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CHAPTER |

INTRODUCTION

The drugs classified as calcium antagonists (CAs), or calcium-channel blockers

(CCBs) are a diverse group of antih f medications introduced into clinical

medicine in the 1960s. They poss cking the transmembrane flow

vqjagemannels thus inhibiting the

on [1]

of calcium ions into the c

activation of the actin—my05|

Calcium  channel ] ' | in the long-acting
dihydropyridine (DHP) grou nsive efficacy and safety
and have demonstrated a rtality from cardiovascular

disease and stroke [2,3]. Curr ntion has shifted to the newer long-acting calcium

channel antagonists (second- third“ge atiol ] ich are less likely than older,
et 1

short-acting agents (first- generana‘ﬁ)ﬂ- reflex tachycardia or
.-,f_,,ax‘ S

sympathetic activation bﬁwrtue of ﬁwelfsloﬁlm?ged duration of activity

(table 1).

J b
Manidipine (MND) a th|rd generation Calcium channel antagonist, because of its

highly lipophilic naﬂeﬂcﬁ VBH?TEJ iﬂrﬂq eﬂe? calcium channels,

shows a long dura@n of action ug has antihypertensive efficacy

MY D TV R

suggesting a lack of sympathetic activation.



Table 1.1 Classification of dihydropyridine calcium channel antagonists

Generation Property

First Short-acting compounds, commonly used in special galenic

preparations (e.g. nifedipine gastrointestinal therapeutic systems

[GITS])
Second Compound with a long pla half-life (e.g. amlodipine)
Third Highly lipophilic co r‘p//w membrane binding and slow

release to calci e IaC|d|p|ne lercanidipine)

MND has gradual © of aetle Ctlon enabling once daily

administration. Furthermore, it g Jthe the e . erioles and appears to
N N

have beneficial renal effec effect. This drug is used in

! \

\ \ heart failure [5].

the treatment of angina pec

(Figure 1.1),

2,6—dimethyl—4—(3—nitrophenyl)—3,5p ri¢ srboxylate dihydrochloride
/.*‘if.! .

was synthesized by Me%ro and ¢o- \/V'O'erré' of thi earch Division, Takeda

Figure 1.1 Structure of Manidipine hydrochloride, the stereogenic centre is marked with

an asterisk.



The structural characteristic is the 1,4-DHP moiety exhibiting phenyl substitution
in position 4. The vascular selectivity of 1,4-DHPs is apparently coupled to the chemistry
of the substitution in 2-position, the phenyl substituents in 4-position of the DHP-ring and
the kind of substituents. The optimal interaction and therapeutic efficacy of the
compound depends on its chemical structure. The most undesirable property of the 1,4-
DHPs from pharmaceutical point of view is their high photochemical sensitivity, which
can involve molecular changes leading to decrease of therapeutic effect and even some

toxic effects after administration.

Physically, MND hydreehioride (CyH.,,N,0;2HCI) is pale yellow crystalline
material with a molecular weight.ef 688.63. It exists in two crystalline forms, a-form and
B-form. The a-form is yellow grystal with'a rﬁelting point of 157°C to 163°C and the B-
form is light yellow, fine crystal with @ melting point of 174°C to 180°C. It is soluble in
dimethyl sulfoxide but inselublg'in water, éthyfécptate, and ethyl ether. The compound
has an asymmetric carboniat the 4-position :o_f th_e DHP ring and therefore has two
enantiomeric forms. Like most other Ca|0|um bigc_ker agents of the DHP type, MND is
therapeutically used as racemic mixture of R’(-—')—"_,{_‘and S(+)-MND and commercially

available in tablets [7,8]. It has been-reported ?tﬁat,;daylight (400-600 nm) very rapidly

dehydrates MND to the.nitroso-pyridine species giving the p?rent drug with short half

life in an organic solvent cr plasma. Furthermore, UV light (253r nm) oxidizes MND to
dehydromanidipine, devoid of any pharmacological activity” which is also metabolic
[9,10]. Accordingly;f the; eontrol (ofy the drug=~and; its by-proeduct, as such or in

pharmaceutical formulations, constitutes a noteworthy ‘analytical problem.

The“purpose (of.this, study is to developiand validate a stability-indicating high-
performance " liquid chromatographic (HPLC) method for determination of MND
hydrochloride and to apply the proposed chromatographic method to the quantitative

determination of MND hydrochloride in bulk drug and commercial tablets.

The expected benefit of this study is to obtain a rapid, sensitive and accurate
HPLC method for determination of MND hydrochloride, which is useful for quality control

of both drug substance and finished products. The method is also useful for stability



testing of MND hydrochloride Tablets. Besides, knowledge obtained form this study can
be applied for developing HPLC methods for determination of other 1,4-DHP derivatives.

AU INENTNEINS
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CHAPTER I

LITERATURE REVIEW

A thorough literature search has revealed that, most of the HPLC methods
reported for determination of MND are in biological samples [11-15]. T. Miyabayashi et
al. [11] quantitatively determined MND and its pyridine metabolite in human serum by
HPLC with ultraviolet detection at230 nm and columnswitching by two ODS columns,
Develosil ODS-3k (3 um, 100x2.1_mm) for column 1 and-Develosil ODS-5k (100 x 2.1
mm, 5 pm) for column 2#The mobile phase for column 1 was 0.02 M potassium
dihydrogenphosphate : aeetonifrile (54'46 J'v/v) containing & mM sodium nonane-
sulphonate adjusted to pH#S3.0 with 85% (WA/) orthophosphorlc acid and the mobile
phase for column 2 was 0.02 M potassmm dfhydrogenphosphate . acetonitrile (54:46,
v/v) adjusted to pH 3.0 with 85% (w/v) orthophgﬁphomc acid. The temperature and flow

5 il e 1 '
rate for both columns were 40°C and. G:3 - mi/min; respectively.
- 4 -'_‘J‘.J

T. Ohkubo et al. [12] reported the detern:l;ih'é;tibn of MND._in serum by an isocratic
HPLC using column s‘wifehhg—wi%h—e{eeﬁee%refmea{—deteciiqh. The mobile phase
consisted of 0.1 M diéo’dium hydrogenphosphate (pH 4’5 adjusted with 50%
phosphoric acid) : acetonit;i-le (51:49, v/v) and the flow rate was 1.0 ml/min at ambient
temperature. MND was| separated from an‘endogenous interference; peak in serum and
concentrated on a pre-column (C,;) by column switching and then the corresponding
fractions werelintroducad tos-an~analytical lcolumn withia €, statiChafy [phase and

detected by high conversion efficiency amperometric detection at +0.7 V.

J. Jing et al. [13] reported the determination of MND in human plasma and
pharmacokinetics study. After basified plasma with ammonia, MND and the internal
standard felodipine were extracted with n-hexane and separated on a Hypersil ODS2
column with a mobile phase of methanol : 5 mM ammonium acetate solution containing

0.1% acetic acid (85:15, v/v). The HPLC/ESI-MS was performed in positive ion selected



ion monitoring (SIM) mode using target ions at m/z of 611.4 for MND and m/z of 384 for
the internal standard. The detector voltage was set at 1.75 kV and the flow-rate was 0.7

ml/min with an effective injected volume of 10 pl.

Successful application of chiral stationary phase-HPLC combined with sensitive
column-switching HPLC to the stereospecific determination of MND in human serum
was reported by M. Yamaguchi et al. [14]. The human serum sample obtained after
ingestion of MND was extracted twice with ‘@ mixture of n-hexane diethyl ether under
alkaline conditions. The enantiomers in the extract were.separated on a chiral stationary
phase column (Chiralcel OJ)(250x4.6 mm; 10 pm);-thesmobile phase was n-hexane :
ethanol : methanol (80:15:5, v/v)..fhe.operating temperature and the flow rate were 50°C

and 1.0 ml/min, respectively; ultraviolet detectﬁjon was carried out at 230 nm.
T. Uno et al. [15] developed enantioselective HPLC determination of MND in

human plasma. The methoddinvelved a rapidt'an"d simple extraction of human plasma

based on C8 bonded-phase extraction and extrachon samples were purified and
|l-

concentrated on the pre-column, a tnrnethyl sNyIated silica stationary phase (10 x 4.6

mm, 5 um), by using the column—swﬂchmg t_fﬁmque (+)-MND, (-)-MND and (+)-

o

barnidipine as an mternal standard were detected by ultraviolet detection at 254 nm,

and enantiomers of MND Were quantitatively separated by HPLC on a Pirkle-type chiral
column (SUMICHIRAL OA:4500) witha non-agueous mobile phase (n-hexane : 1,2-

dichloroethane : methanol : trifluaroacetic acid, 260:140:12:1, v/v).

Few spectrophotometric methods for determination of MND in commercial
tablets havelbeén desclibed {16-48]-Among them, N De! Ladrentis el'al[16] reported
the method based on the formation of charge transfer complex between MND as n-
donor and iodine the s-acceptor. The iodine was found to form charge-transfer complex
in a 1:1 stoichiometry with absorption bands at 290 and 353 nm. Conformity to Beer's
law enabled the assay of dosage forms of MND, the concentration range for the best
accuracy is 3-11 micrograms/ml. The method can be applied successfully to the
analysis of commercially available MND dihydrochloride tablets. G. Ragno et al. [17]

investigated simultaneous quantitative assay of MND and its main photodegradation by-



product using a multivariate calibration on UV spectra based on a classical least

squares regression.

