CHAPTER 1

INTRODUCTION

Oral ingestion is one of the oldest and most extensively used route of drug
administration, providing a conyenie ethod of effectively achieving both local

and systemic effects. In com x“ : delivery systems, there is little or no

control over release of thevdrug, centration at the target site can be
. TE—

achieved by intermistent™administration ¢ . excessive doses. This kind of

dosing pattern res

therapeutic plasmg nifafions, fe \\
Moreover, the rate g ok tall '_ 01D \

ictable, and often sub- or supra-
d side effects in some cases.

-  from conventional formulations
may vary greatly, ysncochemlcal properties of the
drug, presence of actors such as the presence or
absence of food, pH . tract, GI motility, and so on.
Uncontrolled rapid reléa .- ause local GI or systemic toxicity.
Better dosage design a ize many of these problems. Ideal oral
drug delivery systems should steadily deliver a measirable and reproducible amount
of drug to the ta 7 d..Controlled release(CR) delivery
systems provide a“niform concentration/ amount of drug at the absorption site and
thus, afte 5 m concentrations within a
therapeutlm Wlﬂ:ﬂi ﬂm reduces the frequency of
admmlstratlon However, drug telease from egal CR dosage forms may be affected
R FVN B M-S A P B I hE s oty
desia'led osmotically contfolled oréll drug delivery system(OCODDS) can be a major
advance toward overcoming some of these problems. Drug delivery from these
systems is not influenced by the different physiological factors within the gut lumen,
and the release characteristics can be predicted easily from the known properties of

the drug and the dosage form.(Verma, Mishra, and Garg, 2000)



The first device to employ these principles to deliver active ingredients
was the Rose-Nelson pump, developed in the 1950s. The first significant commercial
osmotic devices were developed at Alza and initially marketed in the 1970s. Such
devices included both tablets for oral delivery of human pharmaceuticals and
implantable pumps used primarily for animal studies.(Herbig et al., 1995)

Osmotic systems generally consist of an osmotically active core

surrounded by a rate-controlling, eable coating. The osmotic pressure of the

agent inside the system e semipermeable coating, forming a

saturated aqueous soluii Water is drawn into the device
osmotically and disso d solution of the agent. Because
the membrane is no i inc ea & in velume caused by the imbibition of

water raises the hy, : o side the system slightly. This pressure is

delivery ports. ThiS pr tintes ‘ |constantirate until all the solid agent inside
the system has bee C ' ya | .' ed shell remains. This residual
dissolved agent conti - ‘+ 24 , dé lining rate. Cellulose acetate has
been known to form se L __ ¢ et tane: SPMs) and is the most widely used
polymer for osmotic drug cj@ The de y port could be made by a laser beam,
mechanical drill ofipére-fo '

The puspos his s
because it has somgadvange
investigate the possibility of the osmotigally system in capsule. However, there are

many factﬂ e%‘lcﬂgmwtﬁ wr&lemkness of semipermeable

membrane, 3s|motic pressure, level of pore-foming agent etc. @G 400 were used as
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releaSe were investigated. Osmotically active core capsule was coated with cellulose

¢ as osmotically active core

aking and pﬂiuction. Another purpose is to

acetate using fluidized bed coater.

This study differs from reported paper (Thombre et al,1998) using hard
gelatin capsule as shell for osmotic system, constructed cellulose acetate membrane
or semipermeable membrane by spraying with fluidized bed coater, and PEG400

controlling ingress of water and releasing of drug. In the contrary, Thombre et al



(1998) reported asy;nmetric membrane capsules. The capsule wall was made by a
phase inversion process in which the membrane structure was prescipitated on
stainless steel mold pins by dipping the mold pins into a coating solution containing a
polymer-solvent-nonsolvent system followed by dipping into a quench solution. The
asymmetric membrane wall was composed of a thin dense region supported on a
thicker porous region. The transport of water through an asymmetric membrane is
faster than that through a dense memt

N

Objective of this study. -

1. To investigate the Lcapsule as osmotically active

core.
2. To characterize the : drug release : size and position
of orifice, type and agoufit Of plasticiz ckness o cellulose acetate film, type

and amount of osmoti

3. To investigate the effé:
apparatus, tonicity and

adition on drug release : rotating

X
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Literature review

Sustain released dosage forms are developed for a variety of reasons such as
increasing patient compliance, reducing unexpected toxic effect due to high peak
concentration and. improvement of treatment efficiency because of the less
fluctuation in drug delivery. In addition, they imply predictable and reproducible
drug release kinetics as well.(Chien ¢ 83)

There are many attempts tt @ ntly been made in developing new
techniques for drug delive These e | regulate the rate of drug delivery,

J E—

i rget the delivery of drug to a
tissue. These advancegi ad/ levelopment.of the drug delivery systems

e at a desirable delivery rate

an optimal therapeutic

Minimize the needs of frequ
Imp L’, Bl : i
L7

Based onme science and engineering of m’ug delivery, these technical
advancements can be cdtegorized into the following approaches

AULINYNINEING

1. ontrolled Drug Relgase by Diffusion Process.

