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Abstract

Introduction: A system that can deliver multidrugs at a controlled rate is very important to the treatment of
various chronic diseases such as diabetes, asthma, and hypertension. In general, both highly and poorly
water-soluble drugs are not good candidates for elementary osmotic delivery, so in the present investigation
nifedipine-hydroxyproyl-pB-cyclodextrin (1:1) inclusion complex was used to modulate the solubility of
nifedipine (NP) within the core and metoprolol was used not only as the active ingredient but also as osmotic
agent. Materials and Methods: NP-cyclodextrin complex was prepared by coprecipitation method. The tablets
were prepared and coated with cellulose acetate phthalate-containing dibutyl phthalate as plasticizer at various
concentrations. The coated tablets drilled for orifice. The orifice size, level of plasticizer, and coating thickness
were used as formulation variables. Finally, the optimized formulation was studied for different pH, agitational
speed, and release mechanism. The optimized formulation was also subjected to in vivo prediction for the desired
C,..and C . using superposition method. Results: Formulation variables such as orifice size, level of plasticizer,
and coat thickness of semipermeable membrane were found to affect the drug release from the developed
formulations. The optimal elementary osmotic pump was found to deliver both drugs at a rate of approximately
zero order for up to 10 h independent of pH and agitational intensity but dependent on the osmotic pressure of the
release media. Conclusion: Hence, the prototype design of the system could be applied to other combinations of
drugs used for cardiovascular diseases, diabetes, etc.

Key words: Controlled osmotic drug delivery, elementary osmotic pump, nifedipine, metoprolol tartrate,
semipermeable membrane

INTRODUCTION concentration of the osmotically active salt in the system
decreases below saturation solubility, whereupon a non-zero

smotic pumps are controlled drug  order release pattern results.
delivery devices based on the principle

of osmosis. Wide spectrums of osmotic Chronic diseases such as hypertension, diabetes, and asthma
devices are in existence, out of them osmotic  are treated using multidrug therapies, which are vulnerable to
pumps are unique, dynamic, and widely  incidences of side effects, poor patient compliance and slow
employed in clinical practice.!'! Osmotic pumps
offer many advantages like they are easy to
formulate, simple in operation, improved
patient compliance with reduced dosing
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blood concentration, and moreover, they are

inexpensive and their industrial adaptability
vis-a-vis production scale up is easy.’) By
principle, this delivery system dispenses drug
continuously at a zero order rate until the
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improvement of patients. Nifedipine (NP) and metoprolol
(MP) tartrate are antihypertensive agents belonging to
calcium channel blockers and B-blockers, respectively. In
general, they are either used individually or as combination
therapy to treat hypertension. NP is a vascular selective
dihydropyridine calcium channel blocker which lowers
arterial blood pressure by decreasing peripheral vascular
resistance. MP is a cardioselective B-blocker which acts
preferentially on B -adrenoceptors in the heart rather than
f,-adrenoceptors located in peripheral vessels and bronchi.
Competitive antagonism of B, -adrenoceptors by MP produces
a negative chronotropic effect on the heart, with resulting
decreases in cardiac output and systolic blood pressure (SBP)
after acute drug administration.®! Hence, the combination of
NP with MP is more effective than individual therapy.™

Following oral administration, peak plasma concentrations
of NP are attained within 1-2 h, and the elimination half-
life is approximately 2 h resulting in the need to administer
the drug every 8 h to maintain therapeutic concentration.
However, due to the rapid onset of action, short half-life, and
side effect profile, a zero order dosage form with slow onset
of delivery is ideal, with duration of delivery of close to 24 h.
Early pharmacokinetic studies of MP have also established
that it has a relatively short plasma half-life of 3-4 h and its
absorption is rapid as well as consistent throughout most of the
gastrointestinal tract (GIT), including the distal region.[) As
a prerequisite, a combination of both these properties makes
NP and MP suitable candidates for development into a
controlled release formulation.

