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ABSTRACT 

It i s  well known t h a t  olugirosium s t e a r a t e ,  imed’ as t a b l e t  

l u b r i c a n t ,  can form a coutinuoua hydrophobic f i l m  around aolid 

p a r t i c l e s  when mixing times u r e  too long, so t h a t  d i o i n t e g r a t i o n  

rime increases and mechanical s t r e n g t h  of t a b l e t u  f a i l s .  I t  was 

also shown i n  prev ious  works tlut tlre a d d i t i o n  of c o l l o i d a l  

s i l i c o n  d iox ide  is in soma cases a b l e  t o  i n t e r r u p t  the l u b r i c a n t  

f i l m ,  and allows to recover the  good t a b l e t t i n g  p r o p e r t i e s  of 

some mixtures.  

T h i s  work s t u d i e d  the  l u b r i c a t i o n  of c r y u t i t l l i n c  lactose 

wi th  magnesium a t e a r a t e .  A Turbula and a cubic  mixer were used, 

and t h e  p r o p e r t i e s  of r e s u l t i n g  t a b l e t s  were s t u d i e d  on an excm-  

ter c a b l e t  p resa  f i t t e d  o u t  wi th  a t r a i n  gauges. I t  appeared t h a t  

t he  hydrophobic f i l m  f o m n t i o n  occurs  a f t e r  Y very s h o r t  t i m e .  

T h i s  f i l m  format ion  depends not only  of mixing time, but  a l s o  

of t h e  apeed of mixing and t h e  kind of mixer uaed. In t he  s t u d i e d  

case, t h e  l u b r i c a n t  f i l m  could no t  completely be broken by addi- 

t i o n  of c o l l o i d a l  s i l i c o n  d ioxide ,  and i t  seems not to be posai- 

b l e  to produce good l a c t o s e  t a b l e t s  when the  b e s t  mixing time has 

bean erceded. 
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574 BOSSERT AND STAMH 

Lactose i s  on i n t e r e s t i n g  exc ip ie i i t  a t  an economical po in t  

v i e w ,  biit i t s  t a b l e t t i n g  is  not  v i t h n u t  d i f f i c u l t i e s  : i t  

needs Iiight compression forcer and i t  is always necessary  t o  

add a l u b r i c a n t .  

Recent p u b l i c a t i o n s  have repor ted  vha t  an impor tan t  

i n f l u e n c e  on t a b l e t t a b i l i t y  tlie mixing of an e x c i p i e n t  wi th  a 

l u b r i c a n t  may lrave. A bad mixing procedure can induce veaker  

mechanical p r o p e r t i e s  ond longer d i s i n t e g r a t i o n  time of t a b l e t s .  

T h i s  e f f e c t  of the l ub r i can t  can be descr ibed  by invoking a t  

l e a s t  t h r e e  d i  Cferent mechanisms' : 

- adso rp t ion  or s u r f a c e  c o n t a c t  adliesioris ; 

- d i  ffirsioir or s o l i d s  pene t r a t ion ,  which inc ludes  mecha- 

i i i ca l  i i iLerlocking ; 

- delamiaa t ion  or Jeogglomeration of t he  l u b r i c a t i n g  agen t  

to form a f i l m  coa t ing  on the  s u b s t r a t e  p a r t i c l e a  ; t h i r  f i l m  

c o a t i n g  is u s u a l l y  d i scon t inuous  . Uiiichcver mech8nirms MY 

be inva lvcd ,  t he  e f f e c t  of mixing timi should modify both  g l i d a n t  

a i d  l u b r i c a n t  rolvs  of tlie agent .  

' This  bad e f f e c t s  were repor ted  f o r  s e v e r a l  p roducts ,  bu t  i t  

seems t .lut t h e  degree of tlie e f f e c t  depeads of the  k ind  of lu- 

b r i c a n t  and tire plrysicul s t r u c t u r e  of the  e x c i p i e n t  : for 
exantple, tlie p o l y t e t r a f l i ~ e t l i y l e n e  used 8s l u b r i c a n t ,  seems no t  

t o  induce bad p r o p e r t i e s  t o  the  mixture', end d i c a l c i r n  phosphate 

J i l rydra te  (~NCO#PRESS) seems t o  be an  e x c i p i e n t  which p r o p e r t i e s  

are i io t ' in f luenced  badly by any l u b r i c a n t  The e f f e c t  of t he  

l u b r i c a n t ,  e s p e c i a l l y  o f  magnesium stearate, seems, 8ccord ing  t o  