QW’T}W@H%W@EJ

1.2 Matrix diffusion controlled drug delivery.
1.3 Microreservoir dissolution controlled drug delivery.

=

2. Controlled Drug Release by Activation Process.
2.1 Osmotic pressure activated drug delivery
2.2 Hydrodynamic pressure activated drug delivery.
2.3 Vapor pressure activated drug delivery.
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2.4 Machanic activated drug delivery

2.5 Magnetic force activated drug delivery.
2.6 Ultrasound activated drug delivery.

2.7 lontophoresis activated drug delivery.
2.8 pH activated drug delivery.

2.9 Ion activated drug delivery

delivery

rst reliable controlled release

delivery systems an afdgveloped as methods of infusing drugs. More recent
pumps have been smalle ‘ be-mad Al ble These implantable pumps
are generally used 10 dg wsuli o | of: s these implantable mechanical
pumps that will be disCus
The developmie

often a problem in comfroled <re

ore recent. Osmotic effects are
on-controlled devices, as osmotic
inhibition of water by water -soluble ' es the devices to swell or dilute the
active agent. However, in have p roduced a series of devices
in which this eff ceih: for controlled release systems.
These devices -—‘-“w used as implantable systéms and in simple oral tablet
formulations.

ﬂUEJ’J’VIEWﬁWEJ’lﬂ‘ﬁ

s1c osmotic principles.
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The first report of an osmotic effect dates to Abbe’Nollet(l748), but
Pfeffer(1877) obtained the first quantitative measurements. The form of Pfeffer’s

experiment is shown in Figure 1. A membrane permeable to water but impermeable



Semi-Psrmeable 2
Membrane

Osmotic
Pressure

Fresh Sugar

to sugar is used t water. A flow of water then
takes place into tﬁe ha ted until a pressure 7 is applied
to the sugar solution #Pf ‘ \ ssure, the osmotic pressure 7 of the
sugar solution, was digec pu{ Lo | _ ution concentration and absolute

temperature. Within‘a f; yﬁj At f had 'shown the analogy between these

results and the ideal ga$ laWs b the ex

. EIQ"gié)-J / » i 1
————— - (1)

where n; is the m«ﬂll concentration of sugar (or oth@ solute) in the solution, R is the

L 1y iV
Iﬂv offle ' expfession for calculating the

osmotic pressures of solutes aéross perfect ssmipermeable membranes and is quite
bl 1T bl b b2 b o o
sem?permeable and allows some passage of solute as well as solvent, the osmotic
pressure calculated by Eq(1) will be higher than the experimental value. Deviations
from this ideal equation also occur with Concentrated solutions. Osmotic pressures
can be obtained to a good approximation from vépor pressure measurements by using

" the expression



= RT In (po) 2
v op

where pg is the vapor pressure of the pure solvent, p is the vapor pressure of the
solution, and v is the molar volume of the solvent. Since vapor pressures are usually
much easier to measure than osmotic pressures, this expression is often used.

Osmotic pressure for soluble solutes are extremely high, as shown in the
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Tablel : Osmotic pressures of saturated solutions of common pharmaceutical

Solutes(Zentner et al.,1990)
Compouﬁd or Mixture Osmotic Pressure (atm)
Lactose-Fructose 500
Dextrose-Fructose 450
Sucrose-Fructose 430
Mannitol-Fructose 415
Sodium chloride 356
Fructose ™ 335
Lacioee-Sugi | &_ T 250
‘Pota551 g .)W ‘ \ 245
Lactose-DeXt; o/ / /ﬁ'\\\\ N 225
7/ 3\

| Dextrose-$ ilﬁ% AN

Mannitol-Suc ‘1' )% _1\\ 170

Sucrose % ‘ 1 150

Mannitol-Lactose ‘“";-‘ﬂ 130

Dextrose =2 82

T B g

Mannitol 38
Sodium p osghate tribasic.12H,O 36

l§’31




The osmotic water flow across a membrane is given by the equation

dVv = AbArn 3)
dt 1

where dV/dt is the water flow across the membranes area 4 and thickness 1, whose
permeability is 8, A is the osmotic pressure difference between the two solutions on

either side of the membrane. This equation is only strictly true for completely

permselective membranes -
impermeable to the othe solutes 1 n. When this is not the case, the
osmotic pressure term st be mo.iﬁeﬁttor o, known as the Staverman
reflection coefficient. |
permeabilities throtigh 3 b es i1 osmotic devices is sufficiently
large that we ca k€ ihg ximation & or these membranes. Water
permeabilities can ’ : hosmotic devices generally use
relatively water-permg€able i ‘ ialsy ( lulosic: polymers, particularly cellulose
acetate, are widely us€d. ¥ e osmotic water permeability of

