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ABSTRACT 

The b iopharmaceut ic  parameters o f  s i x  conven t iona l  and one 

s u s t a i n e d  re lease  l i t h i u m  carbonate commercial p roduc ts  were 

determined. From t h e  d i s s o l u t i o n  da ta  mean res idence t ime, d i s s o -  

l u t i o n  r a t e  cons tan ts ,  and pe rcen t  d i s s o l v e d  a t  5 and 10 minutes 

were obtained. The ENSLIN numbers were compared w i t h  mean r e s i -  

dence t i m e  and pe rcen t  d i s s o l v e d  a t  5 and 10 minutes.  

c o r r e l a t i o n  was ob ta ined  between ENSLIN number and mean res idence 

t i m e  f o r  t h e  conven t iona l  p repara t i ons .  

INTRODUCTION 

A good 

L i t h i u m  carbonate i s  w i d e l y  used i n  t h e  t rea tmen t  of mania and 

i n  p reven t ing  t h e  recu r rence  of b o t h  manic and depress i ve  

symptoms 1 ) . 
*To whom i n q u i r i e s  should be d i r e c t e d .  
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148 RITSCHEL AND PARAB 

Knowledge of t h e  b iopharmaceut ic  parameters o f  a dosage fo rm 

i s  e s s e n t i a l  t o  p r e d i c t  t h e  performance of t h e  dosage fo rm when 

admin i s te red  t h e r a p e u t i c a l l y .  L i t h i u m  carbonate i s  s p a r i n g l y  

s o l u b l e  i n  water  and i t s  a b s o r p t i o n  i s  d i s s o l u t i o n  r a t e  l i m i t e d .  

Hence, l i t h i u m  carbonate i s  among those  s o l i d  dosage forms f o r  

which t h e  USP r e q u i r e s  a d i s s o l u t i o n  t e s t 2 ) ,  and b i o a v a i l a b i -  

l i t y  s t u d i e s  o f  l i t h i u m  p r e p a r a t i o n s  have been c a r r i e d  ou t  on b o t h  

t h e  convent ional  and sus ta ined  re lease   product^^-^) 9 and deficien- 

c i e s  were observed f o r  b o t h  dosage 

The ENSLIN apparatus p e r m i t s  d e t e r m i n a t i o n  o f  wa te r  uptake 

i n t o  a powder bed as f u n c t i o n  o f  t ime12).  

apparatus was suggested f o r  drug p roduc t  development. I f  t h e  

ENSLIN number i s  determined f o r  t h e  a c t i v e  i n g r e d i e n t s  and t h e  

v e h i c l e  substances separa te l y ,  t h e n  f o r  t h e  powder m i x t u r e ,  f o r  

g r a n u l a t i o n s  by d i f f e r e n t  techniques,  and f i n a l l y  f o r  t a b l e t s  

compressed i n  va r ious  shapes and by d i f f e r e n t  compression fo rces ,  

one may be a b l e  t o  p i n p o i n t  which f a c t o r  i s  r e s p o n s i b l e  f o r  poor  

d i s s o l u t i o n .  

t u r e  ( p a r t i c l e  s i ze ,  l a c k  o f  h y d r o p h i l a t i n g  agents) ,  t h e  t y p e  o f  

g r a n u l a t i o n  ( s lugg ing ,  wet g r a n u l a t i o n  by v a r i o u s  methods, 

f l u i d i z e d  bed g r a n u l a t i o n ,  e t c ) ,  o r  w i t h  t h e  compression t o  

tab1 e t s  (shape of t d b l  e t ,  d iamete r /h ig  h t  r a t  i 0, compression 

fo rce )13 ) .  

h y d r o p h i l i c i t y  o f  t a b l e t s  were suggested14). 