D e  Boer, Oolhuia and L e r k  to  be dependent on the  compression 

belravior and the bonding wclianism of t h e  e x c i p i c n t .  These 

2 

i au thor s  make a d i f f e r e n c e  beetween e x c i p i e n t s  which, under 

p re s su re ,  p re sen t  a p l a s t i c  deformation OF p a r t i c l e s  followed 

by bonding of ad jacen t  su r faces ,  and o t h e r  e x c i p i e n t s  which 

co i l so l ida te  by ex tens ive  f ragmenta t ion  ; they r epor t ed  s e v e r a l .  

pub l i ca t ions  i n  which powders a s  p o t a s s i w  c h l o r i d e  or s t a r c h  
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LUBRICATION OF CRYSTALLINE LACTOSE 575 

ware c l a s s i f i e d  i n  the  f i r s t  saLegory, a i d  sucrose .  lactose, 

or  d ica lc ium phosphate dil iydrote wre included i n  clre secoird. 

For a l l  t hese  reasons Ll i r  a f f e c t  of Y l ub r i can t  on t h e  

t a b l e t t i n g  p r o p e r t i e s  o f  an  exc ip i en t  are nu t  undoubted. 

and o f t e n  d i f f i c u l t  to a n t i c i p a t e  without f u r t h e r  studies. 
a p a r t  of a s tudy  of t a b l e t t i n g  of c r y s t a l l i n e  lactose 6.7 , 

t h e  e f f e c c s  of mixing of lactose wi th  magsesitn stearate were 

s t u d i e d  wi th  more accuracy i n  t h i s  work. 

HATEItIALS AND EILTIIOIIS 

Materials used i n  the  mixing s t u d y  u w c  c r y v t a l l i i r e  l a c t o s e  

(1t.n.s. - "excraf ine  CrystaIv") wlricii p r e s e n t s  o mean p a r t i c l e  

s i z e  of 145 pm. magnesium stearate (t4elrk and c o l l o i d a l  silicoii 

dioxyde (Degussa - "Aerosi 1 200"). 

Hir ing  ope ra t ions  were performed e i t h e r  i n  a TUIIWIA 2A 
mixer, which has a 2 l i t e rs  capac i ty ,  or i n  an EKUEKA 1(11 15 VC 
cub ic  mixer. which has  a capac i ty  of 3.4 liters. Unless s p e c i f i e d  

o therwise ,  500 g of l a c t o s e  and 2.5 8 of wvynrviuu s t e a r a t e  (0 .5  X )  

were passed though a 1000 cn s i avy ,  to break eventue l  sgylollurro- 

tes. and introduced i n  the  mixer. Under clirse cond i t ions .  r l r r r r  

is a s u f f i c i e n t  vo id  space  i n  the mixers to allow a good c i r c u l a -  

t i o n  of t he  p a r t i c l e s  and to perform homogenous tuixtures.  "lie 

i n f l u e n c e  o f  t he  mixing cond i t ions  uas s t u d i e d  by var i i i ig  t h e  

mixing time and the  mixer's speed. Tlie mixtures  compression s tudy  

woo performed on a KORSClI EKlO excen te r  t a b l e t t i n g  machine, f i t t e d  

o u t  w i th  12 m diameter  f l a t  punches and i n u c r w n t e d  wi th  s t r a i n  

gauge. to allou a continuous measure of t h e  p r rvsu ras  dur ing  com- 

pres s ion .  To a l l w  a good s tudy  of the  l u b r i c a t i n g  p r o p e r t i e s ,  the  

ou tpu t  of lover punch's gauges was ampliEied twice 80 that i t  was 
p o s s i b l e  to  a p p r e c i a t e  e x a c t l y  t h e  maximal trairrrmi t ted  f o r c e  arid 

t o  measure a c c u r a t e l y  the  f o r c e  needed by the  e j e c t i o n  of clra ta- 

b l e t  from t h e  d i e  even wtiua t h i s  e j e c t i o n  fo rces  were extrrrnely l o w .  
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576 BOSSERT AND STMlH 

Each mixture was compressed a t  fo rces  about  1000, 1500, 2000 

and 3000 doN. Uuring the compression va r ious  d a t a  were r e g i s t r e d  : 

ttic degree  of l u b r i c a t i o n  was eva lua ted  by t he  f o r c e  t r ansmiss ion  

r a t i o  ; the  t a b l e t t n b i l i t y  was d e i i n i t e d  by t he  measure of t h e  

e j e c t i o n  f o r c e ,  because a prev ious  work' had shown t h a t  t h i s '  

kind of parameter is u s e f u l l  for an e v a l u a t i o n  of t h e  compression. 

