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A B S T R A C T  

Stud ies  have shown t h a t  a b i o e f f i c i e n t / H B S "  dosage fo rm i s  more 

b i o a v a i l a b l e  than  t h e  convent iona l  product .  Th i s  i s  t r u e  w i t h  

compounds wh ich  a r e  absorbed f rom t h e  upper p o r t i o n  o f  t h e  s m a l l  

i n t e s t i n e  o r  i n tended  t o  a c t  i n  t h e  stomach conten ts .  The inc rease  

i n  b i o a v a i l a b i l i t y  i s  due t o  t h e  des ign  o f  t h i s  d e l i v e r y  system which 

i s  based on t h e  HBS" hav ing  a p ro longed r e t e n t i o n  i n  t h e  stomach, as 

shown by s c i n t i l l a t i o n  s tud ies .  V i tamins  eva lua ted  i n  these  e x p e r i -  

ments i n c l u d e  r i b o f l a v i n ,  t h i a m i n e  and a v i t a m i n  C p l u s  E combinat ion  

produc t .  

INTRODUCTION 

Pharmacok ine t i ca l l y ,  i t  i s  o f t e n  d e s i r a b l e  t o  a d m i n i s t e r  a 

s i n g l e  dose o f  med ica t i on  wh ich  re leases  t h e  a c t i v e  i n g r e d i e n t  

over an extended p e r i o d  o f  t i m e  r a t h e r  than t o  a d m i n i s t e r  a 

number o f  s i  ng l  e doses a t  regu l  a r  i n t e r v a l s .  1-3 

i s  more assured w i t h  a s i n g l e  dose r a t h e r  than  w i t h  a m u l t i p l e  

P a t i  en t  compl i ance 
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1020 TOSSOUNIAN, MERGENS, AND SHETH 

dose regimen4, w h i l e  m a i n t a i n i n g  a c o n s i s t e n t  and u n i f o r m  b lood  

l e v e l .  I n  most convent iona l  sus ta ined  r e l e a s e  p repara t i ons ,  t h e  

med ic ina l  agents a r e  e i t h e r  coated w i t h  v a r y i n g  th icknesses  o f  a 

r e l a t i v e l y  i n s o l u b l e  polymer o r  e l s e  a r e  embedded i n t o  t h e  m a t r i x  

o f  w a t e r - i n s o l u b l e  i n g r e d i e n t s .  

t i o n s  i s  t o  p r o v i d e  a cont inuous amount o f  d rug  f o r  a b s o r p t i o n  

i n t o  t h e  b lood  s t ream t o  r e p l a c e  t h e  amount e l im ina ted ,  w h i l e  t h e  

dosage fo rm i s  pass ing  th rough t h e  g a s t r o i n t e s t i n a l  t r a c t .  

The o b j e c t i v e  i n  such prepara-  

e s t a b l  

p e r i o d  

mu1 t i p  

I n  F i g u r e  1, t h e  plasma l e v e l  p r o f i l e s  o f  a h y p o t h e t i c a l  

compound a re  shown when admin i s te red  i n  a conven t iona l  r a p i d -  

r e l e a s i n g  fo rm and i n  c o n t r o l l e d  re lease  dosage forms. When 

admin i s te red  i n  a mu1 t i p l e  dosage regimen, t h e  r a p i d - r e l e a s i n g  

produc t  e s t a b l i s h e s  a seesaw p a t t e r n  wh ich  i s  dependent on i t s  

b i o l o g i c a l  h a l f - l i f e .  The i d e a l  c o n t r o l l e d  r e l e a s e  dosage fo rm 

shes an a p p r o p r i a t e  plasma l e v e l  which l a s t s  f o r  a l o n g  

o f  t i m e  and i s  b i o e q u i v a l e n t  t o  t h e  drug  g i ven  by a 

e dose regimen. 

I n  many sus ta ined  r e l e a s e  products ,  a r e l a t i v e l y  f a s t -  

r e l e a s i  ng f o r m u l a t i o n  produces u n d e s i r a b l y  h i  gh p l  asma concent ra -  

t i  ons , whi 1 e s l  ow re1 eas i  ng formul  a t i  ons f a i  1 t o  reproduce t h e  

b i o a v a i l a b i l i t y  of t h e  m u l t i p l e  dos ing  regimen. 

t h e  convent iona l  approach t o  sus ta ined  re lease  f o r m u l a t i o n s  i s  

genera l  l y  unsui  tab1 e f o r  c e r t a i n  c lasses  of drugs o r  a c t i  ve 

i n g r e d i e n t s  wh ich  a r e  n o t  adequate ly  absorbed d u r i n g  t h e i r  

T h i s  i s  because 
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BIOEFFICIENT PRODUCTS 1021 

PLASMA LEVELS OF HVeOTHEflCAL DRUG 

UNDL8lRABLL MlOH CLAN 

CONCENTRATION 

3'd 
DOSE 

I" 2 nd 

F i g u r e  1 - Plasma Leve ls  o f  H y p o t h e t i c a l  Drug 

passage th rough t h e  g a s t r o i n t e s t i n a l  t r a c t .  T h i s  can be due t o  

e i t h e r  t h e i  r phys icochemical  p r o p e r t i e s  o r  t h e i r  requi rement  o f  

a p a r t i c u l a r  s i t e  o f  absorp t ion .  T h i s  i s  t r u e  f o r  seve ra l  medi- 

y f o r  v i t am ins  and minera ls .  caments and p a r t i  c u l  a r  

Fo r  example: 

1. Cer t  a i  n medi c i  n a l  s a r e  b e t t e r  s o l u b i l i z e d  i n  t h e  a c i d i c  

medium o f  t h e  stomach r a t h e r  than  i n  t h e  n e u t r a l  o r  a l k a l i n e  

environment o f  t h e  i n t e s t i n e .  Obvious ly ,  t h e  passage o f  t h e  

c o n t r o l l e d  r e l e a s e  dosage fo rm i n t o  t h e  n e u t r a l  o r  a l k a l i n e  
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1022 TOSSOUNIAN, MERGENS, AND SHETH 

reg ions  o f  t h e  G.I.  t r a c t  c o u l d  r e s u l t  i n  a p o t e n t i a l  

decrease i n  t h e  d i s s o l u t i o n  and a b s o r p t i o n  r a t e s  o f  t h e  

sus ta ined r e l e a s e  agent. T h i s  f a c t  was shown w i t h  c h l o r -  

d iazepox ide  HC1, r e p o r t e d  p r e v i ~ u s l y . ~  

2. Many a c t i v e  i n g r e d i e n t s  and v i t am ins  a r e  p r i n c i p a l l y  

absorbed f rom t h e  upper p o r t i o n  o f  t h e  smal l  i n t e s t i n e  and i t  

i s  no t  p o s s i b l e  t o  e s t a b l i s h  a u n i f o r m  plasma l e v e l  by t h e  

a d m i n i s t r a t i  on o f  a convent iona l  c o n t r o l  1 ed re1 ease system 

which may d e l i v e r  t h e  a c t i v e  i n g r e d i e n t  beyond t h e  s i t e  o f  

absorp t  i on. 

