
D U G  DBVELOPMWT COMWNICATI~S. 1 (I). 1-27 (1974-1975) 

Ab8tr8et: An analysis and diaousslon of the role of d6velop- 
ment in the phtmnmeutlwtl inmzstw in torma of produots and 
prooesms; p i lo t  plant faollltiee and Oood knufmtariag 
m o t l o e a ;  in-proceoa oontrols and quell* pfmanteters, and 
the Interfaoo betmen Remtwoh and Dapelopnt and Produotion. 
Examsea of the ormsatloPr3 form of dweloa#nf groups in 
four oountries are presented and interpreted. 

lndtmtry Imol~e8 an intezmlx o f  Meal, * a i d  and bio- 

to the adoption by mod m # a m h d e m t e d  oompanies of a 
proo.dural pattern v w w  o n l ~  alightlj. frm one orgala= 
ation t o  another. New drugs oontlnw t o  be born as qpnthetio 
ohemioals o r  am plant or aulmal ext rao t lms;  pass throagh 
t&e mreunillp opma%lons of raioroblologists, gtbarmaaologlstrr 
and toxioologista; then tbmgh the fo%smlaWon trials of 
remaroh pharmeolsts, and ftnnl'LP into  o l i n i o a l  Investlga- 
t ion for the determination of Scrfstiy snd emaaoy  in  nmn. 

phtumeoeutloal materiala, now known as physioal phrmaey, 
has oontributed greatly t o  the rationallsation of plummy 
reae&rch by roduo- the level of sarpirioim asmoiisted ulth 
the fo&ation of do- forms. Tha remnt flood o f  e x p r l -  
mental and pedegogio Internst in bio@mmaeoutioe, wrving 
as a oatbarti0 ranlador of the Inflmwwo of ~ s l o o - a h e ~ c s l  
groperties on blologieal ro6pOnee, hos to some extent brortgft 
baok bat0 re8earoh foarts the praplarrdly obsmred via lon of 

The nature of re8eBsoh problems in the phar5aorrrtloal 

l O d O e J .  grinalple6 -oh b 8  over th. psab f O W  d e d e 8  l e d  

Appl loat lon of the pcinolples of ~ s i c d .  ohemi- t o  
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the patient ae the eignifloant element in the entlre chain 
of went s 0 

Evepeaally and, of oouree* hopefuUy, pharmaceutical 
preperatlans eaoape ircmn the oonflnea of laboratorfee and 
m o p e  up the Mder into iull-male manufaotufFng operations. 
When this stage l a  r e s a d  the probleme Involved take on a 
character requirhg the adoption of a planniqj and operating 
philosop& aasoolated with an orgardsatlon8l apparatus cap- 
able of 00- with teobnologieal problems and governmental 
regulations related t o  the introdaotlon of pharmaceutfcal 
P P a F a t & O r r r i .  

DEBDTITIOH d: CURlBFf STATUS OF FHA.RM&CEU!fICAL DEVELO€" 

Pharmaoeutical d e v e l o p n t  oan be defined as that phase 
of overa l l  phanumtioal reemarch and develomnt  wbioh IE 
oonmrned nith the irxveatlgatlon, orgauizatlon and Fnitfa- 
t lon of the full-male prodwtlon of a m o e u t l o a l  dos- 
age fom. UniortmsWLy, unl3ke chm&oel develomnt  nith 
Its mmoe-riented obepaioel eqlneere, eegsrate universl tg 
d e m e a  and a large and important body of textbooks, jour- 
nals and profeeaLaPal orgaalzations, pharmoeutloal d e v e l o p  
ment in spi te  of Its obviaus importanoe rBzp8ipB an illegit- 
a t e  and Uphapror orphen in the I--, brotherly family of 

S O i U l t i S t t r r  and tbobnolO&Ste. 
Althaugh the expreesion wpharmaoeutlcal engineering" I s  

aeon oocaslanaug In the catalogues of aome eahools of phar- 

l p p o ~ f ,  there I s  l i t t l e  Crrribenoe that the aame oolnpapies in  
the phazmaoeut1oa.l lnd- nhla d a c t u r e  mediolnal sub- 
atanma, and have operated o h a o a l  p i l o t  plants for deoades, 
have eerioualy OOMldered tbo merits of establiehbg paarma- 

Ucmd of in ahemlatry and .ngineering that provides 
the US for the applioetion of a ld l le ,  euiflolentlg die- 
tinot from tbom of the 4Jmtthotio ah.miat or meahanioal en- 
we, rhiab. erpleine tbr U U O C O O ~ U ~  &atan- of a seper- 
ate profeaaion; ohsndakl eqlnesrlng.  The number of lndivid- 
uala poaoesslng a a a d d o  d a m e s  in both phtmnaoy and en- 
-9- I 8  80 - that thb- m U 9 Z l U e  ean be coneider- 
ed t o  be negllgfble. Sgooialil;sd 3-8 in pharmaceutld 

c.uf ioe l  englneering groups. It is olesrlg the partldar 
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MODERN PEABMACEUTICAL DEVZLOPMENT 

developant equivalent t o  slly of the exoellent priodioals 
associated w i t h  food o r  a h d o a l  eq#neering ewe nonodst- 
ent elthough individual papers of Ugh quallty have be- 
t o  a m a x  in p3wmaqy jorulsprs during the paat f l v o  years. 

Would it be correct t o  atak that the low level of 
pharmaoeutical dovelopent ae a racocplised area of speoial- 
ization is  due t o  the simplicity of the operatioaa involved 
in the &a- of the varioum dosage f o m  of dxtqga? 
BardlJT, Bin00 o m  would Imagine that lay this t ime the vaet 
biopharmaceutic llteratura and world-wide Oonoezn nith manu- 
facturing practioes would have comdnoed even the m e t  per- 
aietant believere in the art of pharmaay that suoh a point 
of view is retrogressive and daugeroue. The dire& relation- 
ship between the qaality and therapeutic s a t i e t y  of a drrrg 
preparation and the mmmfaotrrriag prooess i s  now toa  obvious 
t o  overlook rrithout 8 e F i m  risk. 

