CHAPTER IV

RESULTS AND DISCUSSION

1. Physical properties of acyclovir matrices

The physical properties of acyclovir matrices are summarized in Table 6.

1.1 Weight variation “ | W’
. _./-‘

The average weight of thetablets anged

6.03 to 585.42 mg. Since the
acceptable limit of weight yafia; cont rmir \"h 124.is in the range of average
weight + 5% (551 - 609 | \ 1S, formulatxons passed the

specification. The ghtgVamagiof s was! in_acceptable

limit, indicating the
favourable flowability g “heng et al., 1993).

1.2 Hardness

The hardness of the 82 8.35 kp. This result indicated

that the hardness of matrices ot hin a predetermining range (7-9
kp. "= —-:
(7 3

1.3 Thickness E " 1
e T

thickness of the jmatrices might be caused by the differences in granule properties

s} m&s‘iﬂﬁmmﬁ’? ey



1.4 Friability
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The average friability of the matrices ranged from 0.02 to 0.74%. Since the
acceptable limit of friability conforming to USP 24 is not more than 1%, the percent

friability of the prepared matrices passed the specifications.

Table 6 Physical properties of acyclovir matrices containing various amounts of

hydroxypropyl methylcellulose, xanthan gum, sodium alginate or carbopol

934P (n=20) . ' ,
Ay

Formulation .Wf:i bardgss , ess (mm) | Friability (%)

‘(’ﬁ?“o_ caf + £SD) | (Mean+SD)
FB1 5824 55049 0.03 0.49 +0.02
FB2 581.19% 1240 0.10 0.36+0.12
F1 582.138 6 %05 0.05 | 0.06+0.02
F2 581.33 #8.13- +0.02 0.03 +0.03
K3 579.50 + 1 820> 16:03%0.05 0.05 +0.02
F4 578.894 707 | 787+ +0.05 0.35+0.05
Fs 579.18 £ 4790829+ 12£003 | 0452015
F 6 573.73 +5,79:4 4.@6_3! : .08 +0.03 0.34 +0.03
E7 3.57 | 810+ 6 0.28£0.10
F8 8+6.15 | 02 | 0.42+0.09
F9 584.55 £536 | 8.08+0.55 6.07%'!!0.03 0.25+0.04
F 10 576.03% 424 mﬂﬁ%ﬂk 0.21 +0.04
Fll | + 507 +0.43 'l L6i50%00.080 | 0.13+0.04
: 2.0.06 + 0.02

F12 579.17 £ 5.61
3T T8 s4 156

TULE

824 £ 0.47

£6.530.06

6.07 £0.08

+0.07 +0.02
F 14 5781.40 +7.81 87.28 +0.43 76.42 +0.15 0.02 +£0.02
F15 580.91 +2.77 8.33£0.49 6.40 £ 0.04 0.06 +0.02
F 16 578.53+£2.82 7.96 +£0.39 5.81£0.03 .33 2012
F 17 581.61 £4.99 8.20 £ 0.52 0.74 £ 0.07
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Table 6 (Continued) Physical properties of acyclovir matrices containing various

amounts of hydroxypropyl methylcellulose, xanthan gum, sodium alginate
or carbopol 934P (n=20)

o .‘llt

" Formulation .W'eight Hardness (kp) | Thickness(mm) Friability (%)
‘(l;grllo; énl;g)) (Mean+SD) | (Mean+SD) (Mean £+ SD)

F 18 580.37 + 4.01 8.08 £0.59 582+ 0.02 0.39+£0.07

F19 579.54 + 3.64 8.114+10.57 5.68 £ 0.04 0.30 £ 0.02

F20 581.13 £ 3.84 | DB 5844004 | 0372002

F21 381.17 & '5.84+0.04 0.38 £0.07

F22 _ 654004 | 0.08+0.02

F23 0.23 £ 0.04

F 24 D28 012

02.87 %.

Ces are shown in table 7. The

Formulation %Drug content
(Mean+SD)
FBI1 99‘gg+o41 @ F12 97.46 + 0.87
FB2 fo] ¢ 'WWfﬁ%lsw&
F1 4 98.99 + 101, | F:lf 98.71 + 116
| - "]P"g i OE:’ 1.55
102.87+0.5 F 16 98.21 +0.78
F 4 98.86 + 1.86 F 17 98.72 +0.29
F5 100.49 + 1.44 F 18 97.64 +0.07
Fé6 97.20 + 0.41 F19 98.78 +0.93
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Table 7 (Continued) The percentage drug content of acyclovir matrices (n=3)

Formulation %Drug content Formulation %Drug content
(Mean+ SD) (Mean +SD)
87 97.50 £ 0.97 F 20 9771025
F8 97.14 £ 2.01 E21 97.11£0.82
F9 97.56 £2.00 F22 101.68 £ 0.85
F 10 100.47+0.18 P23 99.56 £ 0.79
F11 99.36 £ 0.94

The solubilit rent pH or ionic strength

values at 37 C + 0.5 énied in Fable 8 » bility of acyclovir in 0.1 N

HCI solution was hi e similar and were much

37 C+0.5 C(n=3)

bility (mg/ml)
hican + SD)

0.1 N HCI solution

8.34+1.31

Phosphate buffer pH 6.8 éo!lgu‘tlion Y 2.73+0.01
Phosphate b &ﬂ soluti | i Pq EI '-i4li 507
Deionized WW ¢ . 2.74 £ 0.1 lu
0.05 NaC : v > 1 YE¥at

0.1 M NaCl 2.78 +£0.02
0.2 M NaCl 2.83+0.08

* The ionic strength was adjusted to 0.1 with sodium chloride.
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4. Viscosity of polymer solution

Since the viscosity of the hydrated gel layer may critically influence drug
release, the difference in viscosity of hydrated surface layer caused by differences in
PH and ionic strength of the dissolution media is likely to influence drug release from
hydrophilic matrices. Therefore, to elucidate the influence of pH and ionic strength of
dissolution media on the viscosity of polymer solutions, the tests were performed in

solutions with different pH values and salt concentrations.

In this study, the solut' | ‘/& 1.2 and 6.8 were used to simulate

the pH of the stomach e, seetively. In case of various ionic
3 e ——

strengths, sodium chloride_wasused as electrolyte _in medium, since this is the
major representative ele luid (GI fluid) (Talukdar and
Kinget, 1995). Since th 's 0.010 — 0.166 (Johnson
et al., 1993), the rang osen for this study

4.1 Effect of pH

The viscosities of va _ rent pH values: pH 1.2 (0.1 N
HCI solution) and phosphate .-- ol PBS pH 6.8) are illustrated in
Figure 8. Moreover the 10mc-s]1‘.eﬁﬁﬂ',s qf" were also different. The ionic

respectively. Therefe
solution and PBS pH |
these media. In order togclarify the result, the yiscosity of polymer solutlons in PBS

esve SREANBRINEINT
q W’T YIS AR INYIAY

As shown in Figure 8, the viscosity of HPMC at pH 1.2 was less than that at
PH 6.8 (either in PBS pH 6.8 or PBS pH 6.8 + NaCl). This result was probably due to
the instability of HPMC solution at pH 1.2. The HPMC solution is generally stable in
the pH range of 3 to 11. Below pH 3, acid—catalyzed hydrolysis of the glucose —

difference of pH and/or ionic strength of
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glucose linkage becomes significant (Greminger and Krumel, 1980). Therefore, the
solution with pH 1.2 might destabilize the HPMC molecule resulting in instability of

HPMC solution. The weak gel network occurred and consequently small extent of

viscosity.
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Figure 8 The viscosity of hyd 0 ylcellulose (HPMC), xanthan gum

‘k‘

[ ; phosphate buffer pH
, k ; osphate buffer p
6.8 solution |(PBS pH 6.8) and phosphate buf@ pH 6.8 solution with

ionic strengthfd'hsted t0 0.1 (PBSe;I6 8 + NaCl)
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In order to clarity that the lower viscosity of HPMC in pH 1.2 was only due to
the instability of HPMC solution at acidic pH and the difference in ionic strength of

0.1 N HCI and PBS pH 6.8 did not cause the difference in viscosity in these media.
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The viscosity measurement of HPMC in PBS pH 6.8 + NaCl was performed. As
illustrated in Figure 8, the viscosities of HPMC in PBS pH 6.8 and PBS pH 6.8 +
NaCl were apparently similar. This result pointed out that the difference in viscosity
of HPMC in 0.1 N HCI and PBS PH 6.8 + NaCl was due to the difference in pH of
these media. The difference in ionic strength of 0.1 N HCI and PBS pH 6.8 had no
significant effect on the viscosity of HPMC solution.

4.1.2 Xanthan gum solutions

As displayed in Figur the an gum solution in 0.1 N HCI

solution was comparable
) 3 ‘—
medium had little effect o

s an indication that pH of the

ion. The previous report by

)
Since the p : ween 3.4 and 4.4, water
|

insoluble alginic acid-is rapidly formed in 0.1 N HCI*(Hodsdon et al., 1995).
Therefore, the v1scos ‘mesurement of the Sodium al mate in % N HCI was not

s b o b s B

in PBS pH 6. 8land PBS pH 6.8 + IaLaCl were not a &)parently dlfferw This result

RIS AR
strengt u influence of ionic stren the medium on the

viscosity of sodium alginate solution was also discussed in the next topic.

alginate solutions
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4.1.4 Carbopol 934P solutions

At pH 6.8, carbopol (pK, = 6) is soluble and hydrated to form viscous
solution. However, at pH 1.2, carbopol is virtually un—ionized and, due to its low
solubility, unable to hydrate (Perez — Morcos et al., 1996). Moreover, since in the
dissolution studies, the carbopol matrices could not produce sufficient sustained
release, the effects of pH and ionic strength were not considered. Consequently, the

viscosity measurement was only carrled out in PBS pH 6.8. The viscosities of

xanthan gum and sodium alginate so utiops in

42Ej]"ectofva angt/

. )olymer solutions
The viscosities of HPI / 1d sodium alginate solutions in

ZEro.

In case o HPMC'geﬂuons the v sco ﬁt s at various ionic
strengths wer pug %1] that ﬁcosity of HPMC

solutions did no¢ depend on the 10mc‘strength of th edium. This ﬁ ing is similar

IR fiﬂ‘*mﬁ 2
strengao n the rheological properties of C solution. They found that

the presence of salt in the system had practically no effect on rheological properties of
HPMC solution. This could be attributed to the non—ionic property of HPMC
molecules. Being a non—ionic polymer, there was no salt screening effect on the
molecules of HPMC
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Figure 9 The viscosity various ionic strengths
4.2.2
For xanthan gum s6 [influence’ of onic strength of the medium on
the viscosity of xanthan g i W erved. As shown in Figure 9, an
increase in ionic strength from 0=0.0 ul an increase in the viscosity. The
= 3 . . .

result agrees with a previous study in-that tk of xanthan gum in aqueous
medium was influeficed by ionic strenoth { {-T--_--T--'E;-’is" 96 and Talukdar and

- ¢ £ :
Kinget, 1995). The additio On-i the concentration range

w and Kinget, 1995). The
reason for this finding fight be attributed fo’the salt dependc% conformation of

s ool FEF Q) BB IV

aqueous solutidh was established. Th%disordered rang)m coil confom@on loses the

abilit mﬁn‘qlﬁ?ﬁg Hﬁﬂcﬁ}ﬁﬁlyqbﬂ form a gel.
An inia einc tration of a salt causes an increase 1n the rate of formation

of an ordered structure (Talukdar and Kinget, 1995). In addition, it was also been

from 0.2 — 3.0 % ca :“ the viscosity to increase (Talukda

xanthan gum in

found that the salt screens the electrostatic repulsions of pyruvate and acetate groups

on the trisaccharide side chains, allowing the adoption of a helical backbone
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conformation of xanthan gum. This in turn promotes the increased association of the

ordered xanthan gum molecule in solution (Talukdar et al., 1996).

However, the present study found that the influence of ionic strength on
viscosity of xanthan gum solution was limited up to ionic strength = 0.05. Above this
value, further addition of salt had no effect. This finding is inconsistent with the result
from previous studies (Talukdar et al., 1996 and Talukdar and Kinget, 1995) in which

the influence of ionic strength of medium on the rheological properties of xanthan

Therefore, further additiOﬁm ad Jl
This deviated result might be.caused by the d1, »

gum solution was observed up to

this condition (0.1 M NaCl) x

. These authors explained that under

able form due to helix formation.

n the rheological properties.

etate and pyruvate content

in xanthan gum molecule differe rces (Z \napp, 1984).

4.2.3
As displayed i m alginate solutions in
different ionic strengths of fhedis ed. The finding pointed out
that the independence of vi 7 .10 the ionic strength of the medium
was observed. Nevertheless, thites: fith published report by Cottrell and

“autho s described that monovalent

Kovacs (1980) and Nussmowtc;h—ﬁtﬁg'?);

salts depressed the.viscosities of dilute s odium alginate sOlutions. The maximum

X
effect on viscosity th solution (Cottrell and

Kovacs, 1980). How

:'“’.; ined at " 1

r, this effec be reduced by.lincreasing the alginate

concentration (Nussmov&bhl 997). Since the polymer solutions in this study were

preerd st EGalE AT 1) ot B9 Gt st migh

explained in teris of the higher concentratlon of alginate solution tested in this study.

- mmmmmﬁw NIk

(Cottrel and Kovacs, 1980).