3. Compounds such as an tac ids  o r  nitroso-compound b l o c k i n g  agents 

a r e  in tended t o  a c t  i n  t h e  stomach con ten ts  and w i l l  l o s e  

t h e i r  b e n e f i c i a l  e f f e c t s  i f  they  pass i n t o  t h e  i n t e s t i n e .  

I n  view o f  t h e  above cons ide ra t i ons ,  i t  i s  obv ious t h a t  a 

l a r g e  number o f  med ic ina l s ,  v i t am ins  and m ine ra l s  would n o t  

be i d e a l l y  b i o a v a i l a b l e  f rom convent iona l  sus ta ined  r e l e a s e  

f o r m u l a t i o n s  because these dosage forms a r e  n o t  r e t a i n e d  i n  t h e  

stomach and/or may r e l e a s e  t h e  med ica t i on  beyond t h e  optimum s i t e  

o f  a b s o r p t i o n  o r  a c t i v i t y .  I t  i s  e q u a l l y  apparent t h a t  a 

sus ta ined  re lease  f o r m u l a t i o n  t h a t  i s  r e t a i n e d  i n  t h e  stomach, 

where i t  ac ts  as a r e s e r v o i r  and s l o w l y  re leases  t h e  a c t i v e  

i n g r e d i e n t  i n  t h e  stomach over  an extended p e r i o d  o f  t ime,  would 

be best  s u i t e d  f o r  these compounds. The Hydrodynamical ly  

Ral  anced c o n t r o l  1 ed re1 ease de l  i v e r y  System (HBS'") was found t o  
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BIOEFFICIENT PRODUCTS 1023 

, ' u l f i l l  these requi rements.  V i tam in  and m ine ra l s  by t h e  n a t u r e  

o f  t h e i r  a b s o r p t i o n  mechanism a r e  e x c e l l e n t  candidates f o r  t h i s  

new del  i very system. 

The P r i n c i p l e  o f  B i  o e f f i c i e n t  Dosage Forms 

B i o e f f i c i e n t  dosage forms a r e  based on t h e  Hydrodynamica l l y  

Ba l  anced Drug Del i v e r y  System (HBS'"). 

t a b l e t  o r  b e a d l e t s )  acqu i res ,  upon c o n t a c t  w i t h  g a s t r i c  f l u i d ,  a 

b u l k  d e n s i t y  o f  l e s s  than  one*, i t  then  remains buoyant i n  t h e  

g a s t r i c  f l u i d  ( F i g u r e  2 )  w i t h  a r e s u l t a n t  p ro longed res idence 

t i m e  i n  t h e  stomach. 

The p roduc t  (capsul  e, 

The buoyancy and t h e  r e l e a s e  c h a r a c t e r i s t i c s  o f  t h e  dosage 

fo rm a r e  achieved by t h e  use o f  s p e c i f i c  e x c i p i e n t s  wh ich  p l a y  

a s i g n i f i c a n t  r o l e  i n  t h e  des ign  o f  t h e  produc t .  The drug  i s  

g r a d u a l l y  and u n i f o r m l y  re leased  f rom t h e  dosage fo rm as t h e  

stomach f l u i d  s l o w l y  permeates t h e  m a t r i x .  The new d e l i v e r y  

system no t  o n l y  p ro longs  t h e  stomach res idence t ime,  b u t  does so 

i n  an area o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  such t h a t  t h e  a c t i v e  

i n g r e d i e n t s  reach t h e i r  optimum absorp t i on  s i t e  i n  s o l u t i o n  and 

a r e  ready f o r  absorp t ion .  

The c o n t r o l l e d  re lease  p r o p e r t i e s  o f  b i o e f f i c i e n t  p roduc ts  

can maximize t h e  d e s i r e d  pharmacologica l  response o r  b lood  l e v e l  

*The s p e c i f i c  g r a v i t y  o f  g a s t r i c  f l u i d  i s  approx imate ly  
1.004-1.010 acco rd ing  t o  t h e  "Documenta Geigy." 
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1024 TOSSOUNIAN, MERGENS, AND SHETH 

F i g u r e  2 - B i o e f f i c i e n t / H B S  K i  b o f l a v i n  T a b l e t  
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BIOEFFICIENT PRODUCTS 1025 

p r o f i l e  o f  c e r t a i n  compounds i n  a un ique f a s h i o n  wh ich  i s  no t  

p o s s i b l e  u s i n g  convent iona l  sus ta ined  re lease  technology.  T h i s  

has been shown w i t h  a number o f  pharmaceut ica l  agents and now has 

been used s u c c e s s f u l l y  t o  i nc rease  t h e  b i o e f f i c i e n c y *  o f  v i t a m i n s  

and m ine ra l s  such as r i b o f l a v i n ,  asco rb i c  a c i d  and th iamine.  

Accord ing  

admi n i  s t  e r i  ng 

e l i m i n a t e  t h e  

y, t h e  HBS'" d rug  d e l i v e r y  system i s  va luab 

a s i n g l e  d a i  l y  dose of t hese  compounds and 

need f o r  f requen t  d a i l y  a d m i n i s t r a t i o n ,  t o  

e f o r  

can 

e s t a b l i s h  a p p r o p r i a t e  p h y s i o l o g i c a l  a c t i v i t y .  I n  a d d i t i o n ,  i t  

can be o f  g rea t  va lue  f o r  those compounds wh ich  a c t  p r i m a r i l y  i n  

t h e  stomach, as shown w i t h  v i t a m i n  C p l u s  E HBS'" p roduc t  i n  

b l o c k i n g  n i t r o s o  covpound fo rmat ion ,  a c o n d i t i o n  wh ich  would 

r e q u i r e  a mu1 t i  p l e  dose w i t h  convent iona l  dosage forms. 

