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Introduction 

The terms, controlled-release and sustained-release are not 

new to many of UE working in various disciplines of pharmaceuti- 

cal research and development. Approximately 20 years ago, FDA 

had already published regulatory requirements for Controlled Re- 

-Products. Unfortunately, there has been a proliferation of 

Controlled-Release Dosage Forms on the marketplace that may have 

little rationale and provide no advantages over the same drugs In 

Conventional Dosage Forms. In the last decades there has also 

been an increase in the (possibly unwarranted) use of controlled- 

release labeling claims. (1) 

Controlled-release drug administration means not only pro- 

longed duration of drug delivery, as in sustained-release and pro- 
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longed-release, but a l s o  implies p r e d i c t a b i l i t y  and reproducib i l -  

i t y  of drug release k ine t i c s .  (2) 

For t h e  o r a l  con t ro l l ed  adminis t ra t ion  of drugs,  s eve ra l  

R b D a c t i v i t i e s  have shown encouraging s igns  of progress i n  t h e  

development of programmable cont ro l led- re lease  drug products as 

w e l l  as i n  the  search of new approaches t o  overcome the  p o t e n t i a l  

problems assoc ia ted  wi th  o r a l  drug adminis t ra t ion .  

t i a l  developments and new approaches w i l l  be reviewed i n  t h i s  

presenta t ion .  

These poten- 

In t h e  explora t ion  of o r a l  con t ro l l ed  drug adminis t ra t ion ,  

one encounters 3 areas of p o t e n t i a l  challenge: 

1 )  Drug de l ivery  system - Development of a v i a b l e  drug 

de l ivery  system which is capable of adminis te r ing  

a the rapeu t i c  agent a t  a programmed rate f o r  a 

dura t ion  requi red  f o r  an optimal treatment. 

2) G a s t r o i n t e s t i n a l  t r a n s i t  time - Prolongation of t h e  gas- 

t r o i n t e s t i n a l  res idence  t i m e ,  so t h e  drug de l ive ry  

system developed can r e s i d e  a t  t h e  v i c i n i t y  of 

absorption si te f o r  s u f f i c i e n t  long period of time 

t o  d e l i v e r  a l l  t h e  drug loading dose. 

3) Hepatic f i r s t - p a s s  e l imina t ion  - I f  t h e  drug is sub- 

j e c t e d  t o  an ex tens ive  hepa t i c  "f i r s t -pass"  elim- 

ina t ion ,  preventive measures should be developed t o  

minimize t h e  ex ten t  of hepa t i c  " f i r s t -pass"  metabo- 

l i s m .  
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

It  is the  i n t e n t i o n  of t h i s  l e c t u r e  t o  review va r ious  poten- 

t i a l  developments and new approaches r ecen t ly  introduced t o  meet 

these  challenges.  

Development of Novel Drug Delivery Systems f o r  

Oral Controlled Drug Administration 

Review of l i t e r a t u r e  has revealed t h e  recent  development of 

a number of novel drug de l ive ry  systems which could be u t i l i z e d  

f o r  t h e  con t ro l l ed  adminis t ra t ion  of drugs in t he  alimentary 

canal.  These p o t e n t i a l  developments can be ou t l ined  and discus- 

sed as follows: 

1. Osmotic p reEure -con t ro l l ed  drug de l ive ry  systems 

It i s  f ab r i ca t ed  by coa t ing  a core  r e s e r v o i r  of an 

osmotically a c t i v e  drug, e.g., KC1,  o r  of a combination 

of an osmotically i n a c t i v e  drug wi th  an osmotically 

a c t i v e  s a l t ,  e.g., N a C 1 ,  by a biocompatible polymer e.g., 

c e l l u l o s e  a c e t a t e ,  t o  form a semipermeable, shape- 

r e t a i n i n g  coa t ing  (Fig. 1 ) .  A de l ive ry  o r i f i c e  wi th  a 

con t ro l l ed  diameter is d r i l l e d  by a l a s e r  beam through 

t h e  coa t ing  membrane f o r  t he  r e l e a s e  of drug s o l u t e s  

(U.S .  Pa ten t  84 ,036 ,227) .  

This  coa t ing  membrane is r i g i d  and capable of main- 

t a in ing  t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  drug de l ive ry  

system during t h e  course of drug r e l ease .  

t o  t he  i n f l u x  of g a s t r o i n t e s t i n a l  f l u i d ,  but is lmper- 

meable t o  drug so lu t e s .  Wheh i n  use,  t h e  gas t ro in t e s -  

t i n a l  f l u i d ,  which is  continuously imbibed through t h e  

I t  i s  permeable 
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dolivory orifico 

drug rosorvoir 
osmotically activo 

SOlUtO8 

/ 

I shapo-r8taining coating 
(somi -p.rmoablo) 

Fig. 1: Osmotic Pressure-controlled Drug Delivery System 
(US pa ten t  #4,036,227) 

semipermeable membrane i n t o  the  drug r e se rvo i r  compart- 

ment, quickly d i s so lves  t h e  osmotically a c t i v e  sal t  and 

c r e a t e s  an osmotic pressure  g rad ien t  across  the  membrane. 

Under t h i s  osmotic pressure  grad ien t ,  t he  drug s o l u t e s  

a r e  continuously dispensed through t h e  de l ive ry  o r i f i c e ,  

over a prolonged period of t i m e ,  a t  a r a t e  defined by 

t h e  following r e l a t ionsh ip :  

(a)z; P w A m  In,-n,1 s, 8nl 

Where Pw, A, and 6m are, r e spec t ive ly ,  t he  water perme- 

a b i l i t y ,  t he  su r face  a r e a  and the  th ickness  of the semi- 

permeable membrane; ns is t he  osmotic pressure  i n  the  

sa tu ra t ed  so lu t ion  of osmotically a c t i v e  salt  i n  t h e  

system; 1~ is  the  osmotic pressure  i n  t h e  gastro- 

i n t e s t i n a l  t r a c t ;  and S is  the  s o l u b i l i t y  of t h e  

drug. (3) 

e 

D 

I n  p r i n c i p l e ,  t h i s  type of drug de l ive ry  system 

dispenses t h e  drug s o l u t e s  continuously a t  a zero-order 

r a t e  u n t i l  t h e  concent ra t ion  of the  osmotically a c t i v e  

s a l t  i n  t h e  system drops down t o  t h e  l e v e l  below the  
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

saturation solubility. Then, a non-zero-order release 

pattern is resulted at a rate described by: 

- -  C Q / t ) z  
I 

dQ 
dt [ 1 + cQ't)z Ct-t,)]* 

SD V+ 

"t where (Qft) 

is the total volume inside the system; tZ is the total 

time at which the system delivers the drug at zero-order 

rate; and t is the total residence time. 

is the rate of zero-order drug release; 

The thickness of coating membrane affects the rate 

and the duration of zero-order release of drug from the 

osmotic pressure-controlled drug delivery systems (Fig. 

