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ABSTRACT

A stability-indicating thin-layer chromatographic method (TLC) was de-
veloped for the determination of Dipyridamolein presence of itsacid, alka-
line, oxidative and thermal induced degradates. This TLC method and a
doubledivisor ratio spectra derivative method were devel oped for determi-
nation of Dipyridamole in presence of Aspirin and Salicylic acid, as the
combination of Dipyridamole and Aspiriniswidely used to reduce throm-
bosis in patients with thrombotic diseases. Dipyridamole was separated
by TLC densitometic method from its degradates on silicagel platesusing
acetonitrilezammonia 33% (4:1, v/v) as adeveloping system. This method
depends on quantitative densitometric evaluation of thin layer chromato-
gram of Dipyridamole at 230 nm over aconcentration range of 0.30-15.00
pg/spot with mean percentage recovery 99.87 + 0.62. The double divisor
ratio spectra derivative method (DDRD) depends on the measurement of
the amplitude at 252nm using Aspirin and Salicylic acid as double divisor.
Calibration graph of (DDRD) method for Dipyridamoleislinear inthe con-
centration range 1-10 pg /ml with mean percentagerecovery 99.47+ 1.41.
The proposed methods have been successfully applied for the analysis of
Dipyridamolein pharmaceutical dosage formwithout interference from other
dosage form additives and the results were statistically analyzed and com-
pared with those obtained by certain validated published method. More-
over, The TLC-densitometric method was successfully applied for the de-
termination of Dipyridamole in spiked human plasma with mean percent-
agerecovery 101.96+4.28. © 2016 Trade Sciencelnc. - INDIA
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INTRODUCTION

Dipyridamole is widely used as a coronary
vasodilator in patients with high blood pressure, a
prophylactic agent in patientswith anginapectorisand
aninhibitor of platel et aggregation invariousthrombo-
embolic conditiong. Theknown pharmacol ogical
approach for the prevention of thrombotic accidents

isto use Dipyridamolein combination with Aspirin
(acetylsdicylic acid). The mechanism of actionisto
inhibit the cdllular uptake and metabolism of adenosine
with resulting vasodilatory and anti-aggregatory effects.
Aspirininhibits platelet aggregation by irreversible
inhibition of platel et cyclooxygenaseand thusinhibiting
the generation of Thromboxane A2. Dipyridamole
inhibits the uptake of adenosine into platelets and
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endothelial cells, thus decreasing the adhesion of
platelets to thrombogenic surfaced?®. Analytical
methods such as high performance liquid
chromatography HPLC!*9  electrochemical
analysig*14, spectrophotometric methods*® and
phosphorimetric methods were reported for the
determination of Dipyridamol €617, A few analytical
procedureswere al so proposed for the determination
of Dipyridamolein dosage formsin human plasma,
serum, urine and feces!'®20, Although the
combinational use of Aspirin and Dipyridamoleis
continuously increasing, few methods werereported
for the simultaneous determination of Aspirin and
Dipyridamole including combination of liquid
chromatographic and mass spectrometric detection2Y,
second-order derivative spectrophometry’?? and by
spectrofluorimetric method?, Thefocusof the our
study isto develop and validate a simple stability-
indicating method for the determination of
Dipyridamole in presence of its acid, alkaline,
oxidativeand thermal degradatesfor thequality control
of Dipyridamoleaswell asin presenceof Aspirinand
Sdicylicacidwithout any interferencethat can beused
for quality control and routineanaysis.

MATERIALSAND METHODS

| nstruments

TLC scanner (Desaga Densitometer model CD60
(Germany) with thefollowing requirementsaretaken
into congideration:

e Photomode Reflectance.

e Scanmode Linear dit scanning.

e Scanning speed 20 mm/ sec.

e Jitwidth = 0.4 mm.

o Sithaght = 0.02mm

e Resultoutput Denstogram and pesk
ligt.