Exper iments t o  A s c e r t a i n  t h e  G a s t r i c  R e t e n t i o n  o f  t h e  
HBS" CaDsule 

Severa l  exper iments were per formed t o  a s c e r t a i n  t h e  res idence 

t i m e  and t h e  f l o a t i n g  p r o p e r t i e s  o f  t h e  HBS'" capsu le  i n  t h e  

~ t o m a c h . ~  The present  exper iment  i s  based on s c i n t i l l a t i o n  

s t u d i e s 6  where t h e  behav io r  and t h e  stomach res idence o f  a f a s t  

d i s i n t e g r a t i n g  capsu le  and an HBS'" capsu le  were compared. 

dosage forms were r a d i o l a b e l l e d  w i t h  technet ium 99m, a gamma ray  

e m i t t i n g  rad ionuc l i de ,  and were admin i s te red  t o  s u b j e c t s  a f t e r  a 

The two 

* B i o f i c i e n c y @  i s  a Roche r e g i s t e r e d  name. 
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1026 TOSSOUNIAN, MERGENS, AND SHETH 

l i g h t  b reak fas t  which cons is ted  o f  co rn f l akes  w i t h  m i l k ,  4 ounces 

o f  orange j u i c e ,  two s l i c e s  o f  t oas ted  bread w i t h  j e l l y .  

The technet ium 99m rad  o l a b e l l e d  compound i s  a s o l u t i o n  of 

* 99"Tc-pertechnetate. The t e c h n e t i  um was i n c o r p o r a t e d  i n t o  t h e  

e x c i p i e n t s  o f  t h e  fo rmu la t  ons immediately p r i o r  t o  admin i s t ra -  

t i o n  because o f  i t s  s h o r t  h a l f - l i f e  ( 6  hours ) .  Each dosage form 

conta ined about 30 m ic rocu r ies  o f  technet ium 99m. 

F o l l o w i n g  o r a l  a d m i n i s t r a t i o n  o f  t h e  dosage fo rm w i t h  240 m l  

o f  water, t h e  s u b j e c t  was p laced i n  a s i t t i n g  p o s i t i o n  i n  f r o n t  

o f  t h e  c o l l i m a t i n g  d e t e c t o r  o f  a m u l t i c r y s t a l  s c i n t i l l a t i o n  

camera. 

means o f  an ex te rna l  r a d i  o a c t i  ve source ( r a d i  o l  abel 1 ed cobal t )  

p laced on t h e  xyphoid t i p  and l e f t  c o s t a l  margin o f  t h e  sub jec t .  

The l i m i t s  o f  t h e  stomach were expected t o  occupy t h e  area 

The stomach was p o s i t i o n e d  oppos i te  t h e  d e t e c t o r  by 

between 

i n i  t i  a1 

t h e  co l  

re1 ocat 

The 

these two l o c a t i o n s .  

p o s i t i o n  o f  t h e  dosage fo rm would be w i t h i n  t h e  area o f  

i m a t i n g  d e t e c t o r  ( 6  x 9 inches)  and was a l s o  used t o  

T h i s  techn ique insu red  t h a t  t h e  

t h e  sub jec t  i n  case o f  a recess d u r i n g  t h e  t e s t .  

t o t a l  amount o f  r a d i o a c t i v i t y  e m i t t e d  over a one-minute 

t i m e  p e r i o d  by t h e  dosage fo rm was t r a n s m i t t e d  t o  t h e  T V  screen, 

which d i s p l a y s  t h e  computer p i c t u r e  o f  t h e  s i g n a l s  as a "ho t "  

spo t  i n  t h e  stomach. I n  a d d i t i o n ,  sequen t ia l  s c i n t i p h o t o s  were 

"Osteoscan, P roc to r  & Gamble Co., C i n c i n n a t i ,  OH. 
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BIOEFFICIENT PRODUCTS 1027 

taken every minu te  t o  mon i to r  t h e  behav io r  and t h e  p o s i t i o n  of 

t h e  dosage form. 

I n  o rder  t o  eva lua te  bo th  t h e  re lease  o f  r a d i o a c t i v i t y  and 

movement o f  t h e  dosage form, an a r b i t r a r y  area was des ignated  as 

t h e  " f l agged  region." I n  t h i s  study, t h e  stomach area was 

d i v i d e d  i n t o  t h r e e  d i f f e r e n t  zones (F igu re  3 ) ,  w i t h  t h e  capsu le  

p o s i t i o n  designated zone 1, t h e  p y l o r i c  reg ion  des ignated  as zone 

3 and t h e  i n t e r m e d i a t e  area des ignated  as zone 2. 

Continuous m o n i t o r i n g  o f  t h e  r a d i a t i o n  i n  these f l agged  

reg ions  as a f u n c t i o n  o f  t i m e  can i n d i c a t e  e i t h e r  t h e  d i s i n t e -  

g r a t i o n  o f  t h e  c o n t r o l  capsule o r  t h e  displacement o f  t h e  

c o n t r o l  1 ed re1 ease capsul e when t h e  h i  gh i n t e n s i t y  read ings  

s h i f t .  

th rough t h e  lower stomach prov ides  da ta  f o r  t h e  e s t i m a t i o n  of 

g a s t r i c  emptying t ime. 

F u r t h e r  fo l l owup  on t h e  r a t e  o f  passage of r a d i o a c t i v i t y  

F i g u r e  4 shows t h e  behavior o f  t h e  d i s i n t e g r a t i n g  c o n t r o l  

capsule; once t h e  s h e l l  was rup tu red  (approx imate ly  20 minutes 

a f t e r  swa l low ing)  t h e  conten ts  s e t t l e d  and dispersed. F i g u r e  5 

d i s p l a y s  on semi loga r i t hm ic  p l o t  t h e  i n t e n s i t y  o f  r a d i o a c t i v i t y  

decrease i n  zone 1 (capsu le  reg ion )  w i t h  a concomitant i nc rease  

of r a d i o a c t i v i t y  i n  zone 3. The h a l f - l i f e  o f  t h e  stomach 

emptying t i m e  was c a l c u l a t e d  t o  be about 37 minutes. 

