
1Dissolution Technologies | AUGUST 2001

I nt rinsic Drug Dissolution Testing Using 
the St at i o n a ry Disk Sys te m

Tacey X.Viegas,1 Roxanne U. Curatella,1 Lise L. VanWinkle1

and Gerald Brinker2

1BioCryst Pharmaceuticals, Inc.,Birmingham,AL
2Distek,Inc., North Brunswick,NJ

e m a i l : tv i e g a s @ b i oc ry s t. co m

Introduction
he int rinsic dissolution rate is defined as the
rate of dissolution of a pure pharm a ce u t i ca l

a ct i ve when conditions such as surf a ce are a ,
te m pe rat u re,a g i t at i o n - s t i rring speed and pH

and ionic strength of the dissolution medium are
kept co n s t a nt . The dete rm i n ation of this para m e te r
a l l ows for screening of drug ca n d i d ates and in
understanding their solution be h avior under
d i f fe re nt bio-phys i o l og i cal conditions (1).

The implement ation of “s a m e n e s s”a n a l ysis has
been pre s e nted and applied in a number of scien-
tific guidelines for demonstrating fo rm u l at i o n
e q u i valencies among semi-solids,i m m e d i ate
release solid oral and extended release solid ora l
dosage fo rm s.Test methods for these analys e s
i nvo l ve the use of ve rt i cal diffusion ce l l s,e n h a n ce r
cells and the USP apparatus one and two (2).Th e
eva l u ation of the int rinsic dissolution of act i ve
p h a rm a ce u t i cal ingre d i e nts (API) is a means to
d e m o n s t rate chemical puri ty and equiva l e n cy.Th e
need to demonstrate “s a m e n e s s”among APIs has
risen due to changes in the bulk act i ve synt h e s i s,
the final crys t a l l i z ation ste p s,p a rticle size and
s u rf a ce are a ,po l y m o rphism and scale-up issues
re g a rding batc h - s i ze and manufact u ring site.Th i s
re po rt descri bes the new stat i o n a ry
disk sys tem from Di s te k ,I n c. ,a n d
po i nts out its fe at u re s,a dva nt a g e s
and applications in drug dissolution
te s t i n g.A co m p a rison is made with
the ro t ating disk sys tem (Wood
a p p a ratus from VanKel Industri e s,
Ca ry,N C ) .

Description of the apparatus
S t a t i o n a ry Disk Sy s tem (Di s te k ,

I n c. ) . The stat i o n a ry pellet or disk
s ys tem is a new apparatus fro m
Di s tek Inc. ,No rth Bru n s w i c k ,N J
( Fi g u re 1).The apparatus consists of
a steel punch,die and a base plate.
The die base has three holes for the
at t a c h m e nt of the base plate.Th e
t h ree fixed scre ws on the base plate
a re inserted through the three holes
on the die and then fastened with the
t h ree supplied washer and nuts.Te s t

m ate rial is placed in the 0.8-cm (0.315-inch) diam-
e ter die cav i ty.The punch is then inserted into the
cav i ty and co m p re s s e d,with the aid of a bench to p
Ca rver™ pre s s,for 4 -5 minutes at 2000 PSI.The base
p l ate is then disco n n e cted from the die to ex pose a
s m ooth co m p a ct pellet of 0.5-cm2 s u rf a ce are a .A
Vi ton™ gasket is placed around the thre a d e d
shoulder of the die and a po l y p ro pylene cap is then
s c re wed on to the threaded shoulder of the die.Th e
assembly is next immersed,pellet side up,i nto the
bo t tom of the dissolution vessel (flat bo t to m )
co ntaining 900mL dissolution medium at 37°C.Th e
use of a pair of fo rceps facilitates this ope ration and
a l l ows for a place m e nt of 6 dies within 30 seco n d s.
The dimensions of the flat po rtion at the bo t tom of
the dissolution vessel pe rmits the die assembly to
settle in a pe rfe ctly hori zo ntal po s i t i o n ,and without
s h i fting during the stirring of the dissolution
m e d i u m .The USP apparatus 2 paddle provides the
s t i rring mechanism for the dissolution apparat u s.
The re commended ope rational speed is be twe e n
10 to 100 rp m .The distance of the bo t tom of the
s t i rring paddle from the die face is 1-inch.

