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Studies of the fronts which are created by the process of swelling, their movement and the effect of

drug solubility on release mechanisms, are presented. Tablets comprising solely of hydroxypropyl

methylcellulose (HPMC) (Metolose 90 SH 100 000 SR), HPMC with sodium diclofenac (relatively

soluble in the buffer solution used) and HPMC with furosemide (insoluble in the buffer solution

used) were prepared. The tablets were made by direct compression in a manual hydraulic press and

the matrix swelling was studied by an optical analysis technique. During the experimental proce-

dure measurements were taken of the gel layer dimensions, the movement of the swelling, and the

erosion and diffusion fronts at different time points. These measurements allowed the investiga-

tion of the possible mechanisms involved in the swelling/release process. The results showed that

the rate and mechanism of drug release from swellable matrices depends on the following factors:

the dissolution, the diffusion of the drug, the translocation of undissolved drug particles in the gel

layer, and the solubility of the drugs used. This is supported by the following: (a) the diffusion

layer thickness, which is observed as a result of the presence of undissolved drug in the gel layer,

increases in the case of the water insoluble drug furosemide and as a result the diffusion front con-

verges on the erosion front; (b) from the analysis of the dissolution data it appears that sodium

diclofenac is released as a result of diffusion via the gel layer as well as due to polymer relaxation

and/or matrix erosion. Conversely, the release of furosemide is only dependent on the polymer

relaxation and/or matrix erosion. Copyright # 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Swellable systems, prepared by incorporating drugs in

hydrophilic polymeric matrices, have received considerable

attention for the preparation of sustained release formula-

tions.1 Cellulose ethers, such as hydroxypropyl methylcellu-

lose (HPMC) have been widely used for the preparation of

controlled oral drug delivery systems because of their non-

toxic nature and ease of manufacture.2,3 Such formulations

have been classified as swelling controlled release systems.4

When a hydrophilic matrix is exposed to water or a

biological fluid it starts to hydrate and swell from the outer

boundary towards the center. A gel layer is formed around

the matrix, which significantly influences the dissolution and

diffusion of the drug through the polymer. This plays an

important role in determining the release mechanism.

Several investigators have studied the behavior of the gel

layer and its boundaries using image analysis optical

techniques. Lee and Peppas5 defined the boundary between

the matrix surface and the dissolution medium, as the

‘‘erosion front’’ and the boundary between the glassy

polymer and its rubbery gel state as the ‘‘swelling front’’

(Fig. 1). The presence of a third front within the gel layer was

observed6 in a matrix containing sodium diclofenac as the

active substance. This was identified as the ‘‘diffusion front’’

and its boundaries are within the gel layer, between the areas

in which the drug has dissolved and not dissolved (Fig. 1).

Further, it has been demonstrated that the behavior of the

diffusion front depends on the solubility and the quantity

(or loading) of the active substance.7 These three fronts can be

observed and their movements facilitate the calculation of the

parameters of the swelling/dissolution process.

Several methods have been described in the literature for

the study of the gel layer. These include the penetrometer,8

NMR imaging,9,10 ultrasound9 methods together with optical

methods, such as image analysis.1,11 Since each technique is

applied under different experimental conditions, it is difficult

to determine whether one is superior to the others. Image

analysis, however, offers a qualitative and quantitative tool

to study swelling and solvent transport in large matrices.

Copyright # 2004 John Wiley & Sons, Ltd.
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It combines ease of manipulation with low instrument cost

and high precision. Characterization of solvent gradients is

also achieved without the use of markers.12 Optical techni-

ques have a number of advantages (e.g. in situ experimenta-

tion, relative simplicity and the ability to determine various

parameters such as tablet geometry, thickness of the gel layer,

and even the ability in many instances to determine the

diffusion front) over alternative methods. In this report,

an optical imaging method based on the technique develop-

ed by Gao and his coworkers13 has been used. This method

directly measures both the dimensional changes of a matrix

tablet and the gel layer growth during swelling. It also

provides a semiquantitative estimation of HPMC concentra-

tion profiles across the gel layer.

The present work involves the study of the fronts formed

during the swelling process in the transport of two uncolored

drugs. The effect of the drug solubility on swelling is

described and it is shown how this influences the formation

and the behavior of the fronts. An account of the effect of front

movement on the release mechanism is then presented.

EXPERIMENTAL

Materials
HPMC (Metolose 90 SH 100 000SR, Shin-Etsu chemical) was

used as polymer carrier, sodium diclofenac (Sigma Chemical

Co. St. Louis, MO) and furosemide (Hoechst, Germany) were

used as model drugs, magnesium stearate (BDH company)

was used as lubricant.

Techniques

Tablet preparation
Three types of Metolose tablets were prepared. The composi-

tions of formulations used are listed in Table 1. The powder of

each formulation was blended in a Turbula mixer (Willy A.