K. Javidnia et al. [18] has been studied the photodegradation kinetics of
Nitrendipine and Felodipne on application of a self-modeling curve resolution method.
The radiation tests were employed utilizing a 254 nm UV lamp for nitrendipine and
natural sunlight for felodipine. The UV-vis absorbance spectra of the methanolic solution
of nitrendipine expose to the UV lamp were recorded between 220 and 400 nm in 24 hr
intervals for 15 days. | the case.of felodipne, thesphotodegradation was monitored in
sequential sunny days in the time-duration of10 a.m-till4-p.m. At the end of the day, the
resulting solution was protectede=by=aluminum foil and stored in the refrigerator to
prevent further degradation. Jhe absorptiori spectra of the irradiated solitions were
recorded between 230 and 400 nm ia 2 Ar intervals for 4 days. Since each day the drug
was exposed to sunlight for 64hr, the‘_totfal Iighti@g time was 24 hr and 14 absorption
spectra were collected throughout. J*

' 'y
Ana B. Baranda et al. [19] studied the s’ié{bﬂity of ealcium channel antagonists by
) i 22 A

analyzing with LC-MS-MS, using Luq-na RP-C18 KZ)__"e;nalytical column (150 x 2 mm i.d.,

o
Il

3.0 ym), heated at 40°C."Gradient é-rld isocratic methods werefrun for the quantification

of the degradation procés_;s and the identification of degradat—idb‘products, respectively.
The mobile phase consisteéﬂ of solvent A (0.1% formic acid,. 1 mM ammonium formate,
pH 2.7) and solvent B (acetonitrile / 0.1% formictacid, 1 mM ammonium formate pH 2.7,
95:5, v/v). The gradient method: -3 min: 20% B#3-11 min: 20-40% B (linear), 11-12 min:
40-70% B (linear), 12-12.5 min: 70-95% B (linear), 13.5-15.5 min: 95-20%B (linear). The
isocratic chromatographich conditions were | obtained .a 'good | separation; the same
solvent A and B as for the gradient method were used with the following compositions
(A:B, v/v) depending on the studied compound: Nicardipine (75:25), Lercanidipine,
Nifedipine (60:40), Nitrendipine (57:43), Nifedipine, Nimodipine, Nisoldipine and

Isradipine (50:50), Nilvadipine (48:52) and Lacidipine (40:60), respectively.



Nevertheless, J. Mielcarek et al. [20] has been studied the photodegradation
products of new DHP derivatives using Liquid Chromatography, which was performed
under isocratic conditions at flow rate of 0.7 ml/min, injection volume was 20 ul and the
run time set to 35 min. Irradiated sample was chromatographed on a 4.0 x 250 mm
Lichrospher RP-18 column (Merck) with phosphate buffer (pH 4.5) : acetonitrile :

methanol (35.7 : 34.3 : 30.0, v/v) as mobile phase.

The photodegradation of pharmaceutical: components and their degradation
products of some DHP calcium channel blockefs#Such as amlodipine and nifedipine
were monitored by HPLC using-areversed phase-columnwith UV detection. Y. Kawabe
et al. [21] investigated using a celtimn of 4.6 x 250 mm and detected by an absorption
at 234 nm. Photoexposed sample/of Nifedi@ine was eluted using aqueous 65% (v/v)
methanol at a 0.45 ml/min flowsrate. Amladipine was eluted by using 50 mM ammonium
formate (pH 4.4) : acetonitrile (6:4, v/v)‘at 0.5 r-njl/rr.’.]in flow rate. Nilvadipine was analyzed
using 50 mM ammonium formate (pH 4.4) ::acetpnitrile (4:6, v/v) at flow rate of 0.8

ml/min. The photochemical reactions: involvie_éJ.q‘_ in the photodegradation of these

pharmaceuticals including aromatization-of the DHP moiety and conversion to nitroso

group from nitro group in the benzene.rings.

i

G. Ragno et al. :[2_;2] developed the analysis-of photdd;e-gradation DHP product
by derivative spectrophoﬁometry and gas chromatography. DHP derivative was
prepared by oxidation of the @rug, by irradiating an’ ethanolic solution of 1 mg/ml with UV
light (lamp of 350 nm, 50 W, ata distance of 30:cm) about 12 hr. #he UV method was
recorded in the wavelength region 5004= 190 nm in=10 mm silica quartz cells. Gas
chromatogfaphi/was | equipped |with lan: “on’ column” .njector” and &, flame ionization
detector, performed on a 30 m x 0.53 mm i.d. phenylmethyl silicone fused-silica wide-
bore column, with a film thickness of 0.88 um, the oven temperature was from 230°C
rising to 260°C (5°C/min), the detector temperature was 300°C. Nitrogen was used as
carrier gas at a pressure of 280 kPa. All assay procedures were carried out in a dark

room provided with a red lamp of 60 W, maintained at a distance of about 2 m.



J. Mielcarek et al. [23] studied the course of the photodegradation of 1,4- DHP
ring by means of UV-visible spectrophotometry and HPLC method. The methanol
solution of 1,4 DHP product (nisoldipine) with the concentration of 7.77 x 10° M was
monitored and recorded the absorption in the range of 200 — 500 nm. The HPLC method
analyzing was employed RP-18 analytical column 250 x 4.6 mm with a column
temperature of 20°C. The analysis was carried out under isocratic conditions with mobile

phase consisting of methanol : water : acetonitrile (5:4:1, v/v) at the flow rate 0.6 ml/min.

Stressed degradation studies are designed torproduce potential degradation
products which may be encounterea in real-worla-seenarios (Table 2.1). Degradants

generated may or may not be what'is.seen during stability studies. [24]
\
Table 2.1 Recommendegd degradation.conditions

- _—

o
k

Degradation Reaction : Typical Condition

Acid hydrolysis Sample in aquéﬁpé; acid or acidified solvent at ~0.5 N
add v ol ok

up to 24 hr (or) == 7,

Heat/reflux or U\Ed‘!@t_ion in ~0.5 N HCl up to 24 hr

4

Base hydrolysis G Sample in aqueous base or basi¢ solvent at ~0.5 N up

to 24 hr (or) et

Heat/reflux or UV radiation in =0.5 N NaOH up to 24 hr

Oxidation Treat'with|[¥80%-H50.jup to244m (1)

UV radiation in ~30% H,O, up to 24 hr

Light decompasition Expose) to thightintensityy W\/light 4n, stitable increment,
(photolysis) up to 24 hr

Thermal decomposition Expose to ~100°C heat in suitable increments, up to 24
(pyrolysis) hr

Performing the actual degradation is not an exact science and may require
modifying conditions to obtain the desired 10% - 30% degradation. However, if the

maximum conditions listed above do not produce degradation, then it is not necessary
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to continue the experiments until degradation occurs. A statement is then added to the
report confirming the stable nature of the molecules. For multicomponent formulations
(e.g., with more than one active), individual active solutions should be made for each
component. For product families that utilize the same excipients, forced degradation
should be formed on only on formulation. The concentration of the acid, base, and
peroxide solutions may be reduced or the sample concentration may be lowered with
subsequent increase of the injection volume to maintain the appropriate amount of
material on column. If forced degradation demonsirates lack of specificity, analysis of
expired finished product may be used to prove-that'the forced degradation conditions

are not producing real degradationspeaks. The run time for forced degradation samples

should be sufficiently long terobserve the retention time of the latest eluting active or

\
degradant. :

M. Basaki et al. [25] has/been stud{feda_jdegradation of 1,4-DHP (Felodipine)
under different ICH guideline on' stability testinf‘:g of new drug substances and products
(Q2B) [26]; prescribed stress condi-tio‘-ns (hderoIﬂyss oxidation and photolysis), and
establishment of a stability-indicating Feversed-b:ﬁizafe,e HPLC assay. Degradation was
found to occur in alkaline medium, under high a?:td4 conditions, under oxidative stress,
and also in the presence_of light in_acid condition. “Separation of drug and the
degradation product under various conditions were successfully achieved on an
analytical column of C-18, 250 x 4.6 mm, utilizing water : acetonitrile in the ratio of 86:14,
v/v with a detectiorwavelength=0f:310snmy A he~method \was walidated with respect to
linearity, precision, @ccuracy, selectivity and ruggedness. The response was linear in
the drug concentration.range .of 5.= 500,ug/mlk The, RSD valugs, for intra-.and inter-day

precision studies"were*< 17and' <2.6%, respectively. The‘recovery'of the=drug ranged

between 100 - 103 % from a mixture of degradation products.

