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A B S T R A C T  

A comyaratlve and & performance study of a 
novel slow release capsule (prepared uslng the new laser drilled control- 
led drug delivery system) and a conventional capsule dosage form has 
been made uslng tetracycline hydrochiorlde as a model druy. The 

Influence of varlatlon In druy delivery system desiyn on the in  vivo 

performance was studled by urlnary excretlon rate studies in human 
volunteers. Slow release capsules released Its contents relatlvely 
slowly, over a period of time, both In vitro and In vlvo, as compared 

to  conventlonal capsules, w l th  slgniflcantly simllar K and t values. 

Plasma Cmax and t,, and AUC values were predicted based on the 

reported correlation between serum and urinary excretlon data in single 

dose trials. 
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118 J A I N  AND N A I K  

GASTROINTESTINAL TRACT 
RESISTANT CAPSULE GAST ROlNTESTlNAL TRACT 

RESISTANT SEAL 
LASER D R I L L E D  
MINUTE PORES 

E N C A P S U L A T E 0  DaUG 

Flyure.1 
Schemetlc representation of the new controlled release druy delivery 

system. 

I N T R O D U C T I O N  

A recent report Indicated the use of laser drilling technique 

in  deslgnlng a new controlled drug delivery system and i t s  possible 
use In preparing a novel slow release capsule dosage form (1). The 

new druy delivery system (Flg.1) consists of a gastro Intestinal tract 

reslstant laser drilled hard yenatln capsule with minute laser pores 

on the wall of the capsule, made using a COP gas laser. Keeping 

the frequency constant at 1 pulse/s and varying the pulse-width of 
the laser between 100 and 420/ p8, minute laser drilled pores with 

average geomatrlc mean dlameter ranglny between 78.50 f 1.57 and 

25 t 1.38/ ).nn respectively were obtained. These laser drilled pores 

can provlde a controlled uninterrupted release of the encapsulated 

druy. The In vitro release of tetracycline hydrochloride from these 
capsules In 0.1 M Hcl, followed zerosrder kinetics after an initial 

lag period of 30 mln. 

The total amount of unchanged tetracycline excreted In urlne, 

In 48 to  72 h (QJ provides an adequate means to  evaluate preparatlons 

to  establish correlations with dlssolution rates and to study 

physlologlc and patholoUlc conditions which affect the bloavallablllty 

of tetracycline (2). In order to  effectively use the parameter 
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PERFORMANCE OF A NOVEL SLOW RELEASE CAPSULE 119 

urine collection must be made atleast 48 hours until most of the drug 
has been eliminated. The total amount of free druy appearing In the 

urlne(U7 can often, but not always be used to  ass886 blologlcal 
avallablllty through the relationship shown In equation: 

where, Ke Is the flrstsrder rate constant for ellmlnatlon by renal 

excretion, Q and db(s) are the total amount of the drug absorbed 

from a test preparation (x) and a standard preparatlon(s) respectively. 

represent total amount of drug excreted in the urine 
of a test preparation and a standard preparation respectively. The 

assessment of blologlc avallablllty by the ratios of U t  (as shown in 

equation (1) Is dependent on the assumption of constancy of Ke/K 
which equivalent to  the fraction of the drug reachlng the clrculatlon, 

which Is excreted unchanyed In urine (4). 

bod 

QL and Q u h  

The object ives of t h e  present investigation were to:  

use the new drug delivery system In preparing a novel slow 

release capsule dosage form, using tetracycline hydrochloride 

as a model drug; 
and 

make a comparative and in vlvo performance evalua- 

tion of slow release and conventional capsule dosage forms. 

M A T E R I A L S  

Tetracycline hydrochloride (Synblotlcs, Wadi Wadl, Earodn, India) 
dloctyl sodluin sulfosusslnate (Doxlnate, t-ioechst, Hktiegese) Schalft, 
Badvlbel, Germany), uranium acetate (E.D.H.England) and Gthlo propio- 

nlc acid (Thlolactlc acid, Fluka AG., Chem. Fabrlk CH.9470, Euchs). 

