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CONTROLLED RELEASE CAPSULE OF TETRACYCLINE
HYDROCHLCORIDE
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Faculty of Technology and Engineering
M.S. University of Baroda
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ABSTRACT

Controlled release capsules of tetracycline
hydrochloride were prepared by coating of beads with
eudragits employing spray technique. Effect of
various factors influencing drug release from beads
was evaluated. In vitro dissolution study was carried
out following the N.F.XIV procedure of testing "Timed
Release Tablets and Capsules ln Vitro Test Procedure"
using USP XX dissolution apparatus. Promising products
were evaluated in vivo on human volunteers. Selected
products were also subjected to stability studies.

INTRODUCTION

Controlled release drug delivery systems are
being designed to optimise their pharmacokinetic
activity. The approach basically envisages the deve-
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lopment of a dosage form which could deliver the drug
to the target area at a rate and concentration that
maximise therapeutic effects and minimise side effects.

Incomplete absorption (1), peaks and troughs in
its blood levels due to high and frequent dosing (2),
incidence of side effects due to high dosing (3) and
prolonged therapy necessitate formulating controlled
release drug delivery system of tetracycline hydro-
chloride.

EXPERIMENTAL

Preparation of Beads

Weighed amounts of tetracycline hydrochloridel.
succinic acidz, microcrystalline cellulose3 were mixed
thoroughly. To the mix required amount of polyvinyl-
pyrrolidone4 in isopropyl alcohol2 (25% w/v solution)
was added as a binder and a mass suitable for pelle-
tting was prepared by adding extra amount of isopropyl
alcohol, if required. The wet mass was then passed
through a pelletter5 and pellets so obtained were
rotated in a marumeriser5 for required time (30 seconds
- three times) to obtain spherical beads of suitable
size. Beads were dried at 45°, screened and 16/40 mesh
fraction was taken for further studies. Finally beads
had compositicn of Tetracycline hydrochloride, 100%
(650 g), Succinic acid (65 g), Microcrystalline
cellulose (205 g) and Polyvinylpyrrolidone (80 g).

The resulting beads had a yield of 85 to 95%.

coating of Beads

About 200 g of beads were placed in a small 6
coating pan (7.5" diameter) attached to Erweka unit
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and coated differentially with eudragit RL 100 and/or
RS 1007 solutions employing a spray gun (Pilot type
59)8. The composition of different coating solutions
was as follows : Eudragit RL100/RS100/RL100-RS100 (1:1)
12.0 g, Magnesium stearate9 0.5 g, Dibutyl phthalate10
0.5 g, Methylene chloride? and Isopropyl alcohol (1:1)

qg.s. to 100 ml,

Quantities of drug, excipients and coating
materials were altered and effect of these alterations
on release of tetracycline hydrochloride was studied.
In another set of experiments microcrystalline cellu-
lose was partially (10%) replaced with eudragit RSPM’
and release of the drug was studied after coating of
the beads of this composition.

Beads equivalent to 500 mg of tetracycline hydro-
chloride were filled in capsules and subjected to in
vitro evaluation.

issolution studies

Dissolution studies were carried out using a
basket stirrer assembly of USP XX (4) dissolution test
apparatus at stirrer speed of 100 rpm at 37 + 0,5°,

900 ml of each of pH 1.2, 2.5, 4.5, 7.0 and 7.5 disso-
lution media were prepared and changed at different
intervals of time as per the method recommended in N.F.

X1V (5), under "Timed Release Tablets and Capsules In Vitro

Test Procedure". Aliquots were withdrawn at 1.0, 2.0,

3.5, 5.0, 7.0 and 9.0 hr and absorbance of the suitably
diluted solution was measured at maximum of 353 nm on

a spectrophotometer (Hitachi Perkin-Elmer-139 UV~
visible)11 after adjusting the pH of the solution to 1 (6).

Observations on release of the drug from

products are shown graphically in Figures 1 to 5.
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FIGURE 1

Cumulative percentage release of tetracycline hydro-
chloride from eudragit RL-100 coated beads

Key ¢ 1,2,3.... 10 represents 5,10,15....50% coating
respectively.
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FIGURE 2

Cumulative percentage release of tetracycline hydro-
chloride from eudragit RS-100 coated beads

Key ¢ 1,2,3....10 represents 5,10,15....50% coating
respectively.
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FIGURE 3

Cumulative percentage release of tetracycline hydro-
chloride from eudragit RL100-RS100 (50:50) coated beads

Key ¢ 1,2,3....10 represents 5,10,15....50% coating
respectively.
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FIGURE 4

Cumulative percentage release of tetracycline hydro-
chloride from eudragit RS100 coated beads*

Key : 1,2,3....10 represents 5,10,15....50% coating
respectively.
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FIGURE 5

