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ABSTRACT 

The p a r t i c l e  s i z e  r e d u c t i o n  o f  c h l o r t h a l i d o n e  by f l u i d  energy m i l l i n g ,  

A lp ine  m i l l i n g  and F i t z p a t r i c k  m i l l i n g  were evaluated. 

p a r t i c l e  s i z e  was ach ieved by b o t h  t h e  f l u i d  energy m i l l i n g  and A l p i n e  

m i  11 i ng processes. A1 p i n e  m i l  1 i n g  , however , i s  a more compl ex process 

and i s  s u s c e p t i b l e  t o  p r o d u c t  decomposi t ion,  whereas f l u i d  energy m i l l i n g  

i s  a s imp le  and e f f i c i e n t  process w i t h o u t  any r i s k  o f  p roduc t  decom- 

p o s i t i o n .  The d e s i r e d  p a r t i c l e  s i z e  cannot  be achieved by  F i t z m i l l i n g  

because o f  t h e  l o w  p r o b a b i l i t y  o f  impac t ion  f o r c e  on p a r t i c l e s .  
d i s s o l u t i o n  r a t e  o f  t h e  c h l o r t h a l i d o n e  f rom c l i l o r t h a l  idone/proprano lo l  

h y d r o c h l o r i d e  t a b l e t s  (25/80 mg) prepared w i t h  f l u i d  energy m i l l e d  

c h l  o r t h a l  idone was s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  tab1 e t s  p repared w i th  

F i t z p a t r i c k - m i l l e d  c h l o r t h a l i d o n e .  The minimum e f f e c t i v e  s p e c i f i c  

su r face  area  o f  c h l o r t h a l  idone needed f o r  maximum d i s s o l u t i o n  i n  wa te r  

was found t o  be around 3.5 m /g. 

The d e s i r e d  

The 

2 

INTRODUCTION 

The r e d u c t i o n  o f  p a r t i c l e  s i z e  i n  o r d e r  t o  expose l a r g e r  su r face  areas  t o  
t h e  d i s s o l u t i o n  medium i s  t h e  obv ious  cho ice  f o r  improv ing  d i s s o l u t i o n  o f  
p o o r l y  wa te r -so lub le  d rugs  such as c h l o r t h a l i d o n e .  
r e d u c t i o n  by m i c r o n i z a t i o n  i s  used w i t h  many p o o r l y  wa te r -so lub le  drugs 

(1-4).  

Such p a r t i c l e  s i z e  

The g r e a t e r  s u r f a c e  a rea  o f  f i n e l y  subd iv ided d rug  i n  c o n t a c t  

319 

Copyright 0 1987 by Marcel Dekker, Inc. 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



320 NARURKAR ET AL. 

w i t h  b i o l o g i c a l  f l u i d s  b r i n g s  about more r a p i d  d i s s o l u t i o n  and more r a p i d  
g a s t r o i n t e s t i n a l  absorpt ion (5 -7) .  
t o  produce c e r t a i n  drugs i n  t h e  forms o f  micronized powders ( p a r t i c l e  

s i ze  5 ) ~ )  t o  be i nco rpo ra ted  i n t o  va r ious  dosage forms ( 8 ) .  

P a r t i c l e  s i z e  reduc t i on  can be achieved by bo th  impact ion and a t t r i t i o n ,  
The aims o f  t h e  present  study are ( a )  t o  evaluate t h e  va r ious  m i l l i n g  

processes f o r  t h e  p a r t i c l e  s i z e  reduc t i on  o f  ch lo r tha l i done ,  and ( b )  t o  
s e l e c t  t h e  ma te r ia l  w i t h  minimum s p e c i f i c  sur face area o f  c h l o r t h a l i d o n e  

needed f o r  maximum d i s s o l u t i o n  i n  water. 

Th is  f a c t  has l e d  many manufacturers 

EXPERIMENTAL 

M a t e r i a l s  
The f o l l o w i n g  i n g r e d i e n t s  were used: 

Chl o r t h a l  i done USP 

Propranolol  hydrochlor ide USP 

Lactose USP 

Starch 1500 
M i c r o c r y s t a l l i n e  c e l l u l o s e  NF 
Magnesi urn s tea ra te  NF 

Equipment 
A 8" m ic ron ize r  f l u i d  energy m i l l ,  A lp ine  s tud  m i l l  model Contraplex 

250 CW, and F i t z p a t r i c k  m i l l  model D w i t h  hammer forward and #00 screen 
were used f o r  p a r t i c l e  s i z e  r e d u c t i o n  o f  ch lo r tha l i done .  The Alp ine 

a i r - j e t  s ieve model A-200 and Coul ter  counter  model TA were used f o r  
p a r t i c l e  s i z e  ana lys i s  o f  ch lo r tha l i done .  

model 0.5-10 was used f o r  t h e  determinat ion o f  s p e c i f i c  sur face areas o f  
ch l  o r t h a l  i done. 