A l l  the above materials were used as received. 
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M E T H O O S  

J A I N  AND N A I K  

F\'cvsl ?lw Relesse and Conventlonal Tetracycllne Capsules- --.-----..--- - -------. . ------- 

Novel slow release tetracycllne capsules (slow release capsules) 
were prepared by encapsulatlny 250 mg of tetracycline hydrochlorlde, 

coated with 0.5% w/w dloctyl sodium sulfosucclnate In yastrolntestlnal 
tract reslstant laser drllled capsules. The capsules contained 100 

minutes laser drllled pores; with an average geometrlc mean dlameter 
ojuul t o  100 t 1.11/ 1yn, providing a total surface area of about 3.38 

ct~-i~/c+wIe for tho release of tlic encapsulated drug. A mlxture 

of lactaw 3rd wcrose In an ootlmlsed proyortlon was used as the 
dlluent and the capules were band sealed wlth a yastro-lntatinal 

tract reslstant materlal. 

I - ,  

The conventlonal hard gelatin tetracycllne capsules (conventlonal 
capsules) were prepared by encapsulating the same contents as used 
for the preparation of slow release capsules In conventlonal hard 
gelatin capsules 

Diwcltatlon Ftud~es were cnrrled out uslng a basket stlrrer assem- 
bly of USP XX ( 5) dlssolutlon apparatus, a t  a stirrer speed of 100 
rpm, wlth dlsvolution rnctola temperature held at  37 f 0.5'C. 300.Cril 
each of 1.2, 2.5, 4.5, 7.0 and 7.5 pH dissolution rcdle were prepared 
and changed at dlfferent Intervals of tlme as per the method recom- 
mended In NF XIV (6). under timed release tablets end capsules 
7 vitro test procedure. 5.0 m l  samplee were withdrawn at  the end of 
0.1, 1.0, 2.0, 3.5, 5.0, 7.0 and 8.0 h tlme Intervals, filtered and 

analysed at  353 mm using a spectrophotometer. 1 

1. hlodel VSU 2-P, C.Z. Spectrophotometer, Germany. 
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PERFORMANCE OF A NOVEL SLOW RELEASE CAPSULE 121 

In Vlvo Studles --- 
A cro88over study was carried out wlth one week washout perlod 

In between on four healthy human volunteers, welghlng between 55 

and 70 kg, 26-34 year8 old, as the subjects. The treatment conslsted 
of slcw rsleasc capsule8 (Treatment4 and conventlonal capsules 
Treatment.11). The subjects were adviwd fastlng 3 h before and 3 
h after recelvlny each of the tteatinents. Capules were admlnlstered 
orally wlth X O  m l  of water. Clrlnc samples were collected predose 
und et 1,2,4,6,8,10,12,14,18,24,30,36,42 and 48 h post admlnlstration. 
Sujects were advl8ed to  take about 100 ml  of water every now, In 
the lnltlal 8 h after capsule admlnlstratlon, The urlne volumes were 
measured and recorded after each collectlon and allquots were frozen 
until assayed. 

Lpc;ctroLImtocolorll ietric Dott;rrlhln~fim of Tetracycllne In Urlne. 

The analytlcal procedure used for the determlnatlon of the total 
amount of unchanged tetrtlcycline excreta in urine I I I V C J ~ W S  s,,ectro- 
photocc;lorlr:ietric rrioasuromunts of the colour of uranlum-tetracycllne 
complex (71, produced by heating pretreated urlne samples (8) (prepared 

a6 described below) contalnlng about 5 to  30/ of tetracycllno w i t h  
0.2 ml  of 0.196 (w/v) uranyl acetate solutlon In 1:l mixture of 
dloxan:water, at  420 nm. 

The urlne sample was prepared by heating 1.0 m l  of allquot wlth 
1.0 m l  of dloxan, 2.0 ml of 0.1 N HCL and 0.5 m l  of 0.1% (w/v) solu- 
tion of &thlo proplonlc add In a water bath for 30 mln. (polyethy- 
lene ball8 over the top of each tube were used to  mlnlmlse loss by 
evaporation durlng heatlng). The tubes were then cooled to room 
temperature before the addltlon of uranyl acetaGe solutlon. 

