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ABSTRACT 

The f l o w  behaviour  o f  d i r e c t  compress ib le  l a c t o s e  a f t e r  addi -  

t i o n  o f  small q u a n t i t i e s  o f  drug substances was s t u d i e d  by d i f -  

f e r e n t  l a b o r a t o r y  methods. Detcrmi n a t i o n  o f  t he  1 i m i  ti ng uncon- 

f i n e d  y i e l d  pressure,  [ fc 1, i n  an annular  shear c e l l  was found 

t o  be a m a t e r i a l  sav ing technique s u i t a b l e  f o r  use i n  e a r l y  formu- 

l a t i o n  work. E s t i m a t i o n  o f  t he  f l o w  Sehaviour i n  a m u l t i p l e  punch 

machine by means o f  c o e f f i c i e n t  o f  t a b l e t  we igh t  v a r i a t i o n  a t  h i g h  

t a b l e t t i n g  speed i n  a m u l t i p l e  punch machine was a l s o  performed 

w i t h  a m a t e r i a l  sav ing technique and was found t o  r e f l e c t  t he  

d i f f e r e n c e s  i n  f l o w  behaviour  as measured w i t h  t h e  shear c e l l  

technique and a l s o  ang le  o f  repose. Water a d s o r p t i o n  t o  t h e  added 

drug substances was found t o  be an i m p o r t a n t  f a c t o r  f o r  e x p l a i n i n g  

t h e  sometimes s i g n i f i c a n t  changes i n  f l o w  behaviour.  
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7 46 NYQVIST AND NICKLASSON 

INTRODUCTION 

Dur ing  t h e  development o f  tab1 e t  f o r m u l a t i o n s  f o r  d i r e c t  com- 

p ress ion  t h e  e v a l u a t i o n  o f  f l o w  p r o p e r t i e s  o f  powder m ix tu res  i s  

an e s s e n t i a l  p a r t .  E x c i p i e n t s  t o  be used f o r  d i r e c t  compression 

must possess e x c e l l e n t  f l o w  and compaction p r o p e r t i e s ,  and d i f -  

f e r e n t  l a c t o s e  q u a l i t i e s  have been t h e  s u b j e c t  o f  i n v e s t i g a t i o n s  

i n  t h i s  respec t  (1 - 8).  However, t he  f l o w  behaviour  o f  t a b l e t  

e x c i p i e n t s  f o r  d i r e c t  compression a f t e r  a d d i t i o n  o f  drug sub- 

stances has n o t  been s t u d i e d  tho rough ly  (8). 

Laboratory  methods a v a i l a b l e  f o r  de te rm in ing  t h e  f l o w  be- 

hav iou r  o f  pharmaceut ical  powders such as angle o f  repose and bu 

d e n s i t y  have been eva lua ted  i n  d i f f e r e n t  i n v e s t i g a t i o n s  ( 6  - 9 )  

b u t  t o  some e x t e n t  they seen1 t o  have l i m i t e d  va lue (6). Shear ce 

measurements have, however, been shown t o  be a b l e  t o  c o r r e l a t e  

w i t h  good p r e c i s i o n  t o  t h e  f l o w a b i l i t y  d t  t a b l e t t i n g  es t ima ted  as 

t h e  c o e f f i c i e n t  o f  t a b l e t  we igh t  v a r i a t i o n  bo th  i n  p i l o t  p l a n t  and 

f u l l  sca le  p r o d u c t i o n  (6, 8, 10). 

