
Abstract
Hypertensive patients with swallowing difficulties such as geriatrics and the severely ill require alternative means of continuing oral 
Nifedipine medications. Current methods used present challenges including increase in undesirable side effects of Nifedipine. This 
study seeks to provide a safe, convenient and easy to administer alternative to oral nifedipine for these patients. A survey conducted 
among healthcare givers in three hospitals in Ghana, revealed the use of non-conventional methods such as crushing of Nifedipine 
tablets and passing through feeding tubes or mixing with food for patients with swallowing difficulty. Moulding from a melt was 
used to prepare Nifedipine suppositories with polyethylene glycol and glycerogelatin bases respectively. Cracks, pitting, dark regions, 
holes and exudation were not observed on the suppositories. Acceptable disintegration and uniformity of weight, as well as nifedipine 
content within the acceptable range of 85-105% were recorded. In vitro dissolution profiles showed the polyethylene glycol based 
suppositories have a higher cumulative drug release (92.49%) than the glycerogelatin based suppository (89.07%). Stability studies 
over a period of nine (9) months showed no significant change in physicochemical properties. Polyethylene glycol (6000) or Glycer-
ogelatin based Nifedipine suppository could be a better alternative to oral Nifedipine for patients with swallowing difficulties. 
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Hypertension, an age related disease is highly prevalent in the el-
derly. Hypertension is a global issue that affects about 15-20% of 
adults. In Ghana nearly one out of every five adults has hyperten-
sion [1]. Increase in life expectancy due to improved standards of 
living as well as access to good quality healthcare is expected to in-
crease the geriatric proportion of the global population and further 

increase the prevalence of hypertension. It is considered as one of 
the most vital preventable causes of untimely morbidity and mor-
tality [2].

Change in lifestyle is the first line therapy in the control of hyper-
tension. A combination of lifestyle changes and drug therapy is the 
second line of therapy when the first line is unable to control the 
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Polyethylene glycol 6000 (Sigma Aldrich), Nifedipine powder (An-
hui Jinao Chemical Co. Ltd), Glycerin (Sigma Aldrich) and gelatin 
(bloom 180 and 60) from Sigma Aldrich. All reagents used in the 
study were of analytical grade.

A cross sectional survey on the use of Nifedipine in the treatment of 
Hypertension in the elderly and severely ill was conducted in three 
Government hospitals within the Kumasi Metropolis, Ashanti Re-
gion, Ghana. Purposive sampling was used to recruit respondents 
needed for the survey. The study participants who were care givers 
consisted of seventy (70) Medical Doctors, sixty-nine (69) Pharma-
cists and one hundred and sixty-one (161) Nurses. These study par-
ticipants gave their consent for the study and were assured a strict 

The functional groups present in Nifedipine was confirmed using 
Fourier Transform Infrared Spectroscopy at the scanning range of 
4000- 400 cm-1.

Drug and suppository base interactions were studied. The spectra 
were recorded for pure drug (Nifedipine), medicated suppository 
and unmedicated suppository with both PEG (6000) and glycer-
ogelatin at the scanning range of 4000-400 cm-1. The FTIR spectra 
of drug with bases were superimposed with the FTIR spectrum of 
the pure drug for comparison.

Suppositories formulation was done using moulding from a melt 
method [9,10]. A 2g mould was used in preparing the suppositories 
(30 mg of Nifedipine was incorporated into each suppository). Wa-
ter-soluble bases; polyethylene glycol (6000) and Glycerogelatin 
were used in preparing the suppositories taking into account the 
displacement value of nifedipine in each base. The displacement 
value of nifedipine in polyethylene glycol was 1.17 and that of glyc-
erogelatin was 1.19. The prepared suppositories were packaged in 
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Blood pressure. In the management of hypertension in the elderly, 
Africans and African Americans, Nifedipine, which is a Calcium 
channel blocker, is used because of its reported effectiveness [4].

Currently available dosage forms of Nifedipine for hypertensive 
patients are tablets and capsules all of which are to be swallowed 
whole. A study in the Kumasi metropolis of Ghana indicated that 
modified release Nifedipine was the most prescribed antihyper-
tensive for patients with high blood pressure in the study area [5]. 
However, these dosage forms are certainly not suitable for all cat-
egories of patients.