The c o n t r o l l e d  re lease  capsule remained i n  t h e  stomach 

w i t h o u t  d i s i n t e g r a t i n g ;  t h e  sequent ia l  s c i n t i p h o t o s  show t h e  
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BIOEFFICIENT PRODUCTS 1029 

PL+SKGD CRCTD P A T  
O R I E N T A T X O N  278 

T O T  CNT 5289 
AUC 

ACT LEUEL a 
STUDY NUM 1 6 7 5  
F M  N-MAX 96 
ACT RANGE 1 8 8  

ACCU T I M E  68.88 

F i g u r e  4 - S c i n t i p h o t o  o f  t h e  D i s i n t e g r a t i n y  C o n t r o l  Capsule 

capsu le  i n  t h e  stomach f o r  more than 21/2 hours ( t o t a l  p e r i o d  o f  

i n v e s t i g a t i o n ) .  

The r e s u l t s  a r e  shown on t h e  computer i n t e g r a t e d  p l o t  o r  t h e  

r a d i o a c t i v i t y - t i m e  p r o f i l e  on t h e  semi log  s c a l e  ( F i g u r e  6 )  where 

t h e  i n t e n s i t i e s  o f  r a d i o a c t i v i t y  ii zones 1, 2 and 3 a r e  p l o t t e d .  

The i n t e n s i t y  o f  t h e  r a d i o a c t i v i t y  i n  each zone seems t o  i nc rease  
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TOSSOUNIAN, MERGENS, AND SHZTH 

CONTROL CAPSULE I N  S U B J E C T  I 

(RADIOACTIVITY-TIME PROFILE DETECTED IN STOMACH 

@ -  ZONE I - CAPSULE REQION 

0-ZONE 3-PYLORIC REGION 

(GASTRIC E Y P T Y I N G T I Y E  EVALUATION 

L 1 1 

0 10 20 
MINUTES 

I I I I 
10 2 0  30 4 0  

M I N U T E S  

F i g u r e  5 - K a d i o a c t i v i t y - T i m e  P r o f i l e  o f  C o n t r o l  Capsu le  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BIOEFFICIENT PRODUCTS 1031 

3. 

2. 

- 1  
0 0  - 0.  
x o  

0 0  

0 

0 

I O. 

u 

0.  

0 .  

H Y D R O D Y N A M I C A L L Y  B A L A N C E D  C A P S U L E  I N  
S U B J E C T  I 

(RADIOACTIVITY-TIME PROFILE DETECTED I N  STOMACH 1 

R E G  ION 

20 40 60 80 100 120 
M I N U T E S  

F i g u r e  6 - R a d i o a c t i v i t y - T i m e  P r o f i l e  o f  HBS C a p s u l e  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1032 TOSSOUNIAN, MERGENS, AND SHETH 

unexpectedly w i t h  t ime, p robab ly  due t o  approach o f  t h e  dosage form 

towards t h e  camera. 

These r e s u l t s  demonst r a t e  t h e  pro1 onged r e t e n t i o n  o f  t h e  HBS'" 

dosage fo rm i n  t h e  stomach and show t h a t  t h e  capsu le  does n o t  

en te r  r a p i d l y  i n t o  t h e  i n t e s t i n e .  

B i  o e f f i  c i  e n t  R i b o f l a v i n  

R i b o f l a v i n  i s  known t o  be absorbed f rom t h e  prox ima l  end 

o f  t h e  small  i n t e s t i n e  by a s p e c i a l i z e d  t r a n s p o r t  process which 

i s  ~ a t u r a b l e . ~ ~ ~  The compound i s  o f t e n  used by G. Levy and h i s  

co-workers t o  determine t h e  f a c t o r s  which a f f e c t  t h e  g a s t r i c  

emptying t i m e  and prox ima l  i n t e s t i n a l  t r a n s i t  ra te .  Morr ison, 

e t  a1 .9, have examined t h e  Val i d i t y  o f  t h e  c la ims  made f o r  

several  convent iona l  sus ta ined re1 ease v i t a m i n  produc ts  by 

t e s t i n g  t h e  p h y s i o l o g i c a l  a v a i l a b i l i t y  and measuring t h e  -- i n  v i t r o  

re lease  ra tes  o f  r i b o f l a v i n .  They concluded t h a t ,  i n  humans, i t  

i s  no t  p o s s i b l e  t o  m a i n t a i n  a sus ta ined  re lease  e f f e c t  o f  

r i  b o f l  a v i  n u s i  ng convent iona l  c o n t r o l  l e d  re lease  products.  

The Canadian Min is t r .y  o f  H e a l t h  i n  t h e  e a r l y  1960's  showed 

i ncompl e t  e absorpt  i on o f  r i  b o f  1 a v i  n i n  humans f rom s u s t a i  ned 

re lease  m u l t i v i t a m i n  products.  Rased on these s tud ies ,  m u l t i -  

v i t a m i n  sus ta ined  re lease  p repara t i ons  were withdrawn f rom t h e  

market i n  Canada and i n  t h e  USA. 

I f  t h e  dosage fo rm remains i n  t h e  stomach, where i t  ac ts  as 

a r e s e r v o i r  and re leases  r i b o f l a v i n ,  one can expect a s i g n i f i c a n t  
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BIOEFFICIENT PRODUCTS 1033 

i nc rease  i n  abso rp t i on  f rom t h i s  t y p e  o f  product.  

abso rp t i on  was found t o  occur w i t h  b i o e f f i c i e n t / H B S ”  produc ts  

c o n t a i n i n g  r i b o f l a v i n .  

The improved 

The f o l l o w i n g  i n v e s t i g a t i o n s  were c a r r i e d  out t o  compare i n  

humans, t h e  b i o a v a i l a b i l i t y  o f  r i b o f l a v i n  f rom HBS” capsule and 

tab1 e t  formul a t ions ,  and t h e  f a s t  re1 easi  ng c o n t r o l  capsul e 

fo rmu la t i on .  Each f o r m u l a t i o n  conta ined sodium r i b o f l a v i n  

5’-phosphate, e q u i v a l e n t  t o  15 mg r i b o f l a v i n .  

