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ABSTRACT 
This report is a continuation of a previous communication 

concerning the role of drug bioavailability input-pharmacological 
respcnse output relationships in drug delivery system design, 
development, and evaluation. The degree of control of ophthalmic, 
drug action by dosage form design is exemplified with two 
antiglaucoma druga. Computer simulations are presented to 
demonstrate the control of simultaneously occurring therapeutic 
and toxic drug actions which can be achieved through systemic 
drug input optimization. An optimally predictive in-vitro 
drug bioavai1abili'-y testing apparatus and ita mode of operation 
during product development studies, to function as a replacement 
for a panel of human subjects, is described. An overall, 
idealized scheme for rationally approaching the development of 
drug products is presented. Resulta of ongoing research in 
the 8uthors' laboratories are provided as examples. 

1-DUCTION 
1 

Part I of thla tM part coamfutlon ducr1b.d the 

charActeriatfcs of pbAm8cOlOgiCAl &t. uuI dlacwmd the nature 

.nd w e  of quantltatlva Inca-ralatlomahlp. which u n  be 

u t a b l i a h d  batwmm drug bloonailablllty iapUC8 and ainglo 
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SMOLEN. ICUEBN. AND UIULAMS 

pharucolr tgical  rupo lw outputs.  However, in designing drug 

dol ivery s y o t o n  with a high love1 of the rapeu t i c  perfornunce, 

i t  m u t  bo cowidered that fow drug. e l i c i t  a s i n g l e  e f f ec t :  most 

c d y  tuo or P D ~ O  crctiono of the drug are observable and need 

to  be s i u l t a n o o w l y  controlld. 

d e f i n d  a. tho t i n  v a r i a t i o n  of t h e  cumulative omounta of drug 

r01.u.d by a drug do l ive ry  system t o  s i tu of action (biophase), 

MY produce an % d u l l y  .ought therapeut ic  response in t eno i ty  vs. 

timo p r o f i l e  while s i a r l t m e o u o l y  inducing Mgnitudes of t ox ic  

ra.ponws whlch aro intolorable .  With t h i o  in mind, an optimal 

drug inpu t  MY be conoidared u inducing a p r e s d e c t o d  i d e a l l y  

.ought t i n  emroe of the rapeu t i c  action u c loae ly  u poss ib l e  

v i thou t  oxcoodiry p r d e t a r d n e d  s r f o l y  d l o v a b l e  limits of any 

c o u c o d t a n t l y  occurring adverse drug action.. 

logical roopopu b d u v i o r  m y  be d u c r i b d  as be ins  cha rac t e r i zed  

by a u x h m  elurapoutic u t i l i ~ . ~ * ~  Corputar simulationo, baoed 

A drug input ,  which can be 

This type of pharmaco- 

O n  atd v a t -  am p w a t d  Chi0 report to  e%emplifY drug 

input  optidration# for:  1 )  a c u e  vhora a t he rapeu t i c  and toxic 

rupoPu both share a comork biophue;  t he  biophaoe i o  dofinod a. 

a c o q . r a m t  in the body which the drug mot eater t o  d i c i t  it; 

e t f . c t ~ , ~ - ’  aztd 2)  a -0 of four  oirrlt-uoly occurr ing e f f a c t r  

each baring it. own sepa ra t e  b i o p h u e  compartunt .  

which uo colputd t o  be optimal UII sene a0 i d u l  objoct iveo 

f o r  th. drug r e h e  -or of drug do l ive ry  a y o t e n .  ?or 

o r a l ,  roetd, paraatnral, a d  othor = l i d  drug &.a* fo-, 

tho achimrot of t h i .  ob jec t ive  c m  be upditd through t h e  

Dtug i npu t s  

i m p l m t a t h  of UI Op-y p r d i c t i v e  I l P V I t r O  drug b i M V d -  

a b i l i t y  t u t l n g  nW which io ducr ibod .  
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DRUG DELIVERY SYS-. I1 

DRUG IPOT OPTIMIZATION - S I m  BIOPBASE 

Figures 1-5 p r u m t  the  ruults of colputer m i r m l . t i o i u  

bud muwbt on tho p m i o u r l y  o b s e r r d  pharncokinet lc  behariot 

of t b  drug trldlhexathyl ~ h l o r I d e . ~ * ~ * '  The ruults d-trate 

that  the therapeutic d toxic rupopv of a drug can be d l f f e r m a t l d l y  

a f f r c t d  by drug input r a t u  evm I f  both 

biophuo. 

shuo the  same 

The s inr t . t iow vote performed with d t  pulse Inputs of 

varying duration vhlch physically could corrupond t o  slw 1.v. 

IafwiW of A lmit  done Of drug gl1I .n  A t  varying a.fO ordor 

rates. Theso inputs are shown In Figurea 1 md 2. Th. c d a t l v m  

(ramp) drug inputs in Figure 2 are the  Integrals  of tho uni t  pulse 

inputs drmm in Figure 1. Figure 3 shorn tho r u u l t l n g  b iophulc  

'-? 

