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ABSTRACT

Four methods are presented for the determination of lacidipinein presence
of its photodegradates. The first method was based on the determination of
lacidipine in presence of its photodegradates by densitometric thin layer
chromatography (TLC) measurement at 284 nm using toluene: acetone:
methanol: ammonia 25 % (60:20:6:2 by volume) as mobile phase. The
second method was based on the determination of the drug at the zero
crossing point of its photodegradate, wherefirst derivative (D,)measurement
is carried out at 345 nm. The third method was based on the resolution of
the drug and its degradate by first derivative ratio spectra (DD, )at 250 nm.
The fourth method was the determination of lacidipine and its
photodegradate by modified Vierordt’s method at 274 nm and 376 nm. The
proposed methods were successfully applied for the determination of
lacidipine in bulk powder, in pharmaceutical formulation with good
accuracy and precision. The methods have been validated by analyzing
laboratory prepared mixtures containing lacidipine and its degradates
without any separation steps. The results obtained were statistically com-
pared with that of the reported method.
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1.INTRODUCTION

Lacidipine is dihydropyridine calcium channel
blocker with actionssimilar tothoseof nifidipine, it was
developedfor ord adminidration, for useinmildtomod-
erate hypertension, and iswiddly usedin therapy since
early 905%2,

Lacidipine belongsto dihydropyridineclassand
itsstructureischaracterized by thepresenceof cinnamate
moiety; theactivetransformisused in therapy, while
thecisisomer isinactive. Thedrugissengtivetolight,
in line with well-known photosensitivity of

dihydropyridinecompound class®4 to givetheinactive
cis isomer. Lacidipine is Diethyl- 4- (2-[ter-
butoxycarbonyl)vinyl]phenyl) — 1,4 — dihydro-2,6-
dimethylpyridine-3,5-dicarboxyla€®. Itiswhitetopde
yellow crystalline powder, partia insolublein water,
soluble in dehydrated alcohol, acetone and
dichloromethan€®. It hasthefollowing structural for-
mula®.

Few procedures have been published for the de-
termination of lacidipine UV spectrophotometryt™, po-
larography!®, partial least square method!”, Factoria
Wavelet method®, HPTLC!Y and HPLC** and
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micellar dectrokinitic chromatography™.

Degradation wasenhanced by theexposureof 1mg/
ml ethanolic solution of thedrug to UV- lamp at 254
nmwavelengthfor about 16 hours.

Elucidation of the structureof thedegradation prod-
uct was carried out using mass Spectroscopy.

Theamtask of thiswork wasthe devel opment of
simple, selectiveand accurate methodsfor the deter-
mination of lacidipine in the presence of its
photodegradates without the need of the prior separa-
tion step. The developed methods to determine the
content of the cited drug in bulk powder andin phar-
maceutical formulaionsarea so demongtrated.

2.EXPERIMENTAL

2.1. Instruments

1-A double- beam Shimadzu (Japan) 1601 PC UV-
Visabl e spectrophotometer connected to computer fit-
ted with UV PC personal spectroscopy software ver-
sion 3.7 (Shimadzu) was used, the spectral band width
was 2 nm, the absorbance spectra of thetest and refer-
ence solution wasrecorded in 1 cm quartz cellsover
the rang 200 - 400 nm. Thefirst derivative was ob-
tained using the accompanying soft warewith AA=4
and scaling factor=10.

2-For TLC measurement the sampl eswere spot-
ted using Hamilton micro- syringeontosilicagel GF,,
precoated TL C platesof particlesizeof 0.25 mm (E-
Merck, Darmstadt, Germany). The plateswere pre-
washed with methanol and activated at 60°C for 5min-
utes prior to chromatography. The plateswere scanned
denstometricdly usngaShemadzu dud wavd engthfly-
ing spot densitometer Model CS 9301, the experimen-
tal conditionsof themeasurementswere, wavelength =
284 nm, photo mode = refl ection, scan mode = zigzag,
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swingwidth=16.
3- Sonicstor, Banddin-Sonorex TK (Germany).

