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ABSTRACT 

The possibility of using high viscosity grades of 

hydroxypropylmethylcellulose (HPMC) as a film forming agent 

in a conventional coating process has been investigated. 

Ethanol/water mixtures having different weight ratios (5 to 

18) and containing up to 5 % of HPMC revealed to be suitable. 

The influence of some formulation additives (talc, PVP and 

plasticizers) on both the overall coating process and the in- 

-vitro release profiles of ketoprofen containing coated 

tablets was also investigated and discussed. 

* present adress: Sanofi-Winthrop spa, via Piranesi 38. 

** present adress: Inverni Della Beffa spa, via Ripamonti 99, 
I 20137 Milano. 

I 20139 Milano. 
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INTRODUCTION 

MAFFIONE ET AL. 

Low viscosity grades of hydroxypropylmethylcel lulose (HPMC) 

are commonly used in film-coating while high viscosity grades 

of HPMC have not been deeply investigated in this regard. 

On the other hand, a film-coating made of such a hydrophilic 

swellable polymer to form a viscous barrier could represent a 

innovative approach in the design o f  a delayed-release dosage 

form. As far as modified release dosage forms are concerned, 

high viscosity HPMC is generally applied to preparing matrix 

systems. 

Undoubtedly, there are obvious technical problems to be faced 

in using high viscosity HPMC as a film coating agent. The only 

example reported in literatura is based on a high temperature 

process to reduce the viscosity of the polymeric dispersion to 

be sprayed ( 1 1. 

On the basis of these considerations, the aim of this work 

was the development of a film-coating technique suitable for 

applying a layer of high viscosity HPMC onto cores (pellets o r  

tablets) by using a conventional coating equipment, as an 

alternative to compression coating, which is a method 

requiring specially developed presses. 

Results concerning the influence of the nature o f  the 

solvent mixtures, the additives and the process conditions to 

give a film with a defined range of properties are reported. 

Finally, preliminary results o f  an in-vitro release Profile 

of ketoprofen containing systems are given and discussed. 

MATERIALS AND METHODS 

The following materials have been used: 

-Ketoprofen ( U . S . P .  grade), M.W. = 254.29, m.p. 93.9.C. 
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HIGH-VISCOSITY HPMC 2045 

S.I .M.S. ,  I t a l y ;  

-Lactose monohydrate (U.S.P. grade): Lactose Powder D 80, 

Meggle, West Germany; 

-Maize s tarch (U.S.P. grade): Roquette FrBres, France; 

-Magnesium stearate (U.S.P. grade): F.A.C.I., I t a l y ;  

-Poly(l-vinyl-2-pyrrolidone) (U.S.P. grade): Ko l l idon  K 25 and 

Ko l l idon  K 90, BASF, West Germany; 

-Hydroxypropylmethylcellulose (U.S.P. grade, 2208): Methocel K 

4 M and Methocel K 15 M, Dow Chemical, U.S.A.; 

-Poyethylene g lyco l  (U.S.P. grade): P.E.G. 400, Hoechst, West 

Germany ; 

-Diethylphthalate ( a n a l y t i c a l  grade), Car lo Erba reagent; 

-Talc (U.S.P. grade), Societh I t a l i a n a  Talco e Gra f i te ,  I t a l y .  

The methods appl ied were as fo l lows.  

Ketoprofen (2.5 Kg), lactose (6.2 Kg) and maize s ta rch  ( 1  Kg) 

were granulated by wet t ing  w i t h  2 L o f  a 10 % Ko l l idon  K 90 

aqueous so lut ion.  The moistened mass was forced through a 1,25 

mrn screen and d r ied  a t  55'C. The granules were lubr ica ted  w i t h  

0.5 % o f  Magnesium Stearate and tab le ted  i n  a ro ta ry  t a b l e t  

press using the fo l l ow ing  two sets  o f  punches: 2.0 mm i n  

diameter w i th  2.0 mm o f  rad ius o f  curvature o r  4.5 mm i n  

diameter w i th  4.5 mm o f  rad ius o f  curvature. 