L 

F I C w t  1 

m U t O r . p & t  Of the uni t  pulse drug Inputs mud In A shabtio8 
rtudy of the e f f c t  of drug Input rafu on tho thmrapmutic u t i l i t y  
of a ~ t h o t l u l  drug. In pract ice  tho heights .ad width. of the 
rutaaglu wadd reprourrt tho ratom .rd d u r u i o i u  of s l a  i n t r r  
veaow infuoloaa of the drug. 
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IICUBG 2 

Cuulative drug input. wed in tho -tor ri.lrl.tion mtudy of the 
a f f e c t  of dnig' input r a tu  a therapeut ic  utility. 
t h e  integral .  of t h e  unit Lpuloe drug input. mhmm i n  F i y r e  1. 

The rnpm are 

drug level tip. r u p o o l r r v h i c h  correopoud to  there uni t  p u l u  input.. 

Figure 4 comtrlru t h e  d o u  effect c u m  corrupondim# t o  a 

therapout ie  and toxic affect of t he  drug. 

do-effect c u m  i. dimplaced frem t h e  the rapeu t i c  curve, the 

higher i. t h e  t h r a p e u t i c  indu of t h e  drug. k discuomed in Par t  I 

of th i .  c a r m i u t i o n  these dome e f f e c t  c u r v u  are w e d  A. 

c a l l b r a t i o n  CUR.. to  convert the b iophmic  drug  levelm i n t o  t h e i r  

corrupoDding r u m  intawitiu in a mamar u u l ~ w  t o  w i n g  

a moa-wr  her'. p l o t  to c m r t  nuurd rboorbmcem i n t o  

p l u m  drmg conceatraciaau uhen ulr- a o p u t r o p h o t o w t r i e  u u y .  

I f  t h e  d 6 . c r f t - t  CIV~.-C.I~ bo doscribed by rtratght linu over 

the reaponoe r- of interest, tha eh. p h u u c o l o g i d  &ta 

cm be wed d i r r t l y  vitbaur t r u u f e m n c i o a .  

The f u r t h e r  t h e  t o x i c  

1 

l i g u r e  5 rheum t h e  
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smm, RUEIIW, AND V I L L W  

1.200 

1.000 

.800 

M v) 

$ .600 
v) 

w d 

.400 

’ 200 

0.000 

therapeutic toxic 

I I I I I I 
30 10.00 20.00 30.00 40.00 50.00 60.00 

BIOPtlASIC DRUG LEVEL 

FIGURE 4 

Dosa-dfut c u r v u  r.ptesarri~q the truuductioa fuuctionm uaed to 
trmmton tho b i o p h i c  drry l m l m  in Figure 3 into thdr  corrupond- 
ins tbrapetttic a d  toxic responu intensities. 

t h o r a p t i c  urd toxic tiw reapow prof i lu  corresponding to 

tho d i f f u m t  unit pulm input.. The dupe of t h . u  profiles 

obtiow1y d . p a d .  upon tb ahape of the d o 8 c e f f c t  cumm8 uaed 

EO tr-foa tb biophuic drug levoh vhieh are coIDn to both 
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%RUG DELIVEBY SYSTEHS. 11 

1 .om 

.m 

w 
In z 

In 
.600 

E 
.L(m 

.m 

0.m 
0.u 110.0 zm.0 a 0 . U  w.0 6m.0 wD.0 

TIME, min. 

FIGURE 5 

toxic rorponur 

I I 1 I I 
m.0 sm.0 aa.u 

1%; 0.u 1m.a zm.0 

Therapoutlc aad toxic tip. ruponue to lmit pulae 
rarylm duration. 

drug Input. of 

the t h o r ~ p o u t l c  .ad toxic naponma. 

are c~ld.tablo d i f f o r m c r  In tho p u k  lntonaltloa .ad erom 

under tha tho-rupoau c u m  muh though the doae i a  tho un 

I n  u e h  -0. Whoa the infwfon rate ia a l w  mough. the  reapomsoa 

v i l l  d laappur  *at ontirely, thorefor. domuatrating tho fac t  

that  although a do00 of drug m y  bo 100% blommllable It uo bo 

ontl roly l ruffoct lvo phrucologlca l ly .  

the ratio of therapoutic t o  toxic puk roaponae m- i tudu  Uui 

8irfl.r r8tio8 f o r  the are- ~ d o r  tho therapoutle rad toxic reapoaae 

It uo bo notod that  there 

Plgtue 6 ahom a plot  of 
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SMOLW, KUEKN, AM) KILLUXS 

