
Tutorial on Dissolution 
Calibration: An Industrial 
Perspective 

R
gul ar calibration of a dis

so luti o n apparatu s in an 
industri al e nvironm ent is 
appropriate for numerous 

reasons. These reasons include 
demonstrating that the appara
tu s is fun c ti o nin g pro pe rl y, 
complyin g with co mpendial 
requ irements and allowiJlg the 
co mparison o f data gene ra ted 
on mul tipl e formul ation batch
es or in multiple laboratories. 

Ca librati o n no rm all y 
encompasses a thorough check 
o f mechani cal properties o f the 
appara tus, perfo rmance of th e 
USP Apparatus Sui tabili ty Test 
and inte rpretati o n o f th e tcs t 
res ul ts. Ca reful atte nti o n to 
deta il at each step is critica l. 

Calibration requirements for 
USP Apparatus I (baskets) and 
2 (paddl es) are clearly stated in 
US P <711> Di sso lut io n .( I ) 
Tcmperarure of the medium in 
the pots must be mai nta ined at 
37 +/- 0.5 deg rees C (ass ure 
that the therm o meter is cali 
brate d). There should be no 
significa nt vibrati on. The ves
sels must conform to the li sted 
dim e ns iona l s pec ifi ca ti o n s. 
Since few labs have the ca pabil 
ity to measure this effective ly, it 
makes se nse to o btain vesse ls 
fro m a reputa bl e vend o r who 
ca n assu re t hi s. T he s haft 
shou ld be cen te re d wi th in 2 
111 Ill. Most di ssolu tio n appara
tus manu facturers have devices 
to ass ist in demonstrating this. 

T he abse nce of signi fica nt 
wobbl e ca n be demonstrated 
with a runout ga uge. Alterna
tively, roll the shaft across a Aat 

surface, such as a labo ratory 
bench - there should be no gaps 
between the shaft and bench. 
Rotationa l speed must be with
in 4 % o f ta rget; thi s ca n be 
demonstrated with a calibrated 
tachometer or stopwatch (a fter 
affix ing a "Rag" o f tape to indi 
cate when a revo lution has been 
completed). Bas kets and pad
dies must conform to the USP 
spec ifi cati o ns. Baskets sho uld 
not be misshapen; the edges of 
t he wire mes h s ho uld be 
smooth and the proper gauge 
of mesh should be used. Pad
dies should be free of ni cks or 
sca rs and th e inert coating (if 
prese nt) should be in tact and 
no t fl a kin g. T he di stan ce 
between th e in sid e bottom o f 
the Aask and the bottom of the 
bas ke t o r padd le s ho uld be 
mailltaiJled at 25 +/ - 21llm . 

Performance of 
the Apparatus 
Suitability Test 
Apparatus 1 and 2 

T he Appara tus Suitabili ty 
Test is performed using Disin 
tegra tin g (predni so n e) a nd 
No ndi s integratin g (sa licyli c 
acid) ta blets as specified in USP 
<7 1 t> and in the instructio ns 
whi ch accomp any the tablets 
obtai ned fro m th e US P. T he 
app aratu s Illll st be tes te d 
at both 50 and 100 rpm with 
both ty pes of ta bl ets . Tf an 
apparatus is used so le ly w ith 
bas kets or solely with paddl es, 
it is only necessary to test for 
that apparatus. 

G.P .Martin, D.G.Reed, U.Maaiso 
M.f .GrlHlth and D.lp 

Merck & Co. l71e., West Point, PA 

For each type of ca librator 
tablet the instructions indi cate 
t hat ta bl e ts s ho uld not be 
exposed to excessive humidity. 
I.n so m e labo rato ri es, o nl y 
freshly opened bottles of cali
brator tabl ets are used to avoid 
the risk of failure due to tablets 
whi ch may have been exposed 
to excessive humidi ty. A more 
practi cal alternative is to store 
bottl es which have been opened 
in an area with re lative ly low 
humidi ty. T he instructions also 
specify the use of dea reated dis
solution medium at 37 degrees 
C and a sa mplin g time o f 30 
minu tes. Note th at the US P 
specification of +/-2% for sam
pling tim e corresponds to +/-
36 seconds in this case. 

Va ri o us techniqu es have 
been used for deaeration of dis
so luti on medium . Th e U SP 
states, "One method o f deaera
tio n is as fo ll ows: H eat th e 
medium , whil e stirring gently, 
to about 45 degrees C, immedi
ately filter under vacuum using 
a filter having a porosity of 0.45 
microns o r less , with vigorous 
stirring , and continu e stirring 
under vacuum for about 5 mi n
utes. Other va lidated deaeration 
techniques fo r remo val o f dis
so lved gases m ay be use d ." 
AJternative methods which have 
been used with success include 
sparging with helium gas for 15 
to 60 minu tes or using a com
mercial device which 

pulls a vacuum across 3 
a gas - permea bl e 
me mbrane (s uc h as 
the Erweka DissofiU). 
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Methods used for filtering 
sa mpl es must be chec ked for 
adsorptive loss of drug and for 
interference. Typically, this is 
accomplished by fi lter in g 
aliquots of a standard solution 
and a blank solution of the dis
so lution medium, respectively. 
In the case of membrane filters, 
do not use the first 2 ml 
of so luti o n unl ess separate 
interfe rence and recovery 
experiments ha ve been carri ed 
o ut and demonstrate there is 11 0 

s ignificant effect from using 
these filters. It is adv isab le 
to subject the standard so lu 
tions to the same treatment as 
the samples. 