TLC plates (20cmX10cm) coated with silicagel
60 F254(Merck, Germany). A 30 DesagaA pplicator.
A Desaga chromatographic tank 20x 21x 9 cm. A
Desaga UV lamp (254 nm), (USA). Oven, TEQ),
Model D4AMV (Portugal). Jenway PH meter
(Germany). Thermostatic multiplewater bath, model
BT- 15 (Spain). Double beam UV-VIS
spectrophotometer (Shimadzu, Japan) model 1601 Pc

——> Pyl Paper

with quartz cell of 1 cm pathlength, connected to IBM
compatible computer. The software was UVPC
personal spectroscopy software version 3.7. The
spectral band width was 2 nm and the wavelength
scanning speed 2800nm/min. High PerformanceLiquid
Chromatograph (HPLC) consistsof asolvent delivery
system (SHIMADZU LC-20AT), which is a stand-
a onemodular unit that featuresareciprocating single
piston isocratic pump. The pump iscoupled with an
efficient pulsedamping hardware and ddliversflow in

@

()

©
Figurel: LC-M Sspectraof stressed Dipyridamolesamples
(a- acid degradates, b- alkalinedegradatesand c- oxidative
degradates.
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Figure2: L C-M Sspectraof stressed Dipyridamole samples(a- wet ther molysisdegradatesand b- dry ther molysisdegr adates)

thelinear dynamicrangeupto 10 (ml/min). SHIMADZU
“chromatography data system” was employed for data
collection and handling. ShimadzuAutosampler Moddl
SIL-20A. Analyst software version 1.4.3, applied
biosystems, MDS, SCIEX, Canada. API 3200 LC/
MS/MS system (mass detector) applied biosystems
MDS, SCIEX, Canada.

Materials

Purestandards

Dipyridamolewas supplied by Cid Pharamaceutica
Company (Cairo, Egypt). Its purity wasfound to be
99.90% %2, Acetyl sdlicylicacid wassupplied by Hikma
Pharma (6" October, Egypt). Itspurity wasfound to
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be99.50% 2. Sdicylic acid (El-Nasr Pharmaceutical  1abeled to contain 75 mg of Dipyridamole(batch
company, Abu-Zabal, Cairo, Egypt). N0.100122).

Phar maceutical dosageforms Chemicalsand Reagents

Persantin®-75 tabl ets were manufactured by Cid All chemicals and solvents used throughout this
Pharamaceutical Company (Cairo, Egypt) under license  work were of analytical grade. Ethyl acetate, Sodium
of Boehringeringelheim, Canada. Each tablet was hydroxide, Hydrogen peroxide 50% w/v, Ammonia

TABLE 1: Acid degradantsof Dipyridamoleidentified by theproposed L C/M Smethod

Degradant m/z Chemical name Structure

HO Q

2-((8-(piperidin-1-yl)pyrimido[5,4-d] pyrimidin-

A 268 2-yl)amino)ethanol >
HN4</
N —
2,2,2>° 2°"’-((4-hydroxy-8-(piperidin-1-
B 437  yl)pyrimido[5,4-d] pyrimidine-2,6-
diyl)bis(azanetriyl))tetraethanol
c 190 2-(pyrimido[5, 4-d]pyrimidin-2-

ylamino)ethanol

OH

D 147  pyrimido[5, 4-d]pyrimidin-2-amine /:: >
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33%, Hydrochloric acid (ElI-Nasr Pharmaceutical Stock standard solutions

company, Abu-Zabal, Cairo, Egypt). Acetonitrile, Dipyridamole(1.00mg/mL), Aspirin (1.00mg/mL)
Methanol ((J.T.Baker, USA), (HPLC grade). Ortho  and Sdicylicacid (1.00mg/mL), eechwasdissolvedin
phosphoric acid (Ridel-deHa,n, Sigma-Aldrich, mehanal.

Germany).

Working standard solutions
Standard solutions Dipyridamole (50 pg/mL), Aspirin (50 pg/mL) and
TABLE 2: Alkalinedegradantsof Dipyridamoleidentified by theproposed L C/M Smethod

Degradant m/z Chemical name Structure

A 268 2-((8-(piperidin-1-yl)pyrimido[5,4-d] pyrimidin- N

2-yl)amino)ethanol >
M
HH —</ \\ N/

2,2°,2”,2”"’-((4-hydroxy-8-(piperidin-1-

B 437  ylhpyrimido[5,4-d]pyrimidine-2,6-
diyl)bis(azanetriyl))tetraethanol
c 190 2-(pyrimido[5, 4-d]pyrimidin-2-

ylamino)ethanol

OH

N
D 147  pyrimido[5, 4-d]pyrimidin-2-amine / \ /
HaN —— N
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Salicylic acid (50 pg/mL). They were prepared by  Synthetic mixturesfor DDRD method

methanal. standard solution (50ug/mL) were transferred

TABLE 3: Oxidativedegradantsof Dipyridamoleidentified by theproposed L C/M Smethod