The use o f  t h e  ENSLIN 

These f a c t o r s  may be assoc ia ted  w i t h  t h e  powder mix- 

M o d i f i c a t i o n s  o f  t h e  ENSLIN apparatus f o r  t e s t i n g  o f  

The purpose o f  t h i s  s tudy was: a )  t o  determine t h e  b iophar -  

maceut ic  parameters o f  v a r i o u s  marketed p roduc ts  o f  l i t h i u m  c a r -  

bonate,  and b )  t o  determine t h e  impor tance o f  t h e  ENSLIN number 
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LITHIUM DISSOLUTION AND ENSLIN NUMBER 149 

i n  p r e d i c t i n g  t h e  re lease  o f  a s p a r i n g l y  s o l u b l e  drug f rom i t s  

dosage forms. 

MATERIALS AND METHODS 

M a t e r i  a1 

Commercial 300 mg l i t h i u m  carbonate t a b l e t s  and capsules1: 

Reagents and Chemicals - 
Deionized d i s t i l l e d  wa te r  was used throughout  t h e  s tudy  and 

d l l  o t h e r  chemicals were reagent grade. L i t h i u m  carbonate A.C.S.2 

was t h e  re fe rence  standard. 

P hys i ca 1 Measu rement s 

Potency 

The percentage o f  l i t h i u m  cdrbonate i n  each p roduc t  was d e t e r -  

mined dccord ing t o  t h e  procedure s p e c i f i e d  i n  t h e  USP2), 

l a .  E s k a l i t h e  t a b l e t s ,  L o t  no. Xl lJO9, Smith K l i n e  and French 
L a b o r a t o r i e s ,  P h i l a d e l p h i a ,  PA 19101. 

b. E s k a l i t h e  capsules,  L o t  no. 251507, Smith K l i n e  and French 
L a b o r a t o r i e s  , Phi 1 adel  p h i  a , PA 19101. 

C. L i t h a n e e  t a b l e t s ,  L o t  no. 9Y159, Dome D i v i s i o n ,  M i l e s  
L a b o r a t o r i e s ,  Inc.  , West Haven, CT 06516. 

d. L i t h o n a t e e  capsules,  L o t  no. 64826, Rowell L a b o r a t o r i e s ,  
Inc., Baudette,  MN 56623. 

e. L i t h o b i d @  t a b l e t s ,  L o t  no. 64354, Rowell L a b o r a t o r i e s ,  
Inc., Raudette,  MN 56623. 

f. L i t h o t a b s e ,  L o t  no. 64002, Rowell L a b o r a t o r i e s ,  Inc., 
Baudette,  MN 56623. 

g. L i t h i u m  Carbonate Capsules USP, 300 mg, L o t  no. 820040, 
P h i l i p s  Roxane L a b o r a t o r i e s ,  Inc., Columbus, OH 43216. 

2 L i t h i u m  carbondte A.C.S., F i s h e r  S c i e n t i f i c  Company, 
F a i r  Lawn, NJ 07410. 
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150 RITSCHEL AND PARAB 

pH De te rm ina t ion  

One gram o f  powdered t a b l e t s  o r  empt ied capsule con ten ts  was 

p laced  i n  10 m l  o f  water,  mixed f o r  two minutes,  and t h e  pH 

reco rded3. 

Water Content 

Ten grams o f  powdered t a b l e t s  o r  empt ied capsule con ten ts  were.  

p laced  on aluminum f o i l  under l i g h t  i n t e n s i t y  s e t t i n g  of  6.5. 

Every t e n  minutes t h e  weight  was checked u n t i l  a cons tan t  weight  

was obtained. 

recorded f rom t h e  s c a l e  o f  t h e  m o i s t u r e  de te rm in ing  balance4. 

The percentage o f  m o i s t u r e  was t h e n  d i r e c t l y  

F r i d b i  1 i t y  

Ten dedusted t a b l e t s  were weighed and p laced i n t o  t h e  f r i a b i -  

l a t o r 5 .  

a t  20 rpm. 

10, 20 and 30 minutes. 