0 cm® mil/cm? hr atm.

cellulosic membranes areffrom=1%¢ 104641 x
Small osmotic pumps-&t g are sold under the trade name Alzet®

(from Alza). The antable controlled release delivery

systems in expe 1*,; rdres- ; .,;‘ ous administration of drugs.
The device has a vym , the normal delivery rate is 1 p

L/hr. Because the delivery rate is fairly slow, the delivery port is made in the shape

of along . qlﬂmrﬁf the device.
B:ﬂtnlm t emﬂ :‘Iﬁjaents and the composition

of i talfo ti n{ motic pump. The

wami:ramrss mmﬁﬁﬁmﬁ 100), N-methyl-2-

9
pyrrolidone(NMP), and N, N- dimethylacetamide (DMA) exhibit the potential to

increase the solubility of poorly water-soluble compounds and therefore they

represent promising vehicles for compound delivery using osmotic pumps in early
discovery experiments. 1-week pumps were filled with mixtures of either the co-
solvents with water(60:40, v/v), with PEG400, or with PEG400/water mixtures of

different concentrations. Using the various PEG400/water mixtures, the amount of
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co-solvent in the formulation had no significant impact on the overall release profile.

By contrast, the use of PEG400 resulted in a significant decrease in the pump rate.

Pope et al. (1985) reported that ivermectin, a potent antiparasitic agnet with .

activity against internal and external parasites, was delivered to cattle at a controlled
zero-order rate for 35 days via orallyadministered, specially weighted, ALZET 2
ML4 osmotic pumps. Prolonged retention within the ruminoreticulum can be
ity of the formulation or the size of the
ulation can be maintained in the

achieved by controlling either

delivery device. The deli

ruminoreticulum for
ELEMENTARY

An impo : aptificatior ) ngmal Rose-Nelson concept is
the osmotic tablet als WesS ‘\’\ 5) and shown in Figure 2. This
device eliminates ctive agent having a suitable
osmotic pressure is fg éby a i ol tableting machine. The tablet is
then coated with a semiperfaeable o usually cellulose acetate. A small

orifice is then drilled througli fhie membrangjeoating.

Delive
Orifice

mi-Permeable
Membrane

AR89N3

Figure 2 : The Theeuwes elementary osmotic pump.

When this tablet is placed in an aqueous environment, the osmotic pressure

of the agent inside the tablet draws water through the semipermeable coating,
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forming a saturated aqueous solution inside the device. Water is drawn into the
device osmotically and dissolves the agent, forming saturated solution of the agent.
Because the membrane is nonextensible, the increase in volume caused by the
imbibition of water raised the hydrostatic pressure inside the tablet slightly. This
pressure is relieved by a flow of saturated agent solution out of the device through
the small orifice. Thus, the tablet acts as a small chemical pump in which water is
drawn osmotically into the tablet ‘the membrane wall and then leaves as a
saturated agent solution via 7 &

ion via | | Tha ss continues at a constant rate until
all the solid agent inside A ! ed and only solution-filled shell

remains. This residual disseive delivered but at a declining
rate.

The elemen pump Was dey by Alza under the name
OROS®, and has déroiatized | fora ‘number of drugs(Santas and
Baker,1995). The Tirstf'p ’ .‘ ! sir atrolled release indomethacin)

(Anongmous, 1985),
because of side effec ) oration of the intestinal tract
(Santas and Baker, 1995 Iser-and H 1985). Florence, et al.(1984) showed
that the external pqumeric fi .-‘?'5’3 2 g

fawn a year after launching

tablet bound strongly to glass and to

the porcine esophagis‘when partially hydrated. " J

X

2l from elementary osmotic

Theeuwes (&
pump system. Fro 1' is study, the ¢ aracteristicsmf elementary osmotic pump
follow:

I e T VT S——

vitro delivery yzte from the systemycan be accurﬂely predxcted
Y RS B4R ) A4 | i o o
compotind solubility and core density.
The delivery rate is independent of (a) the pH of the environment, (b) the
agitation of the environment, and (c) the size of the orifice for orifice within the

predictable range.
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Theeuwes et al.(1983) reported the principles of an elementary osmotic pump,
systems were designed to deliver indomethacin in solution at a constant rate.
Delivery rates were independent of pH, method of measurement, and stirring rate.

