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The aim of this study was to explore the release characteristics of an
elementary osmetic pump.capsule (OPC) by using.a crosslinked and a non-
crosslinked hard gelatin capsule shell. The influences of drug solubility, film
thickness and_orifice size on drug release from the system were examined.
Diltiazem hydrochleride (freely water soluble drug) and propranolol hydrochloride
(water soluble drug) were used as the model drugs. Sodium chloride was used as
the osmotic agent. Crosslinked hard gelatin capsules were prepared by controlled
exposure to formaldehyde vapours. The OPC was prepared by filling the capsule
No. 1 with the mixture of the model drug (90 mg), lactose and sodium chloride.
Core capsules were coated using hydroxypropyl methyleellulose as subcoating and
cellulose acetate as the semipermeable membrane; then the coated capsule was
drilled on the rounded end position. Drug release studies were conducted using
water, different ionic sirength and pH solutions with isotonicity as the dissolution
media. Lag time of drug release from the OPC using the crosslinked capsule was
longer than that the non-crosslinked capsule. shell, Diltiazem hydrochloride OPC
using the non-crosslinked and crosslinked capsules could prolong drug release
about 9 hours and closed to zero-order drug release rate up to 80 % of drug release
(R*>0.9). Propranolol hydrochloride OPC using a non-crosslinked capsule and a
crosslinked capsule could prolong drug release about 9 and 12 hours, respectively.
About 90 % of the drug was released as zero-order rate for propranolol
hydrochloride OPC (R* >0.9). It was found that propranolol hydrochloride OPC
using the crosslinked capsule shell provided less fluctuations of release rate at
various time  intervals than using the non-crosslinked capsule. But the
-characteristics of release rate at various time points of diltiazem hydrochloride OPC
prepared using different types of capsule shell was apparently similar. This might
be attributed to the higher water soluble property of diltiazem hydrochloride. Ionic
strength of dissolution media had effect on drug release of OPC. But drug release of
OPC was independent of pH of dissolution media.
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CHAPTER 1
INTRODUCTION

Osmotic system is one of controlled release delivery systems that provide a
uniform concentration of drug result for plasma concentrations within a therapeutic
range, which minimizes side effects and also reduces the frequency of administration.
Osmotic drug delivery tend to provide zero-order delivery and to deliver a greater
percentage of the drug loading.

Osmotic systems utilize the principles of osmotic pressure for the delivery of
drugs. Osmosis is phenomena that solvent from lower conecentration will move to
higher concentration solution acress semipermeable membrane, which is permeable to
solvent only. The chemical potential -of solution in two compartments will be
equalized when pressure of the higher concentration solution compartment reaches the
osmotic pressure of the solution (Wright and Stevenson, 1999) (Figure 1). Drug
release from these systems is independent of pH and other physiological parameters to
a large extent and it is possible to modulate the release characteristics by optimizing
the properties of drug and system (Theeuwes et al., 1985). Osmotic pumps can be
used as experimental tools to determine important pharmacokinetic parameters of new
or existing drugs. At the same time, they can also be utilized to deliver drugs at a

controlled and predetermined rate.
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Figure 1 A schematic illustration of osmotic phenomena



Initial commercial oral dug delivery system was OROS™ that use for deliver
indomethacin (Theeuwes, 1983). After that several studies investigated about
parameters that had effect on delivery of elementary osmotic pump such as

- osmotic agent

- semipermeable membrane polymer

- membrane plasticizer

- thickness of semipermeable membrane

- drug delivery orifice

There are a few studies about using hard gelatin capsules with elementary
osmotic pump system. Mest osmotic pump capsules (OPC) studies are asymmetric
membrane system. This system is made from semipermeable membrane capsule that
can form pore when contact with water. Previous studies reported the devolpment of
asymmetric membrane OPC that using semipermeable capsules (Thombre et al.,
1999). Asymmetric membrane capsule is produced by phase inversion technique.
However, the process to produce this system is very complicated and expensive
because special equipment use for production of semipermeable capsule. In previous
investigation, non-crosslinked hard gelatin capsules had been used and was found the
fluctuation of propranolol hydrochloride release (Siroratsakul, 2004). Drug release
variation might be caused by disolved gelatin capsule forms a viscous mass inside
OPC, therefore, drug release fluctuation should be reduced by crosslinked hard gelatin
capsules which are insoluble. Drug solubility might effect on drug delivery from the
system.

The purpose, of this study was to examine drug release from elementary
osmotic pump capsules using crosslinked and non-crosslinked hard gelatin capsules
with various parameters such as film thickness and size of drug delivery orifice. In
this study, different solubility, model drugs were propranolol hydrochloride which is
soluble drug in water and diltiazem hydrochloride which is freely soluble drug in

water (O’Neil, 2006)



CHAPTER 11
LITERATURE REVIEW

Controlled release systems can  provide drug release prolongation,
maintenance of drug levels in plasma in therapeutic range, side effect reduction and
reduction of dosing frequency. Osmotically controlled drug delivery system is one of
controlled release systems, which utilize osmotic pressure for drug delivery. The
osmotic systems developments include contributions such as the Rose-Nelson pump,

Higuchi-Leeper pump, Higuchi-Theeuwes pump and Theeuwes elementary osmotic

pump.

Rose-Nelson pump

The Rose-Nelson was developed by Rose and Nelson that utilized the
principles of osmotic pressure in drug delivery for the first time. This pump consists
of three chambers : drug chamber , salt chamber and water chamber. The operation of
this system will start when water from water chamber passes semipermeable
membrane to salt chamber causes pressure in salt chamber increases then elastic
diaphragm will expand and push drug solution out. Operation principle of this pump
illustrates in Figure 2 (Rose and Nelson, 1955).

Salt chamber
Drug chamber

Water i| o
chamber o
Rigid .S
semipermeable
Membrane

Figure 2 Operation principle of Rose-Nelson pump (Rose and Nelson, 1955).



Higuchi-Leeper pump

The Higuchi-Leeper pump was developed by Takeru Higuchi and Harold M
Leeper. In this design, water chamber is removed. Because device, which has water
chamber, is difficult to produce. So this system consists of two chambers only: Drug
chamber and salt chamber (Figure 3). The operation of this system will start when
water from environment passes semipermeable -membrane to salt chamber causes
pressure in salt chamber increases then movable separator will move and push drug

solution out (Higuchi and Leeper, 1973).

Dispensing head
with orifice

Rigid housing
member Active agent

formulation

Mowvahble
separator
MoS0.
semipermeahle
membrang -
Porous
Saturated solution membrane support

of magnesium sulphate
containing excess solid MgS0s

Figure 3 Basic components of a Higuchi-Leeper esmotic pump (Higuchi and Leeper,
1973).

Higuchi-Theeuwes pump

The Higuchi-Theeuwes pump was developed by Takeru Higuchi and Felix
Theeuwes. This design and operation are similar to Higuchi-Leeper pump. But
Higuchi-Theeeuwes pump can deliver semisolid substance (Figure 4) (Higuchi and

Leeper, 1976).



Higuchi-Theeuwes mini pump is a model of Alzet® osmotic pumps which are
well known miniature, implantable pumps used for research in laboratory animals

(Figure 5 and 6) (Higuchi and Leeper, 1976 ; DURECT Corporation, 2008).
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Figure 4 Higuchi-Theeuwes design utilising a flexible bag (Higuchi and Leeper, 1976)
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Figure 5 Components of the Higuchi-Theeuwes mini-pump (Higuchi and Leeper, 1976)

Flow moderator Osmotic agent Reservoir
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Delivery portal reservoir wall
Y

membrane

Figure 6 Schematic of Alzet ® osmotic pump (DURECT Corporation, 2008 ).



Theeuwes elementary osmotic pump

Theeuwes elementary osmotic pump is first oral osmotically drug delivery
system which is very simple. In this elementary osmotic pump basic form, drug core
is surrounded by semipermeable membrane with a drug delivery orifice (Figure 7).
This pump is the most popular that used for oral drug delivery. This system is suitable
for moderate to high solubility drugs. Elementaty esmotic pump tablet working will
start when surrounding water passes membrane and dissolves core containing agent.
Then inside tablet pressure inercases and drug solution passes through the delivery
orifice to reduce pressure in system until pressure outside and inside tablet are equal.

Saturated
agent solution

Delivery
orifice

Core

containing
Semipermeable agent

membrane

Figure 7 The basic concept of the Theeuwes elementary osmotic pump (Theeuwes

and Higuchi, 1974)

Oral Osmotic Drug Delivery

Oral osmotic drug delivery give zero delivery rate and predictable drug
release. Drug release of this system is not depending on pH, hydrodynamics of the
external dissolution medium and outside agitation.-Moreover, It has an excellent in
vitro/in vivo cotrelation (Theeuwes, 1975). Osmotic drug delivery can use for drugs

with a broad range of aqueous solubilities (Thombre et al., 2004).
Flementary osmotic pump
Elementary osmotic pump is simply design controlled drug delivery system.

This pump can deliver 60—80% of its contents at a constant rate (Theeuwes, 1975) but

it has short lag time of 30—60 min as the system hydrates before zero-order delivery



(Verma et al., 2000). It need a delivery port to deliver the drug at required rate
(Theeuwes et al., 1983). Size of delivery orifice had no effect on drug delivery rate
when use low agitation (Ramdan and Tawashi, , 1987). Optimum range of orifice size

can control stable drug delivery (Ozdemir and Sahin, 1997 ; Mohammadi-Samani,

2000). Osmotic pump tablet with non-drilling orifice can be prepared by indent core
tablet. This tablet had an orifice which is produced by punch with a needle (Liu and
Che, 2006 ; Liu and Xu, 2008).

1. Simple elementary osmotic pump

Simple elementary osmetic pump is a homogeneous core which is surrounded
by semipermeable membrane. It is suitable for moderate to high water soluble drug
(Verma et al., 2002). The operation of this pump starts when contacts with water and
agent inside osmotic pump draws water passes the semipermeable membrane (Figure
8). Volume in osmotic pump increased caused by the imbibition of water result for the
development of pressure inside it. This pressure is relieved by flow of saturated
solution out of the device via the delivery orifice. Delivery rate is still constant until
the solid substance inside the device has been dissolved and only a solution-filled
coating membrane is left. This residual dissolved substance continue to be delivered
at decrease rate till osmotic pressure inside and outside the device are equal.

Release of drug solution

= or drug suspension
Semipermeable q p

membrane
Orifice

Water imbibing

A
Water imbibing

Mixture of drug,
excipients and osmotic agent

Before operation During operation

Figure 8 Operation of simple elementary osmotic pump (Shokri et al., 2007).

2 Modified elementary osmotic pump

Modified elementary osmotic pump is composed of multilayer core which is

surrounded by semipermeable membrane. This system can be applied for poorly water



soluble drug to freely water soluble drug (Theeuwes et al., 1983). This pump has
various designs. Modified elementary osmotic pump tablets is shown in Figure 9. The
operation of this system is similar to simple elementary osmotic pump but it has
swellable layer for assisting drug release (Figure 10). L-OROS™ System was
modified elementary osmotic system that produced in hard capsules and soft capsules

dosage form for liquid or paste preparation delivery (Figure 11).

Bilayer TNT
Delivery Ports ’JM Ports

Trilayer | Delivery Ports
Delivery Ports

o Y4

= Copating
’ Drug Layer
Sweller Layer
Drug

uelhéry‘ Ports

Figure 9 Schematic diagrams of three modified elementary osmotic pump : tablet-in-

tablet (TNT), bilayer or push-pull, and trilayer or sandwiched (Thombre et al., 2004)

Figure 10 Cross-sectional photographs at various time from a bilayer SCT
formulation. A red dye was included in the water swellable compositions (Thombre et

al., 2004).



L-OROS ™ HARDCAP™ System L-OROS™ SOFTCAP™ System

Zin

Delli\-.'ery Delivery orifice
_ orifice

Rate contraling

rermbrane s eontn:iling_

rrernbrane - Soft gelstin

capsule
Hard capsule

Drug sohution
or SUspension

Ozrmotic layer -

s Liquid drug |
Earrier |ayer formulation

Inrer |zwer
Fush layer 25

Before ingestion During release Before ingestion During release

Delayed Liquid Bolus System

‘— Delivery orfice
belay:layer . | ..
4
Rate cortroling b | \
membrane

Liquid forrmulation

abzorbing particles . 3
‘:Drugllayer ‘h‘
Sub cost -

O=rnotic |ayer

Figure 11 Schematic diagrams of L-OROS ™ and delayed liquid bolus system
(Wong, 2005).

Controlled porosity or asymmetric membrane osmotic plimp

Asymmetric membrane is film that thin dense region relatively supported on a
thicker porous region. This membrane is prepared by the phase inversion technique
(Figure 12) (Thombze et al., 1999). Asymmetric membrane is /n situ pore formation
film (Figure 13 and 14). This system has higher rate of water influx due to the micro
porous nature-of membrane. It.is suitable for poorly water soluble drug (Choudhury et
al., 2007). For example, drug delivery of gilpizide was asymimetric membrane capsule
with encapsulated excipients. This system was asymmetric membrane capsule filled
with drug, additives, mini-tablets of osmogent/solubility modifier and coated mini-

tablets of osmogent/solubility modifier that controlled glipizide delivery (Figure 15).
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pH-controlling agent (meglumine) was used as osmotic agent and solubility modifier
(Thombre et al., 1999). Coudhury et al. (2007) study effect of osmotic agent on
flurbiprofen delivery from asymmetric membrane capsule. Asymmetric capsule
sustained release of rifampicin and isoniazid can be provided by mixture of

hydrophilic polymer and drug (Prabakaran et al., 2004).

Asymmetric Membrane Capsule

Crossection of
Membrane

- Thin, Dense
=4 }. Region
Porous Roginn

Figure 12 Asymmetric membrane wall cross-section (Thombre et al., 1999).

Osmotic
suspending
drug core

J'lhnp‘*,*‘f" y*‘-'lu R

"~ Suspending

( 1:—:—-—*1 —;—- ——-Q—m\ntdrugrelease
. { ; ; o [

c . ,' Microporous

| ~CAmembrane
:_,i- # 5 'I k.

r‘ p.-r rr)'.&.l“r Y

Figure 13 Operation of controlled porosity tablets (Liu et al., 2007).
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1 hour 3 hours

12 hours

Figure 14 Controlled porosity bolus tablet kept in dissolution medium 1, 3 and 12
hrs (Makhija and Vavia, 2003)

Mini-tablet of
osmogent/solubility modifier

Asymmetric membrane

capsule

Coated membrane

Mini-tablet of

osmogent/solubility modifier

Figure 15 Asymmetric membrane capsule with encapsulated excipients (Thombre et

al., 1999)
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Delivery Rate

1. Delivery rate of simple elementary osmotic pump (Theeuwes, 1975)

The delivery of substance from the system is controlled by the water influx
across the semipermeable membrane which carries the substance to the outside.
Equation 1 (Eq. 1) describes the volume flux «(dv/dt) across the semipermeable

membrane

av 4
> ZLP(O'AH—AP) (Eq. 1)

dV/dt =volume flux

A =membrane area

h = membrane thickness

L, = mechanical permeability

o = reflection coefficient

Am = osmotic pressure difference

AP = hydrostatic pressure difference

Equation 2 (Eq. 2) describes the solution delivery rate (dm/dt) obtained by
pumping through the orifice.
dm dV
e
dt dt

dm/dt = solute delivery rate

(Eq2)

C = concentration of compound in the dispensed fluid

Replacing Eql into Eq 2 results in Eq 3.

dm A
—_— = oAxr —AP)C Eq 3
p th( ) (Eq3)
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As expressed condition Az>>AP, hydrostatic pressure inside the system is

minimized (Equation 4).

dm A
T | R (Eq4)

The osmotic pressure of formulation (7)can be replaced for An when the
osmotic pressure of formulation is large compared to the osmotic pressure of

environment (Equation 5).

s L
7’?=ZL,,07ZC (Eq 5)

7= osmotic pressure of formulation

Because L, and o 1s constant value. Therefore constant P,, can be replaced for

L, and o (Equation 6).

dmé
dt- h

P aC (Eq 6)

P, = water permeability of the semipermeable membrane

For zero-order delivery rate, elementary osmotic pump telease rate is zero-
order from t =0 until a time't, at which time that all-of the solid in the core dissolved.

Equation 7 describes zero-order delivery rate from the elementary osmotic pump

dm A

== = B & Eq 7
(dt j 9] ‘A
S = the component solubility

Ty = osmotic pressure at saturation



From

14

time t =0 to t =t, the component solubility (S) can replace the

concentration (C). Because the single compound rate of dissolution within the system

1s much larger than the rate of pumping as given by Equation 7.

2. Delivery rate of asymmetric membrane (Ende et al., 2000)

A model expresses drug release from an asymmetric membrane dosage form

consists of osmotic and diffusional contributions. The diffusional contribution is

derived from the fact that the asymmetric membrane is not perfectly semipermeable

membrane, and therefore a‘portion of drug is released by diffusion, primary through

pores in coating. The totalmass-of drug delivery per unit time, (dm/dt),, is modeled by

Equation 8.

dm
dt
dm
dt
dm
dt

(Eq 8)

Fiae )

= total drug mass of drug delivered per time

t

= mass released by osmotic pumping

= mass released due to diffusion

d

Equation 9 describes the osmotic drug release component. This equation is

same as drug release equation of simple elementary osmotic pump.

(d'"j _Ap e
dt ) h

A = membrane area

(Eq9)

h = membrane thickness
P,, = water permeability of the semipermeable membrane

C = concentration of compound in the dispensed fluid
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Equation 10 describes the diffusional release component.

(dmj _ P, AC (Eq 10)
dt ), h

P, = drug permeability in the membrane

Equation 11 describes the total drug release profile.

(d_mj :ﬁpwﬂCJrPdAC (Eq 11)
dt ), 7 h h

Method of Preparation

1. Elementary osmotic pump

Process to produce elementary osmotic pump tablets or capsules begins with
tableting or capsule filling. Then tablets or capsules are coated by semipermeable
membrane polymer. Final step, tablets or capsules are drilled by mechanical drilling

or laser drilling(Deters et al., 1986).
2. Asymmetric membrane

Process to produce asymmetric membrane tablets are similar to elementary
osmotic: tablet that begin with tableting by dry or wet granulation or direct
compression but tablets are coated by asymmetric membrane polymer.

Asymmetric membrane capsule shells are filled with powder or granule. Then
connection area of capsules is sealed. For example, Asymmetric membrane capsule
shell is prepared by phase inversion technique. First, a mold pin is dipped in the

polymer solution and removed from solution. Polymer are shortly dried after that pin
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is placed in Aqueous Quench bath to make membrane parcipitation and capsule shell
are take off from pin. Dip-coating process is shown in Figure 16.
Difference of preparation method between elementary osmotic pump and

asymmetric membrane were represented in Table 1.

Table 1 Method of preparation elementary osmotic pump and asymmetric membrane

Elementary osmotic pump Asymmetric membrane
Tablets Capsules Tablets Capsules
Tableting by Semipermeable Tableting by Semipermeable

granulation or direct | membrane capsules | granulation or direct | membrane capsules

compression preparing compression preparing
Coating Capsule filling Coating Capsule filling
Drilling Capsule banding Capsule banding
Drilling

Dip-coating process

- Y
E_I | The pin is removed [ J
| i and briefly dried...

|
Membrane-forming Aqueous Quench %
solution bath
Amold pin is dipped in The membrane is preipitated
the polymer solutioh... in a non-solvent bath... ‘

...and the resulting
capsule shells are stripped

Figure 16 Phase inversion process for the manufacture of asymmetric membrane

capsules (Thombre et al., 1999).
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Osmotic Pump Excipients

1. Osmotic agent

Sodium chloride and potassium chloride are water soluble salt that widely use
as osmotic agent in elementary osmotically drug delivery system (Lindstedt, et al. ,
1989 ; Ozdemir and Sahin , 1997; Liu, et al. , 2000). Some studies used hydrophilic
polymer or expanding agent as osmotic agent such as gum arabic , Polyethylene
glycol 6000 (PEG 6000), Hydroxypropyli methylcellulose (HPMC), polyethylene
oxide (PEO), polyvinyl pyrrolidine (PVP) and sodmm carboxy methyl cellulose
(NaCMC) (Liu, et al., 20007; Lu, etal., 2003; Prabakaran, et al., 2003). Table 2 shows

example of osmotic pressure of saturated solutions.

2. Semipermeable membrane

Cellulose acetate is widely use semipermeable membrane polymer. A few
studies selected ethylcellulose as semipermeable membrane (Lindstedt, et al. , 1989 ;
Appel and Zetner, 1991). But ethylcellulose has lower water permeability than
celluloase acetate (Bindschaedler, et al., 1986). Zhang, et al. (2003) study two layer
osmotic pump tablet. HPMC was used as expanding layer (inner layer) and Eudragit®
RS and RL was used as semipermeable membrane. Increasing membrane thickness
causes drug delivery reduces when use same coating formulation (Mohammadi-

Samani , 2000 ; Sinchaipanid, et al., 2003 ; Verma, et al. 2003 ; Verma, et al., 2004).

3. Plasticizer

Cellulose acetate film with plasticizer (PEG 400) 2 % had softer and less
brittle characteristic than plain cellulose acetate film (Ozdemir and Sahin , 1997).
Osmotic pump that was coated with semipermeable membrane with hydrophilic
plasticizer (PEG 400) has higher delivery rate than osmotic pump that was coated
semipermeable membrane using hydrophobic plasticizer (Triacetin) (Liu, et al.,
2000). Drug delivery of osmotic pump increased when PEG 400 in film increased but

membrane would. fragile due to excess of plasticzer (Lu, et al., 2003).

Poly(caprolactone triol) was use as plasticizer in system which used paracetamol as

model drug.



Table 2 Examples of saturated solutions osmotic pressures (Zentner et al., 1990)

Compound or mixture Osmotic pressure (atm)
Lactose-fructose 500
Dextrose-fructose 450
Sucrose-fructose 430
Mannitol-fructose 415
Sodium chloride 356
Fructose 335
Lactose-sucrose 250
Potassium chloride 245
Lactose-dextrose 225
Mannitol-dextrose 225
Dextrose-sucrose 190
Mannitol-sucrose 170
Sucrose 150
Mannitol-lactose 130
Dextrose 82
Potassium sulfate 39
Mannitol 38
Sodium phosphate tribasic - 12 HO 36
Sodium phosphate dibasic - 7 H,O 31
Sodium phosphate dibasic - 12 H,O 31
Sodium phosphate dibasic anhydrous 29
Sodium phosphate monobasic - H,O 28




Table 3 Examples of osmotic pump excipients
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Function

Material

Ref.

Osmotic agent

Sodium chloride

Makhija and Vavia (2003),
Ende et al. (2000),
Liu et al. (2000)

Gum arabic

Zhang et al. (2003)

Potassium chloride

Sinchaipanid et al. (2003),
Luetal. (2003)

lactose Choudhury et al. (2007)
Xylitol Theeuwes and Higuchi (1974)
HPMC ES5 Makhija and Vavia (2003)
Gum arabic Zhang et al. (2003)

Lu et al. (2003
Polyethylene oxide AR )

Liu et al. (2000)

sodium starch glycolate

Theeuwes and Higuchi (1974)

Croscarmellose sodium

Theeuwes and Higuchi (1974),
Liu et al. (2003)

Polyethylene oxide Theeuwes and Higuchi (1974)
Gum arabic Zhang et al. (2003)
Sinchaipanid et al. (2003),
Polyethylene oxide Lu et al. (2003),
Theeuwes and Higuchi (1974)
PVP K-90 Liu et al. (2003)

Semipermeable
membrane

Eudragit RS-PO and RL-PO

Makhija and Vavia (2003)

Cellulose acetate

Zhang et al. (2003),
Choudhury et al. (2007),
Sinchaipanid et al. (2003),

Lu et al. (2003)

Ethylcellulose

Liu et al. (2000)

Plasticizer

Triethyl citrate

Makhija and Vavia (2003),
Sinchaipanid et al. (2003),
Luetal. (2003)

PEG

Zhang et al. (2003),
Choudhury et al. (2007),
Sinchaipanid et al. (2003),

Lu etal. (2003),
Liu et al. (2003)

Diethylphthalate

Choudhury et al. (2007)

Dibutylphthalate

Choudhury et al. (2007)

Dibutylsebacate

Choudhury et al. (2007)
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Example of Marketed Products

1 CARDURA® XL (Available from : http://www.carduraxl.com )

This product is Doxazosin mesylate extended release tablet. It is used for

treatment of benign postural hypotension (BPH). This product used push-pull osmotic

pump for controlled drug release.

Extended-release design conirols the raie of doxazosin delivery '

et Jleady State
Ican i Pasma Concentration
B,
i ES
e hen :
3
i ) \
TR O —
Wabar-sxpandnole i -
push laysr Samiparmeabia lryar A TR TR C
mambrans Tima [kl
GITS: Gaswroimestinal Therapeutic System A T AUNISHE g doaares iR S
S - - Il i | LS Y

Figure 17 Operation of CARDURA® XL
2 CONCERTA® (Available from : http://www.concerta.net )

CONCERTA® is methylphenidate HCl once-daily tablet. Indication of this
product is used for treatment of overactive bladder (OAB). Push-pull osmotic pump is
utilized to controlled methylphenidate HCI release.

-

B,
Laser-Drilled Hole P

— MPH Compartment #1

—— MPH Overcoat
[ =5 MPH Compartment #2
j push Camparimant
Morming 1 hour later Aftermoon
Thie MPH cararcoat Thia push comparirmamt Th push cormpartrment
provides immediate ekpands, reeasing MPH cominues e expand,
raleaseef 229 of tha from MPH comgpaninment £1 releasing MPH from MPH
digse within 1/ hour. for the sestof the compartment#2 dunmg the
Fair fittensiom Deficit Hypemeihity Disproer (AoHD| '":miq' afiemoan.
HCE-DRLY
QCO NCERTA’ ¢ This axtended delivery
[methylphenidate HO s ems s resulis in efficacy through
Results you can see for ADHD. 12 hours.

Figure 18 Operation of CONCERTA®
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3 DITROPAN® XL (Available from : http://www.ditropanxl.com )

This product is oxybutynin cholride extended release tablet. This product used
push-pull osmotic pump for controlled drug release. DITROPAN® XL is used for

treatment of attention deficit hyperac V.] 77er (ADHD).

{oxybutynin chioride) REEAME

RUEATiE fnens
ARIANTUANINGIAE



Diltiazem hydrochloride
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Diltiazem hydrochloride is slow calcium channel blocker or calcium ion influx

inhibitor (Reynolds, 1994).

« HCI

H.CH,N(CH;)2

Figure 20 Chemical structure of diltiazem hydrochloride

Empirical name

Chemical name

Chemical structure
Molecular weight

Description

Melting point
Dissociation constant (pKa)
Solubility

Stability

CHa6N204S-HCI
(2S,3S)-(+)-cis-3-Acetoxy-5-(2-
dimethylaminoethyl)-2,3-dihydro-2-(4-
methoxyphenyl)-1,5-benzothiazepin-4(5H)-one
hydrochloride

Display in Figure 20

450.98

white to off white crystalline powder, odorless with a

bitter taste

207.5t0 212 °C

I U

Displayed in table 4

Diltiazem hydrochloride is very stable in solid state
but UV light may be affected powder color
changing. In aqueous system, diltiazem

hydrochloride is stable over a pH range 3-6.



23

Table 4 Solubility of diltiazem hydrochloride in different media

Medium Reference

Water Zentner et al. (1991)
Simulated gastric fluid pH 1.2 | - rabakaran et al. (2003)
Simulated intestinal fluid pH 6.8 / | Prabakaran et al. (2003)

0.25 M sodium chlo de so

\\‘ - tner et al. (1991)

)]
0.5 M sodium chlogidle so Il’ﬁ?\\\\‘ ner et al. (1991
0.75 M sodium chlogide solttia E ‘g\‘\\ & ner et al. (1991)
l ‘E '&\\\‘\\ Zentner et al. (1991)

1 M sodium chloride se

ﬂUEJ')‘VIEJVI‘iWEJ’]ﬂ‘i
QW’]MﬂimﬂJViﬂﬂmﬂﬂ



Propranolol hydrochloride

24

Propranolol hydrochloride is a non-selective f-adrenergic blocking agent

(Reynolds, 1994).

OH

OCH;CHCHNHCHICH. )2

OO < HC!

Figure 21 Chemical structure of propranolol hydrochloride

Empirical name

Chemical name

Chemical structure
Molecular weight

Description

Melting point

Dissociation constant (pKa)
Solubility

Stability

C16H21NO2 HCI
(#)-1-Isopropylamino-3-(1-naphthyloxy)propan-2-ol
hydrochloride

Display in Figure 21

295.8

white to off white crystalline powder, odorless with a

bitter taste

163 to 166 °C

95

Displayed in table 5

Propranolol hydrochloride solutions are most stable
at pH of 3 and decompose rapidly under alkaline
conditions. Light has effect on propranolol

hydrochloride.

Table 5,Solubility of propranolol hydrochloride in different media

Medium Solubility (mg/ml) Reference
Water 50 Reynolds (1994)
Simulated gastric fluid pH 1.2 33.79 £0.09 Garg et al. (2007)
Simulated intestinal fluid pH 6.8 57.23 £1.08 Garg et al. (2007)




CHAPTER III

EXPERIMENTAL

Materials

maceutical Co., Ltd.,

2.

I
(CA LO ERBA Italy)

ﬂ‘ﬂ“fﬂﬂﬂﬂ‘i“ﬂﬂ’]ﬂ‘i

3 1 Sodium chloride

QW’]@WWWW&TMEI’]MJ

actose

(Granulac ® 200, MEGGLE, Germany)
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4. Film forming agents
4.1 Cellulose acetate (acetyl 39.8%)

(Lot No. AC-01467NF, CA-398-10NF/EP, Eastman Chemical
Company, USA) 3

(Liquor Disti ff’ ?;Z 4/{;; on department, Thailand)
6. Dis% ation media —Aa.)
¥ i\ NS
6.1 Dei@zed
1A

6.2 Hydro@lo acid 37%, AR grade

ﬂUﬁk@ﬂﬂﬂiWﬂ’]ﬂ‘i

]
6 3 Sodium hydroxide, AR a;ade

QW’]Nﬂ“‘ﬁWﬂJﬁﬂﬂmﬂﬂ

6.4 Tri-ortho sodium phosphate

(QREC ™, New Zealand)
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Equipment

1. Semiautomatic filling capsule machine
(Yiewheng , Thailand)
2. Fluidized bed co \\“ ’ ////

(Model Strea matl& Ge
——‘ .

Scannmg(J '

"
=

(Model‘L‘i_‘ﬁuiversa

pH meter ‘

ﬂMEJ m&mwmm

9 Osmometer

R8T MHRATNYA Y
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Methods
1. Crosslinked Capsule Shells
1.1 Investigate optimum time for preparation of crosslinked capsule shell

Cap and body of clear gelatin capsules were separated and lined on
petri dish. Petri dish was placed in dessicator fill with-formaldehyde at various length
of time. Then capsules were taken to evaluate by wvisual characterization and
determination of weight-changed of capsule shell before and after stirred in various

medium.
1.2 Preparation of crosslinked capsule shells

Crosslinked hard gelatin capsules were prepared by exposure of hard
gelatin capsule shell to formaldehyde vapor for 6 hrs in dessicator filled with
formaldehyde solution. Then crosslinked capsules were dried in hot air oven at 35°C

for 1 day. Crosslinked capsule shells were kept in dessicator filled with silica gel.

2. Preparation of Core Capsules

The model drug (diltiazem hydrochloride or propranolol hydrochloride),
osmotic agent (sodium chloride) and filler (lactose) were passed through a 80 mesh
screen and mixed-together according to the formulation in Table 6 (Siroratsakul,
2004). Powder mixture was filled in crosslinked and non crosslinked capsule by
semiautomatic capsule filling machine and core capsules were stored in dessicator

before coating. Figure 22 shows photograph of core capsules.

Table 6 Powder mixture formulation for core capsules

Ingredients Amount per capsule
Model drug 90 mg
Sodium chloride 80 mg
Lactose 160 mg
Total 330 mg
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Core capsules were prepared into 4 groups

Diltiazem hydrochloride crosslinked capsules

Diltiazem hydrochloride non-crosslinked capsules

Propranolol hydrochloride crosslinked capsules

Propranolol hydrochloride non-crosslinked capsules

Figure 22 Photograph of core capsules

3. Preparation of Coating Solutions

Subcoating and coating solutions were adapted from previous study of

Siroratkul (2004). Formulations of both solutions are given in Table 7 and 8.

