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Introduction 
DiSJo/utio1l1-eS'lIltiugfITJ1II a so/hi dosage [orm;l1 

a 7II0vingjlllid jllTlJ) fie/II is linked with two 7IIecha-
1J;J7JJS: sbell1'lIf tbe dissolving swfaee created by tbe 
fi'ictional effects oj jllTlJ) and diffusion. Tbe J017I1,.,. 
is n fluid mecblmiclI/ property find tbe latter is (I 
pbysicoche'llliCfllone. For {lny giveu dissolution 
methodology, the fluid mechanical pmpe11ies are 
intrinsic to tbe device flud tbe physicocbemiCilI p1'ope1'
ties {we intrinsic to the drug and tbe dosage j011I1. A 
well c!Jo11lcterized dissolution device is one which is 
calibrated, at lenst with respect to its illh-insic flllid 
1I1ecbollicnl properties, so l!Jat dissolution datn con be 
con'elnted directly witb tbe pf!1fo17110nCe of tbe dosage 
form and tbe intrinsic pbysicocbemical properties of 
tbe dnlg and nre 1101 confounded by u11ku07.vn chnrnc
u'ristics of the device. 

Wbile cbemical calibmlo,"S, (IS Cll1"rem/y used, give 
IImeasll1"e of opp(lrlltllJ" suitllbility, the data is II 
"ejlection of all tbe facton wbicb affect dissolutioll 
pt-'1fonJlonce. Tbe t:ontributi07J of specific filct01J, SlU.:h 
as jluid flow Il1ld shem' fit tbe dissolving smfnce, 
ClUlnot be identified find accounted for. Since fluid 
flow is commOI1 to 1111 dissolutiol1metbods C1111'ently 
ased lind siuct flllidmechonical factors related to the 
system are critical to dissolution pC1fo17Jl1I11U, tbis 
(lrticle will focus on the imp011l1nce of jluid flow prop
erties whicb (Ire directly "e/evont to characterizing 
dissolution PC1j017Jl1I71U. 

It would be 1Iseflll if a given dissollltiollllppllratfls 
blld tbe Sll1lle design cbm'IIt-1eristics as otbe1' instru
ments, such as viscometen. 111 filet, viscosity lIIeIlJ"ln'
ing devices bove much in C0111111011 wir.h dissolution 
methodology inc/udiug depende71i:e lipan fluid flow 
charncteristics govenud by fluid mechanical princi
ples, depC11dC11L'e 0 11 sbeor lif II .fll1face, and the need to 
be versotile enough to measm'e 1Ililterillls having a 
brand range of properties. A major dijfenmce is thm 
viscometers bnve beell specifically designed with eJ.plic
it il1c01porotioll of jlllid mecbnnicnlmodels 7.Vhe1'et/s 
dissolutiol1 devices have 1I0t. 111 addition, botb vis
C01J1eters and dissollllion devices m'e dis017Jling i11 
tbeir simplicity but subtle in tbei,. complexity. Tbe 
tbe1lle for tbis article is tbat tbese jluid jllTlJ) pmpmies 
ifknowlI a priori or by meaSlwement would enhance 
tbe IIbi/ity to optimize PC'ljo1-monce criteria. 

Relationship of 
Performance Criteria to 
the Physicochemical and 
Fluid Mechanical 
Properties 

Performance criteria of particu
lar in terest for any given m ethod
o logy are se nsitivity and repro
ducibility. Reproducibility to be 
able to replicate results and sensi
tivity to discern rea l differences 
between formu lations when th ey 
exist. The pre mi se is that these 
crite ria wi ll be .ffected by the 
fluid mechani ca l factors intrinsic 
to th e method. 

This premi se deri ves from the 
fact that the fluid fl owing over a 
djssolving surfa ce is 
shea red as t he liquid 
comes into contact with 
that surface. The result
iJlg shea r then affects the 
ma ss tran spo rt of dis 
solved materi al from the 

thickness of the hydrodynamic 
boundary layer is inversely pro
portional to fluid velocity and 
dir ec tl y proportio nal to the 
kinematic viscosity. In general , 

hI = f(fluid ve loci ty, ki nematic 
viscosity, positiona l coo rdinates 
along the surface). 

