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ABSTRACT 

Data on the g a s t r i c  r e t e n t i v e  c h a r a c t e r i s t i c s  of the 

HBSTM w i t h  diazepam a re  prrsented. 

mechanism o f  drug release f o r  chlordiazepoxide from an 

HBSTM system are a l so  presented, as w e l l  as the blood leve l -  

time p r o f i l e s  f o r  both drugs. The m a j o r i t y  o f  data has been 

prev ious ly  used t o  support the adve r t l s i ng  o f  Valrelease 

t o  the medical profession. 

Data t o  support the 

TM 

TM 

(capsule o r  t a b l e t )  t h a t  is designed to  prolong the resldence ttme of 

the dosage form w i t h i n  the g a s t r o i n t e s t i n a l  G.I. t r a c t .  I t  i s  a formu- 

l a t i o n  o f  a drug wi th gel-forming hydrocol lo ids meant t o  remain buoyant 

on stomach contents. This not  o n l y  prolongs G.I .  residence time, bu t  

does so i n  an area o f  the G.I .  t r a c t  t h a t  would maximize drug reaching 

i t s  absorption s i t e  i n  so lut ion,  and hence ready f o r  absorption. Drug 

d i s s o l u t i o n  and release from the  capsule re ta ined  i n  stomach f l u i d s  

occur a t  the pH o f  t h e  stomach, under f a i r l y  c o n t r o l l e d  condi t ions.  

The microenvironmental pH can be f u r t h e r  c o n t r o l l e d  v i a  drug product 

formulation. 

m s t  s i g n i f i c a n t  f o r  drugs: 

The Hydrodynamically Balanced System (HBS ) i s  an o r a l  dosage form 

The r e t e n t i v e  c h a r a c t e r i s t i c s  o f  t h e  dosage f o r m  a re  

(a) i nso lub le  i n  i n t e s t i n a l  f l u i d ;  

(b) t h a t  ac t  l o c a l l y ;  

(c) t h a t  exhf b l  t s i  te-speci f  I c  absorption. 
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SHETH AND TOSSOUNIAN 314 

However, the system can be used f o r  most drugs where c o n t r o l l e d  

(sustained) re lease  o f  drug from the  dosage form i s  d e s i r e d  by the  o r a l  

route.  

c e i t e r i a  f o r  Hydrodynamical ly Balanced SystemTM: 

The fo rmu la t i on  o f  the dosage form must comply w i t h  th ree  major 

( 1 )  i t  must have s u f f i c i e n t  s t r u c t u r e  t o  form a cohesive ge l  

b a r r i e r ;  

o f  g a s t r i c  contents  ( repo r ted  as 1.004 - 1.01) ( 2 ) ;  and 

should d i s s o l v e  s low ly  enough t o  serve as a " rese rv io r "  f o r  

t he  d e l i v e r y  system. 

(2) must ma in ta in  an o v e r a l l  s p e c i f i c  g r a v l t y  lower than t h a t  

(3)  

TM 
Figure 1 shows the i n  v i t r o  " f l o e t l n g "  c h a r a c t e r i s t i c s  o f  t he  HBS 

dosage form, compared t o  a convent ional  capsule.  F igures 2-5 show a 

t ime sequence o f  the i n  v i t r o  behavior o f  t he  HBSTM capsule immersed i n  

s imulated g a s t r i c  f l u i d  over  many hours. A f t e r  immersion f o r  1 hour, 

the gel  b a r r l e r  i s  t h i n ,  w i t h  undissolved powder (drug, h y d r o c o l l o i d  and 

e x c l p i e n t s )  s t i l l  w i t h i n  the  co re  o f  t he  ge l .  

than the s i z e  o f  t he  o r l g i n a l  capsule.  A f t e r  4 hours, loose unwetted 

powder i s  s t i l l  v i s i b l e  i n  the gel  core.  A t  6 hours, t he re  i s  s t i l l  l i t t l e  

change i n  s i z e  o r  shape. Only a t  8 hours does the s i z e  reduc t i on  become 

obvious. The i r  r e l a t i v e  consis tency o f  s i z e  and shape mainta ins a f a i r l y  

constant  su r face  area f o r  drug/so lvent  d i f f u s i o n .  I t  i s  pos tu la ted  t h a t  