This  e j e c t i o n  f o r c e  was given  in  a r e l a t i v e  manner (E.F. X ) .  accbr- 

d ing  t o  the  fornit la : 

2 x E.F. x 100 

(Fmax U.P. + F n e X  L.P.) x ACD 
E.F. X - 

where E.F. is t h e  measured e j e c t i o n  f o r c e  (daN) 

FlpBx U.P. is t he  maximal force a t  the  upper punch (daN) 

Fmax L.Y. is t h e  maximal f o r c e  a t  the  lower punch (daN) 
2 ACH i e  tlic c o n t a c t  a e r a  (cm ) between t a b l e t  and d i e  

du r  i ng the  e j e c t i o n .  

To o b t a i n  an a c c u r a t e  va lue  o f  E.F. X ,  t h e  e j e c t i o n  f o r c e  

was measured Ear var ious  c a p r e s s i o n  forces and r e l a t e d  t o  a 

mean coapr r s s iue  f o r c e  of 2000 daN by t he  less squa re r  method. 

The t a b l e t  hardness  was measured a t  l e a s t ,  on t en  t a b l e t s  

per l o t ,  w i t h  an EHWEKA TET appara tus .  To account f o r  t h e  

t l i ickaesa v a r i a t i o n s  b e t w e n  lots,  t h e  va lues  g iven  by t h e  

ERUEKA appara tus  were corrected accord ing  to t h e  formula p r o p r r  

scd by Timstmako 8ad Coodicr9, 8nd then  t h e  r e l a t i o n  between 

tlie compression Eorce and tlm t a b l e t  hardness  c a l c u l a t e d  by 

the  Less aquarcs  a r t h o d  i n  order to reach a p r e c i s e  evaAuation 

of the f o r c e  neudmd by t h e  f a b r i c a t i o n  of a t a b l e t  of given 

s t r e n g t h .  

D i s i n t e g r a t i o n  times of t a b l e t s  were measured i n  water a 

37' w i t h  an ERWEKA V Z 4  appa ra tus .  
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LUBRICATION OF CRYSTALLINE UCTOSE 
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A 

RESULTS AND DISCUSSION 

To be a b l e  to compare thu revults to  a p r e c i s e  r e fe rence  

value, an experiment o f  coaprvusioa of pure c r y s t a l  l i n e  Lactose, 

wi thou t  l u b r i c a n t  was r e a l i z e d .  T l i i u  compression is J i f f i c u l c ,  

because 8 quick r e i r u r e  o f  the t a b i e t t i n g  machine occuras. On 
f i g u r e  I ,  f o r  ~ x u p l e ,  are repor ted  the  va luas  of the f o r c e  

EF X 

On9 lB 

I 5 10 15 

Figure  I 

0 Furce tran8misuion r u t i o  (R) mid 0 r e l a t i v e  e j e c t i o n  f o r c e  

(EF Z) in func t ion  of t h e  nuder of produced l a c t o s e  t a b l e t s .  
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570 BOSSERT AND STAHH 

t ransmiss ion  r a t i o  (R) and tlie va lues  of t h e  r e l a t i v e  e j e c t i o n  

fo rces  (E.F. Z) a s  a f u n c t i o n  of t h e  number oP produced t a b l e t s  : 

i t  was no t  p o s s i b l e  t o  c a r r y  on t h e  t a b l e t t i n g  a f t e r  twenty c o w  

pressirrns,  bu t  t h i s  experiment allowed neve r t l i e l e s r  to have a 

r e fe rence  va lue  f o r  non l u b r i c a t e d  c r y s t a l l i n e  l a c t o s e .  

T h i s  r e€e rences  va lues  a r e  repor ted . . in  t a b l e  I .  

A f t e r  t h i s  p re l imina ry  exper ience ,  a i x t u r e s  o f  lactose and 

0.5 X magnesium s t e a t a t e  were prepared  wi th  t h e  TURFNU mixer 

r o t a t i n g  o t  2 5  or 90 r.p.n.  and t h e i r  compression was s t u d i e d .  

The compression f o r c e s  needed to r e a l i z e  t a b l e t s  u i t l i  4 kg 

hardness  a r e  r ep resen ted  i n  f i g u r e  2 as a func t ion  of mixing 

time : one can n o t i c e ,  as r epor t ed  by t h e  prcvioua works, t h a t  

necessary  compression f o r c e s  grow with  a i x i n g  time, and t h i s  is 
the  c a s e  when m i x i r i g  is r e a l i z e d  a t  25 r . p . n .  or 90 r.p.m. 

