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Abstract The present study aimed to design and
evaluate controlled porosity osmotic pump (CPOP)
tablets of enalapril maleate (ENP) being used for the
treatment of hypertension. D-optimal response surface
design was used, considering cellulose acetate and
osmotic agents (lactose and fructose) as variables while
physicochemical parameters of tablets were taken as
responses. The asymmetric, leachable membrane of
cellulose acetate on ENP tablets was applied and an
increase in the thickness of core tablets from 5 ± 0.01
to 5.4 ± 0.17 mm was observed. The average weight of
all CPOP formulations ranged from 376.7 ± 0.4 to
389.1 ± 0.3 mg and hardness was 6.2 ± 0.02 to 6.32 ±
0.06 Kg/cm2. The friability of all formulations was less
than 1%. 89.53 ± 1.05% of ENP release was observed
in phosphate buffer pH 6.8 after 12 h. Due to the
smallest AIC (Akaike information criteria) and the
greatest r2 values, zero-order release kinetics model
with non-Fickian diffusion behavior was observed in all
proposed formulations. f1 (difference factor) values
were 1.28 ± 0.06 to 12.64 ± 0.41% and f2 (similarity
factor) values were 59.75 ± 0.24 to 94.03 ± 1.36% in

the same dissolution medium. pH-independent behav-
ior was observed in pH-responsive study. Dissolution
efficiency (DE) ranged from 51.49 ± 0.23 to 53.52 ±
0.52% and mean dissolution time (MDT) values
ranged from 5.27 ± 0.05 to 5.59 ± 0.23 h. No
interaction between the ingredients was found in FTIR
analysis. The optimized formulation with improved
drug release property was found stable in the acceler-
ated stability study of six months. CPOP tablets of
ENP can be considered as an effective substitute for
immediate-release tablets to control hypertension in
chronic conditions.

Keywords CPOP, Leachable membrane, Osmotic
agent, Cellulose acetate, D-optimal response surface
design

Introduction

Conventional drug delivery systems lack control of
drug release at the target site. Controlled drug delivery
systems (CDDSs) provide special control over the drug
delivery rate. For controlled drug delivery, osmotic
pumps are the most encouraging systems. These can be
used for oral administration as well as for implantation.
For the release of drug(s), an osmotic pump involves
the basic principle of osmosis. Elementary osmotic
pump, Rose-Nelson pump, Higuchi-Leeper pump, and
Higuchi-Theeuwes pump are some examples of osmo-
tic drug delivery systems (ODDSs).1 These systems
offer drug delivery to a great extent, not dependent on
the physiological factors of the gastrointestinal tract.
The drug delivery from osmotic pumps depends on a
variety of factors including solubility of the drug,
osmotic pressure in the core, nature of the rate-
controlling membrane, and delivery aperture size.2

In a CPOP tablet, the semipermeable membrane
(SPM) contains water-soluble pore-forming agent(s).
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Other components of CPOP include drug, osmotic
agent(s), coating solvent(s), and plasticizer(s).3-5 CPOP
system can be a single or a multicompartment dosage
form and it consists of a core with the drug which is
coated with a SPM having asymmetric structure
supported by a porous substructure. The SPM allows
water to permeate but prevents the passage of solute.
Throughout the wall of the membrane, water-soluble
pore-forming agents are dispersed. CPOP does not
contain any drilled orifice for the drug delivery;
instead, the drug is delivered through the pores formed
by pore-forming agent in the SPM. When CPOP
reaches an aqueous environment, some levels of
water-soluble pore-forming ingredients are dissolved
from the polymeric membrane. This results in a porous
structure in the SPM walls hence drug is delivered
through microporous semipermeable membrane. The
pressure by water is created either by an osmogent or
the drug after the entry of water across the SPM.
Various factors that affect the drug release include
water permeability of the SPM, osmotic pressure of
inner core tablet, and thickness of the coating. By
controlling these factors, drug release can be achieved
at desired rates.6,7

ENP, an angiotensin converting enzyme inhibitor, is
used as an antihypertensive drug. It is effective either
alone or when combined with thiazide diuretics and
other antihypertensive drugs.8 ENP is also used for the
treatment of congestive heart failure and is mostly
given with digitalis and diuretics.9,10