100. 0 

80.0 

0, 

2 
s 
3 60.0 

3 
40.0 

I I 
9. 200. 400.  600. 800. 1000. 1200 D 

TD& OF INPUT (PULSE DURATION) 

lICVRC 6 

Ikpmd8ncy of r a t i o s  of p u b  and a r u s  under curves of therapeutic 
( -0 -1 ad (-0 -1 toxic t in remponm i n t a m i t i e s ,  for the same 
uDit d o s e  of drug, OIL the duration of t in over vhich the drug 
i. .dnini.terd at  a xoro order rat. of infusion. 

c u m u  corre8ponding t o  the d u r a t i o n  oi u c h  uni t  pulse drug input 

(or the iwurse of the  ratem of a h #  I.+. infusion). Using theme 

remalts u criteria, an optimal xero order rat. of infusion vould 

be chosan t o  corr..pand t o  maximm d u u  of these t h e r a p a t i c  

ra t ios  which a n  conairtent vith e l i c i t i n s  a desirad, ef fec t ive  

1.04 of therapmt ic  u t i M g .  
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DRUG DELIVERY S Y S T D S .  I1 

TIHE OPZMAL DRUG IHWI O F T m U T I O N  - SEPARATE BIOPEASES 

A o p t l m l  drug input di.emaw p r o b l a  - d.o r t u d i d  

by cogu ta  rkrrl.tloa.2p3 Tha p r o b l a  YU B t 8 t d  8.8 %tarmine 

tha c t a d a t i v a  drug input d p a l c r  r a q u l r d  t o  8eNm m 80% of 

urlvl t h t . p a u t i c  rmspomsa, d u i g m t d  A, in t i n  

without u c n d ~  u f a l y  tolarabla  to& rmapomm intauitiu. 

of 50%, SO%, a d  26% for  ruponoar B, C, aad D, rupactivaly." 

Alth- tha s p t a  r t d i d  ir h y p o t h a t i d ,  it ir r u l i r t i c  

in that  i t  i. b u d  oa o b r a m d  phmrucolriaatic b.hrior wan 

tbough tha ramponmu w r a  for t h r r  d l f f a r m t  ra tha t  t luu th. 

um d-.' l o r  auy ru l  d n y ,  th. damird lmvd of tharapautic 

ra8potum .ad tha p r o r c r i b d  l.*.lr of t e e  affmctr vopld ba 

dectd by 8 t o n  of cllnfclmu, pharUCOktWtiCiBt8, p h r u c o -  

loglmtm, aul toxicolmi.ta h+inl h r # l d g a  .ad apari.nca with 

t& d-. 

FQura 7 .ban a b l d  d h g r r  for th .IBt . l ,  Tha g i b )  

bloclu aydmlira  th t r m u f a r  f l m c t i m  vhiah r ah ta  tha drug 

inptrt rata, i ( t )  t o  tha b b p h u i e  drug l.*.lr, QA, Q,, pC, d QD 

which a r m  in turn ralatd t o  uch p h . r u c o l o g ~ c d  rampmum, I*, 

In, Ice md 5 by t h  t rmudlwt im frmctloe b l o h  f o r  u c h  rupomm. 

Tha &~.i1. of tha calcrrktioar b*. b . e  n p o r t d  a l ruhara .  

U a l l k a  tha p m o r u  -la, u c h  rupoama hu its am biophua. 

T h h  rituation t u u l l y  allom 8 mutar mala of d i f f u m t l a l  

control ovmr tha ramyoa r a h t i v a  t o  tha mitutioa wlnn uch 

rmpouma ruult. frm tha prmmsnca of th drug in th ..I bfophuic  

e q t a m t .  

t o  ba tln o p t i u l .  

of 8 t.10 ordar input of 0.1 r g / d  for  5.56 rin. fo l loud by 

2 

ligura 8 ~borr tha c d a t i v a  drug input colputrd 

Tha drug input profilm i m  maen t o  eonoi.t 
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D W C  DELIVEBY S Y S T W S .  I1 

io  20 
MINUTES 

FIcuRt 8 

ua urpoamttid d a u y  into 8 s 0 C d  8lwr 

rat. of 0.01464 rg/mln which uintai~~ the thorapouric A raaporur 

a t  80%. Am shown in P i y r a  9 ,  tha 80% A rupocur  vu . c h i d  

in 5-56 r i n u t u .  

sat t o  tha f i n r l  valua raquirod to maintain it  a t  a s t u d y  stata 

a t  th ia  80% lava1 it would hwm raquirod 50 rin. t o  r u c h  within 

1% of tho 80% l a d .  

v u  achimvod atlu ( 9 )  tin. f u t a r  v i t h  tha t i n  opt- input. 