Although controlled drug delivery systems are available
separately for both drugs, a system that can deliver both
drugs simultaneously at a controlled rate may ensure
improved patient compliance. In addition to improved patient
compliance, as a once-daily formulation, it may improve the
safety profile and activity of drugs exhibiting short biological
half-lives. From a technical standpoint, the controlled delivery
of NP is difficult since it is practically insoluble in water and
aqueous fluids due to its high crystalline nature and exhibits
poor dissolution rate. The very poor aqueous solubility of NP
may lead to variable dissolution rates and bioavailabilities.
To overcome this problem, various types of osmotic pumps
of NP-like push-pull system,” (Procardia XL*® and Adalat®)
monolithic osmotic system,® sandwiched osmotic tablet
system,”? asymmetric membrane osmotic pump,!” bilayer-
core osmotic pump tablet coating the indented core tablet,!!!
swellable elementary osmotic pump (EOP),!"?! and squeeze
type osmotic tablet!"™ were reported. All these systems suffer
from either one or other drawbacks. Various attempts were
made to improve the dissolution rate of NP, include solid
dispersion in water-soluble carriers such as urea,¥ polyvinyl
pyrrolidone (PVP),' PVP microcrystalline cellulose
(PVP-MCC) and hydroxyl propyl cellulose-MCC,!"®! and
complexation with cyclodextrin. There was a report!'”! on
the feasibility of using NP-cyclodextrin complex as a core
for microcapsule to obtain controlled release. Besides, there
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was also a study!"® on sustained release two layered tablet
formulations of NP using NP-hydroxyproyl-p-cyclodextrin
(1:1) inclusion complex. So, in our present studies, we
also used 1:1 NP-hydroxyproyl-B-cyclodextrin complex to
improve NP dissolution rate and solubility.

Various approaches were reported to deliver water-soluble
and water-insoluble drug through osmotic pump mechanism.
Modified push-pull osmotic system was reported to deliver
a slightly water-soluble theophylline base and freely soluble
salbutamol sulfate simultaneously.!'”! Similarly, osmotically
regulated asymmetric capsular system was developed to
deliver slightly aqueous soluble rifampicin and freely soluble
isoniazid simultaneously.”” However, both these system
needed a sophisticated technique. Recently, Ouyang et al.,*"
evaluated EOP tablet for simultaneous delivery of metformin
and glipizide which is simple in design.

In this line of research, we reported controlled porosity
osmotic pump*?'and sandwich osmotic pump tablet™™! for NP
and MP combination.

Based on the facts, it was decided to deliver NP B-cyclodextrin
inclusion complex (NHB-CD) complex (1:1) and MP
simultaneously for an extended period via elementary osmotic
tablets. We designed an elementary osmotic device using
MP as both active ingredients and also as the osmotic agent
to deliver it along with NP simultaneously for an extended
period. Since MP is highly water-soluble drug, it was also
decided to use hydrophilic polymers at lower concentration
to reduce the release rate of it.

MATERIALS AND METHODS
Materials

NP and MP were a kind gift sample from the Madras
Pharmaceuticals Private Limited, Chennai, India. KCI and
starch were supplied from S.D. Fine Chemicals, Mumbai,
India. MCC, magnesium stearate, and aerosil were purchased
from Rolex, Mumbai, India. Cellulose acetate (CA) was
obtained from Eastman Chemical Company, Kingsport,
U.S.A. All other solvents and chemicals used were of the
analytical grade.

Methods

Preparation of NP B-cyclodextrin inclusion
complex

Solid complexes of NHB-CD were prepared in 1:1 ratio by
coprecipitation method. NP (3.23 g) was first dissolved in
a small volume of acetone and then thoroughly mixed with
100 ml of ethanolic solution of carriers in a round bottom
flask. The solvent was evaporated under reduced pressure at
40°C (Rotary Evaporator RE120, Buchi, Switzerland).




Drug-excipient interaction studies

Assessment of possible incompatibilities between an active
pharmaceutical ingredient and different excipients forms
an important part of the preformulation stage during the
development of a solid dosage form. Differential scanning
calorimeter (DSC) allows the fast evaluation of possible
incompatibilities because it shows changes in the appearance,
shift or disappearance of melting endotherms and exotherms
and variations in the corresponding enthalpies of reaction.*¥]
The DSC thermograms of pure drug and coated tablets were
recorded. The samples were separately sealed in aluminum cells
and set in Perkin Elmer (Pyris 1) DSC (Waltham, MA). The
thermal analysis was performed in a nitrogen atmosphere at a
heating rate of 10°C/min over a temperature range of 50-300°C.