The t a b l e t s  were g i v e n  5, 10, 20 and 30 minutes t rea tmen t  

The percentdge o f  f r i d b i l i t y  was determined a t  5, 

Pressure Resis tance 

The pressure r e s i s t a n c e  o f  t e n  t a b l e t s  from each commercial 

b a t c h  was determined us ing  t h e  P f i z e r  hardness t e s t e r 6 .  

3 F i s h e r  AccumetB pH meter, Model 142, F i s h e r  S c i e n t i f i c  Company, 
P i t t s b u r g h ,  PA 15219 

4Mo is tu re  de te rm in ing  balance, model 6010, Ohaus Corpo ra t i on ,  
Florhdm Park, NJ 

5 F r i a b i l i t y  t e s t e r ,  Erweka, Type TA33, Heusenstamm, West Germany 

6 P f i z e r  hardness t e s t e r ,  Chas. P f i z e r  and Co., Inc., Brook lyn,  
NY 10017 
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LITHIUM DISSOLUTION AND ENSLIN NUMBER 151 

ENSL I N Numbe r 

A Buchner f u n n e l  w i t h  a porous  s i n t e r e d  g l a s s  p l a t e ,  s i z e  F, 

one m l  v o l u m e t r i c  p i p e t t e .  The p i p e t t e  was was connected  t o  a 

mounted h o r i z o n t a l  

was l e v e l  w i t h  t h e  

i n s t r u m e n t  was f i l  

y so t h a t  t h e  upper  i n n e r  w a l l  o f  t h e  p i p e t t e  

upper  s u r f a c e  o f  t h e  porous  f i l t e r  p l a t e .  The 

ed w i t h  w a t e r  and any t r a p p e d  a i r  bubb les  were 

removed. Ten t a b l e t s  were powdered u s i n g  m o r t a r  and p e s t l e ,  o r  

t h e  powder c o n t e n t  o f  t e n  capsu les  was mixed w e l l .  

powdered t a b l e t s  o r  capsu le  c o n t e n t s  was p l a c e d  on t h e  po rous  

One gram o f  

f i l t e r  p l a t e  and i m m e d i a t e l y  l e v e l e d .  Water a b s o r p t i o n  

was t h e n  read f r o m  t h e  p i p e t t e  a t  two m i n u t e  i n t e r v a l s  f o r  10 

minutes.  A schemat ic  d iag ram o f  t h e  ENSLIN appara tus  i s  shown i n  

F i g .  1. 

D i s i n t e g r a t i o n  Time 

The d i s i n t e g r a t i o n  t i m e  was de te rm ined  as s p e c i f i e d  i n  t h e  

U S P 1 5 )  u s i n g  t h e  Erweka d i s i n t e g r a t i o n  t e s t  appara tus7 .  

Di s s o l  u t  i on 

The d i s s o l u t i o n  t e s t  was pe r fo rmed  by t h e  r o t a t i n g  b a s k e t  method8. 

The d i s s o l u t i o n  medium (900 m l )  was m a i n t a i n e d  a t  37°C and t h e  

b a s k e t  r o t a t e d  a t  100 rpm. The samples were c o l l e c t e d  a f t e r  1.5, 

3 ,  5, 8 minu tes  and t h e n  i n  15 m i n u t e  i n t e r v a l s .  The samples 

7 D i  s i  n t e g  r a t i  on t e s t  appara tus ,  Erweka, t y p e  2T4, Heusenstamm, 
West Germany 

8 D i s s o l u t i o n  t e s t  appara tus ,  Moded T-1044-20X, Van-Kel I n d u s t r i e s ,  
Clatham, NJ 07928 
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15 2 RITSCHEL AND PARAB 

FUNNEL 

DISTILLED WATER 

WATCH GLASS 

-TRANSPARENT . / 1 

TR AN SPAR ENT [ \ PLASTIC 
TUBING 

FIGURE 1 

Schematic diagram o f  t he  ENSLIN apparatus 

were f i l t e r e d ,  d i l u t e d ,  and analyzed us ing  a P e r k i n  Elmer atomic 

a b s o r p t i o n  s p e c t r o p h ~ t o m e t e r ~  a t  671 nm. 