The uxim in tho toxic rampoxmu CUI be -tad t o  ba nJ1 within 

tha sat l i m i t .  of 50%. 40%. and 20%. 

tospoau D vu eoatractod by a f sc tor  1/4, I.@., 10 d n .  la actual ly  

40 minutam. 

tha prasmca of the drug in ua apparmt Umtic coqrrtmont i n t o  

which it  ontars and l a  a1idart.d slowly. Aftar chronic d d e f r  

t ra t ion  of tho drug at uncontrollad drug inputs, th 1 d  of tho 

drug can ba arpactod t o  build up t o  induca a sariow tode  a f f u t  

ordar infwion 

If th. infwioa rat. vould m l y  have bmoa 

Thorafora tho d u i a o d  lwml of raspom@ 

Tha t in c o o r d i u t a  f o r  

It can ba mom that  tha t o d c  D rupoo.a  r u u l t s  from 
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SHOLW, IEUEBN. AND WILLIAMS 

>. c z 75 ' 

5 
5 c 
W cn 
z 50-  2 
v) 
W 

c z 
w 2 5 .  
0 

W 
5 

a 

a 

10 20 30 40 50 
MINUTES 

FIGURE 9 

T i m  v a r i a t i o n  of therapeut ic ,  A, and toxic, B, C, D, slmultaneoluly 
e l i c i t e d  p h u m u o l o g i c a l  remponne i n t a i t i e m  cotreoponding t o  a t i m e -  
o p t i u l  coa t ro l l ad  drug input. 

which w u l d  b v e  a prolongmi duration. On the o the r  hand, i f  D was 

a .ought t h e r q m u t i c  e f f e c t ,  i t  a n  be meen tb t  a r ap id ly  abaorbed 

mingle dome of drug w u l d  be r e l a t i v e l y  very i n e f f e c t i v e  in producing 

a response. 

are discarded uhercu appropriate  a d j w t o r n t  t o  their doming tequire- 

w n t m  vould have allowed them to  e x h i b i t  t h e i r  ac t iv i ty .  Such 

considerat ions wain .Iphuim t h e  inportanea of c o n t r o l l i n g  

drug inputs  lad thfuking in t m m m  of b i o p h u i c  drug a v a i l a b i l i t y  

rather thrn oymtarfe b i o e v a i l r b i l i t p .  

inputs i n t o  the mymtaic c i r c u l a t i o n  u n  dwayo be precimoly 

achimmd in prac t i ce  by a prom- fntravmmow i n f w i o a  

It cm, therefore ,  occur t h a t  p o t e n t i a l l y  w f u l  drugs 

T h a o r e t i c d  drug 

242 

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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DBUG DELIVERP SYSTEMS. 11 

of the drug. Alterrutively thay could be less p r r i s e l y  

accorplhhd by other routes of .driaistration by f o d a t i n g  

drug delivery 8 y s t u 8  which provide the  drug t o  t h e  systalc  

C i r C U h t i o n  a t  the r e q d r r d  r8t.8. 

CONTROL 01 DRUG INPUTS TO LOCAL SITES OF ACTION 

Whan a drug is intended f o r  loca l  action a t  a target  site a t  or 

near its s i te  of administration u i. the  case v i t h  ophthalmic 

drug., t o p i d  product8 app1f.d t o  the 8 k h  and .UCW y.branu ,  

intrauter ine .od vaginal hp&nt8. ud aerosols firhrled into the 

lungs, f o r  exupla, it is very rarely prac t ica l  t o  even define 

the location and di rec t ly  

action by di rec t  u u y  methods. 

the s y s t a i c  c i rculat ion merely l n d i c a t u  a t o r i c  dose or  a 

poorly duigned drug delivery (dump) system. The we of pharuco- 

logical  data. houever, .Ilom rehtiOt18hip8 between d r u i  inputs 

& lo& dmg action8 t o  be established .nd the  influence of 

the  design &/or f o m u b t i o n  of drug delivery 8yst.u on a drug's 

local t h e r a p u t i c  u t i l i t y  t o  be studied. 

from the r i t e ( 8 )  of the drug'm 

The presence of the drug in 

When the drug delivery is intended f o r  loca l  actfon by ptwid- 

ing an input of drug t o  a l o u r  target  rite, d i rec t  infwion into 

a biophue f. e e l d a  i f  ever prac t ic r l  o r  even p o s s i b h .  

sought drug inputs mu8t therefore almost alveys be accogl ished 

through the dmign or  formulation of drug doeage f o m .  

such control can be achieved f o r  ophthalmic systems is d-trated 

by the . r p . r tmen t r l  ruults shown in Figure8  10 and 11, observed 

i n  the authors' laboratory. 

op t ia r l ly  

That 

The lower CM. in Figure 10 rapresents the d o t i c  responw 

to .D ophthahlc  dose of 0.03% aqueow solution of echothbphate 
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DRUG DELIVEBY SYS-. XI 

iodide which i. an auti*ucou dm8. 

the rtroly lnfluaace of tho inclusion of a -1 concmtrstien of a 

mm-toric p o l v r i c  djul.nt. Tha upper curve rhan the  even 

ID- pronounced incrwe in af fec t  r d t i n g  from th rddai.tratigll 

of a m c h  d u  d o n  of  the d r q  ruing a controllad c o r a u l  

loading dru8 delivery d . r ice  d d o p e d  in tho autbor8' laboratory. 