The proposition that then is no abortsgs of exoellent 
pasrmaOeutloal developwnt under w € q  or that pharmsoeutloal 
manufacturing hae~ reached an uxmrpaeeable peak of teobnolo- 
gical  perfection which remelns Mdden 88 an economically ad- 
vantageow stratagem is rather anemic and untenable. It is 
so diffloulf t o  hide effvsnees in pbarmrroeutical teobologg 
from public view a t  almost all advanoed companiee no long- 
er deceive themeelves by the erection of hi& p o r n  rrslls 
of eo-oalled trade secrets. As m shell see later, o e r t a i n  
quite specific evidence of tecbnological defioiencies become 
appsrent from an aaedysis of -mutical prodtaota recal l-  
ed from the market ei ther  voluntarily or upon government de- 
mand. 

This is  not t o  sey that pharmaceutical product develop- 
memt and teohnology have been oompletely quiescent nor e m  
examples of significant progress lacldng. However, in ae 
sensitive an area ae drrrg dwelopent ,  production, control 
and distribution it is apparent that a level of performance 
lower than the beet attainable on a scient i f ic  and technolo- 
gical  basis at auy partioalar time is $wt not fling to  be 

acceptable. To meet such a challenge pharmceutical scien- 
t i s t s  a s t  identify the basic reason8 for deviations from 
quality etandards and find the means for prevent- them. 

3 

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.



CooPER 

'phr, urude interpretation of process developnent as a 
ouaw of making a larger batah of a produut than the one 
praaotu4 prepared rueda t o  be dfscurcded. mal and error 
judgemnnt involving ndnor obtmges in uo1DpQpbpta, equipnent 
or operatlag aonditions represents an entpiriual appaah  
l lhiah uan not a t t a in  the deslred objeative. oply a develop- 
ment program imolving a e r l t l a a l  aPalysia of the proueas; 
oontrolled exporlmmtation uorering the baalo physioal @n- 
oiples and paraastars, and rep6ated proueea &nulation re- 
lated t o  the 6peoi i iu  variables dll provide the conditions 
for mwhing and msintsining an aaueptable level of product 
q-itY. 

zh. paammoo of a f e w  m n h . ( s  with higher uapaoify 
thpp thorn g a m r a ~ ~  i4 in the hboratorp does not quii.1- 
fy for tho dodgnrtion w o t  Pzpnt?. Stated moat aimply, ca 
pl lo t  plaat is 80 -a uont&ning or haang room for proueas 
equipment end essential u t i l i t i e s ,  supported lw inatrumenta- 
t ion n e o e 8 ~ ~ f ~ r  for the preuise evaluation of all Variable8 
aesooiated w l t h  a proaesa under investigation. pnmision for 
the evaluation of intermediatea or the end produut itself 
uan be made in the m o t  plant o r  in adjaoent laboratories. 

merow do- forma the range of  equipnent utilized and its 
aa8ooiation with a p u i f l u  errpiromemtal oontrol reqpiremsnta 

noaessitate the establishment of aeveral m o t  planta. 
S p u i a l  uonatraation featarea, as i a  the uaae w i t h  steri$e 
produats, lpey ?JO ossent la l  for aound developnental investi- 
gation. The quputy requixwnents of phanmaoeutlcal prepace- 
t ions 8;co dlroatly related to  the dosage form aa8 the de- 
relopuit pbswmaeiat mu8t always keep in mind the p o i s e  
PLPrmbr by lllmiuh the prodrrot rrilz be admlnisterod. Unlike 
tho- oollesga6s in ahadoel developnent who atrive t o  ob- 
tain a proaess ylold%ng an intermodlate rather than an end 
produot, the a ti ad. duveloppturt group aima for a 
pl.oae8a -ah w l l l  propide the patient with the autual ma- 
t e d a  w d  in ths -8-t Of his -88. - ident i ty  

In orgenips#on izlpolved in the developllbnt of ma- 

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.



and purity of a medioinal ahemioal represent its 
qualits parameters wbrsaa do- forma must, in addition 
t o  the ohemioal requirement, meet epeclfied pbyaloal and 
biologioal standards. 

Meeting such standards is frequently dependent upon the 
design of the prooess equipment and the operating oonditlone 
during marruiaoturing. W l t h  properly orgsnised studies formu- 
latione oan be aheolwd in the pUot  plant f o r  sooeptabill ty 
i n  large male production. The p i l o t  plant is the most suit- 
able looation f o r  determining the advantages of m w i n g  
exlsting produotion equipment o r  operating emlrozmmnt, and 
the most praat ioal  area f o r  the c r l t l o a l  waluatlon of new 
prooese equipment. 

Whereae the solution of problem in partiole siee re- 
duction, mlxlng, dzylng and f l l tratlon U e  in the provinoo 

of both ohemioal and ohpwaoeutloal developent groups, pro- 
oeswe suah aa granulation, oomprenalon, ooating, attorille- 
t i o n  and muls l f ioa t lon  most often oonoern developoept 
m e t e .  

layout and e q u i p n t  of -oeutioal p i l o t  plants  than is 
the  case with chemical development. Both the range of prepa- 
ra t ions  involved and the magnitude of the production opera- 
t i o n s  dete2lnipe the physical requirements in the design of 
such f a c i l i t i e s .  while the proposal that p i l o t  plant design 
and equipment should be similar in prinoiple t o  that eas t -  
ing in the production d e m e n t  appears t o  be meritorlow, 

roach as restrictive of oonstructlve ohenge and tending t o  
eupport utIl1l;atlon of O b 8 O l ~ s O a U I t  proaeawr and eqPipasnt. 

age f o m  developent  I n  a lwgo, international pharntaoeutl- 
o a l  OomPgIor are ahom in two photographs. pigllre 1 i l luEt .  

rates part of a sealed, erplosian-prOof area in  the tfAblet 
eeotion designed f o r  the mtudy of the fluidised bed prin- 
ciple ae a techulquo f o r  dry- grarmlea, applsing mediaat- 
ed o r  nonmedioated s u b s t a n ~ e  t o  psrtiolee o r  grsmrles, and 
applying coatings t o  oompressed tablets. The  ease of ebttirrg 

In general there I s  bound t o  be more varlatlon in the 

jU8tiflable C r l t i o i m  hae been dimOt6d t h i s  app- 

Ezamples of modern p i l o t  plant f a o i l l t i e s  ueed for doe- 
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COOPEE 

and oontrolllsg a l l  phyaioal operating parsmsters wlthin 
mi Unite; the doaod and t he re fo r  proteoted ayetern, aad 
veriop. srrielzy features provide the pmoision and f l e d b i l -  
ity eawntiol for thm atpdy of prooees dynamioa. 