The current study was carried out to design and
evaluate CPOP tablets (having asymmetric membrane)
with varying concentrations of cellulose acetate, lac-
tose, and fructose. For this purpose, a D-optimal
response surface design was used. Preformulation
studies of powder blends of starch, ENP, lactose,
fructose, and magnesium stearate were performed.
Core tablets were prepared by wet granulation method
while CPOP tablets were prepared by using the spray
coating technique. Core and CPOP tablets were
evaluated by their weight variation, thickness, diame-
ter, hardness, in vitro drug release studies, and FTIR
analysis. AIC, k, and r2 values were calculated in the
case of each model-dependent in vitro kinetic ap-
proach. Fit factors, dissolution efficiency, and mean
dissolution time values were calculated as model-
independent in vitro kinetic approaches. Effects of
pH, agitational intensity, osmogent, and coating poly-
mer concentrations on %ENP release were observed.
An accelerated stability study was conducted to
observe the stability of the optimized formulation.

Materials and methods

Materials

Starch (MW: 359.33 Da, Merck Darmstadt, Germany)
was used as a binder. Magnesium stearate (MW: 591.27

Da, Merck Darmstadt, Germany) was used as a
lubricant. Lactose monohydrate (MW: 360.31 Da,
Duksan pure chemicals, Korea) and fructose (MW:
180.16 Da, Fisher scientific, UK) were used as osmotic
agents. Cellulose acetate (MW: 30 KDa, Sigma-
Aldrich, USA) was used as a semipermeable mem-
brane forming agent. PEG-400 (MW: 400 Da, Appli-
chem GmbH Darmstadt, Germany) was used as a
channeling agent. Enalapril maleate (MW: 492.53 Da,
Nabiqasim Industries Pvt. Ltd. Karachi, Pakistan) was
used as a model drug. Dichloromethane (DCM) and
methanol (Merck Darmstadt, Germany) were of ana-
lytical grade.

Experimental design

By using Design-Expert software (version 7.1 Stat–
Ease Inc., Minneapolis USA), D-optimal factorial
design was applied taking concentration of cellulose
acetate and osmotic agents (lactose and fructose) as
variables as shown in Table 1. Weight variation and
hardness of tablets were selected as responses and six
planned D-optimal design formulations were evaluated
against them.11 Equation (1) was used for the predic-
tion of responses in D-optimal design.

Yi ¼ b0 þ B1X1 þ B2X2 þ B1B2X1X2 ð1Þ

where b0 was intercept, B1 and B2 were regression
coefficients, and X1 and X2 were the applied variables.

Preformulation studies

The powder blends of drug and excipients of all the
planned formulations were analyzed for preformula-
tion parameters by the same procedure as used by
Akhtar et al.12 Bulk densities, tapped densities, angle
of repose, Hausner’s ratios, and compressibility indices
were calculated as preformulation parameters.

Preparation of core tablets

Starch paste-based wet granulation method was used
for the preparation of core tablets. Accurately weighed
amounts of ENP, starch, lactose, and fructose as shown
in Table 2 were geometrically mixed with sigma mixer
(Erweka AR 400 Apparatebau–GMBH Germany) and
sieved through mesh no. 12 (TWP Inc., Berkeley,
California). Starch paste was used for the preparation
of wet granules, dried at room temperature and
subsequently in an oven at 45�C, and again sieved
through mesh no. 14. Resulted granules were mixed
with magnesium stearate and compressed by using a
single punch tablet machine (Minipress MII, Pharma
Test, GMBH Hainburg/Germany) under controlled
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humidity conditions (less than 60% relative humid-
ity).11

Preparation of CPOP tablets

By using HG-15D homogenizer (Daihan Scientific,
USA), cellulose acetate was homogenized at 3000 rpm
for 30 min in a mixture of DCM/methanol (1:1) having
15% PEG-400.13 The prepared coating solution was
sprayed at a spray rate of 2–4 mL/min on the
compressed ENP core tablets using a conventional
coating pan having atomizing air pressure 1 Kg/cm2

and rotated with the speed of 18 rpm. The difference of
inlet and outlet air temperature was adjusted to 100�C
and CPOP tablets were dried at 50�C keeping the
weight gain constant at 3 ± 0.5% w/w.14

Physicochemical evaluation of core and CPOP
tablets

Physicochemical evaluation of core and CPOP tablets
was performed by using the already reported proce-
dure of Dandagi et al.15 In brief, by using the British
Pharmacopeial procedure, weight variation test was
applied on core and CPOP tablets. The thickness and
diameter of core and CPOP tablets were measured
with the help of a calibrated Vernier caliper (Anyi
Instrument Co., Ltd. Guangxi, China). Hardness

Tester (Erweka, GMBH Heusenstamm, Germany)
was used to determine the hardness of all formulations
before and after coating. By using the British Pharma-
copeial procedure, friability of core tablets was carried
out in a friabilator (Pharma Test D-63512 Hainburg,
Germany) (Table 3).

