CHAPTER I

INTRODUCTION

A type of drug delivery systems had been previously developed to release
drugs for extended periods by an osmotic pumping mechanism. Osmotic systems

generally consist of an osmotically active core surrounded by a rate controlling,

semipermeable coating. Water. is im the core through the semipermeable
coating, creating a osmetic p . SSUre s a drug-containing solution or
suspension out of the core-throug oﬂ or men-dthlery ports. Constant rate of drug
release that are indépe A the receptor solution are
characteristics of > the factors affecting release

kinetics are typica

The first osmoti é ibléts vated with dense semipermeable
‘which the drug was delivered
)e of coating used in commercial
4 | developed that consist of dense
€ materials (Zentner et al., 1985; U.S.
ﬁ of the coating during use,

coating with a hole
(Theeuwes, 1975).
osmotic devices. Additi nulatio
semipermeable coatings containing leachat
patent no. 4 687,@@). The ﬁj‘fﬁ f "
forming drug-deliver
soluble drugs and @‘e
with low solubility i nre&'gations to overcome this problem have been reported by

several re 61:45 ﬂﬁ Wﬂﬂ ﬂ)dﬁate the solubility of
drochloride wnthm

diltiazem hy e core could be one approach to control the release
of m m \olﬁf component to

ﬁlm aaﬁsﬁb Tﬁ) cor EL: . patent no.
4, 755 ,180). Swellable polymers could be utilized for delivery of drug having poor
aqueous solubility (U.S. patent no. 4,992,278)

ations are well-suited for

osmotic »&ssures. However, for drugs

The choice of rate-controlling membrane was an important aspect in the
formulation development. The coating was able to resist the pressure within the

device. However, this might be problematic in cases where the drug was having low



osmotic pressure because of which incomplete/ slow drug release may take place
(Verma et al., 2002) Selecting membrane that have high water permeabilities could be
a solution to this problem. The use of cellulose acetate, ethyl cellulose had been
reported (Lindstedt et al., 1989; U.S. patent no. 4,673,405).

In recent years chitosan has gained increasing interest in the pharmaceutical
field due to its favorable biological properties such as biocompatibility,
biodegradability and lack of toxicity together with its wide availability, low cost and
\ e and Vilvivalam, 1998) Due to its

ood filmable property. Various
pharmaceutical applications
2004; Zhang and Bai)

Andrady, 1992; Re

fabricated chitosar

n proposed (Cervera, et al.,
et al, 1998; Nakatsuka and
-. The poor solubility of

L
| -

chitosan salts by moist 1 hidej 000) Thus, chitosan as one of

stored under accelerated

nsoluble films from various

the most interesting ‘na ymern ‘which: provided high water permeability and
could be easily adjustedd by expos r¢ 10-ageelerated condition could be used as film
former on osmotic delivery system-to give alconstant drug release throughout the

desired interval.

Objective of this stgy

1. ﬁaﬁﬂow ﬁ%@%ﬁﬂ ﬁ tablets with chitosan

former

> 9 ﬂﬂ;]@ﬂ.ﬂ ﬁmmmma Elr i

the properties of propranolol hydrochloride film coated tablets.

35 To examine the effect of temperature and moisture content on sustained

release characteristic of propranolol hydrochloride film coated tablets.



To study the effect of various amount of osmotic agent in core tablet and

molality of dissolution medium on the release of propranolol hydrochloride
from osmotic pump tablets.

To investigate the effect of orifice on the release of drug from osmotic pump
tablets.
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Literature review

General background on Chitosan
The history of chitosan dates back to the last century, when Rouget discussed

the deacetylated form of chitosan in 1859. During the past 20 years, a substantial

amount of work has been published on this polymer and its potential use in various

applications (Dodane ang” ///J’

Chitosan is a r of Bﬁ 2-acetamido-2-deoxy-D-
glucopyranose and 2-a oxy-D-glucopyr “This polycationic biopolymer

is generally obtained

itin, which is the main

component of the exaskelg | rustaceans,  su i ps (Qurashi, Blair and
Allen, 1992). The mainfp \dTiERC ristics of chitosan are its
molecular weight (M on (DD), representing the
proportion of deace 1998). These parameters are
determined by the cond oreover, they can be further
modified. For example, the DD dic depolymerisation.

