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ABSTRACT 

Th is  paper reviews t h e  pas t  and t h e  present  t h i n k i n g  about 

p e r o r a l  d e l i v e r y  research and devel  opment and how f u t u r e  approaches 

may be s i g n i f i c a n t l y  d i f f e r e n t ,  bo th  q u a l i t a t i v e l y  and 

q u a n t i t a t i v e l y .  The f u t u r e  should i n v o l v e  t h e  use o f  comprehensive 

models capable o f  i n c o r p o r a t i n g  physico-chemical  da ta  and 

b i o l o g i c a l  i n f o r m a t i o n  such as g a s t r o i n t e s t i n a l  f low,  how and where 

drug a b s o r p t i o n  occurs, and whether and where metabol ism of t h e  

drug occurs d u r i n g  g a s t r o i n t e s t i n a l  t r a n s i t .  Specia l  cha l l enges  

would i n v o l v e  t h e  use o f  such models i n  research p r o t o c o l s  i n  t h e  

o p t i m i z a t i o n  o f  drug d e l i v e r y  systems. 

I NTRODUCT I ON 

Th is  Symposium should be as t i m e l y  as, i f  n o t  more t i m e l y  

than, t h e  Rutgers Symposium o f  1982 on Dermal D e l i v e r y  Systems. 

The papers presented by t h e  va r ious  speakers here should p o i n t  out 
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1228 HIGUCHI, HO, AND MERKLE 

t h a t  t h e  approach t o  t h e  des ign o f  o r a l  drug d e l i v e r y  systems i s  

e v o l v i n g  ext remely r a p i d l y  bo th  q u a n t i t a t i v e l y  and qua1 i t a t i v e l y ,  

and t h e  s i t u a t i o n  today m igh t  be considered t o  be on t h e  t h r e s h h o l d  

o f  be ing  r e v o l  u t i  onary. 

It i s  apparent t o  many o f  us on t h e  scene t h a t  t h e  r o l e  o f  

pharmaceut ical  R and D f rom t h e  1950's t o  t h e  1980's  has been 

undergoing a g rea t  deal o f  change. It has been e v o l v i n g  f rom a 

r o l e  t h a t  was p r i m a r i l y  s e r v i c e  o r i e n t e d  t o  one i n  which t h e  

pharmaceut ical  s c i e n t i s t  has become i n c r e a s i n g l y  i n v o l v e d  i n  drug 

d i scove ry  o r ,  a t  l e a s t ,  i n  ve ry  e a r l y  drug development. The f o r c e s  

a t  p l a y  f o r  t h i s  changing r o l e  o f  t h e  pharmaceut ica l  s c i e n t i s t  

i n c l u d e  t h e  g rea t  i n f l u x  o f  new bas ic  sc ience  concepts and methods 

i n  drug development , especi  a1 l y  phys i ca l  chemi s t r y  as appl i e d  t o  

dosage form design and t o  drug abso rp t i on ,  metabol ism and d i s p o s i -  

t i  on. The term, "quant i t a t  i ve mechani s t  i c b i  opharmaceut i cs If m i  g h t  

be an a p p r o p r i a t e  one f o r  t h e  sc ience and technology r e l a t e d  t o  t h e  

behavior  o f  t h e  drug molecule ( a t  t h e  p h y s i c a l  chemical  l e v e l )  

a f t e r  t h e  dosage form i s  taken by t h e  p a t i e n t .  

been t h a t ,  i n c r e a s i n g l y ,  d i r e c t o r s  o f  pharmaceut ica l  research  a r e  

Another f a c t o r  has 

recogn iz ing ,  f o r  example, t h a t  t h e y  can no 

t h e  g a s t r o i n t e s t i n a l  t r a c t  as a "b lack  box" 

systems design and eva lua t i on .  It i s  c l e a r  

i n  t h e  areas o f  stomach emptying, f l o w  down 

onger a f f o r d  t o  rega rd  

i n  drug d e l i v e r y  

research w i  11 i n t e n s i f y  

t h e  i n t e s t i n a l  t r a c t ,  

anatomical  i n t e s t i n a l  reserve 1 ength, "windows" f o r  drug absorp- 

t i o n ,  g a s t r o i n t e s t i n a l  t r a n s i t  t imes, and how knowledge i n  these 

areas may be used i n  a comprehensive r a t i o n a l  way f o r  d rug  
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DESIGN - PAST, PRESENT AND FUTURE 1229 

d e l i v e r y .  Such s tud ies ,  when p rog rammat i ca l l y  framed, w i l l  he lp  