Preparation of core tablets

Granules were prepared by the wet granulation method.
NHB-CD, MP, starch, dicalcium phosphate, and sodium
starch glycolate (SSG) were mixed well and moistened
with PVP solution in isopropyl alcohol. It was granulated
by passing through a 12 sieve and the granules were kept at
40°C for 1 h. After this, the granules were passed through
18 sieve and lubricated with talc, aerosil, and magnesium
stearate (all 120 sieve passed). Granules were compressed by
8 station compression machine fitted with 12/32 inch deep
cup punches. The core compositions are listed in Table 1.

Table 1: The basic core and coating composition of
NP and MP EOP

Ingredients Amount (mg)

NHpB-CD complex 160

Metoprolol tartrate 55

Starch 20

Dicalcium 15

phosphate

PVP 15

Isopropyl alcohol Q.S

SSG 10

Aerosil 10

Talc 10

Magnesium 3

stearate

Formulation Coating composition Coating

code amount of plasticizer  thickness
(DEP) % w/w of CA (%)

C1 10 8

Cc2 20 8

C3 30 8

CW - 8

C4 20 12

PVP: Polyvinyl pyrrolidone, EOP: Elementary osmotic pump,
SSG: Sodium starch glycolate, NP: Nifedipine, MP: Metoprolol,
DEP: Diethyl phthalate
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Coating and drilling

Core tablets were coated using a coating pan. CA (4% w/v)
containing 20% diethyl phthalate (DEP) was used as the
coating solution. The diameter of the coating pan was 300 mm;
the pan-rotating rate was 22 rpm and the spray rate of the CA
solution was 4 ml/min. Coated tablets were dried at 40°C for
12 h. The average weight increased after coating was 31.9 mg
per tablet. The coated tablets were drilled by a mechanical
drill to obtain a uniform orifice diameter of 450 um. The
composition of coating solution used is given in Table 1.

In vitro drug release

The in vitro release of the EOP was carried out using 900 ml
of pH 6.8 phosphate buffer containing 0.5% sodium lauryl
sulfate as the medium in USP dissolution apparatus II at
37°C and 100 rpm. 10 ml samples were taken at 0, 2, 4,
6,8,10,and 12h and filtered through 0.45 um filter
membrane. 10 ml of fresh dissolution medium was added
after each sampling. Each study was done in triplicate, and
the mean values were reported. Since NP in the tablet does
not induce an osmotic effect due to its property of poor water
solubility, an initial lag time of 150 min was maintained to
moisten of the system. The filtrate was diluted with pH 6.8
phosphate buffer (dissolution medium), and the quantity of
NP and MP was determined at 340 and 275 nm using UV
spectroscopic method. All experiments were carried out
under strict protection from light to prevent undesirable
photo-degradation of NP throughout the entire experimental
procedure. The same protection was given throughout the
entire process.

Formulation variables

To optimize the formulation to release the drug at a constant
zero order release rate, orifice size, level of plasticizer, and
coating thickness were used as formulation variables. The
respective formulation code and variables were given in
Table 2.

Table 2: Core formulation variables of EOP

Formulation Variables
Orifice Coating Coating
diameter composition thickness
(pm) (% wiw)
EF1 450 Cc2 8
EF2 250 Cc2 8
EF3 600 Cc2 8
EF4 800 Cc2 8
EF5 800 C1 8
EF6 800 C3 8
FW 800 CwW 8
EF7 800 C4 12

EOP: Elementary osmotic pump




Effect of orifice on drug release

To study the effect of orifice on the drug release, the release
of the tablets with different orifice sizes (250, 450, 600, and
800 pm) were investigated and compared.

Effect of coating solution on drug release

The tablet cores were prepared and coated with DEP at the
levels of 0 (FW), 10 (EF4), 20 (EF5), and 30 (EF5) % w/w
of CA. Then, the drug release characteristics of the coated
tablets were compared. Meanwhile, the tablets were prepared
and coated with CA to two levels of tablet weight gain, such
as 4 and 5% w/w.

