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ABSTRACT

The adsorption of Zisonitazid onto the
insoluble directl: compressible tablet
excipients: Emcom,.ess, Avicel pH 101,Elcema
P 50, P 100, G 260, ethyl cellulose and

STA-Rx as well as cale, magnesium stearate
and charcoal was ciudied . The adsorption
followed the Langmuir equation over initial
concentrations of 80-~200 mmole/L of iTson-
tazid 8olution in water or in buffer solu-
tions of pH 2.1 and 7.2. The adsorption
capacities were of the following sequence:
charcoal > stareh > celluloses and taic >
ethyl cellulose > “mcompress. No measurable
adsorption was noie¢d on magnesium stearate
or glassware. The possible mechanisms of
adsorption were digcussed.

The kinetics of tsontazid release from
compressed tablets using Emcompress, Avicel,
ethyl cellulose and starch as the exeipients
did not correlate with the adsorption data,
but the extent 'of release of drug had a
good correlation with the adsorptive capa-
cities of the excipients.
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A survey of pharmaceutical literature shows that cer-

tain materials used as paarmaceutical adjuncts may adsorb

s .. . 1-4
significant amounts of various drugs . Although most of

the previously studied drugs

are administered in the tablet >
I'orm, the table

¢

excipients were generally ignored as being
potential adsorbents for dr .gs.

the 1n-V2Tro sisorption of wvarious pharmaceuticals to

£
L] - v ) o . - - d w
montmori.lonlite was studied by MeGinity and Lach®., This
clay was studied for use as disintegrant, binder and lubri-

. | S 4 .
cant and was also proved to adsorb some antibtiotics o

An increasiug number of water-insoluble meterials have

been suggested as directly

compressible vehicles for tablets
8-12 |

' : .. : 8=10 : :
. These include microcrystaliine cellulose , dicalcium

' 8 _ |
phosphate dihydr&tezland Starﬂhj“. Tilese vehilcles were usuyu- : |

aily mixed with drugs, together with & suitable disinte-
grant and a lubricant if they were not themselves self-q4i-

: : : . =17
sintegrating or self-—lubrlcatlng8 -

L

the purpose of this study was to determine the extent
of 1soniazid adsorption ontc variocus inscluble tablet excil-
Pients in distilled water =-.d in two buffer solutions of

physiological pH values 2.1 and 7

o
C

. Iscniazlid was chosen

88 a model water scluble drug of long term use. The excLp- o
1ents were of different chemiceal char&cters, Celluloses of _
different origin, ethyl cellulose, starch, dibasic calcium _ ‘ 
phOSPhate,Emagnesium stearate and talc were the studied

potential adsorbents., Chara:oal was also studied for com— -

pariscn, as it is a widely wused cassical adsorbent and 1its

coadministration with drugs may interfere with their bio- )
logical availability

17-19 :




_ 175
Adsorption of i1sontazid on incoluble tablets excipients
and charcoal.

Isoniazid tablets were prepared using four of the
studied excipients to elucidate 1f the adsorption has an

effect on the kinetics of drug release from-tablets.

E¥Y vsRIMENTAL

Materials:

Iscniazid (Bayer, donated by CID laboratoriés,Cairo),
activated charcoal (EtMerCR, Darmstadt), dibasic calcium
phosphate dihydrate (Emccrywress special, E., Mendell Co.,
Carmel, New York), microcrystalline cellulose(Avicel pH
101, FMC corporation, Philadelphia), microfine (P 50, P
100) and granular (G 250) celluloses (LElcema, Degussa,
Frankfurt), ethyl cellulose (Searle Co., HW, Essex), com-
pressible starch (STA-Kx 1500 starch, Staley Co., Ilinoy),
sodium starch glycolate (Primojel, E. Mendell Co., Carmel,
New York), talc, magnesium stearate and buffer components

wvere pharmaceutical grades or analytically pure chemicals,

Emcompress, Avicel and ethyl cellulose were separately
passed throcugh a standard sieve of aperture size 200 um

before use. Other chemicsals were used as received.

