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ABSTRACT 

Environmental and o t h e r  p r e s s u r e s  are causing pharmaceut ical  manufacturers  

t o  convert  earlier developed so lvent  based f i l m  c o a t i n g  procedures  t o  aqueous 

systems. 

polymer s o l u t i o n s  are d iscussed .  

polymers have been evaluated f o r  t h e i r  resistance/susceptibil ity t o  microbio- 

l o g i c a l  growth. 

polymer s o l u t i o n s  as pharmaceut ical  f i l m  c o a t i n g s  are d iscussed .  

F a c t o r s  in f luenc ing  microbio logica l  p r o l i f e r a t i o n  i n  c e l l u l o s i c  

Commonly employed water s o l u b l e  c e l l u l o s i c  

The impl ica t ions  of t h e  f i n d i n g s  t o  t h e  u s e  of such aqueous 

INTRODUCTION 

In t h e  e a r l y  t o  mid-1950's pharmaceut ical  f i l m  coa t ing  w a s  introduced 

i n  t h e  drug indus t ry .  

s o l u t i o n s  of polymers t o  form t h i n  c o a t i n g s  

dosages, p r i m a r i l y  t a b l e t s .  Among t h e  i n i t i a l  advantages c i t e d  f o r  t h e  f i l m  

coa t ing  process  r e l a t i v e  t o  t h e  c e n t u r i e s  o ld  sugar  c o a t i n g  technologx which 

f i l m  coa t ing  w a s  r e p l a c i n g ,  included:  t h e  much s h o r t e r  t ime r e q u i r e d  t o  

complete t h e  o p e r a t i o n  ( a  few hours  v e r s u s  s e v e r a l  days f o r  sugar  c o a t i n g ) ,  

t h e  f a c t  t h a t  t h e  procedure w a s  

i n  aquous sugar  and o t h e r  s o l u t i o n s  no longer  e x i s t e d ,  t h e  g r e a t e r  mechanical  

41 

This  technology p r i m a r i l y  u t i l i z e d  organic  s o l v e n t  

OK film. c o a t i n g s  on pharmaceut ical  

anhydrous and concern over  m i c r o b i a l  growth 

Copyriglit 0 19x2 hy Mdrcel Dekhcr. I n L  
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42 BANKER ET AL. 

and thermal s t a b i l i t y  p r o p e r t i e s  of t h e  f i lm coa t ings ,  t h e  lower weight and 

smaller  s i z e  of t h e  f i l m  coated product, t h e  f a c t  t h a t  t h e  coated t a b l e t s  

were less l i k e l y  t o  be mistaken f o r  candy by ch i ldren ,  and o ther  advanrages. 

Through t h e  1960's and i n t o  t h e  1970's many drug companies converted p a r t i a l l y  

or  e n t i r e l y  t h e i r  coated t a b l e t  products  from sugar coa t ing  t o  f i lm coat ing.  

Beginning i n  t h e  1970's severa l  economic and regula tory  f a c t o r s  began t o  

impinge on solvent  based f i l m  coat ing as a pharmaceutical process. 

economic f a c t o r  w a s  t h e  r a p i d l y  e s c a l a t i n g  c o s t  of t h e  organic  so lvents  which 

were always t h e  major c o s t  of m a t e r i a l s  f o r  t h e  process. However, a s  solvent  

c o s t  doubled and redoubled i n  t h e  1970's t h i s  c o s t  f a c t o r  became much more 

appreciable .  O f  perhaps more concern, however, were t h e  environmental concerns 

and t h e  f e d e r a l  and s t a t e  regula t ions  placed on discharge  of solvent  vapors 

t o  t h e  atmosphere (EPA cons idera t ions) .  A t  t h e  same time, f e d e r a l  and s t a t e  

agencies  beginning i n  t h e  l a t e  1960's and e a r l y  1970's began applying pro tec t ion  

s tandards f o r  exposure of workers t o  all types  of no ise ,  chemical and o t h e r  

hazardous exposures. Occupational s a f e t y  and hea l th  adminis t ra t ion  guide l ines  

s e t  r i g i d  to le rancesforworker  exposure t o  solvent  vapors i n  t h e i r  cons idera t ion  

of hazardous chemical exposure. 

