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M€!!&z 
A sumey is presented of the n n y  factors  involved in 

developing and evaluating a sad - so l id  dosage form. 

discussed are: pre- foru la t ion .  f o m l a t i o n ,  particle six8 

dis t r ibu t ion ,  rheolom, l o t  to l o t  consisteacj, microbial con- 

t a d n a t i o n ,  stability. ip vivo tes t ing,  toxicity testing, 

c l i n i c a l  ev8luatio11 and euling-up. 

Subject areas 

M-?OsD(UURad SrUoIW 

In discussing the type of studies that are l u n i n g f u l  t o  

undertake pr ior  t o  f o m l a t i n g  the s d - s o l i d  dosage form it is 

8 s a u r d  that the drug to  be f o r u l a t e d  is a new chemical entity, 

so its phpiC.1 chemical properties a m  unknobm. 

Pee-formlation wrk should be undertaken a f t e r  the p h n u -  

cological prof i le  of the corpouad has been obtained a d  tb. 

compound appears t o  be a def in i te  cuadidate f o r  an XlPI  sub- 

mission. 

time and e f f o r t ,  the data obtained often prevent serious d i f f i -  

Although pre-formlation work involves a f a i r  avsatt of 

325 

Copyright 1976 hy Marcel Lkkker. Inc All Ri#htr Reserved Neither this work nor any part 
may be reproduced or transmitted in rny form or by m y  means. ebclronic or mcehanicrl. including 
photocopying. microfilming. 2nd recordins. or by any infornulmn rlorap and retrieval syrlem. 
without prmusioii in writing from lhe publuher 

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.



326 B O W  

c u l t 7  l a t e r  and can s a ~ .  u c h  time, beeruse t h e  l a t e r  in a 

developl.nt p r o g r u  a basic problem is unearthad, t h e  more time 

a d  is d r d t r e c t . d  aa th. project.  

It 18 C o a ~ l . O t  to m o d  t h e  W O d  done in p t e - f O N h t i m  

on a surury sheet. 

of i n f o r r t i a a  on th. n.v drug. 

t he  n u r r y  rheet  s e n a  as reminder. to  the  inve rc lga to r  t h a t  

s o u  wrk remains to k Cone and add i t iona l  i n f o r u t i o n  needs t o  

be gathered on t he  corpnmd. 

8 - y  sheet is desirable, p r r t i c u l a r l y  i n  a l a r g e  COmp8ny. is 

t ha t  t he  p r e - f o r u l a t i o a  c h . d s t  i s  of t en  not t he  indivldual  who 

fOrEth te8  t h e  drug. The sheat  then rerves as a convenient, pcr- 

a n e n t  r t h d  of t r ans fe r r ing  t h i s  inforamtion between individuals  

and departments as aecersary. 

This sheat  provides a central, handy aource 

In additioa, t he  blank spaces on 

A t h i r d  fe8aom a prc-totmulation 

Appendix I i l l u r t r a t e s  wh.t a pre-foraslat ion shee t  could 

look like. No c h a r a c t e r i s t i c  of  the luterial  rhould be taken fo r  

granted, 8nd a l l  prope r t i e s  should be recorded soocvherc on the  

aheet. 

It is appropriate  t o  point out t h a t  a t  t he  very e a r l y  stages of 

p r e - f o m l a t i o n  work. e f for t  should begin in ea rnes t  on the  analycica 

mthodology required t o  determine the i d e n t i t y ,  p u r i t y ,  and 

s t a b i l f t y  of the  new drug substance. The development of a s c a b i l i c y  

assay €or the sen i - so l id  dosage form mst. of courae, wait u n t f l  the 

t e n t a t i v e  fornulo(s) can be establ ished.  Hovever, a t  t h a t  time f t  

becomes necessary t o  give a p r i o r i t y  e f f o r t  in developing a s t a -  
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SMI-SOLID DOSAGE FORM 327 

b i l f ty  assag for tha dosage forr. 

ted work would be runingless .  

Without it ,  u c h  of the indica- 

Let urn turn our at tent ion t o  t h e  c rys ta l lgr8phy .ad potential 

p o l p r p h i s m  of the new drug. 

c rys ta l l ize  into -re than one crystalline specie. 

of the campound are arranged in such a u n n e r  tbt tha so l id  crystals 

d i f f e r  but the l iquid and vapor statea-are idontical ,  the foru 

are ulld polymorphs. 

Notebook Uumber (R.N.B.), indicate *re more detai led informtiom 

can be obtained. It i r  essential t o  datermine i f  pol-rphs exist 

for  t h e  o w  drug being investigated beuuee p o l p r p h a  can d i f f e r  in 

c h d c a l  s t ab i l i t y ,  solubi l i ty ,  c rys ta l  shape, melting point, and 

several  other properties. 

polporphism include s teroids ,  a n t i h i s t u i w s ,  barbiturates,  and 

sulfonaddes.  

(1) showed that  of 48 s teroidr  studied wlth r l t i n g  points below 

21OoC., 67% exhibited polprphism.  

were rtudied and 63% exhibited polymorphism. 

examined, 4oI existed in different  p o l p r p h i c  foru. 

she reported a number of u r k e t e d  products that  wre unstable as 

a r c ru l t  of polymorphic changes. 

