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ABSTRACT

A comparative in vitro and in vivo performance study of a
novel siow release capsule (prepared using the new laser drilled control-
led drug delivery system) and a conventional capsule dosage form has
been made using tetracycline hydrochloride as a model drug. The
influence of variation in drug delivery system design on the in vivo
performance was studied by uripary excretion rate studies in human
volunteers, Slow release capsuies released Its contents relatively
slowly, over a perlod of time, both In vitro and in vivo, as compared
to conventional capsules, with significantly similar Ke and t& values.

Plasma Cmax and tmax and AUC values were predicted based on the
reported correlation between serum and urinary excretion data in single
dose trials,
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Schemetic representation of the new controlled release drug delivery
system,

INTRODUCTION

A recent report indicated the use of laser drilling technique
in designing a new controlled drug dellvery system and its possible
use in preparing a novel slow release capsule dosage form (1), The
new drug delivery system (Flg.1) consists of a gastro intestinal tract
resistant laser drilled hard genatin capsule with minute laser pores
on the wall of the capsule, made using a CO2 gas laser. Keeping
the frequency constant at 1 pulse/s and varying the pulse-width of
the laser between 100 and 420/ us, minute laser drilled pores with
average geomatric mean diameter ranging between 78,50 ¢ 1.57 and
25 ¢ 1,38/ um respectively were obtained. These laser drilied pores
can provide a controlled uninterrupted release of the encapsulated
drug. The In vitro release of tetracycline hydrochloride from these
capsules in 0.1 M Hcl, followed zero-order kinetics after an Initial
lag period of 30 min.

The total amount of unchanged tetracycline excreted In urine,
in 48 to 72 h (O:} provides an adequate means to evaluate preparations
to establish correlations with in vitro dissolution rates and to study
physiologic and pathologic conditions which affect the bloavallability
of tetracyciine (2). In order to effectively use the parameter (f;
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urine collection must be made atleast 48 hours until most of the drug
has been eliminated. The total amount of free drug appearing in the
urlne(Q:’) can often, but not always be used to assess blological
avalliability through the relationship shown in equation:

- o = © (1)
Q8 T KKY Q) Qe g

BA—

where, Ke Is the first-order rate constant for elimination by renal
excretion, Qb(x) and Qb(s) are the total amount of the drug absorbed
from a test preparation (x) and a standard preparation(s) respectively.
0 [+ ]
Q(u) and Qu(s)
of a test preparation and a standard preparation respectively. The

represent total amount of drug excreted in the urine

assessment of bilologic avallabllity by the ratlos of Q: (as shown in
equation (1) Is dependent on the assumption of constancy of Ke/K
which equivalent to the fraction of the druyg reaching the circulation,
which Is excreted unchanged In urine (4).

The objectives of the present investigation were to:

0Ol) use the new drug dellvery system In preparing a novel slow
release capsule dosage form, using tetracycline hydrochloride
as a model drug;

and

i) make a comparative In vitro and In vivo performance evalua-

tion of slow release and conventional capsule dosage forms.

MATERIALS

Tetracycline hydrochloride (Synblotics, Wadi \adl, Earoda, India)
dlocty! sodium sulfosussinate (Doxinate, FHoechst, Aktiegese) Schalft,
Badvibel, Germany), uranium acetate (B.D.H.England) and f-thio propio-
nic acid (Thiolactic acid, Fluka AG., Chem. Fabrik CH.9470, [Euchs).
All the above materials were used as recelved.
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METHODS

Novel Slow Relesse and Conventlonal Tetracycline Capsules

Novel slow release tetracycline capsules (slow release capsules)
were prepared by encapsulating 250 mg of tetracycline hydrochioride,
coated with 0.5% w/w dloctyl sodium sulfosuccinate in gastrointestinal
tract resistant laser drilled capsules, The capsules contained 100
minutes laser drilled pores; with an average geometric mean diameter
equal to 100 2 1,41/ pm, providing a total surface area of about 3.38
cmE/capsule for the releuse of the encapsulated drug. A mixture
of lactose ard sucrose in an optimised proportion was used as the
diluent and the capsules were band sealed with a gastro-intestinal
tract resistant material,

The conventional hard gelatin tetracycline capsules (conventional
capsules) were prepared by encapsulating the same contents as used
for the preparation of slow release capsules in conventional hard
gelatin capsules.