(=]
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5. Dissolution study

The dissolution experiment should be performed under the sink condition.
When the drug concentration in the dissolution medium is equal or less than 15% of
drug solubility in that medium, the sink condition is reassured (Carstensen, 1977).
Since acyclovir was poorly soluble in all dissolution media studied, except for 0.1 N
HCI solution (see Table 8), the sink condition occurred only at below 94% of

accumulated percent drug release. Therefore, at the accumulated percent drug release

‘ rf profile might occur.
The blank m g | ng ’ prepared. They were

composed of major ingre d * acyclovi C blank A and B matrices

above this value, the deviation of

medium on drug release

In order to study th GW[:’}H’ of the dissolution medium on drug release,
the blank matrices were N HCI solution {pH «2)/and phosphate buffer
pH 6.8 solution (PBS/p : ; ‘t\ A and B matrices in
dissolution media with ifferen pH values are displayed itn-Figures 10-11. For both
blank A and B matrices, the.drug releases in 031sN HCl solution were markedly faster

o B4 64 4 S IT Gomr 011

HCI solution agjthe 1** hour and 4™ hour respectlvely, while the release of acyclovir

A TS VIR TR e e

in Table 8, the solubilities of acyclovir in 0.1 N HCI solution and PBS pH 6.8 were
18.34 and 2.73 mg/ml, respectively. Therefore, when the matrices were exposed to 0.1
N HCI solution, acyclovir readily dissolved which led to an apparant faster drug

release.
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Figure 10 The release Todof 1 atrice L N HCl solution and
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Drug released (%)

ease profiles of blank B matrices in 0.1 N HCI solution and
phosphate buffer pH 6.8 solution (PBS pH 6.8)
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5.1.1.2 Effect of ionic strength of dissolution medium on

drug release

The release profiles from blank matrices at different ionic strengths of the
dissolution medium are shown in Figures 12-13. The blank A and B matrices were
investigated for drug releases in deionized water and 0.2 M sodium chloride solution
corresponding to the ionic strengths of 0 and 0.2, respectively. For both blank A and
B matrices, the release profiles at different ionic strengths were similar. They were
sustained over 12 hours. The reason ot { t, g might be explained in terms of the
solubility of acyclovir in tk \ ‘med /» esult from drug solubility
determination, the solubilitiess {Q 1c strengths were apparently
similar. Therefore, the i‘ ioni¢ ength™o 'lutlon medium on drug
release profile was noy . . c'sustained release property of

blank matrices was probably d C lubi ‘acyclovir in deionized water

and 0.2 M sodium chlorid
512 E i
s
The blank mafrice ere /arious pH values and ionic
strengths of the dissolution medi ease profiles of blank A and B
matrices in the same dlssolutm:ﬂﬁﬁ‘dﬁuﬁ ed, the drug releases from
blank A matrices which ¢ d lacto: an those from blank

solubility of the dlluent pl(y,ﬂ an important roleson the drug release. Dibasic calcium

phophie wafi bfa b ke vas v e

water-soluble ékCipient. Therefore, when the matrlces were 1mmersed in the

e R D ) TRV e TR

the matrlces and the drug could readily dissolve and diffuse out from the matrices.
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Figure 13 The release profiles of blank B matrices in deionized water (DI water)

and 0.2 M sodium chloride solution (0.2 M NaCl)
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Figure 15 The release profiles of blank A and blank B matrices in deionized water

(DI water) and 0.2 M sodium chloride solution (0.2 M NaCl)
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Since dibasic calcium phosphate could only slowly dissolve in 0.1 N HCI
solution, the drug release from blank A matrices in 0.1 N HCI solution was still faster

than from blank B matrices.

5.2 Dissolution study of acyclovir matrices in dissolution media with
different pH values

5.2.1 Effect of polymer concentration on drug release

The four hydrophilic ¢ lymers we release-regulating polymers in
‘ ‘ : traéﬁ matrices containing HPMC,

xanthan gum, sodium alg rbopol 934 '4»5 ophilic polymers were 10%,
15% and 20%. In eac ot tl, \
dibasic calcium phosph hy “ \ ¢ experiments were performed

using 0.1 N HCI solutio \\_\\5 er pH 6.8 solution (PBS pH 6.8)

&5
Sl Tt BN
as dissolution media iff order ta si &la '

s the i ro-intestinal tract.
P \

, 10.1 N HCI solution and PBS pH 6.8
(see Figures 16 and 18) and dibasic ¢al matrices in 0.1 N HCI solution

e composed of lactose or

52401 " matrices

-

4 B
The releases profiles of 4

(SCC Flgure 17) c lw-n-u- -Ii-vlii;ilell“'.‘ aS lnﬂuenced by the

polymer concentra . .Jh polymer concentration

e
exhibited a decline in “ drug release rate. .,

ﬂumwﬂmwmm
ammmmumfmmaa
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Flgure 17 The release profiles of matrices containing dibasic calcium phosphate

and hydroxypropyl methylcellulose (HPMC) in various amounts in
0.1 N HCI solution
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100 -

Drug released (%)
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|
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Figure 18 The release - ontaj ‘u,\o and hydroxypropyl
' amounts in phosphate buffer

N

This could also be ghown'By pioti relative dissolution times (RDT
values) against the percentage o ;‘,';__ Cr it ormulation (see Figures 19-20). The

higher RDT value indicate onversely, The lower RDT

value indicates the faster drug r the RDTvahies-of lacfose matrices in 0.1 N

. V.. .
HCI solution and PBS p , '"r""
in 0.1 N HCI solutio l see Figure 20) increased with insing percentages of the
polymer in the matrices. Zhis result indicated that the drug release of matrices

composd ofipe el bEATASRAN fosb T or s

containing highér polymer concentratié)n.

RN IUNRINYIAY

m phosphate matrices
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Figure 20 The relationship between the relative dissolution time (RDT value) and
the percentage of hydroxypropyl methylcellulose contained in each
formulation when using lactose or dibasic calcium phosphate (DCP)

as diluent in phosphate buffer pH 6.8 solution
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This finding agreed with previous studies by Ford et al. (1985), Mitchell et al.
(1993) and Velesco et al. (1999). They studied the effect of HPMC content on the
drug release rate. Although their studies used different test drugs and grades of
HPMC, their results were consistent. They concluded that an increase in polymer
concentration resulted in a decrease in drug release rate. This might be due to an
augmentation of polymer chain entanglement in hydrated gel layer around the
matrices comprising higher HPMC content. This resulted in a more concentrated gel

and increased gel tortuosity. Consequently, the diffusion path became more

convoluted and thus the dlffusion : d. Moreover, a concentrated or strong

protective gel-barrier would bé less susceptis Far ion, resulting in decreased drug

release. This finding pointéd-out '-'. @-\echanical properties of the
T —

surface-hydrated gelati n le in overall drug release

In case of drug z flos-o friteshor pared using dibasic calcium
phosphate as diluent uffer .80 see Figure 21), the slower

drug release rate was i t ould be ned in terms of drug and

diluent solubilities in t ir was slightly soluble in
phosphate buffer pH 6.8 g Table 8). Moreover, dibasic
calcium phosphate did not d1ss : 3. Therefore, the release profiles of
matrices using dibasic caleitiirp 51 osphate buffer pH 6.8
solution dlsplayedi‘ o IE umulated release was

Polymer concentfation had practicall %ﬂo effect on dru release rate in some
a

cases. Flgureﬂ u&’& ,gl% w&nq 1§es played a major

role in controflih g drug release, wh%seas the polymer concentration Uyed a minor

R0 BT NIAK TN
in thﬁ)ﬁof s shown in Figure this finding was also

reflected in the RDT value.



61

100

Drug released (%)

—e—HPMC 10%
—&— HPMC 15%
—&— HPMC 20%

12 14

Figure 21 The releas/ \- alcium
hylcel \ C) in various

ofiles of matrices comprising

lactose and dibasic calcium phos]

-

-

t.in dissolution media with different
pH values are displayed inF G5 9 ,

a

ion medium, an increase in

In case of using!

0 tm
|
the polymer concentration trended a decrease in the drug rel€ase rate (see Figures 22-

23). The relea: Zf superior release
profiles, whe ﬂ ﬁ % ﬁmmﬁiﬁ"/ﬁnd 20% polymer
were compara e. This result was gan mdlcatlon&at the influengey of polymer
=R RS AI RN INHAE B
furtherqmcrease In polymer concentration had little effect on drug release. This

pointed out that matrices containing 15% polymer had a strong enough gel barrier to

sustain drug release.
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The effect of xanthan gum concentration on the relative dissolution time (RDT
value) of matrices in 0.1 N HCI solution is also displayed in Figure 26. The matrices
containing 10% polymer displayed the lower RDT value, while the RDT values of

15% and 20% polymer content matrices were apparently similar.

100

Drug released (%)
W A LY 0 O
S O o o o o ©
L L 1 1 L L L

—— XG 10%

i —a— XG15%
ol —&— XG20%
0
4 14
Figure 22 The release profile ices Containing lactose and xanthan gum
(XG) in various amoints in 0.1
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Figure 23 The release profiles of matrices containing dibasic calcium phosphate

and xanthan gum (XG) in various amounts in 0.1 N HCI solution
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Figure25 The release profiles of matrices containing dibasic calcium

phosphate and xanthan gum (XG) in various amounts in phosphate
buffer pH 6.8 solution
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the percentage of xanthan gum contained in each formulation when

using lactose or dibasic calcium phosphate (DCP) as diluent in

phosphate buffer pH 6.8 solution
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As presented in Figures 24-25, the drug release rates of xanthan gum
composed of lactose or dibasic calcium phosphate as diluent in PBS pH 6.8 were very
slow. The maximum amount of accumulated drug release at 12 hours was only about
20%. This result might be caused by the important role of swelling property of the

xanthan gum matrices and the viscosity of the xanthan gum gel around the matrices.

Visual observation of matrices during dissolution test revealed that xanthan

gum matrices had highly swellable property This could be confirmed by the matrices

swelling determination, which was discu: in the next topic. More swelling of the

matrix, the longer the diffusio h ?'_-, ; r the drug to came out, which
resulted in decreasing dru d 1996). Moreover, as in the
result of viscosity meas dy. it xanthan gum solution in
PBS pH 6.8 was mark orh oth r polyme utions. The viscosity of
xanthan gum solution s adicat e xanthan gum matrices
were less susceptible to i ieh & in drug release rate. In
addition, the drug sol ‘ - affect drug release. As

the result of this study S pH 6.8 which led to

release rate of xanthan.g ices 1 6.8 solution regardless of
the diluent used, as illustfated in Figures 24-258/ An increase in d‘rﬁg release rate did

ot ocur wif| it ol by i o kg s i

indicated that the properties of hydraspd gel layer around the matrrcesjnd the drug

o s
mlgh’qs UI emmn entration on dru se rat erefore, no

influence of polymer concentration on drug release rate was occurred. As shown in
Figure 27, the independence of polymer content on RDT value could support the

obtained result.
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5.2.1.3 Sodium alginate matrices

The release profiles of sodium alginate matrices containing lactose or
dibasic calcium phosphate as diluent in 0.1 N HCI and PBS pH 6.8 are shown in
Figures 28-31. The relationship between the relative dissolution time (RDT value) and

the percentage of sodium alginate contained in each formulation in various dissolution

\0# - 4.4, sodium alginate is rapidly
tlon (pH 1.2) (Hodsdon et al.,

1995). However, even u ondﬂbn

media are displayed in Figures 32-33.

Since the pK, of alglmc

converted to the insoluble al&
polymer has dissolved and

appeared to form an i hydrated regions. This

structure can explain A coherent surface barrier

layer which hold toget tegration can otherwise be

expected (Hodsdon et a d 29 an increase in drug

release rate seemed to occ » ntrations. In consideration
of RDT value, Figure 32 i es that anihcreass, i ntage of polymer in the

formulation caused a littl ase in] Tf‘ ;
Al

be due to the rapid conve o“g‘ﬁcﬁu '

solution. The insoluble algmlcﬁz—la_
_'_,./

son for this finding might
alginic acid in 0.1 N HCI

, fthe higher polymer
concentration led t he tower medium penetration intc imatrices, resulted in

decreasing drug releasﬂate - LT‘
In cas Eiﬁ Tf l-y] {W ri shown in figures
30-31. When ﬁji Ejh ﬂgjl 3 ntration on drug

release rate could be noted as shgwn in Figure=30. An increasesin polymer

S ] AT ITRE R R

increasé)in RDT value with increasing amount of polymer in the matrices containing

lactose as diluent (see Figure 33). The decline in drug release rate of matrices with
higher polymer content was probably due to the more concentrated gel and the
augmentation of polymer chain entanglement of hydrated gel layer around the

matrices. However, the release profiles of matrices with dibasic calcium phosphate as
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diluent were similar during the initial 3 hours of the dissolution test but during the 3™
and thelQ" hours, the drug release from matrices containing 15% and 20% polymer
graduately increased over that from matrices containing 10% polymer, as shown in
Figure 31. This result might be explained by visual observation over the course of
dissolution test that the matrices containing 10% polymer could adhere to the
perforated plates at the bottom of the dissolution vessels over the dissolution period,
whereas the matrices containing 15% and 20% polymer could adhere to the perforated
plated at initial 3 hours of dissolution test. After that, the movement of these matrices

around the perforated plates occurred, ’ re, the attrition of the matrices caused

by the movement of the matrice: ﬁ % ted plates resulted in an increase
\‘ ﬁ

in drug release rate of the marices ¢ prisin 0% polymer. This resulted in

the higher release profiles of the-matrices containing 15% and 20% sodium alginate

over that of matrices contajmifi, 7' po!l 7- \\’\-mg diate and last portions of
. . - il 4 i )]

the dissolution profile. tx h O \ the higher RDT value of
matrices containing “10% gfoly - obse \,\\ e RDT values of the
matrices containing 15% a \

33).

frices were similar (see Figure

\
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Flgure 28 The release profiles of matrices containing lactose and sodium alginate

(SA) in various amounts in 0.1 N HCI solution
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Figure 30 The release profiles of matrices containing lactose and sodium alginate

(SA) in various amounts in phosphate buffer pH 6.8 solution
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100 1

Drug released (%)
o)
=)

—e—SA 10%

20 - —8—SA 15%
10 —a— SA 20%
0 :
0 2 12 14

Figure 31 The relea ' atriges containing diba: ic calcium phosphate

s in phosphate buffer pH

RDT (hr)

Percﬁta of polymer=s,

riledi ']mm ﬂJnl,llfl'lZl 3 Eanl @Dﬂalue>

and the percentage of sodium alginate contained in each

formulation when using lactose or dibasic calcium phosphate
(DCP) as diluent in 0.1 N HCI solution
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RDT (hr)
(@)}

2 - —o—lactose
---¢--- DCP
0 ;
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Figure 33 The relation i , v wegn'the ¥ 2 \\\\\ _‘: time (RDT value) and
' contained in each formulation when
using lact@se oy catetum’phospha P) as diluent in
phosphate b
The releases-profile S_0f matrices containins carbonel-934P with lactose or
TS )

dibasic calcium phospha d ‘BS pH 6.8 are shown

in Figures 34-37. ,

o EH A B R T e e

regulatmg polyiher did not produce sustained releases The matrlces completely

o PP

Since the PKa of carbopol is about 6.0, it is insoluble in 0.1 N HCI solution (pH 1.2).