Bachoten AE, Basel, Switzerland) for 10 min. The tablets

were prepared by direct compression in a manual hydraulic

press (Carver 3393, Fred S. Carver, Inc., Menomonee Falls,

WI). The tablets were flat, 10 mm in diameter, weighing

200 mg, and their hardness was 8–10 kp.

Release studies
Tablets were subjected to the dissolution study at 37� 0.58C
with stirring at 100 rpm (paddle method) in the USP XXIII

dissolution apparatus II (Pharmatest, Hainerp, Germany),

in 900 ml of phosphate buffer (pH 7.4). Samples (5 ml) were

withdrawn at predetermined time intervals, filtered and

analyzed at lmax¼ 276 nm for sodium diclofenac and

furosemide using a Perkin–Elmer UV spectrophotometer

(Norwalk, CT). All experiments were performed in triplicate.

Measurement of fronts movement
The swelling, the geometric characteristics of the tablets and

the position of the fronts were assessed by image analysis

(IAS). Image taking and processing was performed in the

Leica Q500IW Image Analysis system, equipped with a JVC

TK-C 1381 color camera, combined with a Century Precision

Optics C15838 (þ7) lens for better image magnification

(Fig. 2A). The tablets were placed in a dissolution vessel

containing a phosphate buffer at pH 7.4 in suitable position

(horizontal or vertical direction), as shown in Fig. 2(B), for

the observation of the swelling in the axial direction. At fixed

time intervals the vessel was removed from the dissolution

apparatus, placed under the camera and the structure of the

tablet was recorded. The experiments were carried out under

the conditions described in the release studies section.

Figure 3(A) shows a typical image of a swellable tablet in

the radial direction and Fig. 3(B) in the axial direction. The

gel layer appears as a light ring due to the scattering of light

by the hydrated polymer. The glassy core and the dissolving

medium appear black as they do not permit scattering of the

incoming light. The two boundaries of the gel (swelling front

and erosion front) are qualitatively indicated in Fig. 3(A)

by the dark and the light ring in the image, respectively.

Figure 1. Schematic representation of erosion, diffusion

and swelling fronts, along with the relevant layer: (A)

undissolved drug in the glassy polymer layer; (B) undissolved

drug in the gel layer; (C) dissolved drug in the gel layer, rC�rA
is the gel layer and rB�rA is the diffusion layer.

Table 1. Formulation composition

Formulation Material M MD MF

Metolose SR (mg) 200 99 99
Furosemide (mg) — — 99
Diclofenac (mg) — 99 —
Magnesium stearate (mg) — 2 2

M: pure Metolose; MD: Metolose with sodium diclofenac; MF:
Metolose with furosemide.

Figure 2. Schematic representation of (A) image analysis

equipment and (B) the tablets placed in the dissolution vessel

in the axial direction.

Copyright # 2004 John Wiley & Sons, Ltd. Polym. Adv. Technol. 2004; 15: 683–689
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Figure 3(C) shows the horizontal profile (gray level) where

measurements were taken horizontally along the diameter

of the tablet. The two peaks are caused by the presence of

gel layer on both sides of the tablet.

RESULTS AND DISCUSSION

From visual observation it is clear that as soon as the tablets

are exposed to water, the liquid penetrates into their mass

and the hydrated polymer swells to form a gelatinous layer

around the tablet. Figure 4 shows typical photographs taken

by I.A.S in the radial direction of the three tablets, pure

Metolose (M) (Fig. 4A), a mixture of Metolose with sodium

diclofenac (MD) (Fig. 4B) and a mixture of Metolose with

furosemide (MF) (Fig. 4C). The photographs are shown after

2, 4, 6 and 8 hr and it can be seen that the build up of a gel layer

rapidly occurs around the matrix. The gel layer is formed

more rapidly in M and MD tablets than in MF tablets.

The results of the change in tablet dimensions during

swelling are presented as normalized values of the radial and

axial dimensions, with reference to the initial values (dry

tablet), as a function of time (Fig. 5). Each point on the curve is

the average of three repeat measurements and the standard

deviations of the values are given.

The tablets undergo fast hydration due to rapid liquid

penetration and in less than 30 min a significant expansion is

observed. As can be seen, the M tablets displayed a significant

dimensional change in the axial direction. Subsequently, the

axial change of the tablets gradually increased. After 8 hr

the axial dimension of the M tablets had increased four-

fold, that of the MD tablets three-fold, while that of the MF

tablets 2.8 fold. However, there is a smaller but progressive

increase in diameter throughout the course of the experiment.

Compared to the pure polymer tablets, the preparations

which contain the active substance and the polymer showed

smaller axial and radial swelling throughout the experiment.