A Quantasorb sur face analyzer  

Preparat ion o f  Ch lo r tha l  i done/Propranolol Hydrochl o r i  de ( 25/80 mg 1 Tab1 e t s  
The t a b l e t s  were prepared by wet g ranu la t i on  technique us ing  c h l o r t h a l  idone 
w i t h  d i f f e r e n t  s p e c i f i c  su r face  areas. 

t a b l e t s  such as  weight, shape, th ickness, hardness and d i s i n t e g r a t i o n  
t ime were the  same. 

The phys ica l  parameters o f  these 

Rep l i ca te  assays were conducted f o r  c h l o r t h a l i d o n e  
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PARTICLE SIZE OF CHLORTHALIDONE 321 

conten t .  
con ten t  were used i n  t h e  d i s s o l u t i o n  r a t e  s tud ies .  

Only those samples c o n t a i n i n g  100 - + 5% o f  t h e  c h l o r t h a l i d o n e  

D i s s o l u t i o n  Rate S tud ies  
D i s s o l u t i o n  was conducted on a t  l e a s t  6 t a b l e t s  i n  a USPXX apparatus 
(Hanson Research) w i t h  padd le  r o t a t i n g  a t  75 rpm u s i n g  900 mL o f  p u r i f i e d  

water  USP and sampl ing a t  30, 60 and 90 minute  i n t e r v a l s .  

Samples were f i l t e r e d  th rough a 0.45 mic ron  M i l l i p o r e  f i l t e r  and analyzed 

by HPLC us ing  a Whatman ODS-3 column. 
0.01M l - o c t a n e s u l f o n i c  a c i d  sodium s a l t  i n  1% aqueous a c e t i c  a c i d :  

acetontr i1e:methanol  (62:33:5). 

The mob i l e  phase c o n s i s t e d  o f  

The UV 254 nm was used as a de tec to r .  

Resu l ts  
The physicochemical  parameters o f  c h l o r t h a l  idone b e f o r e  s i z e  r e d u c t i o n  

a r e  presented  i n  Table 1. 
t h e  r e s u l t a n t  reduced s i z e d  c h l o r t h a l i d o n e  by a i r - j e t  m i l l i n g ,  A l p i n e  

m i l l i n g  and F i t z p a t r i c k  m i l l i n g  processes a r e  presented  i n  Tables 2, 3 
and 4, r e s p e c t i v e l y .  The d i s s o l u t i o n  r a t e  p r o f i l e s  o f  c h l o r t h a l i d o n e  

from c h l o r t h a l  i done/proprano lo l  h y d r o c h l o r i d e  (25/80 mg 1 t a b l e t s  prepared 
w i t h  a i r - j e t  m i l l e d  c h l o r t h a l i d o n e  versus F i t z p a t r i c k - m i l l e d  
c h l o r t h a l i d o n e  a r e  shown i n  F i g u r e  1. 
the  d i s s o l u t i o n  r a t e s  i n  wa te r  a t  60 m inu te  i n t e r v a l s  a r e  shown i n  

F igu re  2. 

The process parameters and t h e  e v a l u a t i o n  o f  

The s p e c i f i c  s u r f a c e  areas  versus 

D i  scussi on o f  Resul t s  
The r e s u l t s  as p resented  i n  Tab le  2 i n d i c a t e  t h a t  t h e  d e s i r e d  p a r t i c l e  
s i z e  was achieved i n  t h e  a i r - j e t  m i l l  by v a r y i n g  t h e  compressed a i r  
pressure.  
expansion o f  a i r .  
decomposi t ion d u r i n g  m i l l i n g .  

m ic ron ized  c h l o r t h a l i d o n e  was about  15 t imes  g r e a t e r  t h a n  t h e  o r i g i n a l  
m a t e r i a l  (Tab le  1 ) .  The b u l k  d e n s i t y  o f  m ic ron ized  c h l o r t h a l i d o n e  was 
a l s o  g r e a t l y  reduced, i n d i c a t i n g  a cons ide rab le  p a r t i c l e  s i z e  reduc t i on .  