when the HBSTM dosage form comes i n  con tac t  w i t h  an aqueous media, t he  

h y d r o c o l l o i d  s t a r t s  t o  hyd ra te  by f i r s t  forming a ge l .  Th is  ge l ,  a t  t he  

su r face  o f  the HBSTM then c o n t r o l s  the r a t e  o f  d i f f u s i o n  o f  s o l v e n t - i n  

and drug-out of the dosage form. As the  e x t e r i o r  s u r f a c e  of the  dosage 

form goes i n t o  s o l u t i o n ,  t h e  gel  l a y e r  i s  maintained by the  h y d r o c o l l o i d  

from the immediate ad jacent  l aye r  go ing i n t o  hyd ra t i on .  The drug d i s s o l v e s  

i n  and d i f f u s e s  o u t  w i t h  t h e  d i f f u s i n g  so l ven t ,  c r e a t i n g  a "receding 

boundary8' w l  t h i n  the gel  s t r u c t u r e .  

The s i z e  Is n o t  much g rea te r  

I n  v i t r o  v i s u a l i z a t i o n  i s  h e l p f u l ,  b u t  i n  v i v o  v i s u a l i z a t i o n  i s  the -- 
c r u c i a l  parameter f o r  e v a l u a t i n g  the G . I .  t r a c t  r e t e n t i v e  c h a r a c t e r i s t i c s  

o f  the dosage form. F igu re  6 i s  an x- ray showing the  i n  v i t r o  behavior  

o f  two capsules; one the HBSTM (con ta in ing  two smal l  bar ium s u l f a t e  

t a b l e t s )  f l o a t i n g  a t  the sur face,  and the  o t h e r  a convent ional  capsule 

con ta in ing  a s i n g l e  bar ium s u l f a t e  t a b l e t ,  sunk a t  t he  bottom o f  t he  vessel .  

When these two capsules a r e  ingested s imul tansously  by a human vo lun tee r ,  

the p o s i t i o n a l  ana lys i s  i n d i c a t e s  the g a s t r i c  r e t e n t i o n  o f  t he  HBSTM, w h i l e  

the convent ional  capsule can be seen much lower i n  t h e  t r a c t  (F igu re  7 ) .  
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HBP 315 

An a d d i t i o n a l  technique was employed t o  f u r t h e r  study the  i n  v i v o  behavior 

o f  the HBS . Ex te rna l  sc in t i g raphy  i s  a technique whereby t h e  i n  v i v o  

behavior o f  a dosage form can be monitored noninvas ive ly ,  minute by m i n u t r ( 3 ) .  

A dosage form i s  prepared t o  c o n t a i n  a gamma-emi t t i n g  rad ionuc l i de ,  

swallowed by human vo lunteers,  and monitored by ex te rna l  s c i n t i g r a p h y .  A 

c o l l i m a t i n g  p l a t e  i s  placed between the sub jec t  and the  camera. 

gamma emissions perpendicu lar  t o  the  c o l l i m a t o r  pene t ra te  t o  the  gamma 

camera, thereby g i v i n g  p o s i t i o n a l  ana lys i s .  The computer accumulates the  

counts impact ing on each separate c r y s t a l ,  the summation o f  which g i ves  

a q u a n t i t i a t i v e  a n a l y s i s  o f  the r a d i o a c t i v i t y  i n  any zone covered by the  

t o t a l  c r y s t a l  a r ray .  F igure 8 i s  a photograph o f  t he  T.V. screen used 

t o  v l s u e l l y  moni tor  t h e  dosage form. I f  the dosage form dep ic ted  was a 

d i s i n t e g r a t i n g  one, a t  the end o f  the d i s i n t e g r a t i o n  process the  e n t i r e  

screen would p o r t r a y  r a d i o a c t i v i t y .  I f  i t  was a n o n - d i s i n t e g r a t i n g  

dosage form, i t  would move towards the  bottom cen te r  o f  t h e  screen, and 

then e x i t  the screen near the top  l e f t -hand  corner .  Th is  movement would 

i n d i c a t e  dosage form t r a v e l  through the  p y l o r i c  va lve.  The v i s u a l i z e d  

s i ze ,  f o r  a n o n - d i s i n t e g r a t i n g  dosage form, would be e s s e n t i a l l y  constant .  