Effect of pH

To study the effect of pH and to assure a reliable performance
of the developed formulations independent of pH, release
studies of the optimized formulations were conducted in
media of different pH (SGF [simulated gastric fluid], pH 1.2
and simulated intestine fluid [SIF], pH 6.8) and pH change
method (release media was SGF (pH 1.2) for first 2 h,
followed by SIF (pH 6.8) for the remaining period). The
samples (5 ml) were withdrawn at predetermined intervals
and analyzed after filtration through 0.45 um cellulose nitrate
filter. The percentage cumulative drug release of optimized
formulations at various pH was plotted and compared.

Effect of agitational intensity

To study the effect of agitational intensity of the release
media, release studies of the optimized formulations were
carried out in dissolution apparatus at various rotational
speeds. Dissolution apparatus used was USP-II at 50, 100,
and 150 rpm. Samples were withdrawn at predetermined
intervals and analyzed after filtration through 0.45 mm
cellulose nitrate membrane filters. The percentage cumulative
drug release of optimized formulations at different agitational
intensity was plotted and compared.

Osmotic pressure measurement

To confirm the mechanism of drug release, release studies
of the optimized formulations were conducted in media
of different osmotic pressures. To increase the osmotic
pressure of the release media, sodium chloride (osmotically
effective solute) was added in SIF®! and osmotic pressure
was measured (Fiske Micro Osmometer, 210). The pH was
adjusted to 6.8 + 0.05. Release studies were carried out in
900 ml of media using USP II dissolution test apparatus
(100 rpm). Release profiles of the optimized formulations at
different osmotic pressures were plotted and compared.

Release models and kinetics

To describe the kinetics of drug release from controlled
release preparations various mathematical equations have
been proposed. The zero order describes the systems, where
the drug release is independent of its concentration.” The
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first order equation describes the release from systems,
where release rate is concentration dependent.*” According
to Higuchi model, the drug release from the insoluble matrix
is directly proportional to square root of time and is based on
Fickian diffusion.”® Drug release data obtained were applied
to different drug release models to establish the drug release
mechanism and kinetics. Best goodness of fit test (R?) was
taken as criteria for selecting the most appropriate model.

Scanning electron microscopy

The samples were placed on a spherical brass stub (12 mm
diameter) with a double-backed adhesive tape. Small
sample of the coating membrane was carefully cut from the
exhausted shells (after dissolution studies) and dried at 50°C
for 2 h. The mounted samples were sputter coated for 2 min
with gold using fine coat ion sputter (JFC-1600, Jeol, Japan)
with pressure of 8 kg Pascal and examined under scanning
electron microscope (SEM) (JSM-6360, Jeol, Japan).

In vivo pharmacokinetic prediction of selected
formulation

Drug release parameters (R and t, ) obtained from in vitro
data and the pharmacokinetic properties of drugs were used
for predicting blood drug concentrations-time profiles from
single dose and at steady state from multiple dosing.[*”!
The method of superposition was used for the steady-state
concentration predictions. Values of Cssmax and Cssmin
were compared with the desired values calculated from a
theoretically developed controlled drug release profile.*”)

RESULTS AND DISCUSSION

Formulation development

A simple EOP system that could deliver NP and MP
simultaneously for an extended period was developed to
reduce the problems associated with multidrug therapy
of hypertension. In general, both highly and poorly water-
soluble drugs are not good candidates for elementary osmotic
delivery. MP is a highly soluble drug with comparatively
high dose (50 mg), whereas NP is a water-insoluble drug with
a low dose (20 mg). Hence, it is a great challenge to provide
satisfactory extended release of NP and MP.

In the present investigation, initially, an estimated amount of
NHB-CD was compressed without any additional substance
and coated with a solution of CA in acetone (4% w/v). Since
the coating material was too hard and fragile, DEP was added
as a plasticizer. The coated tablets with the NHB-CD code,
which contain no orifice, were subjected to a dissolution
rate test to detect whether the active material passes through
the film by diffusion. Since no active material was released
through the tablets during first 150 min, and that only 1.66%




of the active material was released by the end of 180 min,
it was concluded that diffusion from the membrane did not
influence the release of active material.

