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ABSTRACT 

The e f f e c t  o f  p a r t i c l e  s ize d i s t r i b u t i o n  on the d i sso lu t i on  

o f  s a i i c y l i c  ac id  i n  an automated d isso lut ion apparatus has been 

studied. Tablets were prepared by i nd i v idua l l y  weighing 200 mg 

of the drug p a r t i c l e s  having a narrow s ize d i s t r i bu t i on ,  com- 

pressing the tab le ts  using a hydraul ic press and employing iden- 

t i c a l  compression force f o r  the same time per iod fo r  each tab let .  

The resu l t s  showed that  the range values obtained were not s l g n i f -  

i c a n t l y  d i f f e r e n t  from those obtained when the p a r t i c l e  s i ze  was 

not control led.  However, the range values obtained from the d i s -  

so lu t i on  o f  drug pa r t i c l es  recovered from the tab le t  formulation 

were found t o  be s im i la r  t o  the range values obtained from the 

d i sso lu t i on  of the tab le t  formulation, lnd lcat ing that  compres- 

s ion dur ing t a b l e t t i n g  was responsible f o r  observed differences. 
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INTROOUCTlON -- 
W A N  

I n  recent years a number o f  devices f o r  the automated deter- 

mination o f  d i sso lu t i on  ra te  have been reported i n  the l i t e r a t u r e .  

U i t h  the in t roduct ion of the d i sso lu t i on  tes t  In the eighteenth 

rev is ion of the USP, much o f  the emphasis on such devices has 

been i n  the development o f  an apparatus meeting the o f f i c i a l  

test  requirements. A t  the same time, the appi c a b i l i t y  of  the 

system t o  various other ag i ta t i ona l  systems i n  tomon usage i s  

considered a d e f i n i t e  advantage. 

Recently, Johnson e t  a l .  (1) described an automated d i sso lu t i on  

apparatus meeting the requirements o f  USP-NF d i sso lu t i on  tes t  and 

appl icable t o  various other a g i t a t i o n  systems in comnon usage. 

The authors claimed high prec is ion and rep roduc ib i l i t y  w i t h i n  the 

measuring system which were achieved by maintaining low volutner 

and flow rates, thus al lowing measurements o f  rea l  d i f ferences I n  

d isso lut ion character is t ics  between dosage forms, I f  these 

exceeded 2.89 .  Good agreement was reported between the d i s -  

so lu t ion rates obtained by the automated system and those obtained 

by manual measurements. The i n t e r t a b l e t  var ia t ions obtained w i th  

typ ica l  batches o f  500-mg wodopa tab lets  and w i t h  2-mg 

bcnzodiazepine tab lets  (Table V, re f .  I) were a lso studied. For 

example. a t  2.5 minutes. percent ievodopa dlssolved showed a 

range va ue o f  17% and percent benzodiatepine dlosolved showed a 

range va ue of 21%. These resu l t s  ind icate that  the v a r i a b i l i t y  
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AUTOMATED DETERMINATION OF DISSOLUTION RATE 49 7 

observed might have been due to a number of reasons, including: 

(a) differences In the active ingredient content of the tablets, 

(b) differences due to manufacturing variables, including vari- 

ability in the compression force employed and the presence of 

excepients etc., and (c) uneven distribution of drug particle 

sire among tablets. 

I n  a more recent study dealing with the variabillty In a 

system for automated determination of dissolution rate (2),  

differences due to active ingredient content of the tablets and 

the differences due to manufacturing variables wore minimized. 

Tablets were prepared by individually weighing 200 mg of 

salicylic acid for each tablet, compressing the tablets using a 

hydraulic press and employing identical compression force for 

the same time period fnr each tablet (2). Dissolution was fol- 

lowed in an automated apparatus similar to the one described by 

Johnson et al. ( I )  and it was found that inspite of controlling 

these parameters the intertablet variations were rather large (2). 

