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The sustained-release beads containing terbutaline sulfate (TBS) were prepared by rotogranulation
method. The drug was dusted on the non-pareil seeds in a CF-granulator. The sustained-release beads
were obtained by coating the active beads with ethylcellulose or Eudragits® , using in any case the same
granulator employed for active beads preparation. The release characteristics of sustained-release beads
were examined in vitro by rotating basket method applied to Bricanyl® durules which is a sustained-

release TBS matrix tablet.

The release of terbutaline from the beads in vitro was first-order, and the release rate was dependent
on both the coat weight ratio and membrane hydrophilicity. Both surfaces of the beads before and after
dissolution were smooth. The drug relcase pattern from the beads could be thought the diffusion through
the polymer membrane. The release rate and the surface of the beads stored for 3 years at room temper-
ature were the same with those of the initial beads.

INTRODUCTION

- The intensity of the pharmacologic or toxic ef-
fect of a drug is considered to be related to the con-
centration of the drug at the receptor sites, which are
usually located in the tissue cells. In practice, the plas-
ma drug level is generally employed for monitoring
the course of therapy, since most of the tissue cells
are richly perfused with tissue fluids or plasma. The
drug concentration is determined by the rates of ab-
sorption, distribution and clearance. The effect of
a drug may be controlled by reducing its rate of ab-
sorption, by delaying the rate at which it is inacti-
vated, of by retarding its excretion. One method to
prolong the plasma drug level is to employ a
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sustained-release formulation.

To maintain continuously effective therapeutic
drug levels, multiple unit dosage forms (MUDF) such
as granules, pellets or beads has been tried. Com-
pared to single-unit dosage forms, MUDF has much
more advantages such as being spreaded out uniform-
ly in the GI tract, reproducible drug absorption,
reduced local irritation and unwanted retention of
the polymeric material etc.i-6

In the present study the multiple unit beads were
prepared by rotogranulation method. CF-granulator
was chosen for the preparation of beads, since it has
much more merits such as preparation of more
round, smooth and high dense beads, simple manu-
facturing, uniform drug distribution, and etc.”1D
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Scheme 1. Flow chart of manufacturing the modified
release Terbutaline suilfate beads by CF-
granulator.

Terbutaline sulfate has a well-documented bron-
codilating effect.12-1" Various types of sustained
release forms such as prodrug, liquid crystalline sys-
tem and matrix tablet have been developed, in order
to maintain plasma drug concentration constantly
without side effect for long time.18-2%

The release characteristics of TBS sustained-
release beads were examined in vitro according to the
dissolution method of Bricany!® Durules which is
a sustained-release TBS matrix tablet.

EXPERIMENTAL

1. Materials

Terbutaline suifate (TBS) was provided from the
Astra. Co, Sweden. Sucrose (40-60 mesh, Sam Yang
Co.), Lactose (200 mesh, DMV Veghel Holland),
Hydroxy propyl Cellulose (Aqualon. Co.),
Hydrogenated Castor Oil (HCO, Caschem. Inc.),
Ethylcellulose (EC, 12-16 cps, Hercules Co.), PEG
6000 (Nippon Oil & Fats Co.), Eudragit ® -RSPM
(Rohm Pharm, GmbH) and Eudragit® -PLRM were
used. The raw materials used were of pharmaceuti-
cal grade. All other reagents and solvents used in this
study were of reagent grade.

2. Apparatus
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Fig. 1. Sch of modified release Ter-
butaline sulfate beads during preparation.
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CF-granulator (CF-360, Freund Co.), Vacuum
dryer (VWR 430, VWR Science), Moisture tester
(F-1A, Kett Electric Lab.), Laboratory mill (A10,
Tekmar Co.), Dissolution tester (276-A, Hanson
Research), Scanning clectron microscope (JSM-35,
Jeo! Co.), HPLC-EC Detector (5100A, ESA
Coulochem.) were used.

3. Preparation of Terbutaline sulfate beads

Sustained-release TBS beads were prepared ac-
cording to rotogranulation method using CF-
granulator as shown in Scheme 1 and Fig. 1. In the
first place, sucrose seeds were screened to 60 to
40 mesh fore preparation for minimizing the size var-
iation of the finished product. To obtain spherical
cores, nonpareil seeds (NPS) were prepared by spray-
ing 5% HPC aqueous solution on sucrose seeds and
dusting lactose in granulator rotating at 100 rpm. Af-
ter dried, its water content was below 0.5% (90°C,
20 mins), NPS prepared were screened to 40 to
25 mesh. TBS-lactose mixture (below 200 mesh) was
dusted on the NPS in the same process, which were
dried to result in TBS loaded beads and screened to
25 to 18 mesh. The TBS loaded beads produced were
coated with 5 kinds of polymeric coating solution as
shown in Table I to prepar sustained-release TBS
beads. After dried, the coated beads were sieved to
25 to 18 mesh. Finally, the contents of drug and
water in beads were determined.