In vitro ENP release studies

By using USP type II dissolution apparatus at 37 ±
0.5�C and 50 rpm, percentage release of ENP from
core A and B tablets was assessed for 30 min while
from CPOP tablets for the first 2 h in 900 mL 0.1 N
HCl solution pH 1.2 and the remaining 10 h in
phosphate buffer pH 6.8. Next, 5 mL aliquots were
withdrawn after predetermined time intervals and were
replaced with the same amount of fresh medium of pH
1.2 and 6.8. Percentage release of ENP was calculated
by using UV&Visible spectrophotometer (Perk-
inElmer, Waltham, MA, USA) and the already pre-
pared standard curve of increasing concentration of
pure ENP at 215 nm.

In vitro model-dependent kinetic approaches like
zero-order, first-order, Higuchi, Hixson Crowell, and
Korsmeyer–Peppas models (equations 2, 3, 4, 5, and 6,
respectively) were used for the confirmation of release
behavior of ENP.16

Table 1: Coded factors* for D-optimal design

Level �1 (%) 0 +1 (%)

Osmotic agent containing equal amount of lactose and fructose 50 – 60
Coating polymer, i.e., cellulose acetate 3.5 4% 4.4

*–1= [(Xmax + Xmin)/2]–[(Xmax–Xmin)/2a]

0 = [(Xmax + Xmin)/2]

+1 = [(Xmax + Xmin)/2] + [(Xmax–Xmin)/2a]

Xmax was the maximum concentration of variable

Xmin was the minimum concentration of variable

a was 1.41421

Table 2: Composition of controlled porosity osmotic pump tablets with varying concentrations of osmotic agents
and coating polymer. ENP, magnesium stearate, and average weight of core tablet were kept constant at 5.33%
(20 mg), 1%, and 375 mg, respectively. DCM/methanol (1:1) was used as a coating solvent, PEG-400 used in coating
solution was 15% of CA*

Composition Ingredients (%) CPOP1 CPOP2 CPOP3 CPOP4 CPOP5 CPOP6

Core tablet Starch 43.6 33.6 43.6 33.6 43.6 33.6
Lactose 25 30 25 30 25 30
Fructose 25 30 25 30 25 30

Coating solution Cellulose acetate 3.5 3.5 4 4 4.4 4.4

*Cores of CPOP1, CPOP3, and CPOP5 having 50% osmotic agent each were designated as core A while cores of other three
formulations having 60% osmotic agent each were designated as core B.
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Ft ¼ K0t ð2Þ

ln 1� Fð Þ ¼ �K1t ð3Þ

Ft ¼ KHt
1=2 ð4Þ

Q
1=3
0 þQ

1=3
t ¼ kd � t ð5Þ

Mt=M1 ¼ K3t
n ð6Þ

where Ft was the fraction of drug released at time t. Ko,
K1, K3, KH, and Kd were zero-order, first-order,
Peppas, Higuchi, and dissolution rate constants,
respectively. Q0 and Qt were the initial quantity of
drug and the drug quantity at time t, respectively. Mt

and M1 were the amounts of ENP released at time t
and infinity, respectively, and n was diffusion constant.

Applied in vitro model-independent kinetic ap-
proaches were AIC, f1, f2, DE, and MDT. To check
the relevance of the applied in vitro release models, the
AIC was applied.17 Equation 7 was used for the
calculation of AIC values.

AIC ¼ n� ln WSSRð Þ þ 2p ð7Þ

where n was the number of dissolution data points, p
was the number of parameters of the model,WSSR was
the weight sum of square of residues.