The purpose o f  t h i s  work has been t o  study, w i t h  d i f f e r e n t  

l a b o r a t o r y  techniques, t h e  f l o w  behaviour,  f o r  some d i r e c t  com- 

p r e s s i b l e  l a c t o s e  q u a l i t i e s  a f t e r  a d d i t i o n  o f  smal l  amounts o f  

drug substances. The water  a d s o r p t i o n  t o  t h e  added substances and 

has been g i ven  spec ia l  a t t e n -  

o f  a shear c e l l  

o u r  which can be 

t i e s  o f  drug 

i t s  i n f l u e n c e  on t h e  f l o w  behaviour  

t i o n .  The aim has a l s o  been t o  t e s t  

and a t a b l e t t i n g  technique f o r  t e s t  

used i n  e a r l y  f o r m u l a t i o n  work when 

substance a re  avai  1 abl  e. 

a combinat ion 

ng f l o w  behav 

1 i m i  t e d  quant 

k 
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FLOW PROPERTIES OF COMPRESSIBLE LACTOSE 747 

E X P E R I MENTAL 

M a t e r i a l s  - 

Three q u a l i t i e s  o f  spray d r i e d  l a c t o s e  were s tud ied ,  i . e .  

l a c t o s e  DC1, F a s t - F l o 2  and Zeparox3. Anhydrous l a c t o s e 4  was a l s o  

i n c l u d e d  i n  the  t e s t s  (Tab le  1 ) .  

Three drug substances were i n v e s t i g a t e d  and they were a l l  

ob ta ined  from A s t r a  Pharmaceut ical  Product ion,  S o d e r t a l j e ,  Sweden. 

A l a p r o c l a t e  w i t h  a p a r t i c l e  s i z e  o f  250 - 300 pm and 105 - 150 vm 

were ob ta ined  by s iev ing .  A f r a c t i o n  w i t h  a mean su r face  volume 

diameter dsv = 37 pm as determined by perrneametry5 was a l so  i n -  

c luded  i n  t h e  study. Amif lamine was used i n  two powder q u a l i t i e s  

p r e c i p i t a t e d  as an anhydrate (dsv  = 9.5 pm) and a 0.5 h y d r a t e  

(dsv  = 10.5 pm). The t h i r d  substance was a s u b s t i t u t e d  benzaniide 

d e r i v a t i v e ,  UH 106, i n  two d i f f e r e n t  p r e c i p i t a t i o n s  UH 106:I, 

dsv = 2.2 pin and UH 106 : I I ,  dsv = 3.6 pm. 

Met hods 

P a r t i c l e  s i z e  __----------- 
The p a r t i c l e  s i z e  o f  t h e  l a c t o s e  q u a l i t i e s  and t h e  drug sub- 

stances was determined by s ie\re a n a l y s i s  i n  an a i r  j e t  s i e v e 6  o r  

by permeametry5. The t r u e  d e n s i t y  (Dt) was determined i n  an a i r  

comparison pycnometer7. 

Flow p r o p e r t i e s  ----- -- ------ 
411 measurements o f  t he  f l o w  p r o p e r t i e s  were performed w i t h  

a d d i t i o n  o f  0.5 % magnesium s t e a r a t e  t o  t h e  powders. 
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748  NYQVIST AND NICKLASSON 

The d ra ined  angle o f  repose was determined us ing  an apparatus 

descr ibed by Dahl i n d e r  e t  a1 . ( 5 ) .  The r e p o r t e d  values are t h e  

mean o f  t e n  measurements. 

The aerated ( D A )  and tamped b u l k  d e n s i t i e s  ( D  were d e t e r -  
P 

mined on powder samples o f  100 nl*,  and t h e  Hausner q u o t i e n t  

( 0  /D c a l c u l a t e d  from the mean o f  10 measurements. P A  
The unconf ined y i e l d  pressure,  fc, was determined on 75 mg 

samples o f  t he  powders i n  an annular  shear c e l l  a t  c o n s o l i d a t i o n  

loads,  omax, o f  0.98, 1.97, 2.95 and 3.93 kPa. F i v e  measurements 

o f  each y i e l d  l o c u s  were performed and t h e  l i m i t i n g  unconf ined 

y i e l d  pressure,  [ f c  1, was determined as t h e  i n t e r c e p t  f rom t h e  

p l o t  o f  f c versus t h e  a p p l i e d  c o n s o l i d a t i o n  load,  umax (10) .  