2). 

The external surface of the semipermeable membrane 

can be further coated with a layer of bioerodible poly- 

mer, e.g., enteric coating,to regulate the availability 

of gastrointestinal fluid for permeation through the 

semipermeable membrane (U.S. Patent #4,096,238). 

The coating membrane of the delivery system can also 

be constructed from a laminate of two or more semiperme- 

able membranes with differential permeability (U.S. 

Patent #4,058,122), or a laminate of a semipermeable 

layer and a microporous layer (GB Patent 11,556,149). 

1295 

The osmotic pressure-controlled drug delivery 

system can be further modified to constitute 2 compart- 
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1296 CHIEN 
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0 8.6%/hr. 81.3 
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TIME Chrs) 

E f f e c t  of Coating Membrane Thickness on t h e  Rate and Durat ion 
of Zero-order Release of Indomethacin from Osmotic Pressure-  
c o n t r o l l e d  Drug Del ivery System 

ments separa ted  by a movable p a r t i t i o n  (Fig. 3). The 

osmot ica l ly-ac t ive  compartment imbibes l i q u i d  from the  

g a s t r o i n t e s t i n a l  t rac t  t o  c r e a t e  an  osmotic p r e s s u r e  

on t h e  p a r t i t i o n ,  which, i n  t u r n ,  moves t o  f o r c e  t h e  

drug r e s e r v o i r  compartment t o  reduce i t s  volume and t o  

release t h e  drug s o l u t e s  through t h e  d e l i v e r y  o r i f i c e  

(GB P a t e n t  ill ,  551,898). 

The p o t e n t i a l  a p p l i c a t i o n  of osmotic pressure-con- 

t r o l l e d  drug d e l i v e r y  systems f o r  o r a l  c o n t r o l l e d  admin- 

i s t r a t i o n  of drugs i s  demonstrated by t h e  development of 

"Osmosin" t a b l e t  by Alza f o r  Merck. The development and 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

7 drug delivery orifice 

1297 

shape-retaining coatitg 

movable partition 
osmotically-active 

compartment 

(semi-pormeable) 
drug reservoir 

Fig. 3: Osmotic Pressure-controlled Drug Delivery System 
(GB patent #1 , 55 1 , 898)  

evaluation of 'lOsmosinll tablet will be discussed in 

detail by Dr. Theeuwes in his lecture. 

2. Hydrodynamic pressure-controlled drug delivery systems 

In addition to the osmotic pressure we have just 

discussed, hydrodynamic pressure may also be utilized as 

the energy source for controlling the release of thera- 

peutic agents. 

A hydrodynamic pressure-controlled drug delivery 

system can be fabricated by enclosing a collapsible 

drug compartment inside a rigid shape-retaining housing 

(Fig. 4). The space in-between the drug compartment 

and the external housing contains a laminate of a layer 

of absorbent and a layer of swellable, hydrophilic 

crosslinked polymer, e.g., polyhydroxy alkyl metha- 

crylate, which imbibes the gastrointestinal fluid through 

the annular openings in the lower end of the housing. 

The imbibition casues the laminate to expand and to 

generate a hydrodynamic pressure in the system, which 

forces the drug compartment to collapse and to deliver 

the liquid drug formulation through the delivery orifice 

(U.S.  Patent #4,180,073). 
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1298 CHIEN 

drug dolivory orifico 
I--- 

hap.-rotaining housing 

collapsible drug containor 

absorbont/sweIlablo hydro - 
philic layorc laminato 

annular openings 

Fig. 4: Hydrodynamic Pressure-cont ro l led  Drug Del ivery  System 
(US p a t e n t  4,180,073) 

3. Membrane d i f f u s i o n - c o n t r o l l e d  drug d e l i v e r y  systems 

Membrane d i f f u s i o n  process  h a s  been s u c c e s s f u l l y  

appl ied  i n  t h e  development of c o n t r o l l e d  release drug  

d e l i v e r y  systems f o r  t ransdermal  c o n t r o l l e d  a d m i n i s t r a t i o n  

of n i t r o g l y c e r i n  (Transderm-Nitro system),  and of 

scopolamine (Transderm-Scop system) through t h e  intact  

skin. 

systems are known t o  use  a p r e f a b r i c a t e d  microporous 

membrane t o  meter t h e  release of t h e r a p e u t i c  agents .  

These membrane d i f f u s i o n - c o n t r o l l e d  drug d e l i v e r y  

Membrane d i f f u s i o n  process  has  a l s o  been u t i l i z e d  

i n  t h e  development of o r a l  c o n t r o l l e d - r e l e a s e  drug 

d e l i v e r y  e y e t e r n  i n  which t h e  microporous membranes are 

produced i n  t h e  g a s t r o i n t e s t i n a l  tract d i r e c t l y  from a 

non-porous polymer coa t ing .  Severa l  p o t e n t i a l  develop- 

ments, which have been proven f e a s i b l e ,  are o u t l i n e s  as 

f 0 llows : 

1) Microporoue membrane-coated t a b l e t s  

It i s  prepared by f i r s t  compressing aqueous 

s o l u b l e  drug p a r t i c l e s  i n t o  a core t a b l e t  w i t h  
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

appropriate pharmaceutical excipients  and then 

coating the t a b l e t  with a layer  of non-GI-eroding 

polymer, e.g., the copolymer of vinyl  chlor ide and 

vinyl  acetate .  

amount of water-soluble pore-forming inorganic sub- 

s tances ,  e.g., magnesium l au ry l  su l f a t e ,  t o  create 

porosity when the t a b l e t  is i n  contact with gastro- 

i n t e s t i n a l  f l u i d  (Fig. 5).  The porosity and r i g i d i t y  

of the polymer coating can be varied t o  give a slow 

or f a s t  release a t  constant rates (NL Patent 117,313, 

696). 

The polymer coating contains a small 

2) Solub i l i t y  membrane-controlled s o l i d  dosage form 

It is  a l s o  prepared by f i r s t  compressing 

aqueous soluble drug p a r t i c l e s  i n t o  a core t a b l e t  

with appropriate pharmaceutical excipients  and then 

coating the t a b l e t  with a layer  of thermoplastic 

polymer, e.g., polyvinyl chloride.  The polymer 

coating contains a t  l e a s t  80% of p l a s t i c i z e r ,  e.g., 

d ioctyl  phthalate,  to  c rea t e  a s o l u b i l i t y  membrane 

i n  the g a s t r o i n t e s t i n a l  tract (Fig. 6). The rate 

of drug release can be control led and predetermined 

by regulating the concentration of p l a s t i c i z e r  fn t he  

polymer coating (BE Patent  1814,491). 