By using DDSolver (an add-in program of MS
Excel), f1 and f2 were applied on all formulations.
Equations used for f1 and f2 are given below (equations
8 and 9).

f1 ¼
Pn

t¼1 Rt�Ttð Þ
Pn

t¼1 Rt

� �

� 100 ð8Þ

f2 ¼ 50� log 1þ 1

n

X
Ri � Tið Þ2

� ��0:5

�100

( )

ð9Þ

where Ri and Ti were the % ENP release of reference
and test products and n was the number of dissolution
data points.18

DE and MDT values were calculated by the previ-
ously reported method of Simionato et al. while
comparing dissolution profiles of nine meloxicam
tablet brands.19 In brief, DE was calculated as the
percentage ratio of the area under the dissolution
curve up to time t (AUC0

t) to that of the area of the
rectangle described by 100% dissolution at the same
time point (Q100.t), while mean dissolution time was
determined from the accumulative curves of the
dissolved active pharmaceutical ingredient as a func-
tion of time.

Dissolution Efficiencyð%Þ ¼ AUCt
0

Q100:t
� 100 ð10Þ

Mean Dissolution Time ¼ R ti:DQi½ �
Q1

ð11Þ

where ti was an intermediate time of the intervals of
sampling time, DQi was the amount of active pharma-
ceutical ingredient dissolved in every interval of time t
and Q¥ was the maximum of active pharmaceutical
ingredient dissolved.

Table 3: Micromeritic and physicochemical properties of core and CPOP tablets

Micromeritic properties of powder blends of core formulations

Core Bulk density (g/
cm3)

Tapped density (g/
cm3)

Angle of repose
(h)

Hausner’s ratio Compressibility index
(%)

Core A 0.37 ± 0.006 0.42 ± 0.006 25.92 ± 0.069 1.13 ± 0.04 11.9 ± 0.87
Core B 0.34 ± 0.006 0.39 ± 0.005 25.45 ± 0.102 1.14 ± 0.05 12.8 ± 0.76
Physicochemical properties of core tablets
Core Av. wt. (mg) Thickness (mm) Hardness (Kg/

cm2)
Friability (%) Dissolution (%)

Core A 378.4 ± 0.004 5.00 ± 0.021 6.25 ± 0.59 0.05 ± 0.02 88.65 ± 1.85
Core B 365.4 ± 0.006 5.00 ± 0.015 6.3 ± 0.40 0.06 ± 0.03 94.07 ± 1.36
Physical properties of CPOP tablets
CPOP

tablets
Av. wt. (mg) Thickness (mm) Diameter (mm) Hardness (Kg/

cm2)
Friability (%)

CPOP1 386.2 ± 0.006 5.4 ± 0.002 10 ± 0.003 6.2 ± 0.402 0.13 ± 0.02
CPOP2 376.7 ± 0.041 5.35 ± 0.007 10 ± 0.063 6.3 ± 0.005 0.11 ± 0.04
CPOP3 389.1 ± 0.003 5.4 ± 0.012 10 ± 0.016 6.2 ± 0.002 0.12 ± 0.03
CPOP4 377.8 ± 0.120 5.35 ± 0.421 10 ± 0.140 6.32 ± 0.006 0.15 ± 0.04
CPOP5 387.7 ± 0.009 5.4 ± 0.170 10 ± 0.004 6.25 ± 0.001 0.14 ± 0.02
CPOP6 379.6 ± 0.001 5.35 ± 0.031 10 ± 0.006 6.3 ± 0.019 0.12 ± 0.03

The values are expressed in mean ± SD (n=3)
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Effects of osmotic agent and cellulose acetate
concentrations

Effect of osmotic agent (lactose and fructose) concen-
tration was observed as reported by Choudhury, Gale,
and Guthman in their studies.20-22 Briefly, %ENP
release was observed as a function of osmotic agent
concentration in such a way that CPOP1, CPOP3,
CPOP5 contained 50% osmotic agent each while
CPOP2, CPOP4, and CPOP6 contained 60% osmotic
agent each. Effect of cellulose acetate concentration on
%ENP release was observed as reported by Zentner
and Appel in their studies of controlled porosity
osmotic pumps.23,24. In short, three coating solutions
having different concentrations of cellulose acetate
(3.5, 4, and 4.4%) were used and their effects on the %
ENP release were observed.

