The
spectral bandwidth was 2 nm with wavel ength-scan-
ning speed of 2800 nmmint

- pH meter Jenway Model 3510(UK), Jenway
Dunmow essex CM63LB.

- Aliquid chromatograph consisted of Thermo Sepa-
ration HPL.C system, Molton Roy quaternary pump,
UV variable wavelength detector model 3000
equipped with 20 uL injector loop. The separation
was performed onaZorbax C , column (250 mm
x 4.6 mm; 5 um).

Materialsand reagents

All chemicadsand reagentswereof andytica grade
and water wasbi-distilled.

(a) Materials

Reference M D standard waskindly supplied by El
Nile Co., Cairo, Egypt. Its potency was found to be
99.60+ 0.98% (n=6) according to a reference HPLC
method®.

(b) Phar maceutical for mulations

Midodrinetablet, B.N.18809 MD:1/09 ED:1/2013
manufactured by El Nile Co, Cairo-Egypt. Tabletswere
claimed to contain 2.5 mg of midodrine per tablet.

MidodrinedropsB.N. 99395 MD:10/09 ED:10/
2012 manufactured by El Nile Co, Cairo-Egypt.

(c) Sandard solutions

MD standard solution 1 mg/mL indistilled water.

Durg degradant solution 1 mg/mL inditilled water.

All solution werefreshly prepared on the day of
analysisand stored in arefrigerator to be used within
24 h.

(d) Reagents

All solvents used were HPL C and spectroscopic
grade.

Acetonitrile, HiPerSolv.®, HPLC-grade, E.Merck
(Darmstadt, Germany). Hydrochloric acid and potas-
sium dihydrogen phosphate: Adwic, EI-Nasr Pharm.
Co. (Cairo, Egypt). De-ionized water ishi-didtilled from
Aquatron automatic water still A4000, Bibby Sterling
Ltd., UK.

—— Fyll Peper
Procedures

(a) Preparation of acid degradate of midodrinehy-
drochloride

Accelerated acid degradation was performed by
refluxing 25 mg of pure M D powder with 25 mL of 2
molar hydrochloric acid for 13 hourstill complete deg-
radation that was confirmed by HPL.C. The Completdy
degraded solution was neutralized using 2 molar so-
dium hydroxidesolution. Thesolution wasthen evapo-
rated to dryness under vacuum and the obtained deg-
radation product was collected and characterized.

(b) First derivativeof theratio spectramethod
(A) Spectral characteristics

Serid dilutionsfrom bothintact MD and itsdegra-
dation product standard sol utionswere prepared and
the spectrawere scanned from 200 nm - 400 nm.

(B) Linearity

Aliquots(0.2-2 mL) from MD standard stock so-
lution (Img/mL) were transferred into series 25-
mLvolumetric flasks. Thevolumewasthen completed
with 0.01 molar hydrochloric acid to obtain aseries
with aconcentration range of 8-80 ug/mL. A volume of
3mL of the degraded standard solution (1mg/ ml) was
transferred into a25mL volumetric flask and the vol -
umewas completed with 0.01 molar hydrochloric acid
to get afinal concentration of 120 ug/mL of the de-
graded solution.

Thespectraof the prepared Sandard solutionswere
scanned at 200-400 nm and the stored spectraof MD
weredivided (amplitude at each wavelength) by the
spectrum of 120 pg/mL of the degradation product
solution. Thefirst derivative of theratio spectra’DD
with “A=4 nm with a scaling factor of 10 was obtained.
Theamplitude of first derivatives peaks of MD was
measured at 268 nm and 308 nm. Two Calibration
graphswere constructed relating the peak amplitude of
DD to the corresponding concentration. Theregres-
son equationswere then computed for the studied drug
at thetwo wavel engthsand they were used for the de-
termination of unknown samplescontainingMD.

(c) Liquid chromatography
(A) Chromatographiccondition
Isocratic chromatographic separation wasdone at
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ambient temperature using Stationary phase a C
Zorbax® (250 x 4.6 mm, 5 um) analytical column. The
Mobile phase composed of 0.05M potassium
dihydrogen phosphate: acetonitrile (80:20, v/v) thefi-
na pH vauewasadjustedto pH 7.0+ 0.1 with sodium
hydroxide. Themobile phasewasfiltered through 0.45
um Millipore membrane filter and degassed for about15
min. inanultrasonic bath prior to use. Themobilephase
wasrun for 40 minutesat aflow rate of ImL/min. to
reach agood equilibrium. Theandysswasusudly per-
formedjust for conditioning and prewashing of thesta-
tionary phase. The eluent was detected with UV de-
tector at 290 nm. The relative peak arearatio were
then plotted versusthe corresponding seria concentra-
tionsof MD (usingMD standard solution of 30pg/mL
asadivisor) to get the calibration graph and to com-
pute the corresponding regression equation, concen-
tration of unknown sampleswere determineusing the
obtained regress on equation.

