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NOMENCIATIIRE 

CPM: Carboxypolymethylem; DEAE: Diethylanlnmthyl; C C  Ethylcalluloas; HEC: l-tydroxyethylcellulose; 
HW Hydroxypropylwllulo; HPMC: Hydro2c)3rcpylmethytdubs.e; WC: ~ ~ ~ c o l l u l o ~ ;  N&MC 
Sodium Carbaxymahylaellula; PEQ Polpthyiene glycol; P W  Polyanyl almhol; SOBS: Sodhim 
Dodecylcwlphata; SHDS Sodium n-hexadscylwlphate; SODS: Sodlum Octadmylwlphate; SOS: Sodium 
noctylsulphate; STDS: Sodium n-Tehadecylwiphate. 

SUMMARY 

Hydrophiiic matrices are an interesting optbn when deve!ap!ng an oral 

sustained-release formulation. Entering the field of pharmaceutical technology almost 

40 years ago, they have been steadily growing as regards app!!mtions, largely es a 

resuk of the increasing need for sultable pdymars. Recontiy, the physlcochemicai 

mechanisms implied in cosltrodiirig release from such systems have been subjectad to 

new studies, providing tho basis for en Interpretation of the many deta ccnceming the 

dependence of the behaviour of these systems with respect to the techndogicai 

variables imdved in the processes u s d  in their fabrication. It is from this viewpoint 

that this article analyzes bibliographic information and conslders the posslbiittes for 

modulating release of drugs cf high end low sdubliity through contrd of their physical 

properties, the correct cholse of gelling agent and correctly setting up the conditions 

for fabrimtion. 

1355 

Copyright 0 1992 by Marcel Dekker, Inc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1356 

INTRODUCTION 

VAZQUEZ E T  AL. 

The formulation of active principles in rigid gelatinous Capsules or, much more 

often, in tablets, using hydrophilic polymers with high gelling capacities as base 

exciplents, is of real interest In the field of controlled release. When these formulations 

meet water there is a rapid hydration of the macromolecules in the solid-liquid interface 

followed by formation of a viscous layer. The mat& system produced as a result of 

this process can pass along the gastrointestinal tract without breaking up, releasing 

the active principle progressively (1)(2)(3)(4)(5). 

The Interest awakened by hydrophilic matrices In the last few years (6)(7)(8)(9) 

is completely justified in view of the malor advantages they have over other 

alternatives. Among these, the following stand out: 

- With proper control of the manufacturing process, reproducible release profiles are 

possible. The varlability associated with them is slightly less than that characterizing 

coated release forms (10)(11)(12)(13). 

- Though the structure makes the immediate release of a small amount of active 

principle unavoidable (1)(2)(3)(14), their is no risk of 'dumping' of a large part of the 

dose. 

- Their capacity to incorporate active principles Is large, which suits them to delivery of 

large doses. 

- The manufacturing processes are notably straigkforward. If the usual route of 

formulating as tablets is followed this can be done vh  direct compression or 

compression before granulation, either in the dry or In the wet. 

Another reason for the success of hydrophlic matrices is the large variety of 

nonexpensive gelling agents approved for oral use by the competent official 

organizations (15)(16)(17)(18). All of them have a considerable viscous capacity and 

the barrier they form is enough to contrd the entry of water and the release of the 

active principle. Moreover, they must form this barrier quickly else a large part of the 

dosage Is released prematurely (15)(19)(20). This assumes special importance for the 

tablets, which lack the gdatine coating that in the capsules functions as a barrier in the 

initial stages (15). 

- Non-ceiiulow natural or semisynthetic polymers.- These are products of 

Vegetable origin and are used as such agar-agar (21)(22), aiginates (23), mdasses 

The pdymers suggested for use can be arranged into three broad groups: 
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HYDROPHILIC MATRICES 1357 

(24)(25)(26), - or after being transformed via semisynthesis or physicals processes - 
Jaguar (2l),.chitosan (27)(28)(2!3) -. Modified starches are being tried in this last 

respect (30)(31)(32)(33). 
- Polymem of acrylic acid.- Arranged in the Carbomer group (1 6) and commercialized 

under the name of Carbopol (34). The most-used variety Is termed 934 (35)(36)(37). 