Effects of pH and agitational intensity

ENP release of the optimized formulation was studied
in different dissolution media, i.e., water, 0.1 N HCl
buffer, and phosphate buffer pH 6.8. Akhtar et al. also
observed the effect of pH while studying controlled
porosity osmotic pump tablets of Captopril.25 The
effect of agitational intensity on %ENP release was
observed by using the already reported method of
Ahmad et al. for preparing CPOP tablets of Eperisone
HCl.26 Briefly, dissolution of the optimized formula-
tion was performed at different agitational intensities,
i.e., 50, 100, and 150 rpm.

FTIR analysis and stability study

FTIR analysis of ENP, core, and CPOP tablets was
done by using an FTIR spectrophotometer (Platinum-
ATR, ALPHA, Bruker). Core and CPOP tablets were
crushed into fine powder forms by mortar and pestle
for FTIR analysis. An average of twenty-five scans was
used to understand the characteristic peaks. For
stability study, the optimized CPOP formulation of
ENP was stored in an ICH-certified stability chamber
maintained at 40�C and 75% RH for six months. The
samples were withdrawn at different time intervals and
evaluated for their appearance, weight variation,
thickness, diameter, hardness, friability, and for
in vitro ENP release.

Results and discussion

Preformulation properties of powder blends

All the micromeritic properties of powder blends of
both the core formulations, i.e., core A and core B
were found to be within acceptable limits as mentioned
in Table 3. Habib et al. measured these properties

while evaluating CPOP tablets of trimetazidine dihy-
drochloride and found similar results.27 Both core
tablets A and B powder blends showed good flow
properties as the values of angle of repose were less
than 30�. In short, as per citation of Ma and Hadzija,
values of angle of repose, Hausner’s ratio, and com-
pressibility index indicated good flowability and com-
pressibility of powders.28

Physical properties of core and CPOP tablets

Both core and CPOP tablets were round, biconvex in
shape, and white in color. Core A and B showed
thickness and diameter of 5 mm and 10 mm, respec-
tively, while the thickness of all CPOP formulations
ranged from 5.35 ± 0.07 to 5.4 ± 0.17 mm and the
diameter of CPOP formulations was 10 mm. The
average weight of core A, core B, and CPOP formu-
lations was in the range given in USP. The hardness of
core A and B was 6.25 ± 0.59 and 6.3 ± 0.40 Kg/cm2,
respectively, while the hardness of all CPOP formula-
tions was 6.2 ± 0.02 to 6.32 ± 0.06 Kg/cm2. All core
formulations showed friability less than 1% which
indicated good strength of all formulations to with-
stand any external force for breakage (Table 4).
Karmakar et al. performed an in vitro evaluation of
quality control parameters while comparing paraceta-
mol and paracetamol/caffeine tablets and found similar
results.29

D-optimal design responses

The interaction between factors and responses was
studied and quadratic equations were solved (equa-
tions 13 and 14). The positive sign showed optimization
while the negative sign showed an antagonistic effect of
factors on the responses.

Y Hardnessð Þ ¼ 6:26þ 0:045X1 � 0:013X2

� 0:000585X1X2 ð13Þ

X1 (lactose and fructose) showed a positive effect while
X2 (cellulose acetate) showed a negative effect.
Interaction of X1 and X2 also showed a negative
effect on the hardness of formulations.

Y Weight variationð Þ ¼ 382:89� 4:82X1 � 1:06X2

þ 5:10X1X2 ð14Þ

X1 (lactose and fructose) and X2 (cellulose acetate)
showed negative effects while the interaction of X1 and
X2 showed a positive effect on weight variation of
formulations.
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In vitro ENP release studies

The target in vitro release time was 12 h. Firstly, core
tablets were prepared. In the drug release study, core
tablets released enalapril in 30 min (Fig. 1). ENP
release from core B (94.07 ± 1.36%) was more than
that of core A (88.65 ± 1.85%) possibly due to more
osmotic agents in core B (60%) as compared to core A
(50%). Choudhury, Gale, and Guthman described the
effects of osmotic agents in their studies and observed
that drug release was directly proportional to the
content of osmotic agents.20-22 By the formulation of
CPOP tablets, release of enalapril was retarded up to
12 h (Fig. 2). The optimized formulation (CPOP2
formulation) was selected on the basis of better
physicochemical properties, better release pattern of
enalapril up to 12 h, and better stability profile. Akhtar
et al. selected an optimized formulation based on
better release pattern of drug while evaluating con-
trolled porosity osmotic pump tablets of captopril.25

