CHAPTER II

MATERIALS AND METHOD

MATERTIALS

1. Aluminum hydroxide gels fiﬁn d

Gel 1, “Rehels Chemical Co, U.S.A. (Control

No', 51é2)

= #’QNQKWere ﬁ*epared under the support of the
J//Mf‘Government Pharmaceutical Organization,
fﬂballa
/f'?
5 Hardman,,Australla (Lot. No. H711)

.p -* o

- Gel ,+ qullnl ghemle GmbH, Germany. (Batch
No 88 saeléo
- Gel Zadd 7Y poliprauucts Co,.Ltd., Thailand
"\ L)
T S——thot—hNo—60tef—
wdi o

2. Ammonium acetate, E. Merck, CGermany (Lot No. CC536116)

3

- -

3. Butyl paraben, Ueno. Fine Chemi;als industry, Japan
(Lot No Unknown)

4. Chlorhexidine acetate, ICI Pharma, U.S,A. (Lot No.
Unknown)

5. Chlorhexidine gluconate, ICI Pharma, U.S.A. (Lot No.
Uknown)

6. Disodium ethylenediaminetetraacetic acid, E. Merck,
Germany (Lot No. K 11622418)

7. Dithizone, E. Merck, Germany (Lot No. TT 438992)
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8. Ethanol, E. Merck, Germany, (Lot No. K 13126383)
9. Glacial acetic acid, E. Merck, Germany (Lot No.
Unknown)

10. Heptanesulfonic acid, FSA Laboratory Supplies, (Lot
No.33247270)

11. Hydrochloric acid, E. Merck, Germany‘(Lot No.

K12576717)

J
12. Methanol (HPLC grade), E. Merck, Germany. (Lot No. I

114907)

i &
]

13. Methyl parah%h, Ueno. éine Chemicals industry, Japan

(Lot No. Unkﬁoﬁh) .; =
7 4 '
L 4

14. Potassium chlbride; J.7v Baker Chemical Co, U.S.A. (Lot

No. 533960) Jf Jladsciang

' " <

15. Potassium dihydrogen phosphate, E. Merck, Germany.
# ] aind grde s '.-"lj

(Lot No. A 459773} =.

16. Potassiumihydroxide, May

& Baker Lt?., England. (Lot

No. 37038%. ./

17. Propyl parabeﬁ, Ueno. Fine Chemiecals industry, Japan
(Lot No, Unknown,) '

18. Sodium fltoride, “Farmitalia™Carlo-Erba, Italy. (Lot
No#1:989D100,)

19. Sodium hydroxide, E. Merck, Germany (Lot No. 734598)

20. Sorbitol, Vidhyasom Co., Ltd., Thailand (Lot No.
001230)

21. Zinc sulfate heptahydrate, BDH Chemical Ltd., England

(Lot No. 4921120 H)
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APPARATUS

1. Analytical balance, Sartorious (A 200S), Germany

2. Centrifuge, Safeguard centrifuge, Clay-Adams Co.,

Chanon, U.S.A.
Roy(R) LDC Division,
U.S.A.

5. High Perfor( uid mography (CM 4000),

Inc., U.S.A.

3. Column Cig (18 cm x

4. Detector (SM 400!

Milton Roy
6. Incubator, é % hern # uipment Ltd.
7. Infrared \ (1 ), Shimazu, Japan
8. Magnetic ‘ion, U.S.A.

9. pH meter,

10. Precolumn Cyg (8¢ﬁﬁ; '”{ﬁ, hanon, U.S.A.

1ol Recorder;ﬁfI 4ro&?“’ t =" (R), LDC Division,

U.S.A.

12, Transmiss%&k

Japan

. x- Raﬂn‘u%}’ﬂ ﬂ%}W‘%‘Wﬁﬂ iy B
’QW'WMF]‘?EMZJ‘WTMMQEJ

opﬂ(JEM 200CX), JEOL,
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METHOD

Physicochemical Properties Determinations

Physical Properties Determinations

1. X-Ray Diffraction (Nail et al., 1975)

;'j
For X-Ray Diffrabﬁaon (XRD) analysis, a sample
of aluminum hydroxid&!gei Was air dried at room

temperature and ground to a fine powder with an agate
’,,r“ F o
mortar and pei}léi Pow&?r mounts were prepared using

aluminum McCree y meunts:“The diffraction pattern was
recorded from 5° E? 400 ZSBunder the follwing conditions:

ﬁadiatlon, ﬂO kV 20 mamp,

:' ¥ |

a A

TN
500 cis full scakef and 2°/min scan speed.

v 28 Transmissxen Eleé%rdn Mlcrosco e
A &

'-.t( s -
-

=2 ==y > |

B [ _"\_J

The same powder samples® from XRD were fixed
onto carbom fiimg supported nbys copper«grids. Several
particles;; were examined in each sample ;n the particles
shownawere~representation. Micrographs were made at

magnification of 270,000.

