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Abstract:

controlled release formulations have been developed based on their significant advantages over conventional immediate
release dosage forms, such as the decrease of dosing frequency, the increase of patient compliance, better dosing patterns,
the reduction of side effects, or the maintenance of the drug concentration within a desired range, i.e., an overall improved
therapeutic benefit. However, oral controlled release formulations are exposed to changing environment during transit
through the Gl-tract which may affect their performances e.g. physiological factors such as patient age or food-intake.
Reported as releasing drug independently of these factors, oral osmotically-driven systems (OODS) have taken an integral
place in the pharmaceutical field. The dissolution profile of orally delivered drugs can be controlled through the use of
osmotically controlled drug delivery devices. The most commonly used device is the osmotic tablet/Capsule, which is
essentially a tablet/Capsule core that is coated with a rate-limiting semipermiable membrane. Using osmotic pressure as
driving force, various OCODDS design and compositions have been developed. Numerous products are launched based on
these systems. In present investigation attempts are taken to formulate, optimize and develop an economic osmotically
controlled Capsule containing drugs belonging to non steroidal anti-inflammatory category to release the drug in controlled
manner. Such formulations are most beneficial for the patients shifted on long term pain management therapy(e.g. in
arthritis) in view to reduce the associated side effects of these drugs.

Keywords: osmotic; elementary osmotic capsule; controlled release capsule; etc

Introduction: osmotic pressure in a dilute solution is equal to the pressure that the
solute would exert if it were a gas occupying the same volume. Osmotic

Osmosis” can be defined as the spontaneous movement of a solvent  graqqre 3 colligative property, depends on the concentration of solute

from a solution of lower solute concentration to a solution of higher
solute concentration through an ideal semipermeable membrane, which
is permeable only to the solvent but impermeable to the solute. The
pressure applied to the higher-concentration side to inhibit solvent flow
is called the osmotic pressure.

In 1748, Abbe Nollet first reported the osmotic process. In 1877, Pfeffer
separated a sugar solution from water using a sugar-impermeable
membrane and quantified the water transport. In1884, Hugo de Vries
invoked osmotic concepts to understand the contraction of the contents
of plant cells placed in solutions of high osmotic pressure, where the cell
membrane acts as a semipermeable membrane. The osmotic pressure
difference between inside and outside environments causes osmotic
water loss and results in plasmolysis. In 1886, Van’t Hoff identified an
underlying proportionality between osmotic pressure, concentration, and
temperature in Pfeffer’s experiment. Later, he revealed a relationship
between osmotic pressure and solute concentration and temperature that
was similar to the ideal gas equation, where pressure is proportional to
concentration and temperature. According to Van’t Hoff ’s equation, the

(neutral molecule or ionic species) that contributes to the osmotic
pressure. Solutions of different concentrations having the same solute
and solvent system exhibit an osmotic pressure proportional to their
concentrations. Thus a constant osmotic pressure, and thereby a constant
influx of water, can be achieved by an osmotic delivery system that
results in a constant release rate of drug. Therefore, zero-order release,
which is important for a controlled release delivery system when
indicated, is possible to achieve using these platforms. In 1974,
Theeuwes and Higuchi applied the principle of osmotic pressure to a
new generation of controlled drug delivery devices with many
advantages over other existing controlled drug delivery systems. The
first of these devices, the elementary osmotic pump, is considered a
typical delivery system that operates on osmotic principles [6].

Advantages Of Osmotically Controlled Oral Drug Delivery System
[7-8]

e They typically give a zero order release profile after an initial
lag time.
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e  Deliveries may be delayed or pulsed if desired.

e Drug release is independent of gastric pH and hydrodynamic
condition.

e Increase safety margin of high potency drug due to better
control of plasma level.

e  Maximum utilization of drug enabling reduction in amount of
dose administration.

e  The release mechanisms are not dependent on drug.
e A high degree of in-vitro and in vivo correlation.

e Improved patient compliance due to less frequent drug
administration

e  The rationale for this approach that the presence of water in
g.i.t. is relatively constant, At least in terms of the amount
required for activation and controlling osmotically base
technologies.

Limitations of preparation: [9-10]

The preparation of controlled-release dosage forms is subject to several
variables of considerable importance. The oral administration route
remains the most popular, in spite of a number of problems. This include

The potential for chemical degradation under various pH conditions in
the gastrointestinal tract.

e  The influence of gastric emptying and its dependence on food.

e If the coating process is not well controlled there is a risk of film
defects, which results in dose dumping.

e  Size of hole is critical and expensive as compare to conventional
tablets.

Avrthritis [16]

(from Greek arthro-, joint + -itis, inflammation; plural: arthritides) is a
form of joint disorder that involves inflammation of one or more joints.
There are over 100 different forms of arthritis. The most common form,
osteoarthritis (degenerative joint disease), is a result of trauma to the
joint, infection of the joint, or age. Other arthritis forms are rheumatoid
arthritis, psoriatic arthritis, and related autoimmune diseases. Septic
arthritis is caused by joint infection. The major complaint by individuals
who have arthritis is joint pain. Pain is often a constant and may be
localized to the joint affected. The pain from arthritis is due to
inflammation that occurs around the joint, damage to the joint from
disease, daily wear and tear of joint, muscle strains caused by forceful
movements against stiff painful joints and fatigue.
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Classification