Several reports indicate that crushing of modified release Nife-
dipine tablets and subsequent administration through feeding 
tubes has led to the death of elderly hypertensive patients who are 
unable to swallow the oral tablet [6]. Several dosage forms can be 
explored to this effect but this study focuses on suppository as the 
alternative dosage form. 

Suppositories offer an advantage of providing an alternative means 
of administering medications to patients when the oral route can-
not be used. In addition, first pass elimination of high clearance 
drugs by the hepatic system may be partially avoided. These ad-
vantages have significantly increased the use of suppositories in 
both geriatric and paediatric patients [7]. Therefore, the need for a 
suitable, convenient and alternative dosage form to oral Nifedipine 
has become imperative and this serves as the basis for the present 
study.

confidentiality of the information they provided.  Questionnaires 
consisting of open and close-ended questions were administered to 
the respondents. Prior to the administration of the survey, partici-
patory and undeclared pretesting of the questionnaires were done 
with a Cronbach’s alpha of 0.912.

Information gathered from the survey was collated, coded and ana-
lyzed using the version 16 of Statistical Package for Social Science 
(SPSS) software. 

Identification tests were carried out on pure Nifedipine powder ob-
tained by methods specified in the British Pharmacopoeia [8].

The melting point was determined using the Stuart melting point 
apparatus. Nifedipine powder was packed into a capillary tube. The 
capillary tube was placed in the melting point apparatus and the 
temperature switch was turned on. A magnifying lens was used to 
observe the temperature at which the nifedipine powder melted.
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The dissolution study was carried out using the USP basket disso-
lution apparatus I. Each of the vessels of the dissolution apparatus 
was filled with 900 mL of freshly prepared phosphate buffer of pH 

7.4 and maintained at 37±1°C. Stirring was at a speed of 100 revolu-
tions per minute. At specified time intervals (10, 20, 30, 45, 60, 90, 
120, 180 and 240 minutes) 5 mL sample was withdrawn, filtered, 
diluted and transferred into appropriately labelled amber coloured 
bottles. The 5 mL aliquot was replaced with equal volume of fresh 
dissolution medium to maintain sink conditions. The absorbances 
of these solutions were determined using ultra violet spectrometry 
at a wavelength of 238 nm. The absorbances recorded were used 
to determine the percentage cumulative drug released at each time 
interval [11,12,13].

Stability studies were carried out according to the ICH guidelines 
on the formulated suppositories at 4°C/ 60±5% RH (refrigerated 
temperature) as well as 27°C/ 65±5% RH (room temperature). 
Physical appearance tests, disintegration, drug content as well as 
dissolution tests were subsequently carried out on the formulated 
suppositories at three monthly intervals for a period of nine months 
[14,15].

The Nifedipine tablets available in the 3 hospitals and prescribed 
most often for hypertensive patients were extended release ones 
(Figure 1). However, more than half the number of respondents 
(53%) indicated that they had challenges administering Nifedipine 
tablets to geriatrics (63%) and the severely ill (37%) hypertensive 
patients due to their inability to swallow solid dosage forms (Fig-
ures 2 and 3). 

External and Internal Appearance of formulated Suppositories

Uniformity of weight and disintegration tests

Drug content determination

In vitro dissolution study 

Stability studiesThe uniformity of weight and disintegration tests were determined 
using pharmacopeial methods [8].

One randomly selected suppository from each formulation batch 
(Polyethylene glycol formulation and glycerogelation formulation) 
was weighed, crushed and dissolved in 100 mL of phosphate buf-
fer (7.4). The resulting mixture was filtered and made up to 200 
mL using phosphate buffer (pH 7.4) in a volumetric flask. The final 
solution was diluted and the absorbance was measured at 238 nm 
using phosphate buffer as blank. This procedure was repeated on 
nine other suppositories from each batch [11,12]. 

Results and Discussions

aluminum foil and stored in airtight containers in a humidity cham-
ber for further investigation.