A t  90 r.p.n.. i t  needs 2 0 0  daN a f t e r  30 sec. mixing t o  

produce a tab le t  wi th  4 kg hardness  (non l u b r i c a t e d  lactose 

needed only  1400 daN). T h i s  requi red  f o r c e s  i n c r e a s e  i n  f u n c t i o n  

uf time : 2 4 M  daN a f t e r  I a i n u t e ,  3 1 0 0  a f t e r  12 minuter  and, 

a f t e r  I0 minutcs, t he  maxirntln is p r a c t i c a l l y  reached : i t  i r  

Table  1 

Trrblett i i ig of non l u b r i c a t e d  c r y s t a l l i n e  lactose : 

p r a p e r t i e s  u f  t he  f i r s t  r e a l  ired t a b l e t s  

I 1 

Hardness o f  a t a b l e t  Compressed 
a t  2000 d d i  7.2 kg 

Coapressiun f o r c e  needed f o r  t h e  
r e a l i s a t i o n  of a 4 kg hardness t a b l e t  D
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LUBRICATION OF CRYSTALLINE LACTOSE 

Dis in t eg ra t ion  time (mi i t . )  

4000 

3000 

2000 

lo00 

0 

579 

,Compression Force (&IN) rwedrrd 
for  a 4 kg hardness t u b l e t  

Hardness and d i s i n t e g r a t i o n  time of lactose t a b l e t s  l ub r i ca t ed  

with 0.5 I magnesium stearicce i n  funct ion of nixing time a t  A A 
25 and 0 0 9 0  r.p.m. (Turbula mixer).  

necessary t o  apply nore than 4000 daN t o  produce a t a b l e t  with 

4 kg hardness. 

A t  25 t.p.m., t h i s  e f f e c t  aplmirs  d i s t i i r c t l y  slwer,  as 
during the f i v e  f i r s t  minutes, the required coinpression force 

remaim lower to 2000 doN. aid even a f t e r  ‘one tour mixing tiw, 
this force does not reach llre 3000 drrN l eve l .  

Tablets  d i s i n t e g r a t i o n  time follows P similar way : a t  the 

beginning, the  d i s i n t e g r a t i o n  t i m e  is one minute. I f  the  mixer 
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5 80 BOSSERT AND S T M  

r o t a t e s  a t  a h igh  speed (90  r . p . m . ) .  i t  appears  t h a t  a f t e r  one 

minute mixing time, tltr d i s i n t e g r a t i o n  is a l r eady  lengthened : 

i t  reaches  8 minutes ; a f t e r  f i v e  a i n u t e s  mixing, t h e  d i s i n t e -  

g r a t i o n  tinir? is h a l f  an hour ; and a f t e r  ten  minutes mixing, 

the  d i s i n t e g r a t i o n  t i m e  reaches  a maximum l e v e l  which is around 

40 minutes.  I t  seems t h e r e f o r e .  t h a t  a cont inuous  l a y e r  of 

magnesiim s t e a r a t e  i s  €rimed a f t e r  t c n  n i i iu tes  mixing a t  

90 r.p.m. 

By comparison o f  eqtial mixing times i f  appears  e v i d e n t l y  

t h a t  t h e r e  ere d i  f f r r e n c e s  he tueen  the  mixtures  ob ta ined  a t  a 

tow speed and those  performed a t  h i g h  speed. Hwever ,  t o  t a k e  

into accotiitt the  wliole nimber of r o t a t i o n s  ope ra t ed  by t h e  m i x e r ,  

the compression force needed Cur a 4 ky, hardness  t a b l e t  uaa re- 

presentad  in  f i g u r e  3 as a f i inc t ion  of tiir n m b e r  of r o t a t i o n s  

in s t ead  o f  t he  mixing t ime. One can see r b r t  w i th  an equal 

nclmber o f  r o t a t i o n s ,  the  tact r e g u l a r  f i l m  of magnesium s t e a r a t e ,  

which in f luences  t h e  t a b l e t c a b i l i  t y ,  appears  slower a t  25 r.p.m. 

than a t  90 r . p . m .  This s i g n i f i e s  t h a t  a slow mixing g ives  b e t t e r  

r e s u l t s ,  a t  a t a b l e t t i n g  po in t  of view, than a East mixing. 