o f c h l o r i n a t e d o r g a n i c  s o l v e n t s  in t h e  preparat ion of t h e i r  organic  solvent  

coat ing s o l u t i o n s  f o r  two reasons: such so lvents  reduced t h e  f lammabil i ty  

and explosion hazard of t h e  organic  so lvent  s o l u t i o n s  employed, and t h e  chlorinates 

solvent  coupled with a lcohols  and acetone 

a b e t t e r  solvent  system f o r  t h e  c e l l u l o s i c  polymers than could otherwise be 

obtained.  

concern t o  both EPA and OSHA. 

impacts, i n  t h e  mid t o  l a t e  1970's many drug companies began t o  look  f o r  a l t e r -  

n a t i v e  methods of f i lm coat ing, including t h e  conversion of t h e i r  solvent  based 

systems t o  aqueous systems. 

employing polymers some of t h e  advantages of t h e  i n i t i a l l y  developed f i l m  

coat ing process  a r e  l o s t ,  wholly o r f n p a r t .  

which may be l o s t  a r e  t h e  r a p i d i t y  with which t h e  process  may be conducted, 

The primary 

Many drug companies had employed t h e  use  

as w e l l  a s  var ious  e s t e r s  provided 

Unfortunately t h e  ch lor ina ted  so lvents  were among those  of g r e a t e s t  

As a r e s u l t  of these  economic and regula tory  

In convert ing back t o  aqueous based coa t ing  systems 

Foremost among t h e  advantages 
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POLYMER SOLUTIONS 43 

and t h e  amount of thermal  energy requi red  t o  complete t h e  process ,  t o g e t h e r  

wi th  t h e  r e s i s t a n c e  t o  microbio logica l  growth i n  t h e  coa t ing  s o l u t i o n  medium. 

This  paper  w i l l  review some of t h e  l a t t e r  cons idera t ions .  

EXPERIMENTAL 

Solu t ions  of each polymer s tud ied  were prepared i n  s te r i le  water a t  room 

temperature .  A t  s e l e c t e d  t i m e  p o i n t s  t h e  a g a r  pour-plate  method w a s  used t o  

determine t h e  number of organisms i n  a p a r t i c u l a r  s o l u t i o n  based on colony 

count ing.  A t  t h e s e  s e l e c t e d  time p o i n t s  a s t e r i l e  p i p e t t e  w a s  used t o  sample 

t h e  polymer s o l u t i o n  and t h e  sample was d i l u t e d  1 / 1 ,  1/10,  and 1/100. One m l  

of t h e  each d i l u t i o n  w a s  p i p e t t e d  i n t o  a steri le tube  which conta ined  3 m l  of 

molten a g a r  a t  45' and mixed. 

p l a t e s  (about  15 ml) ,  i n v e r t e d ,  and allowed t o  incubate  f o r  5 days a t  room 

temperature  (25'). Three p l a t e s  were prepared for each d i l u t i o n .  Microbia l  

counts  were made on polymer s o l u t i o n s  immediately fol lowing t h e  t ime of d i l u t i o n  

p r e p a r a t i o n  (0 t ime) ,  and a t  8 hours ,  1 day, 2 days,  4 o r  5 days,  9 days,  

14 o r  15 days. 

t o  y i e l d  between 30 and 300 c o l o n i e s  t o  i n s u r e  t e s t  p r e c i s i o n  and accuracy .  

The counts  were recorded as average v a l u e s  a t  t h e  a p p r o p r i a t e  d i l u t i o n ,  and 

t h e  s tandard  d e v i a t i o n  was a l s o  computed. 

normalized t o  0.1 m l  polymer s o l u t i o n  i n i t i a l l y  sampled. The polymers which 

were u t i l i z e d  i n  t h e  s tudy a r e  descr ibed  i n  Table  1. 