Degradant m/z Chemical name Structure

HH M
C 190 2-(pyrimido[5, 4-d]pyrimidin-2-ylamino)ethanol

OH

H

M
D 147 pyrimido[5, 4-d]pyrimidin-2-amine / \ /
HeH—, M
 —

N _”%DH
0

2,6,8-trihydroxy-4-(piperidin-1-yl)pyrimido[5,4-

E 286 d]pyrimidine-1-oxide

OH

OH

HO

—N
2,2',2" 2" pyrimido[5, 4-d]pyrimidine-2,6- N j—N
F 339 diylbis(azanetriyl)tetraethanol' {// \\ N/

N

OH

OH

— aé‘na[:yttca[' CHEMISTRY
An Tudéan Journal




350

Determination of Dipyridamole in the presence of its degradation products and

ACAIJ, 16(8) 2016

Full Peaper ==

Degradant m/z Chemical name Structure
Q
G 221  4-(piperidin-1-yl) pyrimido [5, 4-d] pyrimidine —H
M
</ Y />
M
—
= ——H
\\N' \ 4/>7NH:
6-amino-2-((hydroxymethyl)amino) (4-(piperidin-1- N — ”\
H 313 yl) pyrimido[5,4-d]pyrimidin-2-yl) azanediyl) HO H=— or

diethanol

separately into aseriesof 10-mL volumetricflasks. To
the previoussolutionsaccuratdy measured volumes (0.6
mL) of each of Aspirin and salicylic acid (50ug/mL)
wereadded. Thevolumewas completed to mark with
methanol.

Using the proposed methods, the samples were
andyzedfor Dipyridamolecontents. The concentrations
were calculated from the corresponding regression
equation; the mean percentagerecoveriesand sandard
deviationswerethen ca culated.

Degraded samples

Acid and alkalineinduced degradation

Two mL of Dipyridamole stock solution were
transferredinto aconica flask and mixed with 2.00 mL
of 1M HCI or 2.00 mL of 1 M NaOH for acid and
alkaline degradation, respectively. The mixturewas
heated on athermostatically controlled water bath at
90R”C for one hour while fitting air condenser. The
solution was cooled and then neutralized with 2 M
NaOH or 2 M HCI. PH was monitored with PH glass
electrode. Thesolutionwastransferred quantitavely into

Hnalytical CHEMISTRY o

10-mL volumetric flask and the volume was then
completed with methanal.

Hydrogen per oxide-induced degradation

Two mL of Dipyridamole stock solution were
transferred into 10-mL volumetric flask and mixed with
2.00mL 3%H,O,. Themixturewas|eft for 30 minutes
at roomtemperature. Thevolumewas completed with
methanol.

Wet themolysis

Two mL of Dipyridamole stock solution were
transferredintoaconica flask and mixedwith 2.00 mL
distilled water, the mixture was heated on a
thermostatically controlled water bath at 90R”C for two
hourswhilefitting air condenser. Thesolutionwascooled
andtransferred quantitavely into 10-mL volumetricflask
and the volume was then compl eted with methanol .

Dry thermolysis

Dipyridamolebulk powder wasspread on petridish
inthinfilmabout 2 mmthickness) inanovenat 90R”C
for an hour. After exposure, about 50 mg of
Dipyridamol e powder were accurately weighed into

Au Tudian Yourual
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TABLE 4: Wet thermolysisdegr adation of Dipyridamoleidentified by theproposed L C/M Smethod

Degradant m/z Chemical name Structure

M

HH M
C 190 2-(pyrimido[5, 4-d]pyrimidin-2-ylamino)ethanol

N

OH

N
D 147  pyrimido[5, 4-d]pyrimidin-2-amine / \ /
HaN —— N

oH
HO
——H
2,2',2" 2" pyrimido[5, 4-d]pyrimidine-2,6- N >7“
F 339 diylbis(azanetriyl)tetraethanol' {/ \ N/
.
oH
aH
Q
G 221 4-(piperidin-1-yl) pyrimido [5, 4-d] pyrimidine ——N
M
</ \ />
.
250-mL volumetricflask, dissolvedinand dilutedto  densitometric method
volumewith methanol. Different aliquots (0.3-15.0 uL) of stock standard
Procedures solutionsof Dipyridamole, Aspirinand (0.3-20.0 uL)

