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MONITORING THE STABILITY OF TOPICAL PRODUCTS 

John H. Wood, School of Phawacy, Ebdical College of Virginia 
Virginia Commnuealth University, Richmond, Virginia 23298 

ABSTRACT 

Topical pharmaceutics wst be monitored f o r  s t a b i l i t y  t o  

physical, chemical and microbiological c r i t e r i a .  

a r e  reviewed i n  re la t ion  t o  the  type of dosage fornulatian involved. 

Possible b ioava i lab i l i ty  c r i t e r i a  are a l so  considered. 

There c r i t e r i a  

INTRODUCTION 

Topical pharmaceuticals, products intended for  external use, 

include aerosols, l iquids,  suspensions, semi-solids, ointmentr, 

and even ophthalmic inserts. 

with the  f ina l  dosage form received and used by the patient.  I n  

some cases the  s t a b i l i t y  of the  container and of the  product be- 

come one. Rather than attarapt t o  enumerate the tes t ing  required 

fo r  each type of dosage, the following discussion w i l l  review moni- 

toring under the headings of chemical, physical, and microbiologi- 

ca l  c r i t e r i a .  In  addition, possible changes i n  therapeutic u t i l i -  

zation must be considered as a consequence of other observed 

changes, par t icu lar ly  physical. 

Implicit ly we a r e  here concerned 
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CHEHICAL STABILITY 

WOOD 

';he c r i t e r i a  f o r  chemical monitoring of t o p i c a l  products  a r e  

no d i f f e r e n t  to  those required f o r  dosage forms intended €or  o r a l  

or p a r e n t e r a l  use. 

its def ined by t h e  appropr ia te  compendia1 monograph u t i l i z i n g  t h e  

def ined a n a l y t i c a l  methodology. For t h e  p r e d i c t i o n  of s t a b i l i t y  

An a c t i v e  ingredien t  must meet t h e  normal l i m -  

over B t i m e  per iod,  some form of c l a s s i c  k i n e t i c s  is u s u a l l y  ap- 

p l i e d ,  f i r s t  a s  

dc kCn 
d t  

followed by 

Equation 2 is genera l  and a p p l i e s  w i t h i n  normally used temperature  

i n t e r v a l s  regard less  of t h e  k i n e t i c  order  of equat ion 1. 

p l e  dosage systems, e s p e c i a l l y  pure  l i q u i d s ,  n is 0, 1, o r  2 .  The 

normal rules of assess ing  t h e  va lue  of t h e  r a t e  cons tan t ,  kl and 

them used. In more complicated systems, such a s  semi-sol ids ,  d i f -  

fusion o f t e n  becomes t h e  r a t e  1imit.ing s t e p .  I n  t h e s e  s i t u a t i o n s ,  

n becomes a f r a c t i o n a l  term. E q i r i c a l l y  t h e  t i m e  dependent €orm 

of  t h e  concent ra t ion  dependency can be expressed as 

I n  sim- 

C k t N  

o r  

log C I log k . t  N log t ( 3 )  

This is a form a l i e n  t o  those  u t i l i z i n g  only c l e a n  k i n e t i c  models. 

I t  does, however, have an amazing c a p a b i l i t y  of l i n e a r i z i n g  d a t a .  

Values of k developed i n  t h i s  manner may be u t i l i z e d  i n  equat ion 
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STABILITY OF TOPICAL PRODUCTS 35 

2 fo r  s tud ies  a t  high temperatures f o r  accelerated aging ju s t  a s  

i n  normal pharnrsceutical s t a b i l i t y  studies.  

(1) has provided an excellent review of the  u t i l i za t ion  of accel- 

erated aging fo r  prediction of chemical s t ab i l i t y .  

t h i s  review i s  the  demonstration that, within t h e  constraints of 

only the 107. decomposition range pernit tad f o r  an ac t ive  lngrcdi- 

ent,  often qero order k ine t ics  may be arrumed i n  q u o t i o n  1 vi th-  

out introducing any s igni f icant  e r ro r  i n  the  S tab i l i t y  conclusions. 

In  t h i s  regard Kennon 

I n c l d e d  i n  

Testing schedules based upon such k ine t ic  parmeters  a r e  re- 

viewed by Kennon (1). 

I n  general, topical products do not prerent any unique pro- 

b l e m  i n  chauical s t a b i l i t y  tha t  notably d i r t ingui rh  them from 

other pharmaceuticals. 

PHYSIML STABILITY 

Those feu products tha t  are s ingle  phase l iqu ids  a r e  gener- 

a l l y  c q l e t e l y  definable f o r  s t a b i l i t y  by chemical tea t s .  Color, 

being a spectrophotometric evaluation, is c lass i f ied  a s  a chemical 

parameter, for  purposes of s t a b i l i t y  evaluation. On t he  other hand, 

the def in i t ion  of Colors i n  lotions and semisolids is r ea l ly  a 

physical measurement (3) which can be defined by Tr i s t imulw Values. 