Chitosan is@n’eﬂﬂy recei ﬁ rest for medical and
pharmaceutical appli¢at crwe )04;" Thanou, Verhoef and

Junginger., 2001). Tlg main reasons for this i creasinaattention are certainly its
interesting intrinsic progeréifs. Indeed, chi@n is known for being biocompatible

allowing its ﬁ u %Wﬂ%ﬂsﬂ% ﬂn% ocular application,

implantation or) injection. Moreover, chitosan is metabolized by certain human

e s, 'aﬁly - i?a[ , ition, it has
b"m?g}m SER T3V b N7 M0 113 IS 2

Junctions. Due to its positive charges at physiological pH, chitosan is also
bioadhesive, which increases retention at the site of application. Chitosan also
promotes wound-healing and has bacteriostatic effects. Finally, chitosan is very
abundant, and its production is of low cost and ecologically interesting (Berger et al.,
2004)



Figure 1 Molécu 1 and cellulose

Mechanical Properties

Due to glycosidic li ; 2-poly eric chain like cellulose, chitosan
exhibits the property as a filmiablé material (Ce \.F. et 21.,2004; Zhang and Bai,
2003; Phaechamud;

higher values of st —.r~

—m\ ; tate membrane showed
¢ acetate membrane. The
thermoelastic and equilibrium stress-strain properties “of chitosan film slightly
crosslinked w and this result was
attributed to ‘ﬁ ﬁﬁﬁﬂ%ﬁﬂ mﬁ‘ y hydrogen bonding
interactions anyor to strain-induced crystallization (Andrady and Xu, 1997). As
R R T4 B e s

affected)by some factors as followed (Srinivasa, P.C. et al., 2004; Ritthidej, G.C. et
al., 2000; Phaechamud, T. et al, 2000).

A. Effect of Electric Charge



Electric charge generated and utilized during casting of chitosan acetate film
caused a parallel orientation of chitosan molecules due to its cationic nature of
polymeric chain. In addition, this cast film showed the break point after yielding by
stretching. This behavior was reported close to the inter-macromolecular sliding
during elongation. Additionally, the estrangement of the diffracting planes in powder
X-ray diffractogram confirmed that the orientation of chitosan film was changed by
an electric charge (lkeda et al., 1996).

B. Effect of Irradiation 7

An attempt to( prog proc m chitosan was described.

The gamma irradiati .'Gamma irradiation reduced
the mechanical stre \ a result of polymeric chain

t temperature 121°C under
the pressure of 15 Ib/i g 1 itocla \ rocess) retained their original
gtlon rates were considerably
lowered. However, Li \at gamma irradiation might be
patibility of neutralized chitosan
iS pse of 25 kGy. While Lim, Khor and
Koo (1998) repor}@ that gamma ahanced both the Young’s
modulus and the tepSile strength of film but not signif “- altered the percent strain
and this

exhibit significant changes in mechanical prope rties.

ﬂuﬁquWiwaﬁﬂi
%*W‘f“&ﬁeﬁ‘f‘f*ﬁ"fﬁwwwmaa

1{itthidej, G.C. et al. (2000) demonstrated that the extent of changes in

an attractive sterilization r

at break point or the energy to b iation in anoxia did not

mechanical strength and permeability of neutralized chitosan acetate films was
influenced by temperature and moisture content of the heat applied. Dry heat
treatment at 120°C lowered the strain at break point, but the Young’s modulus
remained rclatively unchanged. The autoclaved film showed the weakest mechanical

properties, but showed the lowest permeability to indomethacin compared to film



heated in air or in anoxia. The investigators claims that the autoclaving process might
induce rearrangement of molecular chain which did not allow for chain slippage
during stretching, but was structured enough to reduce the permeability of drug
through the film. Maillard-type reaction was also mentioned that it was the cause of
discoloration of chitosan film during heat treatment (Srinivasa, P.C. et al., 2004).