3. Infrared Spectrum (Scholtz et al., 1984&,

1984b.)

The same powder samples from XRD were diluted

in potassium bromide (2 mg/300 mg of KBr) and examined by
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Infrared spectroscopy.

4, pH of the Aluminum Hydroxide Gel (USP XXII)

The pH of the ~ 4% equivalent aluminum oxide
of each aluminum hydroxide gel was measured. The pH meter

was calibrated prior to each measurement.

¥

/
s
o

Chemical Propertigs Detefminations

vy Adtacid Test. (USP XXII)

and’ aceurately weighed amount of the
aluminum hyd e g%l_edgiyalent to 0.6 g of aluminum
N i

oxide into a -pl beakér. Add sufficient water to

e

obtain a total b -mehgf aggpt 40 ml and mix on magnetic

stirrer at 300 #+ 30&%§§ for about 1 minute. Analyze the

e JTIF_ --I_'I .
sample according . to the test!proctedure.

L =

-

kinb
Lo

-

- Test Procedure

“(1) Add 10.0 ml of 0¥5 N HCl to the test
solutionwhiley ;stirving ron sthe mragnetic~stirrer at 300 +
30 rpm.

) Stimp | formexactly) A0~ minutes after
addition of acid

‘(3) Read and record pH

(4) If pH is below 3.5, the product shall
not be labeled as an antacid. If the pH is 3.5 or
greater, determine the acid neutralizing capacity

according to the acid neufralizing capacity test.
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2. Acid Neutralizing Capacity Test (USP XXII)

2.1 Place an accurately weighed amount of the
aluminum hydroxide gel equivalent to 0.6 g of aluminum
oxide into a 250-ml beaker. .

2.2 Add sufficient water to obtain a total
volume of about 70 ml and miiéd on the magnetic stirrer at
300 + 30 rpm for about 1 minutes

2.3" Teansfer 30 ml of 1.0 N HC1 VS from buret

into the samplq;%blution&while stirring on the magnetic

stirrer at 300 30" rpm." =&

24 Stir/for exactly 15 minutes after addition
:'; § . .‘ .

of acid -

2.5 Begin titration immediately and in a
period not excedd Qﬁggaddikiahal 5 minutes titrate the

excess 1.0 N HCl VSf*Qith dngN‘NaOHW VS to stable pH of

3.5.

f
4

ol
-

"*».__ i,_ ) .

o

2.6 Check the sample solution 10 to 15
seconds after gbtaining a pH of 3.5 to make sure the pH is

stable

247 | Calculate/ (the_ number of "mEq of acid
neutralized by the sample as follow:
Total mEq. = (30.0 ml)(N HCl) -. (ml of NaOH)(N NaOH)

2.8 Calculate the percent of theoretically
acid neutralizing capacity (% TANC) by the sample as

follow:
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% TANC

Total mEg. x 10
g of sample x % Al(OH)3 x 0.0385

2.9 The ln's of the remained.concentrations
versus times was treated by linear regression statistical
technique (Nail, White, ;and Hem, 1975, 1976a, 1976f.).
Then the first order rate édnstant of each sample at

ambient temperature and 45?0 were calculated.

Note : The prelzmlnary antac1d test and Acid Neutralizing

Capa01py test sholh be conducted at 37° #+ 3° ¢

- ACCQleng to the modified Reheis reaction

¥ "

velocity test (Pa;abfg_

3«1 Welgﬁt tEEJ aluminum hydroxide gel

- .j_ﬂ_

containing the equlvalent of 0.5 g off alumlnum oxide.

ol

G{_g Add 100 ml of 0.1 N-HCl at 37.5°C while
stirring on the magnetic stirrer at 300 + 30 rpm.

3 +3; ~The~ time ~to. reach pH.3.5 was noted.
4, Assay for Aluminum Oxide and Aluminum Hydroxide

4.1 Transfer about 25 g, accurately weighed,
of aluminum hydroxide gel to a beaker.

4.2 Add 15 ml of hydrochloric acid, and heat
gently until solution is complete.

4.3 Cool, transfer to a 500 ml volumetric

flask, dilute with water to volume and mix.
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4.4 Pipet 20 ml of the solution into a 250-
ml beaker, and add, in the order named and with
continuous stirring, 25 ml of disodium ethylenediaminete-
traacetic acid VS and 20 ml of acetic acid-ammonium
acetate buffer TS, then heat the solution near the boiling
point for 5 minutes.