RESULTS AND D I S C U S S I O N  - 
The potency, water  con ten t ,  pH, and f r i a b i  i t y  o f  commercial 

l i t h i u m  carbonate products  a r e  l i s t e d  i n  Table 1. A l l  o f  t h e  

p roduc ts  compl ied w i t h  t h e  o f f i c i d l  s p e c i f i c a t  on (USP X X ,  1980) 

f o r  potency. The wa te r  con ten t  f o r  l i t h i u m  carbonate t a b l e t s  and 

9Atomic a b s o r p t i o n  spectrophotometer,  P e r k i n  Elmer 4000, Norwalk, 
CT 06856 
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LITHIUM DISSOLUTION AND ENSLIN NUMBER 153 

TABLE 1 

Potency, Water Content,  pH and F r i a b i l i t y  o f  L i t h i u m  
Carbonate Commerci a1 Products  

Product  Potency Water PH F r i a b i l i t y  [% we igh t  
[%I Content l o s s  a f t e r  rpm] 

[%I 
100 200 400 600 

L i t h i u m  98.00 0.6 11.7 - - - - 
Carbonate 

Capsules USP 

Eskal i t h e  97.19 3.8 10.95 0.79 1.98 5.81 7.68 

Eskal i t h @  97.17 2.0 11.17 - - - - 
capsule 

L i t ha nee 98.00 2.0 11.1 0.63 1.03 1.88 2.6 

- - L i t h o n a t e e  98.86 0.6 11.44 - -  

L i t h o t a b s B  99.61 2.0 11.37 0.19 0.37 0.82 1.16 

L i t hob i d@ 98.00 1.8 11.3 0.0 0.0 0.0 0.0 

capsules were i n  t h e  range o f  1.8 t o  3.8 percent ,  and 0.6 t o  2 

percent ,  r e s p e c t i v e l y .  The t a b l e t  dosage forms had a g r e a t e r  p e r -  

centage o f  wa te r  coinpared t o  capsules. 

use o f  water  i n  t h e  g r a n u l a t i o n  s tage o f  t a b l e t  process ing.  

T h i s  may be due t o  t h e  

The pH o f  a 10 pe rcen t  s o l u t i o n  was i n  t h e  range of 10.95 t o  

11.7. The t a b l e t  f o rmu la t i ons  compl ied f o r  f r i a b i l i t y  t o  accepted 
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154 RITSCHEL AND PARAB 

TABLE 2 

Weight V a r i a t i o n  and Hardness of L i t h i u m  Carbonate 
Commerci a1 Products  

Product Mean Standard R e l a t i v e  Hardness Standard 
Weight d e v i a t i o n  Standard [kg] d e v i a t i o n  
Cwl Cmgl d e v i a t i o n  Ckg 1 

Cms 1 

L i t h i u m  Carbonate 376.01 8.10 2.15 - - 
Capsules llSP 

E s k a l i t h m  t a b l e t  490.14 12.39 2.52 8.20 1.11 

E s k a l i t h B  capsule 467.85 6.43 1.37 - - 
L i  thane@ 499.94 5.92 1.18 8.72 0.59 

L i  t hona tee  375.78 12.27 3.25 - - 
L i  t ho tab@ 377.67 2.45 0.65 7.05 0.42 

L i t h o b i d @  421.59 7.60 1.80 >13 

standards as t h e  weight  loss a f t e r  100 rmp was l e s s  t h e n  0.8 p e r -  

cent. The L i t h o b i d @  t a b l e t s  showed z e r o  pe rcen t  we igh t  l o s s  a f t e r  

100 rpm. 

c o a t i n g  o f  t h e  product .  

