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Abstract: Oral controlled drug delivery has gathered tremendoustiattenver the years due to its many
advantages over conventional dosage forfglymer-based matrices have become an integral part of the
pharmaceutical industry. Hydrophilic matrices are capabt®ntrolling the release of drug over an extended gerio
of time. Hydrophilic polymers, especially the hydrophilierivatives of cellulose ethers, are frequently used for
these applications. Therefore, the objective of this reisdw discuss the scientific and physicochemical aspects of
these polymeric systems that can affect the drug releasestrcimformulations.

K eywor ds: Hydrophilic matrices; Hyromellose; Methylcellulose; Matrixedimg; Matrix erosion

direct compression of a powder mixture of drug with a
) release retardant, swellable polymer and other additives to
1. Introduction aid processing. Such matrices are commonly employed
because of the advantages associated with their
The goal of any drug delivery system is to provide amanufacturing, including simple formulation, the use of
therapeutic amount of drug to its intended site in the bodyexisting tableting technologies and the low cost of
so that a desired drug concentration at the site of action iﬁ)|ymersl which are generally regarded as safe excipients
achieved promptly and then maintained over a specifiefl7]. These hydrophilic matrices have the ability to release
period of time. Thus, an ideal drug delivery system shoul@he drug over a defined period of time, as they do not
have the capacity to deliver drugs at a particular rate agndergo disintegration when delivered to patients, as the
required by the patient. However, most traditional oraldrug is entrapped in the polymeric network at the
dosage forms require frequent and repeated doses particulate level (Figure 1).
achieve these objectivés,2]. Thus, it is far from an ideal
therapeutic environment as fluctuation of plasma drug
concentrations over successive administrations may lea
to overdosing or underdosing of the patient. Moreover,
drugs with short biological half-lives require frequent i =
doses to maintain therapeutic concentrations in the bod
Additionally, the lack of compliance due to a forgotten
dose or overnight troughs can significantly deteriorate the
treatment plaf3].
Owing to these problems, controlled drug release '
approaches have become popular over the years. The Usgyre 1, Cross-sectional view of typical hydrophilic matrix fieth
of hydrophilic polymers to develop hydrophilic matrices
became eminent as they enable the drugs to be releasemerous swellable, carbohydrate-based polymers are
continuously over long periods of time, which ultimately available, allowing flexibility for the needs of an
improves patient compliance and decreases patient-toindividual formulation to achieve specific goals in drug
patient variations in drug administration patterns.therapy8].
Furthermore, it reduces the total amount of administered

drug and possible side-effects related to high peak plasrrg Cdlulose ether-based hydl‘Ophi”C
drug levelg4]. S
matrices

Entrapped drug in polymer
7 matrix network.

2. Hydrophilic matrices Among the swellable polymers usually used to develop
these hydrophilic matrices, cellulose ethers, specifically
Hydrophilic matrix tablets are the most frequently usednethylcellulose (MC) and hypromellose (hydroxypropyl
controlled release oral dosage forms intended for orgnethylcellulose, HPMC), have provoked extensive
administration|5,6]. Commonly, hydrophilic matrices are Interest[6]. Their widespread acceptance can be attributed

mor matrix | n n i repar good_ qomprgssion properties_, adequate swelling
compressed matrix tablets and can easily be prepared %%aractenstlcs which allow the matrix tablet to develop an



external gel layer on the surface of matrix tablet, non-toxic The development of the gel layer actually divides the
nature, availability in different grades, ability to give pH matrix tablet into three different distinguishable regions.
independent drug release profiles, anti-static propertieShe highly swollen outer region (erosion front) has the
and amenability to high levels of drug loadifgg]. highest amount of water molecules but it is mechanically
weak. However, it acts as a diffusion barrier preventing
4. Mechanism of swelling, erosion and drug  water penetration into the other two regions. The middle
release region (dissolution front) is moderately swollen and is
) ) ) : .__relatively stronger than the outer one. The core of the
Polymer swelling, drug d'SSOI.u“On and matrix erosionyayriy taplet which actually forms the innermost region
are the phenomena thgt_determ!ne the mec“"?‘”'sm of drfgvvelling front), remains essentially dry and holds its
release frqm hydrophilic matrix tablets, either on 3glassy state for a longer period of tifi&e20]. Moreover,
macroscopic or molecular levgl1]. When .d.rug Ioa}ded there is evidence that a fourth front (penetration front) is
swellable cellulose ethers based hydrophilic matrices argso present, between the swelling and dissolution fronts
exposed to dissolution fluid, steep water concentratiorédding furthér complexity to the systéfi]. A schematic '
gradients are formed between the dissolution fluid and thﬁlustration of the different fronts which develop due to
outermost surface of matrix tablet. This results in wate iquid penetration is shown in Figure 2.
imbibition into the polymer matrix network. To describe