4.5 Cool, and /4dd 50 ml of alcohol and 2 ml

of dithizone TS.

9
. 4 .6 Titrate the Sodution with 0.056 M Zinc
sulfate until ﬁﬁéﬁéolor C?anges from green-violet to rose-
pink. r 4 e T
4#4 gfgrform a' blank determination, substitu-
F Fr re AN
ting 20 ml of,ﬁéger for the sample, and make any necessary
correction. @  ;“ﬂj:v ‘;iﬁ
Al - £ Ve
4.8 ‘Ca}pulate @?ﬁ;Aluminum oxide and Aluminum
hydroxide content_a§ﬂfollOQE§¥};
%, :‘ Jrl“ .
% A1203;:= 0.002549 x 25 (Vb,—”gs)x Mo x 2,500
L 4 B
% Al(OH) 4 = 0.0039,x 25 (Vb - Vs) x Mo x 2,500
005 %X m x Vb
Vb = Volume of. ZnSO4 used in blank (ml)
Vs 3 Volume of ZnSO4 used in sample (ml)
Mo = Concentration of disodium ethylene-
diaminetetraacetic acid solution (M)
m = Weight of sample (g)
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4.9 Calculate Aluminum content as follow

Al (mmole/g ) = 20 x %Al,04

m

m = molecular weight of Aluminum oxide

1/,

5., Determine the Molifi&atio of Bound Hydroxide to

Aluminum in tﬁe Aluminum Hydroxide Gel

(N?ﬁ 41} \197510.)

e | P'ace:503ml of "10.5 N sodium fluoride

(NaF) in. a 100- e ker ‘sAdd 2 drops of phenolphthalein

évsuré the pH of the solution. If

2ds 4

he pH toj§bout 7.4 with 0.1 N HCL.
et .}}:ﬂ

b2 Weigﬁing aEﬁut.O.S—l.O g of the aluminum
Ly -

indicator an

necessary, adjust

hydroxide ggﬂ and add it-to the sodi§@ fluoride solution.

e

. |
Agitate thrdﬂghly. Prepare a SO—Q&Jaliquot of sodium

fluoride solution as a blank. —

® (3 Immerse the pH electrode in the sample
and titrate to the ordiginal pH, of the sodium fluoride

solution (about 7.4)swidth standazd 0,1 N HC1/VS.

5.4 Cover the beaker containing the sample

with aluminum foil and place on a water bath for 1 hour.

b 2D Allow the sample to cool and again
titrate to the original pH. Repeat this heat and titrate

operation until no more than 1 drop of 0.1 N HCl is
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required. The phenolphthalein serves as a visual
indicator of the extent of reaction taking place with each

heat and titrate step.

5.6 Record the total mEq of acid used and
subtract from this value the number of mEq consumed by
the blank. The net mEg of ac{digonsumed equal the mEq of

hydroxide liberated from the sample.

5.7 'CaTculame the molar ratio of bound

"r

hydrox1de to athlnum as féllow
/ r 4 4

e ' 4 - -

/ 4 w -— -
F F F

OH‘/A;f';’:'“_M. e = yb)

L. ﬂw X m
M = ancentratlunupf HC1 (M)
Vs == Volume of HGi used in the sample (ml)
.f- -
Vb A= Volume of HCl used i the blank (ml)
v -

m “= The millimoles of aluminum present in the
sample hd

W = | Medght jof) sample; (89

6. Determine Point of Zero Charge

(Feldkamp) etcaly, 1981)

The titration technique used to measure the
PZC was based on the principle that charges in the ionic
strength produced by the addition of an indifferent
electrolyte, such as KCl, will have no effect on proton

adsorption or release by the gel when the gel surface
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charge is zero. Thus, titration curves (pH versus volume
of KOH or HCl added) obtained at several ionic strengths

intersect at a common point, calling the PZC.

The specific procedure to determine PZC was as
follow

6.1 A 60-ml aliguot contalnlng ~1% equivalent
aluminum oxide was transferred td a 100 ml beaker.

6.2“‘The initial pH_was recorded with stirring
after stable v&kue wWas dchieved. .