(1)  i n  d e f i n i n g  d e l i v e r y  problems and s o r t i n g  o u t  t h e  key v a r i a b l e s  

f o r  drug cand ida te  compounds because c r i t i c a l  i n  v i t r o  exper iments 

and animal and human drug a b s o r p t i o n  exper iments may be i d e n t i f i e d  

and c a r r i e d  out ,  (2)  i n  s e t t i n g  q u a n t i t a t i v e  boundar ies w i t h i n  

which o p t i m i z a t i o n  o f  o r a l  f o r m u l a t i o n s  may be achieved, and ( 3 )  

p o i n t i n g  ou t  s t r a t e g i e s  and o p t i o n s  i n  drug d e l i v e r y  systems 

des i  gn. 

-- 

The purpose o f  my p r e s e n t a t i o n  i s  t o  rev iew  t h e  pas t  and t h e  

present  t h i n k i n g  and t o  d i  scuss how recen t  developments may p o i n t  

t o  an e s s e n t i a l l y  comp le te l y  r a t i o n a l  approach t o  p e r o r a l  d rug  

d e l i v e r y  i n  t h e  f u t u r e .  A t  t h e  r i s k  o f  be ing  o v e r l y  r a d i c a l  o r  t o o  

p rovoca t i ve ,  we w i l l  f o l l o w  t h e  premise t h a t  t h e  present  s t a t e - o f -  

t h e - a r t  o f  o r a l  drug d e l i v e r y  systems design has n o t  been one p r o -  

grammed i n  a r a t i o n a l  framework and t h a t  recen t  deve opments and 

o t h e r  f o r c e s  a t  p l a y  suggest a r a p i d  e v o l u t i o n  i n  t h  s d i r e c t i o n ,  

i.e., toward pharmaceut ical  R and D based upon t h e  h o l i s t i c  

approach. 

PAST AND PRESENT APPROACHES 

Table 1 l i s t s  t h r e e  c a t e g o r i e s  o f  f a c t o r s  e s s e n t i a l  i n  

pharmaceut ical  R and D w i t h  regard t o  drug a b s o r p t i o n / b i o -  

a v a i l a b i l i t y .  These a re  (1) t h e  dosage form (or  drug d e l i v e r y  

system) f a c t o r s ,  (2 )  physicochemical  p r o p e r t i e s  o f  t h e  drug i t s e l f  

and (3) t h e  p h y s i o l o g i c a l  ( b i o l o g i c a l  ) f a c t o r s .  Examples o f  each 

a re  given. The main p o i n t  here i s  t h a t  a l t hough  t h e  pharmaceut ica 

s c i e n t i s t  knows a g rea t  deal  about each o f  these such as t h e  pKa o 

t h e  drug molecule (and how i t  migh t  a f f e c t  drug species d i s t r i b u -  
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1230 H I G U C H I ,  HO, AND MERKLE 

TABLE 1. 

Fac to rs  I n f l  uenc i  ng B i  oavai  1 a b i  1 i t y  

P h y s i o l o g i c a l  Fac to rs  

Membrane Transpor t  Mechani sm 

G I  M o t i l i t y  B a c t e r i  a1 F1 o ra  

Stomach Emptying I n t e s t i n a l  pH Gradient  

Su r f  ace -Bound Enzymes 

Disease S t a t e  Surface pH 

R i l  i a r y  & Panc rea t i c  Sec re t i ons  Pharmacological  
Drug E f f e c t s  

Phvsicochemical P roDer t i es  o f  t h e  Druq 

L i p o p h i l i c i t y  Chemical S t a b i l i t y  Complexation 
& B ind ing  

Molecular  S ize Enzymic L a b i l i t y  P a r t i c l e  S ize 

Sol u b i  1 i t y  C r y s t a l  Form PKa 

Dosage Form Factors  

S o l u t i o n s  Capsules & Tab le ts  P r o p e r t i e s :  

Emu1 s ions  Con t ro l  1 ed-Re1 ease d i  sso l  u t  i on r a t e s  ; 
Systems c o n t r o l  1 ed re1 ease 

