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ABSTRACT 

The i n f l u e n c e  o f  wa te r  c o n t e n t  o f  furosemide i n  a d i r e c t  

compress ib le  t a b l e t  f o r m u l a t i o n  was s t u d i e d  i n  p i l o t  p l a n t  produc- 

t i o n .  Small v a r i a t i o n s  i n  t h e  water  c o n t e n t  o f  furosemide as 

determined by thermograv imetry  was found t o  have a s u b s t a n t i a l  

i n f l u e n c e  on t h e  compact ion p r o p e r t i e s  o f  t h e  d i r e c t  compress ib le  

f ormu 1 a t  i on. 

A s tudy  o f  furosemide p e r  se r e v e a l e d  t h a t  an i n c r e a s e  i n  

water  c o n t e n t  from 0.06 Z t o  0.24 ‘io r e s u l t e d  i n  an i nc reased  e l a s -  

t i c  recove ry  and decreased n e t  work a t  compaction. 3y a d j u s t i n g  

t h e  water c o n t e n t  o f  furosemide i n  t h e  d i r e c t  compress ib le  

f o r m u l a t i o n  i t  was p o s s i b l e  t o  a v o i d  t h e  capping tendency a t  t ab -  

1 e t s .  

INTRODUCTION 

The d i u r e t i c  substance furosemide i s  s l i g h t l y  s o l u b l e  i n  

water  w i t h  a pH dependent s o l u b i l i t y .  I t  i s  n o r m a l l y  c r y s t a l l i z e d  

from water  o r  e thano l -wa te r  m i x t u r e s  i n  t h e  f i n a l  p u r i f i c a t i o n .  

Th is  y i e l d s  rod-shaped c r y s t a l s ,  2-30 pm, w i t h  a l e n g h t - w i d t h  

r a t i o  o f  app rox ima te l y  3 : l .  
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958 NYQVIST 

During the development of a tablet  formulation of furosemide 
a direct  compressible system was tested. I t  was found  during the 
scaling u p  t h a t  t h i s  formulation sometimes gave so f t  tablets  and 
sometimes harder tablets  with a tendency t o  cap. This variation 
in binding properties were no t  observed in the early formulation 
work where tablett ing was studied on small batches , normally not 
more t h a n  3,000 tablets  in an  excenter press. I n  the pi lot  plant 
batches, where 1 0  t o  50 kg of tablet  mass were compressed on a 
small production ro t a ry  machine, t h i s  batch variation in binding 
properties was observed. 

This study was undertaken in order t o  find the reasons for 
th i s  batch variation in binding properties. I t  was considered 
important t o  s t u d y  the solid s t a t e  properties of furosemide per 
se ,  such as par t ic le  s ize ,  surface area,  water content, crystal lo-  
graphical properties and compaction properties. 

EXPERIMENTAL 

Materials 

Furosemide’) was milled in a pin disc mill‘) t o  a mean par- 
t i c l e  size o f  less t h a n  1 0  pm as determined by permeametry. 

The direct  compressible tablet  was produced by drymixing 
furosemide w i t h  lactose a s  car r ie r  in a double cone mixer where- 
a f t e r  the res t  of the excipients including lubricant was added. 

Methods 

Surface area 

The surface area of furosemide was determined by gas adsorp-  
tion in an Alpha t~lec-6~)  using krypton ( 1 ) .  

Thermal analysis 

Differential scanning calorimetry (0%) measurements were 
carried o u t  on a Mettler TA 30004) and thermogravimetry ( T G )  was 
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SCALING UP OF TABLET FORMULATIONS 959 

performed on a Perk in-Elmer TG-2 i ns t rumen t5 ) .  A 1  1 measurements 

were performed a t  a h e a t i n g  r a t e  o f  10°C/min i n  a i r .  

x - ray  powder d i f f r a c t i o n  

Furosemide samples were analyzed on a Gu in ie r -H igg  camera 

w i t h  pho tog raph ic  r e c o r d i n g  us ing  KC7 (a=6.2930 A )  as an i n t e r n a l  
s tandard  and w i t h  CuKal - r a d i a t i o n .  

Water a d s o r p t i o n  

Water a d s o r p t i o n  i so te rms  were determined a t  20°C by s to rage  

of powder samples i n  h y g r o s t a t s  w i t h  v a r i o u s  r e l a t i v e  h u m i d i t i e s  

(RH) f o r  up t o  30 days. The amount o f  adsorbed wa te r  was d e t e r -  

m i  ned by t hermog r a v  i me t r y .  

