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ABSTRACT 

Among many workers i n  t h e  drug  f o r m u l a t i o n  area, t h e r e  i s  t h e  

mis taken n o t i o n  t h a t  an o r a l  p roduc t  wh ich  re leases  drug  a t  an i d e a l -  

i z e d  r a t e  i n  v i v o  w i l l  r e s u l t  i n  d rug  b lood  l e v e l s  wh ich  a r e  r e l a -  

t i v e l y  cons tan t  over  t h e  d u r a t i o n  o f  t h e  dos ing  i n t e r v a l .  

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

processes v i r t u a l l y  ensures t h a t  under c l i n i c a l  c o n d i t i o n s  t h i s  

w i l l  n o t  be t h e  case. Some o f  t h e  many f a c t o r s  i n v o l v e d  i n c l u d e :  

Un fo r -  

( 1 )  d i f f e r i n g  r a t e s  o f  abso rp t i on  dependent upon t h e  s i t e  o f  d rug  

r e l e a s e  i n  t h e  gu t ;  

t imes, p a r t i c u l a r l y  g a s t r i c  emptying; ( 3 )  t h e  presence o f  f ood  i n  

t h e  gu t ;  ( 4 )  g a s t r o i n t e s t i n a l  b lood  f l ow ;  ( 5 )  d isease and d rug  

induced e f f e c t s  on g u t  phys io logy ;  

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

( 2 )  g a s t r o i n t e s t i n a l  m o t i l i t y  and t r a n s i t  

and (6 )  t h e  n a t u r e  o f  t h e  m i c r o  

From a pharmacok ine t ic  view, t h e  b lood  l e v e l s  o f  d rugs  which 

a r e  more r a p i d l y  e l i m i n a t e d  f rom t h e  body w i l l  be more s e n s i t i v e  t o  

1 
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2 BOXENBAUM 

t h i s  g a s t r o i n t e s t i n a l  v a r i a b i l i t y  than those which are more s lowly  

e l iminated.  Consequently, the l e v e l  o f  success t h a t  may be expected 

from a sustained re lease product i s  i nve rse l y  p ropor t i ona l  t o  the  

therapeut ic  need f o r  such a product. 

INTRODUCTION 

A sustained re lease (SR) dosage form may be def ined as a 

preparat ion which releases drug i n  v i vo  a t  a considerably slower 

r a t e  than i s  the case from an equiva lent  dose o f  a conventional 

dosage form. 

a s a t i s f a c t o r y  drug response w h i l e  a t  the same t ime reducing the 

frequency o f  dosage form admin i s t ra t i on .  

i s  popular ly  used i n  a SR form i s  chlorpheniramine maleate; 

vent ional  form the drug may be g iven as 4 ing every 4 hours, o r  i n  

SR form, as 12 mg every 12 hours. From the t h e o r e t i c a l  view, a SR 

product need on ly  produce a s a t i s f a c t o r y  response w i t h  a l e s s  f r e -  

quent r a t e  o f  admin i s t ra t i on .  A t  the pragmatic l e v e l  , however, 

there e x i s t s  a w e l t e r  o f  issues; 

how does t h i s  r e l a t e  t o  drug re lease and absorpt ion ra te ,  and on 

what c r i t e r i a  are these judgements based? Although o f  g rea t  con- 

cern, these phi losophic  issues a re  beyond the scope o f  the present 

discussion. 

discuss those phys io log i ca l  and pharmacokinetic f a c t o r s  c o n t r i b u t i n g  

most t o  the i n  v i vo  conduct o f  SR preparations. Purposely omi t ted 

a re  discussions on fo rmu la t i on  aspects, an extremely impor tant  and 

e x c i t i n g  area, b u t  one i n  which the  author lacks s u f f i c i e n t  knowledge. 

Among many workers i n  the f i e l d  o f  SR product development and 

evaluat ion there i s  the mistaken n o t i o n  t h a t  on m u l t i p l e  dosing an 

The o b j e c t i v e  o f  employing a SR product i s  t o  ob ta in  

An example o f  a drug which 

i n  con- 

what i s  a s a t i s f a c t o r y  response, 

Rather, i t  i s  the i n t e n t  o f  the author t o  review and 
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SUSTAINED RELEASE DOSAGE FORMS 3 

o r a l  product which releases drug a t  an i d e a l i z e d  r a t e  i n  v i t r o  ( o r  

even i n  v i vo )  w i l l  r e s u l t  i n  drug blood l e v e l s  which are r e l a t i v e l y  

s tab le  and constant over the du ra t i on  o f  the dosing i n t e r v a l .  Un- 

fo r tuna te l y ,  f o r  many drugs ( v ide  i n f r a ) ,  i n t r a -  and i n t e r - s u b j e c t  

v a r i a b i l i t y  i n  pharmacokinetic and phys io log i ca l  processes v i r t u a l l y  

ensures t h a t  t h i s  w i l l  no t  be the case. Some fac to rs  t o  be discussed 

here in inc lude:  (1)  v a r i a b i l i t y  i n  pharmacokinetic parameters such 

as apparent o r a l  clearance and h a l f - l i f e ;  

absorpt ion dependent upon the s i t e  o f  drug re lease i n  the gut; (3)  

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, p a r t i c u l a r l y  g a s t r i c  emptying; (4)  

the presence o f  food i n  the gut; 

and (6)  the nature o f  the m i c r o f l o r a  i n  the l a r g e  i n t e s t i n e .  

doubt o ther  impor tant  f ac to rs  have been omi t ted o r  overlooked, e.g., 

g a s t r o i n t e s t i n a l  pH'. 