this process adequately, it i.s important tp consider theThe gel layer grows over time as more water penetrates
exgct geometry of 'the matrix t?‘bIEt', as in the case cﬁ@]to the matrix tablet. The polymer chains present on the
cylinders, both axial and radial directions of mMasSq,tace of matrix tablet hydrate quickly compared to those
transport can be mamfesteq Wh'Ch ha"? a significan, .ated inside the core and contact with the liquid causes
depe_ndence_of the water diffusion °°9ﬁ'c'e“t and th‘?:hain relaxation (swelling) which initiates erosion of the
matrix swe_llmg [12_,13].When dry matrix _tablets A% matrix. Instantaneously, the outermost layer becomes fully
introduced into the liquid system, the diffusion Coeff'c'emhydrated and starts to relax, leading to the
tends to be very low, whereas in highly swollen gels, it i%isentanglement of polymeric chai{éﬁ]. Consequently,

of the same magnitude as pure watgr. So, the liquid acts trices start to dissolve from their surface, as water
a plasticizer and the glass transition temperaturg (T continyously permeates towards the dag. The relative
reduces from somewhere between 15884 °C to around 5405 of liquid uptake and erosion of a polymer matrix play
the system temperature, 37 [1d]. Once the g'quals the a critical role in controlling the rate of drug release. The
temperature of the system, the 'polyme_r chains start tgwelling, matrix erosion, drug release mechanism and rate
relax and eventually disentangle incregsihe molecular 5o gependent on the concentration, degree of substitution
surface ared6]. This phenomenon of polymer chain 5,4 holvmer chain length of HPMC being used in the
_relaxatio_n is terr_ned_ ‘swelling’ and the continuous inward ydrophilic matrices24,25] HPMC has the potential to
INgression of liquid b_reaks the hydrogen bonds forme drate quickly enough to form a gel layer before the drug
during tablet compaction and can lead to the developme% trapped in the tablet matrix can dissolve.

of new hydrogen bonds apcor_nmodatlng W‘%tef molecules There are two processes involved during the dissolution
[15]. Therefore, the redu.ctlon mgﬁn.d formation of NeW  of hydrophilic matrix tablets, by which polymer erosion
hydrogen bonds results in the swelling of polymer chainsg o the hydrophilic matrices takes place. Firstly, the
As a consequence, a thick gelatinous layer appears on e ianglement of individual polymer chains at the
surface of matrix tablets, commonly known as a gel layerg, tace of matrix tablets and secondly their subsequent

as MC/HPMC pass from the amorphous glassy state o the,nshort 1o the surrounding bulk solution. The physical
rubbery staté[8, 16-19]

Erosion front Dissolution front Penetration front Swelling front
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Figure 2, Mechanism of drug release from hydrophilic matrix table



entanglement of the polymer chains precludes polymer
dissolution, but polymer present at the outermost surfac - T,
is diluted by the bulk dissolution medium over time to & @é’:&
point when the polymeric network no longer has structure =~ meestion of matrix tablet. — ¥
integrity.  This  eventually leads to polymer Lnitial swelling. of nolvmeric chains (D
disentanglement and the matrix tablet starts t0 diSAPPE and development of el laver at the
[4,6,13,17,26].Both MC and HPMC are water soluble ;‘;;{:‘ljfw‘;{ei‘;';'l-ﬂjdl‘_‘:;‘u::::f ot
and, as the water penetrates into the hydrophilic matri:

the polymer chains become hydrated and these eventua f:.ﬁ?:f.i::'f,ffﬂll:ﬂ:’as Tiguid
start to disentangle from the matrix because MC an

