CHAPTER I
INTRODUCTION

RATIONALE

Aluminum hydroxide gél:is an effective antacid
largely due to its-rapid rate.oef.acid neutralization and
the neutralizing pH‘is bgtween 3:.5-4.0. Although many
aspects of itsj;tructure a;d acid reactivity are not fully

understood. Théfinitiéi éiecipitate resulting from the

reaction of & s#lLybje: aluyinum salt with a base during
4 ; 4
process of manuf&@tqre ig,probably a highly random

structure. During aging,3ﬁy is found that structural
rearrangement occurs. to form a more thermodynamically

stable system. Fof-éﬁémple,'aﬂbalymegization—like process

may produce.éihighly ordered system Qﬁﬁch is resistant to
attack by acid; The rate of this prqéess has been related

to many factérs includimg pH of solution during
precipitation ((Hem, 'Russo,| Bahal et lal,,; 1970), type and
concentrgtion of.ions present, .stemperature’/ (Hem, Russo,
Harwiood etilal., 197@)cand aorder| of gddition of the

reactants.

The end-product after the aging process is usually
changed to crystalline form of aluminum hydroxide.
However, a number of reports have suggested that the

aluminum hydroxide which containing specifically adsorbed
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anions such as Cl~, SOy4 and COg4 should better

stability and facilitate the acid neutralization reaction
for a long period of time (White and Hem, 1975; Nail,
White, and Hem, 1976c; Kerkhof, White, and Hemn, 1977;

Serna, White, and Hem, 1978a; Serna et 1., 1983). Polyols

were employed to stabilized the aluminum hydroxide gel for
the purpose of inhibition/ oF% polymerization reaction

(Nail, White, and Hem; 1976d).

Aluminumehydroxide suspension belong to the so-

called non-sterile drugs. LIt is not dispensed as sterile

a -

products by neverthélesé_bd@ferial'contamination has to be

avoided. This could ihdeeé lead to deterioration of the

L

product and form a pctential danger for the patients

-2

health (Nakamori eff alis 19756" Renolds, 1989).

Good microbiel&gicaffﬁﬁaiity of the product could
achieved by nespectrng—%he—ﬁﬁ?—ass&rance. In addition,

the 1ncorporat10n of a preservatlve should prevent

excessive proliferation_ of bacterial or fungal
contamindétion, introduced during manipulation of the

product by the patients,

The choice of the preservative depends on several
factors, such as éompatibility with other ingredients and
pH, the latter possibly being of substantial importance in
aluminum hydroxide suspension. It is also being described
that certain substances such as aluminum hydroxide and

suspending agents present in aluminum hydroxide suspension




are counteracting the activity of some certain
preservatives. Therefore, the adsorption of preservatives
in aluminum hydroxide suspension is a well documented

source of preservative failure.

In this present study intend to evaluate aluminum

%Ecesées of manufacture by

7 7 in the market. The

hemical properties, the

hydroxide gel from v

comparing with

comparisons were
adsorption - ervatives and the
stability aft ion however, are not
much readily ing and will be of

advantage in pr
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PURPOSES OF THE STUDY

As it was mentioned previously, aluminum hydroxide
gel is most widely used as antacid and could present

stability problem and adsorption of preservative upon

Vy/e search were to:

aging. The objective

25 on the surface
vatives by aluminum
3 sorbitol on the stability
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LITERATURE REVIEW

General Properties of Aluminum Hydroxide Gel

Aluminum hydroxide gel is a white, odorless,
appeared in the form of, amorphous in which there is a

partial substitution of carbdhate for hydroxide.

v
Practically .insoluble in water and alcohol, but

soluble in alkald and acid solution in the present of some

| :
ould store in airtight containers,

d 4

water. This prbduct sh

and avoid freezdng (Réynold, 1989; USP XXII., 1990).
i r \i‘ ¥
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Pharmacology of Alggihﬁm Hzgfdkide Cel

o

A d S ol
The clinicaI;QSe oggéﬁtacids is based on their

A sy ; P
ability to increase the pH of gastric secretions by reduce

the concentféﬁlon of &acid in gé§t?i€?ﬁﬁice. ‘The ultimate

goal of thera#y isteobring the gasfric content to a pH
values of between.3.5 and 4., ,The reason may be due to the
optimum PpH [for pepsin activity is between 1.5-2.5 and
progressive inhibition goccurs as_ gastric pH increase, at
above pH 4, .the proteolytic activity of pepsin is minimal.
With usual doses, antacid products generally should not
increase and maintain gastric pH above 4-5. Although
antacids do not neutralized all gastric acid, increasing
pH from 1.3 to 2.3 and to 3.3 mean neutralized 90% and 99%
of gastric acid, respectively. Consequently, the gastrié

acid can back diffuse through the gastric mucosa and the




amount of reaching the duodenum is decreased (McEvoy,

1988).