argument t h a t  there are so many f a c t o r s  i n t e r a c t i n g  i n  such a complex 

fashion as t o  ensure v a r i a b i l i t y .  

no surpr ise.  It i s  a basic tene t  o f  Neo-Darwinian t h i n k i n g  t h a t  

species' su rv i va l  requi res i n d i v i d u a l  v a r i a b i l i t y ,  and t h a t  t h i s  

i s  brought about by gene recombinations. 

protean condi t ion,  we have the  s t ress  diseases, sometimes r e f e r r e d  

t o  as the diseases o f  c i v i l i z a t i o n .  High blood pressure, h e a r t  

disease, a r t h r i t i s ,  diabetes, and g a s t r o i n t e s t i n a l  u l ce rs  a l l  pro- 

duce biochemical and phys io log ica l  changes capable o f  a f f e c t i n g  

drug absorption. Moreover, the diseases we are t r e a t i n g  w i t h  drugs 

may very w e l l  e x e r t  an i n f l uence  on the drug absorpt ion and d i s -  

p o s i t i o n  process. 

absorpt ion o f  qu in id ine,  procainamide, hyd roch lo r th iaz ide  and metola- 

zone2. 

( 2 )  d i f f e r i n g  ra tes  o f  

( 5 )  g a s t r o i n t e s t i n a l  blood f low; 

No 

These omissions on ly  serve t o  r e i n f o r c e  the 

To the b i o l o g i s t ,  t h i s  comes as 

And t o  add t o  t h i s  a l ready 

For example, card iac f a i l u r e  may impai r  t he  

An then the re  a re  the drugs which i n f l uence  g a s t r o i n t e s t i n a l  
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BOXENBAUM 4 

function, 

nergi cs . 
functiona 

other. 

and thus a f fec t  the i r  own absorption, e.g., anticholi- 

In the final analysis, our biological system may only be 

ly operational since the variations tend to nullify each 

PHARMACOKINETIC FACTORS AFFECTING PERFORMANCE OF SUSTAINED RELEASE 
DOSAGE FORMS 

Preliminary Considerations 

The relationships and importance of various pharmacokinetic 

parameters have been discussed in several excel lent  paper^^-^ and will 

no t  be repeated here. 

we generally u t i l i ze  very simple pharmacokinetic principles, con- 

s i s t en t  with our goals. 

wish to incorporate into a SR dosage form. 

therapeutic blood level of 6 pg/ml and i s  eliminated by f i r s t -  

order kinetics from the l iver  and kidney. 

178 ml/min, and total  clearance (metabolic + renal)  is  219 ml/min. 

We wish t o  design a zero-order release product t o  be given orally 

a t  8 hour intervals. Assuming complete ava i lab i l i ty  t o  the portal 

vein and l iver ,  how much drug  do we p u t  i n  the formulation? 

appropriate equation i s :  

In the design and evaluation of SR products, 

Consider a drug  w i t h  a 2 hour ha l f - l i fe  we 

The drug  has a desired 

Metabolic clearance i s  

The 

where: C i s  the desired blood level ( 6  pg/ml) 
C@ i s  total  clearance (219 ml/min) 
CLM i s  metabolic clearance (178 m l / m i n )  
T i s  the dosing interval (480 min) 
Q is  the hepatic blood flow (1780 ml/min) 
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SUSTAINED RELEASE DOSAGE FORMS 5 

The numerator i s  the r a t e  o f  intravenous drug admin i s t ra t i on  

(CB X CL) m u l t i p l i e d  by the dosing i n t e r v a l .  The denominator i s  

the f r a c t i o n  o f  drug su rv i v ing  the f i r s t  pass through the l i v e r ,  

thus ad jus t i ng  ( increas ing)  the intravenous dose f o r  o r a l  admin- 

i s t r a t i o n .  

Note t h a t  the value o f  h a l f - l i f e  ( 2  hrs )  never even entered the 

ca l cu la t i on .  We s h a l l  see, however, t h a t  the h a l f - l i f e  does a f f e c t  

the apparent performance o f  a p a r t i c u l a r  product. 

Solv ing the equation, one obta ins an answer o f  700 mg. 

Assuming now t h a t  we do have an i d e a l i z e d  zero-order r a t e  o f  

re lease and drug absorption i n t o  the p o r t a l  vein, a constant blood 

l e v e l  o f  drug w i l l  be obtained provided apparent o r a l  clearance 

remains constant from dose t o  dose and day t o  day, i n  accordance 

w i t h  Eq. 2 .  

FD 
(Eq. 2 )  

- D 
c = - =  

TCLO TCL 

- 
where: C i s  the average steady s t a t e  blood concentrat ion and 

i s  constant w i t h  zero-order absorpt ion 
D i s  the dose 
F i s  the b i o a v a i l a b i l i t y  
T i s  the dosing i n t e r v a l  
CL i s  the t o t a l  clearance 
CLo i s  the apparent o r a l  clearance, (CL/F) 

Unfortunately the l a t t e r  assumption assuming constancy o f  CLo 

does n o t  appear t o  be t r u e  f o r  drugs which are apprec iab ly  metabol i -  

zed and have s i g n i f i c a n t  l i v e r  f i r s t - p a s s  e f fec ts .  6 * 7  Day t o  day 

v a r i a b i l i t y  occurs due t o  changes i n  the external  environment and/or 

i n t e r n a l  phys io log ic  parameters. 