Su s pe n s i on s Man u f a c t u r i ng 
Var i  ab l  es 

d i  s i  n teg  r a t  i on t i  me ; 

r a t e s  

t i o n  i n  aqueous s o l u t i o n  o r  t h e  aqueous s o l u b i l i t y  o f  t h e  drug) o r  

t h a t  stomach emptying might  be i m p o r t a n t  i n  a p a r t i c u l a r  s i t u a t i o n  

o r  t h a t  p a r t i c l e  s i z e  might  be impor tan t ,  these f a c t o r s  have n o t  

been t i e d  t o g e t h e r  i n  any systemat ic ,  q u a n t i t a t i v e  and mechan- 

i s t i c a l l y  meaningful  manner t o  achieve a r a t i o n a l  approach t o  drug 

de l  i very  systems des i  gn. 

There have been approaches, however, made t o  assess 

b i  oavai  1 ab i  1 i t y  and/or b ioequ i  Val ence. These a r e  1 i s t e d  i n  Tab1 e 2 
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1232 HIGUCHI, HO, AND MERKLE 

and t h e i r  advantages and l i m i t a t i o n s  i n  drug d e l i v e r y  research and 

development may be p o i n t e d  out. Phys ica l  chemical s t u d i e s  a r e  

o f t e n  c a r r i e d  ou t  as p a r t  o f  p r e f o r m u l a t i o n  s t u d i e s  i n  drug 

development. 

e x t r a p o l a t e d  t o  p r e d i c t  b ioava i  1 ab i  1 i t y  and/or b i  oequi  Val ence. - I n  

v i t r o  d i  s i n t e g r a t i o n / d i s s o l  u t i o n  s t u d i e s  do n o t  a1 low s imple 

e x t r a p o l a t i o n  t o  -- i n  v i v o  behavior .  C l a s s i c a l  pharmacokinet ics  

(bo th  human and animal) ,  though ve ry  u s e f u l  i n  demonstrat ing - i n  

v i v o  e f f i c a c y ,  p rov ides  l i t t l e  i n f o r m a t i o n  i n  t h e  r a t i o n a l  approach 

t o  drug d e l i v e r y  systems design. B lood - leve l  data c o r r e l a t i o n  

a t tempts  w i t h  "beaker" s t u d i e s  cannot g e n e r a l l y  p r o v i d e  u s e f u l  

i ns igh ts . '  Absorpt ion s t u d i e s  w i t h  i s o l a t e d  animal gut ,  when 

c a r r i e d  o u t s i d e  o f  a mechan is t i c  framework, have no t  g e n e r a l l y  

p rov ided  u s e f u l  i n f o r m a t i o n  f o r  drug d e l i v e r y  purposes. 

Data f rom these s t u d i e s ,  however, cannot be 

- 

THE FUTURE 

There should be r a p i d  progress i n  t h e  f u t u r e  o f  o r a l  drug 

d e l i v e r y  h i g h l i g h t e d  by what t h e  engineers c a l l  t h e  "systems 

approach." I n  one scenar io ,  t h e  f a c t o r s  and v a r i a b l e s  i n  Table 1 

would be i n t e g r a t e d  i n t o  a q u a n t i t a t i v e  and mechan is t i c  (behav io r  

a t  t h e  mo lecu la r  l e v e l )  model. 

upon dosage form behavior ,  drug d i s s o l u t i o n ,  drug a b s o r p t i o n  (where 

i n  t h e  i n t e s t i n a l  t r a c t  how much w i l l  be absorbed) and, f i n a l l y ,  

upon t h e  b l o o d - l e v e l  t i m e  p a t t e r n  would be desc r ibab le .  Please 

r e f e r  t o  Chapter 2 where examples o f  bo th  t h e  general  approaches 

and s p e c i f i c  r e l a t i o n s h i p s  have been discussed. 