RESULTS AND DISCUSSION 

The dlsaolutlon proflle of the two capsules studled as shown In 
Flg.2 was constructed by plottlng percentage drug dlssolved vems 
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122 J A I N  AND N A I K  

8t 

0 7c 
W 

0 
Y, 

0 

(3 
3 

3 

6C 

a 50 n 
I- z 
w 

w 
u 6Q a 
a 

30 

20 

I0 

I 1 I I I I J 
0 1.0 2.0 3.5 5 - 0  6.0 7 .O 8 -0 

TIME ( H o u r s )  

FLciure.2 

Percentage tetracycline hydrochloride dissolved as a function of time 
from the two capsules. 

Key: 0 Slow release capsule, and 
A Conventional Capsule. n - 6, mean t SD 
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PERFORMANCE OF A NOVEL SLOW RELEASE CAPSULE 123 

tlme. The profile Indicates that the Slow release capaule releaees 
about 74.4?& of the drug slowly, at dlfferent rates under dlfferent 

pH condltlons over a periw of 6 h and the tlme requlred for the 
capsule to  release 5040 of tho contents (Tsm) was 2.85 h. The Slow 

relszse capsule showed hlghcst dlssolutlon rate at pH 2.5 and 4.5 
folir.v:& by pH 1.2 and 7.0 while the rate was very Slow In the 

alkallne pH 7.5. Unllke the slow release capul66, tho coriventionol 

capsules showed a rapld dlssolutlon rate at pH 1.2 with T504~ value 

less than 0.1 h. 

Flg.3 shows a sem~logarithmic plot of the average unmetabollzed 

c'rii- rc t o  be cxcrctcd !!I - Xu versus tlme, t, drawn based 

on slgrna - minus method (9). The scattered polnts in the plot (Flg.3) 

were llnearlsed by least-square f i t  method (10). The best f i t  was 

ot,tairiec; ty ttie lowr l t lw ic  transformation of XU" - x versus timu 

dnt;! is :bow In Tabie.1. Thc calculated values correspondlng to  

Treatment.1 and II equal to  0.036 and 0.038 mg h-1 respectively, 

represented the slope of correspondlng linear curves in kig.3. Hence 

the ellmlnation rate constant of tetracycllne, Ke= 2.303a and ellmlna- 

corresponding to Treatment.1 and II were tlon half-life t 

calculated. No slgnlflcant difference (P > 0.01) In the values of t i  

8.4 h and Ke0.083 mg.h-' were obtalned wlth Treatment.1 as compared 

to  the values of tf, 7, 9 h and Ke0.088 mg h- l  obtalned wlth 

Treatment.11. These flndlngs were well In agreement wlth reported 

(2) t J  9.4 h and Ke 0.074 mg h-l values obtalned after oral admlnl- 

stratlon of 250.0 mg capsules of tetracycllne hydrochlorlde. The 

cumulatlve amount of tetracycllne excreted unchanged. Xlf equal 
t o  55.53 m g  and 68.13 rnQ corresponding to  Treatment.1 and I1 respec- 
tively are In good agreement wlth reported (11) value equal t o  92.0 

mg and 71.0 my obtalned after oral admlnlstratlon of 250.0 mg of 

oral dose of aqueous solutlon of the drug under fastlng and after break- 
fast condltlons respectively In human subjects. 

U 

t ke 

Table.11 Illustrates the comparlson of urinary excretlon data, a t  

the mldpoint of each urine collection time, o b t a l d  with Treatment 
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1 1 1 1 ,  I 
1 I I 1 

3 3  39 45 21 21 1 3  5 7 9 11 

TIME 

FiQura3 
Semilogarlthmlc plot of the amount of unchanged tetracycllne remalnlng 

to be excreted ( fu -xu)  vem8 time (t) for the two treatments studied. 

