June 2008

Trade Science Ine.

a%za[ytiaa.[ CH

Volume 7 Issue 7

CMISTRY
A Judian Joaraal

—— Fyl] Peper

ACAIJ, 7(7) 2008 [529-534]

Spectrophotometric method for determination of midodrine
hydrochloride using ninhydrin in phar maceutical for mulations

Alaa El-Gindy**, Shehab Sallam?, Randa A.Abdel-Salam?
!Phar maceutical Analytical Chemistry Department, Faculty of Phar macy, Suez Canal Univer sity, |smailia-41522, (EGYPT)
2Chemistry Department, Faculty of Science, Suez Canal Univer sity, |smailia, (EGYPT)
Tel: +20-0103623785; Fax : +20-64-3561877
E-mail: dr_rasalam@yahoo.com
Received: 4™ April, 2008 ; Accepted: 9" April, 2008

ABSTRACT

A simple and fast spectrophotometric method has been devel oped for the
determination of midodrine (MD) hydrochloridein pureformand in phar-
maceutical formulations. The method is based on the reaction of the pri-
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mary amino group of the drug with ninhydrin in methanol producing a
Ruhemann purple coloured complex which absorbs maximally at 576.5 nm.
The effects of variables such as reagent concentration, reaction time,
reaction tempreture, and Ruhemann purple color stability period, were
investigated to optimize the procedure. The proposed method has been
applied successfully to the analysis of the bulk drug and its pharmaceuti-
cal tablets and drops. No interference was observed from common phar-

maceutical adjuvants.
INTRODUCTION

Midodrine (MD) hydrochloride, 2-amino-N-(p-
hydroxy-2,5-dimethoxyphenethyl)acetamide hydro-
chloride, isadirect-acting sympathomimetic with se-
lective alpha-agonist activity. It acts as a peripheral
vasocondtrictor so, it used in thetreatment of hypoten-
sivestates particularly orthostatic hypotensiontt.

A review of literaturerevedled that severa HPLC
methods have been described for the determination of
MD inbiologicd fluidg?®, chira chromatography® and
gas chromatography-mass spectrometryt”. Thesemeth-
ods have enough sensitivity to determinethedrugand
hence, it isjustified to use them for assay of MD in
biologica fluids. However, itisawaysrequired to de-
vel op andytica methodsusinglow cost techniques. UV-
Visspectrophotometry isstill considered aconvenient
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and economical techniquefor routine analysisof the
drugin pharmaceutica formulations.

MD isadrugwhich having reaively low ultravio-
let absorbance. Using of dervatization technique and
formation of coloured product with high absorbance, in
turnincreasemethod sensitivity. Inaddition, theforma-
tion of coloured derivative has the advantage of
bathochromic shift to thelonger wavelength of thevis-
ibleregion; thishel psto get red of theinterfering noise
and excipient effect in the shorter wavelength.

The present paper describesarapid, simpleand
sengtivevisible spectrophotometric method for thede-
termination of MD. Thedetermination isbased onthe
reaction of the primary amino group of the M D with
ninhydrininmethanol and producingaRuhemann purple
color. Furthermore, factorsthat influencethereaction
processwereidentified and optimized. Also, the colo-
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rimetric method wasvadidated.

EXPERIMENTAL

I nstrumentation

A double-beam Shimadzu UV-V IS spectrophotom-
eter, model UV-1601 PC, equipped with 1 cm quartz
cellsand connected to an IBM -compatible computer
HP 600 inkjet printer were used. The bundled soft-
warewas UV PC persond spectroscopy software Ver-
sion 3.7 (Shimadzu). The spectral bandwidth was 2
nm, and the wave ength scanning speed was 2800 nm/
min.

Materialsand reagents

Pharmaceutical grade of MD hydrochloride was
used and certified to contain 99.8%. Methanol HPLC
grade (BDH, Poole, UK) was used. Sodium hydrox-
ide (Sigma-Aldrich, Inc, St. Louis, USA) and ninhy-
drin (Sigma-Aldrich, Inc, St. Louis, USA) were used.