The longer moist heat treatment and an increase or longer of acyl group or

lower amount of hydroxyl group in solvent molecule would decrease in % water

sorption and dissolution of trez ter sorption capacity of the polymer

was probably determined ups of the polymer. The highest

: mghydme and ester group, meanwhile

roup were several orders of

hydrate capacity were i
that of the =C—, —C
magnitude lower Ph

The Composition of Chito

A. Chitosan Salt Fil

There was different mqe!ﬂljj) - N chitosan and acids in solution, and
gt ke .
during film fabnopj_!pn the chitosan molecul inctive spatial configulation,

the mechanical prapGrtie Wwas distinctive as mentioned
by Kawada et al (199 confo@tion of chitosan in crystal
depended on the kindsdof aqueous acid Won which utilized as solvent for film

fabrication. ﬁ ?aﬁ g w gh MW of citric and
malic ac1ds,ﬂ id mg was rather high thereby these two acids
had in ).jlﬁ p]:ﬁﬂ: chains and
thus a ﬁsjia mﬁ?maﬂ eﬂ'g lower than

those o? chitosan acetate and propionate films (Phaechamud, 1999).

B. The Plasticizer and Hydrophobic Substance



Unplasticized chitosan acetate film was brittle. There was the necessary for
auxiliary agent comprised primarily of plasticizer, which provided the plastic with
required elasticity and stabilized to prevent breakdown of the polymer at elevated
temperature. Hydrophilic plasticizer could not extend drug release. This result should
be related to the volatility of plasticizer during heat treatment (Singh and Khan 1997).
Castor oil at concentration of 15% was reported for plasticizing (Phaechamud, 1999).
In addition, other hydrophobic substance was incorporated in chitosan acetate film in
order to develop the sustainable drug release. This material was magnesium stearate.
film containing magnesium stearate

nce might relate to the effect of
g tle elﬁrepulsnon of protonatea amine
, castor oil was attributed to
Noist heat treatment. It might

An incorporation of plasticizer l%

45% could prolong medic
incorporation plasticize <
groups and thus redu
the formation of a me
be due to the efficig r oil to penetrate through
oil in chitosan acetate for

preparation of polyuret ifos: ) : er networks had also been

c 0.Ls' glycosidic linkage like
cellulose. It exhibitegg _ A Ho&ver, Millard-type reaction
was mentioned that it yas | the cause of difsoloration of chitosan film during heat

treatment (s ‘ﬂ, ﬂﬂlﬁﬁ%ﬁ%ﬁﬂ?ﬂ%ﬂ&hﬂ additive that

used in this ceating system arge interaction between anionic dye molecules

v AT wr T o

molecu1e of brilliant blue and its influence especially in acidic environment might
provide enough repulsion force to decrease the charge interaction between sulfonate
groups of dye and protonated amine groups of chitosan. Owing to the presence of
positive charge on structure and high water solubility, the tolerance to coagulate with
chitosan should be higher than other dyes (Phaechamud, T. et al., 2000)



Film coating

Film coating has increased in popularity for a number of reasons. The film
process is simpler, and therefore easier to automate. In addition, moisture involvement
can be avoided, if necessary, through the use of nonaqueous solvents. Moreover,

distinctive identification tablet marking are not obscured by film coats.

There are now many synthetic polymeric materials available for film coating,

many of which meet all the requirer film former. These include lack of

toxicity and a suitable
together with the abili
powdered additives sﬂ—'— ,

light, and moisture -
Jackson, 1982).