An Vitrv Evaluation

Diesclttior etudies were carrled out using a basket stirrer assem-
bly of USP XX ( 5) dissolution apparatus, at a stirrer speed of 100
rpm, with dissolution modla temperature held at 37 + 0.5°C. 300.Ciil
each of 1.z, 2.5, 45, 7.0 and 7.5 pH dissolutlon medie werc prepared
and changed at different Intervals of time as per the method recom-
mended in NF XiV (6), under timed release tablets and capsules In
vitro test procedure. 5.0 ml samples were withdrawn at the end of
0.1, 1.0, 2.0, 3.5, 50, 7.0 and 8.0 h time Intervals, filtered and
analysed at 353 mm using a tspectrophot.ometer.1

1. tModel VSU 2-P, C.Z. Spectrophotometer, Germany.
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In Vivo Studies

A crossover study was carried out with one week washout period
in between on four healthy human volunteers, weighing between 55
and 70 kg, 26-34 years old, as the subjects. The treatment consisted
of slew releasc capsules (Treatment.)) and conventional capsules
Treatment.il). The subjects were advised fasting 3 h before and 3
h after receiving each of the treatments. Capsules were administered
orally with 2C0 ml of water. Urinc samples were collected predose
ang et 1,2,4,6,8,10,12,14,18,24,30,36,42 and 48 h post administration.
Sujects were advised to take about 100 ml of water cvery nour, In
the initial 8 h after capsule administration. The urine volumes were
measured and recorded after each collection and aliquots were frozen
until assayed.

tpectrophotocolorinietric Doterniination of Tetracycline in Urine.

The analytical procedure used for the determination of the total
amount of unchanged tetracycline excreted in urine Involves spactro-
photocolorlmetric measurements of the colour of uranium-~tetracycline
complex (7), produced by heating pretreated urine samples (8) (prepared
as described below) containing about § to 30/ uy of tetracycline with
0.2 ml of 0.1% (w/v) uranyl acetate solution in 1:1 mixture ot
dioxan:water, at 420 nm,

The urine sample was prepared by heating 1.0 ml of allquot with
1.0 mi of dioxan, 2.0 ml of 0.1 N HCL and 0.5 m! of 0.1% (w/v) solu-
tion of  B-thio proplonic acid in a water bath for 30 min. (polyethy-
iene balle over the top of each tube were used to minimise loss by
evaporation during heating). The tubes were then cooled to room
temperature before the addition of uranyl acetage solution.

RESULTS AND DISCUSSION

The dissolution profile of the two capsules studied as shown In
Fig.2 was constructed by plotting percentage drug dissolved versus
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Flgure,2
Percentage tetracycline hydrochloride dissolved a8 a function of time
from the two capsules.
Key: 0 Slow release capsule, and
A Conventional Capsule. n = 6, mean & SD
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time. The profile indicates that the slow release capaule releases
about 74.4% of the drug slowly, at different rates under different
pH conditlons over a perioo of &6 h and the time required for the
capsule to release 50% of the contents (TSO%) was 2.85 h. The slow
rclcase capsule showed highest dissolution rate at pH 2.5 and 4.5
follevred by pH 1.2 and 7.0 while the rate was very siow In the
alkallne pH 7.5. Unllke the slow release capsules, the conventional
capsules showed a rapid dissolution rate at pH 1.2 with TSO% value

less than 0.1 h.

Fig.3 shows a semilogarithmic plot of the average unmetabolized
g versus time, t, drawn based
on slgma - minus method (9). The scattered points in the plot (Fig.3)
were linearlsed by least-square fit method (10). The best fit was

