CHAPTER II

LITERATURE REVIEW

1. General background on hydrophilic matrix systems

The hydrophilic matrices are defined as a well-mixed composite of ingredients

ll-capsule. When a water-soluble
polymer is used as a binder for the ingred ablet is placed in a dissolution
medium, a gelatinous-layei.is-formed . he gel layer that forms is
an aggregate mass of*Wate . Iy e, drug and excipients experiencing

various degrees of hy.

for oral administratio an embedded drug, with
release controlled by t 1 of 'the polymer. The major
application of hydrophili drugs over an extended
period

The swellabl ated by water, and drug
release control depends-en-the-interactions-be 1:27 er, and drug. Water

penetration into the mate lﬁ swelling and polymer

' presence of water decreases the glassy-rubbery temperature

(e.g., for hydro ﬂeq ﬂmﬂw C), giving rise
to the transfc ﬁy ?‘[ ase (gel layer). The

enhanced mob111 of the polymeric ehains favors the, transport of disélved drug.
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matrix. The latter may add a convective contribution to the drug transport mechanism

and drug dissolution.

in drug delivery.
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Depending on the polymer characteristics, the polymer amount in the rubbery

phase at the surface of the matrices can reach the disentanglement concentration;

therefore, the gel layer varies in thickness and the matrix dissolves or erodes.

The gel layer thickness depends on the relative contributions of water
penetration, chain disentanglement, and mass (polymer and drug) transfer in the
water. At the beginning, the water penetration is more rapid than chain
disentanglement and a quick buildup of gel layer thickness takes place. But when the

water penetrates slowly, due to the i e diffusional distance, little chance in

gel thickness is obtained becau and polymer disentanglement
rates are similar. Thus, @ i @; in swellable matrix tablet

shows three distinct reei

ation of water is the fastest
phenomenon, stays ¢ rate is similar to the
penetration and decreas ) i he tubbery phase.

The release around the matrix in
response to water penet n& cle iranalysis. The gel must be

trolling additional water

penetration. Phenomena goyerni < ) n and, consequently, drug
& JTukad s .

release rate are water penetratioh, pa g, drug dissolution and diffusion

and matrix erosion. The drugrelease bta ffusion of molecules

The boundariem)f gel laer correspond to the frﬂts separating different
matrix phases. Their moveéments determine théldynamics of gel laﬁr formation. It is

— knmﬁi%lhﬁjggl}la% &}%;ﬁ 'wn&]g;]tfe]fr t separating the

matrix from theissolution medium, i.e,, the erosion front, and by the frw separating
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The presence of a third front inside the gel layer was described by Lee and
Kim (1991) in swellable matrices containing diclofenac, as the consequence of

precipitation in gel layer of this poorly soluble drug already molecularly dispersed in



the glassy matrix. This front, named diffusion front, corresponds to the boundary
between undissolved and dissolved drug. Therefore, in swellable matrix tablets,
conditions exist under which the following three fronts can be present at the same

time (see Figure ’1).

a. The swelling front, the boundary between the still glassy polymer and
its ruberry phase
b. The diffusion front, the boundary between the solid as yet undissolved

drug and the dissolved

@, The erosion fro%
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medium. — 2 ——

layer, and

en the matrix and the dissolution
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Erosion front usion front

Figure 1 Picture of the top of a swellable matrix tablet during drug release showing

the three fronts (Colombo et al., 2000)



The swelling front movement is associated with the rate of water uptake, the
diffusion with the drug dissolution rate, and the erosion front with the matrix erosion

rate.