The investigation of forced degradation study of DHP products (Nimodipine) was
carried out according to ICH guideline (Q1A) [27] by S. P. Bhardwaj et al. [28]. The drug
was subjected to acid (0.1 N HCI) and alkaline (0.1N NaOH) hydrolytic conditions at

80°C, as well as to oxidize decomposition at room temperature. Photolysis was carried
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out in 0.1N HCI, water and 0.1N NaOH at 40°C. Additionally, the solid drug was
subjected to 50°C for 60 days in a dri-bath, and to the combined effect of temperature
and humidity, with and without light, at 40°C/75% RH. The products formed under
different stress conditions were investigated by LC and LC-MS. The LC method that
could separate all degradation products performed under various stress conditions
involved a C-18 column (250 x 4.6 mm) and a mobile phase comprising of acetonitrile
and phosphate buffer (pH 3.0), which was run in a gradient mode. The flow rate was
1ml/min and the detection wavelength was 210 nm, respectively. The developed method
was found to be precise, accurate, specific and-sglective. It was suitability modified for
LC-MS studies by replacing phosphate buff;r with water, where the pH was adjusted to
3.0 with formic acid. The drug shewed inste;bility solution state (under acidic, neutral,
alkaline and photolytic stress conditions), bIJt'Jt was relatively stable in the solid-state,
except formation of minor products und'é;r a@glerated conditions. Primarily, maximum
degradation products were formed: in acid I'@oﬁditions, though the same were also

|l

produced variably under other stress-conditions. .« «
- ..-'. ‘l-
add v ol ok

Analytical test method ‘validation is performed to ensure that an analytical

methodology is accurate, specific,__rep(oduciblia;‘*ia’rid_robust over the specified range

that an analyte will be analyzed. Method validation-provides é.n.-‘assurance of reliability

during normal use, and is'sometime referred to as the process 6fl providing documented
evidence that the method does what it is intended to do. For pharmaceutical HPLC
methods validationy=guidelines fromsthe USsFeodrandsDrug Administration (FDA), the
United States Pharmacopeia (USP) and the International” Conference on Harmonization
(ICH) provides, & framework for .performing such.validation,, This would ,require the
pharmaceutical' manufacturers o “establish®and document the accuracy, sensitivity,
specificity, reproducibility and any other attribute necessary to validate test methods.
Validation is customized by choosing necessary tests and acceptance criteria for a
given method. The comprehensiveness of this kind of validation is based upon the type

of method and requirements.
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The ICH documents define specificity as the ability to assess unequivocally the
analyte in the presence of components that may be expected to be present, such as

impurities, degradation products, and matrix components.

The accuracy of an analytical procedure expresses the closeness of agreement
between the value which is accepted either as a conventional true value or an accepted

reference value and the value found.

The precision of an analytical procedure/expresses the closeness of agreement
(degree of scatter) between a series of meagurements obtained from multiple sampling
of the same homogeneous sample_under the prescribed eonditions. Precision may be

considered at three levels:repeaiabllity;, intermediate precision and reproducibility.
i

The detection limit ofdn jAdividual analytical procedure is the lowest amount of

analyte in a sample which can'befdetected bll'&t not necessarily quantitated as an exact

ol ol

value.

¢ .-' ‘l-
add v ol
The quantification limit offan;individual an‘_a_l_ﬁ_(.:al procedure is the lowest amount

of analyte in a sample which can be quaniitatively determined with suitable precision

and accuracy. The quan_ti-fjcation limit is a parameter of quantité‘ti_\/e assays for low levels

of compounds in sampie matrices, and is used particularly for the determination of

impurities and/or degradatien products.

The linearity of| an ;analytical procedure,lis its ability (within a given range) to
obtain test results Which are directly proportional to_the concentration (amount) of

analyte in the sample.

The range of an analytical procedure is the interval between the upper and lower
concentration (amounts) of analyte in the sample (including these concentrations) for
which it has been demonstrated that the analytical procedure has a suitable level of

precision, accuracy and linearity.
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The robustness of an analytical procedure is a measure of its capacity to remain
unaffected by small, but deliberate variations in method parameters and provides an

indication of its reliability during normal usage.

The ruggedness of an analytical method is the degree of reproducibility of test
results obtained by the analysis of the same samples under a variety of conditions, such
as different laboratories, analysts, instruments, lots of reagents, elapsed assay times,

assay temperatures, or days.

A. Elshanawane et al. [80]-has beeantudied the application of a validated and
stability-indicating LC methodsto establish for analysis of,4-DHP such as Nitrendipine
and Nicardipine in the presencesof.the degllradation products generated in studies of
forced decomposition. Thes@rugsSupstences \;;/ere subjected to stress by hydrolysis (0.1
M NaOH and 0.1 M HCI), exidation (30% H é) photolysis (254 nm), and the thermal
treatment (80°C). The drugs!were degraded “'under basic and acidic conditions and
thermal treatment but were stable under other stness conditions investigated. Successful

4

separation of the drugs from the degradatlon products was achieved on a 250 x 4.6 mm

i.d., 5 ym, cyanopropy! column, W|th 48— 60 (vﬁ)_aqueous 0.01 M ammonium acetate

ol

buffer (pH 6.0 adjusted by acetic aC|d) : methanol as mobile phase at a flow rate of 1

ml/min. The volume |nJected was 20 ul and the detection used UV absorption at 210 nm.
The method was validated ifor specificity, selectivity, solution stability, accuracy, and

precision, respectively.

A simple stability-indicating LC method has been developed for the quantitative
determinatioh 6ffDHR giaduct{Amiodipine)lin Bulk‘drugisamples anddn phdrmaceutical
dosage forms in the presence of degradation products by D. V. Subba Rao et al. [31].
The drug was subjected to stress conditions of hydrolysis (1N HCI and 1 N NaOH),
oxidation (6% H.,O,), photolysis (254 nm) and thermal degradation (60°C). Successful
separation of the drugs from the degradation products was achieved on an analytical
column of RP-18 100 x 4.6 mm i.d., 3 um, with 40 : 60 (v/v) buffer (pH 3.0) : acetonitrile
as mobile phase. The buffer consisted of 10 mM sodium dihydrogen phosphate

monohydrate (pH 3.0 adjusted by diluted phosphoric acid). The flow rate of 1 mil/min
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and the column temperature was maintained at 27°C. The injection volume was 20 yl
and the eluent was monitored at a wavelength of 210 nm. The developed method was

validated with respect to linearity, accuracy, precision, and ruggedness, respectively.

MND hydrochloride is not official in the United States Pharmacopeia (USP),
British Pharmacopoeia (BP), and European Pharmacopoeia (EP), but MND is recently

official in Japanese Pharmacopoeia (JP) XV, Supplement |. Consequently, the

implementation of an analytical methodal 'to determine MND hydrochloride in

neou s determination of MND

hydrochloride and degradati d commercial tablets is

described. The proposed HP v = ,_g J \ 3 -. aoeutlcal quality assurance

ﬂ'lJEl’JVIEMﬁWEJ\’]ﬂ‘i
ammmm UA1AINYAY



CHAPTER IlI

EXPERIMENTATION

- igh- : hiohn3 on\:\ (SHIMADZU 10 AVP,
Japan) equipped with an Autos plet '-7 ( VP, - s Detector SPD-10 AVP,
a Column Oven CTO-10 AVP, & " Al\\\b gasser DGU-14 A and a
System Controller SCL-10 AVE

- zu, Japan)

- Analytical Coluin, ’-" Tetiy RP18, 3.5 pm, 4.6 x 150 mm id.
(Water — i ]
. X |

- Analytical ba ef=-Toledo, Switzerland)

- Hotairo en (Binder, Germany

LR "Vi‘”‘Wl L3I

- meter Beckman 5 (Beckman, USA)

amrﬁﬁﬁ?mwwmﬁﬁ‘a

2. Chemicals and Reagents

- Acetonitrile, HPLC grade (Burdick & Jackson, USA)

- Ammonium formate (Biotech, China)

- Ammonium hydroxide, 90% (May & Baker, Dagenham, England)
- Formic acid, 90% (Merck, Germany)

- Hydrogen peroxide, 30% (BDH, England)
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- Hydrochloric acid, 37% (Merck, Germany)

- Methanol , HPLC grade (Burdick & Jackson, USA)

- Manidipine Hydrochloride working standard, 98.5% purity on as is
basis, Lot No.070330 (Xiamen Shinbon Chemicals, China)

- Sodium hydroxide, pellets (Mallinckrodt, Mexico)

3. Test samples
Manidipine hydrochloride Tablets, Madiplot (Takeda, Japan), Lot No.0994,
Exp.30.09.2011, were purchased from the Commtnity Pharmacy Laboratory (OSOT
SALA), Faculty of PharmaceutiealSeiences, Chulalengkorn University. Each tablet

contains manidipine hydrochloride™ 0smg.

—

Method L 4

This study compesed offour experilmental steps as follows:
1. HPLC method developrh-lent "J ‘-

2. Optimization of HPLC éohditions";-’*' .
3. Analytical MethodValidation -
, /

Assay application _ — -

1. HPLC methed—develeprﬂenii——
1.1 Buffér‘preparation (25 mM ammonium formate, pH 3.1)

- 1M forric acid: 4 ml of formic acid was diluted with water to 100 ml.

<A 0.2382-g"of amnionitm fermate (NH;HCO3) avas dissolved in 700
ml of water, add 2@ ml of 1M formic acid, and mix thoroughly. Adjust to pH 3.1 with
ammonium~hydroxide (NHOH), dilute,with waterto 4000 smlyaney mix. Fhen filter the
solution through a filter paper pore size 0.45 um and use' the filtrate" as a buffer for
mobile phase preparation.