: application and upon ingestion,
adbu g@c film even in the presence of

mﬁ course, be stable to heat,
r odor (Porter, Bruno and

Two major grou ¢ disti 1‘ : a) materials that are nonenteric and
for the most part ce _’vat?_t‘,"s—' ials that can provide an enteric
effect and are commo _ acid. in both groups it is general

practice to use a mixtu

properties. They may contain aﬁﬁ_ﬁc' o

e

 give a film with the optimum range of

as the name implies, prevents the film

: n ¢ _bonding, the choice of
plasticizer is depend@ upori the p: PO ymera,ike so many other facets of

tablet coatmg, there lS no substitute for ﬁoperly designed experimental trials in

ﬂ"‘ﬂﬁ%‘%ﬁ‘l‘%"ﬂ’ﬂ LoD
i ﬁﬁﬁiﬁﬁﬂﬁﬁﬁﬁﬁ e AL e

specifi %ally, the rate of evaporation, and hence the time for the film to dry, has to be

controlled within fine limits if a uniform smooth coat is to be produced.

However, as a result of increasing regulatory pressures against undesirable
solvents, there has been a pronounced trend toward aqueous film coating. Many of the

same polymers can be used, but it may be necessary to employ lower molecular



weight grades due to their high viscosity in aqueous systems. Alternatively, water-
insoluble polymers may be dispersed as a latex (emulsion) or pseudo-latex
(suspension) in an aqueous media. This approach permits high solids content without
attendant high viscosity problems. However, acceptable film forming in these systems
is dependent upon coalescence or agglomeration. In the case of pseudo-latices, this
agglomeration requires a soft particle, and thus a high concentration of plasticizer in
the system, to ensure formation of a continuous film (Banker and Rhodes, 2002)

— J —
A. Osmosis 7 nw.

Solvent fro:

ill move spontaneously to a
higher concentration meable membrane, which is
The flow of solvent uced by applying pressure to the higher concentration
e, equilibrium is reached so that

the movement of water /This pressure isicalled the osmotic pressure, which is

solution. This phenameno
considered a measure o[,the difference bet»@n the nature of the solution and the pure
o

solvent. Osmidti ‘ IE w deli stems b

confining itﬂa mmwoe an concent;ﬁfgTl tf@plgss:c: aS)slingrlr;ssitz

(Kim, C 2000), : ~ -~
ARTNINTUNUNINYIAY

When equilibrium is reached, the chemical potentials of the pure solvent (or

smosiﬂOsmotic pressure may be

dilute solution), 4}, , and the concentrated solution, u,, are equal,

My (@) = p,(x,,T+p) (Eq.1)
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where x, is the concentration of solute, 7 is the osmotic pressure, and p is the

experimental pressure. The right-hand side of equation (1) can be rewritten in terms of

the pure solvent by:

My (x4, m+p) = py (m+p) +RTIn x, (Eq.2)

where R and T are the gas constant and temperature, respectively. However, we may

express the chemical potential of the concentrated solution only due to solvent:

Hy(m+p) = p, (Eq.3)

where V,, is the vol ua ons (2) and (3) into (1)

yields:

-RTIn(1-x,) = (Eq.4)
For the dilute solutions, In( =" : olar volume of the solvent is
assumed, then from equation ( i-e /an”Hoff eéquation is obtained:

zV = nRT —— f;" (Eq.5)

m
. i
The osmotic pressure caused by solutes is very high and that from an ionic salt is

oot} ) 1)) )1 b e
YRARINIUUNIINYIAY oo

where i is the number of ions that compose the salt.

B. Elementary Osmotic Pump System (OROS*)

11



After experimenting with several osmotic pressure driven drug delivery
system, Alza Corporation developed the OROS® elementary pump shown in Fig. 2.
This system is prepared by compressing drug powder into a hard tablet, coating the
tablet with cellulose derivatives to form a semi-permeable membrane, and then

drilling an orifice in the coating with a laser (Cardinal, J.R., 1988).