Samples were injected by the aid of a 25 pL
Hammilton® anayticd syringe.
(B) Linearity

Aliquotsof 3-15 mL from M D standard solution
(Img/mL) weretransferred separately into aseries of
100-mL volumetricflask and thevolumewas compl eted
with the mobile phaseto get the concentration of 30-
150 pg/mL of MD. The sampleswerethen chromato-
graphic using the mentioned chromatographic condi-
tions.
(d)Analysisof laboratory prepared mixturesus-
ing the suggested methods

Aliquotsof intact drug and thedegraded drugwere
mixed to preparedifferent mixturescontaining 10-90%
(w/w) of the degradation product, and proceed as men-
tioned under each method. The concentration of the
intact M D was cal cul ated from the corresponding re-
gression equation.

(e) Assay of pharmaceutical formulation
(A) Drops

The contentsof fivebottlesweremixed thenavol-
ume of 10 mL (equivaent to one bottle) was trans-
ferredintoa100-mL volumetric flask. Thevolumewas
completed with the appropriate solvent asunder each
method.

Hnalytical CHEMISTRY o

(B) Tablets

Ten tabletswere weighted to determinethe aver-
ageweight per tablet. They werethen grinded very well.
A weight equivaent to onetabl et wasthen transferred
into a25-mL volumetricflask and thenthevolumewas
completed with with the appropriate solvent asunder
each method then filtered through amembranefilter of
0.45 pum diameter.

(f) Method validation

The devel oped andytical methodswerevalidated
accordingto ICH guidelines. Comparison of theresults
obtained by the proposed methods and the reference
onesand statistical analysis of datawas done.

RESULTSAND DISCUSSION

Degradation of midodrine

Midodrine is aprodrug which forms an
active metabolite, desglymidodrine via metabolism or
degradation. Compl ete degradation was achieved un-
der acidic condition by refluxing with 2 molar hydro-
chloric acid for 13 hrsthen the solution was neutral -
ized. It wasnoticed that the main degradant isa so the
major metaboliteof thedrug insidethehuman body!.
The main degradation product of MD, after cleavage
of theamidebond, isthe amine (desglymidodrine) and
theglycine part. The degradation product was charac-
terized and confirmed by GC/M S,

Derivativeratio spectr oscopy

A hypochromic effect was observed during degra-
dation of M D once compl ete degradation occur asthe
characteristic peak at 290nm was depressed, figure 2.

Theabsorption spectraof MD and itsdegradation
product show sever overlap, that makestheuseof di-
rect measurement of MD inthe presenceof itsdegradant
not applicable

When thefirgt-derivative, figure 3 and the second-
derivative, figure4 wereexamined for bothdrugandits
degradant, therewas an interference that madetheuse
of theminaccurate.

Derivativesratio spectroscopy isauseful tool in
quantification of theintact MD inthe presenceof its
degradate.

The concentration of thedivisor wasstudied; it was
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found that upon dividing by the spectrum of 120ug/mL
of the degradation product led to the best resultsin
termsof sengitivity and repeatability. Thefirst deriva-
tiveof theratio spectrawas obtained.

Linear calibration graph were obtained for MD in
concentration range8-80 ug mL by recording the peak
amplitude at268 nm and 308 nm using120ug mL* of
thedegradateasadivisor, figure5.

300.C 3500 400 (
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Figure2: Zero-order absorbtion spectraof intact midodrine
(—) anddegraded MD(....... ) (each, 20 pg/mL in 0.01M HCI)

Figure3: Thefirst derivative absor ption spectra of intact
midodrine (—) and degraded M D(....... ) (each, 20 pg/mL in
0.01M HCI)

Theregress on equationswere computed and found
to be
Y =5.914 X + 0.01559 at 268nm
Y =8.829 X - 0.01192 at 308nm
Where, Y isthe peak amplitude of thefirst derivative
gpectra. X istheconcentrationof MD inpg/mL andris
the correl ation coefficient

The precision of the proposed method was checked
by theanalysisof pure MD sampleintriplicateswith
good percentagerecoveries.

High performanceliquid chromatogr aphic method

—— Fuyl] Paper

A simpleisocratic high performanceliquid chro-
matographic method was devel oped for the determi-
nation of MD inpureform andin pharmaceutica prepa
rationusing Zorbax® C , (250 x 4.6mm, 5um) analyti-
cal column. The mobile phase consisted of 0.05M po-
tassium dihydrogen phosphate and acetonitrile (80:20,
by volumes) and was adjusted to pH 7.0 +0.1 using
sodium hydroxide. Theflow ratewas1 mL/min. and
UV detection at 290 nm.