- Diluent: a mixture of water and acetonitrile (1:1)

1.2 Stock sample solution

Weigh and finely powder not less than 20 tablets of MND

hydrochloride Tablets. Transfer an accurately weighed portion of the powder, equivalent
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to about 10 mg of MND hydrochloride, to a 100-ml volumetric flask, add 10 ml of
methanol and sonicate for 5 minutes. Allow the solution to cool to room temperature,
dilute with diluent to volume, and mix. Pass a portion of this solution through a filter with
a pore size of 0.45 pm, discarding the first 4 ml of the filtrate. Subsequent filtrate

obtained is used as the stock sample solution.

1.3. Stock standard solution

Accurately weigh and transies 100 mg of manidipine hydrochloride
standard to a 100-ml volumetric flask, add 10:ml of methanol and sonicate for 5 minutes.
Allow the solution to cool at'room _iemperature then dilute with methanol to volume and
mix. The solution concentration.is 100 pg/ml,‘lkept in a refrigerator at 4°C and protected
from light. 2,4

1.3.1 Standard solution for 'jinearity and range

Acclirately weigh é‘hﬁ_ transfer 62.5 mg of manidipine
hydrochloride standard to a 25-ml Vaimetric flai-édd 10 ml of methanol and sonicate
for 5 minutes. Allow the solution to-céol at room Jté%ﬁéerature then dilute with methanol to
volume and mix (2.5 mgfml)—transferid-2-3-mlofthis-stock sténdard solution to each of
50-ml volumetric flasks then dilute diluent to make a Concentra::tfon of 50, 100 and 150
pg/ml, respectively. Transféf 10 ml of this stock standard solution to a 20-ml volumetric
flask add diluent ta.volume{1.25'mg/ml); then transfer 3-and 5l of-this solution to each
of 50-ml volumetricliflasks and dilute with diluent to volume to obtain solutions of

concentration off757and™ 251ug/mizrespectively:

1.3.2 Standard solution for LOD and LOQ

Transfer 25 ml Of MND HCI stock standard solution to 100-ml
volumetric flask, add diluent to volume, and mix. Then transfer 10 ml of the solution to a

50-ml volumetric flask, add diluent to volume, and mix (50 ug/ml). Transfer 6, 7, 8, 9 and
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10 ml of the resulting solution to each of 100-ml volumetric flasks, add diluent to volume,

and mix to obtain solutions of concentration of 3, 3.5, 4, 4.5 and 5 pg/ml, respectively.

1.3.3 Standard solution for Accuracy

Accurately weighed 60 mg of MND hydrochloride standard to

a 100-ml volumetric flask, add 10 ml of methanol and sonicate for 5 minutes. Allow the

solution to cool at room temperature t ith methanol to volume and mix; the

solution concentration is 0.6 mg/El

to a 25-ml volumetric flask

ion A).

D hydrochloride standard
e for 5 minutes. Allow the

solution to cool at room t to volume and mix; the

ion to a 50-ml volumetric

of 10 pg/ml.

- Transfer ?{_ﬁsa

—-' /_ .l""'I b/ -
flasks, add exactly 5 and:iOmI of stock stanéarf

'Ck solution to two 50-ml volumetric

diluent to volume, and

mix to make a concentr

] E}
Jransfer 5ml of sample stock solution to a 50-ml volumetric

flasks, add exaotliﬂru ﬁckj ﬂﬁ wui Wﬂ @‘H]Jﬂ ﬁ\/olume and mix to

make a concentra

’QW’]@Nﬂ‘im UAIAINYA Y

1.4 Stressed sample solutions

Stress studies were carried out under the conditions of hydrolysis,

oxidation, photolysis and thermal degradation as mentioned in ICH guidelines (Q1A).
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1.4.1 Effect of hydrolysis degradation

Acid-base catalyst was studied using the stress condition with

the addition of 1N hydrochloric acid and 1N sodium hydroxide.

Acid catalysis on standard and sample solution was studied
by adding 10 ml of 1N hydrochloric acid to. 10.ml of methanolic containing 100 pg/ml of
MND HCI and mixing thoroughly, the final conceniration is 10 yg/ml. The solution was
then kept in the hot air oven at 60°C for 3 hr.Ihereafter, the solution was neutralized with
1N sodium hydroxide. Degraded product obtained was-analyzed by HPLC system as

mentioned in 1.5.

Basef catalysis was 'peﬁormed with the same procedure as

acid catalysis, but replacing of 1IN hydro_chloricgé_‘cigi_ with 1N sodium hydroxide.
7
¥

1.4.2 Effect ofp)_(idation degrgd_qtipp

| Oxigative-degradation-on-standard  end sample solution was
studied by adding six drops'_of H,O., to 10 ml of methanolic contéining 100 pg/ml of MND
and mixing thoroughly, the ;‘inal concentration is 10 pg/ml. Th:e solution was then kept in
the hot air oven at80°C for-3 hr. Thereafter, degraded product obtained was analyzed

by HPLC with the chromatographic condition as described in 1.5.

1.4.3 Effect of photolysis degradation

The methanolic standard and sample solution containing 100
pg/ml of MND was prepared. The solution was then exposed to the UV at 254 nm for 3
hr. Thereafter, degraded product obtained was analyzed by HPLC system with the

chromatographic condition as described in 1.5.
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1.4.4 Effect of thermal degradation

The methanolic standard and sample solution containing 100
ug/ml of MND was prepared. The solution was then kept in the hot air oven at 60°C for 3
hr. Thereafter, degraded product obtained was analyzed by HPLC system with the

chromatographic condition as described in 1.5.

Column 3.5 um

Mobile phase | .1 : Acetonitrile (45 : 55)
Flow rate

Detector

Injection volume

The {;‘"TW‘— aratlon by degas in

ultrasonic bath for 45 min. m

) Op@gmmmyﬂ J1N7
QPGSR T BV Bl

composition “of the mobile phase (percent of acetonitrile), detection wavelength and

column temperature on HPLC separation were investigated.
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2.1 Effect of buffer pH

Various ammonium formate buffer systems in the acidic at pH 2.8,
3.0, 3.1, 3.3 and 3.4 were studied. These buffers were prepared at constant ionic
strength of 25 mM. Base catalysis of standard solution of MND hydrochloride 10 pg/ml

was analyzed.

2.2 Effect of @"#/
The amm ﬁei-wtlon in the range of 20, 25

and 30 mM at pH 3.1 Were in Base ¢ !standard solution of MND

hydrochloride 10 pg/ml was a

The perc e snitrle.in the mobile phase at 54, 55 and 56

were investigated. Base catalysis o..-.i‘:!ia’ of MND hydrochloride 10 pg/ml

P
was analyzed. N

2.4 Effect omietection waveleng

v R A

Base catalysis of stahdard solution of MND hydroohlorlde 10 pg/ml was analyzed

ama\mm UA1AINYAY

2.5 Effect of column temperature

The column temperatures studied were set at 27, 30 and 33°C. Base

catalysis of standard solution of MND hydrochloride 10 ug/ml was analyzed.
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3. Analytical Method Validation

The validation was performed according to the procedure recommended
by the International Conference on Harmonization (ICH, 1996). The following measures
of method performance were assessed: specificity, linearity and range, precision,
accuracy, determination of detection (LOD), and quantification (LOQ), stability of

standard solution and system suitability.

The standardse amy L /ml) of MND hydrochloride
from forced degradation procedlrg/Sididie ! oS HCI and 1N NaOH at 60°C
for 3 hr), oxidation (30% H2 atb0 Q B i ) (UV 254-nm for 3 hr) and
thermal degradation (60° 3 re trif j into the HPLC system. The

were compared with

3.2 Linearity and range

Linearityan c' bration curves using five

standard solutions prepared over the range of 50 — 150 pg/ml from the stock standard

solution. Each so|ﬁ wﬁjqew Ej;vﬁ eje?q ﬂ‘ﬁ ﬁﬁj‘regresaon analysis

was performed bydplotting peak areas versus Conoentratlons The coefficient of

e RS THUNTINYIN Y

3.3 Precision

Precision was accessed from the % relative standard deviation

(%RSD), which was determined from the following formula:

%RSD = (SD x 100) /
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Where SD is the standard deviation of the observed data. 1 is the

average peak area value. The %RSD should be less than 2.0 %

The precision was assessed by the following methods:

(1) System precision

Method ' : e by ftriplicate injections of six

determinations of sample sol ‘0 als g/ml on intra-day and inter-

day precision for three non-consec ,.- da s \

i}*_‘ -JJ

3.4 Accuracy o L2/

: x
SN et e

 —-— g

The ac@! \{ recovery using standard
addition method. Three dEarent amou of MND ydroomwide reference standard
were added to the sample &olution (Solution efsMadiplot). The three concentrations

s o0~ % b S0 F P I o s e

prepared in three determmatlons at geach conceﬁhratlon Percer]&‘,recovery was

sacuacsQpYe) IR RLIIE ATY ISR P e mean

recoveries s%ould be within in the acceptance criteria, 98 — 102 %, of MND

hydrochloride.
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3.5 Limit of detection (LOD) and limit of quantification (LOQ)

The LOD and LOQ were obtained from a calibration curve
constructed by analyzing standard solutions. Five point calibrations were performed
over the range 3 to 5 pg/ml; the solutions were injected in triplicate. Peak areas of
standard solution were plotted against concentrations. Least square linear regression
analysis was performed to determine slope, intercept and the standard deviation of the

y-intercept.