Four suppositories from each batch were physically examined using 
the following parameters; odour, colour, surface condition (cracks, 
pitting) and shape. Two suppositories were randomly selected 
from each batch. Each suppository was cut longitudinally into two 
halves and the internal surfaces examined with a hand lens.

Figure 1: Type of formulation prescribed most often for patients.
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Figure 3: Categories of patients with swallowing difficulties.

Figure 2: Existence of Complaints of inability to swallow Nifedipine tablets.

Inability to swallow Nifedipine tablets

Swallowing is an involuntary physiological process, which may be 
compromised as one ages or as a result of a disease. Several Disease 
conditions such as stroke, Parkinson’s disease, muscular dystrophy 
and tonsillitis may bring about swallowing difficulties (dysphagia). 
The existence of inability to swallow Nifedipine tablets in these 
groups of patients necessitated the discontinuation of therapy or 
the use of alternative means of administration. Whilst 34% of re-
spondents indicated that they discontinued therapy with tablets, 
66% of respondents indicated that they adapted alternative means 
of administration which involved crashing of the tablets and pass-
ing it through feeding tubes (37%) or mixing it with food for the 
patients (29%) (Table 1).

Characteristic Frequency (n) Percentage (%)
Alternative means of administering Nifedipine
Crushing of the Nifedipine 
tablets and passing it 
through feeding tubes for 
patients

111 37

Crushing of the Nifedipine 
tablets and mixing it with 
food for patients

87 29

Discontinuing Nifedipine 
use

102 34

Presence of undesirable ef-
fects after unconventional 
use of Nifedipine tablets
Yes 168 56
No 132 44
The need to formulate 
alternative dosage form of 
Nifedipine
Yes 294 98
No 6 2

Table 1: Summary of Respondents’ information about Nifedipine use.

Generally, tablets which are not scored and tablets which are in the 
modified release form, should not be split, or crushed [16]. Crush-
ing of the Nifedipine tablets which are not scored will result in un-
even distribution of Nifedipine within the two halves of the tablets 
and can result in under dosing or overdosing. Overdosing leads to 
exacerbation of the side effects of Nifedipine in the Patient as well 

as blood pressure reduction, which may be more than therapeuti-
cally desired. Conversely, under dosing leads to sub therapeutic ac-
tivity of Nifedipine in the patient and this can worsen the prognosis 
of the disease. Furthermore, most of the Nifedipine tablets that are 
crushed are available as modified release tablets. Thus crushing of 
these tablets will alter the release of the Nifedipine and can cause 
dose dumping with serious adverse effects to the patient [17]. This 
was evident where 56 % of the respondents indicated that the pa-
tients complained of several undesirable effects when these alter-
native modes were used to administer Nifedipine tablets (Table 1).
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Figure 4: FTIR Spectrum of Nifedipine 
powder used in the formulation.

Figure 5: FTIR of Nifedipine powder, bland and medicated polyeth-
ylene glycol suppositories.

Key - Nifedipine only, - Polyethylene glycol only, - Polyethylene glycol 
plus Nifedipine.

Figure 6: FTIR of Nifedipine powder, bland and medicated polyeth-
ylene glycol suppositories.

Key - Nifedipine only, - Glycerogelatin only,- Glycerogelatin plus 
Nifedipine.

Formulation and characterization of Nifedipine suppositories

 Identification of Nifedipine

The presentation of undesirable effects of administering Nifedipine 
and the various challenges associated with attempting to adminis-
ter Nifedipine originally formulated into tablets in a non-convenient 
dosage form and non-conventional modes or the fact that therapy 
had to be stopped due to swallowing difficulties according to the 
respondents necessitates the need to formulate a suitable, conve-
nient, and effective dosage form for Nifedipine. A need that was 
supported by 95% of the respondents. This finding was consistent 
with previous reports [6,18] that suggest the need to investigate 
other dosage forms as alternative means of administering drugs to 
adult patients with swallowing difficulties such as geriatrics and 
the severely ill.