Table 7 Subeoating solution formulation for 100.core capsules No.1

Ingredients Amount per 100 caps
HPMC 5 cps Jg
PEG 6000 3g
Ethanol 95% : Water = 1:1 gs to 100 ml
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Table 8 Coating solution formulation for 100 core capsules

Ingredients Amount per 100 caps
Cellulose acetate (CA) 335¢g
PEG 6000 235¢g
Dichloromethane : Ethanol = 335 ml
95:5gs to

HPMC coating solution was prepared as follow : ethanol 95% and
water were placed in Erlenmeyer flask and stirred gently for 5 minutes. Then HPMC

was added. Five minutes after addition HPMC, PEG 6000 was added. The solution

was mixed overnight prior to use.

CA coating solution was prepared as follow : dichloromethane and
ethanol 95% were placed in Erlenmeyer flask and stirred. After five minutes, CA was
added, and ten minutes after addition of CA, PEG 6000 was added. The solution was

mixed overnight prior to use.

4. Coating Core Capsules

A batch size of 60 core capsules and 40 lactose capsules (blank capsules)
were placed in chamber of bottom spray fluidized bed coater. Before spray coating
solutions, core capsules were heated for.five minutes. Then core capsules were coated
with HPMC solution and dried in fluidized bed coater for 10 minutes. After
completion of subcoating, capsules were coated with CA solution and dried in
fluidized bed coater for 5 minutes. The coating conditions are presented in the Table 9
and 10. Coated capsules were kept in dessicator at room temperature. Photograph. of

coated capsules are presented in Figure 23.

Table 9 Coating parameters for subcoating layer



Parameter Value
Inlet air temperature :55°C
Atomizing air pressure : 1.6-1.8 bar
Pump speed 7 tpm
Spray rate : 3 ml/min
Air brower : level 10
Drying time : 10 min

Table 10 Coating parameters for'semipermeable membrane (CA) layer

Parameter Value
Inlet air temperature 3 50
Atomizing air pressure : 1.6-1.8 bar
Pump speed : 8 tpm
Spray rate : 4 ml/min
Air brower : level 10
Drying time : 5 min

Figure 23 Photograph of coated capsules

5. Drilling of The Orifice

31



32

Coated capsules were drilled by hypodermic needle of 0.4, 0.6 and 0.8 mm
before use. Photograph of coated capsules with the orifice and schematic diagram of

coated capsules are displayed in Figure 24 and 25, respectively.

Figure 24 Photograph of coa

Capsule
HPMC layer

CA layer

1|
Figure 25 Schemﬁ‘\J diagram of coated capsule u

AULANENINEINS
QRAITIIIME T

6.1.1 Capsules weight gain and coated layer weight
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) Weight of 60 core capsules
Average weight of core capsules (@) =

60

Average welgh m1per 7 le

coating c/

"ﬁs’zgf yilg

Capsule No. 1 leng

Caps ‘.‘.‘»r_mmmﬂl:-l-:'nx-

Vi Y
Surface'cif_ﬁaoft 1 I"

Surface area‘fgsule no.1 =4.0808 c

AHEIN %JW-J'MW BN

mount of semipermeable ma;nbrane per surface area = f14.0808 g/cm’

ammnimumqwmaﬂ

6.2 Theoretical capsule weight gain and percentage of actual coated layer

weight per theoretical coated layer weight
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Theoretical weight of subcoating material percap=w g
Theoretical weight of semipermeable membrane material per cap=y g

Percentage of actual subcoating weight = ¢/w x 100

per theoretical subcoating weight

Percentage of actual semipermeable weight=" £/y, x 100

per theoretical semipermeable weight

6.3 Coated film characterization

Before dissolution test, surface and cross section of coated film were

examined using scanning electron microscope.

6.4 Coated film thickness

Coated film thickness in different areas of OPC were measured using

SEM.

6.5 Size of the orifice

Morphology and size of the orifice of OPC were examined using SEM
photomicrography. Three groups of six capsules were drilled in different size using

0.4, 0.6 and 0.8 mm hypodermic needle at the top end of capsule.

6.6 Powder loss from orifice of coated capsule

Each ten capsules were drilled into 0.4, 0.6 and 0.8 mm orifice size.
After that the capsules with different orifice sizes were weighted and tested by tablet
friability tester (25 rpm, 4mins). Then capsules were ‘weighted after tested and

calculated percentage of powder loss.

% powder loss =  (weight before testing-weight after testing) x 100

weight before testing
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6.7 Determination of model drugs content in OPC

The OPC (no orifice) were cut and accurate weight of powder was
placed in 100 ml volumetric flask. The mixture was dissolved and adjusted to volume
with deionized water. Then an aliquot was filtered and diluted to suitable
concentration. Then solution was assayed for diltiazem hydrochloride or propranolol
hydrochloride by spectrophotometer at wavelength--of 237 nm for diltiazem

hydrochloride and 287 nm for prepranolol hydrochleride.

6.8 Solubility study

Solubility: of propranolol hydrochloride was examined in different
ionic strength media as follows: 0.154 (0.9 %, isotonic), 0.5 and 1. M sodium chloride
solutions. An excess amount of propranolol hydrochloride was added to each medium
in amber glass bottles. The bottles were closed and placed in a shaker maintained at
25 °C and rotated at 100 rpm for 30 hrs. Ten milliliters of sample were collected at 24,
27 and 30 hrs. Samples were filtered and prepared to suitable concentration and
analyzed for amount of propranolol hydrochloride by spectrophotometer at
wavelength 287 nm. Solubility of propranolol hydrochloride in each media was

analyzed in triplicate.

6.9 Dissolution study
6.9.1 Calibration curve of model drugs

Twenty milligrams of diltiazem hydrochloride were weighted into a
100 ml volumetric flask. The powder was dissolved and adjusted with each medium.
The solution was used as a stock solution. Stock solution of diltiazem hydrochloride
1, 2, 3, 4,5, 3 and 4 ml were pipetted into 100, 100, 100, 100, 100, 50 and 50 ml
volumetric flask, respectively. Then solutions were adjusted to volume with each
medium. The final concentrations of each solution were 2, 4, 6, 8, 10, 12 and 16

mcg/ml. The absorbance was measured by spectrophotometer at wavelength 237 nm.
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Propranolol hydrochloride 80 mg were weighted into a 100 ml
volumetric flask. The powder was dissolved and adjusted with each medium. The
solution was used as stock solution. Stock solution of propranolol hydrochloride 1, 2,
3,4, 5 and 3 ml were pipetted into 100, 100, 100, 100, 100 and 50 ml volumetric
flask, respectively. Then solutions were adjusted to volume with each medium. The
final concentrations of each solution were 8, 16, 24, 32, 40 and 48 mcg/ml. The

absorbance was measured by spectrophotometer-at wavelength 287 nm.

Calibration curves of both model drugs were performed in following

media
- deionized water
- 0.154 (isotonic), 0.5 and 1 M sodium chloride solution

- 0.1 M hydrochloric acid pH 1.2 adjusted to be isotonic with sodium

chloride

- Phosphate buffer pH 6.8 adjusted to be isotonic with sodium
chloride

6.9.2 Evaluation of drug release in various media

The diltiazem hydrochloride capsule and propranolol
hydrochloride capsule release studies were modified form diltiazem hydrochloride
extended-release capsules and propranolol hydrochloride extended release capsule
monograph of USP.29. Drug release studies-were. performed using USP. dissolution
test apparatus Il (paddle method, model VK7000, VanKel, ) and operated at 100 rpm
in 37£0.5°C dissolution medium. Ten milliliters sample was withdrawn through filter.
After sampling, the same volume of medium was replaced immediately to keep
constant volume ‘in vessel through out the experiment. The dissolution parameters

were shown in Table 11 to 14.

Table 11 Dissolution parameters of diltiazem hydrochloride OPC
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Parameter value
Paddle speed 100 rpm
Temperature 37+0.5°C
Operating time 9 hrs
Medium volume 900 ml
Sampling volume 10 ml
Sampling time (hours) Oy S0 T, 18380 8S™3. 3.5, 4,
49858 5060, TRSh

Table 12 Dissolution parameters. of diltiazem hydrochloride OPC for pH-change
method

Parameter value
Paddle speed 100 rpm
Temperature 3706
Operating time 9 hrs

750 ml HCl pH1.2 after 2 hr
adjusted to 1000 ml PBS pH 6.8
with 250 ml.0.20 M tribasic sodium

Medium volume

phosphate

Sampling volume 10 ml

0.5,1,1.5,2,2.75,3;3.5, 4,45, 5,

Sampling time (hour
Y ( ) 54, 6 BP9

Table 13 Dissolution parameters of propranolol hydrochloride OPC



Table 14 Dissolution parameters of propranolol hydrochloride OPC for pH-change

method

Parameter value
Paddle speed 100 rpm
Temperature 37+0.5°C
Operating time 12 hrs
Medium volume 900 ml
Sampling volume 10 ml

Sampling time (hour)

0.8, TWARORR, 9y, 3, Jwld, 4.5, 5,
o=l 6, VENENG, N0, 1 T9lS

Parameter value
Paddle speed 100 rpm
Temperature 37+0.5°C
Operating time 12 hrs

Medium volume

750 ml HCl pHI.2 after 2 hr
adjusted to 1000 ml PBS pH 6.8
with 250 m1.0.20 M tribasic sodium
phosphate

Sampling volume

10 ml

Sampling time (hour)

0.5,1,1.5,2,2.75,3,3.5,4,45,5,
58,0, 480, 1D, 11812
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Effect of ionic strength and pH on drug release from OPC
coating with 335 ml CA solution and 0.6 mm orifice were investigated in various

dissolution media as follows :
o 900 ml deionized water

o 900 ml 0.154 (0.9 %, isotonic), 0.5 and 1 M sodium

chloride solution

o 900 ml-0.1M hydrochleric acid adjusted ionic strength to

isotonic with sodium chloride

0. 900.ml Phosphate buffer pH 6.8 adjusted to be isotonic with

sodium chloride

o 750 ml 0.1M hydrochloric acid adjusted to be isotonic with
sodium chloride after 2 'hrs changed to phosphate buffer pH
6.8 adjusted to be isotonic with sodium chloride by adding
0.20 M tribasic sodium phosphate 250 ml

Effect of various parameters on drug release from select OPC

were investigated using deionized water as dissolution medium
o amount of coating materials
o orifice size

The sample was prepared to suitable concentration and assayed
for the content of diltiazem hydrochloride and propranolol hydrochloride at
wavelength of 237 nm and 287 nm, respectively. The amount of model drugs were
calculated from equation of standard solution calibration _curve of each dissolution
medium. A cumulative correction was done for the previously removed sample to

determine the total of drug release.
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6.9.3 Mathematical treatments

An ideal osmotic system should be able to release as zero-order
kinetic. Release data of dissolution study were analyzed by different mathematical
parameters. Different parameters were used to evaluate results of dissolution study as

follows :
o percentage of drug release at various time points

o release rate of drug release at middle time point of 2

adjacent time points

QObStn R QObSt(n—l)
tn . t(n—l)

release rate at middle time point =

Qobs,, =percentage of drug release at sampling time point
Qobs,-1)= percentage of drug release at previous sampling time point
t, = sampling time point

tw-1) = previous sampling time point

o calculated zero-order equation from percentage of drug

release at various time points

o R square of release data fitted to zero-order equation (R?)



CHAPTER 1V

RESULTS AND DISCUSSION

2. Study of Optimum Time for Preparation of Crosslinked Capsule Shells

Gelatin capsules that exposed with formaldehyde vapor for 1, 2, 4, 6, 8 and 24
hrs were subjected to integrity test by immersion with-stirring in deionized (DI) water,
0.1 N hydrochloric acid (HCI) pH 1.2 and phosphate buffer (PBS) pH 6.8. Photograph
of crosslinked and non-crosslinked hard gelatin capsules are displayed in Figure 26. It
was shown that crosslinked and non-crosslinked hard gelatin capsules gave no
difference of physical characteristics. The results of crosslinked capsule characteristic
are presented in Table 15. It was found that capsules were insoluble in all media when
capsules were exposed to formaldehyde vapors for over 6 hrs. Based on the results, 6
hrs was adopted as the least and optimum time for exposure of hard gelatin capsules

to formaldehyde vapors. Capsule shell characteristics are displayed in Figure 27.

Table 15 Summary of crosslinked capsule characteristics

Medium Time (hrs) Shell characteristics Weight
1 partially insoluble -
2 partially insoluble -
4 insoluble not changing*
DI water -
6 insoluble not changing
8 insoluble not changing
24 insoluble not changing’
4 partially insoluble -
0.INHCIpH1.2 .
6 insoluble not.changing
PBS pH 6.8 6 insoluble not changing’

*Not changing = + not more than 5 % of initial capsule shell weight
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Figure 26 Photograph of crosslinked hard gelatin capsules(A) and non-crosslinked
hard gelatin capsules (B)

Figure 27 Photograph of partially insoluble hard capsules (A) and insoluble hard

capsules (B) when immersed in media

7. Evaluation of Coated Capsules

7.1.Capsule .weight. gain, coated. membrane weight, .theoretical coated

membrane weight and coated membrane weight per surface area

As presented in Table 16 and 17, average weight of capsule shell and
average weight of mixture powder of diltiazem hydrochloride OPC and propranolol

hydrochloride OPC with all levels of coating solution were similar. The results
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showed that HPMC layer average weights were varies among different OPC groups.
Table 16 and 18 show that the average weight of CA layer of diltiazem hydrochloride
OPC increased as the amount of coating solution increased, resulting in increment of
coated membrane weight per surface area. Nevertheless, there was clear evidence
from Table 17 and 19 that the average weight of CA layer of propranolol
hydrochloride OPC was independent of the level of CA solution led to an equivalent
of coated membrane weight per surface area. In ease of propranolol hydrochloride
OPC, the preparing procedures were inaccurate because of some deviant coating

conditions and coating machine:

Table 16 Average weight of capsule shell, containing powder and coated membrane

weight of diltiazem hydrochloride OPC coating with various amounts of CA solution

Amount of Average weight per cap (mg)”
coating Capsule type
solution Capsule shell Powder HPMC layer CA layer
Crosslinked 75.50 334.18 39.26 25.04
250 ml
Non-crosslinked 75.83 333.64 38.86 28.37
Crosslinked 75.83 336.61 41.11 32.61
290 ml
Non-crosslinked TSNS BRsper 41.39 32.22
Crosslinked 75.61 336.37 38.99 39.79
335 ml
Non-crosslinked 75.61 336.69 36.00 35.98

* Average weight per cap = (total weight of 60 capsules/60)
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Table 17 Average weight of capsule shell, containing powder and coated membrane

weight of propranolol hydrochloride OPC coating with various amounts of CA

solution
Amount of Average weight per cap (mg)”
coating Capsule type
solution Capsule shell Powder HPMC layer CA layer
Crosslinked 76.00 336.33 42.39 33.67
290 ml
Non-crosslinked 1893 336.33 43.83 34.83
Crosslinked 75.50 8 S92 35.64 33.01
335 ml
Non-crosslinked 7895 337.80 34.74 34.50

*Average weight per cap = (total weight of 60 capsules/60)

Table 18 Coated membrane weight per surface area of diltiazem hydrochloride OPC

coating with various amounts of CA solution

Amount of Coated membrane weight per surface area (mg/cm?)
coating Capsule type Subcoating Semipermeable membrane
luti

sofution (HPMC layer) (CA layer)
Crosslinked 962 6.14

250 ml
Non-crosslinked 9.52 6.95
Crosslinked 10.07 7.99

290 ml
Non-crosslinked 10.14 7.90
Crosslinked 9.55 9.75

335 ml
Non-crosslinked 882 8.82
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Table 19 Coated membrane weight per surface area of propranolol hydrochloride

OPC coating with various amounts of CA solution

Amount of Coated membrane weight per surface area (mg/cm?)
coating Capsule type Subcoating Semipermeable membrane
luti

sofution (HPMC layer) (CA layer)
Crosslinked 10.39 8.25

290 ml
Non-crosslinked 10.74 8.54
Crosslinked 873 8.09

335ml
Non-crosslinked 85] 8.45

Theoretical coated membrane weights are presented in Table 20. It was found
that actual average weight of coated layers of diltiazem hydrochloride OPC and
propranolol hydrochloride OPC were approximately 60-70 % of theoretical coated
layers weight (Table 21 and 22).

Table 20 Theoretical average weight of coated layers per capsule

Amountof Theoretical weight per cap (mg)
coating Subcoating semipermeable membrane
solution (HPMC layer) (CA layer)
250 ml 60 43
290 ml 60 49
335 ml 60 57




Table 21 Percentage of actual coated layers weight per theoretical coated layers

weight of diltiazem hydrochloride OPC

Actual weight per theoretical weight (%)

Amount of
coating Capsule type Subcoating Semipermeable membrane
solution (HPMC layer) (CA layer)
Crosslinked 65.435 58.223
250 ml
Non-crosslinked 64.772 65.974
Crosslinked 68.518 66.553
290 ml
Non-crosslinked 68.982 65.759
Crosslinked 64.977 69.809
335 ml
Non-crosslinked 60.002 63.121

Table 22 Percentage of actual coated layers weight per theoretical coated layers

weight of propranolol hydrochloride OPC

Actual weight per theoretical weight (%)

Amount of

coating Capsule type Subcoating Semipermeable membrane

solution (HPMC layer) (CA layer)
Crosslinked 70.648 68.708

290 ml
Non-crosslinked 73.055 71.088
Crosslinked 59.402 57.904

335 ml
Non-crosslinked 57.898 60.526

7.2 Coated film characterization
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Coated layers of diltiazem hydrochloride OPC and propranolol hydrochloride

OPC were characterized using scanning electron microscope as diplayed in Figure 28-

29 and 30-31, respectively.

18 pm 1. 888

B)

15kl 18um =1, 288

(© (D)

(E) (F)

Figure 28 The photomicrograph (SEM) of cross-section view (x500) and surface
view (x1000) of diltiazem hydrochloride crosslinked OPC coated with 250 ml [cross-
section (A) and surface (B)], 290 ml [cross-section (C) and surface (D)] and 335 ml

[cross-section (E) and surface (F)] CA coating solution
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(B)

3 '.I ey,

(D)

Figure 29 The photomicrograph (SEM) of cross-section view (x500) and surface
view. (x1000) of diltiazem hydrochloride non-crosslinked OPC coated with 250 ml
[cross-section (A) and surface (B)], 290 ml [cross-section (C) and surface (D)] and

335 ml [cross-section (E) and surface (F)] CA coating solution
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Figure 30 The pﬁ(');comicrograph (SEM) of cross-section VieV;/--‘(XSOO) and surface
view (x1000) of propranolol hydrochloride. crosslinked OPC. coated with 290 ml
[cross-section (A) and surface (B)] and 335 ml [cross;section (C) and surface (D)] CA

coating solution '
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Figure 31 The photomicrograph (SEM) of cross-section view (x500) and surface
view (x1000) of éfopranolol hydrochloride non-crosslinked OPC Egated with 290 ml
[cross-section (A) and surface (B)] and 335 ml [cross-section (C) and surface (D)] CA

coating solution

. Cross-section view of OPC clearly show three separated layers; capsule shell
layer, HPMC layer and CA layer. As shown in figures, surface of all groups of OPC
were smooth and homogeneous. It was found that film thickness can not be measured
correctly 'because coating layers ‘were distorted during specimen- preparation.
Nevertheless, it was indicated that HPMC layer was thicker than CA layer due to high
HPMC layer weight gain.
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7.3 Orifice characterization

The photomicrograph of the orifices are displayed in Figure 32. It was
found that the orifice, which drilled using hypodermic needle, had rounded shape and
smooth edge. Needles with 0.4, 0.6 and 0.8 mm diameter gave roughly 0.4, 06, and

0.8 orifice sizes, respectively.

Wi redhem

Figure 32 The photomicrograph (SEM) of various sizes of the orifice that drilled with
0.4 mm (A) ,0.6mm (B) and 0.8 mm (C) needle

7.4 Effect of orifice size of OPC on powder loss

To study theeffect of orifice size of OPC on powder loss, OPC were
drilled using 0.4, 0.6 and 0.8 ' mm needle. Powder losses and area of the orifice were
shown in Table 23. It was clearly evident that loss of powder increase with an

increase in diameter and area of the orifice. In an attempt to reduce powder loss



before dissolution testing, OPC were drilled prior to use. Figure 33 shows correlation

between % powder loss and area of the orifice.

Table 23 Percentage of powder loss from various orifice sizes OPC
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Size of the orifice (mm) Area of the orifice (mm®) % loss of powder
0.4 0.126 0.782
0.6 0.283 1.546
0.8 0.503 2.998
3.5
3 1
o 2.5 -
o
w2
)
o
g 1.5
o y =5.9245x% - 0.0257
2 1
° R? =0.9934
0.5 -
0
0 0.1 0.2 0.3 0.4 0.5 0.6
Area (mm2)

Figure 33 Correlation between % powder loss and area of the orifice

7.5 Content of model drug in OPC

Content of diltiazem hydrochloride and propranolol hydrochloride in OPC
were about 100 %. Table 24 and 25 displayed content of diltiazem hydrochloride and
propranolol hydrochloride in OPC, respectively.




Table 24 Content of diltiazem hydrochloride coating with various amounts of CA

solution (n=3)

Amount of Content of diltiazem hydrochloride
coating
solution Crosslinked capsule Non-crosslinked capsule
90.23 +1.30 mg 89.59+3.21 mg
250 ml
(10026 1.45 %) (99.54 + 3.57 %)
89.98+ 2.25 mg 94.71 £ 1.46 mg
290 ml
(99.98 £ 2.50 %) (105.24 + 1.62 %)
90.72 £ 2.19mg 89.33 + 3.64 mg
335 ml
(100.80 + 2.34 %) (99.25 £4.05 %)

Table 25 Content of propranolel hydrochloride coating with various amounts of CA

solution (n=3)

Amount-of Content of propranolol hydrochloride
coating
solutiom Crosslinked capsule Non-crosslinked capsule
93.60 = 2.81 mg 92.77+1.02 mg
290 ml
(104.00 3.12 %) (103.09 = 1.13 %)
94.45 + 0.90 mg 96.03 +2.44 mg
335 ml
(104.94 £ 1.00 %) (106.70.= 2.71 %)

7.6 Dissolution study

53
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7.6.1 Evaluation of various parameters affecting on drug release

profile

2.6.1.1 Amount of cellulose acetate coating solutions

Influence of coating solution level on drug release from OPC
was investigated using deionized water as dissolution medium. All OPC were drilled
using 0.6 mm needle..OPC in this experiment were divided into four groups as

follows:

o diltiazem HCI crosslinked OPC coating with 250, 290 and
335 ml CA solution

o .diltiazem HCI non-crosslinked OPC coating with 250, 290
and 335 ‘ml CA solution

o . propranolol HCI crosslinked OPC coating with 290 and
335 ml CA solution

o propranolol HCI non-crosslinked OPC coating with 290 and
335 ml CA solution

The influences of cellulose acetate solution level on drug release profiles of
diltiazem hydrochleride crosslinked and non-crosslinked OPC are shown in Figure 34
and 35. Diltiazem-hydrochloride crosslinked OPC coating with 250, 290 and 335 ml
had 1, 1.5 and 2.5 hrsilag time, respectively. Lag time of diltiazem hydrochloride non-
crosslinked "OPC ' coating with 250, 290 and 335 ml were 0.5,"1 and 1 hrs,
respectively. As shown in Figure 34, level of coating solution.could affect lag time of
diltiazem hydrochloride crosslinked OPC. Diltiazem hydrochloride crosslinked and
non-crosslinked OPC could sustain release profile about 9 hrs and between 10%-80%
of cumulative drug release profiles closed. to zero-order of drug content (R” are shown

in Table 26 and 27).
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Diltiazem hydrochloride crosslinked OPC
drug released

Drug release (%)
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60 —— 250 ml

40 —/— 290 ml
20 - -O- =335 ml
0
0 1 2 3 f 5 6 7 8 9 10

Time (hr)

Figure 34 The release profiles of diltiazem hydrochloride from crosslinked OPC
(n=18) coating with various amounts of CA solution (250, 290 and 335 ml) in

deionized water.

Diltiazem hydrochloride non-crosslinked OPC
drug released

Drug release (%)

120

100

80

60 —{—250 ml

40 — /=290 ml

20 - - =335 ml

0

Time (hr)

Figure 35 The release profiles of diltiazem hydrochloride from non-crosslinked OPC
(n=18) coating with various amounts of CA solution (250, 290 and 335 ml) in

deionized water.
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Table 26 The comparative parameters of diltiazem hydrochloride crosslinked OPC

with various CA solution levels including calculated release rate and R*

diltiazem hydrochloride crosslinked OPC
coating Qobs” (%) r?il;ia;z?e R?
solution level (%/hr)
250 ml 7.92-80.25 17.661 0.962
290 ml 13.92-80.77 18.581 0.9322
335 ml 11.54-79.55 16.943 0.9055

*Qobs=percentage of drug release interval used for caleulation of zero-order equation

Table 27 The comparative parameters of diltiazem hydrochloride non-crosslinked

OPC with various CA solution levels including caleulated release rate and R*

diltiazem hydrochloride non-crosslinked OPC
coating Qobs” (%) r(;zll::(;glea;z?e R*
solution level (%/hr)
250 ml 9.92-94.9 18.824 0.9463
290 ml 8.17-92.66 19.793 0.989
335 ml 4.58-91.1 16.15 0.9182

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Release rate.of diltiazem hydrochloride crosslinked and non-crosslinked OPC
are shown in Figure 36 and 37. For the initial period release rate were increasing after
that release rate were decreasing. In last 3 hrs, release rate were steady: Release rate
of diltiazem hydrochloride crosslinked-OPC coating with 335.ml CA solution was the
slowest release rate but release rate from OPC coating with 250 and 290 ml CA
solution-were-similar. Release rate from diltiazem -hydrochloride non-crosslinked
OPC coating with 250, 290 and 335 ml CA solution were similar. From Table 26 and
27, diltiazem hydrochloride crosslinked and non-crosslinked OPC coating with

various CA solution levels gave no clear different calculated release rate.
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Diltiazem hydrochloride crosslinked OPC

Release rate released rate
(%/hr)

50

—{3+—250 ml
40

—/— 290 ml
30

= -O- -335ml

20

10

Average time (hr)

Figure 36 The release rate profiles of diltiazem hydrochloride from crosslinked OPC
(n=18) coating with various amounts of CA solution (250, 290 and 335 ml) in

deionized water.

Diltiazem hydrochloride non-crosslinked OPC

Release rate released rate
(%/hr)
50
——250 ml
40
—A— 290 ml
30 - - -335ml
20
10
0
0 1 2 3 4 5 6 7 8 9

Average time (hr)

Figure 37 The release rate profiles of diltiazem hydrochloride from non-crosslinked
OPC (n=18) coating with various amounts of CA solution (250, 290 and 335 ml) in

deionized water.
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The release profiles of propranolol from each group of OPC are shown in

Figure 38 and 39.

Propranolol hydrochloride crosslinked OPC
drug released

Drug release (%)

120
100
=B
L. B
80 /j-’—
60 I,E’(L‘
— A—290-ml
40
&g' - 0= =335 ml
20 3’};{
0 oL
0 472 4 S B Fn 7AW Wk 2 13

Time (hr)

Figure 38 The release profiles of propranolol hydrochloride from crosslinked OPC
(n=18) coating with various amounts of CA solution (290 and 335 ml) in deionized

water.

Propranolol hydrochloride non-crosslinked OPC
drug released

Drug release (%)
120

100 % _k 5= = .68

i %% '
60 {%
. —— 290 ml
40 /g g
- 0- -335ml
0 0.

Time (hr)

Figure 39 The release profiles of propranelol hydrochloride from non-crosslinked
OPC (n=18) coating with various amounts of CA solution (290 and 335 ml) in

deionized water.
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Lag time of propranolol hydrochloride crosslinked and non-crosslinked OPC
coating with both CA solution levels were 3 and 1 hrs, respectively. For propranolol
hydrocloride OPC, up to 90% of drug release was closed zere-order relase (R” are

shown in Table 28 and 29).

Table 28 The comparative parameters of propranolol hydrochloride crosslinked OPC

coating with various CA solution levels including calculated release rate and R*

propranoloel hydrochloride crosslinked OPC
coating f calculated ,
. Qobs™ (%) release rate R
solution level (%/h)
290 ml 9.02-92.04 9.8159 0.9478
335 ml 7.58-90.40 9.8013 0.9502

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Table 29 The comparative parameters of propranolol hydrochloride non-crosslinked

OPC with various CA solution levels including calculated release rate and R

propranolol hydrochloride non-crosslinked OPC
p X calculated
sohj:)i?)rllnlivel Qobs (%) release rate e
(%/hr)
290 ml 6.74-90.78 15.023 0.9897
335'ml 12.50-90.11 12.386 0.9928

*Qobs=percentage of drug release interval used for calculation of zero-order equation

As shown in Figure 40 and 41, it was no diferrence between release rate
profiles of propranolol hydrochloride OPC coating with 290 and 335 ml CA solution
(calculated release rates are presented in Table 28 and 29). Release rate of propranolol
hydrochloride crosslinked OPC had more linear pattern and less variation of release

rate than release rate of propranolol hydrochloride non-crosslinked OPC.
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Figure 40 The release rate profiles of propranolol hydrochloride from crosslinked

OPC (n=18) coating with various amounts of CA solution (290 and 335 ml) in

deionized water.
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Figure 41 The rtelease rate profiles of propranolol hydrochloride from mnon-

crosslinked OPC (n=18) coating with various amounts of CA solution (290 and 335

ml) in deionized water.
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According to equation 4, the increment in membrane thickness (%) led to a

reduction of solute delivery rate (dm/df).

dm A
- e (Eq. 4)

dm/dt = solute delivery rate

A = membrane area

h = membrane thickness

L, = mechanieal permeability

o =reflection coefficient

Ar = esmotie pressure difference

C = congentration of compound in the dispensed fluid

It seem reasonable to assume that thickness. of film depended on
semipermeable membrane weight.  Average weight of CA layer of diltiazem
hydrochloride crosslinked OPC coating with 250, 290 and 335 ml were found to be
25.04, 32.61 and 39.79 mg/cap, respectively (Table 16). As shown in Figure 34, level
of CA solution increase led to an increase of semipermeable film thickness, resulting
in the lag time of diltiazem hydrochloride crosslinked OPC increase. However, Figure
35 shows that diltiazem hydrochloride non-croslinked OPC showed not much
diference of lag time which might be caused by slight difference of average weight of
CA layer. Average weight of CA layer of diltiazem hydrochloride non-crosslinked
OPC coating with 250, 290 and 335 ml were found to be 28.:37, 32.22 and 35.98
mg/cap, respectively (Table 16). The reason is that membrane resistance to water
penetration increased as the membrane thickness increased resulting in an increase of
lag time.and a reduction of release rate (Liu and Xu, 2008) During dissolution test,
coating film of diltiazem hydrochloride OPC coating with 250 ml CA solutions were
broken (Figure 42), therefore 250 ml coating solution was not use for propranolel
hydrochloride OPC study. As'shown in Table 17, semipermeable membrane weight of
porpranolol hydrochloride OPC coating with 290 and 335 ml are similar led to no
difference of lag time of propranolol hydrochloride OPC coating with various

amounts of CA solution. For both model drugs, lag time of crosslinked OPC were
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longer than lag time of non-crosslinked OPC. Since crosslinked capsule was a

hydrophobic shell, it was dfficult for water to penetrate into OPC.

Figure 42 Photograph of broken OPC

Release rate of diltiazem hydrochloride crosslinked and non-crosslinked
coating with various amounts of CA 'solution had no clear diversity (Figure 36 and
37). Amount of coating solutions did not affect release rate of propranolol
hydrochloride crosslinked and non crosslinked due to similarity of CA layer weight.
However, capsule type had effect on propranolol hydrochloride release rate. It can
indicated that propranolol hydrochloride crosslinked OPC gave more linear release
rate profile and-less variation of release rate at various sampling time points than
non-crosslinked OPC (Figure 40 and 41). Propranolol hydrochloride OPC release rate
had less fluctuation than diltiazem hydrochloride OPC release rate. Propranolol
hydrochloride OPC c¢ould. extended zero-order release rate longer than diltiazem
hydrochloride OPC due to difference of drugs solubility hence affecting OPC water
influx and OPC delivery rate.