It8 crp.aially dedgnad, highly-instrumented equipaent for 
tha pm~garattoa of omaw and loti-. Fully-jaoketed, 
e t p i d l e ~  steel msaala; oounter-rotational, variable-speed 
e-ra, and wmam or pressure amaeotiane dm$l. iQ the 
solution of problems in the eocrle-ug of  emulsified do- 
form qge&srrr. 

Figure 2 ahorr part of the sslpi-aolids p i lo t  plant w i t h  

6 

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.



MODERN PBABIUCEUTIW DEVELOPMENT 
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MOPER 

QUALITY STANDARDS AND DEVELOPME"P 
The rapld expamion of the  world market f o r  

o o u t l d  preparations coupled with &8nces in technolow 
mpresenta a ahallemgo t o  offlolent,  large-soale production. 
in t h l s  oontert it beoomm O ~ ~ ~ O U I Y  that the simple applioa- 
t lan of w e d  - e m  principles wlthoat intensive 
invecrtigatlon or drug pmduat q-ty requirements I s  not 
aooeptable. ~ o n n a a o e  r r i b  the dooage form design u t i l i z e d  
d- the irrpeutigatlonal period I s  nooessitated by solen- 
t l f i o  prlnclple and regulstorp force. Modern pharmcroeutioal 
prodxaet dovelopwnt requlree a r m u l t i - d i s o l p l ~  approaah 
erreativtily organized f o r  the att8bment of mamarable ob- 
jectives. Hot only narst the finsl product met relatively 
n a r r o w  pbgsloel, U o a l  and bSo1ogioal test limits but un- 
der the rapidly eupndlq Good M a o t r u l n g  Practloes Codes, 
the grOdUotIOB w - t  i t S O u  i8 mbjeot  t o  e x t e e  
oontrol regardleas of end product quality. 

Ikring the paat tfrree deoades and particularly during 
the past 10 ye- Pmduotlon Departments have begun t o  re- 
eo@m tha t  tb.j oould not met their recrponslbll l t les 
without inoreaaed teobnologloal mapport both quant i ta t ively 
and q u a l i t a ~ v e l y .  Por oe*& producte, oontimums pro- 
masem a m  now foaaible; rapid expansion in oontrol engln- 
eorlng hu plr0rid.d new mbans of automatic, in-prooess oon- 
trola; prodwtion a r m M s  with higher capaolty are m.sadily 
cnailablr; new toohniqpes =oh aa f i lm and comprosaion ooat- 
ing, miero+neap&tion, f l u i d  energl u i n g  and o the ra  
O f f e r  opportanitiom for produot Improvement; e f f l o i e n t  en- 

orobial - t ion oan k installed; a varlety of new 
oxalpS.ntm for rln0.t a l l  do- f o z w  hae altered depend- 
ULOO urn m8torlala dth deiinits lindtotlons, and finally, 
tb.n hu boon a ra@d r im in Qppu.ty atnndnrdn in pbanna- 

Aa a oop..~uenoe, the pmsemre t o  modernize f a o i l i t l e e ;  

-- .ptripm6at t o  l i m i t  microbial and nomai- 

O O Q O @ i M  d m-t =@.atla* 

mplsxre obuoleeoont mplmnt ;  introthoe -prooeaa oontrols; 
remove operator r s r i s b i l l t y  by automattion of prooe~~see, and 
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IfOD= PE4RUACEUTIChL. DEVELO- 

Improve old fonmalations has eteadlly rlsen. Juat how t o  re- 
solve the compleu probleuw rsirud bs them acoelerating de- 
rmndl in teama of personnel and organisation onrreaty abrrl- 
leogba the mmagemento of most phannaoeutioal companies. 

The U.S. B a t l o P e l  SoimW F m t i O a  def-8 WC re- 
march as "original Inveetlgatiozm for the abvancemnt of 
sc ien t i i lo  Imo~dodge that do not have speciflo oommetroial 
objectives, although fjwh iPPestfgations may be in f ie lde 
of present o r  potentiel interest t o  the reportins compaw'. 
Of the 684 million dollars q e n t  by Pharmaceutioal Mama- 
facttarere Association member oompaniee for remaroh and de- 
v e l o p n t  act ivi t iea  in 19n approldmetely 14 percent, o r  
96 million dollars, waa devoted t o  b-io maearoh w l t h  most 
of t h i a  work done in  oompaqy laboratories. 