HPMC contain linear hydrophilic polymeric chains which
do not chemically cross-link but instead form a gelatinou

A shess

layer on the surface of the tablets that is vulnerable t RaiE

matrix erosion. At hlgh pOIymer Concentratlons! the Ilnea Water soluble drugs released by Poorly water soluble drugs mainly

po|ymer chains entang|e to form what may be considere diffusion through the gel layer and released by exposure through
by exposure through erosion. erosion.

a physically cross-linked structure, which eventually

erodes, resulting in the liberation of polymer and drug
molecules[24]. However, the rate of polymer erosion is

dependent on the viscosity of the MC/HPMC grade being
used in the formulation. Tablets fabricated using a higlFigure 3, Release mechanism of water soluble and poorly walablso
molecular weight and viscosity grade MC/HPMC showdrugs from hydrophilic matrix tablet

more resistance to polymer erosion than the low molecular .
weight and low viscosity gradés$,27]. >.1. Effect of concentration

Figure 3 illustrates a general drug release mechanisr&)mmonly it is noticed that regardless of the

on the basis of solubility of incorporated drugs. Release IBh . ; : -
e : ysicochemical properties of hydrophilic polymer, the
controlled by diffusion through, and erosion of, the gely.,q release rate decreases with an increase in the levels

layer and any drug present on the surface of the matrigs holymer in a hydrophilic matrix tableReza et al.
tabletis quickly released. This is followed_ by expansion >003) [36] reported that higher levels of polymer
of the gel layer as water permeates into the tableforrespond to a lower porosity of the matrix tablet and
increasing the thickness of the gel lay#,29] If a well-  slower drug release rates can be achieved. Moreover,
defined gel layer is formed, the rate of drug release ighube et al. (2004) [37hvestigated the effect of polymer
reduced and becomes dependent on the rate at which thk&els on the release of acetaminophen and found an
drug molecules diffuse through the gel, as well as the ratiacrease in the percentage of polymer (3.5% to 19.2%) in
at which the barrier layer is mechanically removed bythe matrix tablet led to a decrease in the drug release rate.
attrition and disentanglement of the matrix. In most casesfhe results of these experiments are in complete
both diffusion and erosion occur simultaneougsi9-34] agreement with the findings dfitchell et al. (1993) [24]
Highly water soluble drugs diffuse through the gel layerwho concluded that a greater degree of physical cross-
before the matrix erodes, but it is suggested that thénking of polymer chains is evident when the amount of
presence of poorly soluble drugs can increase matrik'PMC_haS been increased. This in turn _Increases the
erosion by imperilling the integrity of the gel layer tortuosity of release pathway from the matrix tablets _and
[33,34]. So, the solubility of entrapped drugs is anotheresfse”“a"y corresponds to sIov_ver drug release. The flrs_t 5
key factor in determining the drug release behaviour fronfn contact between the matrix tablet and aqueous fluids

O . g e i ime for the development of the gel
hydrophilic matrices. Mechanistically, both diffusion and 'S @ Very important time for |
erosion will be contributing factors in controlling drug layer on the surface of matrix tabl8,39]. After such

o : .- times, if the structure has not formed, the matrix may
release from a hydrophilic matrix tablet. In practical ' . '
terms, however oze pFr)ocess will often play a F(;ominan rode too quickly and lead to premature drug release,
role dver the o,ther depending on the HPMC level an |gher_ polymer content in a matrix tablet results in the
solubilitv of other matrixptablet gonter{l&S] ormation of a stronger gel; at low polymer levels the gel
y ' does not form quickly. As hypromellose content is
: increased, the resulting gelatinous diffusion layer becomes
5. Factors affeCtmg drug release stronger and more resistant to diffusion and erogion
— .. Recently,Jain et al. (2014) [41¢oncluded that the higher
Although the - fabrication of compressed hydrOphmcbevels of HPMC in a matrix tablet exhibit slower erosion

malrices may be simple, it becomes very complex an@nd drug release rate. These conclusions are in complete
challenging when it comes to explaining the mechanism o ordance with the findings @hori et al. (2014) [34]

drug release from these polymeric devices. The¢C . X .
physicochemical  properties of MC/HPMC  and who reported that the increase in the HPMC concentration