Rotating disk system (USP Wood appara t u s ) .Th e
ro t ating pellet or disk sys tem is the Wood appa-

T

Figure 1: Stationary Disk System (Distek Inc.)
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St at i o n a ry Disk Sys te m … continued

ratus from VanKel Industri e s, I n c. ,Ca ry,N C . Th e
d e s c ription of the apparatus can be found in the
m a n u f a ct u re r’s manual (3) and the Un i ted St ate s
Ph a rm a co poeia (USP) supplement (4).Table 1
co m p a res the two ty pes of apparatus and po i nt s
out their key fe at u re s,s t rengths and we a kn e s s e s.

Experiment
Test co m pounds we re selected based on their

s o l u b i l i ty in wate r,s i m u l ated gastric fluid (0.1N HCl

acid) and simulated intestinal medium (pH 7.2
b u f fe r ) .All the dissolution ex pe ri m e nts we re
pe rfo rmed with the Di s tek Model 2100B dissolution
s ys tem and the Di s tek Model 2230 auto s a m p l e r.Th e
o pe rational speed was 50 rp m .At appro p ri ate time
i nte rva l s,an auto m ated sample co l l e ctor re m ove d
aliquots from the dissolution medium.The analys i s
of each test co m pound (Table 2) was ca rried out
using an ultraviolet-visible spe ct ro p h o to m e ter and
1-cm quartz ce l l s.Re fe re n ce standard solutions fo r

R o t ating Disk Sys te m St at i o n a ry Disk Sys te m
O pe rat i o n Ro t ating or fo rced shear-like St atic or solve nt shear-like 

dissolution ope rat i o n . dissolution ope rat i o n .
Similar to USP proce d u re 1. Similar to USP proce d u re 2
Dissolution is achieved by shear like Dissolution is achieved by
motion of the pellet in the m oving a volume of dissolution
dissolution medium. medium over the pe l l e t .
Pellet faces dow n . Pellet faces up.

Dissolution Testing Designed for apparatus similar Used with USP 2 paddles 
St at i o n to the VanKel VK7000 mod u l e on any dissolution mod u l e

Dissolution ve s s e l St a n d a rd curved bo t tom Fl at bo t tom one-liter be a ke r
o n e - l i ter be a ke r The flat surf a ce diameter is 

5.38 cm (2.12 inches)

Sh a ft design Stainless steel rod with Uses standard paddle from 
h o l l ow die holder USP apparatus 2. Die holder acts 

as a plastic screw cap and base.

I nt rod u ction of co m p a ct Pellet and die assembly is Pellet and die assembly is 
pellet into the i nt rod u ced into the dissolution i nt rod u ced into the dissolution
dissolution medium medium all at once, when the medium one at a time with

dissolution dri ve mechanism the aid of a pair of fo rce p s
is lowe re d.

Die we i g ht ≈ 515 g ≈ 144 g
Die height ≈ 3.54 cm ≈ 1.27 cm
Die diamete r ≈ 5.38 cm ≈ 5 . 3 8 c m
Die cav i ty diameter / Are a 0.8 cm / 0.5 cm2 0.8 cm / 0.5 cmº

Re commended spe e d 50 rp m 50 and 100 rp m
Mi s cellaneous Fo rm ation of air bubbles can No air bubbles fo rmed on

i nte rfe re with dissolution rate. the pellet surf a ce.

Small drop in te m pe rat u re of No change in te m pe rat u re since
dissolution medium (≈ 2° C) the dev i ce is small and is totally 
when the dev i ce is first lowe red s u b m e rged into the 
i nto the ve s s e l .He at tra n s fer out dissolution medium.
of the vessel through the shaft .

Table 1:Comparison of the Rotating and Stationary Disk Systems
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f rom the earlier segment of the dissolution curve
will provide meaningful dat a .