For the USP Dissolution 
Calibrator, Disintegrating 
Type (Prednisone), the medi
um is water. A portion of the 
prednisone sta nd ard sufficient 
for the assay should be dried 
according to the USP instruc
tions which accompany the ref
ere nce standard. Alcohol 
(ethanol) (not to exceed 5% of 
the total volume) may be used 
to bring the prednisone stan
dard into solution. The amount 
of prednisone in so luti on is 
measured, using a suitably cali
brated spectrop hotom eter, at 
the wave length of ma ximum 
absorbance around 242 nm by 
comparison to a standard solu
tion of k.nown concentration. 

For the USP Dissolution 
Ca librator, Nondisin tegrating 
Type (Salicylic Acid), the medi
um is 0.05M phosphate buffer 
pH 7.40 +/- 0.05. T he buffer 
shou ld be prepared as described 
in t he USP under Buffers and 
Reagents, and the pH shou ld be 
measured at room temperature. 
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A portion of the reference stan
dard is dried according to USP 
instructions and bro ug ht into 
so lution us in g an amount of 
alcohol not to exceed I % of the 
total volume. The amount of 
saUcyl.ic acid in solutio n is mea
sured , using a suitably calibnn
ed s pectrop hotomete r, at the 
w;]ve le ngth of maximum 
absorbance around 296 nrn by 
comparison to a standard solu
tion of known concentratio n. 

According to the ce rtifi cate 
supplied with the USP Dissolu
tion Calibrator Tablets, "The 
apparatus is suitable if each of 
the individ ual calculated val ues 
for each apparatus at all indicat
ed speeds are within the speci
fied ranges, as shown in the 
Table" accompanying the cal i
brator tablets. 

T he ran ges included in t he 
tables are determined by round
robin testing in a variety of lab
oratories encompassing indus
try, regulatory agencies and the 
USP.(2) It should be noted that 
failures are not rare: a review of 
298 1 runs s howed a 17.9% 
overall appa ratus fa ilure rate for 
baskets at 50 rpm when tested 
with prednisone tablets, and 
10 % for paddles.(3) Indeed, 
there was spirited discussion on 
this topic at a recent USP Open 
Conference which included a 
session o n disso luti on testing. 
One topic brought up included 
the possibility of a Stage 2 test 
for Apparatus Su itabi li ty similar 
to that used for dissolution test
ing of formulations. Additional
ly, recomm endations to red uce 
testing or replace current ca li 
brator tablets with different for
mulations have been made. 

• • • conI. 
Apparatus 3 

A similar process is used to 
demonstrate the suitabi li ty of 
Apparatus 3 (Reciprocating 
Cylinders). Temperature must 
be mai ntain ed at 37 +/- 0.5 
degrees C and there must be no 
sign ifi ca nt vibration. Specifica
t io ns are provid ed for vesse l 
geometry, and the reciprocation 
(dip) rate must be maintained 
within 5% of target. USP Drug 
Release Ca librator, Si ngle U ni t 
(C hl orphe niramin e Extended
release Tablets) and USP Drug 
Release Ca librator Beads, 
Mu ltipl e Un it (Theop hylline 
Extended-re lease Beads) are 
tested in e.-:lCh position accord
ing to the operating conditions 
specified by the USP. 

Documentation 
Laboratories sho uld have 

Standard Operating Procedures 
in place, covering both general 
aspects of data generation and 
specificall y relating to the dis
so lu tion apparat us. T hese 
shou ld include the frequency of 
preventative maintenance and 
reca librat.ion, and the steps to 
be taken in the event of a cali
bration failure. All pertinent 
information should be record
ed, including lot numbe rs for 
reference standards and calibra
to r tablets, identification of 
apparatus being ca librated, 
other instruments used during 
the ca li bration (such as balances 
or spectrophotometers) and, of 
course, all raw data generated. 
This should include every cali
bration attemp t, not just the 
successfu l ones. All calib ration 
failures should be investigated, 
problems corrected and fully 



Table 1. In-house Apparatus Suitability Requirements Figure 1. The Effect of Medium pH on Drug Release Profile 
of a Water Soluble Compound 

Slage I 12 The mean at 30 minutes is between 
36 and 40% and the RSD is not more 
than 11%. The mean at 60 minutes is 
between 63 and 67% and Ihe RSD is 
not more than 9%. 