The Nifedipine powder used had a melting point range of 172°C-
175°C which was within the acceptable range stipulated (171°C-
175°C) [8] FTIR spectrum of pure Nifedipine powder is character-
ized by; υN-H stretching at 3326 cm-1, absorption bands at 3236 
cm-1 and 2997 cm-1 assigned to the stretching vibrations of aro-
matic υC -H. There is also a characteristic band stretching at 2841 
cm-1 specific to the υC-H aliphatic group (-CH3). At 1677 cm-1 there 
is a characteristic band indicative of υC=O stretching of ester group. 
Absorption bands at 1648 cm-1 and 1617 cm-1 are attributable to 
pyridine group, high intensity peak present at 1526 cm-1 is charac-
teristic δN–H bending vibrations and a peak at 1493 cm-1 is indica-
tive of δC-H. High intensity bands characteristic of υC-O stretching 
vibrations occur at 1224 cm-1, and between 829-712 cm-1 charac-
teristic stretching vibration band appears υC-N (specific aryl-nitro) 
and δC-H bending vibrations of aromatic substances [19,20]. The 
IR spectrum obtained for the pure Nifedipine powder (Figure 4) 
exhibited absorption bands at aforementioned wavenumbers. The 
pure Nifedipine powder was therefore considered suitable for use 
in the formulation of the suppository.

Drug and excipients’ compatibility study

The FTIR spectra of drug and the two bases with their correspond-
ing bland formulations (Figure 5 and Figure 6) showed that there 
was no disappearance of the characteristic functional peaks of Nife-
dipine and the various bases. Thus, there was no interaction be-
tween the drug and the various bases used in the formulation.
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 Quality assessment of formulated Suppositories

Uniformity of weight of Suppositories

Suppository Disintegration time

In vitro drug release profile of formulated suppositories

The prepared suppositories were assessed for visual parameters 
such as, colour, shape, feel and surface appearance as well as surface 
conditions such as cracks, holes, exudation, pitting and migration of 
active ingredient. Samples of each formulation were subjected to 
organoleptic examination and the results were found to be satisfac-
tory. All formulated Suppositories were found without any cracks, 
pitting, dark regions, holes and exudation.

The polyethylene glycol medicated suppositories, as well as the 
Glycerogelatin medicated suppositories had their weight variation 
within the limit stipulated by the International Pharmacopoeia [8] 
(Table 2). This indicates that the method used in incorporating the 
Nifedipine powder into the respective bases was consistent and 
therefore other quality assessment issues such as probability of 
overdosing and underdosing are avoided. 

The formulated polyethylene glycol and glycerogelatin medicated 
suppositories disintegrated between ten (10) minutes to twenty 
(20) minutes (Table 2), hence both formulations passed the dis-
integration test according to the International Pharmacopoeia [8].  
However, the disintegration time of the medicated glycerogelatin 
suppository (10.81 ± 1.128 minutes) was faster than that of the 
polyethylene glycol (19.29 ± 1.091 minutes). This may be attributed 
to the fact that the glycerogelatin medicated suppository was rela-
tively softer and hence disintegrated faster than the polyethylene 
glycol medicated suppository. The nature of the glycerogelatin base 
also enhances its ability to be easily wetted and this facilitates the 
disintegration process. This implies that nifedipine suppositories 
formulated with the glycerogelatin base may produce a faster drug 
release and potentially increase the bioavailability of the adminis-
tered nifedipine.  

All the formulated batches of suppositories produced a cumulative 
drug release above the stipulated range (≥ 80%). Polyethylene gly-
col and glycerogelatin are water soluble suppository bases which 
do not melt at body temperature but rather dissolve slowly in body 
fluids. This property permits the slow release of drug from the sup-
pository. Initial drug release from the glycerogelatin medicated 
suppository was higher than that of the polyethylene glycol be-
cause the glycerogelatin base dissolved more readily in the dissolu-
tion medium in comparison to the polyethylene glycol and made 
the nifedipine available for dissolution to occur. However, Polyeth-
ylene glycol base has good hydrophilic and solubilizing properties 
[21,22]. Thus, after the two bases have dissolved, the solubilizing 
properties of the polyethylene glycol helps with dissolution of nife-
dipine (a hydrophobic drug) in the dissolution medium (Figure 7 
and 8). This explains why polyethylene glycol produced a higher 
drug release than glycerogelatin at the end of the dissolution study. 
Polyethylene glycol base will subsequently produce a better drug 
release and bioavailability of nifedipine even though glycerogelatin 
base produces a faster disintegration time.