There are several diseases where joint pain is primary, and is considered
the main feature. Generally when a Arthritis person has "arthritis" it
means that they have one of these diseases, which include:

a) Osteoarthritis

b) Rheumatoid arthritis

c) Gout and pseudo-gout

d) Septic arthritis

e) Ankylosing spondylitis

f)  Juvenile idiopathic arthritis
g) Still's disease

Joint pain can also be a symptom of other diseases. In this case, the
arthritis is considered to be secondary to the main disease; these include:
Psoriasis  (Psoriatic arthritis), Reactive arthritis, Ehlers-Danlos
Syndrome, Haemochromatosis, Hepatitis

Signs and symptoms

Regardless of the type of arthritis, the common symptoms for all
arthritis disorders include varied levels of pain, swelling, joint stiffness,
and sometimes a constant ache around the joint(s). Arthritic disorders
like lupus and rheumatoid can also affect other organs in the body with a
variety of symptoms. Inability to use the hand or walk Malaise and a
feeling of tiredness Weight loss Poor sleep Muscle aches and pains
Tenderness Difficulty moving the joint It is common in advanced
arthritis for significant secondary changes to occur. For example, in
someone who has limited their physical activity: Muscle weakness, Loss
of flexibility, Decreased aerobic fitness

Material & Methods:

Etodolac: A.R. Lifesciences, Hyderabad, Telangana, Sodium Chloride,
Potassium Chloride, Sodium bicarbonate, Cellulose acetate (D.S. 39.8),
Microcrystalline Cellulose, acetone, iso propyl alcohol, castor oil,
Polyethelene glycol 400: supplied by Vishal Chem, Thane.

Experimantal:
Formulation Of Core Capsule

The core Capsule was prepared by manual method. The different
batches prepared and their composition formulae are mentioned in the
table 1.

Table 1: Designed composition details of different Etodolac EOP Capsule batches.

Sr. INGREDIENTS BATCH CODE

No. | (Mg/Capsule) o1 02 03

04 05 06 07 08 09 10
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01  Etodolac 300 | 300 [300 |300 |300 |300 |300 |300 |300 | 300
02 MCC 88 |88 |88 |88 |58 |48 |38 |58 |48 |23
03  Nacl | == [ == 13 [40 |50 |- [-— |40
04 Kl e | [ [ e [ = 30 40 |-
05 NaHCO3 SUURR UV R U U U U U — 25
06  SLS 12 |12 |12 |12 |12 |12 |12 |12 [12 |12
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MCC-Microcrystalline cellulose, Nacl-Sodium chloride, Kcl-Potassium chloride, NaHCo03-Sodium bicarbonate, SLS-Sodium lauryl sulphate.

Preformulation Study of Powder Blend

Preformulation studies are the first step in the development of dosage
form of a drug substance. Preformulation investigations are designed to
identify those physicochemical properties and excipient that may
influence the formulation design, method of manufacture, and
pharmacokinetic-biopharmaceutical properties of the resulting product.
Followings are the test performed for the preformulation study.

1) Identification of drug by UV

2) Drug-Excipients interaction study
3) Bulk density

4) Tapped density

5) Flow property (Angle of Repose)

6) Carr’s index & Hausner’s ratio
Preapration of Elementry Osmatic Pump Capsule
Formulation of core Capsule

Accurately weighed quantities of ingredients mentioned in table 1 were
passed through sieve No. 85 (aperture size 180 micron, British
standard). The entire ingredients, were manually blended
homogeneously in a mortar by way of geometric dilution. The
homogeneous blend was then filled manually in Hard Gelatine Capsules
(400 mg).

Coating of core Capsule:

Table 2: Formula used for coating purpose

2% wiv

Sr.

No. COATING FORMULATION
01. Cellulose acetate

02. Castor oil or

Polyethyleneglycol(400)

20% of total solid
polymer
10%v/v

03. Isopropyl alcohol

10% viv

04. Acetone

g.s.to 100% v/v

The coating operation was performed on 40-Capsule batch in a
conventional laboratory model of stainless steel, 20 cm diameter pear
shaped, baffled coating pan. Baffled were three in number to allow free
tumbling of Capsules. The pan speed was 30 rpm and the coating
solution was sprayed on tumbling bed of Capsule with the help of spray
gun manually. The inlet air temperature was 30 and the manually
coating procedure used was intermittent spraying and drying technique.
The coat weight and thus was coating thickness was controlled by the
volume of coating solution consumed in the coating process. Coated
capsule were allowed to dry completely. An appropriate orifice was
drilled on one face of the capsule through the membrane by mechanical
micro drill.

Evolution of Uncoated Capsule
Weight Variation

Twenty Capsules were randomly selected from each batch and
individually weigh. The average weight and standard deviation of 20
capsules was calculated. The batch passes the test for weight variation.

If not more than 2 of the individual Capsule weight deviates from the
average weight. Weight variation of uncoated capsule was performed by
taking random sample of 20 capsules. All the capsules were individually
weigh to calculate average weight and to verify the weight of the same.

Evaluation 0f Coated Capsule
Uniformity of Coating

The uniformity of coating among the tablet was estimated by
determining the weight, thickness, and diameter of tablet before and
after coating using 20 individual tablets, and the corresponding average
values, standard deviation (SD) and coefficient of variation (CV) were
calculated.

Coat weight and Thickness

The coat weight and thickness were determined (n=20) using a standard
analytical balance and screw gauge, respectively, and their
corresponding S.D. values were calculated.
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Orifice Diameter

The average orifice diameter of the coated capsule was determined
microscopically (n=20) using a recalibrated ocular microscope.