The -- i n  v i t r o  t e s t s  were c a r r i e d  ou t  by t h e  m o d i f i e d  NF method 

i n  s imu la ted  g a s t r i c  f l u i d  a t  40 rpm and r i b o f l a v i n  was analyzed 

by t h e  USP method. The c o n t r o l  capsule released t h e  con ten t  

r a p i d l y  w i t h i n  1 / 2  hour, w h i l e  t h e  re lease  o f  r i b o f l a v i n  was slow 

w i t h  HBS” products.  

HBS” capsule and t a b l e t  have s l i g h t l y  d i f f e r e n t  re lease  ra tes .  

The da ta  a r e  p l o t t e d  i n  F i g u r e  7 i n  which t h e  

I n  t h e  -- i n  v i v o  s tud ies ,  t h e  dosage forms were admin i s te red  t o  

s i x  vo lun teers  about 1.5 hours a f t e r  b reak fas t  (about 9 a.m.). 

The sub jec ts  were s a t u r a t e d  w i t h  r i b o f l a v i n  p r i o r  t o  t h e  study 

and t h e  basal e x c r e t i o n  was e s t a b l i s h e d  t h e  day b e f o r e  t h e  dosage 

fo rm was administered. U r i n e  was c o l l e c t e d  and t h e  amount o f  

e x t r a  r i b o f l a v i n  exc re ted  was determined. 

t h e  mean e x t r a  u r i n a r y  e x c r e t i o n  r a t e  o f  r i  b o f l  a v i  n i n  m i  11 igrams 

from t h e  t h r e e  dosage forms a t  s p e c i f i e d  t imes on a s e m i l o g a r i t h -  

mic p l o t .  The r e s u l t s  o f  t h e  u r i n a r y  e x c r e t i o n  r a t e  show t h a t  

t h e  c o n t r o l  capsule e s t a b l i s h e s  an average peak h e i g h t  which does 

F i g u r e  8 summarizes D
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1034 TOSSOUNIAN, MERGENS, AND SHETH 

I N-VITRO DISSOLUTION PROFILES OF RIBOFLAVIN 
BY NF METHOD IN GASTRIC FLUID AT 4 0 R P M  

100- 

90 - 

80 - 

70 = 
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J 6 0 -  
a 
f 

5 0 -  
J 
LL 
0 
LID - 40-  a 

ap 

o - H B S ~ ~  CAPSULE 

9- HBSTM TABLET 

HOURS 

F i g u r e  7 - I n - V i t r o  Release  Rates  f o r  HBS 
T a b l e t  and C a p s u l e  
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BIOEFFICIENT PRODUCTS 1035 

URINARY E X C R E T I O N  OF RIBOFLAVIN 

FROM CAPSULES AND T A B L E T S  

0 
m - 

HE (S.R.)  P E R C E N T  
BIOAVAILABILITY 

I .oo 

I 2 0  

CONTROL 
CAPSULE 

I00 

I e 10 12 14 16 te 20 22 24 
HOURS 

F i g u r e  8 - U r i n a r y  E x c r e t i o n  R a t e s  o f  R i b o f l a v i n  
F rom Capsu les  and T a b l e t s  
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1036 TOSSOUNIAN, MERGENS, AND SHETH 

n o t  exceed 2 mg i n  2 hours a f t e r  dos ing  and drops r a p i d l y  a f t e r  

two t o  f o u r  hours. I n  t h e  hydrodynamical ly balanced drug  d e l i -  

very system, an acceptab le  peak he igh t  was a t t a i n e d  bu t  t h e  t i m e  

was somewhat de l  ayed due t o  t h e  c o n t r o l  1 ed re1 ease e f f e c t s .  

However, t h e r e  was a prolonged and u n i f o r m  e x c r e t i o n  o f  r i b o f l a v i n  

i n d i c a t i n g  cont inuous abso rp t i on  w i t h  t h e  HBS'" p roduc ts .  I n  Tab le  

1, t h e  average amount o f  r i b o f l a v i n  excre ted  i n  24 hours from 

t h e  3 dosage forms t e s t e d  a r e  presented. The r e l a t i v e  b i o a v a i l -  

a b i l i t i e s  f rom t h e  HBS" capsule and t a b l e t  were 120% and 154%, 

r e s p e c t i v e l y ,  u s i n g  t h e  c o n t r o l  as a standard. 

The da ta  show t h a t  t h e  use o f  t h e  HBS'" p roduc ts  r e s u l t e d  i n  a 

s i  gni  f i cant  i ncrease i n  b i  oavai  1 ab i  1 i ty, a c l  ear i n d i  c a t i  on o f  

t h e  c o n t r o l  1 ed re1 ease and pro1 onged abso rp t i on  o f  r i  b o f l  a v i n  

f rom t h i s  new d e l i v e r y  system. The improvement i s  ma in l y  due t o  

t h e  e f f e c t s  o f  t h e  hydrodynamica l l y  balanced system, wh ich  has 

buoyant p r o p e r t i e s  and s l o w l y  re leases  t h e  r i b o f l a v i n  t o  t h e  s i t e  

of optimum absorp t i on  i n  t h e  duodenum. 

V i tam in  C p l u s  E Dosage Form 

Concern over t h e  n i  t r o s a t i  on o f  suscept i b l  e ami  nes o r  

amides i n  t h e  g a s t r i c  environment, l e a d i n g  t o  t h e  fo rma t ion  of 

carc inogen ic  n i t rosamines  and/or n i t rosamides ,  i n i t i a t e d  these 

i n v e s t i g a t i o n s .  A l though v i t am ins  C and E a r e  normal ly  needed 

f o r  we l l -be ing ,  t hey  were used i n  t h i s  study t o  p revent  n i t r o s o  

compound fo rmat ion  i n  t h e  stomach.1° The exper iment was c a r r i e d  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BIOEFFICIENT PRODUCTS 1037 

Tab le  1 - E x t r a  U r i n a r y  E x c r e t i o n  o f  R i b o f l a v i n  

R i b o f l a v i n  Excre ted  
ma 

Time 
I n t e r v a l  

0-2 
2 -4 
4 -6 
6 -8 
8-12 

12-24 

Percent o f  dose 
excre ted  i n  
24 hours: 