The LOD & wing equations:
LOD
LOQ

Where y-intercept and S is the

slope of the regression line. hin-day precision should be

less than 10%.

The stablity of standard and sample solution was determined at

concentration of 1ﬂp%ﬂhé}ow ngﬂrﬁgow ﬂﬁ]cﬂ Sﬁ' 0,1,2 3and 4 hr

to analyzing for set Griteria value.

amaﬂmm UANAINYA Y

3.7 System suitability

The system suitability testing was evaluated by six replicate
injections of base catalysis of standard solution of MND hydrochloride 10 pg/ml. The
percent of relative standard deviation (%RSD) of peak area was determined. The %RSD

should be less than 2, the number of theoretical plate should be not less than 2000 and
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tailing factor should be less than 2 and the resolution must not less than 2. The tailing

factor, number of theoretical plate and resolution are calculated as follows:

- Tailing factor (T)

W o.o0s

T=

2f

Figure 3.1 Chromatogram for calc

HUAngninens
ARIRAAF NI INYAY

Where t is the retention time of the substance and W, , is the peak width

at half-height as shown in Figure 3.2
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.
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detector response

|

time

t, and t, are ion times \a\\ second adjacent peaks
RO \

»
>

Detection response
Injection

<4— Air peak

l

]
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Figure 3.3. Ghromatogram for calculation of resolution

4. Assay application

Weigh and finely powder not less than 20 tablets of MND hydrochloride
Tablets. Transfer an accurately weighed portion of the powder, equivalent to about 10

mg of MND hydrochloride, to a 100 ml volumetric flask, add 10 ml of methanol and
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sonicate for 5 minutes. Allow the solution to cool to room temperature, dilute with a
mixture of water and acetonitrile (1:1) to volume, and mix. Pass a portion of this solution

through a filter with a pore size of 0.45 um, discarding the first 4 ml of the filtrate.

AuEINENINeINS
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CHAPTER IV

RESULTS AND DISCUSSION

The current International Confer Harmonisation (ICH) guidelines suggest
that quantitative analysis of pl ce & ould be done by using stability-
indicating assay (SIA) method. is & to obtain the HPLC SIA method,

development due to t degradation products. The

alkaline stress stand any peaks were observed in

the chromatogram.

1. HPLC method devel

detection wavelength imhis S
AYEANENINEINT
ANNIUNINYINY

1.0

0.8

0.4

0.2

0.0 !
200 2§s 250 275 300 325 350 375 400 425 450 475 500
Wavelength(nm)

Figure 4.1 Absorption spectrum of MND hydrochloride (1 ug/ml, in methanol)
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MND is a weak base with a pKa value of 9.4 and fully protonated in acidic pH
medium. In this study, MND was selected to analyze in an acidic mobile phase in order
to obtain an appropriate analytical run time. Ammonium formate buffer with optimal
buffer capacity in the pH range of 2.8 — 4.8 was selected as an aqueous phase of the
mobile phase. Besides, ammonium formate is suitable for buffer mobile phase for

LC/MS as it is volatile in nature.

In initial studies, the separ as carried out using gradient elution

mode. Mobile phase was ion A and Solution B as shown in

Table 4.1 Solution A wa f 200 mM ammonium formate

pH 3.0, water, and ac as a filtered and degassed

mixture of 200 mM a acetonitrile (10:10:80). The

D )
Time Solution A Solution B Elution
t f o LY )
@Y N WIS PN S
1T WG| 0 [ 119
0—1%I 50 ¢ 5(h isocraticu
0 TURA T IVIR A 2
q 0-13 00— 50 » 95 inear gradient
13-15 5 95 isocratic
15-18 5—-50 95 —» 50 Linear gradient
18-25 50 50 equilibration
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Figure 4.2 represented the HPLC chromatogram of alkaline stress MND
hydrochloride solution with the retention time of MND was 3.7 min and degradant peaks
were detected at 2.7, 3.1 and 4.7 min, respectively. The first degradant peak at 2.7 min

was too close to the solvent front.

064 —
0.4

0.2

0.0

Figure 4.2 Chromatogram of & < AE-Stress D hydrochloride standard solution under
gradient elution mode with & mebile phase of variable mixtures of 200 mM

ammonium > pH 3.0, we onitrile in Solution A (10:40:50)

and Sol 9"" )

o ﬂﬁiﬂﬂﬁ%’ WET. o cveremenn

20%, while m% the rest of chromatographic

system, MND and degradant peaks G’f the alkaline®Stress standard Mutlon were shifted
hizu

o longare‘l&fl NSl L hnab bl ekl |
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Figure 4.3 Chromatogr \\ n) -r- hloride standard solution under

gradient e R \s\‘ o variable mixtures of 200 mM
ammoni 5 1CE o trile in Solution A (10:50:40)

and Soluti

0.4

0.2

0.0

25

inutes
Figure 4.4 Chromatogram of alkaline stress MND hydrochloride standard solution under
gradient elution mode with a mobile phase of variable mixtures of 200 mM
ammonium formate pH 3.0, water, and acetonitrile in Solution A (10:70:20)

and Solution B (10:10:80).
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Chromatograms in Figures 4.2 - 4.4 showed that there were eluted peaks just
during the first 10 minutes of the run, indicating unnecessary for gradient elution mode.
Thus, the isocratic analysis method was developed and a suitable mobile phase was a

mixture of 25 mM ammonium formate, pH 3.1 and acetonitrile (45:55).

2. HPLC method optimisation

Optimisation of HPLC condition ‘was' performed using alkaline stress MND
standard solution. The fellowing parameterss were consecutively optimized:
concentration and pH of the Buffer ¥solution: composition of the mobile phase

(percentage of acetonitrile)«detection wavelength, and column temperature. Retention

time (R,) and resolution (R)ffor eaeh Condiltion were compared.
24 Effect of buffef pH

ol ol

The buifer pH IS bne of thre most important parameters for improving
add v ol ok
resolution in HPLC. The pH of the-maobile pha_s__ef_jg usually taken by convention to be the

same as that of the aqueous fraction, this irp_iQIie_s_ an obviously false assumption. The

pKa values of the ac_ids used to prepare the buffer Change;"‘vyith the solvent composition

(and each in a different degree), and so does the pH of the“buffer. Sometimes the pH is
measured after mixing-the buffer with the organic modifier; but even in this instance, the
potentiometric system is usually calibrated with aqueous standards and the measured

pH is not the true' pH'ofithe mobile phase (Lambert et-al [32]).

Ammonium formate“buffer with pH‘range of 2:8 — 3.4 was’investigated by

analyzing the alkaline stress standard sample solution (Figure 4.5 —4.9).

At pH 2.8 (Figure 4.5), MND was eluted with a retention time of 4.2 min
and four degradant peaks were detected at retention times of 2.9, 3.8, 5.6 and 7.2 min,

respectively. MND was not completely resolved from degradant peak of 3.8 min.
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Figure 4.5 Effect of b dard solution under condition

of 25 mM 5), detection wavelength of

At pH 3.0 (Fi - reten tfime of MND peak was shifted to 4.9
min and the retention time r(g_r u,,.u-’.f, aks were detected at 3.3, 3.9, 5.5 and

7.3 min, respectively. Interestl :T‘ rom 2.8 to 3.0 affected elution time of

just MND and the firSt degradant. The MND peak was, rot, completely resolved from
degradant peak of 5im _.{d

| il
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i [m)]
0.000 i | i |
-0.025 "

of 256 mM ammaonium‘ferma H3.0%: N (45:55), detection wavelength of

UV 230-nmand,¢

At pHB. 1 AFig 4 D peak was observed at retention time
of 4.9 min and four degradant p . ention times of 3.3, 4.1, 5.8 and
7.7 min, respectively. MND was, completely ed from adjacent degradant peaks of

4.1 and 5.8 min.
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Minutes

Figure 4.7 Effect of buffer pH on alkaline stress MND standard solution under condition
of 25 mM ammonium formate pH 3.1 : ACN (45:55), detection wavelength of

UV 230-nm and column temperature at 30°C
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At pH 3.3 (Figure 4.8), MND peak was detected at retention time of 4.1
min and just three degradant peaks were found at retention times of 3.6, 5.5and 7.5
min, respectively. At pH 3.3 of 25 mM ammonium formate buffer, the first degradant
peak that usually found when using the buffer at pH range of 2.8-3.1 was coelute with
the solvent peak at about 2.6 min. MND was acceptable resolved from an adjacent

degradant peak of 3.6 min.

o044

ooz

Violts
1

oo 3

Loz

. = — - = D) . g
Figure 4.8 Effect of buffer on fﬂ@;ﬁfﬁ I ‘ standard solution under condition of

25 mM ,n}r ), detection wavelength of UV

230-nm and

At pH 3.4 ( Ii‘gge 4.9), MND was eluted faster at retention time of 3.9 min

o st o LI BL VI IAS PRI S tmos o 52

7.4 min, respec?(l/ely Two degradant peaks foun%efore MND pe@l; at lower pH (2.8-

@ PR AR W WA BV T ey o

from deg*adant peaks.
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8 10

essentially protonated throughout
the pH range used in this study..A 5 pH- sreased, carboxylic functional groups in
the pyridine ring of MND _ probab artially deprotonated, leading to an
- the labile AC omplexes formed between
<
‘l
|
The effect o}pH of ammonium formate buffer on retention time of alkaline

stress standarﬁ %H@%H%?WH ’Wﬂ ‘%’and displayed in Table

4.2 and Figure AHIO respectively.

