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- ABSTRACT

Salbutamol is an effective drug
s In  the treatment of  bronchial
. asthma. The adsorption of salbuta-
. mol onto variocus clays viz., veegum
> HV, bentonite and magnesium trisili-
v cate was investigated. The optimal
.. conditions for loading the drug onto
. the clays were determined. The
. drug release from its sorbates indi-
. cates the need for a diffusion bar-
2. rier to modify the drug release pro-
- file. Cellulose acetate butyrate at
v l:1 core:coat ratio was used as a
' coating material. The coated drug
/2. sorbates offered an acceptable re-=
¥ .

.. lease profile of the drug. Coated
¢ Sorbates prepared by using drug
¥ loaded onto veegum HV as the core
i were used to prepare a sustained re-
g‘ lease formulation of the drug. The
¢~ formulation was tested in asthmatic
%ﬁ_:_patifnts and compared to the plain
;.. drug. by measuring some pulmonary
st functions. The administration of

- drug given three times a day.

i INTRODUCTION

k.

A
4

+Hy

1‘.

. intercalation of the molecules into
the interlayer space of the clay .
Owlng to the structure and proper-
tles, montmorillonite clays show

gifispecial feature in terms of interac-

wlady

v 'tion which permits its use as a sup-

r
iy by

v pOYE in sustained release formula-

A
r:

koo tions b, The utilization of the

,; ported -6,

%ﬁ, the sustained release formulation
‘5. twice daily gave the same or better
improvement than that of the plain

e Laminar silicates belon: to a
;;;;‘Z-j‘-f“group of clay winerals able to form

' sorbates with organic compounds by
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Salbutamol as a beta-2 adrenore-
ceptor stimulant is usually used in
the management of bronchial asthma.
The plasma half life of sgalbutamol

. hag estimated to range from about 2

to as much as 7 hours ’.

Bhalla and Sanzgiri B8 preparead
two controlled release formulations
of salbutamol based on hydroxypropyl
methyl cellulose and its combination
with guar gum. Shekhara and Gupta 9
prepared and evaluated prolonged re-
lease nylon microcapsules containing
salbutamol. Babu and Khar 9 formu-
lated peroral sustained release
floating capsules containing salbu-
tamol. Forni et al 1, Prepared
salbutamol microcapsules by a spray
drying techinque.

In the present study, certain
clays were utilized as sustained de-
livery carriers for salbutamcl. A
celluloge derivative was uvged to
coat the drug sorbate in an attempt
to modify the drug release profile.
The final aim was to formulate sug-
tained release products of the drug.

EXPERIMENTAL

Materials:

-Salbutamol sulphate (Sigma Co.,
St. Louis, U.S.A.).

-Veegum HV (Vanderbilt Chemical
Co., Norwalk, Conn., U.S.A.)



-Bentonite (Sigma Co., St. Louis,
U.S.A.)

~Magnesium trisilicate (E.Merck,
Darmgtadt, Germany)

~-Cellulose acetate butyrate, CAB
(Sci. Polymer Products Inc., On-
tario, New York, U.S.A.}.

~All other chemicals were analyti-
cal reagent gradeg and were used
as received. Simulated gastric
and intestinal fluids (U.S.P.,
XXI) without enzymes but contain-
ing 0.02% w/v Tween 80 were pre-
pared.

Apparatus:
-Double beam Spectrophotometer UV-
150-02 (Shimadzu, Japan).

~-USP dissolution apparatus, model
DT-06 (Erweka, Germany).

-Thermostatically controlled water
bath fitted with  horizontally
moved mechanical shaker (Gf1l,
D.Burgwedel, Germany).

~-Centrifuge, DT-51 (Germany).

-X-ray generator PW  1700/1710
diffractometeér control, (Philips,
Netherlandj.

-Vitalometer (Warren E.Collins.
Inc., Braintree, Mass, U.S.A.).

-Wright peak  flowmeter (A rmed
Limited, Harlaw, England).

Proceadure:

1-Adgsorption Studies:
The study was carried out by
treating the adsorbent (100 mg)
"with 530 ml of salbutamol solution
in distilled water. After treat-
ment the sample was centrifuged
for 10 minutes at 3600 rpm. - The
concentration in the supernatant
was measured spectrophotometri-
cally at 296 nm after dilution
with 0.1 N NaoH 8. The amount of
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drug adsorbed onto the clay could
be calculated. To determine the
optimal conditions for loading
the druqg, the treatment was car-
ried out under different process-
ing variables:

(l)The' time of contact was varied
ag follows: 5, 10, 15, 20, 30,
45 and 60 minutes.