Methods:
Adsorption experimer: ::

One gram of the adso.sbent was placed 1in 30-ml stop-

pered glass tube and 10 rl of isoniazid solution of appro-

priate concentrations ranged from 80-200 mmole/L in 4di~-

tilled water, or hydrochloric acid btuffer (USP XX) of pH
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2l or 1in phosphate buffer (USP XX) of pH 7.2, Suspensions
were shaken for 24 hours in a constant temperature shaking
wat<r bath (GFL, D. Burgwedel) at 60 strokes per minute,

at ETGC. The suspensions were centrifuged for 5 min at 3000
rpm, 2 ml pprtions of the supernatant solutions were removed

and assayed for isoniazid concentration.

PregaratiOﬁ and valuation of Tablets:

Four batches of isonidzid compressed tablets were pre-
pared, each contained 25% isoniazid, 2.5% sodium starch gly-
colats as disintegrant , 17 magnesium stearate as lubricant
and'Tl.B% of either Emcompr s, Avicel, ethyl cellulose or
STA-Rx as the exclipient. These powder ingredlients were blen- | .
ded and compressed into 8-mm diameter flat tablets using
an eccentric tablet press (Korsch Maschinenfabrik, Berlin)
adjusted for each excipient to produce 200 mg tablets con- .
tainiﬁg 50 mg 1soniazid. | |

The tablets were evaluated for uniformity of weight,
uniformity of drug content, hardness, friability, disinte- | .
gration time and dissolution rate (Erweka Apparatebau, Heu-
sentamm). The dissolution was determined in 500 ml hydro~
chloric acid buffer (USP XX) pH 2.1 at 37°C, stirred at 50
rpm. Samples were withdrawn for isonlazid determination

every nminute over 10 min, then every 5 min over total dis-

solution time of 60 nmin.

Assay of isoniazid:

Suitable dilutions 'of the samples taken from the adso-
rption or dissolution studies were made with 1% hydrochloric
acid. Measurements of the absorbance were made at wvavelength

of 265 nm, using l—-cm cell (Pye Unicam SP6-L0OO Spectrophoto- .

meter ).
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RESULTS AND DISCUSSION

Adsorytion i1sotherms

Preliminery determination of equilibrium time for iso-
niazlid adsorption onto different substances studied indi-
cated that equilibrium was achieved between 6 and 12 hours.
o ensure equiiibrium, all samples were allowed to agitate
for 2k hours. The analysis of isoniazid samples 1n control
experiments indicated the absence of measursable &dSorption
of the drug onto the glassware and degradationduring equil-

ibration.

) _ The data obtained from the adsorption experiments were

treated according to the linear form of Langmuir equationgo:

Ce/(x/m} = 1/ab + Ce/b

where x/m is the millimolcs of isoniazid adsorbed per gram
of adsorbent, Ce 15 the equilibrium molar concentration of
the drug, a and b are constants. Constant a is the adsor-
ption coefficient, while constant b is the limiting adsor-
pPtive capacity of the adsorbent. Linear adsorption iso-
therms with a 310pé of l/b and an intercept of 1/ab were
cbtained (Figures 1-5) by plotting Ce/(x/m) versus C_. The
b values or limiting adsorptive capacities were calculated
from the reciprocal of the slope of the regression line

equation (Table 1).