The g r i n d i n g  chamber was c o l d  d u r i n g  m i l l i n g  due t o  t h e  
T h i s  c o o l i n g  e f f e c t  p r o t e c t s  t h e  p roduc t  f rom 

The s p e c i f i c  su r face  area  o f  t h e  
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322  NARURKAR ET AL. 

TABLE 1 

PHYSICOCHEMICAL PARAMETERS OF CHLORTHALIDONE BEFORE MILLING 

True d e n s i t y  

Bu lk  d e n s i t y  

1.60 g/cm* 

0.74 g/cm3 

Tapped d e n s i t y  0.90 g/cm’ 

S p e c i f i c  s u r f a c e  a rea  BET 0.34 m2/g 

Average p a r t i c l e  s i z e  ( A l p i n e  S ieve)  

Chemical assay by HPLC 99.8% 

73 A 

The chemical assay o f  t h e  m ic ron ized  m a t e r i a l  d i d  n o t  show any ev idence 
o f  decomposit ion. 

p a r t i c l e  s i z e  can a l s o  be ach ieved by A l p i n e  m i l l i n g .  However, 

cons ide rab le  h e a t  was genera ted  between t h e  s t u d  d i s k s  d u r i n g  t h e  A lp ine  
m i l l i n g  o f  c h l o r t h a l i d o n e .  

y e l l o w i s h  m a t e r i a l  between t h e  s t u d  d i sks .  The chemical  a n a l y s i s  o f  t h e  
A lp ine  m i l l e d  m a t e r i a l  i n d i c a t e d  t h e  presence o f  about  0.5% o f  t h e  
decomposi t ion p roduc t  wh ich  was i d e n t i f i e d  as c h l o r t h a l i d o n e  ca rboxy l  i c  
a c i d  (CCA). The A l p i n e  m i l l i n g  process  has severa l  problems such as 
t e d i o u s  c l e a n i n g  procedure, c ross-contaminat ion ,  and powder b u i l d - u p  
between t h e  studs. 
a i r - j e t  m i l l i n g  process. 

The r e s u l t s  o f  Table 3 i n d i c a t e  t h a t  t h e  d e s i r e d  

T h i s  has r e s u l t e d  i n  accumula t ion  o f  

These problems were n o t  encountered d u r i n g  t h e  

The r e s u l t s  i n  Table 4 i n d i c a t e  t h a t  t h e  d e s i r e d  p a r t i c l e  s i z e  cannot  be  
achieved by F i t z p a t r i c k  m i l l i n g .  
p a r t i c l e  s i z e  ach ieved by t h i s  process i s  about  53 microns. 

m i l l i n g  does n o t  g i v e  s u f f i c i e n t  impact  t o  break t h e  p a r t i c l e  t o  t h e  

d e s i r e d  s i ze .  
a l s o  be seen t h a t  by feed ing  t h e  m i l l  i n  a s i n g l e  2 k g  charge, t h e  
r e d u c t i o n  i n  average p a r t i c l e  s i z e  i s  s i g n i f i c a n t l y  l e s s  t h a n  t h a t  

The r e s u l t s  show t h a t  t h e  l o w e s t  
T h i s  t y p e  o f  

It can The d i s t r i b u t i o n  o f  p a r t i c l e  s i z e  i s  a l s o  wide. 
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PARTICLE SIZE OF CHLORTHALIDONE 3 2 3  

TABLE 2 

EVALUATION OF MICRONIZATION OF CHLORTHALIDONE BY A I R  JET MILL 

Parameter A B 

Type o f  j e t  m i l l  

Feeder type 

Col 1 ec ti on type 

Pusher A i r  pressure 

Man i fo ld  a i r  pressure 

I n l  e t temperature 

Out1 e t  temperature 

Feed r a t e  o f  c h l  o r t h a l  idone 

Average P a r t i c l e  Size 

( a )  by A lp ine  Sieve 
(b by Coul t e r  Counter 

2 S p e c i f i c  sur face area (m /g)  

BET 

Bulk dens i t y  g/cm3 
Tapped dens i t y  g/cm' 
Chemical assay by HPLC 

8" m i  c r o n i  ze r  
w i t h  6A7 nozz le 

Erei  z 

S1 eeve 

100 p s i  

100 p s i  

20°C 

20°C 

358 g/min 

8 "  m ic ron ize r  
w i t h  6A7 nozzle 

E re i  z 

S1 eeve 

70 p s i  

70 p s i  

20°C 

20°C 

358 g/min 

8.4 11 10.8 p 
6.3 I-( 10.0 f l  

5.4 3.5 

0.298 0.384 

0.408 0.572 

99.7% 100.0% 
No evidence o f  decomposition 
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3 2 4  NARURKAR ET A L .  

