
INTRODUCTION
Lith ium car bon ate is a drug com monly used in the treat -

ment of ma nia and in pre vent ing the re cur rence of both
ma niac and de pres sive symp toms. The thera peu tic in dex of
the drug is nar row, and side ef fects are com mon even in pa -
tients whose se rum lith ium lev els are main tained within the
thera peu tic range [11]. Re duc tion of ab sorp tion peaks and
gas tro in tes ti nal side ef fect of lith ium is achieved in ther apy
with com mer cially avail able 12-h sustained- release lith ium
tab lets in tended for a twice- a- day ad mini stra tion. In or der to
pro long drug re lease up to 24 h, three dif fer ent types of mul -
ti par ticu late cap sules were de vel oped: the cap sules were
filled ei ther with pel lets or 2 mm minit ablets or 6 mm tab lets
(Fig. 1).

The other goal of the pres ent study was to com pare the
three for mu la tions us ing three dif fer ent phar ma co poe ial dis -
so lu tion ap pa ra tus: pad dle, bas ket and flow- through
ap pa ra tus. 

There is no gen eral dis so lu tion method for all kind of dos -
age forms. The cur rent so phis ti ca tion in for mu la tion of new
modi fied re lease drug de liv ery sys tems and as so ci ated di -
ver sity in dos age form de sign ne ces si tates the de vel op ment
of ap pro pri ate pro ce dures for dis so lu tion meas ure ments
[1-3, 12]. Moreo ver, the for mu la tion sci en tists and regu la -

tory authori ties face a chal lenge of standardiz ing the test
con di tions for dis so lu tion test ing. 

The ma jor ity of stud ies fo cus ing on dis so lu tion pro files of 
ex tended re lease prod ucts use USP/Ph.Eur. dis so lu tion ap -
pa ra tus with ei ther pad dle or bas ket method. An al ter na tive
is the flow- through method, in tro duced to Phar ma co poe ias
for test ing dis so lu tion pro files of ex tended re lease dos age
forms. At pres ent, there is no clear in di ca tion which ap pa ra -
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Fig. 1. Capsules filled with pellets, 2 mm minitablets and 6 mm tablets



tus is the most suit able for dis so lu tion stud ies of the
mul ti par ticu late cap sules. Usu ally bas ket or pad dle ap pa ra -
tus are rec om mended in phar ma co poe ias for non- modified
re lease cap sules and these ap pa ra tus are in di cated in pub -
lished re search, too [6-8]. In US Phar ma co poeia bas ket
ap pa ra tus is pro posed, for ex am ple, for im me di ate re lease
lith ium car bon ate cap sules. A phar ma co poe ial flow- through 
ap pa ra tus has gained a lot of at ten tion and can be used for
hard and soft gela tin cap sules as well [4]. The choice of the
ap pa ra tus is more dif fi cult when dif fer ent fill ing (tab let or
pel let type) of the cap sule is con sid ered [5]. Our in ves ti ga -
tion dem on strates the re sults ob tained for dif fer ent cap sules
de pend ing on the type of ap pa ra tus used in the test.

MATERIALS AND METHODS

Prepa ra tion of tab lets, minit ablets, pel lets 
and mul ti par ticu late cap sules

The com po si tion of the for mu la tions is shown in Ta ble 1. 

Table 1. Composition of cores and coatings of 1-1.5 mm pellets, 2 mm
minitablets and 6 mm tablets [% w/w]

Formulation

Ingredient
Pellets Minitablets Tablets

Cores
Lithium carbonate 70.0 70.0 70.0
Avicel PH 101 16.25 10.0 10.0
Sucrose 10.0 – –
Tablettose 80 –   8.5   8,5
PVP K-30 3.75   1.0   1.0
Macrogol 6000 – 10.0 10.0
Magnesium stearate –   0.5   0.5

Coating 
1st layer 2nd layer 1st layer 2nd layer

Eudragit RS30D 23.3 – 23.3 – –
Eudragit RL30D 16.7 – 16.7 – –
Eudragit L30D55 – 40.0 – 40.0 –
Talc   6.0   6.0   6.0   6.0 –
Triethyl citrate   2.4   2.4   2.4   2.4 –
Antifoam emulsion   0.2   0.2   0.2   0.2 –
Kollicoat MAE30DP – – – – 60.0
Propylene glycol – – – –   1.8

In or der to pre pare cores of the tab lets and minit ablets lith -
ium car bon ate, mi cro crys tal line cel lu lose – Avicel PH 101
and lac tose – Ta blet tose 80 were mixed and ag glom er ated
with an aque ous poly vinylpyr ro lidone K-30 so lu tion. The
gran ules (for minit ablets the proper size was achieved us ing
0.25 mm mesh sieve) were blended with mag ne sium stearate
and poly eth yl ene gly col 6000. Tab lets or minit ablets were
pro duced us ing an ec cen tric ta blet ting ma chine (Korsch
EK-0, Frank furt, Ger many) equipped with 6 mm hemi spheri -
cal or 2 mm flat punches, re spec tively. The minitablets were
cy lin dri cal, 1.9 mm in heigth with an av er age mass 9 mg.

