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Abstract A new formulation of nifedipine tablets was

prepared. The tablets were conditioned in amber-colored

glass containers and placed in a climatized room at 40 �C

and relative humidity of 75% for 180 days. Differential

scanning calorimetry (DSC) and Thermogravimetry (TG)

were used in order to evaluate the thermal properties of

nifedipine, the excipients and two well-known nifedipine

degradation products. There is no evidence of interaction

between nifedipine and excipients or degradation products.

High performance liquid chromatography (HPLC) was

used in the dosage of nifedipine tablets before and after

acclimatized exposure. Results show that DSC and TG

offer important data for a more detailed assessment of the

stability of a pharmaceutical formulation.
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Introduction

Drugs are rarely administrated in their isolated form. Most

of them are related to a variety of adjuvants and excipients

(diluents, suspensors, lubrificants desintegrants) in phar-

maceutical formulations, which are submitted to techno-

logical process, with major or minor sophistications, that

makes possible to obtain stable and biodisponible phar-

maceutical forms, allowing a precise dosage and defined

posology, that are reproducible in agreement with a planed

administration way [1].

Nifedipine is a pharmaceutical blocking agent of cal-

cium channels used in the treatment of systemic arterial

hypertension [2]. It reveals an effective antihypertensive

which is similar to that of diuretics, beta-adrenergic

blockers and angiotensin conversion enzyme inhibitors [3,

4]. Nifedipine, (1,4-dihydro-2,6-dimethyl-4-(2-nitro-

phenyl)-3-5-pyridinedicarboxylic acid dimethyl ester) [5]

may suffer alterations due to light exposure [6, 7].

According to Merck Index its melting point varies between

172 and 174 �C [8].

In the development of a new pharmaceutical formula-

tion, is important to identify the interaction among the

components based in their physical and chemical charac-

teristics. This evaluation can be used to prevent the

occurrence of future stability problems. Differential scan-

ning calorimetry (DSC) and thermogravimetry (TG) pro-

vides important data on the evaluation of stability of a

pharmaceutical formulation [9]. Interactions between

pharmaceutical drugs and excipients may generate several

compatibility problems which affects the stability of the

formulation [10]. DSC is systematically employed for the

compatibility studies between pharmaceutical drugs and

excipients with success as it can be concluded from the

large number of published papers in this field. Kiss et al.

[11] studied the compatibility between metronidazol and

different excipients and detecting interaction between

metronidazol and calcium diphosphate dehydrate. Stulzer

et al. [12] investigated the compatibility between captopril
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e-mail: rocfilho@yahoo.com.br

E. C. Conceição
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and pharmaceutical excipients used in tablets formulations.

The DSC curves revealed a possible drug-excipient inter-

action with magnesium stearate. Vlase et al. [13] studied

the thermal stability of some phenitoine pharmaceuticals

and the research has shows the kinetics of decomposition

of this drug.

Abbas et al. [14] investigated the properties of a substi-

tuted pyridoquinoline and its interaction study with excip-

ients and the results showed that pyridoquinoline is a very

stable compound and compatible with several pharmaceu-

tical excipients. The work of Santos et al. [15] investigate

the possible interactions between metformin and excipients

as microcrystalline cellulose, sodium croscarmellose, PVP

K30, magnesium stearate, starch and lactose, usually

employed in pharmaceutical products. Thermogravimetric

studies (TG) of metformin and its binary mixtures showed

different thermal behavior. Filho et al. [16] investigated the

possible interactions between nifedipine and excipients as

microcrystalline cellulose, magnesium stearate, silicon

dioxide and hydroxipropilmethylcellulose and demon-

strated that there is no evidence on the interaction between

nifedipine and excipients, or degradation products.

The novelty of the present study is to evaluate the

compatibility between nifedipine and some pharmaceutical

excipients as starch and lactose, employed in pharmaceu-

tical products.

Materials and methods

Materials

– nifedipine (batch 406059, Zambon), nifedipine USP

reference standard (batch KOD401), nifedipine nitro-

phenylpyridine USP standard (batch K46360), and

nifedipine nitrosophenylpyridine USP standard (batch

K46370) as drug and

– starch (batch 3014289197, Corn P. Brasil), monohydrate

lactose (batch 416027, Frieslant), microcrystalline cel-

lulose (batch 103, Reliance), magnesium stearate (batch

MGSV 40372, Faci), silicon dioxide (batch 20704/2,

Cabot), hydroxypropylmethylcellulose 4.000—hpmc

4 M (batch PJ 29012N02, Colorcon) as excipients have

been investigated.

The chemical structure of nifedipine and its degradation

products are represented in the Fig. 1

Methods

Preparation of formulation

Tablets containing 20 mg of nifedipine were prepared in a

light-protected environment by direct compression in a

Lawes compressor (model 10) and a group of matrices and

biconcave punctures with 6 mm in diameter were used.

The constituents in the formulation were: nifedipine,

starch, monohydrated lactose, microcrystalline cellulose,

hpmc 4 M, magnesium stearate, silicon dioxide.

Storage experiments

Tablets were put into an amber-colored glass and placed for

180 days in a special acclimatized room which was equip-

ped with a Mecalor air conditioner operating at 40 (±2 �C)

and the relative humidity was kept at 75 (±5%) [17].

Dosage

The amount of nifedipine in the tablets was determined via

high performance liquid chromatography (HPLC) accord-

ing to [6] using PerkinElmer equipment which possessed a

UV/VIS detector. The experimental conditions in HPLC

were: detector of 265 nm and an analytical column of

4.6 mm 9 25 cm containing packaging type L1 and a

guard column of 2.1 mm 9 3 cm, containing packaging

L1. The flow rate is approximately 1.5 mL per minute.