Aluminum hydroxide is slowly solubilized in the
stomach and reacts with hydrochloric acid as shown in the

following equations : (Nairn, 1990)

Al(H,0)3(OH)3 + H30* — [Al(HzO)4(OH)2]+ + HyO
[Al(H,0) 4 (OH) o L B0 [ Ts [A1(H,0)5(0H)1*2 + HyO

[AL(H0) 5 (0H)T¥2 4 M 0F) ‘=== " [A1(Hy0)g]*® + HpO

It shown that‘aluméndm hydroxide is a nonsystemic
antacid because of ‘it forms compound that are not

appreciably absorbed and thus. do not exert any systemic
# ] rand e e g ol

&, ot ¥

effect. = —=

‘Stability ofigluminum Hydroxide Gel.“;”

The farmation of polynucl;ar hydfoxyaluminum
complexes in (dilute solution was described by Hem and
Roberson (Hem and Roberson, quoted in Nail, White, and
Hemy '1976b)y las & / stepwise, process involving a
deprotonation-dehydration mechanism. In agueous aluminum
salt solution below pH 4, aluminum exists primary as the
trivalent éation with six water molecules in octahedral

coordination, Al(H20)63+ (Figure 1).

The first step in the conversion of hydrated
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aluminum ions to polymerized species involves
deprotonation of one of the coordinated water molecules of
the aluminum cation (Scheme 1). Two deprotonated

octahedra can then join to form a dimer (Scheme 2).

Al(OHy )3 === al(oH)iamal.*? + ' (scheme 1)
2A1(OH) (OHy) 5*2 === Al,(OH)3l0lig)g** + 2H,0  (scheme 2)
4

This unit contain§ the characteristic of double

hydroxide briddé betweenFaluminum ions (Figure 2 ).

+

Dimers then caano1n to fong either a chain structure or a
' \
ring structure by the sade deprotonation-dehydration

mechanism (Figure ?)' The»gbneral formula for a chain

)+(m+2)_

structure would be :m. Oﬁﬁzm_z(OH The six-

J'I\-

membered rings may then coiﬁesce further by continued

polymerlzatlgg, resultlng in a hlgheri;atlo of structural

-

hydroxyl to Eiuminum. The hydroxidégto aluminum ratio
will approaches 3 as the structure increase in size. ‘The
growth of~lag hydroxyaluninuncperticle, by «formation of six-
membered #ings and multiples thereof is shown in Figure 4
(Naf} Q8L™Mal) . 593 28N The rdevelopement of a highly
ordered structure of aluminum hydroxide gei which growth

by a deprotonation-dehydration mechanism also causes a

decrease in acid neutralization (Nail et al., 1976c).
This mechanism is inhibited by anions such as Cl1l7, SO42-
and CO32_ (Hem, Russo, Bahal, et al., 1970; Serna et al.,

1983). Recent reports showed that carbonate plays an




- Figure 3 Rang" structure “formed by si% lalumintm hydroxide
octahedra
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A15(0H)], = 12H,0
OH/A1 = 2.00

i +8 - >
M.m(OH)22 . 15H20
: OZIAl = 2.20 ,
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Figure 4 Proposed development of crystalline aluminum
hydroxide
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important role in stabilization of gel (Kérkhof, White et
al., 1977) as well as in acid neutralization (Hem, Russo,
Bahal et al., 1970). Carbonate appears to replace a
hydroxyl in the double hydroxide bridges. The carbonate
{s reacted with the initial acid £hen, the gel structure
is disrupted and causes an increased porosity and surface

area (Kerkhof, White et al.,/ 1947).

The particle morphology of amorphous aluminum
hydroxycarbonate‘is of interest because of some apparently
anomalous behay;dis. ‘Foriexample, numerous studies have
concluded thaﬁjépégifiéaii& adsorbed carbonate only

substituted fopfhgé:diyl At”surface sites and is not

contained within therint;ri;;vaf the particle (Scholtz et

al., 1985). Furthgrmpfé, tgébfﬁrbonate to aluminum ratio

of samples which exggﬁitingéégbd antacid properties is
- -

usually betwéen 0.2 and 0.5 (ScHolfz et al., 1984a).