The presence of materials other than the polymer, such as

drug or excipients, affects the osmotic pressure within the

Figure 3. (A) Optical image of a HPMC matrix tablet

observed in situ in the radial direction after swelling for 5 hr.

(B) Gray level profile of the image obtained by applying a

horizontal rectangular measuring frame through the center of

the tablet. (C) Gray level profile where measurements are

taken horizontally along the diameter of the tablet.

Figure 4. Pictures of the matrix taken at four different times during swelling for the

formulations: (A) M; (B) MD; (C) MF.

Swellable hydrophilic polymer matrices 685
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tablet/solvent system, and also the viscosity of the tablet’s

peripheral gel. The latter is altered due to adsorption of water

or biological fluids, which results in decreased swelling.14

In general, an anisotropic feature of the swelling process of

Metolose tablets is clearly indicated by the preferential

expansion in the axial relative to the radial dimension, for

all formulations. These results are in good agreement with

earlier studies reported in the literature.13,15

Further, as shown in Fig. 5, the degree of solubility of the

drug affects the dimensional changes of the tablets during

their hydration. Thus, furosemide has a solubility of 8,961 Cs

(mg/ml) while sodium diclofenac has a solubility of 18,79 Cs

(mg/ml) in buffer (pH 7.4) and furosemide tablets display a

smaller axial and radial swelling. This phenomenon can be

attributed to the amount of water absorbed by the matrix

during hydration. In the case of the relatively soluble sodium

diclofenac, the particles dissolve upon the contact of the tablet

with the liquid, leaving micro cavities which facilitate (a)

penetration of an increased amount of liquid into the matrix

and (b) greater relaxation of the polymer chains. In the case of

the less soluble furosemide, the particles take longer to

dissolve, thus decreasing the penetration of the solvent and

the relaxation of the polymer chains.16,17

The growth of the gel layer of the pure Metolose tablet was

measured as a function of time (Fig. 6). The dimension of the

gel layer in the axial direction is always slightly greater than

that in the radial direction. This difference may be due to the

axial expansion, as reported in earlier studies with Metolose

tablets.18 Since these differences are not statistically signifi-

cant (t-test) and the continuous variable (CV) is estimated to

be no greater than 10%, the gel layer dimension described in

the present study is the average of those of the radial and axial

gel layers. These dimensions are in good agreement with

earlier findings, which claim a similar dimension of the gel

layer for Metolose tablets in both the radial and axial

directions during swelling.9,18

The apparent growth and expansion of the average gel

layer was measured as a function of time and is plotted in

Fig. 7. It is obvious that the size of the gel layer in all three

tablets, with and without the active substances, progressively

increases. The increase of the gel layer occurs in two distinct

phases. There is an initial rapid increase in the size of the gel

layer within a short period of time (t< 90 min), followed by a

more gradual increase (90< t& 480 min). In the initial stages

of matrix swelling the liquid is in direct contact with the

polymer and liquid penetration is faster than the chain

disentanglement, resulting in a rapid build up of the gel layer

thickness taking place around the matrix. When the liquid

penetration rate decreases with the increase in the diffusional

distance, then there is little change in the gel layer because the

liquid penetration and polymer disentanglement rates are

similar.19,20 Furthermore, it was noticed that the presence of

sodium diclofenac in the Metolose tablets does not affect

the increase in dimension of the gel layer compared to pure

polymer tablets, whereas the presence of furosemide halves

the increase. This observation can be linked to the fact that

sodium diclofenac is almost twice as soluble in buffer

solution (pH 7.4) as furosemide. The effect that furosemide

exerts in the gel layer dimension is also depicted by the bar

graph of Fig. 8, which illustrates the relative increase in

gel thickness of the aforementioned drugs versus time.

Specifically, in the first 30 minutes the increase noticed in

the rate is, as expected, more rapid. Subsequently, the rate

Figure 5. Normalized radial and axial tablet dimensions of

the swelling Metolose tablets.

Figure 6. Gel layer dimensions of the swelling pure

Metolose tablets observed in the axial and radial directions

and the average of the both.

Figure 7. Gel layer average dimensions of the swelling

tablets versus time.

Figure 8. Rate of gel layer average dimensions as a

function of time.
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was monitored at 1 hr intervals and found to become double.

This behavior has not been recorded previously in the

literature. This is a quite interesting result, which could

be partly attributed to the different stereoelectronic and

solubility characteristics of the two drugs.