\'m A Y4

obtained by the logarithmic transformation of Ry - Ky versus tine

data s chown In Tableddh The calculated values corresponding to

o0
dru. recealning to be excrcted ,V.u - X

Treatment.d and H equal to 0.036 and 0,038 mg h-1 respectively,
represented the slope of corresponding linear curves in Fiy.3. Hence
the elimination rate constant of tetracycline, K e" 2.303a and elimina-
tlon half-life té ,g.%_q corresponding to Treatment. and |l were
caiculated. No significant difference (P > 0.01) in the values of t}
8.4 h and Keo.083 mg.h"1 were obtained with Treatment., as compeared
to the values of ti, 7, 9 h and K 0088 mg h™' obtained with
Treatment.ll, These findings were well In agreement with reported
(2) t{ 94 h and Ke 0.074 mg h"1 values obtained after oral admini-
stration of 250,0 mg capsules of tetracycline hydrochloride. The
cumulative amount of tetracycline excreted unchanged. x:' equel
to 55.53 mg and 68,13 mg corresponding to Treatment.! and | respec-
tively are In good agreement with reported (11) value equal to 92.0
mg and 71.0 mg obtained atter oral administration of 250.0 mg of
oral dose of aqueous solution of the drug under fasting and after break-
fast conditions respectively in human subjects.

Table.ll iHustrates the comparison of urinary excretion data, at
the midpoint of each urine coliection time, obtalned with Treatment
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Figure.3

Semilogarithmic piot of the amount of unchanged tetracycline remaining
to be excreted (X~ u—xu) versus time (t) for the two treatments studied.
Key: 0 Treatment.l and &, Treatment.l. n = 4, mean
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| and i, by paired t-test. The mean excretion rate of Treatment.ll
as compared to Treatment. remalned significantly higher (P < 0.01)
only in the initial 3 h and then the rate though was higher, was statis-
tically not significant. The significantly low excretion rate iIn the
initial hours In the case of slow release capsule may be attributed
to relatively siow release of the encapsulated drug from the capsule
over a perlod of time at different transit points in the GIT unlike
conventional cepsule which must have released the drug immediately
after adminlistration, in the stomach as apparent from the In vitro
dissolution resuits (Fig.2).

Approximate serum level concentratlons of tetracycline at diffo-
rent intervals of time as shown in Fig.4 were predicted based on the
reported (2) correlation between urinary excretion rates and serum
concentrations of tetracycline (determined) at the mid-point of each
urine collection time). The predicted values of tmax 11.0h and Cmax
0.067 = 0.2/ ug. ml'1 for treatment.| were considerably different from
predicted tmax 3 h and cmaxmo £ 0.20 /uxg.ml'1 values of
Treatment.ll, The predicted tmax and Cmax values of tetracycline
obtained with conventional capsule correlated well with the reported
tax value, 2.5 h (12) and Ciax Value, 1.33 ugml"(Is) obtained
after oral administration of tetracycline hydrochloride. The relative
absorption of tetracycline from Treatment. with respect to Treatment,
Il. je., the ratio of AUC 0-48 determined by Trapezoldal rule  method

(14)tor Treatment.! and || respectively was found to be equal to 0.84,

The correlation between serum and urinary excretion data (2)
was based on the assumption of constancy of Ke /K which is equi-
valent to the fraction of the drug reaching circulation which Is excre-
ted unchanged in urine., The validation of this assumption with respect
to the present study was made by plotting urinary excretion rate
versus serum concentration and cumulative amount of unchanged tetra-
cycline excreted after 48 h versus AUC (Fig.5) based on the Equations
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Flgure.4
Predicted serum level concentration as a function of time for the two

treatments studied.
Key: 0 Treatment.l and A, Treatment.ll.
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2 and 3 respectively, where, clr is the renal clearance of the drug,

Ag
-At. = clr I.l..l.(z)
~8T
Qu (K e/K) Qb
_ELTC:—_. = - L ] Ke Vd- Clr ---nnnu(s)
AQ
it is the mean urinary excretion rate and Cst is the serum concen-

tration at the mean time of the urine collection period. The slopes

of the plots shown in Fig.5, equal to average clearance of 88.9 ml

-1 and 84.34 ml min -1 were In good agreement with the values

1

min
88.1 ml min and 80.1 m! min~
(2) by the same method. No significant difference between the slope
values corresponding to Treatment. and 1l were observed indicating

respectively, obtained by Barr et al.

that (i) the assumption made by Barr et al to correlate serum and
urinary excretion data is true for the present study also and (ii) the
modification in the drug dellvery system design, of the kind made
in the present study do not affect Ke and Vd'