However, it can dissolve and swell in PBS pH 6.8 (Perez-Marcos et al., 1996).
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and carbopol 934P (CP) in various amounts in phosphate buffer pH 6.8
solution
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Therefore, the carbopol 934P matrices could not form the protective gel
barrier when immersed in 0.1 N HCI solution. In contrary, they had ability to produce
the gelatinous barrier around them in PBS pH 6.8. Moreover, as the result of viscosity
measurement, the viscosities of carbopol 934P and HPMC solutions in phosphate
buffer pH 6.8 solution were comparable (see Figure 8). This result indicated that the
strength of protective gel barrier around the matrices should be strong enough to
sustain drug release. Nevertheless, the matrices rapidly eroded when exposed to both

dissolution media. This result pointed out that although the matrices had ability to

shape and integrity rapidly during the

dissolution test. However, the relea pH 6.8 did slowly gel, which
was observed visually. T@n i al mer hydration had not been

prevent but merely reta

produce the protective gel barrier;

tial the rapid production of

polymer in the matri 4P, there were likely to

be areas where there out the matrices. Water

the matrices took a finite time form a = uld continue to enter into the inner
layers of the matrices befor ﬂré'?xft"ééﬁsié' ‘coat tc ompletely formed. The
pressure caused bysliydration of the inne ;:..-,_; in pores within the
. 4 1 ' e" surface gel layer had
: polymer in the matrices,
there will be fewer poresfangha protective coafican form without water penetrating too

far into the nﬂi%@c@l %l&% ﬁisWuBnrp]iﬂhﬁthe hydration rate

of the polymem to form the protectéye gel barrier around the matrices played an

RIS ST I -

Consequently, in order to prepare the matrices that can produce sufficient
sustained drug release, the increase in polymer concentration is necessary. Therefore,

the use of carbopol 934P as retarding polymer is not suitable for matrices containing
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high dose drug such as acyclovir. Since carbopol 934P matrices failed to produce
sustained drug release, the influence of other factors on drug release was not studied
and discussed.

3.2.2  The effect of type of diluent on drug release

Lactose and dibasic calcium phosphate are commonly used as diluents in

tablet formulations. Lactose is used as water-soluble diluent, while the dibasic

calcium phosphate is used as water, i ibleddiluent. The effect of different diluents
at the polymer levels of 10%,_\ o and 2 ' release from HPMC, xanthan
gum and sodium alginate~matrices ; dissolution studies were

performed using 0.1 N H ti BS p 0.8 asithe dissolution media.

( HCl solution

The release profiles of ontaining different diluents in 0.1 N

HCI solution are represented -ufr_.:*l.r-'sﬁi I'he'inf 0 the ype of diluent on drug

release rate of lo _polymer containing (corresponding to. -4 it gh level of diluent)

matrices could be db gasic calcium phosphate

T

matrices was slightly faster than that of lactose matrices, éspecially during the last
portion of dissolution profi ilesHowever, the %lof diluent had practically no effect

on drug releasﬂ %Q’Jl% gnm rWu%J (m:;mg to low level

of diluent). For High polymer content naatrlces the drlgrelease profiles &’lactose and

dibasi mﬁw Hnﬁl? "Plh hat the
dlffer% ru as m ibasic calcium phosphate content

matrices occurred only with matrices containing high level of diluent.
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Figure 38 The relea irice§ containing lactose or dibasic calcium

phosphat hydroxyp: ethy '\\- ose (HPMC)

in various

i sl A
Lapidus and Lordi (1966 ﬁtﬂ@fﬁ teplacement of HPMC by either a soluble
. . . L2 |
or insoluble diluent increased 1sso£lﬁ' ate. - Additionally, they concluded that only

T

at high diluent level, there was ~diff

g release between soluble and

insoluble excipients. This can-si It in_this study in that the

difference in drugirele: 51'-];’.’.';1’-};=:;TJ;I;’:T;;T-‘E=E:;;;;"‘ calcium phosphate
containing matrices Wés only This study again agreed
with previous study Ford et al. (198 hey concluded that the difference in

release rates between lact@se=and calcium phospliate reﬁacement occurred only when

R R
one WSO IR T Y

soluble diluent and can dissolve in 0.1 N HCI solution. On the other hand, though
dibasic calcium phosphate is water-insoluble diluent but it can slowly dissolve in 0.1
N HCI solution. This result agreed with the visual observation over the course the

dissolution test that no particles of dibasic calcium phosphate were found in 0.1
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N HCI, whereas the particles of dibasic calcium phosphate were found in phosphate
buffer solution pH 6.8.

Both soluble and insoluble—diluents might cause the occurrence of non-
uniformity of the gel layer around the matrices (Ford et al., 1987). In case of using
dibasic calcium phosphate as diluent, when dissolution medium penetrated into the
matrices, the insoluble dibasic calcium phosphate particles caused the discontinuous
gel layer. Moreover, the erosion of the matrices occurred when dibasic calcium

phosphate slowly dissolved. Therefore

u mentation in the drug release rate

d also cal / —uniform hydrated gel layer by
the formation of water—fille drug release from lactose-

containing matrices was 10Wer than om@um phosphate containing

matrices. This might be attribufcd igher degree of matrix integrity appearing

with matrices composed of 12 4 ower RD ues of dibasic calcium

As illustrated in Fi lcasepi afiles of matrices containing 15% and

20% polymer were similar. rices composed of 10% polymer,
the drug release rate of dibasic natrices were faster than that of

lactose matrices, es egia proitle; Moreover, the high

standard deviation ¥alues of percent drue rel served with dibasic

calcium phosphate mats conta
AUEINENINYINS
ARIAINTUNNING I
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Figure 39 The release/ \ actese or dibasic calcium

Drug released (%)
o
S

amounts in 0.1 N

Nevertheless, by vi S 5 £ - ‘ 5 r the course of dissolution test, the
movement of the matrices argund the“perfor plate was observed with dibasic
calcium phosphate matrices ont I or. This caused the attrition of the
surface gel layer around the ma M that ¢ ] e higher drug release rate and
standard deviation vak ues of percent drug 1 *;;.";.'.;:;.,;-‘i; the matrix erosion
ate ¥ 0.1 N HCI solution

‘the faster ;’1‘] clease rate of dibasic

caused by the slow diséolt
and the gel layer des ~“ tion might cause

calcium phosphate matrices'centaining 10% polymer.

AUBINEIITNYINS
AN TN INGINY



¢) Sodium alginate matrices
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Since pK, values of alginic acid range between 3.4 and 4.4, sodium alginate is

rapidly converted to alginic acid in 0.1 N HCI solution (Hodsdon et al., 1995).

Consequently,

by visual inspection over the course of dissolution test, the continuous

gel layer did not form around the sodium alginate matrices hydrated in 0.1 N HC]

solution. Instead the porous, tough and rubbery texture was observed. The drug

release rates of dibasic calcium phosphate matrices containing 15% and 20% polymer

were slower than that of lactose

(see Figure 40).
100 -
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80 A
g 70 1
o
g 60 -
)
5) 50 - SA 10%:lactose
E 40 - -@- - - SA10%:DCP
SA 15%:lactose
30 - ---m--- SA15%:DCP
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10 | A#20%:DCP
O *_: L -
A\l |
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Figure 40 The release pfofiles of matrices coﬁdinini‘ lactose or djbasic calcium

ol )i b

Hqusolution

various amounts in 0.1 N

ARIAN TN INAE
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This finding might be the result of a raised pH within the matrices as a result
of the slowly dissolved of dibasic calcium phosphate in the matrices which is a basic
material. This resulted in some dissolution of sodium alginate within the matrices and
then the formation of the interstitial glue between the poorly hydrated regions. The
interstitial glue acted as a barrier of drug molecule to diffuse out. Therefore, the drug
release rate of dibasic calcium phosphate matrices was slower than that of lactose
matrices in 0.1 N HCI solution. The higher RDT value of dibasic calcium phosphate

matrices, especially at 15% polymer level may support the obtained result (see Figure

32). . ’ ,y/
0 st@hate buffer pH 6.8
The dependen pe ent was observed, as
shown in Figure 41. The ferénce be \\ ctose and dibasic calcium
phosphate containing matr S interm of drug release rate from the
low polymer content formulation, while fittle diffe en was observed with the high

polymer content formulation. Thiszesuit confi at the difference in drug release
rate between the matrices usin 5!"' ‘o "'r ium phosphate as diluent were
dominately observe -r'(_-_;;;-.-;u_wg,_-..ﬂ.,.q.;;=:aa:::a;:;:.zé- 1g to low polymer

. A
content). - :

§ 0
ﬂuﬂqwﬂm5WH”nﬁ
ammmmumw el
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Figure 41 The release p ose or dibasic calcium
ulose (HPMC) in
lactose was higher than di figes. This could result from

the different solubilities of diluent-4n*the _ issolution medium. The lactose is used as
water-soluble diluent which can“dissol ‘ shate buffer pH 6.8 solution, while
dibasic calcium ph_osphat is-watersin »,, ( ‘ Therefore, the influence of
lactose on drug reléa ’".z;:=-;;;.';:;*;;;::;:::;;:._L;';'-;;;;;n;;:;;,' 0f' dissolution medium
penetration by inc .-;‘?‘:, ':,». ration. Contrarily to
lactose, the dibasic cium phosphate did not dissolve i u issolution medium and
thus caused a decrease inporosity of the hydrated matrices. Moreover, the visual

overvaton oI B VSIS P B TS e of i

integrity was Observed with dibasic ‘palcmm phosphate matrices than with lactose

e TSI NI T TR

The obtained result could be supported by the relationship between percentage
of polymer and the relative dissolution time (RDT value) of lactose and dibasic

calcium phosphate matrices (see Figure 20). The marked lower RDT value of lactose
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matrices than that of dibasic calcium phosphate matrices at 10% polymer level was
observed. Moreover, when increasing the percentage of polymer in the formulation,
the less difference in RDT value of lactose and dibasic calcium phosphate matrices
was found. The RDT value of lactose and dibasic calcium phosphate matrices

containing 20% polymer were comparable.

b) Xanthan gum matrices

Unexpectedly for xanthan g i iges, no difference in drug release rate
between lactose and dibasic cal \\11.1 phatcsmatrices was observed despite the

solubilities of these diluen: uu.;-- erent (s€o-Figuied?2). At 10%, 15% and 20%

polymer levels, the RDT values.of lactose and dibasic calcium phosphate matrices
were similar, as presented jaeF / | m ling ‘indicated that the solubility of
diluent played a minor rolg / ’ om anthan gum matrices in
PBS pH 6.8. The majo ac oht be the swelling property

of the matrices, the strea@th of it | barrietfarot ¢ matrices and the solubility of
P -] s

the drug in dissolution mediund, 2 % Vi [ioned in Ssection 5.2.1.2.
i

s

iyt

- L J o
100 { —e—XG10%:lactose 'fié“"" =
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= J— |
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s o - -A--- XG 20%:D
& 90 4
& 40 -

Q ‘W'] ﬂ\‘iﬂﬁmmﬂ’]’mmﬂ 3

Flgure 2 The release profiles of matrices containing lactose or dibasic calcium

phosphate (DCP) and xanthan gum (XG) in various amounts in

phosphate buffer pH 6.8 solution
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¢) Sodium alginate matrices

The dependence of drug release rate on the type of diluent could be seen in
Figure 43. The type of diluent affected the drug release rate of the low polymer
content (corresponding to high diluent content) sodium alginate matrices. The drug
release rate of lactose matrices was higher than that of dibasic calcium phosphate
matrices. However, the drug release rates of lactose and dibasic calcium phosphate

matrices at 15% and 20% polymer concentrations were comparable. Therefore, in

pidus and Lordi, 1996), this study

found that only at high diluen March 2 ﬁli ference in drug release rate
between soluble- and insolublesdilugnt: inim, s was observed.