Al - water

The volumetric flow of.sg"l_ ‘wa
is given by the non-p\hmlibrlum therm

ﬂ g ﬁL (aD: ;_Ap) g (Eq.7)

where Ax a@kﬂ\ ,;ny]w an hvdrostatlc pn::Jure dlﬁ‘erence respectively,
betweent igh ﬁmﬂlﬁrﬂ g.j rmeability
coeﬂ‘ ﬁ amg ﬂﬂ ﬁ nt, A is the

memb e surface area, and 4 is the membrane thickness.

eross the semi-permeable membrane

0SMOSIS process as:

The solute delivery rate, dm/dt, is equal to the product of the volume flow rate

and drug concentration written as:

12



dm dV

—==C (Eq.8)

where C is the solute concentration in the outgoing fluid. When the osmotic pressure
inside the membrane is very large compared to the pressure outside the membrane and

Am >> Ap, equation (7) simplifies to:

v A A
—==L —k %)
a h T | )
where k= oL, , _
Zero-order r vere \\ ) \s long as the undissolved
drug remains in the o c dhbleg release rate is zero-order. If the concentration

of the drug is equal to s, and the osmotic pressure

generated by this saturated'so

dm A el 'Y ‘
— | =—kx C : — .10
(dt ) T R )
The time for whi -____'_-___wu_‘:_-y conditions is given by:
V= Y
c ﬂl ]
= {1~ (Eq.11)

p(‘?’

ﬂ‘UEJ’J‘ﬂEJVIiWEﬂﬂ?

where ¢, is the tﬂw at which all of thi,solld in the c has been dl d

%he total mass in he core m, Hhe sum Ehe mass dehvered at zero-order,

m;, and the mass delivered at non-zero-order rate, m,,, after which the entire solid

drug has dissolved, given by:

M= CV (Eq.12)

13



m= pV ' (Eq.13)

where V and p are the volume and density of the osmotic tablet, respectively.

Combining equations (12) and (13) gives:

by s (Eq.14)
m, P
Non-zero release rate: Ilfof the solid has dissolved, the solute
concentration drops below he”osmgiic pressure and the drug delivery
M 1 BTV — J d
rate decline as a functlo —
From ¢, and a ey '\\s’ der) is described by:
“dm ‘ S U
— = - 15
L " )m o (Eq.15)

which indicates that the release’rat e abolically with respect to time. The

concentration at time ¢ afte

i
e - SUU INYNINYINT

(Eq.16)

AHAAIATRIBAINYAR B e

not infféenced by physiological and experimental conditions. Due to the semi-
permeable membrane, ions do not readily cross over but water does. The permeation
of water through the membrane is not dependent upon stirring rate because water

permeation is a property of the membrane and the osmotic pressure gradient across it.

14



With this consideration, even a drug with a pH-dependent solubility can be
delivered at a constant rate regardless of the pH of the delivery medium.

However, with this type of device there is a problem in delivering drug with
low water solubility because the osmotic pressure generated by the drug solution is
not sufficient to drive the drug release. As a result, the percentage of the total mass
delivered at zero-order is less with a drug of low solubility. In this case, osmogents,

such as glucose and NaCl, are added to the device to increase the osmotic pressure. In

osmogent must be equal to ,
the drug solubility is too loW (L& %).ind @of drug to be administered is
large, the usefulness o cleme / josmiotic device is limited due to the
tablet size needed to & 1 g fhe \ ‘of drug."Other modifications of the

osmotic pump have beg

next section.

Alternatively, a’ vate! 7_ u ug may, allow a higher percentage of
drugs to be delivered at ot . livery is short because the drug
concentration quickly falls be owm"' . FOr this Situation, a solubility modulated
osmotic pump device has been_deﬁ ed 1o inerease the duration of delivery time

C. Micro-Porous Osmqnc Pumps (MPOP&J

AURANENINANS

Fa bncatq]g an osmotic pump w ce is a costly process because

ML i b LI b e

seml-permeable membrane as shown in Figure 3.

15



microporous/
semipermeable

membrane :
| / / v
\;\ ALK /yng and osmotic agent
A\ A )
—_—
Figure 3 Schﬂ(— b fﬂlﬁwolled osmotic pump
/ ! ) '\ .