2.2.Sample
2.2.1. Puresample

Pharmaceutical grade of | acidipinewaskindly sup-
plied by Glaxo Company (Cairo, Egypt), its purity was
100.03+0.593% according to manufacturer method??.
2.2.2. Market sample

The commercia Lacipil tablet used (Batch No.
043708A) was produced by Glaxo Company (Cairo,
Egypt). Eachtablet contains2 mglacidipine.

2.2.3. Reagents

All reagentsand chemicalsused wereof andytica
grade and solvent were of spectroscopic grade.

1-Ethyl dcohol (E. Merck).

2-Toluene (ADWIC).

3-Acetone (ADWIC).

4-Methanol (E. Merck).

5-Ammonia, 25% solution (ADWIC). Sp.gr. 0.91.

2.3. Chromatogr aphic condition

TheTLC platesweredeve opedintoluene: acetone:
methanol: ammonia25 % (60:20:6:2 by volume) asa
mobile phase. For detection and quantification, 25 pl
of different concentrations of test and standard solu-
tionswithinthe quantification range were applied as
separate compact gpart 15 mm gpart and 15 mm from
the bottom of TLC plate using 25 pl Hamilton
microsyring. The plate was devel oped up to the top
(over adistanceof 15cm) inusud ascending way. The
chromatographic tank was saturated with the mobile
phaseintheusua mode. After elutiontheplatewasair
dried and scanned for lacidipineat 284 nm asunder the
described instrumental parameters.

2.4. Preparation of photodegradates

Anaccurately weighed 25 mg of lacidipine bulk
powder was dissolved in 20 ml methanol and trans-
ferredinto 100-mL loosely stopper conical flask, and
exposed to UV- lamp at 360 nm wave length for
about 16 hours. The solution was applied in aband
forminto TLC plate and 5 pl of standard solutionin
ethanol (1 mg/ml) was spotted on the same plate.
The plate was placed in chromatographic tank pre-
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viously saturated for 1 hr with the devel oping sol-
vent and then air dried. The photolytic degradates
wasvisualized under UV lamp at 254 nmto test for
the compl ete degradation.

Thebands corresponding to the degradateswere
scrapped and extracted with 3 x 20 ml ethanol. The
extract wasfiltered and evaporated just to dryness. The
residue was used to prepare thelaboratory prepared
mixtures.

The stock sol ution of the degradation product was
prepared in ethanol (1.00 mg/ ml).

2.5.Laboratory prepared mixtures

From both standard solutions, aliquotswere ac-
curately transferred into series of 10 ml volumetric
flask to prepared different mixtures containing (10-
90%) of the degradates and the volume of each flask
was completed with the solvent used in the proposed
methods.

2.6. Sandard solutionsand calibration graphs
2.6.1. Thinlayer chromatography (TLC) method

Standard in the concentration of 50-450.0 pg /ml
werepreparedin ethanol. Each standard solution of 10
ul was applied to the TLC plate. The plates were
chromatographed as mentioned above and the peak
areas were measured. Calibration graph was con-
structed by plotting the peak areasversus concentra-
tionsof lacidipine. Linear rel ationship wasobtained and
theregressi on equation was computed.

2.6.2 First derivative (D, ) method

Standard sol ution of lacdipinein the concentration
range 10.00- 80.00 pg/ml were prepared in ethanol.
The vaues of D, amplitudes were measured at 345
nm. The D, amplitudes were plotted against the con-
centration of lacidipine. Linear relaionshipwasobtained
and the regression equation was computed.

2.6.3. First derivativeof ratio spectrophotometric
(DD,) smethod

Standard sol ution of lacdipinein the concentration
range 10.00- 70.00 pg/ml were prepared in ethanol,
the spectrum of each solution was scanned and stored.
Thevauesof DD, amplitudeswere measured at 250
nm using 3.00 pg/ml of photodegradate as a divisor.
The DD, amplitudeswere plotted against the concen-

trationsof lacidipine. Linear rel ationship wasobtained
and the regression equation was computed.