The 6 mm tab lets were enteric- coated in a drum- coater
(Farma- Tech, Kutno, Po land) with Kol li coat MAE30DP
dis per sion. A hard gela tin cap sule, size 1 was filled with one
un coated and five coated tab lets, which cor re sponded to 504
mg (3.0 %) of lith ium car bon ate. 

The cores of minit ablets were coated with Eu dragits
aque ous dis per sion in a Uni- Glatt fluidized- bed Wür ster
sys tem (Glatt, Dres den, Ger many). The first layer (50 m)

was pre pared with a mix ture of Eu dragit RS/RL (ra tio 7:5)
and the sec ond one was made of Eu dragit L (25 m). Each
cap sule was filled manu ally with 100 mg of un coated and
600 mg of coated minit ablets (ap proxi mately 75 units in to -
tal). Lith ium car bon ate con tent was on an av er age 480 mg
(4.2 %).

The third type of cap sule was pre pared by fill ing with 700 
mg pel lets of 1.0-1.5 mm grain size. The pel lets were pre -
pared by a stan dard extrusion- spheronization method [10].
Shortly, the drug, Avicel PH 101 and su crose were blended
and the mass for ex tru sion was pre pared by wet ting the pow -
ders with PVP K-30 so lu tion. The gran ules were ob tained in
an ex truder type 25 (Caleva, Dor set, UK) equipped with
a 1.0 mm mesh and fi nally spheri cal pel lets were pre pared in
a Caleva sphero nizer. The pel lets were coated with two lay -
ers of Eu dragits, as de scribed for minit ablets. The ra tio of
coated and un coated pel lets in a cap sule was 6 : 1. Each cap -
sule con tained on an av er age 480 mg (5.0 %) of lith ium
car bon ate.

Drug re lease study
In vi tro re lease of lith ium from each kind of the mul ti par -

ticu late cap sules was car ried out at tem pera ture 37±0.5C in
the Ph. Eur. pad dle and bas ket ap pa ra tus (PTWS-3, Pharma
Test, Hain burg, Ger many). The ro ta tion speed was 75 rpm.
Change of dis so lu tion me dium (900 ml) was per formed in
or der to imi tate physio logi cal con di tions: HCl (0.1 mol/l)
was re placed af ter 2 h with pH 6.8 phos phate buffer (0.2
mol/l). Sam ples of the dis so lu tion me dium were with drawn
af ter 2, 4, 6, 12 and 24 h. The test was also per formed in the
Ph. Eur. flow- through ap pa ra tus (SSE-343, So tax, Allsch -
wil, Swit zer land). For the first 2 h 0.1 mol/l HCl was used as
the dis so lu tion me dium, fol lowed by pH 6.8 phos phate
buffer (0.2 mol/l). The flow rate of the me dia was 4 ml/min. 

The amount of lith ium in the col lected dis so lu tion me -
dium was de ter mined us ing an atomic ab sorp tion
spec trome try (AAS) at the ana lyti cal wave length 670.1 nm
(Uni cam SP 1900 spec trome ter, Uni cam, Man ches ter, UK).
The method was evalu ated and pre ci sion (SD 4.5%) and
line ar ity (r2=0.99968) in the range of lith ium con cen tra tion
0.1-5.0 mg/l was dem on strated. Two- way ANOVA was
used to test sta tis ti cal sig nifi cance of the ob served dif fer -
ences be tween dis so lu tion pro files.