The duration of e f f u t  ir m a a n  t o  be incrauad  from approximately 

2 4 2  hourm for  the molucian alone t o  42 hours wmn tbough the 

ent i re ly  imrocuau device i. r w v a d  f r a  the q e  vf th in  just  A 

very feu rirmtu a f t u  it  i. iruertad. 

The r idd le  c u m  r e f l u t s  

li-e 11 shorn sirikr rnults f o r  the a t t i g h o c o u  d r q  

urbachol. 

for  Io.t o p h t h r l l c  d r u g  win8 the authors' dru8 dellvary device 

or  appropriate c h a i c d  djwmts. 

case t& incrwd local ac t iv l ty  in the  .f. vu def in i te ly  

a c c ~ a n i u l  by a concodtaut increase in m y s t r i c  r ide a f fec ts  

t o  the dru8. 

t im of the dru- ~ v m e  i n  the form of aye dreps, is r r d y  r.iwd 

t o  iner .uo  the i r  local o f f r t s .  

It in f a c t  appurr tbt  a W k r  ruultr u n  be achieved 

It i. irport.nt that im u c h  

Such advaxme effect8 occur if the  do- or concmetrc 

IICIRt 10 

T i n  course of r iotic raspoan i n t a u i t y  foil- h m t i l k t i o n  of 

Phompholim Iodide solution contaiaiag a p o l p a r i c  d f u r m t  (-0 -1 
into the conjuctival uc of A rabbit. The u p p m P r t  curve rapr..artr 
the d o t i c  ac t iv i ty  observed folloving th r m n l  r ino te  application 
md r a a l  of a 0.032 echothiophate iodide oolutioa t r u td  "Controlled 
c d  t o d i n g  Drug hlinry syst-,N t o  the aye. NO mystoic  
e f f U t 8 ,  u 
drug u n t r u t d  control q a  -re observd  in MY of the t r u t n n t s .  
No toxic e f fec ts  in the t r u t a d  ayaw w r e  wtd. 
avorage of A mlnhm of three de taml lu t ioas  011 different  rabbits. 

0.1 d. of 0.03% ecbothi0ph.t. lodido solut ion (-A-) .Id a 0.03% 

by ruuta the a i O t i C  response t o  th otb.? 

beh point ia the  
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SMLEN, Kum. Am WILLIAEfs 

& 
1 2 3 4 5 6 -  7 

T i n  fa  Flour. 

PICURE 11 

T h  course of miotic ruponme h t a u i t y  following i n a t i l l a t i o n  of 0.1 
d. Of 0,252 carbachol #OlutiOn (- -) .nd 0.25% csrbachol 8OlUtiOn 
C o O t A h h g  A p o l y n r f c  A d j U V U l t  (- 0 -) ht0 t h e  COnjUCtiVAl 8AC Of 
a rsbbi t .  
followiw t he  revorrl minute app l i ca t ion  and raovd of s 0.25% 
carbschol w l u t i o n  t r u t e d  "Cwtrol led C o r n d  L o ~ d i n g  Drug Delivary 

the  d o t i c  rosponmo in t h e  other* drug u n t r u t e d  con t ro l  aye were 
obsamd in a%y of t h e  treatnuts. 
oyu  voro noted. Each point  ia tho ~ v o r a g e  of s miniour of th ree  
dotermiuationr, 08 d i f f e r e n t  rabbi ts .  

Tha upperws t  cum. repreuntm t h e  d o t i c  s c t i v l t y  observed 

Symta," t o  th0 aye. NO 8 7 8 t d C  eff-ts* u 8aug.d by W ~ a U t i n g  

Is0 toxic e f f e c t s  i n  t h e  t r u t o d  

Figure 12 p rumuts  a bloek d i a g r a  ropremancation of tho 

o p h t h r l d c  drug tramaport m y ~ t a ; ~  t h e  M o b  are a i m i h r  t o  those 

proviowly d o f i n d .  

f r ac t ion  of t he  dome ia &.orbed tr.o.cofll.Luy, by rou te  A, 

d i r e t l y  t o  its s i t u  of ac t ion  i n  th. oye. Tbis is s&nm i n  

t he  ri@t hmd path in t h e  d h g r u .  