It was shown that large intertablet variations encountered in 

such a system may be observed either due to possible intertablet 

differences, e.g., differences in the dlsintegration properties 

of the tablets and/or uneven distribution of drug particle size 

among the tablets, or due to the non-reproducibil ty of the 

apparatus. This report investigates the possible contribution of 

these factors in such a dissolutibn determination system. 

the 
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EXPERIHENTAL 

MADAN 

HATERIALS: 

A l l  mater ia ls were o f  USP o r  reagent grade and were used as 

received from the manufacturer wi thout f u r the r  p u r i f i c a t i o n  or 

rec rys ta l l i za t i on .  

PREPARATION O f  TABLETS: 

Tablets were prepared by i nd i v idua l l y  weighing 200 mg o f  

s a l i c y l i c  ac id  f o r  each tab le t ,  compressing the tab lets  using a 

hydraul ic press and employing i den t i ca l  compression force fo r  

the same time per iod f o r  each tab le t .  

DISSOLUTION STUDIES: 

D isso lut ion o f  s a l i c y l i c  ac id  from the tab le ts  was followed 

I n  an automated apparatus described previously (2). 

EFFECT OF PARTICLE SIZE: 

Ef fect  o f  p a r t i c l e  size was evaluated by uslng a narrow s i t e  

d i s t r i b u t i o n  of drug pa r t i c l es .  

pa r t i c l es  were removed using a nest o f  standard sieves and the 

The undersize and oversize 

tab lets  were compressed as described above. 

The e f f i c  

2 5  m i  

the t 

shown 

RESULTS AND DISCUSSION 

ency o f  the apparatus was ascertained by 

volumes o f  standard s a l i c y l i c  ac id  so 

me for  the e n t i r e  system to  reach equ 

i n  Table i ind icate that  the reproduc 

ntroducing 

ut ions and studying 

I ibr ium.  The resu l t s  

b i l i t y  o f  the apparatus 
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AUTOMATED DETERMINATION OF DISSOLUTION RATE 499 

TABLE I 

Equ i l i b ra t i on  Time t o  Indicate 100% Dissolut ion 
i n  the Dissolut ion Flask 

mg s a l i c y l i c  
ac id  addad 
(as 25 m l  
solut ion)  

30 

40 

50 

T i m  ( i n  Sec) t o  indicate complete d i f f u s i o n  

I 2 3 average 

1 I 3  121 97 110 2 I 3  

I00 124 113 112 2 12 

127 119 99 115 f: 15 

was good and that  the f l u i d  samples passing through the f low 

c e l l  were representative o f  the bulk media in  the d isso lut ion 

f lask.  

EFFECT OF PARTICLE SIZE: 

A narrow s ize d i s t r i b u t i o n  o f  drug p a r t i c l e s  was used i n  

order t o  minimize i n te r tab le t  differences. Dissolution, using 

the a u t w t e d  d i sso lu t i on  apparatus (2) revealed that  the range 

o f  percent s a l i c y l i c  ac id  dissolved was reduced somewhat ind icat -  

ing that  the i n ta r tab le t  var ia t ions due t o  uneven d i s t r i b u t i o n  

o f  drug pa r t i c l es  might have been a contr ibut ing factor  i n  the 

var ia t ions observed I n  the d isso lut ion ra te  o f  the tablets.  H w -  

ever, i t  i s  possible that  although the p a r t i c l e  s ize d i s t r i b u t i o n  

o f  s a l i c y l i c  ac id  was s u f f i c i e n t l y  narrow t o  s t a r t  with, such 

may not have been the case i n  the f i n a l  product, perhaps because 
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500 MADAN 

of crushing of some of the particles due to pressure employed 

for the compressing of the tablets. 

using tablets prepared with coarser as well as with finer 

particles but in each case maintaining a narrow size distribution. 

in each case studied the results showad a slight reduction in 

the range values of percent sallcylic acid dissolved as compared 

The experiments were repeated 

control- to the values obtained in cases where particle size was not 

led. 

A critical examination of the data shown as a bar graph n 

Fig. I reveals that I n  somu instances (e.g., experiments No. 2 

and 12) the dissolution rates were idsntlcal in the initial 

stages but substantial differences were observed as the dlssolu- 

tion progresrcd. Similarly, i n  soam other instances (e.g., 

experiments No. 7 and 8) the reverse was the case, and yet in a 

few instances (e.g., experiments No. 1 ,  4 and 1 1 )  the dissolution 

rates appear to be similar in the initial and final periods but 

show variations in the middle portion o f  the dissolution process. 