RESULTS AND DISCUSSION
In the acidic me dium, all un coated for mu la tions re leased

the to tal dose of lith ium car bon ate in less than 45 min. In the
pH 6.8 phos phate buffer, more than 80% of the dose was re -
leased af ter 2 h from pel lets, af ter 4 h from 2 mm minit ablets
and af ter more than 12 h from 6 mm tab lets. In or der to
achieve 24 h extended- release forms coat ing of the cores
was per formed. Since the cores of the 6 mm tab lets dem on -
strated extended- release pro file in the pH 6.8 buffer but too
fast re lease in an acidic me dium [9], they were enteric-
 coated with Kol li coat MAE30DP. In con trast to 6 mm tab lets,

Vol. 25, 2, 164–167 165

Dissolution of lithium carbonate from three types extended-release capsules in paddle, basket and flow-through apparatus



the cores of minit ablets, de spite of the same com po si tion
(Ta ble 1), did not show any re tar da tion of the drug re lease,

what can be ex plained by dif fer ent ge ome try and hard ness of 
the tab lets (110.9 N and 10.3 N for 6 mm and 2 mm tab let, re -
spec tively). In or der to achieve slow drug re lease for up to 24 
h, the minit ablets were coated with two- layer Eu dragit films. 
The same coat ing was ap pro pri ate for pro lon ga tion of drug
re lease from pel lets. 

The coated units showed ini tial de lay in drug re lease, but
this was elimi nated by com bin ing in one cap sule both,
coated and un coated, forms. The number of units con tain ing
480-500 mg of lith ium car bon ate fit ted well in a size 1 hard
gela tin cap sule. The 1:6 ra tio of un coated and coated pel lets
or minit ablets or 1 un coated and 5 coated 6 mm tab lets al -
lowed for achiev ing 24 h extended- release pro files what is
dem on strated in Fig. 2.

The drug re lease study was per formed in pad dle, bas ket
and flow- through ap pa ra tus in or der to com pare re sults and
to evalu ate which of them may be the most suit able for each
type of the cap sule. If the three ap pa ra tus were re garded,
only for the pellet- capsule the pro files would be iden ti cal
(p < 0.05). That was not a case, for the minitablet- capsule or
tablet- capsule for mu la tions, for which the slow est dis so lu -
tion oc curred in the flow- through ap pa ra tus. In com pari son
to the pad dle ap pa ra tus, slower re lease dur ing first 4 h was
also ob served for the minitablet- capsule when the bas ket ap -
pa ra tus was used. 

The 4 ml/min flow rate em ployed in the flow- through ap -
pa ra tus, was the slow est rec om mended in USP (4-16 ml/min). 
Tests with the flow- rate 16 ml/min were also car ried out for
6 mm tablet- capsule and for pellet- capsule. The four- fold in -
crease in the flow rate re sulted only in 10-23% in crease of
the drug re lease rate from the tablet- capsule but the dif fer -
ence was not sta tis ti cally sig nifi cant (p < 0.05) and still the
pro cess was slower than ob served in two other ap pa ra tus
(p < 0.01). On the other hand the re lease pro file from the
pellet- capsule re mained un changed (data not shown).

The flow- through ap pa ra tus is of ten in di cated for pel lets.
Our re sults dem on strate that cap sules filled with pel lets
could be tested in this ap pa ra tus and that the re sults are com -
pa ra ble with those ob tained in two other ap pa ra tus. An
in ter est ing prob lem can be raised, how ever, re gard ing high
ir re spon siv ity of the dis so lu tion pro files to vary ing test con -
di tions (change of the flow rate), what is not nec es sar ily a
de sired fea ture of a dis so lu tion test, since a sig nifi cant level
of the dis crimi nat ing power for such test is re quired [2]. 

Op po site to the pellet- capsule, tab let- and minitablet-
 capsules are the sys tems for which good re pro duci bil ity of
the re sults ob tained with dif fer ent test con di tions, in clud ing
change of the type of ap pa ra tus, is less prob able. The most
sig nifi cant vari abil ity in dis so lu tion pro files, re lated to the
type of the ap pa ra tus, was ob served for the cap sules filled
with large and few units – 6 mm tab lets (Fig. 2).

The above ob ser va tions may in di cate that re pro duci bil ity
of re sults ob tained with dif fer ent test con di tions, in clud ing
change of the ap pa ra tus, may be re lated ei ther to the size or
to the number of the units in the cap sule. The choice of the
ap pa ra tus may be less criti cal for pellet- capsule than for tab -
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Fig. 2. Lithium release profile from capsules filled with : a) pellets
(1-1.5 mm), b) 2 mm minitablets or c) 6 mm tablets observed in
paddle, basket (75 rpm) and flow-through (4 ml/min) apparatus
(mean and SD, n=6)



let- or minitablet- capsule. How ever, this hy pothe sis re quires 
con fir ma tion and fur ther stud ies for dif fer ent ac tive sub -
stances.
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