In-vitro release

In vitro releases of Etodolac from various OPCs were investigated using
the standard USP dissolution apparatus Il at 100rpm. One capsule was
placed in 900mL of dissolution media equilibrated to 37 + 0.1 °C. Then
5mL sample were withdrawn, from the point halfway between the
surface of the dissolution medium and the top of the paddle, with pipette
at different time interval, replacing with an equal volume of pre-warmed
(37+0.1°C.) fresh dissolution medium and analyzed
spectrophotometerically at 254nm after suitable dilution. Each study was
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static conditions, samples at different times were taken after uniform
mixing of the medium to preclude any possible sampling error.

Effect of pH of the Dissolution medium on Release rate

Release rates of Etodolac from OPTSs in saline phosphate buffer of pH
7.4 and in 0.1 N HCI of pH 1.2 were compared using USP dissolution
apparatus at 100rpm, similarly as described above.

Kinetic Model Fitting Study
Kinetics release studies

For determination of drug release kinetics from osmotic capsule , in-
vitro release data were analyzed by zero order , first order, Higuchi, and
Korsmeyer and Peppas model

done in triplicate and the mean values are reported. . L
Drilling of Orifice in Eop Capsule
Drug Release as a Function of Agitation Intensity o ) . . .
The drilling of different sizes of orifice was done by with the help of

To study the effect of agitation intensity, drug release studies were  mechanical microdrill as shown in figure 1 & 2.

performed at a relatively high (100 rpm) and low (50 rpm) agitation
intensity and at static condition using the USP dissolution apparatus in
saline phosphate buffer pH-7.4, similarity as described above. Under

Figure 2: Drilling of orifice in EOP Capsule with mechanical microdrill

Result & discussion:
Preformulation Studies of Powder Blend
The Preformulation study was carried out. The result obtain is presented in table 3.

Table 3: Precompression parameter of powder blend of Etodolac, (Mean, (SD), (n=3))

Batch  Angle of | Tapped Bulk Carr’s Hausner’s

Code  Repose(0) Density(g/cc) Density(g/cc) Index(%0) Ratio

1a 36.28+ 0.44+ 0.36+ 19.61+ 1.21+
(1.07) (0.07) (0.007) (0.91) (0.09)

2a 37.49% 0.45+ 0.38+ 16.18+ 1.17+
(1.06) (0.013) (0.011) (0.93) (0.08)

3a 39.63% 0.47% 0.39+ 18.37+ 1.20+
(1.13) (0.013) (0.013) (1.05) (0.07)

4a 35.40+ 0.48+ 0.40+ 18.04+ 1.21+
(1.12) (0.017) (0.012) (1.11) (0.06)




J. Clinical Endocrinology and Metabolism Page 5 of 13
5a 38.75% 0.43+ 0.34+ 18.55+ 1.23+
(1.17) (0.009) (0.012) (1.15) (0.018)
6a 39.31+ 0.49+ 0.40% 19.77+ 1.22+
(1.13) (0.015) (0.013) (1.07) (0.014)
7a 38.81+ 0.43+ 0.36+ 17.63+ 1.21+
(1.12) (0.017) (0.017) (1.11) (0.011)
8a 36.47+ 0.48+ 0.40+ 18.05+ 1.21+
(1.09) (0.013) (0.07) (1.13) (0.004)
9%a 36.57+ 0.47x 0.39+ 18.37% 1.22+
(1.25) (0.019) (0.013) (1.02) (0.08)
10a 37.25% 0.51+ 0.36+ 17.63+ 1.43+
(1.17) (0.014) (0.014) (1.17) (0.06)

Evaluation of Core Capsule
Weight Variation

The weight variation test was carried out and the mean average weights of the batches found are given in the table 4. As the Indian pharmacopoeia
limit prescribed is of + 7.5 % of the average weights, all the batches are well within the limit, hence all the batches pass the weight variation test.

Table 4: Evaluation details of uncoated core capsule of Etodolac, (Mean, (SD), (n=20))

Sr | Name of | Batch Code
No | test
la 2a 3a 4a 5a 6a 7a 8a 9a 10a
01 | Avg. wt. of | 397+ 398+ 400+ 402+ 399+ 400+ 396+ 401+ 400+ 398+
uncoated (2.91) | (2.01) | (2.37) | (1.81) | (2.10) | (2.01) | (1.83) | (2.20) | (2.17) | (1.92)
Capsule
(mg)
02 | Thickness 413+ | 4.03+ | 415+ | 397+ | 403+ | 3.89+ | 4.17+ | 4.18+ | 4.05+ | 4.13+%
in(mm) (0.095 | (0.071 | (0.083 | (0.091 | (0.085 | (0.081 | (0.091 | (0.093 | (0.081 | (0.083
) ) ) ) ) ) ) ) ) )
03 | Diameter 10.12+ | 10.16% | 10.12+ | 10.10+ | 10.14+ | 10.11+ | 10.18+ | 10.15+ | 10.14+ | 10.12+
in(mm) (0.073 | (0.074 | (0.081 | (0.085 | (0.061 | (0.075 | (0.081 | (0.076 | (0.081 | (0.083
) ) ) ) ) ) ) ) ) )

In-Vitro Release Study Of Coated Capsule Batches soluble (polyethylene glycol-400)) and water insoluble (castor oil) type

. . L was used.
The aim of present study is to develop, evaluate and do the in-vitro

characterization of osmotic pump capsule of Etodolac. The core capsule
was fabricated by using microcrystalline cellulose as a diluent. Different

The core capsule were coated by using dilute polymer solution as it has
advantage of resulting in more uniform coating and less sticking during

batches of osmotic pump capsule were fabricated by using different type
and concentration of osmogen. The batches with different membrane
thickness, delivery orifice size, and plasticizer were developed to
evaluate their effect. The Elementary osmotic pump developed was also
evaluated and tested for its proven character of unaffected release of
agitation intensity, pH of dissolution fluid.