2.6.4. Modified Vierordt’s method

Standard solution of lacidipinein concentrationrange
of 2.50-22.00 pg/ml and standard solution of its
photodegradatein concentration range of 10.00- 40.00
ug/ml were prepared in ethanol, the absorption
spectrum of each solution were measured at 274 nm.
The absorption values were plotted against the
concentration.

Standard solution of lacidipinein concentrationrange
10.00-80.00 pg/ml were prepared in ethanol, the ab-
sorption valuesat 367 nmwere measured and the stan-
dard curvewas plotted.

2.7.Analysisof laboratory prepared mixtures

Eachlaboratory prepared mixturewasanalyzed as
described under each method. The concentration of
lacidipineinthe prepared mixturewasdetermined from
the corresponding regression equation.

2.8. Samplepreparation

Twenty tablets of |acidipine were weighed and
powdered. An accurately weighed quantity of the
powdered tablet equivalent to 25 mg was extracted
with ethanol 2 X 10 ml by shaking in ultrasonic bath
for about 10 minutes, the solution wasfiltered each
timeinto 25— ml volumetric flask and the volume
was completed to the mark with ethanol (1.00 mg/
ml). Other dilution with ethanol was doneto prepare
(200 pg/ml) for D, and DD,. Then the procedures
were compl eted as mentioned under calibration for
each method. In thefirst method, the concentration
of lacidipinewas determined either by substitutingin
theregression equation or by comparing to standard
spotted, devel oped, scanned under the same condi-
tions and in the other methods the concentration of
lacidipine was determined using the corresponding
regression equations
2.9. Per centagerecovery study

Thisstudy was preformed by addinglacidipinestan-
dard and its photodegradate to aknown concentration
of commercid tablet (standard additiontechnique). The

resulting mixtureswereassayed and theresultsobtained
for the drug were compared with expected results.
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3. RESULTSAND DISCUSSION

Physicochemicd properitiesof the photodegradates
of lacidipineis studied by Fillippis et al’*¥ and the
degradateswereelucidated. Inthiswork lacidipineis
subjected to photodegradation under UV lamp at 254
nm for 16 hours, then the solution wasidentified by a
Mass Spectroscopy.

3.1. TLC method

The experimental condition for TLC method as
mobile phase, scan mode and wavel ength of detection

i B <
Figure 1 : TLC chromatogram of lacidipine and its
photodegradatevisualized under UV lamp at 254 nm. M obile
phase: Toluene: acetone: methanol: ammonia (60: 20:6:2 by
volume) (A) puredrug, (B) Photodegradates, (C)Laboratory
prepared mixture.
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Figure2: Scanning profileof lacidipine (0.50-4.50 pg/spot)
at 284nm. M obilephase: toluene: acetone: methanaol: ammo-
nia (60: 20: 6: 2 by volume).
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were optimized to provide accurate, precise and re-
producibleresultsfor the determination of lacidipinein
the presence of its photodegradates. The chosen scan
mode was zigzag and the wavelength of the scanning
was 284 nm. The best separation of the studied drug
and its photodegradates was obtai ned using tol uene:
acetone: methanol: ammonia 25 % (60:20:6:2 by vol-
ume) asthe devel oping mobile phase. The R, valuesfor
lacidipine and its photodegradates were 0.807 and
0.926, respectively, asshownin Figure 1,2.

3.2. D, method

Themaininstrumental parametersthat affect the
shapeof thederivative spectrasuch asthewavel ength,
scaing factor speed, thewavelength over which thede-
rivativeisobtained (AL) and the smoothing were opti-
mized to giveawell- resolved, good selectivity, large
sengtivity inthedetermination. Generdly, thenoiseleve
decreaseswith anincreasein AL, thus decreasing the
fluctuationinthe derivative spectrum. However if the
valueof AL s too large, the spectral resolution is very
poor. Therefore, the optimum value of AL should be
determined by taking into account thenoiselevel and
theresolution of the spectrum. AL =4 nm, scaling fac-
tor 10weresdlected for D, astheoptimal conditionsto
giveasatisfactory sgnal to noiseratio.