Ozdemir and sahin(1997) reported that ibuprofen elementary osmotic pumps
were prepared and sodium chloride and polyethylene glycol 6000 were used as
osmotic agent. The tablets were coated with a mixture of cellulose acetate and
modified fluidized bed apparatus. Delivery

a microdrill.

polyethylene glycol400 by the
orifices on the coated table '

pump. Its solubility isJugh”Diliiaz: Irochioride elementary osmotic pump had

shown higher releasesfatc By ¢ prent in i ""r matrix or addition of release

forming additive dispe
in%éontact with a gastromtestmal aqueous

- DTG L T T L e

membrane. qe&’ater diffuses intogthe core ugh the rmcrcwrous membrane and
T N T Ty Y-
chloﬂde, urea, and potassium chloride have been used as water-leachable
components in the coating. The factors that control the release rate in these systems
are coating thickness, the level of water-leachable component in the coating,
solubility of the drug and the osmotic gradient across the coating(Kaushai and garg,
2003).
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Gondaliya and Pundarikakshudu (2003) reported that Diltiazem HCI is
released from a controlled-porosity osmotic pump predominantly by osmosis.
Glycerin used as a pore fomer at a 20%(by weight) concentration of the polymer that
contained 35%(by weight) water-insoluble plasticizers showed a zero-order release
kinetic. The drug release rate decreased with an increase in dibutylphthalate and
triethylcitrate concentration, however,the release rate increased with an increase in
the PEG-400 concentration.

Verma and

Jthat extended release formulation of
glipizide were develo ology. Drug release was directly
proportional to the i iéa inversely related to the membrane
weight. The rele was independent of pH and
agitational intensi e media, assuring theyrelease to be farily independent

of pH and hydro i is of 'the ody. Glipizide release from the

release media.

Okimoto e
7m- B-CD, which acts as an osmotic agnet. Chlopromazine
free base(CLP) was ch 10del; ugfor this study. The CLP release profile
from an OPT prepkife 2 core tablet composed of 2 1:10 molar ratio of CLP to
(SBE);m- B- CDwas ‘ntrolled by modulating the
ess of the OPT. Another lodextrin, hydroxypropyl- B-
cyclodex th tose and fructose resulted in pH-
dependenm mﬂm iiﬂ rving as a solubilizer and
osmotic agent (SBE)7m- B- CP can also serve as the comtrolling agent for pH

mﬂeﬁﬂ@b&ﬂﬁﬁﬂdﬂﬂﬂ nenae

Verma et al (2003) reported that extended release formulations of isosorbide

1fobutyl ether-B-cyclodextrin, (SBE)

membrane thic

mononitrate, based on osmotic technology. Drug release data from isosorbide
mononitrate formulations fitted well into zero-order kinetics, indicating the release to
be drug load independent. Membranes were found to develop pores/channels after
coming win contact with the aqueous environment; the number of pores being

dependent on the initial level of pore former in the membrane. Drug release and the
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burst strength of the exhausted shells were found to be dependent on the level of pore
former.

Appel and Zentner (1991) reported that using modified ethylcellulose
lattices for microporous coating of osmotic tablets. Urea as a pore-forming agent,
was added to ethyl cellulose latex, aquacoat, to increase the releaée rate of drugs from
coated osmotic tablets. Modified lattices were used to coat KCl and diltiazem HCI

tablets. Scaning electron microsc showed that the urea was eluted from the

model drug with an aig

was used as the osui

ase system. Sodium bicarbonate
as used as the semipermeable
: _ _ ried 'y were diethylphthalate(DEP),
dibutylphthalate(DBE); dibuil 2 A \‘ S) an u\ ethyleneglycol 400 (PEG400).
o : e amount of osmogent due to the
increased water uptakegand . > incres e v g force for drug release. This

could be retarded by he c) anneling agent in order to achieve the

Lindstedt et al.(1989) re % rﬂ hat ethyl cellulose were semipermeable.

The permeabili% 3 ethyl cellulose was very low."ohly about one tenth of that of
e *ﬁ

cellulose acetate, droxypropyl methylcellulose

(HPMC) in the fi chloride(KCl) coated with

mlxtures 1 cellt PMC were shown to release their content

el VW
q w@aa&ﬁwwﬁ wmé" 1

These pumps are in the form of a two-layer tablet with a drug and push layer.

composmon. ores of pota

The drug layer comprises the diluents and low molecular weight polymers in addition
to the drug. The push layer is constructed of a higher molecular weight osmopolymer
and an osmagent. Polymers that can be used include sodium carboxymethyl cellulose,
polyoxyethylene, and hydroxypropyl methylcellulose.
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When the system comes in contact with an aqueous environment, both layers
absorb water. The lower compartment, which does not have an orifice, swells and
pushes against the diaphragm. Consequently, the upper chamber contracts, thereby
delivering the drug through the orifice as a solution or a suspension. The drug layer
in this device constitutes 60-80% of the tablet weight, and the osmotic polymeric
layer constitues 20-40%. The devices are capable of delivering drugs with solubility