T h i s  may be due t o  t h e  hardness (>13 k g )  and f i l m  

Weight v a r i a t i o n  and hardness o f  l i t h i u m  carbonate t a b l e t s  a r e  

g i v e n  i n  Table 2. The s u s t a i n e d  re lease  t a b l e t  ( L i t h o b i d @ )  had a 

hardness g r e a t e r  t h a n  13 kg whereas t h e  o t h e r  p roduc ts  had a hard-  

ness i n  t h e  range o f  7 t o  8.7 kg. 

The d i s s o l u t i o n  da ta  of nonsusta ined re lease  p roduc ts  a r e  sum- 

mar ized i n  Tables 3 and 4, and F ig .  2. 

t h e  sus ta ined  re lease  t a b l e t  i s  summarized i n  Table 5 and F ig.  3. 

The d i s s o l u t i o n  data f o r  

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.



LITHIUM DISSOLUTION AND ENSLIN NUMBER 155 

TABLE 3 

Dissolution Data o f  Lithium Carbonate Commercial 
Products (mean - t S.D.; n = 3) 

Product Percent dissolved at time t [min] 

1.5 3 5 8 15 

Lithium 7.23+12.5 44.31t17.42 - 83.6+0.17 - 91.99+3.33 - 99.64t3.91 - 

Carbonate 

Capsule llSP 

Eskalithe 81.59t1.83 91.51t2.2 95.85t5.46 100 

- 

- - - 
tablet 

EskalithB 6.0t0.5 25.52t25.7 63.09+2.2 87.17+6.51 92.46t6.62 - - - - - 
capsule 

Li thane@ 17.21+1.46 33.26+2.03 51.01t4.17 70.76t3.43 74.02t6.4 - - - - - 
Li t hona tee 2.76+2.38 - 57.79t24.4 - 92.19+2.38 - 94.4 9+6.3 - 5 95.99+5.12 - 
Lithotabs@73.05+3.33 - 87.62+6.3 - 88.96t7.09 - 91.02+5.34 - 92.06t4.83 - 
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156 RITSCHEL AND PARAB 

TABLE 4 

D i s s o l u t i o n  Data o f  L i t h i u m  Carbonate Commercial Products  

~~ 

Product Percent remaining t o  be d i s s o l v e d  a t  t i m e  t [min] 