Even i f  i n t r a s u b j e c t  v a r i a b i l i t y  were n o t  a consideration, we 

s t i l l  have t o  contend w i t h  s i g n i f i c a n t  i n t e r s u b j e c t  v a r i a b i l i t y  i n  
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6 BOXENBAUM 

CL,. Al though a d i scuss ion  o f  t h i s  t o p i c  i s  beyond t h e  scope o f  

t h i s  p resen t  work, s u f f i c e  i t  t o  say t h a t  i n t e r s u b j e c t  v a r i a b i l i t y  

i n  CLo i s  s i g n i f i c a n t ;  some causes a r e  gene t i c  f a c t o r s ,  sex, age, 

n u t r i t i o n a l  s ta te ,  exposure t o  enzyme inducers,  d i e t ,  s t a t e  o f  hea l th ,  

i n f l u e n c e  o f  drugs, e t c .  Thus, i f  we admin i s te r  a SR dosage form 

w i t h  p e r f e c t  zero-order re lease  and abso rp t i on  c h a r a c t e r i s t i c s  

group o f  subjects ,  v a r i a t i o n s  i n  

w i t h  v a r i a t i o n s  i n  CLo ( f o r  t he  purpose o f  t h i s  d iscuss ion,  we a r e  

assuming homogeneity i n  plasma p r o t e i n  b ind ing ,  thus s i m p l i f y i n g  

ou r  a n a l y s i s . )  

would be observed c o n s i s t e n t  

I n f l u e n c e  o f  Pharmacokinet ic Parameters on I n  V ivo  Performance 

Al though g e n e r a l l y  n o t  app rec ia ted  by researchers i n  t h e  f i e l d ,  

t he  pharmacokinet ic behavior  o f  a drug can have a profound e f f e c t  

on the  s u i t a b i l i t y  o f  a p a r t i c u l a r  SR formulat ion.  

t he  s h o r t e r  t he  h a l f - l i f e  o f  t he  drug, t he  more c r i t i c a l  t he  re lease  

and abso rp t i on  c h a r a c t e r i s t i c s  o f  t h e  SR dosage form become. 

verse ly ,  as the  h a l f - l i f e  increases, f o r m u l a t i o n  f a c t o r s  become l e s s  

impor tant .  Th is  i s  l l u s t r a t e d  i n  F ig .  1, which shows a t h e o r e t i c a l  

plasma concen t ra t i on  t ime  curve f o r  a drug f o l l o w i n g  s i n g l e  dose 

o r a l  a d m i n i s t r a t i o n .  

t i o n  curves; which r a t e  o f  abso rp t i on  curve matches t h e  plasma con- 

cen t ra t i on - t ime  curve? 

I n  genera l ,  

Con- 

Below a r e  i l l u s t r a t e d  t h r e e  r a t e  o f  absorp- 

Obvious ly  t h e  fo rmu la t i ons  improve when going from t o p  t o  bo t -  

tom. 

c o n s i s t e n t  w i t h  the  plasma concen t ra t i on - t ime  curve, b u t  o n l y  w i t h  

the  h a l f - l i v e s  so i nd i ca ted .  

9 hours, t he  top  curve would desc r ibe  the  r a t e  o f  abso rp t i on .  I f  

the  drug had a tJs o f  3 hours, t he  bottom curve would desc r ibe  t h e  

The answer i s  t h a t  a l l  t h r e e  r a t e  o f  abso rp t i on  curves a r e  

That i s ,  i f  the  drug had a t+ o f  
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SUSTAINED RELEASE DOSAGE FORMS 7 

o m  Maximum R a h  of Absorption 
Minimum R o b  of Absorption 

= 

0 

a 

l0 I............ 2 4 6 8 10 12 

limo (hours) 

Figure 1 

Rates o f  absorpt ion from t h e o r e t i c a l  sustained re lease formulat ions,  
where the drug i s  assumed t o  have 3 sets o f  pharmacokinetic para- 
meters: ( 1 )  t 4  = 9 hrs ,  Vd = 129,870 m l ,  CL = 10,000 ml/hr; (2 )  t 4  = 
6 hrs, Vd = 86,207 m l ,  CL = 10,000 ml /hr ;  and (3 )  t$ = 3 hrs ,  Vd = 
43,290 m l ,  CL = 10,000 ml /hr .  Note t h a t  CL i s  constant. *Rate o f  
absorpt ion determined by the method o f  Wagner and Nelson. 
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BOXENBAUM a 

r a t e  o f  absorpt ion.  Thus, i t  i s  apparent, t h a t  as h a l f - l i f e  i n -  

creases, t he  f o r m u l a t i o n  can worsen w i t h o u t  a f f e c t i n g  o v e r a l l  per-  

formance, i .e . ,  t he  plasma concen t ra t i on - t ime  curve. I n t u i t i v e l y ,  

one can r e a d i l y  app rec ia te  t h a t  w i th  drugs o f  l onger  h a l f - l i f e ,  

sharp d i p s  i n  the  plasma concen t ra t i on - t ime  curve would n o t  occur  

even i f  absorpt ion complete ly  shu t  o f f  over  pe r iods  o f  t ime. 

l a t t e r  behavior  may i n  f a c t  be the  s a l v a t i o n  o f  severa l  p o o r l y  

formulated SR products  p r e s e n t l y  on t h e  market. 