At the same timc, the diffusion 
layer, h2, is a function of both the 
fluid mcchanical and physicochem
ical properties of th e dissolving 
material and in general 

h2 = f(drug diffusion coefficient, 
fluid velocity, kinematic viscosity, 
positiona l coo rdin .Hes alon g the 
surface). 

In turn , the di ssolu tion rate 

surface. This process can 
be visualized by re fer
ence to Figlln I , which 

Figure I - Represe1llntiol1 of tbe Developme1lt of the 
HydrodYllamic BOllndary Layet·, h i , ami tbe Diffu
SiOl1 Lnyet· (1l2) (schematic from, reference 1). 

shows the hypothetical 
d isso lvin g s urface 
immersed in a fl owing stream (1). 
The free stream velocity, U, is 
uniform as the li quid approaches 
the dissolving surface. At the point 
o f contact, the li quid velocity clos
est to the surface decreases due to 
shear while the liqu id some di s
tance from the surface, hJ , main
tains the original velocity, U, since 
it does not expe ri e n ce s h ear. 
,Vithin a hydrodynamic boundary 
distance of h I a velocity grad ient 
occurs which is often functionally 
dependent upon the location From 
the initia tio n of fluid contact, The 

per square centimeter is depen
dent upon both h I and h2. It is 
intuitive that as the flujd veloci
ty increases, then the shear at 
the dissolving surface co rre
spondingly increases. As a result 
both h I and h2 decrease, and 
the dissolution rate increases. 

With th.is pictoria l represen
tatio n in mind , two 
cases involving the 
underlying disso lu
tio n mechanisms ca n 
be defined. Case I 
occurs unde r co ndi-
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intensity 

tions of low fluid velocity and leads to diffusion 
being the dominant dissolutio n mechanism. This 
si tuation can occur, for example, on the under
side of the salicylic acid calibrator in apparatus II 
whe re the fluid fl ow is re lative ly stagnant and 
density gradients occur. 

Case IT occurs under conditions o f increased 
fluid velocity where diffusion is coupled with the 
shear at the dissolving surface. 

The important issue related to dissolution per
formance is th e 

-;'Oiffcrence In Significance of 
Rates Difference 

BetwHn Rates by 
t Test 

51.1 Significant , -;. 
level 

41.7 Significant Ie;. 
level 

26.5 Significant 2"1. 
level 

-0 .. No Significant 
Difference 

% Difference in Rates = 

in fluence of fluid 
flow and th e 
und erl yi ng fluid 
mechan ica l fa c
tors on th e per
formance criteria 
of reproducibili 
ty and sensiti vi
ty. In format io n 
r e lated to thi s 
issue was report
ed by Hamlin 
and coworkers 
(2) who mea
sured the di sso
lution rate of 
two polymorphs 
of me thylpred 
ni so lo ne. T h e 
results of th e ir 
s tud y are g iven 
in Table 1. Each 
test method is 

(Rate or I - Rate or U)J (Average Rate of I and 11) 

Data taken form W.E. Hamlin et .I I., "Lo" or Sensitivity in 
Dis tinguishing Real Differences in Dissolution Rates Due to 
Increasing Intens ity of Agitation ", J. Pharm ScL 51, 432-435 
(1962). 

Table 1 - Sensitivity of Dissolution Tests to Ilgitation 
Ime1lsity As Pe7fonl1ed with Constant Swfllee A"ea Pel
lets of Nletbylprednisolone Polymorphs I fll1t! 11 By An In 
Vivo and Seveml In Vitro Metbods (dfltfl cited from ref
erence 2). 

given along with 
the % difference 

I 

in dissolution rate between the two methylpred
n.isolone polymorphs. The % difference in disso
lution rate is a sensitivity index wh.ich shows the 
abi li ty to discern rea l differences. This sensitivity 
index will be affected by the variabi li ty of the 
data. 

T he in-vivo pellet impl ant and the in-vitro 
hanging pellet are examples of Case I dissolution. 
In thi s case real differences are di scernabl e. 
Method I is an exampl e of in-vitro Case II disso
lution. The data for this method show that as agi
tation intensity increases, the ability to discern 
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real differences between the two polymorphs 
decreases. The inference from these data is that the 
sensitivi ty decreases with increasing agitation rate. 