This  mixture  was poured i n t o  ready made agar  

Colony count ing w a s  done on p l a t e s  which had been innocula ted  

The b a c t e r i a l  colony count  d a t a  was 

I n  a second p a r t  of t h e  experiment t h e  polymers prepared i n  s te r i le  water  

were contaminated wi th  s e l e c t e d  organisms t o  e v a l u a t e  t h e i r  r e s i s t a n c e  o r  

s u s c e p t a b i l i t y  t o  t h e  p r o l i f e r a t i o n  of t h e  microorganisms so  added. I n  t h i s  

phase of t h e  experiment 100 m l  of t h e  polymer s o l u t i o n  o r  of t h e  s te r i le  water  

c o n t r o l  sample w a s  contaminated wi th  e i t h e r  E. c o l i  o r  A .  n i g e r .  I n  t h e  c a s e  

of E. c o l i ,  100 m l  of t h e  polymer s o l u t i o n  o r  t h e  steri le water c o n t r o l  w a s  

contaminated wi th  t h e  1 m l  of n u t r i e n t  b r o t h  conta in ing  10,000 t o  1 m i l l i o n  

b a c t e r i a .  D i l u t i o n s  of t h e s e  contaminated samples where made i n  s te r i le  water 

i n  r a t i o s  of l:lO, 1:100, 1:1000, and 1:10,000. One m l  of each d i l u t e d  
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44 BANKER ET AL. 

Table 1: Polymers Used i n  t h e  Hicrobio logica l  Study. 

CMC 7L2 = Sodium carboxymethyl c e l l u l o s e  

Molecular weight 90,000 
(approximate) 

Viscos i ty  (2%) 18 cps 

Kluce l  = Hydroxypropyl c e l l u l o s e  (HPC) 

Molecular weight HF = 1,000,000 Viscos i ty  (1%) 1500-2500 cps  

MF = 600,000 " (2%) 4000-6500 cps 

GF = 300,000 " (2%) 150-400 CPS 

LF = 100,000 " (5%) 75-150 CPS 

EF = 60,000 '' (2%) 8-10 CPS 

(approximate) 

From: Hercules  Incorpora ted ,  910 Market S t r e e t ,  Wilmington, Delaware 19899 

Methocel = Hydroxypropyl methyl c e l l u l o s e  (HPMC) 

Molecular weight E5 = N.A. V i s c o s i t y  (2%) 4-6 CPS 

t ,  El5 = N.A. 13-18 CPS 

E50 = N.A.  40-60 CPS I ,  

From: The Dow Chemical Company, Midland, Michigan 48640 

contaminated sample w a s  p i p e t t e d  i n  3 m l  of molten a g a r  a t  4S0, mixed, p lured  

i n t o  ready made a g a r  p l a t e s  and incubated as descr ibed  previously.  

p l a t e s  were prepared f o r  each d i l u t e d  sample and t h e  microbia l  counts  were 

obta ined  a t  t h e  t ime i n t e r v a l s  s p e c i f i e d  i n  t h e  t a b l e  i n  t h e  r e s u l t s  sec t ion .  

Three 

In t h e  c a s e  of A. n i g e r  t h e  procedure w a s  followed as descr ibed  wi th  

t h e  prepara t ion  of E. c o l i  contaminated samples except  that 0.5 m l  of t h e  

contaminated sample w a s  placed i n  t h e  c e n t e r  of an SDA (Sabourand Dextrose 

Agar Media) p l a t e .  

(25') f o r  f i v e  days. The 0.5 ml samples were taken a t  t h e  time s p e c i f i e d  i n  

t h e  t a b l e  i n  t h e  result- s e c t i o n  and t h e  diameter  of t h e  fungal  c o l o n i e s  were 

measured a f t e r  t h e  incubat ion  per iod .  

The p l a t e s  were then  incubated a t  room temperature  

I n  a t h i r d  phase of t h e  experiment beakers  of each polymer s o l u t i o n  w e r e  

lef t  exposed t o  t h e  a i r  i n  t h e  l a b o r a t o r y  f o r  s e v e r a l  days,  w e r e  then  covered 
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POLYMER SOLUTIONS 45 

t o  prevent fur ther  water evaporation, and were then v isua l ly  evaulated fo r  

any evidence of microbial growth. 

RESULTS 

In  the  f i r s t  phase of t h i s  study where 1% wlv polymer solution of the  

polymers l i s t e d  in Table 1 were prepared in  s t e r i l e  water, the  solutions 

being packaged i n  sterile g lass  containers,  and asept ica l ly  sampled over a 

1 4  day period, no growth was observed i n  any solution. 

Table 2 presents the  data of bac te r i a l  growth i n  t h e  E. c o l i  contaminated 

samples. 

