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Objectives: In order to enhance solubility and to obtain 
controlled release characteristics, preparation of nifedipine 
has been made into a osmotic pump tablet which includes 
Gelucire 44/14, Lutrol F127, Transcutol P, silicon dioxide, 
lactose, mannitol, citric acid, and sodium bicarbonate.  
Material and methods: The developed dosage form was 
evaluated for particle size, solid state properties and release 
profile. Effect of orifice size and amount of plasticizers on drug 
release was also studied.  
Results: The results revealed that Self-emulsifying osmotic 
pump tablet (SEOPT) has not only provided improvement in 
solubility of nifedipine by self-emulsifying effect (SEDDS) but 
also controlled release due to elementary osmotic pump 
system. The particle size analysis revealed no difference in the 
droplet size of liquid SEDDS & reconstituted SEDDS. 
Conclusion: Release studies revealed that nifedipine followed 
zero order release profile for 12 h independent of agitational 
intensity with cumulative release of 83.85%.  The in vitro 
release profiles of the optimized system & commercialized 
conventional tablet (Nicardia ® Retard 20) in different amount 
of sodium lauryl sulphate (SLS) were also compared. 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

In recent years, considerable attention has been 

focused on the development of novel drug delivery 
systems (NDDS). In the form of NDDS, an existing drug 
molecule can get a ‘new life,’ thereby, increasing its 
market value, competitiveness, and patent life [1].  The 
fact that a majority of the newly discovered chemical 
entities and many existing drug molecules are poorly 
water soluble, which presents a serious challenge to the 
formulation development [2]. Several novel drug delivery 
systems with many advantages have been developed in 
the recent years. Among these systems, the oral controlled 
drug delivery has received greater attention since it is the 
most popular route of drug administration [3,4]. Since 
pharmaceutical agents can be delivered in a controlled 
pattern over a long period by osmotic pressure, there has 
been increasing interest in the development of osmotic 
systems in the past two decades [5,6]. Drug delivery from 
this system is not influenced by the different physiological 
factors within the gut lumen and the release 
characteristics can be predicted easily from the known 
properties of the drug and the dosage form. Osmotic 
pumps are well known for delivering drug at a zero order 
rate. The elementary osmotic pump (EOP) consists of an 
osmotic core with the drug, surrounded by a 
semipermeable membrane with a delivery orifice. 
However, poorly soluble drugs are unable to deliver 
through EOP as it is only suitable for water soluble drugs. 
To overcome this limitation, a push pull osmotic system 
was developed and commercialized {Glucotrol XL 
(Glipizide), Procardia XL (Nifedipine)} [7- 9]. However, 
this technology is complex comprising of bilayer 
compression and drug release in suspension form, which 
has more viscosity and to withstand the effective osmotic 
pressure within the tablets, the semi permeable 
membrane must be thicker than that of EOP. One of the 
formulation factors affecting drug release from oral 
osmotic pump is the solubility of drug within the core. 
Many formulation attempts have been made to enhance 
the solubility of poorly water-soluble drugs eg. Co-
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compression of drug with excipients, use of encapsulated 
excipients, use of solid dispersion, use of swellable polymers 
and use of cyclodextrin derivatives [10]. In recent years, self-
emulsifying and self-microemulsifying drug delivery systems 
(SEDDS and SMEDDS) [11-17] have shown a reasonable 
success in improving oral bioavailability of poorly water 
soluble and lipophilic drugs [13; 14]. SMEDDS are normally 
prepared either as liquids or encapsulated in soft gelatin 
capsules, which have some shortcomings especially in the 
manufacturing process, leading to high production costs [18]. 
Moreover, these dosage forms may be inconvenient to use and 
incompatibility problems with the shells of the soft gelatin are 
usual [19]. Incorporation of a liquid self-emulsifying 
formulation into a solid dosage form may combine the 
advantages of SEDDS with those of a solid dosage form and 
overcome the disadvantages of liquid formulations described 
above [20].   

Nifedipine, a well known vasodilator is practically insoluble 
in water [21] and exhibits low bioavailability after oral 
administration. A formulation which could increase 
bioavailability of nifedipine, through improvement of 
solubility, and at the same time also release nifedipine for an 
extended period of time, thereby improving patient compliance 
will be highly appreciated.  

In present work we intend to develop a formulation of 
Nifedipine in which solid self emulsifying system will solubilize 
drug and also avoid first pass effect by lymphatic absorption. 
Moreover combination of this system with osmotic system 
strategy may provide controlled release of drug and thus 
provide a new therapeutic dimension to existing drug. 