Thus t h e  i n f l u e n c e  o f  t h e  drug pKa 

We a re  c u r r e n t l y  a t  a p o i n t  i n  t h e  e v o l u t i o n a r y  pa th  where 

b o t h  new comprehensive models a re  be ing fo rmu la ted  and where t h e  
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DESIGN - 
p a r t s  o f  

systems 

(i.e., a 

The 

i t s  a b i l  

PAST, PRESENT AND FUTURE 

t h e  whole are be ing  b e t t e r  

eve l  and a t  t h e  mo lecu la r  

1233 

understood. Concepts a t  t h e  

e v e l  a re  be ing  examined by 

experiments. The r a t e  o f  f u t u r e  progress w i l l  be l i m i t e d  o n l y  by 

how r a p i d l y  knowledge i s  gained i n  bo th  o f  these areas and by how 

r a p i d l y  t h i s  new sc ience/ technology i s  a p p l i e d  " i n  t h e  f i e l d "  

ong pharmaceut ica l  R and D groups).  

THE INTESTINAL RESERVE LENGTH CONCEPT 

pre-eminent s i g n i f i c a n c e  o f  t h e  rese rve  l e n g t h  concept i s  

t y  t o  i n t e r r e l a t e  many o f  t h e  f a c t o r s  g i ven  i n  Table 1 and 

p rov ides ,  t h e r e f o r e ,  a framework f o r  t h e  "systems approach." The 

i n t e s t i n a l  rese rve  l eng th ,  RL, 

where L i s  t h e  e f f e c t i v e  absorb ing l e n g t h  o f  t h e  i n t e s t i n e  and L* 

i s  t h e  l e n g t h  r e q u i r e d  f o r  e s s e n t i a l l y  complete a b s o r p t i o n  f o r  a 

p a r t i c u l a r  case. When RL i s  c l o s e  t o  zero o r  nega t i ve ,  we would 

have a b i o a v a i l a b i l i t y  problem. 

rese rve  l e n g t h  concept i n  o r a l  drug d e l i v e r y  research:  

The f o l l o w i n g  a r e  t h e  uses of t h e  

P o i n t s  o u t  t h e  c r i t i c a l  i n  v i t r o  phys icochemical ,  animal and 
human a b s o r p t i o n  s t u d i e s T e w t o  d e f i n e  s p e c i f i c  problems. 

So r t s  o u t  key v a r i a b l e s .  

Sets q u a n t i t a t i v e  boundar ies w i t h i n  which o p t i m i z a t i o n  
o f  o r a l  f o r m u l a t i o n s  may be achieved. 

P o i n t s  o u t  s t r a t e g i e s  and o p t i o n s  i n  drug f o r m u l a t i o n  
design. 

Assesses b i  oavai  1 a b i  1 i t y  and b ioequ i  Val ence i n  terms o f  
b i o p h y s i c a l  and physicochemical  events. 
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1234 HIGUCHI, HO, 

AN EXAMPLE APPLICATION OF THE RESERVE 
LENGTH C O N C m  TO B I O A V A I  LAB I L ITY 

F i g u r e  1 shows t h e  r e s u l t s  o f  c a l c u l a t i o n s  o f  b ioava 

AND MEXKLE 

l a b i  1 i t y  

o f  suspensions f o r  which p a r t i c l e  s i ze ,  s o l u b i l i t y ,  membrane 

p e r m e a b i l i t y  and i n t e s t i n a l  f l o w  -- a l l  have been taken i n t o  

account. Th is  may be one o f  t h e  f i r s t  examples o f  t h e  "systems 

approach. I' 

c o e f f i c i e n t  i s  cons tan t  a long  t h e  i n t e s t i n a l  l e n g t h  and t h a t  t h e  

Thi s t r ea tmen t  assumes t h a t  t h e  permeabi 1 i t y  

p a r t i c l e s  f l o w  w i t h  t h e  f l u i d .  The equa t ions  employed i n  t h e  

c a l c u l a t i o n s  were a l r e a d y  t e s t e d  -- i n  v i t r o  and i n  t h e  pe r fused  r a t  

gu t  segment. These c a l c u l a t e d  r e s u l t s  may now be t e s t e d  i n  t h e  

per fused dog and i n  t h e  pe r fused  human i n  v i v o  t o  demonstrate t h a t  

t h i s  approach would work i n  p r e d i c t i n g  b i o a v a i l a b i l i t y .  

P r e d i c t i o n s  s i m i l a r  t o  those i n  F i g u r e  1 may a l s o  be made f o r  o t h e r  

dosage forms (e.g., sus ta ined  re lease,  emulsions, etc.). 