F igure 9 shows two dosage forms l a b e l  l ed  w i t h  Technetiumygm (Tcggm) che la ted  

w i t h  e t i d r o n a t e  disodium(a),  i n  v i v o  i n  a human subject ,  two minutes pos t  

i nges t i on .  

convent ional  t a b l e t .  The stomach o u t l l n e  i s  v i s u a l i z e d  because the  dosage 

forms were ingested w i t h  200 ml o f  water, r a d i o l a b e l l e d  w i t h  Indium . 
The d i s p r o p o r t i o n a t e  s i z e  o f  t he  dosage forms to the  s i z e  o f  t he  stomach 

i s  due t o  the i n t e n s i t y  o f  the Tcggm labe l ,  c r e a t i n g  g rea te r  s c a t t e r .  

Note the  he igh t  d i f f e r e n t i a l  o f  t h e  HBSTM and t h e  t a b l e t .  

hour l a t e r ,  and i n d i c a t e s  n o t  o n l y  a d i f f e r e n c e  i n  p o s i t i o n ,  b u t  a l s o  loss 
o f  Tcggm from the t a b l e t .  

i n g e s t i o n  o f  an a d d i t i o n a l  100 m l  o f  i n d i u m l ” - l a b e l l e d  water .  

shows n o t  o n l y  the complete loss of the t a b l e t  f rom the stomach, b u t  t he  

p o s i t i o n  and in tac tness  o f  t he  HBSTM. 

HBSTM, and s u f f i c i e n t  re lease  o f  TcYgm to be v i s i b l e  throughout t h e  f l u i d  o f  

the stomach. As p r e v i o u s l y  s ta ted,  t he  number o f  counts can be quan t i t a ted ,  

and a r e  shown f o r  two sub jec ts  (F igures 13, 1 4 ) .  As can be seen, the  

HBSTM was re ta ined  i n  the stomach f o r  a much longer pe r iod  o f  t ime than 

convent ional  t a b l e t s  swallowed concur ren t l y ,  and showed g a s t r i c  re ten-  

t i o n  t imes up t o  6 hours. The o t h e r  two sub jec ts  showed s i m i l a r  r e s u l t s .  

Another c r i t i c a l  i n  v i v o  performance c h a r a c t e r i s t i c  i s  t he  b lood 

l e v e l - t i m e  p r o f i l e  from the HBSTM compared to convent ional  dosage forms. 

TM 

Only those 

The dosage form l a b e l l e d  A i s  an HBSTM capsule, w h i l e  B i s  a 

1 1 1  

F i g u r e  10 i s  one 

The stomach o u t l i n e  i s  f u r t h e r  i l l u s t r a t e d  by t h e  

F igu re  1 1 .  

F igu re  12 shows the  i n t a c t  r e t a i n e d  

F igure I5  compares t h e  blood l e v e l - t i m e  p r o f i l e s  obta ined from VALIUM (R)  

(a)Osteoscan, P roc to r  & Gamble Co., C inc inna t i ,  OH 
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316 SHETH AND TOSSOUNIAN 

15-mg (HBS) capsules(b) both i n  fasted and fed states, t o  three 5-mg VALIUM 

tablets, dosed a t  0, 5 and 10 hours. 

t o  the r igh t ,  but indicates the same peak height and area under the 

curve i n  both fasted and fed subjects. I n  mu l t lp le  dosing, shown I n  

Flgure 16, 5-mg VALIUM@ tab le ts  dosed t.i.d. were administered on days 

1 through 13. On day 14, the subjects were crossed over t o  15-mg VALIUM 

HBS(b) f o r  an addit ional 1 1  days. The data c lea r l y  shows the blood level 

equlvalence o f  once/day dosing w i th  the HBS t o  three times da i l y  doslng 

from convent i onal tablets. 

( R) 

Food displaces the curve s l l g h t l y  

The mechanism whereby drug i s  be t te r  absorbed from the HBSTM i s  best 

i l l us t ra ted  w i th  s o l u b i l i t y  data of  chlordiazepawide HCl. This drug i s  

very insoluble a t  higher pH values, data indicat ing a 4000-fold dif ference 

i n  s o l u b l l i t y  going from pH 3 t o  pH 6 (Figure 17). 
release preparations always led t o  poor b ioava l lab i l l t y .  

formulated i n to  the HBS 

t o  three 10-mg LIBRIUM@ capsules(c) administered a t  0, 4 and 8 hours 

(Figure 18). 