100
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Generally, the lactose matrices exhibited a faster drug release rate than
dibasic calcium phosphate matrices in phosphate buffer pH 6.8 solution, as discussed
previously. Nevertheless, as mentioned and discussed in section 5.2.1.3, the
movement of dibasic calcium phosphate matrices comprised of 15% and 20%
polymer around the perforated plates at the bottom of the dissolution vessels resulted
in an increase in drug release rate. This augmentation in drug release rate of dibasic
calcium phosphate matrices might cause the similar release profiles of lactose and

dibasic calcium phosphate matrices containing 15% and 20% polymer. Consequently,

this finding might also cause the ind f drug release rate on the type of
diluent at 15% and 20% polymeg@ /

When the relative d1s

\

actose and dibasic calcium
phosphate matrices were ¢ ' & RDT ve flactose matrices was markedly
lower than that of dibasi ' | nat
Figure 33). This supp drug release rate was

observed with lactose 1 d 20% polymer levels,

The influence E pH of the d
HPMC, xanthan gum and' sedium alginate matsices was examined. The 10, 15 and

20% polymerﬂ;éﬁ Haq w E}jﬁﬁj w Uq)ﬂa dibasic calcium

phosphate weréelinvestigated for the release profiles in different pH dissolution media.

ey 1 arsalsr gy

edium @the drug release from
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5.2.3.1 HPMC matrices

Figures 44 and 45 illustrate the effect of pH of the dissolution medium on drug
release profile of HPMC matrices containing lactose or dibasic calcium phosphate as
diluent, respectively. The strong influence of the pH of dissolution media on the drug
release rate could be observed. The drug release rates in 0.1 N HCI solution were
markedly greater than those in phosphate buffer pH 6.8 solution, which could be

confirmed from the lower RDT \%

HCI solution and higher RDT values

This result mi ngths of gel layer of the

.

matrices hydrated in : h er pH 6.8 solution. The
viscosity determinatio Ol v 7solution revealec \u e viscosity of the HPMC

. 59 ‘ hat ~ 7~ b.uffer pI-.I 6.? solution
(see Figure 8). Therefore thie sfronge er around the matrices which immersed
s fo ' also caused the slower drug
release rate in phosphate b ¢ 6. : i n. This \ It pointed out that the pH of

the dissolution medium was'a crifical facto -\ ining the dissolution rate of

_—

alubilities of acyclovir in
A y

0.1 N HCI solution 4 ri ’ on. According to the result of

this study, acyclovir ras slightly soluble in phosphate bufférpH 6.8 solution, whereas

RIS
ARIAINTU NN ING I
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Figure 45 The release profiles of matrices containing dibasic calcium phosphate

and hydroxypropyl methylcellulose (HPMC) in various amounts in

0.1 N HCl solution and phosphate buffer pH 6.8 solution (PBS pH 6.8)
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Figure 46 The relatig ime (RDT value) and

the perce ' ellu se contained in each

formulation, el of: . u phosphate (DCP) as
diluent in"diffefeng'di ! \

The influence of pH ???"T ‘ ium on drug release profile of
xanthan gum ma ces G ;.;;.;;;.:;.;.;r.i.r:.r.mr:.‘.‘.-:;h osphate as diluent is
shown in Figures 4 ‘x‘tl. ofiles of xanthan gum
matrices containing e ther lactose or dibasic calcium pho 14 ate depended on pH of
the dissolution medium. Thexdrug release rateswas faster in 0.1 N HCI solution than in

5 65 L S e o i

xanthan gum niétrices on PBS pH 6.8 ‘;han in0.1N HCl solution (see Fi ure 49). This

ST T S I e
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Figure 47 The release pfofiles’of marices ¢ g lactose and xanthan gum
(XG) in vari ' nd phosphate buffer pH

6.8 solufion.gilf
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Figurg 48 The release profiles of matrices containing dibasic calcium phosphate
and xanthan gum (XG) in various amounts in 0.1N HCI solution and
phosphate buffer pH 6.8 solution (PBS pH 6.8)
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Figure 49 The relatig /' he ‘D on time (RDT value) and
the perce ofikafitiian gli cc ained in each formulation when
using lactosglor dibasi¢ caleiu 1 pha phate '-‘?\' as diluent in
differentpH g olutidny me ’ \
The matrices swelling rdteis 3 portant factors that affects drug

release rate of hydrophili inget (1995) studied the

relationship betweeit the swelling rate and the drue release ¢ a of the matrices. They
concluded that the yvh g orl-o uble drug displayed a

reciprocal relationshi hile the insoluble drug exhibited r'il direct relationship. This

difference in relationshipcambe explained by thé difference in the release mechanism

of drugs. The ﬂu%c&j; Qemeﬂi%t‘@iwga%ﬂwﬁwas the insoluble

drug is releaseoqy the mechanism of %;osion (Alderman, 1984).

RIAINIUNRIINYIAY
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For diffusion—controlled mechanism, as the gel thickness increases, the
diffusion path length increases, which in turn causes the decrease in drug release from
the matrices. Conversely, in case of erosion-controlled mechanism, the swelling of the
matrices leads to more susceptibility of the matrices to erosion, resulting in an

increase in drug release rate.

The previous published report by Talukdar and Kinget (1995) may support the

obtained result in this study. They studied the influence of pH of dissolution medium
xanthan gum single compact

‘ y ey reported that the swelling rate of
extre ' ium was significantly lower than
In neutral or alkaline solﬂhls 1¥alsomwnh the result of matrices

in the next topic. The result
e in 0.1 N HCI solution

in the swelling rate of xanthan gu

swelling determination j

of this study indicate

followed a reciprocal r hi e BN creased, the diffusion path
length decreased, resulti ‘ ate in 0.1 N HCI solution.
This was clearly evidé 1e could dissolve in 0.1 N
HCI solution from hydgéphilic atrlqgs: L eed through the gel layer

(Alderman, 1984).

Conversely, Sotibitiey fof yeloNionic phesphate buffer pH 6.8
solution resulted i #he_drug release viz the tarz aikibation of erosion process.
Thus, the rapid swelliz ’ s ution caused the more
susceptibility of the miatrices to erosion. However, accoa(;g to the result of this
study, the drug release ratesin ﬁ:ﬁfe bufﬁl‘f ﬁ 6.8 solution was markedly lower

I

than that in (ﬂNu&‘Lh’lao %tg t&lga xplained in terms of

the viscosity ofithe hydrated gel arougd the matricef.gld the tablet int%ity. Not only

the lﬁﬂt @\q’ﬂ‘ﬁs t/aldo m:&aywtmbaiegound the
matrt% ffecte erosion of the gel layer. As the result of viscosity measurement

in this study, the viscosity of xanthan gum solution was dramatically higher than those
of carbopol 934P, HPMC and sodium alginate solutions in phosphate buffer pH 6.8
solution (see Figure 8). Thus, as the result of high viscosity of xanthan gum solution,

the gel layer around the matrices was not susceptible to erosion. In addition, the high
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viscosity of polymer gel around the matrices led to maintenance of the matrix

integrity, which observed visually over the course of the dissolution test.

In conclusion, the differences in drug solubility and swelling rate in

dissolution media with different PH values affected the drug release rate of the

xanthan gum matrices.

5.2.3.3 sodium alginate matrices

In the case of matrices coni ’_ , inate as retarding polymer, the
dependence of the release profiles of a& calcium phosphate matrices
on the pH of the dissoluti is shi . 0 and 51, respectively. The
different dissolution medi in the drug release pattern.
This result agreed with | fal. (1991). They found that
the pH of the dissolutio , he dissolution profile of
alginate matrices. In . from lactose to dibasic
calcium phosphate did of the matrices to pH
changes.

The diffefence in drug re odium alginate matrices in different
dissolution media could be difference in elease mechanisms. In
0.1 HCI solution, ase wa i with the sguare roet-of time. This finding

predominantly diffusion-
D onbrow, 1982), whereas at pH 6.'
with time. This was an ifidigation that the drg' release in phosphate buffer pH 6.8

solution follﬂr%ﬂé&rﬂiﬁﬂ@%& %ﬂ ‘jnechanism was

predominated. The drug release rateé, of sodium aginate matrices '51}0.1 N HCI

ol TN TR ST TN e

9.
|

controlled (Touitou ang drug release was linear
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Flgure 51 The release profiles of matrices containing dibasic calcium phosphate

and sodium alginate (SA) in various amounts in 0.1 N HCI solution

and phosphate buffer solution pH 6.8
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Table 9 The drug release rate of sodium alginate matrices with different polymer

content and diluents in 0.1 N HCI solution and phosphate buffer pH 6.8 solution (PBS
pH6.8)at37 C+0.5 C (mean (SD); n=3)

Formulation | Sodium [ Diluent Dissolution medium
alginate
—— 0.1 N HCI PBS pH 6.8
Release rate Release rate
(% min™") r?
(mean (SD))

F7 10% 16.73 (0.25) 0.9999
F8 15% 15.02 (0.98) 0.9973
F9 20% _13.21 (0.47) 0.9961
F19 10% 10.70 (0.15) 0.9989
F20 15% 13.58 (0.51) 0.9963

F21 20% 4.67 (0.18) 0.9931

In order to clarify ghe 'ae'i)g)ﬁ:g  relcase mec anism of sodium alginate

; * . \
matrices, the internal microsg pic st i the hydrated surface layer formed on
: repdrted by Hodsdon et al.(1995)

: o o
matrices hydration in different pH'dis :
was relevant. Hodsdon et al.'('mg? idied* the* effect. of p

of the dissolution

medlum on the rel adSe v inef 1-|:m=11 Olnatc Iat -inl_!‘:i:' eir result Could be
explained in terms of the : hology of sodium alginate

matrices after hydratil' in simulated gastric fluid (SGF,“pH 1.2) and simulated
intestinal fluid (SIF, pH 7.8)m

AUEANYNTNYING

The cryoglmc electron mlcrosca;py revealed the hydrated surfaceqjyer formed

DA NN
highlyﬂ i mm din SI 1s may support the obtained

result in this study. In this study, the difference in consistency of hydrated matrices in
0.1 N HClI solution and phosphate buffer pH 6.8 solution was observed. In the case of
hydration of matrices in phosphate buffer pH 6.8 solution, on retrieval of this type of

matrices from the dissolution vessel, the viscous hydrated surface layer formed
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around the matrices could be seen by visual observation. In contrast, the hydrated
layer of matrices in 0.1 N HC] solution was not viscous nor adhesive in nature, but
possessed a tough and rubbery texture. The reason for this finding might be due to the
difference in hydration characteristics of the sodium alginate in acidic and neutral pH
values. At pH 1.2, sodium alginate is rapidly converted to alginic acid which has the
ability to swell on hydration but which virtually insoluble (Hodsdon et al., 1995). This
caused the porous, tough and rubbery texture of sodium alginate matrices hydrated in
0.1 N HCI solution. On the other hand, at neutral pH, sodium alginate was soluble and

yet al., 1995). This resulted in the

/in PBS pH 6.8.

hydrated to form viscous solutio f

consistent gelatinous layer fo

Since the hydratio steristi : W the subsequent physical
properties of the hydrate tiay critic :Nrug release, any change
in the properties of the : au e& change in pH, is likely to
influence the performan : ; elease \Pﬂ‘:‘sgdium alginate matrices

(Hodsdon et.,1995). ] g telease was predominantly

diffusion-controlled mec rm of internal structure

continuous gel layer formed at

the particulate hydrated layer fortiied at acidic: ered the matrices very resistant
to erosion. Thereforgy$he druo release frices 01N 1 solution followed

diffusion-controlled clatinous layer formed

around the matrices af pH 6.8 also possessed marked Iy different mechanical

properties to that produced’atspH 1.2. This différénce igl barrier integrity exhibited

itself as the diﬂe% ifhe shsdbbiicg o the AYdratet oy ko efosion. The outer

layer of the visc@ils gel barrier that was‘formed in PB§£H 6.8 was muclaljss resistant

to attriti nﬁ ﬁ tmnglﬁ I gﬂstﬂ@}liﬁsﬂthrough
the geﬂn la rﬁn h eS. Consequently, the matrices in phosphate

buffer pH 6.8 solution depended predominantly on surface erosion for their release.
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As shown in Figures 50 and 51, the release profiles of the matrices in 0.1 N
HCI solution displayed the initial burst drug release, whereas this was absent in PBS
PH 6.8. Since the formation of continuous gel barrier around the matrices in 0.1 N
HCl solution did not occur, the initial burst drug release might be caused by the rapid
dissolution of the drug particles at the outer surface of the matrices immersed in 0.1N
HCI solution. For drug release in PBS pH 6.8, the absence of the rapid drug release
rate at the initial dissolution time indicated that the hydration rate of sodium alginate
in PBS pH 6.8 was rapid enough to prevent the dissolution of the drug particles,

This result pointed out that the
Wg | barrier around the matrices

ially at the beginning of the

However, the d
6.8 solution during the j
reason for this finding'mi ingd in tefin ofithe | trength of hydrated gel

faster drug release / served 1 | “buffe 8 solution during the

intermediate and lasé ns—of dissoluticn—p es—aiiotigh the solubility of

confirm by the RDT va i jdfum alginate matrices in

0.1 HCI soluuaw‘ij gﬂﬁtﬁhan those in P]%ﬁw Eje;fnﬁ é,z)
ARIAN TN INAE
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---#--- DCP:0.1 N HCI
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£
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Figure 52 The relationShipbétwee elative : ime (RDT value) and
the perce e oS 3 _f ate containeg i formulation when
using lactosgfor dibz im phosphate (I CP) as diluent in
different N\
In order to study thejeffectof pii o -medium on drug release, the
dissolution test using 0.1 N HCJ ¢ and phosphate buffer pH 6.8 solution (PBS

pH 6.8) was performed in ignic strengths of these
dissolution media “’%:# N HCI solution and
phosphate buffer pH« 6. about 0.07, respectively.
Consequently, in orde‘ 0 confirm that either the difference i pH or ionic strength of
dissolution medjum cause diffe ug' e profiles.i N HCI solution
and phosphatﬁ% g‘:ﬁiﬂﬂﬂeﬁﬁcﬂﬂ ﬁsite buffer pH 6.8
solution with i&ic strength adjustedsto 0.1 with s&ium chloride (BBS pH 6.8 +
AT T T B o
PBS ﬂjgﬁ@vere .1, approximately 0.07 and 0.1, respectively. The pH and

ionic strength of these dissolution media are illustrated in Table 10.
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Table 10 The pH and ionic strength of dissolution medium

Dissolution medium pH Ionic strength
0.1 N HCI 1.2 0.1
PBS pH 6.8 2 6.8 about 0.07
PBS pH 6.8+NaCl® 6.8 0.1

identical, the different’ gs i se dis 1 media indicated the effect
of pH of dissolutio il r ase. Conve in order to evaluate the
1 ug release, the release

profiles in PBS pH 8 | : ‘ i NaCl ‘a( 0 red.