Intrinsic Dissolution Testing As An 
Ideal Dissolution Method 

With the idea that dissolution performance is 
linked with the flui d mechanical properties, one 
can define the characteristics of an idea l dissolu
tion apparatus. In thjs context, predi ctable and 
known fl ow fields are 
the underlying fa c
tors of upmost 
importance. A known 
flow fi eld is impor
ta nt beca use it leads 
to a predictable shea r 
pattern at the dissolv-
ing surface; in ruIn a 
predictable flow field 
often lea ds to pre 
dictable disso lu tion 
pe rforman ce v ia a 
quanti tative relation 
ship whi ch relates th e 

Figure 2 - SciJf7Juuic of 
Wood's Intrinsic Dissolutioll 
Testing Metbod. 

dissolution rate with all o f the fluid mechanical 
and physicochemica l factors of in terest. In other 
words, the idea l device is self-calibrating. 

T he rotating disk or Wood's device (3) shown 
in Fig/we 2 is an example of a desirable dissolu
tion method since it leads to a predictable flow 
field and to predictable and sensitive dissolution 
performance. In this configuration, the dissolving 
material is held in a fl at fa ced tablet die, with a 
single face presenting for dissolution. The fluid 
motion is generated by turning the shaft holdi.ng 
the single faced tablet at a known speed. From a 
fluid mec hani ca l sta ndpoint, this s ituation is 
known as £low generated by a rotating disk in a 
stationary flujd. From a dissolution po int of view, 
this wou ld be a Case IT situation. 

Figm'e 3 shows an idea lized representation of 
the fl ow field for the rotating disk (4). Note that 
th e flui d is drawn towa rd the center of the dis
solving surface as the surface rotates. The fluid 
nearest the surface is sheared and travels radially 
outward. This system is si milar to a ceiling fan 



where the fluid air is 
drawn to th e ce nter 
and then exi ts radially. 

Figll7"f 3 - Rep,-ese11lntioll of 
the Flow Field Jo" the Rotat
ing Disk (from nferel1le 4) 

T hi s devi ce lea ds 
to re produ cibl e and 
se nsiti ve di sso lu tion 
data. T he dev ice is 
ava il abl e co mm e r
c ially with a s h a ft 
s ize whi ch is co m
patibl e wi th current 
di sso luti o n in stru 
mentati on. 
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Figll1'e 4 - pH/Soluhility tllld pH/Flux I"~files jiIr 
Mesalll1l1ine As Measured by rbe Roraring Disk (data cited 
fro1ll refit-ence 5). 

S how n in Fig"'-' 4 is t he so lubili ty and 
disso lu tio n ratefpH profi le for mesa lam ine (5 
amin o- sa licyli c acid), whi ch is an amph oteric 
species having an amine and ca rboxyl group (5). 
At low pI-I va lues where the amine group is ion
ized and the solu bili ty is increased , the dissolu
tion rate is correspond ingly increased_ At pI-I va l
ues betwee n 2 and 5, th e so lubility and 

dissolution rate is minjmi zed. T he solubili ty and 
dissolu tion rate increases at pH va lues above 5 
where the ca rboxyl group is ioni zed. T hese data 
demonstrate that the rotating disk method is sen
sitive to the underlying physicochemica l occur
rences in the diffusion layer. At pH values above 
6 the solubility continues to increase, but the dis
solution rate begins to plateau. This outcome is 
du e to th e self-buffering capacity o f th e drug. 
Thus, this method is sensitive to the micro-envi
ronmental pH, which may be different from that 
in the bulk. T he ilnportant point is that it is pos
sibl e to identify the physicochemi ca l properties 
o f in terest sin ce the Auid mechanical properti es 
are known; th e disso lution results are not con
founded by unknown apparatus related factors. 