T b  met of this largo expenditure went t o  so-called 
napplied mmarohm w i t h  a somewhat more oWioue return on 
investment camimg i n t o  focus. In actrralitg there is l i t t l e ,  
if any, difference betmen basic or applied reaearch fneofar 
as tha requirements of  logical th-t arad erparim4ntal 
methodologg are conoerned. The organized effort t o  recognize 
and d-onetmte fact8 is  the normal =SeaFoh Of life in 
academic, governmental and induetrial laboratories. 

personnel employed vspg considerably and m y  have a bearing 
on the produotivitg of the research program. T b i s  variabil- 
I* is particularly visible  in phormrroeutical developnent 
groupe as dill be demonstrated l a t e r  rrith actual examples. 

of the Research and Development budget them l a  a 1 t o  1 
relationship ecientiate and technioians Sue supporting 
staff, i.~., Uterature, ol in ioal ,  e ta t ia t ioa l  and other 
aervioea, in the U.S. phararaceutlcal lndustrs. This is 
clearly demonstrated in pi- 3 which ahom the 1969 man- 
pomr distribution in Remarch end Dovelopent aooordiog t o  

are not available, the r a t i o  of scient is ts  t o  teohnicians l a  

The structural form of organisation and the *pee of 

1% i8 h t e m 8 t a  t 0  note thsf mgsrdle88 Of the size 

bUd@Xd mSS=Ch S m - 8 .  A l t h O -  P O I 8 9  fi-8 
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COOPER 

4,890 51.1 
3,010 53.3 

45 07 
840 52 .O 

273 49.1 

5vu5 2,640 
>2OM* 10,005 

10-2OP 5,650 

1-5 Y 1,750 
5-1OM 2,285 1,045 1,240 

<lM 540 
TOTAL.. .20,230 10 , 345 9,885 51.1 

*y+lfiUaps of DoUare 

Ff- 3 
U.S. -power by R&D Wldget Group 

and Solentist-Support Personztel Ratio, 1969 

far lollrsr- possibly 88 much as 3 times lower- in oontinental 
-** 

*ether t h i s  dif'fsmnae in staff composition hae an Import- 
ant bearing on the effioiency o f  the research and develop 
ment operation. a$ personal Impresolon I s  that M e e d  It does 
and in favor of the U.S. staffing rirystem but in the absence 
of a aystematio aaalysi~ of research productlvitg this I s  
difficult t o  prove. 

An analysia in depth rrould be required t o  determine 

Over 10 years have elapsed Binoe the subject of Good 
Irrmiaotwlng Fraatloee boama a potent ama of conoern in 

reoently tho mabjeot has -d so muoh global Interest 
that the fnternatlonal Pharmaaeutical Memfaoturera Associa- 
tion epoxusored an internat ional  8ymposlum on Good Manufaotur- 
ing Praotioea in Gem. In addition t o  the regrset lons pro. 
e t e d  by tb. U.S. Food Bpd Drae Adminiatration, other  
oountriee, organlsetians and *pa have publlahed t o r t e  oo- 
veriDg the- ldeaa o f  Good llpnuiacrturing m c t i o e t ~ .  h reaeon- 
able explanation for regalatory intereat in munufaomring 
oper#oa8 lies in the Veriabiuty of the qpalitg of phanaa- 
oeutloal produote as midoneed W ocoapdanaf. defloiencles on 
the parf of indivlduel manufa-rs and gross inadequaoles 
on th4 part o f  others. 

W O r m P a r r t  ead -8- 0-88 in the united States. mm 
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In -0- the LIWM f o r  th4 H a  O f  m&pMOn 
in the Unlted Stat08 sad Sllitzerlaad It quiolsy be- 

001~so apgarent mt a oonrriderable number of violatianr, aotu- 

dosoribmi in the regulatlona. Tbs m e t  irportant of t&w 
oan be aaoribed t o  inadequate a i r  oontrcd (partiauhto mat- 
t e r ) ,  oontaminated raw materials or intermodiatee (pataogena 
maoh ae Selmonella), water BUR- or treatment (baoteria or 
pgrrogene), pot- variations (mlehing error8 or ncm-homo- 
gemlty), and aooapntabbility (label oontrol). About 30 t o  40 
peroent of the reoalla m80 from deflolenoies In prod- or 
prooesa developemt. Ramplee of these famlllar t o  prodnot 
d.velopp.pt phmnaaielts a2?8 di8lntegrs;tlan time, rruep.adon 
breakdown, orgatal formstlan, 8ubpot.aog due t o  InotabUlty, 
irrappropriste oontalners and mtebranded produot8. Whether 
tho80 defloemolea OOOPT in manufaotrrring or in dovelopmnt 
It I s  quite ole- that their pmvontlan l i e s  in improved 
teabnologp in formulation, p.len$ deelgn, equlpmnt o r  prooere 
control. 

ment phazmaolete t o  adopt the positIan that Oood hmafaotrrrc 
lng R-aotioee l a  wnmtihlng that only their  oolleagum in 
the produotion deparhont ahauld uom about. Qongee lead- 
ing t o  increased safety aad e f f loaq  of pbararoeutloal pro- 
paratlone aa they mope throu&~ the sequenoe of produotion 
operatlone are brought about throtrgb the applloatlon of ex- 
perlmentally tested and proven oonoepte. Simpler, more ra- 
t ional  fonuulations; unlt  rather than aoquontlal operetione; 
clowd rather thau open operating ayetans; nonreaotive equip- 
ment mrfaoe8, and automated, mU-oontrolUq pro008rrea are 
examplee of edvenoea -oh meme t o  oonaletontlj elevate the 
staudrade of  manufaoturing praotloe. &me of them teahno- 
logloal lmpro~ements reduoe o r  even olimlnete tha potential 
for  human error while others are reliable monitor8 of pre- 
detezmined quallty speolfloationa. 

rolentlflc meetings it l a  b e o w  quite evident that re- 
search and developent pharmaolete are beoaming more oog- 
nizant of their potential for ertabllahln& at leaat in part, 

ally -80 d e f i d d . 8  n u r n r d o o m  -ti008 81) 