The matrices co i e _and using lactose or dibasic calcium
phosphate as diluent were vﬁ@d, fqn release profiles. For HPMC matrices, the
release profiles of lactose or.di ] hosphate containing matrices are

== _,_,'-- 5=

shown in F 1guresﬁ and 54, respe
strength of dissolutr

hip between pH and ionic
16n time (RDT value) is
thﬂlrug release profiles and
RDT values of HPMC matrices of PBS H 6.8 and PBS pH 6.8+NaCl were
comparable ﬁ The result of this
study pomtﬁ)ﬁnﬂ ﬂﬂﬁj mj rices was mainly
controlled by the pH of the disolution mediuth. The ionic sﬂd’x‘@

ciso{] i G g e ik el W e i

strength of dissolution medium on the drug release from HPMC matrices was

displayed in Figure 5 58

the
of ionic

discussed in the next topic.
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Figure 53 The release tose and 15%
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Figure 54 The release profiles of matrices containing dibasic calcium phosphate
and 15% hydroxypropyl methylcellulose in 0.1 N HCI solution,
phosphate buffer pH 6.8 solution (PBS pH 6.8) and phosphate buffer
PH 6.8 solution with ionic strength adjusted to 0.1 with sodium
chloride (PBS pH 6.8+NaCl)
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m chloride (PBS pH

profiles of matrices
containing lactose or'd tare shown in Figures 56
and 57, respectively. of dissolution medium
on RDT value are illustratedsin Figure 58. Théuelease proﬁles in 0.1 N HCI solution

were dramatﬂl%% '@ mg%‘s}w ﬂf}ﬂ 1:5 6.8+NaCl. The

drug release pfoffiles and RDT values in PBS pH 6.8 and pH 6.8+NaCl were similar.
¢

A R TN
w1th’%p ct to t:ﬁ diss was observed rerefore,

the difference in release profile in 0.1 N HCI solution and PBS pH 6.8 could be

attributed to the different pH values of dissolution medium .
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Figure 56 The release. pré actese and 15% xanthan

, ) 6.8 solution (PBS pH
6.8) and phosphag ‘ “pH 6:8'solutio ith. ionic strength adjusted

gum in 0.1 NTHICIsol

to 0.1 with sod :
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Figure 57 The release profiles of matrices containing dibasic calcium phosphate

and 15% xanthan gum in 0.1 N HCI solution, phosphate buffer pH 6.8

solution (PBS pH 6.8) and phosphate buffer pH 6.8 solution with ionic
strength adjusted to 0.1 with sodium chloride (PBS pH 6.8+NaCl)



100

12
16 -
8 =
E
5%
4 <
2 2
0
Figure 58 The relatiyé disst i times (RDT va of xanthan gum matrices
containing ldctose asic ca Ci \ ' (DCP) as diluent in
0.1 N H€T soliitigh, phesphate'buffer pH.6.8solution (PBS pH 6.8)
and phosphate fer .' Wi | '0 strength adjusted to
0.1 with sod it SpH 6
For sodium al inaltg\ﬁmg“ ' 597and 60present.the release profiles of

Sodium alginate A;l—bw’mululqu;.u-n_:itglnn-w":.".:)‘ hosphate as diluent’
respectively. The @ <50l solution media (0.1 N HCI
solution (pH 1.2) and-PBS pH 6.8) displayed the difference<n drug release patterns.

This result was the indidation that the drug reledse mechanisms i%cidic and neutral

s s WS T
ARIAN TN INYAE



101

100 -

Drug released (%)
o)
S

30 1 —e— 0.1 NHCI 1S=0.1)
20 PBS pH 6.8 (1S~0.07)
10 BS pH 6.8+NaCl (IS=0.1)
0 .
0 2 < Q 12 14
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Figure 60 The release profiles of matrices containing dibasic calcium phophate
and 15% sodium alginate in 0.1 N HCl solution , phophate buffer pH
6.8 solution (PBS pH 6.8) and phosphate buffer pH 6.8 solution with
ionic strength adjusted to 0.1 with sodium chloride (PBS pH
6.8+NaCl)
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The release profiles in PBS PH 6.8 and PBS pH 6.8+NaCl were apparently
related. This finding indicated that the mechanism of drug release and, hence, the
drug release pattern depended on the pH of dissolution medium. The difference in
ionic strength of dissolution medium did not cause the difference in drug release
pattern. Therefore, the major factor causing the different patterns of drug release
profile and also drug release rate in 0.1 N HCI solution and PBS pH 6.8 was the pH
of dissolution medium. The influence of ionic strength of dissolution medium on

drug release profile was also discussed in section 5.3.1.3.

In general, drup olut e of the importan factors that affects drug
release. As the resulfof solt , s' stdy, the solubilities of
acyclovir in media with similar see Table 8). Therefore,
the drug solubility might nbtshe a major factor in.the difference in drug release rates in

s i 4 U ) g e i

explained in terfa$ of the difference in Bhysical and mechanical properties of hydrated

AR TRIIM NN INY1a Y
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5.3.1.1 HPMC Matrices

The influence of ionic strength of the dissolution medium on drug release
profile could be seen in Figures 61 and 62. The drug release rate trended to decrease
with increases in ionic strength of the dissolution medium, especially that in 0.2 M
sodium chloride solution. In 0.2 M sodium chloride solution, the slowest drug release

rate was observed. In the cases of matrices containing different diluents (lactose and

dibasic calcium phosphate), the effects of ionic strength were similar.
A

This result could also be shown b :, i g the RDT value against the ionic
strength of dissolution medium, as prese tedﬁ:&. The highest RDT value _
was observed at the ioni gthrGIF0.2, indicating the Slowest drug release rate.

100 { —e—D1wh
90 -
80 -
70
60 -
50 -
40 -
30 -
20 -
10

0

Drug released (%)

0

ﬂﬂ%’mwm )

Figure 61 ThFJleI:J ase profiles of matrlces contamlng lactose and 15%

R AT e
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Figure 62 The release profilés of ui: mices \ aining dibasic calcium phosphate
and15% hydroxygrop¥ 1ethylcellalose in onic strengths of the

dissolution medi
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Figure 63 The relationship between the relative dissolution time (RDT value) of

hydroxypropyl methylcellulose matrices containing lactose or dibasic

calcium phosphate (DCP) and ionic strength of the dissolution medium
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Although there is no salt screening effect on the molecules of HPMC because
of the non-ionic characteristic of the polymer, the dependence of drug release rate on
ionic strength of dissolution medium from HPMC matrices still occurred. This could
be attributed to the dehydration or salting out of polymer in the electrolyte solution.
Solutes, such as sodium chloride, that have greater affinity for water than HPMC
compete for the available water in the gel layer and thereby reduce the hydration of
polymer (Abrahamsson, et al., 1998, Jalil and Ferdous, 1993, Lapidus and Lordi,
1996, Mitchell et al., 1990, Smitch et al., 1996 and Touitou and Donbrow, 1982).

/ thereby lead to a stronger gel due to
an increased extent of hyd % \ , nteraction primarily between
methoxy-substituents (A@t alsfl 99&
Although the ( i \m causes the decrease in
N

dissolution rate, furth cr

Increased salt concentrations in this'st

release rate. It has b

decreased and then incre igh - f' in ionic trehgth (Jalil and Ferdus,

1993, Lapidus and Lor S apparent inconsistency

might be explained by oncentration is increased

beyond a certain point, the 1vj.§g.q1f.w becomk greatly reduced as to prevent

uniform hydration of the polymer: This th cr results.in a massive discontinuity in the
,-.-_'; _g,:;,_'--. s - -

gel structure (Lapidp};land Lordi, 1966). g atastrophic disintegration

and the dose dump -; of the matrices OC at the higher salt

- 1996)(| This indicated that the
integrity of HPMC matricl:ﬁcs is also affected by ionic strength. Nevertheless, the value
£

v
of ionic strengthfr 1jtoC , tﬂﬁn wmﬁﬁwas much higher
than the ionicﬂyﬂﬁﬂgde solution tested in this study. Consequently,
disintegration of the matrices jﬂio served. T ices,r jﬁd intact over
the c‘ﬁiﬁ asaﬂa ﬁ)ﬁ Sij ﬁt;] mgld;j rﬂz of the

HPMC %1atrices might not occur in the gastro-intestinal environment in the fasting

concentration (MitchelDt al.

state the ionic strength of which is in the same range of that tested in this study.

(Johnson et al.,1993 and Waaler et al., 1992). However, an increase in ionic strength
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in the gastro-intestinal tract appears at fed-state (Waaler et al., 1992). Therefore, at the

fed-state, the matrix disintegration might occur.
5.3.1.2 Xanthan gum matrices

Figures 64 and 65 illustrate the release profiles of xanthan gum matrices
containing lactose or dibasic calcium phosphate as diluent in dissolution media with

different ionic strengths, respectively. The type of diluent (lactose and dibasic calcium

phosphate) did not apparently
For both lactose and dibasi ntaining matrices, the strong
influence of the addition.of sali-on the p erﬁalease profile was observed.

The pattern of release

f release profiles in various media.

u-\.m dly different from those in
sodium chloride soluti® aCl). The release profile in

deionized water follo hose in sodium chloride

solutions manifested slogW dafig/re ates and oached linear profiles over the
course of the dissolutionftests. Dt 5&, initiz \ \ e dissolution profiles in
similar. Interestingly, at the
intermediate and last portions $solution ,‘\ , the drug release rate in
deionized water dramatica _ sodium chloride solutions. This
finding indicated the strong inf uenge o i’%’ alt in the dissolution medium on
the drug release rate. ) L

Vo

]
AULINENTNEINS
ARIAINIUNNINGAY




111 2 N 7 SR
90 4 —=—0.05M NacCl
80 4 —*—0.IMNaCl
704 0.2M NaCl

Drug released (%)
N
=)
1
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Figure 65 The release profiles of matrices containing dibasic calcium phosphate

and 15% xanthan gum in various ionic strengths of the dissolution

medium
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However, the increasing concentrations of sodium chloride solution had no
effect on drug release rate. The drug release profiles of various concentrations of
sodium chloride solution were similar. This could also be shown by the different
relative dissolution times (RDT values) of xanthan gum matrices in the dissolution
medium having various ionic strengths, as displayed in Figure 66. As expected, the
RDT value in deionized water was much lower than those in sodium chloride
solutions. The RDT values of matrices in various concentrations of sodium chloride
solution were similar, indicating the similar drug release rates. These results agreed

with the previous studies by Tal 6), Talukdar and Kinget (1995) and

Talukdar and Plaizier-Verca m\ ¢ luded that drug release from

xanthan gum matrix tablet depended on tMlOI‘l dlssolutlon medium.

/
,////A\\\\

12

—&— lactose
---¢~-- DCP

0 03 S R i Jo.25 0.3

Figure 66 Th ationshi ﬁﬁ S}T value) of
Mﬁ Tﬂﬂ%n g‘ lcEIpiﬂ sic calcium

From the result of matrix swelling measurement in this study, the absence of

salt in the dissolution medium (deionized water) caused the formation of fully
hydrated matrices. This is again in accordance with the published data, where the

swelling of xanthan gum matrix tablet displayed a reciprocal relationship with ionic
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strength of dissolution medium (Talukdar and Kinget, 1995). An increase in matrix
swelling was corresponding with a decrease in ionic strength of dissolution medium.
The influence of electrolyte on swelling behavior could be explained as a consequence

of salt dependence of the conformation of xanthan molecules (Talukdar and Kinget,
1995).

Earlier researchers (Talukdar and Kinget, 1995) studied the swelling and drug

release behavior of xanthan gum matrix tablets using three drugs having different
water solubilities in dissolution m

yf jous ionic strengths. They found that
the swelling of matrix an% ; ﬂ drug showed a reciprocal
ralationship, while the insg ble-drug exhﬂaite@lationship. This difference

can be explained by thé

s. The soluble drug is
released by diffusion ¢ s release via an erosion
, Ford et al., 1987 and

Hodsdon et al., 1995). g''case olib e the matrix swells, the

mechanism (Aldermap

more the diffusion path lg rease in drug release from

the matrix. On the cofiiray . erasion ‘ nism of insoluble drug
“-. = . :_ 4

release can be explained : of _‘ susceptibi matrix to erosion. For the

polymer dissolution and drug }rbﬁ;at;nn; espectively. Therefore, the more matrix
= e g - :

the release from matrlgs regulated by its swelling b avioﬂ' his finding may support

the obtained result in thlg. study. Since acyclov1r is slightly soluble in deionized water

ﬁwﬂ“ﬁ’fw Ay Tam m:::
im’l AN mm:m &L’m 2y, the

viscosi y of polymer solution in deionized water was much less than those in sodium
chloride solutions. This result indicated that the gel barrier around the matrices in
sodium chloride solutions were much stronger than that in deionized water. Therefore,

the gelatinous layer around the matrix in deionized water was much more susceptible
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to erosion than those in sodium chloride solutions. In addition, by visual inspection at
the intermediate and the last portions of dissolution time, floatation and movement of
matrices around the perforated plates at the bottom of the dissolution vessels were
observed in deionized water. In contrast, these did not occur with the matrices
hydrated in sodium chloride solutions. This result could be explained in terms of the
density of the matrices. The increased matrix swelling in deionized water led to the
decrease in matrix density, resulting in the floatation and the movement of the

matrices. This mechanical motion caused the destruction of the gel layer around the
matrices, which might accelerate d vff uring the intermediate and the last
portions of dissolution perlod \’

In conclusion, thg

he matrices in DI water
during the intermediate : rofile, which caused two-

of matrices, the more

concentrations of sodium ch! ‘solution- and 0.2 M NaCl) on their
release profiles was not obse e profi different ionic strengths of

sodium chloride solutions were it indicated that there was no salt
..-.i' -r“ r“'

effect on the release mﬁles in sodium chl&l&es of both drug release

ionic strength of
dissolution medium ha - narked influ c 1 ﬁ up to a value of 0.05.

The obtained result agreed well with the data from viscosity measurement in this
study. The e 1 was limited up
to ionic streng@ mﬂ ﬁ%ﬂo influence on the
viscosity of xanthan gum gel, resultin§ in a constant&wiscosity. However' a different
ARSI
strength of the dissolution medium had a significant influence on the swelling rate of
xanthan gum matrices up to a value of 0.1, which could be attributed to the formation

of stable helix form in dissolution medium having ionic strength of 0.1. This

discrepancy in limitation of ionic strength level between the previous and this present
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studies may be due to differences in acetate and/or pyruvate content in the xanthan

gum supplied by different manufacturers (Zatz and Knapp, 1984).