Tablets were checked f o r  weight ( 8 rng or  50 mg), he ight  

(1.85 mm o r  2.66 mm) and hardness ( 40 N or90 N ) .  

The coat ing dispersions were prepared by adding 

hydroxypropylmethylcellulose and the  a u x i l i a r y  substances t o  

su i tab le  ethanol/water mixtures. The dispersions were allowed 

t o  r e s t  a t  room temperature f o r  a t  l eas t  12 hours. 

The t a b l e t s  were coated i n  a r o t a t i n g  pan (35 cm diam., 15 L 

capaci ty)  and the fo l lowing coat ing process var iab les  were 

eval uated : 
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2046 MAFFIONE ET AL. 

-mode of spraying 

-spray rate 

-inlet air temperature 

-nozzle port size 

-atomizing ai r pressure 

-nozzle height 

-d r y i ng ti me 

All coating dispersions were stirred for 30 minutes before 

spraying and continuously stirred throughout the coating 

process. 

The coated tablets were dried for 20 minutes in the coating 

pan at the same temperature and air flow, then they were 

checked for weight. 

The release tests were performed in simulated intestinal 

fluid without enzymes (pH 7.5 ) using the USP paddle apparatus 

(900 ml at 37 ‘C  and 50 rpm). 

Six tablets were tested simultaneously by means of a Sotax 

Dissolution Apparatus AT 6 equipped with an automatic sampling 

device. The drug was assayed spectrophotometrically ( Cecil 

5500 UV Spectrophotometer) at 260.5 nm. 

RESULTS AND DISCUSSION 

Formulation of the Coatina DisDersions 

The use of high viscosity HPHC in an aqueous film-coating 

process would require very low polymer concentrations in order 

to achieve acceptable sprayability (i.e. feasible spraying 

conditions) and, in any case, a long processing time would be 

necessary. In fact, the increase of polymer concentration 

gives rise to solutions within a no-workable range of 

viscosity . 
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HIGH-VISCOSITY HPMC 2047 

I n  order t o  solve t h i s  problem a reasonable approach would be 

the use, along w i t h  water, of a water-miscible so lvent  capable 

o f  l i m i t i n g  the water-polymer in te rac t ion ,  thus a l low ing  t o  

prepare mixtures having r e l a t i v e l y  h igh polymer concentrat ions 

wi thout increasing v i s c o s i t y  dramatical1,y. 

I n  these mixtures water, due t o  i t s  p l a s t i c i z i n g  proper t ies,  

has t o  be present t o  guarantee f i l m  forming capaci ty.  

Among water-miscible solvents ethanol, i n  which HPMC i s  no t  

soluble,  turned ou t  t o  be su i tab le  f o r  the  preparat ion o f  a 

sprayable dispersion. 

With the  purpose t o  prepare a t  l eas t  a 4 % (w/w) Methocel 

K 4M dispersion t o  be sprayed, d i f fe ren t  ethanol/water r a t i o s  

were invest igated. 

The resu l ts ,  i n  terms of sprayability - ne i the r  c logging o f  

the nozzle nor powdering dur ing spraying - showed t h a t  a t  

l e a s t  80 % (w/w) of ethanol and no t  less than 5 % (w/w)  of 

water i n  the  mixture are necessary. A s  a consequence, the 

ethanol/water weight r a t i o  can range between 5 and 18: h igh  

r a t i o s  a l lowing e i t h e r  t o  spray more concentrated polymer 

dispersions up t o  10 % ( w / w )  and/ or t o  increase the  r a t e  o f  

spraying up t o  25 g/min. 

Formulae o f  sprayable coat ing dispersions are given i n  

Table I. 

I n  s p i t e  o f  t h e i r  sprayebility, formulae A, B and C 

couldn ' t  be processed i n  the f i lm-coat ing o f  t a b l e t s  (4.5 mm 

diameter) because o f  the  marked tackiness o f  the  coat ing layer  

being formed on the  t a b l e t  surface. 