Rate and kinetics of drug release from hydrophilic matrix tablet are controlled
by the dynamics of gel layer thickness as determined by the front movement. In some
cases, by using sufficiently soluble polymers, the gel layer thickness remains constant,
since the fronts in the matrix move in a synchronized way. Keeping constant the

releasing area, this situation leads to r release. However, as the matrix is a

three-dimensional system, the importance ease of releasing area due to the

The polyfner atrices is divided into

three broad groups (Sa,

i
e

2.1 Cellulose ether,
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The group of cellulose e hets" ns “methylcellulose (MC) and
methylcellulose derivatives: —’é‘:'?"’?:? A:F: ‘ yicellulose (HPMC), hydroxyethy!
lose (HBMC). These

e most application in

!

methylcellulose (HEMC

—

cellulose derivatives 3
hydrophilic matrices. Eﬂong ese P , PMC is thmnost widely used in the

matrix tablets and other txpes of controlled- release pharmaceutical dosage forms.
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xantharl! gum, molasses, carrageenans, chitosan, polysaccharides of mannose and

galactose and modified starches.



2.3 Polymers of acrylic acid
The most common use of this polymer group is commercialized under name of
Carbopol®. Since Carbopol® is an ionic polymer, the gelling formation is dependent

on the pH of medium.

3. Factors affecting drug release from hydrophilic matrices

There have been several studie evaluated the influence of various
factors on sustained drug release from 1y d atrices. These factors can be

classified into two broad groups: chnologlcal factors.

The formulation ecti gd cleas m hydrophilic matrices

include polymer concefrati g and polymer particle size, viscosity of polymer,

3.1.1 Polymer

The effect of polymer ¢ elease rate was reported by

several researchers (Ve et al., 1999; I ..Qr“ Zatz, 1993; Sujja—

areevath et al., '% ,-1993; Xu and Sunada,

matrices was mainly

1995). These studies r@aledt at the'rate of drug release [ )

controlled by polymer coxicea.ratlon An i increase in polymer concentration leads to a
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of the gel layer qound matrices contamlng higher polymer content. This can also
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the mat ces, the resulting gelatinous diffusion layer become stronger and more

resistant to erosion (Alderman, 1984).



3.1.2 Drug particle size

The drug particle size also affect drug release from hydrophilic matrices. The
drug particle size is important in the case of insoluble drugs. For soluble drugs,
differences are only noticeable at low levels of polymer and when the drug particle
size is large (Ford et al., 1985). Valasco el al. (1999) reported that the release
exponent (n) of matrix containing the lower size of diclofenac sodium particles was
small. This result may be explained in terms of the effective surface areas of drug
particles. The small drug particles C : ore easily when dissolution medium

penetrates through the matrix, res ; !z of diffusion. The larger drug
i i ions € more prone to erosion at

e ———

' rate was also studied.

Alderman (1984) stated t .' L cle si f hydrated too slowly to

Mo e
(N ek

before the contents of the tablet 'Hﬁi:&lssdv ma urely. Moreover, Mitchell et al.
(1993) indicated that, when th@l{?@c’qﬁ; was higher, the effect of the particle

size was less importamon the release of propanolol hydrochlc ¢, while the effect of
this variable was morg important wh
Dhopeshwarker and 29 (199

produced the slow and repiocgl.(.:ible release pro‘aljs.

AHELANENINEING

¥ viscosity
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(Kurahasqxi etal., 1996, Liu et al.,1995, Sung et al., 1996, and Vézquez et al., 1996).
However, In case of high viscosity grade of HPMC (more than 4000 cps), the HPMC

viscosity is a less important in controlling drug release from the matrices (Kurahashi

twas low. In addition,

C partic@size of xanthan gum



et al., 1996.) The diffusion coefficient is unchanged with increasing viscosity,

implying that gel tortuosity do not increase when the viscosity was increased.
3.1.5 Drug solubility

The solubility of drug is one of the important factors that is related to
mechanism of drug release. Alderman (1984) studied the mechanism of drug release
from HPMC matrices and concluded that water-soluble drugs were released by

diffusion out of dissolved drug mo ecule

sg the gel layer and by erosion of gel
layer, whereas water-insoluble @ ug ANEk | inly by erosion. Talukdar et al.
(1996) studied the influencé*of drug ili elease. They found that the
release of soluble dru ; in) was faster than the
release of insoluble dr anthan gum matrices.
Moreover, the differen as_also observed. Being
soluble drugs, caffeine a se d‘by the mechanism of
diffusion, while indo ased by predominantly

via erosion.