3) Enter ic  controlled-release t a b l e t s  

The t a b l e t ,  which is designed t o  release a drug 

l a b i l e  t o  g a s t r i c  f l u i d  only in the i n t e s t i n e  a t  a 

controlled rate, is  prepared by coating a core t a b l e t  

with a combination of i n t e s t i n a l  f luid-insoluble poly- 
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1300 CHIEN 

polymer coating 

( pore - forming 
inorganic agent 1 

microporous membrane 
I 

Fig. 5 : Microporous Membrane-coa ted Tablet 
(NL patent #7,313,696) 

thermoplastic polymer 
coating 

tablet (containing C 80% piasticizer) 17- 
gartrointestinai 1 

p-1 % solubility membrane 
I I 
I i 

Fig. 6: Solubility Membrane-controlled Solid Dosage Form 
(BE patent #814,491) 

mer, e.g., ethyl cellulose, and intestinal fluid- 

soluble polymer, e.g., hydroxymethyl cellulose 

phthalate (Fig. 7). 

In the intestinal tract, hydroxymethyl cellulose 

phthalate component is dissolved away by the intes- 

tinal fluid, leaving a microporous emebrane of ethyl 
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POTENTIAL. DEVELOPMENTS AND NEW APPROACHES 

coating of 
intestinal fluid-insoluble polymer 
intestinal fluM- soluble polymer -€I-{ gastric fluid - 

labile drug 

intestinal fluid 1 

1301 

'I.L. semipermeable membrane : of intestinal fluid - 
r r m m m m  
I 
! w ~ ' insoluble polymer 
b.,mm+ 

Fig. 7: Enteric Controlled-release Tablet 
(J patent #8-0,018,694) 

cellulose, which renders a controlled release of drug 

in the intestine (J Patent #8-0,018,694). 

4) Multi-laminated sustained-release tablets 

The tablet is fabricated by first dispersing a 

loading dose of drug in layers of water-soluble 

carboxymethyl cellulose (CMC), sandwiching the drug- 

loaded CMC layers in-between layers of crosslinked 

carboxymethyl cellulose, which is water insoluble, 

but water swellable, and then compressing these layers 

under 13,000 p.6.i.g. pressure to form a multi- 

laminated tablet, which is then coated with a suit- 

able polymer coating material (Fig. 8 ) .  

In the gastrointestinal tract, the crosslinked 

CMC layers become swollen and gelantinous and create 

a colloid gel barrier, which controls the release of 

drug from the CMC layers (U.S. Patene 84,180,558). 
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1302 CHIEN 

coating layer 

drug- loaded CMC layer 

sealing layer 

cross-linked CMC layer 

.cross-linked CMC layer 

Fig. 8: Multi-laminated Substained release Tablet  
(US paten t  #4,180,558) 

5) pH-independent cont ro l led- re lease  granules 

The granules are designed f o r  t he  o r a l  control-  

l ed  r e l ease  of a c i d i c  o r  basic drugs a t  a rate which 

i s  independent of t he  v a r i a t i o n  i n  pH conditions 

along the  g a s t r o i n t e s t i n a l  t r a c t  (Fig. 9). 

They a r e  prepared by blending an a c i d i c  o r  bas i c  

drug with one o r  more buf fer ing  agents ,  e.g., primary, 

secondary o r  t e r t i a r y  s a l t  of c i t r i c  ac id ,  g ranula t ing  

with appropr ia te  pharmaceutical exc ip ien ts  t o  form 

small  granules,  and then coating the  granules wi th  

g a s t r o i n t e s t i n a l  fluid-permeable film-forming polymer, 

e.g., c e l l u l o s e  der iva t ives .  

The polymer coating a c t s  as a permeation-con 

t r o l l i n g  membrane, so t h a t  when the  g a s t r o i n t e s t i n a l  

f l u i d  passes through the  membrane, t h e  buf fer ing  

agents a d j u s t  the  f l u i d  t o  an appropr ia te  cons tan t  

pH, a t  which the  drug d i s so lves  and permeates through 

the  membrane a t  a cons tan t  rate regard less  of t h e  

loca t ion  i n  the  alimentary canal (DS Patent  # 2 , 4 1 4 ,  

868; BE Pa ten t  1812,909; SU Patent  #665,770). 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 1303 

film-forming polymer coating 
(permeable to G.I. fluids) 

drug +buffering agent + excipient 

0 0  
Fig. 9: pH-independent Controlled Release Granules 

(DS pa t en t  k?, 414,868)  (BE pa ten t  #812,909)  
(SU pa ten t  1665,778) 

6) Polymer-coated Drug-Resin prepara t ion  

This  prepara t ion  is designed t o  provide a con- 

t r o l l e d  r e l e a s e  of a the rapeu t i c  agent a t  a r a t e  

which is independent of any v a r i a t i o n  i n  pH condi t ions ,  

enzymatic a c t i v i t i e s ,  and conten ts  of t he  gas t ro-  

i n t e s t i n a l  t r a c t  (Fig. lo). 

I t  is  prepared by f i r s t  adsorbing an ion izab le  

drug onto  t h e  ion-exchange r e s i n  granules ,  such as 

codeine base and Amberlite (RTM)IRF'-69, and then, 

a f t e r  f i l t r a t i o n  from the  a l coho l i c  media, coa t ing  

t h e  drug r e s i n  complex granules wi th  a water-per- 

meable polymer, e.g., a modified copolymer of poly- 

acrylic-methacrylic e s t e r ,  and then spray-drying t h e  

coated granules t o  produce the  polymer-coated drug- 

r e s i n  prepara t ion .  This  approach has been u t i l i z e d  

i n  s e v e r a l  pa t en tab le  developments (U.S. Pa ten t  

113,138,525; 3 ,499,960;  3 ,594,470;  BE Patent  1729,  

827; DT Paten t  #2 ,246 ,037) .  

Fur ther  improvement of t h i s  ion-exchange type 

drug de l ive ry  system i s  the  development of t h e  
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1304 CHIEN 

drug lion - exchange resin 
granules ( 40 - 150 microns) 

polymer coafing 

Fig. 10: Polymer-coated Drug-Resin Preparation 
(DT patent 12,246,037)  

drug-resin complex particles 

polyethylene glycol treatment 

ethyl cellulose coating 

Fig. 11: Polymer-coated Drug-Resin Dispersion 
(US patent  #4,221,778)  

Pennkinetic system by Pennwalt Corporation (Pig. 

11). I n  t h i s  system, the  drug-resin complex 

granules are fu r the r  t r ea t ed  with an impregnating 

agent, e.g., polyethylene glycol  4000, t o  r e t a rd  

the rate of swelling i n  the  vater and then coated, 

by air suspension technique, with a water-permeable 

polymer membrane, e.g., e thy l  cel lulose,  t o  act 

as a rate-l imiting b a r r i e r  t o  control  the release 

of drug from the  system. 