The in t roduc t i on  i n  the  formulat ion o f  an antiadherent agent 

( i .e .  Ta lc)  prevented the  agglomeration o f  the t a b l e t s  making 

coat ing operat ion poss ib le  and a uniform, smooth coat ing was 

obtained. 
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TABLE I 
Sprayable Coating Dispersions 

MAFFIONE ET AL. 

~ ~~ ~~ 

Composition ( %  w / w ) :  A B C 

METHOCEL K 4 M 4 4 10 

ETHANOL 80 88 84 

WATER 16 8 6 

Ethanol/Water Weight Rat io:  5 11 14 

Rate o f  Spraying (g/min. ) : 10 25 18 

However, i n  an attempt t o  shorten processing time, no t  ye t  

acceptable from an i n d u s t r i a l  p o i n t  o f  view, the i n t roduc t i on  

o f  other t r a d i t i o n a l  f i lm-coat ing  add i t i ves  was evaluated. 

I t  was found tha t ,  by adding a water so lub le binding agent 

such as po lyv iny lpyr ro l idone and a su i tab le  p l a s t i c i z e r  

( e i t h e r  hydroph i l i c  or  l i p o p h i l i c ) ,  the  desired weight gain 

per t a b l e t  could be a t ta ined i n  a shor ter  t ime, contemporarely 

reducing the t o t a l  amount o f  so lvent  mixture employed f o r  

coating. Moreover, the presence o f  these add i t i ves  allowed t o  

improve s i g n i f i c a n t l y  t he  technological  p roper t ies  o f  the  

coat ing layer  i n  terms o f  appearance and homogeneity due t o  

improved mechanical cha rac te r i s t i cs  o f  the  f i l m  ( i . e .  

reduct ion o f  the r i s k  o f  f i l m  cracking and be t te r  adhesion o f  

the f i l m  t o  the  subst rate) .  

The re levant  process condi t ions and coat ing d ispers ion 

compositions based on the  use o f  Methocel K 4 M are given i n  

Table I1 and Table 111, respect ive ly .  

From these r e s u l t s  the important r o l e  played by the 

p l a s i c i z e r  w i th  respect t o  processing t ime i s  evident. 
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HIGH-VISCOSITY HPMC 

TABLE I1 
Coating Conditions 

2049 

~ ~ _ _ ~  

PARAMETER 

Batch s ize  

Mode o f  spraying 

I n l e t  a i r  temperature 

Out le t  a i r  temperature 

Tablet  bed temperature 

Temperature o f  the d ispers ion 

Nozzle p o r t  s ize  

Atomizing a i  r pressure 

Nozzle he ight  

Pan r o t a t i n g  ra te  

VALUE 

0 . 5  Kg 

i n t e r m i t t e n t  

50 'C  

35 'C  

30 'C  

R.T. 

1 . 6  mm 

2 . 2  bar 

15 cm 

20 r.p.m. 

TABLE I11 
Coating Dispersions With METHOCEL K 4 M 

Composition ( %  w / w ) :  D E F 

METHOCEL K 4 M 5 5 5 

TALC 3 2 . 5  2 .5  

PVP K 25 2 1 .5  1 . 5  

1 PEG 400 - 
1 DIETHYLPHTHALATE - - 

ETHANOL 83 83 83 

WATER 7 7 7 

- 

Ethanol/Water Rat io:  11.8  11 .8  11.8 

20 % Weight Gain (h) :  2.4  1 .6  1 . o  
Processing Time f o r  

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
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2050 

TABLE I V  
Coating Compositions Tested I n  V i t r o  

MAFFIONE ET AL. 

Composition ( %  w / w ) :  

METHOCEL K 4 M 

METHOCEL k 15 M 

TALC 

PVP 

PEG 400 

D I  ETHY LPHTHALATE 

ETHANOL 

WATER 

G H I L 

4 5 - - 
5 5 

2 2 2 2 

2 .5  2 . 5  2 . 5  2 . 5  

0 . 2  1 1 

- - 

- 
1 - - - 

81 a4 a4 a4 

10.3 5 . 5  5 . 5  5 .5  

Par t i cu la r l y ,  the use of a hydroph i l i c  p las i c i ze r  seems t o  be 

advantageous. 