Zexro order absorption spectraof lacidipineandits
degradatesin ethanol showed sever overlappingwhich
interferewith the direct determination of thedrug Fig-
ure 3. By applying thefirst derivativetechnique, over-
lapping was eliminated and awel | separated peak at
245 nmfor thedrugwhichliesa thezerocrossing of its
degradateswasobtained Figure4. Thecdibration curve
was congtructed by plotting peak amplitude versuscon-
centration conforming with Beer’s law was evident in
theconcentrationrangecitedin TABLE 1.

3.3. DD, method

Theratio gpectramethodisoneof thepopular meth-
odsfor simultaneous determination of the compounds
inpresence of interfering substance. Theratio deriva-
tivemethod alowed the determination of lacidipinein
presence of its photodegradates without any interfer-
ence. The peak amplitude was measured at 250 nm as
showninFigure5, 6.

The main parametersthat affect the shape of the
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Figure4: First derivativeof: (a) Lacidipine(70.00 pg/ml) in
ethanol at 345nm (__ ), (b) Itsphotodegradates (30.00 pg/

ml) in ethanol
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TABLE 1: Validation parameter sfor theregression equationsof TLC, D,, DD, and modified Vierordt’s methods for the

determination of lacidipine.

Modified Vierordt's method

Parameters TLC Dy DD, Lacidipineat Lacidipinat Degradatesat
274nm 367 nm 274nm
- Wave length 284 345 250 274 367 274
-Specificity (SD)
Ry intra-day® 0.0050
Ry inter-day® 0.03008
P.A or P. Am. intra- day® 0.0052 0.0035 0.0455
P.A. or P. Am. inter-day® 0.0200 0.0016 0.0228
Linearity ng/spot pg/ml pg/ml pg /ml pg/ml pg/ml
0.50-4.50 10.00-80.00 10.00-70.00 5.00-20.00 10.00-80.00 10.00-40.00
-Regression equation®
Slope (b) 1379.5 2.7x107° 34.10x107 0.0445 0.0136 0.0265
Intercept (a) - 59,576 -1.4x1073 0.0209 0.0194 -0.0074 0.48
Correlation coefficient (r) 0.999 0.999 0.999 1.000 0.999 1.000
-SD of the slope® 0.0202 0.0212 0.0094 0.0245 0.0021 0.0035
-SD of theintercept® 0.2827 0.1465 0.4045 0.0021 0.0005 0.0360
-SD of r 0.0031 00000 0.0010 0.0014 0.0002 0.0006
Precision (mean + RSD%)
Intra-day” 100.12+0.471  100.296+1.043  100.17+1.057  99.56+1.02 98.172+1.207  101.5440.945
| nter-day" 99.67+0.245 98.23+1.259 100.89+0.357  100.24+0.642  100.48+0.814  100.46+0.147

3Averageof n=5,"Y=a+b C,whereCistheconcentration of lacidipineand Y isthepeak area(P.A.) for TL C or peak amplitude
(P.Am.) for D, and DD, or absor bancefor modified Vieror dt’s method, *Aver ageof n =3, “Averageof n=9.
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Figure5: Ratio spectraof lacidipine (10.00-70.00 pg / ml) in
ethanol using (30.00 pg/ml) photodegr adatesasdivisor.
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Figure6: Firs derivativeof ratio spectraof lacidipine (10.00-

70.00 pg/ml) in ethanol using (30.00pg/ml) photodegradates
asdivisor at 250.

ratio derivative spectra are the concentration of the
degradates solution used asdivisor, scaling factor and
thewave engthincrement over whichthederivativewas
obtained AL. Different concentrations of the degradates
were studied as constant divisor (10, 30 and 80 pg /ml
), thebest onewas (30.00 pg /ml) as it produces mini-
mum noiseand give better resultsin accordancewith
selectivity and sengitivity. The concentrationrangeis
showninTABLE 1.