These two féé%s can only be reconciied if the particle
size is very small. In addition, the kinetics of acid
neutralization .by-amorphous .gluminum hydroxycarbonate are
different ,from “other antécid compounds'. In the case of
sodium bicarbonate and .calcium. cdrbonate these exhibit a
linear rate of acid neutralization under pH-stat condition
(Vanderlaan, White, and Hem, 1979, 1982). In contrast,
ihe pH-stat titrigram of amorphous aluminum
hydroxycarbonate contains three phases ratﬁer than the
linear rate of acid neutralization as expected for and

acid-base titration.
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The pH-stat ¢titrigram has 'been recently
interpreted based on the hypothesis that three types of
particles exist : primary particles, secondary particles
and aggregates. Primary particles were proposed to be
platy crystallites composed of fused'six-membefed rings of
éluminum Joined by double hydroxide bridges. Secondary
particles form from primary papticles due to the cohesive
strength of Van der Waalstorces. Aggregates, composed of
secondary partieles are fqrmed in response to the balance

of attractive and repulsi%e forces as described by the

4

Derjaguin, Londén, Vervéy,:overbeek (DLVO) theory (Scholtz

t al., 1983). & . ¢

id

Previously, thé_terﬁﬂggrbonate-containing aluminum
hydroxide gel was used to @g&gribe the highly reactive
gels used as antacid“(Kérkhé£?§i'§l.,y1977; Serna et al.,
1978a). Howéﬁéf;'tﬁi§“§§1“is now wéll enough understood
to justify its description as amorphous aluminum
hydroxycarbonate.. Serna et al. (1978b) studied the effect
of washing on  the precipitate| of amorphous aluminum
hydroxycarbonate contdaining the greatest carbonafe to
aluminum ratie | (pH 6440+ to test |the model structure
proposed in Figure 5. Carbonate is shown coordinated to
aluminum by unidentate interaction and present in the
stern layer and the diffuse layer. Sodium is present
ﬁainly in the diffuse layer. A dramatic change occurred
in the carbonate content of the precipitaté during the

first wash. Further washing did not substantially lower
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phe carbonate content of the gel and did not altered the
carbonate interaction. This result is in contrast to the
behavior of sodiu&, which was almost completely removed
after three washed. The gel particlesfare positively
charged at pH of approximately 6.4, but the charge is
reversed in concentrated ;glt solution because of
preferential adsorption of éﬁions coﬁpressing the double
layer. As the anions arg removed by washing, the gel's
positive charge i's bbserved Therefore the washing
process 1is 1mpartant bec;use it could determines the
physical stablllty of ther001101dal particles and,
consequently, the vheologioél”properties of the gel.

AR A H
LAY 4

Many processeswforﬁyhe preparation of aluminum
hydroxide gel have beeqﬂreportéﬂ Aluminum hydroxide gel

for pharmaceutlcal use 1Sﬂoften prepared by the

neutral1zat1on—vfﬁnrviumtnum—sa%%—so1ut1on with base.
Three methods_have been utilized. The first method
involves the addition of the alumi;um salt to the base
(Serna, White, and Hem, 1978b) and is Jlimited to batch
processing. The second method .is added the base to the
aluminum salt “solutions (Hem, Russd, Bahal'! et al., 1970;
Nail, White, and Hem, 1976e; Serna, White, and Hem,
1978c). The second method is also a batch process. In
the third, an aluminum salt solution and a base are

simultaneously mixed (Scholtz et al., 1984b). This method

can be either a batch or a continuous process.
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Although far less common than other methods, the
method of simultaneous mixing of reactants permits the
precise control of pH. Since the solubility of aluminum
hydroxide is very sensitive to pH, fixing this variable
during the precipitation reaction should have‘a strong
influence bn the propernties jof the precipitate. The IR
spectra of the precipitates found is shown in Figure 6.
At a pH of precipitation(pHp) of 6.0, 6.5 and 7.0 are
typical for amorphous aluminum hydroxide containing
spe01flcally adaﬂrbed caqponate (Serna et al., 1978a,
1978b) and 1nd1aate the present of only an amorphous
component. Th; p;ecipltat?&;formed between pHp 7.5 and
9.5 exhibit a ﬁumgergqg aﬂéggption bands in addition to
the carbonate—cohtaininé afﬁm?num hydroxide bands. The
new absorption 25%35 coégggponding to the mineral
dawsonite, a.crystéilihe soé&éﬁ;alumipum hydroxycarbonate

f
4 .