After dissolution testing, there were insoluble capsule inside crosslinked OPC
but non-crosslinked OPC had nothing inside. Figure 43 exhibits cross-section views

of crosslinked and non-crosslinked OPC.
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q hydrochloride crosslinked OPC with orifice size 0.4, 0.6 and 0.8 mm were found to be
2, 2.5 and 1.5 hrs, respectively. Lag time of diltiazem hydrochloride non-crosslinked
OPC with orifice size 0.4, 0.6 and 0.8 mm were obtained to be 1.5, 1 and 1 hrs,
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respectively. It indicated that orifice size might not have effect on lag time of
diltiazem hydrochloride OPC. Diltiazem hydrochloride OPC could prolong drug
release about 9 hours and about 80 % of drug content released close to zero-order
model (R” are presented in Table 30 and 31) with similar variations of drug release at

various sampling time points.

Diltiazem hydrochloride crosslinked OPC

Drug release (%) drug relea SEd
120

100

80

60 —{F=—0.4 mm orifice

40 = N= 0.6 mm orifice

20 - =O- = 0.8 mm orifice

Time (hr)

Figure 44 The release profiles of diltiazem hydrochleride from crosslinked OPC with

various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in detonized water.

Diltiazem hydrochloride non-crosslinked OPC
drug released

Drug release (%)
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100 -0~ -
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40 — A— 0.6 mm orifice
20 - -O- = 0.8 mm orifice
0 -—o=nr
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Figure 45 The release profiles of diltiazem hydrochloride from non-crosslinked OPC

with various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in deionized water.
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Table 30 The comparative parameters of diltiazem hydrochloride crosslinked OPC

with various orifice sizes including calculated release rate and R*

diltiazem hydrochloride crosslinked OPC
, calculated
orifice size Qobs (%) release rate R?
(%/hr)
0.4 mm 14.94-82.53 2o=aasy 0.9015
0.6 mm 20.51-80.94 My, 0.9283
0.8 mm 4.59-80.25 21.985 0.9351

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Table 31 The comparative parameters of diltiazem hydrochloride non-crosslinked

OPC with various orifice sizes including calculated release rate and R*

diltiazem hydrochloride non-erosslinked OPC
- calculated
orifice size Qobs (%) release rate R?
(%o/hr)
0.4.mm 13.66-80.7 27.325 0.9853
0.6 mm 13.12-79.92 18.836 0:9496
0.8 mm 5.48-82.35 26.377 0.9902

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Release rate profiles of diltiazem hydrochloride from crosslinked and non-
crossliniked OPC with various orifice sizes are displayed in Figure 46 and 47. Orifice
size had slight effect on release rate of diltazem hydrochloride crosslinked and nen-
crosslinked OPC. But the results showed that there were different release rate profiles
between diltiazem hydrochloride crosslinked OPC and diltiazem hydrochloride non-
crosslinked OPC. Release rate of diltiazem hydrochloride crosslinked OPC
immediately decreased from 3 hrs to 5 hrs when past 6 hrs release rate was steady.

But release rate of diltiazem hydrochloride non-crosslinked OPC slowly decreased
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from 2 to 6 hrs. As shown in Table 30 and 31, diltizem hydrochloride crosslinked and

non-crosslinked OPC with 0.6 mm orifice size gave lower calculated release rate.

Diltiazem hydrochloride crosslinked OPC
released rate

Release rate
(%/hr)

50 ' —— 0.4 mm orifice
40 — A= 0.6 mm orifice
30 = =O= = 0.8 mm orifice
20 4
10 g"

0 N —

Average time (hr)

Figure 46 The release rate profiles of diltiazem hydrochloride from crosslinked OPC

with various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in deionized water.

Diltiazem hydrochloride non-crosslinked OPC
released rate

Release rate
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Figure 47 The release rate profiles of diltiazem hydrochloride from non-crosslinked

OPC with various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in deionized water.
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As shown in Figure 48, lag time of propranolol hydrochloride crosslinked
OPC with orifice size 0.4, 0.6 and 0.8 mm were 3.5, 3 and 3 hrs, respectively. Figure
49 showed that lag time of propranolol hydrochloride non-crosslinked OPC with 0.4,

0.6 and 0.8 mm orifice sizes were 1 hr.

Propranelol hydrochloride erosslinked OPC
drug released

Drug release (%)
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Figure 48 The release profiles of propranolol hydrochloride from crosslinked OPC

with various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in deionized water.

Propranolol hydrochloride non-crosslinked OPC
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Figure 49 The release profiles of propranolol hydrochloride from non-crosslinked

OPC with various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in deionized water.
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Propranolol hydrochloride crosslinked and non-crosslinked OPC could
prolong release for 12 and 9 hrs, respectively. About 90 % of drug release were closed
to zero-order kinetics (R” are shown in Table 32 and 33). Propranolol hydrochloride
crosslinked OPC with 0.6 mm orifice size had lower drug release variation at various
sampling time points and non-crosslinked OPC with 0.8 mm orifice size had the most

drug release variation at various sampling time points (Figure 48 and 49).

Table 32 The comparative parameters of propranolol hydrochloride crosslinked OPC

with various orifice sizes including ealculated release rate and R*

propranolol hydrochloride crosslinked OPC
/ calculated
orifice size Qobs (%) release rate R?
(%o/hr)
0.4 mm 11.28-79.5 8.6714 0.8946
0.6 mm 13.59-90.18 9.7697 0.9535
0.8 mm 11.21-89.24 9.3077 0.9053

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Table 33 The comparative parameters of propranolol hydrochloride non-crosslinked

OPC with various orifice sizes including calculated release rate and R

propranolol hydrochloride non-crosslinked OPC
calculated
orifice size Qobs (%) release rate R?
(%/hr)
0.4 mm 11.68-90.52 10.735 0.9593
0.6 mm 10.79-94.35 13.478 0.9958
0.8 mm 6.77-94.66 12.581 0.9529

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Figure 50 and 51 show release rate profiles of propranolol hydrochloride

crosslinked and non-crosslinked OPC that had low fluctuation except for release rate

profile of propranolol hydrochloride non-crosslinked OPC with 0.8 mm orifice size.

Release rate

(%/hr)
50

Propranolol hydrochloride crosslinked OPC
released rate

40

30
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—{+—0.4 mm orifice
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= O- = 0.8 mm orifice

Average time (hr)

Figure 50 The release rate profiles of propranolol hydrochloride from crosslinked

OPC with various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in deionized water.

Propranolol hydrochloride non-crosslinked OPC
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Figure 51 The release rate profiles of propranolol hydrochloride from non-

crosslinked OPC with various orifice sizes 0.4, 0.6 and 0.8 mm (n=6) in deionized

water.
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It was found that no clear difference existed in the release profiles of all
groups OPC among 0.4, 0.6 and 0.8 mm in orifice diameter (Figure 44, 45, 48 and
49). However for all orifice sizes, crosslinked OPC seemed to have more similar drug
release than non-crosslinked OPC. The results showed that the orifice size affected
variation of drug release at various sampling time points. As presented in Figure 45
and 49, diltiazem hydrochloride and propranolol hydrochloride non-crosslinked OPC
with 0.8 mm orifice size were observed high variation of drug release at various
sampling time points. Drug release variation at-various sampling time points of
propranolol hydrochloride crosslinked OPC with 0.6 mm was the lowest (Figure 48).
Diltiazem hydrochloride .erosslinked OPC with wvarious orifice sizes gave slight
different variation of drug release at various sampling time points (Figure 44).
Diameter of orifice increased led fo an increas of variation at various sampling time
points except for propranolel hydrochloride crosslinked OPC with 0.4 mm orifice
which gave high variation due to broken membrane of OPC. High variation of release
rate at various time points of OPC with 0.8 orifice size may be due to high water

influx through the larger orifice (Liu et al., 2000).

Mohammadi-Samani et al. (2000) reported that propranolol hydrochloride
osmotic pump tablets with 0.2’ mm to 0.8 mm orifice size gave release mechanism
followed zero-order model. But release rate of propranolol hydrochloride osmotic
pump tablets with 1.0 mm orifice size became abnormal. It can be indicated that the
delivery rate of osmotic pump is independent of orifice size within predictable limits
(Theeuwes, 1975): Hence lag time and delivery rate of OPC might be affected by
orifice size which was out of optimum range. The minimum area of the optimum

orifice size can be calculated from Poiseuille’s law (Lakshminarayanaiah, 1969).

1
V)
dt M)max

Minimum area of the orifice = 5(
dVy/dt = volume flux
I' = length of the orifice
n = viscosity of the delivery fluid

APy, = maximum hydrostatic pressure of the device
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The maximum area of the optimum orifice size is established to reduce the
diffusion contribution to the delivery rate. These area can be calculated from

following equation that was developed by Theeuwes (1974).

) g [ (dm 1
Maximum area of the orifice = —| — | —
F\dt ) DS

(dm/dt), =fluid delivery rate from t=0 to t=z
F = the ratio of total delivery rate to diffusive rate

(If F = 40, diffusive contribution to delivery rate is insignificant)
D = diffusion coefficient of drug in dissolution medium

S = the eomponent solubility

From Figure 34 to 41 and 44 to 51, diltiazem hydrochloride OPC gave short
time of drug release and high release rate. As presented in Table 24 to 31, calculated
release rate of propranolol hydrochloride OPC was less than calculated release rate of
diltiazem hydrochloride. According to Equation 7, the soluble component increase
resulting in increment of delivery: rate. The soluble component of diltiazem
hydrochloride OPC was  higher than the component solubility of propranolol
hydrochloride OPC.

dm A
— =P xS
(dt ] o (Fa.7)

Based on the aboved results, OPC prepared using 335 ml CA solution with
orifice size of 0.6 mm were selected for investigating the effect of release media

having different ionic strenghts and pHs on drug release from the system:

7.6.2 Evaluation of drug release in variousmedia
2.6.2.1 Different ionie strength media

Drug release of diltiazem hydrochloride crosslinked and non-
crosslinked OPC and propranolol hydrochloride crosslinked and non-crosslinked OPC

were studied using various ionic strength solutions as follows
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o 0.154 M or 0.9 % sodium chloride (NaCl) solution

(isotonic)
o 0.5 M NaCl solution

o 1 M NacCl solution

Figure 52 and 53.display drug release profiles.and release rate profiles of
diltiazem hydrochloride crosslinked OPC. Lag time of diltiazem hydrochloride
crosslinked OPC in deionized water, 0.9 %, 0.5 M and 1 M NaCl solutions were 2.5,
2.5, 3.5 and 5.5 hrs,respectively. The results showed that increasing ionic strength of
medium could increase lag /time and decreased drug release of diltiazem

hydrochloride crosslinked OPC (Calculated release rates are presented in Table 34).

Diltiazem hydrochloride crosslinked OPC
drug released

Drug release (%)
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Figure 52 The release profiles of diltiazem hydrochloride from crosslinked OPC
(n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M and

1 M).
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Figure 53 The release rate profiles of diltiazem hydrochloride from crosslinked OPC

(n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M and

1 M).

Table 34 The comparative parameters of diltiazem hydrochloride crosslinked OPC in

deionized water and various concentration NaCl solutions including calculated release

rate and R?
diltiazem hydrochloride crosslinked OPC

dissolution * calculated 2

e Qobs (%) release rate R

(%/hr)

DI water 20.51-63.12 28.63 0.9787
0.9 % NaCl 12.69-62.16 19.662 0.9438
0.5 M NaCl 8.79-60.98 dilnd 3 0:9553

1 M NaCl 3.90-7.37 4.4371 1.000

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Drug release profiles and telease rate profiles of diltiazem hydrochloride non-
crosslinked 'OPC were displayed in Figure 54 and 55, respectively. Diltiazem
hydrochloride crosslinked OPC lag time in deionized water, 0.9 %, 0.5 M and 1 M

NaCl solution were 1, 1.5, 1.5 and 2 hrs, respectively. The increase in ionic strength
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of dissolution medium led to reduction of diltiazem hydrochloride release from non-

crosslinked OPC (Calculated release rates are presented in Table 35).

Diltiazem hydrochloride non-crosslinked OPC
drug released

Drug release (%)

120
—{+— DI water
100
— A— 0.9% NaCl
80 || - -0~ -0.5M NaCl
60 UM Nacl l
40 5 - T ¥
20 Y
0

0 1 2 3 4 5 6 7 8 9 10

Time (hr)

Figure 54 The release profiles of diltiazem hydrochloride from non-crosslinked OPC
(n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M and

1 M).
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Figure 55 The release rate profiles of diltiazem hydrochloride from non-crosslinked
OPC (n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M

and 1 M).
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Table 35 The comparative parameters of diltiazem hydrochloride non-crosslinked
OPC in deionized water and various concentration NaCl solutions including

calculated release rate and R?

diltiazem hydrochloride non-crosslinked OPC
dissolution * R
medium Qobs_ (%) release rate R?
(%/hr)

DI water 13.12-63.95 25.868 0.9895
0.9 % NaCl 7.25-61.36 O 9L 3 0.9891
0.5 M"NaCl 8.21-63.14 8.6339 0.9831

1 M NaCl 12.00-40.18 4.9743 0.9955

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Figure 56 and 57 exhibit drug release profiles and release rate profiles of
propranolol hydrochloride crosslinked OPC. Lag time of propranolol hydrochloride
crosslinked OPC in deionized water, 0.9 %, 0.5 M and 1 M NaCl solution were found
to be 3, 5.5, 5.5 and 5 hrs, respectively. Increasing ionic strength of medium
extremely decreased in drug release and release rate of propranolol hydrochloride
crosslinked OPC (Calculated release rates are shown in Table 36). As shown in Figure
56 and 57, propranolol hydrochloride barely released in 0.5 M and 1 M NaCl

solutions.
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Figure 56 The release profiles of propranolol hydrochloride from crosslinked OPC

(n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M and

1 M).
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Figure 57 The rclease rate profiles of propranoelol hydrochloride from crosslinked

OPC (n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M

and 1 M).
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Table 36 The comparative parameters of propranolol hydrochloride crosslinked OPC
in deionized water and various concentration NaCl solutions including calculated

2
release rate and R

propranolol hydrochloride crosslinked OPC
dissolution L% fgated 2
medium Qobs (%) release rate R
(%/hr)

DI water 13.59-57.32 14.67 0.9976
0.9 % NaCl 8.94-50.14 6.95 0.9717
0.5 M NaCl 9.75-15.25 1.38 0.9991

1 M NaCl 4.33-6.40 1.04 0.9005

*Qobs=percentage of drug release interval used for calculation of zero-order equation

As shown 1n Figure 58 and 59, there was no clear difference in lag time of
propranolol hydrochloride crosslinked OPC in various ionic strength media. Drug
release of propranolol hydrochloride non-crosslinked OPC during 1 to 4 hrs were
similar (Calculated ‘drug release are presented in Table 37). But after 4 hrs of
propranolol hydrochloride release, the effect of ionic strength was clearly observed

and propranolol hydrochloride release about 40. % of drug content in 1M NaCl

solution.
Propranolol hydrochloride non-crosslinked OPC
Drug release (%) drug released
120
100 —3— DI water
—/— 0.9% NaCl I\
g0 || -0 -0.5MNaCl l _l_
1M NaCl ,l _L//
60 /L l l ll
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20
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Figure 58 The release profiles of propranolol hydrochloride from non-crosslinked OPC
(n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M and 1

M).



78

Propranolol hydrochloride non-crosslinked OPC
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Figure 59 The release rate profiles of propranelol hydrochloride from non-crosslinked
OPC (n=6) in deionized water and various concentration NaCl solutions (0.9%, 0.5 M and

1 M).

Table 37 The comparative parameters of propranolol hydrochloride non-crosslinked
OPC in deionized water and wvarious concentration NaCl solutions including

calculated release rate and R?

propranolol hydrochloride non-crosslinked OPC
dissolution = calculated 2
medif Qobs (%) release rate R
(%/hr)

DI water 10.79-49.02 12.52 0.9967
0.9 % NaCl 14.42-49.34 9.26 0.9377
0.5 M NacCl 14.80-49.65 4.36 0.8520

1 M NaCl 12.36-37.57 3.12 0.7018

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Solubility of diltiazem hydrochloride and propranolol hydrochloride are
reported in Table 4 and 5 in different media to confirm that sink conditions were
maintained during dissolution studies. And solubility of propranolol hydrochloride in
different ionic strength media are displayed in Table 38. The solubility of both model
drugs in high ionic strength medium are reduced due to common ion effects (Florence
and Attwood, 2006). According to equation 4, ioni¢ strength of dissolution medium
increases led to decrease of osmotic pressure difference (An) resulting in reduction of
drug delivery rate (dm/dt). The lag time values of OPC were affected by the ionic
strength of dissolution medium. For both model drugs, ionic strength of dissolution
medium had more effect onlag time and release rate of crosslinked OPC than lag time
and release rate of non-cresslinked OPC. Propranolol hydrochloride OPC was found
to be highly dependent on ionic strength of dissolution media more than diltiazem
hydrochloride OPC. Based on the results of this study, the increase of ionic strength
of dissolution medium led to a reduction of drug release rate of diltiazem
hydrochloride and propranelol hydrochloride OPC. Previous studies reported that
ionic strength of dissolution media increased resulting in reduction of drug release
(Okimoto et al., 1999; Verma et al., 2003). It can be concluded that osmotic pumping
is the main mechanism of drug release from the OPC (Liu et al., 1984; Appel and
Zentner, 1991)

Table 38 Solubility of propranolol hydrochloride in different ionic strength media

Medium Solubility (mg/ml)
0.154 M NaCl solution 25.32 £ 0.95
0.5 M NaCl solution 6.36 £ 0.27
1 M NacCl solution 2.74 +£0.09

Osmolarity (&) of delivery solutions can be calculated by molar concentration

(USP 29/NF24, 2006)
£ = iC;

i = van ‘t Hoff factor (accounts for the number of individual particles of a
compund dissolved in solution)

C;= molar concentration of the solute in solution
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From above equation, omolarity of diltiazem hydrochloride and propranolol
hydrochloride formulation solutions were 7.198 and 6.748 Osmol/L, respectively.
And osmolarity of 0.9%, 0.5 and 1 M NaCl solution were 0.308, 1 and 2 Osmol/L,
respectively. The increment of concentration of NaCl solution led to reduction of

osmolarity difference between inside and outside OPC.

The estimation of osmotic pressure (m) of each ingredient saturated solution

can be calculated by Morse equation (Amiji and Sandmann, 2003)
n =IiMRT

M =molarity of solution
R = gas constant (0.08206 L * atm - mol "+ K™
T = Temeperature (°K)

Table 39 are presented osmotic pressure of saturated solution of diltiazem
hydrochloride, propranolol hydrochloride and lactose. Osmotic pressure of NaCl

saturated solution is shown in Tale 2.

Table 39 Osmotic pressure of saturated solution of formulation ingredients

Ingrdient Osmotic pressure (atm)
Diltiazem hydrochloride 67
Propranolol hydrochloride 9
Lactose 24

These results-also seemed to.confirm that ionic strength had effect 'on drug
release and diltiazem hydrochloride formulation had higher osmotic pressure resulting

in more drug release rate:
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2.6.2.2 Different pH media

To study the effect of pH of dissolution medium, release
studies of diltiazem hydrochloride or propranolol hydrochloride crosslinked and non-

crosslinked OPC were conducted in isotonic media of different pH as follows

o Isotonic 0.1 M hydrochloric acid pH 1.2
o Isotonic phosphate buffer pH 6.8

o 0.1 M hydrochloric acid pH 1.2 for 2 hrs and changed to
isotonic phosphate buffer pH 6.8

Drug release profiles and release rate profiles of diltiazem hydrochloride
crosslinked OPC-in various pH media were displayed in Figure 60 and 61. It was
shown that lag time of diltiazem hydrochloride crosslinked OPC in isotonic, isotonic
HCI pH 1.2, isotonic PBS pH 6.8 and pH-change medium were 2.5, 3, 3 and 3 hrs,
respectively. It indicated that no clear differences existed in drug release rate of
diltiazem hydrochloride erosslinked OPC in different pH isotonic media (Calculated

release rates are presented in Table 40).

Diltiazem hydrochloride crosslinked OPC
drug released
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Figure 60 The release profiles of diltiazem hydrochloride from crosslinked OPC
(n=6) in deionized water, 0.9 % NaCl solution and different pH media with isotonicity

(HCl pH1.2, PBS pH6.8 and pH-change method).
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Figure 61 The release rate profiles of diltiazem hydrochloride from crosslinked OPC

(n=6) in deionized water, 0.9 % NaCl-solution and different pH media with isotonic

(HC1 pH1.2, PBS pH6.8 and pH-change method).

Table 40 The comparative parameters of diltiazem hydrochloride crosslinked OPC in

different pH media with isotonic including calculated release rate and R*

diltiazem hydrochloride crosslinked OPC
dissolution " o 2
\ Qobs (%) release rate R
medium
(%/hr)

HCl 7.82-74.07 16.05 0.9372

PBS 8.23-65.30 12.24 0.8740
pH-change 15.24-70.82 17.84 0:9085

*Qobs=percentage of drug release interval used for calculation of zero-order equation

As shown in Figure 62, lag time of diltiazem hydrochloride non-crosslinked

OPC in 1sotonic, isotonic HCI pH 1.2, isotonic PBS pH 6.8 and pH-change medium

were found to.be 1.5, 1.5, 1 and 1.5 hrs, respectively. Figure 63 show that drug release

rate profile of diltiazem hydrochloride non-crosslinked OPC are apparently similar in

all different pH media with isotonic (Calculated release rates are presented in Table

41).



120
100
80
60
40

20

Diltiazem hydrochloride non-crosslinked OPC
drug released

Drug release (%)

—{1— DI water
— /= 0.9% NaCl
- =O- - HClI pH1.2
PBS pH6.8
e DH ChaNge

Time (hr)

10

83

Figure 62 The release profiles of diltiazem hydrochloride from non-crosslinked OPC

(n=6) in deionized water, 0.9 % NaCl solution and different pH media with isotonic

(HCI pH1.2

, PBS pH6.8 and pH-change method).
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Figure 63 The release rate profiles of diltiazem hydrochloride from non-crosslinked

OPC (n=6) in deionized water, 0.9 % NaCl solution and different pH media with
isotonic (HCI pH1.2, PBS pH6.8 and pH-change method).
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Table 41 The comparative parameters of diltiazem hydrochloride non-crosslinked

OPC in different pH media with isotonic including calculated release rate and R

diltiazem hydrochloride non-crosslinked OPC

dissolution » A ggioulated 2
medium Qobs (%) release rate R
(%o/hr)
HCI 5.64-72.01 12493 0.9200
PBS 11.56-68.53 12.21 0.9082
pH-change 4.89-67.27 8.76 0.8774

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Figure 64 and 65 display the release profiles and release rate profiles of

propranolol hydrochloride from crosslinked OPC. As can be seen from the figure, lag

time of propranolol hydrochloride crosslinked OPC in isotonic, isotonic HCI pH 1.2,

isotonic PBS pH 6.8 and pH-change medium were found to be 5.5, 3, 4 and 3.5 hrs,

respectively. Drug  release profiles and release rate profiles of propranolol

hydrochloride crosslinked OPC are similar all different pH media with isotonic

(Calculated release rates are shown in Table 42).

120
100
80
60
40

20

Propranolol hydrochloride crosslinked OPC

Drug release (%)

drug released

—{— DI water
— /== 0.9% NaCl
- =0~ = HCl pH1.2
PBS pH6.8
e DH change

Time (hr)

Figure 64 The release profiles of propranolol hydrochloride from crosslinked OPC

(n=6) in deionized water, 0.9 % NaCl solution and different pH media with isotonic

(HC1 pH1.2, PBS pH6.8 and pH-change method).
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Propranolol hydrochloride crosslinked OPC
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20
10
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Figure 65 The release rate profiles of propranolel hydrochloride from crosslinked
OPC (n=6) in deionized water, 0.9 % NaCl solution and different pH media with
isotonicity (HC1 pH1.2, PBS pH6.8 and pH-change method).

Table 42 The comparative parameters of propranolol hydrochloride crosslinked OPC

in different pH media with isotonieity including calculated release rate and R

propranolol hydrochloride crosslinked OPC
dissolution * o calculgtes 2
g Qobs (%) release rate R
(%/hr)
HCI 9.09-33.50 4.08 0:9994
PBS 7.93-39.15 5.26 0.9942
pH-change 9.56-38.02 7.34 0.9971

*Qobs=percentage of drug release interval used for calculation of zero-order equation

The release profiles and release rate profiles of propranolol hydrochloride
from non-crosslinked OPC are exhibited in Figure 66 and 67. Lag time of propranolol
hydrochloride non-crosslinked OPC in isotonic, isotonic HCl pH 1.2, isotonic PBS
pH 6.8 and pH-change medium were obtained to be 1, 1.5, 1 and 1.5 hrs,
respectively. About 40% of drug release of propranolol hydrochloride non-crosslinked

OPC in various medium were similar and after that drug release in all different pH
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media with isotonicity were different from drug release in deionized water

(Calculated release rates are presented in Table 43).

Propranolol hydrochloride non-crosslinked OPC
Drug release (%) drug released
120
—{}+— DI water
100 —/— 0.9% NaCl
- <O- - HCl pHL.2
s DH Change
60
[ b
40 X
20
0 X
0 1 2430 4f FA R MR O 011 12 13
Time (hr)

Figure 66 The release profiles of propranolol hydrochloride from non-crosslinked
OPC (n=6) in deionized water, 0.9 % NaCl solution and different pH media with
isotonicity (HC1 pH1.2, PBS pH6.8 and pH-change method).

Propranolol hydrochloride non-crosslinked OPC
released rate

Release rate
(%/hr)

50
—{1— DI water

40 [ — A— 0.9% NaCl

X - O~ - HCl pH1.2
30 PBS pH6.8
20 . O DH ChaNge
0 g S

A e e

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Average time (hr)

Figure 67 The reclease rate profiles of propranolol hydrochloride from non-
crosslinked OPC (n=6) in deionized water, 0.9 % NaCl solution and different pH
media with isotonicity (HCI pH1.2, PBS pH6.8 and pH-change method).
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Table 43 The comparative parameters of propranolol hydrochloride non-crosslinked

OPC in different pH media with isotonicity including calculated release rate and R

propranolol hydrochloride non-crosslinked OPC
dissolution 9 pajfugled 2
medium Qobs (%) release rate R
(%/hr)
HCI 9.16-76.67 8.89 0.9833
PBS 6.58-75.5 6.70 0.8977
pH-change 10.61-75.41 5i93 0.9436

*Qobs=percentage of drug release interval used for calculation of zero-order equation

Based on this study, drug release of diltiazem hydrochloride and propranolol
hydrochloride are independent of pH of dissolution media, even though drug
solubility were difference in different pH media (Table 4 and 5). In previous studies,
there was no difference in drug release with changing the media pH (Theeuwes, 1975;
Zentner et al., 1991; Verma et al., 2003; Garg et al:, 2007) It can be predicted that the

environment of gastrointestinal tract scarcely affect the drug release from OPC.

From the above results, the release profiles of OPC might not completely fit to
zero-order delivery due to another delivery mechanism such as drug diffusion through
the semipermable membrane pores and swellable of subcoating polymer.
Semipermable membrane pores were induced by high level of hydrophilic plasticizer
in semipermeable membrane led to drug diffusion through membrane pores. In further
study, amount of hydrophilic polymer in CA coating solution should be decreased to
reduce drug diffusion mechanism of OPC. In case of subcoating polymer, HPMC ES5
should" be changed to less hydrophilic swellable polymer such” as HPC and/or

concentration of subcoating solution should be reduced.



CHAPTER V
CONCLUSIONS

Osmotically controlled drug.delivery system using crosslinked and non-
crosslinked hard gelatin capsules could be successfully prepared by fluidized bed
coating method. Diltiazem hydrochloride “and-propranolol hydrochloride using
crosslinked capsules and non-crosslinked capsules nearly achieved zero-order model.
Physical characteristics of crosslinked and non-crosslinked hard gelatin capsules were
similar. But capsules whiech were exposed to formaldehyde vapors for over 6 hrs are

insoluble in all dissolution'media.

Thickness of semipermeable membrane had effect on drug release of OPC. An
increase of semipermeable film thickness, resulting in an increase of OPC lag time
and a reduction of OPC release rate. In this study, suitable level of CA coating

solution was 335 mlwhich equivalentto CA of 9.75 mg/cm’.

For both model drugs, lag time and drug release of OPC slightly affected by
orifice size. Nevertheless, larger orifice size OPC seemed to have high varion of drug
release at various sampling time points. OPC with 0.6 mm orifice size were selected

in this study.

OPC using crosslinked capsule had longer lag time than OPC using non-
crosslink capsules. For diltiazem hydrochloride OPC, there was no difference between
release rate of crosslinked OPC and release rate of non-crosslinked OPC. However,
release rate of crosslinked OPC was more linear release rate profile and less variation
of release rate at various sampling time points in case of propranolol hydrochloride

OPC.

Diltiazem hydrochloride OPC had shorter drug release period and higher drug
release rate than propranolol hydrochloride OPC. But, propranolol hydrochloride
OPC could provided approximated zero-order release longer than diltiazem

hydrochloride OPC.

Ionic strength of dissolution media had highly effect on drug release for both

model drugs especially for propranolol hydrochloride. It was found that ionic strength
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of dissolution medium increased led to decrease of osmotic pressure difference (Am)
resulting in drug delivery rate (dm/dt) decreased. It can be predicted that osmotic
pumping is the main mechanism of drug release from the OPC. Based on the result,

drug release of OPC are independent of pH of dissolution media.

elatin capsules could be applied in
owever crosslinked hard

OPC system of water
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APPENDIX A

Calibration curve

96

The amounts of diltiazem hydrochloride and propranolol hydrochloride were

determined by the spectrophotometer. The absorbance of model drugs are presented in

Tabl 1(A) and 2(A). The calibration curve and the linear relationship with the

correlation of determination in each medium of diltiazem hydrochloride and

propranolol hydrochloride-were displayed in Figure 1(A) -6(A) and Figure 7(A) -

12(A), respectively.

Table 1(A) The absorbance of diltiazem hydrochloride in different media at

wavelength 237 nm

Absorbance
concentration HCIpH 1.2 | PBSpH 6.8
(meg/ml) DI water 0.9%NaCl | 0.5MNaCl | 1M NaCl with with

isotonicity isotonicity

2 0.1090 0.1110 0.1063 0.1093 0.1087 0.1057

4 0.2030 0.2106 0.2125 0.2124 0.2110 0.2186

6 0.3079 0.3141 0.3180 0.3181 0.3188 0.3168

8 0.4164 0.4224 0.4222 0.4270 0.4268 0.4214

10 0.5186 0.5268 0.5250 0.5332 0.5225 0.5172

12 0.6195 0.6261 0.6266 0.6311 0.6362 0.6215

16 0.8450 0.8462 0.8389 0.8567 0.8531 0.8390




97

Table 2(A) The absorbance of propranolol hydrochloride in different media at

wavelength 287 nm

Absorbance
concentration HClpH 1.2 | PBSpH 6.8
(mcg/ml) DI water |-0.9%NaCl | 0.5MNaCl' | 1M NaCl with with
isotonicity isotonicity
8 0.1543 0.1529 0.1543 0.1513 0.1522 0.1537
16 0.3016 0.3034 0.3016 0.3101 0.3030 0.3053
24 0.4530 0.4547 0.4530 0.4633 0.4550 0.4625
32 0.6129 0.6086 0.6129 0.6235 0.6153 0.6166
40 0.7521 0.7591 0.7521 0.7746 0.7643 0.7582
48 0.8980 0.9073 0.8980 0.9363 0.9203 0.9073
0.9
0.8
0.7
g 06
rgu 0.5
2 04
< 0.3 y = 0.0527x - 0.0043
/ R? = 0.9995
0.2
0.1
0
5 10 15 20
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Figure 1(A) Calibration curve of diltiazem hydrochloride in deionized water at 237

nm.
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Figure 2(A) Calibration curve of diltiazem hydrochloride in 0.9 % NaCl solution at

237 nm.
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Figure 3(A) Calibration curve of diltiazem hydrochloride in 0.5 M NaCl solution at

237 nm.
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y = 0.0517x + 0.0001
R% = 0.9998
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Figure 4(A) Calibration curve of diltiazem hydrochloride in 1 M NacCl solution at 237

nm.
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Figure 5(A) Calibration curve of diltiazem hydrochloride in 0.1 M HCI pH 1.2 at 237

nm.
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Figure 6(A) Calibration curve of diltiazem hydrochloride in PBS pH 6.8 at 237 nm.
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Figure 7(A) Calibration curve of propranolol hydrochloride in water at 287 nm
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Figure 8(A) Calibration curve of propranolol hydrochloride in 0.9 % NaCl solution at
287 nm
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Figure 9(A) Calibration curve of propranolol hydrochloride in 0.5 M NaCl solution at
287 nm
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Figure 10(A) Calibration curve of propranolol hydrochloride in 1 M NaCl solution at

287 nm
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Figure 11(A) Calibration curve of propranolol hydrochloride in 0.1 M HCI pH 1.2 at

287 nm
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APPENDIX B
Validation of UV-VIS spectrophotometer
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The parameters were assessed to ensure the acceptability of the selected

analytical method performance. The parameters are accuracy, precision, specificity

and linearity.