0 oy .
incorporated drug  significantly impact the swelling, (20% to 80 %) in a matrix tablet tends to decrease the rate

erosion and drug release. In this section, the principa‘iJrug release, regardless of drug solubility.

factors that can affect swelling, erosion and drug release However, there is a difference of opinion, as some

will be discussed; however, a summary of all the majoauthors do not agree with this notion, as in the case of

contributing factorss presented in Table 4.1. [23]. In their studies, these authors prepared the
hydrophilic matrices incorporating a highly water soluble
drug, tramadol, and failed to observe significant changes
in the release profile with changes in the polymer
concentration. In formulations of drugs that are highly



soluble in water, it is usual to find that, above a certaif24] with different substitution levels are not due to
percentage of polymer, the release rate does not decreasdifferences in hydration rate. Further studies using
It was reported that once a particular polymer level ishermo-mechanical analysigl9] indicated that the gel

reached, the effects from characteristics such as viscositigyer thickness (which will affect the diffusional path
burst effect and particle size are less evident. A polymelength) is similar in HPMCs of different substitution type.
content of 30%- 40% appears to be the level at which The type of the substituent determines the hydration rate
similar drug-release profiles are obtained from differing®f the polymer and can significantly affect the hydration
grades of hypromellose (2208, 2906, and 29K)].  'ate and drug release. The drug release is dependent on the
However,Campos-Aldrete and Villafuerte-Robles (1997) substitution type if the pOIVmer level is kept .IOW' SO that
[38] reported that the HPMC concentrations higher thaﬁhe polymer concentration is not the overriding factor in

o trolling the swelling, erosion and drug release
20% can become the overriding factor and the effect FOntro - : -
viscosity and particle size do not cause any significa ehaviour of hydrophilic matricefs.8,50} The change in

changes in the dr release profiles. Moreover. th he substitution levels impacts the polymer relaxation in
ges | ug profiies. Ver, Neaplet matrices; it was confirmed that different substitution
conclusions ofHeng et al. (2001) [42&are in complete

. . : levels gave rise to different water mobility, leading to
accordance with aforementioned studies, and that thgitering drug-release characteristi€s1]. Furthermore,
increase in HPMC concentration can S|gn|f|cantly,v|ccrysta| et al. (199952] confirmed that the amount of

suppress the impact of particle size. water that attaches to the polymer and the amount of
) ) tightly bound water significantly depend on the degree of
5.2. Effect of particlesize substitution. The substituents of a polymer side chain alter

its polarity and melting point. For example, substitutions

Over the years, the effect of the particle size of th e b -
polymer on drug release has been studied in depth t;?f the side-chain groups by more polar groups result in a

; . %duction in the crystallinity of the polymer, which is
different authorg3s, 434(.5]' A general obse'rvatlo'n can be reflected in a decrease in its melting point. This affects the
drawn from these studies that the particle size of th

) i Solubility of the polymer in water. In general, the agueous
polymer is not as decisive as expected. However, narrowey y boly d ’ 9

. X N X X olubility of a polymer can be said to be related to its
particle size distribution of polymer in a matrix system y POy

L ability to establish hydrogen bridges between the
initiates the prompt development of the gel layer on th%ydrggen atoms of theywat%r and tr?ose of the oxygen

surface of matrix tablet. Hydrophilic matrices formulatedpresem in the side chain and the substituents of the
with polymer particles sizes larger than 200 pm olymer[53]. In the particular case of matrix systems, the
disintegrate  before the development of thg so-cglle pe of substitution not only influences the solubility of
surface gel layer, while those formulated with partlclethe polymer in water, but also the gel strength, and the
sizes smaller than 150 pm can form the gel layer rapidly, — qyelling and erosion of the polymer. In the ‘case of
preventing the disintegration of the system and lead 9,p\c " the rate of swelling depends on the side-chain
prolonged drug release profilgs7]. Mitchell et al. (1993) g hetitents, such that the higher the number of hydroxyl
[24] reported t_hat the poly_mer particles tend to dlssolvegroups the faster the hydratiof54-57]. Moreover
slowly and failed to provide adequate controlled drugEscudéro et al. (2010) [57étudied the influence ’Of
release. The use of larger sized hypromellose MK15 replacement of the HPMC chain on the release of