1.5 3 5 8 15 
~~~~~~~~~~~~ ~ 

L i t h i u m  Carbonate 92.77 55.69 16.40 8.01 0.0 

Capsules USP 

E s k a l i t h a  t a b l e t  18.41 8.41 4.15 0.0 

E s k a l i t h a  capsule 94.00 74.48 36.91 12.83 7.54 

L i  thane@ 82.79 66.74 48.99 29.24 26.00 

L i  thonate@ 97.24 42.21 7.81 5.51 4.01 

L i  t h o t a b s e  26.95 12.38 11.04 8.98 7.94 
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3 5  8 15 
TIME IN MINUTES 

FIGURE 2 

Cumuldt ive pe rcen t  d i s s o l v e d  versus t i m e  p l o t  o f  l i t h i u m  c a r -  
bondte p roduc ts  ( E s c a l i t h s  t a b l e t s - ¶  
L i t h o t  abs@- - - - -. - - - - L i  t hona t e  --- +---, 
L i t h i u m  ca rbonate capsules IJSP- - - - - - 0 - - - - - 
E s c d l i t h @  c a p s u l e - - - e - - -  and L i t h a n e o  ........ + ......... 

TABLE 5 

D i s s o l u t i o n  Data o f  Susta ined Release L i t h i u m  Carbonate T a b l e t s  
( L i t h o b i d @ )  (meantS.D., - n = 3)  

Time [hours]  Percent d i s s o l v e d  

0.5 

1.0 

2.0 

3.0 

13.71tO - .09 
24.56tO. - 21 

75.52+7. - za 
100 .oo 
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158 RITSCHEL AND PARAB 

TIME IN HOURS 

FIGURE 3 

Cumulat ive pe rcen t  d i s s o l v e d  versus t i m e  p l o t  of sus ta ined  
re lease  l i t h i u m  carbondte t a b l e t .  

The data i n  Table 3 show t h a t  more t h a n  90 percen t  o f  l i t h i u m  c a r -  

bonate goes i n t o  s o l u t i o n  f rom a l l  p roduc ts  w i t h i n  15 minutes,  

except i n  L i t h a n e e  t a b l e t s  where o n l y  74 percen t  o f  t h e  l i t h i u m  

ca rbon te  i s  released. The s u s t a i n e d  re lease  p roduc t  re leased  a l l  

i t s  l i t h i u m  carbonate w i t h i n  3 hours. 

I n  o r d e r  t o  g a i n  a d d i t i o n a l  i n s i g h t  i n t o  d i s s o l u t i o n  data,  

f u r t h e r  parameters were eva lua ted  l i k e  mean res idence t i m e  

(MRT), d i s s o l u t i o n  r a t e  constants ,  and pe rcen t  d i s s o l v e d  a t  5 

and 10 minutes (Tables 6 and 7 ) .  The MRT was determined f rom 

RRSBW p lo ts16 ) .  I t  was not  p o s s i b l e  t o  e v a l u a t e  t h e  MRT f o r  
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LITHIUM DISSOLUTION AND ENSLIN NUMBER 159 

TABLE 6 

ENSLIN Number, Mean Residence Time, D i s i n t e g r a t i o n  
Time and D i s s o l u t i o n  Rate Constant o f  L i t h i u m  

Ca rbona t e  Commerci a 1 Products  

Product ENSL I N  Mean D i s i n t e -  D i s s o l u t i o n  r a t e  
number res idence g r a t i o n  cons tan t  [ ~ n i n - ~ ]  
[ m l / l O  min] t i m e  [min] t i m e  k l  k2 

[ m i  n] 

L i t h i u m  0.87 4.2 3.25 0.349467 - 
Carbonate 

Capsules USP 

Eskal  i th@ 0.67 - 0.32 1.1281841 0.421734 
T a b l e t  

Eskal  i t h @  0.56 4.8 6.05 0.2683125 0.0759377 
Capsule 

L i  thane@ 0.14 6.8 0.23 0.15445 0.0617773 

L i t h o n a t e a  0.86 3.4 6.65 0.526591 0.0628929 

L i t h o t a b s a  0.79 - 1.19 0.696362 0.030265 

L i t h o b i d @  0.09 90 86.45 36.62* 

*Zero-order  re lease  r a t e  i n  mg/h 
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160 RITSCHEL AND PARAB 

TABLE 7 

ENSLIN Numnber, and Percent D i s s o l v e d  a t  
5 and 10 Minutes o f  L i t h i u m  Carbonate Commercial Products  

Product ENSLIN Number Percent Percent 
d i s s o l v e  a t  d i s s o l v e  a t  

[ m l / l O  min]  5 minutes 10 m i  nutes 

L i t h i u m  Carbonate 0.87 83.6 96 