The pharmaceutical formulations of MD
{ Midodrine® tabletsand drops batch no. 05263 and
16286 respectively} used were manufactured by The
Nilecompany for pharmaceuticalsand chemical indus-
tries(Cairo, Egypt). Each tablet waslabeled to contain
2.5mgof MD. Thedropswerelabeled to contain 1%
of MD. Also, { gutron® Tabletsand dropsbatch no. L
610906 and L 530706 respectively} used were manu-
factured by October Pharma (6 of October city, Egypt).
Each tablet waslabeled to contain 2.5 mg of MD. The
dropswerelabeled to contain 1% of MD.

Sandard solutionsand calibration graph

Thedrug baseprepared using an accurately weighed
amount of thedrug hydrochloridesalt equivaent to 50
mg baseof MD, dissolvedina100 ml of distilled water
and render dkaineto reach pH 10.0with 2 M sodium
hydroxidesolution. Theliberated base of MD was ex-
tracted 3 times, each with 20 ml chloroform. The col-
lected chloroformic extract was evaporated using ro-
tary evaporator. Thefree base wasthen dissolvedin
100 ml methanal.

Thediluted standard solutionswere prepared by
appropriate dilutionswith methanol to reach concen-
tration range of 3-20ug mi of MD. Oneml of diluted
standard sol utionswas pipetted into aseries of boiling
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test tubes. To each test tube 3 ml of 6 mM ninhydrin
solution (freshly prepared in methanol daily) wasadded,
mixed well and heated on athermostatic oven at 100
+1°C for 30 min. After heating the solution, the tubes
were cooled to room temperature. The content of each
tubewastransferred to a10 ml volumetric flask and
diluted to volumewith methanol. The absorbancewas
measured at 576.5 nm against reagent blank treated
similarly. The absorbance valueswere plotted against
corresponding concentrations. Linear relationship was
obtained.

Samplepreparation
1. For tablets

Forty tabletswereweighed and finely powdered.
A portion of the powder equivalent to about 50 mg of
MD basewasweighed accurately, dissolvedin 100 ml
of distilled water and render akaineto reach pH 10.0
with2 M sodium hydroxide sol ution. The powder was
stirred for 30 min., then the proceduresfor the extrac-
tion of M D base, and reaction with ninhydrin described
abovewasfollowed and the concentration was cal cu-
lated.

2. For drops

A volumeof MD drops, equivaent to about 50 mg
of drug basewasmeasured and render dkalinewith 2
M sodium hydroxide solution. The same procedure
done for tablets are followed for MD drops and
concentration of M D was cal culated using regression
equation.

RESULTSAND DISCUSSION

MD exhibitsrelatively low UV absorption(Figure
1a) asaconsequence; poor senditivity will beachieved
by conventional UV spectrophotometric methods. MD
containsaprimary diphaticamino group, whichisknown
to react with many color reagents.

Ninhydrin reagent isused for the determination of
an aliphatic primary amine or an amino acid group’®.
Thereactionisusudly carried out by heatingfor ashort
timein an organic solvent (2-propranal, butanol, metha:
nol, DMF®). The reaction product is measured be-
tween 550 and 580 nm depending on thereaction con-
dition™. M D reactswith ninhydrin reagent in methanolic
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Figure 1: Absor ption spectrafor (a) 10ug mi*M D and (b)
10pg mi* M D after reaction with 3ml of 6mM ninhydrin
in methanol

medium through oxidative deamination of the primary
amino group followed by the condensation of there-
duced ninhydrin to form the/Ruhemenn purple colored
reaction product (diketohydrindylidene-diketohydrind
amine) with maximum absorbanceat 576.5 nm(Figure
1b, and SCHEME 1).

Thedifferent experimentd parametersinfluencing
theintensity of the devel oped col or were extensively
investigated to determinetheoptima conditionsfor the
assay procedure. All conditions studied were optimized
inmethanol viaanumber of preliminary experiments.

Effect of ninhydrin concentration

Toasariesof oneml methanolic solution containing
10ug MD base, different volumes (0.5-5ml) of 6mM
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SCHEME 1: Thesuggested reaction pathway between MD
and ninhydrinin methanol

ninhydrin were added. The reaction mixtures were
heated for 30 min on athermostatic oven at 100+1°C.
The colored product wasdiluted to 10 ml with metha-
nol and the absorbance was measured against are-
agent blank at 576.5 nm. Theresults showed that the
highest absorbancewas obtained with 3ml, whichre-
mained unaffected with higher amounts of ninhydrin
(Figure 2a). A 3ml of thereagent, therefore, was cho-
sen asoptimum volumefor thedetermination.