In addition, Cox et 90N sty ie effect of pH of the dissolution
medium on drug release from Ratrices. found that the release of S (+)-

ibuprofen from mini-matricescontai g “Xant g or HPMC and lactose

very poor (0.1 mg/m ‘=‘ % i Incre i& solubility of the drug
improved dramatically. {T'he, dissolution studies using the pH change method
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dissolution medium was a critical factor is in determmmg the dissolution rate of § (+)
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3.1.6 Type of diluent

Replacement of HPMC by either a soluble or insoluble diluent increases
dissolution rate (Lapidus and Lordi, 1966). Additionally, only at high diluent level,
difference in drug release between soluble and insoluble diluents exists. This is
consistent with other studies. Ford et al. (1987) found that the replacement of portions
of HPMC within the matrices by diluents increased the drug release rate, irrespective

of whether the diluents were water soluble or water insoluble. Moreover, Cox et al.

rates of xanthan gum mini—-matrices

o wer ry similar and slower than those
n&gress ® are water—insoluble

lifferent. This may be due

have been several comparative ‘stiid olymers in controlling drug release

from hydrophilic matrlces (CQ!!.’B(:&

areevath et al., 1996;Talukdar et 2
-

seshwarker and Zatz, 1993; Sujja-

Y )

1 and hydroxyﬂ;pyl methylcellulose for
controlled-release drug delivery was reportedgby many researchers (Cox et al., 1999;

et 50 B Y 940 g o

that the encapsulated S(+)—1buprofen mini-matrices containing hydroxypropyl
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matrlx- orming agents in respect of compaction characteristics and in vitro drug

The comparatig study of xanthar ol

release behaviour was assessed by Talukdar et al. (1996). They found that the overall
compaction characteristics of these two polymers similar. However, the flow

characteristics were different, i.e., xanthan gum was more readily flowable than
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hydroxypropyl methylcellulose. In addition, they concluded that, in respect of
controlled drug release behaviour, xanthan gum matrices had some important
pharmaceutical as well as economical advantages (e.g. absence of initial burst release,
higher drug-retarding ability, more reproducibility in drug release rate, and the
possibility of zero—order release kinetics) over hydroxypropyl methylcellulose

matrices.

The higher drug retarding ability of xanthan gum can be explained in terms of

the higher strength of the hydrated gél | nd xanthan gum matrices. Talukdar

et al. (1996) studied the rheo‘_loy cal characteristi : 2:than gum and hydroxypropyl

methylcellulose solution. showed gel-like properties

— - —
and hydroxypropyl methyl i olymer solution behaviour. This
result indicates that hydr | Iulose matrices are more susceptible to

erosion than xanthan gu

Moreover, luded that matrices
containing 5% xanthan lar to tablets containing
15% hydroxypropyl methy M ) Therefore, xanthan gum
can be used in very smal ' 173 that of hydroxypropyl
methylcellulose) to achieve a ¢ Gttt release profile. This is a distinct
advantage in formulating high dﬂpﬁ@ sive increase in tablet weight.

A number of susta"nﬂrelease matrix fwulations involving the use of natural

gums as regarﬂgﬂy&jrﬁv%mgwﬂ@}rﬂl been used such

as xanthan guny) karaya gum, locu ¢ and carrageenan. The difference in
type of gu hows variable _degrees of i lease. jja- et al.,
ook ar Rk W ¥
on the rglease of § (+) — ibuprofen than karaya gum. Moreover, Sujja—areevath (1996)
found that sustained release of diclofenac was achieved from mini—matrices

containing locust bean gum, xanthan gum and karaya gum, while carrageenan did not

produce sufficient sustained release
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3.2 Technological variables
3.2.1 Tablet shape and size

The influences of tablet shape and size on the rate of drug release from HPMC
matrices were examined by Ford et al. (1987). They summarized that the rate of drug
release was proportional to the surface of tablet since release rate decreased as the

tablet surface area decreased.