1300 t o  2100 counts per 1 m l  of solution. 

i n  the  data. In sterile water, where no nut r ien t  is present,  t he  colony 

count tends t o  decline over the  14 day test period; an expected r e su l t .  

hydroxy propyl ce l lu lose  (Klucel) solutions had the i r  colony counts decline 

on aging, with the  r a t e  of decline being more rapid a s  t he  molecular weight 

of t he  polymer decreased. Both carboxymethyl ce l lu lose  (CMC) and the  lower 

molecular weight hydroxy propyl methy ce l lu lose  (Methocel E5) appear t o  be 

good growth media fo r  t he  test organism. 

soluble polymers, Klucel EF andMethocelE5, the  former polymer has grea t ly  

superior res i s tance  properties t o  the  pro l i fe ra t ion  of growth of t h i s  organism. 

To ve r i fy  the  growth of E. c o l i  i n  aqueous solutions of the  c m o n l y  

A l l  of the  samples were contaminated t o  an i n i t i a l  l eve l  of about 

Some in te res t ing  t rends  a r e  seen 

The 

Of the  low molecular weight water 

used fi lm coating polymer,hydroxy propyl methyl ce l lu lose ,  recorded in  Table 2 ,  

new polymer solutions of t h i s  polymer were prepared in s t e r i l e  water, and 

contaminated with E. c o l i  a s  previously described. A d i f f e ren t  l o t  number 

of t he  respective polymers was employed. 

A higher i n i t i a l  contamination l eve l  was used (about 10,000 counts) i n  compar- 

ison t o  the  experiment reported in  Table 2 .  

consistently decline in  the  sterile water (no nut r ien ts ) .  

very dramatic bac te r i a l  p ro l i fe ra t ion  occurred i n  the  low molecular weight 

E5 grade. However less d i f fe rence  was seen i n  t h e  microbial p ro l i f e ra t ion  

The r e s u l t s  are shown i n  Table 3. 

Once again the  colony counts 

Also, once again 
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of t h e  t h r e e  Methocel molecular  weight grades  than  w a s  noted i n  t h e  e a r l i e r  

s tudy repor ted  i n  Table  2 .  

Table 4 r e p o r t s  t h e  changes i n  colony diameter  measurements of polymer 

s o l u t i o n  samples contaminated wi th  A. n i g e r .  

organism t h e  h igher  molecular  weight hydroxy propyl  methyl c e l l u l o s e s  Sup- 

ported A l l  

t h r e e  grades support  organism growth b e t t e r  than  t h e  water c o n t r o l  throughout 

t h e  time per iods  s tud ied .  

I n  t h e  case of t h i s  fungal  

organism growth b e t t e r  than t h e  lower molecular  weight m a t e r i a l .  

I n  t h e  polymer s o l u t i o n s  exposed t o  t h e  open a i r  and then allowed t o  

s tand  covered a t  room temperature ,  t h e  CMC s o l u t i o n s  demonstrated t h e  h e a v i e s t  

v i s i b l e  microbia l  colony growth, wi th  t h e  s h o r t e s t  time ( 2  t o  3 days) .  Colony 

growth w a s  a l s o  apparent  i n  t h e  Methocel samples, e s p e c i a l l y  i n  t h e  s o l u t i o n s  

of t h e  E5 grade. No v i s a b l e  growth w a s  seen i n  t h e  Klucel  EF s o l u t i o n s .  

DISCUSSION 

C e l l u l o s e  i s  comprised of monomer bui ld ing  b locks  of anhydroglucose. 

A s  c e l l u l o s e  is broken down,shorter  and s h o r t e r  c h a i n s  of anhydroglucose are 

formed, and even g lucose  may be l i b e r a t e d .  

n u t r i e n t  f o r  microbia l  growth. It is repor ted  t h a t  b a c t e r i a l  degrada t ion  of 

CMC, i n  which t h e  degree  of s u b s t i t u t i o n  (D.S.) i s  less than  1 . 2 , i s  a common 

phenomenon. Since t h e  D.S. f o r  t h e  CMC used i n  t h i s  experiment i s  between 

0.4 and 0.7, t h e  f i n d i n g  that t h e  CMC s o l u t i o n s  r e a d i l y  supported b a c t e r i a l  

growth i s  i n  agreement wi th  publ ished m i c r o b i a l  degrada t ion  information on 

CMC (1). 