It should be emphasized that the rotati ng disk 
is sel f-ca librating since there is a forma l relation
ship betwee n th e di sso luti o n rate , R, and th e 
variables of in terest where: 

T his relationship quantitatively links the phyico
chemical facto rs (drug solubili ty and drug diffu
sion coeffi cient) and the fluid mechanical factors 
(kinematic viscosity and rotation rate of the disk) 
with the dissolution rate. It also includes the geo
metric influence by including the physica l surface 
area, A. There fo re, if these factors are known 
from independent measurements , then the disso
lution rate ca n be calcula ted a p,-iori and the 
method is self-ca librating. By knowing this rela
tionship, the sensitivity of the djssolu tion rate to 
each of the parameters alone or in combinati on 
can also be eva luated. 

Measurement of fluid Mechanical 
Characteristics 

In most practical cases, a quantitative relation
ship between the dissolution rate and the physic
ochemcial and fluid mechanica l va riables is not 
known a priori. Ll this casc, experimenta lly deter
mined fluid fl ow properties are a useful surrogate. 

Visualization Technique 
V isuali zation studi es are im portant to und er

sta ndi ng the fl ow patte rns and the un derlying 
shear pattern at the dissolving surface. Nondisin
teg ra ti ng sa li cy li c ac id ta bl ets co n tai nin g 
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pheno lphthalein and dissolving in 0 .1 N sodium 
hydroxide solution as the dissolution medium are 
a conveni ent probe fo r this purpose (6). These 

Figure 50 - ViSII(lIiZlltioll Sf'IIdy Under COlJdi-

tions of L071.1 Agitfltio1l Imetlsiry. 

Fiffllre 5/' - ViSflrlliZlltiol1 Stltdy Umle1' Condi-

,io1lS of Modemte Agitation IlItl:llsiry. 

Fiffllre 5c - ViSUflliulfioll Stlltiy Untier ComJi

tiollS of 1-ligl1 Agitation Intensity. 

tablets clea rly show the pres
ence or absence of a shear 
pattern at the dissolving sur
face via the red colo r result
in g fr o m t h e di ssoluti o n 
process . F o r e xampl e, th e 
shear pattern is cl early visual
ized as being rotational when 
the dOITI.inate fluid Aow is pri
marily ro tational. The shea r 
pattern will also demonstrate 
whether density gradien ts are 
present o r wheth er dissolu 
tion is occurrin g eve nl y 
across the table t surface. The 
visualization srudies shown in 
Figm-es S (I, b, and c resul ted 
from this technique at three 
stirring speeds using a device 
wh e re fluid fl ow is 
generated by a ro tating cylin
der. Shown in Figll1"f 5 (fI) is 
visuali zati o n resulting fro m 
relatively low stirring speeds. 
In this case there is no well 
defin ed shear pattern , as evi
denced by the non -unifo rm 
colo r distributi on across the 
dissolving surface. The visu
a li za tion in Figl,,·e 5 (b) 
res ulted fro m inte rm edia te 
stirring speeds. In this case, 
the colo r distribu t ion shows 
t hat the re is a we ll de fin ed 

a nd unifo rm shea r pattern ac ross t he surface . 
The m aterial is disso lving unifo rmly across the 
surface and dle dissolved material is carried away 
from the cen te r o f th e dissolving ta bl et. At higher 
stirring speeds, as shown in Figfwe 5 (c), the colo r 
is absent on part o f the dissolving surface, incli 
cating tha t dissolution is not unifo rm across the 
surface. T hese findin gs suggest th at the dissolu
tion perfo rmance wi ll be affected as the transi
t io ns betwee n Case I and Case II disso lu t io n 
occ ur . T he data also suggest t hat t he re is a n 
upper bound to the ag itation intensity where dis-
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soluti o n se nsitivi ty m ay be adve rsely a ffected . 
Usi ng this technique it is possible to determine a 
range of agitation intensi ties o r fluid fl ow veloci
ti es where the shear pattern is stable and does not 
substanti ally change. T he technique is also sensi
tive enough to visualize where Case J dissolution 
predominates over Case n. Thus, the resulting 
info rmati on is qualita tively useful in predicting 
wh eth e r th e di sso luti o n pe rform a nce will be 
reproducibl e and sensitive within a range of agi
tation intensities. 