Although comprg sure affects the porosigy.of the matrices, it has little

3.2.2 Co

effect on the dissolutigasfate kidlar 12 ‘ f}m or- Vercan men,1993; Véazquez et

f prid - 4 |
When the matrix is immersed-in disse on medium, the dissolution medium
. T L2 " ;
dissolves the drug at the sutface; resultir mediately release and partial

dissolution mediuni“Hene ayer expands, getting the
thickness of gel layer' ound the matrix. Here the polymer-¢hains are entangled and
the strongly gel layer isfformed. Consequently; the gel layer acts as a hydrophilic

e T4 R

away from this hydration positio& when sufficient dissolution medium has
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penetration can continue until the matrix is completely dissolved.
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According to the proposed drug release mechanism as mentioned above, the
drug liberation from hydrophilic matrix is produced by two simultaneously
mechanisms as follows: the dissolution of drug in dissolution medium and diffusion

through the gel barrier and the erosion or dissolution of the outer gel layer.
Moreover, Alderman (1984) concluded that the mechanisms of drug release of

water-soluble and water-insoluble drug content matrices are different. Water soluble

drugs are released by diffusion out of the gelatinous layer. Drug may also be released

4.2 The kinetices

The amount of m-polyn ic X is often analyzed in terms
of square root of tim i nodel); “in' acco ¢ with following equation
(Higuchi, 1963): |

f‘r ‘. -'.l"'
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where Q = mount of drug nitsurface area

D c;-=—- Voswa r;;—I_mmmw—% “ the release medium

i
=

“ 0 i

the tortuosity of the matrix

ﬂ‘ DEZlekin2h b 11k Rk

= the solubilify of drug in th erelease medium g 4
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In general Higuchi’s equation is usually desired and used as in equation
Q = ktl/z
where k = Higuchi constant.
Nevertheless, the use of Higuchi model is not justified because the conditions

process. In addition, the Higuchi’s equa S 110t take into consideration that the
matrix system can be erodible-and th : Iymeric chain can contribute to

drug transport. Therefor

Ritger and Peppas (1987)
that is well-known for diss ifion data frem, polymeric system. This

ctional release on time. The

N

equation is based on a

expression is given below,

i#‘
v
Wi

i s i) _
Where, M,/M_ = the Efv relcase of d rug up to time t

k 8 ycmﬁT_.": geometric

m d r', lcase device
n - the release exponent indicative of mechanism of drug

ﬂ‘lJEl’JVIEm‘iWEﬂﬂi

The determination of t&ae exponent n 1s valid for the fi t 60% of the

SN

1994).



Table 1 Diffusion exponent and solute release mechanism

Diffusion exponent (n) Mechanism of drug release
Film Cylinder Sphere
0.5 0.45 0.43 Fickian diffusion
0.5<n<1 0.45<n<0.89 0.43<n<0.85 Anomalous transport
1 0.89 Case II transport
n>1 n>0.89 N - Super case I transport

5. Acyclovir /

I NENANEAR T
e IR NTINRINY A Y

Chemical Name 9-(2-Hydroxyethoxymethyl) guanine; 2-Amino-1, 9-

dihydro-9-(2-hydroxyethoxymethyl)-6H-purin-6-one

Characteristics A white or almost white crystalline powder
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5.2 Physical properties (Wagstaff et al., 1994)

Melting point Acyclovir is stated to melt at temperatures higher than

250°C, with decomposition.