To confirm t h a t  s t a t ewen t  t h e  r a t i o  of t he  hardnesses  of 

t a b l e t s  ob ta ined  a f t e r  mixing a t  25 c.p.m. and 90 r.p.ar. were cal- 

cu la t ed  ; t hese  r a t i o s  were es t ab t i s l i ed  a t  t he  same t o t a l  ntmbers 

of revolii t ioiis ,  and r e l a t e d  t o  t h e  ~ a m e  t a b l e t t i n g  p r e s s u r e  

(ZOO0 JoN).  The d i s i i i t e g r a t i o i i  times r a t i o  v e r e  also c a l c u l a t e d .  

TIleve t w o  di i ta r  were r epor t ed  as a f u n c t i o n  of mixer ' s  n m b e r  of 

rtjtatioii on Eiyuro 4. 
The hardness  of t a b l e t s  prepared  a f t e r  a slow mixing is 

h ighe r ,  what e v e r  t h e  mixing time m y  bc. One can  a a s m  t h a t  

t he  random d i v i s i o n  oE magnes im stearate is b e t t e r  a t  90 r.p.n. 

than  a t  25 r.p.o. ; t h i s  s i g n i f i e s  a b e t t e r  f o r c e  d i s t r i b u t i o n  

in t h e  t a b l e t s ,  and a hardness dec teaae .  But t h e  b e t t e r  random 

d i v i s i o n  of l u b r i c a n t  clues n o t  s i g n i f y  t h a t  each p a r t i c l e  is 

surrounded by hydrophobic magnesium stearate : t h e  comparison 

of d i s i n t e g r a t i o n  t imes of t a b l e t s  prepared  a f t e r  mixing a t  25 
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400C 

300C 

200c 

1 ooc 

0 

Compression Force (daN) 

Nuaber of r evo lu t ions  

10 25 50 100 500 1000 5000 

Figure  3 

Force needed for a 4 kg hardneuu t a b l c t  i n  func t ion  of rlre rider 

of r o t a t i o n s  of t h e  Turbula mixer ( 0 90 earl A 25 r .p .m. )  

and 90 r .p.r .  i n d i c a t e s  t h a t  du r ing  the  f i r s t  150 r o t a t i o n s .  tbe  

mixtures  prepared a t  25 r.p.m. d i s i n t e g r a t e  slower. 

I t  seems t h e r e f o r e  t h a t  a slow r o h t i o n  of t h e  mixer impro- 

ves ,  du r ing  the  f i r s t  iniiiutes, t he  wyneuiruP s t r o r a t r  f i l m  for- 

mation ; a quick  r o t a t i o n  gives, i n  rlre fircrc minutes,  a good 

random d i v i s i o n  o f  t he  l u b r i c a n t  uitltoirt continuous lryrlropliobic 

f i l m  formation. 
W i d  a T U R B U U  mixer, which is a very e f f i c i e n t  mixer,  t he  

hydrophobic f i l m  formation is however ilclrievrd i n  a elrort time, 

and i t  can reem hazardous t o  mix an e x c i p i e n t  ond a lubricant 

du r ing  only  a f e u  seconds to avoid bad s i d e  e f f e c t s  of mixing. 

For t h i s  reaeon t h e  r e s u l t s  ob ta ined  wi th  the TURBULA mixer were 
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582 BOSSERT AND STAEM 

a t i o  

Number of r e v o l u t i o n s  
0 1 

0 100 250 500 750 I000 

Figure 4 

Ilarditcsr atid d i s i n t e g r a t i o n  time r a t i o s  in  €unc t ion  of t he  ntmrler 

of rotations oC the Tirrbitla mixer 

compared ta tlrrwe given by ail ot l ie r  kind o f  mixer : t he  cubic 

m i x e r .  Tliir cttbic m i s e r  was used a t  the  siltoe speed than  the 

slowest of clie TIIRWJIA m i x e r  (25 r .p .m.1  i n  purpose to f a c i l i t a t e  

t lie cotape r i uoiis . 
On t he  Figure 5 are given  the  l iardnesses of t a b l e t s  prepared  

;It 2000 daN a s  a f u n c t i o n  of mixing time : the hardness dec rease  

i e ,  in  p a r t ,  a l i n e a r  func t ion  t i €  tlir logar i thm of mixing tine. 