(2)Temperature change at which the
treatment occurs was 25, 30,
35, 40, 45 and 60°C. |

(3)8haking rate; ©, 10, 30, 50, 60
and 70 gtroke/minute was
tested.

(4)Different clays; veegum HV,
centonite and magnesium trisil-

icate, were used.

(5)The concentrations of the drug

solution were; 5, 10, 20, 50,
+125, 250, 500, 625, 750 and 875

mg/50 ml.

2-Preparation of drug sorbate

The amount of adsorbent (100
mg) was added to the drug solu-
tion (50 ml of 1% w/v) in a stop-
pered bottle. | The preparations
were shaken (30 storke/minute) at

25°c for 30 minutes. Each sample

wag centrifuged for 10 minutes at
3600 rpm. The residue wasg taken
and dried at 850°C for 24 hours.

The sample was ground and passed
through sieve (63-um). Then, the

sorbates were rotated end-over-

end in a capped bottle for 10

minutes to ensure uniformity.

3- X-ray diffraction A

The sorbate of both veegum HV .5
and bentonite were tested.  The
gamples (salbutamol sulphatefﬁﬁg
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veegum HV, bentonite and drug
sorbates) were dried Completely

to constant weight and f:.nely

pulverised before testing.




4-Coating of drug sorbates:

Sorbate samples loaded with
drug, equivalent to 0.16, 0.15
and 0.13 g. of drug/g. of carrier
in case of veegum HV, bentonite
and magnesium trisilicate respec-
tively were used. Cellulose ac-
etate butyrate containing 10% w/w
PEG 4000 was used as the coating
material at core:coat ratio of
1:1, The adopted procedure was
the emulsion-solvent evaporation
process. The coating material
was dissolved in acetone at 10%
w/v concentration. The drug sor-
bate was dispersed in the coating
solution. The dispersion was
added while stirring to paraffin
oil (1:3). Stirring was contin-
ued til]l complete evaporation of
acetone. The formed microcap-
sules were separated by filtra-
tion using filter papers, washed
with n-hexane and dried at room

temperature. The dried mi-
crocapsules were fractionated
into different sieve (five) frac-
tions wusing a set of standard
pileves.

5-Determination of micro-cap-

sule drug content:

100. mg-samples representing
the different sieve fractions
were crushed in a mortar. Simu-
lated gastric fluid was added to
the mortar content. The content

- was quantitatively transferred to

a volumetric flask. The flask
was completed to volume by simu-
lated gastric fluid. The drug
concentration was determined
spectrophotometrically at 276nm®.

. 6=-In Vitro release studies:

“tion media.

Release studies were carried
ocut at 37°C in 200 ml of dissolu-
The USP standard ap-
with teflon-coated pad-
dles 8tirrers, at 50 rpm was
used. Both of simulated gasiric
fluid and simulated intestinal
fluid were used separately as the
dissolution media. Each medium

paratus,
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50 mg of
" added to the digsolution medium.

capsule.

was used without enzymes but
0.02% w/v Tween 80 was added to
overcome the poor wettability of
the samples and make the solution
more colsely resembling the sur-
face tension of gastrointestinal
fluid 12, Accurately weighed sam-
ples (100 mg of microcapsules or
drug sorbates) were

Aliquots of 5 ml were withdrawn
at intervals and replaced with
gimilar volume of fresh medium.
The amount of released drug was
determined spectrophotometrically
at 276 nm in case of simulated
gastric fluid and at 296 nm in
cage of simulated intestinal
fluid after dilution with 0.1 N
NaOH 8.

7-Clinical Evaluation:

A sustained release formula-
tion of salbutamol was prepared
and filled into a hard gelatin
The formulation was
prepared so as to contain 2.26 mg
of plain drug (initial dose) and
an amount of microencapsulated
sorbate equivalent to 4 mg of the
drug (maintenance dose). The
calculation was based on that the
gustained release formulation
contains 4 mg of each of initial
dose and maintenance doee. The
microcapsules prepared using CAB
as the coating material and drug
loaded onto veegum HV as the core

at 1:1 core/coat ratio. Non-~-
treated drug in 4 mg was also
filled in bhard gelatin capsules

and used as control. The prepa-
rations were tested in six hospi-
talized patients suffering from

reversible chronic airflow ob-
struction. No other medications
~were taken during the study.