A campamd m y  hawe th. a b i l i t y  t o  

If the mlecules  

Ilotatiow on the sheet, aueh as Research 

R u r u c e u t i u l  capounds that  shou 

In fact ,  a study by Iuha.rt-Br.nstatter in 1965 

Thirty-eight berbiturates 

Of 40 sulfoarrides 

In addition, 

The individual particles of the  drug, t he i r  shape, sire, 

and related character is t ics  play an iqortwt role in determtning 

various mnufacturing processes (for example, uhether milling is 

necessary o r  i f  special techniques are required in dissolvinf the 
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328 BOYLAN 

drug during pracerslng), or, m8t Irportant, hov does the average 

p.rtfCb 8 1 Z O  .ad p8rticle Size di8tribution affect the efficacy Of 

the dmg? 

pre-fmlatioo stage ofton brcol.s invaluable later. 

The initial inforPrtioo gatherod, OZI 88ch lot, in the 

It is at u e h  holp to the foruletor if he ha8 rolubility 

d8ta im 801*.nt8 that aro likely undidater for u8e in semi- 

solid formlu. fils lnfonmtiat I8 particuhrly u8efu1 if several 

polmrphlc foru of the drug can be evaluated simrltaneously 

(a8suring they aist) and the analytical rthods are advanced to 

the poiat that a brief 8tabiliLy screening cam be run in each 

prodsing soivent. Ihis latter screening can be valuable In saving 

t i n  ia fotulating awl preventing clinical evaluation of an 

unstable product. 

Other tests that should be done 011 the drug prior to formu- 

lacing include stabillty in the presence of light, oxygen, and 

trace metals. 

potential reability problem. Solutions LO a Light or oxygen 

instability problao might ba either a special container or a 

processing technique, such a8 a nitrogen blanket. Sensitivity to 

trace ammnts of metals could be couateracted by adding a chelating 

agent to the product. 

Any 0118 of the88 test situation. could indicate a 

FOIP(UUT1ON 

Lat US n w  turn our arteation to ehe fornulation of rhc nev 

In this section will be discuracd particle size drug substance. 

and particle rite distribution, rheology, microbial contnmination, 
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SMI-SOLID DOSAGE FORMS 329 

e q u i p a n t  se1ect~ai, s t a b i l i t y  test-, rav u t e r i a l  testing, and 

- i n  p r e - c l i n i u l  testily. 

_Particle Sir e Distr ibut ion 

One of the  most important characteristics of a s a i - s o l i d  

pharYceut ica1 product, i f  it is a di8porsed systom, is the globule 

size or particle size of the  dispersed phase. 

individual  units of t h e  i n t o x n ~ l  or dimporsod phase is a s i g n i f i -  

cant fac tor  in tho rate of drug reluse and the  s t a b l l i t y  of the  

product. 

of his product, he i 8  i w i t i n g  trouble. 

The sire of tho 

I f  the  f o r m l a t o r  does not c r i t i c a l l y  study t h i s  aspect 

The sire of a sphere (such am an eulsioa globule) is 

uniquely deterr ined by Its diameter. Other size parameters, such 

as surface and v o l m ,  are fixed by tho d i u t e r .  

Non-spherical particles presont a problem. They hw 

d e f i n i t e  surface area and wlume, but app8r-t length var iea  v i t h  

or ientat ion.  

t i c l e s  involve r e l a t i n g  ume r u s u r e b l e  proparty t o  spher ica l ly  

equivalent diameters. 

I U U ~  u t h w t i c a l  and statistical trutmats avai lab le  f o r  particle 

analysis .  

writics rbl izes  that t b r e  a r e  a great  varfety of methods 

The usual methods of rasuring these typos of par- 

Swce  does not pe r r i t  d i s c w s i o n  of the 

Uowever, anyono acquainted v i t h  the  8ci.aco of micro- 

ava i lab le  f o r  p a r t i c l e  site aMlpSiS. 

ones that apply to  the p a r t i c l e  and globule size raw. n o r v l l y  

found in p h a r y c e u t i u l  sod-solids are ahom in Table I. tach 

method ham i ts  am par t icu lar  usefulnass and, a l s o ,  its disad- 

A few of the  c m l y  used 

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.



TA
BL
E 

I 
E 

TE
C

H
N

IQ
U

ES
 F

OR
 P

AR
TI

CL
E 

SI
ZE

 A
NA

LY
SI

S 
(P

AR
TI

AL
. L

IS
TI

N
G

)' 

I 
A

nd
re

as
en

 
P

ip
et

te
 

G
EN

ER
A

L 
C

LA
SS

 IF
 IC

 AT
10

 N
 

O
pt

ic
al

 
(I

nd
iv

. P
ar

tic
le

s)
 

O
pt

 ic
a I

 
(M

as
s 

E
ff

ec
t)

 

H
yd

ro
dy

na
m

 ic
 

A
er

od
yn

am
ic

 

C
ro

ss
-S

ec
tio

na
l 

B
ul

k 
P

ac
ki

ng
 

V
ol

um
et

ric
 

M
ET

H
O

D
 O

F 
SP

EC
IF

IC
 

SI
ZE

 R
AN

G
E 

M
EA

SU
R

EM
EN

T 
I T

EC
H

N
IQ

U
E 

I 
(M

IC
R

O
N

S)
 

I 
M

ic
ro

sc
op

e 
I 

.2
5-

25
0 

Tr
an

sm
itt

ed
 

Li
gh

t 

E
xt

in
ct

io
n 

of
 

N
on

-S
ca

tte
re

d 
B

ea
m

 
Tu

rb
id

im
et

 ry
 

0.
05

-5
0 

G
ra

vi
ta

tio
na

l 
S

ed
im

en
ta

tio
n 

in
 L

iq
ui

d 
0.

