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ABSTRACT 

Samples o f  Lactose NF obta ined from one supp l i e r  i n  the UK and one i n  

t h e  USA were examined i n  terms o f  t h e i r  cornpactlon p roper t l es .  

m a t e r i a l s  were s tud ied I n  a model f o rmu la t i on  and a l s o  i n  a development 

fo rmu la t i on .  

depend p r l n c i p a l l y  on the p a r t i c l e  s i ze ,  s i ze  d i s t r i b u t i o n  and s p e c i f i c  

sur face area. 

e f f e c t s  on a multicomponent fo rmu la t i on  even when lac tose  I s  n o t  t he  

major component. 

The 

Di f ferences i n  p roper t l es  between the samples were shown t o  

The source o f  l ac tose  can have s i g n i f i c a n t  d e l e t e r i o u s  

1815 
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INTRODUCTION 

WHITEMAN AND-  YARWOOD 

There have been several studies in the literature reporting 

variations between dlfferent batches of active and inactive formulation 

components (1-3) .  

a greater o r  lesser degree, depending on the extent of such variations 

and the proportion of the material in the dosage forms. 

The quality of the finished product may be affected t o  

Many international companies have research and development 

establishments in both North America and Europe, and there Is frequently 

a need t o  transfer a manufacturing process between sites so that, for 

example, clinical trial supplies may be manufactured or stability studies 

performed. 

formulation, problems of reduced tablet crushlng strength were found and 

related t o  differences in the source of Lactose NF. The purpose of this 

investigation was t o  examine the physical and mechanical properties of 

the two lactose products involved, and t o  study the Influence of each 

materlal on the properties of selected tablet formulations. 

Recently in these laboratories, during transfer of a tablet 

MATERIALS AND METHODS 

Material I 

(A) Lactose NF. powdered hydrous 100 mesh (Zimmerman-Hobbs Ltd, 

Milton Keynes, UK). 

(6 )  Lactose NF, powdered hydrous grade 310 (Foremost. Wisconsin, USA) .  
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VARIATIONS IN LACTOSE NF FROM TWO DIFFERENT SOURCES 1817 

Microcrystalline Cellulose NF (Honeywill and Stein, Walllngton, UK). 

Crospovidone NF (BASF, Cheadle, UK). 

Sodlum Starch Glycolate NF (Forum Chemlcals Ltd, Redhill, UK). 

Magnesium Stearate BP (Durham Raw Materlals Ltd, London, UK). 

Methods 

Sieve analysls was performed on (A) and (B) using ASTM Ell 8-lnch 

test sieves arranged in a 4 2 series. 

was determined in each case from the log-normal size distribution. 

true densities of (A) and ( B )  were determined using a hellum-air 

pycnometer (Mlcromerltics. Norcross, GA, USA) and the bulk and tapped 

densities were also determlned. The latter two measurements were used t o  

calculate the Carr compressibility index ( 4 ) .  

determined for ( A )  and (B)  uslng an Infra-red moisture balance 

(Sartorious Instruments Ltd, Belmont, UK) at 74°C for 10 minutes. 

The geometric mean particle size 

The 

Loss on drying was 

T o  determime differences in performance between the two sources of 

lactose, blends containing 3.3% w/w crospovidone and 0.5% magneslum 

stearate per 400 g batch were prepared in a planetary mixer and 

compressed at a range of different compaction pressures on an 

instrumented Manesty F3 single-punch tablet machine operating at 

75 strokes per minute, with 10 mm flat-faced tooling. 

prepared at a compression weight of 300 mg, then stored in sealed 

containers for twenty-four hours before physical testing was performed. 

Tablets were 

Tablet welght varlatlon and frlablllty were determlned for twenty 

tablets from each batch. 

Erweka TBH tablet tester; disintegratlon time was measured uslng a 

Crushing strength was determined using an 
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1818 WHITEMAN AND YARWOOD 

Pharmatest PTZ d i s i n t e g r a t i o n  t e s t e r  w i t h  water a t  37'C (w i thou t  d i scs )  

and t a b l e t  th ickness was measured us ing a d i a l  micrometer. 

determinat ions were performed on SIX t a b l e t s  from each batch. 

s t reng th  was ca l cu la ted  as descr ibed by F e l l  and Newton (5) .  

These 

Tensi le  

To con f i rm  t h a t  t he  source o f  Lactose NF was the major cause o f  

d i f f e rences  i n  the p roper t i es  o f  t a b l e t s  made i n  the UK and USA, one 

batch of t a b l e t s  was made i n  the UK using each type of  lactose,  according 

t o  the formula:- Development Compound 14%; 

M l c r o c r y s t a l l i n e  Ce l l u lose  NF 50%; Sodium Starch Glycolate NF 3.0%; 

Lactose NF, powdered hydrous 32.6%; Magnesium Stearate NF 0.4%. 

The p roper t i es  of  these t a b l e t s  were compared w i t h  those of t a b l e t s  

made i n  the  USA. Tablets were manufactured on a Stokes RE2 t a b l e t  

machine i n  the USA, while i n  the UK a Manesty F3 was used. A l l  o t h e r  

processes and equipment were a l i k e  a t  both s i t e s .  