Adnan et al. selected an optimized formulation based
on better drug release retarding characteristics while
developing isosorbide mononitrate sustained release
matrix tablets.30 CPOP5 formulation having 4.4%
cellulose acetate and 50% osmotic agent showed the
least ENP release, i.e., 76.68 ± 1.22% while CPOP2
formulation having 3.5% cellulose acetate and 60%
osmotic agent showed the maximum ENP release, i.e.,
89.53 ± 1.05% (Fig. 2). Assumingly, because cellulose
acetate decreases drug release by forming compact
SPM and osmotic agents increase drug release due to
their osmotic pressure gradient increasing property.
Sakore et al. also prepared and evaluated ENP
sustained release matrix tablets and found similar
results.31 When comparing data sets, the model asso-
ciated with the highest r2 values and the smallest AIC
values was considered the best fit. r2 values of CPOP
formulations for zero order were in the range of 0.993–
0.998, for first order the values were in the range of
0.953–0.967, for Higuchi model the values were in the

Table 4: Statistics obtained from in vitro model-dependent kinetic approaches of controlled porosity osmotic pump
tablets

Model Statistics CPOP1 CPOP2 CPOP3 CPOP4 CPOP5 CPOP6

Zero order r2 0.993 0.993 0.996 0.998 0.996 0.998
k 6.978 7.026 7.160 7.629 7.634 7.770
AIC 49.18 48.57 43.43 36.77 42.91 36.61

First order r2 0.967 0.965 0.959 0.962 0.965 0.953
k 0.107 0.109 0.111 0.125 0.125 0.128
AIC 65.67 66.32 68.77 68.14 67.16 71.30

Higuchi r2 0.862 0.865 0.863 0.891 0.893 0.884
k 19.905 20.056 20.424 21.864 21.889 22.239
AIC 82.88 82.49 83.10 80.75 80.49 82.18

Korsmeyer–Peppas r2 0.984 0.983 0.988 0.975 0.971 0.980
k 9.074 9.260 9.204 11.231 11.461 11.007
n 0.880 0.874 0.885 0.823 0.814 0.840
AIC 57.21 57.66 54.40 62.93 64.90 60.83

Hixson Crowell r2 0.987 0.986 0.982 0.985 0.986 0.980
k 0.031 0.032 0.032 0.036 0.036 0.036
AIC 54.49 55.73 58.77 57.20 55.82 61.33

Bold significants are basically the accepatance criteria of the Model selection in case of in vitro release kinetic studies
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Fig. 1: %ENP released from cores A and B
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Fig. 2: %ENP released from controlled porosity osmotic
pump tablets
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range of 0.862–0.893, for Korsmeyer–Peppas the values
were in the range of 0.971–0.988, and values for
Hixson–Crowel were in the range of 0.980–0.987.
AIC was a measure of the best fit based on maximum
probability. AIC values of CPOP formulations for zero
order were in the range of 36.61–49.18, for first order,
the values were in the range of 65.67–71.30, for Higuchi
model the values were in the range of 80.49–83.10, for
Korsmeyer–Peppas the values were in the range of
54.40–64.90 and values for Hixson–Crowel were in the
range of 54.49–61.33. In zero-order model, r2 values
were closer to 1 and AIC values were the least as
compared to other models, hence all formulations
followed zero-order release kinetics model. The values
of exponent ’n’ of drug release of CPOP formulations
were above 0.45 hence all formulations followed non-
Fickian diffusion (Table 4). The dominance of zero-
order release behavior was also observed by Philip
et al. while preparing asymmetric membrane capsules
for achieving delayed and osmotic flow of cefadroxil.32

Due to the absence of reference product with same
release pattern, the release profiles of the prepared
formulations were compared by calculating the differ-
ence factor (f1) and similarity factor (f2). Results of
difference factor (f1) and similarity factor (f2) of CPOP
formulations are shown in Table 5. The similarity in
dissolution profile was observed among all six CPOP
formulations. f1 values ranged from 1.28 ± 0.06 to 12.64
± 0.41% and f2 values ranged from 59.75 ± 0.24 to
94.03 ± 1.36%. As per citations of Stevens et al. and
Liu et al. the parameter f1 values in the range from 0 to
15, and f2 values in the range from 50 to 100, are used
to define the equivalence of two dissolution profiles.33,
34 CPOP2 (optimized formulation) was 93.22 ± 1.28%
similar to CPOP1, 88.20 ± 1.59% similar to CPOP3,
65.69 ± 0.56% similar to CPOP4, 65.46 ± 0.48%
similar to CPOP5 and 61.60 ± 0.39% similar to