Each subject received one capsule
of plain drug three times daily
for one week and one capsule of
the sustained release formulation
twice daily for another week.
The forced expiratory volume in
one sgecond (FEV1) and the peak



expiratory flow rate (PEFR) were

measured using Collins vitalome-
ter and wright peak flowmeter
respectively. The measurements
were determined before drug ad-
ministration and then through
three readings taken at 8 A.M., 2
P.M. and 8 P.M. during medica-
tion. Any signs of improvement
or side effects were observed 1in
patients during the period of

treatment.

RESULTS AND DISCUSSION

an attempt to design sus-

release formulations  of
gsalbutamol; the drug was loaded onto
three selected clays namely, veegum
HV, bentonite and magnesium trisili-
cate, characterized with -their ad-
sorptive properties. Several vari-
ables were tested to determine the

optimum conditions for drug loading.

In
tained

The adsorption of the drug was
rapid with the three tested clays.
An equilibrium was attained after 20
minutes, therefore, a time of con-
tact of 30 minutes was regarded to

be adequate period.

The increase in the temperature
of interacting medium was found ¢to
increase the amount of drug adsorbed

in case of bentonite while, the in-
crease in temperature decreased the
amount adsorbed in case of veegum HV
and magnesium trisilicate (Tahle 1).
The increase in the amount a igsorbed
can be attributed to the activation
of the exchange process. The be-
haviour exhibited by veegum can be
attributed to the acceleration in
its hydration with the formation of
high viscous dispersion upon 1in-
creasing temperature 13, An effect
which retards the exchange process.
The decreasing effect 1in case of
magnesium trisilicate can be
plained by the increase in the ex-
tent of hydration o¢f magnesium
trisilicate by heat. As a result a

ex-
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temperature of 25°C was regarded as ¢

an ideal condition for drug loading. %
The shaking rate was found to
have insignificant effect on the

amount of drug adsorbed. A rate of
30 stroke/minute was used for the
preparation of drug sorbate.

The effect of loading solution
concentration was studied. The ad-
sorption data were plotted according
to Langmuir equation 14 (Figure 1).

Ce/Y = 1/ab + Ce/b

where Ce is the equilibrium con-
centration of solute, ¥ i3 mg of B8O~ 3¢
Jute adsorbed per g. of adsorbent, b g2
is a constant called the adsorptive
capacity and a is another constant.

Linear adsorption isotherms with
a slope of 1/b and an intercept of
1/ab were obtained (Figure 1). The 8§
(b): values were calculated as the
reciprocal of the slope of the lin-
ear plots. The calculated values /8
were found to be 192.11, 159.52 and %iH
156.43 in cases of veegum HV, ben-'f".g';‘;;"-‘
tonite and magnesium trisilicate g
reapectively. The (b) value is a i
good measure of adsorptive capacity;;z"f_r
it is worthy to note that the amount’fi-:
of drug adsorbed was found ¢to
constant upon increasing the initial;iﬁ;{
drug concentration beyond certam'i-_??;:
values. The maximum loaded amountJ _
obtained was 185, 150 and 140 mg/g.-_,_.
in cages of veegum HV, bentonite and

magnesium trisilicate reapectlvely”_
These values correspond to initial’ i

s
drug concentrations ot 750. 500

e
625 mg/50 ml respectively,

Drug sorbates were prepared un'..
der the determined optimal spem.fied )

conditions and 1% w/v dru'g":
concentration. The weight ratios of
the prepared sorbates (g. of drug/g.
of adsorbent) were found

to.. be_
0.16/1, 0.15/1 and 0.13/1 in casesgzg
of veegum - HV,

bentonite and magne-r
aium trisilicate.

e
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To confirm the
salbutamol into the interlayer space
of montmorillonite, X-ray diffrac-
tograms of each of salbutamol sul-
rhate, veegqum HV and bentonite, as
well as, their drug sorbates were
studied. In this study, magnegsium
trisilicate was not included as it
is not considered as a laminated
clay, in addition that its adsorp-
Fion 18 mainly physical. Figure 2
gshowg that there is a significant
decrease in the intensity of drug
peaks after its interaction with
~lays. This indicates the entrance
of the drug mwolecules into the in-

terlayer space of the clay.