Key: G Treatment1 and A t  Treatmentll. n E 4, mean 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PERFORMANCE OE 1 NOVEL SLOW R E L E A S E  C A P S U L E  

I I  I 

I 1 8  
--1- 

I r n  
1 
1 I 

L l  I 

I I  I 
1 

d Q b  

x i s  
I - C  - 

125 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TA
BL

E.
11

. 

1 
I 

,c
, 

;
c

!
 

tU
S
 

M
ea

n 
U

ri
n

ar
y 

E
xc

re
ti

o
n

 R
at

e 
co

m
pa

re
d 

by
 p

ei
re

d
 t

-t
e

tt
 

a
t 

th
e 

iii
ii(

.-p
o

in
t 

o
f 

ea
ch

 u
ri

n
e 

co
llw

X
io

n
 t

1n
;c

. 

S
al

cu
la

- 
S

ig
n

ifi
ca

n
ce

 

t-
va

lu
e 

b
al

re
d

 t
-t

es
t 

No
. 

Ti
m

e 
U

ri
n

er
y 

E
xc

re
ti

o
n

 K
a

te
 

(m
ea

n 
i
 S
E)
 

te
d

 
le

ve
l 

by
 

(h
) 

-
 Trm

- 
T

r
e

-
I

l
c

 
b

 
--

 

1.
 z 3.
 

4.
 

5.
 

6.
 

'f 
. &
 

9.
 

lo
. 

1 .o
 

3.
0 

5.
0 

7 .
O 

9.
0 

11
x)

 
21
A 

27
.0

 

33.
0 

39
.0

 

6
.a

 
f
 

o.o
a 

G
B7

 
f
 

0
9
6
 

1.
23

 
f
 

0
3

1
 

1
s

 
f 

0
5

1
 

2.9
8 

f
 

0
9

1
 

3.
46

 
f
 

0.
2 

1.
25

 
i
 

1.1
 

1.
08

 
t 

oa
 

0.
81

 
t
 

0
3

7
 

G
5

9
 

f
 

0.
27

 

3.
14

 
f
 

5.
76

 
f
 

3.
47

 
f 

3.
63

 
f 

2.
37

 
f 

2.
29

 
i
 

1.
05

 
f
 

0.
97

 
f 

0.5
0 

i
 

0.
32

 
* 

Go
39
 

G.8
7 

0.
46

 

0.
57

 

C.
45

 

0.
47

 

0.
61

 

0.
56

 

0.0
8 

0.1
6 

14
30

 
0.

01
 

6.
28

 
0.

01
 

2.
23

 
N

S"
 

3
5
0
 

ris
 

2.
01

 
N

S
 

2.
7 

1 
N

S 

1 .m
 

N
S

 

2.4
4 

K
S

 

2
A

 
N

S 

3.
1 

7 
tu

S 

I- N
 

Q
. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PERFORMANCE OF A NOVEL SLOW RELEASE CAPSULE 12 7 

I and I I ,  by palred t-test. The mean excretion rate of Treatmentll 
as compared to  Treatment1 remalned slgnlflcantly higher (P < 0.01) 
only In the lnltlal 3 h and then the rate though was highor, was statie- 
tlcally not slgnlflcant. The slgnlflcantly low excretlon rate In the 
lnltlal hours In the cam of slow release capsule may be attributed 
t o  relatlveiy slow releam of the encapsulated drug from the capsule 
over a perlod of tlme at different transit points In the GIT unlike 
conventlonal capsule which :I;L;s~ have released the drug lmmedlately 
after admlnlstratlon, In the stomach as apparent from the & 
dlssolutlon results (FIg.2). 