Dissociation constant pK,2.27,9.25
Partition coefficient 0.022-0.024 (between water and n-octanol)
Solubility Acyclovir is slightly soluble in water; insoluble in

Acyclovir i§ @ synthetic-acyetic-purine-nucieoside-an ic-purine nucteoside anai 03 of natural nucleoside

2’-deoxyguanosine. [t-ha herpes simplex viruses

types I and II (HSVF#and HSVII), va?cella zoster viru@Epstain-Barr virus and

cytomegaloviﬁ. u EI ,‘j Vl EJ qn ,s."'w H ~ ﬂ i

55 thmacokmetzcs (Lasking 1983; O’ Brign and Campoli-Righards, 1989;

q AR IRINYIaE

Oral acyclovir is slowly and incompletely absorbed form the GI tract. Peak

concentrations are reached in 1.5 to 2 hours and its absorption is unaffected by food.

Bioavailability is between 15% and 30%. Acyclovir is widely distributed in tissues
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and body fluids. The volume of distribution (Vq) is about 70% of total body weight.

The elimination half-life (tir) of acyclovir after IV administration is 2 to 3 hours.

3.6 Indications (Laskin, 1983; O’ Brien and Campoli-Richard, 1989; Wagstaff
et al.,, 1994)

The oral forms of acyclovir can be used for treatment of initial and

recurrent episodes of genital herpes in certain patients and acute treatment of herpes

zoster (shingles) and chickenpo (varicelle r.the parenteral form of acyclovir, it
is used for treatment of initial and ﬂal and continuous HSV-I and
HSV-II and varicella-zost ies) iqﬁctimocompromised patients.

5.7 Adverse rw%

Acyclovir appeargfto

oral acyclovir has b adverse reactions are

nausea and vomiting. T, th parenteral acyclovir is

Hydroxyprog odoricss-and & ess, white or creamy-
white colored fibr or granular p 3 cold water, forming a
“(Kibbe, 2000). HPMC

undergoes a reversible® sel, to gel transféuhation upon heating and cooling,

respectively. ﬂe‘LJI&LQ imogomdﬁem&n’lﬂaﬁ of methyl and

hydroxypropqu'gubstitution. HPMC yis neutral, npn-ionic polymergthat are not

BT P EIAIAL DL e o

boratesg or Interaction with other polymers to form complexes or coacervates.
Sq ¥ poly

n. It is not soluble in hot wate:

However, HPMC can be gelled or salted out of solution when the concentration of
added solutes or electrolytes exceeds certain limits (Greminger and Krumel, 1980).
HPMC solution is generally stable in the pH range of 3 toll. Below pH 3, acid-
catalyzed hydrolysis of the glucose linkage becomes significant, and above pH 11,
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oxidative degradation takes place (Greminger and Krumel, 1980). The chemical

structure of HPMC is shown in Figure 3.

CHzOC”;

Figure 3 i g topyl methylcellulose

Xanthan gum j igh culat-weight natural carbohydrate. It is a

polysaccharide produce ak ¢ ure \ entation by microorganism
Xanthomonas campestris, ad orgafism orig isolated from the rutabaga plant.

Following fermentation, xantha i_ghm iS¢ red by precipitation in isopropyl

=——
alcohol, then dried and mille n—ﬁ%{gk asi vhite-colored, odorless, free-
flowing and fine pay vder (Kibbe, 2000). . _

7 = X

a

Xanthan gum contains three differren monosachari(m: mannose, glucose, and
glucuronic acid (as a miXed, potassium, sodium, and calcium salts). Each repeating

lck o the i Bt o b 1A WY Kk o marnoss, on

glucuronic acid)l The polymer’s main _chain is made up of B-D-glucose units linked