Construction of calibration curve for the TLC- of Sdlicylic acid, werespotted asbandsof Smmwidth
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TABLE5: Dry thermolysisdegradation of Dipyridamoleidentified by the proposed L C/M Smethod

Degradant m/z Chemical name Structure

M

M
D 147  pyrimido[5, 4-d]pyrimidin-2-amine / \ /
HoH— N
 —

OH
HO
—
2,2',2" 2" pyrimido[5, 4-d]pyrimidine-2,6- N N
F 339 diylbis(azanetriyl)tetraethanol {/ \ N/
—
OH
OH
M
G 221 A-(piperidin-1-yl) pyrimido [5, 4-d] pyrimidine —N
M
</ AN />
M
—
1200 b
I
a i
L '. L_L 4 ;. O b
{10 {lk
{ ‘ s’l |IIHH,
L) R ) ____;f.ilA- \_“Q ;LT-!'-JJ s i-*. ]l S
"0 00 ) o & 00 0 W 8 0.0

Figure3: TLC denstogram of a: Salicylicacid, b: Dipyridamoleand c: Aspirinin puresample
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Figure4: TLC densitogram of a: Dipyridamoleand b: Aspirin in spiked human plasma

ontheTLC plates, intriplicates. Thebandsweregpplied
a 1cminterva and 1.5 cm gpart from the bottom edge.
Linear ascending chromatographic developing to a
distance of 8 cmwasperformedin achromatographic
tank previously saturated for 30 minutes with the
devel oping mobile phase consisted of acetonitrile:
ammonia33% (4:1, by volume) at room temperature.
Subsequent to the development, the plates were air
dried, detected under UV lamp and then scanned at
230 nm. After scanning, the average peak areaswere
cdculated, thecdibration curve, relating theintegrated
peak area and its corresponding concentration, was
constructed for each drug and theregression equations
were computed.

Application of theTL C-densitometric method to
laboratory prepared mixtureof Dipyridamolewith
Aspirinand Salicylicacid

The suggested procedure was applied for the
analysisof Dipyridamolein presence of Aspirin and
Salicylicacid, whereaspot containing (15, 5, 15 ug/
spot), respectively was applied and the specified
chromatographic conditionswere set.
Application of TLC- densitometric method to
Phar maceutical formulation

The suggested procedure was applied for the
anaysisof Dipyridamolein Persantin® tabl ets, where
ten tabletswereweighed and their mean weight was
determined. Thetabletswerefinely powdered and an
accurately weighed portion of the powder equivalent

TABLE 6: Recovery of Dipyridamoleand Aspirin in spiked
human plasmaby theproposed TL C densitometric method

Dipyridamole Aspirin

Taken Found* Recovery Taken Found® Recovery

pg/mL  pg/spot % pg/mL  pg/spot %
0.50 0.49 98.00 0.50 0.487 97.40
250 255 102.00 2.50 2.35 94.00
5.00 5.24 104.80 5.00 5.30 106.00
10.00 9.56 95.60 10.00 10.23 102.30
15.00 15.45 103.00 15.00 14.90 99.33
20.00 19.75 98.75 20.00 20.32 101.60
50.00 53.80 107.60 50.00 51.20 102.40
vensrsn MO ooy, 10040

aMean of three deter minations
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TABLE 7: Resultsof assay validation of theproposed TLC
spectrodensitometric method for theanalysisof Dipyridamole
and Aspirinin spiked human plasma

Parameter Dipyridamole Aspirin
Renge (ug/mL) o.icg)-/i?L.oo O.i(g)_/i?ﬁoo
Intercept 203.30 19.39
Coeffecient;? 6.496 4.839
Coeffecient,” 0.246 0.199
gg’erfrfei'c?igp 0.9995 0.9999
Accuracy 101.40+ 4.13 100.43 +£3.90
RSD% " © 2.05 1.24
RSD% " ° 3.11 2.05
Specificty Specific Specific
LOQ (ug/spot)® 0.36 0.066
LOD (ug/spot)® 0.12 0.20

Standard addition techniquewas applied to assess
thevadiidity of the proposed method by spiking different
known concentrations of pure Dipyridamole to its
pharmaceutical product. The procedure described
under the assay of Persantin® tablets was followed.
Concentrationswere cal cul ated; the mean percentage
recoveriesand therelative standard deviationswere
then calculated.