Th is  

Looking from another  perspect ive,  t he  s h o r t e r  t he  h a l f - l i f e ,  

t he  more s e n s i t i v e  i s  t h e  plasma concen t ra t i on - t ime  curve t o  t h e  

r a t e  o f  absorpt ion,  and consequent ly,  t he  more impor tan t  i t  becomes 

t o  have a good fo rmu la t i on .  

a r e  the  ones most i n  need o f  goodformulat ions,  we may summarize t h e  

o v e r a l l  s i t u a t i o n  i n  t h e  f o l l o w i n g  paradigm: THE DEGREE OF SUCCESS 

And because drugs w i t h  s h o r t  h a l f - l i v e s  

ONE MAY EXPECT CLINICALLY FROM A SUSTAINED RELEASE PRODUCT IS IN- 

VERSELY PROPORTIONAL TO THE NEED FOR THE PRODUCT. That i s ,  i t  i s  

e a s i e r  t o  make a s a t i s f a c t o r i l y  per forming SR p roduc t  f o r  a drug 

w i t h  an 8 hour h a l f - l i f e  than f o r  one w i t h  a 2 hour  h a l f - l i f e .  

s t a t i n g  i t  i n  pharmacokinet ic terms, t h e  l onger  t h e  h a l f - l i f e  o f  t h e  

drug, t h e  l e s s  s e n s i t i v e  i s  t he  plasma concen t ra t i on - t ime  curve t o  

the  r a t e  o f  absorpt ion.  

b u f f e r e d  t h e  plasma curve i s  f rom s i g n i f i c a n t  f l u c t u a t i o n s  i n  the  

r a t e  o f  absorpt ion.  Conversely, t h e  s h o r t e r  t h e  h a l f - l i f e ,  t h e  more 

s e n s i t i v e  i s  t he  plasma concen t ra t i on - t ime  curve t o  the  r a t e  o f  

absorpt ion.  

3 hours, o r  l ess ,  t he  plasma concen t ra t i on - t ime  curves g e n e r a l l y  

p a r a l l e l  t he  r a t e  o f  abso rp t i on  curves, w i t h  a s l i g h t  s h i f t  o f  t h e  

t ime ax i s .  

shapes o f  t h e  plasma concen t ra t i on - t ime  curves on r a t e s  o f  abso rp t i on .  

O r ,  

I n  a sense, t he  l onger  t h e  t+ t h e  more 

I n  f a c t ,  f o r  drugs w i t h  h a l f - l i v e s  i n  the  v i c i n i t y  o f  

F igures 2 and 3 i l l u s t r a t e  t h e  s t rong  dependence o f  t he  
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SUSTAINED RELEASE DOSAGE FORMS 9 

d a 

In vivo 
R o b  of AbsorDtion 

In vitro 
Rak of Dissolution .\- S.R. robkt 

c 
I 

3: 1 I 3 4 5 6 7 8 
limo (hours) 

F i g u r e  2 

Averaged plasma concen t ra t i on - t ime  data,  r a t e s  o f  a b s o r p t i o n  and 
r a t e s  o f  d i s s o l u t i o n  f rom an exper imenta l  procainamide SR fo rmula-  
t i o n .  Rates o f  a b s o r p t i o n g y  "were determined f rom parameters i n  
Table I o f  Gra f fne r ,  Johnsson, and S jag ren . ' l  Procainamide d a t a  
was ob ta ined  f rom F i g .  4 o f  t h i s  l a t t e r  re fe rence .  

F i g u r e  2 i l l u s t r a t e s  averaged plasma concen t ra t i on - t ime  da ta  

f rom a SR procainamide fo rmu la t i on  as w e l l  as f rom conven t iona l  t ab -  

l e t s .  

d u c t  determines t h e  shape o f  t h e  plasma cu rve  ( t $  o f  p roca inamide 

i s  2.72 hours) .  A d d i t i o n a l l y ,  t h e  r a t e  o f  a b s o r p t i o n  cu rve  c o u l d  

n o t  have been p r e d i c t e d  a p r i o r i  f rom t h e  r a t e  o f  d i s s o l u t i o n  curve, 

I t  may be no ted  t h a t  t h e  r a t e  o f  a b s o r p t i o n  f rom t h e  SR p ro -  
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10 BOXENBAUM 

J 1 650 mg Aspirin 
2 Convontional lablots 

Figure 3 

Plasma a s p i r i n  concentrat ion-t ime curve and ra tes  o f  absorption 
from a marketed SR a s p i r i n  product (Measurin) administered t o  a 
representat ive subject .  
Fig. 3 w i t h  data from Figs. 7-8 from Riege1man.l' Intravenous 
a s p i r i n  parameters f o r  r a t e  o f  absorption c a l c u l a t i o n  obtained 
from Tables 1-11 (sub jec t  D) o f  Rowland and Riegelman.13 

Rate o f  absorption determined as i n  

w i thou t  add i t i ona l  experiments. 

the plasma data were averaged from 4 subjects, and t h a t  had the  data 

from the  i n d i v i d u a l  subjects  been observed, considerably more scat- 

t e r  would be expected. 

I t  i s  a lso important t o  note t h a t  

F igure 3 i l l u s t r a t e s  plasma concentrat ion- 
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SUSTAINED RELEASE DOSAGE FORMS 11 

t ime  data and r a t e  o f  abso rp t i on  data f o l l o w i n g  SR a s p i r i n  (Measur in)  

a d m i n i s t r a t i o n  t o  a r e p r e s e n t a t i v e  s u b j e c t  ( t 4  o f  a s p i r i n  = 13.9 m in ) .  

Once again i t  i s  obvious t h a t  t he  r a t e  o f  abso rp t i on  s i g n i f i c a n t l y  

determines the  shape o f  t he  plasma curve. 

on SR a s p i r i n  the  reader  i s  r e f e r r e d  t o  H o l l i s t e r . )  A lso o f  i n t e r -  

e s t  i s  t h e  f a c t  t h a t  n e i t h e r  procainamide no r  a s p i r i n  i s  absorbed a t  

a zero-order  r a t e .  