Moreover, by visual inspection over the course of the dissolution time, the
matrices in each concentration of sodium chloride solution did not move around the
perforated plates during the course of dissolution test. The loss of matrices integrity
was not observed. As a consequence, the release profiles in sodium chloride solutions

displayed slow drug release rates, and the rapid drug released caused by the

destruction of the gel barrier aroun ’Wl not occur.

lgznate

The release pro contammg lactose or dibasic
calcium phosphate as dilu rlous ionic strengths are
displayed in Figures 6 onship'between the RDT value
and the ionic strength o sented in Figure 69. As
shown in Figures 67-69, gth on the drug release
profile and RDT value ‘was Ig release rate occurred with
Increasing the ionic stre: s expected, the higher ionic

100 -

Drug released (%)
=N
=3
1

40 - —e— DI water
A P} ummmﬁa
160 —a— 0.2 M NaCl !
: : . ; ‘ .
" 0 5 4 6 8 10 12 14

Time (hr)

Figure 67 The release profiles of matrices containing lactose and 15%sodium

alginate in various ionic strengths of the dissolution medium
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Figure 69 The relationship between the relative dissolution time (RDT value) of

sodium alginate matrices containing lactose or dibasic calcium
phosphate (DCP) as diluent and ionic strength of the dissolution

medium
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The obtained results from this study might be explained in terms of added salt
effect on the polyelectrolyte chain conformation. Zheng et al. (1998) discussed that
the highly charged polyelectrolyte chain in a salt-free aqueous solution would be
nearly fully stretched due to strong electrostatic repulsions, which would be screened
out with the increase of added salt concentration. This indicated that the reduced
electrostatic interaction between the alginate polyanions and the counterion led to the
tighter polymer network at increased ionic strength (Bonferoni et al., 1995 and Larsen
et al,, 2003). This again agreed with the reported contraction of alginate polymer in
solutions with increased ionic strength (1 | Wﬁch 1997). Consequently, the tighter

polymer network caused by an in resulted in a decrease in drug

release rate.

slower rate with incre Larsen et al., 2003). In
addition, Draget (2000) ution process of alginate
became severely reduéed issolved in an aqueous
solvent already contai i . ‘ sod alginate dissolution in

sodium chloride solution aused by i lymer network at increased

In order to SImulate the envnronment of the gastro-intestinal tract, the

dissolution te iw ﬂﬁwmsﬂiﬂiethod The drug
release study @ﬂﬂ y'u 1\@0 olution medium
for initial 2 hours of dissolution test. After that pho?te buffer pH 6:8/olution was

ot 3B Gl 4 KTV X T

In order to select the appropriate formulation for investigating the sustained

release property in pH change medium, the following criteria were considered.
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1. The suitable formulation should produce sufficient sustained release. The
drug release rate should not be too rapid or too slow.

2. The suitable formulation should be less sensitive to ionic strength of
dissolution medium in order to receive precise and reproducible drug release in vivo.
Since food and beverage cause an increase in ionic strength of the gastro-intestinal

contents (Waaler et al., 1992).

According to the above criteria, the formulation containing 10% HPMC and

on drug release from IC] could be observed, the

ionic strength had little ion medium with ionic

strength up to 0.1. Carbepol santhian gum a odiut alginate matrices were

2. Although the influe conge trat .‘ chloride solution on drug

release rate of xanthan gumfmatgices ot oc the range of concentrations

percent drug releaszﬂn p| b 6.8 ion jWas only about 20%.

Therefore, xanthan guinrmai
3. The strong ss@xtion medium on drug

release rate of sodium amgmate matrices was observed

e o) U AnENINEIN.... o

(formulation Fl) in pH change mediuntfis shown in Fﬁe 70,

ARIANNIUANRT figNas
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Figure 70 The relea ices cox 70 HPMC and using lactose
as diluent ( : :
As illustrated i ; 1 ‘ ‘ produce sustained release for 12
hours. The biphasic drug ile:was ob bserved. drug release rate in 0.1 N
HCI solution at the initial fv'_;,.r of disso ) study was faster than that in
phosphate buffer pH 6.8 solutlo aring the fast 10 hours of dissolution test. This
result agreed well with th resulf of thi which pH of dissolution
medium affected dr g telease rate of HPMC mat tigirelease rate in 0.1 N
HCI solution was faste@-: | tha ouf 16. S@Iution (see Figure 44).
The rapid erosion rate ue to the lower v150051ty of hydrated gel layer and the higher

solubility of a ﬁ ﬁ Hﬂ ﬁﬂ A'llyﬁ?—.ed this finding.
From this resxﬂu at drug rele te atrices would be

different in the stomach and the srﬂ;lll intestine. €onse uentl ﬁﬁse and

Y PR EIE L Gtak )

emptylng time. The relative dissolution time (RDT value) was 6.7135 hr + 0.1210 hr.

gastric

The RDT value of matrices hydrated in pH change medium was in the range of that in
0.1 N HCI solution (4.3863 hr + 0.0941 hr) and phosphate buffer pH 6.8 solution
(7.8198 hr + 0.1677 hr).



116

6. The swelling and erosion of the matrices

In hydrophilic matrix systems, the polymer at the surface of the matrices
swells initially during dissolution test to generate an outer viscous gel layer. This
phase is then sequentially followed by matrix bulk hydration, swelling and erosion.
The overall dissolution rate is controlled by the rate of matrices swelling, drug
diffusion through the gel layer and/or matrix erosion. Therefore, the matrix swelling
and matrix erosion might be the useful clues to explain the difference in dug release

rate of the matrices under the differe t l conditions.

HPMC, xanthan gu

and lactose were chosen for

s containing 15% polymer
_—
; erosion of the matrices.

media with difference’

buffer pH 6.8 solution. ‘ edia wi fere in ionic strength were

of 0 and 0.2, respectively. : ' explain’ the'swelling and erosion behaviors of
the matrices during dru study, thelexperimental conditions applied to
£ . 1atrices were similar to those of the
dissolution testing. The experimdgs@é DET! l 2d-at the time intervals of 0.5, 1, 2,
4, 6, 8 and 12 hour' The ement was not p ; ed in some cases
because irregular sha 7 | . ently, the dimension
and estimated the pedd nt swelling o matrices co not be determined.

Therefore, in this case the pe gnt erosion of th trlces was investigated only.

ﬂuﬂ’mﬂ'ﬂ‘ﬁwmﬂ‘i
ammnm UAIINYA Y
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6.1 HPMC matrices

6.1.1 The effect of pH of the dissolution medium on swelling and

erosion profiles

The swelling and erosion profiles of HPMC matrices in 0.1 N HCI solution
and phosphate buffer pH 6.8 solution are shown in F igure 71. The percent swelling of
the matrices hydrated in both 0.1 N HCI solution and phosphate buffer pH 6.8

solution increased during the initia welling test. The maximum percent

& er that, the percent swelling of
¢ ‘ onsiderably, indicating that

T rease in percent swelling
of the matrices immer in 0. SO might bmne of the factors that
caused the higher drug re*e rate of the mafgiges hydrated in 0.1 N HCI solution

e Eff‘.]"iﬁleﬂ‘%‘ﬁ WEINS
99 AINIUNRAIINYIAY
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Figure 71 The percent swelling (S) and percenerosion (E) of matrices containing
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pH 618 solution (PBS pH 6. ‘&)

QW'Iﬁ\ﬂﬂ‘iflJﬂJW]’mEﬂﬁEI



119

According to the erosion profile, the dependence of the erosion rate on the pH
of the dissolution medium was observed. The erosion rate of matrices hydrated in 0.1
N HCI solution was much greater than that in phosphate pH 6.8 solution. This might
be caused by the lower strength of the gel barrier around the matrices due to the low
viscosity of HPMC gel in 0.1 N HCI solution (see Figure 8). Therefore, the hydrated
gel barrier around the matrices immersed in 0.1 N HCI solution was more susceptible
to erosion than that in phosphate buffer pH 6.8 solution. This result agreed well with
the result of the drug release study (see Figure 44). The drug release rate in 0.1 N HCI

solution was faster than that in phos

that the drug release rate was #

matrix erosion resulted in @erc@ dr
6.1.2 Th% ' ng Nunon medium on drug

rele
n deionized water and

6.8 solution. This result indicated

> erosion rate. The more rapid

The swelling I
0.2 M sodium chloride d1sp‘lay diin Figure'72. The swelling and erosion

profiles of HPMC matrices'in es'et’lés: Jg i ’ﬁle :
ﬂ " "
displayed the nearly cons . - . This result indicated that the

vere almost comparable and

deviation values might be cau CITOT] ating tablet dimension due to
the irregular shape afthe | ydrated matrices, However, the depe idence of the erosion
seryed. The erosion rate of
‘i .2 M sodium chloride
solution. The slower erosibnesate of the matrices’ hydrated in 0.2 M sodium chloride

sion el B YA H1D Do 11 D it of

hydrophibic HPMC-HPMC layer mterg;txon prlmarlly between methoxx}substltuents

K TSl re O PR 1 L

that in 0. 2 M sodium chloride solution. This result again implied that the drug release

rate on the ionic strén®t

matrices in deionized water was slight y faster than that i

rate was directly correlated with the erosion rate.
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6.2 Xanthan gum matrices

6.1.1 The effect of pH of the dissolution medium on swelling and

erosion profiles

Figure 73 presents the swelling and erosion profiles of xanthan gum
matrices in dissolution media with difference in pH value. As shown in Figure 73, the
xanthan gum matrices immersed in both 0.1 N HCI solution and phosphate buffer pH

6.8 solution underwent rapid swelling,as s s the matrices came in contact with the

produced when they i with the/dissoluti edium. In these media, the

swelling continued ev e matrices swelling test. This result indicated

e
# B

They found that the tablet Containine a an’ _- could instantly form a gel layer
upon contact with the medium;__gyf_htfg{kl?i woul :i'-;“_d; irong enough to avoid matrices

strong influence of pkifof dissolutic 7 ¢ could be noted. The
swelling rate of the mattices in phosphate buffer pH 6.8 solution was faster than that
in 0.1 N HCI solution. This &sult is again congistent with previous study by Talukdar

i Koun (5 1 L4 ) 8 ) o

significantly loger than in neutral or alkaline solutions. This might be explained in

AR e
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From the erosion profile, the influence of pH of dissolution medium on
erosion rate was also observed. Contrary to matrix swelling, the erosion rate of the
matrices in 0.1 N HCI solution was more rapid than in that in phosphate buffer pH 6.8
solution. This pointed out that the erosion profile was inversely related to the swelling
profiles. Although the highly swellable property of xanthan gum in phosphate buffer
PH 6.8 solution was observed, which might cause the susceptibility of the matrices to
erosion, the erosion of the matrices in phosphate buffer pH 6.8 solution was much

lower than that in 0.1 N HCI solution. ThlS result indicated that the hydrated gel layer

viscosity of xanthan gum solu

study.
-’—-’ \

In accordance / / ] - \eNxanthan gum matrices
containing lactose as di osphate buffer pH 6.8
solution (see Figure 47) _ rsely correlated with the
swelling rate. Due ; i ' L >ngth"of drug, higher matrix
swelling resulted in les i i n 16 erosion rate was directly
related to the drug releas : tric osion led to the more percent
drug release. Consequently, swelli ) matrices controlled the drug

release from the matrices.

As presented in Rigure 74, the swellin gnd erosion of xanthan gum matrices

were also exaﬁl u.EJ; 'Bu%]ng % %‘eﬂ fl;] agength (deionized

water and 0.2 Msodium chloride solu’gpn) The determmatlons of matrléjwellmg and

b WL [y el R Em
matra Mt act. There Mht nd dimensions of the matrices for

estimating the percent erosion and swelling of the matrices, respectively, could not be

determined.
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Similar to the swelling of the matrices in 0.1 N HCI solution and phosphate
buffer pH 6.8 solution, no lag time was observed for swelling profiles of xanthan gum
matrices in deionized water and 0.2 M sodium chloride solution. For matrix swelling
in deionized water, at the first 2 hours of swelling profile, the swelling rate of the
matrices in deionized water was faster than that in 0.2 M sodium chloride solution.
Moreover, by visual observation during the experiment, it was observed that although
the matrices immersed in deionized water were intact under the dissolution test

conditions, they did not retain their shape when removed from the dissolution vessels

to estimate the dimension. This was ion that fully hydrated matrices were

formed. This result was similar’ : . !:kdar and Kinget (1995) found
that in the absence of salt, aximum extent, resulting the
presence of fewer or s (water-filled pores or

microvoids) in the gel gum tablet. Therefore,

was formed. This re‘ it wa ith the viscosity measuiément in this study in
which the viscosity“of xanthar

addition of salt. Further

ally increase with an

cnore, the stronger gel layer made the‘matrices more resistant

to erosion. As shown in Figure, 74, the percent @rosion of the matrices at 12 hours was

°“‘yab°m26ﬂuﬂ’mﬂﬂ‘§°r‘“ﬂ'm‘i
QWW@\‘iﬂﬁm UAIINYA Y



126

6.3 sodium alginate matrices

6.3.1 The effect of pH of the dissolution medium on swelling and

erosion profiles

The swelling and erosion profiles of sodium alginate matrices in 0.1 N HCI
solution is shown in Figure 75. The swelling profile of sodium alginate matrices in

phosphate buffer pH 6.8 solution was not shown because the rough surface and

irregular shape of matrices was o

bs \\ ' p]efore only the matrix erosion was
As presented in Figure®75, the swe ’* ofuihie sodium alginate matrices
hydrated in 0.1 N HCI ) / / S at swelling of the matrices

between 2-12 hours see 0ns! onfirms that alginic acid

investigated.

which converts from sodi 0 -' 5 as the ability to swell on
ous structure in which
. 995). Moreover, by visual
observation during the matgix s - 5 -the porous, tc gh and rubbery texture of
the matrices, which caused the 1trd & noreresistant to erosion, was observed. This
resulted in the constant percent swelting of -i dium alginate matrices hydrated in
0.1 N HCI solution. This y :

sodium alginate matfices remained intact at 12 hou 'S Gl “matrix erosion test.

al observation in which the

Consequently, the 'v-{m,,, o y otcurred. However, the

W

percent erosion of the_matrices in 0.1 N O solution -[H at 12 hours was about

50%. Therefore, the weiglit Joss of the matrices,during the erosion test might be due

s HBARE RT3
AMIANTAUUMIINGIAY
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In case of sodium alginate matrices hydrated in phosphate buffer pH 6.8
solution, the erosion rate of the matrices was very rapid. They completely eroded at
about 8 hours of matrix erosion test. The rapid erosion was reflected well the fast drug
release rate from sodium alginate matrices in phosphate buffer solution pH 6.8 (see
Figure 50). Therefore, the erosion of the matrices could be used as a evidence to

elucidate the dissolution performance.