1. Accuracy

The accuracy wasperformed by measuring placebos spiked with knowing

amounts of diltiazem hydrochloride and propranolol hydrochloride and evaluated as

the percentage of recovery. Each sample was analyzed from triplicate. Accuracy data

of diltiazem hydrochloride and propranolol hydrochloride are presented in Table 1(B)

and 2(B), respectively.

Table 1(B) Accuracy data of percentage of analytical recovery of diltiazem

hydrochloride
Actual concentration Absorbance Analytical concentration
(mcg/ml)

(mcg/ml) nl n2 n3 nl n2 n3
1.994 0.1053 0.1054 0.1053 2.0797 2.0816 2.0797
3.988 0.2031 0.203 0.203 3.9355 3.9336 3.9336
5.982 0.3081 0.308 0.3077 5.9279 5.9260 5.9203
7.976 0.417 0.4172 0.4172 7.9943 7.9981 7.9981
9.970 0.5194 0.5194 0.5194 9.9374 9.9374 9.9374
11.964 0.6197 0.62 0.6201 | 11.8406 | 11.8463 | 11.8482
15.952 0.846 0.8461 0.8457 | 16.1347 | 16.1366 | 16.1290

Actual concentration % Recovery

(mcg/ml) nl n2 n3 Mean SD % CV
1.994 104.30 |- 104.39 | 104.30 | 104.33 | 0.0549 | 0.0527
3.988 98.68 98.64 98.64 98.65 0.0275 0.0278
5.982 99.10 99.06 98.97 99.04 0.0660 0.0667
7.976 100.23 100.28 100.28 100.26 0.0275 0.0274
9.970 99.67 99.67 99.67 99.67 0.0000 0.0000
11.964 98.97 99.02 99.03 99.01 0.0330 0.0333
15.952 101.15 101.16 101.11 101.14 0.0248 0.0245
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Table 2(B) Accuracy data of percentage of analytical recovery of propranolol

hydrochloride
) Analytical concentration
Actual concentration Absorbance
(mcg/ml)
(mcg/ml)
nl n2 n3 nl n2 n3
7.999 0.1551 0.1554 0.1552 7.9893 8.0053 7.9947
15.998 0.3018 0.3019 0.3018 | 15.8342 | 15.8396 | 15.8342
23.997 0.4527 0.4527 0.4526 | 23.9037 | 23.9037 | 23.8984
31.996 0.6131 0.6128 0.6128 | 32.4813 | 32.4652 | 32.4652
39.995 0.7522 0.7521 0.7522 | 39.9198 | 39.9144 | 39.9198
47.994 0.8981 0.898 0.898 47.7219 | 47.7166 | 47.7166
Actual concentration % Recovery
(meg/ml) nl n2 n3 Mean SD % CV
7.999 99.88 100.08 99.95 99.97 0.1021 0.1022
15.998 98.98 99.01 98.98 98.99 0.0193 0.0195
23.997 99.61 99.61 99.59 99.60 0.0129 0.0129
31.996 101.52 101.47 101.47 101.48 0.0289 0.0285
39.995 99.81 99.80 99.81 99.81 0.0077 0.0077
47.994 99.43 99.42 99.42 99.43 0.0064 0.0065

2. Precision




2.1 Within run precision
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The within run precision was evaluated by analyzing the calibration curve in

the same day. The percentage of coefficient of variation (% CV) of diltiazem

hydrochloride concentration and propranolel hydrochloride concentration was

determined. Each sample was analyzed from six-replicated. Within run precision data

of diltiazem hydrochleride and propranolol hydrochloride are displayed in Table 3(B)

and 4(B), respectively.

Table 3(B) Within run precision data of diltiazem hydrochloride

Actual concentration Absorbance
(mcg/ml) nl n2 n3 n4 nS n6

2.012 0.1041 0.1039 0.1039 0.1040 0.1038 0.1039

4.024 0.2082 0.2081 0.2082 0.2082 0.2083 0.2083

6.036 0.3134 0.3134 0.3133 0.3133 0.3133 0.3134

8.048 0.4270 0.4270 0.4270 0.4271 0.4269 0.4270

10.06 0.5295 | 0.5294 0.5293 0.5293 0.5295 0.5296

12.072 0.6445 | 0.6445 0.6444 0.6443 0.6443 0.6445

16.096 0.8820 0.8820 0.8819 0.8820 0.8818 0.8818
Actual Analytical concentration (mcg/ml)

concentration

(meg/ml) nl n3 n4 n5 no6 Mean SD % CV
2.012 2.1264 2.1227 21227 2.1245 2.1209 21227 2.1233 0.0019 0.0891
4.024 4.0330 4.0311 4.0330 4.0330 4.0348 4.0348 4.0333 0.0014 0.0342
6.036 5.9597 5.9597 5.9579 5.9579 5.9579 5.9597 5.9588 0.0010 0.0168
8.048 8.0403 8.0403 8.0403 8.0421 8.0385 8.0403 8.0403 0.0012 0.0144
10.06 9.9176 9.9158 9.9139 9.9139 9.9176 9.9194 9.9164 0.0022 0.0224
12.072 12.0238 [.12.0238 | 12.0220 |- 12.0201 | 12.0201 | 12.0238 | 12.0223 0.0018 0.0150
16.096 16.3736 | 16.3736 | 16.3718 | 16.3736 | 16.3700 | 16.3700 | 16.3721 0.0018 0.0110

Table 4(B) Within run precision data of propranolol hydrochloride
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Actual concentration Absorbance
(mcg/ml) nl n2 n3 n4 nS n6

8.049 0.1596 0.1595 0.1594 0.1596 0.1594 0.1595

16.098 0.3163 0.3165 0.3164 0.3164 0.3163 0.3163

24147 0.4718 0.4717 0.4717 0.4719 0.4717 0.4717

32.196 0.6376 0.6376 0.6376 0.6377 0.6378 0.6377

40.245 0.7758 0.7759 0.7758 0.7758 0.7758 0.7759

48.294 0.9527 0.9528 0.9526 0.9528 0.9529 0.9529
Actual Analytical concentration (meg/ml)

concentration

(meg/ml) nl n2 n3 n4 ns noéb Mean SD o CV
8.049 8.1276 8.1224 73 8.1276 8.1173 8.1224 8.1224 0.0046 0.0562
16.098 16.1224 | 16.1327 | 16.1276 | 16.1276 | 16.1224 | 16.1224 | 16.1259 | 0.0042 0.0258
24147 24.0561 | 24.0510 | 24.0510 | 24.0612 | 24.0510 | 24.0510 | 24.0536 | 0.0043 0.0177
32.196 32.5153 | 32.5153 | 32.5153 | 32.5204 | 32.5255 | 32.5204 | 32.5187 | 0.0042 0.0128
40.245 39.5663 | 39.5714 | 39.5663 | 39.5663 | 39.5663 | 39.5714 | 39.5680 | 0.0026 0.0067
48.294 48.5918 | 48.5969 | 48.5867 | 48.5969 | 48.6020 | 48.6020 | 48.5961 | 0.0060 0.0123

2.2 Between run precision

The between run precision was evaluated by comparing ¢ach concentration of

calibration curves prepared and analyzed on different day for three days. The

percentage of coefficient of variation of concentration of diltiazem hydrochloride and

propranolol hydroehloride from three sets of calibration curve were determined.

Between run precision data of diltiazem hydrochloride and propranolol hydrochloride

are displayed in Table 5(B) and 6(B), respectively.




Table 5(B) Between run precision data of diltiazem hydrochloride
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Day 1
confc*;?r";lﬁon Absorbance Analyniféccg(;rrfle)mmnon % Recovery
(meg/ml) nl n2 n3 nl n2 n3 nl n2 n3
2.004 0.1024 | 01024 | 0.1023 | 2.0451 | 2.0451 | 2.0432 | 102.05 | 102.05 | 101.96
4.008 0.2049 0.2048 0.2047 3.9718 3.9699 3.9680 99.10 99.05 99.00
6.012 0.3073 | 0.3073 | 0.3072 | 5.8966 | 5.8966 | 5.8947 | 98.08 98.08 98.05
8.016 0.4219 0.422 0.422 8.0508 8.0526 8.0526 100.43 100.46 100.46
10.02 0.5202 | 0.5202 { 05201 | 9.8985 | 9.8985 | 9.8966 | 98.79 98.79 98.77
12.024 0.6266 0.6268 0.6269 | 11.8985 | 11.9023 | 11.9041 98.96 98.99 99.00
16.032 0.8537 | 0.8539 | 0.8539 | 16.1673 | 16.1711 | 16.1711 | 100.84 | 100.87 | 100.87
Day 2
con?;::lrzlﬁon Absorbance Analytlzfrllccg(ﬁgmmtwn % Recovery
(meg/ml) nl n2 n3 nl n2 n3 nl n2 n3
2.010 0.1035 | 0.1034 | 0.1031 | 2.1200 | 2.1181 | 2.1124 | 105.47 | 105.38 | 105.09
4.020 0.2003 0.2003 0.2002 3.9638 3.9638 3.9619 98.60 98.60 98.55
6.030 0.3019 | 0.3019 /| 0.3019 | 5.8990 | 5.8990 | 5.8990 | 97.83 97.83 97.83
8.040 0412 | 0.4119 |-0.41417 | 7.9962 | 7.9943 | 7.9905 | 99.46 99.43 99.38
10.050 0.5133 0.5133 0.5131 9.9257 9.9257 9.9219 98.76 98.76 98.73
12.060 0.6209 | 0.6209 | 0.6212 | 11.9752 | 11.9752 | 11.9810 | 99.30 99.30 99.34
16.080 0.8459 | 0.8458 | 0.8457 | 16.2610 | 16.2590 | 16.2571 | 101.13 | 101.11 | 101.10
Day 3
Confc*:;gzlt . Absorbance Analyﬂiiﬁ cho/rrfgmratlon % Recovery
(meg/ml) nl n2 n3 nl n2 n3 nl n2 n3
1.994 0.1053 0.1054 0.1053 2.0797 2.0816 2.0797 104.30 104.39 104.30
3.988 0.2031 | 0203 0.203 | 8.9355/| 3.9336 | 3.9336 | 98.68 98.64 98.64
5.982 0.3081 | 0.308 | 0.3077 | 5.9279 | 5.9260 | 5.9203 | 99.10 99.06 98.97
7.976 0.417 | 04172 | 0.4172 | 7.9943 | 7.9981 | 7.9981 | 100.23 | 100.28 | 100.28
9.970 0.5194 | 0.5194 | 0.5194 | 9.9374 | 9.9374 | 9.9374 | 99.67 99.67 99.67
11.964 0.6197 0.62 0.6201 | 11.8406 | 11.8463 | 11.8482 | 98.97 99.02 99.03
15.952 0.846 0.8461 0.8457 | 16.1347 | 16.1366 | 16.1290 | 101.15 101.16 101.11




Table 5(B) Between run precision data of diltiazem hydrochloride (continue)

Approximate concentration % Recovery
(meg/ml) Mean SD % CV
2 103.89 1.4683 1.4134
4 98.76 0.2196 0.2224
6 98.31 0.5584 0.5680
8 100.04 0.4735 0.4733
10 99.07 0.4533 0.4576
12 99.10 0.1616 0.1630
16 101.04 0.1347 0.1334

Table 6(B) Between run precision data of propranolol hydrochloride
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Day 1
Analytical concentration
confc*g;glﬁon Absorbance = B o) % Recovery

(meg/ml) nl n2 n3 nl n2 n3 nl n2 n3
8.035 0.1566 0.1566 0.1567 8.0206 8.0206 8.0258 99.82 99.82 99.89
16.070 0.3115 OESHKIS 0.3112 | 16.0052 | 16.0052 | 15.9897 99.60 99.60 99.50
24.105 0.4676 0.4675 0.4677 | 24.0515 | 24.0464 | 24.0567 99.78 99.76 99.80
32.140 0.6315 | 0.6313 0.6313 | 32.5000 | 32.4897 | 32.4897 | 101.12 101.09 101.09
40.175 0.7755 0.7756 0.7754 | 39.9227 | 39.9278 | 39.9175 99.37 99.38 99.36
48.210 0.9360 0.9356 0.9360 | 48.1959 | 48.1753 | 48.1959 99.97 99.93 99.97

Day 2

Analytical concentration

Confc*;glrzlﬁon Absorbance ) @ % Recovery

(Megly) nl n2 n3 nl n2 n3 nl n2 n3
8.003 0.1542 | 0.1543 | 0.1541 | 8.1212 | 8.1263 | 8.1162 | 101.48 | 101,54 | 101.41
16.006 0.3092 | 0.3092 | 0.3093 | 15.9495 | 15.9495 | 15.9545 | 99.65 | 99.65 | 99.68
24.009 0.4660 0.4663 0.4662 | 23.8687 | 23.8838 | 23.8788 99.42 99.48 99.46
32.012 0.6320 0.6321 0.6322 | 32.2525 | 32.2576 | 32.2626 | 100.75 100.77 100.78
40.015 0.7828 0.7828 0.7826 | 39.8687 | 39.8687 | 39.8586 99.63 99.63 99.61
48.018 0.9473 0.9472 0.9471 | 48.1768 | 48.1717 | 48.1667 | 100.33 100.32 100.31




Table 6(B) Between run precision data of propranolol hydrochloride (continue)
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Day 3
Analytical concentration
Actual 0
el Absorbance (meg/m) %0 Recovery
(meg/ml) nl n2 n3 nl n2 n3 nl n2 n3
7.999 0.1551 0.1554 | 0.1852 | 7.9893 | 8.0053 | 7.9947 99.88 100.08 99.95
15.998 0.3018 0.3019 | 0.3018 | 15.8342 |/15.8396 | 15.8342 | 98.98 99.01 98.98
23.997 0.4527 | 0.4527 | 0.4526 | 23.9037 | 23.9037 | 23.8984 | 99.61 99.61 99.59
31.996 0.6131 0.6128 | 0.6128 | 32.4813 | 32.4652 | 32.4652 | 101.52 101.47 101.47
39.995 0.7522 0.7521 0.7522 |139.9198 | 39.9144 | 39.9198 | 99.81 99.80 99.81
47.994 0.8981 0.898 0.898 | 47.7219 | 47.7166 | 47.7166 | 99.43 99.42 99.42
Approximate concentration % Recovery
(mcg/ml) Mean SD % CV
8 100.43 0.7907 0.7873
16 99.40 0.3155 0.3174
24 99.61 0.1427 0.1432
32 101.12 N.3M7 0.3082
40 99.60 0.1894 0.1902
48 99.90 0.3902 0.3906

3. Specificity

The method specificity was evaluated by comparing the chromatograms from

UV/Vis spectrophotometer between model drugs (diltiazem hydrochloride or

propranolol hydrochloride) and non-active ingredients. The specificity is established

by showing that chromatograms of non-active ingredients should not interfere with

chromatograms of active ingredients. This validation was performed by comparing

the peak scan between the dissolution medium taken from placebo system and drug

containing system of the similar compositions. The" absorbance of. the dissolution

medium taken from non-drug containing at wavelength 237 nm and 287 nm were

presented in Table 7(B) and 8(B).




Table 7(B) The absorbance of hard gelatin capsules shell in deionized water
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Wavelength | Concentration | Time

() (tmeg/ml) tw Absorbance Mean SD % CV

44 1 0.0295 |10.0295 | 0.0295 | 0.0295 | 0.0000 | 0.0000

237 12 0.0348 | 0.0347 | 0.0349 | 0.0348 | 0.0001 | 0.2874

92 1 0.0614 | 0.0614 | 0.0616 | 0.0615 | 0.0001 | 0.1879

12 0.0687 | 0.0689 | 0.0687 | 0.0688 | 0.0001 | 0.1679

44 1 0.0019 | 0.0019 | 0.0018 | 0.0019 | 0.0001 | 3.0929

287 12 0.0045 | 0.0047 | 0.0048 | 0.0047 | 0.0002 | 3.2733

92 1 0.0044 | 0.0043 | 0.0043 | 0.0043 | 0.0001 | 1.3323

12 0.0051 | 0.0051 | 0.0053 | 0.0052 | 0.0001 | 2.2349

Table 8(B) The absorbance of non-active ingredients (Sodium chloride and lactose)

in deionized water

Wavelength | Concentration Time
(am) (meg/md) ) Absorbance Mean SD % CV
NaCl 399 + 1 0.0053 | 0.0051 | 0.0051 |*0.0052 | 0.0001 | 2.2349
037 Lactose 796 12 0.0069 | 0.0068 | 0.0068 | 0.0068 | 0.0001 | 0.8449
NaCl 803 + 1 0.0029 | 0.0029 | 0.0029 | 0.0029 | 0.0000 | 0.0000
Lactose 1618 12 0.0050 | 0.0049 | 0.0047 | 0.0049 | 0.0002 | 3.1388
NaCl 399 + 1 0.0028 | 0.0027 | 0.0026 | 0.0027 | 0.0001 | 3.7037
ot Lactose 796 12 0.0040 | 0.0039 | 0:0039 | 0.0039 | 0.0001 | 1.4678
NaCl 803 + 1 0.0038 | 0.0037 | 0.0038 | 0.0038 | 0.0001 | 1.5328
Lactose 1618 12 0.0043 | 0.0043 [+0.0041 | 0.0042 | 0.0001:| 2.7276
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4. Linearity

Triplicate of solutions containing model drugs (diltiazem hydrochloride or
propranolol hydrochloride) in various concentrations were prepared and analyzed.
The linear equations of the curve obtained by plotting absorbance versus the

concentrations were calculated.

Absorbance

y = 0.0527x = 0.0043
R% = 0.9995

0 5 10 15 20

Cocentration (mcg/ml)

Figure 1(B) Calibration curve of diltiazem hydrochloride in deionized water at

wavelength 237 nm

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Absorbance

y = 0.0187x + 0.0057
R% = 0.9997

0 10 20 30 40 50 60

Cocentration (mcg/ml)

Figure 2(B) Calibration curve of propranolol hydrochloride in water at wavelength

287 nm
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Result values of validation parameters of UV/Vis spectrophotometer for

diltiazem hydrochloride and propranolol hydrochloride were presented in Table 9(B).

Table 9(B) Limited of acceptability and result values of analytical method validation

parameters of UV/Vis spectrophotometer for diltiazem hydrochloride and propranolol

hydrochloride
Limited Result value Result value
Parameter of of of
acceptability diltiazem hydrochloride propranolol hydrochloride
1. Accuracy

e % recovery.

e SD

95.0-105.0 %

98.65-104.33 %
0.0000-0.0549

98.99-101.48 %
0.0064-0.1021

2. Precision (%' CV)
e Within run precision

e Between run precision

not more than 2

0.0110-0.0891
0.1334-1.4134

0.0067-0.0562
0.1902-0.7873

3. Specificity

No other peak

interfere drug peak

No other peak interfere

drug peak

No other peak interfere

drug peak

4. Linearity

e Correlation coefficient (R?)

more than 0.999

0.9995

0.9997
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APPENDIX C
Solubility of drug

The solubility of propranolol hydrochloride was determined by continuous
shaking of excess amount of drug for 30 hrs in 0.1588, 0.5 and 1 M NacCl solutions at
25 °C.

Table 1(C) Solubility of prepranolol hydrochloride in 0.1588 M (0.9 %) NaCl

solution
. solubility (mg/ml
time (hr) J ( F ) Mean SD % CV
nl n2 n3
24 23.83 24.99 25.17 24.66 0.73 2.96
27 23.84 25.42 25.41 24.89 0.91 3.66
30 24,25 25.64 26.08 25.32 0.95 3.76
Table 2(C) Solubility of propranolol hydrochloride in 0.5 M NacCl solution
. solubility (mg/ml
time (hr) Y mg/ml) Mean SD % CV
nl n2 n3
24 5.81 6.21 6.44 6.15 0.32 5.26
27 5.98 6.26 6.41 6.22 0.22 3.55
30 6.05 6.45 6.57 6.36 0.27 4.24
Table 3(C) Solubility of'propranolol hydrochloride in 1 M NaCl solution
. solubility (mg/ml
time (hr) y (mg/ml) Mean SD % CV
nl n2 n3
29 2.55 2.78 2.67 2.67 0.12 4.34
27 2.60 2.76 2.74 2.70 0.09 3.30
30 2.65 2.83 2.74 2.74 0.09 3.12
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APPENDIX D

Data of in vitro dissolution study

Table 1(D) The diltiazem hydrochloride release from 0.6 mm orifice size crosslinked

OPC coating with 250 ml CA seolution in deionized water

Time diltiazem hydrochloride release (%)
() Tn1 [n2 [n3 4 [n5 [n6 [nz [n8 [n9 [nto [ni1
1 000 | 000] o0.00} 000| o000| o000| 000| 000] 000| 000| o0.00

1.5 4.01 0.00 0.00 0.00 0.00 0.00 0.00 5.72 4.42 3.35 0.00

2 19.57 | 141.79 0.00 0.00 0.00 0.00 4.73 | 21.00 | 21.22 | 16.53 | 10.59

2.5 33.38 | 31.72 | 15.21 8.66 | 1488 | 10.33 | 1831 | 32.54 | 4219 | 43.97 | 33.90

3 48.18 | 53.63 | 30.54 | 28.65 | 2219 | 2717 | 24.96 | 48.98 | 54.15 | 52.81 | 39.80

3.5 61.25 | 61.15 | 33.77 | 38.09 | 24.15 | 40.77 | 32.07 | 58.86 | 64.60 | 60.08 | 50.87

4 71.99 | 7858 | 37.42 | 4592 | 3599 | 66.09 | 39.08 | 65.77 | 72.36 | 66.87 | 60.43

4.5 76.99 | 71.64 | 38.00 | 64.03 | 48.95 | 83.47 | 54.64 | 70.59 | 78.16 | 73.26 | 67.61

5 83.54 | 77.53 | 48,69 | 86.72 | 56.09 | 90.11 | 63.51 | 77.51 | 81.93 | 77.47 | 72.99

5.5 88.01 | 80.80 | 58.85 | 91.19 | 6538 | 99.43 | 70.79 | 81.41 | 84.82 | 82.40 | 78.31

6 91.44 | 82.54 | 69.28 | 103.76 70.46 97.28 | 80.11 | 84.43 | 86.99 | 85.22 | 75.30
7 96.13 | 88.57 | 73.92 99.50 77.28 | 100.82 | 83.41 | 90.81 | 91.61 | 90.98 | 86.37
8 98.62 | 91.19 | 8249 | 99.32 | 8234 | 100.35 | 87.87 | 94.95 | 93.45 | 95.51 | 90.55
9 98.32 | 92.93 | 84.79 | 100.16 | 114.33 | 103.16 | 92.27 | 96.58 | 95.51 | 97.99 | 91.03
Time diltiazem hydrochloride release (%)
(hr) Mean | SD | % CV
n12 n13 n14 n15 n16 n17 n18
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
1.5 0.00 3.60 0.00 0.00 0.00 0.00 0.00 1l 7 2.00 | 170.35
2 0.00 | 16.26 7.10 3.10 | 10.64 0.00 0.00 7.92 8.15 | 102.96

2.5 23.27 | 37.98 | 24.06 | 11.53 | 32.97 | 10.38 0.00 | 23.63 | 12.96 | 54.84

3 34.50 |©67.20 | 36.73 | 20.27 | 50.62 | 29.69 | 21.21 | 37.85 | 12.92 | 34.14

3.5 42.56 | 68.07 | 43.79 | 2415 | 57.56 | 40.11 | 35.41 | 46.52 | 14.07 | 30.24

4 51.96 | 76.61 | 51.98 | 36.26 | 65.85 | 44.44 | 46.49 | 56.34 | 14.69 | 26.07

4.5 57.97 | '84.75 | 60.04 | 4042 | 7199 | 49.51 | 55.40 | 63.74 | 13.98 | 21.94

5 65.15 | 86.83 | 65.58 | 44.08 | 79.01 | 52.34 | 62.75 | 70.65 | 13.97 | 19.77

5.5 70.07 | 87.91 | 70.45| 49.21 | 84.85 | 56.47 | 71.05 | 76.19 | 13.16 | 17.27

73.84 | 90.74 | 75.89 | 54.22 | 88.08 | 58.62 | 76.25 | 80.25 | 12.59 | 15.69

80.20 | 94.41 | 81.64 | 60.86,| 93.11 | 63.99 | 82.15| 8532 | 11.16 | 13.08

8554 | 95.23 | 85.85 | 67.49 | 95.06 | 67.29 | 86.56 | 88.87 957 | | 108%0

O | [N |®

88.83 | 96.18 | 89.24 | 7222 | 9642 | 70.68 | 91.03 | 92.87 | 10.12 | 10.89
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Table 2(D) The diltiazem hydrochloride release from 0.6 mm orifice size crosslinked

OPC coating with 290 ml CA solution in deionized water

Time diltiazem hydrochloride release (%)

n1 n2 n3 n4 n5 n6 n7 n8 n9 n10 n11

1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 0.00 | 10.75 0.00 0.00 | 15.55 0.00 0.00 0.00 0.00 0.00 0.00

2.5 11.96 | 25.32 | 20.91 17.65 | 31.72°| ~21.61 5.74 7.49 | 11.67 0.00 8.48

3 32.87 | 33.08 | 38.63 | 31.99 | 46.64 | 45.64 | 12.99 | 26.68 | 28.66 | 17.63 | 21.27

3.5 50.36 | 43.22 | 57.95 | 50.81 | 56.55 | 60.32 | 29.99 | 47.88 | 47.90 | 34.17 | 40.78

4 62.77 | 49.41 | 66.52 |- 56:81 | 64.11 | 67.06 | 52.92 | 56.41 | 58.49 | 50.04 | 53.79

4.5 76.39 | 58.43 | 73.44 | 65.65 | 70.38 | 74.03 | 51.15 | 63.19 | 63.80 | 62.96 | 59.70

5 82.38 | 62.86 | 75.78 | 71.25| 70.46 | 8256 | 59.15 | 70.94 | 71.41 68.70 | 65.79

5.5 87.51 | 72.75 | 78.58 | 66.93 | 73.23 | 82.04 | 63.68 | 74.14 | 75.41 74.28 | 70.19

6 88.91 | 74.69 | 79.41 75.79 79.80 90.54 | 66.89 | 78.89 | 80.15 81.35 | 75.56
7 95.09 | 84.94 | 87.48 78.81 83.49 92,94 | 7219 | 87.25 | 87.19 91.91 | 83.43
8 97.78 | 90.74 | 92.75 88.59 90.66 97.57 | 76.27 | 92.32 | 91.80 97.38 | 89.03
9 99.96 | 88.83 | 92.03 85.57 94.09 9946 | 79.89 | 97.97 | 97.00 | 101.75 | 93.31
Time diltiazem hydrochloride release (%)
(hr) Mean | SD % CV

ni2 n13 n14 n15 n16 n17 n18

1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

2 3.20 0.00 0.00 8.32 0.00 3.37 | 10.39 2.87 4.90 | 171.02

2.5 9.42 0.00 9.69 | 27.35 | 10.60 | 15.39 | 15.59 | 13.92 8.87 | 63.72

3 2599 | 15.78 | 28.46 | 48.86 | 30.59 | 33.43 | 34.27 | 30.75 | 10.13 | 32.96

3.5 39.55 | 37.58 | 37.82 | 62.85 | 50.14 | 46.61 | 53.13 | 47.09 9.24 | 19.61

4 48.44 | 54.76 | 49.20 | 71.47 | 59.46 | 53.37 | 67.29 | 57.89 7.18 | 12.40

4.5 55.25 | 67.72 | 58.94 | 75.79 | 67.88 | 64.43 | 78.36 | 65.97 7.71 11.68

5 63.24 | 76.43 | 67.30 | 80.84 | 75.13 | 71.08 | 85.26 | 72.25 7.35 | 10417

5.5 69.48 | 82.07 | 7494 | 8492 | 80.56 | 76.83 | 89.98 | 76.53 7.03 9.19

74.96 | 84.95 | 78.86 | 86.82 | 82.46 | 82.04 | 91.78 | 80.77 6.27 7.76

83.35 | 90.10 | 86.71 | 93.14 | 89.20 | 88.91 96.39 | 87.36 5.92 6.78

90.22 | 94.75 | 91.90 |/ 96.60 | 95.18 | 94.12 | 99.37 | 92.61 5.20 5.61

O |N |

94.58 | 98.40 | 95.64 | 99.58 | 97.17 | 95.67 | 101.16 | 95.11 5.67 5.96
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Table 3(D) The diltiazem hydrochloride release from 0.6 mm orifice size crosslinked

OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release

hr
(hr) n1 n2 n3 n4 n5 no6 n7 n8 n9 n10 n11

2.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 12.12 9.56 | 13.68 | 13.70 | 11.72 7.35 | 23.05 | 19.01 | 13.19 | 30.86 | 15.19

3.5 31.34 | 33.14 | 28.77 | 42.03 | 27.92 | 27.01 | 43.99 | 3529 | 36.64 | 46.02 | 29.60

4 46.16 | 50.94 | 39.06°| 62.40 | 36.10 | 43.54 | 61.28 | 51.63 | 52.59 | 56.70 | 46.12

4.5 51.35 | 61.58 | 51.76| 7337 | 4652 | 61.09 | 66.77 | 60.44 | 62.70 | 65.85 | 55.32

5 57.92 | 70.08 | 7464 | 76.97 | 54.48 | 73.24 | 69.35 | 67.44 | 69.04 | 69.82 | 64.21

5.5 68.67 | 74.32 | 8525 | 79.96 | 59.65 | 80.81 | 77.37 | 63.05 | 73.59 | 72.70 | 64.09