AN AINIUURIINAE

enhancement of the Stz

carboxylic and ."5’_-'
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Table 4.2 Retention times of MND and degradants at various pH of ammonium formate

buffer (* degradant coelute with the solvent peak)

Retention time (min)
Compound
pH 2.8 pH 3.0 pH 3.1 pH 3.3 pH 3.4
MND 4.2 4.9 4.9 4.1 3.9
Degradant 1 2.9 3.3 3.3 2.6* 2.6*
Degradant 2 3.8 39 4.1 3.6 2.6*
Degradant 3 5.6 " ol @?8 55 52
Degradant 4 7.2 7.3 (e 7.5 7.4
8 ‘ : =" Variable
J— LR W, —e— MND
F A% 4 & —mB— Degradant 1
7 : Degradant 2
—A - Degradant 3
Degradant 4
6_

Retention Time
ol

T
2.8 2.9 3.0 3.1 3.2 3.3 3.4
pH

Figure 4.10 Effect of pH of ammonium formate buffer on retention time of alkaline stress

standard MND hydrochloride solution

From Figure 4.10, it was obvious that the mobile phase with ammonium

formate buffer of pH 3.1 gave a chromatogram of optimal reasonable retention time.
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Therefore, the pH value of 3.1 was chosen as the aqueous phase of HPLC mobile phase

for this study.

2.2 Effect of buffer concentration

The effect of concentration of ammonium formate buffer, pH 3.1, in

entration of 20 mM, 25 mM, and 30 mM.

bg concentration of buffer from 20 to

20 mM, the main peak of MND at

mobile phase was also investigated a

Figure 4.11 represented chro
30 mM. It was observed tha 7
retention time of 4.2 mi e from its degradant peak as
shown in Figure a. T the main peak of MND at
retention time of 4.9 i s degradant peak as shown
in Figure b. However, , the main peak of MND at

retention time of 4.8 min its degradant peak as shown

in Figure c.

n the mobile phase effect to the
separation of MND| hydrechleride—and—iis—degradant— hen increase the buffer
concentration to 30 mi; the mobile re pcﬁrization which induces to the

structure of MND effected to its separation was not completely resolve from degradants.

Nevertheless, ﬂe“hﬂb%%ﬁﬂﬁ w Bee?'aﬂﬁo 20 mM, the mobile

phase was less ‘polarized and the MND peak was not well separated from its degradant

e AINIUNAINYIAY

Therefore, the concentration of 25 mM of ammonium formate buffer

was chosen, in order to achieve better resolution of MND.
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Figure 4.11 Effect of buffer concentration on alkaline stressed MND standard solution
under conditions of a:25, b:25 and ¢:30 mM ammonium formate pH 3.1 :

ACN (45:55), detection wavelength at UV 230-nm and column temperature

at 30°C
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Figure 4.12 ] ion of alkaline stress MND

in the low composition of m % of acetonitrile ). A similar result

was observed in the high com ,‘ il phase range (55 - 56 % of ACN).

At mblle phase composition of 54% ﬂlN (Figure a), the main peak
of MND detec m q% ted from its degradant
peaks at 2.9, E‘ﬁﬁ ﬂzﬂot wﬁﬁ ﬁﬁ phase composition of

5% ﬂy io Vgelof 4.9 min and
AL ARV TS

At mobile phase composition of 56% ACN (Figure c), the peak detect
was similar result as percentage composition of 55% ACN but longer retention time

detection and MND was not fully separated from its degradant peak throughout this
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percentage of ACN. MND was detect at the retention time of 5.2 min and 3.4, 3.9, 5.7

and 7.5 min of degradants peak, respectively.

From the experiment, the exact ratio of organic modifier is critical for
the resolution of the analyte. The percentage composition of ACN in the mobile phase is

effected to its separation, when increase the ACN to 56% the mobile phase was more

polarization result to the separatior ‘and its degradants was not completely
4%, the mobile phase was less
nits degradant. Thus the optimized

mobile phase composition S ‘_ Cte S ‘x‘-.‘,_._: ACN since it provided better

R
{
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Figure 4.13 Effect of mobile phase composition on alkaline stressed MND standard

solution under condition of 25 mM ammonium formate, pH 3.1 : ACN

(a=46:54, b=45:55 and c=44:56), detection wavelength of UV 230-nm and

column temperature at 30°C
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2.4 Effect of column temperature

As expected, the retention time decreased by increasing the
temperature of the analytical column due to a decrease in the viscosity of the running
buffer. In this study, the satisfactory decrease in retention time was observed in the low
temperature range (27 — 30°C) which led to an effect on the composite response (Figure

4.14).

@e different column temperatures

were not different, the IND from ,‘- essed MND standard solution
at the column tempe \\\ e degradant peak detect at
retention time of 3.3, 4 g 8 \ shown in Figure a . Also, in

ét -

> MND P detected at retention time of 4.9
‘a» ) \\

Figure b at column tem

min and the degradant p of 3.2, 3.9, 5.6 and 7.4 min. At

column temperature of 33°€ (Figure ¢ ,‘_‘;t IS - gram showed the same result as

Figure b; which MND detec Y ne of ‘.9 min and the degradant peaks

Htu eﬂ 30°C was chosen since it

provided shorter retentlon t|me and better resolutlon

ﬂ‘UEJ\’JVIEJ‘Vl‘ﬁWEJ’]ﬂ‘i
QW?ﬂ\ﬂﬂ‘iﬂJ UA1AINYAY
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Figure 4.14 Effect of column temperature on alkaline stressed MND standard solution

under condition of 25 mM ammonium formate pH 3.1 : ACN (45:55),
detection wavelength of UV 230-nm and column temperature at a: 27°C, b:

30°C and c: 33°C
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2.5 Effect of detection wavelength

Effect of detection wavelength at 225, 230, and 235-nm were

investigated and chromatograms obtained were presented in Figure 4.15

Volts

10

[0]
Minutes
Figure 4.15 Chromatograms of alkaline stress MND hydrochloride standard solution  at

different detection wavelengths, a: 225-nm, b: 230-nm, and c¢: 235-nm.
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The retention time of MND from three different detection wavelengths
were not different, the main peak of MND from alkaline stressed MND standard solution
at the detector wavelength of 225-nm was 4.9 min and the degradant peak detect at
retention time of 3.3, 4.1, 5.8 and 7.8 min, respectively as shown in Figure a . Also, in
Figure b at the detector wavelength of 230-nm MND peak was detected at retention time
of 4.9 min and the degradant peaks detected at retention times of 3.3, 3.9, 5.6 and 7.5
min. At the detector wavelength of 235-nm (Figure c¢), the chromatogram showed the
same result as Figure b; which. MND detected at retention time of 4.9 min and the

degradant peaks detected at retention times 0£.3:8, 3.9, 5.6 and 7.5 min.

-

Resultsgobtained fromitoptimization of analytical method parameters
indicated that the optimalfHRLG gondition for analysis of MND hydrochloride was a
filtered and degassed mixture of: 25 m7§/l sammonium formate buffer, pH 3.1 and
acetonitrile (45 : 55) as a mobilg phase,f‘-_la J230—nm detector, and 4.6-mm x 15-cm
Symmetry column C18, 35 um Whj‘Qh Waéﬂ'ﬁdaintained at a temperature of 30°C. The

flow rate was about 0.7 ml/min. "=

2.6 Effect of hydrolysis degradation on MND-standard and tablet sample

solution

MND degtaded in 1 NaOH at 60°C aftet 3-hr and four degradation
peaks were found in both standard solution and sample solution. In MND standard
solution, jthe-main Peak of IMND:was fdétectedy atretention timeZof 4.9 min and four
degraded peaks were observed at 3.2, 3.8, 5.4 and 7.1 min, respectively (Figure 4.16).
In MND tablet sample solution, after exposure for 3 hr in 1N NaOH at 60°C; the main
peak of MND was detected at retention time of 4.9 min and four degraded peaks were
at 2.9, 3.2, 3.8 and 7.1 min, respectively (Figure 4.17). The four degradant peaks may
be nitrophenylpyridine derivative, nitrzophenylpyridine derivative, 2,6-dimethyl-5-

methoxycarbonyl-4-(3-nitrozophenyl)-1,4-dihydropyridine-3-carboxylic acid and 1,4-
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dihydro-2,6-dimethyl-4-(3-nitrophenyl)-3,5-pyridinedicarboxylic  acid  2-(1-piperazinyl)

ethyl methyl ester, respectively from Mass Spectrophotometry studied.

In 1IN HCI at 60°C after 3 hr, only MND peak was observed in the

chromatograms of acid stress samples of MND standard solution and MND tablet

sample solution, with retention time of 4.3 min. No degradant peak was detected.