4. Dissolution test

The in vitro release of TBS from the beads was
determined by USP XXII basket method using a dis-
solution tester. 900 m/ of the distilled water was
poured into the vessel, the basket was rotated at
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Table L. Formulation of Terbutaline sulfate beads.
Code I ¢ 11X v v Vi
Components
Uncoated TRB pellet 200 200 200 200 200 200
Hydrogenated castor oil 16 12 - - - -
Ethylcellulose 4 8 14 - — —
PEG 6000 - — 6 el - -
Eudragit-RS - - - 18 19 20
Eudragit-RL - — — 2 1 -
Chloroform 180 m/ 180 m/ - - - -
Methylene chloride - - 90 m/ 108 m/ 108 m/ 108 m/
Isopropyl alcohol — - - 72 m/ 72 mi 72 m/
Ethyl alcohol - - 90 m/ - - -
Absorbance Table I1. Conditions of HPLC for detection of Terbutaline
_opH [ . | l | _ sulfate.
= 1
E4 [ HHHI 2 -Column u-Bondapak Cyq, 102m
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Fig. 2. HPLC chromatograms of Terbutaline sulfate.

40 rpm and the medium was allowed to 37 +£0.5°C.
The accurate amount of TBS beads (5 mg as TRB)
was placed in the basket, and 3 m/ of the dissolved
solution was sampled at the predetermined time in-
tervals. Immediately, the sample volume taken was
replaced by the equivalent volume of fresh medium
preheated at 37°C and the volume of medium in the
vessel was kept constant. After the dissolved solu-
tion was filtered, the dissolved TBS was measured
by HPLC using EC detector. The condition of de-
tection and HPLC chromatograms of TBS are as
follows26.27),

RESULT AND DISCUSSION

1. In vitro release of Terbutaline sulfate from
the beads

The in vitro release profiles of TBS from the
beads coated with various polymers in distilled water
are shown in Fig. 3 — 8. Fig. 3 shows the release of
TBS from the beads (code I) coated with formula-
tion 1 (HCO: EC = 8:2). It is obvious that the release
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-Mobile phase Methanol: pH 6 buffer soln:
n-perchlorate (12: 88: 5)

-Flow rate 1.0 m//min
-Detector Electrochemical detetor

working potential: +0.75 V

behavior was proionged due to polymer coating. The
bars in the figures designate the releasc criteria of
TBS from Bricanyl ® durules. Generally, the more
the bead was coated, the slower the release pattern
was behaved. In the Fig. 3 the release profile of the
beads with 8% weight ratio was in accord with that
of durules. The release of TBS from the beads (code
1I) coated with formulation 2 (HCO: EC=6:4) is
shown in Fig. 4. The release profile of the beads with
5% weight ratio corresponded to that of durules. We
also found that the release rate of code I beads was
faster than of code 1l beads when coated with the
same weight ratio. This might be due to the phys-
icochemical property of hydrogenated caster oil.
Namely, the release through the mixed waxes was
considered to give higher release due to its softening
which occurred at 37°C, and distortion properties.
The hydroxyl groups in hydrogenated castor oil also
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Fig. 3. Relcase profiles of TBS Beads coated with For-
mulation I (HCO: EC =8: 2).
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Fig. 4. Release profiles of TBS Beads coated with For-

mulation 1] (HCO: EC=6: 4).

made the membrane somewhat hydrophylic such that
it was easily wetted28~32), Therefore it was thought
that the diffusion through the membrane was the rate
limiting step.

Fig. 5 shows the release profite of the beads (code

26

Kor. J. Clin. Pharm.. 1(1), 23-30, 1991

®—® Weight ratio 5%
s—8 Weight ratio 8%
a—a Weight ratio 10%

SOF

-] 60 |
2
g
4
= 40

2or

L M T 2
o 2 4 6 8
Time (hr)

Fig. 5. Relcase profiles of TBS Beads coated with For-
mulation II (EC: PEG 6000="7: 3).
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Fig. 6. Release profiles of TBS Beads coated with For-

mulation 1V (Eudragit-RS: Eudragit-RL = 10: 0).