CPOP6. Asif et al. selected an optimized formulation
based on the maximum similarity values while formu-
lating febuxostat tablets by direct compression meth-
od.35 DE values of CPOP formulations ranged from
51.49 ± 0.23 to 53.52 ± 0.52% and MDT values ranged
from 5.27 ± 0.05 to 5.59 ± 0.23 h. As the CPOP
formulations were similar in composition, their DE and
MDT results were closely related (Fig. 3).

Effects of osmotic agent and cellulose acetate
concentrations on %ENP release

The effect of osmotic agent concentration is shown in
Fig. 2. ENP release from CPOP2, CPOP4, and CPOP6
with a greater concentration of osmotic agent (60%
osmotic agent) was more than that of other formula-
tions indicating that the ENP release was directly
proportional to the concentration of osmotic agents
(lactose and fructose). CPOP2 formulation having the
lowest cellulose acetate concentration and the highest
osmotic agent concentration showed the highest ENP
release while CPOP5 formulation having the highest
cellulose acetate concentration and the lowest osmotic
agent concentration showed the lowest ENP release.
This might be because cellulose acetate decreases drug
release by forming compact SPM while osmotic agents
increase drug release due to their osmotic pressure
gradient increasing property. This is also described by
Zentner and Appel in their studies of controlled
porosity osmotic pumps (Fig. 3). 23,24

Effects of pH and agitational intensity on %ENP
release through CPOP tablets

The results of ENP release at different pH values are
shown in Fig. 4. There was no evident change in the
dissolution profile of CPOP2 (optimized formulation)
at three different pH values which proved that change
in pH did not affect the ENP release from CPOP
tablets. Kanagale et al. observed the effect of pH while
formulating and optimizing the osmotic pump-based
controlled release system of oxybutynin and found that
pH did not affect the drug release from the osmotic
system.36 There was no noticeable effect of agitational
intensity on ENP release through CPOP tablet as can
be seen in Fig. 5. Similar behavior was reported by
Ahmad et al. while evaluating CPOP tablets of
Eperisone HCl.26

FTIR analysis and stability study

FTIR spectrum of ENP showed peaks at 666.55 cm�1

due to C=C bending in alkene, at 872.87 cm�1 due to
strong C–H bending, and at 1644.36 cm�1 due to C=O
in amides.37 In the FTIR spectrum of core tablet, peaks
at 778.31; 899.91; 988.41, and 1092.49 cm�1 belonged to
lactose and were due to strong C–H bending; strong

Table 5: Values of difference factor (f1) and similarity
factor (f2) for CPOP tablets

Formulations f1 values (%) f2 values (%)

CPOP1 & CPOP2 1.39 ± 0.13 93.22 ± 1.28
CPOP1 & CPOP3 2.84 ± 0.26 82.56 ± 0.87
CPOP1 & CPOP4 10.90 ± 0.34 63.42 ± 1.12
CPOP1 & CPOP5 11.06 ± 0.27 63.40 ± 0.79
CPOP1 & CPOP6 12.64 ± 0.41 59.75 ± 0.24
CPOP2 & CPOP3 2.16 ± 0.62 88.20 ± 1.59
CPOP2 & CPOP4‘ 9.83 ± 0.88 65.69 ± 0.56
CPOP2 & CPOP5 9.99 ± 0.47 65.46 ± 0.48
CPOP2 & CPOP6 11.55 ± 0.75 61.60 ± 0.39
CPOP3 & CPOP4 7.84 ± 0.31 70.16 ± 0.51
CPOP3 & CPOP5 7.99 ± 0.26 69.59 ± 0.47
CPOP3 & CPOP6 9.53 ± 0.44 65.60 ± 0.35
CPOP4 & CPOP5 1.28 ± 0.06 94.03 ± 1.36
CPOP4 & CPOP6 1.66 ± 0.29 90.03 ± 1.47
CPOP5 & CPOP6 2.37 ± 0.56 85.70 ± 1.19