Asymmetric
To increa ew type of osmotic tablet was
developed jointl gn ea ne., a Pfizer. Inc., that consists of a

homogeneous tablet£orgfcol Withan asymmet ie-membrane film. These films are

similar to a symmeffic/me Abrane \ifads for teverse osmosis or ultrafiltration
applications, in thaf thgfcofiting gonsists, of a'p« R substrate with a thin outer skin.
These coatings can B¢ uSed tg yake? osn oti'q ug delivery formulations that offer

several significant advantag ; - o onal osmotic tablets. High water fluxes
can be achieved using asyimetii ‘L : facilitating osmotic delivery of drugs with

low solubilities: ---v_;_mmw' permeability of the coating to

water can be adj u."f;: d R dcture. In addition, the porosity
of the skin can be“controlled, minimizing the timédag before drug delivery begins
and allo Aﬁn elivery ports; these ports
do not h wﬁ ﬁ ﬁbm ﬁﬁ mﬁnﬁ %se asymmetric-membrane
coatings can be applied to capsules and multi=particulate dosage forms (Herbig et al,
ARANTUNNINYINY

Thombre et al.(1999) reported that the asymmetric membrane capsule is a
controlled drug delivery device which consists of a drug-containing core surrounded
by a membrane which has an asymmetric structure. It has a relatively thin, dense
region supported on a thicker, porous region. The drug is released over a prolonged
duration by diffusion through the capsule walls and/or via osmotic pumping, i.e., by

convection through pores in the capsule walls.
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Thombre, DeNoto, and Gibbes(1999) reported to delivery of glipizide from
asymmetric membrane capsules using encapsulated excipients. The asymmetric
membrane capsule can be used to deliver a poorly water soluble drug with a pH
sensitive solubility such as glipizide. In order to obtain the desired delivery duration,
the drug was solubized with the use of a pH-controlling excipient. In the case of the
asymmetric membrane capsule, it was shown that this limitation could be overcome

by encapsulating the pH-con C excipient in a membrane and including the
coated excipient in the as wbrfue capsule core to prolong its availability
within the core. Th pizide could be obtained with the

asymmetric membrang.eaps = “"
il (2003 tieally regulated asymmetric capsular

systems for simulapg® .. &} \

tubercular drug. Sustained release

asymmetric memb h vere developed for simultancous oral
delivery of rifampicifi ; %oéi' d #§0 .\\_{ order to reduce the problems
associated with tl . g@l}' " apy ©f tuberculosis. Dense semipermeable

membrane systems proy _ggntiollég relez S¢ 0 both drugs but were devoid of

ercome these drawbacks, a modified
asymmetric system was ‘tf-t‘ ty 3,;!,_ : lding appropriate amount of hydrophilic

initial burst release of i

A

polymer mixtuge-$vith is ,._....-..__...,,._,.-.._._..._"», satisfactory sustained release

L7

of rifampicin afid"isc ase"may be sufficient to achieve

minimum effective ncentratlon 1n blood.

De,.very,ﬁmmmmwmn‘i
QIRS TG AR AR s b

solvént influx across the semipermeable membrane which inturn carries the
agent to the outside. The equation which describes the volume flux , dV/dt,

across semipermeable membrane is

dv = AL,(cAn — AP) 4)
dt h
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where An and AP are the osmotic and hydrostatic pressure differences ,
respectively between the inside and outside of the system ; Lyis the mechanical
permeability ;ois the reflection coefficient ; A is the membrane area;and h is
the membrane thickness. A

The general expression for the solute delivery rate , dm/dt, obtained by
pumping through the orifice is described by

V C )

where C is the

per unit volume

e dispensed fluid expressed

_ which most broadly describes
the solute delivery

A Lp(cAn AP)C (6)

As the iv pressure inside the system

is minimized ag eXpressed by 1 AP

T
u
When the os‘notlc pressure of°5he formulation (m) is large compared to

the osmoﬂpﬁs&j ’J ﬁ mwm ﬁ ﬁbsmuted for Atr. Eq.6

then reduce§) to a much S1mp er expressxon in which the constant k replaces

C‘Q‘W’Tﬂﬁﬂ‘im UNIINYA Y

= AkaC 0
dt h

The release rate from the EOP is zero order fromt=0 until a time t,
at which time all of the solid in the core has dissolved.
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dm = A kn,C 8)
dt, h _

S is the solubility, and = is the osmotic pressure at saturatiom.