The ionic nature of these polymers means that the gelling process is dependent on the 

pH of the medium (a)(%). 
- Cellulose &hen.- This group of semisynthetic cellulose derivatives is, beyond doubt, 

the one which has found the most applications in hydrophlllc matrices. The ones most 

used are non-ionic (gelling efficacy independent of pH of medium), in particular the 

most viscous varieties of hydroxypropylmethyl cellulose (4)(15)(19) . The 

methylcelluloses (40)(41), in contrast, have not proved especially useful in this field. In 
the last few years a number of interesting applications of the ionic sodium 

carboxymethylcelluiose have been found (40)(42)(43)(44)(45)(46). 

in the large amount of literature on this theme, the influence exerted on active 

principle release by the prominent technological variables involved In the fabrication 

processes Is well represented. To be able to extrapolate this information to specific 

cases which arise In practice, it is necessary to consider the available data, covering a 

large number of drugs and polymers of very different natures, in terms of the basic 

processes implied In release. in this respect it is important that the fundamental role 

that the physlcochemical properties of the active principles play in the release 

mechanism (46)(47) be taken firmly into account. Some recent publications, take this 

To make an approximation like that suggested possible, the analysls of the 

information available concerning the influence of the prlnciple technological variables 

on the properties of these matrix systems will be preceded by some considerations 

relative to the mechanisms implied in drug release from these systems. 

UP (40) (44) (4). 

PHYSICO-CHEMICAL ASPECTS 0 F T  HE R E W S E  PROCESS, 

When the dosage form comes in contact with water partial hydration of the 

polymer takes place resulting in the formation of a layer of gel. As the water penetrates 

the system at a rate which depends to a large extent on the nature of the polymer the 

gel layer expands by getting thicker. At the same time, the by now completely 
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1358 VAZQUEZ ET AL.  

hydrated outer layem start to disperse via an atrittlon process which, fuflhermore, 

means the process of water penetration can continue until the system Is completely 

dispersed (14)(15). 

The release of an actke principle by a mat& system Is produced by two 

simultaneous mechanlsms (48)(49)(15): 

a) Erosion or attrition of the outermost, least consistent gel iayen. 

b) Dissolution of the active principle in the iiquld medium and diffusion through the gel 

barrler when formed. 
Which mechanism dominates Is directly related to the hydrosdublllty of the 

active principle. When this is very low the possibllty of release by diffusion will be 

practically zero and release wlli be almost all by surface erosion, giving profiles 

characteristic of zero order kinetics. Or, if the drug is moderately or highly 

hydrosoluble, the mechanism governing release wUI be diffusion. Three stages can be 

discerned in the overall diffusion-ruled release procerJs (1 7): 

a) To begin, the water dissolves the actke princlple at the surface, causing Its 
immediate release. The water penetrates the matrix through the pores and gkes rise to 

the gelling of the polymer. The rate of penetration In the flrst stage depends on the 

poroshy of the system and the gel formed does not necessarily constltute a continuous 

layer, particularly when the polymer partides are relatlvely large. 

b) In the second stage, or statlonary phase, occupyhg 60-70% of the process, the 

water Is continuously penetrating the system, at the same time as the gel is expanding. 

During this phase release Is contrdled by the dlffuslorr process and not by dissolution 

of the actke principle or penetratlon of water. 

c) The tallng-off period starts when the water reaches the centre of the system and the 

concentration of drug falls below the solubility value. This flnal stage is characterized 

by a reduction in the release rate. 

Desplte the great complexity of the process, data for the release of 

hydrosduble actke principles from hydrophillc matrixes Is normally interpreted using 

the relatkelY simple models proposed by T. H/guch/ (SO) and W. Hlguchi (51) adapted 

by LWuUS end Lod i  (48)(52) for this type of systems and which apply to active 

prlmiples of limited solubyhy and to highly hydrosoluble active principles, respectively. 