Application of TLC- densitometric method to
spiked human plasma

The suggested procedure was applied for the
andyssof Dipyridamoleand Aspirininplasma Different
aliquotsfrom working solution of Dipyridamoleand
Aspirinweretransferred into 5 mL centrifuge tubes,
separately. OnemL of the frozen plasmawasthawed
under room temperature and transferred to each of the
mentioned centrifugetubes, two mL of methanol were
added then the mixturewas vortexed for 1 minuteand
centrifuged for 10 minutes. The upper layers were
transferred to beakersfor evaporation after threetimes

TABLE 8 : System suitability results of the TLC
spectrodensitometric method for determination of Dipy-
ridamole

Selectivity

»PRegression egquation= A=a+b,C+b,C? where A is the peak
area and C is the concentration. ¢ the intraday (n=3) and ¢ the
interday (n=3) relative standard deviations of Dipyridamole
and Aspirin of concentrations 5.00, 10.00 and 15.00 (pg/mL); ©
LOD and LOQ aredetermined using Sandard deviation of the
response method

to one tablet was transferred to 100-mL volumetric
flask, completeto volumewith methanol and thenfiltered.
SuL ofthe prepared solution (0.75 mg/mL) was applied
to the TLC plate and the procedure stated under
linearity wasfollowed.

Compound factor Resolution
Aspirinin pure form 243 15
Aspirin in spiked human 548 145
plasma
Acid degradation 211 2.23
Alkaline degradation 2.00 1.93
Oxidative degradation 219 2.08
Wet thermolysis 1.86 2.08
Dry thermolysis 1.70 2.00
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Figure5: Zeroorder absor ption spectraof (a): 3 pg/mL Dipyridamole, (b): 3 ng/mL Aspirin and (c): 3 pg/mL Salicylic acid
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Figure6: First derivativeof thedoubledivisor ratio spectraof Dipyridamole[2,4,6,7& 10] pg/mL using 3pg/mL Aspirin and

3pug/mL Salicylic acid as double divisor

washing with methanol, then one mL methanol was
added, from each dilution spot 10 pL into TLC plate,
the specified chromatographi c conditionswere set. After
devel opment and scanning, theaverage pesk areaswere
cdculated, thecdibration curve, relating theintegrated
peek areaandits corresponding concentrationin plasma,
was constructed for each drug and the regression
equationswere computed.

Doubledivisor-ratio spectraderivativemethod

The Doubledivisor-ratio spectraderivative method
is based on the use of the coincident spectra of the
derivativeof theratio spectraobtained by usnga‘double
divisor’ (sum of two spectra) and the measurements at

either the maximum or minimum wavelengths. The
mathematical expression of DDRD methodisshownin
thefollowing equation:

i A lernary mix.. 4;
i : ] {0
d-. [fjv;,,:i +8 41, 1Gx
d :‘,I /.] ( Z

T [Ix_;_I +ﬁy;_].‘] x

WhereA termery mixture isthe absorbance of the mixture at

A =252nmanda, By and}, , aretheabsorptivities
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TABLE 9: Application of standar d addition technique on Per santin® tabletsby the proposed methods

Phar ma-ceutical
formulation

TLC-densitometric method

s S R AL T
2.50 98.80
Persantin tablets” 3.75 99.74+ 1.64 5.00 102.40 100.62+ 1.80
7.50 100.67
DDRD method
Taken (ug/ml) Reco;gga%i a?g; Recovery?% Mean £ RSD
4 3.94
Persantin tablets” 4 99.50 +1.64 2 2.03 100.50+1.73
1 1.015

@ average of three determination

of X,Y and Z, respectively. Cx, Cy and Cz represent
the concentrations of compounds. Cpx andCpy are
standard solutionsof x andy of equal concentrations.
Inthismethod, linearity was obtained by dividing the
absorption spectraof Dipyridamole (1-10 pg/mL) by
the sum of the spectraof Aspirinand Salicylic acid (3
ug/mL of each one in methanol) as double divisor. The
first derivatives of the obtained ratio spectra were
computed using the UV PC softwareat AA=8 nmand
scaling factor = 10 at 252 nm.

Application of DDRD to pharmaceutical dosage
form

Ten Persantin® tabletswerewe ghed and their mean
weight was determined. The tablets were finely

powdered and an accurately weighed portion of the
powder transferred to 100 mL volumetric flask to
obtain concentration of (40 pg/mL). The solution was
diluted to required volumethenfiltered. The samples
were analyzed using the procedures stated under
linearity.