Capsules USP 

E s k a l i t h m  0.67 95.85 100 

tab1  e t  

Eskal  i th@ 0.56 63.09 90 

capsu le  

L i  thane@ 0.14 51.01 73.5 

L i  thonate@ 0.86 92.19 96 

Li thotabs@J 0.79 88.96 92 

E s k a l i t h @  t a b l e t s  and L i t h o t a b s e  as bo th  these  p roduc ts  re leased  

more than 70 pe rcen t  o f  drug w i t h i n  1.5 minutes. Thus, s u f f i c i e n t  

da ta  p o i n t s  were not  a v a i l a b l e  t o  genera te  RRSBW p l o t s  f o r  t hese  

two products.  The sus ta ined  re lease  p roduc t  ( L i t h o b i d @ )  had a MRT 

o f  90 minutes,  whereas t h e  o t h e r  p roduc ts  had a MRT i n  t h e  range 

o f  3.4 t o  4.8 minutes. 

The d i s s o l u t i o n  r a t e  cons tan ts  were determined f r o m  sigma- 

minus p lo t s17)  (Fig.  4). I t  was observed t h a t  except f o r  

L i t h i u m  cdrbonate capsules USP, a l l  o t h e r  p roduc ts  had two d i sso -  
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LITHIUM DISSOLUTION AND ENSLIN NUMBER 161 

FIGURE 4 

Sigma-mi nus p l o t  o f  pe rcen t  remai n i  ng t o  be d i  ssol ved versus 
t i m e  o f  l i t h i u m  carbonate p roduc ts  (L i t hane@ I--- >-----, 
E s k d l i t h B  cdpsule --+--, Li tho tabsm - - - - -~- - - - ,  

L i t h o n d t e e  ,......=..=..~..........., and Eskal  i t h @  tablet-=-# ). 
L i t h i u m  carbonate capsules U S P - - - . - -  fl-.-.. 

l u t i o n  r a t e  constants .  The i n i t i a l  f a s t  d i s s o l u t i o n  r a t e  i s  due 

t o  t h e  d i s s o l u t i o n  o f  f i n e r  p a r t i c l e s  o f  l i t h i u m  carbonate 

f o l l o w e d  by a s lower  d i s s o l u t i o n  r a t e  due t o  t h e  d i s s o l u t i o n  o f  

coa rse r  p d r t i c l e s  o r  aggregates o f  l i t h i u m  carbonate. However, 

t h e  sus ta ined  r e l e a s e  t a b l e t  showed ze ro -o rde r  re lease  (36.62 
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162  RITSCHEL AND PARAB 

mg/h). 

be by s u r f d c e  e r o s i o n  and d i f f u s i o n .  Among t h e  non-susta ined 

re lease  products ,  E s k a l i t h e  t a b l e t s  had t h e  f a s t e s t  d i s s o l u t i o n  

r a t e  (1.28 m i n - l ) .  

The mechanism o f  re lease  f rom t h i s  p roduc t  was observed t o  

The percentages o f  l i t h i u m  carbonate d i s s o l v e d  a f t e r  5 and 

10 minutes were determined froin a p l o t  o f  cumu la t i ve  pe rcen t  

d i s s o l v e d  versus t i m e  (Table 7 and F ig .  2). Except f o r  L i t h a n e e  

t a b l e t s ,  frorn a l l  t h e  o t h e r  p roduc ts  more t h a n  60 pe rcen t  o f  t h e  

l i t h i u m  carbonate was d i s s o l v e d  a f t e r  5 minutes and 90 pe rcen t  

w i t h i n  10 minutes. However, a l l  t h e  products ,  except t h e  

sus ta ined  re lease  p roduc t  compl ied w i t h  t h e  USP s p e c i f i c a t i o n 2 )  

t h a t  more t h a n  60 percent  o f  t h e  l i t h i u m  carbonate should d i s s o l v e  

i n  30 minutes. 

It i s  w e l l  known t h a t  t h e  d i s s o l u t i o n  t e s t  i s  a ve ry  i m p o r t a n t  

b iopharmaceut ic  parameter as a b s o r p t i o n  and a v a i l a b i l i t y  o f  a 

s p a r i n g l y  s o l u b l e  drug depends upon how much o f  t h e  drug has gone 

i n t o  s o l u t i o n .  Thus an a t tempt  was made t o  c o r r e l a t e  v a r i o u s  

o t h e r  b iopharmaceut ic  parameters, such as ENSLIN number, d i s i n -  