The W M t h  derived from the two models, which esrume acthre principle dissolution 

and diffusion through the water Rlilng the pores in 'sink' conditions, predict linear plots 

of CWntb Or percentage released against the square root of the time (square-root 
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HYDROPHILIC MATRICES 1359 

type kinetics). These plots are actually obtained in practice in n ~ s t  experimental 

situations, at least in the intermediate Stages of the process. The reasons for the 

frequent deviations observed In the initial and final stages have been discussed by 

Lapldus and Lodl (48). Other models developed since for active principles of similar 

characteristics (!9)(54) lead to similar conclusions. 

it follows from the comments made that the hydrosolubility of the active 

principle plays an important part in the release mechanism. Its importance Is reforced 

by the repeated finding that in the case of soluble active principles the value of the 

Hlguchi constant ts directly related to the magnitude of its solubility (50)(51). The 

greater vadabiiity of release shown by formulations of very sparingly hydrosoluble 

active principles is certainly also of interest (17). Solubility is not the only physic@ 

chemical characteristic that conditions a hydrosoluble active princlple's capachy to 

diffuse through the gel barrler. interesting in thls respect are the results of Korsmeyer 

et a/. (53) with potassium chiorkle, phenylpropandarnine hydrochloride and bovine 

albumin showing an inverse relation between molecular welght and release rate, and 

the large diversity of release rates, clearly correlated wlth the molecular size and form, 

observed in a large group of bronchodiiators by Bebela et a/. (46). The information 

currently avalable in relatkm to these polnts is summtlzed in Table 1. 

in certain cases the usual linear dependence of the fraction of hydrosoluble 

active principle released on the square root of the the  is not observed. To interpret 

these profiles it Is necessary to look dosely at the release process, taking into 

consideration the effects of the structural changes the polymer undergos as it swells, 

induding alterations in the mobility of the polymer chains, macromdecuiar relaxations 

and changes in the porous structure regarding both the mean pore size and the pore 

size distribution (56). Hence, as the swelling process progresses, diffusion of the active 

principle will not only be via the water-filled pores, but also via the polymer chains, the 

incidence of the latter depending on the polymer's @ysical structure, its density of 

reticulation and Its degree of crystallinity and also on the possible solute-pdymer 

interactions. 

d.(W have proposed a semiempirid formula capable of K m e ~ e r  

revealing and identtfylng behavlours whlch are not usual or Fickian: 

where: 

h / M  =ktn 
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1360 VAZQUEZ ET AL. 

MC 

MC 

MC 

MCMC 

TABLE 1 
Summary oi the lltenture rvrllrble conwmlng tho dopendence of release on the 

physlco-chemlcll propettier of tho active principle. 

1 

1 

3 

1 

POLYMERS ~ I NUMBER OF VARIETIES 
STUDIED 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

HPMC 

1 

3 

2 

1 I MCMC 

I 

Natural Gum 1 

2 

PRWIPLES ACTIVES 

Purowmidr 

hinophyliino,Motropoloi 

Atonolol 

knlnophyllino,Promothuino 

BrotlOhodllrtoN 

Wforonta Trrcon 

hlnophylllno,Diampam 
Indom~rdn,Romothulnr 

' Thwphylllnr 
Propranolol,Totrrcydino 

Poturium Chlorldo 

Amlnophylllnr, Ropranoiol 

Pot.rrium Chloride 

PatuJum Chlorido 

Clorphoninmino,Throphylllnr 

hlnophylllno,Diuopm 
hdomoUmdn,Promothuino 

Pmpnnold , T o t r ~ i n o  
Throphyllino 

Bronchodilator~ 

Salbutamol,Vorapunll 

Alprmolol,Metroprolol 

Thoophyllino 

Hydrwhlorothiuidr 

Alpronoiol, Motoprolol 

Bronchodilaton 

Wum Sulphatr 

Bovln Serum Albumin 
Phonylpropanolmlnr 
PotuJum Chiorldr 

REFERENCE 

55 

40 

86 

14 

46 

47 

56 

60 

64 

63 

62 

94 

% 

ge 

97 

40 

79 

41 

40 

46 

!5@ 

53 
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HYDROPHILIC MATRICES 

Slab Cylinder 

0.50 0.45 

> 0.50 > O M  
<1  < 0.89 

1 0.89 

1361 

Sphere   ran sport mechanism 

0.43 flcklM A (-80 I) 

>0.43 
< 0.85 Anomalous 

0.85 casclll 

h / M  is the fractional solute release, t is the release time and k is a kinetic constant 

characteristic of the drug/pdymer system. 

The value of the exponent is conditioned by the diffusion mechanism ruling the 

process (53)(54)(57)(58), enabling this to be Identified according to the criteria shown 

in Table 2. 