The similari ty factor f2 co m p a res the dissolution
p rofiles for each co m pound te s ted by both appa-
rat u s. The equation used in the ca l c u l ation is 

n
f2 = 50 • log{[1+(1/n) ∑    (TR – TS)2] - 0.5 • 1 0 0 }

t = 1

w h e re,TR and TS a re the cumulat i ve pe rce nt a g e
d i s s o l ved at each of the selected n time po i nts of
the ro t a ry and stat i o n a ry pellet sys te m s,re s pe c-
t i ve l y. If the f2 value is be tween 50-100,the int ri n s i c
dissolution profiles are equiva l e nt (6).

Figure 2: Intrinsic dissolution of acetaminophen,USP (n=6,SD)
Key: (•) Stationary disk and (o) Rotary disk methods

Figure 3: Dissolution of peldesine from tablet blends containing hydroxy-
propyl methylcellulose, HPMC  (n=6,SD)
Key: USP grades of HPMC (o) 2208 and (®) 2910

Co m po u n d Dissolution I nt rinsic Dissolution Rate f2
m e d i u m ( m g / c m2/ m i n )

R o t ating Disk St at i o n a ry
Sys te m Disk Sys te m

Ace t a m i n o p h e n Wate r 1 . 6 7 1 . 8 1 7 2

Di c l o fenac sod i u m Wate r 2 . 9 8 3 . 2 9 7 5

Is o n i a z i d Wate r 1 1 . 9 8 1 2 . 2 1 8 1

Di b u ca i n e 0.1 N HCl 4 . 0 3 4 . 5 1 5 5

Peldesine 0.1 N HCl 1 . 9 1 2 . 7 7 3 9
(milled 50 to 150 mm)

Peldesine 0.1 N HCl 2 . 7 8 2 . 9 8 6 3
( m i c ro n i zed 2 to 5mm)

I b u p ro fe n pH 7.2 buffe r 0 . 3 3 0 . 3 7 7 4

N A :f2 a n a l ysis is not nece s s a ry for co m pounds that are rapidly dissolving.

Table 2: I nt rinsic Dissolution Rates and Si m i l a ri ty factor f2

each drug we re pre p a red in the dissolution medium
of choice in order to generate an absorbance ve r s u s
co n ce nt ration standard curve.The absorbance of
the sample aliquots was used to dete rmine the
a m o u nt of drug re cove red at each time po i nt .

The apparatus was also used to dete rmine the
i nt rinsic dissolution rate of a test co m po u n d,pe l d e-
sine (CAS 133432-71-0),f rom pellets co ntaining two
ty pes of hyd roxy p ro pyl methy l cellulose (HPMC) i.e.
USP grade 2208 and 2190 (ty pe K4M and E4M fro m
Dow Ch e m i ca l s,Mi d l a n d,M I ) .The pellets we re made
f rom powder blends that co ntained by we i g ht 30%
d ru g,30% HPMC,34% microc rystalline ce l l u l o s e,5 %
p re - g e l at i n i zed starch and 1% of lubri ca nt and
g l i d a nt .The dissolution of drug was pe rfo rmed fo r
12 hours at 50 rpm and in 0.1N hyd roc h l o ric acid.
Sample aliquots we re taken as be fo re and assaye d
for drug co n ce nt rat i o n .

Comparison of dissolution profiles
The cumulat i ve amount of drug substance

d i s s o l ved at any time po i nt is the prod u ct of the
d rug co n ce nt ration in the sample and the vo l u m e
of media.I nt rinsic dissolution takes into acco u nt
the co rre ction factor for re d u ced vo l u m e,w h e re the
a m o u nt of drug substance co ntained in each
sample volume is added back to the cumulat i ve
a m o u nt,at subsequent time po i nts (5).

The amount of drug dissolved per unit are a
( m g / c m2) is plotted against time (min).The slope of
the line is the int rinsic dissolution rate in
m g / c m2/ m i n .The USP re commends that the earl i e r
time po i nts be used in the ca l c u l ation of slope.
Based on our ex pe ri e n ce, the use of at least 5 po i nt s
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St at i o n a ry Disk Sys te m … continued