To assess the validity of the proposed methods,
standard addition technique was applied. Known
amountsof puredrugswere added to the corresponding
prepared solution of drug dosage form. The
concentrations, mean percentage recoveries and the
standard deviation were cal cul ated.

RESULTSAND DISCUSSION
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TL C-densitometric method

The international conference  on
Harmonization(ICH) guiddinesentitled ““ stability testing
of new drug substances and products” requires the
stresstesting to be carried out to € ucidate theinherent
stability characterstics of the active substances®. An
ided stability indicating method isonethat quantifies
the standard drug d oneand dso resol vesitsdegradation
products. Several degradates of Dipyridamole were
formed when conducting different stresstesting studies
and thestructures of acid, akaline, oxidative, wet and
dry thermal degradates were elucidated by LC-MS.
Figure 1, 2 demonstrate the LC-M S chromatograms
of acid, alkaline, oxidative, dry and wet thermal
degradatesfor Dipyridamole. Them/z values, chemica
names and structures of the proposed degradates are
presented in TABLES 1-5. The suggested mechanism
of degradationisnudeophilic subgtitution ether by weter
molecule potentiated by acidin caseof acidichydrolysis
or by hydroxyl group in case of dkainehydrolysisand
formation of N oxide in oxidative degradation by
hydrogen peroxide.

Development of the optimum mobile phase for
TL C-denstometric method

The TLC procedure was optimized to develop a
stability-indicating assay method by triaing different
solvent systems. Systemslike mixturesof ethyl acetate,
methanol andammonia33%invaryingratioswereused,
but they show poor resol ution of Dipyridamolefromits
degradates. Systems contai ning acetonitrile, methanol
and ammonia33% didn’t separate many of degradates
produced. Systems contai ning acetone, methanol and
ammonia33%withvaryingratios, thedrugmigratewith
the mobile phase to reach solvent front. Systems
containing diethyl ether, acetonitrileand anmonia33%
in varying ratios were examined but produce poor
resolution of Dipyridamoleand Aspirin.

In our proposed method, theoptimum mobilephase
wasacetonitrile: ammonia33% (16: 4, by volume). This
phase gave sharp and symmetric peak of Dipyridamole
at R, =0.75, together with good separation of the drug
peak fromAspirinand Sdlicylicacid (Figure3) and dso
from the degradates peaks.

Thedensitograms of the stressed samples of the
bulk powders and the TLC plates showed well

——> Fyll Peoper

TABLE 10: Satistical comparison of theresultsobtained by
applyingtheproposed methodsand the published method for
theanalysisof Dipyridamole

Average recovery of Dipyridamole

Parameter
TLC DDRD Reported

method method method™!
Mean 99.746 99.11 99.694
SD 0.698 0.65 0.386
Variance 0.487 0.42 0.149
n 17 6 5
¢ 0.217 1.83

(2.16)2 (2.31)*
E 3.27 2.85

(5.84)2 (6.26)*

a2 The values between parentheses are the corresponding
theortical values of t and F at the 95% confidence level
separated spots of pure Dipyridamole. Well-defined
spotswere obtai ned when the chamber was saturated
with the mobile phase for 30 minutes at room
temperature and devel opment distance was adjusted
tobe8 cm. Thewavelength of detectionwaschosento
be 230 nm. All variablesin the scanning proceduresuch
asthe scanmode and the slit sizewere optimized to
obtain maximum precision, accuracy and sengitivity.

Application of TL C-spectrodensitometric method
in spiked human plasma

The proposed method was suggested for the
smultaneousdeterminetion of DipyridamoleandAspirin
in piked human plasmain concentrationrangeof (0.50-
50.00 pg/mL) for each drug. We have tried several
extracting solvents acetonitrile, methanol, each one
separately and in combination and diethyl ether. The
best one was methanol, which was optimal for
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TABLE 11: Resultsof assay validation of the proposed methods
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TLC densitometric method