M i  x i  ng ----- 
The drug substances were blended w i t h  the  l a c t o s e  q u a l i t i e s  i n  

concen t ra t i ons  o f  1.25 and 5.00 % (w/w). The m i x i n g  was performed 

i n  a double cone mixer  f o r  10 minutes and was f o l l o w e d  by a d d i t i o n  

o f  magnesium s t e a r a t e  0.5 % f o r  another  2 minutes.  Apar t  from t h e  

pure l a c t o s e  q u a l i t i e s ,  two 50/50 b i n a r y  m i x t u r e s  o f  l a c t o s e  DC 

DMV and F a s t - F l o  w i t h  anhydrous l a c t o s e  were s tud ied .  The 

r e s p e c t i v e  l a c t o s e  q u a l i t i e s  were blended i n  a double cone m ixe r  

f o r  10 minutes p r i o r  t o  a d d i t i o n  o f  t he  drug substances and t h e  

magnesium s t e a r a t e  as above. 

T a b l e t  comeression _____- - - - -  - - - % _ - -  

Tab le ts  w i t h  a we igh t  o f  200 mg corresponding t o  a drug con- 

t e n t  o f  2.5 and 10 mg were compressed on a Beta-press m u l t i p l e  
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FLOW PROPERTIES OF COMPRESSIBLE LACTOSE 7 49 

punch machine9. Round, s l i g h t l y  convex t a b l e t s  w i t h  a diameter o f  

8 mn were compressed a t  47 000 and 63 000 ? 3 000 t a b l e t s  pe r  

hour.  The t a b l e t  machine was run w i t h  f o u r  punches u s i n g  an open 

feed frame. The t a b l e t t i n g  was performed f o r  f i v e  hours a t  each 

speed and every 10 minutes 16 t a b l e t s  were sampled by an automat ic  

sampl ing d e v i c e l o  f o r  c a l c u l a t i o n  o f  t h e  c o e f f i c i e n t  o f  t a b l e t  

we igh t  v a r i a t i o n  C.V., ( n  = 480). 

RESULTS 

Lactose Fas t -F lo  e x h i b i t e d  t h e  bes t  f l o w a b i l i t y  o f  a l l  t he  

l a c t o s e  q u a l i t i e s  as demonstrated by t h e  l owes t  Hausner q u o t i e n t ,  

angle o f  repose, l i m i t i n g  unconf ined y i e l d  pressure ( [  fc 1 )  and 

c o e f f i c i e n t  o f  t a b l e t  we igh t  v a r i a t i o n  a t  bo th  t a b l e t t i n g  speeds 

(Tab le  1). 

The 50/50 b lend  o f  Fas t -F lo  and anhydrous l a c t o s e  was t h e  

second b e s t  as shown by a l l  t he  f l o w  parameters. The preceeding 

rank ing  o rde r  g iven by the  angle o f  repose, [ fc ] and C.V. a t  

63 000 t a b l e t s  per  hour (C.V.,) was DC DMV, Zeparox, DC DMV/ 

anhydrous l a c t o s e  50/50 and f i n a l l y  t he  anhydrous l a c t o s e  (Table 

1). Looking a t  t h e  Hausner q u o t i e n t  and C.V. a t  47 000 t a b l e t s  pe r  

hour (C.V. , )  a s l i g h t l y  d i f f e r e n t  r a n k i n g  was obta ined,  however, 

s t i l l  w i t h  Fas t -F lo  considered as e x h i b i t i n g  t h e  b e s t  f l o w a b i l i t y .  

Th i s  i s  i n  accordance w i t h  p rev ious  r e s u l t s  where i t  was found 

t h a t  t h e  Hausner q u o t i e n t  gave d i v e r g i n g  r e s u l t s  compared t o  bo th  

angle o f  repose, [ f c  1, and C.V.  ( 8 ) .  