The analysis of the movements of the swelling and erosion

fronts (Fig. 9) enhances the knowledge about the swelling

behavior of these tablets. The interaction between the tablet

mass and the liquid at the beginning of the experiment (t¼ 0)

is indicated by position 0. The standard errors of the mean

values are relatively small in all cases. Due to the immediate

swelling of the tablet, the erosion front moves rapidly

outward (an increase in total diameter) within the first

60 min for all three formulations. Subsequently, the outward

movement of the front continues at a slower rate until the end

of the experiment, namely after 480 min. The swelling front in

M tablets shows a small expansion in the first 120 min, and

then moves inwards, while in the Metolose tablets containing

the drugs the swelling front moves inwards even at the early

stages of the process. As shown in Fig. 9, the rates of

movement of the erosion and swelling fronts decrease with

decreasing drug solubility.

Of particular interest is the movement of the diffusion front

in tablets containing sodium diclofenac and furosemide.

These depend on the rate of dissolution of the drug in the gel

layer. As shown in Fig. 10, the diffusion front in MD tablets

moves outwards from the beginning of the experiment and

continues expanding up to 240 min when it moves inwards.

This movement of the diffusion front represents the transfer

of undissolved particles of the drug within the gel layer

because of polymer swelling. This is identified as the dif-

fusion layer. The remaining part of the gel layer (Fig. 1),

in which the drug is completely dissolved, is called the

dissolution layer and represents the diffusion of the drug in

the gel layer. For the MF tablets the diffusion front moves

outwards and matches the erosion front, and thus there is no

dissolution layer.

The release of furosemide occurs from the surface of the gel

layer by means of erosion or escape of solid molecules from

the gel.

The data on the release of sodium diclofenac and

furosemide from Metolose tablets are shown in Fig. 11. The

release data were fitted using the familiar empirical equation

proposed by Korsmeyer and coworkers:21

Mt

M1
¼ k� tn ð1Þ

where Mt/M1 represents the fraction of the drug released

at time t, k is a constant incorporating characteristics of the

macromolecular network system and the drug and n is the

diffusional exponent, which is indicative of the transport

mechanism.

Equation (1) is only valid for the first 60% of the fractional

release. The values assumed by the n exponent represent

either Fickian or anomalous (non-Fickian) release kinetics.

For the case of cylindrical tablets, in particular, n� 0.45

corresponds to a Fickian diffusion release (case I diffusional),

0.45< n� 0.89 to an anomalous transport, and n¼ 0.89 to a

zero-order (case II) release kinetics.

For the sodium diclofenac formulation, n was found to be

equal to 0.70 (R2¼ 0.9981). This value points to an anomalous

transport from the swellable matrix, which means that the

release mechanism is a combination of diffusion and matrix

erosion.

In the case of the furosemide formulation, n was deter-

mined to be equal to 0.91 (R2¼ 0.9995), a value which suggests

that the release of furosemide is erosion dependent and

follows near zero-order kinetics.

As can be seen in Fig. 11, the release of sodium diclofenac is

almost two-fold higher than that of furosemide and this

difference is statistically significant. The higher release of

sodium diclofenac than that of furosemide is certainly due to

the different solubilities of the two drugs, which considerably

affects the behavior of these tablets (tablet swelling and

Figure 9. Erosion and swelling front positions during the

swelling of the tablets versus time.

Figure 10. Erosion, diffusion and swelling front positions

during the swelling of the tablets versus time.

Figure 11. Release profiles from sodium diclofenac and

furosemide matrices.
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erosion) and leads to a greater release of sodium diclofenac.

Previous studies have shown that the particles of the polymer

swell when the dissolution media penetrates into swellable

matrices, thus modifying the dimensions and the behavior of

the matrix. These modifications depend on the solubility of

the loaded drug and the characteristics of the excipients.

Soluble materials can produce greater increase in the matrix

swelling than less soluble materials and show faster release

rates.22,23

The bar graph of Fig. 12, presents the percent release rate as

a function of time. The bar graph clearly illustrates the initial

rapid release of sodium diclofenac which then gradually

decreases. Furosemide, however, shows a fairly constant

release rate of about 5% per hour.

The two-fold higher release of sodium diclofenac than that

of furosemide can also be concluded from the dissolution

efficiency (DE) values of the matrices (16.95 for furosemide

and 35.21 for sodium diclofenac).

The DE value, which was first suggested by Khan and

Rhodes, is a further parameter for the evaluation of in vitro

dissolution and is defined as follows:24

DE ¼
R t2
t1
ydt

y100ðt2 � t1Þ
� 100 ð2Þ

where y is the percentage of dissolved product, and DE is

the area under the dissolution curve between time points

t1 and t2 expressed as a percentage of the curve at maximum

dissolution, y100 over the same time period. Normally t1¼ 0

for a tablet where there is no lag phase.

The concept of a DE value has the advantage that when a

relation is to be shown between dissolution and another

variable, it is perhaps more realistic to use a DE value which

takes into account the dissolution profile as a whole.25

Also, where a quantitative comparison is required DE is a

more suitable parameter and when limits are set on DE it can

be used for quality control in place of the conventional

dissolution level.26

The results presented herein underline the significance of

the dissolution, the diffusion of the drug, the translocation of

undissolved drug particles in the gel layer, and the solubility

of the drugs used to the rate and mechanism of drug release

from swellable matrices.