ecly.di through the membrane. A
rough sle micro-porous membrane.
solution (i.e. polyethylene
glycol and lactose) f¢ of the membrane. Upon contact
with water, the water ) _' A om the membrane leach out, leaving
behind a micro-porous .,—-_—_-i .- This dévice delivers drug by both osmotic
pressure and diffusion mecllgxg-gn;—gf(Ma f;j“ and Vavia, 2003). The delivery rate of

drug is expressed Tb}h r s {

<
d A
L} :ﬁﬂscﬁfpcs (Eq.17)
W

L ),

e UBANEY NGNS
IRy Ty

Vh F’CQ’LAhP

f=t, =—In| ——F (Eq.18)
AP ( AJC
G e
e
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The non-zero order delivery rate is given by:

dm F. A
—LEEE _PE .19
d C h R

5

As indicated in equation (17), the release rate is controlled by:1) the level of
leachable additives incorporated into the membrane which affect membrane

permeability, 2) the nature of the polymer membrane, 3) the thickness and surface

drug load in the core. The most ol ers used for the micro-porous
membrane are cellulose acetate, ethyl epllul@dmglt@LS and RS. A scanning
electron microscope embrane is a sponge-like
structure consisting at form an interconnected

network structure (Chi

D. Push-Pull

ction, the ple OROS® system is well suited
for a moderately water-solul_):lg@ ] I @ poorly water-soluble drug (<1%), the
delivery rate is vq@}l@; J

osmogent is incorpofated into the ¢

>ssure gradient. Even if an
Su re gradient is not increased
enough to affect a ﬁ’ﬁce t delive pecause thﬂ}atio of drug to osmogent

concentration is not equ3l to the ratio of dru&lsolubility to osmogent concentration. To

deal with th stem shown in Fig.
4. This devnﬁ Hm nmriﬁm er-swellable polymer layer and a
drug layer m ﬁ‘ brane. When
the ' M_ﬁ ﬁeﬁ ﬁ‘ﬁmaﬁwpl pﬂﬁb r from the

dlssolu%on medium. Due to the low solubility of the drug, a drug suspension is

produced in the top layer while a hydrophilic polymer in the bottom layer expands
toward the top layer to push the suspended drug through the orifice (Kim, C., 2000).

17



drug layer | drug solution or suspension
\
s
water
semipermeable membrane
hydrophilic polym@‘ ' ’/// swollen polymer
.‘

Figure 4 Sch( ‘ ' '_mmc pump

Factors Affect the

As reported by e , h ‘ from osmotic pumps was

_ , elated to the solubility of the
drug within the core.Bighly would dﬂ)onstrate a high release rate
that would be zero-orde{, for a small percen%e of the initial drug load. However, it is

possible to I.?JtEi ﬂ e of the approaches
that have be elive rug avmg extremes of solubility are:
amaemﬁ)m NN AL e

highly water-soluble drug, diltiazem hydrochloride. Because of very high water-
solubility, the majority of drug fraction was release predominantly at a first-order
rather than the desired zero-order rate. The solubility of diltiazem hydrochloride was
reduced by incorporation of sodium chloride into the core tablet formulation. The
modification resulted in more than 75% of the drug to be released by zero-order

kinetics over a 14-16 h period. Herbig et al (1995) reported osmotic delivery of

18



doxazosin, which has pH-dependent solubility. Tablet cores contain drug, along with

organic acids (succinic and adipic acid) to increase the solubility of doxazosin within
the core. Use of polymer coated buffer components to modulate the drug solubility
within the core is described in U.S. patent no. 4,755,180. Swellable polymer can be
utilized for osmotic delivery of drug having poor aqueous solubility is reported in
U.S. patent no. 4,992,278 for carbamazepine, theophylline, acetylsalicylic acid and

nifedipine.

e

B. Osmotic Pressure :

For controlling system, it is important to

optimize the osmotie"p _ partment and the external
environment. It is pesSible’torachie ¢ and maintain a stant osmotic pressure by
maintaining a saturated'so ‘ smotic \ ompartment. If a drug does
not possess sufficient osmot be added in the formulation

(Verma, R.K., 2002)