A d d i t i o n  o f  t he  drug substances brought  about s i g n i f i c a n t  

changes i n  t h e  f l o w  p r o p e r t i e s  f o r  some o f  t h e  l a c t o s e  q u a l i t i e s  
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750 NYQVIST AND NICKLASSON 

TABLE 1 
Powder characteristics of lactose qualities studied and coefficients of tablet 
weight variation. 

Angle of 
Lactose d, U ,  DA D, D,/DA Reporse [f,] C.V., C.V., 

o* m) g . m1-l g m1-l (deg.) (Yo)  (%) 

Fast-Flo 140 (1.45) 0.69 0.76 1.10 39.0 0.093 0.51 0.98 
DC DMV 80 (1.60) 0.80 0.93 1.16 53.1 0.210 0.84 2.79 
Zeparox 90 (1.28) 0.57 0.70 1.24 54.2 0.242 0.55 2.87 
Anyhydrous 125 (2.30) 0.74 0.88 1.19 56.1 0.274 0.95 3.84 
DC DMV/An- 

Fast-Flo/An- 
hydrous 50/50 - - 0.76 0.91 1.20 55.6 0.243 0.89 3.52 

hydrous 50150 - - 0.73 0.83 1.14 46.4 0.103 0.52 1.24 

as demonstrated w i t h  t h e  shear c e l l  data i n  F ig .  l a  f o r  A laproc-  

late/DC DMV mixtures.  S i m i l a r  changes were recorded a l s o  f o r  t h e  

anhydrous l a c t o s e  and t h e  50/50 b l e n d  o f  DC DMVlanhydrous l a c t o s e  

a f t e r  a d d i t i o n  o f  t h e  drug substances. The f i n e  p a r t i c l e  q u a l i t y  

o f  a l a p r o c l a t e  (dsv = 37 vm) impa i red  t h e  f l o w  behaviour ,  especi -  

a l l y  a t  t h e  h i g h  amount added (5 %).  On t h e  o t h e r  hand, a d d i t i o n  

o f  t h e  coarse powder q u a l i t y  o f  a l a p r o c l a t e  improved t h e  f l o w  

behaviour  s l i g h t l y  as r e f e l c t e d  by t h e  l ower  i n t e r c e p t s  ( [  fc 1 )  
i n  F i g .  1. The f l o w  behaviour  o f  t h e  Fas t -F lo  and t h e  Zeparox 

l a c t o s e  q u a l i t i e s  was o n l y  s l i g h t l y  a f f e c t e d  by a d d i t i o n  o f  t h e  

drug substances b u t  t h e  sdme tendencies were observed a l s o  f o r  

these i .e.  s l i g h t l y  improved f l o w a b i l i t y  a f t e r  a d d i t i o n  o f  a 

coarse powder q u a l i t y  and s l i g h t l y  impa i red  by t h e  presence o f  

f i n e  powder q u a l i t y  o f  t h e  drug substance ( F i g .  l b ) .  

The water  a d s o r p t i o n  p r o p e r t i e s  o f  t h e  drug substances used i n  

t h i s  study were d i f f e r e n t  as shown i n  F i g .  2. The a l a p r o c l a t e  and 
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FLOW PROPERTIES OF COMPRESSIBLE LACTOSE 75 1 

a 
f,, kPa 

b 

, , , , r:-y7y , 

1 .o 3.0 3.0 5.0 5.0 1.0 

(Jrnax, kPa 

F i g .  1 Unconf ined y i e l d  pressure,  fc, as a f u n c t i o n  o f  a p p l i e d  
c o n s o l i d a t i o n  pressure,  % f o r  lactose-DC DMV ( a )  and 
Zeparox ( b )  i n  m i x t u r e s  w i % ' a l a p r o c l a t e  1.25 % (open 
symbols) and 5.00 % ( c l o s e d  symbols). o = l a c t o s e  p e r  se, 
A = A l a p r o c l a t e  250 - 300 prn, n =  A l a p r o c l a t e  105 - 
150 prn, v = A l a p r o c l a t e  dSv = 37 Vm. 

t h e  0.5 hyd ra te  o f  ami f lam ne adsorb water  by s imple su r face  b i n d -  

i n g ,  w h i l e  t h e  anhydrate b nds t h e  water  as a 0.5 hyd ra te  (F igs .  