The core capsule developed was coated with cellulose acetate polymer
because of its high water vapor transmission rate and mechanical
strength than other polymer. Two different category polymer of water

coating operation. A plasticizer was included in the coating formulation
in order to improve the stability of the film by increasing the flexibility
of the membrane.

The plasticizer improve the membrane forming properties of polymer by
improving its physical properties such as flexibility, hardness, tensile
strength, and elasticity. The membrane characteristics and specifications
of various elementary osmotic capsule designed shown in table 5 and 6
respectively.

Table 5: Membrane characteristic of various EOP Etodolac capsule designed, (Mean, (SD), (n=20))

Sr. Parameter | Batch Code
no.
la 2a 3a 4a 5a 6a Ta 8a 9a 10a
o1 Coat
Nature SP SP SP MP SP SP SP MP SP SP
Coat
02 weight 4.4+ 4.6+ 45+ 6.4+ 4.6 6.9+ 8+ 6.4+ 4.6% 4.5+
(mg) (0.21) | (0.25) (0.13) | (0.21) | (0.23) (0.5) (0.17) (0.27) | (0.24) (0.12)
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Coat

03 (T':I'f)k”ess 40+ | 40+ |40+ |75+ |40+ |50+ |60+ | 75: |40+ | 40s
n 112) | @56) | (203) | (151) | (1L14) | @7) | @52 | (@51) | (1.27) | (121
Orifice

04 Diameter | |03+ |05+ | |03: |03+ |03+ | 03+ |03+
(mm) (0.013) | (0.05) (0.011) | (0.027) | (0.014) (0.012) | (0.019)

MP- Microporous cellulose acetate coat with propylene glycol plasticizer,
ICalculated from geometry of the capsule, SP- semipermeable membrane with castor oil as plasticizer

Table 6: Specification for different batches of EOP Etodolac Capsule designed (Mean, (SD), (n=20))

Sr | Para- Batch Code
no | meter

la 2a 3a da 5a 6a 7a 8a 9a 10a

01 | EOPs | 397+ | 401x | 404+ | 405+ | 400+ | 403+ | 400+ | 397+ | 401+ | 400+
Weight | (2.321) | 247) | (231) | (218) | (235) | (217) | (231) | @31) | (47) | (231)

(mg)

02 | Thick | 447+ | 443+ |439+ |421x |423+ |424+ |46l |467+ |436+ | 439+
ness (0.063) | (0.065) | (0.045) | (0.065) | (0.067) | (0.057) | (0.035) | (0.046) | (0.065) | (0.064)
(mm)

03 | Dimeter | 10.54+ | 10.37+ | 1054+ | 1063+ | 1051+ | 10.37+ | 10.63+ | 1053+ | 10.48+ | 10.45+
(mm) (0.031) | (0.018) | (0.028) | (0.032) | (0.025) | (0.029) | (0.037) | (0.032) | (0.034) | (0.033)

04 | Surface 376.36% | 431.73+ | 445.27+ | 423.54+ | 456.21+ | 437.43+ | 439.29+ | 432.23+ | 426.26+ | 441.43+
areal (0.023) | (0.022) | (0.032) | (0.031) | (0.034) | (0.036) | (0.024) | (0.036) | (0.019) | (0.027)
(cm?)

05 | Volume! | 599.91+ | 69.36+ | 599.53+ | 597.67+ | 579.87+ | 607.39+ | 596.34+ | 603.33+ | 578.32+ | 598.29+
(cm3) (0.029) | (0.022) | (0.019) | (0.019) | (0.023) | (0.029) | (0.012) | (0.012) | (0.017) | (0.021)

Uniformity of coating say about the uniformity of the coating operation. Consistent CVs before
and after coating guaranty about coating uniformity. Comparison of CVs
between batches says about the uniformity between batches of tablet
before and after coating as shown in table 7.

The uniformity within batch before and after coating and also the
comparing CVs of them is shown in table 16. Comparison within batch
of tablets before and after coating of Coefficient of variances(CV) will

Table 7: Determination of Uniformity of Coating

Sr Parameter Batch code
No la 2a 3a 4a ba 6a 7a 8a 9a 10a
Before
Coefficie | coating
0L nt of 5.68 5.85 | 5.81 5.70 5.70 5.84 5.95 5.90 5.80 5.89

weight After 5.69 5.86 | 5.80 5.69 5.75 5.85 5.97 5.93 5.81 5.91
Variation | Coatin

g
Before
Coefficie | coating 0.00
nt of 0.005 | 4 0.004 | 0.009 | 0.005 | 0.008 | 0.006 | 0.006 | 0.006 | 0.006
02. Thicknes | After
s Coatin 0.003 | 0.00 | 0.002 | 0.007 | 0.005 | 0.004 | 0.004 | 0.004 | 0.004 | 0.003
Variation | g 2
Coefficie | Before | 0.928 | 0.93 | 0.941 | 0.925 | 0.944 | 0.957 | 0.963 | 0.943 | 0.922 | 0.919
03. | nt of | coating 6

Diameter 0.931 0.943 ] 0.927 | 0.945 | 0.959 | 0.965 | 0.946 | 0.923 | 0.921
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t After 0.93
Variation | Coatin 7
g