The rate of dissolution of a single compound within the system is
much larger than the rate of pumping as given by Eq. 8. For this reason , the
concentration , C , can be replaced by the component solubility, S, from time t

=0 to t =t,. /
2 ‘ﬁ system (Eq.7) is obtained by

of time. For simplicity , the
bol F;

The nonzero-gzds :
describing the co

volume flux into

A kn O

and Frepresents the flux di o zeto-order time and is related to F by

(10

G s
C

J
i¥

By substituti Eq 10 into 7 the nonzero-order release rate as a

funcion ﬂ%ﬁ*‘ﬂ‘“ﬂ %Wa‘ NBIN3

ammnmum%hmaﬂ

Beyond t;,, the mass, m, of component dissolved into the EOP volume,

V,is given by

m = cV (12)
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The change in 'mass at constant volume , V , causes a concentration
change , dC/dt , given by

VdC (13)
dt

-d_lr—l =
dt

The delivery rate , eliminated between Eqgs. 11 and 13 as
shown by '
(14)
The conc L 7 : obtained by intrgrating Eq.
16 from time t, g eonee fon ‘changes from S to C.
15)
Solving Eq 15 andeasrangi result in and expression for the
concentration as .2
VS (16)

- |
. V+E(ft,)

Substimﬁn%ﬂy.&ﬂtiqw lfg!vnhs:uﬂa’t] ﬂjnction of time, indicating
TR TN INGa Y

dm = F S a”n
dt [1+ Fs/V(t—t,) ]

The nonzero-order release rate can also be expressed as a fraction of the

zero-order rate:
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(dm/dt), (18)
[1-H(1/ SV)(dmv/dt), (t - t)]*

dm
dt

The delivery rate discussed in this section is the rate from the EOP when
most of the contents are delivered by pumping. When the membrane is not ideally
semipermeable, a fraction of the agent is delivered by diffusion through the
membrane. The case involving both pumping and diffusion is treated in the different -

way.

The most important applicatic devices is for oral drug delivery,
where typically all the dfugiti the tablet mUSEbe delivered within 10 to 20 hours as
the tablet passes 1 em. Using available coating
ther soluble drugs be used, in
g delivery. Typically the

solubilities of drugsaCliyérl By thesesr ateast 10 to 15 wt% and usually

materials, this

order to provide

much more, examplegfof
(KCl), metoprololol, a

These elementary d.'.;' ‘pumps. are the basis of a series of controlled
release oral drug delivery f' Jas eloped by Alza under the name Oros®.

Conventional high-speed tableting mack and coz ing machinery are used to

ndomethacin, potassium chloride

form the devices; Zad-the-smat y \ €r drilling system connected

toa conventlonal X

= PWUFINGNTNINT
ARSI P R S, e o

contnlutlon to the delivery rate made by solute diffusion through the orifice.

2. It must be sufficiently large, above a minimum size, Amin t0 minimize
hydrostatic pressure inside the system, that would affect the zero-order release rate
in the following ways. Hydrostatic pressure within the system not only decreases the

osmotic influx but also it can increase the volume of the system. During the time
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that the system volume is increasing, the out flow would be smaller than the in flow,
resulting in a depressed delivery rate. '

Mathematically, these two conditions can be expressed by Amin 5 Ao S Apex ,
where the cross-sectional area of the orifice, Ay, is large than or equal to a minimum
value and smaller than or equal to a maximum value.

The size of passageway of osmotic devices was showed in U.S.Patent

3,916,899. A passageway in tk for dispensing agent from the device,

passageway having a maximum cross-s3¢t A, defined as
(19)

, Qy/t is the mass of agent
dispensed from the dévi _ i | the diffusion coefficient of agent in the
dispensed solution, S libility: of agent in the fluid and F has a value of from 2
to 1000, passageway havigg a m f atea, As.defined by

(20)

Rt vay. ‘ /t) is the volume of agent
solution dispensed », er' U 1S the viscosity of the solution being

dispensed and AP is the hydrostatlc pressure dlffer nce between the inside and the

outside ofﬁ ﬁwﬂm‘v‘eﬁﬁﬂbﬁm 20 atmospheres.
Mﬁ%ﬁﬁ@ﬁﬁﬁfﬁhnwmaa

Osmogent

Osmogents are the osmotically effective compounds that are inorganic or
organic compounds, which exhibit an osmotic pressure gradient against an external
fluid across wall and film(Theeuwes F, 1978). The osmogent in the compartment

acts by imbibing fluid to concentrate solution and then expand in volume with a

-
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corresponding collapse of compartment. The example of salts osmogents are as
follows: magnesium sulfate, magnésium chloride, sodium chloride, lithium chloride,
potassium chloride, sodium carbonate, etc. Some osmogents are carbohydrates, such
as, raffinose, sucrose, glucose, sodium alginate, gum etc. The osmogent is lisually
present in an excess amount and it can be in any physical form such as crystal, pellet,

tablet, strip, powder, film or granule.

Semipermeable 1978 ; Theeuwes,1975)

Film use : should™“bepolymer that possesses good
t e examples of this type of

polymer are cellulg gftafte , osé triacetate, polyurethane, polyethylene and
polyamide. PolymegfSelgeti "3 et vapor transmission rate through the

film in unit of g/100 sduage ihe » | ﬁ thickness which is shown in

Ozturk et al @ “the mechanism of drug release from pellets
coated with an ethylcellulfsethased olatex widely accepted for use as a

sustained release coating he release from phenylpropranolamine

HCI pellets coated with -—...".:.__.....:_....:.-_B,‘“ ears to be a combination of

X

osmotically drive :" re er and/or aqueous pores.