Slage 2 12 The mean (of 24) at30 minutes is 
between 34 and 42% and the RSD is 
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not more than 12.5%. The mean at 
60 minutes is between 61 and 69% 
and the RSD is not more than 10.5%. 

documented. As noted previ
ously, it is not always possible 
to find an assignable cause for a 
dissolution calibration fai lure. 

Industrial 
Observations 

In an industrial setting, vari
ous factors ca n have an effect 
on disso lu tio n resu lts. Cited 
below are so m e situat io ns 
whi ch have occurred in Merck 
Pharmaceutical Research Labo
rator ies which may prov id e 
some useful insight for applica
tions in other laboratories. 

In-House Calibrator 
For one controlled release 

product, we observed that the 
acceptability of dissolution 
results varied from lab to lab, 
even for the same lot. Obvious
ly, this caused concern: how do 
you know if a lot is acceptable, 
if different labs are showing dif
ferent concl usions? An inten 
sjve investigation was conduct
ed. All devices used for this 
testing passed the USP Appara
rus Suitability Tests. J-Iowever, 
a control lot used during the 
testing showed discriminating 
resul ts. Round-robi.n testing was 
conducted on multiple devices 
at multiple sites, and statistica l 
evaluation of the data was used 
to estab lish accepta nce criteria 

for the dissolution apparatus for 
this product. T he cr iteria, 
sbown in Table I, have been suc
cessful in identifying dissolution 
apparatuses which wi ll provide 
data which can be reproduced i.n 
other laboratories. 

Effect of Medium pH 
It can be important to 

understand the pH dependence 
of the dissolution process for a 
given formu lation. A knowl
edge of the pI-Vsolubi lity pro
fi le for a compound can provide 
valuable in formation relative to 
si nk conditions and the pote n
tial for discrimination. As part 
of the method development 
process in our laboratory, we 
normally investigate med ium of 
various pH's, typically includ
ing simul ated g<.lst ri c fluid 
(without enzymes) and si mulat
ed intestinal fluid (without 
enzymes) . Dissolution profil e 
cu rves for a sustai ned release 
product contaj n.ing a water sol
ubl e drug are shown in Figure 1. 

Effect of Sinker Type 
For some dosage forms, 

includin g capsu les, it is neces
sary to use a sinker to prevent 
floatin g, which can lead to irre
producib le resu lts. The USP 
spec ifics a wire co il or oth er 
suitable device. For one capsule 

• 12 16 

TIme (hours) 

formulation, our laboratory 
evaluated wire coiJs, a commer
cial device (multipronged plas
tic) and paper clips. Results, 
shown in Pig"'·c 2, (page 6) indi
cated that there was no signifi
cant difference between the wire 
coil and the comm erciaJ device, 
but that the paper clip produced 
faster dissolution. The method 
was written to specify that either 
wire coi ls or the commercial 
device could be used. 

Oeaeration 
If the dissolution medium is 

not deaerated, sma ll bubbles 
may form on surfa ces during 
the dissolution process, includ
ing the dosage form, the vessel 
and the paddle or basket. This 
can lead to variability in results 
and must be eva luated empiri 
ca lly for each dosage form. To 
determine the effect o n o ne 
sustained release formu lation , 
we compa red results generated 
using different types of deaera
tion to results when the medi
um was not deaerated. T he 
profiles, shown in Figu1"e 3, 
indi cated that there was no sig
nificant effect from moderate 
deaeration , suc h as that 
described in the USP or helium 
sparging for 45 minutes. I-Iow
ever, when the medium was 
sparged with helium for 12 I 
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Figure 2. The Effect of Sinker Type on Dissolution Profile lor 

an Immediate Release Formulation 
Figure 3. The Effect of Deaeratlon on Dissolution of an 

Extended Release Fonnulatlon 
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hours (overnight), the drug dis
solved faster. H ence, acceptable 
me an s o f de ae rati o n (no ne, 
U SP o r 4 5 minute he lium 
sparging ) were specified in the 
method. 

Conclusion 
As can be seen from this dis

cuss ion, disso lutio n test ing is 
mo re complex tha n one might 
initially expect. Recently, there 
has been discussion on dlC p OS

sibili ry o f using alternative for
mulations for ca libration which 
may be mo rc di sc rimi natin g 
than the current ones (4,5) as 
well as reducing the am OlLnt o f 
testing necessary fo r calibratio n 
of an apparatus (6). H av in g 
properly ca librated baths is one 
way to assure that consiste nt 
data will be generated, but it is 
necessary to have a good under
sta ndin g of th e product being 
tested in o rd er to be able to 
interpret similari ties and differ
ences alllong dissolution data for 

.. 0 

different lots of a given product, 
especiaUy if they are generated 
in different laboratories. 
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