Whmn a drug ia .ctrCnisterod t o  t h e  oye a 

It is a160 r i rul tanwumly 
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DRUG DELIVERY SYSTEMS. I1 

output output 

Control Eye Experimental Eye 

PICUBE 12 

Block di.u+am f o r  o p h t b r t i c  doainp drug Input-riotic rupow output 
r d a t i o M h i p ;  f I 8  the  t o t a l  input; 5 and AA are the  . ~ ~ u n t s  of 
drug &.orbed 8 y s t a i u l l y  md t r . a rcornul ly ,  rerp.ctlvoly; Gp 8nd GA 
#a uult 8t.p ruponn functiaru,  Qpp .nd Qu are biophuic druu 
I d 8  dorivlm# from 8 y 8 t a u t l c i l l y  and t r u u c o r a u l l y  a b r o r b d  
drug, r u p r c t i v e l y ;  the tr-duction of b i o p h r l c  drug levels i n t o  
J o t i c  rupolue I8 repruea ted  by 5 - f (Q ) and I - f (Q ) where 
the fuact iolu are d e f i a d  by latrm-urrPd l n t r r & e o h  6 8 8 -  
ef fec t  curvu. r u p . c t i d y ;  5 d IT reprumat  the r i o t l c  re8pomsm 

e p  into vhieh the  o p h t h r k i c  dose is m t e r d .  
ht-it]r O b 8 8 r * d  f a  th. CQllt 01 eye (n0 dmg) A d  the  e x p e r i n u t a l  
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SMOLEN, KUEBN. AND U I L L W  

a b m r b d  rye tos i ca l ly  by route P through the  s c h l e r a  .nd by 

001- loas d a m  ttu lacrk.1 nrul draimupe duct;  t h i s  is accounted 

f o r  in ttu l e f t  hmid path In t h e  diagram. 

d t o  only OM e p ,  th. e f f e c t  seen in the t r e a t e d  eye will be 

tha r u d e  of t h e  drug's r u c h i q  its sito(s) of nc t ion  by both 

routes. 

of t h e  s y s t . r i d l y  absorbed drug. 

and tr.ruductioa funct ions (I, - f,(QA), 5 - fp(Qp)) f o r  t he  

sys ta ic  and cr.Iucoraul rmtu are o b t n i d  f r a  t h e  results 

of iatrmnoru .ad i n t r u q u m u s  dosins,  r u p a c t l v a l y .  

I f  the drug Is a d d n i s t a r -  

The u n t r u t d  control eye will shou only t h e  e f f e c t s  

The t r a n s f e r  (Ga .nd Cp) 

Figure 13 shmm c o q u t e r  constructed p l o t s  of tho cumulative 

-to of u t b a c h o l  absorbed following tha adminis t ra t ion of a 

0.252 so lu t ion  Into t he  eye. 'Ihe h o m o s t  curve is t he  drug 

input ruultiry from w e t . r i c  abmrptioo. 

r.ptuants the t i n  course of t h e  amount. of drug absorbed 

t r anacorn r r l l y  and t he  upper curve r ep resaa t s  t h e  t o t a l  absorption. 

S W r  rwults o b t d d  with elm w of adjuvants o r  drug 

dd ivmry  d a v i c u  are w f u l  for t h e  d u s t i o n  of t h o i r  bioavai l -  

a b i l i t y  pmrfonuocm a d  th. elucidation of t h e  w h r u i s 6 s  of 

t h e i r  effocta .  Such information i s  in tum valuable  f o r  t h e  

dm-t of biophysical  d e l s  which u y  allow a predictive 

c a p a b i l i t y  for the cmtrol of local .ad systemic e f f e c t s  through 

f o m a l a t i o o  or d m l m  of the d r q  product t o  bo attainad. 

The Pidd le  curve 

OPTXXAUY -1- I Ic9fTW DIUX: BIOAVAILABILIR TEBTING 

A colpotd thoret ica l ly  oprirvl s y o t a i c  druu inpu t  can always 

b. rhimd In practice by p r 0 - d  i.v. infruion. ROY.(Ier, 

in d d o p i n ( (  oral drug products to pmvlde  such opt- inputs ,  

it t ooldor tbt a forrP1.tor cma a priori  p r d i c t  the colposi- 
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DRUG DKLIVEBY SYSTDS. I1 

1 40 .oo 

FIGURE 13 

~ u t e r - c o f m t r u c t d  plot8 of tho c d t l v a  notmt8 of urbubl 
abaorbd  t r a m w r u u l l y ,  A , . ~ m t a l d l y ,  , 8ad total., 
f o l l w l n g  o p h t W c  d o a d  of rabbit. with%O2 ml. of a 0% pmr 
cait wfv s o l u t b n  of carbachol. 

tlon .ad manufacturing conditions whlch will  provide tha  o r a l  

domago forr v l t h  tho rought a f t o t  le-vl.o drus rel.ue dpamlcr .  