2a and 2b).  The d i f f e r e n c e  i n  isotherms between t h e  t h r e e  powder 

q u a l i t i e s  i s  due t o  d i f f e r e n t  su r face  areas. Both t h e  two p r e c i p i -  

a t i o n s  o f  UH 106 b i n d  t h e  water by su r face  a d s o r p t i o n  ( F i g .  2c) 

The amount o f  water  adsorbed t o  t h e  su r face  o f  t he  drug sub- 

stance was found t o  be o f  importance f o r  t he  f l o w  behaviour  o f  t h e  

l a c t o s e  m i x t u r e  as shown i n  F i g .  3. A t  h i g h e r  r e l a t i v e  h u m i d i t i e s  

t h e  m ix tu res  o f  UH 106:II and l a c t o s e  DC DMV showed an impa i red  

f l o w a b i l i t y  as demonstrated by t h e  h i g h e r  [ fc  ]-values. The 
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752 NYQVIST AND NICKLASSON 

b C 

100 50 lo0 
Relative humidity, % 

F i g .  2 Water s o r p t i o n  isotherms a t  25°C f o r  ( a )  A 
250 - 300 l m ,  a =  105 - 125 l m ,  A = 37 vm, 
o = 0.5 hydrate,  A = anhydrate,  ( c )  UH 106 
t i o n  I, A = P r e c i p i t a t i o n  11. 

m ix tu res  o f  UH 106:I and 

b u t  t he  e f f e c t s  were much 

recorded a l s o  w i t h  the  o t  

!io 100 

a p r o c l a t e :  o = 
(b) Amif lamine: 
o = P r e c i p i t a -  

actose OC DMV showed t h e  same tendencies 

weaker. The same type o f  changes were 

e r  f l o w a b i l i t y  parameters and a s i m i l a r  

behaviour  was observed a l s o  f o r  t h e  d l a p r o c l a t e  m ix tu res .  Taking 

i n t o  c o n s i d e r a t i o n  t l d t  t he  l a c t o s e  ___- per  se does n o t  change t h e  

amount o f  sur face adsorbed water cons ide rab ly  i n  the  10 - 75 X RH 

range ( l e s s  than 0.5 % w / w ) ,  one can conclude t h a t  t h e  water ad- 

s o r p t i o n  t o  t h e  admixed drug substances i s  respons ib le  f o r  t h e  

change i n  f l o w  behaviour  o f  t h e  l a c t o s e  m ix tu res  a t  d i f f e r e n t  

re1  a t i  ve h u m i d i t i e s .  

The Fas t -F lo  and Zeparox m i x t u r e s  w i t h  UH 106 d i d  

s u b s t a n t i a l  changes i n  f l o w  behaviour  a t  d i f f e r e n t  r e  

d i t i e s  ( F i g .  31,  i n  c o n t r a s t  t o  i . e .  l a c t o s e  DC DMV. 

n o t  show any 

a t i  ve humi - 

h i s  m igh t  be 
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FLOW PROPERTIES OF COMPRESSIBLE LACTOSE 

f,, kPa 

1.4 

1.2 

1 .o 

0.8 

0.6 

0.4 

0.2 

753 

1 -  - 1  I -1 
1 .o 2.0 3.0 4.0 

urnax, kPa 

F i g .  3 Unconf ined y i e l d  pressure,  fc, as a f u n c t i o n  o f  a p p l i e d  
c o n s o l i d a t i o n  pressure,  u f o r  l a c t o s e  DC DMV (0) and 
F a s t - F l o  (0) e r  se and w T 8 ' a d d i t i o n  o f  1.25 % UH 106 : I  
(open symbols f- an7d-UH 1 0 6 : I I  ( c l o s e d  symbols). A = DC DMV 