(Figure 4.18 — 4.19)

0.10

0.05 -

0.00

10

Volts

-0.05

Minutes

Figure 4.17 Chromatogram of alkaline stress MND tablet sample solution
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Figure 4.19 Chromatogram of acid stressed MND tablet sample solution
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2.7 Effect of oxidation degradation on MND standard and tablet sample

solution

In stressed MND standard and MND tablet sample solution, the main
peak of MND was detected at retention time of 4.95 min and 4.94 min, respectively. With

not well separated of both degraded peaks at 5.40 min and a good separation of both

degraded peak at 2.2 min (Figure 4.20 — 4.21).

1.0

0.5

0.0

8 10

Figure 4.20 Chrom‘ dard solution

1.5

AutInemingans
RIAINITUUNINYEY

Minutes

Figure 4.21 Chromatogram of oxidation stressed MND tablet sample solution
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2.8 Effect of photolysis degradation on MND standard and tablet sample

solution

In stressed MND standard and tablet sample solution, the main peak
of MND was detected at retention time of 4.8 min and 4.7 min, respectively. The
degradant peaks detect at retention time 5.6 min and 5.5 min, respectively. The

degradation peak from the main peak of MND might be nitrophenylpyridine derivative

 AUBINENINEINS
RINNIUUNIININY
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Figure 4.23 Chromatogra VSis_stress »d MN Iet sample solution
2.9 _n,“ sgrade on  standard solution and

ol ablet sample solution, the main
peaks of MND were detected 4.93 min and 4.94 min, respectively.
The degradant pe —":'-‘—“-:'-ﬁm::'-“‘-':* 5.9 min and 5.8 min,
respectively. The ‘:'l-i» 2 »l peak of MND might be

]
nitrophenylpyridine der atlves from Mass Speotrophotom ry study (Figure 4.24 — 4.25).
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Figure 4.35 Chromatogram of thermal stressed MND tablet sample solution
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The Mass spectra of stressed degradation study were recorded in the range 100
— 1000 [M—zH+], using the Electron Spray lonization (ESI) method. The molecular ions
corresponding to the compounds separated by HPLC in base-catalysis (1N NaOH) were
found at Rt=4.9 min, [M-zH'] of 611 for MND, Rt=5.6 min, [M-zH'] of 609 for
nitrophenylpyridine derivative, Rt=3.9 min, [M-zH'] of 597 for nitrozophenylpyridine
derivative, Rt=3.3 min, [M-zH'] of 297 for 2,6-dimethyl-5-methoxycarbonyl-4-(3-
nitrozophenyl)-1,4-dihydropyridine-3-carboxylic acid and the Rt=7.4 min, [M-zH'] of 453
for  1,4-dihydro-2,6-dimethyl-4 i .5-pyridinedicarboxylic  acid  2-(1-
piperazinyl)ethyl methyl e 7 &6). Stressed with photolysis (UV
254nm), at Rt=4.8 m 7

, = in, 11 fc t=5.6 min, [M-zH'] of 609 for
nitrophenylpyridine derivaii P | st vith thermal, at Rt=4.9 min, [M-

zH'] of 611 for MND,

itrophenylpyridine derivative

(Figure 4.28)

The LC-MS Mas 4. % reveal a seires of peaks

corresponding to the char ) ipparent molecular ions [M-zH']. In the

range of the highest [M-zH 1 valu@ﬁ o) r ponding to the protonated molecular
ion was identified, v,.vﬂbh permltted a fasED_dgérmination of the molecular

tation of the compounds

product is thm]itrophenylpyridine derivative

formed as a result ﬁrcgnj‘a?ja% %Jthﬁm%#ﬂvndme nﬁ ‘j

A
ARIANTAUUMINGIAY

formed indicated that La main degra
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Figure 4.26 Mass spectra (LC-ESI-MS) of alkaline stressed MND standard solution and

its degradant (Continued)
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Figure 4.27 Mass spectra (LC-ESI-MS) of photolysis stressed MND standard solution

and its degradant
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Figure 4.28 Mass spectra (LC-ESI-MS) of thermal stressed MND standard solution and

its degradant
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3. Analytical Method Validation

Analytical method validation includes all of procedures recommended to
demonstrate that a developed method for the quantitative analysis of MND
hydrochloride (MND) in drug substance and tablet dosage form is reliable and
reproducible. The validation was performed according to a procedure recommended by

the International Conference on Harmonization (ICH, 1996). The following measures of

standard solution and sy

method performance were ass ificity, linearity and range, precision,

accuracy, determination of i nd quantification (LOQ), stability of

rochloride standard solution
(100 pg/ml) and no A hloride sample tablet were

compared and presente f MND peak of sample solution

solutions with those ¢! ‘-'="'-'-1=-‘='-‘=-"'1"-':-"'-'-'“-'-::-';.:L e tablet, providing that both

oss (Figure 4.30), acid stress

i) .
(Figure 4.31), oxidation stress (Figure 4.32), photolysis stress (Figure 4.33), and thermal

o FUE TNINTNYINT
RIAINTUNRINIAY
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hydrochloride tablet sample solution (C)
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Figure 4.33 Chrématogram of photolysis stress MND hydrochloride standard solution (A)
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Figure 4.34 Chrématogram of thermal stress MND hydrochloride standard solution (A)
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3.2 Linearity and range

The linearity and range of an analytical method is its ability to elicit
test results that are directly, or by a well defined mathematical transformation,
proportional to concentration of analyte in samples within a given range. Linearity can
be expressed as a calibration curve which is a relationship between instrument

response and known concentration of the analyte.

MND
covering a range of 50— / e d.analyzed. Analytical data of peak
area and concentratio y . | -con the calibration curve of MND

hydrochloride (Figure / a least-s \ares inear regression method.

Table 4.3 Analytical dat ' ty an ."1-. i of MND hydrochloride standard solution

Concentration
(ng/ml) » -—-—-———--——---—, ——————— jection 1 Injection 3
49.9 3894907
5910080 5914908 5939309

hodedbl 1 Fichod | 7776750

Ak iafa
Fhraacs ¢
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12000000
11000000 - Peak area = 77822 + 47535 Conc
10000000 - r? = 0.9992
9000000 -
8000000 -
7000000 -
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3000000 . : : . . . ;
40 55 70 85 100 115 130 145 160

Concentration, meg/ml

Peak area

Figure 4.35 Calibration curve of MND-hydrochloride standard

3.3 Precision

Precision jis subdivided"'fiﬁt’(?n repeatability (system precision and
method precision) and intermediate precision’f-‘Démonstration of the system precision by
checking the injectionywolume and retention .ti.rﬁ_é—ir“erpeatability using a standard solution.
Excellent system precision is one of the key factors for obtaining trustworthy quantitative
results. The precision of an analytical method is the degree of agreement among
individual test results whenthe procedure isgapplied repeatedly to multiple aliquots of a
single homogeneous: MND hydrochloride pewdered tablets sample. The repeatability
assesses precision during a single analytical run using the same apalyst with the same
equipment./The intermediate precision measures precision withitime; las on different
days, and may involve different analysts, equipments, and reagents. The precision of an
analytical method is usually expressed as the relative standard deviation (RSD) or

coefficient of variation (CV).
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The system precision was determined by six replicate injections of
standard solution with a concentration of 100 pg/ml. The method precision was
determined by analyzing triplicate injections of six determinations of MND tablet sample
solution with a concentration of 100 pg/ml for three days. As shown in Table 4.4 — 4.6,
%RSD of system precision and method precision for MND standard and tablet sample

solution were less than 2 % for all determinations.

,,/@roposed method was acceptable

according to the criteria %RSD ot@ach determination should not

exceed than 2 % except fo 2re it s xceed than 10 % [42].

Table 4.4 Analytical daia of system préecisic ard (n = 6)

Injection No. Retention Time (Min)
1 4.87
2 \ 4.88
W i
4 4.89
5 B -, 7789583 4.89
o 1) ﬂ‘?%@%ﬁﬂﬁ'ﬂlim
Mean i 7751615 .
YR/ ﬂ\ﬂﬂ‘%@&@mﬂﬂm@ﬂ
% RSD 0.70 0.25
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Table 4.5 Analytical data of intra-day precision of MND tablet sample (n = 3)

Table 4.6 Analytical data

Determination Retention time (Min) Peak Area
1 5.06 8016799

2 5.08 8120909

3 5.07 8152912

4 8143781

5 8136428

6 8092012
Mean 8110474

SD 56013.69

%RSD 0.62

P s
Determination Day1 _,5,{51:4{_.__. Day3

Ret n?én | Peak | Retention Peak

time / time (Min) Area

ol
1 506 8@302 5.08 8419971
2 508 | =8170484 6.07 8465603 5.09 8571455
3 84 ‘ﬁm : sesﬂs 5.1 84646711
4 Us.08 8148090 5.06 8423122 5.09 8497514
4 = —

AR A |
6 q 5. 808 .08 8306599 509 8456328
Mean 5.07 8115785 5.07 8366188 5.09 8478907
SD 0.008165 36634.69 0.009832 | 80774.13 | 0.006206 51641.6

%RSD 0.16 0.45 0.19 0.97 0.12 0.61
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3.4 Accuracy