It would Indeed be extremely ~ h O r t 8 1 g h t . d  for denlop-  

Fzwn many reoent publloatloso and prewntatlons at 
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COOPER 

tha d r o n m a n t  in -oh Good Iknufaoturlq Pracaoee 08p 
f led .  Suoh projeota aa the automati0 separation of metal 
pertiole8 frcm solid doeage fonm, a u t a t i o  mi#t oorreot- 

tion8 for granulations, ilaidi5sd bed granulating end ooat- 
ing w a t e m ~ ,  autmatod tablet ooating, olean roan toahnology, 
automatlo iPspectlon qateme for p ~ r e n t e r a l a ,  in-llne a ta t i s -  
tloal BBlDpuLIcl and terting, and maqy others are examplea oap- 

dth produetion phamaolate and engineera, d e v e l o p n t  phar- 
mwieto oan partloipate in studies of optimal air flow velo- 
el- and dircrction, eqaipent ehielding, partimlate matter 
~ n t r o l ,  air  .empllng techniqpes, effaotlve equigrpsnt oleen- 

end maintenmoo program8 and aegrsgstlon ayatema for 
oonf81pipation control, 

a 8ttcrchaaPta fOr tablet -8808, sPa9y-m- U&t Ope- 

able Of ipaPiring 8- efforts O t h s r a .  fn C O ~ 8 b O ~ t i O n  

n~-prowa8 oontrol, an employed u n t i l  qu i te  moent ly  i n  
--tied, p r o d t l l O t l O n ,  involved the m m t  Of 8 

m i t a b l e  parameter t o  detennirre khether o r  not the product 
during a wleoted, intermediate stage w w  or  waa not erceed- 
ing speoiiied tolerazmos. Ths prooeae oould be atopped un- 
til tho Ir8alte of the test were )mown or, more frequently, 
N alloumd t o  oontlnue. For oZB13lpl0, it ha8 not been m t o -  

-08 or det.minr dieintogration -8. With high aped, 
dorrble rot- pramsea largb nxmbers of tablets would be pro- 
d u d  hiom the oporator learned that the prowas waa out 
of oontrol . 
coatiag, operato on the b m i a  of tins mquonoe etepa but 

my8t.1~~ Tho l a t t o r  roquirea e ignda  related t o  one property 
of tha mrterial  be- praoesaed; for example, pH, visooai.tg, 
tamporature, turbidits, unit *right, eto., t~ a nmaua of 
hold%ng on t o  prad0terrmio.d produot parameters. The neceae- 
1- for in-procnms oontrole, automatio or  otherwise, arises 
f’rom varlat iona or  dleturbanwa generated by componenta, 

to Stop tablet -8808 - O p O m t O r  d d  

Ilrqj. prooesa oontrol ggatema, =ah aa automated tablet 

-80 az1 not truly 8 t l t m - O  in that thq l8ok 8 feedbaok 
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MODEICN PWBPUCEUTICM, DEVELOPMENT 

e q u i p n t  o r  personnel. Correction of these variable dla- 
turbanoee in the shortest  possible tlme is the objective of 
e f f i c i e n t ,  automated process control. 

properties in prooees eystama; aatme4, capaoitance ( o r  the 
abiUty t o  s tore  energy, material8 o r  e leo t r io i ty) ,  resiist- 
anoe ( o r  the property of reatraining tranafer),  and t r a n s  
port  time (or  the delay oansed by the tinu, neided t o  O(LCES 

forrrard a ohange from one point in a matea to another). 
Bowledge of thema properties in s p e o l f i o  terms p e a t 8  the 
developnent o f  a rational control sohems baoed upon prooeas 
dgpgmice. In  geperal, p o i s e  derivation of the controll lng 
fac tors  requires appropriate erpementa l  end mathematical 
treatment. Only then does It boocum poaeible t o  effect the 
essential oonrpMlpise between the desired product gualiw and 
the oost of the control system. 

oonsideration must be given t o  the influemoo of the process 
itself upon the invisible a8 well a6 the visible  properties 
of the produot. Having been intimately acraooiated rrith the 
step-by-step development of a phammceutlcal preparation 
from gestation t o  oommercial introduation, the researoh and 
d e v e l o p a t  pharmacists should be in an exoellent poeitfon 
t o  Ident i fy  the m e t e r s  d o h  nnmt be -fully moaitored 
during the manufaoturln& process. Their proposals relative 
t o  process controls, i f  baaed upon experimental crvidenoe and 
cognizant of the overa l l  requlrementa of production technol- 
ogy, rrould be weloomed. 

The advantages of automated procees oontrols lie in the 
eetabliehmant of greater unifomity of end produot. The re- 
cord indioates  that muoh of the oritlolam of the lnduetrs in 
produolng a homogeaeoua l e v e l  of finished produote -ie . juat i -  
fled. Up t o  now, falluras in almost a l l  IJMtanws have been 
based upon physical o r  chemical non-homogeneity. A s  biophar- 
maotmtlo methodologp imp;ropes It is not hprobable that bio- 
l o g i a s l  non-homogeneity m a ~ r  be added t o  the llst. The ehift 
in Food and Drug Admlnletration requirements from batah t o  
do- unit Integrl- reflects the lmportanoe of controll ing 

h l q s  in o o m o t i o n ,  or time -8. arise from three 

For any phanmoeutlosl nmndaootpfing procesta muimam 
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COOPER 

the phyaid,chemical and biological  homogeneitg during the 
e n t i r e  marmiacturiag and packaging operation. 

Moat experienced research admlnistratora agree that the 
developtent funation l a  the teohnological bridge between re- 
8earo.h and produotion. LFke bridges a c h  link one ahore t o  
another, d m e l o p n t  people faoe both reaearch and produc- 
tion. Since it is difficult t o  demonstrate that the inter- 
eats of both are receiving equal a t ten t ion  a source of con- 
f l l o t  automatloally arleee. How I s  t h i s  problem handled In 
different oompaniea and In di f fe ren t  countries? Is It beat 
for tho development group t o  be a part o f  the Production De- 
partment or of tlie Reeea;coh Department? Should the develop- 
ment laborator ies  and p i l o t  plants be a part of t h e  f a o i l i -  
t i es  of the Research Department o r  is it advantegeoua t o  lo- 
oate than w l t h l n  o r  adjacent t o  the m8nufacturing area? 