[NaAl(OH)zéé%]. T analy51s?§ndicate that the

precipitate formed at "pHpP s con}ained the largest

fraction of dawsonite.

‘Mechanism of Interaction between Polyols and

Aluninum ‘HyGrexide “Gell

The polyols such as sorbitol were used to improve
the stability of aluminum hydroxide gel. (Alford, 1959;

Greene et al 1969; Nail et al, 1976d.).

Shah et al. (1981) investigated the mechanism of

interaction between polyols and aluminum hydroxide gel and

017700
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reported that hydrogen bonding is responsible for this
interaction. Mannitol and sorbitol, both linear polyols,
interacted with aluminum hydroxide, while inositol,a
cyclic polyol, did not interact. The adsorbed polyol has
the favorable effect of inhibiting the polymérization
reaction that occurs on 'aging, but the rate of acid
neutralization was reduced. /Thus, the specific polyol and
concentration must be capgfullyvselected to maximize the
de51red effect of stablllzlng thevgel structure. The
presence of mannltol 1q the reaction medium during

precipitation dldfnot significantly enhance gel structure,

because the m;;ngﬂol wasidgsorbed during the washing

process as a cbnsequence J}Ithe weak adsorption forces.
. 4*

The methbds' were"r gmployed to study the

physicochemical propertles of*alumlnum hydroxide gel which

iy Y=

reported in phe past are:

. : o

1. pH '_stat Titration (Scholtz et al., 1983)

A
-

Thes pH-stat titration has provided some
insights into ¢

1.1 The structure of aluminum hydroxycarbonate
(Kefkhof etlaly, 1917; .Sernha et al., 1978al)\

1.2 The adsorption of polybasic acids (Wang,
White, and Hem, 1980), and polyols (Shah, White, and Hem,
1981) by aluminum hydroxycarbonate.

1.3 The interaction of aluminum hydroxycarbo-

nate and magnesium hydroxide (Vanderlaan et al., 1979,

1982)
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2% Infrared Spectroscopic Analysis (Nail, White,

and Hem, 1975, 1976a)

IR spectral analysis of aluminum hydroxide gel
detects well-defined absorption bands in the O-H bending
and O-H deformation regions 6 of the spectrum as the gel

ages.
3. X-Ra i tion A sis

Nailfﬁ, “L.l (1975)  showed that x-ray
- 4 .
diffraction coulﬁ”reﬁleét to structural changes occurring

in aluminum hydrgilde gel d?rang aging.

4. ; (Nail, White,
and Hem, 19762) W /o o
The physical‘ Uhanges detectable by
4 A
dlfferentlal ghermal ana1?§T§_whEn—aium1num hydroxide gel

is heated are the loss of water of hydratlon in the range
of 100-120°C and .the loss of ;structural hydroxyl as water

(Scheme 3).

Al Al -——4> Al-0-Al + H50 (scheme 3)

/\
‘\\ //
‘The temperature at which the dehydroxylation

of the double hydroxide bridges occurs is a characteristic

that allows the identification of crystalline aluminum
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hydroxide.

5. Electron Microscope (Wou and Mulley, 1984;

Sepelyak et al., 1984b; Liu et al., 1987)

Transmission electron micrographs provide more
information on the morphology»pf aluminum hydroxide than
scanning electron micfograﬁhs:‘ For example, gibbsite
(A1(OH)3) particles apéear to have a well-defined
structure with distdinct edges, while boehmite (Al1O(OH))

particles did net have Wel} defined.