Conventlonal control led 

Thls drug, when 
TM (30 mg) shows a blood level-tlme p r o f i l e  comparable 

The i n  v i t r o  release charecter lst ics (USP, Apparatus I ,  a r t i f i c i a l  

gas t r i c  f l u l d )  shows 100% release a t  about 12 hours (Figure 19). 
the data i s  treated f o r  d i f fus iona l  release from a receding barr ier ,  and 

the "Percent Released" graphed versus "Timel/P," 1 inear release t s observed 

f o r  about 4 hours, correzpondlng t o  about 70% drug release (Figure 20). 

This 4 hours coincidental ly corresponds t o  the 4-6 hours f o r  which we 

observed dry material i n  the gel core (Figures 4, 5). The slope of the 

l tnear port ion o f  t h i s  i n  v l t r o  release curve Is 35.02 ( r  * 1.000). To 

ve r i f y  the mechanism o f  release, three parameters were examined (4) f o r  

the f i r s t  4 hours o f  release. When the log  o f  the "Amount Released" Is 
graphed versus the log o f  "time," the resultant l i n e  has a slope o f  0.53, 

compared t o  a theoretical 0.50 (Figure 21). When the second der ivat ive 

o f  release i s  examined, i t  i s  c lear tha t  a graph o f  the "Rate o f  Release" 

versus the reciprocal o f  the "Amount Released" lndicates excel lent 1 inear i ty,  

and has a correlat ion coef f i c ien t  o f  0.998 (Figure 22),  corresponding t o  the 

1 lnear i ty  expected from receding barrler-type release. On the other hand, 

when the "Rate of Release" versus the "Amount Released" i s  p lo t ted  (Figure 

23) , the data i s  c lea r l y  non-l inear, indicat ing non-conformance t o  f i r s t -  

order k inet ics.  These l a s t  three graphs support the contention o f  release 

of drug from the HBSTM as being matr ix (or receding bar r ie r )  control led release. 

When 

7b)ValreleasefM, I 5  mg, Hoffmann-La Roche 

(C)LIBRIUM(R), Hoffmann-La Roche 

Inc., Nutley, NJ 

Inc., Nutley, NJ 
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H B P  317 

When a graph i s  constructed o f  the "Percent o f  Maximum Blood Level" 

versus the "Square Root o f  Time," i t  i s  l i n e a r ,  and has a slope o f  33.63, 
w i t h i n  4% o f  t he  i n  v i t r o  release r a t e  curve (Figure 24). 
concentrat ion a t  e a r l y  t imes i s  dependent p r i m a r i l y  upon drug release charac- 

t e r i s t i c s ,  then t h i s  data i s  i n d i c a t i v e  o f  the i n  v i v o  re lease c h a r a c t e r i s t i c s ,  

and the i n  v i t r o  and in  v i v o  ra tes  o f  drug release a re  equal. If t h i s  i s  

correct ,  then a p l o t  o f  "Percent o f  Maximum Blood Level" versus "Percent of 

Drug Released" should be l i n e a r ,  w i t h  a slope of 1.000; t he  data does i n d i -  

cate l i n e a r i t y ,  w i t h  a slope o f  1.007 (Figure 25). 

If the blood 

The mechanism o f  drug release has a l s o  been confirmed by others us ing 

s i m i l a r  dosage forms (5, 6 ) .  
s i t y  conf i rm t h a t  release o f  drugs from hyd roph i l i c  polymers fo l l ows  a 

square r o o t  o f  t ime dependency, and t h a t  the r a t e  o f  release i s  p ropor t i ona l  

t o  drug content, and semi- logar i thmica l ly  t o  polymer content. 

Drs. Touitou and Donbrow a t  t h e  Hebrew Univer- 

FIGURE 1 .  F loa t i ng  c h a r a c t e r i s t i c  o f  the HBS capsule, compared 

t o  a conventional capsule i n  a r t i f i c i a l  g a s t r i c  f l u i d  

(wi thout  enzymes). 
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322 SHETH AND TOSSOUNIAN 

FIGURE 6 .  X-ray o f  HBS and conventional  capsuleswith radiopaque 

BaS04 t a b l e t s .  

i t  t o  f a c i l i t a t e  i d e n t i f i c a t i o n .  