5-
30

0 

G
ra

vi
ta

tio
na

l 
S

ed
irn

en
 ta

 t i
on

 
in

 G
as

 

S
ie

vi
ng

 

G
as

 

D
is

pl
ac

em
en

t b
y 

P
ar

tic
le

 in
 

E
le

ct
ric

al
 Z

on
e 

. 
.
 

.
 . -
 - 

- - 
I
 - 

M
ic

ro
m

er
og

ra
ph

 

C
on

ve
nt

 i o
na

 I 
S

cr
ee

ns
 

S
ub

-s
ie

ve
 S

iz
er

 

C
ou

lte
r 

C
ou

nt
er

 

2.
0-

20
0 

40
 a

nd
 G

re
at

er
 

0.
2-

50
 

0.
2-
30
0 

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.



SEMI-SOLD DOSAGE FORMS 331 

vantages. 

p a r t i c l e s  in a f l u i d  (such as t he  Andreasen p i p e t t e  or t h e  d c r o -  

merograph) are l imi ted  by t h e  condi t ions  of Stokes'  Law - m w l y ,  

p a r t i c l e  r ad ius  and dens i ty ,  and t h e  d e n s i t y  and v i s c o s i t y  of t h e  

suspending medium. 

of particles also are complicating f a c t o r s  with techniquer 

u t i l i z i n g  t h e  p r i n c i p l e  of Stokes'  L.v. 

For exsrple, methods based on t h e  relative motion of 

I r r e g u l a r l y  shaped p8rticles and aggregates 

A number of t hese  methods are app l i cab le  in s tudying  t h e  

drug coopanent a8 a dry  pauder, but when e x u i n i n g  t h e  drug f o r -  

mulated i n  a semi-solid dosage form, t h e  microscope becomes t h e  

method of choice. 

When measuring f i n e  p a r t i c l e s ,  d c r o r c o p y  h s  m n y  

advantages. Microscopic e u n i n a t i o n  is use fu l  f o r  checking 

completeness of d i spe r s ion  and p a r t i c l e  shepe. Often t h e  e7e 

can d i sc r imina te  between d i f f e r e n t  colponents i n  a d x t u r e  or 

recognize s i n g l e  particles in an agglmrate. 

With mlcroseopy, h w e v e r ,  i t  mst be ramelbered that what 

is seen cannot n e c e s r a r i l y  be believed. tor example, t h e  

o u t l i n e r  and d e t a i l s  of a particle vary in spparea t  width, 

depending on t h e  focus, t h e  i l l u r i a r t i o n ,  the r e f r s c t i v e  

i n d i c e s  of t h e  prepara t ion ,  and most of a l l  on t h e  reso lv ing  

power of t h e  microscope. In add i t ion ,  t h e  epparent sharpness 

and f inene r r  of t h e  scale of t h e  micrometer, and of the po in t s  

on t h e  ob jec t  betvcen which t h e  measuremeat is r d e ,  are f a r  

from m 8 t h w t i c a l l y  p a r f c c t ,  and t h e  width of t h e  l i n e s  which 
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332 BOYLAN 

are braught t o  j r u t a p o r i t i o a  18 vary appreciable.  Other l id- 

Zatioar could be cited, but t h e r e  rewe t o  i l l u r t r o t e  t h e  point.  

A d C - O . C w ' 8  1-r r 8 8 O l U t b E  lidt i 8  r8lat.d t o  the  

nmm@tiul aporturm of t h e  objectlvm and t o  the  wavelength of 

l i ght .  It f 8  UrWlly .boot 0.2 dCrm vh.p whit8 l i g h t  is 

uoed v l t h  an oil-irrroloo objectiva. 

ohould ba u l t i p l i e d  by about 5 or LO to  obtain the  s ~ l l e o t  

rize wcrrurable v i t b  m y  precir ioa.  

The r e r o l u t i o o  limit 

Since individual  p ~ r t i c l e a  are meeoured and couuted, 

dcrorcopy i r  o l w  and p r r c i r i o o  r u f f e r r  from a tendency t o  

count too feu p ~ r t i c l e o .  A l r o ,  rite i r  eonen t i a l ly  3- 

d i r a o i o a a l ,  wheru8  t h e  normal d c r o o c o p i c a l  l u g e  i r  2 - .  

d i u n o i a a a l .  Thir f a c t o r  take8 oo added r ign i f i cance  i f  t he  

8 i Z 8  d i r t r i b u t i o o  i r  to  be c a k u l a t e d  on a weight baoir.  