TABLE 3 

EVALUATION OF ALPINE MILLING OF CHLORTHALIDONE 

Type o f  M i l l  Used 

Rotor Type 
Impactor Number 
RPM House 

RPM Door 

Main Motor Load Empty/Full 
Door Load EmptylFul l  

Feeder Type 
Feeder s e t t i n g  
Feed Rate o f  Chl o r t h a l  i done 

Q u a n t i t y  Processed 

Average P a r t i c l e  Size 

( a )  by A lp ine  Sieve 

(b 1 by Coul t e r  Counter 
2 S p e c i f i c  sur face area (m /g)  BET 

Bulk dens i t y  g/cm3 

Tapped dens i t y  g/cm3 

Chemical Assay by HPLC 

250 cw 

Stud 
240 

11,200 
5,600 

12/12.5 
7/7.5 

Shaker 
1 

150 l b s / h r .  

97 l b s .  

11.0 
5.885 f l  
5.3 
0.267 

0.460 

99.5 

Less than 0.5% 
was detected as 
CCA, a degradat ion 

product  o f  CTD D
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P A R T I C L E  S I Z E  OF CHLORTHALIDONE 

TABLE 4 

EVALUATION OF FITZPATRICK MILLING OF CHLORTHALIDONE 

325  

Type o f  F i t z p a t r i c k  M i l l  Used 

Hammer Speed 

Screen 
Feed Mode f o r  Chl o r t h a l  i done 

Average P a r t i c l e  S i ze  (by A l p i n e  S ieve)  

2 S p e c i f i c  s u r f a c e  area  ( m  /g )  

BET 
Bu lk  Dens i t y  
Tapped Dens i ty  
Chemical Assay 

#1 

Model D 

5,000 rpm 

#OO 
4 x 500 

53 F 

0.38 

0.72 
1.01 
99.7% 

#2 

Model D 

5,000 rpm 

#OO 
1 x 2,000 

71 A 

0.35 

0.73 
0.982 
99.7% 

achieved when t h e  m i l l  i s  f e d  i n  f o u r  500 g charges. 
p resented  i n  F i g u r e  1 i n d i c a t e  t h a t  t h e  c h l  o r t h a l  i done /p rop rano lo l  

hyd roch lo r i de  (25/80 mg tab1 e t s  prepared w i  t h  t h e  m ic ron ized  
c h l  o r t h a l  i done showed a 54% inc rease  i n  d i  sso l  u t i o n  r a t e  o f  c h l  o r t h a l  i - 
done a t  60 minutes  ove r  t h a t  prepared w i t h  t h e  F i t z p a t r i c k m i l l e d  
c h l o r t h a l  idone. 

The r e s u l t s  as 

The r e s u l t s  as p resented  i n  F i g u r e  2 i n d i c a t e  t h a t  t h e  minimum e f f e c t i v e  
s p e c i f i c  s u r f a c e  area  needed f o r  t h e  maximum d i s s o l u t i o n  r a t e  o f  

c h l o r t h a l i d o n e  i s  about  3.5 m /g. 
d i s s o l u t i o n  r a t e  above t h i s  s p e c i f i c  s u r f a c e  area. 

2 There was no f u r t h e r  i nc rease  i n  t h e  

CONCLUSION 
The d e s i r e d  p a r t i c l e  s i z e  r e d u c t i o n  o f  c h l o r t h a l i d o n e  can be ach ieved 

e f f i c i e n t l y  w i t h o u t  decomposi t ion by  f l u i d  energy m i l l i n g .  The minimum 
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326 NARURKAR ET A L .  

0 30 60 
Minutes 

90 

Figure 1: Dissolution profiles of chlorthalidone from 
chl orthal i done/propranolol hydroch 1 ori de tab1 ets 
Key: o micronized chlorthal idone 

0 Fitzmilled chlorthalidone 
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gure 2: % chlorthalidone dissolved from chlorthalidone/ 
propranolol hydrochloride tablets at 60 minutes 
- vs. specific surface area of chlorthalidone D
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e f f e c t i v e  s p e c i f i c  sur face area needed f o r  t h e  maximum d i s s o l u t i o n  r a t e  

o f  c h l o r t h a l i d o n e  i s  about 3.5 m /g. 
s p e c i f i c  sur face area beyond t h i s  value. 

2 There i s  no need t o  increase the  
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