3.4. Modified Vierordt’s method

Modified Vierordt’s was applied for determination
of componentsin mixtures (intact lacidipine and its
photodegradates) it invol ves absorbance measurements
at two suitable wavelengths and determination of the
concentration of two componentsx and y from thetwo
simultaneousequeations.

A=aC +B.C, (@]
A,=a,C+BC, )
Where the subscripts 1 and 2 refer to the wavelengths, A, A,
denote the absorbance of mixtures solution of the two sub-

stances, C and C designate thier concentration, o and 3 rep-
resent the A, (1%, 1 cm) values for lacidipine and its

photodegradates, respectively.
Substituting in equations (1) and (2) by thefollowing
expressions.

AJA =m andthereforeA,=mA
ajo, =a and therefore o, =aa,
B,/B,=b andtherefore 3,=b 3,
These equationscan bewritten:
A=aC+B,C ©)
A,=mA =aaC +bp,C 4
and can besolvedtogive:
C=A . bm Cy:Ag_ . b(m-a)

B, m(b-a) a, b-a

Theratio “m” must be calculated for each determi-
nation and theratios““a” and “b” are constant for the
determinationof C and C,.

Theuseof a.and 3 factors minimized most of the
error attributed to changesin theinstrumental param-
etersof the spectrophotometer, which inevitably occur
withtime,

Once“a” and “b” are determined, there is no need
to remeasurethem until theanayst judgesthat thein-
strumental parametershave changed.
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The method was applied for the determination of
lacidipinein presenceof its photodegradates without
any interferences.

Theabsorbance values of the mixturewere mea-

Thismethod was used for the determination of the
cited drugin presence of itsphotodegradatesin con-
centration rangeshownin TABLE 2. Thecalibration
curvewas constructed by plotting the absorbance ver-

sured at 274 nm and 376 nm. susconcentration.
TABLE 2: Determination of lacidipinein labor atory prepared mixturesand commer cial tabletsusingthe proposed methods
and manufacturer HPL C method.
Mean found + RSD%?
Modified M anufacturer
TLC D DD, Vierordt's method
-Laboratory
prepared mixtures 99.38+1.37 100.804 +1.643 100.31+ 1.495 100.72+0.978
-Commercial tablets
mean® = RSD% 99.93+1.200 100.20+1.129 99.37+0.810 99.29+0.250 98.53+0.550
t (2.306)" 1.837 2.303 2.265 2.179
F (5.19)° 4.760 4.36 2.169 4.84
Mean °+ RSD% 100.60 + 1.50 99.87+1.804 99.89+1.641 99.09+1.190

3Aver ageof fivedeter minations, per centagerecovery from thelabel amount., °Theor etical valuesfor t and F at 95 % confi-
dencelevel., °For standard addition of 50 % of nominal content (n=5).

Theaccuracy of the proposed methodswas checked
by anayzing different [aboratory prepared mixtures of
thecited drug in presence of itsdegradatesin different
ratios, TABLE 2. Results obtained showed satisfactory
recoverieswithsmal rdativestandard deviation (RSD)
whichindicatehigh repeatability and accuracy of thepro-
posed methods. The proposed methodswerea so suc-
cessfully gppliedfor theanadysisof lacidipinein pharma:
ceuticd dosageform, theresultsareshownin TABLE 2.
Thevalidity of the methodswas assessed by applying
the standard addition techniqueand theresultsobtained
werereproduciblewithlow RSD asshownin TABLE 2.

The mean recovery of tabletswas compared with that
obtained by the reported method, therewas no evidence
of interferencefrom excipients TABLE 2 showsthesta
tigtica comparisonof resultsfor determinetionof lacidipine
by the proposed methods and the manufacturer one.
Resultsof t- test for accuracy and - ratiosfor the preci-
sonmessurement did not exceed the corresponding theo-
retica va ues, indicatinging gnificant differencesbetween
theresults, supporting the robustness of the proposed
methods. Also Statistical comparison of resultsof analy-
sisof bulk powder was done and resultsare shownin
TABLE3.