It is knovn t ha t  t he  ionic  s t rength of the 

gas t ro in t e s t ina l  f l u i d s  is r e l a t i v e l y  constant. I n  

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.



POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

the  G I  t r a c t ,  i ons  d i f f u s e  through the  e t h y l  cel-  

l u lose  membrane and r e a c t  wi th  the  drug r e s i n  com- 

p lex  t o  r e l e a s e  drug s o l u t e s  (Fig.  1 2 ) .  

1. For c a t i o n i c  drug: 

Proton w i l l  a c t i v a t e  the  r e l e a s e  of c a t i o n i c  

drug from the  drug-resin complex. 

ii. For an ionic  drug 

The ch lo r ide  ion  w i l l  a c t i v a t e  t h e  r e l e a s e  of 

an ionic  drug from t h e  drug-resin complex. 

The f r e e  drug so lu t e s  then d i f f u s e  through the  

coa t ing  membrane i n t o  the  g a s t r o i n t e s t i n a l  

f l u i d s  f o r  absorption. 

Advantages of t h i s  system are t h a t :  (1) The 

r a t e  of drug r e l e a s e  i s  not  dependent upon t h e  

pH conditions,  enzyme a c t i v i t i e s ,  temperature and 

volume of t h e  G I  t r a c t ,  (11) The system is  admin- 

i s t e r e d  i n  the  form of a l a r g e  number of p a r t i c l e s  

which may e l imina te  t h e  e f f e c t  of g a s t r i c  emptying, 

and ( i i i )  It can be formulated a s  a s t a b l e  l i q u i d  

suspension. 

By combining d i f f e r e n t  r a t i o s  of coated and 

uncoated granules  i n  t h e  formulation, a range of 

d i s so lu t ion  p r o f i l e s  and blood l e v e l s  can be 

achieved (Fig.  13).  Uncoated granules  se rve  as 

t h e  i n i t i a l  r e l e a s e  dose and coated granules  

se rve  a s  t h e  slow-release maintenance dose. 
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1306 CHIEN 

Gut wclll - 

/-\ I 

Coatlng 
Membrane & 

0 0 
Ho + Resin - SO3 D r u F  Resin - SO3' Ho + Drug 

CI'+Resin-[N(CH3), 0 1 Drug 0 -  7 Resin [N(CH, )?]CI@+Drug 0 

Figure 1 2  

7) Thixotropic b i l aye r  t a b l e t s  

Each l aye r  of t h e  b i l aye r  t a b l e t  is prepared 

by d isso lv ing  o r  dispersing, i f  no t  so luble ,  t he  

drug(s) i n  a g e l  made from d i f f e r e n t  l e v e l s  of 

Thixcin R (hydroxyglycerol ester of a monobasic 

Cl6-Cl8 f a t t y  acid) i n  a solvent,  e.g., ethanol.  

Solvent is then evaporated t o  g ive  a drug d is -  

persing matrix,  which can be screened, granulated and 

compressed i n t o  a core t a b l e t  (Fig. 14). By varying 

the  r a t i o  of drug t o  Thixcin R,  the  r a t e  of drug 

r e l ease  can be  cont ro l led .  

I n  the  g a s t r o i n t e s t i n a l  t r a c t ,  Thixcin R 

absorbs water and becomes a semi-rigid mass. It 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 1307 

Dissolution Profile and Blood Level of Dextromethorphan 

from Pennkinetic System (Amsel, 198 1) 

0 1 1 3 4 5 6  

TIYE inounsi 

Sumension C %) 
uncoated 

100.0 - (A )  
77.5 22.5 CB) 
55.0 45.0 CC) 
27.5 72.5 CD) - 

~~ 

Blood Iovolr in 10 human 

rubjoctr Ccrorrover study). 

0 2 4 6 8 1 0 1 2  

100.0 CE) 

I 

TIME CHOURS) 

Fig. 13: Dissolution Profile and Blood Level of Dextromethorphan 
from Pennkinetic System (Amsel, 1981) 
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1308 CHIEN 

last-release layer 
drug/Thircin R (1) __-------- 

b’layer tablet 

L > sustained-release layer 
drug/lhixcin R (H I  

gastric fluids I 
f 

hydroxyglycerol ester of monobasic fatty acid (CW-CII))  

Fig .  14 :  Thixot ropic  B i l a y e r  T a b l e t  
(US p a t e n t  #3,136,695) 

behaves as a hydrophobic s o l  i n  which t h r e a d - l i k e  

aggrega tes  i n t e r l o c k  and d i s p e r s e  throughout  t h e  

l i q u i d  medium. 

Pro longat ion  of G a s t r o i n t e s t i n a l  T r a n s i t  Time 

A l l  of t h e  c o n t r o l l e d - r e l e a s e  drug  d e l i v e r y  systems d i s -  

cussed so f a r  w i l l  have only l i m i t e d  u t i l i z a t i o n  i n  t h e  o r a l  

c o n t r o l l e d  a d m i n i s t r a t i o n  of drugs i f  t h e  systems can n o t  

remain i n  t h e  v i c i n i t y  of t h e  a b s o r p t i o n  s i te  f o r  t h e  l i f e -  

time of the drug d e l i v e r y .  

The t r a n s i t  t i m e  from t h e  mouth t o  t h e  anus v a r i e s  from 

one person t o  another .  It  a l s o  depends upon t h e  p h y s i c a l  

p r o p e r t i e s  of t h e  o b j e c t  i n g e s t e d  and t h e  p h y s i o l o g i c a l  
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

c o n d i t i o n s  of t h e  a l imentary  canal .  A s tudy  conducted by 

Hinton and h i s  a s s o c i a t e s  ( 4 )  i n d i c a t e d  t h a t  t h e  a l imentary  

cana l  t r a n s i t  t i m e  f o r  an  i n d i g e s t i b l e  o b j e c t  can vary from 

8 t o  62 hours .  

found t o  e x c r e t e  t h e  o b j e c t  w i t h i n  24 hours  (F ig .  1 5 ) .  

However, 50% of t h e  human s u b j e c t s  were 

Therefore ,  t h e  m a j o r i t y  of  t h e  c o n t r o l l e d  - o r  sus ta ined-  

release drug products  designed f o r  o r a l  drug a d m i n i s t r a t i o n  

have a l i m i t e d  r e s i d e n c e  t i m e  i n  t h e  v i c i n i t y  of a b s o r p t i o n  

s i tes ,  2-3 h r s .  as poin ted  out by D r .  Hofmann. So, most of 

t h e  long a c t i n g  drug products  r e q u i r e  a dosing schedule  of 

twice a day. 

S e v e r a l  approaches have r e c e n t l y  been developed t o  extend 

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

t i m e  of t h e  drug d e l i v e r y  systems i n  t h e  stomach. 