It was necessary, in most cases, to use one=-gram

samples of the adsorbents to find adherence to the Langnmuir
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equation over a wide iscniazid concentration range. When
less than 1 g of adsorbent was used, deviations from lin-
earity occurred at low concantrations of isoniazid. Higher
concentration of the drug may creat new sites for adsorptiom

by forecing the adsorbate mcolecules through porous structure

of sdscrue: n‘”

Activated charcoal was demonstrated to be the most effe-
ctive adsorbent for isoniazid (Figure 1). This 1s also
clear from the high values of the adsorptive capacity of
charcoal compared with other materials (Table 1). The bin-
ding capacity was maximum at pi 7.2, followed by pH 2.1
and water (pH 5.6). These data indicate that the less ion-
ized species of isoniazid, of pK, =2.13, pK, = 3. 81, pK, =
11, 03’2 is. morepreferably adsorbed than its 1onized or proto-
nated species 1n solution. The lipophilic pyridine moiety
of isoniazid probably promotes drug adsorption through hyd-
rophobic interaction with the activated surface of chardxﬂd
Such a possibility is similar to previous findings on the

nature of carbon surfacels’dsj

Adsorbents other than charcoal showed less adsorption
at all conditions than charcoal, probably due to smaller
surface ares and consequently-smaller interfaces avallable
for accumulation of solute :olecules than in case of char-
coal. |

The dibasic calcium phasphate (Emcompress showed(Flg.
2) minimum adsorptive capacity of the drug from water and
from acid buffer media. This may be due to lack of poro-

sity, or the valence requlrements maey be fully satisfied

by binding with other surface atom524.

Talc was supposed to carry a negative charge on 1ts
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surface due to deficilency o~ certain cations 1n its crys-
ta1525. This may explain the higher'adsorption of isoniazid
¢ciato talec than on cellulose or ethyl cellulose (Table 1)
specialliy 1n acid medium (Figure 3). The decreased adsorption
of isoniazid from buffer solutions compared to water may be
attributed to the preferential adsorption of buffer ions
cnt o thé ﬁu;face of the adsorbent.

Siguificant amounts of isoniazid were adsorbed from water
‘guto STA-Rx, cellulose (Avicel and Elcema), ethyl cellulose
{Table 1, Figures 4L ,5). The polyhydroxy groups of theselxﬂy-
saccharides may be responsible for hydrogen bonding with jg-
oniazid. This may explain the decreased adsorption onto the
ethylated cellulose. The relative position of free OH groups
in « and B glucose molecules in cellulose and starch respe-=-

ctively may contribute to the ease of adsorption onto starch

relative to cellulose , as shown from the adsorptive capa-
cities in Table 1,

An alternative explanation of the mechansim of isonia-
21d adsorption ento these pelyhydroxylate molecules 18 the
ability ofrtheaé cdmpounds 1O absofh water 10;12. The free
solubility of isoniazid in water may suggest the adsorption

to take place through the complement effect of water mole-
cules.

In spite ©of the difference in the apparent particle
size of Elcema celluloses, their adsorptive capacities

(Table 1) are not signidficantly different. It seems that

microcrystalline celluloses are more Or less equally porous,
or become porous after vater uptakelo. | '
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Properties of isoniazid tablets:

Thé properties of the compressed tablefs prepared using
four different exciplients w~re summarized in Table 2. The
tablets were uniform in wei; it and in drug content, as can
be seen from the very low standard deviation values, These
results reflect good mixing of the poﬁders and no segrega-
tion during manip:.lation or compression, The good flow pre-
perties of the matrix also help to lower the standard devia-
tion26.

Avical-based tablets were the best batch concerning the
mechanical properties, least. disintegration time and fastest
disaolutionf No correlation was observed between such para-
meters and the adsorption data. The adsorption data were
correlated with the amount of drug retained after dissolu-

tion over 30 min. These amounts increased parallel with the

adsorptive capacities of the excipients.

The primojel was added 1n equal welights to all tablet
formulations to aid fast disintigration of tablets to sim-
ulate normal formulation conditions. Magnesium stearate
was added after quantitative study of its ability to adsorb
isoniazid. The change in drug concentration was extremely
small after 24 h equilibration. Its use in the formula was
necessary to ensure smooth ejection of the tablets from the

_die.

£



Table 1: Limiting 23sorptive capacities of tablet excipients for isoniazid AHBOHw.mlHu
in differeant medis .