... 
Con t ro l  Hydrodynami c a l  l y  Bal  anced 
Capsule Capsule Tab1 e t  

2.03 
2.11 
0.84 
0.47 
0.84 
0.38 

0.38 
1.83 
1.68 
1.18 
1.60 
1.25 

0.98 
1.79 
1.14 
1.14 
3.23 
1.86 

6.67 mg 7.92 mg 10.14 mg 

44% 53% 67.5% 

Percent 
R i  oavai 1 ab i  1 i t y :  100% 120% 153.4% 

out -- i n  v i t r o  i n  a s imu la ted  stomach environment designed t o  mimic 

one o f  t h e  key fea tu res  o f  a human stomach, t h a t  i s ,  a f l o w -  

th rough environment ( F i g u r e  9). 

was ca. 200ml/hour, wh ich  approximates t h e  amount o f  f l u i d s  

pass ing  th rough t h e  stomach f rom exogenous sources i n c l u d i n g  

food, water, s a l i v a  and normal g a s t r i c  sec re t i ons .  

The flow r a t e  used i n  t h i s  study 

The n i t r o s a t i o n  r e a c t i o n  i s  based on t h e  a m i n o p y r i n e - n i t r i t e  

i n t e r a c t i o n  a t  pH 1.3 i n  equimolar concen t ra t i on  o f  0 . 0 2 9 6 ~ / h o u r  

(6.83 2nd 2.04 mg/hour, r e s p e c t i v e l y ) .  The r e a c t i o n  product,  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1038 TOSSOUNIAN, MERGENS, ANT.) SHETH 

OUTPUT TUBING -- 
3.505 m l  /mlnutr 

AMINOPYRINE +-> 
3.4 ml/mlnutr - 

- 

d 
@ ’ c 

/ 

ROTATING BASKET’ 
100 rpm 

L 

c P 

t SODIUM NITRITE 
0.105 ml/mlnutr 

n 

- 
---VITAMIN C + E HBSTM TABLET 

.*a 

- -  -- GASTRIC FLUID 
2 0 0 m l  volume 
moi ntolned conrtont 

1’’ 

J 

IN-VITRO MODEL FOR NITROSAMINE INVESTIGATION I N  A FLOW THROUGH 
ENVIRONMENT 

F i g u r e  9 - Flow Through Environment f o r  
N i  t rosamine I n v e s t i g a t i o n  

dimethyl  n i t rosamine  (NDMA),  i s  formed s u f f i c i e n t l y  f a s t  t o  be 

used as a s e n s i t i v e  system t o  eva lua te  t h e  p o t e n t i a l  f o r  n i t r o -  

samine fo rma t ion  and as such i s  a l s o  a good model f o r  s t u d y i n g  

i n h i b i t i o n ,  

An HBS” t a b l e t  c o n t a i n i n g  100 mg each o f  v i t a m i n  C (asco rb i c  

a c i d )  and v i t a m i n  E (d, l -a lpha tocophero l )  was t e s t e d  i n  t h i s  

apparatus and compared w i t h  v i t a m i n  C (asco rb i c  a c i d  powder). 

The amount o f  asco rb i c  a c i d  i n  t h e  f l o w  th rough environment 

f rom v i t a m i n  C powder and HBS” t a b l e t  u s i n g  t h e  USP d i s s o l u t i o n  

apparatus a r e  shown i n  F i g u r e  10. 
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BIOEFFICIENT PRODUCTS 1039 

0.6 

0.4 
0 

2 

1E 
k 0.: 
> 
LL 
0 

- 0.1 
E 

- 
- 

\ 

: 
0. I 

t 

CONCENTRATION PROFILE OF ASCORBIC A C I D  FROM 
V I T A M I N  C POWDER A N D  H B S f M T A B L E T  I N  FLOW 
THROUGH STOMACH APPARATUS 

HBSTM TABLET 

VITAMIN C POWDER 

1 I 1 I I 
0.6 I 2 3 4 

HOURS 

F i g u r e  10 - Concen t ra t i on  P r o f i l e  o f  Asco rb i c  A c i d  
f rom V i tam in  C Powder and HBS” T a b l e t  
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1040 TOSSOUNIAN, MERGENS, AND SHETH 

The r e s u l t s  i n d i c a t e  t h a t  i n  t h e  model environment, t h e  

concen t ra t i on  o f  v i t a m i n  C d e c l i n e s  s t e a d i l y  w i t h  t i m e  f rom 

v i tam in  C powder w h i l e  t h e  HBS” t a b l e t  i n i t i a l l y  b u i l d s  i n  

concen t ra t i on  and ma in ta ins  a constant l e v e l  i n  t h e  r e a c t i o n  

poo l .  Four hours a f t e r  t h e  experiment began, 25% o f  t h e  v i t a m i n  

C i n  t h e  HBS” t a b l e t  remained t o  be released. 

F i g u r e  11 con ta ins  t h e  r e s u l t s  o f  t h e  f i  r s t  n i  troso-compound 

i n h i b i t i o n  experiment. V i tam in  C powder was compared t o  t h e  HBS” 

t a b l e t  c o n t a i n i n g  100 mg o f  bo th  asco rb i c  a c i d  and d, l -a lpha 

tocopherol  and a s u b s t a n t i a l  d i f f e r e n c e  i n  b l o c k i n g  a b i l i t y  was 

observed between t h e  two p repara t i ons .  A f t e r  3.5 hours, t h e  l a s t  

da ta  p o i n t  f o r  t h e  pu re  v i t a m i n  C powder, 54% o f  t h e  n i t rosamine  

fo rma t ion  was i n h i b i t e d  by t h e  asco rb i c  a c i d  alone, w h i l e  t h e  

b l o c k i n g  by t h e  HBS’” t a b l e t  was g r e a t e r  t han  98%. 