75 % RH, + =  Fas t -F lo  70 - 75 % RH. 
10 - 20 % RH, O =  DC DMV 35 - 45 % RH, V = DC DMV 70 - 

e x p l a i n e d  by t h e  d i f f e r e n t  shape o f  these l a c t o s e  q u a l i t i e s .  Both 

F a s t - F l o  and Zeparox c o n s i s t  o f  l a r g e  s p h e r i c a l  aggregates con- 

s i s t i n g  o f  smal l  c r y s t a l s  w i t h  many pores and i r r e g u l a r i t i e s  on 

t h e  sur face.  This  w i l l  enable smal l  p a r t i c l e s  such as those o f  UH 

106 (dsv  - < 3.6 urn) t o  be ent rapped i n  these pores in-accordance 

w i t h  a inodel proposed by S t a n i f o r t h  and Rees (11 ) .  The DC DMV 

q u a l i t y ,  on t h e  o t h e r  hand, c o n s i s t s  o f  smooth s p h e r i c a l  pa r -  
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754 NYQVIST AND NICKLASSON 

t i c l e s ,  s i n g l e  o r  i n  i r r e g u l a r  agglomerates, and i n  t h i s  system 

t h e  smal l  UH 106 p a r t i c l e s  cannot be hidden. Thus, t he  more open 

exposure o f  t he  drug substance p a r t i c l e s  enables a s t ronger  i n f l u -  

ence on t h e  f l o w  behaviour .  

Water adso rp t i on  t o  the  coarse powder q u a l i t y  o f  a l a p r o c l a t e  

d i d  n o t  b r i n g  about any s u b s t a n t i a l  changes i n  any o f  t h e  f l o w  

parameters f o r  t h e  l a c t o s e  qual i t i e s  s t u d i e d  w h i l e  s i m i l a r  changes 

as w i t h  UH 106:I were observed f o r  the f i n e  a l a p r o c l a t e  powder 

qual  i ty. 

I n  t h e  case o f  a drug substance where t h e  adsorbed water i s  

n o t  bound on t h e  su r face  b u t  as c r y s t a l  water ,  water  uptake a t  

h i g h  r e l a t i v e  h u m i d i t i e s  may n o t  b r i n g  about any s u b s t a n t i a l  

changes i n  f low-behaviour  o f  a d i r e c t  compress ib le  l a c t o s e  system. 

T h i s  i s  i l l u s t r a t e d  by t h e  two c r y s t a l  q u a l i t i e s  o f  ami f larn ine 

i n  Table 2. Both q u a l i t i e s  c o n s i s t  o f  n e e d l e - l i k e  c r y s t a l s  w i t h  a 

l e n g t h  o f  20 - 40 pin and a th i ckness  o f  about 10 pm. The 0.5 

hydra te  adsorbs water on t h e  su r face  o f  t h e  c r y s t a l  w h i l e  t h e  an- 

hyd ra te  b inds  i t  i n  t h e  c r y s t a l  l a t t i c e .  The su r face  a d s o r p t i o n  of  

t h e  water b r i n g s  about a s u b s t a n t i a l  decrease i n  f l o w a b i l i t y  a t  

h i g h e r  r e l a t i v e  h u m i d i t i e s  as demonstrated by t h e  i nc rease  i n  

Hausner q u o t i e n t ,  [ fc ] and angle o f  repose i n  Table 2. For  t h e  

anhydrate on t h e  o t h e r  hand, no s u b s t a n t i a l  changes a re  recorded 

a t  t h e  h i g h  r e l a t i v e  humid i t y  compared t o  the  low. The s 

ance o f  these changes i s  demostrated by t h e  r e l a t i o n s h i p  

t h e  c o e f f i c i e n t  o f  t a b l e t  we igh t  v a r i a t i o n  and t h e  angle 

as w e l l  as [ fc 1 f o r  m i x t u r e s  o f  d i f f e r e n t  l a c t o s e  qual 

g n i f i c -  

between 

o f  repose 

t i e s  
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FLOW PROPERTIES OF COMPRESSIBLE .LACTOSE 755 