TECHNOLOGICAL VARIABLES AND RELEASE. 

1. Pronerties of the active wincinlg 

Leaving to one side the physicochemical properties which are not modifiable 

by techndoglcal processes, the only well described relation for the active principle is 

that between partide size and release. in general terms, the importance of thls variable 

depends on the drug’s hydrosolubllky and becomes especially dear with sparingly 

soluble active principles (14)(59)(60). Nevertheless, the potenthl effects of changes in 

its magnitude on the consistency of the gel barrier (So) complicate matters and 

account for the apparently contradictory results that sometimes appear in the 

literature. 

2. propert ies of the 

The polymer is the element In the formulation that Is most responsible for the 

formation, by hydration, of a diffusion and erosion-resistant gel layer. it is the 
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1362 VAZQUEZ ET AL. 

fundamental component of hydrophilic matrix systems. When selecting from the wide 

range of products nowadays available, the extensive bibliography on this subject 

mentions first and foremost the importance of the polymer's capacity to form 

sufficiently consistent gels (1)(5)(15). As far as highly sdubie drugs are concerned, the 

rate at which this process occurs in the matrlx systems prepared from the polymers is 

of added interest (19)(47)(61). 

For each product with defined structure and chemical characteristics, varieties 

exist with different molecular weights and degrees of reticulation, which gives a range 

of viscous efficiencies. In practice, the importance of this variable, wktain the usual 

working ranges, is especially noticeable in the case of sparingly soluble active 

principles: release from these formulations is by erosbn and dlrectly depends on the 

gd consistency (55). With hydrosoluble drugs, its effects are only evident during the 

initial stages of release (4)(14)(62)(63)(64). Doelker (17) explains this in terms of the 

different gelling rates and the simlar "contlnuum' viscoslty (on whlch diffusion depends 

once the gel is formed) shown by dlsperslons of polymers with different viscous 

efficiencies. An interesting exception is the considerable differences in the 

bioavailability of theophiliyne formulated In HPC matrices found by Nakeno eta/. (65), 

which they attributed to the different viscous efficiencies of the varleties used. 

Regarding the polymer's physical properties, Alderman (15) has suggested 

particle size affects release through its incidence on the rate of formation of the gel. 

The proportion of polymer is the usually employed control variable of release 

rate. With hydrosoluble active principles, this connection is directly deducible from 

Higuchi's equatlon (50)(51). With sparingly soluble active principles it stems from the 

gel consistency being effected by the proportion of polymer (41)(55). 

The similarity of the mechanisms by whlch the two variables mentioned 

conditlon release implies thelr effects frequently Interact. This can be clearly shown If 

suitable experimental designs are initially chosen (41)(55)(66). The Information on 
these points is summarized in Table 3. 

A further point to conslder relates to the possible effects of interactions 

between active principle and pdymer on the gel's consistency, and hence, on release. 

Such Interactions can reveal themsetves as changes in the value of the thermal gelling 

temperature of the pdymer. When the thermal gelling point is reached the consistency 

of the gel changes slightly due to the loss of water of hydration molecules and the 

strengthening of polymer-polymer Interactions. The temperature at which this occurs 
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HYDROPHILIC MATRICES 1363 

TABLE 3 

Summary of the literature avalbble concernin$ the dependence of characteristics 
of Rydrophiiic matrices on polymer propewtie$ an8 propdon. 

ACTNE PRINCIPLE 3EFERENCE POLYMERS NUMBER OF VARIETIES 
STUDIED 

3 Furosemlde 55 Carbornor 

1 Tarlrazine 100 CPM 

HEC 2 
1 

Ammonium Chloride 
Tracer 

21 
2 

HPC 3 
1 

Thwphylline 
Tracer 

65 
2 

HPMC 1 
4 
3 
1 
1 
1 
3 
1 
1 
1 
2 
1 
4 
1 
1 
4 
1 
3 
3 
1 
1 
3 
3 

knlnophylline 
knlnophylllne 

Atenolol 
&Blockers 

Ghlorphenlramlne 
Mazepam 

Furosemlde 
lndomethadn 

bmazole 
Potasalum Chloride 
Potasalum Chloride 

Promethazine 
Promethezino 
Propranolol 
Propranolol 
Propranolol 
Qulnldine 

Salbutamol 
Tutrazlne 

Tetracycline 
Thoophylllne 

Tracer 
Tracer 

knmonlum Chlorlde 

Theoph yilns 

95 
64 
66 
44 

52 
95 
5 
95 
93 
63 
62 
95 
14 
95 
98 
64 
99 
61 
100 
95 
95 
2 
4 

Jaguar 5 21 

MC 1 TB 

(continued) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1364 VAZQUEZ ET AL. 