Problems i n  physical s t a b i l i t y  encompass the  range from 

phase separation t o  viscosity changes, and can even include such 

exact t e r m  as graininess. I n  principal the  philosophy of equa- 

t ion  3 can be u t i l i zed  by replacing concentration with the  physi- 

ca l  parameter evaluated, a s  s ta ted  i n  equation 4. 

log P I log k +  N log t (4 1 
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Wood (4) has demonstrated tha t  such rheologic parameters as 

yield value, thixotropic area,  v i scos i ty ,  and shear s t r e s s  a t  any 

given shear r a t e  can be u t i l i zed  with t h i s  relationship.  

l i nea r i ty  was demonstrated fo r  aging s tudies  beginning within a 

f e u  hours of manufacture and continuing f o r  over one year. In 

another study ( 5 )  it was demonstrated tha t  the  k ine t i c  constants 

developed using t h i s  re la t ionship  i n  following the hydration of 

Vetgum@ could be u t i l i zed  i n  the  normal Arrhenius re la t ion  (equa- 

t ion  2) t o  evaluate ac t iva t ion  energy. 

I t  is  of i n t e re s t  t o  note tha t  such time relationships have 

Indeed 

been used t o  evaluate the  long t e r n  e f f ec t s  of f i l l i n g  tempera- 

ture, delayed f i l l i n g  of lo t ion  products (41, a s  well as operat- 

i n t  parameters of piston f i l l e r s  (6). Whether t he  change: tha t  

do occur during the  t e s t  period projection a re  l i ke ly  t o  involve 

changes perceptable t o  those using the  product w i l l  depend on the 

c r i t e r i a  accepted fo r  s t a b i l i t y .  Some guidance as t o  discernable 

differences may be obtained from t h e  work of Barry and h i s  as- 

soc ia tes  (7, 8) .  

Although t h e  v iscoe las t ic  parameters of semisolids a re  ob- 

viously more fundamental fo r  the  

no one would appear t o  have developed equivalent simple parameters 

to evaluate aging over the  time periods required fo r  s t a b i l i t y  

evaluation of commercial products. 

behavioral p roper t ies ,  t o  da te  

The problems of phase separation, pa r t i cu la r ly  creaming of 

lotions,  have frequently u t i l i zed  cent r i fuga l  force as predictor 

of long term gravi ta t iona l  e f f ec t s .  Thus Menczel and associates 
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STABILITY OF TOPICAL PRODUCTS 37 

(9) found t h a t  the  log-log relationship described t h e i r  observa- 

t i ons  of de-emulsification under centrifugal stress. Unfortunately 

t h i s ,  i n  conmum with v i r tua l ly  a l l  other published work i n  t he  area 

of phase separation, involver the  use of simple systems which vf l l  

spontaneously separate within, a t  t he  most, a few months. Since 

such studies a r e  generally academic i n  nature, it is e r ren t i a l  

tha t  separation occvr spontaneously w e l l  within the  t h e  period 

a l lo t t ed  f o r  the investigation. Virtually no rtwlier represent 

comnercial producta exhibiting reasonably sa t i s fac tory  periods of 

she l f - l i fe .  

Conventional centrifugation ha. been extended in s t r e s s  capa- 

b i l i t y  by the  use of the  ana ly t ica l  u l t r a  centrifuge. 

the  work done in t h i r  area is t ha t  of Garrett (10) and of Vold (11). 

Typical of 

It is of in te res t  t o  note tha t  i n  stupenrim systcme Foernzeler, 

Martin, and Banker (12) shoved t ha t  Centrifugal sedimentation velo- 

c i t y  was a function of the reciprocal of the  degree of thfxotropy 

fo r  t he  system. Subsequently Wood (13) shared tha t  an even be t t e r  

l i nea r  relationship could be obtained using the  reciprocal of the  

yield value. This is i n  l i n e  with the  observations (14, 15) re- 

ported on the  yield value necessary t o  es tab l i sh  a given degree of 

suspendability. 

I n  a series of papers Lin (16-19) has demonstrated t h e  impor- 

tant i n  oil-water emulsions of the  i n i t i a l  phase location of the  

surfactant,  the conditions of phase inversion, and the  migration 

between phases of the surfactants a s  fac tors  i n  emulsion s t ab i l i t y .  

The observation that surfactant does indeed migrate i n  time is  
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very c r i t i c a l  t o  many properties of emulsions and even semisolids. 

As w i l l  be seen l a t e r ,  t h i s  migration could conceivably a f fec t  

microbiological ac t  i v i  t y  and even bioavailabi 1 i ty. 