6 79.97 | 81.69 [ 93.14 | 8407 | 64.60 | 87.46 | 80.64 | 77.81 | 78.64 | 83.69 | 73.73
7 86.10 | 88.35 | 97.86| 87.33 | 71.29 | 9343 | 84.36 | 72.12 | 84.49 | 81.52 | 75.12
8 90.93 | 92,62 | 98.82 | 88.61 [ 75.23 | 97.27 | 90.31 | 86.75 | 89.02 | 85.45 | 87.51
9 96.11 | 96.72'| 101.14 | 91.30 | 79.07 | 100.75 | 88.12 | 88.59 | 86.87 | 85.65 | 85.55
Time % diltiazem hydrochloride release
(hr) Mean | SD | % CV

n12 n13 n14 n15 n16 n17 n18

2.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

3 21.78 7.18 0.00 0.00 0.00 9.39 0.00 | 11.54 8.64 | 74.88

3.5 4132 | 1263 | 11.09 | 11.35 | 18.65 | 25.05 | 14.89 | 28.71 | 11.33 | 39.47

4 56.53 |..29.89 | 27.66 | 27.60 | 26.65 | 33.27 | 30.03 | 43.23 | 12.29 | 28.43

4.5 67.65 | 42.78 | 41.97 | 46.71 | 46.10 | 45.74 | 48.60 | 55.35 9.73 | 17.59

5 73.78 | 50.12 | 49.24 | 50.39 | 53.15 | 51.08 | 63.58 | 63.25 9.69 | 15.32

5.5 80.20 |~53.96 | 56.90 | 56.25 | 61.31 | 61.28 | 64.03 | 68.52 9.71 14.18

91.11 | 5912 | 60.62 | 60.31 | 63.90 | 66.27 | 66.69 | 75.19 | 11.05 | 14.70

89.10 | /66.33 | 67.05 | 66.72 | 70.92 | 76.59 | 73.30 | 79.56 9.74 | 12.24

86.25 | 71.78 | 72.34 | 71.02 | 7550 | 83.20 | 77.18 | 84.43 8,67 | 10.27

© [N |

7725 | 76.20 | 75.97 | 77.26 | 80.04 | 85.83 | 81.19 | 86.31 8.26 9.57
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Table 4(D) The diltiazem hydrochloride release from 0.6 mm orifice size
non-crosslinked OPC coating with 250 ml CA solution in deionized water
Time % diltiazem hydrochloride release
(hr) n1 n2 n3 n4 nsS n6 n7 n8 n9 n10 n11
1 0.00 0.00 | 0.00 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00
1.5 0.00 0.00 | 0.00 0.00 3.49 0.00 5.52 3.22 3.03 0.00 0.00
2 11.40 1218 4.34 6.34 | 10.99 | 11.89 | 23.28 10.12 10.62 9.87 8.39
25 | 2212 | 29.36 | 15.85 13.85 | 25.04 | 26.41 34.61 23.17 | 3148 | 25.86 | 20.61
3 4235 | 44.80 | 32.75 | 32.01 | 47.82 | 45.33 | 45.66 | 35.02 | 65.02 | 39.59 | 31.70
3.5 | 60.12 | 67.53 | 44.58 | 5534 | 64.24 | 53.65 | 57.46 | 48.09 | 82.64 | 56.69 | 4247
4 7186 | 74.41 | 49.72"| 6827 | 71.22 | 57.15 | 7429 | 63.85 | 9576 | 67.38 | 50.87
4.5 77.84 | 80.77 | 56.08 | 75.73 | 77.18 | 63.57 | 86.42 | 76.42 | 101.25 | 78.79 | 63.65
5 81.72 | 86.62 | 63.01 80.60 | 83.22 | 69.93 | 92.52 | 85.63 | 102.56 | 86.17 | 71.83
5.5 85.26 | 89.35 | 69.44 | 88.10 | 87.43 | 75.97 | 98.37 | 91.24 | 102.84 | 9187 | 78.75
6 90.86 | “90.66 | 77.80 | 92.78 | 90.82 | 80.89 | 101.20 | 95.06 | 103.09 | 96.50 85.05
7 9450 | 96.40 | 84.17 | 95.90 | 93.19 | 83.27 | 104.16 | 99.93 | 104.59 | 99.86 | 92.39
8 98.12 99.62 | 91.34 | 99.80 | 97.26 | 90.16 | 104.18 | 102.37 | 104.11 | 102.44 97.73
9 99.75 | 101.13 | 95.71 | 101:32 | 98.41 | 93.21 | 106.41 | 103.54 | 104.69 | 104.97 | 101.42
Time % diltiazem hydrochloride release
(hr) Mean | SD | % CV
ni2 n13 n14 n15 n16 n17 n18
1 0.00 0.00 | 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | -

1.5 3.82 0.00 | 0.00 0.00 | 0.00 4.41 0.00 1.30 | 1.96 | 150.51

2 11.12. | 1498 | 5.62 6.84 | 5.86 8.74 6.01 9.92 | 438 | 44.12

25 25.79 | ©29.78 | 20.45 | 20.54 | 23.15 | 22.00 | 19.05 | 23.84 | 5.33 | 2235

3 38.26 | 39.03 | 36.65 | 36.61 | 39.22 | 39.05 | 3538 | 4035| 7.80 | 19.33

3.5 55.79 | 48.25 | 46.85 | 53.99 | 48.27 | 49.09 | 51.97 | 54.84 | 9.58 | 17.46

4 70.91 59.64 | 54.60 | 64.86 | 54.83 | 57.41 60.62 | 64.86 | 11.04 | 17.02

45 85.47 | 73.67 | 64.22 | 74.70 | 63.62 | 68.32 | 69.89 | 74.31 | 10.63 | 14.30

5 95.18 | 7957 | 70.19 | 81.18 | 69.90 | 76.80 | 73.06 | 80.54 | 10.10 | 12.54

5.5 99.11 88.41 | 78.41 87.68 | 77.17 | 88.06 | 82.06 | 86.64 | 8.65 9.99

10146 | 93.02 | 83.72 | 91.37 | 83.72 | 9296 | 87.15| 91.01 7.07 7.77

103.30 | 97.25 | 88.08 | 95.69 | 88.00 | 97.99 | 89.50 | 94.90 | 6.43 6.77

104.35 | 101.80 | 94.39 | 100.49 | 93.80 | 102.05 | 92.88 | 98.72"| 4.55 4.61

©[0 [N

104.85 | 104.96 | 98.67 | 103.32 | 99.76 | 107.08 | 100.80 | 101.67 | 3.71 3.65
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Table 5(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 290 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) n1 n2 n3 n4 n5 n6 n7 n8 n9 n10 ni1
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1.5 7.21 10.83 | 12.60 | 10.29 | 10.08 | 16.77 9.26 6.05 8.63 4.47 5.81

2 1343 | 2068 | 2173 | 21.81 19.13 | 2899 | 2752 | 26.35| 15.88 | 13.88 9.98

2.5 29.00 | 23.68 | 25.75 | 26.07 | 26.06 | 3310 | 37.10 | 39.51 | 25.82 | 29.24 | 20.56

3 41.58 | 35.61 38.74 | 39.21 39.21 | 49.83 | 46.16 | 46.64 | 36.24 | 42.58 | 31.30

3.5 56.66 | 52.62 | 53.47 | 55.14 | 54.42 | 66.63 | 54.52 | 54.23 | 45.99 | 53.52 | 40.67

4 66.29 | 66.66 | 67.35| 6596 | 68.67 | 79.69 | 61.75 | 60.76 | 53.62 | 63.79 | 49.32

4.5 7746 | 78.66 | 80.29 | 7557 | 73.16 | 89.81 70.68 | 66.22 | 60.94 | 72.16 | 57.97

5 83.39 | 88.44 | 87.98 | 83.66 | 85.58 | 93.91 82.18 | 76.62 | 70.77 | 79.99 | 66.65

5.5 88.08 | 94.55 | 92.91 89.49 | 90.10 | 97.70 | 91.65| 84.82 | 7853 | 84.95| 75.03

6 91.87 98.49 9713 94.15 94.21 | 100.83 97.95 90.96 84.73 89.63 80.93
7 95.90 | 102.51 | 100.89 99.66 99.67 | 103.65 | 102.10 96.14 90.48 95.40 89.09
8 99.84 | 103.62 | 102.40 | 102.12 | 101.31 | 103.69 96.92 | 101.47 99.00 | 100.18 95.40
9 102.69 | 104.66 | 104.48 | 103.22 | 103.28 | 104.34 | 105.80 | 103.67 | 102.56 | 102.85 | 100.07
Time % diltiazem hydrochloride release %
(hr) Mean | SD

n12 n13 n14 n15 n16 n17 ni8 cv

1 0.00 0.00 0.00 3.55 0.00 0.00 0.00 0.00 | 0.00 | -

1.5 0.00 4.05 3.34 | 16.79 Sl 7.57 7.55 8.17 | 4.36 | 53.38

2 6.15 | 16.36 | 11.65 | 25.74 | 17.07 | 15.18 | 16.42 | 18.22 | 6.32 | 34.68

25 | 1554 | 2913 | 22.86 | 31.60 | 31.99 | 2430 | 2158 | 27.38 | 5.92 | 21.61

3 2590 | 4048 | 33.14 | 40.50 | 51.64 | 33.05 | 35.16 | 39.28 | 6.61 | 16.84

3.5 | 3414 5091 | 4760 | 50.50 | 67.45 | 41.00 | 50.27 | 51.65| 8.17 | 15.81

4 4546 | 57.30 | 58.71 | 64.04 | 82.77 | 59.17 | 62.09 | 62.97 | 9.11 | 14.47

45 |51.82| 64.51 6594 | 8195 | 9230 | 8149 | 71.88 | 7293 | 10.61 | 14.55

5 59.56 | 72.76 | 75.38 | 9247 | 99.73 | 93.36 | 80.64 | 81.84 | 10.34 | 12.64

5.5 | 6856 | 78.93 | 81.36 | 97.45| 101.53 | 99.66 | 87.50 | 87.93 | 8.98 | 10.21

75.75 | 85.34 | 90.26 |/100.86 | 102.41 | 100.88 | 91.43 | 92.66 | 7.45| 8.04

86.02 | 92.97 | 97.63 | 104.22 | 104.31 95.48 | 99.51 9754 | 535 | 548

92.80 | 98.98 | 102.20 | 104.76 | 104.16 | 105.29 | 102.36 | 100.92 | 3.33 | 3.30

© | ||

97.73 | 101.95 | 104.71 | 105.05 | 114.68 | 106.14 | 104.65 | 104.03 | 3.34 | 3.21
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Table 6(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) n1 n2 n3 n4 n5 n6 n7 n8 n9 n10 ni1
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 7.10 4.67 5.30 4.46 3.96 4.39 4.66 5.17 5.05 0.00 3.68

2 20.09 | 13.26 | 16.75 | 18.37 | 18.24 | 16.20 | 15.57 | 13.31 | 11.72 | 11.43 | 14.16

2.5 35.62 | 28.77 | 37.31 | 3549 | 29.56 | 32.89 | 33.81 | 28.99 | 25.30 | 26.94 | 28.33

3 51.32 | 40.29 | 62.53 | 47.62 | -39.91 | 47.10 | 49.11 | 38.77 | 35.85 | 40.51 | 38.82

3.5 63.24 | 50.79 | 69.71] 62.29 | 5291 | 57.96 | 56.69 | 57.56 | 51.96 | 61.81 | 50.60

4 67.92 | 59.85 | 76.73| 70.21 | 60.17 | 66.34 | 64.92 | 69.51 | 53.74 | 58.62 | 69.53

4.5 7298 | 65.33 | 81.78 | 75.65| 66.49 | 70.53 | 71.88 | 75.69 | 58.32 | 72.85 | 63.25

5 77.67 | 68.92| 8531 | 80.97 | 69.19 | 74.77 | 79.06 | 79.03 | 65.24 | 77.50 | 70.10

5.5 83.55 | 74.20 | 89.85 | 84.00 | 73.36 | 76.55 | 84.24 | 82.64 | 71.48 | 8253 | 75.72

6 89.15 | 80.37 | 93.03 | 9049 | 76.15| 80.45 | 92.48 | 85.51 | 75.70 | 77.10 | 78.50
7 96.27 94.46 | 98.30 | 99.32 | 80.95 | 85.74 | 91.54 | 90.10 | 84.67 | 90.72 | 85.78
8 101.39 | 99.30 | 102.43 | 104.48 | 85.95 | 92.40 | 95.44 | 91.29 | 86.08 | 93.63 | 90.56
9 103.24 | 101.82 | 102.80 | 103.99 | 89.53 | 94.32 | 98.13 | 94.60 | 87.82 | 95.72 | 90.71
Time % diltiazem hydrochloride release %
(hr) Mean | SD cV
n12 n13 n14 n15 n16 n17 n18
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 | -

1.5 0.00 5.62 4.77 {3 6.31 3.64 6.43 4.58 | 1.98 | 43.14

2 12.54 17.02 | 18.24 15.76 20.04 | 11.68 | 20.58 | 15.83 | 3.06 | 19.32

2.5 28.28 32.32 | 26.69 37.12 37.07 | 25.79 | 34.43 | 31.37 | 4.19 | 13.36

3 43.88 51.36 | 40.26 53.89 49.10 | 41.79 | 48.36 | 45.58 | 6.77 | 14.86

3.5 59.12 64.98 | 53.37 60.81 57.97 | 59.37 | 5797 | 58.28 | 5.14 | 8.81

4 67.40 74.55 | 62.47 68.94 67.24 | 67.00 | 66.49 | 66.20 | 5.62 | 8.49

4.5 72.29 77.77 | 69.76 78.14 73.87 | 73.19 | 72.48 | 71.79 | 5.66 | 7.89

5 79.36 87.80 | 75.35 86.36 80.68 | 80.32 | 80.17 | 77.65 | 6.19 | 7.96

55 8291 | 9313 |79.22 | 91.23 | 86.26 | 83.30 | 84.50 | 82.15 | 6.10 | 7.43

84.51 | /97.21,83.78 | 95.88 | 91.30 | 85.04 | 88.30 | 85.83 | 6.81 | 7.93

85.84 | 99.62 | 78.57 | 99.63 | 95.87 | 90.04 | 92.38 | 91.10 | 6.49 | 7.12

90.70 | 100.94 | 92.02 | 101.48 | '98.33 | 94.59 | 94.54 | 95.31°| 5.54 | 5.82

© | ||

90.32 | 103.66 | 87.41 | 92.61 | 100.98 | 96.44 | 97.60 | 96.20 | 5.66 | 5.89




Table 7(D) The propranolol hydrochloride release from 0.6 mm orifice

crosslinked OPC coating with 290 ml CA solution in deionized water
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size

Time % propranolol hydrochloride release
(hr) n1 n2 n3 n4 nS n6 n7 n8 n9 n10 n11
3 0.00 0.00 0.00 0.00| 0.00 | 0.00| 0.00| 0.00| 0.00| 0.00| 0.00
3.5 0.00 0.00 0.00 0.00 9.36 815 | 12.08 | 11.83 | 13.38 | 0.00 | 19.07
4 11.24 | 11.39 | 12.61 | 11.16 | 156.14 | 13.93 | 20.20 | 21.37 | 21.73 | 13.48 | 42.10
4.5 17.52 | 17.53 | 19.03| 19.09 | 23.45 | 20.76 | 29.41 | 32.67 | 30.31 | 19.45 | 52.95
5 25.60 | 24.52 | 26.36 | 24.10 | 30.18 | 29.90 | 37.20 | 45.65 | 38.73 | 25.30 | 60.98
55 3455 | 31.24 | 34.10 | 30.54 | 36.28 | 40.42 | 46.12 | 54.83 | 47.23 | 31.02 | 67.15
6 43.62 | 38.98 | 42.33 | 37.71 | 41.47 | 49.74 | 54.51 | 61.87 | 55.12 | 37.34 | 72.42
7 58.34 | 49.51| 56.45 | 51.32 | 51.41 | 62.97 | 65.76 | 71.31 | 66.59 | 50.74 | 80.00
8 69.23 | 59.58 | 67.29 | 62.38 | 61.19 | 72.03 | 74.81 | 78.06 | 75.61 | 61.57 | 86.18
9 7729 | 7017 | 75.52 | 71.67 | 70.82 | 78.91 | 82.26 | 84.17 | 82.29 | 71.52 | 89.67
10 84.16 | 79.47 | 80.50 | 78.60 | 78.20 | 84.96 | 87.17 | 88.11 | 86.38 | 79.09 | 90.31
11 89.09 | 86.61 | 87.46 | 84.78 | 85.54 | 89.38 | 91.24 | 91.27 | 90.24 | 84.77 | 94.86
12 92.72 | 91.73 | 91.63 | 89.11 | 88.97 | 92.21 | 93.74 | 93.59 | 93.59 | 89.89 | 97.69
Time % propranolol hydrochloride release %
(hr) Mean | SD cv

n12 n13 n14 n15 n16 n17 n18
3 0.00 0.00 | 0.00 0.00 0.00| 0.00| 7.83| 0.00| 0.00
3.5 8.35 9.09 | 1492 | 1090 | 11.22 | 17.44 | 16.61 9.02 | 6.49 | 71.99
4 13.88|.16.16 | 24.49 | 16.72 | 14.73 | 27.54 | 23.71 | 1842 | 7.73 | 41.97
45 11993 | 2221 | 34.83 | 2456 | 24.84 | 37.44 | 33.00 | 26.61 9.15 | 34.39
5 26.06 |+28.53 | 43.80 | 32.21 | 35.22 | 45.39 | 41.15 | 34.49 | 9.97 | 28.91
55 | 32.66 1 34.51 | 50.52 | 39.40 | 47.45 | 52.16 | 48.87 | 42.17 | 10.19 | 24.16
6 39.58 | 40.43 | 56.76 | 47.02 | 57.21 | 58.16 | 54.92 | 4940 | 9.96 | 20.16
7 55.32 | 52.35 | 65.75 | 59.66 | 68.76 | 68.38 | 65.20 | 61.10 | 8.54 | 13.97
8 67.29 | 6349 | 73.86 | 70.17 | 77.60 | 7858 | 74.20 | 70.73 | 7.33 | 10.36
9 76.65 | 73.23 1 80.68 | 77.55 | 82.87 | 83.57 | 80.75 | 78.31 545 | 6.96
10| 8242 | 79.54'| 85.75 | 83.48 | 87.24 '/ 88.38 | 85.91 | 83.87 | '3.85| 4.59
11 87.46 | 85.38 | 90.30 | 88.12 | 90.49 | 92.81 | 90.27 | 88.89 | 2.85 | 3.21
12 +190.67 | 88.63 | 91.99 | 90.56 | 92.85 | 94.93 | 92.17 | 92.04 | 2.27 | 2.47




Table 8(D) The propranolol hydrochloride release from 0.6 mm orifice

crosslinked OPC coating with 335 ml CA solution in deionized water
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size

Time % propranolol hydrochloride release
(hr) n1 n2 n3 n4 nS n6 n7 n8 n9 n10 n11
3 0.00| 0.00| 0.00| 868 | 0.00 0.00| 0.00| 0.00| 0.00| 0.00| 0.00
3.5 0.00 | 0.00} 0.00113.78| 0.00 | 4695 | 0.00| 0.00| 8.55| 0.00| 10.74
4 13.15| 8.50 | 9.37 | 20.06 | .8.22 | 58.18 | 11.73 | 10.86 | 15.76 | 11.30 | 19.52
45 | 2410 | 13.49 | 18.39|1 26.85 | 12.72 | 67.85| 18.31 | 17.95 | 27.69 | 18.28 | 27.36
5 34.15 | 19.01 | 32.55 | 34.16 | 17.60 | 74.68 | 26.51 | 23.09 | 42.51 | 24.85 | 35.87
5.5 | 44.37 | 25.54 | 45.51| 40.99 | 23.30 | 81.28 | 38.02 | 27.81 | 52.61 | 29.79 | 44.77
6 50.83 | 31.88 | 54.30.| 46.54 | 28.94 | 86.15 | 48.62 | 32.91 | 60.21 | 36.34 | 53.00
7 60.49 | 44.34 | 66.59 | 56.80 | 39.94 | 93.05 | 65.62 | 44.90 | 71.16 | 51.29 | 65.16
8 70.15 |.54.26 | 76.34 | 65.16 | 49.86 | 96.50 | 77.34 | 54.79 | 78.63 | 62.47 | 75.66
9 77.24 | 63.17 | 82,90 | 68.99 | 61.18 | 97.30 | 90.94 | 67.71 | 83.56 | 73.90 | 84.25
10 | 84.59 | 73.01 | 90.88 | 80.02.| 67.46:| 98.55 | 91.13 | 69.70 | 88.43 | 78.13 | 88.69
11 88.60 | 79.18 | 94.05 | 84.27 | 74.70 | 100.26 | 96.29 | 76.52 | 91.37 | 83.60 | 91.92
12 | 90.84 | 85.24 | 96.65 | 87.61 | 79.45 | 100.49 | 97.52 | 81.42 | 94.41 | 88.43 | 95.67
Time % propranolol hydrochloride release
(hr) Mean | SD | % CV
n12 n13 n14 n15 n16 n17 n18
3 0.00 | 0.00| 0.00 | 0.00 0.00 | 0.00| 0.00| 0.00| 0.00 -
3.5 0.00 | 894 | 9.22|11.16 8.08 | 913 | 9.93| 7.58 | 11.07 | 146.04
4 12.37 1.16.69 | 15.92 | 18.89 | 15.75 | 16.71 | 15.92 | 16.61 | 11.01 | 66.29
45 |18.09 | 22.48 | 26.44 | 24.88 | 23.11 | 26.76 | 21.67 | 24.25 | 11.84 | 48.83
5 23.98 [29.29 | 35.25 | 34.33 | 29.83 | 35.21 | 30.45 | 32.41 | 12.36 | 38.13
5.5 |29.7213514|50.86 | 43.64 | 38.14 | 42.95 | 41.32 | 40.88 | 13.15 | 32.18
6 34.86 | 40.36 | 61.75 | 52.68 | 44.41 | 4917 | 47.73 | 47.82 | 13.55 | 28.34
7 45.81 | 60.30 | 78.32 | 65.18 | 59.56 | 58.71 | 60.64 | 59.88 | 13.15 | 21.96
8 5543 | 59.91| 8740 | 73.20 | 71.50 | 69.08 | 70.48 | 69.34 | 1210 | 17.45
9 65.81 | 68.40 | 9195 | 79.66 | 79.99 | 7468 | 76.59 | 77.12 | 10.24 | 13.28
10| 7232 | 73.75 | 93.92 | 84.05 | 86.21 | 80.39 | 82.18 | 82.41 | 8.80 | .10.68
11 78.51 | 78.89 | 95.66 | 86.89 | 90.04 | 83.93 | 85.25 | 86.66 | 7.40 8.54
12 1183.65 | 83.91 | 97.13 | 90.15 | 100.61 | 86.57 | 87.40 | 90.40 | 6.58 7.27
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Table 9(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 290 ml CA solution in deionized water

Time % propranolol hydrochloride release
0) 1 [ n2 | n3 | .n4 | n5.].n6 | n7 | n8 | n9 | n0 | nil
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 | 1450 | 000| 000( 958| 1806 | 000 | 000| 7.79| 1885 | 1454 | 0.00
2 3401 | 0.00| 1251 | 16.38 | 38.07 | 16.46 | 18.03 | 10.68 | 35.07 | 36.83 | 20.52
25 | 4515| 000 | 2429 | 2737 | 43.94| 2186 | 2561 | 16.83 | 46.14 | 52.80 | 45.83
3 49.58 | 11.30 | 33.92 | 33.25| 4813 | 26.76 | 30.27 | 23.05| 52.68 | 62.22 | 60.39
35 | 5231 | 1875 40.99 | 3831 | 5242 | 33.45| 38515| 29.20 | 5863 | 71.33| 71.51
4 55.43 | 29.04 |.63.20 4317 | 5817 | 3740 | 4052 | 37.27 | 6826 | 78.79 | 79.00
45 | 57.77 | 4071 | 62.88.| 4879 | 66.56 | 52.54 | 4867 | 50.15| 76.25| 83.87 | 83.53
5 63.29 | 51.08/| 78.29 | 55.04 | 7540 | 61.46 | 56.20 | 59.96 | 82.92 | 88.72 | 88.79
55 | 70.08 | 59.83 | 87.87 | 61.71 | 83.90 | 70.04 | 64.37 | 69.23 | 90.18 | 93.31 | 94.74
6 76.08 | 66.81| 9574 | 6913 | 9143 | 80.09| 71.30 | 7552 | 94.06 | 9523 | 96.65
7 87.56 | 78.09 | 103.07 | '81.84 | 99.89 | 102.20 | 84.66 | 86.72 | 100.39 | 99.19 | 101.76
8 96.82 | /85.28 | 104.93 | 90.30 | 103.24 | 103.37. | 93.79 | 92.15 | 103.31 | 100.33 | 103.84
9 |101.19 | 92.86 | 107.03 | 98.03 | 106.20 | 106.18 | 99.96 | 98.58 | 104.74 | 104.09 | 104.79
10 | 106.09 | 96.28 | 106.45 | 101.45 | 106.36 | 106.23 | 104.69 | 102.03 | 106.45 | 106.41 | 107.05
11 ] 108.20 | 102.31 | 109.83 | 103.53 | 105.90 | 106.93 | 105.71 | 103.91 | 107.39 | 106.79 | 105.95
12 | 107.89 | 104.79 | 108.28 | 106.08 |107.18 | 107.95 | 107.12 | 104.00 | 106.55 | 105.90 | 105.65
Time % propranolol hydrochloride release
(hr) Mean SD % CV
n12 n13 n14 n15 n16 n17 n18
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
1.5 0.00 8.84 0.00 0.00 | 14.78 | 14.33 0.00 6.74 | 7.44 | 110.41
2 20.08 | 11.38 0.00 0.00 | 28.90 | 33.91 22.28 19.71 | 12.74 | 64.63
25 26.67 12228 | 1197 | 1118 | 4044 | 4159 | 36.97 | 30.05| 14.74 | 49.06
3 30.567| -29.28 | 20.61 20.29 | 46.10 | 4952 | 4546 | 37.41 | 14.75| 3942
3.5 33.99 | 34.15| 29.28 | 28.72 | 49.51 56.06 | 52.05 | 43.66 | 15.01 34.39
4 3747 4052 | 37.70 | 3523 | 53.15| 62.72| 5944 | 50.36 | 15.11 30.00
4.5 4238 | 49.26 | 4990 | 4426 | 61.08 | 69.39| 6539 | 5852|1345 | 22.99
5 47.32 | 5573 | 5993 | 5177 | 7315 7566 | 7182 | 66.47 | 13.13 | 19.76
55 53.54 | 62.88 | 69.28 | 5997 | 8353 | 81.72| 7842 | 7414|1280 | 17.26
6 59.09 | 69.81 76.33 | 67.83 | 9153 | 86.63 | 83.57 | 80.38 | 11.83 | 14.71
7 71.31 82.71 88.47 | 8113 | 99.65| 93.21 9226 | 90.78 | 9.65| 10.63
8 8295 | 93.28 | 96.64 | 91.00 | 103.95| 9955 | 98.87 | 96.87 | 6.69 6.91
9 91.60 | 98.85 | 101.23 | 97.20 | 105.06 | 103.01]102.27 | 101.27 | 4.46 4.41
10 99.30 | 102.52 | 104.38 | 101.30 | 106.36 | 105.14 | 104.90 |'104.08 | 2.99 2.87
11 102.48 | 103.64 | 105.85 | 104.35 | 107.57 | 106.80 | 106.51 | 105.76 | 2.03 1.92
12 103.40 | 105.07 | 106.84 | 105.19 | 107.36 | 107.32 | 106.74 | 106.29 | 1.39 1.30
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Table 10(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % propranolol hydrochloride release

() n2 | n3 |_nd n5 n6 | n7 | n8 | n9 | n10 | ni

1 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 0.00 | 0.00| 0.00| 0.00

1.5 16.59 | 17.23 | 2010 | 10.77 | 16.65| 14.03 | 18.62 914 | 0.00| 7.84 | 25.05

2 3147 | 27.65 | 32.91 19.51 2552 | 2296 | 2825| 16.53| 0.00| 16.33 | 28.88

2.5 33.88 | 29.82 | 3568 | 23.66 |, 35.20 | 2857 | 31.35 | 20.03 | 15.05 | 23.90 | 32.45

3 39.04 | 33.22 | 40.09 | 28.42 | 40.72 | 31.83 | 35.80 | 24.13 | 23.62 | 29.80 | 35.64

3.5 40.31 36.565 | 43.13| 3235 | 4345 | 3569|4087 | 2872|2947 | 33.45 | 40.95

4 4432 | 45.70. [ 46.73| 36.67 | 49.41 40.15 | 46.01 34.09 | 35.23 | 37.37 | 48.54

4.5 49.93 | 55.67 | 50.17 | 4253 | 58.80 | 45.98 | 52.18 | 43.98 | 43.59 | 42.78 | 58.70

5 5485 | 68.30 | 54.74 | 48.06 | 70.93 | 52.13|60.12 | 53.16 | 50.05 | 50.08 | 74.90

5.5 61.21 | 78.47 |159.59 | 56.52 | 80.73 | 60.54 | 6845 | 63.06 | 54.54 | 57.94 | 76.75

6 68.13 | 85.30| 64.89 | 64.48 | 87.86 | 67.40 | 74.11 71.03 | 63.54 | 64.26 | 77.60

7 80.29 | 93.71 | 74.09 | 76.69| 9518 | 83.27 | 86.08 | 76.30 | 74.17 | 79.17 | 95.17

8 9116 | 99.40 | 83.21 | 89.69 | 100.03 | 93.37 | 92.64 | 89.89 | 82.65 | 88.75 | 96.86

9 95.33 | 101.15 | 89.76 | 196.23 | 99.96 | 96.98 | 91.11 | 95.95 | 89.03 | 94.37 | 98.95

10 97.91 | 101.39 | 94.71 98.58 | 101.72 | 99.58 | 97.06 | 97.53 | 87.84 | 95.69 | 99.13

11 99.91 1 102.54 | 97.55 | 101.35 | 102.56 | 100.83 | 98.66 | 99.02 | 94.53 | 97.12 | 99.39

12 1 102.34 | 104.28 | 99.69 | 102.81 | 103.43 | 100.76 | 98.57 | 100.45 | 96.17 | 96.16 | 99.67

Time % propranolol hydrochloride release

(hr) Mean SD % CV
n12 n13 n14 n15 n16 n17 n18

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00

1.5 0.00| 18.65 8.58 0.00| 1030 | 21.38| 10.09| 1250 | 7.51 60.08

2 0.00 | 26.42 | 20.56 7.53 | 19.04 | 28.34 | 28.291 2112 | 9.95| 47.10

25 9.06 | 30.34 | 24.08 940 | 3249 | 3243 | 3505| 26.80| 853 | 31.82

3 14187 3252 | 2648 | 13.04 | 4519 | 3595 | 3841 3156 | 8.76 | 27.76

3.5 21.04 | 3533 | 29.09| 2139 | 5853 | 3985 | 4186 | 36.22 | 8.85| 2443

4 2744 |.38.39 | 3119 | 3294 | 6997 | 6239 | 46.30 | 4294 | 10.69 | 24.89

4.5 34.09 | 42563 | 33.72| 4566 | 80.85|_ 78.91 49.81 50.55 | 12.76 | 25.23

5 41.14 | _47.51 38.73 | 5894 | 8993 | 88.15| 57.89 | 58.87 | 1445 | 2454

55 46.92 | 5342 | 4319 | 69.78 | 9355 | 9258 | 67.77 | 6583 ]14.16 | 21.51

6 52.81 62.50 | 4892 | 80.64 | 9726 | 96.04 | 7789 | 7248 | 1340 | 1849

7 67.02 | 7855| 6214 | 9153 | 9546 | 96.94 | 8853 | 83.02 | 1043 | 12.56

8 78.01 8849 | 7666 | 8429 | 96.16 | 97.30 | 93.38 | 90.11 6.93 7.69

9 89.41 9264 | 8296 | 97.04 | 84.78 | 89.20 | 93.06 | 93.22 | 5.05 5.42

10 93.76 9593 | 8588 | 89.08| 9515 | 97.13 | 94.71 95.71 4.37 4.56

11 97.51 98.10 | 95.14 | 104.78 | 100.94 | 105.43 | 98.38 | 99.65 | 2.97 2.98

12 99.09 | 97.07 | 105.11 | 105.60 | 101.99 | 106.80 | 100.06 | 101.11 3.17 3.13
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Table 11(D) The diltiazem hydrochloride release from 0.4 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nS n6
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.5 7.11 0.00 0.00 0.00 4.87 5.24 2.87 3.24 | 112.69
3 19.32 10.08 9.49 17.15 16°2 LolmitiB¥8 5 14.94 422 | 28.26
3.5 32.80 | 26.89 | 26.88 | 4320 | 3497 | 39.74 34.08 6.65 19.52
4 49.58 | 5446 | 51.77 | 6340 | 57.83 | 569.53 56.09 5.14 9.16
4.5 55.92 | 69.35 | 6414 | 7565| 6963 | 71.90 67.77 6.91 10.20
5 60.78 |7 .24 ¥ 7 143 F |f F81 X 6\ WNT5 90 INE9. T 74.46 7.59 10.19
5.5 64.81 83.18 | 76,60 | 86.86 | 81.67 | 86.13 79.87 8.24 10.32
6 67.57 | 86.66| 79.51 88.86 | 84.21 88.38 82.53 8.09 9.80
7 73.81 91.67 | 87.18 | 9347 | 90.14 | 93.09 88.23 7.42 8.41
8 80.50 | 96.06 | 92.51 97.00 | 93:94 95.32 92.55 6.11 6.60
9 84.92 | 98.60 | 98.61 9944 | 96.70 | 99.27 96.26 5.64 5.86