Coefficie
04 nt of coat | 0.238 0.549 | 0.54 | 0.460 | 0.529 | 0.322 | 0.14 0.559 | 0.448 | 0.468 | 0.238
" | weight 1

Variation

Coefficie
05 nt of coat | 0.40 0.30 0.35 | 0.35 0.31 0.44 0.07 0.35 0.35 0.05 0.40
" | thickness

Variation

Drug release
In-vitro cumulative percentage drug release of different EOP Capsule batches of Etodolac in saline phosphate buffer are shown in table 8

Table 8.: Percentage release per hour of Etodolac, (Mean, (SD), (n=3))

Hours | Batch code
la 2a 3a da 5a 6a 7a 8a 9a 10a
01 1.05+ 1.18+ 1.21+ 5.03+ 7.31% 6.07+ 5.25+ 6.67+ 4.88+ 5.14+
(0.78) (1.34) (1.46) (1.56) (1.54) (2.54) (1.54) (1.65) (1.67) (1.45)
02 2.13+ 2.87+ 3.3t 10.09+ | 15.33+ | 12.47+ | 10.7+ 15.49+ | 9.81+ 11.47+
(0.79) (1.37) (1.67) (1.51) (1.56) (2.43) (1.22) (1.67) (1.56) (1.47)
04 3.24+ 4,73+ 5.26% 15.16+ | 23.45+ | 18.95+ | 16.34+ | 24.39+ | 14.85+ | 16.83+
(0.78) (1.43) (1.61) (1.61) (1.56) (2.45) (1.54) (1.67) (1.63) (1.47)
06 437+ 6.58+ 7.43% 20.25+ | 31.63+ | 25.75+ | 21.07+ | 34.36+ | 19.97+ | 22.32+
(1.08) (1.45) (1.43) (1.36) (1.46) (1.56) (1.45) (1.67) (1.34) (1.34)
08 5.52+ 8.53+ 9.64+ 25.48+ | 39.85+ | 32.63+ | 27.7+ 43.45+ | 26.15+ | 27.86%
(1.23) (1.43) (1.32) (1.54) (1.49) (1.61) (1.49) (1.56) (1.81) (1.39)
10 6.64+ 1047+ | 11.96+ | 30.74+ | 48.19+ | 39.34+ | 33.77+ | 52.7+ 31.5+ 33.51+
(1.61) (1.41) (1.64) (1.43) (1.45) (1.45) (1.56) (1.48) (1.45) (1.45)
12 7.82+ 1245+ | 1431+ | 37.3% 56.59+ | 46.83+ | 39.7+ 61.71+ | 36.45+ | 39.5+
(1.91) (1.46) (2.01) (1.34) (1.34) (1.45) (1.71) (1.34) (1.43) (1.43)
14 8.98+ 1449+ | 16.76+ | 42.5+ 66.01+ | 54.11+ | 45.49+ | 71.06+ | 42.07+ | 45.33+
(0.97) (1.65) (2.31) (1.47) (1.34) (1.37) (1.43) (1.45) (1.45) (1.34)

Kinetics of drug release

For comparison of In-vitro drug release profile of Etodolac from osmotic pump tablets of different membrane type i.e. semipermiable and
microporous are shown in figure 3.

80 -
-
{
60 - ¥
¥ —e—Batch 1a
40 X A
o - __F Batch 2a
S  __F Batch 4a
20| ) atc
M Batch 5a
0 &= ‘ ‘ ! Batch 8a
? 5 10 15
-20 . .
Time in Hours

Figure 3: Release profile of Etodolac from EOPs coated with different membrane thickness in Saline phosphate buffer 7.4, (Mean, (SD), (n=3))

To explain the Kinetics of drug release, release data were fitted to the  n - is the time exponent that characterizes the drug transport mechanism.

modified Korsmeyer equation When the logarithm of the cumulative percentage released(CPR) is
plotted against the logarithm of the time in minutes, the slope of the
Qy=Kt" - (8.1) graph will give the value of the time exponent n. Calculated values of n,
along with other release characteristics such as lag time, average release
Where, rate, and cumulative percent release released(CPR) at 14 hours, for
Q(t) - is the fraction of the drug released after time t, various batches of Elementary osmotic pumps(EOP) are listed in table

K - is a constant and, 8.7 for comparison.
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Table 9: Comparison of release characteristic and time exponents of EOP Capsule of Etodolac.

Average Average Mean Time _
Batch - Exponent Coefficient of
Code lag time release CPR ) Correlation
(n=3) rate(Mg/Hr) at 8 Hrs.
la 1.01 1.01 8.98 0.775 0.995
2a 1.03 1.63 14.49 0.921 0.992
3a 0.99 1.88 16.76 0.964 0.989
4a Zero 4.64 425 0.755 0.994
5a 1.02 7.32 66.01 0.780 0.995
6a 1.01 6.08 54.11 0.789 0.994
7a 1.01 5.11 45.49 0.783 0.994
8a Zero 7.88 71.06 0.859 0.922
9a 1.03 4.61 42.07 0.763 0.995
10a 0.98 4.98 45.33 0.770 0.994
The category of batches for which the release kinetics was compared is aM 5
semipermiable and microporous membrane coated batches. The (E) z=,KnCs - 8.2)
semipermiable membrane was formed by using water in soluble
plasticizer, castor oil, and microporous membrane was formed when the
water soluble plasticizer, polyethylene glycol (400) was used. Where,

The microporous membrane is formed by water soluble plasticizer as it
gets in contact with water get soluble and form porous, sponge like
membrane. This is evident from the release profile of 4a and 8a coded
batches. The drug release is almost diffusion controlled as can be
observed by following their curve and can also be confirmed by the
value of time exponent. The observance of non-significant zero lag time
is attributed to the same reason of nature of membrane i.e. microporous.