(2003) reported that hydrox u ropyhnethylcellulose and the

semlperm ijo 0 g active agent induces a

continuous water influx resultihg in a rapid expansion of ;the membrane. The

AR AN e

All the results obtained in the present study indicated that both diffusion and osmotic

pumping effect were involved in drug release from the device, but the latter was more

Zhang et=

dominant.
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Cellulosic polymer

Cellulose as Figure 3 , the structure-forming element of plant cells, is one of
the most abundant of all organic polymers and has been an important chemical raw
material for more than a hundred years. Its use as a membrane material dates back to

Fick. In controlled release applications, cellulosic membranes are widely used in

ﬂ‘UEﬂ’mEWﬁWEJ*’m‘i

Figures : Structure.of cellulosic pglym
WIAaNNI U NN &

q P:).l]ymerS)ffthls type are wu;e“;y’u]sed 1rEo§,chmenc:E;lnd pharmaceutical
industries. In pharmaceutics, these polymers are mainly used as coating agent.
Cellulose is a polysaccharide consisting of glucose repeat units. There are three free
hydroxyl groups per sugar, and all can be substituted. Non-enteric cellulose esters
include polymers that are pH-independent solubility profile in water. Examples of
polymers, this type are cellulose diacetate (commonly known as cellulose acetate,
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CA), cellulose triacetate(CTA) and cellulose acetate butyrate(CAB). The acetyl
content in the cellulose deacetate and triacetate should not be less than 29.0 and not
more than 44.8 %. For cellulose acetate phthalate(CAP) acetyl content should be
between 21.5% and 26.07%, and the amount of phthalyl group should be between
30.0 % and 36.0 %. CAP is soluble in pH 6.2 and higher, therefore it is used as an
enteric coating

Cellulose acetates are-prép y, treating cellulose with a mixture of acetic
acid and acetic anhydridein ik 5 furic acid as a catalyst(Kumer and
: to proceed to substitute alll three

hydroxyl groups. ative is then hydrolyzed to give

the desired level of e is produced by reaction of
cellulose with phosphori€ adid it molten ureaor With a mixture of phosphoric acid
f“ira ed by isolation as a sodium salt.
(Kumer and Bankerg' 3 - 3 '» grades cellulose acetates commercially
available, and theif degreg of substitutio “walues, molecular weights, molting

sted in Table 2.

Table 2. Physicochemical gropéities of celtul se acetate(Kumer and Banker, 1993).
Grade ' Ty Manufacturer
CA435-75s ¥ 43.5/0.9 204-99 4 - Eastman
CA-439- 39.5/4 ’ 6 Eastm
?’qm fﬂlﬂ%_ﬁé‘lﬁféﬁ an
CA-398-JJ, WL 49 50 11 1 dso Eastman
CA-398-6 - 39.8/3.5° 230250 18/ Eastman
™m0 N i ; » i
‘cﬁﬂﬁm YN | BYshls 23050 ﬂﬁ'ﬂl Eastman
CA{I398-30 39.7/3.5 230-50 189 Eastman
CA-320-5 32.0/9.0 232-54 209 FMC
CA-398-10 39.8/3.4 212-50 191 FMC
CA-435-75s 43.7/0.9 286-306 179 FMC
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Solubility of cellulose acetate in organic solvents varies with the level of
substitution as well as its distribution in the product. Pure cellulose, despite its free
hydroxyls, does not dissolve in water, because of its high crystallinity. Substitution
of the hydroxyl groups with, for example, acetyl groups, decreases crystallinity by
reducing the regularity of the polymer chains and increases the interchain hydrogen
bonding. As the acetate content is increased, the polymer’s water sorption increases

until the polymer becomes sble at 13 wt% acetyl. Further substitution

makes the polymer mo the polymer again becomes water
insoluble at approxi 19 e fully substituted triacetate has a

relatively low watcis S ¢ : You ITTP ple, any degree of substitution of

¢s often requires membranes with
‘ e IR \ ate membranes are used in this
application because ghe fvatef permgat ‘—-\; and can be easily adjusted by
varying the degrée er. The permeability of these
membranes can be i

the water diffusion

sticizers to the polymer to increase

ing' hydrophilic flux enhancers, which
wane. Some hydrophilic plasticizers serve
‘. more than fourfold by the

increase the water sorption of the 1
both purposes.: :
addition of the I .f

""F»T‘Uihwﬂmwmm

Pore—former is used ingmaking deliyery orifices ongthe surface of osmotic
o B TSR el e b Vs vy o
due'to inconsistency in the release of drug of single delivery orifice cause by clotting
of the orifice