FUTURE RESEARCH I N  GAP AREAS 

I n  o r d e r  t o  achieve f u l l  imp lemen ta t i on  o f  t h e  "systems 

approach" a number o f  gaps have t o  be b r i d g e d  by f u t u r e  research 

e f f o r t s .  A summary o f  these gap areas i s  presented i n  Table 3. 

The t o p i c s  mentioned should be considered i n  l i g h t  o f  t h e  

d i scuss ions  i n  f o r e g o i n g  chapters ,  and comments can, t h e r e f o r e ,  be 

b r i e f .  

Al though a1 ready cons ide rab le  knowledge on t h e  r a t e s  o f  

g a s t r o i n t e s t i n a l  f l o w  i s  a t  hand, s t i l l  more work has t o  be done 

f o r  f u l l  understanding and c h a r a c t e r i z a t i o n  o f  f l o w  regime, m ix ing ,  

t echn iques  t o g e t h e r  w i t h  i n v a s i v e  techn iques  (such as 

g a s t r o i n t e s t i n a l  p e r f u s i o n  o f  nonabsorbable markers t h r o u g h  
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DESIGN - PAST, PRESENT AND FUTURE 1235 

LINEAR FLOW VELOCITY, mimh c=. 

0.25 0.50 1.00 

El 
i 300 

s 1 0 0  

g o  
8 

a 200 z 
W 

W 
v) -100 

0 

0 

0 

Figure 1 

i n t u b a t i o n ) .  

s c i  n t i  graphy u s i n g  s u i t a b l y  r a d i  ol  abel  ed s o l  u t i  ons o r  dosage 

forms. 

emptying (D igen is  e t  al., 1976, 1977, 1980; Heading e t  a l . ,  1973; 

F e l l  e t  al., 1982).2-6 

The most p romis ing  non- invas i ve  techn ique  a t  hand i s  

This  technique has so f a r  been m o s t l y  used t o  s tudy g a s t r i c  

However, more recen t  work i n d i c a t e s  t h a t  

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.



1236 HIGUCHI, HO, AND MERKLE 

t h i s  technique may a l s o  be u s e f u l  f o r  s t u d i e s  o f  small i n t e s t i n a l  

f l o w  k i n e t i c s .  

t h e  f l o w  r a t e s  than r e s u l t s  based on 

s u f f e r  f rom p o s s i b l e  a r t i f i c i a l  s t imu a t i o n  o f  gut  m o t i l i t y .  

Th is  technique may p rov ide  more r e l i a b l e  data on 

n t u b a t i o n  methods which may 

Along w i t h  more work on f l ow  and t r a n s i t ,  more work i s  needed 

Th is  i s  on t h e  -- i n  s i t u  a b s o r p t i o n  o f  drugs i n  an imals  and humans. 

necessary f o r  t h e  b a s i c  mechan is t i c  unders tand ing  o f  t h e  a b s o r p t i o n  

process and t h e  e l i m i n a t i o n  o f  "b lack  box" concepts o r  h y p o t h e t i c a l  

assumptions i n  our approaches t o  drug d e l i v e r y  s tud ies .  Such 

i n v e s t i g a t i o n s  w i l l  a l s o  broaden t h e  knowledge base on mechanisms, 

p e r m e a b i l i t y  c o e f f i c i e n t s  and a b s o r p t i o n  windows. 

dogs, i n t u b a t i o n  methods are most a p p r o p r i a t e ;  f o r  r a t s ,  procedures 

l i k e  t h e  D o l u i s i o - p e r f u s i o n  o r  cont inuous p e r f u s i o n  may be used. 

An impor tan t  s tep  toward more accu ra te  p r e d i c t i o n s  o f  human 

For humans and 

response would be t h e  d e t e r m i n a t i o n  o f  mechan is t i c  c o r r e l a t i o n s  

between human and animal data. This  would be i m p o r t a n t  f rom t h e  

s c i e n t i f i c  as w e l l  as from t h e  economic s tandpo in t .  Whereas d i r e c t  

c o r r e l a t i o n s  may no t  be p o s s i b l e  t o  ob ta in ,  good c o r r e l a t i o n s  may 

be found when d i f f e r e n c e s  of gu t  f low,  membrane permeabi 1 i t y  and 

windows a r e  taken i n t o  account i n  t h e  models. A d d i t i o n a l l y ,  such 

c o r r e l a t i o n s  would be more meaningful  and b e t t e r  s u i t e d  f o r  

i n t e r p o l a t i o n  and e x t r a p o l a t i o n  o f  data than  when based on "b lack  

box" concepts. If such c o r r e l a t i o n s  can be s u c c e s s f u l l y  

e s t a b l i s h e d ,  t hey  would be u s e f u l  f o r  p r a c t i c a l  dosage form and 

drug del  i very systems development. 