On the other hand, the semipermiable membrane coated EOP batches
such as 2a and 5a formed by using castor oil as a plasticizer exhibited
zero order release pattern. The release was mainly through the delivery
orifice and has shown a lag time of short duration. Thus the drug release
from the microporous coated EOPs is diffusion controlled while drug
release from semipermiable coated EOPs is controlled by convection
resulting in consistent linear release.

The release rate of drug from oral osmotic pump depends on factors
which can summarize from formula as below

(dM/dt)z - is the rate of delivery of the solute (drug) under zero-order
condition,

S - is the semipermeable membrane area,
h - s the membrane thickness,
K - is a permeability coefficient and,

nCs - is the osmotic pressure of the formulation under zero-order
condition.

Kinetic Model Fitting Study:

To explain the kinetics of drug release, release data were fitted to the
various models like zero order, first order, Higuchi model, Hixon-
Crowell, Korsmeyer—Peppas model. There values of coefficient
correlation and time exponent in Peppas model shown in table 8.8.

Table 10: Coefficient of correlation and release exponent from different models

. . . Hixon-
Batch Zero order | Higuchi First order crowell Korsemeyer-peppas
R? R? R? R? R? N
6a 0.983 0.967 0.995 0.992 0.999 1.02

For non-fickian release , the value of n falls between 0.5-1.0, while in
case of Fickian diffusion, n=0.5; for zero order release ( case Il
transport), n=1; for supercase Il transport , n> 1.2.Release exponent (n)
value of optimized batch i.e. 6a is equal to 1 in Korsmeyer peppas

model. So it follows zero order release
Effect of membrane thickness

Membrane thickness has a profound effect over the release rate of drug
from osmotic pump. To evaluate and quantify the effect of membrane

80 -
70
60
50
40
30
20
10
0 ‘ ‘

CPR

thickness, batches of
different membrane
thickness was fabricated and
their release profile is
compared in figure 4.

—&— Batch 5a- 40um
Batch 6a-50um
Batch 7a-60um

0 5 10

Time in Hours

15
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Figure 4: Effect of membrane thickness on release profile of Etodolac from EOPs in saline phosphate buffer, ( Mean, (SD), (h=3))

The membrane thickness is inversely proportional to the release rate and
eventually with the overall release profile which can expressed by
following equation®3®

dm (Asv
it

—)L
S (8.3)
Where,

dm

et - is the zero-order release rate of the drug,

A - is the surface area of the film coated membrane,
h - is the membrane thickness,
Arn - is the osmotic pressure difference across the membrane at
saturation,
S - is the solubility,
Lp - is the hydraulic permeability of the membrane and,
o - is the reflection coefficient having the value of one for an ideal
semipermiable membrane like cellulose acetate and zero for a non-
selective membrane.
The weight of the membrane (W) was shown to be related with the
membrane thickness as follows in equation 8.4

W = pmdh
Where,
pm - is the membrane density.
Consequently, the release rate can be expressed as a function of the
membrane weight (W) by substituting equation 8.4 into equation 8.3.

(8.4)

(A2
dt  wpmLpoan

dm

(8.5)
Effect of Delivery orifice size

Delivery orifice serves as a port through which the drug gets released as
a result of build-up of osmotic pressure inside the osmotic pump. The
delivery orifice should be sufficiently large enough to release the drug
and should not allow the build-up of any hydrostatic pressure as
hydrostatic pressure may hinder the zero-order release rate. At the same
time it should not be larger so that it will allow release of drug by
diffusion and not merely by convection for required zero-order rate.

Hence the delivery orifice size should be within upper and lower limit in
order to affect zero-order release rate without any hindrance. To observe
and get assured the size of delivery orifice of being within limit, batches
of different orifice diameter was fabricated and their release rate is
plotted in figure 8.7 and 8.8.

The delivery orifice size of 0.3mm and 0.5mm batches i.e. 2a and 3a,
has not shown any significant difference in release rate (p>0.01) as can
be inferred from the graph plotted comparing the release rate of this two
batches in figure 5. Therefore it can inferred that the delivery size of
range 0.3 to 0.5mm has exhibited perfect zero order release rate and has
not allowed the diffusion to play a role in release and has also not
allowed to build-up the hydrostatic pressure. The pump has maintained
its shape during the operating period of 14 hours. Hence it can be
inferred that the range of size of delivery orifice is well within limit as
described by Theeuwes!® and Ramadan and Tawashi.

—&— Batch la- no pore
Batch 2a- 0.3mm
Batch 3a- 0.5mm

20
15 - i
& 10 - 7
o X
5 .
0 ‘ ‘
0 5 10
Time in Hours

15

Figure 5: Effect of orifice diameter on release profile of Etodolac from EOPs in saline phosphate buffer. (Mean, (SD), (n=3))
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Figure 6: Effect of Orifice diameter on release profile of Etodolac from EOPs in saline phosphate buffer. (Mean, (SD), (n=3))

Effect of agitation intensity

Osmotic pump drug delivery system is such a delivery system which is
un-affected by environmental condition as agitation intensity. To
characterize this feature of osmotic pump the batches coded with 2a and

5a were stirred at 50 and 100rpm and their release profile was evaluated.
The release profile has not shown any significant changes even on
increase in stirring rate, which can be observed from the graph plotted in
figure 7 and 8 respectively. (p>0.01)