(For  a general  d i scuss ion  
14 

S u i t a b i l i t y  o f  a Drug Candidate f o r  Sustained-Release Fo rmu la t i on  

In genera l ,  those drugs w i t h  s h o r t  h a l f - l i v e s  which a r e  r a p i d l y  

absorbed f rom convent ional  dosage forms a r e  good candidates f o r  SR 

formulat ion.  

r e l a t e d  t o  i n t a c t  drug i n  blood, and t h a t  me tabo l i t es  a r e  i n a c t i v e .  

F i g u r e  4 i l l u s t r a t e s  plasma procainamide curves (t$ 

i n g  m u l t i p l e  dose a d m i n i s t r a t i o n  a t  3 and 6 hour i n t e r v a l s .  

t h e  t h e r a p e u t i c  window a t  4-8 m g / l i t e r ,  

dos ing i n t e r v a l  o f  3 hours i s  cons ide rab ly  more des i rab le ,  i f  n o t  

mandatory. Since t h i s  3 hour dos ing i n t e r v a l  represents  a consider-  

a b l e  inconvenience t o  t h e  p a t i e n t ,  t h i s  drug i s  a good candidate f o r  

SR fo rmu la t i on .  I t  should be p o i n t e d  ou t ,  however, t h a t  t h e  s i t u a -  

t i o n  i s  a b i t  more compl icated, s i n c e  t h e r e  i s  an a c t i v e  me tabo l i t e ,  

a ~ e t y l p r o c a i n a m i d e ’ ~  which i s  formed as a r e s u l t  o f  polymorphic 

procainamide a c e t y l a t i o n .  

Here we a r e  assuming t h a t  pharmacologic a c t i v i t y  i s  

3.5 h r )  f o l l o w -  

Tak ing 
16 

i t  i s  apparent t h a t  a 

18 

A good example o f  a drug f o r  which a SR f o r m u l a t i o n  i s  unneces- 

sa ry  i s  phenyto in  (d iphenylhydanto in) .  As i l l u s t r a t e d  i n  F i g .  5, 

dos ing schedules o f  once d a i l y  E. 3 t imes d a i l y  produced s i m i l a r  

m u l t i p l e  dose plasma curves. l 9  

absorp t i on  and d i s p o s i t i o n  o f  t h e  drug; t h e  s low d i s p o s i t i o n  

i s  a consequence o f  sa tu rab le  metabol ism . 

This  r e s u l t s  f rom bo th  t h e  s low 

20 21  
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12 BOXENBAUM 

OL , 1 I I I I I 
0 2 4 6 

Hours 

F igure 4 

Steady-state plasma procainamide concentrat ions i n  a representat ive 
subject  rece iv ing  3 Gm/day a t  3 and 6 hour i n t e r v a l s .  
from Fig. 5 o f  Koch-Weser and Klein,15 w i t h  permission o f  copy- 
r i g h t  owner (Copyr ight  1971 , American Medical Associat ion.) 

Reproduced 

I n  Vivo Evaluation o f  Sustained Release Products 

Once a SR dosage form has undergone a s a t i s f a c t o r y  i n  v i t r o  

evaluation, i t  i s  genera l l y  tested i n  v i vo  us ing heal thy subjects. 

Generally, these s tud ies u t i l i z e  young volunteers who are disease 

f ree.  I n  one t y p i c a l  laboratory ,  these subjects  are fas ted  over- 

n ight ,  brought i n t o  a laboratory ,  p u t  t o  bed i n  the supine pos i t i on ,  

given I . V .  f l u i d s ,  and asked t o  swallow a p i l l  w i t h  240 m l  t ap  
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SUSTAINED RELEASE DOSAGE FORPIS 13 

- Singldorqoup 

*---- Dividddor group 

0 1 2 3 4 6 6 7 8 9 10 11 12 13 14 15 16 17 18 19 10 
P During t r a t m n t  Af tn  treatment 4 

T i m  (days) 

Figure 5 

- Singldorqoup 

*---- Dividddor group 

0 1 2 3 4 6 6 7 8 9 10 11 12 13 14 15 16 17 18 19 10 
During t r a t m n t  Af tn  treatment 

T i m  (days) 

Figure 5 

Mean plasma l e v e l s  o f  phenytoin f o l l o w i n g  three times d a i l y  adminis- 
t r a t i o n  ( 6  AM, Noon, 6 PM) E. once d a i l y  admin i s t ra t i on .  
duced from Fig.  1 o f  Buchanan and co-workersY1’ w i t h  permission o f  
copyr ight  owner. 

Repro- 

water. When i n v e s t i g a t i n g  the i n f l uence  o f  food, the subjects  

receive a standardized meal. 

d i t i o n s  representat ive o f  the s i t u a t i o n  i n  which the dosage form 

w i l l  be u t i l i z e d .  Consequently one may ob ta in  data which shows 

considerably l ess  i n t r a -  and i n t e r s u b j e c t  v a r i a b i l i t y  than i s  ob- 

served under c l i n i c a l  condi t ions.  Obviously the way t o  f u r t h e r  

evaluate the SR dosage form i s  t o  u t i l i z e  actual  p a t i e n t s  who 

receive the  drug under c l i n i c a l  condi t ions.  Unfor tunate ly  t h i s  i s  

n o t  always done, and when i t  i s ,  protocols  tend t o  be f a u l t y  w i t h  

respect  t o  blood sampling, i .e.,  i n s u f f i c i e n t  data po ints .  Inves- 

t i g a t o r s  should be aware o f  these p o t e n t i a l  shortcomings when 

making judgements on SR products. 