The 1in vitro dissolution gtudies
of the prepared sorbates (Table 2)
show that, the extent of drug re-
leage frcm its sorbates was in the
order magnesium trisilicate > veegum
HV > bentonite. The high extent in
cagse of magnesium trisilicate con-
firmg the physical adsorption nature
of i1ts sorbate. In spite that the
release from the veegum HV or ben-
tonite sorbates 1s being relatively
glow, 1t is still at rate not s:it-
able for sustained release products.
This explains the entrance of drug
molecules into the interlayer space
of these clays 1in a manner that al-
lows the érug molecules to enter in
and leave out without difficulty.
The release patterns of°' the drug
from 1ts sorbates necessitate the
need for a diffusion barrier to mod-
ify these patterns. |

Celiulose acetate butyrate was
uged to coat the drug sorbates at
~ 1:1 core:coat ratio applying the mi-
~ croencapsulation techinque. The de-
 termined drug content (Table 3) as
. well as the electron micrographs of
.{ ~the prepared microcapsules (Figure
' 3} indicate the effeciency of the
" adopted procedure. The yield was
- found to be not less than 93% at any
~ of the tested clays.

adsorption of
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of Yteantonite,
rate where less than 50% of the drug

Table 4 shows that the microcap-
sule size and size distribution were
not significantly changed by tha use
of different clay sorbates as tha
core. '

The results of drug release from
the microencapsulated sorbates
(Figures 4-6) show that, the larger
the microcapsule size, the faster is
the release rate of the drug
thereof. A result which may be at-
tributed to a larger cores and sub-

sequently thinner coat in case of
large microcapsules.
Generally, the release rates

from the uncoated or coated sorbates
were faster in sgimulated gastric
fluid than those in simulated in-
testinal one. The results can be
attributed to the enhanced solubil-
1ty of the basic drug in the acidic
medium,

Drug sorbates prepared by load-
ing the drug onto veegqum UV exhib-
ited the most acceptable releas
pattern of the drug when used as
core materials. The microcapsules
prepared by using any of the other
two clays showed undesirable release
profiles. In this respect, in case
a very 3slow releage

was released after 8 hours. At the
same time, with magnesium trisili-
cate although the amount released

after 8 hours was in the range of
60-69%, a biphasic release pattern
with a non predictable rate wss ex-—

hibited.

A sustained release product of
salbutamol was formulated using the
microcapsules prepared by drug
loaded onto veegum HV as the core.,
The formulation was clinically esval~
uated in asthmatic patients. Two
parameters related to the lung func-

tion, namely, the forced expiratory
volume 1n one sgecond (FEV1) and the
peak .expiratory flow rate (PEFR)
were measured. The FEV1 was re-



ported as the best single test for
aggessing bronchodilator res-— fluctuated one due to plain drug.

Lower pulmonary function values were
A result
which can be explained on the base
of circadian rythm of the bronghi'al

ponset?:16,

From the data presented in Table
5 and 6, it can be geen that, there

o ep——— i ———— - . -
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recorded in the morning.

release formulation compared to a

wasg gradual improvement in the asthma ''. The effect was minimized
pulmonary functions. The improve- upon treatment with the sustained
ment reaches its maximum values af- release formulation.

ter the fourth day for both plain - .
and sustained release formulation. - Clinically, it was observed that
The sustained release iformulation there are subjective improvement of
started with higher values than the dyspnea and wheezes. Also, neither
plain drug. A result which can be asthmatic attacks nor side effects
attributed to a constant level of ware observed during the treatment
the drug produced by the sustained period.

Tabla 1: Apount of Salbutamol Sulphate Adsorbed, (ng/g.) of
Aasorbents, As a Function of Temperature.

_*“__—#m-_———--1-—'_'_-‘--“““h-_‘““___““--_ﬁ-_““ﬂ““-.ﬂ“““_—ﬁﬂun_#u“
- A P

Temperature T e e e e e e e e e e e o
°C -~ Veegum Hv Bentonite Magnesium
. Trisilicate
25 64.45 71.11 25.21
30 62.80 TZ2.80 24.30
35 50.18 74.45 22.60
40 57.09 74.30 22.60
45 h5%.42 76,35 20.22
60 . 54.23 76.83 16.51

“—‘“-“”_H-_““-*_—*_'—'__-“-mﬂ_—'*_'—-"ﬂﬂ_“-——_“--““H“*“ﬂ“”mn_*_
=i AR g =i

Initial drug concentration 1:2% mg/50 ml.

*

Table 2: /n Vitro Release of Salbutamol from its Sorbates Prepared by
the Use of Various (Clays.