 
 
 
 
Materials:  
Nifedipine was generous gift from Torrent Pharmaceutical Ltd, 
India. Gelucire 44/14 and Transcutol P were supplied by 
Gattefosse India Pvt. Ltd, Mumbai, India. Lutrol F127, Poly 
vinyl pyrrolidone (Kollidon® K30) was purchased From BASF, 
Germany and Colloidal silicon dioxide (Aerosil 200, Degussa, 
Frankfurt, Germany); lactose was purchased from Meggle 
Pharma, Germany. Citric acid was procured from Qualigens 
Fine Chemicals, Mumbai. Sodium bicarbonate was purchased 
from S.D.Fine chemicals Ltd, Mumbai. Mannitol & Cellulose 
Acetate CA 398.10 NF was provided by Signet chemical 
corporation Pvt. Ltd, India.  
 
Methods:  
 
Preparation of liquid SMEDDS: 
Gelucire 44/14 and Lutrol F127 were melted above 60°C, and 
nifedipine was added to the melt under continuous stirring. To 
aid solubilization of nifedipine, Transcutol P was added to the 
drug-melt mixture to form a clear solution in form of SMEDDS 
(Table I). The mixture was self-emulsifying base having a 
melting point of 44.54°C (obtained using DSC). 

 
 
 

Table I. Composition of liquid SEDDS 

Ingredients 
Amount 

(mg/tablet) 
Nifedipine 20 

Gelucire 44/14 30 

Lutrol F127 45 

Transcutol P 35 

Total 130 

 
Formulation of self emulsifying osmotic pump tablet: 

SEOPT was prepared according to Table II. Silicon 
dioxide, lactose, mannitol, citric acid, sodium hydrogen 
carbonate, and polyvinyl pyrrolidone were individually 
weighed and sifted. All these excipients were then 
granulated using above mentioned molten self 
emulsifying base. The obtained granules were passed 
through # 24 mesh sieve to obtain uniform particle size. 
Finally the granules were lubricated with 1% (w/w) 
magnesium stearate and compressed using 12 mm 
standard concave punch on a single punch tablet 
compression machine (Cadmach) to obtain a 700 mg 
tablet with hardness of 2.0–2.5 kg/cm2. Coating was done 
with Cellulose Acetate CA 398.10 NF in acetone: methanol 
(90:10) mixture, with PEG 400 (50% w/w with respect to 
polymer) as plasticizer. An orifice was created on one face 
of the tablet through the coating membranes using a sharp 
needle.  

Table II. Formulation composition of Self-
emulsifying osmotic pump tablet 

Ingredients (SEOPT) 
Amount 

(mg/tablet) 
Liquid SEDDS 130 

Colloidal silicon dioxide 25 

Lactose 209 

Mannitol 209 

Poly vinyl pyrrolidone 70 

Citric acid 20 

Sodium bicarbonate 30 

Magnesium stearate 7 

       Membrane Coating 
Cellulose Acetate 
Polyethylene Glycol 400 

 
14 
14 

Total 728 
 
Reconstitution properties of solid SMEDDS: 

SEOPT was stripped of the semipermeable membrane 
and the core tablet was placed in volumetric flask 
containing 100 ml distilled water. After disintegration and 
dispersion under the effervescent effect, the solution 
obtained was filtered through a 0.45 μm membrane to 
remove the insoluble materials. The filtered solution was 
used for particle size analysis. The z-average diameter and 
polydispersity index of the solid and liquid SEDDS was 
recorded using Zeta sizer Nano ZS90. All studies were 
repeated three times and the average values were used. 

Materials And Methods 
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Physical Characterization of Nifedipine in SEOPT: 

Physical characterization of prepared Solid SEDDS is 
important parameter. Pure Nifedipine, placebo mixture, 
physical mixture and solid self emulsifying mixture with 
nifedipine was used for DSC, and X-ray diffraction experiments. 
To further substantiate the results, only self emulsifying 
system containing nifedipine adsorbed on colloidal silicon 
dioxide was also used. 

 
Differential Scanning Calorimetery (DSC):  

DSC was performed using Perkin Elmer 1020 series DSC-7 
thermal analysis system. Samples (2-3 mg) were heated in 
hermetically sealed aluminum pans under nitrogen flow (60 
Kg/cm2) at a scanning rate of 10°C/min from 25ºC to 300 ºC. 
Empty aluminum pan was used as a reference. The DSC 
thermograms were obtained for nifedipine, placebo mixture, 
physical mixture and solid self emulsifying mixture with 
nifedipine.  