These can hard ly  be considered con- 
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14 BOXENBAUM 

PHYSIOLOGICAL FACTORS AFFECTING PERFORMANCE OF SUSTAINED RELEASE 
DOSAGE FORMS 

Rate o f  Absorption a t  D i f f e r e n t  S i t e s  o f  the Gas t ro in tes t i na l  T rac t  

As mentioned prev ious ly ,  t he re  i s  a pervasive a t t i t u d e  t h a t  

zero-order re lease produces zero-order absorption. 

be the case f o r  some s p e c i f i c  drugs, t he re  i s  no a p r i o r i  reason t o  

assume t h a t  t h i s  w i l l  be the general case. Zero-order absorption 

f o l l o w i n g  zero-order re lease w i l l  on’ly occur inasmuch as: 

gu t  behaves as a one-compartment model, i .e. , a uni formly absorbing 

b a r r i e r ,  o r  ( 2 )  the r a t e  o f  absorpt ion from a l l  absorbing surfaces 

along t h e  t r a c t  i s  considerably more r a p i d  than the r a t e  o f  drug 

re lease from the dosage form, i .e.,  drug re lease r a t e  l i m i t s  drug 

absorption. 

var ious segments o f  the gu t  do n o t  a f f o r d  e q u a l i t y  o f  absorption rates 

f o r  most drugs. 

f o l l o w i n g  admin i s t ra t i on  d i r e c t l y  i n t o  the lumen o f  various segments 

o f  the g a s t r o i n t e s t i n a l  t r a c t  (GIT) i n  the dog. Obviously the  r a t e  

o f  absorpt ion decreases from duodenum t o  i leum, stomach, and colon. 

I n  a t  l e a s t  one regard, t e t r a c y c l i n e  i s  representat ive o f  most drugs - 
the duodenum has the greatest  absorpt ive capaci ty .  With regard t o  

the  second p o i n t  p rev ious l y  made, considerably l ess  i n fo rma t ion  i s  

ava i l ab le .  However, f o r  some drugs a t  l eas t ,  re lease from the SR 

formulat ion probably r a t e  l i m i t s  drug absorpt ion along most o f  the 

GIT .  

While t h i s  may 

(1) the 

With regard t o  the f i r s t  po int ,  i t  appears t h a t  the 

F igure 6 i l l u s t r a t e s  serum t e t r a c y c l i n e  l e v e l s  

F luctuat ions i n  G I  blood f l o w  can conceivably a f f e c t  r a t e  o f  

absorption. 

absorpt ion o f  var ious substances from perfused j e j u n a l  loops o f  r a t  

i n t e s t i n e .  

F igure 7 i l l u s t r a t e s  the i n f l uence  o f  blood f l o w  on the 

23 I n  general, the absorpt ion o f  very  l i p i d  so lub le (e.g., 
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SUSTAINED RELEASE DOSAGE FORMS 15 

HOURS 

Figure 6 

Te t racyc l i ne  serum l e v e l s  i n  dogs f o l l o w i n g  d i r e c t  i n t r o d u c t i o n  o f  the 
drug i n t o  var ious g a s t r o i n t e s t i n a l  s i t e s .  Reproduced from F i  . 1 o f  
P inde l l  and co-workers,22 w i t h  permission o f  copy r igh t  owner ?The 
Wi l l iams & W i l k ins  Co., Bal t imore) .  

a n i l i n e )  o r  pore d i f f u s i b l e  (e.g. , t r i t i a t e d  water) substances i s  

blood f l o w  l i m i t e d .  

low pe rmeab i l i t y  (e.g., sorbose) i s  b lood f l o w  independent. 

es t i ng l y ,  i n  p a t i e n t s  w i t h  acute myocardial i n f a r c t i o n ,  t he  i n t e s -  

t i n a l a b s o r p t i o n o f  procainamide i s  genera l l y  delayed, and i n  some 

cases b i o a v a i l a b i l i t y  may be s i g n i f i c a n t l y  reduced. 

conceivably r e s u l t s  i n  g rea t  measure from decreased mesenteric b lood 

f low.  

when a drug i s  exposed t o  var ious segments o f  the GIT may be even 

f u r t h e r  complicated. 

Conversely, the absorpt ion o f  substances w i t h  
2 I n t e r -  

This 2,15,16 

Thus, the a l ready abstruse r e l a t i o n s h i p  t h a t  e x i s t s  i n  v i vo  
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16 BOXENBAUM 

P t 
4 - 
0 

B 
# -  

.-a_.-.- ._._. Urea 

............................................... Ewhw 
............... ........ 

Mothano1 

.-.- .-.-._._. Urea 

............................................... Ewhw 
............... ........ 

F i g u r e  7 

Dependence on i n t e s t i n a l  b lood  f l o w  o f  t h e  r a t e  o f  a b s o r p t i o n  o f  
va r ious  substances f rom t h e  r a t  je junum. Redrawn f rom F i g .  4 o f  
W i  nne . 2 3  

G a s t r i c  Emptying and G a s t r o i n t e s t i n a l  T r a n s i t  

That  g a s t r i c  emptying and G I  t r a n s i t  can markedly a f f e c t  d rug  
1,24-27 

abso rp t i on  i s  w e l l  es tab l i shed .  S ince  most drugs a r e  absorbed 

much more s l o w l y  f rom t h e  stomach than f rom t h e  smal l  i n t e s t i n e ,  any 

f a c t o r  which tends t o  a l t e r  g a s t r i c  emptying would be expected t o  

a f f e c t  t h e  r a t e  o f  abso rp t i on .  

as t o  say t h a t  un less  abso rp t i on  i s  no rma l l y  v e r y  slow, g a s t r i c  