Tho a t a u l v a  trial .ad o m r  u r a d u g  of d i f f e ren t  f o m d a t i o c u  

by h u v n  t u t l n g  M c h  w u l d  be r e q u l r d  I8 ~ ~ e n a r a l l y  i r p r u t l c a l  

t o  p o r f o a .  

t oo t  a c h  would p r d l c t  r)u b ioavr i r ab l l l t y  h b n i o r  of upari- 

mental drug product fo t ru l a t lo lu .  

hu' bun d l r o c t d  t o  t h i .  w. 
d l y n  of tho f lor- thru drug r o l u 8 o  t w l n n  8pparatw vhich 

yu d m ~ r l o p d . ~  Ib. coldltlolu of tho t o ~ t  aro v a r l d  by ch.rying 

Thmroforo, what lo offoct  1. n d d  1. a rapid l w i t r o  

Uork lo tha  authors '  laboratory 

Flguro 14 pruentm mchoutlc  

249 

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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Reservoir 1 
containing 
simulated 
Qastric juice 
DH 1.0 

Sintend 

Class 

concontration measurment 
from spectrophotometer 

dissdut ion 
cell 

d i d  being 
d i r r d v d  

Reservoir 2 
containing 
simulated 
intestinal 
juice 
pH 7.0 
I 

i“ 
I generator I 

f/4’ 1.0. Tyoon 
Tubing ua8d for 
all flow liner 

L- 

x - -  x 
I I  

positive dimplacamont peristaltic pump with servomotor a 
x stopcock - chock-valve pwmitting flow only in dimtion of arrow 

FXGllpll 14 
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DRUG DELIVERY SYSTDS. I1 

1) the total flow rate through the clll, 2) the colposition of 

the n d i . .  and 3) the fraction of the flow which is reyeled 

back through the cdl. 

to control the recycle flow rates .ad d i m  colpositlon in .II 

opt- munur. 

of tho first, cdibrstion stago of operation of the app.raCru 

when it is in a closed loop. feodbsck controllad configuration. 

In this d e  the apparatru is operated to simulate in-viw bio- 

availability inputs previously determined for several rofermce 

dosage formm vhich were chosen m d  prepared to oxhibit a b r d  

r.116. of differ- iollivo bioavlilability rates am confirvd by 

testing t h a  in a pael of huun subjects. 

ing the apparatru in this closed loop rimdative mode are rued to 

determine the optimal total f l w  rate. recycle flow v.. tima function, 
and dissolution media compositions vhich cozutitute optimal conditiozu 

An d o g  computer is p r a g r u d  md W d  

ligure 15 pruontr a block di.grm description 

The results of operat- 

P-l 
sontrollr 

positiw 
d i s p l U o m 0 ~  
pump 
driwn by disrolut ion 
servomotor equiptmmt 

FIGURE 15 

Block diagra for closed loop, foedback control of tocycle flw. 
R(t), in the operation of the iwitro drug release testing .ppar.ttu. 
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smm. ICUEBN, AND U Z U M  

f o r  the subsequont operat ion of the apparaeru in t he  open loop, 

p red ic t ive  m d e  block d i a g r m d  in Figure 16. 

afnimm of h u u a  b i o m d l a b i l i t y  da t a  is used t o  c a l i b r a t e  t he  

apparatru vhich la than rued u a submti tute  f o r  t h e  panel  of 

h u u n  sub jec t s  from which t h e  da t a  w u  obtained. 

of t h e  Ul ih t a t iO l r  of t h e  apparatru a t  any s t a g e  of t he  expariman- 

C A t i O I I  leading t o  i t s  u l t h t e l y  o p t h f ,  p red ic t ive ,  p a r f o m c e  

is judged from the  f i d e l i t y  with which ehe in-vi t ro  r e s u l t a  r e f l e c t  

in-vim b i o s v a i l a b i l i t y  behavior: t he  f i d e l i t y  of  t h e  perforaunee 

is quan t i t a t ive ly  judged from the  evaluat ion of on ob jec t ive  function. 

A m i a F v l  value of t h e  ob jec t ive  funct ion corresponds to M o p t h l  

ca l ib ra t ion  of t he  apparatus t o  provide A mininu1 e r r o r  (1.8.. 

d i f f e rence  be rwen  i w i v o  .nd in-ri tro r e s u l t s )  vhich is uniform 

and independeat of time and t he  drug re leue  p rope r t i e s  of dosage 

fa-. In o the r  words, when the apparatus hu been ca l lb ra t ad  in 

t h i s  mumet t o  r e f l e c t  in-vivo b i o m a i l a b i l i t y  v i t h  A uniform time 

an$ dosage form independent 

pi- number of rmference d o u g e  forms of widely d i f f e r i n g  

drug releue propert ies ,  i t  c m  then be assumed that it w i l l  be 

p red ic t ive  of t he  i n - ~ p o  b i o e v d a b i l i t y  baharior  of experimental  

dowe f o r m  v i t h  propertiem f a l l i n g  n u r  md wi th in  t h e  range 

In o t h e r  words, a 

The uiequacy 

error of known confidence l l m i t a  f o r  a 

open loop control  generator 
PICUPE 16 

Black d i a g r u  f o r  opm loop p r o g r d  control of r ecyc le  f lov ,  
R,(t), durinu t b  operarim of the i p r i t r o  drug reluae apparatus. 
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DRUG DELIVERY SYSTWS. 11 

of t h e  d o u s e  f o r m  with rhich the opparr t tu  yu d i b r a t d .  