Natural Polymers 

W A  

Xanthan Gum 

TABLE 3 (Continuation). 
Summary of the literature available concerning the dependence of characteristics 

of hydrophiiic matrices on polymer prop6rtier and proportion. 

No Indicated Ammonium Chloride 

2 Bovin &rum Albumin 
Phenylpropanolamine 
Potusturn Chloride 

1 Potwhrm Chloride 
lReoohvlllne 

POLYMERS 

WCMC 

NUMBER OF VARIETIES 
STUDIED 

ACTIVE PRINCIPLE 

Ammlum Chloride 
Do~arntne 
&8lockers 

h i r a m l n e  
Ryrilamlne 
Tutrulne 
&Ikrtamol 

I I I . *  

REFERENCE 

21 
99 
44 
9!3 

100 
61 

21 

53 

90 

in the case of the cellulose ethers depends on the nature, type and amount of 

substltuents In the cellulose, and Is heavily affected by the presence of solutes in the 

medium (15)(17).The practical repercussions of the alterations in thls parameter 

caused by the presence of active principles in solutlon can be gathered from work 

performed by Tolrou end Donbrow (67) who observed large changes in gelling 

temperature with active principles that glve rise to Large ions, such as tetracaine 

hydrochloride, sodlum salicylate or sodium benzoate. This shows the presence of this 

phenomenon Is desirable when making a formulation because of its potential effects. 
Recently Mltchell er al. (68) have extended the analysis of interactions between 

cellulose ethers and ionic substances by looking at the doud polnt. This parameter, 

not necessarily correlated wlth the thermal gelling pdnt, Is determlned by measuring 

the transmlsslon of IigM and cOrrespOnds to the temperature at which there is a 50% 

reduction in transmission in an aqueous dlsperslon of polymer (69). The results 
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H Y D R O P H I L I  C MATRICES 1365 

NUMBER OF VARIETIES 
STUDIED 

TABLE 4 
Summary of the litmture concerning the  use^ of mixtures of polymers in the 

ionnubtion of hydrophilic matrix. 

ACTIVE PRINCIPLE 

~ 

POLYMER 

HPMC,Carbomer 934 

HPMC,EC 

HPC,MC,NaCMC 

HPMC (Two Varletles) 

181 Brilliant Blue 

1,1 Mclofenac 

1,1,1 Alprenolol 
1,l. l  Metoprolol 

HPMC.NaCMC Alprenolol 
Bronchodilators 
Metoclopramide 

Metoprolol 
Nicotinic Acid 

Ox p r e n o I o I 
Ox p r e n o I o I 

Tracers 

REFERENCE 

98 

44 
46 

87 
44 
87 
45 
44 
49 

70 

71 

40 
40 

obtained indicate that the presence of electrdytes reduces the hydration of the 

polymer, whkh goes on to alter the value of the doud point and leads to marked 

changes In dissolution rate. 

The use of mixtures of polymers (Table 4) represents a potential way of 

achieving the required release properties. In addition to the possibilities offered by 

mixing polymers with different viscous efficiencies, for example different non-ionic 

cellulose ethers, to give gel barriers of varying consistency (19)(70)(71), mixing non- 

ionic and ionic varieties In the right proportions can lead to formulations of 

hydrosduble active principles wtth zero-order release profiles (30)(40)(44)(46). The 

obtainment of constant release rates with mixtures of cellulose ethers of differing 

characteristics has its root in the formation of strong hydrogen bonds between the 

carboxyl groups of sodium carboxymethylcellulose, the ionic variety usually used, and 

the hydroxyl groups of the non-Ionic cellulose ether (40). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1366 VAZQUEZ ET A L .  