80 1 —e— Batch 2a
70 - I at 50rpm
60 7 T -+
50 - - . 4 Batch 2a
_ . 4 at 100

x 40 7 A rpm

QO 30 - , ! Batch 5a
20 - i at 50 rpm
10 1A — - Batch 5a
0 === T w ‘ at 100rpm
-10 I£ 5 10 15

Time in Hours

Figure 7: Effect of agitation intensity on release of Etodolac from EOPs in saline phosphate buffer., (Mean, (SD), (n=3))

10 -

_ 5 T I + I i I I —o—Batch 2a at
£ oA s 50rpm

%" 6 Batch 2a at
?8’ 100 rpm

3 47 Batch 5a at
Sa > _ = - 50 rpm

3 /1’ ¥ T il L L + + Batch 5a at
o o /= ‘ : ‘ 100rpm

5 § 5 10 15
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Figure 8: Effect of agitation intensity on release of Etodolac from EOPs in saline phosphate buffer., (Mean, (SD), (n=3)).

Effect of pH of the dissolution medium

To verify that the drug delivery profile from osmotically driven delivery
system is independent of the other environmental factor as pH of
dissolution medium, the dissolution test was carried out in pH 1.2 and

also in pH 7.4. This is one of the important test to mark the
distinguishing characteristic of osmotic pump and advantage over other
delivery system. The semipermiable membranes truly ion selective, ions
are not allowed to diffuse through the membrane while solvent molecule
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is allowed to pass through it. The release profiles are plotted and there
release rates were tested in different pH dissolution medium. The
average release rate in different pH media were tested for a statistically
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significant difference and has resulted in no significant difference
(p>0.05) as shown in figure 9 and 10.

80 ~
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30 +
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= Batch 2a

—o—Batch 2a
4 pH-7.4

pH-1.2
Batch 5a
pH-7.4
Batch 5a

-10

Time in Hours

pH-1.2

Figure 9: Effect of pH on release of Etodolac from EOPs in saline phosphate buffer., (Mean, SD, (n=3))
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Figure 10: Effect of pH on release of Etodolac from EOPs in saline phosphate buffer., (Mean, SD, (n=3))

An important feature of any osmotic drug delivery system is that to
maintain its mechanical stability and resistance of the film coating to
rupture during passage through the gastrointestinal tract.

None of the tablet ruptured during the dissolution studies. Empty
polymeric shell retained their original shape and floated on the
dissolution medium after completion of drug release.

Release rate of semipermiable membrane coated osmotic pump were
unaffected by hydrodynamic condition and as well by the pH of
dissolution medium, confirms the nature of membrane as a
semipermiable which is in addition confirmed by release rate which is
inversely proportional to the membrane thickness. The semipermiable
membrane coated batches as 5a, 6a, 7a and as well 9a behaved as a true
semipermiable. The semipermiable nature of the membrane believed to
involve the passage of solvent through the membrane by a diffusion
process or by dissolving the material of the membrane in which the
solute is insoluble. The kinetics of drug release remain linear as long as
the transport mechanism is unidirectional.

Conclusion:

Etodolac can be developed as a once a day dosage form.(O.D.) Zero-
order release rate can be obtained by using cellulose acetate as a
polymer and castor oil as a plasticizer. In osmotic delivery systems,
osmotic pressure provides the driving force for drug release. Increasing
pressure inside the dosage form from water incursion causes the drug to
release from the system. The major advantages include precise control
of zero-order or other patterned release over an extended time period
consistent release rates can be achieved irrespective of the
environmental factors at the delivery site. Controlled delivery via

osmotic systems also may reduce the side-effect profile by moderating
the blood plasma peaks typical of conventional (e.g., instant release)
dosage forms.

References:

1. Wu, T., Pan, W., Chen, J.,, Zhang, R. (1998). A review of
pharmaceutical polymeric controlled-release membranes. Ind. J.
Pharm. Sci. 60(6), 265-269.

2. Salsa, T., Veiga, F., Pina, M.E. (1997). Oral controlled-release
dosage forms. | cellulose ether polymers in hydrophilic matrices,
Drug Dev. Ind. Pharm. 23(9), 929-938.

3. Brahmankar, D.M., Jaiswal, S.B., (1999). Controlled-release
medication, in: 4 Biopharmaceutics and pharmacokinetics, a
treatise, Vallabh prakashan, 335-371.

4. F. Theeuwes, D.R. Swanson, G. Guittard, A. Ayer, S. Khanna.
(1985).  Osmotic delivery systems for the b-adrenoceptor
antagonists metoprolol and oxprenolol: design and evaluation of
systems for once-daily administration, Br. J. Clin. Pharmacol.
69-76.

5. R.K. Verma, D.M. Krishna, S. (2002). Garg, Formulation
aspects in the development of osmotically controlled oral drug
delivery systems, J. Control. Release. 7-27.

6. Xiaoling Li, Bhaskara R. (2006). Jasti, Design of Controlled

Release Drug Delivery . Systems,The McGraw-Hill

Companies. 218-242.

Rastogi, S. K,Vaya,N.,Mishra,B.,Eastern pharmacist, 38,79-82.