The cubic m i x e r ,  w i t i c t t  is i i f tei i  cons idered  as n m  eCfec t ive , ,  

gives r e s u l t s  w l i i r l i  are i a t c rawdiaca  between those  observed  a t  

25 r.p.m. and a t  90 r . p . m .  wich t h e  TlJRBllIA m i x e r .  I t  seems the- 
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'r 
'* 

Hir ing  time b i n . )  

0,s I 2 3 5  10 20 30 40 60 
> 

Figure  5 

Hardness of t a b l e t s  produced wiLh a 21100 daN force i a  fun r t io i i  

of mixing time ( cubic  mixer, ~Trtrbula  wixrr a t  

90 r.p.m., A Turbula mixer ac 25 r.p.m.) 

refore t h a t  t h e  s u r f a c e  f i l m  format ion  occurs  easily in a tumbling 

mixer a l though t h e  mixture ' s  homogeneity is not  perCucc. 

These r e s u l t s  are coilfirmed by the  ntucly o f  t he  ejection 
f o r c e  ( f i g u r e  6). which i n d i c a t e s  tlrilt t h e  an t i -adherent  e f f e c t  

o f  magnesium stearate rctirclrod i n  t he  cubic  mixer i s  similar to 

t h a t  reached wi th  t h e  TULLBULA mixer r o t a t i n g  a t  high speed. 

Bolhuiu and Lerkl' Iilrve shown t h a t  tire rp;lgiweiuca riteilrilte 

f i l m  con be i u t e r r u p t e d  by the  addi t iu i i  of r i l i c m  d iox ide .  

FiBurr 7 shows, for expIupIe, t he  d a t a  obcaiiied by those  lruclroro 

dur ing  t h e  compression of a d i r e c t  cacvptessioir e x c i p i e n t  

(Anylone) : Bolhuis and Lerk" could  recover t he  i n i t i a l  hordncvs 

of t a b l e t s ,  before  mixing, by use of s i l i c o n  d ioxide  (AEHOSIL 200) 
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584 BOSSERT AND STAtM 

tEF ' 

Mixing t i m e  (rnin.) 
1 > 

0,s i 2 5 10 30 60 
5j.l. 0 , I 7  

Figure  6 

Ejec t ion  f o r c e s  in func t ion  of  mixing time ( 0 cub ic  mixer, 
@ T u r b u l a  mixer 90 r.p.rn.) A Turbula mixer 25 r.p.m.. 

a t  concen t r a t ions  of 0.2 or 0 . 5  percen t s .  (The n l a e r i c d  v a l u e s  

repor ted  i n  f igu re  7 are not s t r i c t l y  cornparables t o  o u r ' s B  

because the Iiordtiess waa n o t  w e s u r e d  on t h e  same k ind  of 

appa ra tue ) .  

Cons ider ing  t h e s e  i i i t e r e s son t  r e s u l t s ,  ue t r i e d  to  brake, 

i n  a s i m i l a r  manner. t h e  aegnes iu  s t e a r a t u  f i l m  formed around 

l a c t o s e  crystals : o t t e r  f i v e  minutes n i x i n g  time on t h e  T U R B U U  

mixer r o t a t i u s  a t  90 r.p.m.* 0.5% AEROSIL were passed  through 

a 500 ~IU s i e v e  and added to tliv r i x t i r r a  ; t h e  r e s u l t i n g  mix tu re  

was mixed aga in  on the  ' I V R B I I U  mixer a t  90 r .p .m.*  and t h e  r e l a -  
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UIBRICATION OF CRYSTALLINE LACTOSE 585 

Figure  7 

In f luence  of s i l i c o n  d iox ide  011 hardness of Amylose - magnesium 

s t e a r a t e  t a b l e t s  (according t o  Bolhuis aiid Lerk ) - A 0.5 X 10 

0 0 . 2  2). 

t i o n  betveen compression force sad Iiardnrnn was s t u d i e d  as Y 

func t ion  o t  a d d i t i o n n a l  mixing t i m e .  

This  s tudy  is represented  i n  figure 8 : i t  sliws t h a t  t he  

hardness  of t a b l e t s  cumpressed a t  2000 daN decreases  from 7 kg 
t o  1 kg dur ing  the  mixing per iod  of lactose wi th  mgnesium 

stearate. The a d d i t i o n  oL AEHOSIL 200 and an a d d i t i o n n a l  mixing 

of 5 to  10 minutes allow a s l i g h t  i n c r e a s e  of t h e  ruechenicol 

s t r e n g t h  of cab lecs  (2.5 kg) : t h i s  onsumes t h a t  rhe  ~ ~ u g n a o i m  
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5 86 BOSSERT AND S T M  

llardneos 8l 
F - 2000 JaN F - 2000 JaN 

Y 

0 , s  I 2 3 5  

Nixing t i m e  (min .) 
8 * 

I 3 5 10 30 

P i g a r e  8 

Inf luence  o €  s i l i c o n  d iox ide  on hardness  of l a c t o s e  - magnasiua 