Osmotic del ery . onc/ defivery orifice in the
s nﬁce_aust be optimized in order to

control the drug relw5f from osmotic sys&}m If the size of delivery orifice is too

small, ze 61 ﬂfgpment of hydrostatic
pressure w mﬂj‘jﬁﬂm ﬁtatlc pressure may not be relieved because of the
small or nd ﬁ) (5 my resulting in
unpa ﬁﬁeﬂdﬁhﬂ ﬂﬁ?‘i& ng ould not also

be too arge otherwise; solute diffusion from the orifice may take place (Theeuwes, F.,

membrane for drug &ase

1975). Drug release from osmotic system is not affected by the size of the delivery
orifice within certain limits as reported from osmotic pumps of nifedipine was studied
as a function of orifice diameter and no significant differences were found in the

release profiles for orifice diameter ranging from 0.25 to 1.41 mm (Liu, Khang, Rhee
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and Lee, 2000). However, Ramadan and Tawashi (1987) reported that under turbulent
flow conditions and high rotating speeds, the orifice size has a significant effect.
D. Membrane Charteristics

The choice of a rate-controlling membrane is an important aspect in the

formulation development of oral osmotic systems. To ensure that the coating is able to

resist the pressure within the d of membrane is usually kept between
200 and 300 pm (Santus : ver, this may be problematic in
cases where the drug is haviag low os oﬁﬁbecause of which incomplete/

slow drug release may-tal

Propranolol Hydrock

Y]

D

Figure S The s‘n&ture formula of ar’opranolol hydrochloride

SAAUEINENINENG e
L E Y TR I AR ALV

powdeqr, odorless, nonhygroscopic and bitter taste. It has melting point at 163-166°C.
It is classified as water soluble drug. It is soluble in 20 parts of water and slightly

soluble in chloroform, and practically insoluble in ether (Reynold, 1994).

This model drug is a beta blocker clinically used in the treatment of

hypertension and to improve the tolerance to exercise in patients with angina pectoris.

20



It has been given for the prevention of re-infarction. It is also used in the treatment of
cardiac arrhythmias and it is often effective in supraventricular tachyarrhythmias
(John, 1990).

In aqueous solution, the oxidation of the isopropylamine side chain,
accompanied with the reduction in the pH of the solution decomposed the compound.
This drug is most stable at pH 3 and decomposes rapidly under alkaline condition.
Propranolol HCl is sensitive to light, but stable to heat. It should be preserved in well-

closed containers. The USP requi ions to be protected from light (The

United States Pharmacopei

e form is mostly detected
from the dissolution test 3 .‘ v ar bserved from the amount of
- g . release profiles contain
elementary information mechanisms of a delivery
device on a microscopic ions and other subtle relationships
between encapsulated compoucg:g}

—"-".#'}

detailed mformathﬁon the micr

ier can be obviously known. More
I § of the selected device
appears to be ne csSary o unc "u ms. Ideally, the release
profiles can be corre@d to unde erost ctta of the carrier; hence, the
manufacturer can predici,the release charact&;stic and can design the device with the

‘*“"“’Fﬁiﬁ‘ﬁ NENINEINT
B lar, kol (o) 0/ Jlab 1 g1 Ay

system 1Gopferlch, 1996). The mathematical model is developed to describe the drug

release behavior and is also useful for aiding the understanding of delivery system.

The development is based on a composite of geometrical shape to predict drug

release.
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The Release Model

For this study, the selected mathematical models were zero order, first order,
Higuchi and power law expression models. Each mathematical model consists of

independent and dependent variables, constants and parameters that have to be related

or estimated.
A. Zero Order ' Vy/

An idcal con stm which can manipulate the
medicament released - until the sysicm is'exhausted. The drug transport

AN

through the memb i0r should provide the constant release rate.
Mathematically, the thi \\\\.\‘ sed as:

aw, |dt = k (Eq.20)
where k is a constant; W, is . eased and ¢ is the time.

This release pattern is Galled scro- case model. If the drug diffusion is

the major release niéc the release rate sho ld bedisectly proportional to the
drug solubility. 4.

wremord 118 11N TN
AT T e

where W, is the mass of drug in the device, W is the drug remaining in device and k is

the rate constant. On rearrangement, this model can be express as:
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W=We™" (Eq.22)

In case of coated dosage form, typically, constant drug release can be achieved
up to about 70-80% of drug release after which the release rate will decline.
Presumably, the gradually decline rate of a constant-thermodynamic activity reservoir
system in late stage of drug release is due to the decreased drug concentration inside
the device below the saturation level resulting in a loss of thermodynamic activity and
release rate. This release behavior can
and Jambhekar, 1995).