Effect of heatingtime

Toaseriesof oneml methanolic solution containing
10ug MD base, was mixed with 3 ml of 6 mM ninhy-
drin solution. Thereaction mixturewasheated on ather-
mostatic oven at 100+1°C for different time up to 120
min and the colour product wasdiluted to 10 ml with
methanol. Theintensity of the colour wasreached to
maximum after 30 min of heating and remained con-
stant up to 2h. Hence, the absorbance was measured
after 30 minof heating. Theresultsareshowninfigure
2b.

Effect of reaction temperature
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Figure?2: Effect of (a) ml of ninhydrin, (b) heating time,
and (c) reaction temperatur eon theninhydrin- M D reac-
tion (M D conc. is10pug ml?)

It isknown that the reaction temperatureisvery
important. Mgority of the reported work on ninhydrin
reactions have been performed at el evated tempera-
ture. Inthisstudy, no color wasformed at room tem-
perature within 24h. Only slight purple col or was ob-
served after heating the samplesat 50°C for 12h, and
70°C for 6 h. The intensity of the produced color in-
creased at 90°C for 1.5h, as with the increase of reac-
tion temperature, thetimefor the col or formation was
significantly reduced. At 100°C and exposure time of
30min, dark Ruhemann purplecolor wasrapidly formed
asshowninfigure 2c. It wasfound that, thereaction
rate between ninhydrinand MD asprimary amineis
dower than that with amino acids®. Therefore, in or-
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Figure 3: Absor ption curvesof thecolored derivativere-
sulted from ninhydrin-M D reaction for different concen-
trationsof M D (5ug ml*-20pg mi?)

der to assure compl etion of thereaction process, 100°C
for 30 minwas selected.

Validation
1.Linearity

Thelinearity of the proposed method was evalu-
ated by analyzing seven concentrationsof M D ranging
between 3-20ug ml=. Each concentration wasrepeated
threetimes. Theassay was performed according to ex-
perimental conditionsprevioudy established. Thecali-
bration graph was constructed by plotting absorbance
of thereaction product at 576.5nm against correspond-
ing concentrationsof MD (Figure 3).

Theregression plot showed alinear dependence of
theabsorbanceover cdlibrationrangegivenin TABLE
1. The table also shows the results of the statistical
analysisof the experimental data, such asthe dopes,
theintercepts, the correlation coefficients obtained by
thelinear least-squarestreatment of theresults.

Thelinearity of thecdibration graphwasvaidated
by the high value of the correlation coefficient and the
intercept value, which was not statistically (p=0.05)
different fromzero (TABLE 1).

2. Precision
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For evaluation of the precision estimates, repeat-
ability and intermediate precision were performed at
three concentration levelsfor MD. Thedatafor each
concentration level were evaluated by one-way
ANOVA. A 8daysx 2 replicatesdesign was performed.
Statistical comparison of theresultswasperformed us-
ingthe P-va ue of the F-test. Three-univariate anayses
of variancefor each concentration level were made.
Sincethe P-value of the F-test isalways greater than
0.05, thereisno statistically significant difference be-
tween the mean results obtained from onelevel of day
to another at the 95 % confidencelevel (TABLE 2).

3. Range

Thecdibration rangewas established through con-
Sideration of the practical range necessary, according
to M D concentration after administration of therapeu-
ticdoseof MD to give accurate, preciseand linear re-
sults. Thecdlibration range of the proposed method is
giveninTABLE 1.

4. Detection and quantitation limits

According to ICH recommendations*?, the ap-
proach based onthe S.D. of theresponseand theslope
wasused for determining the detection and quantitation
limits. Thetheoretica vaueswereassessed practicaly
andgivenin TABLE 1.

5. Accuracy

Thevalidity of the proposed method for the deter-
mination of drugin pharmaceutical formulationswas
tested by applying the standard addition technique.