1. I n t r a g a s t r i c  F l o a t i n g  T a b l e t s  

On c o n t a c t  w i t h  g a s t r i c  f l u i d ,  t h e  i n t r a g a s t r i c  

f l o a t i n g  t a b l e t  forms a water-impermeable c o l l o i d  g e l  b a r r i e r  

around i t s  s u r f a c e  and main ta ins  a bulk d e n s i t y  of less than 

one. So, i t  remains buoyant i n  t h e  g a s t r i c  f l u i d  i n s i d e  t h e  

stomach u n t i l  a l l  t h e  drug loading  dose h a s  been r e l e a s e d  

(Fig. 1 6 ) .  

The t a b l e t  formula t ion  i s  prepared by simply g r a n u l a t i n g  

a homogeneous mixture  of drug, pharmaceut ical  e x c i p i e n t s  

and 20-75% w/w of one o r  more hydrocol lo ids ,  e .g . ,  hydroxy- 

e t h y l  c e l l u l o s e ,  hydroxypropyl c e l l u l o s e ,  hydroxprypyl- 

methyl c e l l u l o s e  and sodium carboxymethyl c e l l u l o s e .  These 
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1310 CHIEN 

A- 

,//- cumulative 
0' 

..................... .!\ 
8o t I :  

I :  , t75X = 30hrs 
I :  
I :  
I :  

I!\ tsOx = 24 hrs 
. . . . . . . . . . . . . . . . . .  

6o t I: : 

0 2 0  4 0  60 80 

TRANSIT TIME C hrs ) 

Fig.  15: Alimentary Canal T r a n s i t  T i m e  f o r  an Excre t ing  Marker i n  
Humans (Hinton e t  a l ,  1969) 

hydrocolloids 
(20-75% w / ~ )  

gastric fluid (d>l)  

Fig. 16: I n t r a g a s t r i c  F l o a t i n g  Table t  
(US p a t e n t  84,167,558) 

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.



POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

granules are then compressed to a hardness of 5-6 scu. 

(U.S. Patent #4,167,558). 

A Bilayer tablet can also be prepared to contain one 

immediate release layer and one sustained release layer 

(Fig. 17). After the initial dose is released from the 

immediate release layer, the sustained release layer 

absorbs the gastric fluid and forms an impermeable colloid 

gel barrier on its surface. It produces a bulk density 

which is less than that of the gastric fluid and remains 

buoyant in the stomach until all the drug loading dose is 

released (U.S. Patent #4,140,755). 

The biomedical application of the intragastric floating 

tablet technology is exemplified by the development of Val- 

release by Roche for 24-hr. continuous oral administration 

of Valium. 

dynamically-balanced system will be discussed in detail by 

Dr. Goldberg in his lecture. 

The development and evaluation of this hydro- 

2. Intragastric Floating Drug Delivery Device 

Drug delivery device can also be made to float in the 

stomach by the incorporation of a floatation chamber, which 

may be made vacuum or filled with air or a harmless gas. 

(F ig .  18). 

A drug reservoir is encapsulated inside a micro- 

porous compartment with apertures along its bottom and top 

walls. The peripheral walls of the drug reservoir compart- 

ment are completely sealed to prevent any contact of the 

stomach with the undissolved drug. 
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1312 CHIEN 

immediate release layer 

sustained release layer 
C hydrocolloids) 

Fig. 17: I n t r a g a s t r i c  F l o a t i n g  B i l a y e r  T a b l e t  
(US p a t e n t  84,140,755) 

In  t h e  stomach, t h e  f l o a t a t i o n  chamber causes  t h e  

drug d e l i v e r y  system t o  f l o a t  i n  the g a s t r i c  f l u i d s .  

e n t e r  through t h e  a p e r t u r e s ,  d i s s o l v e  t h e  drugs and c a r r y  the 

drug s o l u t e s  o u t  of the drug d e l i v e r y  system f o r  cont inuous 

t r a n s p o r t  t o  t h e  i n t e s t i n e  (U.S .  P a t e n t  #4,055,178). 

F l u i d s  

3. G a s t r o - i n f l a t a b l e  drug d e l i v e r y  d e v i c e  

The r e s i d e n c e  time of t h e  drug  d e l i v e r y  device  

i n  t h e  stomach can a l s o  be  s u s t a i n e d  by i n c o r p o r a t i o n  

of  an i n f l a t a b l e  chamber which c o n t a i n s  a l i q u i d ,  e.g., 

e t h e r ,  t h a t  g a s i f i e s  a t  body temperature  t o  cause  the 

chamber t o  i n f l a t e  in t h e  stomach (Fig. 19) .  

The drug d e l i v e r y  device  i s  f a b r i c a t e d  by 

loading  t h e  i n f l a t a b l e  chamber w i t h  a drug r e s e r v o i r ,  

which could be a drug-impregnated polymeric m a t r i x  and 

then encapsula t ing  t h e  u n i t  i n  a g e l a t i n  capsule .  A f t e r  
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

, f Iota tion c homber 

microporous wal I d mcE drug reservoir I I IIIIIIIIII III 

Fig. 18: I n t r a g a s t r i c  F l o a t i n g  Drug Del ivery Device 
(US p a t e n t  #4,055,178) 

drug reservoir 

capsule 

bioerodi ble inflatable chamber 

polymer filament 

Fig .  19: G a s t r o - i n f l a t a b l e  Drug Del ivery  Device 
(US p a t e n t  #3,901,232) 

tak ing  o r a l l y ,  t h e  capsule  d i s s o l v e s  t o  release t h e  

drug r e s e r v o i r  and i n f l a t a b l e  chamber. The i n f l a t a b l e  

chamber a u t o m a t i c a l l y  i n f l a t e s  and r e t a i n s  t h e  drug 

r e s e r v o i r  in t h e  stomach. 

d i f f u s e  from t h e  r e s e r v o i r  i n t o  t h e  g a s t r i c  f l u i d s .  

The drug s o l u t e s  cont inuously 

The i n f l a t a b l e  chamber a l s o  conta ins  a bio- 

e r o d i b l e  polymer f i lament ,  e .g . ,  copolymer of poly- 

v i n y l  a lcohol-polyethylene,  which d i s s o l v e s  gradual ly  

i n  t h e  g a s t r i c  f l u i d  t o  cause  t h e  i n f l a t a b l e  chamber 

t o  c o l l a p s e  a f t e r  a predetermined t i m e  per iod  t o  permi t  

spontaneous e j e c t i o n  of t h e  system out  of t h e  stomach 

(U.S. P a t e n t  #3,901,232). 
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4 .  I n t r a g a s t r i c  Osmotic-controlled drug d e l i v e r y  system 

The osmotic pressure-cont ro l led  drug release mech- 

anism discussed  e a r l i e r  can a l s o  be incorpora ted  i n t o  

t h e  g a s t r o - i n f l a t a b l e  drug d e l i v e r y  system t o  c o n t r o l  

t h e  release of drug i n  t h e  stomach reg ion  (Fig.  20). 