Further, the tablets were drilled with orifice diameter of
450 pm using a micro drill and subjected to the dissolution
rate test. Since active material in the tablets does not induce
an osmotic effect due to its property of poor solubility in
water, an initial lag time of 60 min is necessary to moisten of
the system, allow penetration of water into the core and for
dissolving active material. Release of active material from
NHB-CD tablets with an orifice of 450 um was observed
for 3 h, and it was determined that 2.7, 5.95, and 14% was
released at 60, 150, and 180 min, respectively. The onset of
release of active material took place at the end of a certain
time (lag-time); it apparently began after an osmotic pressure
built up in the tablet. This event demonstrated that the
mechanism influencing the release of active material was
osmotic pressure instead of diffusion.

Earlier studies have shown that simple EOP of glipizide and
metformin was developed to deliver drugs simultaneously for
extended period using metformin (highly water-soluble drug)
not only as an active agent but also as an osmotic agent.*"
Based on this report, we also attempted to deliver NP and
MP by adding highly water-soluble MP into the NHB-CD
tablets as both active agents and also as an osmotic agent.
The release of NP was enhanced owing to the osmotic effect
of MP, and further, it was also delivered simultaneously.
However, the in vitro release of MP was very fast, and 80%
of the drug was released within 3 h. Hence, we have used
release retardant, SSG to control the release of MP which in
turn, may also cause NHB-CD complex to be delivered in the
form of suspension through orifice.

Drug-excipient interaction studies

Figure 1 depicts the DSC thermograms of NP, MP, and
coated tablets. No changes in the endotherms were observed
as the drug exhibited a sharp melting endotherm of NP at
185°C and MP at 146°C in the core and coated formulation.
From the DSC thermograms, it was clear that no specific
interaction between the drug and excipients used in the
present formulation.

Influence of tablet formulation variables on drug
release

To study the influence of tablet formulation variables on
drug release, tablets with various variables were prepared,
subsequently coated with the coating formulation C1 of
thickness 8% and a circular orifice with a diameter 450 um
was drilled on one side of the surface. Based on our study,
NP elementary osmotic tablet osmotic agent Kcl 40 mg was
fixed as optimum osmogent. Once the tablet formulation is
decided, the drug release of the system will be affected by the
orifice size and membrane variables.

Influence of orifice size on NP and MP release
profile

To investigate the effect of orifice size on the release of active
material, orifices with diameters of 250 (EF1), 450 (EF2),
600 (EF3), and 800 um (EF4) were formed using a micro
drill and subjected to the dissolution rate test. It must be
smaller than the maximum limit to minimize the contribution
to the delivery rate made by diffusion through the orifice.
Furthermore, it must be larger than a minimum limit, to
minimize the influence of hydrostatic pressure inside the
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Figure 1: Differential scanning calorimeter thermogram of coated tablets of NHB-CD complex and metoprolol combination

elementary osmotic pump
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system. Results showed that only 5.21% of NP and 7.93%
of MP release was observed at 4™ h at the orifice size of
250 um. The agglomerated drug in suspension may occlude
such a small orifice, therefore, leading to a low drug release.
When it was increased from 250 to 450, 600 and 800 pm,
the percentage release was increased for both NP and MP
[Figure 2]. It was also evident from the results that not much
difference was existed in the release profiles of NP and
MP for orifice diameters ranging from 450 pm to 600 um.
The release rates were obtained and the rate deviation of
EF3 and EF4 from those of the orifice with 450 um (EF2)
was analyzed by #-test and listed in Table 3. It showed that
significant increase in release rate of NP and MP from EF2 in
comparison to EF3 and EF4. The release was slow at an orifice
diameter of 250 um for both the drugs. Orifice diameter of
800 wm showed better release profile (R*= 0.9864 for NP and
0.9735 for MP) for NP and MP, and hence, it was optimized
to study further variables.