s t e a r a t e  t a b l e t s  

s t e a r a t e  f i l m  con indeed be i n t e r r u p t e d  by c o l l o ~ d o l  a i l i c o n  

dioxide, bur t he  i n i t i a l  hardness  va lue  (7  kg) can n o t  be reached, 

even a € t e r  prolonged mixiiig time. On tlic c o n t r a r y ,  beyond t e n  m i -  

nu tes  a d d i i i u n n a l  n i x i n g ,  a hardness  dec rease  appea r s ,  which seems 
to  shov t h a t  t h e  magnesium s t e a r a t e  f i l m  is Zomed aga in ,  i n  s p i t e  

of ttie i iq ior tan t  quan t i  ties of silicou d iox ide  used. 

These r e s u l t s  ace confirmed by t h e  s tudy  of d i s i n t e g r a t i o n  time 

(figure 9) : A E R f I f ! .  does i l o t  allow to s h o r t e n  t h e  ‘ d i s i n t e g r a t i o n  

time o€ t a b l e t s  ulthotcgli col lo id i l l  s i l i c o n  d i o x i d e  is very Iiydro- 

pt i i l i c  ; t h i s  could  s i g n i f y  t h a t  ttie aalgnesitun s t e a r a t e  f i l m  is 

r i r t t  r e a l y  i n t e r r u p t e d ,  bu t  t h a t  AEROSIL may create some small c l e a n  

rurfacuci of l a c t o s e ,  utiicti can g i v e  bonding between c r y s t a l s .  

D i s in t ry ra t io r i  time of t a b l e c s  inc reuses  a f t e r  10 a i n u t e e  add i t ion -  
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LUBRICATION OF CRYSTALLINE LACTOSE 587 

D i s i n t e g r a t i o n  time (Pin.) t 

Mixing time birr.)  
I > 
I 3 5 10 30 

Figure  9 

In f luence  of silicoa d iox ide  on the d i s i n t e g r a t i o n  t i o w ?  uf lacto- 

oe  - mgneoiw stearate tablets. 
. 

a 1  mixing t i m e ,  o d  t h i s  i o d i c a r r s  that the  f i l w  is qu ickc iy  for- 

med agnin.  

A l l  t he  r e s u l t s  coiiceriring LIIC us(: of si l i c m  d iox ide  rei 'ortrd 

Irere do no t  completely agree wiLh 1110utr publislwd Ly Uolliiria, 

Lerk and a l l ,  who used rtrr ~ i l l~ r  kind of mixer, chr s a w  c r y u t a l l i -  

ne lactose (E.P.C.) rnd   lie (lame proportion of wgirasium oteoratct  

(0.5 X ) .  These au tho r s  r epor t ed  clrat t he  maximal hardness r educ t ion  

of t a b l e t s  is l/2,7 af ter  2 m i i i t r t e s  r i x i n g ,  aird L b t  t h e  hardness 
remains cons t an t  a f t e r  this t i m e .  On t h e  c o n t r a r y ,  w e  es tobl io l ied  

a more impor tan t  hardness  decrease  ( r a t i o  1/81 ; and t h i s  dec rease  

is gradual ,  reaching  i L s  mnximun a t  the  10''' rpinute oC mixing. 

The d i f f e r e n c e  between tlrr l i t t e r a t u r r l  dnJ our data m y  be 
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588 BOSSKBT AM) S T M  

expla ined  by a d i f f e r e n c e  in  the  c impress ion  m a t e r i a l  w e d  : 

Bolhuis and a l l  prepared t h e i r  t a b l e r s  on an h y d r a u l i c  p r e s s ,  

and our  t a b l e t s  were compressed under normal c o n d i t i o n s ,  u s ing  

an instrttmenced excen te r  press. 