Table 12(D) The diltiazem  hydrochloride . release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) Mean SD | %CV

ni n2 n3 n4 n5 n6

2.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3] 23.05| 19.01 13.19 | 30.86 | 15.19| 21.78 20.51 6.32 | 30.79

35| 4399 | 3529 | 36.64| 46.02| 29.60 | 41.32 38.81 6.12 | 15.76

4| 6128 | 51.63| 5259 | 56.70 | 46.12 | 56.53 54.14 5.22 9.64

45| 66.77 | 6044 | 6270 | 6585 | 55632 | 67.65 63.12 4.68 7.42

5| 6935| 6744 | 69.04| 69.82| 6421 | 73.78 68.94 g8 4.54

55| 7737 | 63.05| 7359 | 7270 | 64.09 | 80.20 71.83 6.95 9.68

6| 8064 77.81| 78.64| 83.69| 7373 91.11 80.94 5.97 7.38

8436 | 7212 | 8449 | 8152 | 7512 | 89.10 81.12 6.37 7.85

Z
8| 90.31| 86.75| 89.02 | 8545 | 87.51| 86.25 87.55 1.82 2.08
9 | 58 1208 88 30ilE=06I5/4 NS89.65) L8855 |\ 425 85.34 4.15 4.87
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Table 13(D) The diltiazem hydrochloride release from 0.8 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release

(hr) Mean SD % CV
n1 n2 n3 n4 nS n6

1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 5.55 0.00 3.10 0.00 0.00 0.00 1.44 2.36 | 164.01
2.5 10.71 0.00 6.50 0.00 3.23 7.09 4.59 4.27 | 93.17
3 23.04 | 20.88 19.06 10.89 15:00==—=24=86 18.55 4.56 | 24.60
3.5 42.29 | 40.21 3739 | 3234 | 36.84 | 39.38 38.07 3.43 9.01
4 63.05 | 5852 | 51.83| 5258 | 49.35| 56.47 55.30 5.03 9.10
4.5 70.07 | 65.01 60.57 | 62.74 | 59.53 | 64.20 63.69 3.76 5.90
5 78.89 | 69.17 | 67.30 | 68.30 | 7149 | 70.99 71.02 4.17 5.87
5.5 85.61 74.84 | 7221 72.01 75.00 | 7544 75.85 5.00 6.60
6 9159 | 78.89| 76.66| 7545| 8065 | 78.23 80.25 5.84 7.28
7 95.71 84.32 | 81.72| 86.50 | 84.04 | 83.32 85.93 5.03 5.86
8 98.28 | 89.14 | 86.07 | 92.81 88.74 | 88.65 90.62 4.33 4.78
9 102.81 95.22 | 88.72 | 98.20| 9162 | 91.99 94.76 5.12 5.40

Table 14(D) The diltiazem hydrochloride trelease from 0.4 mm orifice size non-

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 n5 n6
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 8.02 0.00 3.52 1.92 3.30 | 171.69
2.5 13.14 | 2012 9.21 21.67 13.43 4.39 13.66 6.51 47.67
3 30.06 | 38.86 | 24.01 3795 | 26.62 | 29.83 31.22 6.00 19.22
3.5 49.26 53.07 39.87 51.84 40.05 44.72 46.47 5.80 12.47
4 71.04 | 66.10| 50.82 | 6180 | 51.29| 58.70 59.96 8.05 13.43
4.5 87.96 ) 79100, (6347 ) 77.97| 64:01 74.23 74.39 9.51 12.78
5 03.85 | 83.79 | 6959 | 84.06| 70.67 | 82.22 80.70 9.16 11.36
545 100.02 |+ 89.09 | 75.98 | 92.75| 77.02| 87.54 87.07 9.26 10.63
6 104.66 | 9295| 8158 | 10115 | 83.40 | 91.91 92.61 9.22 9.96
7 109.85 | 97.51 88.60 | 103.65 | 94.85 | 97.26 98.62 7.34 7.44
8 111.79 4. 101.25 | . 93.48 | 106.84 | 108.64 | 101.31 103.89 6.57 6.32
9 113.54 | 104.99 | 99.31 | 112.03 | 113.66 | 105.61 108.19 5.82 5.38
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Table 15(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nS n6
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 4.66 517 5.05 0.00 3.68 0.00 3.09 245 | 79.29
2 15.57 13.31 11.72 11.43 14.16 | 12.54 13.12 1.57 11.94
2.5 33.81 28.99 | 2530 | 26.94 | 28.33| 2828 28.61 2.87 10.02
3 49.11 38.77 | 35.85 | 40.51 38.82 | 43.88 41.16 4.70 11.42
3.5 56.69 | 57.56 | 51.96| 61.81 50.60 | 59.12 56.29 4.28 7.60
4 64.92 | 69.51 5374 | '58.62 | 69.53 | 67.40 63.95 6.44 10.07
4.5 71.88 | 75,69 | /58.32| 7285 | 63.25| 7229 69.05 6.72 9.73
5 79.06 | 79.03| 6524 | 7750 | 7010 | 79.36 75.05 5.95 7.93
5.5 84.24 | 8264 | 7148 | 8253 | 7572 8291 79.92 5.1 6.40
6 92.48 | 85.51 7570 | 7710 | 78.50 | 84.51 82.30 6.39 7.76
7 91.54 | 90.10 | 84.67 | 90.72| 85.78 | 85.84 88.11 3.00 3.40
8 9544 | 9129 | 86.08| 93.63| 90.56 | 90.70 91.28 3.18 3.49
9 98.13 | 9460 | 87.82| 9572 | 90.71 90.32 92.88 3.89 4.18

Table 16(D) The diltiazem hydrochloride release from 0.8 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release

(hr) Mean SD % CV
ni n2 n3 n4 nS n6

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 0.00 0.00 9.90 9.1 4.65 9.25 5.48 4.64 84.61
2 6.04 10.25| 31.93 | 26.11 16.00 | 21.32 18.61 9.76 52.42
2.5 15.84 | 22.21 56.11 4520 | 32.83 | 41.96 35.69 15.04 42.13
3 32.74 | 36.84 7397 | 57.25| 4194 | 57.33 50.01 15.60 31.20
35 46.57 | 49.05 | 84.05| 71.13| 55.81 72.95 63.26 14.99 23.70
4 61.99 | 6348 | 92.09 | 82.13| 65.27 | 80.06 74.17 12.34 16.63
4.5 69.69 | 73.15 | 100.08 | 93.75 71.34 | 86.06 82.35 12.84 15.59
5 75.23 | 84.91 | 104.61 | 102.43 76.58 | 92.17 89.32 12.60 14.11
5.5 80.20 | 97.66 | 107.02 | 106.44 | 81.83 | 99.19 95.39 11.76 12.33
6 83.48 | 104.23 | .109.27 | 109.43.| 87.17 | 102.94 99.42 11.28 T1.35
7 89.91 | 110.75 ] 112.41 | 109.94 | 9548 | 108.91 104.57 943 9.02
8 95.31| 112.18 | 112.78 | 112.09 | 100.41 | 111.86 | 107.44 7.60 7.07
9 98.99 | 112.48 | 115.39 | 111.42 | 103.26 | 114.13 109.28 6.60 6.04
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Table 17(D) The propranolol hydrochloride release from 0.4 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % propranolol hydrochloride release

(hr) Mean SD % CV
n1 n2 n3 n4 nS n6

3.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 9.04 | 19.12 0.00 9.69 6.31 7.78 | 123.28
4.5 0.00 0.00 17.91 29.58 0.00 | 20.20 11.28 12.96 | 114.90
5 15.00 9.21 29.56 | 43.26 9.50 | 34.08 23.44 14.22 60.70
5.5 22.35 18.05 | 3744 | 64.15 14.06 | 45.62 33.61 19.20 57.12
6 30.09 |- 28.11 4492 7294 19.59 | 58.25 42.32 | 20.33 | 48.04
7 40.67 | 4390 5453 | 8330 | 3159 | 7544 54.91 20.47 37.28
8 49.02 | 56.95 | 62.07 | 89.05| 41.05| 83.59 63.62 | 19.05 | 29.95
9 58.16 | 67.26 | 67.76 | 93.20 | 4992 | 88.38 70.78 16.90 23.88
10 60.24 | 72.64| 69.79| 9254 | 5529 | 88.99 73.25 14.99 20.47
11 64.57 | 79.833 | 7312 | 9297 | 61.07 | 90.30 76.89 13.12 17.06
12 68.07 | 84.56 | 75.83| 9294 | 65.77 | 89.81 79.50 11.36 14.29

Table 18(D) The propranolol “hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % propanolol hydrochloride release

(hr) Mean SD % CV
n1 n2 n3 n4 n5 n6

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3.5 0.00 0.00 8.55 0.00 10.74 0.00 3.22 5.03 | 156.40
4 11.73 10.86 15.76 11.30 19.52 12.37 13.59 3.39 24.95
4.5 18.31 17.95 | 27.69 18.28 | 27.36 18.09 21.28 4.84 22.76
5 26.51 23.09 42.51 24.85 35.87 23.98 29.47 7.90 26.81
5.5 38.02 27.81 52.61 29.79 44.77 29.72 37.12 9.94 26.79
6 48.62 | 3291 60.21 36.34 | 53.00 | 34.86 44.33 11.22 25.32
i 65.62 | 4490 | 71.16| 51.29| 6516 | 45.81 57.32 11.36 19.81
8 77.34 | 54.79 | 78.63 | 6247 75.66 | 55.43 67.39 11.14 16.52
9 90.94 | 67.71 83.56 | 73.90 | 84.25| 65.81 77.69 10.08 12.97
10 91.13 69.70 88.43 78.13 88.69 72.32 81.40 9.24 11.36
11 96.29 76.52 91.37 | 1 83.60 | 91.92 78.51 86.37 8.01 9.27
12 97.52 | 8142 94 .41 88.43.| 95.67 | 83.65 90.18 6.70 7.43
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Table 19(D) The propranolol hydrochloride release from 0.8 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release

(hr) Mean SD % CV
n1 n2 n3 n4 nS n6

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3.5 0.00 9.97 0.00 0.00 | 14.64 0.00 4.10 6.52 | 159.05
4 0.00 16.99 | 20.01 11.54 18.73 0.00 11.21 9.15| 81.63
4.5 12.26 | 25.79 | 40.79 16.63 | 2494 | 11.48 2198 | 11.05| 50.26
5 19.70 | 52.82 | 6246 | 2114 | 33.70 16.01 34.31 19.27 | 56.18
55 27.54 | 75.71 7240 2716 | 43.01 21.31 4452 | 24.00| 5391
6 35.84 | 84.75| 7948 | 3327 | 5182 | 28.83 52.33 | 24.40 | 46.62
7 49.48 | 9143 | 87.08 | 44.82 | 59.63 | 43.54 62.66 | 2140 | 34.15
8 59.82 | 95863 | #9149 |J 55.68 |1 68.55 %, 55419 70.99 | 18.04 | 25.41
9 68.20 | 97.30| 93.67 | 64.84 | 7480 | 64.29 7718 | 14.70 19.05
10 7430 | 99.74 | 9546 | 7158 | 8092 | 74.66 82.78 | 11.96 14.45
11 78.91 98.06| 9552 | 76.73| 85.06 | 82.48 86.13 8.78 10.19
12 8243 | 98.67 | 96.69 | ~80.68 | 87.92 | 89.04 89.24 7.29 8.17

Table 20(D) The propranolol hydrochloride release from 0.4 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % propranolol hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nS n6
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 8.61 12.86 8.70 0.00 0.00 0.00 5.03 5.72 | 113.73
2 18.84 | 23.03 12.67 0.00 15.55 0.00 11.68 9.68 82.89
2.5 21464 31.40 15.02 0.00 | 22.68 9.07 16.61 11.08 66.75
3 24.06 38.46 18.40 10.74 27.36 15.61 22.44 9.83 43.82
3.5 28.39 44.55 23.13 17.09 31.39 24.41 28.16 9.39 33.35
4 3490 | 5093 | 30.77 | 26.48 | 35.31 33.82 35.37 8.31 23.49
4.5 4136 | 5723 4273 | 35.85| 3858 | 43.14 43.15 7.43 17.21
5 49.02 | 6425 | 52.70 | 4713 | "43.17 | 57.30 52.26 7.60 14.54
55 58.70 | 70.68 | 61.05| 5714 | 48.35| 64.64 60.09 7.51 12.50
6 6546 | 7523 | 67.16 | 64.54 | 55.01 70.35 66.29 6.76 10.19
7 74.31 81.91 77.37 74.87 66.97 78.52 75.66 5.06 6.69
8 80.95| 87.00| 83.10| 8257 | 75.64 | 84.61 82.31 3.85 4.68
9 86.33 | 90.61 88.03 | 87.46 | 82.00| 88.23 87.11 2.87 3.30
10 89.49 | 9262 | 9142 | 91.05| 86.91 91.63 90.52 2.04 228
11 91.28 | 94.00 | ©92:98"92.:85"| '89.57 | 193.55 92.37 1.65 179
12 93.14 95.22 94.98 94.69 91.11 94.29 93.91 1.55 1.65




130

Table 21(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % propranolol hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nS n6
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 19.86 9.75 0.00 8.37 | 26.73 0.00 10.79 10.74 99.53
2 30.14 17.63 0.00 1743 | 30.82 0.00 16.00 13.68 85.51
2.5 33.46 | 21.37 1R8N 25.51 34.64 9.67 23.45 9.78 | 41.71
3 3822 | 25.75| 25.20| 31.80| -38.05| 15.13 29.03 8.86 | 30.51
3.5 43.64 | 30.65| 3145| 35.71 43.73 | 22.45 34.61 8.24 23.81
4 4915 | 3640 | 37.61 39.90 | 51.85| 29.29 40.70 8.42 20.69
4.5 55.75 | 46.98 | 46.54| 4569 | 6273 | 36.39 49.02 9.10 18.57
5 64.26 | 56.80| 5346 | 53.50| 80.08 | 43.93 58.67 | 12.36 | 21.07
5.5 73.21 67.40 | 5827 | 161.91 82.11 50.11 65.50 11.32 17.28
6 79.30 | 75.96 | 67.93| 6867 | 83.06| 56.43 71.89 9.61 13.36
7 92.17 | 81.63 | 79.33| 8462 | 101.93 | 71.65 85.22 10.58 12.41
8 99.26 | 96.24 | 8844 | 94.92 | 103.83 | 83.44 94.35 7.37 7.81
9 97.69 | 102.80 | 95.33 | 101.00 | 106.14 | 95.68 99.77 4.29 4.30
10 104.15 | 104.56 | 94.13 | 102.48 | 106.42 | 100.41 102.03 4.37 4.28
11 105.95| 106.25 | 101.37 | 104.10 | 106.79 | 104.50 | 104.83 1.98 1.89
12 105.94 | 107.87 | 103.21 | 103.15 | 107.18 | 106.28 | 105.61 2.00 1.89

Table 22(D) The propranolol hydrochloride release from 0.8 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % propranolol hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 n5 n6
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 12.05 14.50 0.00 14.08 0.00 0.00 6.77 7.46 | 110.23
2 26.80 | 27.46 16.44 | 43.48 | 20.43 13.62 24.71 10.71 43.36
2.5 36.94 | 37.11 29.70 | 74.26 | 35.55 18.31 38.65 18.85 | 48.77
3 4468 | 4096 | 36.33| 77.50 | 40.51 23.90 43.98 17.93 | 40.76
3.5 4790 | 4440 | 40.38| 83.98 | 47.39| 2757 48.60 18.87 38.83
4 55.18 | 48.16 | 45.35| 88.59 | 57.67 | 32.01 54.49 18.99 34.84
4.5 64.80 | 5290 | 49.27 | 9393 | 67.44 | 38.04 61.06 19.34 31.67
5 69.92 | 58.54 | . 54.64 | 97.07| 74.35 | .46.68 66.87 17.91 26.78
9.8 78.06 | 66.08 | 62.75| 100.16 | 81.46 | 56.60 7418 | 15.80 21.30
6 81.77 | 7220 | 68.53 | 101.98 | 84.81 63.05 78.72 13.99 17.78
7 88.22 | 81.37 | 81.25] 103.23 | 90.75| 82.63 87.91 8.46 9.62
8 93.80 | 89.39 | 90.51 | 103.79 | 94.78 | 95.67 94.66 5.10 5.39
9 97.09 | 93.67 | 93.65| 105.03 | 97.85 | 100.29 97.93 4.32 4.41
10 99.71 97.05| 99.89 | 106.44 | 100.01 | 102.96 | 101.01 3.25 3.22
11 101.04 | 99.88 | 101.79 | 106.16 | 101.19 | 103.29 | 102.23 2.23 2.18
12 102.50 | 101.50 | 102.76 | 106.02 | 103.09 | 105.33 | 103.53 1.76 1.70
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Table 23(D) The diltiazem hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nS n6
25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 23.05 19.01 13.19 | 30.86 0.8 | 22478 20.51 6.32 30.79
3.5 4399 | 3529 | 36.64 | 46.02 | 29.60 | 41.32 38.81 6.12 15.76
4 61.28 | 51.63 | 5259 | 56.70 | 46.12 | 56.53 54.14 5.22 9.64
4.5 66.77 | 60.44 | 6270 | 65.85| 55.32| 67.65 63.12 4.68 7.42
5 69.35 | 67.44 | -69.04 | 69.82 | 64.21 73.78 68.94 3.13 4.54
5.5 77.37 | 6305 | 73.59 | 7270 | 64.09| 80.20 71.83 6.95 9.68
6 80.64 | 77.81 #6.64.0 ¥ 83.89 |AV(3./ 9N "9l 80.94 5.97 7.38
7 84.36 | 7212 | 8449 | 8152 | 7512 | 89.10 81.12 6.37 7.85
8 90.31 86.756 | 89.02 | 8545 | 87.51 86.25 87.55 1.82 2.08
9 88.12 | 8859 | 86.87 | 85.65. 8555 | 77.25 85.34 4.15 4.87

Table 24(D) The diltiazem hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in 0.9 % NaCl solution

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 n5 n6
25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
3 8.24 0.00 0.00 0.00 4.70 4.07 2.84 3.42 | 120.47
3.5 20.47 457 | 11.82 9.47 | 14.65| 15.15 12.69 5.43 42.81
4 34.39 15.77 | 29.31 2442 | 34.86 | 30.91 28.28 7.21 25.51
4.5 4528 | 31.08 | 4316 | 43.23 | 49.51 46.82 43.18 6.39 14.80
5 52.41 37.28 | 5220 | 53.87 | 59.14 | 54.61 51.58 7.45 14.43
5.5 58.81 4299 | 58.97 | 60.04 | 65.01 60.48 57.72 7.56 13.10
6 63.82 | 48.15 | 63.77 | 64.35| 68.63 | 64.22 62.16 iy 11.43
7 70.18 | 5483 | 69.37 | 69.30 | 73.79| 69.95 67.91 6.62 9.75
8 7343 | 59.18 | 7339 | 7334 | 76.92| 73.24 71.58 6.24 8.72
9 7515 | 6343 | 7539 | 76.04| 79.55| 75.39 74.16 5.51 7.43
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Table 25(D) The diltiazem hydrochloride release from 0.6 mm orifice size
crosslinked OPC coating with 335 ml CA solution in 0.5 M NaCl solution

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nS n6
3.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
4 3.10 0.00 0.00 0.00 4.02| 10.09 2.87 3.96 | 137.88
4.5 6.76 10.60 4.06 0.00 11.53 | 19.77 8.79 6.86 78.07
5 11.63 | 24.25 9.85 463 | 17.84 | 29.08 16.21 9.26 57.11
5.5 15.62 | 36.51 19.85 | 12.83 | 2946 | 37.28 2526 | 10.63 42.10
6 27.08 | 44.69 | 3472 | 2473 | 38.82| 43.54 35.60 8.34 23.43
7 39.66 | 53.63 | 51.37 | 4176 | 49.94 | 51.41 47.96 5.78 12.05
8 49.01 60.95| 58.54 | 52.81 55.89 | 69.04 56.04 4.45 7.95
9 5479 | 64.70 | 63.09 | 59.93 | 59.77 | 63.59 60.98 3.63 5.96

Table 26(D) The diltiazem hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in 1 M NaCl solution

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 n5 n6

5.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
6 3.73 5.74 0.00 0.00 0.00 3.82 2.22 253 | 114.23
7 5.36 | 10.69 S 4.65 0.00 9.03 5.47 3.90 71.31
8 5.99 16.34 7.28 11.45 3.94 14.52 9.92 4.96 49.96
9 6.61 23.31 13.32 18.47 4.97 19.41 14.35 7.37 51.39
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Table 27(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nd n6
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 4.66 5.17 O, 0.00 3.68 0.00 3.09 2.45 79.29
2 15.57 13.31 11.72 11.43 14.16 12.54 13.12 1.57 11.94
2.5 33.81 28.99 | 2530 | 26.94 | 28.33 | 28.28 28.61 2.87 10.02
3 49.11 38.77 | 35.85| 40.51 38.82 | 43.88 41.16 4.70 11.42
3.5 56.69 | 57.56 | 5196 | 61.81 50.60 | 59.12 56.29 4.28 7.60
4 64.92 | 69.51 53.74 | 5862 | 69.53| 67.40 63.95 6.44 10.07
4.5 71.88 | 7569 | 5832 | 72.85| 63.25| 72.29 69.05 6.72 9.73
5 79.06 | 79.03 | 65.24 | 7750 | 70.10 | 79.36 75.05 5.95 7.93
5.5 84.24| 8264 | 7148 | 8253 | 7572 | 8291 79.92 5.1 6.40
6 92.48 | 85.51 75.70 | 7710 7850 | 84.51 82.30 6.39 7.76
7 9154 | 90.10 | 84.67 | 90.72 | 8578 | 85.84 88.11 3.00 3.40
8 9544 | 91.29 | 86.08| 93.63 | 90.56 | 90.70 91.28 3.18 3.49
9 98.13 | 9460 | 8782 | 9572 | 90.71 90.32 92.88 3.89 4.18

Table 28(D) The diltiazem hydrochloride release from 0.6 mm orifice size
non-crosslinked OPC coating with 335 ml CA solution in 0.9 % NaCl solution

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nS n6
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2 5.43 3.27 517 0.00 0.00 0.00 2.31 264 | 114.21
25 1094} 11.65 6.80 3.05 0.00 | 11.07 7.25 4.86 66.98
3 19.05 | 28.82 | 24.24 1762 | 21.35| 20.58 21.95 4.05 18.43
3.5 2613 | 4225 | 33.75| 2712 | 37.44 | 33.72 33.40 6.12 18.32
4 33.56 | 51.53 | 4259 | 37.59| 5340 | 46.14 44 .14 7.76 17.59
4.5 40.47 | 58.30| 50.05| 47.11 70.52 | 55.65 53.68 | 10.39 19.35
5 4586 | 63.23 | ' 56.40 | 55.19 | '84.67 | 62.79 61.36 | 13.05 21.27
5.5 5158 | 68.36 | 62.45| 62.18 | 95.38 | 67.41 67.90 | 14.73 21.69
6 56.58 | 70.79 | 67.82| 67.29 | 98.23 | 65.41 71.02 | 1417 19.96
7 6192 | 7558 | 7793 | 74.20| 101.72 | 7514 77.75| 13.03 16.76
8 68.14 | 78.83 | 9225 | 78.12 | 102.55 | 7949 83.23 | 12.18 14.63
9 71.73"| 84227 9849 | 81.89 | 101.57 | 82.91 86.80 | 11.21 12.91
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Table 29(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in 0.5 M NacCl solution

Time % diltiazem hydrochloride release
(hr) Mean SD % CV
n1 n2 n3 n4 nd n6
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2 3.33 0.00 8.11 3.52 0.00 5.89 3.47 3.21 92.35
2.5 6.21 445 | 22.29 5.78 4.06 6.49 8.21 6.96 84.80
3 8.84 10.66 | 34.78 8.47 11.95 7.32 13.67 | 1047 76.60
3.5 14.62 16.44 | 42.05 11.88 18.98 d=8l 19.21 11.55 60.10
4 2129 | 20.75 | -49.62 14.61 24.07 16.08 2440 | 12.84 52.62
4.5 28.74 | 2531 65.25 f17.860 %'29:81 23.01 29.91 13.19 44.09
5 35.70| 30.77| 58.15/| 2116 | 34.12| 29.04 3482 | 12.51 35.92
5.5 40.76 | 37.40 | 62.20 | 2546 | 39.04 | 34.40 39.88 | 12.20 30.59
6 45801 42.21 65.48 | 28.48 | 43.32 | 38.23 4392 | 12.19 27.74
7 5168 | 49.16 | 78.09 | 35.01 50.05 | 48.91 5215 | 14.08 26.99
8 55.16 | 55.66 | 84.86 | 40.62 | 55.37 | 55.86 5792 | 14.48 25.00
9 59.65 | 6228 | 89.36 | 46.99 | 57.56 | 62.99 63.14 | 14.09 22.31

Table 30(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in 1 M NacCl solution

Time % diltiazem hydrochloride release
(hr) Mean | SD | %CV
n1 n2 n3 n4 n5 n6
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2.5 0.00 0.00 3.67 4.33 0.00 0.00 1.33 2.08 | 155.70
3 0.00 }" 10.39 6.15 | 11.09 0.00 0.00 4.61 5.32 | 115.52
3.5 2262 | 1628 | 1499 | 18.13 0.00 0.00 12.00 9.65 80.40
4 25.84 | 21.95| 20.25| 21.79 2095 3.85 16.10 | 10.02 62.25
4.5 2747 | 2542 | 2183 | 26.53 5.50 5.65 18.74 | 1037 55.34
5 2780 | 29.07 | 23.80 | 28.48 9.44 9.02 21.27 9:51 44.69
5.9 28.77 | 3337 | 2550 | 3012 | 1277 ] 11.69 23.70 9.25 39.01
6 29.78 | 36.87 | 2752 | 3233 | 17.45| 14.20 26.36 8.79 33.36
7 3242 | 4156 | 3154 | 3585 | 26.36 | 17.95 30.95 8.1 26.22
8 36.35 | 46.41 35.63 | 4144 | 3280 | 21.11 35.62 8.60 2413
9 40.46 | 50.39 | 1 40.26 | 4737 | 3735 | 2527 40.18 8.79 21.88
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Table 31(D) The propranolol hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water

?:;)e = % p;(;pranolighydrocilioride r:;ease - Mean sp % GV
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3.5 0.00 0.00 8.55 0.00 10.74 0.00 3.22 5.03 | 156.40
4 11.73 10.86 15.76 11.30 19.52 12.37 13.59 3.39 24.95
4.5 18.31 17.95 27.69 18.28 27.36 18.09 21.28 4.84 22.76
5 26.51 23.09 42 .51 24.85 35.87 23.98 29.47 7.90 26.81
5.5 38.02 27.81 52.61 29.79 4477 29.72 3712 9.94 26.79
6 48.62 32.91 60.21 36.34 53.00 34.86 44.33 11.22 25.32
7 65.62 44.90 71.16 51.29 65.16 45.81 57.32 11.36 19.81
8 77.34 54.79 78.63 62.47 75.66 55.43 67.39 11.14 16.52
9 90.94 67.71 83.56 73.90 84.25 65.81 77.69 10.08 12.97
10 91.13 69.70 88.43 78418 88.69 72.32 81.40 9.24 11.36
11 96.29 76.52 91.37 83.60 91.92 78.51 86.37 8.01 9.27
12 97.52 81.42 94.41 88.43 95.67 83.65 90.18 6.70 7.43

Table 32(D) The propranolol hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in 0.9 % NaCl solution

EI::)G C % pi(;pranolil:ahydrocﬂoride r:;ease _ MESh sD % OV
55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
6 10.36 10.96 7.98 9.05 7.63 7.68 8.94 1.44 16.06
7 16.13 16.25 13.47 31.69 12.05 10.51 16.68 7.69 46.08
8 28.82 22.63 20.57 63.15 17.47 14.33 27.83 17.99 64.65
9 36.65 28.65 26.70 80.62 22.58 19.04 35.71 22.80 63.85
10 42 .93 34.00 31.29 87.46 27.01 23.22 40.98 23.74 57.92
11 47.31 39.25 36.07 92.33 31.19 27 85 45.58 23.91 52.46
12 51.35 4416 40.82 94.85 37.95 31.69 50.14 22.86 45.59
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Table 33(D) The propranolol hydrochloride release from 0.6 mm orifice size
crosslinked OPC coating with 335 ml CA solution in 0.5 M NaCl solution

'EIr?:)e = % pi(;pranolighydrocrl:oride rséease - Mean sD % GV
5.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
6 0.00 0.00 0.00 7.74 11.72 0.00 3.24 518 | 159.71
7 0.00 0.00 0.00 | 10.05| 1342 0.00 3.91 6.15 | 157.29
8 7.94 8.21 7.79 12.36 14.76 7.42 9.75 3.06 31.42
9 9.50 9.12 9.42 14.55 16.02 8.75 11.23 3.19 28.42
10 10.89 9.93 11.01 16.69 17229 10.02 12.64 3.40 26.93
11 12.18 10.78 12.49 18.74 18.44 11.22 13.97 3.63 25.97
12 13.42 11.68 13.89 | 20.64 19.50 12.39 15.25 3.83 25.10

Table 34(D) The propranolol hydrochloride release from 0.6 mm orifice size
crosslinked OPC coating with 335 ml CA solution in 1 M NaCl solution

T(Irr]T:)e % propranolol hydrochloride release Mean SD % CV
n1 n2 n3 n4 n5 n6

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
5.5 0.00 0.00 0.00 0.00 1.58 0.00 1.25 3.07 | 244.95
6 0.00 0.00 0.00 0.00 8.77 0.00 1.46 3.58 | 244.95
7 0.00 0.00 0.00 0.00 11.30 0.00 1.88 4.61 | 24495
8 0.00 0.00 0.00 0.00 | 13.68 0.00 2.28 5.58 | 244.95
9 0.00 0.00 0.00 0.00 15.87 0.00 2.64 6.48 | 244.95
10 8.22 0.00 0.00 0.00 17.78 0.00 4.33 7.36 | 169.88
11 9.12 0.00 0.00 0.00 | 19.52 0.00 4.77 8.09 | 169.57
12 9.98 0.00 7.35 0.00 | 21.09 0.00 6.40 8.40 | 131.09
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Table 35(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water

1;::?)6 % propranolol hydrochloride release Mean sp % GV
n1 n2 n3 n4 nS n6
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.5 19.86 9.75 0.00 8.0 | F2873 0.00 10.79 | 10.74 99.53
2 30.14 17.63 0.00 17.48 #8082 0.00 16.00 | 13.68 85.51
2.5 33.46 | 21.37 16.06 | 25.51 34.64 9.67 23.45 9.78 41.71
3 38.22 | 2575 | 2520 | 31.80| 38.05| 15.13 29.03 8.86 30.51
3.5 43.64 | 30.65| 3145 | 35.71 43.73 | 22.45 34.61 8.24 23.81
4 49.15| 36.40 | 37.61 3900 | 51.85%%.29.29 40.70 8.42 20.69
4.5 55.75 | 46.98 | 46.54 | 4569 | 62.73 | 36.39 49.02 9.10 18.57
5 64.26 | 56.80 | 53.46 /| 53.50| 80.08 | 43.93 58.67 | 12.36 21.07
55 73.21 67.40 | 58.27.| 61.91 82.11 50.11 65.50 | 11.32 17.28
6 79.30 | 75.96 | 6793 | 68.67 | 83.06 | 56.43 71.89 9.61 13.36
7 92171 81.63 | 79.33 | 84.62 | 101.93 | 71.65 85.22 | 10.58 12.41
8 99.26 | 96.24 | 88.44 | 94.92 103.83 | 83.44 94.35 7.37 7.81
9 97.69 | 102.80 | 95.33 | 101.00 | 106.14 | 95.68 99.77 4.29 4.30
10 104.15 | 104.56 | 94.13 | 102.48 | 106.42 | 100.41 102.03 4.37 4.28
11 105.95 | 106.25 | 101.37 | 104.10 | 106.79 | 104.50 | 104.83 1.98 1.89
12 105.94 | 107.87 | 103.21 | 103.15 | 107.18 | 106.28 | 105.61 2.00 1.89

Table 36(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with-335 ml CA solution in 0.9 % NaCl solution