The release mechanisms put forward (72)(73)(74)(75)(76)(77). and recently 

revised (1 a), have been In need of repeated adjustments to account for new data (45). 
To conclude this discussion concerning swelling agents it must be realised 

that serious problems may be caused by replacing products with their equivalents 

nominals supplied by different sources or even belonging to dmerent lots of the same 

supplier. The differences In behaviour observed with WMC (20)(78) illustrate a need to 

revise and enlarge upon the specfflcations given in the official compendiums for these 

parameters. 

3. Jnccmon tion of additive@ 

The obtainment of technologically acceptable formulations requires, in 

addition to the active principle and the gelling agent, the presence of other excipients, 

in particular diluents and lubricants, whose presence can markedly affect release. 

The effects of adding dluents, both soluble and Insoluble, are well 

documented. These products, if present in large enough quantities, bring about 

marked increases in the release rate of hydrosoluble active principles (48)(79). This 

effect has been attributed to an expansion of the gel layer, if the excipients swell and 

are insoluble, or the Impossibility of a continuous gel barrier forming, if the matrix 

incorporates insoluble materials which do not swell. In general, diiuent particle size 

does not affect the diluent's influence on release. Nevertheless, Ford et a/. (56) indicate 

that adding finely divided calcium phosphate can cause formation of a complete 

barrier via accumulation at the math surface, lowering the area available for release 

and delaying it. The hydrophobic lubrlcants are known to slow release (17)(15). 

The incorporation of additives as a means of modulating profiles of release 

from hydrophilic matrices has also been studied. Feelyend Davis' work (49)(80) using 

different sorts of polymers, lon-exchange resins and tensoactive agents is relevant in 

this respect. The effects noted, which are considerable in certain cases, are almost 

always attributed to ionic interactions. 

The addltkm d agents to modify the pH of the matrix's near environment has 

emerged as an means d adjusting the release rates of active prlnciples with pH- 

dependent solublllties (2)(81)(82). Finally, the use of h l c  additives which modlfy the 

thermal gelling temperature d the polymer forms a satisfactory way of modifying 
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TABLE 5 
Summary of the litewature available concerning the use of rditives in the 

formulation of hydrophllic ma&ices. 

POLYMER 

HEC 

HPC 

HPMC 

ACTM PRiNClPLE I ADlTNES 

Amlnophylline 

Benzocain 

Benzolc Acld 

Chlorpheniramine 

Chlorpheniramine 

Chlorpheniramine 
Diazepam 

Drotaverine 

Lactose SD 
Phosphate di TABR 

Tartararic Acid 

Lactose SD 
Phosphate di TABR 

Tartaric Acld 

Calcium Phosphate 
Lactose SD 

Lactose 
Trlcaldum Phosphate 

Lactose 
Tricalcium Phosphate 

Lactose 
Trlcaldum Phosphate 

SDDS 
SHDS 
SODS 
SOS 
STDS 

Tricalcium Phosphate 
Cdlcium Phosphate 

Lactose SD 
Oxalic Acid 

Succinic Acid 
Tartaric Acid 

Cnldum Phosphate 
La.ctose SD 

DOXtrOse 

Lactose SD 
Calcium Phosphata 

Lactose SD 
Calcium Phosphate 

Lactoso SD 
Oxaiic Acid 

Sucdnic Acid 
Tartaric Acid 

REFERENCE 

2 

2 

56 

48 

80 

48 
56 

82 

56 

93 

56 

82 

(continued) 
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TABLE 5 (Continuation). 
Summary of the literature available concerning the use of aditiver in the 

formulation of hydrophiiic mtrlcer. 

POLYMER 

HPMC 

MC 

~ _ _ _ _ ~ ~  

Sodium Salicylate 
Sodium Salicylate 

Sodium Saiicylata 
Tetradcline 

Thaophyliine 

Tracer 

Tracer 

Tracer 
Tracer 
Tracer 
Tracer 
Tracer 

Wncamine 

Caffeine 
Theophillyne 

ADITNES 

Lactose 
SDDS 
SHDS 
SODS 
SOS 
STDS 

Tricaldum Phosphate 
Caldum Phosphate 

Lactow SD 
Calcium Phosphate 

Lactose SD 
DEAE 

EC 
Ion exchange Rssins 

Encompress 
Lactose Fast-no 

Lactose SD 
PEG 6OOO 

Phosphate di TABR 
NaCMC 

Tartaric Acid 
Oxaiic Acid 

Suwinic Acid 
Tartaric Acid 

Sodium Chloride 
Lactose 

Suodnic Add 

3EFERENCE 

40 
80 

40 
56 

49 

4 

2 
49 
2 
49 
2 
82 

92 
79 

91 

81 
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TABLE 6 
Summary of the literature available concerning the dependence of compressed 
matrix properties with respect to the variables Implied in the fabrication process. 