The whole r e s u l t s  show t h a t  once the  arognesium s t e a r a t e  is 

u n i f o m l y  spread  a t  the  l a c t o s e  s u r f a c e ,  i t  is very  d i f f i c u l t  

t o  break this cont inuous  layer. L t  is t h e r e f o r e  impor tan t  t o  

avoid t h i s  uniform sp read ing .  A p o s s i b l e  w a y  f o r  t h i s  could be 

t h e  u s e  o f  "ac t iva t ed"  l a c t o s e  : for exemple HGttenrauch 

t r e a t e d  c r y s t a l l i n e  l a c t o s e  in  a m i l l  t o  c r e a t e  t r a n s i t o r y  l a t t i -  

ce d e f f e c t s .  A f t e r  t h i s  t rea tment .  t he  au tho r  sepa ra t ed  t h e  f r ac -  

t i o n  between 100 and 2 5 0  lim and l t t h r i ca t ed  i t  wi th  0.1 X magne- 

si im s t e a r a t e .  Using a TURBUIA mixer du r ing  pe r iods  up to 3 hour s ,  

H;tKenrawh mixed the  p a r t i c l e s ,  prepared t a b l e t s  and s t u d i e d  

the  r e l a t i o n  between cumpression f o r c e  qnd hardness  : lie noted  

no irifltrence of t he  a ix ing . t ime  on the t a b l e c ' s  Iiardness : pa- 

ra l le l  experiments w i t t i  imn t r e a t e d  l ac toea  showed the  c l a s s i c a l  

hardness decreasr? i n  f u n c t i o n  of a i x i c g  ti=. 

10 

This  i n t e r e s t i n g  p o s s i b i l i t y ,  which could  e v e n t u a l l y  avoid  

the bad rnajpesiim s t e a r a t e  e f f e c t  is on ly  mentioned h e r e  ; i t  
was not  experimented in  the  p re sen t  work, because of the  prac- 

t i c a l  d i f f i c u l t i e s  w l i i c l i  could  a r i s e ,  on au i n d u s t r i a l  scale, 

v i t h  a m i l l i n g  of l a c t o s e  j u s t  be fo re  mixing. I t  seem more ju- 

d i c i o u s  LO select well tlie mixer and the  mixing tiw t o  avo id  

the  format ion  of an uniform l u b r i c a n t  layer a t  the  p a r t i c l e s '  

s u r f a c e .  

CONCLUSION 
The purpose of t he  p re sen t  work was not  t o  demonstrate the  

in f luence  of n i x i n g  time b e t w e n  an  e r c i p i e n t  and a lubricant ; 
t h i s  i n f l u e n c e  is w e l l  known s i n c e  s e v e r a l  yea r s .  Tllir work 

was r e a l i z e d  to s tudy  wi th  more accuracy  an  o f t e n  w e d  d i l u e n t  - 
l u b r i c a n t  p a i r  (lactose + magnesium s t e a r a t e ) .  The r e s u l t s  

showed t h a t  no t  on ly  tlie mixing time has  an i n f l u e n c e  b u t  a l s o  
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LUBRICATION OF CRYSTALLINE LAmOSE 589 

the speed and t h e  kind o f  the  mixer used. llie choice of an oppro- 

p r i a c e  mixer is important because, UIICC a lubr iconc  f i l m  is f o m d  
around lartore p a r t i c l e s ,  i t  is d i f f i c u l t  co i n t e r r u p t  i t ,  and 

t h e  a d d i t i o n  of colloihal s i l i c o n  d iox ide  is poote ly  e f f e c t i v e .  

HEFEHENCES 

1 )  C.K. Bolhuis, C.F. Lerk, H.T. Zijlstra and A.M. Ue Boer, Plmnn. 

2) A.H. De Boer, C.K. Bolhuis and C.F. Lerk ; Powder Technol . ,  

3) C.P. Lerk, C.K. Bolhuis a d  S.S. Smedeara ; Phcrrm. Acta 

Weekbl., 110, 317 (1975). 

-1 20 75 (1978). 

Helv., 52, 33 (1977). 
4) A.C. Shah and A.R. H l d o z e n i e c  ; J. Plmrm. Sci., 2, 1377 

(1977). 
5) A. StaPm, D. Bobbi a d  A. Kleinknecht ; LAO Plrorma. 261, 4 5  

6) J. Bossert and A. Stam ; Lab0 Pliama, 278, 585 (1978). 
7) J. Boosert  and A. Stellar ; "Am6\iorucion de l a  c o q r i m a b i l i t e  

(1977). 

du lactoae pa r  6 p u l a t i o n  Iimide" - Communication to be pre- 
s en ted  ac the  2 I n t e r n u t i o n a l  P luramcuut ica l  Technology 
Congress - Paris (June 1980). 

8) A. Scam a d  C. Chchis ; Ann. Phora. Fr., 2, 641 (1975). 
9) C.P. TiwstrenLo and J.N. Goodier ; '?lreory o€ E l a s t i c i t y "  

l0)R. Uiittenrauch, Acta Pharm. Tectrnol. , Suppl 6, 55 (1978). 
H.c Crau H i l l ,  London, 1951. 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