It  comprises an osmotic pressure-cont ro l led  drug 

d e l i v e r y  device  and an i n f l a t a b l e  f l o a t i n g  suppor t  i n  

a b i o e r o d i b l e  capsule ,  which quick ly  d i s i n t e g r a t e s  when 

i t  reaches t h e  s i te  of drug a d m i n i s t r a t i o n ,  l i k e  t h e  

stomach, t o  release t h e  drug d e l i v e r y  device  and 

i n f l a t a b l e  f l o a t i n g  support .  

The i n f l a t a b l e  f l o a t i n g  support  i s  made from a 

deformable hollow polymeric bag, which c o n t a i n s  a 

l i q u i d  t h a t  g a s i f i e s  a t  body temperature  t o  i n f l a t e  the  

bag. 

The osmotic pressure-cont ro l led  drug d e l i v e r y  

device  c o n s i s t s  of two compartments: ( i )  drug 

r e s e r v o i r  compartment, and ( i i )  osmot ica l ly  a c t i v e  

compartment. 

enclosed by a p r e s s u r e  respons ive  c o l l a p s i b l e  bag, which 

i s  impermeable t o  vapor and l i q u i d ,  and has  a drug 

d e l i v e r y  o r i f i c e .  

t a i n s  an  osmot ica l ly  a c t i v e  sa l t  and i s  enclosed w i t h i n  

a semipermeable housing. I n  t h e  stomach, g a s t r i c  f l u i d  i s  

cont inuously imbibed through t h e  semipermeable membrane i n t o  

t h e  osmot ica l ly  a c t i v e  compartment t o  d i s s o l v e  t h e  osmotic  

a c t i v e  s a l t  and t o  create an osmotic p r e s s u r e  on t h e  col-  

l a p s i b l e  bag, which, i n  t u r n ,  c o l l a p s e s  t o  f o r c e  t h e  drug 

The drug r e s e r v o i r  compartment i s  

The osmot ica l ly  a c t i v e  compartment con- 

CHIEN 
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bioerodible plug 
drug reservoir I 

drug delivery ori 

ormotlcally- active 
compartment 

shape-retaining coating 
(semi-permeable) 

collapsible bag 

capsule / -\  
inflatable floating support 

f ice 

Fig. 20: I n t r a g a s t r i c  Osmotic-controlled Drug Del ivery System 
(US p a t e n t  #3,786,813) 

r e s e r v o i r  compartment t o  reduce i t s  volume and t o  release 

t h e  drug s o l u t i o n  through t h e  d e l i v e r y  o r i f i c e  (U.S. P a t e n t  

3,786,813). 

The f l o a t i n g  suppor t  a l s o  conta ins  a b i o e r o d i b l e  p lug  

which e rodes  a f t e r  a pre-determined time p e r i o d  t o  d e f l a t e  

t h e  suppor t  f o r  l e a v i n g  t h e  stomach. 

5.  Intra-rumen c o n t r o l l e d  release drug d e l i v e r y  device  

It is prepared by compressing a l a y e r  of medicated 

polymer m a t r i x  in-between two l a y e r s  of water- insol-  

ub le  polymer f i l m  t o  form a sandwich-type composition, 

which is then  r o l l e d  i n t o  a c o n f i g u r a t i o n  by a g e l a t i n  

band f o r  easy  o r a l  a d m i n i s t r a t i o n .  I n  t h e  rumen, t h e  

band is d i s s o l v e d  t o  r e g e n e r a t e  t h e  o r i g i n a l  config-  

u r a t i o n  €or long- las t ing  r e t e n t i o n  i n  t h e  rumen (Fig.  

21). 

The medicated polymer m a t r i x  is prepared by h e a t i n g  

a homogenous mixture  of a water-soluble  drug and a 
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rumen, unfolded I 
/ water- ineolubla polymer 

drug-dispereing polymer matrix 

(water-soluble veterinary drugs) 

Fig. 21: Intra-rumen Controlled Release Drug Delivery Device 
(BE patent 8867,692) 

water-insoluble polymer, e.p., ethylenefvinyl acetate 

copolymer to 100°C and then compressing the mixture into 

sheets. 

The polymer film i s  prepared by heating a homo- 

geneous mixture of a water-insoluble ethylenefvinyl 

acetate copolymer and a water-degradable filler, e.g., 

lactose, to 100°C and then compressing the mixture to 

form coating films which control the rate of drug 

release according to the loading levels of the water- 

degradable filler (BE Patent 6867,692). 

6. Bioadhesive research 

Another potential approach to extend the gastro- 

intestinal transit time is "Bioadhesive Research" 

developed by Professor Robinson and his co-workers at 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

B I OADHES IVE RESEARCH 

- BIOADHESIVE 

I I  
D D  

POLYMER 

I I  
D D  

1317 

/ MUCUS LAYER 
SURFACE 
EPITHELIUM 

Fig. 22: Bioadhesive Research. Drug-Polymer Complex Adheres to 
the Much and Retains on the Surface Epithelium to Extend 
GI Transit Time (Robinson et al., University of Wisconsin) 

the University of Wisconsin. 

the basis of the GI self-defensive mechanism. 

It was conceptualized on 

It is known that the surface epithelium of the 

stomach and intestine retains its integrity during 

lifetime, even though it is constantly exposed to high 

concentrations of hydrochloric acid (as high as 0.16N) and 

powerful protein-splitting enzymes, like pepsin. 

This self-defensive mechanism is due to the fact that the 

stomach,duodenum and transverse colon can produce continuously 

a large amount of mucus which remains closely applied to the 

surface epithelium. The mucus contains a glycoprotein, 

called mucin, which is capable of neutralizing the hydro- 

chloric acid,withstanding the action of pepsin and thus 

protects the epithelial cell membrane. 
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The surface epithelium adherance capacity of mucin was 

recognized by Professor Robinson and applied to the develop- 

ment of bioadhesive. 

The conceptualization of bioadhesive research can be 

shown by the illustration in Figure 22. 

taining bioadhesive polymer binds to the mucin molecules in 

the mucus layer and therefore retains on the surface 

eipthelium to extend GI transit time of the drug. The 

drug molecules are constantly released from the bioadhesive 

polymer for absorption. 

The drug-con- 

Using the in vitro studies outlined i n  Fig. 23,  

Dr. Robinson's group were able to identify several potential 

bioadhesive polymers and the properties required. 

By monitoring the stomach emptying time in fasted dogs, 

it was found that the bioadhesive polymers stay in the 

stomach for a duration which is 4 to 8 times longer than the 

non-bioadhesive polymers (Fig. 24). 