Ihe simplest  microrcopic cr thod of rize m a o u r m e n t  employe 

0 micrometer i n  the eyepiece. In e f f e c t ,  t h i s  semer the  

purpor8 of placing a r u l e r  acrorr the p a r t i c l e  and w a r u r i n g  

i t r  "diameter" d i r e c t l y .  

diameters of randamly or iented p a r r i c l e r  a r e  Marcia's diameter 

rnd ?.rat'. diameter (?lgure 1). I f  t he  meaourtment i r  made 

in a fixed d i r ec t ion  from udge to edge actor8 t h e  p a r t i c l e  

cen te r ,  i r r e r p e c t i v e  of the p a r t i c l e  o r i e n t a t i o n ,  t h e  r e s u l t  is 

Martin's d i a u t e r .  It 10 a 8 t a t i o t i c 8 1  d i a m t e r  becaure the 

e f f e c t  of dupe and o r i en ta t ion  i r  averaged &en m n y  

particleo a r e  ~ o o u r e d .  

hro u y o  of r a r u r i n g  r t a t i o t i c a l  
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SEMI-SOLID DOSAGE P O U S  333 

Foret's d i i e t w  
FIGURE 1 

--b 

Peret's diameter is similar except t h t  the m s u n r o t  

is n d e  between t w  parallel tangeat.. 

bother wthod uses eyepiece graticules. When such a 

graticule is placed over the field, its pattern of circles 

and rectangles of k n m  r i m  is seen superirposed aa the dcro- 

rcope field. The particles are colp.red in area vlth the circlu. 

wh.n particles have a definite uniform shape or crystalline 

form, or if they are especially needle-like, it is preferable to 

measure the w s t  char.cteristic dimendon. 

Rheology 

'Ihe need to clearly characterire a d  know the rheologiul 

properties of a semi-solid product is uell knoun and h s  been 

repeatedly referred to in the literature (2-5). Of the basic 

flow cuwes, most pharrceutiul semi-solid products uhibit 

plastic or pseudoplastic flow, usually vith thixotropy, uhich 

result in hysteresis loops. 
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334 B O Y M  

The need to Law th. rheology of a givm fornulation i a  

readily illustrated b7 Figures 2, 3, and 6. 

the active constiturnc : . r i n d  the .am, but the vehicle 

varied. 

v t ~ l c m t e r  (5). 

In each case, 

"be figures we- obtained using Perranti-Shirley 

In Figure 2, a corbinatfoo of white petro- 

FIGURE 2 
Rhcogram of Ointment a t  25'C 
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SDfI-SOLID DOSAGE FORM 335 

latum, anhydrour lanolin, and white yu r s  ured to form an 

ointment base. 

and uater Y.S ured and i n  ligure 4 a c r m  US prepared from 

staaric acfd. glycerfn, cetyl alcohol, uad -tar. 

In Figure 3, a jelly bare o f  polypropylene 

120- 

I 

ncm 3 
Rhoogru of Jelly at 2S.C 
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!! 

I 

0 1! DYNfS 75s- 

PIClJPlC 4 
Bheogram of Cream a t  25OC 

Aa Intereating application of theology in remi-rolld 

pharmnceutiul product. is the e r t i u t i o a  of the rprudtng 

properttea of v8riour forpllao. mere  b v e  bean revaral 

approach.. to thia probler.(5-7). 
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Lot  t o  bt Coaoioteacy 

00. concern of a fo-lator ohould be conoiotmcy of t h e  

product a0 m a y  betcheo are made over the  y u r o .  

without uylng  tlut If the raw material. golag I n t o  the  product 

a r e  not conolotently the  o u ,  the  product vill vary. 

It 8-0 

Ao an experluntal procadure, uhen an l n c a i n g  lot of v b l t e  

petrolatum V.O accepted by U.S.?. control  methodo for w e  i n  

product., a suple -0 run 011 t h e  P e m a t i - S h i r l e y  r i o c m t e r .  

Of e ight  lo to  teoted, the t w  tht repreoent the  a x t r e u o  are 

ohovn In Figure 5. 

g r u t e r  f ie ld  value, vlocooity,  and thixotropy thmn t h e  other.  

Varlatlono of th io  u p i t u d e  deoerve fur ther  uutchiag. I f  any 

meaalagful product or u n u f a c t u r l a g  var ia t iono noult f r a  

dlfferemceo of th lo  type, a rhogram ohould becow a rout ine 

l n c o d a g  row u t e r l a l  teot.  

It i o  evident tht the  one betch ha0 a 

h l n t e r e o t l q  and potemtially w e f u l  approach to  t h e  

evaltntlcm of f a t  end uu-like c ~ t o  of o d - o o l i d  pb.ru- 

ceut lca l  product0 10 t h e m 1  a n ~ l y o i r .  

Include t h e r r o g r a v i r t r l c  erulyoio (W) d i f f e r a r t l a l  therul 

a a a l y r l r  (DTA), and d i f f e r e a t l a 1  ounaing calorimetry (DSC). 