 
X-Ray Powder Diffraction (XRPD):  

XRPD patterns of samples were recorded at room 
temperature on Bruker D8 advance diffractometer (Bruker, 
Germany) with Cu Kα radiation (1.54 Å), at 40 kV, 40 mA 
passing through nickel filter. Analysis was performed in a 
continuous mode with a step size of 0.02° and step time of 1 
sec over an angular range of 2-40° 2θ. Obtained diffractograms 
were analyzed with DIFFRACplus EVA (version 9.0) diffraction 
software. 

 
In-Vitro Drug Release:  

 In-Vitro drug release of the formulations was carried out 
using USP type I dissolution apparatus (100 rpm; 37 ºC ± 0.5 
ºC) using  0.5% w/v sodium lauryl sulphate (SLS) as 
dissolution medium. At predetermined time intervals, 5 ml 
samples were withdrawn and the drug concentration was 
determined by UV spectrophotometer at 238 nm. The volume 
removed was replaced each time with fresh dissolution 
medium. All experiments were carried out in triplicate and the 
results presented were the mean values of the three 
experiments. Effect of different factors like concentration of 
plasticizer, varying concentration of SLS, weight gain, agitation 
intensity and pore size on dissolution profile was also 
evaluated.  
Scanning electron microscopy:  

Cellulose acetate (CA) membranes containing PEG 400 
obtained before and after complete dissolution of core 
contents were dried at 45ºC for 3 h and then examined for 
their porous morphology by Scanning Electron Microscope XL 
30 ESEM with EDAX (Philips, Netherlands). SEM analysis was 
carried out to find out microporous nature of coating 
membrane after dissolution. 

 
 
 
 
Reconstitution properties of solid SMEDDS:  

The mean droplet size and polydispersity index of the 
reconstituted microemulsions are presented in Table III. The 

average droplet sizes of both microemulsions were less 
than 65 nm. The droplet size of the microemulsions from 
the solid SMEDDS was slightly increased, compared to the 
liquid SMEDDS. From these results, adsorbing the liquid 
SMEDDS on colloidal silicon dioxide did not seem to have 
a remarkable effect on droplet size. The solid SMEDDS 
showed to preserve the self-emulsification performance of 
the liquid SMEDDS. 

 
Table III. Droplet size with polydispersity index 

(Mean ± SD, n = 3) 

Formulation 
Z-average 

diameter (nm) 
Polydispersity 

index (PDI) 

Liquid SEDDS 45.23±3.49 0.189±0.026 

Solid SEDDS 65.12±2.39 0.170±0.0164 
 

 
Fig.1. Emulsion droplet size distribution: (A) liquid 

SEDDS; (B) solid SEDDS 
 
Physical Characterization of nifedipine in SEOPT: 
 
Differential Scanning Calorimetery (DSC): 

The DSC thermograms of nifedipine, placebo mixture, 
physical mixture and solid self emulsifying mixture with 
nifedipine are shown in fig.2. Nifedipine exhibited a sharp 
endothermic peak at 174.36°C, which corresponded to its 
melting point. There were some crystalline structures in 
the placebo tablet core, but this would not interfere with 
the results because there were no peaks around 174.36°C 
[22]. The DSC curve of the physical mixture was the 
superposition of the fig.2 (a) and (b); only the intensity of 
the nifedipine peak was reduced because the drug content 
was low in the physical mixture. No obvious peaks for 
nifedipine were found in the solid SMEDDS (curve d). In 
one such study on solubility enhancement of Nifedipine 
using Vitamin E TPGS or Solutol HS-15, similar such 
behavior was observed in DSC and it was concluded that 
the lack of a drug endotherm may suggest its amorphous 
nature in solid dispersions with this polymer [21, 23]. 
 

Results and Discussion 
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Fig.2. DSC curves of (A) Nifedipine, (B) Placebo mixture, (C) 

Physical mixture, (D) Self emulsifying mixture containing 
nifedipine. 