The HBS has two BaS04 t a b l e t s  w i t h i n  
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FIGURE 7 X-ray o f  HBS capsule and conventional capsule (control) 

in human subject after simultaneous ingestion. 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



324 SHETH AND TOSSOUNIAN 

FIGURE 8. Monitor screen o f  scintigraphy apparatus showing one 
dosage form (non-disintegrated). 
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99m FIGURE 9. Computerized output of radioactivity from Tc 

labelled HBS Capsule and conventional tablet, 

swallowed simultaneously with In I ”  labelled water 

Time as noted. 
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FIGURE 10 99m Computerized output of  radioactivity f r o m  Tc 

Label led HBS capsule and conventional tablet, 

swallowed simultaneously with In ' I '  labelled water. 

Time as noted. 
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FIGURE 1 1 .  Computerized output of  radioactici ty from Tc99m 

labelled HBS capsule and conventional tablet, 

swallowed simultaneously with In ”’ labelled water. 
Time a s  noted. 
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99m FIGURE 12:  Computerized output o f  radioactivity from Tc 
labelled HBS capsule and conventional tablet, 

swallowed simultaneously with In labelled water. 

Time as noted. 
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SUBJECT 2 - RADIOACTIVITY RETAINED IN STOMACH 

0 PLACEBO VALRELEASE TM 

@j PLACEBO VALIUMR TABLET 

2ooo; 

FIGURE 13.  Q u a n t i t a t e d  data from s c i n t i g r a p h y  study,  showing 

g a s t r i c  r e t e n t i o n  as a f u n c t i o n  o f  t ime for  t h e  HBS 
capsule and a conventional  t a b l e t  (Subject  2 ) .  
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FIGURE 14. 

SUBJECT 4 - RADIOACTIVITY RETAINED IN STOMACH 

0 PLACEBO VALRELEASETM 

0 PLACEBO VALIUMR TABLET 

1 I I I 
1 2 3 4 

HOURS 

Quantitated data from scintigraphy study, showing 

gastric retention a s  a function o f  time f o r  the HBS 

capsule and a conventional tablet ( S u b j e c t  4 ) .  
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VALIUM - PLASMA LEVEL-TIME PROFILE OF TWO DOSAGE FORMS 
IN FASTING AND NON-FASTING SUBJECTS 

0- 5mgTABLET T.1.D.-0, 5,  10 HOURS 

O-15mg CR-CAPSULE-0 HOUR-FASTING SUBJECT 

0-15mg CR-CAPSULE-0 HOUR-NON-FASTING SUBJECl 

I I I I 1 I I 
10 15 20 25 30 35 5 

HOURS 

FIGURE 15: Diazepam blood levels following single dose administration 

of the HBS capsule (in fasted and fed subjects) compared 
to three tablets administered at 0, 5 and 10 hours. 
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CHLORDIAZEPOXIDE-pH VERSUS SOLUBILITY PROFILE 

w 

n 
W 
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I u 

PH 

FIGURE 17. Solubility -- pH profile for chlordiazepoxide HCI. 
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lOmg CAPSULE-lOmg AT 0 . 4 , 8  HOURS-TS 
A--* 30mg CR CAPSULE - 

- 

FIGURE 18. Blood level profile of 10-mg Librium(R) capsules 

administered a t  0, 4 and 8 hours compared to a 
single administration of a 30-mg chlordiazepoxide 

HBS capsule. 

FIGURE 13. 

c 

0 2 4 6 8 10 12 

HOURS 

Percent of chlordiazepoxide released from HBS 

capsule a5 a function of time. 
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FIGURE 20. Percent o f  chlordiazepoxide released from HBS 
1 /2 capsule as a function of (Time) . 
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FIGURE 21. Log-log graph o f  amount of chlordiazepoxide 
released "5. time from HBS capsule. 
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FIGURE 22 

l /AMOUNT RE LEASED 

Second derivative plot o f  chlordiazepoxide 

release data: Rate reciprocal o f  amount 

released from HBS capsule. 
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FIGURE 23. 

I I I I I 1 

O M  30 50 70 
AMOUNT RELEASED 

Second derivative plot o f  chlordiazepoxide 

release data: Rate amount released from 

HBS capsule. 
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FIGURE 24.  

100 

20 

FIGURE 25. 

Percent  of  maximum plasma concentrat ion of 

chlordiazepoxide (Time)"' from HBS capsule.  

I I I I I 

20 40 60 80 100 
% RELEASED 

Percent  o f  maximum plasma concentrat ion 

re leased f o r  chlordiazepoxide from HBS capsule.  

percent  
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