F i n a l l y ,  to determine whether any d i f f e rences  i n  performance between 

the  two sources o f  l ac tose  were caused by d i f f e rences  i n  p a r t i c l e  s i ze  

and s i ze  d i s t r l b u t l o n ,  each sample was sieved to  prov ide a 125-180 pm 

s i z e  f r a c t i o n .  

remove as many o f  the f i n e  p a r t i c l e s  as poss ib le .  

d i s t r i b u t i o n  were then determined us ing a Coul ter  Counter model PCAI, 

(Coul ter  E lec t ron i cs  Ltd,  Luton, UK) w i t h  a 560 p m  o r i f i c e  tube. 

Samples were d i sso l ved  i n  a 5% wlv s o l u t i o n  o f  ammonium th iocyanate i n  

isopropanol, sa tu ra ted  w l t h  lactose. S p e c i f i c  surface area was measured 

us ing a Flowsorb I1 n i t r o g e n  adsorpt ion apparatus (Coul ter  

E lec t ron i cs  Ltd.  Luton. UK). 

The s fze - f rac t i ons  were re-sieved on a 125 pm sieve t o  

P a r t i c l e  s i z e  and s ize 

The prepared samples were then mlxed w l t h  
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VARIATIONS IN LACTOSE NF FROM TWO DIFFERENT SOURCES 1819 

TABLE I : PHYSICAL PROPERTIES OF LACTOSE NF, SAMPLES (A)  AND ( B )  

~ 

True Density (g cm-3) 1.53 1.52 

Loose Bulk Denslty (g cm3) 0.740 0.710 

Tapped Density (g cm3) 0.825 0.900 

Carr's Index ( X )  10.3 21.1 

Loss on Drying (XI 0.4 0.4 

Geometric Mean Particle Size (pm) 160 118 

Geometric Standard Deviatlon 1.32 1.39 

crospovidone and magneslum stearate as before and compressed at a range 

of pressures. Physical testing was carried out as descrlbed above. 

The physical properties of lactose ( A )  and ( B )  are summarised in 

Table I. 

In the higher tapped density for (B)  whlch indicates closer packlng. 

The loose-poured bulk denslty of (B) 1 s  lower than that of ( A ) ,  probably 

because of arching and bridging within the powder bed. 

Indices we can see that ( A )  would be expected t o  have superior 

flowabillty t o  (B) - "excellent" as opposed t o  "falr". 

(B) has a smaller particle slze than (A), and thls Is reflected 

From the Carr's 
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1820 WHITEMAN AND YARWOOD 

c 

I 
40 80 

Compaction pressure 

MPa 

F i g .  1 Tensile strength as a function of mean compaction pressure 

for tablets made from bulk lactose samples. 0 ,  ( A ) ;  v, ( 6 ) .  

The relationship between tablet tens1 le strength and compaction 

pressure is shown for each type of  lactose In Flgure 1. 

for a given compaction pressure, (A) gives weaker tablets than (6) .  

It I s  clear that 

Compaction pressure had little effect on the disintegration times of 

tablets contalnlng (61, but disintegration tlme increased sharply wl th 

increasing pressure for tablets made with (A) (Figure 2) .  

from ( A )  had longer dlsintegration times than those made from (6) .  

Friability is plotted against compaction pressure in Figure 3, from which 

we can see that ( A )  gave more friable tablets than (B). 

Tablets made 
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40 80 

Compaction pressure 

MPa 

F i g .  2 O i s l n t e g r a t l o n  Tlme as a f u n c t l o n  o f  mean compaction pressure 

f o r  t a b l e t s  made from bulk l a c t o s e  samples. 0,  ( A ) ;  V ,  ( 6 ) .  

40 80 

Compaction pressure 

MPa 

Fig .  3 F r i a b i l i t y  as a f u n c t i o n  o f  mean compaction pressure f o r  

t a b l e t s  made from bulk  l a c t o s e  samples. Or ( A ) ;  v ,  (8). 
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1822 WHITEMAN AND YARWOOD 

TABLE I1 : PHYSICAL PROPERTIES OF FORMULATED TABLETS 

~~ 

BATCH 1 2 3 

Crushing Strength (Strong Cobb Uni ts)  11.3 7.2 10.3 

Di s i  n tegrat ion T ime  (minutes) 3X-5% 6-7 4- 6 

F r i a b i l i t y  ( X  w l w )  0.09 0.30 0.13 

Tablet Weight (mg) 400.7 403.0 397.7 

Coef f i c ien t  o f  Weight Var ia t ion  (XI 1.4 1.1 1.1 

The resu l t s  o f  studies using a selected development formulat ion 

containing several ingredients as w e l l  as lactose are shown i n  Table 11. 