2 4  
I n  f a c t ,  P r e s c o t t  has gone so f a r  
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SUSTAINED RELEASE DOSAGE FORMS 17 

emptying i s  l i k e l y  t o  be a r a t e  l i m i t i n g  s tep  i n  the  abso rp t i on  o f  

drugs rega rd less  of whether they a r e  weak ac ids ,  weak bases o r  neu- 

t r a l  compounds. Thus, f o r  a g i ven  f o r m u l a t i o n  (convent ional  o r  SR) 

abso rp t i on  would be expected t o  proceed more r e a d i l y  when g a s t r i c  

emptying i s  enhanced. This  i s  i l l u s t r a t e d  i n  F igs.  8-9 f o r  a l coho l  

F i g u r e  8 

Blood l e v e l s  o f  a l coho l  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  t o  a representa-  
t i v e  s u b j e c t  showing c o n t r o l  values ( t r i a n g l e s )  as w e l l  as those 
in f l uenced  by a d m i n i s t r a t i o n  o f  metoclopramide (open c i r c l e s )  which 
enhances g a s t r i c  emptying and propanthel  i n e  ( c losed  c i r c l e s )  which 
i n h i b i t s  g a s t r i c  emptying. Time a x i s  i n  minutes.  Reproduced f rom 
Finch, Kendal l  and Mitchard,26 w i t h  permiss ion o f  c o p y r i g h t  owner. 
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18 BOXENBAUM 

"1 

Y 
1 I I I 1 

20 40 60 80 100 
Gastric emptying t% (min) 

F igure 9 

Relat ionship between g a s t r i c  emptying ha l f - t ime  (t4) and peak aceta- 
minophen lasma concentrat ions. Reproduced from Heading and co- 
workers,2p w i t h  permission o f  copy r igh t  owner. 

and acetaminophen. I n  the case o f  a lcohol ,  i n h i b i t i o n  o f  g a s t r i c  

emptying by propanthel ine reduces blood a lcohol  l e v e l s .  With regard 

t o  acetaminophen (paracetamol ) , enhancement o f  g a s t r i c  emptying 

( lower ha l f - t imes )  produced h ighe r  peak acetaminophen l e v e l s  (peak 

he igh t  i s  increased w i t h  more r a p i d  absorpt ion) .  

o f  the two aforementioned s tud ies u t i l i z e d  SR dosage forms, the  

i l l u s t r a t e d  p r i n c i p l e s  would be app l i cab le  t o  SR products. This 

would be p a r t i c u l a r l y  t r u e  i f  premature "dumping" occurred i n  the 

stomach. 

the dose i n  too s h o r t  an i n t e r v a l  o f  t ime. 

Whereas n e i t h e r  

Dumping r e f e r s  t o  a SR product which releases too much o f  

Gas t r i c  emptying i s  n o t  a parameter t h a t  can be c o n t r o l l e d  under 

normal c l i n i c a l  condi t ions.  I t  may be a f f e c t e d  by food, hormones, 

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.
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2 

\ s m z - 0 E 

2 
z 

posture, pe r i t onea l  i r r i t a t i o n ,  severe pain, g a s t r i c  u l ce r ,  emotional 

s ta te,  autonomic a c t i v i t y ,  the volume, pH composition, v i s c o s i t y  and 

temperature o f  the contents, sur face a c t i v e  agents, b i l e  s a l t s  and 

many commonly used drugs i nc lud ing  ethanol, an t i cho l i ne rg i cs ,  nar-  

c o t i c  analgesics, ganglion b lock ing  agents, antacids and metoclo- 

prami de. F igure 10 i l l u s t r a t e s  the i n f l uence  o f  food on the  

r a t e  o f  absorpt ion o f  acetaminophen administered as conventional tab- 

l e t s .  

g a s t r i c  emptying, o r  i t  i s  conceivable t h a t  the food i n t e r f e r r e d  w i t h  

24 , 27 

29 
The r e t a r d a t i o n  o f  absorpt ion r a t e  could be due t o  delayed 

\ 
A 

I '\A SUBJECT, J C  

g::7?\: A %A. A\ 

o r /  I I I I I I 

Figure 10 

E f f e c t  o f  food on the absorption o f  acetaminophen i n  2 rep resen ta t i ve  
subjects. 
o f  copy r igh t  owner. 

Reproduced from Mattok and M ~ G i l v e r a y , ~ ~  w i t h  permission 
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20 BOXENBAUM 

t a b l e t  d i s i n t e g r a t i o n  and/or d i sso lu t i on .  

expected t h a t  food would i n t e r a c t  w i t h  SR formulat ions i n  a s i m i l a r  

o r  more complicated fashion. 

Once again, i t  would be 

Since G I  t r a n s i t  can have a profound e f f e c t  on drug absorption, 

i t  would be usefu l  t o  have some model which describes t h i s  process. 

One such model i s  i l l u s t r a t e d  i n  F i g .  11. The g u t  i s  d i v ided  i n t o  

4 compartments and movement o f  undigested residues i s  taken t o  pro- 

ceed by f i r s t - o r d e r  k i n e t i c s .  Rate constants i nd i ca ted  i n  the f i g u r e  

were se lected t o  mimic g a s t r o i n t e s t i n a l  t r a n s i t  o f  unabsorbed food 

residues i n  an average man consuming an average d i e t .  The model has 

numerous shortcomings b u t  a t  l e a s t  provides the basis f o r  some crude 

estimates. 

30 

Figure 12 ( top )  u t i l i z e s  the model and shows the f r a c t i o n  o f  

unabsorbed residue i n  the various segments o f  the GIT. 

t r a t e d  i s  data on the excret ion r a t e  o f  i s o n i c o t i n u r i c  a c i d  (INU) 

and i s o n i c o t i n i c  a c i d  (INA) f o l l o w i n g  INU ingest ion.  