t e g r a t i o n  t ime, hardness, e tc .  w i t h  t h e  d i s s o l u t i o n  parameters such 

as MRT, t ( 5 ) ,  t ( 1 0 ) ,  and d s s o l u t i o n  r a t e  constants .  

c o r r e l a t i o n s  ob ta ined  a r e  i s t e d  i n  Table 8. It was observed t h a t  

t h e  ENSLIN number which i s  t h e  amount o f  wa te r  i n  m l  absorbed by 1 

gram o f  powdered substance i n  10 minutes,  showed h i g h  c o r r e l a t i o n  

wi th MRT, t ( 5 )  and t ( 1 0 )  (Fig.  5 t o  7). These h i g h  c o r r e l a -  

t i o n s  were ob ta ined  by comparing t h e  ENSLIN number o f  nonsusta ined 

re lease  products .  But when t h e  b iopharmaceut ic  parameters o f  t h e  

The v a r i o u s  
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LITHIUM DISSOLUTION AND ENSLIN NUMBER 163 

TABLE 8 

C o r r e l a t i o n  o f  ENSLIN Number and D i s i n t e g r a t i o n  
Time w i t h  Var ious D i s s o l u t i o n  Test Parameters 

ENSLIN number versus mean res idence t i m e  0.96745 

ENSLIN number versus pe rcen t  d i s s o l v e d  

a t  5 minutes 0.8559 

ENSLIN number versus pe rcen t  d i  sso l  ved 

a t  10 minutes 0.88873 

ENSLIN number versus d i s s o l u t i o n  r a t e  

cons tan t  k l  0.6 13564 

D i s i n t e g r a t i o n  t i m e  versus mean res idence t i m e  0.84261 
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0.2 0.4 0.6 0.8 1 

ENSLIN NO I ML/ 10 MINUTES I 

FIGURE 5 

P l o t  o f  ENSLIN number versus medn res idence time. -- 
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0.2 0.4 0.6 0.8 1 

ENSLIN NO IMLIlOMINUTESI 

F I G U R E  6 

P l o t  o f  ENSLIN number versus pe rcen t  d i s s o l v e d  i n  5 minutes. 

0.2 0.4 0.6 0.8 1 

ENSLIN NO (ML/ 10MINUTES) 

F I G U R E  7 

P l o t  o f  ENSLIN number versus percent  d i s s o l v e d  i n  10 minutes. 
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RITSCHEL AND PARAE3 166 

sus ta ined  re lease  p roduc t  were i n c l u d e d  t h e  c o r r e l a t i o n  decreased 

( l i n e a r  p l o t  R = 0.6342, semi log p l o t  R = 0.7360 and l o g - l o g  p l o t  

R = 0.8169). Hence t h e  nonsustained re lease  p roduc ts  were con- 

s i d e r e d  as a separate group and da ta  r e s u l t i n g  f ro in them o n l y  were 

c o r r e l a t e d .  

The ENSLIN number c h a r a c t e r i z e s  t h e  h y d r o p h i l i c i t y  o f  m a t e r i a l  

p resen t  i n  t a b l e t s  o r  capsules.  Many t imes  s u r f a c t a n t s  o r  

h y d r o p h i l i c  substances a r e  i n c l u d e d  i n  a p e r o r a l  f o r m u l a t i o n  t o  

i n c r e a s e  t h e  d i s s o l u t i o n  r a t e  o f  a s p a r i n g l y  s o l u b l e  drug. One o f  

t h e  mechanism by which these  s u r f a c t a n t s  o r  h y d r o p h i l  i c  substances 

a c t  i s  t o  enhance t h e  w e t t i n g  o f  t h e  drug p a r t i c l e s  and t h u s  

i n c r e a s e  t h e  e f f e c t i v e  s u r f a c e  area of drug p a r t i c l e s  a v a i l a b l e  

f o r  d i s s o l u t i o n .  

v a r i o u s  d i s s o l u t i o n  parameters emphasizes i t s  i n c l u s i o n  as an 

i m p o r t a n t  b iopharmaceut ic  parameter i n  e v a l u a t i n g  t h e  d i s s o l u t i o n  

c h a r a c t e r i s t i c s  o f  p e r o r a l  s o l  i d  dosage forms. 

The good c o r r e l a t i o n  o f  t h e  ENSLIN number w i t h  
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