The famoue B e l l  Telephone bboratories In New Jersey 
strvggled w i t h  these p r o b l ( ~ ~ ~  and reached the conclusion 
that It age bad t o  bave both BP organizational; i . e . ,  ad- 
ziinistratlve, brrrrier and a apace barrier b e w e n  develop- 
ment and production. When both b e e r s  exist simultaneous- 
l y  oonmanloation becomes too dlff'lailt and problems arise 
in the transfer o f  M W  s o i e n t i f l c  d e v e l o p n t s  into new 
technology. For this reemon the Bell Laboratories develop- 
ment group ~IM moved i n t o  laborator ies  on the premises of 
the Western Eleotric C q ,  a aneunafacturing group. Organi- 
5atlonelly the development staff are a part of Research and 
DereloEment but p4ysioally they are llnked t o  Production. 

bs a meana of illustrat- the wlde var ie ty  of atti- 
W o e  and organisatlonsl  patterns f o r  product developtent in 
the PhawQOeutloal Industry l e t  UB now take a look a t  a mrm- 
ber of conpoPiea rrith exoellent research reputations in the 
0.S.A. Md h;wp. 

A s  early aa 1 8 3  one U.S. compauy eet up a pharmsceutl- 
oal group under fhe t i t l e  wPhannaoeutloal Teohnical. Serpicen 
M a divialop of the pherrm~eutlcal Production Department. 
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Irr. 1971 the s t s i i  oonsisted of 4 chdosl engineers, 2 phpr- 
ilrpaiSt8, 1 M e t ,  1 biologiet and 1 baCteriolOgl8t. Most 
of them fadividuaJ.e are former produotion Une or &eir 
personnel- an indieation of the orientation of the group. 
!Pheir reaponalbillties i n o l . 0  projeots involving oout re- 
duction, trouble shooting, new produot introduction, new 
equipwit  and tecbniosl oonmlting. 

To mdntatn orlglaal product design, oloem liaison w i t h  
Product lkwelgaenf and Quality Control l e  needed during 
prooeea Improvement and reformulotion. Trouble shooting is a 
bae.10 reaponelblllty requiring irmpediate investigation (top 
priori.ty!), aaalyeie, determination oS cause and reooprmenda- 
t lon f o r  aotlan dore  the ~ r ~ b l e ~ n  I s  tecbnioal in nature. 

Inltlsl4y tbi8 group wae not t o  have a laboratory but 
w a ~  t o  use the Produot Developant laboratories or more often, 
small eoele produotion equipant. The l a t t e r  proved t o  be in- 
adequate and n e w  e q u l p m t  h%d t o  be pumhaoed in order t o  
provide ' f lbdbiUfg f o r  the inoreas ing  volume of p i l o t  work. 
After 18 yeare of experienoe t h i s  group reoo&ees the ex- 
istence of a split, organieatioaal personality by Uatbg the 
advantages of looating Pharmaoeutld Enginee- a8 follows: 

In Reeearoh 
1. Avoids d~pl ioa t lon  of  pi lot  laboratory equiplnsnt. 
2. Better oontrcl of acele-up of new produote einoe 

3. Better oonfonmnoe t o  original design in prooese h- 
them is  no O f  hahnioal responaibilitiee. 

provemuat and rof0rna;rlatlon work. 
la production 
1. Ready aooees t o  produotion m a l e  equipant. 
2. Better oommunloation with produotion re- t e a -  

n i o d  dlff loul t ies ,  equipppent needs, etc. 
3. Better technlod. servloo t o  produotion with respeot 

t o  produotion dlffloult iee.  
Zn auother U.S. company we OBP 8.8 an example of ohango 

For 20 year8 Ebarmaey R e e e m  and Developent fuactionsd a8 
a division of the R&Jl De-t with oonalutent oxpezwion 

m6Lating from growth and -ion of romareh activity. 
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COOPER 

of staff and faoilltles. A f e w  yeam ago 88veral of the R&D 
Mvieions *re separated from a new Research Department and 
orgsnieed into a Demelo-nt and Control Department 88 ahown 
in pigum 4. 

O f  partiaular interest in this oaee are the f a c 4 l l t l e e  
of the Rmnnaay Researoh and Dtmeloppept Division wh ioh  al- 
though adjenent to  the Pbarmaoeutltml Productioa building 
inoludea unu6ual dealgn features and equipnent. Suoh feat- 
pco8 are baaed upon the asalgned areas of responaibl l l ty  of 
tho division an l l8 ted  below: 

1. Eetahllabmont o f  thoso ~sioo-chemioal propertiee of 
dru& substances and doeage forms -oh xLll in f lueme their 
u n t f o n d w ,  etabill- ,  end blologioal availability. 

2. Ikrslopent of the final formula and f 'ul l -suale manu- 
faoturlng prooess for  all fonna of adJninlatratlon of new 
drpge. 

term of quality or ooat on the baala of scientlf lo  investi- 
gation. 

4. The evaluation of new raw matorhle; L a . ,  exolpients, 
solvents, premorvativem, eto., w i t h  potential value in phruc 
m a o e u t l d  f ormalation. 

3. Tbe Improvement of e e e t i n g  foxnnalaa and proaeeees in 
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5. The  preparstloa, paolmp.l ,  and oontrol of n e w  drugs 

6. The aclent l f lo  ~ e s t l g s t l o a  of the etabl l l ty  spd re- 

7. T h a  s o i e n t i i i o  Ixmestlgatlon of tb. mrIt8 aud faults 
of new eqrlipent p r o w  to  routine Um Frr pharnmoeuti- 

during the entire period o f  Cllnioal IxmeStigOtian. 