I n  o rder  t o  compare t h e  b l o c k i n g  capac i t y  of dosage forms on 

an equimolar basis,  a second e v a l u a t i o n  was performed u s i n g  a 

chewable 100 mg v i t a m i n  C p l u s  100 mg v i t a m i n  E t a b l e t  i n  p l a c e  

o f  asco rb i c  a c i d  ( F i g u r e  12). Once again, t h e  HBS” t a b l e t  was 

shown t o  be f a r  s u p e r i o r  t o  t h e  chewable t a b l e t ,  i n d i c a t i n g  t h a t  

t h e  HBS” o f f e r s  a d i s t i n c t  advantage over more convent iona l  dosage 

forms i n  p r e v e n t i n g  n i t rosamine  fo rma t ion  i n  a s imu la ted  g a s t r i c  

env i  ronrnent . 
The b i o a v a i l a b i l i t y  o f  asco rb i c  a c i d  f rom an HBS” t a b l e t  con- 

t a i n i n g  v i t a m i n  C p l u s  E 100 mg each was examined i n  s i x  sub jec ts  
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BIOEFFICIENT PRODUCTS 104 1 

DI METHYLNITROSAMINE FORMATION AS A FUNCTION 
OF T IME WITH AND WITHOUT BLOCKING AGENT 

70  

6(1 

- 
0, 
0 
E 5c - 
W 
z - 

4c 
v) 
0 a 
I- 
z 
A W  
3- r 
I- 
W z 

- 

- 
2c 

IC 

HOURS 
3 4 

F i g u r e  11 - NDMA Format ion  Wi th  and Wi thout  B l o c k i n g  
Agent ( V i t a m i n  C Powder vs. HBS T a b l e t )  
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1042 TOSSOUNIAN, MERGENS, AND SHETH 

DI  METHYLNITROSAMINE FORMATION AS A FUNCTION 
OF T IME WITH AND WITHOUT BLOCKING AGENT 

CONTROL (NO BLOCKING 
AGENT) 

CHEWABLE VITAMIN C 
PLUS E TABLET 

C + E HBSTH TABLET 

I 2 3 4 
HOURS 

F i g u r e  12  - NDMA Format ion  W i t h  and Wi thou t  B l o c k i n g  
Agent (Chewable T a b l e t  vs.  HBS T a b l e t )  
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BIOEFFICIENT PRODUCTS 1043 

Tab le  2 - Average Ex t ra -Ur ina ry  E x c r e t i o n s  of 
Ascorb ic  Ac id  i n  24 hours: 

M i l l i g r a m s  o f  Ascorb ic  Ac id  Excre ted  Due t o  Dose 
Time (hours )  Standard HBS” T a b l e t  

0-2 
2 -4 
4-6 
6-8 
8-12 

12-24 

T o t a l  i n  mg 

16.1 
40.7 
29.8 
13.8 
26.6 
13.9 

40.9 

Percent b i  oavai 1 ab i  1 i t y  100% 
as compared w i t h  
standard 

13.7 
24.7 
30.3 
20.0 
47.4 
27.7 

63.8 

116% 

who had been s a t u r a t e d  w i t h  v i t a m i n  C p r i o r  t o  i n v e s t i g a t i o n .  

The e x t r a - u r i  nary e x c r e t i o n  o f  asco rb i c  a c i d  was determined by 

a d m i n i s t e r i n g  t h e  HBS’” tab1 e t  a t  t h e  300 mg dose l e v e l .  

r e s u l t s  o f  t h i s  t r i a l  were compared t o  t h e  r e s u l t s  ob ta ined  when 

t h e  300 mg dose o f  asco rb i c  a c i d  i n  s o l u t i o n  was admin is te red  t o  

t h e  same s u b j e c t  i n  crossover fashion. 

e x t r a - u r i n a r y  e x c r e t i o n  f rom these  doses, w h i l e  F i g u r e  13 rep re -  

sents t h e  r a t e  o f  e x c r e t i o n  on a semi loga r i t hm ic  p l o t .  

The 

Tab le  2 shows t h e  average 

Based on t h e  average t o t a l  human u r i n a r y  e x c r e t i o n  ( 2 4  

hours),  t h e  b i o a v a i l a b i l i t y  o f  asco rb i c  a c i d  f rom t h e  HBS” 

c o n t r o l l e d  re lease  f o r m u l a t i o n  was about 116% o f  t h e  s tandard  

s o l u t i o n .  The lower u r i n a r y  e x c r e t i o n  i n  t h e  e a r l y  hours a f t e r  
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100- 
90 
80- 
70 

60 

5 0 -  

U R I N A R Y  E X C R E T I O N  OF ASCORBIC A C I D  FROM 
HBSTM T A B L E T  A N D  S O L U T I O N  AT 3 0 0 m g  DOSE 

- 
- 
- 

F i g u r e  13 - Ur ina ry  E x c r e t i o n  Rate o f  Ascorbic Ac id  
From HBS" Tablet  and S o l u t i o n  
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BIOEFFICIENT PRODUCTS 1045 

a d m i n i s t r a t i o n  o f  t h e  HBS" t a b l e t  demonstrated t h e  delayed re lease  

o f  asco rb i c  a c i d  as compared t o  t h e  s tandard  dose o f  asco rb i c  

a c i d  so l  u t i  on. The c o n t r o l  1 ed re1 ease product,  however, showed 

h ighe r  e x c r e t i o n  a f t e r  6 hours w i t h  32% o f  t h e  dose f o r  HBS'" t a b l e t  

and 18% f o r  t h e  s tandard  s o l u t i o n .  

B i oef  f i c i  en t  T h i  ami ne 

Thiamine i s  another compound t h a t  i s  b e t t e r  absorbed from 

t h e  upper p o r t i o n  o f  t h e  smal l  i n t e s t i n e  and t h e  "window" i s  

c la imed t o  be very narrow i n  a l c o h o l i c  p a t i e n t s .  I t  i s  d i f f i c u l t  

t o  ach ieve  a cont inuous abso rp t i on  o f  t h iam ine  f rom a conven- 

t i o n a l  sus ta ined re lease  produc t  due t o  i t s  r a p i d  passage th rough 

t h e  g a s t r o i n t e s t i n a l  t r a c t .  