Approximate serum level concentrations of tetracycline at dlffo- 

rent Intervals of tlme as shown In Flg.4 were predicted based on the 
reported (2) correlatlon between urinary excretlon rates and serum 
comxntratiom of tetracycline (determlned) a t  the mld-point of each 
urlne collectlon tlme). The predlcted values of tm, 11.0h and Cmax 
0.067 t 0.2/ pg. ml" for treatment.1 were conslderably dlfferent from 
predlcted t,, 3 h and Cmaxl.10 f 0.20 / ~&.rnl-~ values of 
Treatrnent.11. The predlcted tm, and C,, values of tetracycline 
obtalned wlth conventlonal capsule correlated well with the reported 

~(3mI-~(13) obtalnad 

after oral admlnlstration of tetracycllne hydrochloride. The relative 
absorptlon of tetracycllne from Treatment.1 with respect to  Treatment. 
I I .  le., the ratio of AUC o-48 determined by Trapezoldal rule method 

(14)fOr Treatment.1 and I I  respectively was found to  be equal to  0.84, 

value, 2.5 h (12) and C,, value, 1.33 trnax 

The correlation between serum and urinary excretlon data (2) 

was based on the assumptlon of constancy of K e  /K which is equl- 
valent to  the fraction of the drug reaching circulatlon whlch Is excre- 
ted unchanged In urlne. The validatlon of thls assumptlon wlth respect 
t o  the present study was made by plottlng urinary excretlon rate 

versus serum concentratlon and cumulatlve amount of unchanged tetra- 
cycllne excreted after 48 h versus AUC (Fiy.5) based on the Equatlons 
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PERFORMANCE OF A NOVEL SLOW RELEASE CAPSULE 129 

2 and 3 respectively, where, clr Is the renal clearance of the drug, 

....... (2) 

UU 
AUC ....... (3) 

Is the mean urlnary excretlon rate and Cst is the serum concen- 

tratlon at the mean time of the urlne collectlon period. The slopes 
of the plots shown In Flg.5, equal t o  average clearance of 88.9 m l  
mln" and 84.34 m l  mln -' were In good agreement wlth the values 

88.1 ml mln and 80.1 m l  mln" respectively, obtained by Barr e t  al. 

(2) by the same method. No slynlflcant dlfference between the slope 

values corresponding to Treetment.1 and II were observed lndicatlny 

that (I) the assumptlon made by Barr e t  al to  correlate serum and 

urlnary excretlon data Is true for the present study also and (11) the 

modlflcatlon in the drug dellvery system deslyn, of the kind made 

In the present study do not affect Ke and Vd. 

ht 

The observed considerably hlgh C,, and t,, values, Inslgnlfk 
cant dlfference In t d  and Ke values and relative absorptlon of 84.0% 

of treatment I as compered t o  Treatment II Indicate that slow rclsase 
capsule must have .released the drus contents relatlvely slowly, ovor 

a yerlod of time at  dlfferent transit sltes In the yastrolntestinal tract, 

thus avolding dose durnplno In the stomach. The slow releaso capsule 

could also malntaln reasonably hioh blood levels for a longer duratlon 

of time glvlng more t h e  for the drug In the blood t o  Interact t i l th  

the actlve sltes without much loss of bloavallablllty. The possible 

advantages of such slow release capwle, therefore, could be: 

1. the potentlal hazard asaoclated wlth encapsulatlcr: of hlchly soluble 
drug In conventlonal hard yelatln capsule due to  sudden release 
of the contents resultlng In localized hlgh conc cntrations of tho 

drug (15) could be overcome; 
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F Iuure.5 
Relatlonshlp between urinary excretion rates of tetracycllne and serum 
concentrations and cumulative amount of tetracycllne excreted after 

48 h and the total area under the predicted tetracycline concentrations 
in serum v e r w  tlme curve determined at mid-pint of each urine 
collection Interval after oral admlnistratlon of a 250 mg dose in the 
two dosage forms, studled 
Key: 0 Slow release capsule, and 

A Conventional capsule. n - 4 mean 
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I I .  the dru5 biith narrow therepeutlc rsnyc could be adminlstsred 

by oral route iiiore safely tccauw of relatively low C,, obtained; 

and 

111. the therapeutic efficacy of the drub rnay bc increased an6 the 

frecluencp of admlnistration may be reduced. Since slow roiebse 

capsule maintains conslderably hibh blood levels for a lonber dura- 

tion of time, thus allowlnG lonber and better interaction of the 

drug a t  the active sites. 
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