**H-——-_H—---H'_H“‘Hl-""'—"I'-'“I'“*ﬁ—_'ﬁ_—_“-ﬂ#m—lﬂﬂﬂnﬁ-ﬂﬂ-ﬁ&H-!lrilﬂl-—r—.l-n-l-i-ﬁm-ﬂ-ﬂuh——_ﬂ-——u—ﬂ*“Mﬁ——mﬂ

Drug Reieased (% wéw} after the Following Specifiad
clay ime [nCarvals (Hours)
use 0.5 1 1.5 2 3 4 _mFG-“ﬂ “5#
_ A 83.18 84.85 90.4¢ 92.44 95.91 106
Veegum HV ]
B 61.56 6€7.61 74,70 75,05 76.86 80.40 90.10 100
_ A 28.40 65.78 75.85 B87.850 98.70 96 .87
Bentonite | .
B 51.64 56.29 65.80 72.64 ©0.80 93.00 53.18 100
o 4 62.00 82.69 94.99 98,42 100 100
Magnesium
Trisilicate
_____________ ?___E};Dl 66.70 82.40 31.70 51.99 94,33 97.25 100
A = In simulated gastri¢ fluig¢. T
B = In simulated intestinal fliuid.
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Table 3: Drug Content of Salbutamol Microcapsules Prepared by the
Use of PEG-Treated Cellulose Acetate Buytyrate as the

Coating Material and the Drug Loaded onto the Clay as the
Core.

__-—--------_____-—--_-_--_-—__--'_‘____'_-"-'_‘_‘“__ﬂ-”-_ ——

Microcapsule  ———eem e e e
Fraction Size Veegum HV Bentonite Magnesium
um Trisilicate
90-200 6.85 6.43 S.B; ______
200-315 6.92 6.50 5.93
400-630 | 6.99 | 6.52 6.06

“-—I__ﬁ-___-__--_-—---—--_—._--—p_-_4__‘_-__--,_-,-_-.—____
el e dnle Sy SR S A S M el A S el B e

%

Table 4: Frequency Distribution of Salbutamol Microcapsules Prepar-
ed by the Use.of PEG-Treated Cellulose Acetate Buytyrate
as the Coating Material and the Drug Loaded onto the Clay
as the Core., |

_---'-_-____-.-._-—._--.-.-u_-—-“u_—-——l—.---l-_-ﬂ--ﬂ—H——-“_-—

Drug Content (¥ w/w) on Using The Followiling Clays

MiCroCapsule | = e e e e e e e e e e e s S
Fraction Size Veegum HV | Bentonite Magnesium
um Trisilicate
90-200 20.85 | 25.58 | 27.64
200-315 | 27.92 . 26.84 33.34
315-400 11.51 11.42 9.38
400-630 22.66 23.75 15.39

630-710 17.06 - - 12.41 14.25

-____-___,_,_-.__-—_—-.—-‘-—_————--_—-—-—--—-—--_-ﬂ--—nm--—————-—-ﬂi‘“—-—"‘-‘
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Figure 1:; Langnmuir Isotherm for Adserption of Salbutamol

Sulphate by Different Adsorbents. | | N

C i Concentration of Salbutamel Sulphate at
Equilibrium mg/50 ml. |

Y sy Milligrames of Saibutamol per gram of adsorhent.,

.
LT

. L.
SRR EE NS

. -
[T,
LI
- '._'l'.' L Y.
PR T S It L i

"I“T' .hkt" ."'1.:'-'

< .
1 W+ ri-..';
R

'i"r%ﬁ'i.{flik i

I My Rl

“{L:-i ""..';., a
P Xl

TSR LT 0
P MR

_.
_,
e e ey
" -
b8

Ll " o T
e TPy =p !
4 b |.I . '_ -
A ol N -

5o T
e gi

(A) - ' U *
tLﬁM"—"fM‘_&/
{I;\;‘—_A_/A__A_—’\JU\._—J\J Jl ot k--.--...'_..-.-‘.-_-.

' 1 2 4% 45 M b} -3 -4 o] -] " 13 L

L

- r.l':_"- -

LT :-1
s
. A

&
‘i

., Rik.

~
r

Intensity

ri | : -
Figure 21 X-Ray Diffraction Analysis 1

{A) Salbutamol Sulphate, (B) Enlbufmal-vnegum HV Sorbate,

(C} Veegum Wv (D} Salbutamol Bertonite Sorbate and
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