Glucose is, of course ,an  e x c e l l e n t  

E. c o l i  c o n t a i n s  a c e l l u l a s e  (B-1,4-Glycosidase) which can conver t  c e l l u -  

l o s e  d e r i v a t i v e s ,  i n  which t h e  D.S. is  less than  about  1, t o  g lucose ,  which 

t h e  bacter ium u s e s  t o  main ta in  i t s  growth ( 2 ) .  

organism was s e l e c t e d  f o r  t h i s  s tudy.  The o t h e r  is that it i s  a commonly 

found pathogen being normal t o  t h e  human G I  t r a c t .  

This  i s  one reason  t h a t  t h i s  

The Klucel  s o l u t i o n s  supported growth of t h e  b a c t e r i a  used i n  t h i s  

s tudy a f t e r  innocula t ion  of t h e  s o l u t i o n s  wi th  E.  c o l i  t o  t h e  lowest  degree. 
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The D.S. of a l l  t h e  Klucel polymer grades  used was w e l l  above 1 ( t y p i c a l l y  

it i s  about 2.5). Accordingly it is  n o t  surpr i s ing  that Klucel d i d  not  

support b a c t e r i a l  growth, regard less  of t h e  molecular weight of t h e  Klucel 

used. Another c r i t i c a l  f a c t o r  i s  t h e  uniformity of s u b s t i t u t i o n  along t h e  

polymer chain. 

of s u b s t i t u t i o n  appears  t o  be good. Hydroxy propyl methyl c e l l u l o s e  appears  

t o  support t h e  growth of E. c o l i  t o  a much g r e a t e r  ex ten t  t h e  hydroxy propyl 

c e l l u l o s e .  

t h e  widest use  and a p p l i c a b i l i t y  a s  a f i l m  coa t ing  f o r  t h i s  polymer, had 

t h e  g r e a t e s t  s u s c e p t i b i l i t y  t o  p r o l i f e r a t i o n  of both test organisms s tudied.  

With even t h e  low molecular weight Klucel t h e  uniformity 

The lowest molecular weight hydroxy propyl  methyl c e l l u l o s e ,  wi th  

Aqueous s o l u t i o n s  of c e l l u l o s i c  polymers used i n  f i l m  coa t ing  can 

d e f i n i t e l y  support microbia l  growth and p r o l i f e r a t i o n .  

manufacturers convert t o  water based f i l m  coa t ings  they  should g i v e  c a r e f u l  

thought t o  monitoring p o s s i b l e  microbiological  contamination problems i n  

t h e i r  coa t ing  operat ions.  It is  a n t i c i p a t e d  that microbia l  contamination of 

pumps, l i n e s  car ry ing  coa t ing  so lu t ions ,  spray equipment, and coa t ing  

equipment, could become an h p o r t a n t  source of cons is ten t  f u t u r e  product 

contamination. 

per iods,  such a s  over a weekend, w e n  a t  room temperature, can lead  t o  

explosive microbial  growth i n  a contaminated sample. 

a r e  held f o r  days, o r  even overnight ,  r e f r i g e r a t i o n  would probably be a 

good precaut ion.  

p r o l i f e r a t i o n  t o  t h e  same exten t .  A very important cons idera t ion  i n  polymer 

s e l e c t i o n  f o r  water based f i l m  coa t ing  should be t h i s  f a c t o r ,  r e s i s t a n c e  of 

t h e  r e s p e c t i v e  polymer so lu t ion  t o  microbia l  p r o l i f e r a t i o n .  This  is e s p e c i a l l y  

t r u e  s i n c e  product NDAs may not  have made provis ion f o r  incorpora t ion  of 

preserva t ives  i n  coa t ing  s o l u t i o n s  o r  t h e  f i n a l  product. Furthermore, t h e r e  

a r e  now r e l a t i v e l y  few e f f e c t i v e  preserva t ives  a v a i l a b l e  with "gras" s t a t u s ,  

and preserva t ion  of polymer s o l u t i o n s  which o f t e n  have an apprec iab le  

a b i l i t y  t o  complex o r  bind preserva t ives ,  may not  be  simple o r  r e a d i l y  

accomplished. 

A s  pharmaceutical 

Holding aqueous c e l l u l o s i c  polymer s o l u t i o n s  f o r  prolonged 

Where so lu t ion  samples 

Not a l l  water so luble  polymers resist (or  permit) microbial  
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