CONCLUSIONS

This study shows that Metolose tablets mainly swell axially.

The solubility of an included active substance affects the

swelling, the movement of the fronts, the gel layer

dimensions and the release kinetics. It is clearly shown that

there is a direct relation between the solubility of the two

drugs and those parameters. Specifically, it was observed

that sodium diclofenac, with twice the solubility of furo-

semide, causes double the increase in the dimension of the

gel layer and double the percentage of drug release. Further-

more, with the drug of lower solubility the diffusion front

converges with the erosion front, increasing thus the

dimension of the diffusion layer and affecting the release

kinetics. Statistical analysis of the release results shows that

sodium diclofenac is released by a combination of diffusion

and matrix erosion, while furosemide is solely released by

matrix erosion.

Acknowledgment
The authors are indebted to the University of Athens for

financial support via the ‘‘Kapodistrias’’ Research Program

KA: 70/4/3228.

REFERENCES

1. Sung KC, Nixon PR, Skoug JW, Ju RT, Gao P, Topp EM,
Patel MV. Effect of formulation variables on drug and
polymer release from HPMC-based matrix tablets. Int. J.
Pharm. 1996; 142: 53.

2. Chien TW. DrugDelivery Systems (2nd edn, chapt. 2). Marcel
Dekker: New York, 1992.

3. Colombo P. Swelling-controlled release in hydrogel
matrices for oral route. Adv. Drug Deliv. Rev. 1993; 11: 37.

4. Siepmann J, Peppas NA. Modelling of drug release from
delivery systems based on hydroxypropyl methylcellulose
(HPMC). Adv. Drug Deliv. Rev. 2001; 48: 139.

5. Lee PI, Peppas NA. Prediction of polymer dissolution in
swellable controlled-release systems. J. Contr. Rel. 1987; 6:
207.

6. Lee PI, Kim C. Probing the mechanisms of drug release
from hydrogels. J. Contr. Rel. 1991; 16: 229.

7. Bettini R, Peppas NA, Colombo P. Polymer relaxation in
swellable matrices contributes to drug release. Int. I. Symp.
Contr. Rel. Bioact. Mater. 1998; 25: 26.

8. Konrad R, Christ A, Zessin G, Cobet U. The use of
ultrasound and pnetrometer to characterize the advance-
ment of swelling and eroding fronts in HPMC matrices.
Int. J. Pharm. 1998; 163: 123.

9. Rajabi-Siahboomi AR, Bowtell RW, Mansfield P,
Henderson A, Davies MC, Melia CD. Structure and beha-
viour in hydrophilic matrix sustained release dosage forms:
2. NMR-imaging studies of dimensional changes in the gel
layer and core of HPMC tablets undergoing hydration.
J. Contr. Rel. 1994; 31: 121.

10. Shapiro M, Jarema MA, Gravina S. Magnetic resonance
imaging of an oral gastrointestinal-therapeutic-system
(GITS) tablet. J. Contr. Rel. 1996; 38: 123.

11. Ferrero C, Munoz-Ruiz A, Jimenez-Castellanos MR. Fronts
movement as a useful tool for hydrophilic matrix release
mechanism elucidation. Int. J. Pharm. 2000; 202: 21.

12. Moussa IS, Cartilier LH. Characterization of moving fronts
in cross-linked amylose matrices by image analysis. J. Contr.
Rel. 1996; 42: 47.

13. Gao P, Skoug JW, Nixon PR, Ju TR, Stemm NL, Sung KC.
Swelling of hydroxypropyl methylcellulose matrix tablets.
2. Mechanistic study of the influence of formulation
variables on matrix performance and drug release. J. Pharm.
Sci. 1996; 85(7): 732.

Figure 12. Rate of percent drug release as a function of

time.