CONTAINER INTERACTIONS 

I f  aretal ion contamination o r  product discoloration occurs as 

a consequence of product container in te rac t ion ,  these fac tors  can 

be routinely evaluated a s  chemical s t a b i l i t y .  I n  addition the  con- 

t a ine r  must b e  considered fo r  any changes tha t  a f f ec t  the  p rac t i ca l  

or es the t ic  aspects of the  product delivery.  Thus pinholing in  

co l laps ib le  tubes o r  i n  aerosol cans i s  obviously unacceptable. 

Likewise corrosion in  or plugging of an aerosol valve a r e  equally 

unacceptable. These a r e  the  normal problems of the  packaging in- 

dustry and d o  not,  pe r  se, cons t i tu te  unique problems because they 

a re  topical pharmaceuticals. 

MICROBIOLOGICAL STABILITY 

Preparation of topical products t o  be s t e r i l e  a t  the  time of 

i n i t i a l  use can be-normally achieved vithout d i f f i c u l t y  through 

s t e r i l i z a t i o n  techniques andlor t he  use of su i t ab le  preservatives,  

Polli (20) discussed the  s t a b i l i t y  of rheological properties a f t e r  

various types of s t e r i l i z a t i o n  procedures f o r  a var ie ty  of Topical 

products. 

However a more serious s i t ua t ion  can exist when a top ica l  

pharmaceutical becomes contaminated during use, e i the r  from an 

external source or from the  pa t ien t .  In the l a t t e r  case, it can 

become a vehicle f o r  the  t r ans fe r  of infection from one s i t e  t o  

another. This problem is receiving growing a t ten t ion  in  cosmetic 
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STABILITY OF VroPIcu PRODUCTS 39 

a s  w e l l  a s  pharmaceutical products, and indeed many pharmaceutical 

papers have been published i n  cosmetic journals (21-24). 

C r i t i c a l  t o  s t a b i l i t y  evaluations, then, is the  residual pre- 

servative capacity a f t e r  appropriate sotrage periods (24, 26). 

This area w i l l  receive increasing a t ten t ion  in  the  fu ture  a s  regu- 

la tory  standards become more rigid.  

Since opthalpics a r e  considered as topicals,  t he  poten t ia l  

problears i n  the  contamination and cleaning of so f t  lenses should be 

mentioned. An more types become available,  and the use of 

ophthalmic in se r t s  as drug ca r r i e r s  becomes more widespread, gener- 

alized procedures fo r  s t e r i l i t y  maintenance w i l l  become essential .  

BIOAVAIUBILITY 

Unfortunately, the  effectiveness of topicals has rarely rc- 

ceived any form of b ioava i lab i l i ty  determination. Certainly., as 

a c l a s s  these have not had the  a t ten t ion  that has been given o ra l  

preparations. Rarely have o ra l  products been evaluated for  possi- 

b l e  changes in b ioavai lab i l i ty  during t h e i r  period of permissible 

she l f - l i fe .  

specification, we may now begin t o  see  data on age e f f ec t s  f o r  

tab le t s .  

With the  advent of dissolution tes t ing  as a compendia1 

For percutaneous absorption, the  vehicle can provide dramatic 

differences in the degree of e f fec t ive  absorption ( 2 7 - 2 9 ) ,  so that  

generic inequivalency i s  already a proven fac t .  

mentioned Lin (18) had demonstrated that a surfactant emulsifier 

does migrate with age in  oil-water emulsions. I t  obviously must 

follow that it would be fortuitous i f  the e f fec t ive  b ioavai lab i l i ty  

d i d  not change as a resu l t  of such a migration. 

As was already 
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Ophthalmic l iqu id  products a r e  var iab le  i n  e f f ec t ive  de l ivery  

because of d i l u t i o n  and wash out by t ea r s  so t h a t  thickened pre- 

parations may give somewhat b e t t e r  average r e s u l t s  (30, 31). Ob- 

viously any v iscos i ty  l o s s  on storage would negate t h i s  possible 

advantage. 

It is of i n t e r e s t  t ha t  use of s o f t  l ens  material  a s  a drug 

c a r r i e r  is already comnercial. 

d i f f e ren t  mater ia l s  is q u i t e  d i f f e ren t  (32) and nothing has ye t  

been published on t he  changes i n  d e l i v e b  t h a t  might occur with 

aging . 

The de l ivery  capac i t i e s  of t he  

SUM44RY - 
The -s tab i l i ty  evalution of t op ica l  pharmaceutical products 

is not,  i n  p r inc ip l e ,  d i f f e r e n t  from t h a t  of any o ther  pharmaceu- 

t i c a l .  It requires the  evaluation with t i m e  of those parameters 

important t o  e f f ec t ive  use of the  product, including any e s t h e t i c  

property tha t  could influence t h e  pa t i en t s  compliance with the  

desired regimen. 
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