III) coated with formulation 3 (EC: PEG 6000=7:
3), thought the coating layer was mixed with plasticiz-
er, the release pattern of the beads was similar to
those of code I and II beads. The release profile.of
the beads coated with 5% weight ratio was satisfied
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Fig. 7. Release profiles of TBS Beads coated with For-
mulation V (Eudragit-RS: Eudragit-RL =9.5: 0.5).
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Fig. 8. Release profiles of TBS Beads coated with For-

mulation IV (Eudragit-RS: Eudragit-RL =9: 1).

the specification of Bricanyl ® durules.

Fig. 6-8 show the release profiles of the beads
(code IV-VI) coated with Eudragit® -RS and Eu-
dragit® -RL in the various ratio.

As shown in Fig. 6 the release profile of the beads
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Table IIM. First-order release rate constants (hr ') of Ter-
butaline sulfate from beads in distilled water.

Coat ratio (w/w %)

Formulations
s B 10

1 0.2351+0.012 0.186+0.008 0.076 x0.007
u 0.18310.011 0.092+0.010 0.043 £0.009
m 0.148+0.014 0.121:0.007 ©0.114+0.013
v 0.213+0.023 0.186x0.015 0.097 £ 0.012
A4 0.106 +0.013 0.041 0.008 0.037+0.009
Vi 0.105+0.015 0.037x0.008

Table IV. First-order release rate constants (hr—1) of Ter-
butaline sulfate from initial beads and the beads
stored for 3 years at room temperature.

pP=<<0.05
Formulations Initial After 3 years
1-8% 0.186 £ 0.015 0.183 1 0.010
Ii1-s 0.148+0.014 0.156 +0.008
V-5 0.213 £ 0.023 0.227x0.018

*) J-8 means code I beads coated with 8% coat weight ra-
tio (w/w)

(code IV) coated with only Euragit® -RS failed to
get into the criterion. Although the release of the
beads coated below 5% weight ratio was in accord
with the criterion, the membrane strength was so
weak that beads were not stable at room tempera-
ture for shelf life. So, the beads were coated with the
solution added Eudragit®-RL, of which the
hydrophilicity is superior to Eudragit® -RS. The
release profile of the beads coated with the solution
containing Eudragit® -RL 5% did not correspond to
criterion. In case of the beads supplemented 10%
(Fig. 8), the beads coated with 5% and 8% weight
ratio released TBS according to the criterion.

2. Release mechanism from the beads
The release data were applied to zero-order, first-
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Fig. 9. Scanning electron micrographs of TBS beads (I) at initial state (a,b) and stored for 3 years at room temperatue (c).
a: x72, b: x1000, c: % 1000
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Fig. 10. Scanning electron micrographs of TBS beads (III) at initial state (a,b) and stored for 3 years at room temperature (c).
a: x72, b: x1000, c: x 1000
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Fig. 11. Scanning electron micrographs of TBS beads (I11) at initial state (a,b) and stored for 3 years at room temperature (c).

a: x72, b: x1000, c: x 1000

the most correlated. For all the dissolution data,
correlations were obtained up to 60-80% of TBS
release. Once 60-80% of TBS was released, the plot

order, square-root and cube-root equations and then
the goodness of fit was evaluated by linear regres-
sion analysis. The first order release mechanism was

28
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deviated from lineality and curved down. The first
order release rate constants of various TBS beads are
represented in Table II. It could be seen from Fig.
3-8 and Table II that the rate constants werc in-
fluenced by the coat weight ratio and the membrane
hydrophilicity. The release rate constant was in-
creased with decreasing the weight ratio and with in-
creasing hydrophilicity.

Table 11l shows that the constants of the beads
in initial state were compared with that of the beads
stored for 3 years at room temperature. The release
profile of the used beads were fallen in with the
criterion. From the stability test, the beads in this
study had no significant difference in respect of TBS
release stored for shelf life and was found to be very
stable Fig 9-11 show the scanning electron micro-
graphs of the surfaces of TBS beads (code I, 1, IV)
before and after dissolution, which were stored for
3 years at room temperature. The whole shape of
bead was round and the surface of bead before and
after dissolution were smooth almost without cracks.

Especially, no pore was found on the surface af-
ter dissolution. This indicates that the dissolved TBS
diffusion through the membrane was the major
mechanism for the sustained released beads.

CONCLUSION

1. The in vitro release profile of Terbutaline sul-
fate from the beads showed lst-order release pattern,
and the more the bead was coated, the slower the
release pattern was behaved.

2. The membrane compositions of the beads cor-
responding to the criterion of Bricanyl® durules were
that of 1) code 1 bead (weight ratio: 5%), 2) code
1I bead (weight ratio: 8%), 3) code 111 bead (weight
ratio: 5%), and 4) code IV bead (weight: 5%, 8%).

3. No significant change was found in the differ-
ence of the rate constants of the beads in initial state
from that of the beads stored for 3 years at room
temperature.
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