688 M. Vlachou, H. Naseef and M. Efentakis

Copyright # 2004 John Wiley & Sons, Ltd. Polym. Adv. Technol. 2004; 15: 683–689

https://www.researchgate.net/publication/247168489_Prediction_of_Polymer_Dissolution_in_Swellable_Controlled_Release_Systems?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/247168489_Prediction_of_Polymer_Dissolution_in_Swellable_Controlled_Release_Systems?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/247168489_Prediction_of_Polymer_Dissolution_in_Swellable_Controlled_Release_Systems?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223164535_The_use_of_ultrasound_and_pnetrometer_to_characterize_the_advancement_of_swelling_and_eroding_fronts_in_HPMC_matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223164535_The_use_of_ultrasound_and_pnetrometer_to_characterize_the_advancement_of_swelling_and_eroding_fronts_in_HPMC_matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223164535_The_use_of_ultrasound_and_pnetrometer_to_characterize_the_advancement_of_swelling_and_eroding_fronts_in_HPMC_matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223164535_The_use_of_ultrasound_and_pnetrometer_to_characterize_the_advancement_of_swelling_and_eroding_fronts_in_HPMC_matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386331_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_2_Mechanistic_study_of_the_influence_of_formulation_variables_on_matrix_performance_and_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386331_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_2_Mechanistic_study_of_the_influence_of_formulation_variables_on_matrix_performance_and_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386331_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_2_Mechanistic_study_of_the_influence_of_formulation_variables_on_matrix_performance_and_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386331_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_2_Mechanistic_study_of_the_influence_of_formulation_variables_on_matrix_performance_and_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386331_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_2_Mechanistic_study_of_the_influence_of_formulation_variables_on_matrix_performance_and_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223759734_Effect_of_formulation_variables_on_drug_and_polymer_release_from_HPMC-based_matrix_tablets?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223759734_Effect_of_formulation_variables_on_drug_and_polymer_release_from_HPMC-based_matrix_tablets?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223759734_Effect_of_formulation_variables_on_drug_and_polymer_release_from_HPMC-based_matrix_tablets?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223759734_Effect_of_formulation_variables_on_drug_and_polymer_release_from_HPMC-based_matrix_tablets?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222956799_Swelling-Controlled_Release_in_Hydrogel_Matrices_for_Oral_Route?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222956799_Swelling-Controlled_Release_in_Hydrogel_Matrices_for_Oral_Route?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222729798_Characterization_of_moving_fronts_in_cross-linked_amylose_matrices_by_image_analysis?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222729798_Characterization_of_moving_fronts_in_cross-linked_amylose_matrices_by_image_analysis?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222729798_Characterization_of_moving_fronts_in_cross-linked_amylose_matrices_by_image_analysis?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222270557_Magnetic_resonance_imaging_of_an_oral_gastrointestinal-therapeutic-system_GITS_tablet?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222270557_Magnetic_resonance_imaging_of_an_oral_gastrointestinal-therapeutic-system_GITS_tablet?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/222270557_Magnetic_resonance_imaging_of_an_oral_gastrointestinal-therapeutic-system_GITS_tablet?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/12403838_Fronts_movement_as_a_useful_tool_for_hydrophilic_matrix_release_mechanism_elucidation?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/12403838_Fronts_movement_as_a_useful_tool_for_hydrophilic_matrix_release_mechanism_elucidation?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/12403838_Fronts_movement_as_a_useful_tool_for_hydrophilic_matrix_release_mechanism_elucidation?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/229227795_Probing_the_Mechanism_of_Drug_Release_From_Hydrogels?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/229227795_Probing_the_Mechanism_of_Drug_Release_From_Hydrogels?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/279564289_Polymer_relaxation_in_swellable_matrices_contributes_to_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/279564289_Polymer_relaxation_in_swellable_matrices_contributes_to_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/279564289_Polymer_relaxation_in_swellable_matrices_contributes_to_drug_release?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/224311280_Structure_and_behaviour_in_hydrophilic_matrix_sustained_release_dosage_forms_2_NMR-imaging_studies_of_dimensional_changes_in_the_gel_layer_and_core_of_HPMC_tablets_undergoing_hydration?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/224311280_Structure_and_behaviour_in_hydrophilic_matrix_sustained_release_dosage_forms_2_NMR-imaging_studies_of_dimensional_changes_in_the_gel_layer_and_core_of_HPMC_tablets_undergoing_hydration?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/224311280_Structure_and_behaviour_in_hydrophilic_matrix_sustained_release_dosage_forms_2_NMR-imaging_studies_of_dimensional_changes_in_the_gel_layer_and_core_of_HPMC_tablets_undergoing_hydration?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/224311280_Structure_and_behaviour_in_hydrophilic_matrix_sustained_release_dosage_forms_2_NMR-imaging_studies_of_dimensional_changes_in_the_gel_layer_and_core_of_HPMC_tablets_undergoing_hydration?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/224311280_Structure_and_behaviour_in_hydrophilic_matrix_sustained_release_dosage_forms_2_NMR-imaging_studies_of_dimensional_changes_in_the_gel_layer_and_core_of_HPMC_tablets_undergoing_hydration?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/224311280_Structure_and_behaviour_in_hydrophilic_matrix_sustained_release_dosage_forms_2_NMR-imaging_studies_of_dimensional_changes_in_the_gel_layer_and_core_of_HPMC_tablets_undergoing_hydration?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/295625108_Modeling_of_drug_release_from_delivery_systems_based_on_hydroxypropyl_methylcellulose_HPMC?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/295625108_Modeling_of_drug_release_from_delivery_systems_based_on_hydroxypropyl_methylcellulose_HPMC?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/295625108_Modeling_of_drug_release_from_delivery_systems_based_on_hydroxypropyl_methylcellulose_HPMC?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==


14. Lee PI. Dimensional changes during drug release
from a glassy hydrogel matrix. Polym. Commun. 1983;
24(2): 45.

15. Papadimitriou E, Buckton G, Efentakis M. Probing the
mechanisms of swelling of hydroxypropylmethylcellulose
matrices. Int. J. Pharm. 1993; 98: 57.