The observed considerably high Cmax and tmax values, insignifi-
cant difference in ti and Ke valucs and relative absorption of 84.0%
of treatment | as compered to Treatment |l indicate that slow relcase
capsule must have .released the drug contents relatively siowly, over
a period ot time at different transit sites in the gastrointestinal tract,
thus avolding dose dumping in the stomach. The slow release capsule
could also maintain reasonably high blood levels for a longer duration
of time glving more time for the drug In the blood to interact with
the active sites without much loss of biocavallability, The possible
advantages of such slow release capsule, therefore, coulc be:

l the potential hazard assoclated with encapsulaticn of highly soluble
drug in conventlonal hard gelatin capsule due to sudden release
of the contents resulting In localized hich concentrations of the
drug (15) could be overcome;
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Figure.5

Relationshlp between urinary excretion rates of tetracycline and serum
concentrations and cumulative amount of tetracycline excreted after
48 h and the total area under the predicted tetracycline concentrations
in serum versus time curve determined at mid-point of each urine
collection Interval after oral administration of a 250 mg dose in the
two dosage forms, studied.

Key: 0 Slow release capsule, and

A Conventional capsule. n = 4 mean
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. the dru; with narrow therapeutic range could be auministered
by oral route more safely because of relatively low (’max obteained;
and

tHl. the therapeutic efficacy of the drug may be increased anc the
frequency of administration may be reduced. Since slow releuse
capsule maintains considerably high blood levels for a longer dura-
tion of time, thus allowing longer and better interaction of the
drug at the active sites.

ACKNOWLEDGEMENTS

Abstracted in part from a thesls subinitted by Sharath U.iNaik
to the M.S.University of Baroda in fulfitiment of the Doctor of Philoso-
phy degyree.

The authors gratefully acknowledge: Dr.o.K.Jvikumb and the
Management of Jyoti Limited, Baroda (Indla) for their contribution
in providing laser facilltles and guldance, and M/s.Sarabhai Chemicals,
Barodafor providing gift sample of tetracycline hydrochloride.

REFERENCES

1«  N.K.Jain and S.U.Nalk, J.Pharm. Scl.,73, 1206(1924)

2. W.H.Barr, K.L.Gerbracht, #.Plant and i:..Strahl, Clin, Pharmaccl,
Ther.,13,97 (1972)

3. E.Nelson, J.Pharm.Sci.,50,181 (1961)

4, J.G.Wagner and E.Nelson, J.Pharm Sci.,52,610(1963)

5. The United States Pharmacopoeia, 20th Rev.iMac Publishing Co.,
Easton, pa., 1980, p.959

. The National Formulary, XIV ed.,American Pharmaceutical Asgsocia-
tion Pubtication, Washington DC, 1675, p.985

1. AS.iahgoup, E.M.Khairy and A.Kasem, J.Pharm.,5c.,63, 1451
(1974)

RIGHTS

i,



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

For personal use only.

132

»
.

9-

10.

1.

12,
13.

14,

15,

JAIN AND NAIK

D.aHall, J.Pharm. Pharmacol,, 2€, 420 (1€78)

M,Glbaldi and D.Perrler, Pharmacokinetics, 2nd ed., Marcel Dekker,
New York, 1982, p.9

J.T.Carstensen, Theory of Pharmaceutical Systems, Vol.1, Academic
Press, New York and London, 1972, p.15

J.G.Wagner, L.G.Leslic and R.S.Grove, Int.J.Cline Pharmacol.,
2 44 (1969)

C.M.Kunin and M.Finland, Clin. Pharmacol. Ther., 2, 51 (1961)
E.G.Lovering,,l.J.McGllveray, l.McMillan and W.Tostowaryk,
J.Pharm. Scl.,64,1521(1975).

M.Glbaldl andD.Perrier, Pharmacokinetics, 2nd ed,, iiarcel Dekker,
New York, 1982; p.445

l..L.achman, H.A.Liberman, and J.L.Kanlg, The Theory and Practices
of Industrial Pharmacy, 2nd Ed.,Lea & Feblger, "hiladelphta, 197G,
n.389,

RIGHTS

i,