Three batches o f  tab le ts  were examlned; Batch 1 was made i n  the USA using 

(B), Batch 2 was made I n  the UK uslng (A) and Batch 3 was made I n  the UK 

using (B). For Batch 2, the f igures  are for the highest t a b l e t  strength 

i t  was possible t o  achieve, while for  Batch 3 the t a b l e t  machine was 

adjusted t o  produce tab le ts  resembling as c lose ly  as possible those from 

Batch 1. As  Table I1 shows, i t  was not  possible t o  produce tab le ts  

s tmi lar  to Batch 1 using (A), but  when lactose (B) was used tab le ts  were 

obtained which had s im i la r  proper t ies t o  Batch 1. 

Table I11 shows the p a r t l c l e  s ize d i s t r i b u t i o n  and spec i f i c  surface 

areas fo r  the 125-180 pn s ize f rac t i ons  o f  (A)  and (6 ) .  

d is t r i bu t i ons  were s tml la r ,  as were the modal slzes, bu t  the mean and 

median s lzes  for (B) are less than those for  (A) due to  the greater 

The 
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VARIATIONS IN LACTOSE NF FROM TWO DIFFERENT SOURCES 1823 

TABLE I11 : PHYSICAL PROPERTIES OF 125-180 pm SIEVE FRACTIONS 
OF (A) AND (6) 

A B 

~~~ ~ 

Mean Size 

Medlan Size 

Modal Size 

Specific Surface Area 

133 pm 

141 pm 

144 pm 

106 pm 

129 pm 

140 pm 

0.26 m2 g-l 0.34 m2 g-l 

proportion of fines In (6). 

greater surface area o f  (6). 

This was also the main reason for the 

Strength-pressure profiles for the 125-180 pm fractions are shown in 

Figure 4. 

the unsized materials (Figure 1 1 ,  but (B )  still gives slightly stronger 

tablets than ( A ) .  

The profiles for ( A )  and (6) are much closer together than for 

Friabilities (Figure 5) and dislntegratlon times (Figure 6) were also 

much closer together than for the bulk samples and both decreased wtth 

Increasing pressure. Thus the differences in physical properties of (B) 

over ( A )  have been largely eliminated by the use of closely matched size 

fractions. 

DISCUSS ION 

The d fferences in tenslle strength between tablets 

types of actose are probably due at least in part t o  d 

made from the two 

fferences in 
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40 80 

Compaction pressure 
MPa 

Fig. 4 Tensi le  s t rength as a funct ion of  mean compactlon pressure 

f o r  t a b l e t s  made from 125-180 pm sieve f r a c t i o n s .  

O r  ( A ) ;  v, ( 8 ) .  

I J 

40 80 
Compaction pressure 

MPa 

FIg.5 F r i a b i l i t y  as a funct ion o f  mean compaction pressure for 

t a b l e t s  made from 125-180 pm sieve f rac t ions .  C ,  ( A ) ;  v, ( 6 ) .  
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VARIATIONS IN LACTOSE NF FROM TWO DIFFERENT SOURCES 1825 

40 80 
Compaction pressure 

MPa 

Fig.  6 D l s l n t e g r a t l o n  Time as a f u n c t i o n  o f  mean compaction pressure 

f o r  t a b l e t s  made from 125-180 pm s ieve f r a c t i o n s .  

o r  ( A ) ;  v, ( 6 ) .  

p a r t i c l e  s i ze  and s i z e  d i s t r i b u t i o n .  

s t reng th  o f  t a b l e t s  made f rom lactose Increases as p a r t i c l e  s l z e  

decreases (7-9). 

f ragmentat lon which the  l ac tose  p a r t i c l e s  e x h i b i t  on compactlon. 

De Boer e t  a1 (8)  s ta ted  t h a t  wh i l e  f ragmentat ion i s  t h e  predominant 

compaction mechanism for  a- lactose monohydrate, the same degree of 

f ragmentat lon i s  no t  shown a t  a l l  p a r t i c l e  s izes.  Tablet  s t reng th  

depends on surface area which i s  i n  t u r n  dependent on the I n l t i a l  

p a r t i c l e  s l ze  and the  compaction pressure. 

I t  1 s  genera l l y  accepted t h a t  the 

The reason f o r  t h i s  1s thought to  be the ex ten t  of 
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1826 WHITEMAN AND YARWOOD 

In the present study, it was posslble t o  reduce the differences 

between the properties of tablets made from different brands of lactose 

by preparing samples having similar particle size distributions. The 

fact that (6 )  still gave slightly stronger tablets than (A) i s  probably 

due t o  the greater proportlon of fines in (6) and hence its greater 

surface area. 

These results serve t o  conflrm prevlous work, but the results for 

development formulation are more lnterestlng because they demonstrate 

extent of the effects of using the dlfferent lactoses. M crocrystall 

cellulose is renowned for its binding propertles and so it i s  perhaps 

surprising that the compression characteristics of a formulation 

containlng 50% Microcrystalllne cellulose and 33% lactose should be so 

severely affected by differences in the lactose used. 

the 

the 

ne 

Although different tabletlng machines were used at the two sites, 

this does not explain the discrepancies in tablet properties. because the 

batches made in the UK with (A) and (6 )  behaved very differently t o  each 

other. 

The concluslon must be that when transferrlng processes between 

sites, identical sources of supply should be used where posslble. Where 

this cannot be done, the materials should be fully characterised, so that 

the best possible match can be obtained. 
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