An i m p o r t a n t  focus of immediate and f u t u r e  work should be 

research on mechanisms t o  i n c r e a s e  t h e  res idence  o f  drug p a r t i c l e s  
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DESIGN - PAST, PRESENT AND FUTURE 1237 

o r  d r u g / e x c i p i e n t  p a r t i c l e s  i n  t h e  smal l  i n t e s t i n e .  As t h i s  w i l l  

e f f e c t i v e l y  i n c r e a s e  t r a n s i t  t imes,  a b s o r p t i o n  w i l l  be more 

complete and t h e  e f f e c t i v e  rese rve  l e n g t h  w i l l  be increased. This  

c o n s i d e r a t i o n  w i l l  be e s p e c i a l l y  i m p o r t a n t  f o r  c o n t r o l l e d  r e l e a s e  

p r e p a r a t i o n s  m a i n l y  w i t h  rega rd  t o  t h e  ques t i on  o f  completeness o f  

a b s o r p t i o n  i n  t h e  smal l  i n t e s t i n e .  I n d i c a t i o n  t h a t  t h i s  approach 

m igh t  be p o s s i b l e  w i t h  t h e  use o f  h i g h  d e n s i t y  p e l l e t s  have been 

presented by Bechgaard and Ladefoged (1 978). However, o t h e r  

au tho rs  have r a i s e d  doubts about t h i s  approach, suggest ing t h a t  

pro longed smal l  i n t e s t i n a l  s t a y  c o u l d  be due t o  t h e  f a c t  t h a t  o n l y  

i l e o s t o m y  p a t i e n t s  were s tud ied.  Other s t u d i e s  w i t h  normal 

s u b j e c t s  d i d  n o t  show s i m i l a r  e f f e c t s  (Bogen to f t  e t  al., 1982).8 

Other research should be d i  r e c t e d  t o  pro1 ongi  ng t h e  res idence 

o f  smal l  p a r t i c l e s  i n  t h e  smal l  i n t e s t i n e .  Such improvement c o u l d  

be brought  about by s p e c i f i c  o r  n o n - s p e c i f i c  p a r t i c l e / g u t  w a l l  

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

A1 though any d i  scuss ion o f  p o s s i b l e  mechanisms i s  s p e c u l a t i v e  a t  

t h e  moment, t h e  expec ta t i ons  a r e  appeal ing.  S p e c i f i c  i n t e r a c t i o n s  

m i g h t  be t h e  most i n t e r e s t i n g ,  e.g., ca rbohydra te  i n t e r a c t i o n s  

mediated by ca l c ium i o n s  o r  by l e c t i n s .  A l though cons ide rab le  

knowledge about such i n t e r a c t i o n s  i s  a v a i l a b l e  f rom f i e l d s  l i k e  

t a r g e t i n g  o f  m i c r o p a r t i c u l a t e  c a r r i e r s  t o  c e l l s  o r  i n  b a c t e r i a l  

at tachment,  t h e y  have n o t  been proposed f o r  t h e  improvement o f  

smal l  i n t e s t i n a l  residence. 

F i n a l l y ,  da ta  bases need t o  be e s t a b l i s h e d  f o r  assess ing drug 

metabol ism i n  and a long t h e  i n t e s t i n a l  t r a c t .  The i n f l u e n c e s  o f  

b a c t e r i a l  f l o r a  i n  t h e  t e r m i n a l  i l eum and i n  t h e  l a r g e  i n t e s t i n e  on 
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1238 HIGUCHI, HO, AND MERKLE 

b i o a v a i l a b i l i t y  need t o  be understood and q u a n t i f i e d .  

mapping o u t  t h e  enzyme systems w i t h  emphasis on 

l o c a t i o n / d i s t r i b u t i o n  should be h i g h  p r i o r i t y .  

Studies 
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