POLYMER 

Carbomer 

HEC 

HPC 

HPMC 

Jaguar 

Natural Gum 

Natural Polymers 

NaCMC 

Xanthan Gum 

TECHNOLOGICAL VARIABLE 
STUDIED 

Compression Force 

Compression Force 
Granules Shape 

Compression Force 
Granulation Procedure 

Compression Force 

Crushing Strength 
Granulation Procedure 

Size and Shape 
of the tablets. 

Compression Force 
Granules Shape 

Compression Force 
Granules Size 

Compression Force 
Granules Shape 

Compression Force 
Granules Shape 

~~ 

Compression Force 

ACTIVES PRINCIPLE 

Furosemide 

Ammonium Chloride 

Theophylline 
Naproxen 

~~ 

Atenolol 
Potassium Chloride 

Promethazine 
Sodium Diclofenac 
Potassium Chloride 

Tracers 
Furosemide 
Naproxen 

Potassium Chloride 

Tracers 

Ammonium Chloride 

Lithium Sulphate 

Ammonium Chloride 

knmonium Chloride 

Potassium Chloride 
Theophylline 

REFERENCE 

55 

21 

65 

86 

66 
60 
14 

89 

88 
56 
5 
a6 
60 
62 
56 

21 

59 

21 

21 

90 
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1370 VAZQUEZ ET A L .  

release in a controlled manner (17)(67)(83). In Table 5 the literature on the points 

commented upon in this sectlon is summarlzed. 

The more complex processes entailed in fabricating tablets, as against hard 

gelatine capsules, makes it opporlune to discuss aspects related to them and point out 

that ma:rices oWAined by compression have recelved most attention (Table 6). The 

possible effects of the fabrication technique used direct compression or compression 

prior to granuiath by dkferent procedures- have been explored. However, the 
available data suggests that this variable is not very relevant and does not overlay 

affect release profiles (84)(85)(15) When granulation in the wet is used, the nature of 

the binder neither seems to be really of importance (86). Tablet shape, however, does 

significantly affect the rate of release. The resuits or a s?udy by Ford et el. (56) with 

Prometazin tablets of equal weight and formula, show that the release rate, which 

follows the Higuchi kinetics, is inversely related to the surface area of the formulations. 

This leads to the conciuslon that release is sustained best by spherical tablets. 

Compression force has usually been thought to have little influence on release. 

Since the porosity of the hydrated matrix, which does affect release as In Higuchi's 

model, is independent of the initial porostty, there seems to be a basis for this 

statement, at least in the case o( matrices of hydrosoluble active principles. Most of the 

available data point along these lines (60)(65)(88), nevertheless, as indicated by 

Korsmeyer er a/. (a), the inithi porosity might be more important than it may at first 

seem. To explain their finding of an inverse relatlon between initiii porosity or mean 

initiii pore size and the release rate of potassium chloride in HPMC matrices they 

postulated thal the air enrrapped in the pores acts as a barrier to the transport of active 

principle, hence release would not be governed by diffusion through the pores. Finally, 

the significant effect of compression force detected in formulations of sparingly soluble 

active principles released by an erosion mechanism has been attributed to the effect of 

this variable on the gel consistency (41)(55). 

CONCLUSION 

This discussion has centred on the significant advantages and the large 

number of possibilities that hydrophiiic matrices offer compared with other sustained- 
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release dosage forms usually used in the oral administration of drugs. The fact that 

their usage has persisted and increased over the almost 40 years since they were first 

described is doubtless a consequence of this. 

It is possible to make the bask for their use firmer, however, for which the 

influence of different technological variables on release needs to be studied in greater 

detail. An essential aspect of this would be to conskler the mechanisms implied in 

release and, consequently, the physicochemicai properties of the active principles 

and polymers. 

Progress in this area requires not only new studies and more data, but the 

reinterpretation of already existing data in the light of current knowledge. The aim this 

article set Itself was precisely the latter. 
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