Due to the lack of placebo accuracy of the proposed method,
percent recovery was employed by the standard addition method. Three levels of
solutions were made by adding three different amounts of MND hydrochloride standard
to solutions of MND hydrochloride Tablets. The three added amounts corresponded to
60, 100 and 120% of the nominal analytical concentration. Each level was made in

triplicate. Analytical data of accura !’j drochloride was shown in Table 4.7 and

the plot of peak area vs concen )‘in Figure 4.36.
J

efore spiked MND standard

spiked MND standard were
covery of MND in Madiplot ©

»2 2008
‘i"r“a e, ¥

Table 4.7 Recoveries of MN frq&-ﬁ-mg ine Hydrochloride Tablets
E ,,'_;__'.___L;.'__;__'__L___,;__v ' A Recovery
Compound (%)
ﬂ uOﬂ ’J . . 0! : 100.05 + 0.66
MN o : 99.25 % 0.21
QW’]ﬂZﬁﬂ‘ﬁgmiﬂJ AP oo o
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140.00

y=0.9677x+ 2.3802
R?=0.9999

130.00 -
120.00 -
110.00 -
100.00 -
90.00 -
80.00
70.00 -
60.00 -
50.00

Conc.Found mcg/ml

60.00

70.00 80.00 90.00 100.00

110.00 120.00  130.00 140.00

Conc.Add mecg/ml

Figure 4.36 Calibration curve.of recoveries of MND from l\/IadipIot® Tablet

tablet and MND tablet (Madiplot) before sb_ike with MND standard were observed that

As presented in Figure™4.36, the R® of recovery of MND in Maiplot

no different for all the afalyte.” When comparing the %LA of MND tablet sample

(Madiplot) from the optimum' developed methed, to Japanese Pharmacopoeia (JP) XV

i

Supplement | were closely the same result_?‘yhiph in the limit range (98 — 102 %) as

shown in Table 4.8.

Table 4.8 Analysis of MND in Madiplot® tablet by the developed method compare to JP

XV Supplement |
Sample No. {“% LA® from developed method % LA® from JP_XV Supplement |
y 99.29 017 99.891.0.45
2 99.47 = 0.11 100.37 £ 0.31
3 99.43 1 0.26 99.93 1 0.56

* mean & SD of triplicate analyses



71

3.5  Limit of detection (LOD) and limit of qualification (LOQ)

Limit of detection (LOD) is the lowest concentration of an analyte in a
sample that can be detected, but not necessary quantitated under the stated conditions

of the test.

Limit of quantification (LOQ) is the lowest concentration of an analyte
that can be determined with acceptable’ precision and accuracy under the stated
conditions of the test. For this study,inve levels=of MND hydrochloride standard
solutions, covering a concentration range of 3 - 5 pg/ml, were prepared and analyzed.
Each standard solutionewas riplicate inj,lected. Thereafter a calibration curve of MND
hydrochloride was created by dsing a leaﬁt—squares linear regression method. Least

square linear regressionfanalysis was. pe&ormed to determine slope (S), intercept and

the standard deviation of ihe y—interéept We'i_re"shown in Table 4.9.

Table 4.9 Calibration datafor €alculating LOR__and LOQ of MND standard

Standard No. Con€. Y Peak Area;-iEléak Area Peak Area Mean
(ug/mi) i e > #3
1 £= 3.0 207736 208172 4 207787 207898
2 =8.49 258211 259121 — | 259407 258913
3 4,01 313939 314694 315904 314846
4 4,52 858646 854836 353035 353906
5 5.01 402631 405634 406374 404880
Intercept -81422
Intercept, SD (O) 6133
Reg. line SD 4150.93
Slope, S 97183
LOD 0.141
LOQ 0.427
R? 0.9966
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The LOD and LOQ were determined as 3.3 G/S and 10 ©/S,
respectively. The LOD of 0.141 ug/ml and LOQ of 0.427 ug/ml (%RSD < 10) were found

in this study.

y=97183x-81422

2
R =0.9971

500000
400000
00000 -

N W

Peak area

00000 -
100000

55

EELTL

Themability of MND standard and ta@t solution was determined at
concentration of 100 pg/misfrom stock standard and sample solution of MND. The

concemraﬁons@] 33 @b PRI el Juctons were compared

with those obtained from solutions that had been sﬂed in the ben@top for 1, 2, 3 and

ore. A IWARLRS D WBAINLID B-Blircrs soniion

was founqd to be in the range of 98.91 — 101.1 % of those at the freshly prepared.

Therefore, standard solution of MND could be assumed stable after being in the bench

top for at least 4 hrs.



Table 4.10 Stability of MND standard solution stored in the bench top.
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Hour Concentration (ug/ml) Concentration found (pg/ml)°®
0 99.7 99.4 %
1 100.6 100.3 %
2 99.87 100.04 %
3 99.8 98.91 %
4 100.2 101.1 %

a _ , v
Value in the concentration found represented the percentage of the analyte at

the specified time compaging tothat of freshly prepared solution.

:

i

Table 4.11 Stability of MND gablet sample sa‘('jlqtion stored in'the bench top.
. )

d

FRAd %
p 4

Hour Determination 1 P F'Z'Jf‘__‘Determination 2 Determination 3
Concentration Concent@atio‘m Concéfﬁ_'_t@ion Concentration | Concentration | Concentration
(pg/ml) found (_p_g/_r_nlf (p@—mz .| found (ug/ml)* (ug/ml) found (ug/ml)®
0 99.8 99.7 % | 99..8 99.5_3 % 99.8 100.01 %
1 100.1 %d" 1001 % 100.1 191).01 % 100.1 100.04 %
2 99.8 | 100.08% 99.8 100.2% 99.8 100.12 %
3 99.9 98.9 % 99.9 99.65 % 99.9 99.19 %
4 100:2 101.1 % 100.2 101.06 % 100.2 99.6 %

° Value in the concentration found represefited the percentdde of the analyte at

the specified time comparing ta thatof freshlyl prepared solution.

3.7  System suitability

System suitability testing was evaluated by six replicate injections of

a base catalysis of standard solution of MND hydrochloride at concentration of 10 ug/ml.

Four parameters such as precision (%RSD), number of theoretical plate (N), tailing




74

factor (T) and resolution (R) were determined the system suitability [43]. Table 4.12

represented data from the system suitability test.

Percentage of relative standard deviation (%RSD) from the precision
determination of six replications of standard solution was 0.29. This precision of system
was passed the system suitability test because %RSD of an interested peak was less

than 2.

The average of number'of theoretical plates (N) of MND peak was
4153. Because of the number of theoretical platé was more than 2000, this system was
-

passed systems suitability tesi

Tailing factor (F) of an"pnalyte peak was 1.09. Resolution (R) for MND
peak was 6.89. These systemis were passed the system suitability test because the

tailing factor of the interesied jpeak was I(‘a‘ss. than 2 and resolution was more than 2,
. }
respectively. -

’ 'y
Table 4.12 System suitability data 6F MND stantiard (n = 6)
- 4 ::J:J

j " —_—

Number of Injection | e Parametgfs )
“{" Precision N T R
1 . 801262 4158 -~ 1.08 6.98
2 803667 4187 1.09 6.97
3 802446 4145 109 6.98
4 805607 4155 1.09 7.00
5 806623 4158 1.10 6.98
6 807147 4163 1.10 7.00
Mean 804459 4153 1.09 6.89
SD 2371.77 9.73 0.0075 0.16
% RSD 0.29 0.23 0.69 0.59
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4. Assay application

With the optimum HPLC condition, three commercial brands of Madiplot®
tablet dosage forms were analyzed in triplicate injections. The results of analyses of

manidipine hydrochloride in Madiplot® tablet was shown in Table 4.13.

hydrochloride was 99.39%: f 4 é)wed that all Madiplot® tablet

studied met the require

Table 4.13 Analysis of

w ed amount *

99.29+0.17

47 £0.11
;‘-,!
‘4

.' ‘ u|
mea}i SD of triplicate analyses

ﬂuEJ’JVIEJVITWEﬂﬂ‘i
QW’]Nﬂ‘iﬂJ UA1AINYAY




CHAPTER V

CONCLUSION

An analytical method which is rapid, sensitive and reproducible to determine
manidipine hydrochloride (MND) at en developed. The method was
optimized the influences of bu ﬁcomposition of mobile phase,

detection wavelength and column.te i tigated. The optimum method

was achieved on an analytice A RPA8k (4 3.5 ym i.d) using 25 mM of

ammonium formate buffer & pplied ase consist of acetonitrile at

ratio percent of 45 : 55, dete wal\ ) ' d column temperature at
30°C.
it
The optimum method Waéﬁlamai ording to the ICH guidelines to
determine the suitability ?_I)the met‘h&i "tffe Ilﬂe"é Ay 50 ug/ml was found for

standard deviation was less han 2%. Tt oovﬂ on accuracy was 99.42.
The limit of detection and qL@rm‘.ication were 0.&51 and 0.427 pg/ml, respectively. The

percentage of re|apfur%§r5}%tﬁ wgﬁu wsﬂ[] ﬂ f]ﬁmber of theoretical

plates (N) was 415ﬂhe tailing factor ( ‘of an analytegeak was 1.09 and the resolution

o AP B TP B oo e

method is highly suitable for its intended purpose, The percentage of labeled amount of

manidipine hydrochloride was 99.39 %
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