T a b l e t  comoression 

T a b l e t s  o f  pure furosemide and o f  t h e  t a b l e t  f o r m u l a t i o n  were 

compressed i n  an i ns t rumen ted  excen te r  p r e s s 6 ) a t  a maximum upper  

punch p ressu re  of  150  i 8 MPa. Ex te rna l  l u b r i c a t i o n  w i t h  magne- 
s ium s t e a r a t e  was used f o r  t h e  pu re  furosemide. From Heckel p l o t s  

e l a s t i c  recove ry  (ER) was determined and t h e  n e t  work a t  compress- 

i o n  (wnet) f rom f o r c e  d isp lacement  curves.  The c r u s h i n g  s t r e n g t h  

O f  t h e  t a b l e t s  was determined i n  a H e b e r l e i n  hardness t e s t e r .  

The p i l o t  p l a n t  t a b l e t t i n g  o f  t h e  d i r e c t  compress ib le  formu- 

l a t i o n  was performed i n  a r o t a r y  t a b l e t  machine7) u s i n g  round, 

s l i g h t l y  curved punches. Batches of 10 t o  50 kg were manufactured. 

RESULTS 

The wa te r  c o n t e n t  o f  furosemide as r e c i e v e d  f rom t h e  s u p p l i e r  

was found t o  be low, l e s s  t h a n  0.3 % as determined by thermograv i -  

metry.Exposiirc t o  h i g h  RH d i d  n o t  b r i n g  about any s u b s t a n t i a l  

water  a d s o r p t i o n  as shown i n  F i g .  1. DSC-measurements showed, 
however, t h a t  t h e  onse t  temperature o f  me1 t ing/decomposi  t i o n  

increased w i t h  i nc reased  amounts o f  adsorbed wa te r  (Tab le  1 ) .  
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960 NYQVIST 

Relative humidity, (YO 

F i g .  1 
0 

Water a d s o r p t i o n  o f  furosemide a t  25 C. Amount wa te r  

adsorbed (%,  w/w) as determined by thermograv imetry .  

Mean va lues w i t h  95 % con f idence  i n t e r v a l s .  

S imul taneously  an endothermic s i g n a l  a t  120-150°C appeared which 

was n o t  p resen t  i n  t h e  d r i e d  sample ( F i g .  2 ) .  T h i s  s i g n a l  c o r r e -  

sponded t o  a we igh t  l o s s  recorded by t h e  TG-analysis.  

of t h e  second s t r o n g e s t  r e f l e c t i o n  l i n e  (d=3.587 A )  decreased w i t h  

i nc reased  wa te r  c o n t e n t  (Tab le  1). However, t h e  d i f f r a c t i o n  p a t -  

t e r n  o f  a l l  samples were s i m i l a r  i n d i c a t i n g  t h a t  no change i n  t h e  

i n t e r n a l  c r y s t a l  s t r u c t u r e  occurs a t  exposure t o  h i g h  RH. These 

r e s u l t s  a r e  i n  accordance w i t h  t h e  d a t a  by W.H. de Camp ( 2 )  where 

l e s s  r e p r o d u c i b l e  d i f f r a c t i o n  p a t t e r n s  were o b t a i n e d  f o r  u n d r i e d  

samples o f  furosemide. 

surface area o f  app rox ima te l y  4,3 m /g  f o r  t h e  s t u d i e d  b a t c h  o f  

furosemide as c a l c u l a t e d  f rom t h e  mo lecu la r  c r o s s - s e c t i o n a l  a r e  

of water  (10.8 A ) ( 3 ) .  The gas a d s o r p t i o n  s u r f a c e  area as 

The XRD-analysis o f  furosernide r e v e a l e d  t h a t  t h e  i n t e n s i t y  

The amount o f  water  adsorbed a t  75 % RH corresponds t o  a 
2 

2 
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SCALING UP OF TABLET FORMULATIONS 961 

TG \ 
1 0.1 "" 

~ ~ 1 ~ ~ ~ ~ , ~ ~ 1 ~ ~ ~ , 1 ~ ~ 1 1 1 1  

50 100 150 200 250 

Temperature, "C 

F i g .  2 DSC- and TG-curves o f  furosemide a )  d r i e d  ( 0  % RH), 

b )  sample exposed t o  75 % RH f o r  30 days. 

Table 1 

DSC-,  TG- and XRD-data f o r  Furosemide Exposed t o  Var ious 

R e l a t i v e  H u m i d i t i e s  a t  25OC. 

RH Onset temp. Weight loss , TG dA, 3.587 

( % I  (OC) ( % ,  W I W )  ( R e l .  i n t )  
-~ ~ 

0 2 06 < 0.010 S t rong  

33 209 0.045 M i  d d l  e 

50 209 0.066 Weak 

75 21 9 0.125 Very weak 
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Table 2 

NYQVIST 

Compaction P r o p e r t i e s  o f  Furosemide Wi th Var ious Water 
Contents. 