Two HBS" f o rmu la t i ons ,  a t a b l e t  and a capsule, each c o n t a i n i n g  

15 mg th iam ine  as t h e  monon i t ra te  were developed. 

represents  t h e  -- i n  v i t r o  re lease  t i m e  p r o f i l e  by t h e  USP basket 

method i n  g a s t r i c  f l u i d  a t  100 rpm. Bo th  produc ts  were admin- 

i s t e r e d  t o  6 sub jec ts  a f t e r  b reak fas t  and t h e  e x t r a  e x c r e t i o n  o f  

t h iam ine  f rom these fo rmu la t i ons  were compared t o  those o f  a f a s t  

d i s i n t e g r a t i n g  capsu le  used as a standard. 

sa tu ra ted  w i t h  th iam ine  p r i o r  t o  i n v e s t i g a t i o n  and t h e  basal  

e x c r e t i o n  was determined. S ince  t h e  d i e t  was no t  c o n t r o l l e d ,  

t h e  average basal va lue  was c a l c u l a t e d  f o r  each sub jec t ,  and 

sub t rac ted  f rom t h e  t o t a l  e x c r e t i o n  va lue  t o  o b t a i n  t h e  e x t r a  

e x c r e t i o n  o f  th iamine. 

F i g u r e  14 

The sub jec ts  were 
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TOSSOUNIAN, MERGENS, AND SHETH 

IN-VITRO RELEASE OF THIAMINE BY THE U S P  METHOD 
AT 100 RPM 

9- HBSTM CAPSULE 
0- HBSTM TABLET 

I 1 I I I I 

2 4 6 8 10 I2 
HOURS 

F i g u r e  1 4  - I n - V i t r o  Release o f  Thiamine by t h e  USP 
Basket Method i n  G a s t r i c  F l u i d  a t  100 RPM 
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BIOEFFICIENT PRODUCTS 1047 

Tab le  3 - Average Ex t ra -Ur ina ry  E x c r e t i o n  
o f  Thiamine i n  6 Sub jec ts  

Col 1 e c t i  on Per iod  Con t ro l  HBC Capsule HBC T a b l e t  

0-4 hour 0.44 0.33 0.20 
4-8 hour 0.15 0.43 0.38 
8-23 hour 0.23 0.39 0.48 

0.82 mg 1.15 mg 1.06 mg 

% B i o a v a i l a b i l i t y  100% 140% 129% 

BI  OEFF I C  I ENT THI AM1 NE 

AVERAGE RATE OF URINARY EXCRETION OF THIAMINE IN 6 SUBJECTS 

CONTROL CAPSULE H BSTM C A P  su LE HBSm TABLET 
B A  100% 8A 140% 0 A  129% 

HOURS A F T E R  DOSE 

F i g u r e  15 - U r i n a r y  E x c r e t i o n  Rate o f  Thiamine 
(Con t ro l  vs. HBS Capsule vs. HBS T a b l e t )  
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1048 TOSSOUNIAN, MERGENS, AND SHETH 

Tab le  3 presents t h e  u r i n a r y  e x c r e t i o n  o f  t h iam ine  determined 

i n  t h i s  experiment; t h e  r a t e  o f  e x c r e t i o n  i s  shown i n  F i g u r e  15. 

A s  expected, t h e  f a s t  re1 easi ng capsule y i e l d e d  t h e  h ighes t  

e x c r e t i o n  r a t e  i n  t h e  f i r s t  4-hour c o l l e c t i o n  per iod .  The HBS” 

capsule appears t o  re lease  t h e  th iam ine  more r a p i d l y  than  t h e  HBS” 

t a b l e t  as judged by t h e  l a r g e r  amount exc re ted  i n  t h e  f i r s t  8 

hours a f t e r  admin i s t ra t i on .  

products show h ighe r  l e v e l s  o f  e x c r e t i o n  than  d i d  t h e  c o n t r o l  

capsule. The t o t a l  e x t r a  e x c r e t i o n  was 140% f o r  t h e  HBS” capsu le  

and 129% f o r  t h e  HBS” t a b l e t ,  t a k i n g  t h e  c o n t r o l  as standard. 

Accord ing ly ,  these r e s u l t s  i n d i c a t e  t h a t  t h e  HBS’” t h iam ine  

products a re  b i  o e f f i  c i  en t  and can achi eve an improved b i  oavai 1 - 
abi  1 i t y ,  th rough cont inuous absorpt ion.  

I n  an 8 t o  23 hour per iod ,  b o t h  HBS” 

SUMMARY 

adm 

r e f  

The b i  o e f f i  c i e n t  p roduc ts  u t i  1 i z e  t h e  HBS” d e l i  very system t o  

n i s t e r  med ic ina ls  i n  a c o n t r o l l e d  re lease  fashion. I n  a 

nement o f  t r a d i t i o n a l  pharmaceut ical  a r t ,  however, t h i s  

system has been shown t o  inc rease t h e  e f f i c i e n c y  and t h e  

b i  oavai 1 ab i  1 i t y  o f  t h e  compounds e s p e c i a l l y  those whi ch a r e  

absorbed from t h e  upper p o r t i o n  o f  t h e  small  i n t e s t i n e .  

Furthermore, t h e  system can be used t o  m a i n t a i n  substances i n  t h e  

stomach f o r  s p e c i f i c  purposes. Us ing  t h i s  d e l i v e r y  system, a 

combinat ion v i t a m i n  C p l u s  E HBS” produc t  was a b l e  t o  i n h i b i t  
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B I O E F F I C I E N T  PRODUCTS 1049 

n i t rosamine  fo rma t ion  i n  t h e  stomach model f o r  a l o n g  p e r i o d  of 

t ime, as shown i n  -- i n  v i t r o  t e s t s .  

The b i o a v a i l a b i l i t y  o f  c e r t a i n  v i tamins  p o o r l y  absorbed from 

t h e  i n t e s t i n e s  has been s i g n i f i c a n t l y  improved u s i n g  t h e  HBS'"- 

b i o e f f i c i e n t  system. 

can achi  eve abso rp t i on  c h a r a c t e r i  s t i  cs no t  a t t a i  nab1 e w i t h  

convent iona l  sus ta i  ned re lease prepara t ions .  

A s i n g l e  dose o f  b i o e f f i c i e n t  HBS'" p roduc t  

F i n a l l y ,  t h e  use o f  t h e  c o n t r o l l e d - r e l e a s e  b i o e f f i c i e n t / H B S "  

d e l i v e r y  system p rov ides  abso rp t i on  c h a r a c t e r i s t i c s  normal ly  on l y  

achieved w i t h  mu1 t i  p l  e dos ing  regimens when u s i  ng convent iona l  

tab1 e ts  o r  capsul es. 
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