DDRD method

Par ameter

Dipyridamole Aspirin

Dipyridamole

Range 0.30-15.00(png/spot)  0.30-15.00(ng/spot)  0.30-20.00(ng/spot) 1-10 (pg/ml)
Intercept 99.30 647.42 38.381 0.037
slope -- -- -- 0.093
Coeffecient;® 311.20 34.388 114.61 --
Coeffecient,” -7.934 0.6493 -1.627 -
Correlation coefficient 0.99979 0.9995 0.9995 0.9995
Accuracy 101.31+ 1.94 100.45+ 1.96 100.37+2.14 99.11 + 0.65
RSD% °© 0.80 0.96 1.05 0.54
RSD% ¢ 1.22 1.15 1.34 0.75
Specificty Specific Specific Specific 98.71+1.53
LOQ (ug/spot) © 0.36 0.20 0.306 0.335
LOD (ug/spot) © 0.12 0.066 0.101 1.015
Temperature (25?C + 2) RSD% ' 1.00-1.04 1.50-1.76 0.97-1.05 -

M easurement wavelength (230 = 2 nm) RSD% ' 2.00-2.08 1.80-2.11 1.85-2.10 -

ab Regression equation= A=a+b,C+b,C? where A is the peak area and C is the concentration. © the intraday (n=3) and ¢ the
interday (n=3) relative standard deviations of Dipyridamole of concentrations 5.00, 10.00 and 15.00 (ug/spot); ‘the robustness
factors (n=3) relative standard deviations of (1.00 pg/spot) Dipyridamole; ¢ LOD and LOQ are determined using Sandard
deviation of the response method

precipitation of plasmaproteins and extraction of the
drugs.

Hnalytical CHEMISTRY o
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A typicd TLC denstogram of human plasmaspiked
with Dipyridamoleand Aspirinispresented in Figure4.
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Theaccuracy cal culated as percentage recovery was
101.40% for Dipyridamole and100.43% for Aspirin
with low vauesof % RSD demonstrating an excellent
accuracy of themethod (TABLE 6).

All theassay vdidation parametersof the proposed
method in spiked human plasmaare summarizedin
TABLE 7. The LOD values for Dipyridamole and
Aspirinwerefound to be 0.12 and 0.101pg/mL and
LOQ valueswerefound to be 0.36 and 0.306 pg/mL,
respectively. Thesevaluesindicate that themethodis
sensitive enough for Dipyridamole monitoring and
pharmacokinetic studies as peak plasmaconcentration
of Dipyridamoleat steady stateis approximately1.98
pg/mL2,

The densitogram of Dipyridamole was well
separated fromAspirin. Theresultsof system suitability
tests(TABLE 8) assured the adequacy of the proposed
TLC method for the analysis of Dipyridamole and
Aspirinin human plasma

The proposed method wastested for specificity by
comparing chromatiogramsof 6 different sourcesof blank
human plasma. Thechromatogramswerefreefrom any
interfering peaksat R, values of thedrugs. Thus, the
proposed method can be used for determination of
Dipyridamole and Aspirin without interference by
endogenous plasmacomponents.

The spiked human plasma freeze and thaw
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stability® wasass sted by storing threediquotsat each
of the low and high concentrations at -20p C for 24
hours and thawed unassisted at room temperature.
When compl etely thawed, the sampleswererefrozen
for 12 to 24 hours under the same conditions. The
freeze-thaw cycle repeated two more times, then
analyzed on the third cycle, also, the spiked human
plasmasamples stored at over aperiod of one month.
In both cases samples didn’t suffer any appreciable
changesintheassay vaues. In addition, Dipyridamole
wasfound to be stablein human plasmaand thestability
was maintained at room temperaturefor morethan 12
hours.

DDRD method

It’s apparent from (Figure 5) that the absorption
spectraof Dipyridamole, Aspirin and Salicylic acid
exhibit certain degree of spectra overlap, conventiona
UV spectrophotometry can’t be used for determination
of Dipyridamolein presence of Aspirinand Salicylic
acid. However, the proposed spectrophotometric
method permits a selective determination of
Dipyridamolein presence of Aspirinand Salicylicacid
as it resolves band overlapping without physical
Separation.