6 ﬂfjfguff101e¥t 0.1 N KOH was added from a
10-ml1 buret t yause a gﬁ change of 0.05-0.10 wunit.
Usually, 1ncrem§f§$,mf tlt;ant ranging from 0.2 to 1.0 ml

were required. fwuen the ﬁﬂﬂwas ‘stable, the volume of

#

-----

6.4 Step 1 3 were repeated but titration was

performed wé@@ 015N HCl. [

-0

T

;315 Step 1-4 were repgufed except that, in
step 1, 6 ml“of 1 M KCl was added before making the
final vollune jof, the orl% egwivalents aluminum oxide
aliquot.

6 ¢6 Step | Ir4) were repeated ~except that, in
step 1, 12 ml of 1 M KCl was added before making the
final volume of the ~ 1% equivalent aluminum oxide
aliquot. The data were plot on the same graph. A plot
was constructed with pH on the ordinate and the volume of

acid or base added on the abscissa.
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Effect of Aging at Ambient Temperature

The aluminum hydroxide gel from Qarious sources
were stored in airtight container at ambient temperature,
and sampling at predetermined time. All aluminum_hydroxide
gels were determined of their physicochemical properties.

The measurements were as follow:
:‘j ,,«‘
'/
1. pH, preliminary anta®id test, acid neutrali-
- -
zing capacity testwreaction wvelpocity test, and OH /Al

ratio were reoor@ed at, he beginning of storage and

approximately ehe month 1ntervals for six months.

F .
F 4
"' — !

2. D, < ray dlffracElon, Infrared spectrum, and

7/
Transmission electrcn mlcrosqope were recorded before and

after being stored at amblenﬁ_temperature for six months.

3. Point_gfﬁzero;gpggge was measured at the

beginning of;étorage and two more ti&es at three and six

J
ol

months of agi;g.

Effect of Aging”at 45°C

The feasible aluminum hydroxide gels were
incubatad ldnd ‘sampling  at| prédetermined | times. Then the

physicochemical properties were measured as follow:

1. pH, preliminary antacid test,acid neutralizing
capacity test, reaction velocity test, and OH /Al ratio of
each sample were examined at the beginning of storage and

approximately one month intervals for four months.
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24 Infrared spectrum and Transmission electron
microscope were determined before and after aging at 45°C

for six months.

Effect of Sorbitol on the Stability of Aluminum Hydroxide

Gel

F 4

Two samples were seIeEted to determine the effect
of sorbitol on-the stabﬁlity‘of aluminum hydroxide gel.
Sorbitol was added fo the gel at 2% and 5% w/w, then
stored at 45°gfiﬁ the i%cubator. The stability of the

sample with angﬂv;thouﬁ sorbitol were compared.

F r i - =
F i

The Surface Aagérﬁtiqh ggf Preservatives by Aluminum

# f “ . F i ] .“n ‘,;
Hydroxide / ’ VJ
3% S0 v Rz ' N

F e Tesi fa
1. Adsorption Studies'

F

——

R

= 3 - "
et e 4

-eﬁour different preservatiges were used in this
s 4 ‘ X J

study, they-are methyl, propyl, butyl paraben and
chlorhexidiﬁe gluconate. The methyl paraben solution

~

at varibus ddnténtrationig) were | ddded<tos 4% equivalent to
aluminunil oxide suspension which adjust pH equal, low and
aHoV AR PP Sher &Yl M| Gy o) OF)- 0 | M X @HI- The ~ 4%
equivalent to aluminum oxide suspension (without
preservative) and phosphate buffer (with wvarious
concentrations of preservative) were used as a blank. The
tube were shaken vigorously after equilibrium had been

attained (~ 72 hrs). The suspension were centrifuged at

2,000 rpm for 30 minutes and the supernatant was filtered

11186248 351
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through a 0.45 um millipore filter before assay by HPLC.

A similar_technique was used for propyl paraben,
butyl paraben and chlorhexidine gluconate except for the
suspension containing chlorhexidine glucohate was kept in

the dark.

|

The concentration ofﬁpﬁpservatives were 10, 20, 30

=

and 40 mg/100 ml. 2

2. As " for/Preservatives

i

HPLC‘was used for this studies because of it

J

sensitivity. 2?é conditloqg are shown in Table 1 (Schmidt

and Benke, 1988;) : 5?:J B;ﬁ

Apparatus :CM 400?, Mllton Roy(R), U.S.A.
Colgép 4. 0DS chanon (ng); U.S.A.
Precolumn : ODS Chanon (O g), U.S.A.

Detector : SM 4000, Miltom Roy(R), u.s.A.