Direct Flow M easurement 
Visuali zation studi es provide indirect informa

tion about th e actual fluid velocities and resul ting 
fl ow fi elds. Direct fl ow m easure m ents ca n be 
mad e us ing laser D o ppl e r anem o m etry tec h
niques (7). I-Iowever, the instrumentation fo r this 
fl ow measurement mcdlOd is expensive. A techni
cally feasible alternati ve method is a mechanical 
anemometer which is rugged, reasonably priced, 
capabl e o f measuring average flu id velocities in 
the range o f inte res t , and able to measure the 
degree of fluid fluctuation. T his latter fluid fl ow 
characte ristic is possibl y m ost impo rtant since 
local flu ctuati o ns in fluid fl ow will inevita bll y 
lead to pernlrbatio ns in the shea r pattern. It is 
possible that when loca l flu ctuati ons are large 
enough, then the reproducibili ty and sensitivity 
o f the dissolution data will be affected. 

Correlations Which Relate fluid 
Mechanical and Physicochemical 
Properties with Intrinsic Dissolution 
Performance; Defining An Intrinsic 
Calibration Procedure 

T he historical development o f calibrators and 
their purpose as viewed fro m an industri al per
spective has recently been addressed (8,9). M or
ga n (9) noted t hat t he re is a current need to 
determine what ro le chem ical ca librators should 
pl ay in s ta nd ardi zi ng d isso lutio n tes ting. One 
ro le, which is as importa nt now as it was at the 
beginn ing of the use of calibrators, is ti,e deter
mination o f the sensitivity of the data to real dif
ferences in dissolution rates and the evaluation of 
the reproducibili ty of these data. 



T he va lue o f the W ood's device in di ssolution 
testin g is re la ted with th e intrinsic disso luti o n 
rate and self-ca libra ting features o f the method. 
The value of this concept can be generalized to 
the intrinsic dissolution perfo rmance for any spe
cifi c d isso lutio n device. It is proposed that th e 
sensitivity index of H am lin et al. be used as a 
quantitative indicator o f the in trinsic dissolutio n 
perfo rm ance, whi ch co uld th en be co rre lated 
with the test conditio ns o f interest, such as agita
tio n intensity. 

A protocol involving visualization coupled wi th 
dissolu tion using physicochemically di fferent ca l
ibrators, such a polymorphs, is proposed as being 
useful in this regard. T he protocol would involve 
visualization srudies as a first step in determ_ining 
the range of agita tion intensities where there is a 
transiti o n fro lll Case I to Case II di sso luti o n . 
T hen, disso lution rate studi es would be ca rried 
out using both chemical calibrators within a spec
ifi ed range of agita tion intensities. The sensitivity 
to detect rea l di ffe rences at a gi ven ag itati on 
in tensity wou ld then be evaluated by comparing 
the percent di ffere nce between the resulting dis
solution rates. ResuJts from this test would also 
revea l the variabili ty associated with these data . 

A chart (Table 2), similar to the original data 
presentation given by H amlin et II I . (2), would 
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provide info rmati o n abo ut the resulting repro
duc ibili ty and sensitivity o f th e dissoluti o n as a 
function of the test condition (agitation intensity) 
fo r a given device. 

U nlike th e current defin ed system sui tabili ty 
tes t, this proposed protocol would establish the 
intrinsic dissolutio n perfo rmance characteristics of 
th e devi ce. T hese data could th en be used as a 
benchm ark fo r measurin g th e in tr ins ic perfo r
mance of the device and the range of agita tion 
inte ns it ies w he re bo th sens iti vity and repro
ducibi lty ca n be achieved when either Case [ or 
Case IT dissolutio n is dominant. 

Fo llow-up mecha nica l anemometry studi es 
could then be ma de to co rre late the agita tion 
in tensity with a measured average Auid ve locity 
and to determine the degree of local Auid Aucua
tio n at a given agitation intensity. 

Summary 
Adolph Fick's laws o f diffusion were confirmed 

usin g a metho d where a funn e l shaped devi ce 
he ld a di sso lvin g mate ri al. F ick's inn ovative 
metho d, which included cri te ri a fo r sensitivity 
and reproducibiliy, was criti cal to the successful 
experimental confirmatio n o f his premise about 
diffusional processes. There is a need for equally 
creative solu tions fo r the e ffi c ient and effective 

" 

use of ca librato rs in connectio n with disso
lution testing. 
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