Time

% propranolol hydrochloride release

(hr) n1 n2 n3 n4 n5 n6 "= sb % cv
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1.5 9.23 7.68 0.00 7.33 0.00 0.00 4.04 447 | 110.68
2 2143 2543 | 1053 | 10.27 | 11.01 7.84 14.42 7.18 49.78
2.5 43.55 | 39.04 | 23.31 12.05| 19.89 | 13.29 2519 | 13.23 52.52
3 50.11| 4240 | 3242 | 19.53 | 24.91 23.50 3214 | 11.95 37.18
3.5 53.79 | 4556 | 36.26 | 29.12 | 2847 | 26.92 36.69 | 10.88 29.65
4 5484 | 4846 | 3896/ 35.94 | 31.68| 29.04 39.82 9.99 25.08
4.5 61.39 | 51.47 | 41.92 [ 4130 | 34.51 30.82 43.57 | 11.25 25.81
5 65.64 |« 54.21 | 44.04|4573 | 37.50| 32.53 46.61 11.90 25.54
5.5 67.31 57.07 | 46.29 | 51.61 39.61 34.16 49.34 | 12.02 24.35
6 7460 | 60.72 | 50.13 | 56.55| 42.03| 35.80 53.31 13.88 26.03
y/ 85.17 jn 67985 (m58.42:| 65703 #4995 7%, 40785 61.07 | 15.39 25.21
8 92,39 | 73.23| 69.08 | 70.27 | 6149 | 4576 68.70'| 15.25 22.20
9 95.26 | 75.81 8282 | 76.45| 69.32 | 50.72 75.06| 14.80 19.72
10 9436 | 85.02 | 8997 | 8356 | 77.84| 56.72 81.24 | 13.27 16.34
11 96.22 | 89.42 | 89.54 | 89.06 | 83.62| 61.87 84.96 | 12.00 14.12
12 96.28 | 91.87 | 9487 | 9212 | 89.03 | 67.64 88.63 | 10.59 11.95
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Table 37(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in 0.5 M NacCl solution

T(Irr]?)e _ % pizpranolighydroczliorlde rs;ease _ Mean SD % CV
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2 15.33 10.24 0.00 | 10.16 0.00 0.00 5.96 6.79 | 113.97
2.5 22.65 17.16 794 | 21.40 0.00. | 19.65 14.80 8.95 60.46
3 33.03 18.33 | 19.10 | 28.71 23.64 | 36.76 26.60 7.52 28.26
3.5 37.19 1898 | 24.30 | 2945 | 33.63 | 46.08 31.61 9.62 30.42
4 40.11 1964 | 2686 30.26 | 38.06 | 50.77 34.28 | 11.01 32.10
4.5 4218 | 20.21 28.58 | 31.14 | 4159 | 53.04 36.12 | 11.73 32.46
5 43.70. | 20.78 | 29.89 | 32.06 | 44.51 55.25 37.70 | 12.41 32.91
5.5 4499 | 2316 | /31.05| 33.25| 46.55| 57.27 39.38 | 12.43 31.58
6 46.35 | 24.64| 3219 | 34.51 49.62 | 57.86 40.86 | 12.45 30.46
7 4793 | 27.41 34.37 | 37.65 | 56.85 | .60.25 44.08 | 13.06 29.63
8 49.91 29.76 | 36.37 | 41.11 62.78 | 61.60 46.92 | 13.53 28.84
9 52.02°| 31.73 | 38.16 | 44.74 | 68.89 | 62.35 49.65 | 14.24 28.69
10 53.71 33.79 | 3994 4790 | 7244 | 63.69 51.91 14.50 27.93
11 55.63 | 3578 | 4156 | 5172 | 76.30| 64.87 54.31 14.89 27.43
12 5746 3764 | 4312 | 55.81 78.09 | 65.87 56.33 | 14.76 26.21

Table 38(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in 1 M NaCl solution

T(I:rl)e c % pi(;pranolcr)]lshydrocriloride r:éease — MESh SD % CV
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2 0.00 9.57 8.32 0.00 0.00 0.00 2.98 4.64 | 155.49
25 9.33 15.28 | 1495 | 13.86 | 11.09 9.66 12.36 2.67 21.57
3 1524 | 23.68 | 27.82 | 2413 | 21.37 15.15 21.23 5.11 24.07
3.5 18.26 | 28.66 | 3352 | 2484 | 28.25| 21.89 25.90 5.42 20.93
4 20.16 | 30.21 3489 | 3552 | 30.36 | 29.78 30.15 5.50 18.24
4.5 2120 | 31.35| 3544 | 4069 | 32.15| 33.06 32.32 6.41 19.82
] 24.73| 32.37 | 35781 4287 | 3294 | 384.143 33.30 6:83 20.50
5.5 2218 | 33.27 | 36.08| 4460 | 33.48| 35.18 34.13 7.19 21.07
6 2262 | 34.08| 36.43 | 4616 | 33.98 | 36.00 34.88 7.52 21.56
7 23.58 | 35.38| 37.04 | 46.65| 34.83 | 37.31 35.80 7.38 20.61
8 24.47| 36.38| 3766 | 4862 | 3555 | 38.37 36.84 7.70 20.91
9 25.27 | 3722 | 3819 | 49.60| 36.12 | 39.07 37.58 7.76 20.64
10 2588 | 37.79| 38.63| 49.74| 36.65| 39.72 38.07 7.61 20.00
11 26.47 | 38.42| 39.14| 5010 | 37.15| 40.31 38.60 7.55 19.55
12 27.00 | 3890 | 39.60| 48.07| 37.54 | 40.78 38.65 6.80 17.59
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Table 39(D) The diltiazem hydrochloride release from 0.6 mm orifice size
crosslinked OPC coating with 335 ml CA solution in 0.1 M HCI pH 1.2

-I;If?:)e = % i;ltiazemngydroch:;)ride re:]esase - Mean sD % GV
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
3.5 0.00 298 0.00 0.00 4.80 4.19 1.99 2.26 | 113.67
4 8.76 10.16 0.00 0.00 15.26 « ok d5 7.82 6.46 82.52
4.5 22.47 29.08 =25 13.92 38.05 25.09 23.31 9.88 42.38
5 38.50 43.98 25.96 25.72 50.50 31.84 36.08 10.04 27.82

5.5 51.47 | 55637 | 38770/ 35.81| 59.06| 4044 46.64 9.89 21.21

5799 64.11| 48.10| 44.15| 66.59 | 46.46 54.57 9.63 17.64

70.08 | 76.57 | 63.06 | 57.16 | 74.33 | 51.05 65.37 | 10.06 15.39

7787 8471 | 7320 | 66.98 | 80.50| 61.18 74.07 8.79 11.87

©O© |00 |N |

83.04 | 8791 | 78.65| 7247 | 82.61 | 6558 78.38 8.12 10.36

Table 40(D) The diltiazem * hydrochloride release from 0.6 mm orifice size
crosslinked OPC coating with 335 ml CA solution in PBS pH 6.8

Time diltiazem hydrochloride release (%
(hr) n1 n2 yn3 n4 n5( ! n6 Mean sb % Cv
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
3.5 3.91 15.85 9.45 v 8.17 6.76 8.23 4.23 51.40
4 1152 ["930:38 18.01 20.08 | 20.56 | 25.18 20.96 6.41 30.57
4.5 24.72 39.87 40.49 33.22 29.20 40.64 34.69 6.75 19.45
5 38.42 47.47 48.53 41.26 38.48 50.68 44 14 5.41 12.25

5.5 4848 5197 | 52.75| 46.58 | 46.73 | 56.14 50.44 3.81 7.56

53.56 | 55.82 | 56.90 | 52.13 | 52.85| 60.44 55.28 3.1 5.63

60:82 | 60.62 | 57.58 | 69.02 | 59.53 | 66.40 60.66 3.05 5.02

66.00 |- 64.07 | 63.72 | 63.13 | 6422 | 70.64 65.30 2.8 4.27

O || O

70.03 | 66.35 | 58.29 |..67.27 | 67.16| 72.00 66.85 4.70 7.03
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Table 41(D) The diltiazem hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in pH-change method

-I;If?:)e = dlltl:zzem hy;l;ochlorlrie releasnes(%) - Mean sD % GV
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
3.5 0.00 3.98 4.43 3.32 5.02 4.33 3.51 1.81 51.52
4 7.91 14.52 17.24 14.44 22.16 15.16 15.24 4.62 30.32
45 49.45 | 20.00 36.07 | 29.37 3/ 9Cmian2855 33.60 10.03 29.84
5 69.25 30.15 49.44 43.62 50.59 39.62 4711 13.14 27.90
5.5 81.44 38.17 58.73 52.42 59.90 50.13 56.80 14.36 25.28
6 79.95 37.47 65.97 57.54 66.91 57.52 60.89 14.12 23.19
7 96.01 50.70 73.70 64.33 74.79 65.39 70.82 15.07 21.27
8 97.67 58.82 75.22 68.04 78.03 71.65 74.91 13.00 17.35
9 99.19 62.85 81.49 L3-Zal 81.56 75.54 78.97 12.06 15.27

Table 42(D) The diltiazem  hydrochloride release from 0.6 mm orifice size non-

crosslinked OPC coating with 335 ml CA solution in 0.1 M HCI pH 1.2

. - - =
EI::)G = d11t1:2zem hyggochlorlire releasnes( %) _ Mean SD % CV
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2 0.00 2.94 4.18 0.00 0.00 3.63 1.79 2.00 | 111.71
2.5 0.00 | 10.41 5.28 9.50 0.00 8.64 5.64 4.70 83.34
3 13.53 | 24.92 5.80 | 20.21 19.68 | 10.00 15.69 7.16 45.64
3.5 20.28 | 37.93 17.61 33.31 30.80 | 20.69 26.77 8.33 31.10
4 31.29| 48.65| 26.30 | 41.51 40.23 | 32.20 36.70 8.20 22.35
4.5 41.79 | 5593 | 38.82 | 48.72 | 45.56 | 42.11 45.49 6.15 13.52
5 49.44 | 59.87 | 4843 | 53.45| 51.08 | 49.55 81.97 4.25 8.17
515 55.13 | 6348 | 56.29 | 57.50 | 56.43 | 54.96 57.30 3.17 5.53
6 59.66 | 6737 | 6230 | 62.13| 59.52 | 59.75 61.79 3:01 4.88
7 6719 | 71.25| 69.59 | 68.37 | 6518 | 65.26 67.81 2.41 3.56
8 70.70 | 7422 | 74.07 | 74.02 | 69.49 | 69.56 72.01 2.33 3.24
9 7490 | 77.51 7843 | 81.74| 73.28 | 73.74 76.60 3.25 4.24
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Table 43(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in PBS pH 6.8

Time

diltiazem hydrochloride release (%)

(hr) n1 n2 n3 n4 n5 n6 Mean sb % Cv
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
1.5 7.82 0.00 0.00 2.92 0.00 0.00 1.79 3.18 | 177.49
2 37.82 4.83 9.78 7.63 6.07 3.24 11.56 | 13.06 | 112.97
2.5 49.74 | 1218 | 19.66 8.19 9.20 8.32 17.88 | 16.19 90.56
3 78.94 | 2046 | 2270 | 2133 | 10.27 | 20.78 29.08 | 24.83 85.40
3.5 93.14 | 26,51 | 26.15| 30.67 | 30.23 | 34.12 40.14 | 26.13 65.11
4 101.13%#34 328" 3414 J £40.25 '\, 26, 4726 49.22 | 26.05 52.92
4.5 102.47 | 4430 | 3628 | 46.65 | 47.73 | 54.92 54.89 | 24.14 43.99
5 103.41 | 48.12| 41.24 | 51.41 52.44 | 70.63 61.21 | 22.86 37.35
5.5 104.32 | 5390 | 4720 | 56.03 | 57.44 | 62.01 63.48 | 20.58 32.43
6 102.62 | 56.74 | 50.20 | 56.81 60.05 | 63.10 64.92 | 18.96 29.21
7 102.65| 60.10 | 53.89 | 63.16 | 64.42 | 66.97 68.53 | 17.31 25.26
8 103.27 | 69.74 | 6148 | 66.29 | 68.29 | 71.87 73.49 | 15.01 20.42
9 102.30 | 7354 | 63.88| 68.86| 69.73| 78.94 76.21 13.74 18.03

Table 44(D) The diltiazem hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in pH-change method

. = : =
1;;:1:)6 i dlltl:zzem hy(:;ochlonrie releasne5( %) = Waah sD % GV
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2 4.87 4.71 5.37 7.55 0.00 6.83 4.89 2.65 54.14
25 13.83 14.34 | 21.00 | 23.47 9.24 17.24 16.52 5.18 31.33
3 15.97 16.38 | 27.46 | 27.21 13.97 | 20.62 20.27 5.89 29.05
35 23.83 | 26.94 | 3744 | 36.57| 2594 | 32.61 30.55 5.78 18.93
4 33.73 | 34.85 | 4248 | 4478 | 36.70 | 42.69 39.20 4.67 11.92
4.5 39.39 | 4494 | 4953 | 5044 | 4224 | 51.06 46.26 4.82 10.42
5 45.06 | 50.81 52.86 | 55.22 | 4596 | 54.71 50.77 4.37 8.61
5.5 49.88 | 54.14 | 55.55 | 58.61 46.79 | 58.29 53.88 4.71 8.74
6 53.08 | 56.41 57.88 | 160:13 | 47.88 | 60.06 55.91 4.73 8.45
th 58.02 | 61.68 | 6213 | 64.17 | 51.83 | 65.01 60.47 4.88 8.07
8 61.63 | 66.97 | 6542 | 67.78| 5440 | 67.55 63.96 5.20 8.14
9 64.22 | 7250 | 6759 | 70.59 | 58.22 | 70.48 67.27 5.29 7.87
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Table 45(D) The propranolol hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in 0.1 M HCI pH 1.2

Time

propranolol hydrechloride release (%)

(hr) n1 n2 n3 n4 n5 n6 Mean sb % Cv
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3.5 0.00 0.00 8.55 0.00 0.00 0.00 1.42 3.49 | 244.95
4 0.00 0.00 9.60 0.00 0.00 0.00 1.60 3.92 | 244.95
4.5 0.00 0.00 | 10.27 0.00 0.00 0.00 1.71 419 | 24495
5 0.00 8.16 | -10.82 7.47 0.00 0.00 4.41 496 | 112.45
5.5 9.04 8.88 | 11.47 9.79 0.00 7.72 7.82 4.02 51.48
6 11.17 979 1240, 11.92 0.00 9.27 9.09 4.61 50.75
7 15.61 11.81 14.58 | 16.04 9.13 | 13.98 13.53 2.62 19.35
8 20.27| 14.06 | 2054 | 2012 | 1117 | 18.89 17.51 3.94 22.50
9 2497 | 17.33 | 26.66 | 24.00 | 13.48 | 23.70 21.69 5.12 23.62
10 29.71 | 2212 | 3199 | .27.86 | 15.97 | 27.74 25.90 5.86 22.63
11 3435 | 2562 | 36.88| 3158 | 18.71 32.04 29.86 6.63 22.19
12 38.67 | 29.00 | 4064 | 3532 | 2145 | 3594 33.50 7.1 21.21

Table 46(D) The propranolol hydrochloride release from 0.6 mm orifice size
crosslinked OPC coating with 335 ml CA solution in PBS pH 6.8

EI::)G C proprnaznolol hzgrochlorr;de relee;sSe (%) — MESh SD % CV
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
4.5 0.00 0.00 0.00 0.00 7.11 0.00 1.18 2.90 | 244.95
5 0.00 0.00 0.00 0.00 9.66 0.00 1.61 3.94 | 244.95
5.5 7.82 0.00 7.50 0.00 | 13.28 7.60 6.03 5.16 85.52
6 10.27 0.00 9.94 0.00 | 17.59 9.76 7.93 6.81 85.93
7 15.59 9.06| 15.52 0.00 | 26.84 | 13.94 13.49 8.81 65.33
8 20.94 | 1335 | 23.84 8.28 | 356,55 | 18.29 20.04 9.40 46.92
9 2695 N7.988 BO.GSH M3.48 | 4490 [ 23.13 2548 9.96 39.09
10 2077 | 2322 | 3642 | 20.89 | 45.91 27.67 30.65 9.23 30.13
11 34.22 | 27.61 39.82 | 26.53 | 49.81 31.86 34.97 8.71 24.90
12 38.13 | 3140 | 4289 | 33.13 | 53.52 | 3585 39.15 8.11 20.70




143

Table 47(D) The propranolol hydrochloride release from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in pH-change method

T(Irr]?)e _ proprna2110101 hzgrochlo;fe relee;s: (%) _ Mean SD % CV
3.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
4 9.62 0.00 0.00 0.00 0.00 0.00 1.60 3.93 | 244.95
4.5 14.19 0.00 8.61 0.00 0.00 0.00 3.80 6.15 | 161.71
5 18.22 9.94 11.44 9.62 8.17 0.00 9.56 5.86 61.31
5.5 22.69 13.31 14.16 15.19 K243 0.00 12.85 7.36 57.27
6 26.85 17.43 17.04 19.02 14.94 0.00 15.88 8.80 55.40
7 38.94 | 2320 2463 | 29.70 | 20.64 8.48 2426 | 10.08 41.56
8 52.40 | 29.52 | 3243 | 35.67 | 27.36 15.62 3217 | 12.05 37.45
9 56.68 | 35.90 | ~39.21 40.75 | 33.23 | 22.34 38.02 | 11.23 29.53
10 60.21 4164 | 4478 | 4257 | 3846 | 27.19 4243 | 10.70 25.23
11 63.53 | 46.20 | 49.19 | 50.69 | 4277 | 30.14 47.08 | 10.90 23.15
12 65.42 | 50.17 | 53.07 | 54.81 46.37 | 33.10 50.49 | 10.66 21.1
Table 48(D) The propranolol hydrochloride release from 0.6 mm orifice size non-
crosslinked OPC coating with 335.ml CA solution in 0.1 M HCI pH 1.2
1;;’2]:)6 = proprnaznolol hzgrochlo:;lélde relea:]sse (%) — Mean sD % CV
1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
2 12.95 0.00 8.44 17.30 12.05 4.21 9.16 6.29 68.69
2.5 22.85 14.65 | 15.67 | 24.99 | 2247 11.17 18.63 5.54 29.71
3 25.70 | 31.91 1756 | 3345 | 26.32 19.80 25.79 6.33 24.54
3.5 2740 4123 | 20.32 | 4165| 28.34 | 36.24 32.53 8.55 26.29
4 29.20 | 4530 | 24.16| 46.31 30.67 | 39.48 35.85 9.16 25.56
4.5 30.83 | 50.05| 2856 | 49.30 | 32.44 | 43.00 39.03 9.62 24.65
5 32.51 53.15 | 32.04 | 52.03| 34.31 45.50 41.59 9.85 23.67
9:6 34109 155:22.| 186:30: 5591 36.45 | 52.00 4499 | 1040 23.1
6 35.99 | 58.41 42.26 | 65.36 | 39.92 | 56.01 49.66 | 11.83 23.83
] 40.82 | 64.24 | 55.69 | 7578 | 53.81 65.70 59.34 | 12.01 20.25
8 43.03 | 74.51 69.55 | 84.25| 64.09| 71.78 67.87 | 13.87 20.44
9 4515 | 81.30 | 82.11 88.86 | 86.71 75.86 76.66 | 16.09 20.99
10 47.98 | 8599 | 89.82 | 9227 | 90.61 lf =) 80.64 | 16.89 20.94
11 49.70 | 90.30 | 9429 | 95.23 | 91.74| 81.74 83.84 | 17.40 20.75
12 53.72 | 93.37 | 196.00 | 96.05| 97.52 | 84.65 86.88 | 16.90 19.45
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Table 49(D) The propranolol hydrochloride release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in PBS pH 6.8

zm)e propranolol hydrochloride release (%) Mean SD % CV
n1 n2 n3 n4 nS n6
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -
1.5 0.00 0.00 | 10.72 | 19.83 8.95 0.00 6.58 8.10 | 123.06
2 14.27 16.74 | 29.23 | 42.26 | 23.50 12.66 23.11 11.25 48.67
2.5 2239 | 33.34 | 3495 | 5412 | 32.62] 23.05 33.41 11.50 34.41
3 2746 | 43.27 | 36.83 | 60.91 Sl =l==3 =7, 39.65| 11.73 29.58
3.5 29.67 | 46.20 | 38.28 | 65.89 | 40.07 | 35.70 42.64 | 12.61 29.58
4 31.31 | 48.69 | 39.81 68.88 | 4245 | 38.54 4495 | 13.01 28.94
4.5 3280 | 51.87 | 4106 | 7174 | 43.31 41.59 47.06 | 13.53 28.75
5 3446 5455 4229 | 73.65| 45.57 | 4941 49.99 | 1342 26.85
5.5 35.87 | 5764 |/ 4235 | 7539 | 47.38 | 55.95 5243 | 13.92 26.54
6 38.07 | 60.70 | 4297 | 76.17 | 50.87 | 57.74 54.42 | 13.67 25.12
7 4423 | 67.27 | 46.08 | 83.15| 61.11 62.80 60.77 | 14.40 23.69
8 4698 | 71.08 | 4949 | 89.29 | 69.92 | 69.00 65.96 | 15.67 23.75
9 53.09| 7524 | 52.75| 91.81 6708 W SWOIL 71.31 15.43 21.64
10 58.12 | 78.77 | 55.80 | 92.88 | 83.49 | 83.94 75.50 | 15.08 19.98
11 59.32 | 81.89 | 5847 | 92.73| 86.99| 88.32 7795 | 1517 19.45
12 63.37 | 83.30| 6165 | 93.16 | 89.23 | 90.71 80.24 | 1412 17.60

Table 50(D) The propranolol hydrochloride. release from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in pH-change method

Time

propranolol hydrochloride release (%)

(hr) Mean SD % CV
n1 n2 n3 n4 n5 n6

1.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

2 0.00 | 12.09| 1040 | 1140 | 13.64 | 16.09 10.60 5.56 52.46
2.5 10.89 | 3144 | 1952 | 2282 | 3228 | 23.91 23.48 7.95 33.85
3 13.75 | 39.02 | 2068 | 29.23 | 41.48 | 24.97 28.19 | 10.68 37.88
3.5 1850 | 48.37 | 21.74 | 36.08 | 49.94 | 27.31 33.66 | 13.41 39.86
4 20.56 | 55.07 | 2294 | 40.57 | 54.88 | 29.20 37.20 | 15.41 41.43
4.5 22658 | 58.60 | 24.51 4465 | 58.00| 31.48 39.97 | 16.17 40.46
) 24.76 | 63.82 | 25.82 | 48.35| 65.71 33.65 43.69 | 18.39 42.09
5.5 2715 |68.32 | 2736|5292 | 7246 | 35.38 47.27 | 20.26 42.86
6 29.56 | 71.23 | 2895 | 56.41 78.10 | 37.13 50.23 | 21.48 42.77
7 35.87 | 75.98 | 3257 | 63.22| 8553 | 4113 55.72 | 22.36 40.12
8 24, 38y 80747 JP=8747y 17091 0174 59", 45762 By .22 || 22%(1 3710
9 47.96 | 84.87 | 42.31 7826 | 9317 | 49.34 65.98 | 21.95 33.26
10 5276 | 87.49 | 46.25| 83.95| 93.86 | 53.10 69.57 | 21.05 30.26
11 56.93 | 89.61 49.75| 89.90 | 94.14 | 57.40 72.95 | 20.25 27.76
12 60.07 | 91.02 | 53.74 | 9254 | 93.39| 61.68 75.41 18.73 24.84
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Table 51(D) The diltiazem hydrochloride release rate from 0.6 mm orifice size

crosslinked OPC coating with various amounts of CA solution (n=18)

diltiazem hydrochloride release rate (%/hr)

time time amount of CA solution

point | interval 250 ml 290 ml 335 ml

(hr) () "Mean | 8D | % CV | Mean'| SD | %CV | Mean | SD | %CV
175 | 05 | 1349 13.01| 9643 | = - . _ _ _ _
225 | 05 | 3142| 1383| 4402 | 22141 [ 12901 | 5837 - _ _
275 | 05 | .2844| 1048| 3686 | 3365| 864| 2568 - _ _
325 | 05 | 17.34| 690 39.78| 3268| 7.82| 2393 | 3433 | 1053 | 30.66
375 | 05 | 19.64| 093] 5054 | 21.60| 9.00| 4165| 2905| 7.46| 2569
425 | 05 | 4481| 1191 8038 | 1616 | 741 | 4583 | 2424 | 856 | 3531
475 | 05| 1381| /894| 6474 | 1256 451 | 3587 | 1580 | 958 | 6064
525 | 05 | 11.07| 490| 4425| 855| 608| 7117 | 1054 | 7.99| 7582
575 | 05 812 | /770 | 9488 | 848| 490 | 57.80 | 1334 | 7.05| 5288
6.5 1 507 | 290 | 57.09| 659 | 227 3447 | 436| 404| 9267
75 1 355| 229| 6437| 525| 1.63| 31.07| 4838| 383| 7846
8.5 1 400 | 713 [178.13| 250| 236| 9457 | 1.88| 3.70 | 196.80

Table 52(D) The diltiazem hydrochloride release rate from 0.6 mm orifice size non-

crosslinked OPC coating with various amounts of CA solution (n=18)

diltiazem hydrochloride release rate (%/hr)

time time amount of CA solution

point | in‘eryEs 250 ml 290 ml 335 ml

(hr) (0 "Mean | SD | %CV | Mean | SD | %CV | Mean | SD | %CV
125 | 05 | 1723| 739| 4289| - - ! - - -
175 | 05 | 27.84| 586| 21.05| 20.11| 801 | 39.82 | 2250| 4.79| 21.29
225 | 05 | 33.01| 1097 | 3323 | 1883| 833| 4543 | 31.08| 597 | 19.19
275 |05 | 2898 | 924 3188| 2379 1597125141 2842} 7.49| 2636
326 | 05 | 2006 | 750| 37.39| 2475| 688 27.81| 2540| 814 | 32.06
375 | "05 | 1889 | '6.041°31.96| 2263 | 656| 2898| 15.84| 866 | 5465
425°| 05 | 1246| 415| 3328 | 1993 | 869 | 4360 | 1118 | 7.60| 67.95
475 | 05 | 1221| 513 | 4201 | 1781| 447 2342 | 1173 | 397 | 3384
525 |05 873/ 384 4398 1249 | 391 | 3207 899 236| 2621
575 | .05 778 |~ 319 | 4095 | 944 | 402 | 4253| 736 | 566| 76.90
6.5 1 382 | 216| 5658 | 488| 335| 6857| 527| 459| 8711
75 1 295| 199| 6727| 338| 36010640 421| 282| 66.95
8.5 1 169| 218 |12953| 311 | 272| 87.44| 090| 31234765
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Table 53(D) The propranolol hydrochloride release rate from 0.6 mm orifice size

crosslinked OPC coating with various amounts of CA solution (n=18)

propranolol hydrochloride release rate (%/hr)

time time amount of CA solution

point | interval 790 ml 335 ml

(o) |00 FMan | 8D | %CV | Mean | SD | %CV
3.75 0.5 18.80 8.75 | 46.57 | 18.05 441 | 24.45
4.25 0.5 16.38 3.68 | 2247 | 15.28 441 | 28.83
4.75 0.5 19T, 3.63 | +22.99%wl6:32 548 | 33.55
5.25 Q0.5 15735 3.50 | 22.77 16.94 597 | 35.26
5.75 0.5 14.46 274 | 18.96 | 13.88 3.71| 26.70
6.5 1 11.70 246 ' 18.494 12.06 259 | 21.46
7.5 1 9.63 1.54 [ 1,15.96 9.46 1.89 | 19.94
8.5 1 I7.893 1.94 | 25.65 3] 3.34 | 4294
9.5 1 5.56 65 | 38 21 5.29 2.83 | 53.44
10.5 1 5.02 1.25 | 2493 4.25 1.66 | 39.05
11.5 1 314 1+ OA " 82154 393 2.32 | 62.00

Table 54(D) The propranolol hydrochloride release rate from 0.6 mm orifice size

non-crosslinked OPC coating with various amounts of CA solution (n=18)

propranolol hydrochloride release rate (%/hr)

time time amount of CA solution

point | interval 290 ml 335 ml

(ho) (hr) Mean SD % CV | Mean SD % CV
(LT 0.5 2595 | 16.93 | 6524 | 17.24 8.97 | 52.04
2.25 0.5 20.68 | 10.61 | 51.31| 11.36 7.75| 68.18
2.75 0.5 14.71 562 | 38.18 9.52 495 | 51.98
3.25 0.5 12.50 4.41 35.26 9.33 547 | 58.67
3.75 0.5 13.41 496 | 3699 | 1343 9.50 | 70.79
4.25 0.5 16.32 6.58 | 40.29 | 15.23 7181 48.03
4.75 0.5 15.91 558 | 35.05| 16.64 6.66 | 40.03
5.25 0.5 15.34 3.07 | 20.02 | 13.93 5.34 | 38.29
5.75 0.5 12.47 419 | 33.58 | 13.29 490 | 36.83
6.5 | 1041 4.18 | . 40.14| 10.53 5.12| 148:89
7.5 1 6.08 3.43 | 56.38 7.09 5.55| 78.29
8.5 1 4.40 2.36 | 53.68 3.11 5.97 1:192.00
9.5 1 2.81 1.97 | 70.28 2.49 3.84 | 154.17
10.5 1 1.68 1.59 | 94.66 3.94 3.93 | 99.60
11.5 1 0.54 1.11 | 207.74 1.46 2.34 | 160.24
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Table 55(D) The diltiazem hydrochloride release rate from various orifice sizes
crosslinked OPC coating with 335 ml CA solution (n=6)

diltiazem hydrochloride release rate (%/hr)

time

time

orifice size

point | interval 0.4 mm 0.6 mm 0.8 mm

(hr) ) "Mean | SD | %CV | Mean]| SD | %CV | Mean | SD | %cV
2.25 0.5 . = - - - - 6.29 | 562 | 89.30
2.75 0.5 2414 568 | 23.54 - . - 27.93| 7.21| 2582
3.25 0.5 3828 | 866/ 2262| 3660| 7.16 19.57 | 39.04 | 3.12| 8.00
3.75 0.5 44031 777 1764 | 3066 | 4.76 1552 | 3445| 6.50| 18.86
4.25 0.5 2334 567 | 2428 | 17.96| 3.81 2119 | 16.78| 3.15| 18.76
4.75 0.5 1840 | 236 | 1760 | 1164 | 449 | 3854 | 1467 | 548 | 37.34
5.25 0.5 10.82°| /1.64| 1512 579 | 940 | 157.25| 965| 243 | 2521
5.75 0.5 5.31 1.05 | 19.68.| 18.21 8.47 | 46.51 879 | 248 | 28.20
6.5 1 570 | /1.47 | .20.59 018 | . 4.27 | 2364.27 | 569 | 273 | 48.03
7.5 1 433 | 1.54.| 3563 6.43 | 6.31 98.09 | 4.68| 1.24| 26.46
8.5 1 3.708 | .43 | 2835080 021 3.70 | 16750 | 4.14 | 1.41| 33.98