Influence of DEP level and membrane thickness on
NP and MP release

Once the core tablet formulation was decided, the
membrane variables would be the key factors affecting
drug release profile of the osmotic pump tablet. To study
the influence of DEP level in semi-permeable membrane
on drug release profile, the membrane was plasticized with
various DEP levels of 0 (EFW), 10 (EFS), 20 (EF4), and
30% (EF6), and the rate deviation of EF4 and EF6 was
compared with EF5 using Student’s ¢-test. Figure 3 showed
that increasing DEP level led to an increment in drug
release. Release rates of EF4 and EF6 were significantly
higher than EF5 [Table 4]. As more DEP was incorporated
into the membrane, more micropores formed and higher
membrane permeability obtained. Hence, EF6, which
showed better control on release pattern, was adopted in
the following studies.

s NEF2 (450 pm) mmm NEF3 (600 pum)—INEF4 (800 um)
——MEF2(450 um) ——MEF3(600 pm) —— MEF4(800 pum)

Cumulative drug release (%)

Time (h)

Figure 2: Effect of orifice diameter on the release of nifedipine and metoprolol

—
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9290
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== NEF5 (DEP 10 mg) #mm NEF4 (DEP 20 mg) ——INEF6 (DEP 30mg)
——MEF4(DEP 20 mg) —— MEF5(DEP 10 mg) ——MEF6(DEP 30 mg)

Cumulative drug release ( %
B
)

Time (h)

Figure 3: Effect of level of plasticizer on the release of nifedipine and metoprolol
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The most straightforward method to modify the drug release
profile of osmotic pump tablet is to vary the coating weight."!
The drug release rate was directly related to the rate that water
enters the tablet core and as stated earlier, the rate of water
ingress is dependent on the osmotic pressure of the core and
the permeability of the coating: The thicker has lower water
permeability. The drug release profiles showed that thicker
coatings not only have slower release rates but also have
longer lag times before the initiation of drug release.

Figure 4 showed the influence of membrane with thicknesses
of 8% (EF6) and 12% (EF7) on the drug release profile. The
drug release increased with the decrement in the membrane
thickness because a thinner membrane increased water
influx. Release rate of EF6 is significantly more than EF7
[Table 5]. It showed the release rate as a function of reciprocal
of membrane weight. We found that better release profile
and an approximate zero order release were obtained with
membrane thickness of 12%. (EF7). So, EF7 was chosen as
optimal formulation.

SEM photograph demonstrated the morphology of CA
membrane which is also an important feature to the water
sorption and mobility. The SEM for CA and CA containing
plasticizer DEP-20 mg were shown in Figure 5a and b. As
seen in this figure, CA structure seems to be more elastic and
smooth and fragile with the addition of DEP as plasticizer

Effect of pH

To study the effect of pH on drug release, release studies were
conducted in media of different pH. Figure 6 showed release
of NP and MP from optimized formulation of EOP (EF7) in
pH 1.2; pH change method and pH 6.8, respectively. The f|
and f, values were found to be 4 and 70 (between SGF, pH 1.2
and pH 6.8), 4 and 72 (between pH change method and
pH 6.8) for NP and 1 and 83 (between pH 1.2 and pH 6.8),
2 and 80 (between pH change method and pH 6.8) for MP,
respectively. As can be seen from the figures, release profile
is similar in all the media demonstrating that the developed
formulations show pH-independent release.

Table 3: Influence of orifice size on NP and MP release rate (n=3)

Time (h) Mean+SEM
NP release ratexSEM (% h) MP release ratexSEM (% h)

EF2 (400 pm) EF3 (600 pm) EF4 (800 pm) EF2 (400 pm) EF3 (600 pm) EF4 (800 pm)
0 0 0 0 0 0 0
2 7.68+0.11 8.52+0.92 8.9+0.37 4.61+0.2 5.57+0.45 6.11+0.45
4 7.49+0.6 8.35+0.42 8.61+0.38 9.21+0.76 10.01+£0.91 10.85+0.53
6 7.22+0.53 8.29+0.57 8.49+0.55 9.04+0.67 9.22+0.63 10.12+0.67
8 7.05+1.61 8.16+0.41 8.45+0.54 8.08+0.70 9.16+0.72 9.84+0.47
10 7.01+0.68 8.03+0.40 8.44+0.41 8+0.78 9.09+0.73 9.43+0.44
12 6.65+0.68 7.41+0.43 7.68+0.41 8.33+0.85 8.33+0.60 8.3+0.46
P value - <0.003 <0.002 - <0.01 <0.002