Cumulative percentage release of tetracycline hydro-
chloride from eudragit RS100 coated beads®

Key ¢ 1,2,3....10 represents 5,10,15....50% coating
respectively.
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In Vivo Evaluation

Urinary excretion data was employed to assess the
controlled release and conventional products of tetra-
cycline hydrochloride after oral administration. Four
healthy male human volunteers weighing 55-75 kg.
160-170 cm in height and between 26-34 years of age
were selected. Experiment was carried out in a cross-
over design allowing one week washout period in
between. Volunteers were advised not to consume any
drug during the period of study. They also had not
consumed any drug in the preceding two months.,
Volunteers were fasted overnight and second urine in
the morning was collected as blank without consuming
anything except water. After collection of blank, a
capsule was administered orally with about 200 ml of
water, Food was withheld for atleast 4 hr after drug
administration. Milk and dairy products were strictly
forbidden during the first day of study. Urine samples
were collected at 1,2,4,6,8,12,18,24,36 and 48 hr
after administration of the sample. The urine volume
was measured and recorded after each collection,
aliquots were frozen till analyzed. Methods reported
by Mahgoub et al. (7) and Hall (8) were utilized to
develop spectrophotometric method for estimation of
tetracycline in human urine for present investigation.
The method is based on formation of yellow complex,
uranyl - tetracycline, with an absorption maximum at
430 nm. Results are recorded in Tables 1 to 3.

Stability Studies

Controlled release capsules were subjected to
stablility studies. Capsules were assayed and packed in
amber coloured vials and stored at air condition
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TETRACYCLINE HYDROCHLORIDE 837

TABLE 4 Degradation Rate Constant (K) and Shelf life
of Controlled Release Capsules of Tetracycline
Hydrochloride at Various Conditions of Storage
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For personal use only.

Condition Degradation Shelf life
Product of storage rate constant (Qays)
" o 1 1.407 x 10”7* 739
D1 g S 11 1.637 x 10°4 635
20888 ao -4
3220 aS 111 4,068 X 10 256
Axo om0l v 5,092 x 10”¢ 204
N . 1 1.305 x 1074 797
Ty oo U2 II 1.563 x 10”4 665
Ge8 88 30 111 00 x 10”4 253
HogyTao 4.1 1 .
A299% 8y v 5.560 X 10 187
Key ¢+ I = A.C. (20+2°, 45+5% R.H.); II = Room temperature;

I1I = 37° ’ 65% R.Ho,’ IV = 50°.

(20 + 2°, 45 + 5% R.H.), room temperature, 37°-65% R.H.
and 50° for 90 days. Samples were withdrawn at the

end of 15,30,60 and 90 days and subjected to both
physical and chemical examination. Tetracycline
hydrochloride was assayed by the method described in
USP XX (9), under determination of 4-epi-anhydrotetra-
cycline and anhydrotetracycline in tetracycline
hydrochloride capsules. Results of shelf life at
various conditions of exposure are shown in Table 4.

RESULTS AND DISCUSSION

Dissclution Studies

Tetracycline hydrochloride beads consist of
tetracycline hydrochloride, microcrystalline cellulose,
an organic acid and excipients in core and different
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amount of eudragit RL100 and/or RS100 in coating.
Observations on release of the drug from different
beads have been shown graphically in Figures 1 to 5.

(a) Tggq Values, as shown in figures, increase with
increase in percentage of the coating material applied
to beads in each case. However, extent to prolongation
varies from one coating material to the other and was
found to follow the order eudragit RSlOO) eudragit
RS5100 and eudragit RL1CO (1:1)> eudragit RL100O,

(b) Eudragit RL100 and/or eudragit RS100 coated beads
show good sustained action with less inter-capsule
variation in release of the drug. The release of the
drug from these beads was found to be independent of
the pH of the dissclution medium, Yield of the product
was also between 85 to 95%. Photomicrograph of eudragit
RL100-RS100 coated beads of tetracycline hydrochloride
shows nearly spherical beads with uniform cocating
(Figure 6) . Hence the capsules prepared with eudragit
RL100-R5100 coating were selected for in vivo studies.

(c) Replacing part of microcrystalline cellulose of
beads core with eudragit RS (as RSPM) incorporated
during the preparation of beads followed by coating
with eudragit RS100 helps in further delaying the
release of the drug.

But larger amount ¢f eudragit RS in total is required
to cbtain similar results as that for coating of plain
beads. However, the results were found tc be reprodu-
cible. This procedure can be used when larger amount
of eudragit RS 1is to be applied by coating to obtain
desired release pattern and application of that much
amount of eudragit RS by coating is not feasible due

to problems of sticking, solvent use etc,

(@) Amount of tetracycline hydrochloride in plain
beads was increased from 65 to 75% by weight and then
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FIGURE 6

For personal use only.