particles (> 355 um) left much larger pores on the surfacg,q opyiline contained in mixtures of a swelling polymer

of matrices that essentially make the gel layer structurgy,"an inert one. Three different types of substitution

unstable and lead to rapid drug release. Some authors ha}ygsed on methoxyl and hydroxyl groups were tested,;

proposed that the effect of MC/HPMC particle size can b%4M K4M and E4M. and the HPMC E4M resulted in
g"”'m.'seg . W;Lh h'glh conctt_antraltllo;_;e of ?ollymzeg%,l aSslower drug release rates because it had the largest number
escribed in the earlier section, 4.5:eng et al. (2001) ot by grophobic substituents (methoxyl). For the ratio,
[42] carried out experiments to elucidate the impact o nert polymer/swelling polymer 75:25, where the

Fhart'ﬂgl\j'ée ;fsﬁ/:ug r::tl_ease pr_?glles. It was re‘,?a?led.th"?:tharacteristics of viscosity and substitution of the HPMC
e matrices, with a mean parliclié Sizeyqare |ess important than the properties of the inert

Sr;‘a“er.tha“ lé3 ey release d;“g .th“’“gg a Combi“fation [, polymer, the mixtures made with HPMC F4M and E4M
Of €rosion ana difiusion mechanisms. HOwWever, for ma rI>%I\Iowed a more homogeneous gel structure and easier

tablets having a HPMC particle size o_f greater than 11 odulation of drug release rate
um there was rapid drug release behaviour and the release
mechanism was considered to be more erosion-basefs Effect of viscosity (molecular size/chain length)
Furthermore Miranda et al. (2007) [48teported on the . . ) .

relationship between particle size of matrix componentd N€ viscosity of MC/ HPMC is considered to be another
and their percolation threshold. It was concluded that thémportant parameter that controls and determines the
larger polymer particle sizes were less effective in thénechanism of release. The viscosity of a polymer in

formation of a homogeneous gel layer. solution very much depends on the chemical structure of
the polymer, its molecular weight and its interaction with
5.3. Effect of substitution the solvent. Various authors have studied the impact of

_ _ MC/HPMC viscosity on drug release from hydrophilic
Different polymer properties have been reported to benatrices. It can be concluded from these studies that the
responsible for the rate of polymer hydration, includingnigher the viscosity of a polymer, the faster the swelling
substitution type. It was initially proposed that celluloseqf jis side chains, forming a very strong gel, which
ethers of different substitution levels hydrate at differentyocreases the drug release rate. Moreover, various studies
rates af‘d this facto_r may be used to optimise @ ave reported a decline in the rate of drug release with
formulation of sustained release matrices (Aldermanincrease in the polymer viscosi§8-60]

1984). However, using a combination of differential :
scanning calorimetry (DSC) and dissolution studie A study carried out byvan et al. (1991) [61proposed

showed that the differences in release rates for HPMCSIQat anincrease in viscosity of HPMC tends to increase



the swelling and drug release rates. It can be attributed 0. Conclusions

the fact that the pores of high-viscosity hypromellose

block up quickly and inhibit further liquid uptake. This in Hydrophilic matrices have distinct advantages which
turn leads to the formation of a turbid gel, which resistghake them interesting candidate for oral controlled drug

dilution and erosion, subsequently resulting in slower drugl€livery. This review has elaborated the factors related to
diffusion and release ratés2]. drug release mechanism from hydrophilic matrices.

Furthermore, it has been demonstrated Gympos- Moreover, various physicochemical attributes associated
Aldrete and Villafuerte-Robles (1997) [3#iat in the case with pOIymerS _h_ave significant Impact on the pe_rformgnce
of HPMC, increases in the viscosity of the polymer lead toand functionalities of hydrophilic matrices. This critical

Information can be used in the development of hydrophilic
slower drug release rates as long as the percentages

polymer do not surpass 20%. Studies addressing swellinrg trices

and erosion carried out Wyavi et al. (2008) [63] hawe Acknowledgements
shown that the percentages of swelling and erosion are
completely dependent on the viscosity of the polymer and
the percentage of swelling increases as the viscosity &
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