C. Higuchi’s Mode7 '
Higuchi (19 athe

inert matrix by plotti

escrlbed as first order characteristic (Porter

root of time:

F =K@V (Eq.23)

where F is the fraction of drug

defined as: R,

V 3
K= [((Ds)/t@A eC,)C, m (Eq.24)

where s ol b1t AN ey o

matrix respectwely, A is the amountfof drug in thgsmatrix (weight/golume) and C; is

oo AT S0 TN

The level of film coating sometimes related to the change in release

ime and K is the release constant

mechanism. The drug release from incompletely coated bead at low levels of
Aquacoat could be describe with the square root of time model, while that from high
level of coating appeared to be best described by zero order. Samani et al (1999)
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applied this model as one of release models to study the release kinetic of atenolol
from film-coated tablets.

D. Power Law Expression

The kinetics of drug liberation can be analyzed by the following commonly

used exponential equation:

F=K@)" (Eq.25)

.,

while F is the fracti ¢ t, K denotes as a constant

incorporating the stru Tic cteristics of the release device and 7 is

the release componént i the \w\\. an "\ elease (Ritger and Peppas,

ffusiol \- nent n and the corresponding
0 try a,\o
ana

ommetry employed as presented in Table 1.
Chen and Hao (1998)‘applied |uAtion 1

e the release mechanism of

Table 1 Diffus .-‘ | expon nism of drug from various non-swellable

Diffusienal Exponent Drug Reiease
a ﬁ; a a ieki 1 1
0.5 0.45% ¢ 2043 Eiekian Diffusion
R ] T V8 Rt
3 J - v § ~  (non-Fickian
0.45<n<0.89° 0.43<n<0.85° Transport)

1.00° 1.00° 1.00°
Case-II Transport

0.89° 0.85°

*a: in case of both non-swellable and swellable controlled release system; b: in
case of non-swellable controlled release system; c: in case of swellable controlled

release system.
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G. Weibull equation

Weibull equation was originally designed to apply for a large variety of
distribution such as yield strength of fibres and steels, size of beans and insects. This
expression consists of a set of parameters related to scale, location, and shape. The
Weibull equation has been applied successfully to various common types of
dissolution curves and useful involving the quantitative interpretation of dissolution
data. When applied to release data, the Weibull equation expresses the fraction of

F=1-e"(-( (Eq.26)

where Td=4%, 4 is \/

time interval whe 2 een di cd. The shape parameter, B,

eter and 7d denotes the
characterizes the cu lential whe igmoidal curve when B>1.
Recz, Dredan, Antal a /7)ime | -'\..‘\ ut shape parameter as B = 1
refers to first-order disso Kingtic s and B> inc cates the palallel moving courses
in adding to diffusion (disi

Although the constant 1S , 7

should not be used-for comp: arison because different ki petics is usvally involved in

asures of the drug release rate, it

3 ) s
different test conditions >fore; to characterize the drug
release rate in diffe -j!u' experimental conditions, relati J lissolution time (RDT) was

calculated from dissoliitien data by usings following equation (Brockmeier and

w82 9111 TWE TS
ARIGNGUNRINYINY s

This equation was calculated based on that for determining mean dissolution time.
The diagrammatic of dissolution profile for explaining RDT calculation is illustrated

in Figure 6
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ABC was calculated indirectly by subtracting total area (Moo multiplied with
time function) with area under dissolution curve (AUC). The trapezoidal method was
used to calculate AUC.

Amount of drug release

M Moo

»

Time
Figure 6 Diagrammai€ ofidigs tion profil \. : ining RDT calculation. ABC
is area between upper line (M : \ lution curve; Moo is
maximum d

\ s amount of drug release at
any time t. \

AU ININTNEINS
ARIANTAUNNIING 1A Y
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