16. Yang L, Fassihi R. Examination of drug solubility,
polymer types, hydrodynamics and loading dose on
drug release behaviour from a triple-layer asymmetric
configuration delivery system. Int. J. Pharm. 1997; 155:
219.

17. Conte U, Maggi L. Modulation of the dissolution pro-
files from Geomatrix1 multi-layer matrix tablets contain-

ing drugs of different solubility. Biomaterials 1999; 17(9):
889.

18. Gao P, Meury RH. Swelling of hydroxypropyl methylcel-
lulose matrix tablets. 1. Characterization of swelling using
a novel optical imaging method. J. Pharm. Sci. 1996; 85(7):
725.

19. Levis DH. Controlled drug release from polymeric matrices
involving moving boundaries. In Controlled Release of Pes-
ticides and Pharmaceuticals, Lee PI (ed). Plenum Publishing:
New York, 1981; 39–48.

20. Bettini R, Catellani PL, Santi P, Massimo G, Peppas NA,
Colombo P. Translocation of drug particles in HPMC
matrix gel layer: effect of drug solubility and influence
on release rate. J. Contr. Rel. 2001; 70: 383.

21. Korsmeyer RW, Gurny R, Doelker EM, Buri P, Peppas
NA. Mechanism of solute release from porus hydrophilic
polymers. Int. J. Pharm. 1983; 15: 25.

22. Solinis MA, De la Cruz Y, Hermandez RM, Gascon AR,
Calvo B, Pedraz JL. Release of ketoprofen enantiomers
from HPMC K100M matrices diffusion studies. Int. J.
Pharm. 2002; 239: 61.

23. Efentakis M, Vlachou M, Choulis NH. Effects of excipients
on swelling and drug release from compressed matrices.
Drug Dev. Ind. Pharm. 1997; 23: 107.

24. Khan KA, Rhodes CT. Effect of compaction pressure on the
dissolution efficiency of some direct compression systems.
Pharm. Acta Helv. 1972; 47: 594.

25. Khan KA. The concept of dissolution efficiency. J. Pharm.
Pharm. 1975; 27: 48.

26. Anderson NH, Bauer M, Bousac N, Khan-Malek R, Munden
P, Sandaro M. An evaluation of fit factors and dissolution
efficiency for the comparison of in vitro dissolution profiles.
J. Pharm. Biomed. Anal. 1998; 17: 811.