Results and Discussion
The amount of drug dissolved per unit area when plotte d

against time prod u ced linear curves with co rre l ation coe f f i-
c i e nts higher than 0.990 in each ca s e. Fi g u re 2 (page 21), fo r
ex a m p l e, i l l u s t rates the dissolution of acetaminophen in
d e i o n i zed wate r.Table 2 co m p a res the int rinsic dissolution
rates of each co m pound te s ted using both the ro t a ry and the
s t at i o n a ry disk sys te m s.The similari ty of both apparatus wa s
co m p a red by the similari ty factor analys i s,f2.The pe rfo r-
m a n ces of both dev i ces we re co m p a rable in the case of ace t a-
m i n o p h e n ,d i c l o fenac sod i u m ,i s o n i a z i d,d i b u caine and
i b u p ro fen (i.e. ,f2 > 50) which means that the diffe re n ce in
dissolution profiles is less than 10%.Milled peldesine (50 to
150mm particle size) had a f2 value of 39,suggesting a gre ate r
than 10% diffe re n ce in the two sys te m s.But when pe l d e s i n e
was micro n i zed (2 to 5mm particle size) the diffe re n ce wa s
less than 10% (i.e. ,f2 = 63).The diffe re n ces in f2 values for the
same co m pound may  suggest that prior to int rinsic dissolu-
tion te s t i n g,the test substance needs to be well chara cte ri ze d
e s pecially in te rms of particle size distri b u t i o n .A narrowe r
p a rticle size range would be desira b l e.As ex pe cte d,t h e
m i c ro n i zed drug appe a red to have a faster dissolution rate
than the milled dru g.

The number of sampling inte rvals for each test co m po u n d
d e pended on its solubility and the dissolution medium used.
St a n d a rd dev i ations we re ca l c u l ated at each time po i nt fo r
n=6 ve s s e l s.When the stat i o n a ry disk sys tem was used,t h e
s t a n d a rd dev i ation at the later time po i nts (20 to 30min) wa s
a p p rox i mately 0.2-4.0% when co m p a red to 0.5-2.0 %
o b s e rved with the ro t ating disk sys te m .These diffe re n ces are
at t ri b u ted to the mechanism of dissolution (7,8 ) . In the ca s e
of the ro t a ry ope rat i o n , the pellet underg oes a shear-like
motion over a planar solve nt fro nt similar to USP proce d u re 1.
In the case of the stat i o n a ry disk sys te m ,a fixed body
( volume) of solve nt is stirred over the pellet similar to USP
p roce d u re 2 and the enhancer dissolution cell used for semi-
solids (VanKel Industri e s ) .

The dissolution of peldesine from pellets pre p a red with two
ty pes of drug-HPMC blends was dete rmined using the
s t at i o n a ry disk sys te m . The dissolution rate from the ty pe
2208 blend was 4.45 mg/cm2/hr when co m p a red to 3.88
mg/cm2/hr for the ty pe 2910 blend (see Fi g u re 3,page 21).
These numbers suggest th at tablets pre p a red with the first
blend will release drug at a faster rate than those pre p a re d
with the second HPMC ty pe.The drug dissolution rate fro m
one face of a sustained-release pellet allows the fo rm u l ator to
g ather info rm ation that may be useful in the design of a
s u s t a i n e d - release tablet. The desired release chara cte ri s t i c s
can be pre d i cted from the approx i m ate size and dimensions
of the tablet surf a ce area and the dru g - polymer co m po s i t i o n .

Conclusions
The int rinsic dissolution rate of an API can be re a s o n a b l y

d e te rmined in order to descri be the rate of dissolution of
d rug and to dete rmine batch to batch chemical equiva l e n cy.
The two apparatus used are well designed and are easy-to -
use tools that can be used to obtain meaningful answe r s.A
p re l i m i n a ry va l i d ation of ope rating speeds and pe l l e t - to -
paddle distances has been previously re po rted (9) and wa s
not discussed in this art i c l e.The USP supplement 1 has liste d
the Wood apparatus as one of the sys tems that can be used
to measure int rinsic dissolution of an API,but has left the
d oor open for new and improved dev i ces such as the
s t at i o n a ry disk sys te m . Some of the adva ntages of the new
s ys te m ,besides those listed in Table 1,a re that it can be used
with diffe re nt dissolution modules including those that
re q u i re sampling through a po rt in the stirring paddle and
those that use in-situ fiber optic pro be analys i s.

NOTE: Portions of this article ha ve been reprinted with permission from

Pharmaceutical Technology, an Advanstar Publication.
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