The r t h o d o  ava i lab le  

TGA CUMO are obtained by o l w l y  and unl for r ly  iacreaoiag 

the  temperature of carefu l ly  weighed 8-1. .ad recording the  

weight loo8 80 a function of temperature. 
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1074 

- . 
U 
w cn 

BOYLAN 

WHITE 
PETROLATUM 

l l  
30'C 

I 

DYNES 5000 
h M 2  

FIGURE 5 
Rheograo of Whttc Petrolatum a t  30°C 
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In contrast ,  DTA enAbles the cag.risoa of the  teqnra- 

tures  of a thermally ine r t  reference material and the  sample, 

both being in the same t e q ~ r a t u r e  onvironwnt. 

perature of the environment chamber is incroased, the evolutiao 

or  absorption of thermal  energy by the s a w l a  C A U H S  its 

temperature t o  r a m t a r i l y  lead, o r  1.8, vhen c-rd to tho 

reference u te r ia l .  Thia rosu l t s  In dwnu8rd (endothermic) o r  

uprnrd (exothermic) peaks 8t harm t apa ra tu res .  

As the  ta- 

Tho th i rd  t h e m 1  method available is DSC. This r t h o d  

hold8 the  most promise v l tb  f a t s  and w a s .  This method 

measures tho energy (in u l o r i u )  required t o  keap the  taqnra- 

ture  of the sample and the reformco u t o r i a l  the s m  as the 

cavl ronunta l  t q n t u r e  increases o r  decrusea .  

sample absorbs o r  coolves energy, more o r  less m r  is required 

by tho sample holder t o  r i n t a i n  It a t  ek s m  t q r a t u r e  AS 

t h e  reference holder. 

of ten quant i ta t ive . r u l y r i s  of the c rys ta l l ine  s t ruc ture  of tho 

material  uodar study. 

determine the i r  texture  and AppaAr8UC8. 

the melting peak i s  proportional t o  the uwnt of c rys t a l l i n i ty .  

and the  peak dupe is, in the  abrmco of polymorphic forn or 

so l id  s t a t o  t r m ~ i t i o n s ,  A masure of crymtrllite She d i s t r i -  

bution, beuuse  the Iore perfect the c rys t a l l l t o  the higher the  

temperature it tends t o  malt at ( 8 ) .  

Uhau the  

Consequently. DSC permits qualitative a d  

For example, the Cr'ySt81klity of f a t s  

'Ih. t o t a l  area of 
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The cum i o  q u i t e  dependent on t h e  t h e r u l  h i s t o r y  of t h e  

ugh .od can v a q  c a u i d e r 8 b l y  depending 00 that his tory.  

Demure vuu are 1.0. o e ~ i t i t .  t o  va r i a t ion8  in c r y s t a l l i z i n g  

caoditioas than are fat., cryatalliw p u b  t o t  m o t  waxes are 

mirror image0 of t h e i r  r l t i n g  p u b .  

I&ml "filyer print*@' of f o r u l a t i o n  materials f o r  

S W - 8 0 l i d  product8 h88 8 m t d  potent i81 U0.8, 011. Of vhich 

u y  be t he  osourance of c a u i s t e n c y  in raw uter ia l r .  

cum. fo r  a rav u t e r i a l  u q l e  of aahydrouo l ano l in  is shown 

in Figure 6. 

A DSC 

Microbial Coa t a d M t t m  

The f o r m l a t o r  ~ o t  b-ar in r i n d  that, d c r o b i a l l y .  each 

product is unique. 

challenged with a spectnm of a i c r w r g a n i s ~  and then obrerved 

f o r  a period of several -tho ( t h i s  a l l a s n  the  dcroorganirms 

t o  a d j u t  to t h e i r  nev envir-t). Ttm aopcctr  t h a t  should 

be kept in r i n d  a r e  (a) the  f i n a l  product. i n  i t s  exact form. 

m o t  be t e s t e d  and (b) product iar  b.tch.8 -st also be challenged 

with microorganism. too, even i f  a11 laboratory l o t s  looked 

f r e e  of c o n t a d n a t i o n ,  because the re  is a p o t e n t i a l  for contamf- 

Mtim t o  be introduced in t he  production environment t h a t  i r  

not inherent i n  t h e  r av  moter ia ls  and laboratory area.  

production, i f  t he  p re sema t ive  system breaks dam.  for 

whatever reason, a r l t i p l i c a t i o n  of microorganisms is general ly  

r8pid and overuhelmo t h e  preservat ive oystem. 

hch p r e e n t i a l l y  new product should be 

In 

Consequently, 
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DSC 
0 
X 
w 

I 
0 1 
2 

n z 
Lu 

30 
O C  

50 70 
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302 BOYLAN 

detection is easy. when this occurs, studies should be initiated 

to change the proceaaing or upgrade the preservation system. 

an7 event, mder no circurtaocer should a product be "over 

presewed" to corp.asate for a poor mnufacturins proceaa. 

Gaul nmnt 

In 

Another facet of formlatins that a n  be overlooked, is 

thr equipment that will br used Ln pmducelaa to manufacture 

the product. 

later. 

malator should look ahesd and anticipate the probable production 

conditions. For example, a11 laboratory batches rhauld not 

Scale-up problav vlll b. reoiewed briefly a little 

It is suffice to polat out at this tipr that the for- 

be m d e  in a Waring Blender, unless one intends to use A 

Waring Blender An production. 

Stability 

Another aspect of fo&lating red-solid products that needs 

to be reviewed involves the general topic of "stability testing." 