Thisstudy was performed by addition of known
amountsof the studied compound to aknown concen-
tration of thecommercid pharmaceuticd products. The

—= Fyll Poper
results obtained werereproduciblewith low relative
standard deviations (0.37-0.72%) and the mean re-

TABLE 1: Characterigtic parameter sof thecalibration equa-
tionsfor the proposed spectrophotometric method for the
determination of MD

MD
Calibration range (ug mi™) 3-20
Detection limit (ug mi™) 4.77 x 102
Quantitation limit (ug mi™) 15.89 x 102
Regression equation(Y)* 2
Siope (b) 8.47 x 10
Standard deviation of the slope (S,) 1.43 x 10
Relative standard deviation of the 169
slope (%) '
Confidence limit of the slope? 8.33 x 102-8.61 x 107
Intercept (a) 9.06 x10°°
(Sé.:\)ndard deviation of the intercept 1.70 x 102
Confidence limit of theintercept® (-7.41x10)-(2.55x107?)
Correlation coefficient (r) 0.9998
Standard error of estimation 7.8x10°

aY = a+bC ,where C is the concentration of MD in ug ml-*and Y
is absorbance; °95% confidence limit

TABLE 2: Analysisof variancefor repeatability and inter me-
diateprecison for M D by the proposed spectrophotometric
method

Comp (L:gvmezl. SO“TC.e of Mean F P-
' (g mi™) variation sguares ratio* value
Between 1.58 7
3 Within 6.01 8 030 094
Totd 7.59 15
Between 1.91 7
MD 15 Within 3.77 8 0.58 0.76
Totd 5.69 15
Between 3.17 7
20 Within 8.08 8 0.45 0.85
Total 11.25 15

Where D.F is the degree of freedom and MS is the mean square.
*The critical value of F- ratio is 3.5 and P -value is 0.05

TABLE 3: Application of sandar d addition technique on different phar maceutical for mulationsof M D using the proposed

spectrophotometric method

Claimed conc. Added conc.

% Recovery of added

(pgmi?) (ug mi™)

Sample no. MD MD Midodrinetablets Midodrinedrops Gutron tablets Gutron drops
1 10 4 99.5 98.7 99.4 100.1
2 12 5 98.7 98.6 99.5 100.3
3 6 10 100.1 100.3 100.2 99.4
4 10 5 100.0 100.4 100.2 99.7
5 7 7 100.2 100.0 100.0 99.8
6 15 3 99.6 99.6 100.4 100.5
7 10 10 99.8 99.8 100.0 100.2

Mean 99.70 99.63 99.96 100.0
S.D. 0.51 0.72 0.37 0.38
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coverieswereintherange of 99.63-100.00%. There-
sults are reported in TABLE 3 suggested that good
accuracy of the proposed method.

6. Robustness

Varidion of thereactiontemperatureby + 1°C, and
heating timeby + 2 minutes did not have a significant
effect on ninhydrin- MD reaction.

7.Analytical solution stability

TheMD solutionin methanol exhibited no spectro-
photometric changesfor 8 hours, when kept at room
temperature, and for 3 days, when stored refrigerated
at 5°C.

The colored Ruhemann purple product of ninhy-
drin-MD derivativeisvery stable and no changeson
thecolor intensity for 3days at room temperature.

Analysisof phar maceutical products

In order toinvestigate the gpplicability of thisspec-
trophotometric method to thedeterminationof MD in
pureformor in pharmaceutica formulations, the effect
of the presence of some common excipientssuch as
starch, talc, lactose and magnesium stearate that may
present in tablets or ethanol in dropswas studied. It
wasfound that the common excipientsdid not interfere
inthedetermination.

Commercid formulationscontainingMD wereas-
sayed successfully by the proposed method. There-
sultswere compared to those obtai ned by the the pub-
lished HPL C method®. Seven replicates determina-
tionsweremade. Satisfactory resultswereobtained for
MD in good agreement with thelabel claimsineach
formulation (TABLESA4). The performanceof thepro-
posed method was judged with regards to accuracy
and precision by ca culating student’s t- test and F-val-
uesd. At 95% confidencejudged level; thecal culated
t- and F-values do not exceed the theoretical values
indicating no Significant differencebetween the proposad
method and the reference method.

CONCLUSION

It isconcluded that the proposed method is sensi-
tive, simple, rapid and selective for determination of
MD in bulk and commercial formulationswith good
accuracy and precision. Thereaction conditionswere

optimized and criticdl factorsidentified. Theshort andy-
sistimeand low cost are the main advantages of the
devel oped method for routine analysis. Thisencour-
agesitssuccessful useinroutineanaysisof theseMDin
qudlity control laboratories.
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