Analogous resu l ts ,  i n  terms o f  processing condit ions and 

technological p roper t ies  of the  coated tab le ts ,  were obtained 

by using Methocel K 15 M and when coat ing was performed onto 

tab le ts  o f  2 mm i n  diameter. 

I n - v i t r o  release 

Coated tab le ts  prepared w i th  various f i l m  coating comp- 

os i t i ons  containing h igh  v i scos i t y  HPMC and selected on the 

basis o f  t h e i r  process f e a s i b i l i t y  and f i l m  q u a l i t y  (Table I V )  

were evaluated f o r  t h e i r  i n - v i t r o  release charac ter is t i cs .  

I n  f igure 1 the  release p r o f i l e s  o f  uncoated and coated 

tab le ts  are reported. The release p r o f i l e  curves o f  coated 

tab le ts  show a cha rac te r i s t i c  lag-time: when i n  contact w i t h  

the d isso lu t ion  medium the  polymeric coating layer  swel ls  and 

a trasparent gel layer  around the  t a b l e t s  i s  obtained. As 
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HIGH-VISCOSITY HPMC 205 1 
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uncoated 
12,5% w. gain 
18,7% w. gain 
25,0% w. gain 

FIGURE 1 

Release curves o f  uncoated and coated tables (composition Li )  

100 

80 

20 

0 
0 60 120 180 240 300 360 

t i m e  (mln)  

FIGURE 2 

s uncoated 
K15M 20% W.Q. 

K4M 20% w.9. 

Effect of hydroxypropylmethylcellulose grades on release 
profiles of coated tables (composition H and 1) 
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2052 MAFFIONE ET AL. 

uncoated 

PEG 400 2O%w.g. 
diethylphthalate 20% w.g 

0 60 120  180 2 4 0  300 360 
time (min) 

FIGURE 3 

Effect o f  different plasticizers on release profiles o f  coated 
tables (composition I and L )  

expected, lag-time increases as a func t i on  o f  the amount o f  

the coat ing layer. 

Then the e f f e c t  o f  the type o f  Methocel K on the release 

p r o f i l e  was evaluated. The r e s u l t s  reported i n  figure 2 show 

t h a t  a s l i g h t  change i n  the slope o f  the curve can be obtained 

without a f fec t i ng  the lag-time s i g n i f i c a n t l y .  

It can a lso be observed i n  figure 3 t h a t  the chemical natu- 

r e  o f  the p l a s t i c i z e r  has an in f luence on the release p r o f i l e  

curves: a hydroph i l i c  p l a s t i c i z e r  a l lows to obta in  a s l i g h t  

longer lag-time w i t h  respect t o  the use o f  the  l i p o p h i l i c  one. 

The hydroph i l i c  p l a s t i c i z e r  seems t o  g ive r i s e  t o  a more 

homogeneous and res i s ten t  g e l  layer .  

The resu l t s  prove the f e a s i b i l i t y  o f  coat ing operat ion 

w i th  h igh-v iscos i ty  HPMC containing dispersions t h a t  are s u i t -  

able f o r  processing i n  a conventional coat ing equipment. The 

technica l  problems encountered i n  terms o f  poor sprayabi 1 i t y  

and t ime consuming operat ion can be solved by using 
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HIGH-VISCOSITY HPMC 

ethanol/water mixtures, in wh 

suitable additives such as Ta 

2053 

ch HPMC is dispersed, as well as 

c, PVP and plasticizers. 

Such an approach allows to obtain a continuous polymeric 

layer of high viscosity HPMC at a desired thickness, as an 

alternative to compression coating technique; it can be 

exploited for the design of delayed-release dosage forms and 

was successfully applied to a novel time-based oral site- 

specific drug delivery system ( 2 ) .  
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