8. Fix,J.,in; Encyclopedia of controlled drug
delivery,Edmathiowitz,vol-2, John Wiley and sons,Inc,700.

~


https://www.ijpsonline.com/abstract/a-review-of-pharmaceutical-polymeric-controlled--release-membranes-1559.html
https://www.ijpsonline.com/abstract/a-review-of-pharmaceutical-polymeric-controlled--release-membranes-1559.html
https://www.ijpsonline.com/abstract/a-review-of-pharmaceutical-polymeric-controlled--release-membranes-1559.html
https://www.tandfonline.com/doi/abs/10.3109/03639049709148697
https://www.tandfonline.com/doi/abs/10.3109/03639049709148697
https://www.tandfonline.com/doi/abs/10.3109/03639049709148697
https://search.proquest.com/openview/0ad8a30870536a32d0cbb9a5aebedcb4/1?pq-origsite=gscholar&cbl=2044946
https://search.proquest.com/openview/0ad8a30870536a32d0cbb9a5aebedcb4/1?pq-origsite=gscholar&cbl=2044946
https://search.proquest.com/openview/0ad8a30870536a32d0cbb9a5aebedcb4/1?pq-origsite=gscholar&cbl=2044946
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2125.1985.tb02745.x
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2125.1985.tb02745.x
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2125.1985.tb02745.x
https://www.sciencedirect.com/science/article/pii/S0168365901005508
https://www.sciencedirect.com/science/article/pii/S0168365901005508
https://www.sciencedirect.com/science/article/pii/S0168365901005508

J. Clinical Endocrinology and Metabolism

10.
11.
12.

13.

14.

4 ClinicSearch

Salsa, T., Veiga, F., Pina, M.E., (1997). Oral controlled-release
dosage forms. | cellulose ether polymers in hydrophilic matrices,
Drug Dev. Ind. Pharm. 23(9), 929-938.

Brahmankar, D.M., Jaiswal, S.B. (1999). Controlled-release
medication, in:Biopharmaceutics and pharmacokinetics, a
treatise, Vallabh prakashan. 335- 371.

Liu L, Khang G. and Rhee. J.,, (1999). Preparation and
characterization of cellulose acetate membrane for monolithic
osmotic tablet, Korea Journal of Polymer. 7(5), 289-296.

Vyas S. and Khar R., (2002). Controlled Drug Delivery -
Concepts and Advances, Vallabh Prakashan, New Delhi (1).
477-502.

Theeuwes, F., 1975. Elementary osmotic pump, Journal of
Pharmaceutical Sciences, 64, 1987-1991.

Rastogi. S.k., Vaya, N., Mishra. B. (1995). Osmotic pump: A
novelconcept in rate controlled oral drug delivery, Eastern
pharmacist, 38,79-82.

15.

16.

17.

18.

19.

Page 12 of 13

Parmar. N.S. Vyas S.K. Vaya, Navin. Osmotic pump: A
noveldrug Delivery system, in: N.K. Jain. Advances in
controlled and noveldrug delivery, CBS Publishers and
Distributors, 2001.

Arthritis- pubmed heaith, A.D.A.M. Medical Encyclopedia
[Internet]. Atlanta (GA): A.D.A.M.; 2013. Pg No. 1-4.

Hussan, R.S., Vikram N., Kumaravelrajan R.,2011 Formulation
And Optimization Of Aceclofenac Monolithic Osmotic Pump,
Volume 6, Issue 2.

Sheaikh,S., MohaleD.S., Chandewar,A.V. (2010.Evaluation of
Effect of Food and Other Gastrointestinal Factors on Osmotic
Tablet of Aceclofenac, Journal of Pharmacy Research,
3(11),2752-2755.

Gondaliya, D., Pundarikakshudu, K., (2000). The fabrication and
evaluation of the formulation variables of a controlled-porosity
osmotic drug delivery system with Diltiazem hydrochloride,
Pharm. Technol 20, 58-68.

VVYVVY

Ready to submit your research? Choose ClinicSearch and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At ClinicSearch, research is always in progress.

Learn more http://clinicsearchonline.org/journals/clinical-endocrinology-and-
metabolism

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,

and indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless

otherwise stated in a credit line to the data.



https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09757619&AN=71792031&h=tlooGdgyvmxtyWVFFEqrjORbPe66A7q3W6%2FGP7krkI5zp53x0j7xiuzGbhdIykjSO%2Bqo2dIBNmU1bGAfMCrgAg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09757619&AN=71792031&h=tlooGdgyvmxtyWVFFEqrjORbPe66A7q3W6%2FGP7krkI5zp53x0j7xiuzGbhdIykjSO%2Bqo2dIBNmU1bGAfMCrgAg%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09757619&AN=71792031&h=tlooGdgyvmxtyWVFFEqrjORbPe66A7q3W6%2FGP7krkI5zp53x0j7xiuzGbhdIykjSO%2Bqo2dIBNmU1bGAfMCrgAg%3D%3D&crl=c
https://www.tandfonline.com/doi/abs/10.3109/03639049709148697
https://www.tandfonline.com/doi/abs/10.3109/03639049709148697
https://www.tandfonline.com/doi/abs/10.3109/03639049709148697
https://www.cheric.org/research/tech/periodicals/view.php?seq=12371
https://www.cheric.org/research/tech/periodicals/view.php?seq=12371
https://www.cheric.org/research/tech/periodicals/view.php?seq=12371
https://www.sciencedirect.com/science/article/pii/S0022354915405660
https://www.sciencedirect.com/science/article/pii/S0022354915405660
https://www.sciencedirect.com/science/article/pii/S0022354915405660
https://www.sciencedirect.com/science/article/pii/S0022354915405660
https://www.sciencedirect.com/science/article/pii/S0022354915405660
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=3&issue=4&article=016
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=3&issue=4&article=016
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=3&issue=4&article=016
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=3&issue=4&article=016
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=15130167
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=15130167
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=15130167
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=15130167
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