Thermal analytical tests

Nifedipine, USP standards, excipients and tablets before and

after storage were measured using differential scanning cal-

orimetry (DSC), Mettler Toledo 822e at atmosphere of syn-

thetic air, with a flow rate of 50.0 mL min-1, and at a heating

rate of 10 �C min-1, between 25 and 350 �C using aluminium

crucible with a perforated lid cover. The initial mass of

nifedipine and excipients was around 5 mg. The initial mass

of reference standards—nifedipine nitrophenylpyridine USP,

nifedipine nitrosophenylpyridine USP and nifedipine USP—
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Fig. 1 a Nifedipina.
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was around 1 mg. For the tablet analysis ten pieces were used

with an initial mass of about 5 mg. Check of indium was

made for standardization.

Thermogravimetric curves (TG) were obtained by the

aid of Mettler Toledo TG/SDTA 851e equipment at syn-

thetic air atmosphere (flow rate: 50.0 mL min-1, heating

rate of 10 �C min-1) using alumina crucible in the

25–800 �C temperature range. The initial sample masses

were around 6 mg. A blank curve and check of indium and

aluminum were made for standardization.

Results and discussion

Figure 2 shows the TG curves of nifedipine and the pure

excipients are collected while Fig. 3 shows the thermo-

gravimetric curves of the tablets before and after storage.

Their thermal decomposition ranges are summarized in

Table 1.

Magnesium stearate is thermally stable up to 290 �C.

Microcrystalline cellulose is thermally stable up to 285 �C,

and hpmc 4 M is thermally stable up to 240 �C. Silicon

dioxide does not decompose in the temperature range under

analysis. Starch is thermally stable up to 278 �C. The TG

curve from lactose (Fig. 1) shows the first step of mass loss

(5% mass) that occurs from 106 to 164 �C, this step was

attributed to the dehydration of the molecule. The empiri-

cal formula of lactose monohydrate is C12H22O11. H2O and

its molecular mass is equal to 360.31 g/mol [18]. The

percentage of linked water will be given by the ratio:
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Fig. 2 TG/DTG curves:

a microcrystalline cellulose.

b magnesium stearate.

c monohydrate lactose.

d HPMC 4 M. e nifedipine.

f starch
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Fig. 3 TG curves of tablets (-, before storage; - - -, after 180 days of

storage)
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%H2O = 18.0/360.31 * 100 = 5.0%. The second step is

observed from 216 to 339 �C (66% mass loss). Nifedipine

is thermally stable up to 210 �C. The TG curves of the

tablets before and after storage show that the formulation is

thermally stable up to 143 �C which corresponds well to

the initial decomposition temperature of monohydrate

lactose.

Figure 4 shows the DSC curves of nifedipine and ex-

cipients compared to the DSC curves of the tablets before

and after 180 days of storage.

DSC curves of magnesium stearate, cellulose, HPMC

4 M and starch are initially exhibit wide endotherm rep-

resenting dehydration starting around 40–50 �C. The DSC

curves of the tables show also wide endotherm around

45 �C due to dehydration of these three excipients. Mag-

nesium stearate reveals a wide endotherm peak between 45

and 90 �C followed by another endotherm one up to

109 �C. This second peak is not present in the DSC curves

of the tablets probably due to the low amount of this

excipient in the formulation. Silicon dioxide does not

present any thermal event in the investigated temperature

range. The DSC curve from lactose monohydrate shows

two endothermic peaks. The first peak with a maximum at

145 �C corresponds to water loss. The second peak, with

maximum at 217 �C is attributed to the fusion of anhydrous

a-lactose [18].

The DSC curve of tablet before storage (Fig. 3, a) shows

the fusion of nifedipine takes place between 170 and

176 �C showing no alteration compared to the melting

range when nifedipine is alone. The similar thermal

behavior of nifedipine alone and in its tablet denies the

occurrence of any chemical interaction between nifedipine

and the excipients upon tablet making as well as during its

storage which is supported by the results of the HPLC

analysis of tablets (Fig. 5) as well.

Besides the observed retention time (around 15 min) the

result of the nifedipine content determination in the tablet

before storage was 95.4% (m/m) and after storage was

91.0% (m/m).

Figure 6 summarizes the DSC curves of nifedipine and

its degradation products, nifedipine nitrophenylpyridine,

nifedipine nitrosophenylpyridine and the DSC curves of the

tablets both before and after storage.

In the DSC curves endotherm peaks are visible between

103 and 108 �C for nifedipine nitrophenylpyridine and

between 93 and 98 �C for nifedipine nitrosophenylpyri-

dine. Since these peaks are not in present in the DSC

curves of the tables, it can be concluded that no visible

amount of degradation product can be present in these

formulates.

Table 1 Thermal decomposition of nifedipine and excipients

Component Decomposition

range/8C
Mass

loss/%

Nifedipine 210–390 85.00

Microcrystalline cellulose 285–350 76.00

Hpmc 4 M 242–398 80.30

Starch 278–326 70.00

Monohydrate lactose 106–339 66.00

Magnesium stearate 290–400 63.00

Silicon dioxide – 0.00

Tablets (before acclimatized

exposure)

143–375 77.00

Tablets (180 days after

acclimatized exposure)

141–375 81.00
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Conclusions

To certify the quality of a pharmaceutical formulation,

some parameters must be analyzed, such the interaction

between this drug and the formulations’ with excipients.

The developed formulation can be considered as stable

ones. There were no signs of interaction between nifedi-

pine and excipients, which supports the stability of the

pharmaceutical drug in its formulation and after storage

the tablets. Finally, presence of the representative degra-

dation products of nifedipine was not detected by DSC

methods.
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