Overcoming of Hepatic First-pass Elimination 

If a drug is subjected to extensive hepatic "first-pass" 

elimination, the oral administration of the drug by control- 

led - or sustained-release process will produce no advantages 
over a conventional immediate-release drug administration. 

In fact, as pointed out by Dr. Welling, by controlled or sus- 

tained drug administration, drug molecules may be subjected to 

a greater extent of hepatic "first-pass" elimination. 
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POTENTIAL, D E V E L O P M E N T S  AND N E W  A P P R O A C H E S  1 3 1 9  

IN VITRO STUDIES 

APPROACH : 

- USE E P I T H E I A L  CELLS, GROWN I N  CULTURE, WITH OR WITHOUT 

- ADD A FLUORESCENT PROBE THAT LOCALIZES I N  THE L I P I D  B I -  
MUCIN.  

LAYER OR PROTEIN OF THE CELL  MEMBRANE TO DETECT THE DEGREE 
OF B I N D I N G  OF B IOADHESIVE POLYMER, 

RESULTS : - 
- CATIONIC AND ANIONIC POLYMERS BIND MORE EFFECTIVELY THAN 

- ANIONIC POLYMERS WITH SULPHATE GROUP BIND MORE EFFECTIVELY 

- DEGREE OF BINDING IS PROPORTIONAL TO THE CHARGE DENSITY ON 

- HIGHLY BINDING POLYMERS: CARBOXYMETHYL CELLULOSE, GELATIN, 

NEUTRAL POLYMERS, 

THAN WITH CARBOXYLIC GROUP, 

THE POLYMER, 

HYALURONIC ACID, CARBAPOL, POLYCARBOPHIL, 

Figure 23 

IN VIVO STUDIES 

APPROACH : 

T O  M O N I T O R  T H E  STOMACH E M P T Y I N G  OF T H E  POLYMERS I N  F A S T E D  

DOGS I 

RESULTS : - 
THE STOMACH RESIDENCE TIME: 

- BIOADHESIVE POLYMERS 

- NON-BIOADHESIVE POLYMERS 1-1-5 HRS 

> 6-8 HRS 

Figure 24 
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1320 CHIEN 

A typical example is the metabolism of acetaminophen by 

the microsomal enzymes in the liver into glucuronide and 

sulfate for elimination through the urinary excretion 

(Fig. 25) .  This hepatic "first-pass" metabolism accounts 

for 90-100% of the elimination of acetaminophen dose. That 

means that less than 10% of the oral dose of acetaminophen 

remains intact and pharmacologically active. (5) 

1. Physical approaches 

However, the hepatic metabolism of acetaminophen can 

be used productively to protect the metabolism of opiate- 

type narcotic drugs by the UDP-glucuronyl transferase in 

the intestinal and hepatic microsomes using the mechanism 

of competitive metabolism (Fig. 26).  Due to the preferen- 

tial metabolism of acetaminophen, the metabolic elimina- 

tion of narcotic drugs is significantly reduced, thereby 

greatly enhancing the oral bioavailability and pharma- 

cogic activity of the narcotic drugs. 

2. Chemical approaches 

The metabolic elimination of narcotic drugs can also 

be minimized by the formation of aspirin derivative 

(Fig. 27). After hepatic "first-pass" metabolism, the 

pro-drug, narcotic-aspirinate, is converted back to nar- 

cotic drugs and aspirin to achieve a synergic analgesic 

activity. 

3. Buccal and Sublingual Drug Administration 

It has been known for centuries that after buccal 

and sublingual administrations, drug solutes are rapidly 

absorbed and transported through facial veins, internal 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

TI 
I 

1321 

Hepatic microeomal enzymes 

Acotaminophon R = Glucuronido (major) 

Sulfato (minor 1 

QO-lW% 1 
urinary oxcrotion 

Fig. 25: Hepatic “First-Pass“ Metabolism 
(Gilman et al, 1980) 

r-. 

, 

UDP -glucuronyl 
trrnrferrro 

( i nteet i no / I ivor I’ 
microsomr) ; R-O ; 

\ ’  . - &’ 

opiato- typo R = Giucuronido (major) 

narcotic rgoni rtr Sulfate (minor) 

narcotic rntagonirtr 

I 
0 

Acetrminophon 

i ------ 
competitive 

hepatic 
mot r boli am 

Fig .  26: Competitive Hepatic Metabolism 
(Weinstein et al, 1973: Del Villar et al, 1974) 
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R l  
I 

UDP - glucuronyl 
transferau 

e-. 

0 R 3  

C intestine / liver ,’ 
0 

,-- 
!, HO 
‘.-/’ \ \.-/’ 

opiate- type: R 5 Olucuronide <major) 

narcotic agonists Sulfate (minor) 

narcotic antagonists 

Hepatic “first pass’ 
metabolism R l  

I 

0 

Aspirin 

0 - C  - C H 3  
II 
0 

Asmirin Derivative 

Fig.  27: Hepat ic  Bio t ransformat ion  

j u g u l a r  v e i n  and b r a c i o c e p h a l i c  v e i n ,  and then  d r a i n e d  

i n t o  sys temic  c i r c u l a t i o n .  Therefore ,  t h e  b u c c a l  and 

s u b l i n g u a l  drug a d m i n i s t r a t i o n s  can b e  used t o  bypass  the 

h e p a t i c  “ f i r s t - p a s s “  e l i m i n a t i o n .  

It is a l s o  recognized that  t h e  bucca l  and subl ing-  

u a l  drug a b s o r p t i o n s  are most ly  r a p i d  i n  a c t i o n  and short 

a c t i n g  i n  d u r a t i o n .  For example, by s u b l i n g u a l  admini- 

s t r a t i o n ,  n i t r o g l y c e r i n  is r a p i d l y  absorbed and its peak 

plasma level is reached w i t h i n  1-2 min. But t h e  blood 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

level declines rapidly to the level below the thera- 

peutic concentration within 10-15 min. Two methods have 

been developed t o  prolong the duration of buccal and sub- 

lingual drug administrations: 

1) Transmucousal sustained-release t r s h e  

The sustained-release troches is developed for 

long-term administration (1-8 hrs.) of locally - or 
systemically active drugs through buccal or sub- 

lingual mucosa (Fig. 28).  

It is prepared by blending drug with saliva- 

activated polymeric adhesive and then compressing 

the mixture to form troches. 

In the oral cavity, the polymeric adhesive in 

the troche is activated by the saliva and become 

adhesive, which renders the troche adhered to the 

oral mucosa in the buccal or sublingual areas. The 

drug solutes are continuously released for trans- 

mucosal absorption into the systemic circulation. 