I N U  i s  absorbed and excreted ( f i r s t  peak, 0-5 h rs ) ,  b u t  most passes 

i n t o  the l a rge  i n t e s t i n e  where bac te r ia  hydrolyze i t  t o  I N A .  

I N A  i s  absorbed and metabolized by the l i v e r  back t o  INU.  

apparent from the gu t  compartment s imulat ion t h a t  a t  the times t h a t  

Also i l l u s -  

I n i t i a l l y  some 

The 

I t  i s  

F igure 11 

Catenary model i l l u s t r a t 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  o f  food residues. 
Arrows represent f i r s t - o r d e r  processes, and numbers represent f i r s t -  
order r a t e  constants (hrs- ’ ) .  
workers ,30 w i t h  permission o f  copy r iqh t  owner. 

Reproduced from Boxenbaum and co- 
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Lower 
Lerer Intest inr  

21 

c I 

t 
N W 

I 

5 10 15 2 0  25 30 

Timr  (hours) 

Figure 1 2  

Relationship between r a t e s  of excret ion of i sonico t inur ic  acid ( I N U )  
and i sonico t in ic  acid ( I N A )  following oral  adminis t ra t ion of I N U  t o  
a representa t ive  subjec t  and f r a c t i o n  of food residues i n  GI compart- 
ments. Reproduced from Boxenbaum and co-workersY30 with permission 
of copyright owner. 

I N A  was being absorbed, much of the ingested I N U  would have passed 

i n t o  the l a r g e  intestine. 

Similar  deductions could be made following ingest ion o f  SR prod- 

ucts. 

apparent t h a t  drug absorption from a SR product was continuing f o r  

In one set  of  data  made ava i lab le  t o  the author ,  i t  was 

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.
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1012 

10 10 

10 

10 6 

10 

10 2 

10 0 

!€EEB ANAEROBES ILLI COLIFORMS w GRAM wsnw FLORA 
BACTEROIDES a RELATED STREPTOCOCCI, 
SPECIES, LACTOBACILLI LACTOBXILLI, 
CLOSTRIDIA STAPHYLOCOcCI, YEAST 

Figure 13 

Diagrammatic scheme o f  m ic rob ia l  populat ions o f  the human gas t ro in tes -  
t i n a l  t r a c t .  Reproduced from Boxenbaum and co-workers,30 w i t h  per- 
mission o f  copy r igh t  owner. 

a t  l e a s t  14 hours post -admin is t ra t ion.  

F ig .  12, i t  i s  c l e a r  t h a t  drug was being absorbed long a f t e r  the 

dosage form and drug residue reached the l a r g e  i n t e s t i n e .  

w i thou t  reference t o  such models as these, o the r  repo r t s  prov ide 

support. Eve repor ted t h a t  f o l l o w i n g  an o rd ina ry  barium meal the 

average t ime taken by the head o f  the meal t o  reach the cecum was 

1%-2 hours and t h a t  times between 1-4 hours should be considered 

normal. The t ime requ i red  f o r  a l l  the barium t o  pass through the 

terminal  i leum was observed t o  be 6 hours, although other  i n v e s t i -  

gators  have repor ted 8 hours o r  longer. 

SR dosage form p rov id ing  absorpt ion beyond 6-8 hours post-adminis- 

From the  s imulat ion i n  

Even 

3 1  

Thus, i t  i s  c l e a r  t h a t  any 
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SUSTAINED RELEASE DOSAGE FORMS 23 

t r a t i o n  p robab ly  does so w i t h  a b s o r p t i o n  o c c u r r i n g  f rom t h e  l a r g e  

i n t e s t i n e .  And t h e r e i n  l i e s  t h e  r u b !  

l a r g e  i n t e s t i n e ,  i t  becomes exposed t o  t h e  a c t i o n  o f  t h e  G I  f l o r a  

and may be metabo l ized .  

o f  microorganisms i n  t h e  GIT ( n o t e  t h e  l o g a r i t h m i c  s c a l e ) .  Once a 

drug  o r  dosage form passes t h e  i l e o c e c a l  va lve ,  i t  becomes exposed 

t o  l a r g e  numbers o f  p o t e n t i a l l y  m e t a b o l i z i n g  b a c t e r i a .  

course, i f  we a r e  t o  have an 8-12 hour  p r o f i l e ,  we a r e  go ing  t o  have 

b a c t e r i a l  exposure.  Th is  i s  i n  c o n t r a s t  t o  most conven t iona l  dosage 

forms which r e l e a s e  drug  and have i t  absorbed p r i o r  t o  reach ing  t h e  

l a r g e  i n t e s t i n e .  

Once t h e  drug  reaches t h e  

30,32 
F i g u r e  13 i l l u s t r a t e s  t h e  d i s t r i b u t i o n  

And o f  

SUMMARY 

Some o f  t h e  pharmacok ine t ic  and p h y s i o l o g i c a l  f a c t o r s  a f f e c t i n g  

t h e  performance o r  o r a l  sus ta ined  r e l e a s e  p roduc ts  have been d i s -  

cussed. 

problem i n t e r a c t i n g  i n  such a complex and u n c o n t r o l l a b l e  fash ion ,  

t h e  au tho r  f i n d s  i t  d i f f i c u l t  t o  t a k e  an o p t i m i s t i c  stance. 

I n  v iew o f  t h e  f a c t  t h a t  t h e r e  a r e  so many aspec ts  o f  t h e  
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