Th jec tijom volumep s 20gmieroliters

Calibration Curve

The absorbance followed Beer’'s law in the
concentration range of study. The peak area or peak high
ratio of preservatives solution as a function of
concentrations shown linear relationship. The calibra-
tion curve of preservatives after regression analysis are

;llustrated in Figures 7-10.
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Table

%‘Lééﬁbf
The conditions f& an various preservatives

BP CG

PARAMETER
Mobile phase:
methanol 70 90
0.25% acetic 30 10%
Heptanesulfonic =~ 180 mg.
Flow rate(ml /min) 1.0 2.5
Wavelength(nm. ) 254 257
Retention time(mins 5.70 4.06

0 0.2-1.0 0.2-1.0 1.5-4.0
: MP ¥k

“a[f(chlorhex1d1ne acetate)

* = 1.0% aceticSall
(MP = methyl para PP butyl paraben, -
CG = chlorhexidi glucona“-

ﬂumwﬂmwmm
ammmmumwmaﬂ
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Calibration curve of methyl paraben

i Peak area ratlo

§ 0
wam PN o et soraen

= 2 3134X + O Q077 (r z 0.9887%)

’QW’]ﬁNﬂ‘iﬂJ u‘mmma 3
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‘Calibration curve of propyl paraben

Peak area ratio

2.0
1.6 ;

1.0

0.6

B V0 08 08 A0
mg. /100 ml)

Y]

D

‘ Fﬁﬁﬂ ﬁ“ﬂﬂmﬂ}ﬂ“’iﬂ‘?"”f’.ﬁlﬁi:?"“
Q‘mﬂﬁﬂim N’M’Jﬂiﬂﬂ ¢l
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Calibration curve of butyl paraben

Peak area ratio

2.0
1.5
’
1.0F
0.5
0.0 / L ] 5 1 J 1 1 1 L
00 01 02 CEO&=s 06 07 08 09 10
Gongentration (mg /100 ml.)
)

Figure 9 The calibration,curyve of butyl paraben

g 2
t Cir=piqn ¥ ¥ 020681 (¥ = 0.9997)
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Calibration curve of chlorhexidine

Peak area ratio

1.6 — P

1.0} / ‘

0.5 '”i

/ ﬂ
“s‘i: |
0.0 1 ‘, _:g- - - Il ! !
Tty s o g _ 38 30 . 857 £iad
AT

¥ s ‘10 ~mi)
J T8 .

Figure ﬁ ﬁﬂﬁﬁﬂﬂ?ﬂ Ejmj:::ine gluconate
q i éNﬂ‘ifU NN
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3. Adsorption Isotherm Determination

The equilibrium concentrations (C) versus
adsorption of ©preservatives (x) was determined. The
adsorption of preservatives from suspension was treated by

the Langmuir equation in the following equation

whepé x # wei&ht of adsorbate (mg) adsorbed by

# 4 ;
m grams of adébpbent“'cﬁsthe equilibrium concentration

.

(mg/100 ml); and a and b \are constant. Therefore a plot

of C/(x/m) versus C 1s a %tralght line of slope 1/b and

e v

intercept 1/abs (Clagke ang Amstrong, 1972)
F oGS -iifﬁ

#

—

The calcuIatlon oﬂ unionlzed of the esters of

parabens can bé—éxpressed—as—+——————

pH = pKa + log Jionize]

[Unionize]

Aldimunumy Hydroxide- Geli Preparation

Gel 2

Gel 2 was prepared by the addition of 3,200 liters
of alum solution (AlK(SO4)2.12H20) (25% w/v) to 1,500
liters of sodium carbonate solution (25% w/v). Alum

solution was added with agitation to a final pH of 6.2-
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6D A After precipitation, the gel was washed with
deionized water, and reduced the particle size by

micronizer.

Gel 3

The alum solup" % w/v) and sodium carbonate
solution (25% w/v)" 13 egggﬂ 51multaneously into the
3 liters/min and 15

*»fiéf,-g%%al laboratory gel was

reactor at a
liters/min,
precipitated
agitation to a
gel was washed

particle size

F’E

P,J- e J

Gellﬁ was pf p‘ﬁ

identical manner of gel 3

except that "ttt  ;@1ution and sodium

carbonate soi}tio' toﬂ95 liters/min and 15

liters/min, respec ctively. addition, the final pH was

7.2, ﬂ‘iJEJ’WIEJ‘ﬂ‘ﬁWFJ']ﬂ‘i
awna\mmumwmaﬂ
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