As is c o w n l y  recognized, a new product stability program 

normmlly involves several storage codlrutions of heat, humidity. 

and light plus several containers and various packaging 

msteriala. m e n  embarklag on a stability prograo, tuo Wjor 

factors should be consldered. Pirrtly. ti- La important and 

irretrievable, SO accelerated conditions and a variety of packaging 

mteriala are necessary to armure early ludr in w m ~ e r i n g  the 

questions of 'Which €0-1 t", Which pacluge?", and 'mat 

expiration d~te?". Without accelerated conditions, the study 

reoiins Cumb8r8oae and very time conmmlng. The recond ilnportant 
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fac tor  t o  bear in d a d  i r  that the lood .nd Drug Admlnistratiorr 

n o m l l y  requires data on three l o t s  of the  exact f o r u l a  in the  

exact package for  the period of the dating desired. 

S t ab i l i t y  tas t ing  m y  be divided i n t o  tw princip.1 

ca tegor ies - -chmiul  and phyr iu l .  

product from a number of aspect8 t o  inrun that nothi- d i r -  

t r e r s lng  occurs late in d m l o p u n t  o r  u r l y  in production. It 

is  of great help t o  a f o r u l a t o r  i f  a rausitive d accurate 

It is Important t o  f o l l w  a 

S t a b i l l t p  88S.7 i 8  mai lab le  in th. U t l y  Stage8 Of product f 0 m  

latiarr. 

as a check 021 the  aaa l f l iu l  wthod and t o  8SSUI. 80 intact 

ac t ive  colp.nent. 

A thln-layer chroutograph should be nm periodically 

In addition, a t  frequent I n t e m l s ,  microscopic e u r i l u t i o a  

of the ac t lv r  ingredlent’in the f o r u l a t e d  product rhoold be done 

t o  insure tha t  polylorphr are not foxmirig. It I8 not mrurul 

f o r  differences in r t a b i l i t y  betwe- two apparently ident ical  

batches t o  be traced t o  the presence of different  p o l p r p h l c  

form of the drug in the two batchar. 

t h e  use of t h e  vrolrg polywrph can resu l t  in phare 1nversi.a t o  

a more r tab le  form. 

When c r u u  a r e  prepared, 

A metartable crystal  form of a drug -8 suspended in the  

cream bare shown in Figure 7. 

ted conditlons, nucleation of the  more s tab le  ( less  roluble) 

form rerulted In the photomicrograph rhoua in l igure  8. 

f i f t een  months in the refrfgerator ,  the c rys ta l s  had grornr 

After six roclthr under refr igera-  

After 
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. -  

FIGURE 7 
Cream &re, Freshly Prepared 
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ncm 8. 
C r u r  Base, Stored at  5 C for 6 lbothr 
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subatantially (Iigura 9). Iaddmtally, at thia point, a 

ricrmcop. u s  =needed to see the crystals1 

this crum still 88Sa).d 100% of the otiglxml amount of drug 

after fiftem m t h a .  

Chemiully, 

U n U l l ~ ,  the k8t apprO8ch to fotluhta U8ing the 

lust soluble polmtph of the  dNg. 

hold true for any non-active swpaaded solid component of the 

crum. 

rrticle on the subject of cryrtalline dificatlon of solids 

and i t 8  importance to formlatiam (9). 

'Ibis approach also vould 

Il.lebli8n h a  recently vrittm an excellent revicv 

The slngle m s t  frportant phyoical atability evaluation tool 

r w i n s  tha trained, oboervrot pharmacist. 

d thorough org8wleptic obaenmtioas and the aid of an 

iaocNlrnt for mre subtle changes, he can detect and rrawdy 

lost of the phyric8l atability problas that occur. 

With his owo careful 

In Vivo tertina 

Before the product is given extensive clinical evaluation, 

t w  additional test program# should be undertaken. One is an 

k-teat of the product's effectivenass. 

toxicity tasting required for the IND and N W  reports. 

The ocher i r  the 

Uany in vlvo screenlng methods to determine efficacy have 

been proposed over the years. 

prwen useful in  evaluating topical ateroid products is the 

HcKenzie-Stoughton vacmstriction test (10). Vaconstriction 

& example of one that has 
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FIGURE 9 
C n u  Baa.. Stored at 5 h for 15 Uoutha 
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is an i n d u  of the percutaaeous absorptioa of a steroid.  In 

t h i s  t o s t  mll amount of tho product (for -1.. 1 118.) 

is applied t o  tho f o r u m  of bur0 volunteers and covered 

v l th  an OCClWlm mterhl. nrcb U k r m  i h p .  alght  t o  

tweatpfour  hoar8 a f t e r  appllutioa, the Saraa Wrap is raPrnrad 

md the  d y r #  o f  t uocmat r l c t l~  at uch si te  is noted. 

Ik rml ly ,  00 a t t a p t  i r  ude t o  g r a b  ch. dogreo of vsso- 

coastrfctloo, ud It is upreand as e l thor  "present" o r  

Habaentn. 

r evon1  potential forrr1.s c8a be readi ly  screemod for  t h e i r  

effectivonoss. 

Throqb the w o  of a tecimigru such as t h i s ,  

vh.n doing tests of t h i s  tw, are  m o t  ba exercised 

t o  u k o  the t ea t s  double-blind and s v t r i f u l l y  paired. 

a11 cases, placebos should be an int.gr.1 part of the study 

bouuse o i a t v n t  a d  cram beses a re  rarely t ~ o  placebos, but 

In 

often produce M iqrmaasat through t h e i r  emollient .od pro- 

tective properties. 