 
X-Ray Powder Diffraction (XRPD) 

From X-ray powder diffractograms shown in Fig.3, the 
internal physical state of nifedipine in the solid SMEDDS was 
further verified. The X-ray diffractograms of pure nifedipine 
from 5 to 40° 2θ showed numerous distinctive peaks that 
indicated a high crystallinity. It can be seen from fig.3, that the 
characteristic peak at 2θ angle of 8.06, 11.79, 24.45, 27.14º 
existed in the profile of nifedipine; fig.3 (a) and physical 
mixture; figure (d), but disappeared in the profile of placebo & 
solid self emulsifying system. The XRD patterns of self 
emulsifying mixture containing nifedipine exhibited the 
absence of characteristic diffraction peaks of nifedipine, 
indicating that the crystalline characteristic of nifedipine has 
disappeared in this self emulsifying mixture [24]. Davidson and 
Sittig [25] have reported in a study on water soluble resins, the 
lack of peaks characteristic of nifedipine in the diffractograms 
as an indication of conversion to a metastable form or 
existence in ultra-crystalline form. The subsequent faster 
dissolution rates from solid dispersions was attributed to the 
formation of this high energy metastable state of the drug 
formed due to the inhibition  effect of PEG on drug 
crystallization. The probability of occurrence of similar such 
phenomenon cannot be ruled out here.  

 
In-vitro release studies: 

During dissolution, water ingress in tablet core through 
semipermeable coating initiate reaction between citric acid 
and sodium hydrogen carbonate to generate carbon dioxide 
(CO2). This generated CO2 facilitate formation of 
microemulsions. Controlled release was achieved through use 
of mannitol & lactose as an osmotic agent. For most period of 
dissolution, zero release characteristic was obtained with the 
average cumulative release of 83.85% at 12 hr (Fig.4.).  
 

 
 

Fig.3. X-ray diffractograms of (a) Nifedipine, (b) Self 
emulsifying system containing nifedipine.  (c) Placebo 

mixture, (d) Physical mixture 
 

 
 

Fig.4. The in vitro release profile of nifedipine from SEOPT 
 
Effect of PEG-400 level on drug release profile: 

Polyethylene glycols act as inert carriers inhibiting 
crystal growth and phase transformation along with 
improving dissolution rate of drug due to their rapidly 
water soluble nature (26). To study the influence of 
amount of PEG-400 on the drug release profiles, coating 
levels were kept at 4% & CA membranes were plasticized 
with 35%, 50%, 65%, of PEG-400 and dissolution studies 
were carried out. From fig.5, it is evident that increase in 
PEG 400 level leads to increase in drug release. As PEG is a 
hydrophilic plasticizer, it would be leached easily and 
leave behind a wholly porous structure, which increases 
membrane permeability and drug release rate [27] with 
65% of PEG 400 drug release was somewhat rapid and 
uncontrolled probably due to this phenomenon. 

 
Effect of membrane thickness: 

In order to study the effect of thickness of the coating 
membrane, PEG 400 level was kept at 50% and coating on 
the core tablets of nifedipine was continued for sufficient 
duration so as to get tablets with different weight gains (4, 
6, and 8%). 
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Fig.5. The effect of PEG 400 on release profile of Nifedipine. 

 
The fig. 6 shows that the thickness of the membrane has a 
profound effect on the drug release from osmotic systems. We 
can see from equation below that release rate from osmotic 
system is inversely proportional to membrane thickness: dM/ 
dt = A, hKπC where dM/dt is drug delivery rate, A and h are the 
membrane area and thickness respectively, C is the 
concentration of compound in the dispersed fluid (soluble 
fraction of the drug), π is the osmotic pressure of the system, 
and K is the equation constant. It is clear from the equation 
that release rate from osmotic devices is inversely 
proportional to membrane thickness. As the thickness 
increased, the resistance of the membrane to water diffusion 
increased and the rate of imbibing water decreased. In turn, 
the liquefaction rate of the tablet core decreased, resulting in 
the drug release rate decreasing. In current study drug release 
was found to decrease with an increase in the weight gain of 
the membrane [6]. Release profile of nifedipine as a function of 
weight gain of the membrane is shown in fig.6.  

 

 
Fig.6. The effect of membrane thickness on release profile 

of Nifedipine. 
 

Effect of agitational intensity 
Release studies of the optimized formulation of SEOPT 

were carried out in USP dissolution apparatus type I at varying 
rotational speed (50, 75, and 100 rpm). It is clearly evident 
from fig.7, that the release of nifedipine is independent of the 

agitational intensity which was supported with f 2 values 
of 78.63 (calculated for 100 rpm and 50 rpm) and 91.6 
(calculated for 100 rpm and 75 rpm). 
 