Pore-former should possess good solubility property. Such pore-former are
sucrose, sorbital, urea and polyethylene glycol. Upon contact with dissolution fluids,
the pore formers !eached out rapidly to form a multiporous rate-controlling
membrane through which the drug diffused in a zero-order fashion.
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The pore-former can be a solid or a liquid. The term liquid, for this invention
embraces semi-solid, and viscous fluids. The pore-formers can be inorganic or
organic. Solid additives include alkali metal salts such as sodium chloride, sodium
bromide, potassium chloride, potassium sulfate etc. Water may be used as the pore-
former.The pore-former include organic compounds such as saccharides. The

saccharides include the sugars sucrose, glucose,fructose and water soluble

polysaccharides. Also, sorbito i organic aliphatic and aromatic

oils,including diols and

nuf ing the of the osmotic device include

members selected fr. : : g Aqueous solvents, alcohols, ketones,
SL. 72 AN\

esters, ethers, ‘@liphétig nalogenated solvents, cycloaliphatic,

aromatics, heterocyélic golyents 1 a3(7.an etal., 1990

% & ﬁ_, w
; eIl i '
.ﬂ*r :I”:‘I J
Platicizer I

25 T !
Typical pl2 ,_‘L ;..;;}-_: oup consisting of phthalates,
phosphates, citrates , polyethylene glycol f'-‘ al., 1990)
Rao and (199 cported tha permmility of cellulose acetate (CA)
free films casted feomn, chloroform splution containing different plasticizers to

developinﬂ u@e’}aﬂf’lwlﬁ wnﬂ:ﬂ ﬂr ermal use. Dibutyl

phthalate (lﬂP), polyethylene glycol 600 (Pl§600) and propylene glycol(PG) were
) PTG BN GRS e e
Permigability characteristics of free films were studied using the drugs such as
diltiazem hydrochloride and indomethacin. The films plasticized with PEG600
showed higher permeability for both drugs compared with other film. The order of
decrease of permeability of plasticized films with plasticizers is PEG600>PG>DBP
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Polyethylene glycol

Polyethylene glycols are a series of water soluble synthetic polymers, the
repeating unit being oxyethylene(-OCH,CH,-) with either end of the chain
comprising and hydroxyl group. The general structure is (HOCH2(CH,OCHz)m
CH,0H) where m is an average number of oxyethylene group, i.e., PEG 400, m=8.7
or PEG 4000, M = 69-84.

approximately 200 to seve &: ranging from viscous liquids at
room temperature fro ’ m 1,000 to 2,000 and wax-like
solids form 300 to
thermoplastic fil

e molecular weight fractions lie between

are resinous and form strong
ed for solid dispersion lies
between approximatg

Polyethylene g ance the aqueous solubility or

dissolution characte i‘ of P e‘_.;..v olubleicompounds by making solid dispersions

—t

with an appropriate pélyethylene glyce JAni al st dies have also been performed
using polyethylene glycol as otvernts fo n osmotic pumps.

A I
S o e i

In film ceafing. solid grades of polyethviene: giycol are also widely used as

X
V : 42.] . The presence of PEG,

' T
es in film coats tends to incre: e their water permeability and

plasticizer in co

especially liquid g

=R ﬁ"ﬁiﬁ"?‘l“’i’l‘ﬁ’i‘ﬁ Jjgioef
ARIAN TN ING IR
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Propranolol hydrochloride

Propranolol hydrochloride is a non-selective B-adrenergic blocking agent (Reynolds,
1994).

CH(CHz),

lol hydrochloride.

Empirical Form
Molecular weight

Chemical Name '? /- - 2 'y amino-3-(1-naphthalenyoxy)-2-

e }-3-(1-naphthalenyoxy)-2-

v
iy
Description E : white to off white, cryStalline powder, odorless with a

ALK ﬂﬂﬁiﬁmm .

Meltinﬁomt rangé€ 63° to 166°C &/

Dk%. '«‘r@tﬂﬂ 5&1&4&&’]’3 Nneiag

Solubility

Propranolol hydrochloride is soluble 1 in 20 of water and 1 in 20 of ethanol;
slightly soluble in chloroform and practically insoluble in ether.
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Stability

Propranolol Hydrochloride is affected by light. In aqueous solutions, it
decomposes with oxidation of the isopropylamine side chain, accompanied by
reduction in the pH and discoloration of the solution. Solutions are most stable at pH
3.0 and decompose rapidly under alkaline conditions.

Propranolol hydrochloride isjalmost completely absorbed after oral

ily in divided doses. Peak plasma

concentration is achieved imatt urs in fasting patient. It is highly
bound to plasma pro - ns-abosi 85-95% butithas short plasma half-life 3-4 hours
and rapidly hepatic 7 Y aftet ora adminisication, therefore;it needs several
times(3-4 times)by o8l reb et \\

AULINENINYINT
ARIAATAUNNIING A Y
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