Toxicity Tert inq 

M o r  t o  beginning tho c l in i ca l  trial, tox ic i ty  t e r t i ng  

us t  have been cap le t ad .  

ponds upoa tho r g a i t u d e  of the cllnical  trial. 

laportant f s c t  rharld b. kept fa s ind  before begtnaiag the 

toxici ty  wrk--the f o r u l a  tested for tox ic i ty  and scnr i t iza-  

t ion must be the exact f o m l a  t o  be aent fo r  c l in i ca l  t r i a l .  

Any change in t h e  fo-18 a f t e r  t h i s  point neceasitatcs re- 

Tho lMmt of tes t ing  required de- 

Orre very 
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running of the tax ic i ty  studies and the resul tant  loss  in t i r  

and oooey. 

Before beginning ?hare I of the  c l in i ca l  trial for  a 

topical  product, the tea t  prosram outlined in Appendix If  must 

be cap le t ad .  t i gh t  rabbi ts ,  four r l e  and four f-le, a r e  

notpylly used in the  f i r s t  plus. of the study. 

and in addition, the skin of four o f  the animals is abraded. 

The product is applied a f t e r  shaving .ad covered v i th  an 

occlusive dressing is then rnovad, the a n i u l a  kept under 

o b 8 e m t i o a  for  fourteen days. I f  any d u t h s  occur, the minis 

a re  necropsied. 

A l l  are duved 

In the portiaa of the test program inwolviing the eye, 

0.1 ml.  of the product is applied t o  an eye of u c h  of mix 

rabbi ts  (the other eye serving as a control). The rabbits 

a r e  observed for seven to twenty-opo days. 

damge r e ru l t s ,  the studies a re  coatinued. 

I f  any s l p i f i u n t  

'Ihe running of .a ora l  u f e t y  test i n  tw species of 

a n i m l a  colpletea the toxicology needd  before boginaing ? h o e  I 

of the  clinical  t r i a l .  

As t he  c l in i ca l  t r i a l  is expanded, addi t iorul  toxicological 

r tudies  mast be undertaken. Before Phase I1 begins, a twenty- 

one day subacute de rml  toxici ty  study u w t  be done. 

is usually applied t o  the animals at  one, three and ten tims 

the intended clinical dose. 

The product 
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In €%as. 111, the  c l f n i u l  tr ial8 n e d  not await the 

c o q l e t i a n  of the  t o x i c i t j  program, but the Phase I11 tox ic i ty  

ourt  be -11 a h a d  o f  the  Pl18.e I11 clinical trial. 

cauists of a ninety dry subacuto t d c i t y  study in adul t  

Toxicology 

aUi-1 8mSLtiHty t80 thg .  

l i zu l ly ,  i f  tbe dm8  is absorbed through the 8kin (or if 

i t  cumot be showa that i t  is not absorbed), reproductive 

studies wt be dome. 

C l h l C 8 1  h&lU&tiOn 

The c l in i ca l  ev8lrYtion of the  dosage form is tho most 

expauive a d  crit ical  phase of product developunt .  

vhat ha8 baea done pr ior  t o  t h i s  point has been done in UI 

ef for t  t o  insure a safe  d n l i a b l e  product for  the  c l in ic ian .  

A l l  of 

The monitoring phyrician has t he  key r o l e  in t he  conduct of 

t h e  clinical t r ia l  program. The ant i tor ing  physician f i r r t  

mst es tab l i sh  what the c l in i ca l  protocol i r  going t o  be. 

topical products, t h i s  m a t  conrirt of carefu l ly  control led,  

duuble-blind s tudies  involving the  wehicle vlthout the ac t ive  

ingredient(s) as a control. 

suf f ic ien t  number of pa t ien ts  t o  mke the  s tud ies  s t a t i s t i c a l l y  

Puningful. If  it is intended that treatmat of several c l i n i c a l  

c o a d i t i o ~ r  a r e  t o  be c a l i n d  for  t h e  product, each =at be 

ev.lrutad separately.  Throughout the courre of t h e  rtudy, there  

is continuing dialogue between the  FDA and the monitoring 

c l in ic ian  (see Figure 10). 

With 

Care cust be exercised t o  involve 
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35 2 BOYLAN 

When t h e  clinical program has been f i l e d  v i t h  t h e  FDA, the  

monitoring physician requests  a s u f f i c i e n t  ammaat of nsterial 

from the f o r m l a t o r  to i n i t i a t e  t h e  c l i a i u l  program. Before 

tha douse form is relused to t he  custody of t he  monitoring 

physician, th 0.y drug sabstmce .od t he  f o m l a t c d  product 

nut be thoroughly m1uat.d to insurm proper potency and safety.  

S t a b i l i t y  studies wt also be i n i t i r t d  80 that i f  t h e  product 

becomes subpotat or p h y s i u l l y  unstable  during the  course of 

the Clinic81 t r ia l ,  it u n  be recalled before any ham clll r e s u l t  

to the pa t i en t s  Ln t h e  study. 