4
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Two mannose units and the glucuronic acid unit make up the side chain. The
terminal B-D-mannose unit is glycosidically linked to the 4-position of B-D-

glucuronic acid, which in turn is glycosidically linked to the 2-position of o-D-
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mannose. This side chain is linked to the 3-position of every other glucose residue on
average in the polymer main chain. Roughly half of the terminal D-mannose residues
carry a pyruvic acid residue linked ketalically to the 4- and 6-positions. The
nonterminal D-mannose unit on the side chain has an acetyl group at the 6-position.
Therefore, xanthan gum is anoionic by virtue of carboxylic acid residues on the B-D-
glucuronic acid and the pyruvic acid moiety on the terminal D-mannose (Cottrell et
al., 1980).

unvarying chemical structuse and the uni ity ofsehemical and physical properties
of xanthan gum. The structusairigidi ‘ gum produces several unusual

properties. Contrary to thgser of %] ical anionic polysaccharide,
the addition of salts to alt=fgee Xar n, causes the viscosity to

increase when the g \ 0. Xanthan gum is a stable

material. Aqueous soil range (pH 3-12) and

temperatures between 10460 b 'hf' Th

BEECE

Y2

P
\\\ structure of xanthan gum

Y18 Y

M@®=Na K 11nCa

Figure 4 The chemical structure of xanthan gu



20

8. Alginates (Cottrell and Kovacs, 1980)

Algin is polysaccharide found in all brown seaweeds. Only a few species of
brown seaweeds are used for commercial production of algin. The principal source of
the world’s supply of algin is the giant kelp, Macrocysis pyrifera. Other seaweeds
used for algin manufacture are Ascophyllum nodosum and species of Laminaria and
Ecklonia. Algin exists in the kelp cell wall as the insoluble mixed salt (calcium,
magnesium, sodium, potassium) of alginic acid. Alginic acid is a high-molecular-

weight linear glycuronan comprisi -mannuronic acid L-guluronic acid.

Figure 5 illustrates the struc r (a), chain conformation (b)

block distribution (c).

(@)
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(©) m m
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Wﬂﬁ;ﬂﬂ‘ ﬁmgﬁ MG-block '

Figu% ﬁcﬂﬁmﬂﬂigsm)uim;l&m (E)I:;Jranunation,

(c) block distribution
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In the seaweeds, the algin is apparently present as a mixed salt of sodium
and/or potassium, calcium, magnesium and is a high-molecular-weight polymer. The

exact composition varies considerably with the type of seaweed but does not affect

processing.

Commercially available, water-soluble alginates include the sodium,
potassism, ammonium, calcium, and mixed ammonium-calcium salts of alginic acid,

propylene glycol alginate, and alginic acid itself.

Pure alginates dissolve -\\:}\ v rm smooth solutions with long-
flow characteristics. The pliysical va abl S e flow properties of alginate
solutions are temperature, s ation, and the presence of
solvents miscible with tt atar. Th ariables that affect algin

solutions are pH and t , 7 valent salts, polyvalent

Carbomer are sy igh molecularaveigh ymers of acrylic acid that

are crosslinked with either all§dsticro e allyl ethers of pentaerythritol. The

polymerization solvent is m@ ~-however, some of the newer
commercially avaul ole grades of carbomer are manufac red using either ethyl
acetate or a cyclol contain between 56-
68% of carboxylic acug ed on th@lry basis

confi LA TH B B

‘fluffy’, acidicillhygroscopic powders with a sllght characteristic odor Carbomer

<A RIS TR I

preparatlon in suspensions, tablets, or sustained-release tablet formulations. In tablet
formulations, carbomers are used as dry or wet binders and as a rate-controlling

excipient.
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Carbomer dispersed in water forms acidic colloidal solutions of low viscosity
that when neutralized produce highly viscous gels. Agents that may be used to
neutralize carbomer polymers include amino acids, borax, potassium hydroxide,
sodium bicarbonate, sodium hydroxide, and polar organic amines such as
triethanolamine. Neutralized aqueous gels are more viscous at pH 6-11. The viscosity
is considerably reduced at pH values less than 3 or greater than 12 or in the presence

of strong electrolytes. The chemical structure of carbomer is represented in Figure 6
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