'] :
,‘ ¥ ‘

F

F 4 -

Point of Zero ngrge (PZC)

=
l1| .n
J

i‘
.J"

The PZC /is an ampontant property of the aluminum
hydroxide gel. .IttHS'the'p&“at-which the net surface
charge is zero; at-this pH ﬁhe*dens1t1es of the positive

and negative charges—are—equa%———?hefQ,;s no electrostatic

repulsion to.oppose the 1nterpartlcle attraction due to
London-Van de?iWaals forces, Hencej the most extensive
aggregation occurs at" the PZC. At |the surface, the
terminal aluminum atomssare coordinated with, hydroxyl and
aquogroupss' Aluminum hydroxycarbonate has' the same basic
structure as aluminum hydroxide, except that carbonate
groups are present at the surface in addition to hydroxyl
and aquo groups (Scholtz et al., 1984b). The apparent

surface can be controlled by adjusting the pH to be either

below or above the PZC to produce a positive or negative
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surface charge respectively as shown in the following

scheme:

+1 0 ~1
H,O HoO — OH
2 i
v g oo OH P
Al s coen g8 5 e Al
N g %
\\\HZO OH OH

It is well established that the specific

adsorption of anions by metal oxides displaces the PZC to

lower values. Tbeiprevioqs study by Serna et al. (1978b)

concluded thatyég¥

r "

bénete ‘and bicarbonate ions chemisorb to

,lf f
aluminum hydroiigaé but t?xafg the carbonate is the prevalent

form on the sufrface. féchéltz ath al . (1985) showed that

the PZC of 36 cafboné%é-con%éé;ing aluminum hydroxide gels
decreased with iﬂcnﬁasing ééébonate to aluminum ratio.
This was found to-be the cg;é}as the PZC ranged from 6.3
to 7.3 forfé&f&Qﬁﬁ—%Gﬂﬂé%@i&i;ca;bonate—containing
amorphous alhminum hydroxides (Feldké;; et 8., 1981). 1t

will be a substantial change, as the PZC of anion-free

aluminum ‘hydroxide is more than 9 (Schatt, 1977).

Shah, et .ale (1982) ;showed that, magnesium cation is
completely adsorbed under pH conditions where the gel has
a negative surface charge. Docusate anion is more
strongly adsorbed when the gel has a positive charge.
However, adsorption also occurred when the pH was above

the PZC suggesting that adsorption of the hydrophobic

portion of docusate anion by Van der Waals forces also
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contributes to the overall mechanism. Mannitol is

adsorbed under all pH conditions. However, greater
adsorption occurs when the pH is above the PZC. The

adsorption of polyols occurring by hydrogen bonding rather
than electrostatic attraction (Nail et al., 1976b; Shah et
al., 1981). .

¥
The pH -.PZC. relationship will provide a useful

guideline for pf;dictina adsorption reactions in the

7’ :
formulation ofthtacid dosage forms and may also be useful

d

in predictim{ drug interactions arising from the

F,

£ rr 4
coadministration of drugs ind aluminum-containing antacid.

(Morefield et alk, /1987) Tﬁ‘ﬁ
4 = '
ad A o

= =

A P
Analytical Pkébedurqg“for PZC
.“.‘f .m'

el e 2 -

Thehﬂethods were used to dggermine the PZC of

-

|
y

Y :
aluminum hydroxide gel are @ =

1. PotentiometricaTitration Procedure (Feldkamp

t al., 098

THettitration ttechmiquepused~to pmeasure the
PZC ‘was based on the principle that changes in the ionic
strength will have no effect on proton adsorpton or
release by the aluminum hydroxide gel when the aluminum

hydroxide gel surface charge is zero.
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2. Viscosity Measurements Procedure (Felkamp et

al.

S0

1981)

It is based on the principle that the
viscosity of the aluminum hydroxide gel is maximum when

the pH is equal to the PZC. ;The coulombic repulsive force
/.
and the Van der Waals attfi&tgve force are of prime

importance. In.fact, whén tHe charge on the particle

surfaces 1is sufflczently reduced the Van der Waals forces

‘PJ-

are respon51blé;£%; aggreéatlon and associated phenomena.
Feldkamp et al 1581) and Morefield et al. (1987) found
that the appare NlSCOSl jincreased sharply as the pH
was increased /fpproach PZC. The viscosity, however,

decreased as the @H Was rndsed above the PZC but the
» =7/
apparent viscosity did_not dﬁﬁrEase as rapldly when the pH

was above the PZC as -alen thé ﬂﬁ‘was below the PZC.
=~

. : 5
3. ctrophore nation Procedure

{44

Thet! electrophoresis 'determination used to
measured| the: PZC was based on the principle that the net
surface charge of aluminum hydroxide gel is, zero when the
pH s [at |the “PZJ. Then. the electrophoréetic mobility of
aluminum hydroxide (at constant ionic strength) at the PZC

is zero (Schott., 1977).
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