TABLE 2 
Hausner quotient (D,/DA), limiting unconfined yield pressure ([f,]) and angle 
of repose for different lactose qualities with addition of amiflamine 1.25 %. 
Mean values with 95 % confidence intervals for [f,] and angle of repose. 

Angle 
Amiflarnine RH Powder mixture Dp/DA [fcl Repose 

(% 1 ( k W  (deg.) 

0.5-Hydrate 10-20 DC DMV 1.21 
Fast-Flo 1.10 
An hydrous 1.26 
DC DMVIAnhydrous 50150 1.26 
Fast-FloIAnhydrous 50150 1 .I 7 

70-75 DC DMV 1.28 
Fast-Flo 1.19 
Anhydrous 1.29 
DC DMVIAnhydrous 50150 1.31 
Fast-FloIAnhydrous 50/50 1.24 

Anhydrate 10-20 DC DMV 1.23 
Fast-Flo 1.12 
Anhydrous 1.25 
DC DMVIAnhydrous 50150 1.27 
Fast-FlolAnhydrous 50150 1.1 8 

70-75 DCDMV 1.20 
Fast-Flo 1.10 
An hydrous 1.25 
DC DMVIAnhydrous 50150 1.25 
Fast-FloIAnhydrous 50150 1.1 8 

0.423 t 0.0091 
0.1 15tO.0092 
0.487 t0.0082 
0.382 t 0.0079 
0.259 t 0.0098 

0.578 t0.0090 
0.1 97 f0.0098 
0.582 f0.0085 
0.527 t 0.0097 
0.453 t0.0061 

0.425 +0.0058 
0.118+0.0065 
0.501 f 0.01 25 
0.374 f 0.0097 
0.295 t0.0079 

0.419t0.0052 
0.118t0.0090 
0.478 t0.0081 
0.394 2 0.0078 
0.265 t 0.0067 

57.3 t 1.31 
41 .O t 1.25 
59.6 t2.74 
59.4?3.10 
47.5 t 1.88 

63.5 If- 5.40 
45.9 t 1.53 

61.5 t 2.95 
54.1 22.15 

57.5 t 1.89 
40.5 f 1.18 
57.5 t 2.31 
58.6 t2.95 
48.8 f 1.25 

62.7 t3.88 

55.8 t2.51 
39.0 t 0.88 
56.8 t2.11 
57.3 t 3.1 0 
47.5f 1.1 5 

l a c t o s e  and amif lamine 1.25 dnd 5.00 % a t  10 - 30 and 35 - 45 % RH 

( F i g .  4 ) .  

A t  t h e  h i g h  t a b l e t t i n g  speed (63 000 t a b l e t s / h o u r )  t h e  i nc rease  i n  

angle o f  repose and [ f, 1 are  r e f l e c t e d  by an i nc rease  i n  C . V .  

Both ang le  o f  repose and [ fc ] g i v e  good c o r r e l a t i o n s  ( r  = 0.919 

and r = 0.958 r e s p e c t i v e l y ,  n = 20). However, t he  v a r i a t i o n  i s  

l a r g e r  for t h e  angle of repose measurements compared t o  [ fc 1 and 

i t  seems l i k e  t h e  shear c e l l  method i s  l e s s  o p e r a t o r  dependent 

( 1 2 ) .  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



756 

5.0 - 

4.0- 

3.0 - 

2.0 - 

1.0- 

NYQVIST AND NICKLASSON 

C.V. 
a 

Angle of repose, deg. 

b 

Ifc], kPa 

F i g .  4 C o e f f i c i e n t  o f  t a b l e t  we igh t  v a r i a t i o n ,  C . V . ,  as a func-  
t i o n  o f  angle o f  repose ( a )  and l i m i t i n g  unconf ined y i e l d  
pressure,  [ f 1, ( b )  f o r  l a c t o s e  m i x t u r e s  w i t h  a m i f l a -  
mine 0.5 hydrage 1.25 and 5.00 %. Open symbols denote 
47 000 t a b l e t s / h ,  c l o s e d  63 000 t a b l e t s / h .  o = 10 -20 % 
RH, A = 35 - 45 % RH. 