Drug content of formulated suppositories
The percentage drug content in all the formulations was estimated 
and found to be within the stipulated range (85-105%) [8], indi-
cating the uniform distribution of nifedipine in all the formulated 
suppositories (Table 2). The accurate and consistent drug content 
implies that the patient will receive the needed dose of the drug 
for therapeutic response to be achieved. This will ultimately reduce 
the undesirable effects of overdosing and underdosing which oc-
curs due to crushing of the nifedipine tablets for patients who are 
unable to swallow.

The stability test assesses how the quality of a drug substance or 
a drug product changes with time under the influence of various 
factors such as temperature, humidity and light. A reduction in 
drug content to a level of 85% and below may lead to failure of 
the therapy [14]. None of the formulated suppositories showed any 
change in physical characteristics indicating that the physical in-
tegrity of the formulated suppositories remained intact throughout 
the period of study. The disintegration time, of the two formulated 
suppositories remained within the stipulated sixty (60) minutes. 
The drug content remained above 85% and less than 105% (Table 
2) as stated in the ICH guidelines for stability studies. Alterations in 
temperature can markedly affect the physical and chemical stabil-
ity of suppositories which can ultimately affect the release profiles. 
Irrespective of the storage temperature, similar cumulative drug 
release profiles were observed for glycerogelatin   and polyeth-
ylene glycol formulated suppositories (Figure 7 and 8b) over the 
nine months period. This confirms the ability of the formulated 
suppositories to maintain their release profile irrespective of the 
storage conditions. Ultimately the formulated suppositories are 
stable at both room and refrigerated temperatures. 
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 Disintegration time
Type of sup-

pository
Number of 
determina-

tions

Average disintegration time (minutes)
0 month 3months 6 months 9 months

4°C 27°C 4°C 27°C 4°C 27°C
Nifedipine in 
polyethylene 

glycol

3 19.25 ± 1.21 19.21 ± 1.75 19.24 ± 0.89 19.17 ± 1.80 19.14 ± 1.96 19.19 ± 0.09 19.11 ± 1.07

Nifedipine in 
glycerogelatin

3 10.79 ± 1.06 10.17 ± 0.86 10.21 ± 1.66 10.11 ± 1.47 10.20 ± 1.29 10.09 ± 0.93 10.22 ± 1.45

Drug content
Type of sup-
pository

Number of 
determina-

tions

Average drug content (%)
0 month 3 months 6 months 9 months

4°C 27°C 4°C 27°C 4°C 27°C
Nifedipine 
in polyethyl-
ene glycol

3 98.29 ± 0.48 96.55 ± 0.54 96.45 ± 0.34 96.50 ± 0.31 96.35 ± 0.45 96.46 ± 0.33 96.11 ± 0.44

Nifedipine 
in glycer-
ogelatin

3 97.98 ± 0.46 94.10 ± 0.56 94.01 ± 0.54 94.02 ± 0.44 93.95 ± 0.34 94.04 ± 0.35 93.54 ± 0.36

Table 2: Properties and Stability of Formulated Suppositories.

Figure 7: In vitro drug release profile of Nifedipine in Polyethylene glycol base stored at: 
(a) room (27°C) and (b) refrigerated (4°C) temperature for a period of nine months

Stability studies

Uniformity of weight
Type of Suppository Number of sup-

positories used
Average weight 

(g)
Deviation % Deviation

Min Max Min Max
Nifedipine in Polyethyl-

ene glycol
20 2.63 0.000 0.050 0.000 1.901

Nifedipine in Glycerogela-
tin

20 2.55 0.000 0.040 0.000 1.567
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for hypertensive patients on Nifedipine who have swallowing dif-
ficulties.
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