NP: Nifedipine, MP: Metoprolol, SEM: Standard error of mean

Table 4: Influence of level of plasticizer on NP and MP release rate

Time (h) Mean=SEM

NP release ratexSEM EF4 DEP EF6 DEP MP release EF4 DEP EF6 DEP

(%h) EF5 DEP (10 mg) (20 mg) (30 mg) ratexSEM (%h) (20 mg) (30 mg)

EF5 DEP (10
mg)

0 0 0 0 0 0 0
2 5.03+0.77 8.98+0.77 10.93+0.37 4.53+0.39 6.11+0.45 12.91+0.56
4 7.80+0.59 8.61+0.59 9.78+0.38 9.12+0.72 10.85+0.53 10.36+0.86
6 7.70+0.62 8.49+0.62 9.54+0.55 8.87+0.63 10.12+0.67 10.21+0.75
8 7.62+0.52 8.45+0.52 9.26+0.54 8.51+0.72 9.84+0.47 9.93+0.85
10 7.45+0.68 8.44+0.68 9.45+0.41 8.49+0.80 9.43+0.44 9.83+0.96
12 6.58+0.32 7.68+0.32 8.33+0.41 8.07+0.76 8.33+0.46 8.33+0.85
P value - <0.0004 <0.0002 - <0.0008 <0.0001

Statistical significance test was done by student’s t-test. Release rate of EF4 and EF6 was compared with EF5. P<0.05 was considered to
be significant. DEP: Diethyl phthalate, NP: Nifedipine, MP: Metoprolol, SEM: Standard error of mean
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Effect of agitational intensity

To study the effect of agitational intensity of the release
media, release studies of the optimized formulation of EOP
(EF7) were carried out in USP dissolution apparatus Type
II at varying rotational speeds (50, 100, and 150 rpm). It is
clearly evident from Figure 7 that the release of NP and MP
from EOP is independent of the agitational intensity. The f|
and f, values were found to be 5 and 66 for NP and 4 and 70
for MP (between 100 and 50 rpm), 7 and 59 for NP and 3 and
68 for MP (between 100 and 150 rpm), respectively. These
results showed no significant difference in percentage release
under different agitation rates.

Effect of osmotic pressure

To study the effect of osmotic pressure, release studies of the
optimized formulations were conducted in media of different
osmotic pressures. Cumulative percentage release of NP and

MP from the optimized formulation of EOP at 12 h was 90
and 99.98%. This percentage of release of NP decreased
to 79.8% at 8.17 atm, 68.03% at 15.86 atm, and 59.19% at
24.48 atm. Percentage release of MP was also decreased to
90.34% at 8.17 atm, 78.5% at 15.86 atm, and 75.1% at 24.48
atm, respectively [Figure 8].

Kinetics of drug release

Dissolution data of the optimized formulation were fitted
to various mathematical models (zero order, first order, and
Higuchi) to describe the kinetics of drug release. Data were
treated according to zero order, first order, and Higuchi using
least square method of analysis [Table 6]. Best goodness
of fit test (R?) was taken as criteria for selecting the most
appropriate model. When the data were plotted according
to the first order and Higuchi equations, the formulations
showed a comparatively poor linearity, whereas the

Table 5: Influence of membrane thickness on NP and MP release rate

Time (h) Mean+=SEM

NP release rate+SEM EF7 (5%)* MP release ratexSEM EF7 (5%)*

(% h) EF6 (4%)* (% h) EF6 (4%)*

0 0 0 0
2 10.93+0.39 9.02+0.60 12.91+0.56 10.08+0.75
4 9.78+0.72 8.68+0.81 10.36+0.86 9.36+0.79
6 9.54+0.63 8.55+0.82 10.21+0.75 8.69+0.54
8 9.26+0.72 8.32+0.68 9.93+0.85 8.35+0.61
10 9.45+0.80 8.23+0.74 9.83+0.96 8.35+0.70
12 8.33+0.76 7.5+0.60 8.33+0.85 8.33+0.60
Pvalue <0.001 <0.0006

*Percentage of cellulose acetate. Statistical significance test was done by Student’s t-test. Release rate of EF7 was compared with EF4.
P<0.05 was considered to be significant. NP: Nifedipine, MP: Metoprolol, SEM: Standard error of mean

e NEF6 (4%)
s VIEF6 (4%) =

NEF7 (5%)
e MIEF7(5%)