Tetracycl ine i. t h e  f i r s t  drug being mtudiad by t h e  authora. 

Although th. prosmut ruultm u a  a t i l l  incoglete, thm p r d i c t i v m  

p o t a n t i d  of t h e  apparatus i m  d a o u s t r a t d  i n  ?*re 1 7  vhich 

m h a r n  a c a p a r m  of the tiw c0Ut.a of avmrage M v o  b i a v d l -  

a b i l i t y  rat-, d e t e r r i n d  f r o l  urinary excret ion d a t a  obtrinmd 

wfth 6 human mblfutm. v i t h  corrupoadin# o d u u  predfctad from 

in-vitro temthg.  Uhan the operation of t h e  apparatus i m  f u l l y  

o p t i r l i d .  the rymtmtic d e v h t i o n r  mean boemn t h e  le-vi t ro  

ad f&w point8 should be ellminoted. T h  oporatlon of  t ha  

apparatus yu a c c d e r a t o d  t o  provide the  le-vitro r u u l t n  5 t o  

10 tw f u t u  thn Fo-*iro r u l  tip.. 

In dditim to  p rad ic t i ag  ia-*ioo bioavallability ratem. t h e  

b - d t r o  a p p a r a t w  a n  a100 be p r o m m d  t o  p red ic t  blood 00 

urinr lmh u vall u p h . r n c o l o g i u 1  rupoaoe vm. tiw p r o f i l u  

. L o  at m uceleratd rate ralative 

in Pipura 18, it can be m n n  that f r a  a kaovledg0 of the  ia-viw 

mymta t r a n s f e r  uul t r u u d u c t i o a  f m c t h u .  body f l u i d  1ev.1. d / o r  

p h a r y c o l o g i u l  rupmue p r o f i l u  which are prmdic td  by the  

apparatus can be krterconvertd t o  m y  o the r  therepmatic or  toxic 

t o  r u l  the. k d i a s r r w d  

effoctm O l i C i t d  by t he  d N g  M W . 2 ' 3  In t h i n  manner it  1. 

t h m e r e t i u l l y  p o u l b l e  t o  ob ta in  an overall u t l n t i o n  of the 

i W i w  therapeut ic  u t i l i t y  of 4 drug domaw form from the  

r e d t n  of  p red ic t ive  in-vttro b loava l l ab i l i t y  tutiag. 9-11. 
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DRUG DEtIVWY SYSTEELS.. I1 

transduction via 

dose-effect curve for A 

transfer 
function I 

transduction via 

dwc-effect curve for B 

FICDBE 18 

Scheme f o r  t h e  interconversion of wuured (or predicted as, e.g., 
fram the r e s u l t s  of optimized iu-vitro drug reluse te s t ing )  body 
f l u i d  or pharmacological resporue va. t h e  p r o f i l e s  ( IA(t))  i n t o  
any o the r  respoaoe 0s. r im p r o f i l u  ( IB(t)) .  

inforunt ion conce ta i~~  the  dtu(l'D phamacokinetlc end pharuco- 

l o g i c a l  response behavior in humens and t he  d i f f i c u l t y  end expense 

of experimentally obtaini-  it. 

be an economic adventage t o  developing optimal n u  drug products 

of still widely w e d  Important old drugs f o r  which auch i n f o r v t i o n  

about t h e i r  p rope r t i e s  hu accumulated i n  the  l i t e r a t u r e .  

de l ive ry  m y s t a s  for these drugs could be designed t o  endw them 

with an o p t h l  therapeut ic  u t i l i t y .  Even i n  thi .  cue. however, 

t he  out l ined approach should bes t  be comidered r a t h e r  i d u l i z e d  

and vision8x-y with its p r inc ipa l  wefulness, f o r  t h e  present  a t  

lust, being t o  provide gods .nd guidelines f o r  t h e  drug del ivery 

system dwe lopmnt  methodology of t he  r e h t i v e l y  nur  future.  

Rovever, there could conceivably 

Drui 

SUPMARY ANI, CONCLUSIONS 

A flow chart suur iz ing  an i d u l i z e d  approach t o  drug product 

f o r m l a t i o n  is ah- be lw .  

may not alw8ys be p r a c t i c a l  f o r  m e w  drugs becawe of i r u u f f i c i e n t  

The execution of t h i s  approech 
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ehoaea o p t i n l  response- aets limits of toxic 
t i r  profil. maulting ef fects  which result  
froll time eourme of drug f r a  drug levela in 
l e a l a  in biophaae - -  _ _  - 
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