Swellable hydrophilic polymer matrices 689

Copyright # 2004 John Wiley & Sons, Ltd. Polym. Adv. Technol. 2004; 15: 683–689

View publication statsView publication stats

https://www.researchgate.net/publication/247520141_Effects_of_Excipients_on_Swelling_and_Drug_Release_from_Compressed_Matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/247520141_Effects_of_Excipients_on_Swelling_and_Drug_Release_from_Compressed_Matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/247520141_Effects_of_Excipients_on_Swelling_and_Drug_Release_from_Compressed_Matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223251641_Examination_of_drug_solubility_polymer_types_hydrodynamics_and_loading_dose_on_drug_release_behavior_from_a_triple-layer_asymmetric_configuration_delivery_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223251641_Examination_of_drug_solubility_polymer_types_hydrodynamics_and_loading_dose_on_drug_release_behavior_from_a_triple-layer_asymmetric_configuration_delivery_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223251641_Examination_of_drug_solubility_polymer_types_hydrodynamics_and_loading_dose_on_drug_release_behavior_from_a_triple-layer_asymmetric_configuration_delivery_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223251641_Examination_of_drug_solubility_polymer_types_hydrodynamics_and_loading_dose_on_drug_release_behavior_from_a_triple-layer_asymmetric_configuration_delivery_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223251641_Examination_of_drug_solubility_polymer_types_hydrodynamics_and_loading_dose_on_drug_release_behavior_from_a_triple-layer_asymmetric_configuration_delivery_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223651692_Probing_the_mechanisms_of_swelling_of_hydroxypropylmethylcellulose_matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223651692_Probing_the_mechanisms_of_swelling_of_hydroxypropylmethylcellulose_matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223651692_Probing_the_mechanisms_of_swelling_of_hydroxypropylmethylcellulose_matrices?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386330_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_1_Characterization_of_swelling_using_a_novel_optical_imaging_method?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386330_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_1_Characterization_of_swelling_using_a_novel_optical_imaging_method?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386330_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_1_Characterization_of_swelling_using_a_novel_optical_imaging_method?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14386330_Swelling_of_hydroxypropyl_methylcellulose_matrix_tablets_1_Characterization_of_swelling_using_a_novel_optical_imaging_method?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/11320457_Release_of_ketoprofen_enantiomers_from_HPMC_K100M_matrices_-_Diffusion_studies?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/11320457_Release_of_ketoprofen_enantiomers_from_HPMC_K100M_matrices_-_Diffusion_studies?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/11320457_Release_of_ketoprofen_enantiomers_from_HPMC_K100M_matrices_-_Diffusion_studies?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/11320457_Release_of_ketoprofen_enantiomers_from_HPMC_K100M_matrices_-_Diffusion_studies?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14483343_Modulation_of_the_dissolution_profiles_from_GeomatrixR_multilayer_matrix_tablets_containing_drugs_of_different_solubility?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14483343_Modulation_of_the_dissolution_profiles_from_GeomatrixR_multilayer_matrix_tablets_containing_drugs_of_different_solubility?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14483343_Modulation_of_the_dissolution_profiles_from_GeomatrixR_multilayer_matrix_tablets_containing_drugs_of_different_solubility?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14483343_Modulation_of_the_dissolution_profiles_from_GeomatrixR_multilayer_matrix_tablets_containing_drugs_of_different_solubility?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14483343_Modulation_of_the_dissolution_profiles_from_GeomatrixR_multilayer_matrix_tablets_containing_drugs_of_different_solubility?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/14483343_Modulation_of_the_dissolution_profiles_from_GeomatrixR_multilayer_matrix_tablets_containing_drugs_of_different_solubility?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/22901120_Concept_of_dissolution_efficiency?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/22901120_Concept_of_dissolution_efficiency?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/13603300_An_evaluation_of_fit_factors_and_dissolution_efficiency_for_the_comparison_of_in_vitro_dissolution_profiles?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/13603300_An_evaluation_of_fit_factors_and_dissolution_efficiency_for_the_comparison_of_in_vitro_dissolution_profiles?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/13603300_An_evaluation_of_fit_factors_and_dissolution_efficiency_for_the_comparison_of_in_vitro_dissolution_profiles?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223360660_Mechanisms_of_Solute_Release_from_Porous_Hydrophilic_Polymers?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223360660_Mechanisms_of_Solute_Release_from_Porous_Hydrophilic_Polymers?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/223360660_Mechanisms_of_Solute_Release_from_Porous_Hydrophilic_Polymers?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/12149226_Translocation_of_drug_particles_in_HPMC_matrix_gel_layer_Effect_of_drug_solubility_and_influence_on_release_rate?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/12149226_Translocation_of_drug_particles_in_HPMC_matrix_gel_layer_Effect_of_drug_solubility_and_influence_on_release_rate?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/12149226_Translocation_of_drug_particles_in_HPMC_matrix_gel_layer_Effect_of_drug_solubility_and_influence_on_release_rate?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/12149226_Translocation_of_drug_particles_in_HPMC_matrix_gel_layer_Effect_of_drug_solubility_and_influence_on_release_rate?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/271216497_Dimensional_Changes_During_Drug_Release_from_a_Glassy_Hydrogel_Matrix?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/271216497_Dimensional_Changes_During_Drug_Release_from_a_Glassy_Hydrogel_Matrix?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/271216497_Dimensional_Changes_During_Drug_Release_from_a_Glassy_Hydrogel_Matrix?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/271217225_Controlled_Drug_Release_from_Polymeric_Matrices_Involving_Moving_Boundaries?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/271217225_Controlled_Drug_Release_from_Polymeric_Matrices_Involving_Moving_Boundaries?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/271217225_Controlled_Drug_Release_from_Polymeric_Matrices_Involving_Moving_Boundaries?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/271217225_Controlled_Drug_Release_from_Polymeric_Matrices_Involving_Moving_Boundaries?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/18704144_Effect_of_compaction_pressure_on_dissolution_efficiency_of_direct_compression_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/18704144_Effect_of_compaction_pressure_on_dissolution_efficiency_of_direct_compression_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/18704144_Effect_of_compaction_pressure_on_dissolution_efficiency_of_direct_compression_system?el=1_x_8&enrichId=rgreq-db182d33a69b719a5932f6f3b87cd406-XXX&enrichSource=Y292ZXJQYWdlOzIyNzc0NDc1MTtBUzozNjQ1NDgwMzgxMTk0MjZAMTQ2MzkyNjQzMzAzOQ==
https://www.researchgate.net/publication/227744751