Cumulative drug release (%)
[9)]
o

Time (h)

Figure 4: Effect of thickness of the membrane on the release of nifedipine and metoprolol
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regression value for zero order equation indicated that the In vivo prediction

drug release from optimized formulation was independent of  Method of superposition was used to predict steady-state
drug concentration. plasma levels of drugs after administration of a test dose of

1Brm BEEL 21 25 sEI | TEdy ] Y BEB1 21 28 SEk
Figure 5: Scanning electron photomicrograph of surface of elementary osmotic pump tablet without (a) plasticizer with

(b) plasticizer
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e

B v 10 0
cocoooo
(%)

=

=N
coo
Cumulative drug releas

Cumulative drug relaease
0,

Time (h)

Figure 6: Effect of pH on nifedipine and metoprolol release from EF7
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Figure 7: Effect of agitational intensity on the release of nifedipine and metoprolol from EF7 formulation

Asian Journal of Pharmaceutics * Oct-Dec 2016 (Suppl) * 10 (4) | S591



20 mg and 50 mg of NP and MP from the formulation EF7.
Since osmotic pumps are reported to exhibit a significant
in vitro/in vivo correlation predicted data of steady-state
plasma levels from drug release studies can be used for
comparison with the desired plasma levels.?>¥! Steady-state
levels of NP and MP after administration of a test dose of
formulation showed in Table 7 that peak plasma levels were
31.24 ng (NP) and 56.97 ng (MP) but falls to 16.12 ng (NP)
and 28.31 ng (MP) at steady state [Figures 9 and 10]. The
predicted CSS_ and CSS . and after administration of
formulation of NP and MP in comparison with the desired
ones are 30.45 and 15.15 ng for NP and 51.22 and 21.82 ng for

MP. Thus, it can be concluded that the developed formulation
(EF7) will produce plasma levels well within the therapeutic
range and similar to those produced by the desired zero order
delivery profile.

CONCLUSION

The present study developed an oral osmotic system that can
deliver NP and MP simultaneously. This study suggests that
drug release from these systems is controlled by osmotic
pressure as the major mechanism; release pattern obeyed zero
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Figure 8: Effect of osmotic pressure of the release media on nifedipine and metoprolol release from EF7 formulation
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Figure 9: Predicted steady-state plasma levels of nifedipine after administration of a test dose of EF7 formulation in comparison

with the desired profile
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ifedipine and metoprolol tartrate

Table 6: Fitting of MP release data of the optimized formulation (EF7) according to various mathematical

models
Parameter used to assess the fit of model
Model R2-M R?-N r-M r-N Intercept-M  Intercept-N  Slope-N  Slope-M K-N K-M
Zeroorder 0.9948 0.9921 0.9974 0.996 2.09 2.84 7.688 8.38 7.69 8.38
Firstorder 0.6059 0.9515 -0.778 -0.975 2.58 2.09 -0.082 -0.23 -0.02 -0.06
Higuch 0.9254 0.9395 0.9619 0.969 -11.91 -10.53 123.35 25.04 272 293

N: Nifedipine, M: Metoprolol, R% Goodness of fit, r: Correlation coefficient, K: Release rate constant for respective models (K, in mg/hr,
K, inh™', and K, in % h'2for zero order, first order, and Higuchi rate equations, respectively)

Table 7: Predicted in vivo performance of developed formulation (EF7)

Product Predicted Css Predicted AUCO—t Delivery rate t,., (h)
max (ng/ml) ng hr/ml) R, (mg/h)
MP NP MP NP MP NP MP NP
Desired? 51.35 31.5 1292.1 863.1 3.958 0.9333 8.8048 10.24
EF7° 56.97 31.24 1409.2 869 4.21 0.9676 8.805 10.3

aPredicted from desired zero order delivery profile, ®Predicted from in vitro drug release studies. NP: Nifedipine, MP: Metoprolol

e—=Desired =—==Cmin e=——=Cmax ==Predicted invivo
60 -
50 _ A A
o
£
590
-
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Figure 10: Predicted steady-state plasma levels of metoprolol after administration of a test dose of EF7 formulation in comparison
with the desired profile
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