The values are expressed in mean ± SD (n = 3)
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C=C bending in alkene and strong C–O stretching in
ether, respectively. Peaks at 977.34, 1052.60, 1142.55,
and 1336.88 cm�1 were due to strong C=C bending in
alkene, strong C–O stretching in primary alcohol,
strong C–O stretching in tertiary alcohol and O–H

bending in alcohol, respectively, and these peaks
belonged to fructose. Peaks at 667.58 cm�1 and
701.22 cm�1 were due to C=C bending in alkene, at
874.30 cm�1 and 3329.84 cm�1 were due to strong C-H
bending and N–H stretching in aliphatic primary
amine, respectively, and they all belonged to the drug
ENP. Peaks at 751.69 cm�1 and 1072.06 cm�1 were due
to strong C–H bending and strong C–O bending in
primary alcohol, respectively, belonging to starch.
Peaks at 1230.61, 1072.48, 776.97, and 668.10 cm�1 in
a CPOP formulation were due to the bending and
stretching of different functional groups.38-40 The FTIR
spectra of the formulations were compared with the
FTIR spectrum of the pure drug. The results indicated
that the characteristic absorption peaks of pure ENP
also appeared in the formulated tablets, without any
significant change in their position after successful
formulation, indicating the absence of any chemical
interaction between ENP and other ingredients of core
and CPOP formulations (Fig. 6).

The optimized formulation (CPOP2) was found
stable in terms of appearance, weight variation, thick-
ness, diameter, hardness, friability, and in vitro release
profile as shown in Table 6. The in vitro release profile
of ENP initially and after 4 months of stability study
was almost the same and there was not much differ-
ence observed. But after six months of stability, the
release of ENP declined from 89.13 ± 1.05 to 86.56 ±
1.28%.

Conclusions

Controlled porosity osmotic pump tablets of ENP were
successfully prepared and evaluated. Six formulations
with varying concentrations of lactose, fructose, and
cellulose acetate were designed with the help of a D-
optimal response surface design. Core tablets were
prepared by wet granulation method while CPOP
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0 5 10 15
0

20

40

60

80

100

Time (h)

Water

0.1 N HCl buffer

Phosphate buffer (pH 6.8)

%
EN

P 
re

le
as

ed

Fig. 4: Effect of pH on %ENP release from CPOP2 tablets
(the optimized formulation)

0 5 10 15
0

20

40

60

80

100

Time (h)

50 rpm

100 rpm

150 rpm%
EN

P 
re

le
as

ed

Fig. 5: Effect of agitational intensities on %ENP release
from CPOP2 tablets (the optimized formulation)

504

J. Coat. Technol. Res., 19 (2) 497–507, 2022



tablets were prepared by spray coating on the core
tablets. The average weight of all CPOP formulations
ranged from 376.7 ± 0.4 to 389.1 ± 0.3 mg. The
hardness of CPOP formulations was observed to be 6.2
± 0.02 to 6.32 ± 0.06 Kg/cm2. The in vitro dissolution
test was performed and CPOP6 formulation showed
the maximum drug release, i.e., 89.53 ± 1.05% after 12
h. Based on the smallest AIC and the greatest r2

values, all formulations followed zero-order release
kinetic model. f1 values of CPOP formulations ranged
from 1.28 ± 0.06 to 12.64 ± 0.41% and f2 values ranged
from 59.75 ± 0.24 to 94.03 ± 1.36% which showed
similarity between all six formulations. DE values of
CPOP formulations ranged from 51.49 ± 0.23 to 53.52
± 0.52% and MDT values ranged from 5.27 ± 0.05 to
5.59 ± 0.23h which were closely related due to the
similar composition of the formulations. The formula-
tions showed pH-independent behavior in pH-respon-
sive study. No change in ENP release was observed
while evaluating the effect of agitational intensity. The
ENP release from CPOP formulations was directly
proportional to the concentrations of lactose, fructose,
and cellulose acetate. In FTIR analysis, no incompat-
ibility was found. The optimized formulation (CPOP2)

was found stable in the accelerated stability study of six
months. Hence, CPOP tablets of ENP can be consid-
ered as an effective substitute for immediate-release
tablets to control hypertension in chronic conditions.
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