~~ 

Water E l a s t i c  Crushing 

con ten t  Wnet reco  ve r y  s t r e n g h t  

(%,  w/w) (Nm)  ( % )  (14) 

(0.010 20.2 8.6 87 
0.045 18.1 9.2 88 

0.066 14.5 10.8 92 
0.125 8.8 15.1 92 

2 
determined by k r y p t o n  a d s o r p t i o n  was found t o  be 4.8 m /g .  A t  t h e  
same t i m e  t h e  DSC-and TG-analysis i n d i c a t e  t h a t  t h e  adsorbed 

water  i s  bonded t o  t h e  s u r f a c e  o f  t h e  c r y s t a l s  w i th  such a h i g h  
fo rce  t h a t  a d i s t i n c t  s i g n a l  f o r  l o s s  o f  wa te r  c o u l d  be r e g i s t r e d  

a t  120-150°c. 

increased water  c o n t e n t  and an i nc reased  e l a s t i c  recove ry  was 

observed (Tab le  2 ) .  No v a r i a t i o n  i n  c r u s h i n g  s t r e n g h t  cou ld ,  how- 

eve r  , be observed. 
I n  a p i l o t  p l a n t  manufacture t e s t  s e r i e s  o f  t h e  d i r e c t  

compress i b l  e tab1 e t  f o rmu l  a t  i on, p o r t  i o n s  o f  f urosemi de p r e t r e a t e d  
t o  c o n t a i o n  v a r i o u s  water  con ten ts  were mixed w i t h  t h e  e x c i p i e n t s  

i n  t h e  t a b l e t  f o r m u l a t i o n .  These batches were then compressed i n  
t h e  r o t a r y  t a b l e t  machine and t h e  r e s u l t s  a r e  sumnarized i n  Table 
3. T h i s  t e s t  s e r i e s  was t h e n  repeated w i t h  ano the r  ba tch  o f  

furosemide and s i m i l a r  r e s u l t s  were obta ined.  

A t  t a b l e t  compression o f  furosemide pe r  se, wnet decreased a t  
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SCALING UP O F  

P i l o t  P 

T a b l e t s .  

r A B L E T  FORMULATIONS 

T a b l e  3 

a n t  T a b l e t t i n g  o f  Furosemide D i r e c t  Compress 

963 

b l  e 

Water c o n t e n t  Water c o n t e n t  C r u s h i n g  Capping 

f u rosemi  de t a b 1  e t  mass s t r e n g h t  f r e q u e n c y  

( % ,  W I W )  ( % Y  W I W )  (N) ( % I  

<o.  01 
0.05 

0.08 

0.14 

1.1 

1.2 
1 .o 
1.2 

34 0 
52 0 

69 3 
95 7 

D I S C U S S I O N  

Furosemide adsorbs  m i n o r  amounts o f  w a t e r  wh ich  tends  t o  

be bonded t o  t h e  c r y s t a l  s u r f a c e  w i t h  weak, b u t  d e t e c t a b l e  f o r c e s  

as measured w i t h  the rma l  a n a l y s i s .  A d s o r p t i o n  o f  w a t e r  does n o t  

seem t o  change t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  c r y s t a l s  b u t  a l t e r s  

t h e  compact ion  p r o p e r t i e s .  Thus, a t  h i g h e r  w a t e r  c o n t e n t s  t h e  

c r y s t a l s  show a h i g h e r  e l a s t i c  r e c o v e r y  and a l s o  a decreased n e t  

work a t  compact ion .  These r e s u l t s  sugges t  t h a t  t h e  s u r f a c e  s t r u c -  

t u r e  of a c r y s t a l  can be o f  impor tance  f o r  i t s  compac t ion  b e h a v i o u r .  

I n  t h e  case o f  f u rosemide ,  t h e  amount o f  adsorbed w a t e r  was f o u n d  

t o  be o f  g r e a t  impor tance  a l s o  i n  a d i r e c t  c o m p r e s s i b l e  t a b l e t  

f o r m u l a t i o n .  By c o n t r o l 1  i n g  t h e  w a t e r  c o n t e n t  o f  f u rosemide  w i t h i n  

a na r row range i t  i s  p o s s i b l e  t o  o b t a i n  t a b l e t s  w i t h  an a c c e p t a b l e  

c r u s h i n g  s t r e n g t h  w i t h o u t  any  capp ing .  

Problems w i t h  a f o r m u l a t i o n  a r e  r e c o g n i z e d  as l a t e  as i n  t h e  s c a l -  

F o r  t h e  f o r m u l a t i n g  p h a r m a c i s t  i t  i s  w e l l  known t h a t  many 
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964 NYQVIST 

i n g  up p a r t  o f  t h e  development work. By pe r fo rm ing  thorough 

p r e f o r m u l a t i o n  s t u d i e s  , b o t h  on t h e  d rug  substance and t h e  
e x c i p i e n t s  i n t e n t e d  t o  be used, some problems can be avoided and 

prevented t h a t ,  o the rw ise ,  would show up d u r i n g  sca l  ing-up. 
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