0-d atorego oonditians for el3 new produota. 

o a l  produotion. 

agFns materiala and oontalners. 

elb le  for saala-up, equipnent evaluation and process aepeota 
of tmuble,ahooting. A l l  projeote, baalo or applled, are or- 
garrised at a level  oritioal enough t o  be aoceptable for pub- 
l i o a t l o n  in reputable mlentlf lo  journele. This req-nt 
not only repremnts a challenge t o  quality prformanoe but 
enoourages the aaquidtian and retention of oretatlve st-. 

the Pharnmey Re89- and Develop 
ment dlvieion in mother U.S. oompeng seelgned t o  the taek of 
developing n e w  produot fonnulatlona and aasoclated prooesees 
m a  alao rerponslble for technioal mpport o f  lpaauiaoturing 
operations. In this oompany, however, the conalurdon w88 
reached tbat under such aa org8nlzatlonal plan mfmufacfuring 
support reoelved a lower prlority in cornperison to the ex- 
citement and glamour of new product developtent. !The deci- 
sion was therefor reached to set up a new teahaioal group 
wlthln the Production Department by combining an existing 
Paokaglng Dovelopnt Mvlslon nith a new Phmmoeutloal 
w a c t u r i o g  Developent Division (see pi- 5) made up 
p r i n w l l r  of  m a l s t a  and teahniclans. 

For n e w  dfug prepsrations, projeota are transierntd 
from R e 8 s a r o h  a8 soon as the New Ikyg Application ha8 been 
mlmiltted t o  the Food and Drug Adminl8etratlon. F'mm t h i s  
stage on the Pharmaoeutloal ATmufacturiog Developnt Mvf- 

8. The inv.etlgation of the sui tabi l i ty  o f  proposed paok- 

The Procesr Remarah group In the division l a  reapon- 

U n t i l  a few g e m  

elon prepares all cllnioal ~ u p p l i ~ ~  until  formal approval 
the New D n a 8  Applioatlon and the lnitlatlon of aommaralal 
produotion. 

of 
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FIGURE 5 

For aoale-tlp the I#vielon employe regular produotion 
equipmant at vpriable batah aliees nith Quality Control map- 
plying analytlaal test remlta.  The  e ~ ~ ~ p h a d s  upon produotion 
support osa be MOB in the f o l l o d n g  Uet desoribing the 
soop. of aut lv t t les  of the Phannatnvutld Mmufaoturiog 
mesion: 

1. COMmRCXAL PFtonuc!l!s 

produots. 

prove the- e t y  d o r  produoe them mom eoo- 
narpioelfy. 

0. Preparation of 8upplles for ollnloal t e s t i n g  of 
Za0ia.d produots. 

d. Effect -0th treasier of researoh items t o  full- 
soalo produotion. 

0. Peakage change8 for aurrent produata. 

g. Raw prterial 0heng.a. 
2. p8ocEssEs USED IIII pRoU(IcTI0H 

a. Problame osaoaieted nith current p o a s a e s .  
b. lhalastlon and r e o ~ n d a t l o n r r  conoerning teohnol- 

O W .  
o. heelatanoe nith traneition t o  new prooeesea. 

a. Problew aasociated w l t h  mauufaoture o f  current 

b. R e v i d a n  o f  aurremt products rfren n e t m a w  to im- 

f. col l lpat ib l l l~  m u i r i ~ a  m w  m t  products. 
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I 

baaed upon the philoaopbs that "th4 expert uho oarriee 
through the  first formulation f r i e l s  with a drug should be 
roqmneilble for t h i s  drtlg right t o  i t a  intmduation lato 
produotion dnoe he La moat familler with the subetame snd 
its roepeotive do- forme emd rriu. themfor maah bir goal 
fn 8 strsfghtfonmrdweym. The phsrrmeooutiosl Teebnolog) 
Division undertakes eomprahenaive stability terting aad oon- 
t r o l e  i t 8  formulatlona contlxxuW with drug relearn or in 
V ~ T O  effeotiveneas detenalnatiana. 

handled on their own equlpnt  (up to 250 Uter veaaels snd 
100 kilo- mixers) or, f o r  larger betahoe, in the Produo- 
tion Ik-t. hl high epeed row tablet gresaes are 

A t  the pweent tima soale-up by d s p e l o ~ t  st- is 
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looated in Produotion but d o 8 0  prorimlty enablee euuh mad- 
-8 t o  be mmed to  DeYelopent nbep oonoenlent. Conatruo- 
t lon of a planned, n e w  building would neoesaitate a review 
aud possible alteration of t h i s  policp, Up t o  the present 
tm, trouble ahOO+ing  8 ~ 8 p O M l b ~ t Y  Of ths &O- 

duction Departmat, 

€2ummaoeutioal Dwolopent has &mugad frequently over the 
years depending upon a dzengtha and reahesses of people 
irrpolved at any partiuular tlm. Internally t h l e  situation 
ha8 been ioterprotod a8 a idenee  that the organization m e  
flbdble and oould sti l l  function effectively. Apparently 
thle lmpl.les a sh i f t  in re8poPelbility and iunotlon betwemn 

relopmont and produutlan 98 deiioienclee and oapabilltiee 
8c. roao&aed, Until a feny#ra ago a Dlreotor of Produot 
Dovelopent supervia& a PbBCDIBQy reeearch group and four 

t o  prepers a l l  W a a l  t r i a l  material, eoale-up n e w  f o r  
mulw t o  produotion e l m ,  partidpate in prooese develop- 
ment p r o m  and propide technioal aeeiatanue t o  Pmduotlon. 

8 ) the four Pilot Plant gmupe rere maaeamhled i n t o  two 

t r ia l  materials and the dwel0-t of n e w  fomulatiaas re- 
aelved fram phprmrcv Roeearoh. Tho aecond group, reporting 
t o  tho ProduMm Departunt, pr0ad.a rechnloal aorvloes, 
produut ippproreabnt of marketed p r e ~ t l o o r i  and p o e m  
d w o l o p e z k  &perlame thm far indioates that the new form 
of organicatIan hu remaltod in a stronger oomittment t o  
mdn- rsd inprorins tho quiuty of m%rkmted produota 
md olosor oollaboraticm betuoon Produotion, 'Pecbniaal ser- 
rloo and QnaliQ Control. It is reoognized, howwer, that 
tha R&D P l l o t  Plant &roup prlmwUy f w s  Eoaosroh and, al- 
th- dlrootls reuponuihlo for a o a l ~ i p  of -1 formulae, 
hea failod t o  imolvo tho APduotlon Opmrating U n i t  ear ly  

epop8b in many inrJtsnoee. AIY a retwilt, too  m m y  formulae 

In a very -go Amorloan can- the erganiviation of  

and dthin Y B f i m  individPol8 end -Up@ rOrUefCb9 de- 

@ O t  p u t e .  If W a #  th0 n w M b i l l t y  Of the s l o t  PlSntS 

Fduorrlng a lrorgeniaptian five years ago ( me pi- 

ath OP. m- the m-ibillfg for m U 8 l  
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I U 