DISCUSSION -- 

The r e s u l t s  ob ta ined  i n  t h i s  s tudy show t h a t  f o r  a l l  t h e  

l a c t o s e  q u a l i t i e s  s tud ied,  add i ton  o f  smal l  amounts o f  drug sub- 

stances can b r i n g  about s u b s t a n t i a l  changes i n  t h e  f l o w  behaviour.  

I n  some cases t h e  changes can be e x p l a i n e d  by water  a d s o r p t i o n  t o  

t h e  added drug substances. However, it i s  e s s e n t i a l  t o  survey t h e  

f l ow  behaviour  o f  a new drug substance i n  d i f f e r e n t  t a b l e t  formu- 

l a t i o n s  as e a r l y  as p o s s i b l e  i n  t h e  f o r m u l a t i o n  work. T h i s  w i l l  

enable the  s e l e c t i o n  o f  an opt imal  powder q u a l i t y  o f  t he  drug 

substance a l s o  from t h e  f l o w a b i l i t y  p o i n t  o f  v iew which i s  essen- 

t i a l  i n  t h e  case o f  d i r e c t  compress ib le  systems. The shear c e l l  

method used here appears t o  be s u i t a b l e  f o r  t h i s  purpose and i t  
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FLOW PROPERTIES OF COMPRESSIBLE LACTOSE 757 

seems t o  be l e s s  opera to r  dependent compared t o  the  angle o f  

75 g, c o r -  

t h e  1.25 

repose. The powder q u a n t i t y  r e q u i r e d  i s  smal l ,  about 

responding t o  0.94 and 3.75 g o f  t he  drug substances 

and 5.00 '% l e v e l  used here. 

By pe r fo rm ing  t a b l e t  compression i n  a r o t a r y  tab 

f o r  

e t t  n!3 

machine a t  h i g h  speed w i t h  a reduced number o f  punches f o r  d l o n g  

t ime, a view o f  t he  f l o w  behaviour  a t  t a b l e t t i n g  as measured by 

t h e  c o e f f i c i e n t  o f  t a b l e t  we igh t  v a r i a t i o n  c o u l d  be obta ined.  

Thus, w i t h  a powder q u a n t i t y  o f  16.5 kg c o n t a i n i n g  206 o r  825 g o f  

t h e  drug substance (1.25 % and 5.00 % w/w, r e s p e c t i v e l y ) ,  f i v e  

hour t a b l e t t i n g  a t  a speed o f  t h e  d i e  t a b l e  corresponding t o  

63 000 t a b l e t s  pe r  hour c o u l d  be performed. The C . V .  determined 

were found t o  c o r r e l a t e  w e l l  w i t h  bo th  t h e  l i m i t i n g  unconf ined 

y i e l d  pressure,  

t h e  angle o f  repose. 

fc 1, f rom t h e  shear c e l l  measureinents and a l s o  

FOOT NOTES 

l . ,  4. 

2. 

3. 

5. 

6. 

7. 

8. 

9. 

DMV, Veghet, The Nether lands 

Fast -F lo,  Foremost-McKesson, USA 

Zeparox, D i a r y  Crest ,  England 

F i s h e r  Sub Sieve S i z e r  

A l p i n e  A i r  J e t  S ieve A 200 

Beckman Model 930 

Accord ing t o  D I N  53132 and 53194 

Manesty Ltd.  , England 
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