After nluse of CT r t e r i a l  to him, t h e  monitoring 

physicisa  suppl ies  i t  t o  the clinical inves t iga to r s  whom he 

ha8 previously cootacted d previously discussed the  c l i n i c a l  

program vi th .  

they begin sending in reports to the  m i t o r i n g  physician. 

evaluates these and in t u rn  smds them to the FDA. 

Aa t h e  c l i n i c a l  i nves t iga to r s  use the  product, 

H e  

Although tha cooccpt shown in Figure LO Is overslpppllfied, 

i t  doe8 convey t h e  p r inc ipa l  framework under which the c l i n i c a l  

t r la ls  are conducted. 

Sealing-uD 

As t he  drnlo-t of  t he  o w  product progresmes, an 

l n e r u s i n g  amunt  of thought is given t o  production size lots o f  

t h e  fo rmla .  

t o  p i l o t  plant  size quan t i t i e8  f o r  t he  C l in i cn l  T r i a l  Program, 

When t he  product leave8 t h e  laboratory and progresses 
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the  f o r u l a t o r  obt8ior the  f i r r t  m n i n g f u l  experlmce ar t o  what, 

i f  any, tba r u l e - u p  p r o b l a r  vlll be. 

It i r  vie8 t o  hrr, la the p i lo t  plent,  r v l l e r  d e l r  of 

In t h i r  rmter, the  actual  production equ ip ro t  t o  ba used. 

-re meaningful r u l e - u p  evaluatlonr m y  be r d e .  

adherence t o  r w k r  or ident ical  equiprrr t ,  any tin a b t c h  

rite 10 r i g n i f i u n t l y  changed (for u u p l e  10 t h e m  larger or  

ru l le r ) ,  there vlll be 8 0 1  differencer due t o  the fact  t h a t  

the condittaer uxmot be ident ical  ( rhu r ing  forcer,  h u t l a  

and coollag t a m ,  f i l l i n g  t-8, etc.). 

t o  a recent revieu (11) for  Io ta  info-tiaa 00 ru l ing-up  

red-molid productr. 

k r p i t e  

Ih. r u d e r  i r  directed 
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€ I a d w t r l d  P h a ~ c y , "  Lu 6 Pebiger, 

APPENDIX I 
PRE-FORHULATION SHEET 

Compound Number 

Chemical Name 

C h e n i c a l  Formula  

Color Odor 

A p p e a r a n c e  Tas te  
Other 
Polymorphism 

C r y s t a l l i n e  E.N.B. # 

( 1 
Hydra t e a  ( 1 

( 1 
( 1 

Anh p d r a  t e 
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( - Solva  t c s  

~ 

Aao rphous  ( 1 

E q u i l i b r i u m  H o i s t u r e  Con ten t  of C r y s t a l  Forms 

( R . N . B .  P 1 
TGA Curve (B.1i.B. # ) 

DTA C u r v e  

DSC Curve 

P a r t i c l e  C h a r a c t e r i s t i c s  (R .N.B .  # 1 

Polymorphic Form S t u d i e d  
P a r t i c l e  Shape 
Average P a r t i c l e  S i z e  
P a r t i c l e  S i z e  D i s t r i b u t i o n  
Comoen t s 

- 

S o l u b i l i t y  a t  25.C. (B.N.B. # 1 

Polymorphic Form S t u d i e d  
D i m t i l l e d  Water og./ml. 
I s o p r o p y l  M y r i a t a t e  mg./ml. 

f s o p r o p y l  Alcohol ag . / n l  . 
M i n e r a l  O i l  Qg./lllo 

P ropy lene  0;1ycol ag./ml. 
Tween 80 8g./DIl. 

e t c .  

Aleo 

S o l u b i l i t y  a t  4.C. and 
S o l u b i l i t y  a t  37.C- 
A d d i t i o n a l  S t a b i l i t y  (B.N.B.  # 
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APPENDIX I ( c o n t i n u e d )  

I n  the presence  o f :  

L ight  
D8y 11 gh t 
Fluororeacent 

- 8 C e  i l e t 4 l S  

Iron 
Copper 
Oxygen 

Toxic1t.r Studies - Tooic.1, Products 

Before -re I of Clinical M a 1  

Rabbit8 - A b r U  .nd am-abraded 
Apply - cover v i t h  dressing for 24 hours 

Autopsy - if indicated 
ObrerPr for 14 &ye 

tpts 

PIbbLts - Apply - o b s e m  €or 7 - 21 days 

Acute Oral Toxic l ty  

2 specie. 

Before Phare I1 of C l i n i u l  Trial 

Rabbito - 21 day subacute d a m 1  c o r l c i t y  
Observe for additional 14 days 
Occlusion and abrrrlon 
Ruo blood and urine samples 
Autopsy 

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.



SEMI-SOLID DOSAGE FORMS 

For Phase 111 of Cl in ica l  Trial 

Rabbit8 - 90 day subacute d e r v l  tox ic i ty  
Run blood and urine s u p l e r  
AUt0P.Y 

Senr i t iv i t r  Tertfng 

Guinea Pigr - Apply, orit, rapply 
w r 8  FONhtfOlt  V8.  Placebo 
vr. Untreated 

ReDroductive Studicr 

Svrtaric Toxicity 

35 7 
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