Several compositions have been developed as the 

saliva-activated polymeric adhesive: 

a) Hydroxypropyl Cellulose ( 280%) 

Ethyl cellulose (520%) 

1323 

Hydroxypropyl cellulose and ethyl cellulose are 

mixed together at dry state and humidified to increase 

the moisture content to 385% and then dehumidified 

to a moisture content of less than 10% to form the 
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saliva -activated 
polymeric adhesive 

saliva 1 
adhere to oral mucosa 

t ransmucosa I 

absorption 1 
systemic circulation 

Fig. 28: Transmucousal Sus ta ined- re lease  Troches 

s a l i v a - a c t i v a t e d  polymeric adhes ive  (GB P a t e n t  

#1,279,214; ZA P a t e n t  #7,805,528). It is exemplif ied 

by t h e  development of Susadr in  t ransmucosal  t a b l e t  

by F o r e s t  Lab f o r  Merrell Dow. It w i l l  be  d iscussed  i n  

more d e t a i l  by D r .  Schor i n  his l e c t u r e .  

b) Hydroxypropyl c e l l u l o s e  (0.02 - 2%) 
P o l y a c r y l i c  a c i d h a  s a l t  (0.2%) 

The s a l i v a - a c t i v a t e d  polymeric adhes ive  can a l s o  

be prepared from t h e  combination of hydroxypropyl c e l l u -  

l o s e  and p o l y a c r y l i c  a c i d  ( o r  sodium s a l t )  mixed a t  a 

f i x e d  r a t i o  of 1 t o  0.1 - 10,  and compressing t h e  

mixture ,  drug and magnesium stearate (0.5%) i n t o  d i s c  

w i t h  hardness  of 20 Kg (J P a t e n t  #5-4,041,320). 

c) Sodium p o l y a c r y l a t e  (10-60%) 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

Sodium polyacrylate, by itself, can also be 

formulated as the saliva-activated polymeric adhesive 

(J Patent #7-9,038,168). 

d) Alkyl acrylate ((30%) 

Acrylamide/vinyl pyrrolidone (>70%) 

Alkyl acrylate and homopolymer or copolymer of 

acrylamide/vinyl pyrrolidone can be formulated as 

the saliva-activated polymeric adhesive by solvent 

casting technique (GB Patent #2,021,610). 

2. Oral sustained-release microcapsules 

It is also designed for sustained release of drugs 

in the oral cavity, from 1 to 8 hrs., without inter- 

fering with chewing, speech, sleeping or breathing 

(Fig. 29). 

It is prepared by microencapsulating the drug 

with different thicknesses of polymer coating made 

from hydroxypropyl cellulose or other polymeric 

materials and coating the microcapsules with oral 

adhesive, e.g., pectin, and then compressing the 

coated microcapsules into a tablet suitable for oral 

cavity placement (U.S. Patent #3,911,099). 

1325 

2.  Rectal Drug Administration 

The rectal route of drug administration has been 

frequently used in several European countries, whereas 

it is not very popular in the United States (Fig. 30). 
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adhesive 
coating 

polymer membrane 

coating 

(varying thicknesses) 

/ 
microcapsules 

I 
drug 

Fig.  29: Oral Sus ta ined- re lease  Microcapsules 
(US p a t e n t  #3,911,099) 

SYSTEMIC 
C I RCULATI  ON -- L I V E R  

f t 
PORTAL V E I N  

4 
SUPERIOR RECTAL V E I N  I 

I N F E R I O R  VENA CAVA 

M I D D L E  RECTAL V E I N  RECTAL ABSORPTION 

?#hACE400 CM*) 

I N F E R I O R  RECTAL V E I N  
PLEXUS VENOSUS 
R E C T A L I S  

t 
Fig. 30: Human Rectum : Venous Drainage Network 

(Tondury, 1959) 

It w a s  r e p o r t e d  t h a t  when drug is d e l i v e r e d  t o  

t h e  lower reg ion  of t h e  rectum, i t  i s  absorbed i n t o  

t h e  i n f e r i o r  and middle r e c t a l  ve ins ,  then  passes  i n t o  

t h e  i n f e r i o r  vena cava, and f i n a l l y  d r a i n s  i n t o  t h e  

sys temic  c i r c u l a t i o n ,  thereby  bypassing t h e  p o r t a l  

v e i n  and t h e  h e p a t i c  " f i r s t - p a s s "  metabolism. (6) 
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POTENTIAL DEVELOPMENTS AND NEW APPROACHES 

On the other hand, if the drug is  delivered to the 

upper region of the rectum, it will probably be ab- 

sorbed and then transported via the superior rectal 

veins into the portal vein and subjected to hepatic 

"first-pass" elimination before entering the systemic 

circulation. However, this anatomical situation is 

complicated by anastomoses among the rectal veins 

underneath the rectal mucosa (absorption sruface). 

The effect of rectal administration on the 

hepatic "first-pass" metabolism of drugs can be 

demonstrated by the systemic bioavailability of a 

high-clearance drug, e.g., Lidocaine. 

Studies conducted in 6 healthy volunteers indi- 

cated that rectal absorption of lidocaine in aqueous 

solution results in a systemic bioavailability as high 

as 69% (Fig. 31). On the other hand, the oral admini- 

stration of lidocaine only achieves a system bio- 

availability of 30.5%. It is estimated that rectal 

administration of lidocaine has resulted in 55% of 

the dose bypassing the hepatic "first-pass" metabolism. 

( 6 9 7 )  

Effect of the sites of rectal infusion on the 

systemic bioavailability of lidocaine was also investi- 

gated (Fig. 32). Results suggested that the infusion 

site located at only 2 cm from the anus produces a 

greater system bioavailability of lidocaine than the 

infusion site located at 4 cm away(').It implies that 
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1328 CHIEN 

TIME tmin.) 

Fig. 31: Comparative Systemic B i o a v a i l a b i l i t y  of Lidocaine i n  Human 
(De Boer & Breimer, 1980: D e  Boer e t  a l ,  1979) 

l.0Ot 

o infusion on 2cm ( n.6) 
infusion on 4 cm ( 11.61 

1 2 3 4 5 

TIME (hours) 

Fig. 32: E f f e c t  of Rectal I n f u s i o n  S i t e s  on Systemic B i o a v a i l a b i l i t y  
of Lidocaine i n  Rats 
@e Boer e t  a l ,  1982) 
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0 z 
8 

0.1 i 0 12 24 36 48 60 72 84 96 

rectal 
osmotic 
system 

TIME (hours) 

Fig. 33: Comparative Plasma Profile of Theophylline in Humans 
(De Leede et al, 1981) 

the rectal absorption via inferior rectal veins has a 

greater chance to bypass the hepatic "first-pass" 

metabolism. 

Using a specially designed rectal osmotic system 

(9), the blood level of theophylline was significantly 

prolonged by applying one unit every 36 hours (Fig. 

33) .  

On the other hand, oral administration of theophylline 

in solution every 12 hours, a fluctuated blood level of 

theophylline was observed (10). 

A fairly constant blood level was also maintained. 
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