6.3.2 The effect of ionic strength of the dissolution medium on drug

‘&s were also investigated in

The swelling and ofiles of
| —— " -
dissolution media with dif ( i oth, as-show

release

of the matrices was observedl. Af first.2 h S he « ent, the percent swelling
‘ n seemed 6 be higher than that in

deionized water. Howevg s ' percent swelling of the

In the consideration of erosion profilesythe strong dependence of the erosion

e on he ioffy G LRAEATANE YT o mrse o

strength of dis$plution medium exhlblted a decrease in matrix eros1on rate. The

ot AN p 1 bivIRlen VANT b3

decrease in drug release rate of sodium alginate matrices (see Figure 67). This might
be caused by the slower erosion rate of gel layer around the matrices hydrated in
higher ionic strength of dissolution medium. This result again indicated that the

matrices erosion rate was directly related to the drug release rate. The more matrix
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erosion resulted in the more drug release from the matrices. The slower erosion rate of
the matrices hydrated in 0.2 M sodium chloride solution might be due to a stronger

gel layer caused by the tighter polymer network at higher ionic strength of the
dissolution medium.

<%erosion / % Swelling>
N
o O
N 1
5V y ¥

100 -

14

‘—O—DI vs;ﬂ:r(S) ---¢-- 0.2 M NaCl(S) —o— DI water (E) ---o--- 0.2 I.VINaCl(E)f

AR AN ATALUBIINLAL..

5% sodium alginate and lactose in deionized water (DI water) and 0.2 M

sodium chloride solution (0.2 M NaCl)
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7. Release mechanism analysis

The drug release mechanism of polymeric matrix was investigated by fitting

the dissolution data into the exponential equation given below:

0.45<n<0.89 for a
transport (Ritger and

dissolution media was invgStigated. The effect (0-1'N HCl solution, pH 1.2 and

phosphate buffer pH 6.8 sol )-and for . i deionized water, 0.05 M, 0.1 M

and 0.2 M sodium chloride solut -f"'-“--" g to ionic strength of 0, 0.05, 0.1
L) P8 |
and 0.2, respectivel ‘ _diluent (lactose and

case of drug release i ). er pH 6.8 solution, the

influence of polymer cohcentration on drug release mechanism was also discussed.

AULININTNYINT
PR RN B

following linear regression of dissolution data of HPMC matrices in various

dissolution media are shown in Table 11.
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Table 11 Values of release exponent (n) and coefficient of determination (r*) of

hydroxypropyl methylcellulose (HPMC) matrices in various dissolution

media (mean (SD), n=3)

% Polymer
Diluent Dissolution
media 10% 15% 20%
n n r n r
0.1 N HCI 0.766 0.7273 ] 0.9999 | 0.6970 | 0.9988
(0.0 (0.0035) (0.0083)
PBS pH 6.8 67 |0.9988 | 0.9010 | 0.9969
\ 9) (0.0046)
Deioniz = -1 0.9984 - -
wat
Lactose  =5057m1 7009979 | - .
0.1M L .9984 - -
| e
0.2 M NaCl = 0.9985 - .
(W E
0.1N 219‘4-1 1 0.9996 | 0.7143 | 0.9996
: of <. ) (0.0037)
PBS pH 6 89471 0.9983 | 0.8915 | 0.9987
(© = 0.0094) (0.0239)
Dibasic Deionized £ L 0.9998 | 0.9984 - -
calcium water e e 0108)
phosphate | 0.05 M N L | 9:9989 . S
0.1 987 - -
m . 1
02M WCl - 0.9097 4°0.9991 - -
o | (0:0066)

ﬂ‘iJEJ’JVIEW]TWEJ’]ﬂ‘i

49 AINIUNRAIINYIAY
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7.1.1 The effect of pH of dissolution medium on drug release

mechanism

As shown in Table 11, the values of release exponent (n) of HPMC matrices
containing lactose or dibasic calcium phosphate as diluent in 0.1 N HCI solution were
in the range of 0.6970-0.8219, indicating the mechanism of anomalous transport. This
result pointed out that the HPMC matrices released the drug in 0.1 N HCI solution via
the combination of diffusion and polymer relaxatlon mechanism. In phosphate buffer

PH 6.8 solution, the drug release meche actose and dibasic calcium phosphate

containing matrices was super Case & nsport¥ alues of 0.8915-0.9667. This

~
was an indication that thé'hl relaxati dominant mechanism in
ot ﬁ 3 -—3

controlling drug release

Therefore, the ob : i : _ -, ; of dissolution medium

the poor solubility of agyclovir in phosphate buffer pH 6.8%solution caused relative
low ability of the drug to diffase out when the dissolution medium moved toward the

center of the mﬂ %J]‘E} 'g %}: Ejg‘ﬂ % Wh&lﬂeﬂff‘g pH 6.8 solution

was mainly corftfolled by polymer rgjaxatlon This ﬁndmg is consEjnt with a

e LA R T R

of water-msoluble drug controlled mainly by polymer relaxation or erosion

mechanism.
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7.1.2 The effect of ionic strength of dissolution medium on drug

release mechanism

In case of drug release in dissolution media with various ionic strengths, no
influence of drug release mechanism on the ionic strength of dissolution medium
could be noted for both lactose and dibasic calcium phosphate containing matrices.
The values of release exponent (n) were more than 0.89, expressing release

mechanism of Super Case II transport ThlS was an indication that drug release in

explained in terms of the poor's: \ ity of a in these media. From the result
of solubility determinatiofi*aeyeld / le in deionized water and

The type o é;L basic calciuz phiospiate) had no effect on
B e

matrices, the mechanism of drug release in 0.1 N HCIl*solution was anomalous

transport which the combination of diffusionffd p(;lgj/ er relax%on controlled the

drug release {Rm] ufaribed e bdorainaft ptymer

regulated drug‘telease in phosphate })uffer pH 6.8 solutlon delom ed water and

IR TR W97 ﬂ d

tion was mainly
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7.2 xanthan gum matrices

The values of release exponent (n) and coefficient of determination ()
following linear regression of dissolution data of xanthan gum metrices in various

dissolution media are shown in Table 12.

Table 12 Values of release exponent (n) and coefficient of determination (r?) of

xanthan gum matrices in various dissolution media (mean (SD), n=3)

R - o Polymer
Diluent Dissolution ' /

media —] () 5% 20%
r’ n r’
0.1 N HCI ' ) [029963 | 0. ).9991 | 0.6293 | 0.9989
2038) 1A & (0.0080)
PBS pH 6. 7+4-0:9965 9973 | 0.8104 | 0.9955
. 61) |- . (0.0018)
Deionized wafer )& &~ 7] |\ % 1 0.9909 - -
. ' Fadac
actose . ) B &
0.05 M NaCl -'!*‘"?fi"- i 0.9977
0.1 M NaCl T 8050 | 0.9987 | - -
Lh N2 0057)
0.2 M NaCl 19960 - :
0.INHCI 06992 | 0.6560 | 0.9993
- bt | ) (0.0034)
PBSpH6.8F | 0.7792 [0.9977 | 0.7792 40.9977 | 0.8195 | 0.9979
| (0.0096) (0.0096) (0.0082)
Dibasic Deioni - - v oAk @2 | - -
calcium M ! I 5 w 8) ﬂgﬁ
phosphate | 0. S Al 0.8638 |0.9995 - -
¢ (00054) .
) ‘ . ‘ . L =
0\ W]ﬁﬁ N3 UNATIIEIR T
9 [02MNaCl : - | 0.7886 |0.9993 - -
(0.0112)
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7.2.1 The effect of pH of dissolution medium on drug release mechanism

There was no effect of PH of dissolution medium on drug release mechanism
from xanthan gum matrices. The drug release mechanisms of xanthan gum matrices in
0.1 N HCI solution and phosphate buffer pH 6.8 solution were anomalous transport
because the n values were in the limits of 0.45-0.89. This indicated that the drug
releases in these dissolution media were governed by both diffusion and polymer
relaxation. Although the drug release mechanisms in both dissolution media were

ranged between 0.6293-0.8465. This

similar (anomalous transport), the n

Generally, water ins6lubl€ : g5\ are .mechanism of polymer
relaxation (Alderman, 19849 Hdwé e inthis Sidy e echanism of drug release
in phosphate buffer pH -
both diffusional transpeft au ymer” rela & i0 s indicated that the drug was

erosion. Therefore, the role 0 anism in controlling drug release

from the matrices could 1ncr.ed;sr’~‘§_’46r‘ cyelovir was partially soluble in

phosphate buffer pH-6.8 solution (2.’ ;5..L._‘--f~-=--e 8){ Consequently, the
contribution of diffusiof release ism ) }-L ~ This finding pointed
out that the drug release mechanism not only depended on the solubility of drug in
dissolution medium but a&s he mechanical property of the protective gel barrier.

e TR T RENG AR oe e

erosion result w drug release rate of the xanthan gum matrlces hydrated

AN T TINY Y
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7.2.2 The effect of ionic strength of dissolution medium on drug

release mechanism

The biphasic release profiles of xanthan gum matrices containing lactose or
dibasic calcium phosphate as diluent are shown in Figures 64 and 65. The marked
increase in drug release rate during the 5™ — 12" hours of dissolution test might be
caused by the attrition of outer gel layer around the matrices due to the movement of

the matrices around the perforated plates at the bottom of dissolution vessels, which

was observed visually. Therefore, in orde estlgate the drug release mechanism,

the dissolution data during the first V; | n test were only fitted into the

The drug relea f han gum matrices in deionized water was

Super Case II transpo o #31.083 1.0722 for lactose and dibasic

anomalous transport When th - was ssofution medium. However,

in the presence of salt in dissolution medium, and increase in ionic strength of

dissolution medium did fhotafurther affect thélmiechanism of dru%release The drug

elesse mechff i i) cfod fbions Wt o

anomalous tratﬂbon Nevertheless, s%;ce the dlfference in n value was observed the

AR AR e

strengths was an
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This finding is consistent with previous investigation by Talukdar and Kinget
(1995). They found that in the absence of salt, the polymer swelled to the maximum
extent, resulting in fewer or smaller regions of low microviscosity (water-filled pores
or microvoids) pfesent in the gel microstructure of the hydrated xanthan gum tablet.
In this case the drug release is controlled by the degree of swelling of the polymer, the
polymer relaxation and matrix erosion. Therefore, the drug release mechanism
follows Super Case II transport. In contrast, in the presence of salt, the polymer

partially swells and there are larger regions of low microviscosity, which results in an

increase in the free volume due to.the of the micropores. This may manifest

itself as a shift in the release me: y Kinget, 1995).

drug releasse mechanism

solution and phosp the same drug release

mechanism (anomalo ever, the difference in n

‘f {“.‘l" A 4 - : 'i
and polymer relaxation might b&ﬁiﬂ'aent =
wf A

No influence g the type of diluent on drug releaseﬂechamsm was observed.
The drug release mechdnism of lactose andidibasic calcium phosphate containing

s in PN I b bl B4 i s socum aorc

solutions wastlanomalous transport with dlfferent n values. Cons quently, the

AR T N b

release mechanism of both lactose and dibasic calcium phosphate containing matrices
in deionized water was Super case II transport, in which the contribution of polymer

relaxation predominately controlled the drug release.



138

7.3 sodium alginate matrices

The values of release exponent (n) and coefficient of determination () of

sodium alginate matrices in various dissolution media are presented in Table 13.