Photomicrograph of eudragit RS100-RL100 coated beads
of tetracycline hydrochloride showing core and coating
(X 100)

beads were coated with eudragit R5100. Cbservations
show decrease in the release of the tetracycline
hydrochloride even after application of same amount
of eudragit kS100 by coating. This may be attributed

to reduction in surface area availsble for diffusion

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/26/12

per unit weight due to an increase in the amount of
tetracycline hydrochloride. Succinic acid was included
in matrix to prevent the hydrolysis of tetracycline
hydrochloride at pH value of 3 or more (as upon leaving
the stomach) and resultant precipitation of the drug as
base. This is necessary to make the drug available for

absorption throughout gastro-intestinal tract.
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Urinary Excretion Kates

The urinzry excretion rates of tetracycline at the
mid-point of urine cocllection time after administration
of each of the products were computed (10). Biocavaila-
bility of controlled release products were calculated
from total amount cf the drug excreted in 48 hr after
administration of contrclled release and conventiocnal
capsules,

These studies have shown that controlled release
capsules have significantly higher bicavailability in
comparison tc conventional capsules. As an amphoteric
substance tetracycline forms salts with acids as well
as with bases. With hydrochloric acid it forms a
hydrochloride, the solutions of which are strongly
subjected to hydrolysis in a neutral medium., Tetra-
cycline bases which precipitate above pH 3 are very
difficultly soluble (11). Therefore, absorption of
tetracycline hydrochloride is limited to small area
of gastrointestinal tract. In case of controlled
release capsules of present investigation, as soon as
they come to a region with a pH value of 3 or more,
such as upon leaving the stomach; the medium is
influenced by the organic acid (succinic acid) in
such a way that the pH of the surrounding fluid never
exceeds a value which would permit hydrolysis of the
tetracycline hydrochloride and thereby precipitation
of the free base. This makes tetracycline hydrochloride
available throughout the gastrointestinal tract.

Serum levels

Approximate serum levels of tetracycline at the
mid-point of urine collection time were predicted based
on relationship between urinary excretion rates and
serum levels reported by Barr et al, (12). Analysis of
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the data at time point by paired t-test revealed the
following significant differences (P £{0.05).

(a) The mean peak tetracycline serum level was signi-
ficantly higher in case of 500 mg controlled release
capsule than 500 mg conventional capsule. However,
Cmax value with 250 mg controlled release capsule was
lower as compared to Cmax attained with 250 mg

conventional capsule.

(b) The mean tetracycline serum levels attained
between 3 to 30 hr with 500 mg controlled release
capsule were higher than those achieved with the
500 mg conventional capsule.

(c) The mean tetracycline serum levels between 5-21
hr were higher with 250 mg contrclled release capsule
when compared with the serum levels obtained after

administration of 250 mg conventional capsule.

(d) Peak to trough ratio was calculated for both
conventional and controlled release capsule from Cmax
value and serum level at 10 hr. Peak to trough ratio
was higher with conventional capsule. Smaller is the

peak to trough ratio better is sustained action,

(e) Areas under the serum level curves after admini-
stration of each capsule were calculated using trape-
zoidal rule (10). Controlled release capsules have

larger areas under the curves compared to conventional
capsule. This may be due to comparatively faster changes
in serum concentrations of the drug following the admini-
stration of the conventional capsule.

From these studies, the controlled release capsules
appear to be promising with regard to making medication
simpler tc the patients and to reduce fluctuation in
tetracycline levels throughout the therapy. Controlled
release capsules have shown comparatively better
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biocavailability. Further, the incidence of side effects
should be established through clinical trials. However,
prolonged action tetracycline hydrochloride products

(13,14) were reported to be equally effective as compared

to the conventional tablet in the treatment of acne
vulgaris and gonorrhoea. One of the prolonged action
products (13) was reported to be effective even when
one half the daily dosage compared to the conventional
tablet was administered, hence reducing the possible
incidence of undesirable side effects.

Stability Studies

The controlled release capsule of tetracycline
hydrochloride show little change in colour of beads
at 37°-65% R.H. and 50° in three months. However, the
change 1is not visible if capsule shells are opaque.
Plots of log percentage drug retained versus time show
that tetracycline hydrochloride in the ccntrolled
release capsule follow first order degradation kinetics.
Controlled release capsules have shelf-life of more
than 1% years at room temperature and at other stress
conditions capsules have sufficient shelf life. No
change was observed in release pattern of tetracycline
hydrochlcoride from capsules kept on stability at
different conditions. The studies show that controlled
release capsules have sufficiently high stability at
room temperature and other stress conditions.
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