™~ 0
SR -
~ &
e Adsorbent distilled water HCL buffer Prhosphate
.m. pH &6.9 pH 2.1 buffer pH 7.°
% Charcoal 351.91 366. 80 409, 12
- Talc _ 2h,69 10,94 3.97
£ Emcompress . 3.02 1.10 8.58
Ay Avicel pH 101 28,72 5.21 7.49
,m Elcema P 50 . 23.55 - -
+ Elcema P 100 30,03 - -
9 Elcema G 250 - 26.06 -~ ~
> Etayl cellulose 17.50 6.28 18.37
N STA-Rx 83,38 - -~
23 |
O .
m Table 2: Effect of exciplients on the properties of i1soniazid tablets
N Hetrgat  ppwy. - Erweka Friabi-  Disintgration WM?@ Retained
© (mg)  content? Havdness® Lity  time? o droyg®
S z s.d. x s.d.  zK9)g.q, (% Toss) o, 5.4, (min
o Emcompress 202.6 5.1 49.2 1.7 1.8 0.45 3,80 7.2 0.67 8.10 0.1
oo Avi.cel 200.8 2.1 49.3 1.5 5.5 0.32 0,05 6.8 0.81 0.45 3.8
S Ethyl cellulose 206.2 2.6 149.5 1.6 1.9 0,12 0.86 8.9 1.31 8.11 1.2
N STA-Rx 200.0 3.9 50.1 1.6 1.0 0,08 1.TO 3.2 O.Lk k.35 6.4
%y
3 1- Mean of 20 taclets individuslly weighed
5 8 2= Mean of 10 tavliecs determined individually o
o & 3— Mean ¢f 3 determinations using 20.tablets in Erweka Friabilator
.N ,M L= Time of 5C% release, mean of 3 determinations
M O 5= omwacwmwm@ from the cumulative drug release after 30 min relative to the mean drug content.
3 = |
< O

E
g th . |
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O i0 50" C. 30 '

Fig. 1: Langmuir isoti:.rm for adsorption of isoniazid
| by activated ciiarcoal.
Key: Ce Concentration of isoniazid at equilibrium

(mmol, 1-1).

x/m: Millimoles ot isoniazid adsorbed per gram of

- solias.,
O Distilled wator
S Hydrochloric acid buffer L
a—&  Pposphate buffer.
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40
Ce

xX/m
30

* }___L____l____i_____L____L____J
° 760 180 G 200

Fig. 2: Langmuir isothc:.a for adsorption of isoniazid by

Emcompress. |
- Key: Ce Concentr%tion 01 isoniazid at equilibrium
(mmol.l )
x/m: Millimoles of isoniazid adsorbed per gram of
solids | |

o—0 Distilled water .
e——e Hydrochloric acid buffer

s——a DPhosphate buffer
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Fig., 3: Langmuir isotherm for adsorption of isoniazid of
by talc powder

Key: Ce Concentration of isoniazid at equilibrium

-1
(mmol,1 ) _
x/m: millimoles of isoniazid adsorbed per gram of
solids

o Rm——y' Distilled water

r—e Hydrochlorie acid buffer _ .

e Phosphate buffer




186

Adsorption of tsonitaztd on insoluble tablets excipients
and charcoat

40,’

Ce

.. X/
30

10

: | l .. | . i I I* I .
OH 6 100 140 Ce 180

Fig. 4: Langmuir isotherm for adsorption of isoniazid by
Avicel.

key: C Concentration of isoniazid at equilibrium

(mmol.l"l)

X/m: Millimoles of isohiazid adsorbed per gram of
solids

o—0 Distilled water .
o——& liydrochloric acid buffer
B—® Phosphate buffc :
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60 06 140 ¢, 180

Fig. 9: Langmuir isotherm for adsorption of isoniazid
by ethyl cellulose

Key: Ce Concentration of isoniazid at equilibrium
-1
(mmol.l ™)

Xx/m:  Millimoles of isoniazid adsorbed perggram of
solids ' -

() Distilled water
oo  iydrochloric acid buffer

B Phosphate builier
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