Table 56(D) The diltiazem hydrochloride release rate from various orifice sizes

non-crosslinked OPC coating with 335 ml CA solution (n=6)

diltiazem hydrochloride release rate (%/hr)

time

time

amount of CA solution

point | inferily 250 ml 290 ml 335 ml

(hr) @) Mean | SD | %CV | Mean | SD | %CV | Mean | SD | %CV
175 | 05 . - - 2006 | 440| 2193 | 2625 1121 | 4271
225 | 05 | 2347| 12.76 | 5434 3097 | 323 | 1042| 34.16| 1082 | 3166
275 | 05 | 3512| 859 2447 | 2510| 521| 2074 | 2864 | 650 2268
325 | 05 | 3049 423| 13.86| 3027| 9.82| 3246 | 2650| 379 14.30
375 |05 | 2608 | 863] 3109 1532/ 1545|10081] 2182 679| 3100
425 | 05 | 2886 400| 13.87| 1019| 1320 12048 | 1635| 4.34| 2652
475 | 05 | 1261] 210 1666 | 1200| 323 2691 13.95| 549 39.34
525 05 | 1274| 248| 1946| 974| 216| 2219| 1214| 721 | 5042
575 | 05 | 11.00| 333| 3007| 476| 893]18772| 806 323| 4011
6.5 1 6.01~ 304| 5056| 581 530| 9119| 515| 282 | 54.76
75 1 527 |~ 429 | 8145] 318| 162 | 5089 287 | 197 6874
8.5 1 431| 144 3357| 160| 144| 9020| 184| 167 90.66
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Table 57(D) The propranolol hydrochloride release rate from various orifice sizes

crosslinked OPC coating with 335 ml CA solution (n=6)

propranolol hydrochloride release rate (%/hr)

time

time

orifice size

point | interval 0.4 mm 0.6 mm 0.8 mm

(hr) (0 "Mean [ SD | %CV | Mean.| SD | %CV | Mean | SD | %cvV
375 | 05 , S - 2075| 395| 19.03| 1422 | 1540 108.30
425 | 05 9.95 | 10.96 | 11018 | 1538 | 4.38 | 2850 | 2154 | 11.30 | 5247
475 | 05 | 2430 | 485| 19.95| 1637 7.00| 4276 | 24.65| 19.23 | 78.02
525 | 05 | 2035| 1142 5613 | 1531 | 580 | 37.87 | 2043 | 12.92| 63.25
575 | 05 | 1741 488 | 2802| 1441 | 418 | 2901| 1562 | 223| 14.31
65 1 12597 3.15 | 25.02 | 13.00| 245| 1883 | 1033 | 343| 3321
75 1 872 | 245 | 28.06 | 1006 | 149| 1480| 833| 3.38| 4061
8.5 1 716 | 259| 3625 | 1031 | 319 | 380.92| 620| 334 5393
9.5 1 247 |7 247 9991 371| 225| 6071| 560| 3.13| 5593
105 1 364 | 246 | 6749 | 497| 157 | 3164| 335| 351|104.75
115 1 260 | 289 9189| 382| 150| 3936| 311| 214 68.70

Table S8(D) The propranolol hydrochloride release rate from various orifice sizes

non-crosslinked OPC coating with. 335 ml CA solution (n=6)

propranolol hydrochloride release rate (%/hr)

time time orifice size

point | interval 0.4 mm 0.4 mm 0.4 mm

(hr) ()% I 'Mean | s | %cv | Mean | sD | %cv | Mean | sD | %cv
175 | 05| 1331 | 12.65| 9505| 1044 | 9.09| 8707 | 3587 | 1244 | 3467
225 | 05 985| 7.49| 76.06| 1489 | 994 | 6676| 27.88| 17.98 | 64.48
275 | 05 | 1167| 592| 5077 | 1115 400| 3590 | 1066 3.37| 3164
325 | 05 1144| 355| 31.00| 11.16| 233| 2084| 925| 325| 35.09
375 | 05 |1444| 418| 2897 1249 264| 2168 | 1178 492| 4180
425 |05 | 1556 | 76112 39311 1663/ 1427|2570 13143} 504 | 3835
475 | 05 | 1823 | 680 37.31| 1931 | 7791 4035| 1161| 369 31.80
525 | 05 | 1567 | 37572396 | 1366| 6247 4571 | 1464 456| 31.18
575 | 05 | 1239| 199| 16.05| 1278| 6.01| 4703| 908| 370| 4081
6.5 1 937 | 1.86| 1986| 1333 | 455| 3416| 919| 635| 69.11
75 1 6.65] 133 [19.92] T91s| 1 436| 4770] 675/ 435 64.44
8.5 1 480 |~ 106 | 2199| 542| 4e67| 8612 328| 1.18] 36.14
95 1 341| 093| 2729| 225| 285|12637| 3.08| 168 5461
105 1 185| 044| 2378 | 280| 249| 8889| 121 110| 90.96
115 1 153| 048] 3133| 078| 115|14769| 131| 080| 61.33
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Table 59(D) The diltiazem hydrochloride release rate from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water and various

concentration NaCl solutions (n=6)

diltiazem hydrochloride release rate (%/hr)

' - time deionized water
time point ;
interval
(hr) Mean SD % CV
(hr)

3.25 0.5 36.60 7.16 19.57
3.9 0.5 30.66 4.76 15.52
4.25 0.5 17.96 3.81 21.19
4,75 0.5 11.64 4.49 38.54
5.25 0.5 5.79 9.10 157.25
5.75 0.5 18.21 8.47 46.51
6.5 1 0.18 4.27 | 2364.27
7.3 1 6.43 6.31 98.09
8.5 1) -2.21 3.70 | -167.50

diltiazem hydrochloride release rate (%/hr)

time time concentration of NaCl solution

pornt. [ interval 0 T SRR M (0.9 %) 0.5 M M

(hr) B0 "Mean | SD | %CV | Mean | SD | %GV | Mean | SD | % cv
325 | 05 | 1970| 559| 2839 - - - ] - -
375 | 05| 31.18| 6.16| 19.76| - = : ] ] ]
425 | 05 | 2981| 520| 1743 | 11.83| 811 | 6852 - ] ]
475 | 05 | 1681| 332| 1977| 1485| 697| 4691 - - ]
525 | 05 | 1227| 079 647| 1809 599 | 3311| - ] -
575 | 05 888| 131| 1478 ] 2088] 6.10| 2048 - - ]
65 1 575/ (067] 1167 1236| 384 | | 31061 326| 209| 64.29
B 1 368 | 052] 1412 | 808| 1.82] 2256| 445| 214 4817
85 1 257 | 090 3505| 494| 129| 2607| 443| 290| 6554
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Table 60(D) The diltiazem hydrochloride release rate from 0.6 mm orifice size non-

crosslinked OPC coating with 335 ml CA solution in deionized water and various

concentration NaCl solutions (n=6)

diltiazem hydrochloride release rate (%/hr)

) ! time deionized water
time point ,
interval
(hr) Mean SD % CV
(hr)

1.75 0.5 20.06 4.40 21.93
2.25 0.5 30.97 Bw23 10.42
2.75 0.5 2,1 5.21 20.74
3.25 0.5 30.27 9.82 32.46
3.75 0.5 1982 15.45 100.81
4.25 0.5 10.19 13.20 129.48
4.75 0.5 12.00 3123 26.91
5.25 0.5 9.74 2.16 22.19
5.75 0.5 4.76 8.93 187.72
6.5 1 5.81 5.30 91.19
7.5 1 3.18 1.62 50.89
8.6 1 1.60 1.44 90.20

diltiazem hydrochloride release rate (%/hr)

time time concentration of NaCl solution

point | interval 770 1588 M (0.9 %) 0.5 M M

(hr) "0 FMean | SD | %CV | Mean | SD | %CV | Mean | SD | %CV
225 | 05 988 | 842| 8525| 947| o965 10183 - - ]
275 | 05 | 2939] 1013 | 3446 | 1092| 863| 79.02| 655| 87513361
325 | 05 2291 | 664| 2897| 11.08| 313| 2828| 1479 | 16.63 | 112.41
375 | 05 | 2147| e612| 2848| 10.38] 346| 3328| 819| 223| 27.25
4250|056 .| 19.00| .7.82 | 4094 11.02 | .3.38] . 3070 | 527 252| 47.86
475 | 05 | 1535 | 6.75] 4399| o82| 302 3079| B07]| 275| 54.19
525 | 05 {1307 | 4.40|-3364| 1041| 1834 1808| 4s87| 247| 5084
575 | 05 625| 561 89.73| 809| 163| 2012| 531| 255| 4810
6.5 1 673| 271| 4024 | 823| 2784| 3327| 459| 2022| 4842
78 1 548| 467| B544 | (577] 11801 (2047] l4a68| 120 2561
8.5 1 357 | . 250] 6o.95] 22| 185]| 3582 l456| 072 15.80
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Table 61(D) The propranolol hydrochloride release rate from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in deionized water and various

concentration NaCl solutions (n=6)

propranolol hydrochloride release rate (%/hr)

e time deionized water
interval

(hr) ) Mean SD % CV

3.75 0.5 20.75 3.95 19.03
4.25 0.5 15.38 4.38 28.50
4.75 0.5 16.37 7.00 42.76
5.29 0.5 15.31 5.80 37.87
o875 0.5 14.41 4.18 29.01
6.5 1 13.00 2.45 18.83
78 1 10.06 1.49 14.80
8.5 1 10.31 3.19 30.92
9.5 1 3.71 2.25 60.71
10.5 1 4.97 1.57 31.64
1% f 3.82 1.50 39.36

propranolol hydrochloride release rate (%/hr)

time

time

concentration of NaCl solution

point interval
0.1588 M (0.9 %) 0.5M 1M

(hr) (k) Mean SD % CV | Mean SD % CV Mean SD % CV
5.75 0.5 - - = - - L 0.41 1.01 | 244.95
6.5 1 7.74 7.37 | 95.26 0.67 1.06 | 157.63 0.42 1.04 | 244.95
7-5 1 11.14 ] 10.40 | 93.33 5.84 213 53.64 0.40 0.97 | 244.95
8.5 1 7.88 482 61.16 1.48 0.43 29.17 0.36 0.89 | 244.95
9.5 1 5.28 1.08 | 20.47 1.41 0.44 30.88 1.69 3.29 | 194.84
10.5 1 4.60 0.45 9.70 1.33 0.41 30.49 0.44 0.73 | 166.64
115 1 4.56 1.37 | 30.17 1.28 0.35 27.44 1.63 2.88 | 176.27
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Table 62(D) The propranolol hydrochloride release rate from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in deionized water and various

concentration NaCl solution (n=6)

propranolol hydrochloride release rate (%/hr)

) 1 time deionized water
time point
interval
(hr) Mean SD % CV
(hr)

1.75 0.5 10.44 9.09 87.07
2.25 0.5 14.89 9.94 66.76
2.75 0.5 5. 1S 4.00 35.90
3.25 0.5 11.16 2.33 20.84
3.75 0.5 12.19 2.64 21.68
4.25 0.5 16.63 4.27 25.70
4.75 0.5 19.31 {.79 40.35
5.25 0.5 13.66 6.24 45.71
5.75 0.5 12.78 6.01 47.03
6.5 1 13.33 4.55 34.16
/3] 1 9.13 4.36 47.70
8.5 1 5.42 4.67 86.12
9.5 1 2.25 2.85| 126.37
10.5 1 2.80 2.49 88.89
115 1 0.78 115 | 147.69

propranolol hydrochloride release rate (%/hr)

time time concentration of NaCl solution

point._| intervall [0 7588 M (0.9 %) 0.5 M M

() | (D) T ean | SD | %CV | Mean | SD | %GV | Mean | SD | %cCV
175 | 05 | 2076 | 979 | 4714 - i I i i i
225 | 05 | 2154 | 1425 6616 | 17.60 | 12.88 | 72.85| 1876 | 594 | 3165
275 | 05 | 1301| 500 | 3655 | 2350| 1560 | 6611 | 17.74| 568 | 3201
325 |05 ] (9009 ‘407 | 5468 | 1002 | 806 8047 | 934] 479| 5131
375 | (05 | |627| B92| 6255| 5835|343 6415| 850, 801| 9431
425 | 05 | 749| 361 4814 | 368 | 212| 57.71| 433| 351| 81.08
475 05 | 608| 221| 3640| 316| 173| 5476| 198| 129| 6532
525 | 05 | 547| 321 5877 | 335| 105) 3141| 166| 105| 6363
575 | .05, 798| 399 5036 | 297| 168| 5656| 149 088 5934
6.5 1 776 | ~187 | 2405 322| 203| 6323| 092] 034| 37.11
75 1 764 | 297 3884| 284| 167| 5861 104| 048| 4648
85 1 636 | 412 | 6485| 273| 190| 6960| 074| 017| 2316
95 1 6.18 | 365| 5904 | 226| 088| 3892 049| 019| 3843
105 1 371| 248| 6672| 240| 115| 4811 053| 009| 17.88
15 1 368 | 224 6095| 202| 106| 5257 005| 1.02] 212423
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Table 63 (D) The diltiazem hydrochloride release rate from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in different pH media with

isotonicity (n=6)

diltiazem hydrochloride release rate (%/hr)

time time medium
point interval
0.'M HClpH 1.2 PBS pH 6.8 pH-change

() |0 P ycan 8D | %CV | Mean|-8D | %CV | Mean | SD | %cv
375 | 05 | 1168 927 7943 | 2546 | 819| 3218 | 2345| 617 | 2631
425 | 05 |.3097| 888| 2866 27.47| 996| 3627 | 36.73| 24.40| 66.44
475 | 05 | 2554 671 2627 1890| 485| 2407| 2701 6.88| 2546
525 | 05 . 2112 357 1689 | 12.60| 466| 37.00| 1938| 293| 1514
575 | 05 | 1586 | 319 2011| 968| 177] 1820| 819| 822] 10041
6.5 1 1080 | /386] 3573 | 538|. 246| 4580| 993| 378 38.12
75 1 870 161| 1845 463| 094 2032| 408| 262] 64.11
8.5 1 430 | /138 | 3210 | 155|. 358 | 23051 | 407| 160 39.45

Table 64(D) The diltiazem hydrochloride release rate from 0.6 mm orifice size

non-crosslinked OPC coating with 335 ml CA solution in different pH media with

isotonicity (n=6)

diltiazem hydrochloride release rate (%/hr)

time time medium
point interval
0.1 M HCI pH 1.2 PBSpH 6.8

()4 B Vean | SD | %GV | Mean | SD | %cCV
175 05 i i - 19.54 |_20.31 | 103.92
225 |05 760 | 81810627 | 1264 | 848 67.09
275_|. 05 | 2010 .1527.| 75:97.|. 22.39] 20.14 ] 89.94
325 | 05 | 2216 467 21.09| 2212] 1201| 5429
375 | 05 | 1985| 270| 1358| 1847| 568 | 8127
425 | 05 | 1758| 528| 30.04| 11.34| 455| 4010
475 | 05 | 1206| 425| 3276 | 1264 | 997 | 7888
525 05 1066 || 299 [128.05] 454 ] 11.20] 248568
"ENTO 898 | 1.95| 2168 | 287 | 359112495
6.5 1 602 | 134 2220| 361| 205 56.79
75 1 420| 092| 2180| 496| 323| 6515
8.5 1 459 | 158 3442| 272| 266| 9801
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Table 64(D) The diltiazem hydrochloride release rate from 0.6 mm orifice size non-

crosslinked OPC coating with 335 ml CA solution in different pH media with

1sotonicity (n=6) (continue)

diltiazem hydrochloride release rate (%/hr)

: . time pH-change
time point
interval
(hr) ) Mean SD % CV
2.375 0.75 15.51 4.33 27.93
2.875 0.25 14.99 6.68 44.53
3.25 0.5 20.57 3.18 15.46
3.75 0.5 17.30 4.18 24.15
4.25 0.5 14.12 3.70 26.22
4.75 0.5 9.01 2.19 24.36
5.25 0.5 6.21 2.63 42.33
5.75 0.5 4.06 1.48 36.51
6.5 1 4.57 0.56 12.18
7.5 1 3.49 1.00 28.80
8.5 1 3.31 22 36.74

Table 65(D) The propranolol hydrochloride release rate from 0.6 mm orifice size

crosslinked OPC coating with 335 ml CA solution in different pH media with

isotonicity (n=6)

propranolol hydrochloride release rate (%/hr)

time time medium
point interval

0.1 M HCI pH 1.2 0.1 M HCI pH 1.2 0.1 M HCI pH 1.2
ey | ) ATy an | SD | %GV | Mean | SD | %CV | Mean | SD | %cv
375 | 05 035| 08624495 - - I - : :
425 | 05 022 | 05424405 - ] ] 439 | 72716552
475 | 05 539| 7.95|147.43| 085| 208 | 24495| 1153 815| 7066
525 |05 682 | 789 |11572| 885| 7.53| 8509| 656| 3.78| 57.61
s¥5 [ | Lafs 255 | 165| 6494 | 379| 331 8742| 607| 3.14| 51.77
6.5 1 444 | 258| 5807 | 557| 343| 6155| 838| 260 3099
75 1 398| 155| 3888| 655| 244| 3221| 7.90| 280 3538
8.5 1 448 |.1.33] 81.81| 545 |- 1.00| 18364 1585 | .1.00). 17.03
9.5 1 421| 100] 2374| 516| 113| 2188 | 441 | 148 3365
105 1 397 | 080] 2019 | 433 075| 1739 |- 466 | 1833925
15 1 364| 054| 1472| 418| 123| 2043| 340| o085| 2486
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Table 66(D) The propranolol hydrochloride release rate from 0.6 mm orifice size
non-crosslinked OPC coating with 335 ml CA solution in different pH media with

1sotonicity (n=6)

propranolol hydrochloride release rate (%/hr)

time time medium
I
point interva 0.1 M HCI pH 1.2 PBS pH 6.8
(hr) () “Mean | SD | %GV | Mean | SD | %CV
175 | 05 - - - 33.05 | 7.09| 2146

2.25 0.5 18.95 5.82 | 30.71 | 20.61 7.44 | 36.12
2.75 0.5 14.32| 1143 | 79.84 | 12.48 5.77 | 46.26
3.25 0.5 1348 | 11.54 | 85.61 5.97 2.57 | 43.10

3.75 0.5 6.64 2.18 | 32.74 4.62 1.21 | 26.24
4.25 0.5 6.36 2.61| 41.01 4.23 2.06 | 48.66
4.75 0.5 5.12 1589 YAC2 5.86 4.89 | 83.50
5.25 0.5 6.80 3.71| 54.58 4.88 446 | 91.43
5.75 0.5 9.33 538 SRS 3.98 2.33 | 58.65
6.5 1 9.68 3.76 | 38.81 6.36 2.36 | 37.11
7.5 1 8.52 4.01 | 47.07 5.19 2.28 | 44.01
8.5 i 8.80 7.67 | 87.14 5.35 2.58 | 48.30
9.5 1 3.97 2.16 | 54.32 4.19 2.10 | 50.07
10.5 1 3.20 1.51 | 47.04 2.45 1.65 | 67.42
1

11.5 3.05 1.74 | 57.20 2.28 1.27 | 55.81

propranolol hydrochloride release rate (%/hr)
time point ) Rl change
interval
(hr) Mean SD %/ CV
(hr)

2.375 0.75 17.16 6.55 38.19
2.875 0.25 18.85 13.93 73.90
3.25 0.5 10.94 6.68 61.05
3.75 0.5 7.09 4.31 60.79
4.25 0.5 5483 1.93 34.87
4.75 0.5 7.44 4.79 64.47
5.28 0.5 7.16 4.08 57.02
55 0.5 5.92 2.98 50.35

6.5 1 5.49 1.58 28.80

7.5 1 5.50 1.21 22.05
8.5 1 4.77 2.02 42.40

9.5 1 3.58 1.75 48.92
10.5 1 3.39 1.96 57.99
11.5 1 2.45 1.87 76.36
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Calculations of zero-order equation
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Drug release (%)

Diltiazem hydrochloride crosslinked OPC
drug released

100
80 l
60 —&—250 ml
40 =:A---290 ml
. .O. -8
20 335 ml
0
0 2 3 5 6 % 8

Time (hr)

10

Figure 1(E) The release profiles of diltiazem hydrochloride from 0.6 mm orifice size
crosslinked OPC coating with various amounts of CA solution in deionized water
used for calculations of zero-order equation

Table 1(E) Zero-order equations of release profiles of diltiazem hydrochloride from
0.6 mm orifice size crosslinked OPC coating with various amounts of CA solution in

deionized water

diltiazem hydrochloride crosslinked OPC
coating . . X
Qobs equation R
level
250 ml 7.92-80.25 y=17.661x - 19.192 0.962
290 ml 13.92-80.77 y=18.581x -23.324 0.9322
335 ml 11.54-79.55 y=16.943x - 28.371 0.9055

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Drug release (%)

Diltiazem hydrochloride non-crosslinked OPC

drug released

100
)

80
60 55— 250 ml
40 —-A—=--290 ml
50 ---0--- 335 ml

0

0 1 2 3 4 5 6 7 8

Time (hr)

10

Figure 2(E) The release profiles of diltiazem hydrochloride from 0.6 mm orifice size
non-crosslinked OPC coating with various amounts of CA solution in deionized water
used for calculations of zero-order equation

Table 2(E) Zero-order equations of release profiles of diltiazem hydrochloride from
0.6 mm orifice size non-crosslinked OPC coating with various amounts of CA
solution in deionized water

diltiazem hydrochloride non-crosslinked OPC
coating % . 2
Qobs equation R
level
250 ml 9.92-94.9 y=18.824x - 8.4696 0.9463
290 ml 8.17-92.66 y=19.793x - 19.922 0.989
335ml 4.58-91.1 y=16.15x - 8.0278 0.9182

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Propranolol hydrochloride crosslinked OPC
drug released

Drug release (%)

100

80 iéi
I/i/ i
60 L:L A
40 ,Z/g’ — A --290 ml
20 i =
%

Time (hr)

Figure 3(E) The release profiles of propranolol hydrochloride from 0.6 mm orifice
size crosslinked OPC coating with various amounts of CA solution in deionized water
used for calculations of zero-order equation

Table 3(E) Zero-order equations of release profiles of propranolol hydrochloride
from 0.6 mm orifice size crosslinked OPC coating with various amounts of CA
solution in deionized water

propranolol hydrochloride crosslinked OPC
coating * . 2
Qobs equation R
level
290 ml 9.02-92.04 y=9.8159x - 16.993 0.9478
335 ml 7.58-90.4 y=9.8013x - 15.246 0.9502

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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100

Drug release (%)

Propranolol hydrochloride non-crosslinked OPC

drug released

80

60

40

20
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Figure 4(E) The release profiles of propranolol hydrochloride from 0.6 mm orifice
size non-crosslinked OPC coating with various amounts of CA solution in deionized
water used for calculations of zero-order equation

Table 4(E) Zero-order equations of release profiles of propranolol hydrochloride
from 0.6 mm orifice size non-crosslinked OPC coating with various amounts of CA
solution in deionized water

propranolol hydrochloride non-crosslinked OPC
coating * : 2
Qobs equation R
level
290 ml 6.74-90.78 y=15.023x - 10.027 0.9897
335 ml 12.5-90.11 y=12.386x - 4.857 0.9928

*Qobs=percentage of drug release interval used for calculation of zero-order equation



160

Diltiazem hydrochloride crosslinked OPC
drug released
Drug release (%)
100
80
60
40 == 0.4 mm orifice
20 —/— 0.6 mm orifice
’ = =0= = 0.8 mm orifice
(o
0
0 1 2 3 4 5 6 7
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10

Figure 5(E) The release profiles of diltiazem hydrochloride from various orifice sizes
crosslinked OPC: coating with 335 ml CA solution in deionized water used for
calculations of zero-order equation

Table 5(E) Zero-order equations of release profiles of diltiazem hydrochloride from
various orifice sizes crosslinked OPC coating with 335 ml CA solution in deionized

water

diltiazem hydrochloride crosslinked OPC
orifice size Qobs* equation R’
0.4 mm 14.94-82.53 y=22.337x -41.981 0.9015
0.6 mm 20.51-80.94 y = 18.722x - 27.35 0.9283
0.8 mm 4.59-80.25 y=21.985x -42.52 0.9351

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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100

Drug release (%)

Diltiazem hydrochloride non-crosslinked OPC

drug released
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Figure 6(E) The release profiles of diltiazem hydrochloride from various orifice sizes
non-crosslinked OPC coating with 335 ml CA solution in deionized water used for
calculations of zero-order equation

Table 6(E) Zero-order equations of release profiles of diltiazem hydrochloride from
various orifice sizes non-crosslinked OPC coating with 335 ml CA solution in

deionized water

diltiazem hydrochloride non-crosslinked OPC
orifice size Qobs equation R’
0.4 mm 13.66-80.7 y=27.325x - 51.402 0.9853
0.6 mm 13.12-79.92 y = 18.836x - 17.242 0.9496
0.8 mm 5.48-82.35 y=26.377x - 32.049 0.9902

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Drug release (%)

Propranolol hydrochloride crosslinked OPC
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Figure 7(E) The release profiles of propranolol hydrochloride from various orifice
sizes non-crosslinked OPC coating with 335 ml CA selution in deionized water used
for calculations of zero-order equation

Table 7(E) Zero-order equations of release profiles of propranolol hydrochloride
from various orifice sizes non-crosslinked OPC coating with 335 ml CA solution in

deionized water

propranolol hydrochloride crosslinked OPC
orifice size Qobs’ equation R’
0.4 mm 11.28-79.5 y=28.6714x - 14.678 0.8946
0.6 mm 13.59-90.18 y =9.7697x - 17.725 0.9535
0.8 mm 11.21-89.24 y=9.3077x - 11.809 0.9053

*Qobs=percentage of drug release interval used for calculation of zero-order equation



163

Propranolol hydrochloride non-crosslinked OPC
drug released

Drug release (%)
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Figure 8(E) The release profiles of propranolol hydrochloride from various orifice
sizes non-crosslinked OPC coating with 335 ml CA selution in deionized water used
for calculations of zero-order equation

Table 8(E) Zero-order equations of release profiles of propranolol hydrochloride
from various orifice sizes non-crosslinked OPC coating with 335 ml CA solution in
deionized water

propranolol hydrochloride non-crosslinked OPC
orifice size Qobs’ equation R’
0.4 mm 11.68-90.52 y=10.735x - 6.1376 0.9593
0.6 mm 10.79-94.35 y=13.478x - 10.696 0.9958
0.8 mm 6.77-94.66 y=12.581x + 1.6732 0.9529

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Figure 9(E) The release profiles of diltiazem hydrochloride from 0.6 mm orifice sizes
crosslinked OPC coating with 335 'ml CA solution in deionized water and various
concentration NaCl solutions used for calculations of zero-order equation

Table 9(E) Zero-order equations of release profiles of diltiazem hydrochloride from
0.6 mm orifice sizes crosslinked OPC coating with 335 ml CA solution in deionized
water and various concentration NaCl solutions

diltiazem hydrochloride crosslinked OPC
medium Qobs’ equation R’
DI water 20.51-63.12 y =28.63x - 63.217 0.9787
0.9 % NaCl 12.69-62.16 y = 19.662x - 50.793 0.9438
0.5 M*NaCl 8.79-60.98 y =11.931x - 40.866 0.9553
1 M NaCl 3.90-7.37 y=4.4371x - 25.583 1.000

*Qobs=percentage of drug release interval used for calculation of zero-order equation




165

Diltiazem hydrochloride non-crosslinked OPC
drug released

Drug release (%)

100 —{1— DI water
g0 | | —&— 0.9% NaCl
- - - 0.5M NaCl I _l
60 1M NaCl % L. - -
¥ ALY T
40 l_l. ‘J i_ )
20 pA %-T [ shees
oA ’
. o

Time (hr)

Figure 10(E) The release profiles of diltiazem hydrochloride from 0.6 mm orifice
sizes non-crosslinked OPC coating with 335 ml CA solution in deionized water and
various concentration NaCl solutions used for calculations of zero-order equation

Table 10(E) Zero-order equations of release profiles of diltiazem hydrochloride from
0.6 mm orifice sizes non-crosslinked OPC coating with 335 ml CA solution in
deionized water and various concentration NaCl solutions

diltiazem hydrochloride non-crosslinked OPC
medium Qobs’ equation R’
DI water 13.12-63.95 y=25.868x - 36.978 0.9895
0.9 % NaCl 7.25-61.36 y=21.513x-43.711 0.9891
0.5 M*NaCl 8.21-63.14 y =8.6339x - 10.32 0.9831
1 M NaCl 12.00-40.18 y=4.9743x - 4.026 0.9955

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Figure 11(E) The release profiles of propranelol hydrochloride from 0.6 mm orifice
sizes crosslinked OPC coating with 335 ml CA solution in deionized water and
various concentration NaCl solutions used for calculations of zero-order equation

Table 11(E) Zero-order equations of release profiles of propranolol hydrochloride
from 0.6 mm orifice sizes crosslinked OPC coating with 335 ml CA solution in
deionized water and various concentration NaCl solutions

propranolol hydrochloride crosslinked OPC
medium Qobs’ equation R’
DI water 13.59-57.32 y=14.674x - 44.412 0.9976
0.9 % NaCl 8.94-50.14 y = 6.9478x - 30.263 0.9717
0.5 M"NacCl 9.75-15.25 y=1.3759x - 1.1904 0.9991
1. M NaCl 4.33-6.40 y.—1.0352x - 6.2162 0.9005

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Figure 12(E) The release profiles of propranolol hydrochloride from 0.6 mm orifice
sizes non-crosslinked OPC coating with 335 ml CA solution in deionized water and
various concentration NaCl solutions used for calculations of zero-order equation

Table 12(E) Zero-order equations of release profiles of propranolol hydrochloride
from 0.6 mm orifiee sizes non-crosslinked OPC coating with 335 ml CA solution in
deionized water and various concentration NaCl solutions

propranolol hydrochloride crosslinked OPC
medium Qobs’ equation R’
DI water 10.79-49.02 y=12.517x - 8.4663 0.9967
0.9 % NaCl 14.42-49.34 y=9.2611x+ 1.2423 0.9377
0.5 M'NaCl 14.80-49.65 y =4.3649x + 13.53 0.8520
1.M.NaCl 12.36-37.57 y.=3.1174x +.13.971 0.7018

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Figure 13(E) The release profiles of diltiazem hydrochloride from 0.6 mm orifice
sizes crosslinked OPC eoating with 335 ml CA solution in different pH media with
isotonicity used for calculations of zero-order equation

Table 13(E) Zero-order equations of release profiles of diltiazem hydrochloride from
0.6 mm orifice sizes crosslinked OPC coating with 335 ml CA solution in different
pH media with isotonicity

diltiazem hydrochloride crosslinked OPC

medium Qobs” equation R’
7.82-74.07 y=16.051x - 47.74 0.9372
8.23-65.30 y = 12.237x - 24.075 0.8740
pH-change 15.24-70.82 y =17.841x - 47.742 0.9085

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Figure 14(E) The release profiles of diltiazem hydrochloride from 0.6 mm orifice
sizes non-crosslinked OPC coating with 335 ml CA solution in different pH media
with isotonicity used for calculations of zero-order equation

Table 14(E) Zero-order equations:of release profiles of diltiazem hydrochloride from
0.6 mm orifice sizes mon-crosslinked OPC coating with 335 ml CA solution in
different pH media with isotonicity

diltiazem hydrochloride non-crosslinked OPC
medium Qobs’ equation R’
0.9 % NaCl 7.25-71.02 y=18.322x - 32.784 0.9695
HCI 5.64-72.01 y=12.227x - 15.794 0.9200
PBS 11.56-68.53 y = 12.206x - 6.3925 0.9082
pH-change 4.89-67.27 y=8.7552x - 1.4628 0.8774

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Figure 15(E) The release profiles of propranolol hydrochloride from 0.6 mm orifice
sizes crosslinked OPC coating with 335 ml CA solution 1n different pH media with
isotonicity used for calculations of zero-order equation

Table 15(E) Zero-order equations of release profiles of propranolol hydrochloride
from 0.6 mm orifice sizes crosslinked OPC coating with 335 ml CA solution in
different pH media with isotonicity

propranolol hydrochloride crosslinked OPC
medium Qobs" equation R’
0.9 % NaCl 8.94-40.98 y =8.3100x - 40.455 0.9869
HCl 9.09-33.50 y=4.0818x - 15.153 0.9994
PBS 7.93-39.15 y =5.2592x - 22.801 0.9942
pH-change 9.56-38.02 y=7.3351x -27.389 0.9971

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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Propranolol hydrochloride non-crosslinked OPC
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Figure 16(E) The release profiles of propranolol hydrochloride from 0.6 mm orifice
sizes crosslinked OPC eoating with 335 ml CA solution in different pH media with
isotonicity used for calculations of zero-order equation

Table 16(E) Zero-order equations of release profiles of propranolol hydrochloride
from 0.6 mm orifice sizes crosslinked OPC coating with 335 ml CA solution in
different pH media with 1sotonicity

propranolol hydrochloride non-crosslinked OPC
medium Qobs’ equation R’
0.9.% NaCl 14.61-75.06 y=7.9117x +5.9338 0.9751
HCl 9.16-76.67 y = 8.8922x - 2.7019 0.9833
PBS 6.58-75.5 y =6.7004x + 13.479 0.8977
pH-change 10.61-75.41 y=15.9277x +10.824 0.9436

*Qobs=percentage of drug release interval used for calculation of zero-order equation
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