BIGmLF 10 

P l Z p S i O d  Bpd b l O l O g i O d  m Q w n t E .  C O l b b O Z & l T O  

ping, uperlmentation and evaluation are obviously faoi l i -  
tated in mch an -nt. Tramfar of prooeeaoe to  the 
Production Deparfment involves b r i w  8p a4minlstratlve 
gap srril efforts ars under rrsy to  establlah an appropriate 
meohanlem to aocompllah this, perhaps l n o l u d i q  tho eon- 
struetion of shared pilot plant faol l l t iee .  If effeotive, 
biopharmoeutlo problems remal t -  fkv3m proee68ing should 
be kept under oontrol. 

A oearoh of  the l l t o r a m  meals  8 dearth of =or- 
matlon oonoerrring pharolaoeutleal dweloppsnt aotlvitles in 
the Qoandhuvian oouatrieo. This doer not mean that t h i ~  
phame o f  pbrmaoeutloal meearoh and davelopmnt has been 
Ignored or negleoted. It oimply reflect a polloy goal- 
tion bawd upon proprletm intersets or a deoisioa t o  em- 
phaoiee other ampeetrr of drug m60aroh. 
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COOPEg 

Ip one a- in -den ( soe Figure U ) the Phar- 

maay ReWacoh and Dme1o-t IUviSion la a unit  of the Re- 
srsarah and Dmelopplant Do-t w i t h  m6ponslbllitiea in 
formulntlon and prooeeebg. Slnae Produotion ie loaated at  
a dietarroe from these laborator ies  ooxmidersble a t ten t ion  
i a  dlreoted towards p i l o t  plant  problems and the proper de- 
velopwnt o f  manufaoturlng proaaews. In aooordauoe rrith 
the nature of ths produot Ilne major a o t l v i t i e r ,  m?tlodlar- 
ly In aoale-up, are ooaoenntrated on tablets. P i l o t  plant 
batohre reago in size up t o  500,000 tablets, prefeU'ablY 

that a n l a t i o n a b i p  betnuen large a d o  production and 
o l l n i d  effleaay eaa be demonstrated. 

.PO. of a produotion teobsologlat during the p i l o t  plsnt  
stage of developent  and oo~mersely, a dovelopent  paarme- 
o l d  partioipatee in the preparation of the first fuU aoale 
manufao- bataherr. O n l y  after the suooesaful produotion 
of flve batoh.8 l a  the m o o m o d  p o e e e  conaidered t o  be 
eooeptable, and itiLl reeporraibillty turnetd over t o  the Fro- 
duotlon Department. 

Phu'maay IWJ Mvision, A t  the present tinu automation of 

soheamled during Bp Stag0 Of prodUQt d m d O m l l t  80 

Tmmafer t o  produotion is made emoother by the -8- 

I1L troable  shoo^ a a t i v l t l e s  muat be approved by the 

FIGURE ll 
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MODERN PHILIUIILCEIJTICAL DEVELOPPIENT 

produotion prooesrres 2s e- Umlted and only ~onven- 
ti-, non-autOlpBt2o. in-prooeaa oontmls are w d .  

Phmvnaosutioal oompaaies iapolved in international die- 
t r ibu t ion  fwe develoErmenf problems of far greater oomplex- 
ity than thow operating solely on a national soale. Chive- 
.el f o r w l a a  and processes turn out t o  be more fantoey than 

of raw materials and oontalners, technologloel oapabUities, 
emirinmantel oonditiana, end others  omtribute t o  the mag- 
nlfloaticm of  the^ n o m  scientifio and teobnologloal diffi- 
oultiee. Either the aoquiaition of home e t e  oapeble of oo- 
ping w i t h  the problem of International develo-t I s  a ne- 
oessity or omal l  but effeotive developlent laboratories,  
c l o w l y  linked nith the oentrel dovelopent group, nmat be 
eatabliahsd in the 8fYillates. 

~ a l i w .  -8 in gOVO-tirl. mgule#-, rrpailobility 

coHcwJsIm 
It is fairly obviaue from the inionnetion pre8ented 

that there exists widespread veriabilitg in tba attitude8 
t o m  paarmnOeutiaa3 dewlopent  ond the org.aisational 
fonw f o r  t h i s  function in the phamsoeutical induatrg. In  
spite of its. inom- m r t a a o e  and thm mlewanee of 
do- form design, an aooeptable and uniform philosopby 
of organization hse not ye t  crmsrged. The meusona for t h i s  
s i tua t ion  ere varied but probably the most Unportsnt one 
is the failure t o  break a- deolsively from the residue 
of an over-oamal attitude toearde phaxnaoeutioe3 formula- 
t i o n  and prooesaing. As in maqy other eepeats of phtarmaqg 
the &&na of t r a d i t i o n  e r e ' d i i f l o u l t  t o  break. 

under way end the intensive researah aot iv i ty  in baaio 
pharmaorutics, industrial pharmaoeutfoal technologp and 
biopb&muaoeutioa U undoubtedly stimulate aotion dth 
referenoe t o  the proper role of dwelopent .  When olearly 
deflned and properly organleed, abvanoee in soeu-up prao- 
tioes, in-prooesa oontrols, u n i t  operatlona, prooear auto- 
matioa, and produot unlfoxmity o m  be expeoted t o  rapidly 
aooelerate. 

However, m ~ c h  disoussion and eIperimeatation is n o w  
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