..... 240 ALl il 0

Figure4: Thesecond derivétiveébsorption spectraof intact
midodrine (—) and degraded M D(....... ) (each, 20 pg/mL in
0.01M HCI)
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Figure5: First order of therét-i-o_ spectraof M D 8-80 ng/mL
using the spectrum of 120 pg/mL of degradant asa divisor

The mobile phase was chosen after severd tridsto
reach the optimum stationary and mobile phase match-
ing. Using the described chromatographic conditions,
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MD and its degradant werewell separated with aver-
age retention times of 2.1 min. and 3.7 min., for
degradant and M D, respectively, one sample can be
chromatographicin 5 minutes, figure6.
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Figure6: Liquid chromatogr aphic separation of M D(3.7 min)
fromitsdegradant (2.1 min), experimental conditions

The chromatographic system described inthiswork
allows complete base line separation of MD fromits
degradation product. Peak purity was confirmed for
the HPL C peaksof both intact MD and its degradant
by apilot run using aphotodiode array detector.

By plotting the peak arearatio against concentra-
tionof MD, linearity wasfound to be 30-150 pg/ mL
using thefoll owing regression equation
Y =9.074 X - 0.006164

Where, Y ispeak arearatio; X isthe concentration of
MD; andr istherelation coefficient.

System suitability parametersweretested by cal-
culating the capacity factor, tailing factor, the sengtivity
factor and resolution. The robustness of the HPLC
method wasinvestigated by analys sof samplesunder a
variety of experimenta conditionssuch assmall changes
inthepH (6.5-7.5), smdl changesin acetonitrile/buffer
ratio of themobile phase and changing the column us-
ingaC18 (250 x 4.6mm, 5um) Inertsil™ column.

Theeffect on retention time and peak parameters
was studied. It wasfound that the method was robust
when the column and the mobile phaseratio werevar-
ied. Duringtheseinvestigations, theretentiontimeswere
modified, however theareasand peakssymmetry were
conserved.

Analysisof pharmaceutical formulations

The suggested methodswere successfully applied
for thedetermination of M D initspharmaceutica formu-
lations, showing good percentagerecoveries, TABLE 1.

TABLE 1: Determination of MD in its pharmaceutical
formulationsby the proposed methods

Phar maceutical ‘DD method HPLC

Formulation At 268 At 308 nm  Mmethod
Midodrine drops 100.53 100.94 98.80
BN 99395 Mean + SD +1.17 +£1.03 +0.24
Midodrine tablets 100.24 100.68 99.64

BN 18809 Mean + SD +1.08 +0.97 +0.134

Thevalidity of the suggested methodswasfurther
assessed by applying the standard addition technique,
and the precision was a so expressed intermsof rela
tive standard deviation of theinter-day and intra-day
andysisresults.

TABLE 2: Thevalidation parameter sof theproposed methods
for thedetermination of MD

Parameter DD method HPLC
At268nm At308nm Method
Range (ug/mL) 8-80 8-80 30-150
Slope 5.914 8.829 9.074
Intercept 0.01559  -0.01192 -0.006164
Mean 100.94 99.83 100.43
SD 1.80 0.64 0.48
Variance 1.16 0.409 0.965
Coefficient of variance 1.78 0.64 0.48
Corréation coefficient 0.9998 0.9998 0.9998

The selectivity of the proposed methodswas ex-
amined by analysisof different mixturesof theintact
and degraded MD. The prepared mixtureswere ana
lyzed by the proposed methods and recoverieswere
100.80 + 0.98 and 99.87 +0.63 for the spectropho-
tometric method at 268 nm and at 308 nm, respec-
tively. Recovery was 98.85+0.52 for the HPLC
method.

Results of the suggested methodsfor determina-
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tion of M D were statistically compared with those ob-
tained by applying the reference method . The cal cu-
lated t- and F valueswere less than the tabul ated val -
ues®.

TABLE 2 showsthevalidation parameters of the
proposed methodsfor the determination of MD.

Thekineticorder

Estimation of thekinetic order of the acid-degra-
dation of MD could be done by cal culating the per-
centage of theremaining drug concentrationand itsloga-
rithmicvaueat different timeinterval sduring the hy-
drolysis process. Assay of MD was carried out by
adopting the devel oped HPL C method. The degrada-
tion processof MD followspseudo-first-order kinetics
during degradation asindicating by thestraight linere-
lationship between | og the percentage of theremaining
drug concentration versustime. Thekineticsof thedeg-
radation processis pseudo-first order oneasnoticed
for several drug substances’®.

CONCLUSION
The suggested methods of andysisarefoundto be

simple, accurate, selective, chegp and equally sensitive
with nosignificant difference of the precision compared

—— Fyll Peper

with thereference method of analysisbut being also
stability indicating can detect degradationimpuritiesin
theintact molecule. Application of the proposed meth-
odstotheandysisof MD initspharmaceutical formu-
lation showsthat neither the excipient nor the degrada-
tion product interfereswith itsdetermination.
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