Influence of orifice size on drug release profile: 

Aperture diameter is one of the critical parameters 
that greatly influences release rate, lag time and release 
kinetics of the osmotic drug delivery devices. Thus, the 
size of delivery orifice must be optimized in order to 
control the drug release from osmotic systems [28]. In 
order to evaluate effect of orifice size on drug release, 
different sizes of orifice (0.2, 0.5, 0.75, 1.0, 2 mm) were 
created on one side of tablet surface and dissolution 
studies were carried out. Fig.8 shows the influence of 
orifice size on release profile. No significant difference 
existed in the release profiles for orifice diameters 
ranging from 0.5 mm to 1.0 mm. However, the release was 
somewhat rapid with an orifice diameter of 2 mm. This 
may be due to the  

 
Fig.7. The effect of agitation on release profile Nifedipine. 

 

 
Fig.8. The effect of the size of delivery orifice on the 

release profile of Nifedipine. 
 
result of solute diffusion from the bigger orifice. On the 
other hand, a low release rate and anomalous release 
were exhibited at an orifice diameter of 0.2 mm probably 
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due to occlusion of such a small orifice with insoluble 
component of tablet core. This indicates that the size of 
delivery orifice must be optimized to control the drug release 
from osmotic devices. If the size of delivery orifice is too small, 
zero order release will be affected because of development of 
hydrostatic pressure within the core. This hydrostatic pressure 
may not be relieved because of the small orifice size and may 
lead to deformation of delivery system, thereby resulting in 
unpredictable drug delivery as observed when orifice diameter 
was 0.2 mm [29] 
 
Influence of different amount of Sodium lauryl sulphate on 
dissolution profile of marketed formulation & SEOPT: 

United State Pharmacopoeia (USP) prescribes 0.5% (w/v) 
of Sodium lauryl sulphate (SLS) as the dissolution medium for 
nifedipine tablets. Effect of different amount of SLS (0.1, 0.3, 
and 0.5%) on release profile of marketed formulation 
(Nicardia ® Retard 20, J.B.Chemicals & Pharmaceutical Ltd) of 
nifedipine and SEOPT were checked. This test was carried out 
to check whether release of drug from marketed nifedipine 
tablet & SEOPT was dependent of the amount of SLS used in 
dissolution medium. In this medium, the release of nifedipine 
from the SEOPT was faster than from the market formulation. 
When the concentration of SLS in dissolution medium was 
reduced to 0.1% (w/v), the difference in the release of 
nifedipine from marketed formulation was more as shown in 
fig.9. Dissolution from the conventional tablet was improved 
with increasing amount of SLS in medium .On the other hand, 
dissolution of nifedipine from the SEOPT was not influenced by 
concentrations of SLS added which showed similar drug 
release profile in all  the medium. Thus it indicates that release 
of nifedipine from SEOPT is independent of amount of SLS 
used, which was not observed in case of, marketed formulation 
[30]. 
 

 
Fig.9. (A) 

Scanning Electron Microscopy 
Cellulose acetate (CA) membranes containing PEG 400 (50%) 
obtained before and after complete dissolution were taken for 
SEM analysis. SEM microphotograph shown in fig.10. 

 
Fig.9. (B) 

Fig.9. (A) Dissolution profile of market formulation &  
(B) SEOPT 

 
Coating membrane contains hydrophilic plasticizer (PEG 
400) which leaches out, when it comes in contact with 
dissolution medium which results in formation of 
microporous region (fig.10B)  
 

 
Fig.10. SEM microphotographs of coating membranes 
containing 50% PEG 400: (A) obtained before dissolution, 
non-porous region of membrane (250×); (B) obtained 
after dissolution porous region of membrane (250×). 
Membrane obtained before dissolution showed non-
porous region. 
 
 
 
The conventional approaches of drug formulation can 
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barely meet the challenges presented by the growing number 
of insoluble/impermeable drugs. In current work SEDDS of 
nifedipine were successfully formulated, and characterized for 
physicochemical parameters and release profile. The 
developed solid SEOPT of nifedipine prepared by adsorbing 
SEDDS on water-insoluble Aerosil 200 as a solid carrier 
exhibited zero order dissolution profile for 12 hrs without 
altering the self-emulsification performance of the liquid 
SMEDDS. Both DSC measurements and X- ray diffraction 
analysis confirmed that adsorption of liquid SEDDS containing 
nifedipine in the amorphous or molecular dispersion state was 
retained in the same amorphous state upon its adsorption on 
inert matrix.  In Dissolution studies SEOPT exhibited least 
variation on dissolution profile upon varying the concentration 
of wetting agent as compared to conventional formulations. In 
conclusion this approach might be effectively used to develop 
solid dosage form for similar such oral poorly water-soluble 
drugs, though in-vivo studies for evaluating the escape from 
lymphatic escape will give true picture. 
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