7.3.1 The effect of pH of dissolution medium on drug release

mechanism

The dependence of drug rel

m on pH of the dissolution medium

%! N HCl solution, pH 1.2), the

ous transport, depending on

was observed. In case of drug

the polymer concentration in_the Mmatrices. the large contribution of

polymer relaxation controlied™t; g release in ph. e buffer pH 6.8 solution.

different pH values. Sphate’ buf r piii6.8 sodiun ginate was soluble and

hydrated viscous protg effoel around the matri sould be formed. The

continuous gel layer fo tion acted as the diffusion
barrier. Moreover, from the ent in this study, the low
viscosity of sodium alginate OWer gel strength of the gel layer
around the matrices, resulting 1 A 2 b ity of the matrices to erosion.
Therefore, the drug release from.fg?d@é sinate: aatrices in phosphate buffer pH 6.8
solution occurred mainly om matrix nolymer relaxati

On the other hag, sodium alg apidly converﬁi to alginic acid in 0.1
N HCI solution (Hodsdoxre&ll., 1995). Thusgin acidic pH, the porous, tough and

rubbery teniord9] Ryhfbd 3R B el BP9 heedruous et bamier
In additi

formed at pH ‘l ition, the tough mechanical property of the hydrated matrices

formed at acidic p rrﬁi gt e oc pjﬁ:u y]:é{ElN HCI
solutio&\/ﬁiﬁra m;i:mmm‘et a ahi stady,-aCyclovir

was soluﬁle in 0.1 N HClI solution. These results indicated that the drug could diffuse

out of the matrices when dissolution medium penetrated into the matrices.
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Table 13 Values of release exponent (n) and coefficient of determination (™) of

sodium alginate matrices in various dissolution media (mean (SD), n=3)

% Polymer
Dissolution
media 10% 15% 20%
n r n r n r’
0.1 N HCI 0.4585 980 | 0.5332 |0.9992 | 0.6139 | 0.9987
(0.003: 41 (0.0028) (0.0075)
PBS pH 6.8 .962 1710 [ 0.9986 | 1.2496 | 0.9978
147) (0.0307)
PBSpH6.8+ b 0.9994 - .
NaCl
Lactose Deioniz 0.9994 - :
water
0.05M — - 0.9997 ’ =
NaCl A '
0.IMN F 0.9971 . -
- ‘ =
0.2 M Na Mol \ 0.9963 - -
il \
0.1 N HCI | -1 0.9968 | 0.5444 | 0.9991
0 (o 0.0 (0.0012)
PBS pH 6.8 0%@ , 154 109972 | 1.2679 |0.9981
(. = 0.0069) (0.0027)
PBSpH6.8+ | _ s B0/f = 9 10.9554 - -
Dibasic NaCl ‘
calcium Deio 9993 - -
phosphate | wate
0.05M 9931 .9280 - -
NaCl (0.0333)
0.1M Nacr . 0.9876 | 0.9251 - -
gy jcsarae=t
= 915 - -
(0. 0012)

9 W'W AINIUANTY

INYNA Y
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Consequently, the drug release mechanism in 0.1 N HCI solution did not
corresponding to a large contribution of polymer relaxation or matrices erosion, but
the mechanism of drug release followed Fickian diffusion or anomalous transport in
which the contribution of both diffusion and polymer relaxation controlled drug
release.This difference in drug release mechanism of the matrices immersed in 0.1 N
HCI solution and phosphate buffer pH 6.8 solution was reflected well in the difference

in pattern of drug release profile of sodium alginate matrices in these dissolution

W

Additionally, the ' € mec
phosphate buffer pH 6.
chloride (PBS pH 6.8 +

media (see Figures 50 and 51).

sodium alginate matrices in
qusted to 0.1 with sodium

d the result is presented in

Table 13.

The differenc matrices hydrated in
dissolution media with \ nic strength (0.1 N HCI
solution ( pH 1.2, ioni€ str 7 ). 1 PBS pl = NaCl ( ionic strength = 0.1))
was observed. The ob * ~of“dru in dissolution media with
different ionic strengths b eq@ s (PB¢ .8 (ionic strength about 0.07)
and PBS pH 6.8 + NaCl (1013(2@@ = 0.1))expressed the same drug release
mechanism, whlcb:}/as mainly controlled - contribution of polymer
relaxation or matri y t fig release mechanism

depended on pH of the dissolutie . e io@ strength of dissolution

medium had no effect oxa,drug release mecha%l}m This support the obtained result in

this study m Ewm fJ value caused the
difference 1:ﬂgeue§4 ?‘e e the dlsscmon media with difference in ionic
stren ave the same dru relcase ﬁgglrates (see
ool 3114 01 S0P T4 TTES
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7.3.2 The effect of ionic strength of the dissolution medium on drug

release mechanism

For drug release in dissolution media with various ionic strengths, there was
no effect of ionic strength of dissolution medium on drug release mechanism. The
drug release mechanism was Super Case II transport because the values of release
exponent (n) were more than 0.89. This was an indication that the drug release was
predominately controlled by polymer relaxation. The reason for this finding might be

explained in terms of the low viscosi ium alginate solution and the poor

solubility of acyclovir in these.dissolutios i _in the result of viscosity and

solublllty determinations, respectiv : ity of hydrated gel layer around
i ———

the matrices caused the hlE suscentibi ) ices to erosion. In addition,

since sodium alginate co )lve and form conti gel barrier around the

matrices, which acted as - out. Moreover, the poor
solubility of acyclovir rug to diffuse out of the
matrices. Therefore, th mainly controlled by polymer
relaxation or matrix erosig t the olubility of the drug in
dissolution medium and t properties of the hydrated
surface gel layer around : _" ved ansi 1portant role in determining drug

release mechanism.
7.3.3 The ¢f er concentration on-drilg velease mechanism

In case of dm@elease in 0. solution, thmmﬂuence of polymer

concentration on drug release. mechanism was gbserved. The release mechanism of

15% and 20% ﬂ;ﬁﬁn@ Wx%v% wnﬂﬂ ﬂ 'ﬁn while that of

matrices comprising 10% polymer was close to Fickian diffusion with n values of

RS AN ey

observed W1th 10% polymer containing matrices. This finding was possibly attributed
to the differences in porosity and tortuosity in the matrices. Lactose is a soluble
diluent and dibasic calcium phosphate can slowly dissolve in 0.1 N HCI solution.

Therefore, the high diluent containing matrices (corresponding to low polymer
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concentration) had higher porosity and lower tortuosity in the matrices so that the

large contribution of drug diffusion might occur.

No influence of polymer concentration on drug release mechanism in
phosphate buffer pH 6.8 solution could be noted. The obtained n values indicated that
a large contribution of polymer relaxation controlled drug release form the matrices

with different polymer concentrations in phosphate buffer pH 6.8 solution.

e yt on drug release mechanism
No influence of the ty : émechanism was observed.

For both lactose and dibasic caleititi p] s Containing matrices, the drug release

from sodium alginate matziee 8.solution and various ionic
strengths of dissolution paédi /a3 ma CO! cd by polymer relaxation or

matrix erosion. The drug atrices with 10% polymer

&

containing matrices displajed the @nomglous
i

Perett

o

content in 0.1 N HCI selutiof 7  diffus ‘\ ile the higher polymer

nism.

=
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8. Surface morphology of acyclovir matrices

Since the appearances of matrices after being immersed in the dissolution
medium might be the important clues to predict and determine the predominant
mechanism of drug release from the matrices, the surface morphology of HPMC,
xanthan gum and sodium alginate matrices containing lactose as diluent was

monitored via scanning electron microscopy. The matrices were investigated both

for investigating surface morphology fter dissolution test were 0.1 N HCI
solution, phosphate buffer pH 6.8 dissoluti ._'=, ized water and 0.2 M sodium
chloride solution. In case oFHPMC ai ‘ éces, they were investigated
after immersing in dissolui edi ‘ 2 62 2. hours. Sodium alginate

matrices were evaluated af acting’ fissolution ' medium for 2, 4 and 6 hours

The photomic [ . NorE gy of matrices before and after

dissolution test at various re Shown in Figures 77 - 83. These illustrate

ST ;
i i o anas ; - ‘ . .
8.1 The surface morphology.of the matric s before dissolution test

sodium alginate mat

dense and smooth.

i A PR AR
AR NN TN

The photomicrographs of HPMC matrices after dissolution test in

dissolution media with difference in pH values and ionic strengths are displayed in

Figures 78 and 79, respectively.
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Figure 77 Slﬂce mogpio:gyul%dY]A)iHagj gu’r-n] (Qand sodium
QAT SIMT Y6 e
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Figure78 Surface morphology of HPMC matrices containing lactose as diluent,
hydrated in 0.1 N HCl solution (left column) and phosphate buffer

pH 6.8 solution (right column) for 2 hr (1A, 2A), 6 hr (1B, 2B) and
12 hr (2C) (x75)
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]

Figure®9 Surface morphology of HPMC matrices containing lactose as diluent,

hydrated in deionized water (left column) and 0.2 M sodium chloride

solution (right column) for 2 hr (1A, 2A), 6 hr (1B, 2B) and 12 hr
(1C, 20) (x75)
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As illustrated in Figure 78 (1A, 1B), the photomicrographs show the slightly
rough surface of the HPMC matrices immersed in 0.1 N HCI solution. The
photomicrograph of HPMC matrices hydrated in 0.1 N HCI solution for 12 hours was
not shown since the matrices dissolved completely. In contrast, the greater rough
surface was observed with the surface of the matrices immersed in phosphate buffer
pH 6.8 solution (see Figure 78 (2A, 2B and 2C)), deionized water and 0.2 M sodium

chloride solution. (see Figure 79).

This clearly indicated that t ace erosion of the matrices hydrated

in phosphate buffer pH 6.8 solt :d w and 0.2 M sodium chloride
solution occurred. Consequeé: ’ A’se dissolution medium might
be mainly controlled by_pol i felaxation or matrix erosion
might also occur with ma ion, although to a lesser

extent.

These results sit edf esult ¢ hanism analysis in this
-~ o

study in that the mec M : ' matrices in 0.1 N HCI

Figureﬂo and 81 display the photomicr(@aphs of surface of the
xanthan gum matrices afferadissolution test in@issolution media with difference in pH

value and ionﬂ; % ’} welﬂrmlﬁ w Ea’ﬂsﬁtﬁmamces hydrated

in deionized vmer at 6 and 12 hours °yvere not shown because the matrlces lost their

e W T A e

solution. However, the surface of the matrices after hydration in phosphate buffer pH
6.8 solution, deionized water and 0.2 M sodium chloride solution seemed rougher

than that of hydrated matrices in 0.1 N HCI solution.
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Figure 80 Surfacé mdrphology of xanthan gum matrices contéiningt;iaictbsé as
diluent, hydrated in 0.1 N HCl solution (left column) and phosphate
buffer pH 6.8 solution (right column) for 2hr (1A,2A), 6hr (1B,2B) and

12hr (1C,2C) (x75)
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Figure 81 Surface morphology of xahthan gum matrices containing lactose as
diluent, hydrated in deionized water for 2hr (1A) and 0.2 M sodium
chloride solution for 2 hr (2A), 6hr (2B) and 12hr (2C) (x75)
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The lesser rough surface of matrices hydrated in 0.1 N HCI solution pointed
out that the drug release was less controlled by the contribution of polymer relaxation
or matrix erosion. Conversely, The rougher surface of hydrated matrices in phosphate
buffer pH 6.8 solution, deionized water and 0.2 M sodium chloride solution indicated
that the drug release from matrices in these dissolution media was regulated by the
contribution from polymer relaxation. The dramatically rougher surface of hydrated
matrices in deionized water was an indication that the main drug release mechanism

might be polymer relaxation or matrix erosion.

These results agreed we ' ‘ echanism, which was analyzed
and reported in this stud)’ﬁg re "ase 4& analysis indicated that the
— ——

drug release from xan

d.water was super Case II

transport (n>0.89), in whi b & ati nmainly controlled the drug release
from the matrices. The ! fron nthan gum matrices in
phosphate buffer pH 6.8 sodium chloride solution
was anomalous tra ( the value of release
exponent (n). This might ex \in'k e morphology of these
matrices in terms of the/d; et S-Sl co tribution of diffusion and
polymer relaxation. The morg er relaxation resulted in the
rougher surface, while the m of rug diffusion resulted in the
smoother surface. Therefore; 'ﬂie" rog ism of xanthan gum matrices
hydrated in 0.1 N ion micht be controlied by 1] contribution of drug

8.2.3 sodifimealginate matrices &/

AUEINUNINEINT

The photomlcrographs of the surface of sodium algj te matrices

T TSR AT MR o=
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Figure 82 Surface morphology of sodium alginate matrices containing lactose as

diluent, hydrated in 0.1 N HCI solution (left column) and phosphate

buffer pH 6.8 solution (right column) for 2 hr (1A,2A), 4 hr (1B,2B)
and 6 hr (1C,2C) (x75)
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Figure 83 Surface morphology of sodium alginate matrices containing lactose as
diluent, hydrated in deionized water (left column) and 0.2 M sodium
chloride solution (right column) for 2 hr (1A, 2A), 4 hr (1B, 2B) and
6 hr (1C, 2C) (x75)

152
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In case of matrices hydrated in 0.1 N HCI solution, the photomicrographs
display the porous and rough surface morphology of the matrices. Since sodium
alginate is insoluble in acidic PH, the insoluble alginic acid is rapidly formed in 0.1 N
HCI solution (pH 1.2). Alginic acid has an ability to swell on hydration but virtually
insoluble (Hodsdon et al., 1995). Therefore, when sodium alginate matrices were
immersed in 0.1 N HCI solution, the relative porous and composite hydrated layer, in
which much of polymer was undissolved and did net contribute to the diffusional

barrier, was formed. Therefore, the large contribution of drug diffusion might mainly

regulate the drug release from so i f matrices hydrated in 0.1 N HCI
solution /

. 3 Sbu
ide soluti

indicating an extensive erofion of fhe matri It could be explained in

ffer pH 6.8 solution,

photomicrographs of

rough matrix surface,

7 sodium alginate could
dissolve and swell in phg§phg te ion, deionized water and 0.2 M

as formed when sodium

‘I“J“'I"

. . % % . .

alginate matrices were hydrated in _tm&] sottion media. However, from the result
A F

J.r-'-v

of viscosity measurement, the vr@m 0] “ S0
were lower than those of HPMC-qnd‘,dg‘Briﬂr?

*-. J
low viscosity of sodjum dlginate solution resulted in the low & stiength of protective gel

im alginate solution in these media

dlutions in the same medium. The

barrier and thus mad l! matrices more sion. Therefore, the very

rough surface was observed when matrices were ydrated in‘these dissolution media.

Moreover, when the sodigm.alginate matrices, were immersed in these dissolution

media, a contﬁ)%ﬂa{e} % Eﬁﬁ]@ waﬁl} ']ﬂﬂ %1 barrier. These

results implied that the main drug release mechanism that controlled release from
AT R A e e
0.2M"ﬁ ﬁs-]n aﬁ axation

The obtained result was consistent with the drug release mechanism analysis
in this study. This study revealed that the mechanism of drug release from sodium

alginate matrices in phosphate buffer pH 6.8, deionized water and 0.2 M sodium
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chloride solution was Super Case II transport, in which the polymer relaxation or
matrix erosion was the main mechanism in controlling drug release. On a contrary,
the drug release from sodium alginate matrices in 0.1 N HCI solution was relatively

controlled by a large contribution of drug diffusion.

In conclusion, this study showed that the surface morphology of the matrices
was consistent with the result of the drug release mechanism analysis. Consequently,

the surface morphology of the matrices after being hydrated in the dissolution

AudInenineans
ARIAINTAUNNIINGIAY




	Chapter IV Results and Discussion