TABLE 3: Determination of lacidipinein bulk powder usingthe proposed methodsand manufacture HPL C method.

TLC D, DD, Modified Vierordt's M anufacturer method
mean *+ RSD%  100.12+0.419 100.29+1.043 100.17+1.05720.8 100.72+0.978 99.70+0.698

t (2.306) ° 1.153 1.051 298 1.899

F(5.19)° 2.767 2.234 2.294 2.008
3Aver ageof fivedeter minations, per centagerecovery from thelabel amount., "Theor etical valuesfor t and F at 95% confi-
denceleve.
3.6. Method’s validation lacidipinein presenceof its photodegradatesat the se-
3.6.1. Speificity lected wavelengths. Theinter- day andintra— day varia-

TLC, D, and DD, methods showed suitabl e speci-
fidty for drugidentification. Chromatographic specific-
ity wasinvestigated by R, and peak area (PA) of the
drug using standard solutions. Thederivativeandratio
derivative methodsare specific for the determination of

tions (SD) of R, and peak areafor TLC method, pesk
amplitudefor D, and DD, areshownin TABLE 1.

Theassay resultsare unaffected by the presence of
extraneous materids (degradates, excipients). Thegood
results of laboratory prepared mixturesprove specific-
ity of the proposed methods.
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3.6.2. Linearity

Threeindependent calibration equationswere ob-
tained. Cdibration curveswere prepared and anayzed
daily. Linear regression analysiswasused to ca culate
thedope, intercept and corrd ation coefficient (r) of each
calibration. The standard deviation was cal culated for
each parameter.

3.6.3. Precision

M ethods precision was assessed by repeatability
and reproducibility of TLC, D, and DD, methods. The
inter and intra- day variations expressed by mean +
RSD %, TABLE 1 weredetermined by assaying three
samples in triplicate over a period of 3 days using
concentration represented the entirerange of the cali-
bration curves(0.50, 2.00, 4.50 ug/spot for TLC), (
10.00, 50.00, 80.00 ug/ mi for D,) and (10.00, 50.00,
70.00 pg/ ml) for DD,

3.6.4. Accur acy

Therecovery method was studied whereaknown
amount of standard drug was added to pharmaceutical
formulation and recovered standard was cal cul ated.

3.6.5. Robustness

Therobustnessof anandytica procedureisamea
sureof itscapacity to remain unaffected by small varia-
tionsin method conditions. With respect to composi -
tion of mobilephaseof TLC, nosignificant influencein
R, and peak areawasfound when the composition of
themobile phasetoluene: acetone: methanol: anmonia
(60: 20: 6: 2 by volume) wastested in different ratios.
Thereforethe proposed method isrobust and remains
unaffected by smdl variationsin themobile phasecom-
positions and overtime of method performancewith
RSD lessthan2 %, TABLE 1.

4. CONCLUSION

The proposed TLC, D,, DD, and Modified
Vierordt’s methods provide simple, accurate and re-
producible quantitative anaysisfor thedetermination
of lacidipinein pharmaceutica tabletsandinthepres-
ence of its photodegradates. The TLC method was
found to be more specific and sel ective than spectro-
photometric methods, whilethe derivative spectropho-

tometric methodshavethe advantage of low cost, rapid,
and environmental protection. The TLC method is
simpleand usesaminima volumeof solvents. Modi-
fied Vierordt’s method can also determine the drug and
its degradates, the proposed methods complied with
USPvdidationguidelines.

The advantagesof the suggested methodswerethe
ease of performance, reproducibility, thelack of com-
plicated pretreatmentsbeforeanaysis. Inadditionthe
methodshaveapotential for gpplicationinquality con-
trol [aboratories.
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