The absorption spectra of the solutions of
Dipyridamolewererecorded intherange232-296 nm

| .h'h!ﬁ,_a

160 20.0 240 20 20 360 40.0 44.0

480 R0 %e0 oho  cAD Ged 7ED 7RO 8D

Figure7: TLC densitogram of Dipyridamolein Persantin®tablet
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TABLE 12 : Specificity results for the determination of
Dipyridamolein thelaboratory prepared mixturesby the
proposed DDRD method

;Ie)r(tnuarré Dipyridamole
Aqoﬁiiz::sal. I;'fneﬂ icgn/ﬁi Recovery?%
8:1:05 8.00 7.80 97.50
1:1:1 3.00 3.02 100.67
2:1:1 6.00 5.95 99.17
2:3:3 2.00 1.95 97.50
15:1:1 1.50 1.49 99.33
Mean + SD 98.83+1.35

aM ean of three determinations

and divided by the doubledivisor (3ug/ml Aspirin and
3ug/ml Salicylic acid) to obtain their corresponding ratio
spectra. First derivatives of the ratio spectra thus
obtained wereca culated withinterval of AA=8 nm and
scaling factor = 10 as shown in (Figure 6). The
concentration of Dipyridamole was determined by
measuring theamplitudeat 252.0 nm corresponding to
amaximumpoint.

DDRD Method optimization

Themaininstrumenta parameter conditionswere
optimizedfor reliabledetermination of Dipyridamaole. For
el ecting thestandard binary mixtureasdoubledivisor a
gopropriateconcentrationssomedifferent doubledivisor
concentrationsweretried. Thesum of thespectraof (Sug/
ml Aspirinand 3ug/ml Salicylic acid) as a double divisor
wasfound suitablefor thedeterminationof Dipyridamole
indifferent laboratory prepared mixtures. Furthermore,
theinfluenceaf Al for thefird derivativeof theratio goectra

Hnalytical CHEMISTRY o

was studied. It wasfound appropriateto usethevalues
of AA= 8 that gives optimum recovery for the
determinationof Dipyridamole.

Analysis of pharmaceutical formulation by the
proposed methods

A single spot at R, = 0.75 was observed in the
densitogram of Dipyridamole sample extracted from
Persantin® tablet (Figure 7). Therewasnointerference
from the excipients commonly present in the tablet
formulation. The proposed methodswere successfully
applied for the determination of Dipyridamole in
pharmaceutical formulation and the validity of the
methods was further assessed by applying standard
additiontechnique(TABLE9).

The results obtained by applying the proposed
methodswere gtatigtically compared with those obtained
by applying thereported method™ (TABLE 10).

Theseresultsshow that on using probakility of 95%,
theca culated t and Fvaluesarelessthan thetheoretical
onesindicating that thereisno significant difference
between the proposed methods and the reported one
for Dipyridamolewith respect to accuracy and precision.
The suggested methods proved to beaccurate, precise
and specific over the specified range.

M ethodsvalidation

Method vaidation was performed for theproposed
methods. TABLE 11 shows the results of accuracy,
repeatability and intermediate precision of themethods.
Other regression equation parameters of calibration
curves are also presented, which show good linear
relationship for the methods as revealed by the
correlation coefficient.

In order to assessthe specificity of the proposed
DDRD method, several synthetic mixtures, withinthe
linearity rangeswith different concentration ratios of
Dipyridamole, Aspirinand Sdicylicacid wereanayzed.
The percentage recoveries obtained for each mixture
aregivenin(TABLE 12). Itisobviousthat the proposed
method could be applied to resolve Dipyridamolein
presence of Aspirin and Salicylic acid with good
SHectivity.

CONCLUSION

Thedevel oped and validated TLC densitometric

Au Tudian Yourual
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method is a simple, precise, accurate and stability-
indicating for the determination of Dipyridamol.
Statistical analysis proves that the method is
reproducible and specific so representsavery useful
aid for determination of Dipyridamolein presence of
Agpirinanditsdegradation product. Thehigh sengtivity
of themethod dlowssmpleand low cost gpplicationin
human plasma. Ontheother hand, it’s apparent that the
absorption spectra of Dipyridamole, Aspirin and
Salicylicacid exhibit certain degree of spectral overlap,
conventiona UV spectrophotometry can’t be used for
determination of Dipyridamolein presenceof Aspirin
and Salicylic acid. However, the proposed
spectrophotometric method permits a selective
determination of Dipyridamolein presenceof Aspirin
and Sicylicacid asit resol vesband overlgpping without
physical separation, also the proposed DDRD
gpectrophotometric method providesaminimum sample
preparation, low cost, fast response and simple
procedures soit offersadistinct advantage over other
sophisticated techniquesfor separation and confirms
thesuitability for routineanalysisof Dipyridamolein
presenceof Aspirin anditsdegradation product in pure
formsor inthe pharmaceutical preparation.
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