One possible explanation for the type of pattern observed may 

be attributed to the possibility of modiflcatlon in particle-size 

distribution due to compression during tabletting. Four pos- 

sibilities exist: 

( a )  if the large particles only were fractured the resulting 

distribution would be narrower, and the range values would tend 

to reduce. 

(b) if both the large and the small particles were fractured, 

the resulting distribution would be essentially unaltered and 

the range values Hould also 1e expected to be unaltered. 

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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



502 MADAN 

(c) i f  the larger  p a r t i c l e s  were f ractured but the smaller 

p a r t i c l e s  fused i n t o  each other  then the d i s t r i b u t i o n  would a l t e r  

depending on the degree o f  crushing and fusion tak ing place. 

(d)  i f  some of  the p a r t i c l e s  were f ractured wh i l e  others 

were only deformed then the r e s u l t i n g  d i s t r i b u t i o n  would be a 

funct ion o f  the extent o f  deformation and f rac tu re  produced 

and the range values would be a funct ion of the new d i s t r i b u t i o n .  

I n  order t o  examine whether the p a r t i c l e - s i t e  d i s t r i b u t i o n  

had been modif ied dur ing compression, the tab le ts  were allowed 

t o  d i s in teg ra te  i n  a saturated so lu t i on  of the drug and the 

p a r t i c l e s  recovered by f i l t r a t i o n .  I t  was found that  compression 

had indeed a l t e r e d  the d i s t r i b u t i o n  which appeared t o  be more 

pronounced I n  the case of tab le ts  prepared w i t h  coarser p a r t i c l e s  

than those prepared w i t h  f l n e r  p a r t i c l e s  i nd l ca t i ng  that  the 

f I aw than coarser s a l i c y l i c  ac id  p a r t i c l e s  possessed greater 

that  present i n  f i n e r  pa r t i c l es .  

I t  i s  therefore concelv b l e  t ha t  the f a i l u r e  t o  

s i g n i f i c a n t  reduct ion in  the range values I n  the d 

achieve 

sso lu t i on  o f  

tab lets  prepared w i t h  drug p a r t i c l e s  having a narrow s i ze  d l s t r i b u -  

t i o n  was due t o  a l t e r a t i o n  I n  the s i ze  d l s t r l b u t i o n  brought about 

dur ing t a b l c t t i n g .  To t e s t  the v a l i d i t y  of t h i s  assumptlon, the 

d i sso lu t i on  p r o f i l e  of drug p a r t i c l e s  having a narrow s i ze  

d i s t r i b u t i o n  was campared w i t h  that  of drug p a r t i c l e s  recovered 

from the d i s in teg ra t i on  o f  a tab le t  i n  a saturated so lu t i on  o f  

the drug. The resu l t s  are shown in  Fig.  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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



€ 

i i  
I 

i i  
f 

i 
t ii 

o r  I I I .  
0 10 20 30 

. I  I 1 1. 
0 10 20 30 

A1 I I ‘ A  
0 10 20 30 

vr I I ’V 
0 10 20 30 

TIHE (MINUTES) 

Fig. 2 Dissolution Rate of  Salicylic Acid (a) 

Tablets prepared without controlling particle sire 

Tablets prepared with controlled particle size 

Particles recovered from tablets prepared with controlled 
particle size 

Particles having a narrow size distribution 

A 

(a)Each point represents an average of 12 experiments 
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504 MADAN 

From the results Found in Fig. 2 it can be readily seen that 

the range values obtained from the dissolution of drug particles 

having a narrow size distribution were much smaller than those 

obtained From similar particles which had undergone compression. 

Interestingly. the range values obtained From the dissolution 

of drug particles recovered from the tablet formulation were 

found to be similar to the range values obtained from the dis- 

solution of the tablet formulation, confirming the view that 

compression during tabletting was indeed the factor responsible 

For observed differences. 
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